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Preface

Over the past decade, regular expressions have experienced a remarkable rise in pop-
ularity. Today, all the popular programming languages include a powerful regular ex-
pression library, or even have regular expression support built right into the language.
Many developers have taken advantage of these regular expression features to provide
the users of their applications the ability to search or filter through their data using a
regular expression. Regular expressions are everywhere.

Many books have been published to ride the wave of regular expression adoption. Most
do a good job of explaining the regular expression syntax along with some examples
and a reference. But there aren’t any books that present solutions based on regular
expressions to a wide range of real-world practical problems dealing with text on a
computer and in a range of Internet applications. We, Steve and Jan, decided to fill that
need with this book.

We particularly wanted to show how you can use regular expressions in situations
where people with limited with regular expression experience would say it can’t be
done, or where software purists would say a regular expression isn’t the right tool for
the job. Because regular expressions are everywhere these days, they are often a readily
available tool that can be used by end users, without the need to involve a team of
programmers. Even programmers can often save time by using a few regular expressions
for information retrieval and alteration tasks that would take hours or days to code in
procedural code, or that would otherwise require a third-party library that needs prior
review and management approval.

Caught in the Snarls of Different Versions
As with anything that becomes popular in the IT industry, regular expressions come
in many different implementations, with varying degrees of compatibility. This has
resulted in many different regular expression flavors that don’t always act the same
way, or work at all, on a particular regular expression.
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Many books do mention that there are different flavors and point out some of the
differences. But they often leave out certain flavors here and there—particularly
when a flavor lacks certain features—instead of providing alternative solutions or
workarounds. This is frustrating when you have to work with different regular expres-
sion flavors in different applications or programming languages.

Casual statements in the literature, such as “everybody uses Perl-style regular expres-
sions now,” unfortunately trivialize a wide range of incompatibilities. Even “Perl-style”
packages have important differences, and meanwhile Perl continues to evolve. Over-
simplified impressions can lead programmers to spend half an hour or so fruitlessly
running the debugger instead of checking the details of their regular expression imple-
mentation. Even when they discover that some feature they were depending on is not
present, they don’t always know how to work around it.

This book is the first book on the market that discusses the most popular and feature-
rich regular expression flavors side by side, and does so consistently throughout the
book.

Intended Audience
You should read this book if you regularly work with text on a computer, whether that’s
searching through a pile of documents, manipulating text in a text editor, or developing
software that needs to search through or manipulate text. Regular expressions are an
excellent tool for the job. Regular Expressions Cookbook teaches you everything you
need to know about regular expressions. You don’t need any prior experience what-
soever, because we explain even the most basic aspects of regular expressions.

If you do have experience with regular expressions, you’ll find a wealth of detail that
other books and online articles often gloss over. If you’ve ever been stumped by a regex
that works in one application but not another, you’ll find this book’s detailed and equal
coverage of seven of the world’s most popular regular expression flavors very valuable.
We organized the whole book as a cookbook, so you can jump right to the topics you
want to read up on. If you read the book cover to cover, you’ll become a world-class
chef of regular expressions.

This book teaches you everything you need to know about regular expressions and then
some, regardless of whether you are a programmer. If you want to use regular expres-
sions with a text editor, search tool, or any application with an input box labeled
“regex,” you can read this book with no programming experience at all. Most of the
recipes in this book have solutions purely based on one or more regular expressions.

If you are a programmer, Chapter 3 provides all the information you need to implement
regular expressions in your source code. This chapter assumes you’re familiar with the
basic language features of the programming language of your choice, but it does not
assume you have ever used a regular expression in your source code.
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Technology Covered
.NET, Java, JavaScript, PCRE, Perl, Python, and Ruby aren’t just back-cover buzz-
words. These are the seven regular expression flavors covered by this book. We cover
all seven flavors equally. We’ve particularly taken care to point out all the inconsisten-
cies that we could find between those regular expression flavors.

The programming chapter (Chapter 3) has code listings in C#, Java, JavaScript, PHP,
Perl, Python, Ruby, and VB.NET. Again, every recipe has solutions and explanations
for all eight languages. While this makes the chapter somewhat repetitive, you can easily
skip discussions on languages you aren’t interested in without missing anything you
should know about your language of choice.

Organization of This Book
The first three chapters of this book cover useful tools and basic information that give
you a basis for using regular expressions; each of the subsequent chapters presents a
variety of regular expressions while investigating one area of text processing in depth.

Chapter 1, Introduction to Regular Expressions, explains the role of regular expressions
and introduces a number of tools that will make it easier to learn, create, and debug
them.

Chapter 2, Basic Regular Expression Skills, covers each element and feature of regular
expressions, along with important guidelines for effective use.

Chapter 3, Programming with Regular Expressions, specifies coding techniques and
includes code listings for using regular expressions in each of the programming lan-
guages covered by this book.

Chapter 4, Validation and Formatting, contains recipes for handling typical user input,
such as dates, phone numbers, and postal codes in various countries.

Chapter 5, Words, Lines, and Special Characters, explores common text processing
tasks, such as checking for lines that contain or fail to contain certain words.

Chapter 6, Numbers, shows how to detect integers, floating-point numbers, and several
other formats for this kind of input.

Chapter 7, URLs, Paths, and Internet Addresses, shows you how to take apart and
manipulate the strings commonly used on the Internet and Windows systems to find
things.

Chapter 8, Markup and Data Interchange, covers the manipulation of HTML, XML,
comma-separated values (CSV), and INI-style configuration files.
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Conventions Used in This Book
The following typographical conventions are used in this book:

Italic
Indicates new terms, URLs, email addresses, filenames, and file extensions.

Constant width
Used for program listings, program elements such as variable or function names,
values returned as the result of a regular expression replacement, and subject or
input text that is applied to a regular expression. This could be the contents of a
text box in an application, a file on disk, or the contents of a string variable.

Constant width italic
Shows text that should be replaced with user-supplied values or by values deter-
mined by context.

‹Regular●expression›
Represents a regular expression, standing alone or as you would type it into the
search box of an application. Spaces in regular expressions are indicated with gray
circles, except when spaces are used in free-spacing mode.

«Replacement●text»
Represents the text that regular expression matches will be replaced with in a
search-and-replace operation. Spaces in replacement text are indicated with gray
circles.

Matched text
Represents the part of the subject text that matches a regular expression.

⋯
A gray ellipsis in a regular expression indicates that you have to “fill in the blank”
before you can use the regular expression. The accompanying text explains what
you can fill in.

CR , LF , and CRLF
CR, LF, and CRLF in boxes represent actual line break characters in strings, rather
than character escapes such as \r, \n, and \r\n. Such strings can be created by
pressing Enter in a multiline edit control in an application, or by using multiline
string constants in source code such as verbatim strings in C# or triple-quoted
strings in Python.

↵
The return arrow, as you may see on the Return or Enter key on your keyboard,
indicates that we had to break up a line to make it fit the width of the printed page.
When typing the text into your source code, you should not press Enter, but instead
type everything on a single line.
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This icon signifies a tip, suggestion, or general note.

This icon indicates a warning or caution.

Using Code Examples
This book is here to help you get your job done. In general, you may use the code in
this book in your programs and documentation. You do not need to contact us for
permission unless you’re reproducing a significant portion of the code. For example,
writing a program that uses several chunks of code from this book does not require
permission. Selling or distributing a CD-ROM of examples from O’Reilly books does
require permission. Answering a question by citing this book and quoting example
code does not require permission. Incorporating a significant amount of example code
from this book into your product’s documentation does require permission.

We appreciate, but do not require, attribution. An attribution usually includes the title,
author, publisher, and ISBN. For example: “Regular Expressions Cookbook by Jan
Goyvaerts and Steven Levithan. Copyright 2009 Jan Goyvaerts and Steven Levithan,
978-0-596-2068-7.”

If you feel your use of code examples falls outside fair use or the permission given here,
feel free to contact us at permissions@oreilly.com.

Safari® Books Online
When you see a Safari® Books Online icon on the cover of your favorite
technology book, that means the book is available online through the
O’Reilly Network Safari Bookshelf.

Safari offers a solution that’s better than e-books. It’s a virtual library that lets you easily
search thousands of top tech books, cut and paste code samples, download chapters,
and find quick answers when you need the most accurate, current information. Try it
for free at http://my.safaribooksonline.com.

How to Contact Us
Please address comments and questions concerning this book to the publisher:

O’Reilly Media, Inc.
1005 Gravenstein Highway North
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Sebastopol, CA 95472
800-998-9938 (in the United States or Canada)
707-829-0515 (international or local)
707-829-0104 (fax)

We have a web page for this book where we list errata, examples, and any additional
information. You can access this page at:

http://www.regexcookbook.com

or at:

http://oreilly.com/catalog/9780596520687

To comment or ask technical questions about this book, send email to:

bookquestions@oreilly.com

For more information about our books, conferences, Resource Centers, and the
O’Reilly Network, see our website at:

http://www.oreilly.com
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CHAPTER 1

Introduction to Regular Expressions

Having opened this cookbook, you are probably eager to inject some of the ungainly
strings of parentheses and question marks you find in its chapters right into your code.
If you are ready to plug and play, be our guest: the practical regular expressions are
listed and described in Chapters 4 through 8.

But the initial chapters of this book may save you a lot of time in the long run. For
instance, this chapter introduces you to a number of utilities—some of them created
by one of the authors, Jan—that let you test and debug a regular expression before you
bury it in code where errors are harder to find. And these initial chapters also show you
how to use various features and options of regular expressions to make your life easier,
help you understand regular expressions in order to improve their performance, and
learn the subtle differences between how regular expressions are handled by different
programming languages—and even different versions of your favorite programming
language.

So we’ve put a lot of effort into these background matters, confident that you’ll read it
before you start or when you get frustrated by your use of regular expressions and want
to bolster your understanding.

Regular Expressions Defined
In the context of this book, a regular expression is a specific kind of text pattern that
you can use with many modern applications and programming languages. You can use
them to verify whether input fits into the text pattern, to find text that matches the
pattern within a larger body of text, to replace text matching the pattern with other
text or rearranged bits of the matched text, to split a block of text into a list of subtexts,
and to shoot yourself in the foot. This book helps you understand exactly what you’re
doing and avoid disaster.
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History of the Term ‘Regular Expression’
The term regular expression comes from mathematics and computer science theory,
where it reflects a trait of mathematical expressions called regularity. Such an expres-
sion can be implemented in software using a deterministic finite automaton (DFA). A
DFA is a finite state machine that doesn’t use backtracking.

The text patterns used by the earliest grep tools were regular expressions in the math-
ematical sense. Though the name has stuck, modern-day Perl-style regular expressions
are not regular expressions at all in the mathematical sense. They’re implemented with
a nondeterministic finite automaton (NFA). You will learn all about backtracking
shortly. All a practical programmer needs to remember from this note is that some ivory
tower computer scientists get upset about their well-defined terminology being over-
loaded with technology that’s far more useful in the real world.

If you use regular expressions with skill, they simplify many programming and text
processing tasks, and allow many that wouldn’t be at all feasible without the regular
expressions. You would need dozens if not hundreds of lines of procedural code to
extract all email addresses from a document—code that is tedious to write and hard to
maintain. But with the proper regular expression, as shown in Recipe 4.1, it takes just
a few lines of code, or maybe even one line.

But if you try to do too much with just one regular expression, or use regexes where
they’re not really appropriate, you’ll find out why some people say:*

Some people, when confronted with a problem, think “I know, I’ll use regular expres-
sions.” Now they have two problems.

The second problem those people have is that they didn’t read the owner’s manual,
which you are holding now. Read on. Regular expressions are a powerful tool. If your
job involves manipulating or extracting text on a computer, a firm grasp of regular
expressions will save you plenty of overtime.

Many Flavors of Regular Expressions
All right, the title of the previous section was a lie. We didn’t define what regular
expressions are. We can’t. There is no official standard that defines exactly which text
patterns are regular expressions and which aren’t. As you can imagine, every designer
of programming languages and every developer of text processing applications has a
different idea of exactly what a regular expression should be. So now we’re stuck with
a whole palate of regular expression flavors.

Fortunately, most designers and developers are lazy. Why create something totally new
when you can copy what has already been done? As a result, all modern regular ex-
pression flavors, including those discussed in this book, can trace their history back to

* Jeffrey Friedl traces the history of this quote in his blog at http://regex.info/blog/2006-09-15/247.
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the Perl programming language. We call these flavors Perl-style regular expressions. 
Their regular expression syntax is very similar, and mostly compatible, but not com-
pletely so.

Writers are lazy, too. We’ll usually type regex or regexp to denote a single regular
expression, and regexes to denote the plural.

Regex flavors do not correspond one-to-one with programming languages. Scripting
languages tend to have their own, built-in regular expression flavor. Other program-
ming languages rely on libraries for regex support. Some libraries are available for mul-
tiple languages, while certain languages can draw on a choice of different libraries.

This introductory chapter deals with regular expression flavors only and completely
ignores any programming considerations. Chapter 3 begins the code listings, so you
can peek ahead to “Programming Languages and Regex Flavors” in Chapter 3 to find
out which flavors you’ll be working with. But ignore all the programming stuff for now.
The tools listed in the next section are an easier way to explore the regex syntax through
“learning by doing.”

Regex Flavors Covered by This Book
For this book, we selected the most popular regex flavors in use today. These are all
Perl-style regex flavors. Some flavors have more features than others. But if two flavors
have the same feature, they tend to use the same syntax. We’ll point out the few an-
noying inconsistencies as we encounter them.

All these regex flavors are part of programming languages and libraries that are in active
development. The list of flavors tells you which versions this book covers. Further along
in the book, we mention the flavor without any versions if the presented regex works
the same way with all flavors. This is almost always the case. Aside from bug fixes that
affect corner cases, regex flavors tend not to change, except to add features by giving
new meaning to syntax that was previously treated as an error:

Perl
Perl’s built-in support for regular expressions is the main reason why regexes are
popular today. This book covers Perl 5.6, 5.8, and 5.10.

Many applications and regex libraries that claim to use Perl or Perl-compatible
regular expressions in reality merely use Perl-style regular expressions. They use a
regex syntax similar to Perl’s, but don’t support the same set of regex features.
Quite likely, they’re using one of the regex flavors further down this list. Those
flavors are all Perl-style.

PCRE
PCRE is the “Perl-Compatible Regular Expressions” C library developed by Philip
Hazel. You can download this open source library at http://www.pcre.org. This
book covers versions 4 through 7 of PCRE.
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Though PCRE claims to be Perl-compatible, and probably is more than any other
flavor in this book, it really is just Perl-style. Some features, such as Unicode sup-
port, are slightly different, and you can’t mix Perl code into your regex, as Perl itself
allows.

Because of its open source license and solid programming, PCRE has found its way
into many programming languages and applications. It is built into PHP and wrap-
ped into numerous Delphi components. If an application claims to support “Perl-
compatible” regular expressions without specifically listing the actual regex flavor
being used, it’s likely PCRE.

.NET
The Microsoft .NET Framework provides a full-featured Perl-style regex flavor
through the System.Text.RegularExpressions package. This book covers .NET
versions 1.0 through 3.5. Strictly speaking, there are only two versions of
System.Text.RegularExpressions: 1.0 and 2.0. No changes were made to the Regex
classes in .NET 1.1, 3.0, and 3.5.

Any .NET programming language, including C#, VB.NET, Delphi for .NET, and
even COBOL.NET, has full access to the .NET regex flavor. If an application de-
veloped with .NET offers you regex support, you can be quite certain it uses
the .NET flavor, even if it claims to use “Perl regular expressions.” A glaring ex-
ception is Visual Studio (VS) itself. The VS integrated development environment
(IDE) still uses the same old regex flavor it has had from the beginning, which is
not Perl-style at all.

Java
Java 4 is the first Java release to provide built-in regular expression support through
the java.util.regex package. It has quickly eclipsed the various third-party regex
libraries for Java. Besides being standard and built in, it offers a full-featured Perl-
style regex flavor and excellent performance, even when compared with applica-
tions written in C. This book covers the java.util.regex package in Java 4, 5, and
6.

If you’re using software developed with Java during the past few years, any regular
expression support it offers likely uses the Java flavor.

JavaScript
In this book, we use the term JavaScript to indicate the regular expression flavor
defined in version 3 of the ECMA-262 standard. This standard defines the
ECMAScript programming language, which is better known through its JavaScript
and JScript implementations in various web browsers. Internet Explorer 5.5
through 8.0, Firefox, Opera, and Safari all implement Edition 3 of ECMA-262.
However, all browsers have various corner case bugs causing them to deviate from
the standard. We point out such issues in situations where they matter.

If a website allows you to search or filter using a regular expression without waiting
for a response from the web server, it uses the JavaScript regex flavor, which is the
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only cross-browser client-side regex flavor. Even Microsoft’s VBScript and Adobe’s
ActionScript 3 use it.

Python
Python supports regular expressions through its re module. This book covers Py-
thon 2.4 and 2.5. Python’s regex support has remained unchanged for many years.

Ruby
Ruby’s regular expression support is part of the Ruby language itself, similar to
Perl. This book covers Ruby 1.8 and 1.9. A default compilation of Ruby 1.8 uses
the regular expression flavor provided directly by the Ruby source code. A default
compilation of Ruby 1.9 uses the Oniguruma regular expression library. Ruby 1.8
can be compiled to use Oniguruma, and Ruby 1.9 can be compiled to use the older
Ruby regex flavor. In this book, we denote the native Ruby flavor as Ruby 1.8, and
the Oniguruma flavor as Ruby 1.9.

To test which Ruby regex flavor your site uses, try to use the regular expression
‹a++›. Ruby 1.8 will say the regular expression is invalid, because it does not support
possessive quantifiers, whereas Ruby 1.9 will match a string of one or more a
characters.

The Oniguruma library is designed to be backward-compatible with Ruby 1.8,
simply adding new features that will not break existing regexes. The implementors
even left in features that arguably should have been changed, such as using (?m) to
mean “the dot matches line breaks,” where other regex flavors use (?s).

Searching and Replacing with Regular Expressions
Search-and-replace is a common job for regular expressions. A search-and-replace
function takes a subject string, a regular expression, and a replacement string as input.
The output is the subject string with all matches of the regular expression replaced with
the replacement text.

Although the replacement text is not a regular expression at all, you can use certain
special syntax to build dynamic replacement texts. All flavors let you reinsert the text
matched by the regular expression or a capturing group into the replacement. Recipes
2.20 and 2.21 explain this. Some flavors also support inserting matched context into
the replacement text, as Recipe 2.22 shows. In Chapter 3, Recipe 3.16 teaches you how
to generate a different replacement text for each match in code.

Many Flavors of Replacement Text
Different ideas by different regular expression software developers have led to a wide
range of regular expression flavors, each with different syntax and feature sets. The
story for the replacement text is no different. In fact, there are even more replacement
text flavors than regular expression flavors. Building a regular expression engine
is difficult. Most programmers prefer to reuse an existing one, and bolting a
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search-and-replace function onto an existing regular expression engine is quite easy.
The result is that there are many replacement text flavors for regular expression libraries
that do not have built-in search-and-replace features.

Fortunately, all the regular expression flavors in this book have corresponding replace-
ment text flavors, except PCRE. This gap in PCRE complicates life for programmers
who use flavors based on it. The open source PCRE library does not include any func-
tions to make replacements. Thus, all applications and programming languages that
are based on PCRE need to provide their own search-and-replace function. Most pro-
grammers try to copy existing syntax, but never do so in exactly the same way.

This book covers the following replacement text flavors. Refer to “Many Flavors of
Regular Expressions” on page 2 for more details on the regular expression flavors that
correspond with the replacement text flavors:

Perl
Perl has built-in support for regular expression substitution via the s/regex/
replace/ operator. The Perl replacement text flavor corresponds with the Perl reg-
ular expression flavor. This book covers Perl 5.6 to Perl 5.10. The latter version
adds support for named backreferences in the replacement text, as it adds named
capture to the regular expression syntax.

PHP
In this book, the PHP replacement text flavor refers to the preg_replace function
in PHP. This function uses the PCRE regular expression flavor and the PHP re-
placement text flavor.

Other programming languages that use PCRE do not use the same replacement
text flavor as PHP. Depending on where the designers of your programming lan-
guage got their inspiration, the replacement text syntax may be similar to PHP or
any of the other replacement text flavors in this book.

PHP also has an ereg_replace function. This function uses a different regular ex-
pression flavor (POSIX ERE), and a different replacement text flavor, too. PHP’s
ereg functions are not discussed in this book.

.NET
The System.Text.RegularExpressions package provides various search-
and-replace functions. The .NET replacement text flavor corresponds with
the .NET regular expression flavor. All versions of .NET use the same replacement
text flavor. The new regular expression features in .NET 2.0 do not affect the re-
placement text syntax.

Java
The java.util.regex package has built-in search-and-replace functions. This book
covers Java 4, 5, and 6. All use the same replacement text syntax.
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JavaScript
In this book, we use the term JavaScript to indicate both the replacement text flavor
and the regular expression flavor defined in Edition 3 of the ECMA-262 standard.

Python
Python’s re module provides a sub function to search-and-replace. The Python
replacement text flavor corresponds with the Python regular expression flavor.
This book covers Python 2.4 and 2.5. Python’s regex support has been stable for
many years.

Ruby
Ruby’s regular expression support is part of the Ruby language itself, including the
search-and-replace function. This book covers Ruby 1.8 and 1.9. A default com-
pilation of Ruby 1.8 uses the regular expression flavor provided directly by the
Ruby source code, whereas a default compilation of Ruby 1.9 uses the Oniguruma
regular expression library. Ruby 1.8 can be compiled to use Oniguruma, and Ruby
1.9 can be compiled to use the older Ruby regex flavor. In this book, we denote
the native Ruby flavor as Ruby 1.8, and the Oniguruma flavor as Ruby 1.9.

The replacement text syntax for Ruby 1.8 and 1.9 is the same, except that Ruby
1.9 adds support for named backreferences in the replacement text. Named capture
is a new feature in Ruby 1.9 regular expressions.

Tools for Working with Regular Expressions
Unless you have been programming with regular expressions for some time, we rec-
ommend that you first experiment with regular expressions in a tool rather than in
source code. The sample regexes in this chapter and Chapter 2 are plain regular ex-
pressions that don’t contain the extra escaping that a programming language (even a
Unix shell) requires. You can type these regular expressions directly into an applica-
tion’s search box.

Chapter 3 explains how to mix regular expressions into your source code. Quoting a
literal regular expression as a string makes it even harder to read, because string es-
caping rules compound regex escaping rules. We leave that until Recipe 3.1. Once you
understand the basics of regular expressions, you’ll be able to see the forest through
the backslashes.

The tools described in this section also provide debugging, syntax checking, and other
feedback that you won’t get from most programming environments. Therefore, as you
develop regular expressions in your applications, you may find it useful to build a
complicated regular expression in one of these tools before you plug it in to your
program.

Tools for Working with Regular Expressions | 7



RegexBuddy
RegexBuddy (Figure 1-1) is the most full-featured tool available at the time of this
writing for creating, testing, and implementing regular expressions. It has the unique
ability to emulate all the regular expression flavors discussed in this book, and even
convert among the different flavors.

RegexBuddy was designed and developed by Jan Goyvaerts, one of this book’s authors.
Designing and developing RegexBuddy made Jan an expert on regular expressions, and
using RegexBuddy helped get coauthor Steven hooked on regular expressions to the
point where he pitched this book to O’Reilly.

If the screenshot (Figure 1-1) looks a little busy, that’s because we’ve arranged most of
the panels side by side to show off RegexBuddy’s extensive functionality. The default
view tucks all the panels neatly into a row of tabs. You also can drag panels off to a
secondary monitor.

To try one of the regular expressions shown in this book, simply type it into the edit
box at the top of RegexBuddy’s window. RegexBuddy automatically applies syntax
highlighting to your regular expression, making errors and mismatched brackets
obvious.

Figure 1-1. RegexBuddy
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The Create panel automatically builds a detailed English-language analysis while you
type in the regex. Double-click on any description in the regular expression tree to edit
that part of your regular expression. You can insert new parts to your regular expression
by hand, or by clicking the Insert Token button and selecting what you want from a
menu. For instance, if you don’t remember the complicated syntax for positive look-
ahead, you can ask RegexBuddy to insert the proper characters for you.

Type or paste in some sample text on the Test panel. When the Highlight button is
active, RegexBuddy automatically highlights the text matched by the regex.

Some of the buttons you’re most likely to use are:

List All
Displays a list of all matches.

Replace
The Replace button at the top displays a new window that lets you enter replace-
ment text. The Replace button in the Test box then lets you view the subject text
after the replacements are made.

Split (The button on the Test panel, not the one at the top)
Treats the regular expression as a separator, and splits the subject into tokens based
on where matches are found in your subject text using your regular expression.

Click any of these buttons and select Update Automatically to make RegexBuddy keep
the results dynamically in sync as you edit your regex or subject text.

To see exactly how your regex works (or doesn’t), click on a highlighted match or at
the spot where the regex fails to match on the Test panel, and click the Debug button.
RegexBuddy will switch to the Debug panel, showing the entire matching processes
step by step. Click anywhere on the debugger’s output to see which regex token
matched the text you clicked on. Click on your regular expression to highlight that part
of the regex in the debugger.

On the Use panel, select your favorite programming language. Then, select a function
to instantly generate source code to implement your regex. RegexBuddy’s source code
templates are fully editable with the built-in template editor. You can add new functions
and even new languages, or change the provided ones.

To test your regex on a larger set of data, switch to the GREP panel to search (and
replace) through any number of files and folders.

When you find a regex in source code you’re maintaining, copy it to the clipboard,
including the delimiting quotes or slashes. In RegexBuddy, click the Paste button at
the top and select the string style of your programming language. Your regex will then
appear in RegexBuddy as a plain regex, without the extra quotes and escapes needed
for string literals. Use the Copy button at the top to create a string in the desired syntax,
so you can paste it back into your source code.
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As your experience grows, you can build up a handy library of regular expressions on
the Library panel. Make sure to add a detailed description and a test subject when you
store a regex. Regular expressions can be cryptic, even for experts.

If you really can’t figure out a regex, click on the Forum panel and then the Login
button. If you’ve purchased RegexBuddy, the login screen appears. Click OK and you
are instantly connected to the RegexBuddy user forum. Steven and Jan often hang out
there.

RegexBuddy runs on Windows 98, ME, 2000, XP, and Vista. For Linux and Apple fans,
RegexBuddy also runs well on VMware, Parallels, CrossOver Office, and with a few
issues on WINE. You can download a free evaluation copy of RegexBuddy at http://
www.regexbuddy.com/RegexBuddyCookbook.exe. Except for the user forum, the trial
is fully functional for seven days of actual use.

RegexPal
RegexPal (Figure 1-2) is an online regular expression tester created by Steven Levithan,
one of this book’s authors. All you need to use it is a modern web browser. RegexPal
is written entirely in JavaScript. Therefore, it supports only the JavaScript regex flavor,
as implemented in the web browser you’re using to access it.

Figure 1-2. RegexPal
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To try one of the regular expressions shown in this book, browse to http://www.regexpal
.com. Type the regex into the box that says “Enter regex here.” RegexPal automatically
applies syntax highlighting to your regular expression, which immediately reveals any
syntax errors in the regex. RegexPal is aware of the cross-browser issues that can ruin
your day when dealing with JavaScript regular expressions. If certain syntax doesn’t
work correctly in some browsers, RegexPal will highlight it as an error.

Now type or paste some sample text into the box that says “Enter test data here.”
RegexPal automatically highlights the text matched by your regex.

There are no buttons to click, making RegexPal one of the most convenient online
regular expression testers.

More Online Regex Testers
Creating a simple online regular expression tester is easy. If you have some basic web
development skills, the information in Chapter 3 is all you need to roll your own.
Hundreds of people have already done this; a few have added some extra features that
make them worth mentioning.

regex.larsolavtorvik.com

Lars Olav Torvik has put a great little regular expression tester online at http://regex
.larsolavtorvik.com (see Figure 1-3).

To start, select the regular expression flavor you’re working with by clicking on the
flavor’s name at the top of the page. Lars offers PHP PCRE, PHP POSIX, and JavaScript.
PHP PCRE, the PCRE regex flavor discussed in this book, is used by PHP’s preg func-
tions. POSIX is an old and limited regex flavor used by PHP’s ereg functions, which
are not discussed in this book. If you select JavaScript, you’ll be working with your
browser’s JavaScript implementation.

Type your regular expression into the Pattern field and your subject text into the Subject
field. A moment later, the Matches field displays your subject text with highlighted
regex matches. The Code field displays a single line of source code that applies your
regex to your subject text. Copying and pasting this into your code editor saves you
the tedious job of manually converting your regex into a string literal. Any string or
array returned by the code is displayed in the Result field. Because Lars used Ajax
technology to build his site, results are updated in just a few moments for all flavors.
To use the tool, you have to be online, as PHP is processed on the server rather than in
your browser.

The second column displays a list of regex commands and regex options. These depend
on the regex flavor. The regex commands typically include match, replace, and split
operations. The regex options consist of common options such as case insensitivity, as
well as implementation-specific options. These commands and options are described
in Chapter 3.
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Nregex

http://www.nregex.com (Figure 1-4) is a straightforward online regex tester built
on .NET technology by David Seruyange. Although the site doesn’t say which flavor it
implements, it’s .NET 1.x at the time of this writing.

The layout of the page is somewhat confusing. Enter your regular expression into the
field under the Regular Expression label, and set the regex options using the checkboxes
below that. Enter your subject text in the large box at the bottom, replacing the default
If I just had $5.00 then "she" wouldn't be so @#$! mad.. If your subject is a web
page, type the URL in the Load Target From URL field, and click the Load button under
that input field. If your subject is a file on your hard disk, click the Browse button, find
the file you want, and then click the Load button under that input field.

Your subject text will appear duplicated in the “Matches & Replacements” field at the
center of the web page, with the regex matches highlighted. If you type something into

Figure 1-3. regex.larsolavtorvik.com
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the Replacement String field, the result of the search-and-replace is shown instead. If
your regular expression is invalid, ... appears.

The regex matching is done in .NET code running on the server, so you need to be
online for the site to work. If the automatic updates are slow, perhaps because your
subject text is very long, tick the Manually Evaluate Regex checkbox above the field
for your regular expression to show the Evaluate button. Click that button to update
the “Matches & Replacements” display.

Figure 1-4. Nregex
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Rubular

Michael Lovitt put a minimalistic regex tester online at http://www.rubular.com (Fig-
ure 1-5), using the Ruby 1.8 regex flavor.

Figure 1-5. Rubular

Enter your regular expression in the box between the two forward slashes under “Your
regular expression.” You can turn on case insensitivity by typing an i in the small box
after the second slash. Similarly, if you like, turn on the option “a dot matches a line
break” by typing an m in the same box. im turns on both options. Though these con-
ventions may seem a bit user-unfriendly if you’re new to Ruby, they conform to
the /regex/im syntax used to specify a regex in Ruby source code.

Type or paste your subject text into the “Your test string” box, and wait a moment. A
new “Match result” box appears to the right, showing your subject text with all regex
matches highlighted.

myregexp.com

Sergey Evdokimov created several regular expression testers for Java developers. The
home page at http://www.myregexp.com (Figure 1-6) offers an online regex tester. It’s
a Java applet that runs in your browser. The Java 4 (or later) runtime needs to be
installed on your computer. The applet uses the java.util.regex package to evaluate
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your regular expressions, which is new in Java 4. In this book, the “Java” regex flavor
refers to this package.

Type your regular expression into the Regular Expression box. Use the Flags menu to
set the regex options you want. Three of the options also have direct checkboxes.

If you want to test a regex that already exists as a string in Java code, copy the whole
string to the clipboard. In the myregexp.com tester, click on the Edit menu, and then
“Paste Regex from Java String”. In the same menu, pick “Copy Regex for Java Source”
when you’re done editing the regular expression. The Edit menu has similar commands
for JavaScript and XML as well.

Below the regular expression, there are four tabs that run four different tests:

Find
Highlights all regular expression matches in the sample text. These are the matches
found by the Matcher.find() method in Java.

Match
Tests whether the regular expression matches the sample text entirely. If it
does, the whole text is highlighted. This is what the String.matches() and
Matcher.matches() methods do.

Figure 1-6. myregexp.com
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Split
The second box at the right shows the array of strings returned by
String.split() or Pattern.split() when used with your regular expression and
sample text.

Replace
Type in a replacement text, and the box at the right shows the text returned by
String.replaceAll() or Matcher.replaceAll().

You can find Sergey’s other regex testers via the links at the top of the page at http://
www.myregexp.com. One is a plug-in for Eclipse, and the other is a plug-in for IntelliJ
IDEA.

reAnimator

Oliver Steele’s reAnimator at http://osteele.com/tools/reanimator (Figure 1-7) won’t
bring a dead regex back to life. Rather, it’s a fun little tool that shows a graphic repre-
sentation of the finite state machines that a regular expression engine uses to perform
a regular expression search.

Figure 1-7. reAnimator
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reAnimator’s regex syntax is very limited. It is compatible with all the flavors discussed
in this book. Any regex you can animate with reAnimator will work with any of this
book’s flavors, but the reverse is definitely not true. This is because reAnimator’s regular
expressions are regular in the mathematical sense. The sidebar “History of the Term
‘Regular Expression’” on page 2 explains this briefly.

Start by going up to the Pattern box at the top of the page and pressing the Edit button.
Type your regular expression into the Pattern field and click Set. Slowly type the subject
text into the Input field.

As you type in each character, colored balls will move through the state machine to
indicate the end point reached in the state machine by your input so far. Blue balls
indicate that the state machine accepts the input, but needs more input for a full match.
Green balls indicate that the input matches the whole pattern. No balls means the state
machine can’t match the input.

reAnimator will show a match only if the regular expression matches the whole input
string, as if you had put it between ‹^› and ‹$› anchors. This is another property of
expressions that are regular in the mathematical sense.

More Desktop Regular Expression Testers

Expresso

Expresso (not to be confused with caffeine-laden espresso) is a .NET application for
creating and testing regular expressions. You can download it at http://www.ultrapico
.com/Expresso.htm. The .NET framework 2.0 or later must be installed on your
computer.

The download is a free 60-day trial. After the trial, you have to register or Expresso will
(mostly) stop working. Registration is free, but requires you to give the Ultrapico folks
your email address. The registration key is sent by email.

Expresso displays a screen like the one shown in Figure 1-8. The Regular Expression
box where you type in your regular expression is permanently visible. No syntax high-
lighting is available. The Regex Analyzer box automatically builds a brief English-
language analysis of your regular expression. It too is permanently visible.

In Design Mode, you can set matching options such as “Ignore Case” at the bottom of
the screen. Most of the screen space is taken up by a row of tabs where you can select
the regular expression token you want to insert. If you have two monitors or one large
monitor, click the Undock button to float the row of tabs. Then you can build up your
regular expression in the other mode (Test Mode) as well.

In Test Mode, type or paste your sample text in the lower-left corner. Then, click the
Run Match button to get a list of all matches in the Search Results box. No highlighting
is applied to the sample text. Click on a match in the results to select that match in the
sample text.
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The Expression Library shows a list of sample regular expressions and a list of recent
regular expressions. Your regex is added to that list each time you press Run Match.
You can edit the library through the Library menu in the main menu bar.

The Regulator

The Regulator, which you can download from http://sourceforge.net/projects/regula
tor, is not safe for SCUBA diving or cooking-gas canisters; it is another .NET application
for creating and testing regular expressions. The latest version requires .NET 2.0 or
later. Older versions for .NET 1.x can still be downloaded. The Regulator is open
source, and no payment or registration required.

The Regulator does everything in one screen (Figure 1-9). The New Document tab is
where you enter your regular expression. Syntax highlighting is automatically applied,
but syntax errors in your regex are not made obvious. Right-click to select the regex

Figure 1-8. Expresso
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token you want to insert from a menu. You can set regular expression options via the
buttons on the main toolbar. The icons are a bit cryptic. Wait for the tooltip to see
which option you’re setting with each button.

Figure 1-9. The Regulator

Below the area for your regex and to the right, click on the Input button to display
the area for pasting in your sample text. Click the “Replace with” button to type in the
replacement text, if you want to do a search-and-replace. Below the regex and to the
left, you can see the results of your regex operation. Results are not updated automat-
ically; you must click the Match, Replace, or Split button in the toolbar to update the
results. No highlighting is applied to the input. Click on a match in the results to select
it in the subject text.

The Regex Analyzer panel shows a simple English-language analysis of your regular
expression, but it is not automatic or interactive. To update the analysis, select Regex
Analyzer in the View menu, even if it is already visible. Clicking on the analysis only
moves the text cursor.

grep
The name grep is  derived from the g/re/p command that performed a regular expres-
sion search in the Unix text editor ed, one of the first applications to support regular
expressions. This command was so popular that all Unix systems now have a dedicated
grep utility for searching through files using a regular expression. If you’re using Unix,
Linux, or OS X, type man grep into a terminal window to learn all about it.

The following three tools are Windows applications that do what grep does, and more.
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PowerGREP

PowerGREP, developed by Jan Goyvaerts, one of this book’s authors, is probably the
most feature-rich grep tool available for the Microsoft Windows platform (Fig-
ure 1-10). PowerGREP uses a custom regex flavor that combines the best of the flavors
discussed in this book. This flavor is labeled “JGsoft” in RegexBuddy.

To run a quick regular expression search, simply select Clear in the Action menu and
type your regular expression into the Search box on the Action panel. Click on a folder
in the File Selector panel, and select “Include File or Folder” or “Include Folder and
Subfolders” in the File Selector menu. Then, select Execute in the Action menu to run
your search.

To run a search-and-replace, select “search-and-replace” in the “action type” drop-
down list at the top-left corner of the Action panel after clearing the action. A Replace
box will appear below the Search box. Enter your replacement text there. All the other
steps are the same as for searching.

PowerGREP has the unique ability to use up to three lists of regular expressions at the
same time, with any number of regular expressions in each list. While the previous two
paragraphs provide all you need to run simple searches like you can in any grep tool,

Figure 1-10. PowerGREP
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unleashing PowerGREP’s full potential will take a bit of reading through the tool’s
comprehensive documentation.

PowerGREP runs on Windows 98, ME, 2000, XP, and Vista. You can download a free
evaluation copy at http://www.powergrep.com/PowerGREPCookbook.exe. Except for
saving results and libraries, the trial is fully functional for 15 days of actual use. Though
the trial won’t save the results shown on the Results panel, it will modify all your files
for search-and-replace actions, just like the full version does.

Figure 1-11. Windows Grep

Windows Grep

Windows Grep (http://www.wingrep.com) is one of the oldest grep tools for Windows.
Its age shows a bit in its user interface (Figure 1-11), but it does what it says on the tin
just fine. It supports a limited regular expression flavor called POSIX ERE. For the
features that it supports, it uses the same syntax as the flavors in this book. Windows
Grep is shareware, which means you can download it for free, but payment is expected
if you want to keep it.

To prepare a search, select Search in the Search menu. The screen that appears differs
depending on whether you’ve selected Beginner Mode or Expert Mode in the Options
menu. Beginners get a step-by-step wizard, whereas experts get a tabbed dialog.

When you’ve set up the search, Windows Grep immediately executes it, presenting
you with a list of files in which matches were found. Click once on a file to see its
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matches in the bottom panel, and double-click to open the file. Select “All Matches”
in the View menu to make the bottom panel show everything.

To run a search-and-replace, select Replace in the Search menu.

RegexRenamer

RegexRenamer (Figure 1-12) is not really a grep tool. Instead of searching through the
contents of files, it searches and replaces through the names of files. You can download
it at http://regexrenamer.sourceforge.net. RegexRenamer requires version 2.0 or later of
the Microsoft .NET framework.

Figure 1-12. RegexRenamer

Type your regular expression into the Match box and the replacement text into the
Replace box. Click /i to turn on case insensitivity, and /g to replace all matches in each
filename rather than just the first. /x turns on free-spacing syntax, which isn’t very
useful, since you have only one line to type in your regular expression.

Use the tree at the left to select the folder that holds the files you want to rename. You
can set a file mask or a regex filter in the top-right corner. This restricts the list of files
to which your search-and-replace regex will be applied. Using one regex to filter and
another to replace is much handier than trying to do both tasks with just one regex.
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Popular Text Editors
Most modern text editors have at least basic support for regular expressions. In the
search or search-and-replace panel, you’ll typically find a checkbox to turn on regular
expression mode. Some editors, such as EditPad Pro, also use regular expressions for
various features that process text, such as syntax highlighting or class and function lists.
The documentation with each editor explains all these features. Some popular text
editors with regular expression support include:

• Boxer Text Editor (PCRE)

• Dreamweaver (JavaScript)

• EditPad Pro (custom flavor that combines the best of the flavors discussed in this
book; labeled “JGsoft” in RegexBuddy)

• Multi-Edit (PCRE, if you select the “Perl” option)

• NoteTab (PCRE)

• UltraEdit (PCRE)

• TextMate (Ruby 1.9 [Oniguruma])
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CHAPTER 2

Basic Regular Expression Skills

The problems presented in this chapter aren’t the kind of real-world problems that your
boss or your customers ask you to solve. Rather, they’re technical problems you’ll
encounter while creating and editing regular expressions to solve real-world problems.
The first recipe, for example, explains how to match literal text with a regular expres-
sion. This isn’t a goal on its own, because you don’t need a regex when all you want to
do is to search for literal text. But when creating a regular expression, you’ll likely need
it to match certain text literally, and you’ll need to know which characters to escape.
Recipe 2.1 tells you how.

The recipes start out with very basic regular expression techniques. If you’ve used reg-
ular expressions before, you can probably skim or even skip them. The recipes further
down in this chapter will surely teach you something new, unless you have already read
Mastering Regular Expressions by Jeffrey E. F. Friedl (O’Reilly) cover to cover.

We devised the recipes in this chapter in such a way that each explains one aspect of
the regular expression syntax. Together, they form a comprehensive tutorial to regular
expressions. Read it from start to finish to get a firm grasp of regular expressions. Or
dive right in to the real-world regular expressions in Chapters 4 through 8, and follow
the references back to this chapter whenever those chapters use some syntax you’re not
familiar with.

This tutorial chapter deals with regular expressions only and completely ignores any
programming considerations. The next chapter is the one with all the code listings. You
can peek ahead to “Programming Languages and Regex Flavors” in Chapter 3 to find
out which regular expression flavor your programming language uses. The flavors
themselves, which this chapter talks about, were introduced in “Regex Flavors Covered
by This Book” on page 3.
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2.1  Match Literal Text
Problem
Create a regular expression to exactly match this gloriously contrived sentence: The
punctuation characters in the ASCII table are: !"#$%&'()*+,-./:;<=>?@[\]^_`{|}~.

Solution
The●punctuation●characters●in●the●ASCII●table●are:●↵
!"#\$%&'\(\)\*\+,-\./:;<=>\?@\[\\]\^_`\{\|}~

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
Any regular expression that does not include any of the dozen characters $()*+.?
[\^{| simply matches itself. To find whether Mary had a little lamb in the text you’re
editing, simply search for ‹Mary●had●a●little●lamb›. It doesn’t matter whether the
“regular expression” checkbox is turned on in your text editor.

The 12 punctuation characters that make regular expressions work their magic are
called metacharacters. If you want your regex to match them literally, you need to
escape them by placing a backslash in front of them. Thus, the regex:

\$\(\)\*\+\.\?\[\\\^\{\|

matches the text:

$()*+.?[\^{|

Notably absent from the list are the closing square bracket ], the hyphen -, and the
closing curly bracket }. The first two become metacharacters only after an unescaped
[, and the } only after an unescaped {. There’s no need to ever escape }. Metacharacter
rules for the blocks that appear between [ and ] are explained in Recipe 2.3.

Escaping any other nonalphanumeric character does not change how your regular ex-
pression works—at least not when working with any of the flavors discussed in this
book. Escaping an alphanumeric character either gives it a special meaning or throws
a syntax error.

People new to regular expressions often escape every punctuation character in sight.
Don’t let anyone know you’re a newbie. Escape judiciously. A jungle of needless back-
slashes makes regular expressions hard to read, particularly when all those backslashes
have to be doubled up to quote the regex as a literal string in source code.
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Variations

Block escape
The●punctuation●characters●in●the●ASCII●table●are:●↵
\Q!"#$%&'()*+,-./:;<=>?@[\]^_`{|}~\E

Regex options: None
Regex flavors: Java 6, PCRE, Perl

Perl, PCRE and Java support the regex tokens ‹\Q› and ‹\E›. ‹\Q› suppresses the meaning
of all metacharacters, including the backslash, until ‹\E›. If you omit ‹\E›, all characters
after the ‹\Q› until the end of the regex are treated as literals.

The only benefit of ‹\Q...\E› is that it is easier to read than ‹\.\.\.›.

Though Java 4 and 5 support this feature, you should not use it. Bugs
in the implementation cause regular expressions with ‹\Q⋯\E› to match
different things from what you intended, and from what PCRE, Perl, or
Java 6 would match. These bugs were fixed in Java 6, making it behave
the same way as PCRE and Perl.

Case-insensitive matching
ascii

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

(?i)ascii
Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

By default, regular expressions are case sensitive. ‹regex› matches regex but not Regex,
REGEX, or ReGeX. To make ‹regex› match all of those, you need to turn on case
insensitivity.

In most applications, that’s a simple matter of marking or clearing a checkbox. All
programming languages discussed in the next chapter have a flag or property that you
can set to make your regex case insensitive. Recipe 3.4 in the next chapter explains how
to apply the regex options listed with each regular expression solution in this book in
your source code.

If you cannot turn on case insensitivity outside the regex, you can do so within by using
the ‹(?i)› mode modifier, such as ‹(?i)regex›. This works with the .NET, Java, PCRE,
Perl, Python, and Ruby flavors.

.NET, Java, PCRE, Perl, and Ruby support local mode modifiers, which affect only part
of the regular expression. ‹sensitive(?i)caseless(?-i)sensitive› matches sensitive
CASELESSsensitive but not SENSITIVEcaselessSENSITIVE. ‹(?i)› turns on case
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insensitivity for the remainder of the regex, and ‹(?-i)› turns it off for the remainder
of the regex. They act as toggle switches.

Recipe 2.10 shows how to use local mode modifiers with groups instead of toggles.

See Also
Recipes 2.3 and 5.14

2.2  Match Nonprintable Characters
Problem
Match a string of the following ASCII control characters: bell, escape, form feed, line
feed, carriage return, horizontal tab, vertical tab. These characters have the hexadeci-
mal ASCII codes 07, 1B, 0C, 0A, 0D, 09, 0B.

Solution
\a\e\f\n\r\t\v

Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

\x07\x1B\f\n\r\t\v
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
Seven of the most commonly used ASCII control characters have dedicated escape
sequences. These all consist of a backslash followed by a letter. This is the same syntax
that is used for string literals in many programming languages. Table 2-1 shows the
common nonprinting characters and how they are represented.

Table 2-1. Nonprinting characters

Representation Meaning Hexadecimal representation

‹\a› bell 0x07

‹\e› escape 0x1B

‹\f› form feed 0x0C

‹\n› line feed (newline) 0x0A

‹\r› carriage return 0x0D

‹\t› horizontal tab 0x09

‹\v› vertical tab 0x0B
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The ECMA-262 standard does not support ‹\a› and ‹\e›. Therefore, we use a different
syntax for the JavaScript examples in this book, even though many browsers do support
‹\a› and ‹\e›.
These control characters, as well as the alternative syntax shown in the following sec-
tion, can be used equally inside and outside character classes in your regular expression.

Variations on Representations of Nonprinting Characters

The 26 control characters
\cG\x1B\cL\cJ\cM\cI\cK

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Ruby 1.9

Using ‹\cA› through ‹\cZ›, you can match one of the 26 control characters that occupy
positions 1 through 26 in the ASCII table. The c must be lowercase. The letter that
follows the c is case insensitive in most flavors. We recommend that you always use an
uppercase letter. Java requires this.

This syntax can be handy if you’re used to entering control characters on console sys-
tems by pressing the Control key along with a letter. On a terminal, Ctrl-H sends a
backspace. In a regex, ‹\cH› matches a backspace.

Python and the classic Ruby engine in Ruby 1.8 do not support this syntax. The Oni-
guruma engine in Ruby 1.9 does.

The escape control character, at position 27 in the ASCII table, is beyond the reach of
the English alphabet, so we leave it as ‹\x1B› in our regular expression.

The 7-bit character set
\x07\x1B\x0C\x0A\x0D\x09\x0B

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

A lowercase \x followed by two uppercase hexadecimal digits matches a single char-
acter in the ASCII set. Figure 2-1 shows which hexadecimal combinations from
‹\x00› through ‹\x7F› match each character in the entire ASCII character set. The table
is arranged with the first hexadecimal digit going down the left side and the second
digit going across the top.

Which characters ‹\x80› through ‹\xFF› match depends on how your regex engine in-
terprets them, and which code page your subject text is encoded in. We recommend
that you not use ‹\x80› through ‹\xFF›. Instead, use the Unicode code point token
described in Recipe 2.7.

If you’re using Ruby 1.8 or you compiled PCRE without UTF-8 support, you cannot
use Unicode code points. Ruby 1.8 and PCRE without UTF-8 are 8-bit regex engines.
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They are completely ignorant about text encodings and multibyte characters. ‹\xAA› in
these engines simply matches the byte 0xAA, regardless of which character 0xAA hap-
pens to represent or whether 0xAA is part of a multibyte character.

See Also
Recipe 2.7

2.3  Match One of Many Characters
Problem
Create one regular expression to match all common misspellings of calendar, so you
can find this word in a document without having to trust the author’s spelling ability.
Allow an a or e to be used in each of the vowel positions. Create another regular ex-
pression to match a single hexadecimal character. Create a third regex to match a single
character that is not a hexadecimal character.

Solution

Calendar with misspellings
c[ae]l[ae]nd[ae]r

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Hexadecimal character
[a-fA-F0-9]

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Figure 2-1. ASCII Table
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Nonhexadecimal character
[^a-fA-F0-9]

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
The notation using square brackets is called a character class. A character class matches
a single character out of a list of possible characters. The three classes in the first regex
match either an a or an e. They do so independently. When you test calendar against
this regex, the first character class matches a, the second e, and the third a.

Outside character classes, a dozen punctuation characters are metacharacters. Inside
a character class, only four characters have a special function: \, ^, -, and ]. If you’re
using Java or .NET, the opening bracket [ is also a metacharacter inside character
classes. All other characters are literals and simply add themselves to the character class.
The regular expression ‹[$()*+.?{|]› matches any one of the nine characters between
the square brackets.

The backslash always escapes the character that follows it, just as it does outside char-
acter classes. The escaped character can be a single character, or the start or end of a
range. The other four metacharacters get their special meanings only when they’re
placed in a certain position. It is possible to include them as literal characters in a
character class without escaping them, by positioning them in a way that they don’t
get their special meaning. ‹[][^-]› pulls off this trick, at least if you’re not using a
JavaScript implementation that strictly adheres to the standard. But we recommend
that you always escape these metacharacters, so the previous regex should be ‹[\]\[\^
\-]›. Escaping the metacharacters makes your regular expression easier to understand.

Alphanumeric characters cannot be escaped with a backslash. Doing so is either an
error or creates a regular expression token (something with a special meaning in a
regular expression). In our discussions of certain other regex tokens, such as in Rec-
ipe 2.2, we mention that they can be used inside character classes. All these tokens
consist of a backslash and a letter, sometimes followed by a bunch of other characters.
Thus, ‹[\r\n]› matches a carriage return (\r) or line break (\n).

The caret (^) negates the character class if you place it immediately after the opening
bracket. It makes the character class match any character that is not in the list. A negated
character class matches line break characters, unless you add them to the negated
character class.

The hyphen (-) creates a range when it is placed between two characters. The range
consists of the character class with the character before the hyphen, the character after
the hyphen, and all characters that lie between them in numerical order. To know which
characters those are, you have to look at the ASCII or Unicode character table.
‹[A-z]› includes all characters in the ASCII table between the uppercase A and the low-
ercase z. The range includes some punctuation, so ‹[A-Z\[\\\]\^_`a-z]› matches the
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same characters more explicitly. We recommend that you create ranges only between
two digits or between two letters that are both upper- or lowercase.

Reversed ranges, such as ‹[z-a]›, are not permitted.

Variations

Shorthands
[a-fA-F\d]

Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Six regex tokens that consist of a backslash and a letter form shorthand character classes.
You can use these both inside and outside character classes. ‹\d› and ‹[\d]› both match
a single digit. Each lowercase shorthand character has an associated uppercase short-
hand character with the opposite meaning. Thus ‹\D› matches any character that is
not a digit, and is equivalent to ‹[^\d]›.
‹\w› matches a single word character. A word character is a character that can occur as
part of a word. That includes letters, digits, and the underscore. The particular choice
of characters here may seem odd, but it was chosen because these are the characters
that are typically allowed in identifiers in programming languages. ‹\W› matches any
character that is not part of such a propellerhead word.

In Java, JavaScript, PCRE, and Ruby, ‹\w› is always identical to ‹[a-zA-Z0-9_]›. In .NET
and Perl, it includes letters and digits from all other scripts (Cyrillic, Thai, etc.). In
Python, the other scripts are included only if you pass the UNICODE or U flag when creating
the regex. ‹\d› follows the same rule in all these flavors. In .NET and Perl, digits from
other scripts are always included, whereas Python includes them only if you pass the
UNICODE or U flag.

‹\s› matches any whitespace character. This includes spaces, tabs, and line breaks.
In .NET, Perl, and JavaScript, ‹\s› also matches any character defined as whitespace
by the Unicode standard. Notice that JavaScript uses Unicode for ‹\s› but ASCII for
‹\d› and ‹\w›. ‹\S› matches any character not matched by ‹\s›.
Further inconsistency arises when we add ‹\b› to the mix. ‹\b› is not a shorthand char-
acter class, but a word boundary. Though you’d expect ‹\b› to support Unicode when
‹\w› does and to be ASCII-only when ‹\w› is ASCII-only, this isn’t always the case. The
subsection “Word Characters” on page 42 in Recipe 2.6 has the details.

Case insensitivity
(?i)[A-F0-9]

Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby
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(?i)[^A-F0-9]
Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Case insensitivity, whether set with an external flag (see Recipe 3.4) or a mode modifier
inside the regex (see Recipe 2.1), also affects character classes. The two regexes just
shown are equivalent to the ones in the original solution.

JavaScript follows the same rule, but it doesn’t support ‹(?i)›. To make a regular ex-
pression case-insensitive in JavaScript, set the /i flag when creating it.

Flavor-Specific Features

.NET character class subtraction
[a-zA-Z0-9-[g-zG-Z]]

This regular expression matches a single hexadecimal character, but in a roundabout
way. The base character class matches any alphanumeric character, and a nested class
then subtracts the letters g through z. This nested class must appear at the end of the
base class, preceded by a hyphen: ‹[class-[subtract]]›.
Character class subtraction is particularly useful when working with Unicode proper-
ties, blocks, and scripts. As an example, ‹\p{IsThai}› matches any character in the Thai
block. ‹\P{N}› matches any character that doesn’t have the Number property. Com-
bining them with subtraction, ‹[\p{IsThai}-[\P{N}]]› matches any of the 10 Thai
digits.

Java character class union, subtraction, and intersection
[a-f[A-F][0-9]]

[a-f[A-F[0-9]]]

Java allows one character class to be nested inside another. If the nested class is included
directly, the resulting class is the union of the two. You can nest as many classes as you
like. Both of the two regexes just shown have the same effect as the original without
the extra square brackets:

[\w&&[a-fA-F0-9\s]]

This one could win a prize in a regex obfuscation contest. The base character class
matches any word character. The nested class matches any hexadecimal digit and any
whitespace character. The resulting class is the intersection of the two, matching hex-
adecimal digits and nothing else. Because the base class does not match whitespace and
the nested class does not match ‹[g-zG-Z_]›, those are dropped from the final character
class, leaving only the hexadecimal digits:

[a-zA-Z0-9&&[^g-zG-Z]]
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This regular expression matches a single hexadecimal character, also in a roundabout
way. The base character class matches any alphanumeric character, and a nested class
then subtracts the letters g through z. This nested class must be a negated character
class, preceded by two ampersands: ‹[class&&[^subtract]]›.
Character class intersection and subtraction are particularly useful when working with
Unicode properties, blocks, and scripts. Thus, ‹\p{InThai}› matches any character in
the Thai block, whereas ‹\p{N}› matches any character that has the Number property.
In consequence, ‹[\p{InThai}&&[\p{N}]]› matches any of the 10 Thai digits.

If you’re wondering about the subtle differences in the ‹\p› regex tokens, you’ll find
those all explained in Recipe 2.7.

See Also
Recipes 2.1, 2.2, and 2.7

2.4  Match Any Character
Problem
Match a quoted character. Provide one solution that allows any single character, except
a line break, between the quotes. Provide another that truly allows any character, in-
cluding line breaks.

Solution

Any character except line breaks
'.'

Regex options: None (the “dot matches line breaks” option must not be set)
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Any character including line breaks
'.'

Regex options: Dot matches line breaks
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

'[\s\S]'
Regex options: None
Regex flavor: JavaScript
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Discussion

Any character except line breaks

The dot is one of the oldest and simplest regular expression features. Its meaning has
always been to match any single character.

There is, however, some confusion as to what any character truly means. The oldest
tools for working with regular expressions processed files line by line, so there was
never an opportunity for the subject text to include a line break. The programming
languages discussed in this book process the subject text as a whole, no matter how
many line breaks you put into it. If you want true line-by-line processing, you have to
write a bit of code that splits the subject into an array of lines and applies the regex to
each line in the array. Recipe 3.21 in the next chapter shows how to do this.

Larry Wall, the developer of Perl, wanted Perl to retain the traditional behavior of line-
based tools, in which the dot never matched a line break (\n). All the other flavors
discussed in this book followed suit. ‹'.'› thus matches any single character except a
newline character.

Any character including line breaks

If you do want to allow your regular expression to span multiple lines, turn on the “dot
matches line breaks” option. This option masquerades under different names. Perl and
many others confusingly call it “single line” mode, whereas Java calls it “dot all” mode.
Recipe 3.4 in the next chapter has all the details. Whatever the name of this option in
your favorite programming language is, think of it as “dot matches line breaks” mode.
That’s all the option does.

An alternative solution is needed for JavaScript, which doesn’t have a “dot matches
line breaks” option. As Recipe 2.3 explains, ‹\s› matches any whitespace character,
whereas ‹\S› matches any character that is not matched by ‹\s›. Combining these into
‹[\s\S]› results in a character class that includes all characters, including line breaks.
‹[\d\D]› and ‹[\w\W]› have the same effect.

Dot abuse

The dot is the most abused regular expression feature. ‹\d\d.\d\d.\d\d› is not a good
way to match a date. It does match 05/16/08 just fine, but it also matches 99/99/99.
Worse, it matches 12345678.

A proper regex for matching only valid dates is a subject for a later chapter. But replacing
the dot with a more appropriate character class is very easy. ‹\d\d[/.\-]\d\d[/.\-]\d
\d› allows a forward slash, dot, or hyphen to be used as the date separator. This regex
still matches 99/99/99, but not 12345678.
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It’s just a coincidence that the previous example includes a dot inside
the character classes. Inside a character class, the dot is just a literal
character. It’s worth including in this particular regular expression be-
cause in some countries, such as Germany, the dot is used as a date
separator.

Use the dot only when you really want to allow any character. Use a character class or
negated character class in any other situation.

Variations
(?s)'.'

Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Python

(?m)'.'
Regex options: None
Regex flavors: Ruby

If you cannot turn on “dot matches line breaks” mode outside the regular expression,
you can place a mode modifier at the start of the regular expression. We explain the
concept of mode modifiers, and JavaScript’s lack of support for them, in the subsection
“Case-insensitive matching” on page 27 under Recipe 2.1.

‹(?s)› is the mode modifier for “dot matches line breaks” mode in .NET, Java, PCRE,
Perl, and Python. The s stands for “single line” mode, which is Perl’s confusing name
for “dot matches line breaks.”

The terminology is so confusing that the developer of Ruby’s regex engine copied it
wrongly. Ruby uses ‹(?m)› to turn on “dot matches line breaks” mode. Other than the
different letter, the functionality is exactly the same. The new engine in Ruby 1.9 con-
tinues to use ‹(?m)› for “dot matches line breaks.” Perl’s meaning for ‹(?m)› is explained
in Recipe 2.5.

See Also
Recipes 2.3, 3.4, and 3.21

2.5  Match Something at the Start and/or the End of a Line
Problem
Create four regular expressions. Match the word alpha, but only if it occurs at the very
beginning of the subject text. Match the word omega, but only if it occurs at the very
end of the subject text. Match the word begin, but only if it occurs at the beginning of
a line. Match the word end, but only if it occurs at the end of a line.
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Solution

Start of the subject
^alpha

Regex options: None (“^ and $ match at line breaks” must not be set)
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

\Aalpha
Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

End of the subject
omega$

Regex options: None (“^ and $ match at line breaks” must not be set)
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

omega\Z
Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Start of a line
^begin

Regex options: ^ and $ match at line breaks
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

End of a line
end$

Regex options: ^ and $ match at line breaks
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion

Anchors and lines

The regular expression tokens ‹^›, ‹$›, ‹\A›, ‹\Z›, and ‹\z› are called anchors. They do
not match any characters. Instead, they match at certain positions, effectively anchoring
the regular expression match at those positions.

A line is the part of the subject text that lies between the start of the subject and a line
break, between two line breaks, or between a line break and the end of the subject. If
there are no line breaks in the subject, then the whole subject is considered to be one
line. Thus, the following text consists of four lines, one each for one, two, an empty
string, and four:
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one
two

four

The text could be represented in a program as one LFtwo LF LFfour.

Start of the subject

The anchor ‹\A› always matches at the very start of the subject text, before the first
character. That is the only place where it matches. Place ‹\A› at the start of your regular
expression to test whether the subject text begins with the text you want to match. The
“A” must be uppercase.

JavaScript does not support ‹\A›.
The anchor ‹^› is equivalent to ‹\A›, as long as you do not turn on the “^ and $ match
at line breaks” option. This option is off by default for all regex flavors except Ruby.
Ruby does not offer a way to turn this option off.

Unless you’re using JavaScript, we recommend that you always use ‹\A› instead of
‹^›. The meaning of ‹\A› never changes, avoiding any confusion or mistakes in setting
regex options.

End of the subject

The anchors ‹\Z› and ‹\z› always match at the very end of the subject text, after the last
character. Place ‹\Z› or ‹\z› at the end of your regular expression to test whether the
subject text ends with the text you want to match.

.NET, Java, PCRE, Perl, and Ruby support both ‹\Z› and ‹\z›. Python supports only
‹\Z›. JavaScript does not support ‹\Z› or ‹\z› at all.

The difference between ‹\Z› and ‹\z› comes into play when the last character in your
subject text is a line break. In that case, ‹\Z› can match at the very end of the subject
text, after the final line break, as well as immediately before that line break. The benefit
is that you can search for ‹omega\Z› without having to worry about stripping off a trailing
line break at the end of your subject text. When reading a file line by line, some tools
include the line break at the end of the line, whereas others don’t; ‹\Z› masks this
difference. ‹\z› matches only at the very end of the subject text, so it will not match
text if a trailing line break follows.

The anchor ‹$› is equivalent to ‹\Z›, as long as you do not turn on the “^ and $ match
at line breaks” option. This option is off by default for all regex flavors except Ruby.
Ruby does not offer a way to turn this option off. Just like ‹\Z›, ‹$› matches at the very
end of the subject text, as well as before the final line break, if any.
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To help clarify this subtle and somewhat confusing situation, lets look at an example
in Perl. Assuming that $/ (the current record separator) is set to its default \n, the
following Perl statement reads a single line from the terminal (standard input):

$line = <>;

Perl leaves the newline on the content of the variable $line. Therefore, an expression
such as ‹end●of●input.\z› will not match the variable. But ‹end●of●input.\Z› and
‹end●of●input.$› will both match, because they ignore the trailing newline.

To make processing easier, Perl programmers often strip newlines with:

chomp $line;

After that operation is performed, all three anchors will match. (Technically, chomp
strips a string of the current record separator.)

Unless you’re using JavaScript, we recommend that you always use ‹\Z› instead of
‹$›. The meaning of ‹\Z› never changes, avoiding any confusion or mistakes in setting
regex options.

Start of a line

By default, ‹^› matches only at the start of the subject text, just like ‹\A›. Only in Ruby
does ‹^› always match at the start of a line. All the other flavors require you to turn on
the option to make the caret and dollar sign match at line breaks. This option is typically
referred to as “multiline” mode.

Do not confuse this mode with “single line” mode, which would be better known as
“dot matches line breaks” mode. “Multiline” mode affects only the caret and dollar
sign; “single line” mode affects only the dot, as Recipe 2.4 explains. It is perfectly pos-
sible to turn on both “single line” and “multiline” mode at the same time. By default,
both options are off.

With the correct option set, ‹^› will match at the start of each line in the subject text.
Strictly speaking, it matches before the very first character in the file, as it always does,
and also after each line break character in the subject text. The caret in ‹\n^› is redun-
dant because ‹^› always matches after ‹\n›.

End of a line

By default, ‹$› matches only at the end of the subject text or before the final line break,
just like ‹\Z›. Only in Ruby does ‹$› always match at the end of each line. All the other
flavors require you to turn on the “multiline” option to make the caret and dollar match
at line breaks.

With the correct option set, ‹$› will match at the end of each line in the subject text.
(Of course, it also matches after the very last character in the text because that is always
the end of a line as well.) The dollar in ‹$\n› is redundant because ‹$› always matches
before ‹\n›.
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Zero-length matches

It is perfectly valid for a regular expression to consist of nothing but one or more an-
chors. Such a regular expression will find a zero-length match at each position where
the anchor can match. If you place several anchors together, all of them need to match
at the same position for the regex to match.

You could use such a regular expression in a search-and-replace. Replace ‹\A› or ‹\Z›
to prepend or append something to the whole subject. Replace ‹^› or ‹$›, in “^ and $
match at line breaks” mode, to prepend or append something in each line in the subject
text.

Combine two anchors to test for blank lines or missing input. ‹\A\Z› matches the empty
string, as well as the string that consists of a single newline. ‹\A\z› matches only the
empty string. ‹^$›, in “^ and $ match at line breaks” mode, matches each empty line
in the subject text.

Variations
(?m)^begin

Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Python

(?m)end$
Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Python

If you cannot turn on “^ and $ match at line breaks” mode outside the regular expres-
sion, you can place a mode modifier at the start of the regular expression. The concept
of mode modifiers and JavaScript’s lack of support for them are both explained in the
subsection “Case-insensitive matching” on page 27 under Recipe 2.1.

‹(?m)› is the mode modifier for “^ and $ match at line breaks” mode in .NET, Java,
PCRE, Perl, and Python. The m stands for “multiline” mode, which is Perl’s confusing
name for “^ and $ match at line breaks.”

As explained earlier, the terminology was so confusing that the developer of Ruby’s
regex engine copied it incorrectly. Ruby uses ‹(?m)› to turn on “dot matches line breaks”
mode. Ruby’s ‹(?m)› has nothing to do with the caret and dollar anchors. In Ruby,
‹^› and ‹$› always match at the start and end of each line.

Except for the unfortunate mix-up in letters, Ruby’s choice to use ‹^› and ‹$› exclusively
for lines is a good one. Unless you’re using JavaScript, we recommend that you copy
this choice in your own regular expressions.

Jan followed the same idea in his designs of EditPad Pro and PowerGREP. You won’t
find a checkbox labeled “^ and $ match at line breaks,” even though there is one labeled
“dot matches newlines.” Unless you prefix your regular expression with ‹(?-m)›, you’ll
have to use ‹\A› and ‹\Z› to anchor your regex to the beginning or end of your file.
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See Also
Recipes 3.4 and 3.21

2.6  Match Whole Words
Problem
Create a regex that matches cat in My cat is brown, but not in category or bobcat.
Create another regex that matches cat in staccato, but not in any of the three previous
subject strings.

Solution

Word boundaries
\bcat\b

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Nonboundaries
\Bcat\B

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion

Word boundaries

The regular expression token ‹\b› is called a word boundary. It matches at the start or
the end of a word. By itself, it results in a zero-length match. ‹\b› is an anchor, just like
the tokens introduced in the previous section.

Strictly speaking, ‹\b› matches in these three positions:

• Before the first character in the subject, if the first character is a word character

• After the last character in the subject, if the last character is a word character

• Between two characters in the subject, where one is a word character and the other
is not a word character

None of the flavors discussed in this book have separate tokens for matching only before
or only after a word. Unless you wanted to create a regex that consists of nothing but
a word boundary, these aren’t needed. The tokens before or after the ‹\b› in your regular
expression will determine where ‹\b› can match. The ‹\b› in ‹\bx› and ‹!\b› could match
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only at the start of a word. The ‹\b› in ‹x\b› and ‹\b!› could match only at the end of a
word. ‹x\bx› and ‹!\b!› can never match anywhere.

To run a “whole words only” search using a regular expression, simply place the word
between two word boundaries, as we did with ‹\bcat\b›. The first ‹\b› requires the
‹c› to occur at the very start of the string, or after a nonword character. The second
‹\b› requires the ‹t› to occur at the very end of the string, or before a nonword character.

Line break characters are nonword characters. ‹\b› will match after a line break if the
line break is immediately followed by a word character. It will also match before a line
break immediately preceded by a word character. So a word that occupies a whole line
by itself will be found by a “whole words only” search. ‹\b› is unaffected by “multiline”
mode or ‹(?m)›, which is one of the reasons why this book refers to “multiline” mode
as “^ and $ match at line breaks” mode.

Nonboundaries

‹\B› matches at every position in the subject text where ‹\b› does not match. ‹\B›
matches at every position that is not at the start or end of a word.

Strictly speaking, ‹\B› matches in these five positions:

• Before the first character in the subject, if the first character is not a word character

• After the last character in the subject, if the last character is not a word character

• Between two word characters

• Between two nonword characters

• The empty string

‹\Bcat\B› matches cat in staccato, but not in My cat is brown, category, or bobcat.

To do the opposite of a “whole words only” search (i.e., excluding My cat is brown
and including staccato, category, and bobcat), you need to use alternation to combine
‹\Bcat› and ‹cat\B› into ‹\Bcat|cat\B›. ‹\Bcat› matches cat in staccato and bobcat.
‹cat\B› matches cat in category (and staccato if ‹\Bcat› hadn’t already taken care of
that). Recipe 2.8 explains alternation.

Word Characters
All this talk about word boundaries, but no talk about what a word character is. A word
character is a character that can occur as part of a word. The subsection “Short-
hands” on page 32 in Recipe 2.3 discussed which characters are included in ‹\w›, which
matches a single word character. Unfortunately, the story is not the same for ‹\b›.
Although all the flavors in this book support ‹\b› and ‹\B›, they differ in which char-
acters are word characters.
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.NET, JavaScript, PCRE, Perl, Python, and Ruby have ‹\b› match between two char-
acters where one is matched by ‹\w› and the other by ‹\W›. ‹\B› always matches between
two characters where both are matched by ‹\w› or ‹\W›.
JavaScript, PCRE, and Ruby view only ASCII characters as word characters. ‹\w› is
identical to ‹[a-zA-Z0-9_]›. With these flavors, you can do a “whole words only” search
on words in languages that use only the letters A to Z without diacritics, such as English.
But these flavors cannot do “whole words only” searches on words in other languages,
such as Spanish or Russian.

.NET and Perl treat letters and digits from all scripts as word characters. With these
flavors, you can do a “whole words only” search on words in any language, including
those that don’t use the Latin alphabet.

Python gives you an option. Non-ASCII characters are included only if you pass the
UNICODE or U flag when creating the regex. This flag affects both ‹\b› and ‹\w› equally.

Java behaves inconsistently. ‹\w› matches only ASCII characters. But ‹\b› is Unicode-
enabled, supporting any script. In Java, ‹\b\w\b› matches a single English letter, digit,
or underscore that does not occur as part of a word in any language. ‹\bкошка\b› will
correctly match the Russian word for cat, because ‹\b› supports Unicode. But ‹\w+› will
not match any Russian word, because ‹\w› is ASCII-only.

See Also
Recipe 2.3

2.7  Unicode Code Points, Properties, Blocks, and Scripts
Problem
Use a regular expression to find the trademark sign (™) by specifying its Unicode code
point rather than copying and pasting an actual trademark sign. If you like copy and
paste, the trademark sign is just another literal character, even though you cannot type
it directly on your keyboard. Literal characters are discussed in Recipe 2.1.

Create a regular expression that matches any character that has the “Currency Symbol”
Unicode property. Unicode properties are also called Unicode categories.

Create a regular expression that matches any character in the “Greek Extended” Uni-
code block.

Create a regular expression that matches any character that, according to the Unicode
standard, is part of the Greek script.

Create a regular expression that matches a grapheme, or what is commonly thought of
as a character: a base character with all its combining marks.
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Solution

Unicode code point
\u2122

Regex options: None
Regex flavors: .NET, Java, JavaScript, Python

This regex works in Python only when quoted as a Unicode string: u"\u2122".

\x{2122}
Regex options: None
Regex flavors: PCRE, Perl, Ruby 1.9

PCRE must be compiled with UTF-8 support; in PHP, turn on UTF-8 support with
the /u pattern modifier. Ruby 1.8 does not support Unicode regular expressions.

Unicode property or category
\p{Sc}

Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Ruby 1.9

PCRE must be compiled with UTF-8 support; in PHP, turn on UTF-8 support with
the /u pattern modifier. JavaScript and Python do not support Unicode properties.
Ruby 1.8 does not support Unicode regular expressions.

Unicode block
\p{IsGreekExtended}

Regex options: None
Regex flavors: .NET, Perl

\p{InGreekExtended}
Regex options: None
Regex flavors: Java, Perl

JavaScript, PCRE, Python, and Ruby do not support Unicode blocks.

Unicode script
\p{Greek}

Regex options: None
Regex flavors: PCRE, Perl, Ruby 1.9

Unicode script support requires PCRE 6.5 or later, and PCRE must be compiled with
UTF-8 support. In PHP, turn on UTF-8 support with the /u pattern modifier. .NET,
JavaScript, and Python do not support Unicode properties. Ruby 1.8 does not support
Unicode regular expressions.
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Unicode grapheme
\X

Regex options: None
Regex flavors: PCRE, Perl

PCRE and Perl have a dedicated token for matching graphemes, but also support the
workaround syntax using Unicode properties.

\P{M}\p{M}*
Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Ruby 1.9

PCRE must be compiled with UTF-8 support; in PHP, turn on UTF-8 support with
the /u pattern modifier. JavaScript and Python do not support Unicode properties.
Ruby 1.8 does not support Unicode regular expressions.

Discussion

Unicode code point

A code point is one entry in the Unicode character database. A code point is not the
same as a character, depending on the meaning you give to “character.” What appears
as a character on screen is called a grapheme in Unicode.

The Unicode code point U+2122 represents the “trademark sign” character. You can
match this with ‹\u2122› or ‹\x{2122}›, depending on the regex flavor you’re working
with.

The ‹\u› syntax requires exactly four hexadecimal digits. This means you can only use
it for Unicode code points U+0000 through U+FFFF. The ‹\x› syntax allows any num-
ber of hexadecimal digits, supporting all code points U+000000 through U+10FFFF.
You can match U+00E0 with ‹\x{E0}› or ‹\x{00E0}›. Code points U+100000 are used
very infrequently, and are poorly supported by fonts and operating systems.

Code points can be used inside and outside character classes.

Unicode property or category

Each Unicode code point has exactly one Unicode property, or fits into a single Unicode
category. These terms mean the same thing. There are 30 Unicode categories, grouped
into 7 super-categories:

‹\p{L}›
Any kind of letter from any language

‹\p{Ll}›
A lowercase letter that has an uppercase variant

2.7  Unicode Code Points, Properties, Blocks, and Scripts | 45



‹\p{Lt}›
A letter that appears at the start of a word when only the first letter of the word
is capitalized

‹\p{Lo}›
A letter or ideograph that does not have lowercase and uppercase variants

‹\p{M}›
A character intended to be combined with another character (accents, umlauts,
enclosing boxes, etc.)

‹\p{Mn}›
A character intended to be combined with another character that does not take
up extra space (e.g., accents, umlauts, etc.)

‹\p{Me}›
A character that encloses another character (circle, square, keycap, etc.)

‹\p{Z}›
Any kind of whitespace or invisible separator

‹\p{Zs}›
A whitespace character that is invisible, but does take up space

‹\p{Zl}›
The line separator character U+2028

‹\p{Zp}›
The paragraph separator character U+2029

‹\p{S}›
Math symbols, currency signs, dingbats, box-drawing characters, etc.

‹\p{Sm}›
Any mathematical symbol

‹\p{Sc}›
Any currency sign

‹\p{Sk}›
A combining character (mark) as a full character on its own

‹\p{So}›
Various symbols that are not math symbols, currency signs, or combining
characters

‹\p{N}›
Any kind of numeric character in any script

‹\p{Nd}›
A digit 0 through 9 in any script except ideographic scripts

‹\p{Nl}›
A number that looks like a letter, such as a Roman numeral

46 | Chapter 2: Basic Regular Expression Skills



‹\p{No}›
A superscript or subscript digit, or a number that is not a digit 0…9 (excluding
numbers from ideographic scripts)

‹\p{P}›
Any kind of punctuation character

‹\p{Pd}›
Any kind of hyphen or dash

‹\p{Ps}›
Any kind of opening bracket

‹\p{Pe}›
Any kind of closing bracket

‹\p{Pi}›
Any kind of opening quote

‹\p{Pf}›
Any kind of closing quote

‹\p{Pc}›
A punctuation character such as an underscore that connects words

‹\p{Po}›
Any kind of punctuation character that is not a dash, bracket, quote or
connector

‹\p{C}›
Invisible control characters and unused code points

‹\p{Cc}›
An ASCII 0x00…0x1F or Latin-1 0x80…0x9F control character

‹\p{Cf}›
An invisible formatting indicator

‹\p{Co}›
Any code point reserved for private use

‹\p{Cs}›
One half of a surrogate pair in UTF-16 encoding

‹\p{Cn}›
Any code point to which no character has been assigned

‹\p{Ll}› matches a single code point that has the Ll, or “lowercase letter,” property.
‹\p{L}› is a quick way of writing ‹[\p{Ll}\p{Lu}\p{Lt}\p{Lm}\p{Lo}]› that matches a
single code point in any of the “letter” categories.

‹\P› is the negated version of ‹\p›. ‹\P{Ll}› matches a single code point that does not
have the Ll property. ‹\P{L}› matches a single code point that does not have any of the
“letter” properties. This is not the same as ‹[\P{Ll}\P{Lu}\P{Lt}\P{Lm}\P{Lo}]›, which
matches all code points. ‹\P{Ll}› matches the code points with the Lu property (and
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every other property except Ll), whereas ‹\P{Lu}› includes the Ll code points. Com-
bining just these two in a code point class already matches all possible code points.

Unicode block

The Unicode character database divides all the code points into blocks. Each block
consists of a single range of code points. The code points U+0000 through U+FFFF
are divided into 105 blocks:

U+0000…U+007F ‹\p{InBasic_Latin}›
U+0080…U+00FF ‹\p{InLatin-1_Supplement}›
U+0100…U+017F ‹\p{InLatin_Extended-A}›
U+0180…U+024F ‹\p{InLatin_Extended-B}›
U+0250…U+02AF ‹\p{InIPA_Extensions}›
U+02B0…U+02FF ‹\p{InSpacing_Modifier_Letters}›
U+0300…U+036F ‹\p{InCombining_Diacritical_Marks}›
U+0370…U+03FF ‹\p{InGreek_and_Coptic}›
U+0400…U+04FF ‹\p{InCyrillic}›
U+0500…U+052F ‹\p{InCyrillic_Supplementary}›
U+0530…U+058F ‹\p{InArmenian}›
U+0590…U+05FF ‹\p{InHebrew}›
U+0600…U+06FF ‹\p{InArabic}›
U+0700…U+074F ‹\p{InSyriac}›
U+0780…U+07BF ‹\p{InThaana}›
U+0900…U+097F ‹\p{InDevanagari}›
U+0980…U+09FF ‹\p{InBengali}›
U+0A00…U+0A7F ‹\p{InGurmukhi}›
U+0A80…U+0AFF ‹\p{InGujarati}›
U+0B00…U+0B7F ‹\p{InOriya}›
U+0B80…U+0BFF ‹\p{InTamil}›
U+0C00…U+0C7F ‹\p{InTelugu}›
U+0C80…U+0CFF ‹\p{InKannada}›
U+0D00…U+0D7F ‹\p{InMalayalam}›
U+0D80…U+0DFF ‹\p{InSinhala}›
U+0E00…U+0E7F ‹\p{InThai}›
U+0E80…U+0EFF ‹\p{InLao}›
U+0F00…U+0FFF ‹\p{InTibetan}›
U+1000…U+109F ‹\p{InMyanmar}›
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U+10A0…U+10FF ‹\p{InGeorgian}›
U+1100…U+11FF ‹\p{InHangul_Jamo}›
U+1200…U+137F ‹\p{InEthiopic}›
U+13A0…U+13FF ‹\p{InCherokee}›
U+1400…U+167F ‹\p{InUnified_Canadian_Aboriginal_Syllabics}›
U+1680…U+169F ‹\p{InOgham}›
U+16A0…U+16FF ‹\p{InRunic}›
U+1700…U+171F ‹\p{InTagalog}›
U+1720…U+173F ‹\p{InHanunoo}›
U+1740…U+175F ‹\p{InBuhid}›
U+1760…U+177F ‹\p{InTagbanwa}›
U+1780…U+17FF ‹\p{InKhmer}›
U+1800…U+18AF ‹\p{InMongolian}›
U+1900…U+194F ‹\p{InLimbu}›
U+1950…U+197F ‹\p{InTai_Le}›
U+19E0…U+19FF ‹\p{InKhmer_Symbols}›
U+1D00…U+1D7F ‹\p{InPhonetic_Extensions}›
U+1E00…U+1EFF ‹\p{InLatin_Extended_Additional}›
U+1F00…U+1FFF ‹\p{InGreek_Extended}›
U+2000…U+206F ‹\p{InGeneral_Punctuation}›
U+2070…U+209F ‹\p{InSuperscripts_and_Subscripts}›
U+20A0…U+20CF ‹\p{InCurrency_Symbols}›
U+20D0…U+20FF ‹\p{InCombining_Diacritical_Marks_for_Symbols}›
U+2100…U+214F ‹\p{InLetterlike_Symbols}›
U+2150…U+218F ‹\p{InNumber_Forms}›
U+2190…U+21FF ‹\p{InArrows}›
U+2200…U+22FF ‹\p{InMathematical_Operators}›
U+2300…U+23FF ‹\p{InMiscellaneous_Technical}›
U+2400…U+243F ‹\p{InControl_Pictures}›
U+2440…U+245F ‹\p{InOptical_Character_Recognition}›
U+2460…U+24FF ‹\p{InEnclosed_Alphanumerics}›
U+2500…U+257F ‹\p{InBox_Drawing}›
U+2580…U+259F ‹\p{InBlock_Elements}›
U+25A0…U+25FF ‹\p{InGeometric_Shapes}›
U+2600…U+26FF ‹\p{InMiscellaneous_Symbols}›
U+2700…U+27BF ‹\p{InDingbats}›
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U+27C0…U+27EF ‹\p{InMiscellaneous_Mathematical_Symbols-A}›
U+27F0…U+27FF ‹\p{InSupplemental_Arrows-A}›
U+2800…U+28FF ‹\p{InBraille_Patterns}›
U+2900…U+297F ‹\p{InSupplemental_Arrows-B}›
U+2980…U+29FF ‹\p{InMiscellaneous_Mathematical_Symbols-B}›
U+2A00…U+2AFF ‹\p{InSupplemental_Mathematical_Operators}›
U+2B00…U+2BFF ‹\p{InMiscellaneous_Symbols_and_Arrows}›
U+2E80…U+2EFF ‹\p{InCJK_Radicals_Supplement}›
U+2F00…U+2FDF ‹\p{InKangxi_Radicals}›
U+2FF0…U+2FFF ‹\p{InIdeographic_Description_Characters}›
U+3000…U+303F ‹\p{InCJK_Symbols_and_Punctuation}›
U+3040…U+309F ‹\p{InHiragana}›
U+30A0…U+30FF ‹\p{InKatakana}›
U+3100…U+312F ‹\p{InBopomofo}›
U+3130…U+318F ‹\p{InHangul_Compatibility_Jamo}›
U+3190…U+319F ‹\p{InKanbun}›
U+31A0…U+31BF ‹\p{InBopomofo_Extended}›
U+31F0…U+31FF ‹\p{InKatakana_Phonetic_Extensions}›
U+3200…U+32FF ‹\p{InEnclosed_CJK_Letters_and_Months}›
U+3300…U+33FF ‹\p{InCJK_Compatibility}›
U+3400…U+4DBF ‹\p{InCJK_Unified_Ideographs_Extension_A}›
U+4DC0…U+4DFF ‹\p{InYijing_Hexagram_Symbols}›
U+4E00…U+9FFF ‹\p{InCJK_Unified_Ideographs}›
U+A000…U+A48F ‹\p{InYi_Syllables}›
U+A490…U+A4CF ‹\p{InYi_Radicals}›
U+AC00…U+D7AF ‹\p{InHangul_Syllables}›
U+D800…U+DB7F ‹\p{InHigh_Surrogates}›
U+DB80…U+DBFF ‹\p{InHigh_Private_Use_Surrogates}›
U+DC00…U+DFFF ‹\p{InLow_Surrogates}›
U+E000…U+F8FF ‹\p{InPrivate_Use_Area}›
U+F900…U+FAFF ‹\p{InCJK_Compatibility_Ideographs}›
U+FB00…U+FB4F ‹\p{InAlphabetic_Presentation_Forms}›
U+FB50…U+FDFF ‹\p{InArabic_Presentation_Forms-A}›
U+FE00…U+FE0F ‹\p{InVariation_Selectors}›
U+FE20…U+FE2F ‹\p{InCombining_Half_Marks}›
U+FE30…U+FE4F ‹\p{InCJK_Compatibility_Forms}›
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U+FE50…U+FE6F ‹\p{InSmall_Form_Variants}›
U+FE70…U+FEFF ‹\p{InArabic_Presentation_Forms-B}›
U+FF00…U+FFEF ‹\p{InHalfwidth_and_Fullwidth_Forms}›
U+FFF0…U+FFFF ‹\p{InSpecials}›

A Unicode block is a single, contiguous range of code points. Although many blocks
have the names of Unicode scripts and Unicode categories, they do not correspond
100% with them. The name of a block only indicates its primary use.

The Currency block does not include the dollar and yen symbols. Those are found in
the Basic_Latin and Latin-1_Supplement blocks, for historical reasons. Both do have
the Currency Symbol property. To match any currency symbol, use \p{Sc} instead of
\p{InCurrency}.

Most blocks include unassigned code points, which are covered by the property
‹\p{Cn}›. No other Unicode property, and none of the Unicode scripts, include unas-
signed code points.

The ‹\p{InBlockName}› syntax works with .NET and Perl. Java uses the
‹\p{IsBlockName}› syntax.

Perl also supports the Is variant, but we recommend you stick with the In syntax, to
avoid confusion with Unicode scripts. For scripts, Perl supports ‹\p{Script}› and
‹\p{IsScript}›, but not ‹\p{InScript}›.

Unicode script

Each Unicode code point, except unassigned ones, is part of exactly one Unicode script. 
Unassigned code points are not part of any script. The assigned code points up to
U+FFFF are assigned to these scripts:

‹\p{Common}› ‹\p{Katakana}›
‹\p{Arabic}› ‹\p{Khmer}›
‹\p{Armenian}› ‹\p{Lao}›
‹\p{Bengali}› ‹\p{Latin}›
‹\p{Bopomofo}› ‹\p{Limbu}›
‹\p{Braille}› ‹\p{Malayalam}›
‹\p{Buhid}› ‹\p{Mongolian}›
‹\p{CanadianAboriginal}› ‹\p{Myanmar}›
‹\p{Cherokee}› ‹\p{Ogham}›
‹\p{Cyrillic}› ‹\p{Oriya}›
‹\p{Devanagari}› ‹\p{Runic}›
‹\p{Ethiopic}› ‹\p{Sinhala}›
‹\p{Georgian}› ‹\p{Syriac}›
‹\p{Greek}› ‹\p{Tagalog}›
‹\p{Gujarati}› ‹\p{Tagbanwa}›
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‹\p{Gurmukhi}› ‹\p{TaiLe}›
‹\p{Han}› ‹\p{Tamil}›
‹\p{Hangul}› ‹\p{Telugu}›
‹\p{Hanunoo}› ‹\p{Thaana}›
‹\p{Hebrew}› ‹\p{Thai}›
‹\p{Hiragana}› ‹\p{Tibetan}›
‹\p{Inherited}› ‹\p{Yi}›
‹\p{Kannada}›

A script is a group of code points used by a particular human writing system. Some
scripts, such as Thai, correspond with a single human language. Other scripts, such as
Latin, span multiple languages. Some languages are composed of multiple scripts. For
instance, there is no Japanese Unicode script; instead, Unicode offers the Hiragana,
Katakana, Han, and Latin scripts that Japanese documents are usually composed of.

We listed the Common script first, out of alphabetical order. This script contains all sorts
of characters that are common to a wide range of scripts, such as punctuation, white-
space, and miscellaneous symbols.

Unicode grapheme

The difference between code points and characters comes into play when there are
combining marks. The Unicode code point U+0061 is “Latin small letter a,” whereas
U+00E0 is “Latin small letter a with grave accent.” Both represent what most people
would describe as a character.

U+0300 is the “combining grave accent” combining mark. It can be used sensibly only
after a letter. A string consisting of the Unicode code points U+0061 U+0300 will be
displayed as à, just like U+00E0. The combining mark U+0300 is displayed on top of
the character U+0061.

The reason for these two different ways of displaying an accented letter is that many
historical character sets encode “a with grave accent” as a single character. Unicode’s
designers thought it would be useful to have a one-on-one mapping with popular legacy
character sets, in addition to the Unicode way of separating marks and base letters,
which makes arbitrary combinations not supported by legacy character sets possible.

What matters to you as a regex user is that all regex flavors discussed in this book
operate on code points rather than graphical characters. When we say that the regular
expression ‹.› matches a single character, it really matches just a single code point. If
your subject text consists of the two code points U+0061 U+0300, which can be rep-
resented as the string literal "\u0061\u0300" in a programming language such as Java,
the dot will match only the code point U+0061, or a, without the accent U+0300. The
regex ‹..› will match both.
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Perl and PCRE offer a special regex token ‹\X›, which matches any single Unicode
grapheme. Essentially, it is the Unicode version of the venerable dot. It matches any
Unicode code point that is not a combining mark, along with all the combining marks
that follow it, if any. ‹\P{M}\p{M}*› does the same thing using the Unicode property
syntax. ‹\X› will find two matches in the text àà, regardless of how it is encoded. If it is
encoded as "\u00E0\u0061\u0300" the first match is "\u00E0", and the second
"\u0061\u0300".

Variations

Negated variant

The uppercase ‹\P› is the negated variant of the lowercase ‹\p›. For instance, ‹\P{Sc}›
matches any character that does not have the “Currency Symbol” Unicode property.
‹\P› is supported by all flavors that support ‹\p›, and for all the properties, block, and
scripts that they support.

Character classes

All flavors allow all the ‹\u›, ‹\x›, ‹\p›, and ‹\P› tokens they support to be used inside
character classes. The character represented by the code point, or the characters in the
category, block, or script, are then added to the character class. For instance, you could
match a character that is either an opening quote (initial punctuation property), a clos-
ing quote (final punctuation property), or the trademark symbol (U+2122) with:

[\p{Pi}\p{Pf}\x{2122}]
Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Ruby 1.9

Listing all characters

If your regular expression flavor does not support Unicode categories, blocks, or scripts,
you can list the characters that are in the category, block, or script in a character class.
For blocks this is very easy: each block is simply a range between two code points. The
Greek Extended block comprises the characters U+1F00 to U+1FFF:

[\u1F00-\u1FFF]
Regex options: None
Regex flavors: .NET, Java, JavaScript, Python

[\x{1F00}-\x{1FFF}]
Regex options: None
Regex flavors: PCRE, Perl, Ruby 1.9
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For most categories and many scripts, the equivalent character class is a long list of
individual code points and short ranges. The characters that comprise each category
and many of the scripts are scattered throughout the Unicode table. This is the Greek
script:

[\u0370-\u0373\u0375\u0376-\u0377\u037A\u037B-\u037D\u0384\u0386↵
\u0388-\u038A\u038C\u038E-\u03A1\u03A3-\u03E1\u03F0-\u03F5\u03F6↵
\u03F7-\u03FF\u1D26-\u1D2A\u1D5D-\u1D61\u1D66-\u1D6A\u1DBF\u1F00-\u1F15↵
\u1F18-\u1F1D\u1F20-\u1F45\u1F48-\u1F4D\u1F50-\u1F57\u1F59\u1F5B\u1F5D↵
\u1F5F-\u1F7D\u1F80-\u1FB4\u1FB6-\u1FBC\u1FBD\u1FBE\u1FBF-\u1FC1↵
\u1FC2-\u1FC4\u1FC6-\u1FCC\u1FCD-\u1FCF\u1FD0-\u1FD3\u1FD6-\u1FDB↵
\u1FDD-\u1FDF\u1FE0-\u1FEC\u1FED-\u1FEF\u1FF2-\u1FF4\u1FF6-\u1FFC↵
\u1FFD-\u1FFE\u2126]

Regex options: None
Regex flavors: .NET, Java, JavaScript, Python

We built this regular expression by copying the listing for the Greek script from http:
//www.unicode.org/Public/UNIDATA/Scripts.txt, searching and replacing with three
regular expressions:

1. Searching for the regular expression ‹;.*› and replacing its matches with nothing
deletes the comments. If it deletes everything, undo and turn off “dot matches line
breaks.”

2. Searching for ‹^› with “^ and $ match at line breaks” turned on, and replacing
with «\u», prefixes the code points with \u. Replacing ‹\.\.› with «-\u» corrects
the ranges.

3. Finally, replacing ‹\s+› with nothing removes the line breaks. Adding the brackets
around the character class finishes the regex. You may have to add \u at the start
of the character class and/or remove it at the end, depending on whether you in-
cluded any leading or trailing blank lines when copying the listing from
Scripts.txt.

This may seem like a lot of work, but it actually took Jan less than a minute. Writing
the description took much longer. Doing this for the \x{} syntax is just as easy:

1. Searching for the regular expression ‹;.*› and replacing its matches with nothing
deletes the comments. If it deletes everything, undo and turn off “dot matches line
breaks.”

2. Searching for ‹^› with “^ and $ match at line breaks” turned on and replacing with
«\x{» prefixes the code points with \x{. Replacing ‹\.\.› with «}-\x{» corrects
the ranges.

3. Finally, replacing ‹\s+› with «}» adds the closing braces and removes the line
breaks. Adding the brackets around the character class finishes the regex. You may
have to add \x{ at the start of the character class and/or remove it at the end,
depending on whether you included any leading or trailing blank lines when copy-
ing the listing from Scripts.txt.
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The results are:

[\x{0370}-\x{0373}\x{0375}\x{0376}-\x{0377}\x{037A}\x{037B}-\x{037D}↵
\x{0384}\x{0386}\x{0388}-\x{038A}\x{038C}\x{038E}-\x{03A1}↵
\x{03A3}-\x{03E1}\x{03F0}-\x{03F5}\x{03F6}\x{03F7}-\x{03FF}↵
\x{1D26}-\x{1D2A}\x{1D5D}-\x{1D61}\x{1D66}-\x{1D6A}\x{1DBF}↵
\x{1F00}-\x{1F15}\x{1F18}-\x{1F1D}\x{1F20}-\x{1F45}\x{1F48}-\x{1F4D}↵
\x{1F50}-\x{1F57}\x{1F59}\x{1F5B}\x{1F5D}\x{1F5F}-\x{1F7D}↵
\x{1F80}-\x{1FB4}\x{1FB6}-\x{1FBC}\x{1FBD}\x{1FBE}\x{1FBF}-\x{1FC1}↵
\x{1FC2}-\x{1FC4}\x{1FC6}-\x{1FCC}\x{1FCD}-\x{1FCF}\x{1FD0}-\x{1FD3}↵
\x{1FD6}-\x{1FDB}\x{1FDD}-\x{1FDF}\x{1FE0}-\x{1FEC}\x{1FED}-\x{1FEF}↵
\x{1FF2}-\x{1FF4}\x{1FF6}-\x{1FFC}\x{1FFD}-\x{1FFE}\x{2126}↵
\x{10140}-\x{10174}\x{10175}-\x{10178}\x{10179}-\x{10189}↵
\x{1018A}\x{1D200}-\x{1D241}\x{1D242}-\x{1D244}\x{1D245}]

Regex options: None
Regex flavors: PCRE, Perl, Ruby 1.9

See Also
http://www.unicode.org is the official website of the Unicode Consortium, where you
can download all the official Unicode documents, character tables, etc.

Unicode is a vast topic, on which entire books have been written. One such book is
Unicode Explained by Jukka K. Korpela (O’Reilly).

We can’t explain everything you should know about Unicode code points, properties,
blocks, and scripts in just one section. We haven’t even tried to explain why you should
care—you should. The comfortable simplicity of the extended ASCII table is a lonely
place in today’s globalized world.

2.8  Match One of Several Alternatives
Problem
Create a regular expression that when applied repeatedly to the text Mary, Jane, and
Sue went to Mary's house will match Mary, Jane, Sue, and then Mary again. Further
match attempts should fail.

Solution
Mary|Jane|Sue

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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Discussion
The vertical bar, or pipe symbol, splits the regular expression into multiple alterna-
tives. ‹Mary|Jane|Sue› matches Mary, or Jane, or Sue with each match attempt. Only one
name matches each time, but a different name can match each time.

All regular expression flavors discussed in this book use a regex-directed engine. The
engine is simply the software that makes the regular expression work. Regex-directed*

means that all possible permutations of the regular expression are attempted at each
character position in the subject text, before the regex is attempted at the next character
position.

When you apply ‹Mary|Jane|Sue› to Mary, Jane, and Sue went to Mary's house, the
match Mary is immediately found at the start of the string.

When you apply the same regex to the remainder of the string—e.g., by clicking “Find
Next” in your text editor—the regex engine attempts to match ‹Mary› at the first comma
in the string. That fails. Then, it attempts to match ‹Jane› at the same position, which
also fails. Attempting to match ‹Sue› at the comma fails, too. Only then does the regex
engine advance to the next character in the string. Starting at the first space, all three
alternatives fail in the same way.

Starting at the J, the first alternative, ‹Mary›, fails to match. The second alternative,
‹Jane›, is then attempted starting at the J. It matches Jane. The regex engine declares
victory.

Notice that Jane was found even though there is another occurrence of Mary in the
subject text, and that ‹Mary› appears before ‹Jane› in the regex. At least in this case, the
order of the alternatives in the regular expression does not matter. The regular expres-
sion finds the leftmost match. It scans the text from left to right, tries all alternatives in
the regular expression at each step, and stops at the first position in the text where any
of the alternatives produces a valid match.

If we do another search through the remainder of the string, Sue will be found. The
fourth search will find Mary once more. If you tell the regular engine to do a fifth search,
that will fail, because none of the three alternatives match the remaining , house string.

The order of the alternatives in the regex matters only when two of them can match at
the same position in the string. The regex ‹Jane|Janet› has two alternatives that match
at the same position in the text Her name is Janet. There are no word boundaries in
the regular expression. The fact that ‹Jane› matches the word Janet in Her name is
Janet only partially does not matter.

* The other kind of engine is a text-directed engine. The key difference is that a text-directed engine visits each
character in the subject text only once, whereas a regex-directed engine may visit each character many times.
Text-directed engines are much faster, but support regular expressions only in the mathematical sense
described at the beginning of Chapter 1. The fancy Perl-style regular expressions that make this book so
interesting can be implemented only with a regex-directed engine.
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‹Jane|Janet› matches Jane in Her name is Janet because a regex-directed regular ex-
pression engine is eager. In addition to scanning the subject text from left to right,
finding the leftmost match, it also scans the alternatives in the regex from left to right.
The engine stops as soon as it finds an alternative that matches.

When ‹Jane|Janet› reaches the J in Her name is Janet, the first alternative, ‹Jane›,
matches. The second alternative is not attempted. If we tell the engine to look for a
second match, the t is all that is left of the subject text. Neither alternative matches
there.

There are two ways to stop Jane from stealing Janet’s limelight. One way is to put the
longer alternative first: ‹Janet|Jane›. A more solid solution is to be explicit about what
we’re trying to do: we’re looking for names, and names are complete words. Regular
expressions don’t deal with words, but they can deal with word boundaries.

So ‹\bJane\b|\bJanet\b› and ‹\bJanet\b|\bJane\b› will both match Janet in Her name
is Janet. Because of the word boundaries, only one alternative can match. The order
of the alternatives is again irrelevant.

Recipe 2.12 explains the best solution: ‹\bJanet?\b›.

See Also
Recipe 2.9

2.9  Group and Capture Parts of the Match
Problem
Improve the regular expression for matching Mary, Jane, or Sue by forcing the match to
be a whole word. Use grouping to achieve this with one pair of word boundaries for
the whole regex, instead of one pair for each alternative.

Create a regular expression that matches any date in yyyy-mm-dd format, and sepa-
rately captures the year, month, and day. The goal is to make it easy to work with these
separate values in the code that processes the match. You can assume all dates in the
subject text to be valid. The regular expression does not have to exclude things like
9999-99-99, as these won’t occur in the subject text at all.

Solution
\b(Mary|Jane|Sue)\b

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

\b(\d\d\d\d)-(\d\d)-(\d\d)\b
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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Discussion
The alternation operator, explained in the previous section, has the lowest precedence
of all regex operators. If you try ‹\bMary|Jane|Sue\b›, the three alternatives are ‹\bMary›,
‹Jane›, and ‹Sue\b›. This regex matches Jane in Her name is Janet.

If you want something in your regex to be excluded from the alternation, you have to
group the alternatives. Grouping is done with parentheses. They have the highest prec-
edence of all regex operators, just as in most programming languages. ‹\b(Mary|Jane|
Sue)\b› has three alternatives—‹Mary›, ‹Jane›, and ‹Sue›—between two word bounda-
ries. This regex does not match anything in Her name is Janet.

When the regex engine reaches the J in Janet in the subject text, the first word boundary
matches. The engine then enters the group. The first alternative in the group, ‹Mary›,
fails. The second alternative, ‹Jane›, succeeds. The engine exits the group. All that is
left is ‹\b›. The word boundary fails to match between the e and t at the end of the
subject. The overall match attempt starting at J fails.

A pair of parentheses isn’t just a group; it’s a capturing group. For the Mary-Jane-Sue
regex, the capture isn’t very useful, because it’s simply the overall regex match. Cap-
tures become useful when they cover only part of the regular expression, as in
‹\b(\d\d\d\d)-(\d\d)-(\d\d)\b›.
This regular expression matches a date in yyyy-mm-dd format. The regex ‹\b\d\d\d\d-
\d\d-\d\d\b› does exactly the same. Because this regular expression does not use any
alternation or repetition, the grouping function of the parentheses is not needed. But
the capture function is very handy.

The regex ‹\b(\d\d\d\d)-(\d\d)-(\d\d)\b› has three capturing groups. Groups are
numbered by counting opening parentheses from left to right. ‹(\d\d\d\d)› is group
number 1. ‹(\d\d)› is number 2. The second ‹(\d\d)› is group number 3.

During the matching process, when the regular expression engine exits the group upon
reaching the closing parenthesis, it stores the part of the text matched by the capturing
group. When our regex matches 2008-05-24, 2008 is stored in the first capture, 05 in the
second capture, and 24 in the third capture.

There are three ways you can use the captured text. Recipe 2.10 in this chapter explains
how you can match the captured text again within the same regex match. Rec-
ipe 2.21 shows how to insert the captured text into the replacement text when doing
a search-and-replace. Recipe 3.9 in the next chapter describes how your application
can use the parts of the regex match.
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Variations

Noncapturing groups

In the regex ‹\b(Mary|Jane|Sue)\b›, we need the parentheses for grouping only. Instead
of using a capturing group, we could use a noncapturing group:

\b(?:Mary|Jane|Sue)\b
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

The three characters ‹(?:› open the noncapturing group. The parenthesis ‹)› closes it.
The noncapturing group provides the same grouping functionality, but does not cap-
ture anything.

When counting opening parentheses of capturing groups to determine their numbers,
do not count the parenthesis of the noncapturing group. This is the main benefit of
noncapturing groups: you can add them to an existing regex without upsetting the
references to numbered capturing groups.

Another benefit of noncapturing groups is performance. If you’re not going to use a
backreference to a particular group (Recipe 2.10), reinsert it into the replacement text
(Recipe 2.21), or retrieve its match in source code (Recipe 3.9), a capturing group adds
unnecessary overhead that you can eliminate by using a noncapturing group. In prac-
tice, you’ll hardly notice the performance difference, unless you’re using the regex in a
tight loop and/or on lots of data.

Group with mode modifiers

In the “Case-insensitive matching” variation of Recipe 2.1, we explain that .NET,
Java, PCRE, Perl, and Ruby support local mode modifiers, using the mode toggles:
‹sensitive(?i)caseless(?-i)sensitive›. Although this syntax also involves parenthe-
ses, a toggle such as ‹(?i)› does not involve any grouping.

Instead of using toggles, you can specify mode modifiers in a noncapturing group:

\b(?i:Mary|Jane|Sue)\b
Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Ruby

sensitive(?i:caseless)sensitive
Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Ruby

Adding mode modifiers to a noncapturing group sets that mode for the part of the
regular expression inside the group. The previous settings are restored at the closing
parenthesis. Since case sensitivity is the default, only the part of the regex inside:

(?i:⋯)
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is case insensitive.

You can combine multiple modifiers. ‹(?ism:group)›. Use a hyphen to turn off modi-
fiers: ‹(?-ism:group)› turns off the three options. ‹(?i-sm)› turns on case insensitivity
(i), and turns off both “dot matches line breaks” (s) and “caret and dollar match at line
breaks” (m). These options are explained in Recipes 2.4 and 2.5.

See Also
Recipes 2.10, 2.11, 2.21, and 3.9

2.10  Match Previously Matched Text Again
Problem
Create a regular expression that matches “magical” dates in yyyy-mm-dd format. A
date is magical if the year minus the century, the month, and the day of the month are
all the same numbers. For example, 2008-08-08 is a magical date. You can assume all
dates in the subject text to be valid. The regular expression does not have to exclude
things like 9999-99-99, as these won’t occur in the subject text. You only need to find
the magical dates.

Solution
\b\d\d(\d\d)-\1-\1\b

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
To match previously matched text later in a regex, we first have to capture the previous
text. We do that with a capturing group, as shown in Recipe 2.9. After that, we can
match the same text anywhere in the regex using a backreference. You can reference
the first nine capturing groups with a backslash followed by a single digit one through
nine. For groups 10 through 99, use ‹\10› to ‹\99›.

Do not use ‹\01›. That is either an octal escape or an error. We don’t
use octal escapes in this book at all, because the ‹\xFF› hexadecimal
escapes are much easier to understand.

When the regular expression ‹\b\d\d(\d\d)-\1-\1\b› encounters 2008-08-08, the first
‹\d\d› matches 20. The regex engine then enters the capturing group, noting the position
reached in the subject text.

The ‹\d\d› inside the capturing group matches 08, and the engine reaches the group’s
closing parenthesis. At this point, the partial match 08 is stored in capturing group 1.
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The next token is the hyphen, which matches literally. Then comes the backreference.
The regex engine checks the contents of the first capturing group: 08. The engine tries
to match this text literally. If the regular expression is case-insensitive, the captured
text is matched in this way. Here, the backreference succeeds. The next hyphen and
backreference also succeed. Finally, the word boundary matches at the end of the sub-
ject text, and an overall match is found: 2008-08-08. The capturing group still holds 08.

If a capturing group is repeated, either by a quantifier (Recipe 2.12) or by backtracking
(Recipe 2.13), the stored match is overwritten each time the capturing group matches
something. A backreference to the group matches only the text that was last captured
by the group.

If the same regex encounters 2008-05-24 2007-07-07, the first time the group captures
something is when ‹\b\d\d(\d\d)› matches 2008, storing 08 for the first (and only) cap-
turing group. Next, the hyphen matches itself. The backreference, which tries to match
‹08›, fails against 05.

Since there are no other alternatives in the regular expression, the engine gives up the
match attempt. This involves clearing all the capturing groups. When the engine tries
again, starting at the first 0 in the subject, ‹\1› holds no text at all.

Still processing 2008-05-24 2007-07-07, the next time the group captures something is
when ‹\b\d\d(\d\d)› matches 2007, storing 07. Next, the hyphen matches itself. Now
the backreference tries to match ‹07›. This succeeds, as do the next hyphen, backrefer-
ence, and word boundary. 2007-07-07 has been found.

Because the regex engine proceeds from start to end, you should put the capturing
parentheses before the backreference. The regular expressions ‹\b\d\d\1-(\d\d)-\1›
and ‹\b\d\d\1-\1-(\d\d)\b› could never match anything. Since the backreference is
encountered before the capturing group, it has not captured anything yet. Unless you’re
using JavaScript, a backreference always fails if it points to a group that hasn’t already
participated in the match attempt.

A group that hasn’t participated is not the same as a group that has captured a zero-
length match. A backreference to a group with a zero-length capture always succeeds.
When ‹(^)\1› matches at the start of the string, the first capturing group captures the
caret’s zero-length match, causing ‹\1› to succeed. In practice, this can happen when
the contents of the capturing group are all optional.

JavaScript is the only flavor we know that goes against decades of back-
reference tradition in regular expressions. In JavaScript, or at least in
implementations that follow the JavaScript standard, a backreference
to a group that hasn’t participated always succeeds, just like a backre-
ference to a group that captured a zero-length match. So, in JavaScript,
‹\b\d\d\1-\1-(\d\d)\b› can match 12--34.
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See Also
Recipes 2.9, 2.11, 2.21, and 3.9

2.11  Capture and Name Parts of the Match
Problem
Create a regular expression  that matches any date in yyyy-mm-dd format and separately
captures the year, month, and day. The goal is to make it easy to work with these
separate values in the code that processes the match. Contribute to this goal by as-
signing the descriptive names “year”, “month”, and “day” to the captured text.

Create another regular expression that matches “magical” dates in yyyy-mm-dd format.
A date is magical if the year minus the century, the month, and the day of the month
are all the same numbers. For example, 2008-08-08 is a magical date. Capture the
magical number (08 in the example), and label it “magic.”

You can assume all dates in the subject text to be valid. The regular expressions don’t
have to exclude things like 9999-99-99, because these won’t occur in the subject text.

Solution

Named capture
\b(?<year>\d\d\d\d)-(?<month>\d\d)-(?<day>\d\d)\b

Regex options: None
Regex flavors: .NET, PCRE 7, Perl 5.10, Ruby 1.9

\b(?'year'\d\d\d\d)-(?'month'\d\d)-(?'day'\d\d)\b
Regex options: None
Regex flavors: .NET, PCRE 7, Perl 5.10, Ruby 1.9

\b(?P<year>\d\d\d\d)-(?P<month>\d\d)-(?P<day>\d\d)\b
Regex options: None
Regex flavors: PCRE 4 and later, Perl 5.10, Python

Named backreferences
\b\d\d(?<magic>\d\d)-\k<magic>-\k<magic>\b

Regex options: None
Regex flavors: .NET, PCRE 7, Perl 5.10, Ruby 1.9

\b\d\d(?'magic'\d\d)-\k'magic'-\k'magic'\b
Regex options: None
Regex flavors: .NET, PCRE 7, Perl 5.10, Ruby 1.9
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\b\d\d(?P<magic>\d\d)-(?P=magic)-(?P=magic)\b
Regex options: None
Regex flavors: PCRE 4 and later, Perl 5.10, Python

Discussion

Named capture

Recipes 2.9 and 2.10 illustrate capturing groups and backreferences. To be more precise:
these recipes use numbered capturing groups and numbered backreferences. Each
group automatically gets a number, which you use for the backreference.

Modern regex flavors support named capturing groups in addition to numbered groups.
The only difference between named and numbered groups is your ability to assign a
descriptive name, instead of being stuck with automatic numbers. Named groups make
your regular expression more readable and easier to maintain. Inserting a capturing
group into an existing regex can change the numbers assigned to all the capturing
groups. Names that you assign remain the same.

Python was the first regular expression flavor to support named capture. It uses the
syntax ‹(?P<name>regex)›. The name must consist of word characters matched by ‹\w›.
‹(?P<name>› is the group’s opening bracket, and ‹)› is the closing bracket.

The designers of the .NET Regex class came up with their own syntax for named capture,
using two interchangeable variants. ‹(?<name>regex)› mimics Python’s syntax, minus
the P. The name must consist of word characters matched by ‹\w›. ‹(?<name>› is the
group’s opening bracket, and ‹)› is the closing bracket.

The angle brackets in the named capture syntax are annoying when you’re coding in
XML, or writing this book in DocBook XML. That’s the reason for .NET’s alternate
named capture syntax: ‹(?'name'regex)›. The angle brackets are replaced with single
quotes. Choose whichever syntax is easier for you to type. Their functionality is
identical.

Perhaps due to .NET’s popularity over Python, the .NET syntax seems to be the one
that other regex library developers prefer to copy. Perl 5.10 has it, and so does the
Oniguruma engine in Ruby 1.9.

PCRE copied Python’s syntax long ago, at a time when Perl did not support named
capture at all. PCRE 7, the version that adds the new features in Perl 5.10, supports
both the .NET syntax and the Python syntax. Perhaps as a testament to the success of
PCRE, in a reverse compatibility move, Perl 5.10 also supports the Python syntax. In
PCRE and Perl 5.10, the functionality of the .NET syntax and the Python syntax for
named capture is identical.

Choose the syntax that is most useful to you. If you’re coding in PHP and you want
your code to work with older versions of PHP that incorporate older versions of PCRE,
use the Python syntax. If you don’t need compatibility with older versions and you also
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work with .NET or Ruby, the .NET syntax makes it easier to copy and paste between
all these languages. If you’re unsure, use the Python syntax for PHP/PCRE. People
recompiling your code with an older version of PCRE are going to be unhappy if the
regexes in your code suddenly stop working. When copying a regex to .NET or Ruby,
deleting a few Ps is easy enough.

Documentation for PCRE 7 and Perl 5.10 barely mention the Python syntax, but it is
by no means deprecated. For PCRE and PHP, we actually recommend it.

Named backreferences

With named capture comes named backreferences. Just as named capturing groups are
functionally identical to numbered capturing groups, named backreferences are func-
tionally identical to numbered backreferences. They’re just easier to read and maintain.

Python uses the syntax ‹(?P=name)› to create a backreference to the group name. Al-
though this syntax uses parentheses, the backreference is not a group. You cannot put
anything between the name and the closing parenthesis. A backreference ‹(?P=name)›
is a singular regex token, just like ‹\1›.
.NET uses the syntax ‹\k<name>› and ‹\k'name'›. The two variants are identical in func-
tionality, and you can freely mix them. A named group created with the bracket syntax
can be referenced with the quote syntax, and vice versa.

We strongly recommend you don’t mix named and numbered groups in the same regex.
Different flavors follow different rules for numbering unnamed groups that appear
between named groups. Perl 5.10 and Ruby 1.9 copied .NET’s syntax, but they do not
follow .NET’s way of numbering named capturing groups or of mixing numbered cap-
turing groups with named groups. Instead of trying to explain the differences, I simply
recommend not mixing named and numbered groups. Avoid the confusion and either
give all unnamed groups a name or make them noncapturing.

See Also
Recipes 2.9, 2.10, 2.21, and 3.9

2.12  Repeat Part of the Regex a Certain Number of Times
Problem
Create regular expressions  that match the following kinds of numbers:

• A googol (a decimal number with 100 digits).

• A 32-bit hexadecimal number.

• A 32-bit hexadecimal number with an optional h suffix.
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• A floating-point number with an optional integer part, a mandatory fractional part,
and an optional exponent. Each part allows any number of digits.

Solution

Googol
\b\d{100}\b

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Hexadecimal number
\b[a-z0-9]{1,8}\b

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Hexadecimal number
\b[a-z0-9]{1,8}h?\b

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Floating-point number
\b\d*\.\d+(e\d+)?

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion

Fixed repetition

The quantifier ‹{n}›, where n is a positive number, repeats the preceding regex token
n number of times. The ‹\d{100}› in ‹\b\d{100}\b› matches a string of 100 digits. You
could achieve the same by typing ‹\d› 100 times.

‹{1}› repeats the preceding token once, as it would without any quantifier. ‹ab{1}c› is
the same regex as ‹abc›.
‹{0}› repeats the preceding token zero times, essentially deleting it from the regular
expression. ‹ab{0}c› is the same regex as ‹ac›.

Variable repetition

For variable repetition, we use the quantifier ‹{n,m}›, where n is a positive number and
m is greater than n. ‹\b[a-f0-9]{1,8}\b› matches a hexadecimal number with one to
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eight digits. With variable repetition, the order in which the alternatives are attempted
comes into play. Recipe 2.13 explains that in detail.

If n and m are equal, we have fixed repetition. ‹\b\d{100,100}\b› is the same regex as
‹\b\d{100}\b›.

Infinite repetition

The quantifier ‹{n,}›, where n is a positive number, allows for infinite repetition.
Essentially, infinite repetition is variable repetition without an upper limit.

‹\d{1,}› matches one or more digits, and ‹\d+› does the same. A plus after a regex token
that’s not a quantifier means “one or more.” Recipe 2.13 shows the meaning of a plus
after a quantifier.

‹\d{0,}› matches zero or more digits, and ‹\d*› does the same. The asterisk always
means “zero or more.” In addition to allowing infinite repetition, ‹{0,}› and the asterisk
also make the preceding token optional.

Making something optional

If we use variable repetition with n set to zero, we’re effectively making the token that
precedes the quantifier optional. ‹h{0,1}› matches the ‹h› once or not at all. If there is
no h, ‹h{0,1}› results in a zero-length match. If you use ‹h{0,1}› as a regular expression
all by itself, it will find a zero-length match before each character in the subject text
that is not an h. Each h will result in a match of one character (the h).

‹h?› does the same as ‹h{0,1}›. A question mark after a valid and complete regex token
that is not a quantifier means “zero or once.” The next recipe shows the meaning of a
question mark after a quantifier.

A question mark, or any other quantifier, after an opening parenthesis
is a syntax error. Perl and the flavors that copy it use this to add “Perl
extensions” to the regex syntax. Preceding recipes show noncapturing
groups and named capturing groups, which all use a question mark after
an opening parenthesis as part of their syntax. These question marks
are not quantifiers at all; they’re simply part of the syntax for noncap-
turing groups and named capturing groups. Following recipes will show
more styles of groups using the ‹(?› syntax.

Repeating groups

If you place a quantifier after the closing parenthesis of a group, the whole group is
repeated. ‹(?:abc){3}› is the same as ‹abcabcabc›.
Quantifiers can be nested. ‹(e\d+)?› matches an e followed by one or more digits, or a
zero-length match. In our floating-point regular expression, this is the optional
exponent.
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Capturing groups can be repeated. As explained in Recipe 2.9, the group’s match is
captured each time the engine exits the group, overwriting any text previously matched
by the group. ‹(\d\d){3}› matches a string of two, four, or six digits. The engine exits
the group three times. When this regex matches 123456, the capturing group will hold
56, because 56 was stored by the last iteration of the group. The other two matches by
the group, 12 and 34, cannot be retrieved.

‹(\d\d){3}› captures the same text as ‹\d\d\d\d(\d\d)›. If you want the capturing group
to capture all two, four, or six digits rather than just the last two, you have to place the
capturing group around the quantifier instead of repeating the capturing group: ‹((?:
\d\d){3})›. Here we used a noncapturing group to take over the grouping function
from the capturing group. We also could have used two capturing groups: ‹((\d\d)
{3})›. When this last regex matches 123456, ‹\1› holds 123456 and ‹\2› holds 56.

.NET’s regular expression engine is the only one that allows you to retrieve all the
iterations of a repeated capturing group. If you directly query the group’s Value prop-
erty, which returns a string, you’ll get 56, as with every other regular expression engine.
Backreferences in the regular expression and replacement text also substitute 56, but if
you use the group’s CaptureCollection, you’ll get a stack with 56, 34, and 12.

See Also
Recipes 2.9, 2.13, 2.14

2.13  Choose Minimal or Maximal Repetition
Problem
Match a pair of <p> and </p> XHTML tags and the text between them. The text between
the tags can include other XHTML tags.

Solution
<p>.*?</p>

Regex options: Dot matches line breaks
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
All the quantifiers discussed in Recipe 2.12 are greedy, meaning they try to repeat as
many times as possible, giving back only when required to allow the remainder of the
regular expression to match.

This can make it hard to pair tags in XHTML (which is a version of XML and therefore
requires every opening tag to be matched by a closing tag). Consider the following
simple excerpt of XHTML:
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<p>
The very <em>first</em> task is to find the beginning of a paragraph.
</p>
<p>
Then you have to find the end of the paragraph
</p>

There are two opening <p> tags and two closing </p> tags in the excerpt. You want to
match the first <p> with the first </p>, because they mark a single paragraph. Note that
this paragraph contains a nested <em> tag, so the regex can’t simply stop when it en-
counters a < character.

Take a look at one incorrect solution for the problem in this recipe:

<p>.*</p>
Regex options: Dot matches line breaks
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

The only difference is that this incorrect solution lacks the extra question mark after
the asterisk. The incorrect solution uses the same greedy asterisk explained in Rec-
ipe 2.12.

After matching the first <p> tag in the subject, the engine reaches ‹.*›. The dot matches
any character, including line breaks. The asterisk repeats it zero or more times. The
asterisk is greedy, and so ‹.*› matches everything all the way to the end of the subject
text. Let me say that again: ‹.*› eats up your whole XHTML file, starting with the first
paragraph.

When the ‹.*› has its belly full, the engine attempts to match the ‹<› at the end of the
subject text. That fails. But it’s not the end of the story: the regex engine backtracks.

The asterisk prefers to grab as much text as possible, but it’s also perfectly satisfied to
match nothing at all (zero repetitions). With each repetition of a quantifier beyond the
quantifier’s minimum, the regular expression stores a backtracking position. Those are
positions the engine can go back to, in case the part of the regex following the quantifier
fails.

When ‹<› fails, the engine backtracks by making the ‹.*› give up one character of its
match. Then ‹<› is attempted again, at the last character in the file. If it fails again, the
engine backtracks once more, attempting ‹<› at the second-to-last character in the file.
This process continues until ‹<› succeeds. If ‹<› never succeeds, the ‹.*› eventually runs
out of backtracking positions and the overall match attempt fails.

If ‹<› does match at some point during all that backtracking, ‹/› is attempted. If ‹/› fails,
the engine backtracks again. This repeats until ‹</p>› can be matched entirely.

So what’s the problem? Because the asterisk is greedy, the incorrect regular expression
matches everything from the first <p> in the XHTML file to the last </p>. But to correctly
match an XHTML paragraph, we need to match the first <p> with the first </p> that
follows it.
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That’s where lazy quantifiers come in. You can make any quantifier lazy by placing a
question mark after it: ‹*?›, ‹+?›, ‹??›, and ‹{7,42}?› are all lazy quantifiers.

Lazy quantifiers backtrack too, but the other way around. A lazy quantifier repeats as
few times as it has to, stores one backtracking position, and allows the regex to con-
tinue. If the remainder of the regex fails and the engine backtracks, the lazy quantifier
repeats once more. If the regex keeps backtracking, the quantifier will expand until its
maximum number of repetitions, or until the regex token it repeats fails to match.

‹<p>.*?</p>› uses a lazy quantifier to correctly match an XHTML paragraph. When
‹<p>› matches, the ‹.*?›, lazy as it is, initially does nothing but procrastinate. If ‹</p>›
immediately occurs after <p>, an empty paragraph is matched. If not, the engine back-
tracks to ‹.*?›, which matches one character. If ‹</p>› still fails, ‹.*?› matches the next
character. This continues until either ‹</p>› succeeds or ‹.*?› fails to expand. Since the
dot matches everything, failure won’t occur until the ‹.*?› has matched everything up
to the end of the XHTML file.

The quantifiers ‹*› and ‹*?› allow all the same regular expression matches. The only
difference is the order in which the possible matches are tried. The greedy quantifier
will find the longest possible match. The lazy quantifier will find the shortest possible
match.

If possible, the best solution is to make sure there is only one possible match. The
regular expressions for matching numbers in Recipe 2.12 will still match the same
numbers if you make all their quantifiers lazy. The reason is that the parts of those
regular expressions that have quantifiers and the parts that follow them are mutually
exclusive. ‹\d› matches a digit, and ‹\b› matches after ‹\d› only if the next character is
not a digit (or letter).

It may help to understand the operation of greedy and lazy repetition by comparing
how ‹\d+\b› and ‹\d+?\b› act on a couple of different subject texts. The greedy and lazy
versions produce the same results, but test the subject text in a different order.

If we use ‹\d+\b› on 1234, ‹\d+› will match all the digits. ‹\b› then matches, and an
overall match is found. If we use ‹\d+?\b›, ‹\d+?› first matches only 1. ‹\b› fails between
1 and 2. ‹\d+?› expands to 12, and ‹\b› still fails. This continues until ‹\d+?› matches
1234, and ‹\b› succeeds.

If our subject text is 1234X, the first regex, ‹\d+\b›, still has ‹\d+› match 1234. But then
‹\b› fails. ‹\d+› backtracks to 123. ‹\b› still fails. This continues until ‹\d+› has back-
tracked to its minimum 1, and ‹\b› still fails. Then the whole match attempt fails.

If we use ‹\d+?\b› on 1234X, ‹\d+?› first matches only 1. ‹\b› fails between 1 and 2.
‹\d+?› expands to 12. ‹\b› still fails. This continues until ‹\d+?› matches 1234, and ‹\b›
still fails. The regex engine attempts to expand ‹\d+?› once more, but ‹\d› does not
match X. The overall match attempt fails.

If we put ‹\d+› between word boundaries, it must match all the digits in the subject
text, or it fails. Making the quantifier lazy won’t affect the final regex match or its
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eventual failure. In fact, ‹\b\d+\b› would be better off without any backtracking at all.
The next recipe explains how you can use a possessive quantifier ‹\b\d++\b› to achieve
that, at least with some flavors.

See Also
Recipes 2.8, 2.9, 2.12, 2.14, and 2.15

2.14  Eliminate Needless Backtracking
Problem
The previous recipe explains the difference between greedy and lazy quantifiers, and
how they backtrack. In some situations, this backtracking is unnecessary.

‹\b\d+\b› uses a greedy quantifier, and ‹\b\d+?\b› uses a lazy quantifier. They both
match the same thing: an integer. Given the same subject text, both will find the exact
same matches. Any backtracking that is done is unnecessary. Rewrite this regular ex-
pression to explicitly eliminate all backtracking, making the regular expression more
efficient.

Solution
\b\d++\b

Regex options: None
Regex flavors: Java, PCRE, Perl 5.10, Ruby 1.9

The easiest solution is to use a possessive quantifier. But it is supported only in a few
recent regex flavors.

\b(?>\d+)\b
Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Ruby

An atomic group provides exactly the same functionality, using a slightly less readable
syntax. Support for atomic grouping is more widespread than support for possessive
quantifiers.

JavaScript and Python do not support possessive quantifiers or atomic grouping. There
is no way to eliminate needless backtracking with these two regex flavors.

Discussion
A possessive quantifier is similar to a greedy quantifier: it tries to repeat as many times
as possible. The difference is that a possessive quantifier will never give back, not even
when giving back is the only way that the remainder of the regular expression could
match. Possessive quantifiers do not keep backtracking positions.
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You can make any quantifier possessive by placing a plus sign after it. For example,
‹*+›, ‹++›, ‹?+›, and ‹{7,42}+› are all possessive quantifiers.

Possessive quantifiers are supported by Java 4 and later, the first Java release to include
the java.util.regex package. All versions of PCRE discussed in this book (version 4
to 7) support possessive quantifiers. Perl supports them starting with Perl 5.10. Classic
Ruby regular expressions do not support possessive quantifiers, but the Oniguruma
engine, which is the default in Ruby 1.9, does support them.

Wrapping a greedy quantifier inside an atomic group has the exact same effect as using
a possessive quantifier. When the regex engine exits the atomic group, all backtracking
positions remembered by quantifiers and alternation inside the group are thrown away.
The syntax is ‹(?>regex)›, where ‹regex› is any regular expression. An atomic group is
essentially a noncapturing group, with the extra job of refusing to backtrack. The
question mark is not a quantifier; the opening bracket simply consists of the three
characters ‹(?>›.
When you apply the regex ‹\b\d++\b› (possessive) to 123abc 456, ‹\b› matches at the
start of the subject, and ‹\d++› matches 123. So far, this is no different from what
‹\b\d+\b› (greedy) would do. But then the second ‹\b› fails to match between 3 and a.

The possessive quantifier did not store any backtracking positions. Since there are no
other quantifiers or alternation in this regular expression, there are no further options
to try when the second word boundary fails. The regex engine immediately declares
failure for the match attempt starting at 1.

The regex engine does attempt the regex starting at the next character positions in the
string, and using a possessive quantifier does not change that. If the regex must match
the whole subject, use anchors, as discussed in Recipe 2.5. Eventually, the regex engine
will attempt the regex starting at the 4 and find the match 456.

The difference with the greedy quantifier is that when the second ‹\b› fails during the
first match attempt, the greedy quantifier will backtrack. The regex engine will then
(needlessly) test ‹\b› between 2 and 3, and between 1 and 2.

The matching process using atomic grouping is essentially the same. When you apply
the regex ‹\b(?>\d+)\b› (possessive) to 123abc 456, the word boundary matches at the
start of the subject. The regex engine enters the atomic group, and ‹\d+› matches 123.
Now the engine exits the atomic group. At this point, the backtracking positions re-
membered by ‹\d+› are thrown away. When the second ‹\b› fails, the regex engine is
left without any further options, causing the match attempt to fail immediately. As with
the possessive quantifier, eventually 456 will be found.

We describe the possessive quantifier as failing to remember backtracking positions,
and the atomic group as throwing them away. This makes it easier to understand the
matching process, but don’t get hung up on the difference, as it may not even exist in
the regex flavor you’re working with. In many flavors, ‹x++› is merely syntactic sugar
for ‹(?>x+)›, and both are implemented in exactly the same way. Whether the engine
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never remembers backtracking positions or throws them away later is irrelevant for the
final outcome of the match attempt.

Where possessive quantifiers and atomic grouping differ is that a possessive quantifier
applies only to a single regular expression token, whereas an atomic group can wrap a
whole regular expression.

‹\w++\d++› and ‹(?>\w+\d+)› are not the same at all. ‹\w++\d++›, which is the same as
‹(?>\w+)(?>\d+)›, will not match abc123. ‹\w++› matches abc123 entirely. Then, the regex
engine attempts ‹\d++› at the end of the subject text. Since there are no further characters
that can be matched, ‹\d++› fails. Without any remembered backtracking positions, the
match attempt fails.

‹(?>\w+\d+)› has two greedy quantifiers inside the same atomic group. Within the
atomic group, backtracking occurs normally. Backtracking positions are thrown away
only when the engine exits the whole group. When the subject is abc123, ‹\w+› matches
abc123. The greedy quantifier does remember backtracking positions. When ‹\d+› fails
to match, ‹\w+› gives up one character. ‹\d+› then matches 3. Now, the engine exits the
atomic group, throwing away all backtracking positions remembered for ‹\w+› and
‹\d+›. Since the end of the regex has been reached, this doesn’t really make any differ-
ence. An overall match is found.

If the end had not been reached, as in ‹(?>\w+\d+)\d+›, we would be in the same sit-
uation as with ‹\w++\d++›. The second ‹\d+› has nothing left to match at the end of the
subject. Since the backtracking positions were thrown away, the regex engine can only
declare failure.

Possessive quantifiers and atomic grouping don’t just optimize regular expressions.
They can alter the matches found by a regular expression by eliminating those that
would be reached through backtracking.

This recipe shows how to use possessive quantifiers and atomic grouping to make
minor optimizations, which may not even show any difference in benchmarks. The
next recipe will showcase how atomic grouping can make a dramatic difference.

See Also
Recipes 2.12 and 2.15

2.15  Prevent Runaway Repetition
Problem
Use a single regular expression to match a complete HTML file, checking for properly
nested html, head, title, and body tags. The regular expression must fail efficiently on
HTML files that do not have the proper tags.
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Solution
<html>(?>.*?<head>)(?>.*?<title>)(?>.*?</title>)↵
(?>.*?</head>)(?>.*?<body[^>]*>)(?>.*?</body>).*?</html>

Regex options: Case insensitive, dot matches line breaks
Regex flavors: .NET, Java, PCRE, Perl, Ruby

JavaScript and Python do not support atomic grouping. There is no way to eliminate
needless backtracking with these two regex flavors. When programming in JavaScript
or Python, you can solve this problem by doing a literal text search for each of the tags
one by one, searching for the next tag through the remainder of the subject text after
the one last found.

Discussion
The proper solution to this problem is more easily understood if we start from this naïve
solution:

<html>.*?<head>.*?<title>.*?</title>↵
.*?</head>.*?<body[^>]*>.*?</body>.*?</html>

Regex options: Case insensitive, dot matches line breaks
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

When you test this regex on a proper HTML file, it works perfectly well. ‹.*?› skips
over anything, because we turn on “dot matches line breaks.” The lazy asterisk makes
sure the regex goes ahead only one character at a time, each time checking whether the
next tag can be matched. Recipes 2.4 and 2.13 explain all this.

But this regex gets you into trouble when it needs to deal with a subject text that does
not have all the HTML tags. The worst case occurs when </html> is missing.

Imagine the regex engine has matched all the preceding tags and is now busy expanding
the last ‹.*?›. Since ‹</html>› can never match, the ‹.*?› expands all the way to the end
of the file. When it can no longer expand, it fails.

But that is not the end of the story. The other six ‹.*?› have all remembered a back-
tracking position that allows them to expand further. When the last ‹.*?› fails, the one
before expands, gradually matching </body>. That same text was previously matched
by the literal ‹</body>› in the regex. This ‹.*?› too will expand all the way to the end
of the file, as will all preceding lazy dots. Only when the first one reaches the end of
the file will the regex engine declare failure.

This regular expression has a worst-case complexity of O(n7), the length of the subject
text to the seventh power. There are seven lazy dots that can potentially expand all the
way to the end of the file. If the file is twice the size, the regex can need up to 128 times
as many steps to figure out it doesn’t match.

We call this catastrophic backtracking. So much backtracking occurs that the regex
either takes forever or crashes your application. Some regex implementations are clever
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and will abort runaway match attempts early, but even then the regex will still kill your
application’s performance.

Catastrophic backtracking is an instance of a phenomenon known as a
combinatorial explosion, in which several orthogonal conditions inter-
sect and all combinations have to be tried. You could also say that the
regex is a Cartesian product of the various repetition operators.

The solution is to use atomic grouping to prevent needless backtracking. There is no
need for the sixth ‹.*?› to expand after ‹</body>› has matched. If ‹</html>› fails, ex-
panding the sixth lazy dot will not magically produce a closing html tag.

To make a quantified regular expression token stop when the following delimiter
matches, place both the quantified part of the regex and the delimiter together in an
atomic group: ‹(?>.*?</body>)›. Now the regex engine throws away all the matching
positions for ‹.*?</body>› when ‹</body>› is found. If ‹</html>› later fails, the regex
engine has forgotten about ‹.*?</body>›, and no further expansion will occur.

If we do the same for all the other ‹.*?› in the regex, none of them will expand further.
Although there are still seven lazy dots in the regex, they will never overlap. This reduces
the complexity of the regular expression to O(n), which is linear with respect to the
length of the subject text. A regular expression can never be more efficient than this.

Variations
If you really want to see catastrophic backtracking at work, try ‹(x+x+)+y› on
xxxxxxxxxx. If it fails quickly, add one x to the subject. Repeat this until the regex starts
to take very long to match or your application crashes. It won’t take many more x
characters, unless you’re using Perl.

Of the regex flavors discussed in this book, only Perl is able to detect that the regular
expression is too complex and then abort the match attempt without crashing.

The complexity of this regex is O(2n). When ‹y› fails to match, the regex engine will
try all possible permutations of repeating each ‹x+› and the group containing them. For
instance, one such permutation, far down the match attempt, is ‹x+› matching xxx, the
second ‹x+› matching x, and then the group being repeated three more times with each
‹x+› matching x. With 10 x characters, there are 1,024 such permutations. If we increase
the number to 32, we’re at over 4 billion permutations, which will surely cause any
regex engine to run out of memory, unless it has a safety switch that allows it to give
up and say that your regular expression is too complicated.

In this case, this nonsensical regular expression is easily rewritten as ‹xx+y›, which finds
exactly the same matches in linear time. In practice, the solution may not be so obvious
with more complicated regexes.
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Essentially, you have to watch out when two or more parts of the regular expression
can match the same text. In these cases, you may need atomic grouping to make sure
the regex engine doesn’t try all possible ways of dividing the subject text between those
two parts of the regex. Always test your regex on (long) test subjects that contain text
that can be partially but not entirely matched by the regex.

See Also
Recipes 2.13 and 2.14

2.16  Test for a Match Without Adding It to the Overall Match
Problem
Find any word that occurs between a pair of HTML bold tags, without including the
tags in the regex match. For instance, if the subject is My <b>cat</b> is furry, the only
valid match should be cat.

Solution
(?<=<b>)\w+(?=</b>)

Regex options: Case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby 1.9

JavaScript and Ruby 1.8 support the lookahead ‹(?=</b>)›, but not the lookbehind
‹(?<=<b>)›.

Discussion

Lookaround

The four kinds of lookaround groups supported by modern regex flavors have the spe-
cial property of giving up the text matched by the part of the regex inside the look-
around. Essentially, lookaround checks whether certain text can be matched without
actually matching it.

Lookaround that looks backward is called lookbehind. This is the only regular expres-
sion construct that will traverse the text from right to left instead of from left to right. 
The syntax for positive lookbehind is ‹(?<=text)›. The four characters ‹(?<=› form the
opening bracket. What you can put inside the lookbehind, here represented by
‹text›, varies among regular expression flavors. But simple literal text, such as
‹(?<=<b>)›, always works.

Lookbehind checks to see whether the text inside the lookbehind occurs immediately
to the left of the position that the regular expression engine has reached. If you match
‹(?<=<b>)› against My <b>cat</b> is furry, the lookbehind will fail to match until the
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regular expression starts the match attempt at the letter c in the subject. The regex
engine then enters the lookbehind group, telling it to look to the left. ‹<b>› matches to
the left of c. The engine exits the lookbehind at this point, and discards any text matched
by the lookbehind from the match attempt. In other words, the match-in-progress is
back at where it was when the engine entered the lookbehind. In this case, the match-
in-progress is the zero-length match before the c in the subject string. The lookbehind
only tests or asserts that ‹<b>› can be matched; it does not actually match it. Lookaround
constructs are therefore called zero-length assertions.

After the lookbehind has matched, the shorthand character class ‹\w+› attempts to
match one or more word characters. It matches cat. The ‹\w+› is not inside any kind of
lookaround or group, and so it matches the text cat normally. We say that ‹\w+› matches
and consumes cat, whereas lookaround can match something but can never consume
anything.

Lookaround that looks forward, in the same direction that the regular expression nor-
mally traverses the text, is called lookahead. Lookahead is equally supported by all regex
flavors in this book. The syntax for positive lookahead is ‹(?=regex)›. The three char-
acters ‹(?=› form the opening bracket of the group. Everything you can use in a regular
expression can be used inside lookahead, here represented by ‹regex›.
When the ‹\w+› in ‹(?<=<b>)\w+(?=</b>)› has matched cat in My <b>cat</b> is furry,
the regex engine enters the lookahead. The only special behavior for the lookahead at
this point is that the regex engine remembers which part of the text it has matched so
far, associating it with the lookahead. ‹</b>› is then matched normally. Now the regex
engine exits the lookahead. The regex inside the lookahead matches, so the lookahead
itself matches. The regex engine discards the text matched by the lookahead, by re-
storing the match-in-progress it remembered when entering the lookahead. Our overall
match-in-progress is back at cat. Since this is also the end of our regular expression,
cat becomes the final match result.

Negative lookaround

‹(?!regex)›, with an explanation point instead of an equals sign, is negative look-
ahead. Negative lookahead works just like positive lookahead, except that whereas
positive lookahead matches when the regex inside the lookahead matches, negative
lookahead matches when the regex inside the lookahead fails to match.

The matching process is exactly the same. The engine saves the match-in-progress when
entering the negative lookahead, and attempts to match the regex inside the lookahead
normally. If the sub-regex matches, the lookahead fails, and the regex engine back-
tracks. If the sub-regex fails to match, the engine restores the match-in-process and
proceeds with the remainder of the regex.

Similarly, (?<!text) is negative lookbehind. Negative lookbehind matches when none
of the alternatives inside the lookbehind can be found looking backward from the po-
sition the regex has reached in the subject text.
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Different levels of lookbehind

Lookahead is easy. All regex flavors discussed in this book allow you to put a complete
regular expression inside the lookahead. Everything you can use in a regular expression
can be used inside lookahead. You can even nest other lookahead and lookbehind
groups inside lookahead. Your brain might get into a twist, but the regex engine will
handle everything nicely.

Lookbehind is a different story. Regular expression software has always been designed
to search the text from left to right only. Searching backward is often implemented as
a bit of a hack: the regex engine determines how many characters you put inside the
lookbehind, jumps back that many characters, and then compares the text in the look-
behind with the text in the subject from left to right.

For this reason, the earliest implementations allowed only fixed-length literal text inside
lookbehind. Perl, Python, and Ruby 1.9 take this one step further, allowing you to use
alternation and character classes to put multiple fixed-length literal strings inside the
lookbehind. Something like ‹(?<=one|two|three|forty-two|gr[ae]y)› is all they can
handle.

Internally, Perl, Python, and Ruby 1.9 expand this into six lookbehind tests. First, they
jump back three characters to test ‹one|two›, then four characters to test ‹gray|grey›,
then five to test ‹three›, and finally nine to test ‹forty-two›.
PCRE and Java take lookbehind one step further. They allow any finite-length regular
expression inside lookbehind. This means you can use anything except the infinite
quantifiers ‹*›, ‹+›, and ‹{42,}› inside lookbehind. Internally, PCRE and Java calculate
the minimum and maximum length of the text that could possibly be matched by the
part of the regex in the lookbehind. They then jump back the minimum number of
characters, and apply the regex in the lookbehind from left to right. If it fails, they jump
back one more character and try again, until either the lookbehind matches or the
maximum number of characters has been tried.

If all this sounds rather inefficient, it is. Lookbehind is very convenient, but it won’t
break any speed records. Later, we present a solution for JavaScript and Ruby 1.8,
which don’t support lookbehind at all. This solution is actually far more efficient than
using lookbehind.

The regular expression engine in the .NET framework is the only one in the world† that
can actually apply a full regular expression from right to left. .NET allows you to use
anything inside lookbehind, and it will actually apply the regular expression from right
to left. Both the regular expression inside the lookbehind and the subject text are scan-
ned from right to left.

† RegexBuddy’s regex engine also allows a full regex inside lookbehind, but does not (yet) have a feature similar
to .NET’s RegexOptions.RightToLeft to reverse the whole regular expression.
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Matching the same text twice

If you use lookbehind at the start of the regex or lookahead at the end of the regex, the
net effect is that you’re requiring something to appear before or after the regex match,
without including it in the match. If you use lookaround in the middle of your regular
expression, you can apply multiple tests to the same text.

In “Flavor-Specific Features” on page 33 (a subsection of Recipe 2.3), we showed how
to use character class subtra ction to match a Thai digit. Only .NET and Java support
character class subtraction.

A character is a Thai digit if it is both a Thai character (any sort) and a digit (any script).
With lookahead, you can test both requirements on the same character:

(?=\p{Thai})\p{N}
Regex options: None
Regex flavors: PCRE, Perl, Ruby 1.9

This regex works only with the three flavors that support Unicode scripts, as we explain
in Recipe 2.7. But the principle of using lookahead to match the same character more
than once works with all flavors discussed in this book.

When the regular expression engine searches for ‹(?=\p{Thai})\p{N}›, it starts by en-
tering the lookahead at each position in the string where it begins a match attempt. If
the character at that position is not in the Thai script (i.e., ‹\p{Thai}› fails to match),
the lookahead fails. This causes the whole match attempt to fail, forcing the regex
engine to start over at the next character.

When the regex reaches a Thai character, ‹\p{Thai}› matches. Thus, the ‹(?=
\p{Thai})› lookaround matches, too. As the engine exits the lookaround, it restores
the match-in-progress. In this case, that’s the zero-length match before the character
just found to be Thai. Next up is ‹\p{N}›. Because the lookahead discarded its match,
‹\p{N}› is compared with the same character that ‹\p{Thai}› already matched. If this
character has the Unicode property Number, ‹\p{N}› matches. Since ‹\p{N}› is not inside
a lookaround, it consumes the character, and we have found our Thai digit.

Lookaround is atomic

When the regular expression engine exits a lookaround group, it discards the text
matched by the lookaround. Because the text is discarded, any backtracking positions
remembered by alternation or quantifiers inside the lookaround are also discarded.
This effectively makes lookahead and lookbehind atomic. Recipe 2.15 explains atomic
groups in detail.

In most situations, the atomic nature of lookaround is irrelevant. A lookaround is
merely an assertion to check whether the regex inside the lookaround matches or fails.
How many different ways it can match is irrelevant, as it does not consume any part of
the subject text.
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The atomic nature comes into play only when you use capturing groups inside look-
ahead (and lookbehind, if your regex flavor allows you to). While the lookahead does
not consume any text, the regex engine will remember which part of the text was
matched by any capturing groups inside the lookahead. If the lookahead is at the end
of the regex, you will indeed end up with capturing groups that match text not matched
by the regular expression itself. If the lookahead is in the middle of the regex, you can
end up with capturing groups that match overlapping parts of the subject text.

The only situation in which the atomic nature of lookaround can alter the overall regex
match is when you use a backreference outside the lookaround to a capturing group
created inside the lookaround. Consider this regular expression:

(?=(\d+))\w+\1
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

At first glance, you may think that this regex would match 123x12. ‹\d+› would capture
12 into the first capturing group, then ‹\w+› would match 3x, and finally ‹\1› would
match 12 again.

But that never happens. The regular expression enters the lookaround and the captur-
ing group. The greedy ‹\d+› matches 123. This match is stored into the first capturing
group. The engine then exits the lookahead, resetting the match-in-progress to the start
of the string, discarding the backtracking positions remembered by the greedy plus but
keeping the 123 stored in the first capturing group.

Now, the greedy ‹\w+› is attempted at the start of the string. It eats up 123x12. ‹\1›,
which references 123, fails at the end of the string. ‹\w+› backtracks one character.
‹\1› fails again. ‹\w+› keeps backtracking until it has given up everything except the first
1 in the subject. ‹\1› also fails to match after the first 1.

The final 12 would match ‹\1› if the regex engine could return to the lookahead and
give up 123 in favor of 12, but the regex engine doesn’t do that.

The regex engine has no further backtracking positions to go to. ‹\w+› backtracked all
the way, and the lookaround forced ‹\d+› to give up its backtracking positions. The
match attempt fails.

Solution Without Lookbehind
All the preceding arcania is of no use if you’re using Python or JavaScript, because you
cannot use lookbehind at all. There’s no way to solve the problem as stated with these
regex flavors, but you can work around the need for lookbehind by using capturing
groups. This alternative solution also works with all the other regex flavors:

(<b>)(\w+)(?=</b>)
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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Instead of using lookbehind, we used a capturing group for the opening tag ‹<b>›. We
also placed the part of the match we’re interested in, the ‹\w+›, into a capturing group.

When you apply this regular expression to My <b>cat</b> is furry, the overall regex
match will be <b>cat. The first capturing group will hold <b>, and the second, cat.

If the requirement is to match only cat (the word between the <b> tags) because you
want to extract only that from the text, you can reach that goal by simply storing the
text matched by the second capturing group instead of the overall regex.

If the requirement is that you want to do a search-and-replace, replacing only the word
between the tags, simply use a backreference to the first capturing group to reinsert the
opening tag into the replacement text. In this case, you don’t really need the capturing
group, as the opening tag is always the same. But when it’s variable, the capturing group
reinserts exactly what was matched. Recipe 2.21 explains this in detail.

Finally, if you really want to simulate lookbehind, you can do so with two regular
expressions. First, search for your regex without the lookbehind. When it matches,
copy the part of the subject text before the match into a new string variable. Do the test
you did inside the lookbehind with a second regex, appending an end-of-string anchor
(‹\z› or ‹$›). The anchor makes sure the match of the second regex ends at the end of
the string. Since you cut the string at the point where the first regex matched, that
effectively puts the second match immediately to the left of the first match.

In JavaScript, you could code this along these lines:

var mainregexp = /\w+(?=<\/b>)/;
var lookbehind = /<b>$/;
if (match = mainregexp.exec("My <b>cat</b> is furry")) {
    // Found a word before a closing tag </b>
    var potentialmatch = match[0];
    var leftContext = match.input.substring(0, match.index);
    if (lookbehind.exec(leftContext)) {
        // Lookbehind matched:
        // potentialmatch occurs between a pair of <b> tags
    } else {
        // Lookbehind failed: potentialmatch is no good
    }
} else {
    // Unable to find a word before a closing tag </b>
}

See Also
Recipes 5.5 and 5.6
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2.17  Match One of Two Alternatives Based on a Condition
Problem
Create a regular expression that matches a comma-delimited list of the words one,
two, and three. Each word can occur any number of times in the list, but each word
must appear at least once.

Solution
\b(?:(?:(one)|(two)|(three))(?:,|\b)){3,}(?(1)|(?!))(?(2)|(?!))(?(3)|(?!))

Regex options: None
Regex flavors: .NET, JavaScript, PCRE, Perl, Python

Java and Ruby do not support conditionals. When programming in Java or Ruby (or
any other language), you can use the regular expression without the conditionals, and
write some extra code to check if each of the three capturing groups matched
something.

\b(?:(?:(one)|(two)|(three))(?:,|\b)){3,}
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
.NET, JavaScript, PCRE, Perl, and Python support conditionals using numbered cap-
turing groups. ‹(?(1)then|else)› is a conditional that checks whether the first capturing
group has already matched something. If it has, the regex engine attempts to match
‹then›. If the capturing group has not participated in the match attempt thus far, the
‹else› part is attempted.

The parentheses, question mark, and vertical bar are all part of the syntax for the con-
ditional. They don’t have their usual meaning. You can use any kind of regular expres-
sion for the ‹then› and ‹else› parts. The only restriction is that if you want to use
alternation for one of the parts, you have to use a group to keep it together. Only one
vertical bar is permitted directly in the conditional.

If you want, you can omit either the ‹then› or ‹else› part. The empty regex always finds
a zero-length match. The solution for this recipe uses three conditionals that have an
empty ‹then› part. If the capturing group participated, the conditional simply matches.

An empty negative lookahead, ‹(?!)›, fills the ‹else› part. Since the empty regex always
matches, a negative lookahead containing the empty regex always fails. Thus, the con-
ditional ‹(?(1)|(?!))› always fails when the first capturing group did not match
anything.
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By placing each of the three required alternatives in their own capturing group, we can
use three conditionals at the end of the regex to test if all the capturing groups captured
something.

.NET also supports named conditionals. ‹(?(name)then|else)› checks whether the
named capturing group name participated in the match attempt thus far.

To better understand how conditionals work, let’s examine the regular expression
‹(a)?b(?(1)c|d)›. This is essentially a complicated way of writing ‹abc|bd›.
If the subject text starts with an a, this is captured in the first capturing group. If not,
the first capturing group does not participate in the match attempt at all. It is important
that the question mark is outside the capturing group because this makes the whole
group optional. If there is no a, the group is repeated zero times, and never gets the
chance to capture anything at all. It can’t capture a zero-length string.

If you use ‹(a?)›, the group always participates in the match attempt. There’s no quan-
tifier after the group, so it is repeated exactly once. The group will either capture a or
capture nothing.

Regardless of whether ‹a› was matched, the next token is ‹b›. The conditional is next.
If the capturing group participated in the match attempt, even if it captured the zero-
length string (not possible here), ‹c› will be attempted. If not, ‹d› will be attempted.

In English, ‹(a)?b(?(1)c|d)› either matches ab followed by c, or matches b followed by
d.

With .NET, PCRE, and Perl, but not with Python, conditionals can also use look-
around. ‹(?(?=if)then|else)› first tests ‹(?=if)› as a normal lookahead. Recipe 2.16
explains how this works. If the lookaround succeeds, the ‹then› part is attempted. If
not, the ‹else› part is attempted. Since lookaround is zero-width, the ‹then› and
‹else› regexes are attempted at the same position in the subject text where ‹if› either
matched or failed.

You can use lookbehind instead of lookahead in the conditional.  You can also use
negative lookaround, though we recommend against it, as it only confuses things by
reversing the meaning of “then” and “else.”

A conditional using lookaround can be written without the conditional
as ‹(?=if)then|(?!if)else›. If the positive lookahead succeeds, the
‹then› part is attempted. If the positive lookahead fails, the alternation
kicks in. The negative lookahead then does the same test. The negative
lookahead succeeds when ‹if› fails, which is already guaranteed because
‹(?=if)› failed. Thus, ‹else› is attempted. Placing the lookahead in a
conditional saves time, as the conditional attempts ‹if› only once.
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See Also
Recipes 2.9 and 2.16

2.18  Add Comments to a Regular Expression
Problem
‹\d{4}-\d{2}-\d{2}› matches a date in yyyy-mm-dd format, without doing any valida-
tion of the numbers. Such a simple regular expression is appropriate when you know
your data does not contain any invalid dates. Add comments to this regular expression
to indicate what each part of the regular expression does.

Solution
\d{4}    # Year
-        # Separator
\d{2}    # Month
-        # Separator
\d{2}    # Day

Regex options: Free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Discussion

Free-spacing mode

Regular expressions can  quickly become complicated and difficult to understand. Just
as you should comment source code, you should comment all but the most trivial
regular expressions.

All regular expression flavors in this book, except JavaScript, offer an alternative regular
expression syntax that makes it very easy to clearly comment your regular expressions.
You can enable this syntax by turning on the free-spacing option. It has different names
in various programming languages.

In .NET, set the RegexOptions.IgnorePatternWhitespace option. In Java, pass the
Pattern.COMMENTS flag. Python expects re.VERBOSE. PHP, Perl, and Ruby use the /x flag.

Turning on free-spacing mode has two effects. It turns the hash symbol (#) into a
metacharacter, outside character classes. The hash starts a comment that runs until the
end of the line or the end of the regex (whichever comes first). The hash and everything
after it is simply ignored by the regular expression engine. To match a literal hash sign,
either place it inside a character class ‹[#]› or escape it ‹\#›.
The other effect is that whitespace, which includes spaces, tabs, and line breaks, is
also ignored outside character classes. To match a literal space, either place it inside a
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character class ‹[●]› or escape it ‹\●›. If you’re concerned about readability, you could
use the hexadecimal escape ‹\x20› or the Unicode escape ‹\u0020› or ‹\x{0020}› instead.
To match a tab, use ‹\t›. For line breaks, use ‹\r\n› (Windows) or ‹\n› (Unix/Linux/
OS X).

Free-spacing mode does not change anything inside character classes. A character class
is a single token. Any whitespace characters or hashes inside character classes are literal
characters that are added to the character class. You cannot break up character classes
to comment their parts.

Java has free-spacing character classes

Regular expressions wouldn’t live up to their reputation unless at least one flavor was
incompatible with the others. In this case, Java is the odd one out.

In Java, character classes are not parsed as single tokens. If you turn on free-spacing
mode, Java ignores whitespace in character classes, and hashes inside character classes
do start comments. This means you cannot use ‹[●]› and ‹[#]› to match these charac-
ters literally. Use ‹\u0020› and ‹\#› instead.

Variations
(?#Year)\d{4}(?#Separator)-(?#Month)\d{2}-(?#Day)\d{2}

Regex options: None
Regex flavors: .NET, PCRE, Perl, Python, Ruby

If, for some reason, you can’t or don’t want to use free-spacing syntax, you can still add
comments by way of ‹(?#comment)›. All characters between ‹(?#› and ‹)› are ignored.

Unfortunately, JavaScript, the only flavor in this book that doesn’t support free-
spacing, also doesn’t support this comment syntax. Java does not support it either.

(?x)\d{4}    # Year
-            # Separator
\d{2}        # Month
-            # Separator
\d{2}        # Day

Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

If you cannot turn on free-spacing mode outside the regular expression, you can place
the mode modifier ‹(?x)› at the very start of the regular expression. Make sure there’s
no whitespace before the ‹(?x)›. Free-spacing mode begins only at this mode modifier;
any whitespace before it is significant.

Mode modifiers are explained in detail in “Case-insensitive matching” on page 27, a
subsection of Recipe 2.1.
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2.19  Insert Literal Text into the Replacement Text
Problem
Search and replace any regular expression match literally with the eight characters
$%\*$1\1.

Solution
$%\*$$1\1

Replacement text flavors: .NET, JavaScript

\$%\\*\$1\\1
Replacement text flavor: Java

$%\*\$1\\1
Replacement text flavor: PHP

\$%\*\$1\\1
Replacement text flavor: Perl

$%\*$1\\1
Replacement text flavors: Python, Ruby

Discussion

When and how to escape characters in replacement text

This recipe shows you the different escape rules used by the various replacement text
flavors. The only two characters you may ever need to escape in the replacement text
are the dollar sign and the backslash. The escape characters are also the dollar sign and
the backslash.

The percentage sign and asterisk in this example are always literal characters, though
a preceding backslash may be treated as an escape instead of a literal backslash. «$1»
and/or «\1» are a backreference to a capturing group. Recipe 2.21 tells you which
flavors use which syntax for backreferences.

The fact that this problem has five different solutions for seven replacement text flavors
demonstrates that there really is no standard for replacement text syntax.

.NET and JavaScript

.NET and JavaScript always treat a backslash as a literal character. Do not escape it
with another backslash, or you’ll end up with two backslashes in the replacement.

A lone dollar sign is a literal character. Dollar signs need to be escaped only when they
are followed by a digit, ampersand, backtick, straight quote, underscore, plus sign, or
another dollar sign. To escape a dollar sign, precede it with another dollar sign.
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You can double up all dollar signs if you feel that makes your replacement text more
readable. This solution is equally valid:

$$%\*$$1\1
Replacement text flavors: .NET, JavaScript

.NET also requires dollar signs followed by an opening curly brace to be escaped.
«${group}» is a named backreference in .NET. JavaScript does not support named
backreferences.

Java

In Java, the backslash is used to escape backslashes and dollar signs in the replacement
text. All literal backslashes and all literal dollar signs must be escaped. If you do not
escape them, Java will throw an exception.

PHP

PHP requires backslashes followed by a digit, and dollar signs followed by a digit or
opening curly brace, to be escaped with a backslash.

A backslash also escapes another backslash. Thus, you need to write «\\\\» to replace
with two literal backslashes. All other backslashes are treated as literal backslashes.

Perl

Perl is a bit different from the other replacement text flavors: it does not really have a
replacement text flavor. Whereas the other programming languages have special logic
in their search-and-replace routines to substitute things such as «$1», in Perl that’s just
normal variable interpolation. In the replacement text, you need to escape all literal
dollar signs with a backslash, just as you would in any double-quoted string.

One exception is that Perl does support the «\1» syntax for backreferences. Thus, you
need to escape a backslash followed by a digit if you want the backslash to be a literal.
A backslash followed by a dollar sign also needs to be escaped, to prevent the backslash
from escaping the dollar sign.

A backslash also escapes another backslash. Thus, you need to write «\\\\» to replace
with two literal backslashes. All other backslashes are treated as literal backslashes.

Python and Ruby

The dollar sign has no special meaning in the replacement text in Python and Ruby.
Backslashes need to be escaped with another backslash when followed by a character
that gives the backslash a special meaning.

With Python, «\1» through «\9» and «\g<» create backreferences. These backslashes
need to be escaped.

86 | Chapter 2: Basic Regular Expression Skills



For Ruby, you need to escape a backslash followed by a digit, ampersand, backtick,
straight quote, or plus sign.

In both languages, a backslash also escapes another backslash. Thus, you need to write
«\\\\» to include two literal backslashes in replacement text. All other backslashes are
treated as literal backslashes.

More escape rules for string literals

Remember that in this chapter, we deal only with the regular expressions and replace-
ment text themselves. The next chapter covers programming languages and string
literals.

The replacement texts shown earlier will work when the actual string variable you’re
passing to the replace() function holds this text. In other words, if your application
provides a text box for the user to type in the replacement text, these solutions show
what the user would have to type in order for the search-and-replace to work as inten-
ded. If you test your search-and-replace commands with RegexBuddy or another regex
tester, the replacement texts included in this recipe will show the expected results.

But these same replacement texts will not work if you paste them directly into your
source code and put quote characters around them. String literals in programming
languages have their own escape rules, and you need to follow those rules on top of the
replacement text escape rules. You may indeed end up with a mess of backslashes.

See Also
Recipe 3.14

2.20  Insert the Regex Match into the Replacement Text
Problem
Perform a search-and-replace that converts URLs into HTML links that point to the
URL, and use the URL as the text for the link. For this exercise, define a URL as
“http:” and all nonwhitespace characters that follow it. For instance, Please visit
http://www.regexcookbook.com becomes Please visit <a href="http://www.regexcook
book.com">http://www.regexcookbook.com</a>.

Solution

Regular expression
http:\S+

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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Replacement
<a●href="$&">$&</a>

Replacement text flavors: .NET, JavaScript, Perl

<a●href="$0">$0</a>
Replacement text flavors: .NET, Java, PHP

<a●href="\0">\0</a>
Replacement text flavors: PHP, Ruby

<a●href="\&">\&</a>
Replacement text flavor: Ruby

<a●href="\g<0>">\g<0></a>
Replacement text flavor: Python

Discussion
Inserting the whole regex match back into the replacement text is an easy way to insert
new text before, after, or around the matched text, or even between multiple copies of
the matched text. Unless you’re using Python, you don’t have to add any capturing
groups to your regular expression to be able to reuse the overall match.

In Perl, «$&» is actually a variable. Perl stores the overall regex match in this variable
after each successful regex match.

.NET and JavaScript have adopted the «$&» syntax to insert the regex match into the
replacement text. Ruby uses backslashes instead of dollar signs for replacement text
tokens, so use «\&» for the overall match.

Java, PHP, and Python do not have a special token to reinsert the overall regex match,
but they do allow text matched by capturing groups to be inserted into the replacement
text, as the next section explains. The overall match is an implicit capturing group
number 0. For Python, we need to use the syntax for named capture to reference group
zero. Python does not support «\0».

.NET and Ruby also support the zeroth capturing group syntax, but it doesn’t matter
which syntax you use. The result is the same.

See Also
“Searching and Replacing with Regular Expressions” in Chapter 1, and Recipe 3.15

2.21  Insert Part of the Regex Match into the Replacement Text
Problem
Match any contiguous sequence of 10 digits, such as 1234567890. Convert the sequence
into a nicely formatted phone number, for example, (123) 456-7890.
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Solution

Regular expression
\b(\d{3})(\d{3})(\d{4})\b

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Replacement
($1)●$2-$3

Replacement text flavors: .NET, Java, JavaScript, PHP, Perl

(${1})●${2}-${3}
Replacement text flavors: .NET, PHP, Perl

(\1)●\2-\3
Replacement text flavors: PHP, Python, Ruby

Discussion

Replacements using capturing groups

Recipe 2.10 explains how you can use capturing groups in your regular expression to
match the same text more than once. The text matched by each capturing group in
your regex is also available after each successful match. You can insert the text of some
or all capturing groups—in any order, or even more than once—into the replacement
text.

Some flavors, such as Python and Ruby, use the same «\1» syntax for backreferences
in both the regular expression and the replacement text. Other flavors use Perl’s «$1»
syntax, using a dollar sign instead of a backslash. PHP supports both.

In Perl, «$1» and above are actually variables that are set after each successful regex
match. You can use them anywhere in your code until the next regex match. .NET,
Java, JavaScript, and PHP support «$1» only in the replacement syntax. These pro-
gramming languages do offer other ways to access capturing groups in code. Chap-
ter 3 explains that in detail.

$10 and higher

All regex flavors in this book support up to 99 capturing groups in a regular expression.
In the replacement text, ambiguity can occur with «$10» or «\10» and above. These
can be interpreted as either the 10th capturing group, or the first capturing group fol-
lowed by a literal zero.
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.NET, PHP, and Perl allow you to put curly braces around the number to make your
intention clear. «${10}» is always the 10th capturing group, and «${1}0» is always the
first followed by a literal zero.

Java and JavaScript try to be clever with «$10». If a capturing group with the specified
two-digit number exists in your regular expression, both digits are used for the cap-
turing group. If fewer capturing groups exist, only the first digit is used to reference the
group, leaving the second as a literal. Thus «$23» is the 23rd capturing group, if it exists.
Otherwise, it is the second capturing group followed by a literal «3».

.NET, PHP, Perl, Python, and Ruby always treat «$10» and «\10» as the 10th capturing
group, regardless of whether it exists. If it doesn’t, the behavior for nonexistent groups
comes into play.

References to nonexistent groups

The regular expression in the solution for this recipe has three capturing groups. If you
type «$4» or «\4» into the replacement text, you’re adding a reference to a capturing
group that does not exist. This triggers one of three different behaviors.

Java and Python will cry foul by raising an exception or returning an error message. Do
not use invalid backreferences with these flavors. (Actually, you shouldn’t use invalid
backreferences with any flavor.) If you want to insert «$4» or «\4» literally, escape the
dollar sign or backslash. Recipe 2.19 explains this in detail.

PHP, Perl, and Ruby substitute all backreferences in the replacement text, including
those that point to groups that don’t exist. Groups that don’t exist did not capture any
text and therefore references to these groups are simply replaced with nothing.

Finally, .NET and JavaScript leave backreferences to groups that don’t exist as literal
text in the replacement.

All flavors do replace groups that do exist in the regular expression but did not capture
anything. Those are replaced with nothing.

Solution Using Named Capture

Regular expression
\b(?<area>\d{3})(?<exchange>\d{3})(?<number>\d{4})\b

Regex options: None
Regex flavors: .NET, PCRE 7, Perl 5.10, Ruby 1.9

\b(?'area'\d{3})(?'exchange'\d{3})(?'number'\d{4})\b
Regex options: None
Regex flavors: .NET, PCRE 7, Perl 5.10, Ruby 1.9
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\b(?P<area>\d{3})(?P<exchange>\d{3})(?P<number>\d{4})\b
Regex options: None
Regex flavors: PCRE 4 and later, Perl 5.10, Python

Replacement
(${area})●${exchange}-${number}

Replacement text flavor: .NET

(\g<area>)●\g<exchange>-\g<number>
Replacement text flavor: Python

(\k<area>)●\k<exchange>-\k<number>
Replacement text flavor: Ruby 1.9

(\k'area')●\k'exchange'-\k'number'
Replacement text flavor: Ruby 1.9

($1)●$2-$3
Replacement text flavors: .NET, PHP, Perl 5.10

(${1})●${2}-${3}
Replacement text flavors: .NET, PHP, Perl 5.10

(\1)●\2-\3
Replacement text flavors: PHP, Python, Ruby 1.9

Flavors that support named capture

.NET, Python, and Ruby 1.9 allow you to use named backreferences in the replacement
text if you used named capturing groups in your regular expression.

With .NET and Python, the syntax for named backreferences works equally with
named and numbered capturing groups. Simply specify the name or number of the
group between the curly braces or angle brackets.

Ruby uses the same syntax for backreferences in the replacement text as it does in
the regular expression. For named capturing groups in Ruby 1.9, this syntax is
«\k<group>» or «\k'group'». The choice between angle brackets and single quotes is
merely a notational convenience.

Perl 5.10 and PHP (using PCRE) support named capturing groups in regular expres-
sions, but not in the replacement text. You can use numbered backreferences in the
replacement text to named capturing groups in the regular expression. Perl 5.10 and
PCRE assign numbers to both named and unnamed groups, from left to right.

.NET, Python, and Ruby 1.9 also allow numbered references to named groups. How-
ever, .NET uses a different numbering scheme for named groups, as Recipe 2.11 ex-
plains. Mixing names and numbers with .NET, Python, or Ruby is not recommended.
Either give all your groups names or don’t name any groups at all. Always use named
backreferences for named groups.
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See Also
“Searching and Replacing with Regular Expressions” in Chapter 1, and Recipes 2.9,
2.10, 2.11, and 3.15

2.22  Insert Match Context into the Replacement Text
Problem
Create replacement text that  replaces the regex match with the text before the regex
match, followed by the whole subject text, followed by the text after the regex match.
For example, if Match is found in BeforeMatchAfter, replace the match with BeforeBefore
MatchAfterAfter, yielding the new text BeforeBeforeBeforeMatchAfterAfterAfter.

Solution
$`$_$'

Replacement text flavors: .NET, Perl

\`\`\&\'\'
Replacement text flavor: Ruby

$`$`$&$'$'
Replacement text flavor: JavaScript

Discussion
The term context refers to the subject text that the regular expression was applied to.
There are three pieces of context: the subject text before the regex match, the subject
text after the regex match, and the whole subject text. The text before the match is
sometimes called the left context, and the text after the match is correspondingly the
right context. The whole subject text is the left context, the match, and the right context.

.NET and Perl support «$`», «$'», and «$_» to insert all three forms of context into
the replacement text. Actually, in Perl these are variables set after a successful regex
match and are available in any code until the next match attempt. Dollar backtick is
the left context. You can type the backtick on a U.S. keyboard by pressing the key to
the left of the 1 key in the top-left corner of your keyboard. Dollar straight quote is the
right context. The straight quote is the usual single quote. On a U.S. keyboard, it sits
between the semicolon and Enter keys. Dollar underscore is the whole subject text.
Like .NET and Perl, JavaScript uses «$`» and «$'» for left and right context. However,
JavaScript does not have a token for inserting the entire subject text. You can recompose
the subject text by inserting the whole regex match with «$&» between the left and right
context.
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Ruby supports left and right context via «\`» and «\'», and uses «\&» to insert the
whole regex match. Like JavaScript, there is no token for the whole subject text.

See Also
“Searching and Replacing with Regular Expressions” in Chapter 1, and Recipe 3.15

2.22  Insert Match Context into the Replacement Text | 93





CHAPTER 3

Programming with Regular
Expressions

Programming Languages and Regex Flavors
This chapter explains how to implement regular expressions with your programming
language of choice. The recipes in this chapter assume you already have a working
regular expression at your disposal; the previous chapters can help in that regard. Now
you face the job of putting a regular expression into your source code and actually
making it do something.

We’ve done our best in this chapter to explain exactly how and why each piece of code
works the way it does. Because of the level of detail in this chapter, reading it from start
to finish may get a bit tedious. If you’re reading Regular Expression Cookbook for the
first time, we recommend you skim this chapter to get an idea of what can or needs to
be done. Later, when you want to implement one of the regular expressions from the
following chapters, come back here to learn exactly how to integrate the regexes with
your programming language of choice.

Chapters 4 through 8 use regular expressions to solve real-world problems. Those
chapters focus on the regular expressions themselves, and many recipes in those chap-
ters don’t show any source code at all. To make the regular expressions you find in
those chapters work, simply plug them into one of the code snippets in this chapter.

Because the other chapters focus on regular expressions, they present their solutions
for specific regular expression flavors, rather than for specific programming languages.
Regex flavors do not correspond one-on-one with programming languages. Scripting
languages tend to have their own regular expression flavor built-in, and other pro-
gramming languages rely on libraries for regex support. Some libraries are available for
multiple languages, while certain languages have multiple libraries available for them.
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“Many Flavors of Regular Expressions” on page 2 describes all the regular expression
flavors covered in this book. “Many Flavors of Replacement Text” on page 5 lists the
replacement text flavors, used for searching and replacing with a regular expression.
All of the programming languages covered in this chapter use one of these flavors.

Languages Covered in This Chapter
This chapter covers seven programming languages. Each recipe has separate solutions
for all seven programming languages, and many recipes also have separate discussions
for all seven languages. If a technique applies to more than one language, we repeat it
in the discussion for each of those languages. We’ve done this so you can safely skip
the discussions of programming languages that you’re not interested in:

C#
C# uses the Microsoft .NET framework. The System.Text.RegularExpressions
classes use the “.NET” regular expression and replacement text flavor. This book
covers C# 1.0 through 3.5, or Visual Studio 2002 until 2008.

VB.NET
This book uses VB.NET and Visual Basic.NET to refer to Visual Basic 2002 and
later, to distinguish these versions from Visual Basic 6 and earlier. Visual Basic now
uses the Microsoft .NET framework. The System.Text.RegularExpressions classes
use the “.NET” regular expression and replacement text flavor. This book covers
Visual Basic 2002 until 2008.

Java
Java 4 is the first Java release to provide built-in regular expression support through
the java.util.regex package. The java.util.regex package uses the “Java” regular
expression and replacement text flavor. This book covers Java 4, 5, and 6.

JavaScript
This is the regex flavor used in the programming language commonly known as
JavaScript. All modern web browsers implement it: Internet Explorer (as of version
5.5), Firefox, Opera, Safari, and Chrome. Many other applications also use
JavaScript as a scripting language.

Strictly speaking, in this book we use the term JavaScript to indicate the program-
ming language defined in version 3 of the ECMA-262 standard. This standard
defines the ECMAScript programming language, which is better known through
its implementations JavaScript and JScript in various web browsers.

ECMA-262v3 also defines the regular expression and replacement text flavors used
by JavaScript. Those flavors are labeled as “JavaScript” in this book.

PHP
PHP has three sets of regular expression functions. We strongly recommend using
the preg functions. Therefore, this book only covers the preg functions, which are
built into PHP as of version 4.2.0. This book covers PHP 4 and 5. The preg functions
are PHP wrappers around the PCRE library. The PCRE regex flavor is indicated as
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“PCRE” in this book. Since PCRE does not include search-and-replace function-
ality, the PHP developers devised their own replacement text syntax for
preg_replace. This replacement text flavor is labeled “PHP” in this book.

The mb_ereg functions are part of PHP’s “multibyte” functions, which are designed
to work well with languages that are traditionally encoded with multibyte character
sets, such as Japanese and Chinese. In PHP 5, the mb_ereg functions use the Oni-
guruma regex library, which was originally developed for Ruby. The Oniguruma
regex flavor is indicated as “Ruby 1.9” in this book. Using the mb_ereg functions is
recommended only if you have a specific requirement to deal with multibyte code
pages and you’re already familiar with the mb_ functions in PHP.

The ereg group of functions is the oldest set of PHP regex functions, and are offi-
cially deprecated as of PHP 5.3.0. They don’t depend on external libraries, and
implement the POSIX ERE flavor. This flavor offers only a limited feature set,
and is not discussed in this book. POSIX ERE is a strict subset of the Ruby 1.9 and
PCRE flavors. You can take the regex from any ereg function call and use it with
mb_ereg or preg. For preg, you have to add Perl-style delimiters (Recipe 3.1).

Perl
Perl’s built-in support for regular expressions is the main reason why regexes are
popular today. The regular expression and replacement text flavors used by Perl’s
m// and s/// operators are labeled as “Perl” in this book. This book covers Perl 5.6,
5.8, and 5.10.

Python
Python supports regular expressions through its re module. The regular expression
and replacement text flavor used by this module are labeled “Python” in this book.
This book covers Python 2.4 and 2.5.

Ruby
Ruby has built-in support for regular expressions. This book covers Ruby 1.8 and
Ruby 1.9. These two versions of Ruby have different default regular expression
engines. Ruby 1.9 uses the Oniguruma engine, which has more regex features than
the classic engine in Ruby 1.8. “Regex Flavors Covered by This Book” on page 3
has more details on this.

In this chapter, we don’t talk much about the differences between Ruby 1.8 and
1.9. The regular expressions in this chapter are very basic, and they don’t use the
new features in Ruby 1.9. Because the regular expression support is compiled into
the Ruby language itself, the Ruby code you use to implement your regular ex-
pressions is the same, regardless of whether you’ve compiled Ruby using the classic
regex engine or the Oniguruma engine. You could recompile Ruby 1.8 to use the
Oniguruma engine if you need its features.
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More Programming Languages
The programming languages in the following list aren’t covered by this book, but they
do use one of the regular expression flavors in this book. If you use one of these lan-
guages, you can skip this chapter, but all the other chapters are still useful:

ActionScript
ActionScript is Adobe’s implementation of the ECMA-262 standard. As of version
3.0, ActionScript has full support for ECMA-262v3 regular expressions. This regex
flavor is labeled “JavaScript” in this book. The ActionScript language is also very
close to JavaScript. You should be able to adapt the JavaScript examples in this
chapter for ActionScript.

C
C can use a wide variety of regular expression libraries. The open source PCRE
library is likely the best choice out of the flavors covered by this book. You can
download the full C source code at http://www.pcre.org. The code is written to
compile with a wide range of compilers on a wide range of platforms.

C++
C++ can use a wide variety of regular expression libraries. The open source PCRE
library is likely the best choice out of the flavors covered by this book. You can
either use the C API directly or use the C++ class wrappers included with the PCRE
download itself (see http://www.pcre.org).

On Windows, you could import the VBScript 5.5 RegExp COM object, as ex-
plained later for Visual Basic 6. That could be useful for regex consistency between
a C++ backend and a JavaScript frontend.

Delphi for Win32
At the time of this writing, the Win32 version of Delphi does not have any built-
in support for regular expressions. There are many VCL components available that
provide regular expression support. I recommend that you choose one based on
PCRE. Delphi has the ability to link C object files into your applications, and many
VCL wrappers for PCRE use such object files. This allows you to keep your appli-
cation as a single .exe file.

You can download my own TPerlRegEx component at http://www.regexp.info/del
phi.html. This is a VCL component that installs itself onto the component palette,
so you can easily drop it into a form. Another popular PCRE wrapper for Delphi
is the TJclRegEx class part of the JCL library at http://www.delphi-jedi.org.
TJclRegEx descends from TObject, so you can’t drop it into a form.

Both libraries are open source under the Mozilla Public License.

Delphi Prism
In Delphi Prism, you can use the regular expression support provided by the .NET
framework. Simply add System.Text.RegularExpressions to the uses clause of any
Delphi Prism unit in which you want to use regular expressions.
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Once you’ve done that, you can use the same techniques shown in the C# and
VB.NET code snippets in this chapter.

Groovy
You can use regular expressions in Groovy with the java.util.regex package, just
as you can in Java. In fact, all of the Java solutions in this chapter should work with
Groovy as well. Groovy’s own regular expression syntax merely provides nota-
tional shortcuts. A literal regex delimited with forward slashes is an instance of
java.lang.String and the =~ operator instantiates java.util.regex.Matcher. You
can freely mix the Groovy syntax with the standard Java syntax—the classes and
objects are all the same.

PowerShell
PowerShell is Microsoft’s shell-scripting language, based on the .NET framework.
PowerShell’s built-in -match and -replace operators use the .NET regex flavor and
replacement text as described in this book.

R
The R Project supports regular expressions via the grep, sub, and regexpr functions
in the base package. All these functions take an argument labeled perl, which is
FALSE if you omit it. Set it to TRUE to use the PCRE regex flavor as described in this
book. The regular expressions shown for PCRE 7 work with R 2.5.0 and later. For
earlier versions of R, use the regular expressions marked as “PCRE 4 and later” in
this book. The “basic” and “extended” flavors supported by R are older and limited
regex flavors not discussed in this book.

REALbasic
REALbasic has a built-in RegEx class. Internally, this class uses the UTF-8 version
of the PCRE library. This means that you can use PCRE’s Unicode support, but
you have to use REALbasic’s TextConverter class to convert non-ASCII text into
UTF-8 before passing it to the RegEx class.

All regular expressions shown in this book for PCRE 6 will work with REALbasic.
One caveat is that in REALbasic, the “case insensitive” and “caret and dollar match
at line breaks” (“multi line”) options are on by default in REALbasic. If you want
to use a regular expression from this book that does not tell you to turn on these
matching modes, you have to turn them off explicitly in REALbasic.

Scala
Scala provides built-in regex support through the scala.util.matching package.
This support is built on the regular expression engine in Java’s java.util.regex
package. The regular expression and replacement text flavors used by Java and
Scala are labeled “Java” in this book.

Visual Basic 6
Visual Basic 6 is the last version of Visual Basic that does not require the .NET
framework. That also means Visual Basic 6 cannot use the excellent regular ex-
pression support of the .NET framework. The VB.NET code samples in this chap-
ter won’t work with VB 6 at all.
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Visual Basic 6 does make it very easy to use the functionality provided by ActiveX
and COM libraries. One such library is Microsoft’s VBScript scripting library,
which has decent regular expression capabilities starting with version 5.5. The
scripting library implements the same regular expression flavor used in JavaScript,
as standardized in ECMA-262v3. This library is part of Internet Explorer 5.5 and
later. It is available on all computers running Windows XP or Vista, and previous
versions of Windows if the user has upgraded to IE 5.5 or later. That includes
almost every Windows PC that is used to connect to the Internet.

To use this library in your Visual Basic application, select Project|References in the
VB IDE’s menu. Scroll down the list to find the item “Microsoft VBScript Regular
Expressions 5.5”, which is immediately below the “Microsoft VBScript Regular
Expressions 1.0” item. Make sure to tick the 5.5 version, not the 1.0 version. The
1.0 version is only provided for backward compatibility, and its capabilities are less
than satisfactory.

After adding the reference, you can see which classes and class members the library
provides. Select View|Object Browser in the menu. In the Object Browser, select
the “VBScript_RegExp_55” library in the drop-down list in the upper-left corner.

3.1  Literal Regular Expressions in Source Code
Problem
You have been given the regular expression ‹[$"'\n\d/\\]› as the solution to a problem. 
This regular expression consists of a single character class that matches a dollar sign,
a double quote, a single quote, a line feed, any digit between 0 and 9, a forward slash,
or a backslash. You want to hardcode this regular expression into your source code as
a string constant or regular expression operator.

Solution

C#

As a normal string:

"[$\"'\n\\d/\\\\]"

As a verbatim string:

@"[$""'\n\d/\\]"

VB.NET
"[$""'\n\d/\\]"
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Java
"[$\"'\n\\d/\\\\]"

JavaScript
/[$"'\n\d\/\\]/

PHP
'%[$"\'\n\d/\\\\]%'

Perl

Pattern-matching operator:

/[\$"'\n\d\/\\]/

m![\$"'\n\d/\\]!

Substitution operator:

s![\$"'\n\d/\\]!!

Python

Raw triple-quoted string:

r"""[$"'\n\d/\\]"""

Normal string:

"[$\"'\n\\d/\\\\]"

Ruby

Literal regex delimited with forward slashes:

/[$"'\n\d\/\\]/

Literal regex delimited with punctuation of your choice:

%r![$"'\n\d/\\]!

Discussion
When this book shows you a regular expression by itself (as opposed to as part of a
larger source code snippet), it always shows regular expressions unadorned. This recipe
is the only exception. If you’re using a regular expression tester such as RegexBuddy
or RegexPal, you would type in the regex this way. If your application accepts a regular
expression as user input, the user would type it in this way.
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But if you want to hardcode the regular expression into your source code, you have
extra work. Carelessly copying and pasting regular expressions from a regular expres-
sion tester into your source code—or vice versa—will often leave you scratching your
head as to why the regular expression works in your tool but not in your source code,
or why the tester fails on a regex you’ve copied from somebody else’s code. All pro-
gramming languages discussed in this book require literal regular expressions to be
delimited in a certain way, with some languages requiring strings and some requiring
a special regex constant. If your regex includes the language’s delimiters or certain other
characters with special meanings in the language, you have to escape them.

The backslash is the most commonly used escape character. That’s why most of the
solutions to this problem have far more backslashes in them than the four in the original
regular expression.

C#

In C#, you can pass literal regular expressions to the Regex() constructor, and to various
member functions in the Regex class. The parameter that takes the regular expression
is always declared as a string.

C# supports two kinds of string literals. The most common kind is the double-quoted
string, well-known from languages such as C++ and Java. Within double-quoted
strings, double quotes and backslashes must be escaped with a backslash. Escapes for
nonprintable characters, such as ‹\n›, are also supported in strings. There is a difference
between "\n" and "\\n" when using RegexOptions.IgnorePatternWhitespace (see Rec-
ipe 3.4) to turn on free-spacing mode, as explained in Recipe 2.18. "\n" is a string with
a literal line break, which is ignored as whitespace. "\\n" is a string with the regex token
‹\n›, which matches a newline.

Verbatim strings start with an at sign and a double quote, and end with a double quote
on its own. To include a double quote in a verbatim string, double it up. Backslashes
do not need to be escaped, resulting in a significantly more readable regular expression.
@"\n" is always the regex token ‹\n›, which matches a newline, even in free-spacing
mode. Verbatim strings do not support ‹\n› at the string level, but can span multiple
lines instead. That makes verbatim strings ideal for free-spacing regular expressions.

The choice is clear: use verbatim strings to put regular expressions into your C# source
code.

VB.NET

In VB.NET, you can pass literal regular expressions to the Regex() constructor, and to
various member functions in the Regex class. The parameter that takes the regular ex-
pression is always declared as a string.

Visual Basic uses double-quoted strings. Double quotes within the string must be dou-
bled. No other characters need to be escaped.
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Java

In Java, you can pass literal regular expressions to the Pattern.compile() class factory, 
and to various functions of the String class. The parameter that takes the regular ex-
pression is always declared as a string.

Java uses double-quoted strings. Within double-quoted strings, double quotes and
backslashes must be escaped with a backslash. Escapes for nonprintable characters,
such as ‹\n›, and Unicode escapes such as ‹\uFFFF› are also supported in strings.

There is a difference between "\n" and "\\n" when using Pattern.COMMENTS (see Rec-
ipe 3.4) to turn on free-spacing mode, as explained in Recipe 2.18. "\n" is a string with
a literal line break, which is ignored as whitespace. "\\n" is a string with the regex token
‹\n›, which matches a newline.

JavaScript

In JavaScript, regular expressions are best created by using the special syntax for de-
claring literal regular expressions. Simply place your regular expression between two
forward slashes. If any forward slashes occur within the regular expression itself, escape
those with a backslash.

Although it is possible to create a RegExp object from a string, it makes little sense to
use the string notation for literal regular expressions in your code. You would have to
escape quotes and backslashes, which generally leads to a forest of backslashes.

PHP

Literal regular expressions for use with PHP’s preg functions are a curious contraption.
Unlike JavaScript or Perl, PHP does not have a native regular expression type. Regular
expressions must always be quoted as strings. This is true for the ereg and mb_ereg
functions as well. But in their quest to mimic Perl, the developers of PHP’s wrapper
functions for PCRE added an additional requirement.

Within the string, the regular expression must be quoted as a Perl-style literal regular
expression. That means that where you would write /regex/ in Perl, the string for PHP’s
preg functions becomes '/regex/'. As in Perl, you can use any pair of punctuation
characters as the delimiters. If the regex delimiter occurs within the regex, it must be
escaped with a backslash. To avoid this, choose a delimiter that does not occur in the
regex. For this recipe, I used the percentage sign, because the forward slash occurs in
the regex but the percentage sign does not. If the forward slash does not occur in the
regex, use that, as it’s the most commonly used delimiter in Perl and the required
delimiter in JavaScript and Ruby.

PHP supports both single-quoted and double-quoted strings. Both require the quote
(single or double) and the backslash within a regex to be escaped with a backslash. In
double-quoted strings, the dollar sign also needs to be escaped. For regular expressions,
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you should use single-quoted strings, unless you really want to interpolate variables in
your regex.

Perl

In Perl, literal regular expressions are used with the pattern-matching operator and the
substitution operator. The pattern-matching operator consists of two forward slashes,
with the regex between it. Forward slashes within the regular expression must be es-
caped with a backslash. There’s no need to escape any other characters, except perhaps
$ and @, as explained at the end of this subsection.

An alternative notation for the pattern-matching operator puts the regular expression
between any pair of punctuation characters, preceded by the letter m. If you use any
kind of opening and closing punctuation (parentheses, braces, or brackets) as the de-
limiter, they need to match up: for example, m{regex}. If you use other punctuation,
simply use the same character twice. The solution for this recipe uses the exclamation
point. That saves us having to escape the literal forward slash in the regular expression.
Only the closing delimiter needs to be escaped with a backslash.

The substitution operator is similar to the pattern-matching operator. It starts with s
instead of m, and tacks on the replacement text. When using brackets or similar punc-
tuation as the delimiters, you need two pairs: s[regex][replace]. For all other punc-
tuation, use it three times: s/regex/replace/.

Perl parses the pattern-matching and substitution operators as double-quoted strings. 
If you write m/I am $name/ and $name holds "Jan", you end up with the regular expression
‹I●am●Jan›. $" is also a variable in Perl, so we have to escape the literal dollar sign in
the character class in our regular expression in this recipe.

Never escape a dollar sign that you want to use as an anchor (see Recipe 2.5). An escaped
dollar sign is always a literal. Perl is smart enough to differentiate between dollars used
as anchors, and dollars used for variable interpolation, due to the fact that anchors can
be used sensibly only at the end of a group or the whole regex, or before a newline. You
shouldn’t escape the dollar in ‹m/^regex$/› if you want to check whether “regex”
matches the subject string entirely.

The at sign does not have a special meaning in regular expressions, but it is used for
variable interpolation in Perl. You need to escape it in literal regular expressions in Perl
code, as you do for double-quoted strings.

Python

The functions in Python’s re module expect literal regular expressions to be passed as
strings. You can use any of the various ways that Python provides to quote strings.
Depending on the characters that occur in your regular expression, different ways of
quoting it may reduce the number of characters you need to escape with backslashes.
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Generally, raw strings are the best option. Python raw strings don’t require any char-
acters to be escaped. If you use a raw string, you don’t need to double up the backslashes
in your regular expression. r"\d+" is easier to read than "\\d+", particularly as your
regex gets long.

The only situation where raw strings aren’t ideal is when your regular expression in-
cludes both the single quote and double quote characters. Then you can’t use a raw
string delimited with one pair of single or double quotes, because there’s no way to
escape the quotes inside the regular expression. In that case, you can triple-quote the
raw string, as we did in the Python solution for this recipe. The normal string is shown
for comparison.

If you want to use the Unicode features explained in Recipe 2.7 in your regular expres-
sion, you need to use Unicode strings. You can turn a string into a Unicode string by
preceding it with a u.

Raw strings don’t support nonprintable character escapes such as \n. Raw strings treat
escape sequences as literal text. This is not a problem for the re module. It supports
these escapes as part of the regular expression syntax, and as part of the replacement
text syntax. A literal \n in a raw string will still be interpreted as a newline in your
regular expressions and replacement texts.

There is a difference between the string "\n" on one side, and the string "\\n" and the
raw string r"\n" on the other side when using re.VERBOSE (see Recipe 3.4) to turn on
free-spacing mode, as explained in Recipe 2.18. "\n" is a string with a literal line break,
which is ignored as whitespace. "\\n" and r"\n" are both strings with the regex token
‹\n›, which matches a newline.

When using free-spacing mode, triple-quoted raw strings such as r"""\n""" are the best
solution, because they can span multiple lines. Also, ‹\n› is not interpreted at the string
level, so it can be interpreted at the regex level to match a line break.

Ruby

In Ruby, regular expressions are best created by using the special syntax for declaring
literal regular expressions. Simply place your regular expression between two forward
slashes. If any forward slashes occur within the regular expression itself, escape those
with a backslash.

If you don’t want to escape forward slashes in your regex, you can prefix your regular
expression with %r and then use any punctuation character of your choice as the
delimiter.

Although it is possible to create a Regexp object from a string, it makes little sense to
use the string notation for literal regular expressions in your code. You then would have
to escape quotes and backslashes, which generally leads to a forest of backslashes.
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Ruby is very similar to JavaScript in this respect, except that the name
of the class is Regexp as one word in Ruby, whereas it is RegExp with
camel caps in JavaScript.

See Also
Recipe 2.3 explains how character classes work, and why two backslashes are needed
in the regular expression to include just one in the character class.

Recipe 3.4 explains how to set regular expression options, which is done as part of
literal regular expressions in some programming languages.

3.2  Import the Regular Expression Library
Problem
To be able to use regular expressions in your application, you want to import the regular
expression library or namespace into your source code.

The remainder of the source code snippets in this book assume that you
have already done this, if needed.

Solution

C#
using System.Text.RegularExpressions;

VB.NET
Imports System.Text.RegularExpressions

Java
import java.util.regex.*;

Python
import re

Discussion
Some programming languages have regular expressions built-in. For these languages,
you don’t need to do anything to enable regular expression support. Other languages
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provide regular expression functionality through a library that needs to be imported
with an import statement in your source code. Some languages don’t have regex support
at all. For those, you’ll have to compile and link in the regular expression support
yourself.

C#

If you place the using statement at the top of your C# source file, you can reference
the classes that provide regular expression functionality directly, without
having to fully qualify them. For instance, you can write Regex() instead of
System.Text.RegularExpressions.Regex().

VB.NET

If you place the Imports statement at the top of your VB.NET source file, you can
reference the classes that provide regular expression functionality directly, without
having to fully qualify them. For instance, you can write Regex() instead of
System.Text.RegularExpressions.Regex().

Java

You have to import the java.util.regex package into your application to be able to
use Java’s built-in regular expression library.

JavaScript

JavaScript’s regular expression support is built-in and always available.

PHP

The preg functions are built-in and always available in PHP 4.2.0 and later.

Perl

Perl’s regular expression support is built-in and always available. 

Python

You have to import the re module into your script to be able to use Python’s regular
expression functions.

Ruby

Ruby’s regular expression support is built-in and always available.
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3.3  Creating Regular Expression Objects
Problem
You want to instantiate a regular expression object or otherwise compile a regular
expression so you can use it efficiently throughout your application.

Solution

C#

If you know the regex to be correct:

Regex regexObj = new Regex("regex pattern");

If the regex is provided by the end user (UserInput being a string variable):

try {
    Regex regexObj = new Regex(UserInput);
} catch (ArgumentException ex) {
    // Syntax error in the regular expression
}

VB.NET

If you know the regex to be correct:

Dim RegexObj As New Regex("regex pattern")

If the regex is provided by the end user (UserInput being a string variable):

Try
    Dim RegexObj As New Regex(UserInput)
Catch ex As ArgumentException
    'Syntax error in the regular expression
End Try

Java

If you know the regex to be correct:

Pattern regex = Pattern.compile("regex pattern");

If the regex is provided by the end user (userInput being a string variable):

try {
    Pattern regex = Pattern.compile(userInput);
} catch (PatternSyntaxException ex) {
    // Syntax error in the regular expression
}

108 | Chapter 3: Programming with Regular Expressions



To be able to use the regex on a string, create a Matcher:

Matcher regexMatcher = regex.matcher(subjectString);

To use the regex on another string, you can create a new Matcher, as just shown, or
reuse an existing one:

regexMatcher.reset(anotherSubjectString);

JavaScript

Literal regular expression in your code:

var myregexp = /regex pattern/;

Regular expression retrieved from user input, as a string stored in the variable
userinput:

var myregexp = new RegExp(userinput);

Perl
$myregex = qr/regex pattern/

Regular expression retrieved from user input, as a string stored in the variable
$userinput:

$myregex = qr/$userinput/

Python
reobj = re.compile("regex pattern")

Regular expression retrieved from user input, as a string stored in the variable
userinput:

reobj = re.compile(userinput)

Ruby

Literal regular expression in your code:

myregexp = /regex pattern/;

Regular expression retrieved from user input, as a string stored in the variable
userinput:

myregexp = Regexp.new(userinput);

Discussion
Before the regular expression engine can match a regular expression to a string, the
regular expression has to be compiled. This compilation happens while your applica-
tion is running. The regular expression constructor or compile function parses the
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string that holds your regular expression and converts it into a tree structure or state
machine. The function that does the actual pattern matching will traverse this tree or
state machine as it scans the string. Programming languages that support literal regular
expressions do the compilation when execution reaches the regular expression
operator.

.NET

In C# and VB.NET, the .NET class System.Text.RegularExpressions.Regex holds one
compiled regular expression. The simplest constructor takes just one parameter: a
string that holds your regular expression.

If there’s a syntax error in the regular expression, the Regex() constructor will throw
an ArgumentException. The exception message will indicate exactly which error was
encountered. It is important to catch this exception if the regular expression is provided
by the user of your application. Display the exception message and ask the user to
correct the regular expression. If your regular expression is a hardcoded string literal,
you can omit catching the exception if you use a code coverage tool to make sure the
line is executed without throwing an exception. There are no possible changes to state
or mode that could cause the same literal regex to compile in one situation and fail to
compile in another. Note that if there is a syntax error in your literal regex, the exception
will occur when your application is run, not when your application is compiled.

You should construct a Regex object if you will be using the regular expression inside
a loop or repeatedly throughout your application. Constructing the regex object in-
volves no extra overhead. The static members of the Regex class that take the regex as
a string parameter construct a Regex object internally anyway, so you might just as well
do it in your own code and keep a reference to the object.

If you plan to use the regex only once or a few times, you can use the static members
of the Regex class instead, to save a line of code. The static Regex members do not throw
away the internally constructed regular expression object immediately; instead, they
keep a cache of the 15 most recently used regular expressions. You can change the cache
size by setting the Regex.CacheSize property. The cache lookup is done by looking up
your regular expression string in the cache. But don’t go overboard with the cache. If
you need lots of regex objects frequently, keep a cache of your own that you can look
up more efficiently than with a string search.

Java

In Java, the Pattern class holds one compiled regular expression. You can create objects
of this class with the Pattern.compile() class factory, which requires just one param-
eter: a string with your regular expression.
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If there’s a syntax error in the regular expression, the Pattern.compile() factory will
throw a PatternSyntaxException. The exception message will indicate exactly which
error was encountered. It is important to catch this exception if the regular expression
is provided by the user of your application. Display the exception message and ask the
user to correct the regular expression. If your regular expression is a hardcoded string
literal, you can omit catching the exception if you use a code coverage tool to make
sure the line is executed without throwing an exception. There are no possible changes
to state or mode that could cause the same literal regex to compile in one situation and
fail to compile in another. Note that if there is a syntax error in your literal regex, the
exception will occur when your application is run, not when your application is
compiled.

Unless you plan to use a regex only once, you should create a Pattern object instead of
using the static members of the String class. Though it takes a few lines of extra code,
that code will run more efficiently. The static calls recompile your regex each and every
time. In fact, Java provides static calls for only a few very basic regex tasks.

A Pattern object only stores a compiled regular expression; it does not do any actual
work. The actual regex matching is done by the Matcher class. To create a Matcher, call
the matcher() method on your compiled regular expression. Pass the subject string as
the only argument to matcher().

You can call matcher() as many times as you like to use the same regular expression on
multiple strings. You can work with multiple matchers using the same regex at the same
time, as long as you keep everything in a single thread. The Pattern and Matcher
classes are not thread-safe. If you want to use the same regex in multiple threads, call
Pattern.compile() in each thread.

If you’re done applying a regex to one string and want to apply the same regex to another
string, you can reuse the Matcher object by calling reset(). Pass the next subject string
as the only argument. This is more efficient than creating a new Matcher object.
reset() returns the same Matcher you called it on, allowing you to easily reset and use
a matcher in one line of code, e.g., regexMatcher.reset(nextString).find().

JavaScript

The notation for literal regular expressions shown in Recipe 3.2 already creates a new
regular expression object. To use the same object repeatedly, simply assign it to a
variable.

If you have a regular expression stored in a string variable (e.g., because you asked the
user to type in a regular expression), use the RegExp() constructor to compile the regular
expression. Notice that the regular expression inside the string is not delimited by
forward slashes. Those slashes are part of JavaScript’s notation for literal RegExp objects,
rather than part of the regular expression itself.
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Since assigning a literal regex to a variable is trivial, most of the
JavaScript solutions in this chapter omit this line of code and use the
literal regular expression directly. In your own code, when using the
same regex more than once, you should assign the regex to a variable
and use that variable instead of pasting the same literal regex multiple
times into your code. This increases performance and makes your code
easier to maintain.

PHP

PHP does not provide a way to store a compiled regular expression in a variable.
Whenever you want to do something with a regular expression, you have to pass it as
a string to one of the preg functions.

The preg functions keep a cache of up to 4,096 compiled regular expressions. Although
the hash-based cache lookup is not as fast as referencing a variable, the performance
hit is not as dramatic as having to recompile the same regular expression over and over.
When the cache is full, the regex that was compiled the longest ago is removed.

Perl

You can use the “quote regex” operator to compile a regular expression and assign it
to a variable. It uses the same syntax as the match operator described in Recipe 3.1,
except that it starts with the letters qr instead of the letter m.

Perl is generally quite efficient at reusing previously compiled regular expressions.
Therefore, we don’t use qr// in the code samples in this chapter. Only Recipe 3.5
demonstrates its use.

qr// is useful when you’re interpolating variables in the regular expression or when
you’ve retrieved the whole regular expression as a string (e.g., from user input). With
qr/$regexstring/, you can control when the regex is recompiled to reflect the new
contents of $regexstring. m/$regexstring/ would recompile the regex every time,
whereas m/$regexstring/o never recompiles it. Recipe 3.4 explains /o.

Python

The compile() function in Python’s re module takes a string with your regular expres-
sion, and returns an object with your compiled regular expression. 

You should call compile() explicitly if you plan to use the same regular expression
repeatedly. All the functions in the re module first call compile(), and then call the
function you wanted on the compiled regular expression object.

The compile() function keeps a reference to the last 100 regular expressions that it
compiled. This reduces the recompilation of any of the last 100 used regular expressions
to a dictionary lookup. When the cache is full, it is cleared out entirely.
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If performance is not an issue, the cache works well enough that you can use the func-
tions in the re module directly. But when performance matters, calling compile() is a
good idea.

Ruby

The notation for literal regular expressions shown in Recipe 3.2 already creates a
new regular expression object. To use the same object repeatedly, simply assign it to a
variable.

If you have a regular expression stored in a string variable (e.g., because you asked the
user to type in a regular expression), use the Regexp.new() factory or its synonym
Regexp.compile() to compile the regular expression. Notice that the regular expression
inside the string is not delimited by forward slashes. Those slashes are part of Ruby’s
notation for literal Regexp objects and are not part of the regular expression itself.

Since assigning a literal regex to a variable is trivial, most of the Ruby
solutions in this chapter omit this line of code and use the literal regular
expression directly. In your own code, when using the same regex more
than once, you should assign the regex to a variable and use the variable
instead of pasting the same literal regex multiple times into your code.
This increases performance and makes your code easier to maintain.

Compiling a Regular Expression Down to CIL

C#
Regex regexObj = new Regex("regex pattern", RegexOptions.Compiled);

VB.NET
Dim RegexObj As New Regex("regex pattern", RegexOptions.Compiled)

Discussion
When you construct a Regex object in .NET without passing any options, the regular
expression is compiled in the way we described in “Discussion” on page 109. If you
pass RegexOptions.Compiled as a second parameter to the Regex() constructor, the
Regex class does something rather different: it compiles your regular expression down
to CIL, also known as MSIL.  CIL stands for Common Intermediate Language, a low-
level programming language that is closer to assembly than to C# or Visual Basic.
All .NET compilers produce CIL. The first time your application runs, the .NET frame-
work compiles the CIL further down to machine code suitable for the user’s computer.

The benefit of compiling a regular expression with RegexOptions.Compiled is that it can
run up to 10 times faster than a regular expression compiled without this option.
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The drawback is that this compilation can be up to two orders of magnitude slower
than simply parsing the regex string into a tree. The CIL code also becomes a permanent
part of your application until it is terminated. CIL code is not garbage collected.

Use RegexOptions.Compiled only if a regular expression is either so complex or needs
to process so much text that the user experiences a noticeable wait during operations
using the regular expression. The compilation and assembly overhead is not worth it
for regexes that do their job in a split second.

See Also
Recipes 3.1, 3.2, and 3.4

3.4  Setting Regular Expression Options
Problem
You want to compile a regular expression with all of the available matching modes:
free-spacing, case insensitive, dot matches line breaks, and caret and dollar match at
line breaks.

Solution

C#
Regex regexObj = new Regex("regex pattern",
    RegexOptions.IgnorePatternWhitespace | RegexOptions.IgnoreCase |
    RegexOptions.Singleline | RegexOptions.Multiline);

VB.NET
Dim RegexObj As New Regex("regex pattern",
    RegexOptions.IgnorePatternWhitespace Or RegexOptions.IgnoreCase Or
    RegexOptions.Singleline Or RegexOptions.Multiline)

Java
Pattern regex = Pattern.compile("regex pattern",
    Pattern.COMMENTS | Pattern.CASE_INSENSITIVE | Pattern.UNICODE_CASE |
    Pattern.DOTALL | Pattern.MULTILINE);

JavaScript

Literal regular expression in your code:

var myregexp = /regex pattern/im;

Regular expression retrieved from user input, as a string:

114 | Chapter 3: Programming with Regular Expressions



var myregexp = new RegExp(userinput, "im");

PHP
regexstring = '/regex pattern/simx';

Perl
m/regex pattern/simx;

Python
reobj = re.compile("regex pattern",
    re.VERBOSE | re.IGNORECASE |
    re.DOTALL | re.MULTILINE)

Ruby

Literal regular expression in your code:

myregexp = /regex pattern/mix;

Regular expression retrieved from user input, as a string:

myregexp = Regexp.new(userinput,
    Regexp::EXTENDED or Regexp::IGNORECASE or
    Regexp::MULTILINE);

Discussion
Many of the regular expressions in this book, and those that you find elsewhere, are
written to be used with certain regex matching modes. There are four basic modes that
nearly all modern regex flavors support. Unfortunately, some flavors use inconsistent
and confusing names for the options that implement the modes. Using the wrong
modes usually breaks the regular expression.

All the solutions in this recipe use flags or options provided by the programming lan-
guage or regular expression class to set the modes. Another way to set modes is to use
mode modifiers within the regular expression. Mode modifiers within the regex always
override options or flags set outside the regular expression.

.NET

The Regex() constructor takes an optional second parameter with regular expressions
options. You can find the available options in the RegexOptions enumeration.

Free-spacing: RegexOptions.IgnorePatternWhitespace
Case insensitive: RegexOptions.IgnoreCase
Dot matches line breaks: RegexOptions.Singleline
Caret and dollar match at line breaks: RegexOptions.Multiline
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Java

The Pattern.compile() class factory takes an optional second parameter with regular
expressions options. The Pattern class defines several constants that set the various
options. You can set multiple options by combining them with the bitwise inclusive or
operator |.

Free-spacing: Pattern.COMMENTS
Case insensitive: Pattern.CASE_INSENSITIVE | Pattern.UNICODE_CASE
Dot matches line breaks: Pattern.DOTALL
Caret and dollar match at line breaks: Pattern.MULTILINE

There are indeed two options for case insensitivity, and you have to set both for full
case insensitivity. If you set only Pattern.CASE_INSENSITIVE, only the English letters A
to Z are matched case insensitively. If you set both options, all characters from all scripts
are matched case insensitively. The only reason not to use Pattern.UNICODE_CASE is
performance, in case you know in advance you’ll be dealing with ASCII text only. When
using mode modifiers inside your regular expression, use ‹(?i)› for ASCII-only case
insensitivity and ‹(?iu)› for full case insensitivity.

JavaScript

In JavaScript, you can specify options by appending one or more single-letter flags to
the RegExp literal, after the forward slash that terminates the regular expression. When
talking about these flags in documentation, they are usually written as /i and /m, even
though the flag itself is only one letter. No additional slashes are added to specify regex
mode flags.

When using the RegExp() constructor to compile a string into a regular expression, you
can pass an optional second parameter with flags to the constructor. The second pa-
rameter should be a string with the letters of the options you want to set. Do not put
any slashes into the string.

Free-spacing: Not supported by JavaScript.
Case insensitive: /i
Dot matches line breaks: Not supported by JavaScript.
Caret and dollar match at line breaks: /m

PHP

Recipe 3.1 explains that the PHP preg functions require literal regular expressions to
be delimited with two punctuation characters, usually forward slashes, and the whole
lot formatted as a string literal. You can specify regular expression options by appending
one or more single-letter modifiers to the end of the string. That is, the modifier letters
come after the closing regex delimiter, but still inside the string’s single or double
quotes. When talking about these modifiers in documentation, they are usually written
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as /x, even though the flag itself is only one letter, and even though the delimiter be-
tween the regex and the modifiers doesn’t have to be a forward slash.

Free-spacing: /x
Case insensitive: /i
Dot matches line breaks: /s
Caret and dollar match at line breaks: /m

Perl

You can specify regular expression options by appending one or more single-letter
modifiers to the end of the pattern-matching or substitution operator. When talking
about these modifiers in documentation, they are usually written as /x, even though
the flag itself is only one letter, and even though the delimiter between the regex and
the modifiers doesn’t have to be a forward slash.

Free-spacing: /x
Case insensitive: /i
Dot matches line breaks: /s
Caret and dollar match at line breaks: /m

Python

The compile() function (explained in the previous recipe) takes an optional second
parameter with regular expression options. You can build up this parameter by using
the | operator to combine the constants defined in the re module. Many of the other
functions in the re module that take a literal regular expression as a parameter also
accept regular expression options as a final and optional parameter.

The constants for the regular expression options come in pairs. Each option can be
represented either as a constant with a full name or as just a single letter. Their func-
tionality is equivalent. The only difference is that the full name makes your code easier
to read by developers who aren’t familiar with the alphabet soup of regular expression
options. The basic single-letter options listed in this section are the same as in Perl.

Free-spacing: re.VERBOSE or re.X
Case insensitive: re.IGNORECASE or re.I
Dot matches line breaks: re.DOTALL or re.S
Caret and dollar match at line breaks: re.MULTILINE or re.M

Ruby

In Ruby,  you can specify options by appending one or more single-letter flags to the
Regexp literal, after the forward slash that terminates the regular expression. When
talking about these flags in documentation, they are usually written as /i and /m, even
though the flag itself is only one letter. No additional slashes are added to specify regex
mode flags.
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When using the Regexp.new() factory to compile a string into a regular expression, you
can pass an optional second parameter with flags to the constructor. The second pa-
rameter should be either nil to turn off all options, or a combination of constants from
the Regexp class combined with the or operator.

Free-spacing: /r or Regexp::EXTENDED
Case insensitive: /i or Regexp::IGNORECASE
Dot matches line breaks: /m or Regexp::MULTILINE. Ruby indeed uses “m” and
“multi line” here, whereas all the other flavors use “s” or “single line” for “dot
matches line breaks”.
Caret and dollar match at line breaks: The caret and dollar always match at line breaks in
Ruby. You cannot turn this off. Use ‹\A› and ‹\Z› to match at the start or end of
the subject string.

Additional Language-Specific Options

.NET

RegexOptions.ExplicitCapture makes all groups, except named groups, noncapturing.
With this option, ‹(group)› is the same as ‹(?:group)›. If you always name your cap-
turing groups, turn on this option to make your regular expression more efficient with-
out the need to use the ‹(?:group)› syntax. Instead of using RegexOptions.Explicit
Capture, you can turn on this option by putting ‹(?n)› at the start of your regular ex-
pression. See Recipe 2.9 to learn about grouping. Recipe 2.11 explains named groups.

Specify RegexOptions.ECMAScript if you’re using the same regular expression in
your .NET code and in JavaScript code, and you want to make sure it behaves in the
same way. This is particularly useful when you’re developing the client side of a web
application in JavaScript and the server side in ASP.NET. The most important effect is
that with this option, \w and \d are restricted to ASCII characters, as they are in
JavaScript.

Java

An option unique to Java is Pattern.CANON_EQ, which enables “canonical equivalence.”
As explained in the discussion in “Unicode grapheme” on page 52, Unicode provides
different ways to represent characters with diacritics. When you turn on this option,
your regex will match a character, even if it is encoded differently in the subject string.
For instance, the regex ‹\u00E0› will match both "\u00E0" and "\u0061\u0300", because
they are canonically equivalent. They both appear as “à” when displayed on screen,
indistinguishable to the end user. Without canonical equivalence, the regex ‹\u00E0›
does not match the string "\u0061\u0300". This is how all other regex flavors discussed
in this book behave.
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Finally, Pattern.UNIX_LINES tells Java to treat only ‹\n› as a line break character for the
dot, caret, and dollar. By default, all Unicode line breaks are treated as line break
characters.

JavaScript

If you want to apply a regular expression repeatedly to the same string—e.g., to iterate
over all matches or to search and replace all matches instead of just the first—specify
the /g or “global” flag.

PHP

/u tells PCRE to interpret both the regular expression and the subject string as UTF-8
strings. This modifier also enables Unicode regex tokens such as ‹\p{FFFF}› and
‹\p{L}›. These are explained in Recipe 2.7. Without this modifier, PCRE treats each
byte as a separate character, and Unicode regex tokens cause an error.

/U flips the “greedy” and “lazy” behavior of adding an extra question mark to a quan-
tifier. Normally, ‹.*› is greedy and ‹.*?› is lazy. With /U, ‹.*› is lazy and ‹.*?› is greedy.
I strongly recommend that you never use this flag, as it will confuse programmers who
read your code later and miss the extra /U modifier, which is unique to PHP. Also, don’t
confuse /U with /u if you encounter it in somebody else’s code. Regex modifiers are
case sensitive.

Perl

If you want to apply a regular expression repeatedly to the same string (e.g., to iterate
over all matches or to search-and-replace all matches instead of just the first one),
specify the /g (“global”) flag.

If you interpolate a variable in a regex—e.g., m/I am $name/—Perl will recompile the
regular expression each time it needs to be used, because the contents of $name may
have changed. You can suppress this with the /o modifier. m/I am $name/o is compiled
the first time Perl needs to use it, and then reused the way it is after that. If the contents
of $name change, the regex will not reflect the change. See Recipe 3.3 if you want to
control when the regex is recompiled.

Python

Python has two extra options that change the meaning of word boundaries (see Rec-
ipe 2.6) and the shorthand character classes ‹\w›, ‹\d›, and ‹\s›, as well as their negated
counterparts (see Recipe 2.3). By default, these tokens deal only with ASCII letters,
digits, and whitespace.

The re.LOCALE or re.L option makes these tokens dependent on the current locale. The
locale then determines which characters are treated as letters, digits, and whitespace
by these regex tokens. You should specify this option when the subject string is not a
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Unicode string and you want characters such as letters with diacritics to be treated as
such.

The re.UNICODE or re.U makes these tokens dependent on the Unicode standard. All
characters defined by Unicode as letters, digits, and whitespace are then treated as such
by these regex tokens. You should specify this option when the subject string you’re
applying the regular expression to is a Unicode string.

Ruby

The Regexp.new() factory takes an optional third parameter to select the string encoding
your regular expression supports. If you do not specify an encoding for your regular
expression, it will use the same encoding as your source file. Most of the time, using
the source file’s encoding is the right thing to do.

To select a coding explicitly, pass a single character for this parameter. The parameter
is case-insensitive. Possible values are:

n
This stands for “None.” Each byte in your string is treated as one character. Use
this for ASCII text.

e
Enables the “EUC” encoding for Far East languages.

s
Enables the Japanese “Shift-JIS” encoding.

u
Enables UTF-8, which uses one to four bytes per character and supports all lan-
guages in the Unicode standard (which includes all living languages of any
significance).

When using a literal regular expression, you can set the encoding with the modifi-
ers /n, /e, /s, and /u. Only one of these modifiers can be used for a single regular
expression. They can be used in combination with any or all of the /x, /i, and /m
modifiers.

Do not mistake Ruby’s /s for that of Perl, Java, or .NET. In Ruby, /s
forces the Shift-JIS encoding. In Perl and most other regex flavors, it
turns on “dot matches line breaks” mode. In Ruby, you can do that
with /m.

See Also
The effects of the matching modes are explained in detail in Chapter 2. Those sections
also explain the use of mode modifiers within the regular expression.
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Free-spacing: Recipe 2.18
Case insensitive: “Case-insensitive matching” on page 27 in Recipe 2.1
Dot matches line breaks: Recipe 2.4
Caret and dollar match at line breaks: Recipe 2.5

Recipes 3.1 and 3.3 explain how to use literal regular expressions in your source code
and how to create regular expression objects. You set the regular expression options
while creating a regular expression.

3.5  Test Whether a Match Can Be Found Within a Subject String
Problem
You want to check whether a match can be found for a particular regular expression
in a particular string. A partial match is sufficient. For instance, the regex
‹regex●pattern› partially matches The regex pattern can be found. You don’t care
about any of the details of the match. You just want to know whether the regex matches
the string.

Solution

C#

For quick one-off tests, you can use the static call:

bool foundMatch = Regex.IsMatch(subjectString, "regex pattern");

If the regex is provided by the end user, you should use the static call with full exception
handling:

bool foundMatch = false;
try {
    foundMatch = Regex.IsMatch(subjectString, UserInput);
} catch (ArgumentNullException ex) {
    // Cannot pass null as the regular expression or subject string
} catch (ArgumentException ex) {
    // Syntax error in the regular expression
}

To use the same regex repeatedly, construct a Regex object:

Regex regexObj = new Regex("regex pattern");
bool foundMatch = regexObj.IsMatch(subjectString);

If the regex is provided by the end user, you should use the Regex object with full
exception handling:

bool foundMatch = false;
try {
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    Regex regexObj = new Regex(UserInput);
    try {
        foundMatch = regexObj.IsMatch(subjectString);
    } catch (ArgumentNullException ex) {
        // Cannot pass null as the regular expression or subject string
    }
} catch (ArgumentException ex) {
    // Syntax error in the regular expression
}

VB.NET

For quick one-off tests, you can use the static call:

Dim FoundMatch = Regex.IsMatch(SubjectString, "regex pattern")

If the regex is provided by the end user, you should use the static call with full exception
handling:

Dim FoundMatch As Boolean
Try
    FoundMatch = Regex.IsMatch(SubjectString, UserInput)
Catch ex As ArgumentNullException
    'Cannot pass Nothing as the regular expression or subject string
Catch ex As ArgumentException
    'Syntax error in the regular expression
End Try

To use the same regex repeatedly, construct a Regex object:

Dim RegexObj As New Regex("regex pattern")
Dim FoundMatch = RegexObj.IsMatch(SubjectString)

The IsMatch() call should have SubjectString as the only parameter, and the call should
be made on the RegexObj instance rather than the Regex class:

Dim FoundMatch = RegexObj.IsMatch(SubjectString)

If the regex is provided by the end user, you should use the Regex object with full
exception handling:

Dim FoundMatch As Boolean
Try
    Dim RegexObj As New Regex(UserInput)
    Try
        FoundMatch = Regex.IsMatch(SubjectString)
    Catch ex As ArgumentNullException
        'Cannot pass Nothing as the regular expression or subject string
    End Try
Catch ex As ArgumentException
    'Syntax error in the regular expression
End Try
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Java

The only way to test for a partial match is to create a Matcher:

Pattern regex = Pattern.compile("regex pattern");
Matcher regexMatcher = regex.matcher(subjectString);
boolean foundMatch = regexMatcher.find();

If the regex is provided by the end user, you should use exception handling:

boolean foundMatch = false;
try {
    Pattern regex = Pattern.compile(UserInput);
    Matcher regexMatcher = regex.matcher(subjectString);
    foundMatch = regexMatcher.find();
} catch (PatternSyntaxException ex) {
    // Syntax error in the regular expression
}

JavaScript
if (/regex pattern/.test(subject)) {
    // Successful match
} else {
    // Match attempt failed
}

PHP
if (preg_match('/regex pattern/', $subject)) {
    # Successful match
} else {
    # Match attempt failed
}

Perl

With the subject string held in the special variable $_:

if (m/regex pattern/) {
    # Successful match
} else {
    # Match attempt failed
}

With the subject string held in the variable $subject:

if ($subject =~ m/regex pattern/) {
    # Successful match
} else {
    # Match attempt failed
}
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Using a precompiled regular expression:

$regex = qr/regex pattern/;
if ($subject =~ $regex) {
    # Successful match
} else {
    # Match attempt failed
}

Python

For quick one-off tests, you can use the global function:

if re.search("regex pattern", subject):
    # Successful match
else:
    # Match attempt failed

To use the same regex repeatedly, use a compiled object:

reobj = re.compile("regex pattern")
if reobj.search(subject):
    # Successful match
else:
    # Match attempt failed

Ruby
if subject =~ /regex pattern/
    # Successful match
else
    # Match attempt failed
end

This code does exactly the same thing:

if /regex pattern/ =~ subject
    # Successful match
else
    # Match attempt failed
end

Discussion
The most basic task for a regular expression is to check whether a string matches the
regex. In most programming languages, a partial match is sufficient for the match
function to return true. The match function will scan through the entire subject string
to see whether the regular expression matches any part of it. The function returns true
as soon as a match is found. It returns false only when it reaches the end of the string
without finding any matches.
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The code examples in this recipe are useful for checking whether a string contains
certain data. If you want to check whether a string fits a certain pattern in its entirety
(e.g., for input validation), use the next recipe instead.

C# and VB.NET

The Regex class provides four overloaded versions of the IsMatch() method, two of
which are static. This makes it possible to call IsMatch() with different parameters. The
subject string is always the first parameter. This is the string in which the regular ex-
pression will try to find a match. The first parameter must not be null. Otherwise,
IsMatch() will throw an ArgumentNullException.

You can perform the test in a single line of code by calling Regex.IsMatch() without
constructing a Regex object. Simply pass the regular expression as the second parameter
and pass regex options as an optional third parameter. If your regular expression has
a syntax error, an ArgumentException will be thrown by IsMatch(). If your regex is valid,
the call will return true if a partial match was found, or false if no match could be
found at all.

If you want to use the same regular expression on many strings, you can make your
code more efficient by constructing a Regex object first, and calling IsMatch() on that
object. The first parameter, which holds the subject string, is then the only required
parameter. You can specify an optional second parameter to indicate the character
index at which the regular expression should begin the check. Essentially, the number
you pass as the second parameter is the number of characters at the start of your subject
string that the regular expression should ignore. This can be useful when you’ve already
processed the string up to a point, and you want to check whether the remainder should
be processed further. If you specify a number, it must be greater than or equal to zero
and less than or equal to the length of the subject string. Otherwise, IsMatch() throws
an ArgumentOutOfRangeException.

The static overloads do not allow for the parameter that specifies where the regex at-
tempt should start in the string. There is no overload that allows you to tell
IsMatch() to stop before the end of the string. If you want to do that, you could call
Regex.Match("subject", start, stop) and check the Success property of the returned
Match object. See Recipe 3.8 for details.

Java

To test whether a regex matches a string partially or entirely, instantiate a Matcher object
as explained in Recipe 3.3. Then call the find() method on your newly created or newly
reset matcher.

Do not call String.matches(), Pattern.matches(), or Matcher.matches(). Those all re-
quire the regex to match the whole string.
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JavaScript

To test whether a regular expression can match part of a string, call the test() method
on your regular expression. Pass the subject string as the only parameter.

regexp.test() returns true if the regular expression matches part or all of the subject
string, and false if it does not.

PHP

The preg_match() function can be used for a variety of purposes. The most basic way
to call it is with only the two required parameters: the string with your regular expres-
sion, and the string with the subject text you want the regex to search through.
preg_match() returns 1 if a match can be found and 0 when the regex cannot match the
subject at all.

Later recipes in this chapter explain the optional parameters you can pass to
preg_match().

Perl

In Perl, m// is in fact a regular expression operator, not a mere regular expression con-
tainer. If you use m// by itself, it uses the $_ variable as the subject string.

If you want to use the matching operator on the contents of another variable, use the
=~ binding operator to associate the regex operator with your variable. Binding the
regex to a string immediately executes the regex. The pattern-matching operator returns
true if the regex matches part of the subject string, and false if it doesn’t match at all.

If you want to check whether a regular expression does not match a string, you can
use !~, which is the negated version of =~.

Python

The search() function in the re module searches through a string to find whether the
regular expression matches part of it. Pass your regular expression as the first parameter
and the subject string as the second parameter. You can pass the regular expression
options in the optional third parameter.

The re.search() function calls re.compile(), and then calls the search() method on
the compiled regular expression object. This method takes just one parameter: the
subject string.

If the regular expression finds a match, search() returns a MatchObject instance. If the
regex fails to match, search() returns None. When you evaluate the returned value in
an if statement, the MatchObject evaluates to True, whereas None evaluates to False.
Later recipes in this chapter show how to use the information stored by MatchObject.
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Don’t confuse search() with match(). You cannot use match() to find a
match in the middle of a string. The next recipe uses match().

Ruby

The =~ operator is the pattern-matching operator. Place it between a regular expression
and a string to find the first regular expression match. The operator returns an integer
with the position at which the regex match begins in the string. It returns nil if no
match can be found.

This operator is implemented in both the Regexp and String classes. In Ruby 1.8, it
doesn’t matter which class you place to the left and which to the right of the operator.
In Ruby 1.9, doing so has a special side effect involving named capturing groups.
Recipe 3.9 explains this.

In all the other Ruby code snippets in this book, we place the subject
string to the left of the =~ operator and the regular expression to the
right. This maintains consistency with Perl, from which Ruby borrowed
the =~ syntax, and avoids the Ruby 1.9 magic with named capturing
groups that people might not expect.

See Also
Recipes 3.6 and 3.7

3.6  Test Whether a Regex Matches the Subject String Entirely
Problem
You want to check whether a string fits a certain pattern in its entirety. That is, you
want to check that the regular expression holding the pattern can match the string from
start to end. For instance, if your regex is ‹regex●pattern›, it will match input text
consisting of regex pattern but not the longer string The regex pattern can be found.

Solution

C#

For quick one-off tests, you can use the static call:

bool foundMatch = Regex.IsMatch(subjectString, @"\Aregex pattern\Z");
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To use the same regex repeatedly, construct a Regex object:

Regex regexObj = new Regex(@"\Aregex pattern\Z");
bool foundMatch = regexObj.IsMatch(subjectString);

VB.NET

For quick one-off tests, you can use the static call:

Dim FoundMatch = Regex.IsMatch(SubjectString, "\Aregex pattern\Z")

To use the same regex repeatedly, construct a Regex object:

Dim RegexObj As New Regex("\Aregex pattern\Z")
Dim FoundMatch = RegexObj.IsMatch(SubjectString)

The IsMatch() call should have SubjectString as the only parameter, and the call should
be made on the RegexObj instance rather than the Regex class:

Dim FoundMatch = RegexObj.IsMatch(SubjectString)

Java

If you want to test just one string, you can use the static call:

boolean foundMatch = subjectString.matches("regex pattern");

If you want to use the same regex on multiple strings, compile your regex and create a
matcher:

Pattern regex = Pattern.compile("regex pattern");
Matcher regexMatcher = regex.matcher(subjectString);
boolean foundMatch = regexMatcher.matches(subjectString);

JavaScript
if (/^regex pattern$/.test(subject)) {
    // Successful match
} else {
    // Match attempt failed
}

PHP
if (preg_match('/\Aregex pattern\Z/', $subject)) {
    # Successful match
} else {
    # Match attempt failed
}
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Perl
if ($subject =~ m/\Aregex pattern\Z/) {
    # Successful match
} else {
    # Match attempt failed
}

Python

For quick one-off tests, you can use the global function:

if re.match(r"regex pattern\Z", subject):
    # Successful match
else:
    # Match attempt failed

To use the same regex repeatedly, use a compiled object:

reobj = re.compile(r"regex pattern\Z")
if reobj.match(subject):
    # Successful match
else:
    # Match attempt failed

Ruby
if subject =~ /\Aregex pattern\Z/
    # Successful match
else
    # Match attempt failed
end

Discussion
Normally, a successful regular expression match tells you that the pattern you want is
somewhere within the subject text. In many situations you also want to make sure it
completely matches, with nothing else in the subject text. Probably the most common
situation calling for a complete match is validating input. If a user enters a phone num-
ber or IP address but includes extraneous characters, you want to reject the input.

The solutions that use the anchors ‹$› and ‹\Z› also work when you’re processing a file
line by line (Recipe 3.21), and the mechanism you’re using to retrieve the lines leaves
the line breaks at the end of the line. As Recipe 2.5 explains, these anchors also match
before a final line break, essentially allowing the final line break to be ignored.

In the following subsections, we explain the solutions for various languages in detail.
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C# and VB.NET

The Regex() class in the .NET framework does not have a function for testing whether
a regex matches a string entirely. The solution is to add the start-of-string anchor ‹\A›
to the start of your regular expression, and the end-of-string anchor ‹\Z› to the end of
your regular expression. This way, the regular expression can only match a string either
in its entirety or not at all. If your regular expression uses alternation, as in ‹one|two|
three›, make sure to group the alternation before adding the anchors: ‹\A(?:one|two|
three)\Z›.
With your regular expression amended to match whole strings, you can use the same
IsMatch() method as described in the previous recipe.

Java

Java has three methods called matches(). They all check whether a regex can match a
string entirely. These methods are a quick way to do input validation, without having
to enclose your regex with start-of-string and end-of-string anchors.

The String class has a matches() method that takes a regular expression as the only
parameter. It returns true or false to indicate whether the regex can match the whole
string. The Pattern class has a static matches() method, which takes two strings: the
first is the regular expression, and the second is the subject string. Actually, you can
pass any CharSequence as the subject string to Pattern.matches(). That’s the only reason
for using Pattern.matches() instead of String.matches().

Both String.matches()and Pattern.matches()recompile the regular expression each
time by calling Pattern.compile("regex").matcher(subjectString).matches(). Be-
cause the regex is recompiled each time, you should use these calls only when you want
to use the regex only once (e.g., to validate one field on an input form) or when efficiency
is not an issue. These methods don’t provide a way to specify matching options outside
of the regular expression. A PatternSyntaxException is thrown if your regular expres-
sion has a syntax error.

If you want to use the same regex to test many strings efficiently, you should compile
your regex and create and reuse a Matcher, as explained in Recipe 3.3. Then call
matches() on your Matcher instance. This function does not take any parameters, be-
cause you’ve already specified the subject string when creating or resetting the matcher.

JavaScript

JavaScript does not have a function for testing whether a regex matches a string entirely.
The solution is to add ‹^› to the start of your regular expression, and ‹$› to the end of
your regular expression. Make sure that you do not set the /m flag for your regular
expression. Only without /m do the caret and dollar match only at the start and end of
the subject string. When you set /m, they also match at line breaks in the middle of the
string.
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With the anchors added to your regular expression, you can use the same
regexp.test() method described in the previous recipe.

PHP

PHP does not have a function for testing whether a regex matches a string entirely. The
solution is to add the start-of-string anchor ‹\A› to the start of your regular expression,
and the end-of-string anchor ‹\Z› to the end of your regular expression. This way, the
regular expression can only match a string either in its entirety or not at all. If your
regular expression uses alternation, as in ‹one|two|three›, make sure to group the al-
ternation before adding the anchors: ‹\A(?:one|two|three)\Z›.
With your regular expression amended to match whole strings, you can use the same
preg_match() function as described in the previous recipe.

Perl

Perl has only one pattern-matching operator, which is satisfied with partial matches. If
you want to check whether your regex matches the whole subject string, add the
start-of-string anchor ‹\A› to the start of your regular expression, and the end-of-string
anchor ‹\Z› to the end of your regular expression. This way, the regular expression can
only match a string either in its entirety or not at all. If your regular expression uses
alternation, as in ‹one|two|three›, make sure to group the alternation before adding
the anchors: ‹\A(?:one|two|three)\Z›.
With your regular expression amended to match whole strings, use it as described in
the previous recipe.

Python

The match() function is very similar to the search() function described in the previous
recipe. The key difference is that match() evaluates the regular expression only at the
very beginning of the subject string. If the regex does not match at the start of the string,
match() returns None right away. The search() function, however, will keep trying the
regex at each successive position in the string until it either finds a match or reaches
the end of the subject string.

The match() function does not require the regular expression to match the whole string.
A partial match is accepted, as long as it begins at the start of the string. If you want to
check whether your regex can match the whole string, append the end-of-string anchor
‹\Z› to your regular expression.

Ruby

Ruby’s Regexp class does not have a function for testing whether a regex matches a
string entirely. The solution is to add the start-of-string anchor ‹\A› to the start of your
regular expression, and the end-of-string anchor ‹\Z› to the end of your regular
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expression. This way, the regular expression can only match a string either in its entirety
or not at all. If your regular expression uses alternation, as in ‹one|two|three›, make
sure to group the alternation before adding the anchors: ‹\A(?:one|two|three)\Z›.
With your regular expression amended to match whole strings, you can use the same
=~ operator as described in the previous recipe.

See Also
Recipe 2.5 explains in detail how anchors work.

Recipes 2.8 and 2.9 explain alternation and grouping. If your regex uses alternation
outside of any groups, you need to group your regex before adding the anchors. If your
regex does not use alternation, or if it uses alternation only within groups, then no extra
grouping is needed to make the anchors work as intended.

Follow Recipe 3.7 when partial matches are acceptable.

3.7  Retrieve the Matched Text
Problem
You have a regular expression that matches a part of the subject text, and you want to
extract the text that was matched. If the regular expression can match the string more
than once, you want only the first match. For example, when applying the regex
‹\d+› to the string Do you like 13 or 42?, 13 should be returned.

Solution

C#

For quick one-off matches, you can use the static call:

string resultString = Regex.Match(subjectString, @"\d+").Value;

If the regex is provided by the end user, you should use the static call with full exception
handling:

string resultString = null;
try {
    resultString = Regex.Match(subjectString, @"\d+").Value;
} catch (ArgumentNullException ex) {
    // Cannot pass null as the regular expression or subject string
} catch (ArgumentException ex) {
    // Syntax error in the regular expression
}

To use the same regex repeatedly, construct a Regex object:
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Regex regexObj = new Regex(@"\d+");
string resultString = regexObj.Match(subjectString).Value;

If the regex is provided by the end user, you should use the Regex object with full
exception handling:

string resultString = null;
try {
    Regex regexObj = new Regex(@"\d+");
    try {
        resultString = regexObj.Match(subjectString).Value;
    } catch (ArgumentNullException ex) {
        // Cannot pass null as the subject string
    }
} catch (ArgumentException ex) {
    // Syntax error in the regular expression
}

VB.NET

For quick one-off matches, you can use the static call:

Dim ResultString  = Regex.Match(SubjectString, "\d+").Value

If the regex is provided by the end user, you should use the static call with full exception
handling:

Dim ResultString As String = Nothing
Try
    ResultString = Regex.Match(SubjectString, "\d+").Value
Catch ex As ArgumentNullException
    'Cannot pass Nothing as the regular expression or subject string
Catch ex As ArgumentException
    'Syntax error in the regular expression
End Try

To use the same regex repeatedly, construct a Regex object:

Dim RegexObj As New Regex("\d+")
Dim ResultString = RegexObj.Match(SubjectString).Value

If the regex is provided by the end user, you should use the Regex object with full
exception handling:

Dim ResultString As String = Nothing
Try
    Dim RegexObj As New Regex("\d+")
    Try
        ResultString = RegexObj.Match(SubjectString).Value
    Catch ex As ArgumentNullException
        'Cannot pass Nothing as the subject string
    End Try
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Catch ex As ArgumentException
    'Syntax error in the regular expression
End Try

Java

Create a Matcher to run the search and store the result:

String resultString = null;
Pattern regex = Pattern.compile("\\d+");
Matcher regexMatcher = regex.matcher(subjectString);
if (regexMatcher.find()) {
    resultString = regexMatcher.group();
}

If the regex is provided by the end user, you should use full exception handling:

String resultString = null;
try {
    Pattern regex = Pattern.compile("\\d+");
    Matcher regexMatcher = regex.matcher(subjectString);
    if (regexMatcher.find()) {
        resultString = regexMatcher.group();
    }
} catch (PatternSyntaxException ex) {
    // Syntax error in the regular expression
}

JavaScript
var result = subject.match(/\d+/);
if (result) {
    result = result[0];
} else {
    result = '';
}

PHP
if (preg_match('/\d+/', $subject, $groups)) {
    $result = $groups[0];
} else {
    $result = '';
}

Perl
if ($subject =~ m/\d+/) {
    $result = $&;
} else {

134 | Chapter 3: Programming with Regular Expressions



    $result = '';
}

Python

For quick one-off matches, you can use the global function:

matchobj = re.search("regex pattern", subject)
if matchobj:
    result = matchobj.group()
else:
    result = ""

To use the same regex repeatedly, use a compiled object:

reobj = re.compile("regex pattern")
matchobj = reobj.search(subject)
if match:
    result = matchobj.group()
else:
    result = ""

Ruby

You can use the =~ operator and its magic $& variable:

if subject =~ /regex pattern/
    result = $&
else
    result = ""
end

Alternatively, you can call the match method on a Regexp object:

matchobj = /regex pattern/.match(subject)
if matchobj
    result = matchobj[0]
else
    result = ""
end

Discussion
Extracting the part of a longer string that fits the pattern is another prime job for regular
expressions. All programming languages discussed in this book provide an easy way to
get the first regular expression match from a string. The function will attempt the reg-
ular expression at the start of the string and continue scanning through the string until
the regular expression matches.
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.NET

The .NET Regex class does not have a member that returns the string matched by the
regular expression. But it does have a Match() method that returns an instance of the
Match class. This Match object has a property called Value, which holds the text matched
by the regular expression. If the regular expression fails to match, it still returns a
Match object, but the Value property holds an empty string.

A total of five overloads allows you to call the Match() method in various ways. The
first parameter is always the string that holds the subject text in which you want the
regular expression to find a match. This parameter should not be null. Otherwise,
Match() will throw an ArgumentNullException.

If you want to use the regular expression only a few times, you can use a static call. The
second parameter is then the regular expression you want to use. You can pass regex
options as an optional third parameter. If your regular expression has a syntax error,
an ArgumentException will be thrown.

If you want to use the same regular expression on many strings, you can make your
code more efficient by constructing a Regex object first and then calling Match() on that
object. The first parameter with the subject string is then the only required parameter.
You can specify an optional second parameter to indicate the character index at which
the regular expression should begin to search. Essentially, the number you pass as the
second parameter is the number of characters at the start of your subject string that the
regular expression should ignore. This can be useful when you’ve already processed
the string up to a point and want to search the remainder of the string. If you specify
this number, it must be in the range from zero to the length of the subject string. Oth-
erwise, IsMatch() throws an ArgumentOutOfRangeException.

If you specify the second parameter with the starting position, you can specify a third
parameter that indicates the length of the substring the regular expression is allowed
to search through. This number must be greater than or equal to zero and must not
exceed the length of the subject string (first parameter) minus the starting offset (second
parameter). For instance, regexObj.Match("123456", 3, 2) tries to find a match in
"45". If the third parameter is greater than the length of the subject string, Match()
throws an ArgumentOutOfRangeException. If the third parameter is not greater than the
length of the subject string, but the sum of the second and third parameters is greater
than the length of the string, then another IndexOutOfRangeException is thrown. If you
allow the user to specify starting and ending positions, either check them before calling
Match() or make sure to catch both out-of-range exceptions.

The static overloads do not allow for the parameters that specify which part of the string
the regular expression can search through.
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Java

To get the part of a string matched by a regular expression, you need to create a
Matcher, as explained in Recipe 3.3. Then call the find() method on your matcher,
without any parameters. If find() returns true, call group() without any parameters to
retrieve the text matched by your regular expression. If find() returns false, you should
not call group(), as all you’ll get is an IllegalStateException.

Matcher.find() takes one optional parameter with the starting position in the subject
string. You can use this to begin the search at a certain position in the string.
Specify zero to begin the match attempt at the start of the string. An IndexOutOf
BoundsException is thrown if you set the starting position to a negative number, or to
a number greater than the length of the subject string.

If you omit the parameter, find() starts at the character after the previous match found
by find(). If you’re calling find() for the first time after Pattern.matcher() or
Matcher.reset(), then find() begins searching at the start of the string.

JavaScript

The string.match() method takes a regular expression as its only parameter. You can
pass the regular expression as a literal regex, a regular expression object, or as a string.
If you pass a string, string.match() creates a temporary regexp object.

When the match attempt fails, string.match() returns null. This allows you to differ-
entiate between a regex that finds no matches, and a regex that finds a zero-length
match. It does mean that you cannot directly display the result, as “null” or an error
about a null object may appear.

When the match attempt succeeds, string.match() returns an array with the details of
the match. Element zero in the array is a string that holds the text matched by the regular
expression.

Make sure that you do not add the /g flag to your regular expression. If you do,
string.match() behaves differently, as Recipe 3.10 explains.

PHP

The preg_match() function discussed in the previous two recipes takes an optional third
parameter to store the text matched by the regular expression and its capturing groups.
When preg_match() returns 1, the variable holds an array of strings. Element zero in
the array holds the overall regular expression match. The other elements are explained
in Recipe 3.9.
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Perl

When the pattern-matching operator m// finds a match, it sets several special variables.
One of those is the $& variable, which holds the part of the string matched by the regular
expression. The other special variables are explained in later recipes.

Python

Recipe 3.5 explains the search() function. This time, we store the MatchObject instance
returned by search() into a variable. To get the part of the string matched by the regular
expression, we call the group() method on the match object without any parameters.

Ruby

Recipe 3.8 explains the $~ variable and the MatchData object. In a string context, this
object evaluates to the text matched by the regular expression. In an array context, this
object evaluates to an array with element number zero holding the overall regular ex-
pression match.

$& is a special read-only variable. It is an alias for $~[0], which holds a string with the
text matched by the regular expression.

See Also
Recipes 3.5, 3.8, 3.9, 3.10, and 3.11

3.8  Determine the Position and Length of the Match
Problem
Instead of extracting the substring matched by the regular expression, as shown in the
previous recipe, you want to determine the starting position and length of the match.
With this information, you can extract the match in your own code or apply whatever
processing you fancy on the part of the original string matched by the regex.

Solution

C#

For quick one-off matches, you can use the static call:

int matchstart, matchlength = -1;
Match matchResult = Regex.Match(subjectString, @"\d+");
if (matchResult.Success) {
    matchstart = matchResult.Index;
    matchlength = matchResult.Length;
}
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To use the same regex repeatedly, construct a Regex object:

int matchstart, matchlength = -1;
Regex regexObj = new Regex(@"\d+");
Match matchResult = regexObj.Match(subjectString).Value;
if (matchResult.Success) {
    matchstart = matchResult.Index;
    matchlength = matchResult.Length;
}

VB.NET

For quick one-off matches, you can use the static call:

Dim MatchStart = -1
Dim MatchLength = -1
Dim MatchResult = Regex.Match(SubjectString, "\d+")
If MatchResult.Success Then
    MatchStart = MatchResult.Index
    MatchLength = MatchResult.Length
End If

To use the same regex repeatedly, construct a Regex object:

Dim MatchStart = -1
Dim MatchLength = -1
Dim RegexObj As New Regex("\d+")
Dim MatchResult = Regex.Match(SubjectString, "\d+")
If MatchResult.Success Then
    MatchStart = MatchResult.Index
    MatchLength = MatchResult.Length
End If

Java
int matchStart, matchLength = -1;
Pattern regex = Pattern.compile("\\d+");
Matcher regexMatcher = regex.matcher(subjectString);
if (regexMatcher.find()) {
    matchStart = regexMatcher.start();
    matchLength = regexMatcher.end() - matchStart;
}

JavaScript
var matchstart = -1;
var matchlength = -1;
var match = /\d+/.exec(subject);
if (match) {
    matchstart = match.index;
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    matchlength = match[0].length;
}

PHP
if (preg_match('/\d+/', $subject, $groups, PREG_OFFSET_CAPTURE)) {
    $matchstart = $groups[0][1];
    $matchlength = strlen($groups[0][0]);
}

Perl
if ($subject =~ m/\d+/g) {
    $matchlength = length($&);
    $matchstart = length($`);
}

Python

For quick one-off matches, you can use the global function:

matchobj = re.search(r"\d+", subject)
if matchobj:
    matchstart = matchobj.start()
    matchlength = matchobj.end() - matchstart

To use the same regex repeatedly, use a compiled object:

reobj = re.compile(r"\d+")
matchobj = reobj.search(subject)
if matchobj:
    matchstart = matchobj.start()
    matchlength = matchobj.end() - matchstart

Ruby

You can use the =~ operator and its magic $~ variable:

if subject =~ /regex pattern/
    matchstart = $~.begin()
    matchlength = $~.end() - matchstart
end

Alternatively, you can call the match method on a Regexp object:

matchobj = /regex pattern/.match(subject)
if matchobj
    matchstart = matchobj.begin()
    matchlength = matchobj.end() - matchstart
end
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Discussion

.NET

To get the match index and length, we use the same Regex.Match() method described
in the previous recipe. This time, we use the Index and Length properties of the Match
object returned by Regex.Match().

Index is the index in the subject string at which the regex match begins. If the regex
match begins at the start of the string, Index will be zero. If the match starts at the
second character in the string, Index will be one. The maximum value for Index is
the length of the string. That can happen when the regex finds a zero-length match at
the end of the string. For example, the regex consisting solely of the end-of-string anchor
‹\Z› always matches at the end of the string.

Length indicates the number of characters that were matched. It is possible for a valid
match to be zero characters long. For example, the regex consisting only of the word
boundary ‹\b› will find a zero-length match at the start of the first word in the string.

If the match attempt fails, Regex.Match() still returns a Match object. Its Index and
Length properties will both be zero. These values can also happen with a successful
match. The regex consisting of the start-of-string anchor ‹\A› will find a zero-length
match at the start of the string. Thus, you cannot rely on Match.Index
or Match.Length to indicate whether the match attempt was successful. Use
Match.Success instead.

Java

To get the position and length of the match, call Matcher.find() as described in the
previous recipe. When find() returns true, call Matcher.start() without any parame-
ters to obtain the index of the first character that is part of the regex match. Call
end() without any parameters to get the index of the first character after the match.
Subtract the start from the end to get the length of the match, which can be zero. If you
call start() or end() without a prior call to find(), you’ll get an IllegalStateException.

JavaScript

Call the exec() method on a regexp object to get an array with details about the match.
This array has a few additional properties. The index property stores the position in
the subject string at which the regex match begins. If the match begins at the start of
the string, index will be zero. Element zero in the array holds a string with the overall
regex match. Get the length property of that string to determine the length of the match.

If the regular expression cannot match the string at all, regexp.exec() returns null.

Do not use the lastIndex property of the array returned by exec() to determine the
ending position of the match. In a strict JavaScript implementation, the lastIndex does
not exist in the returned array at all, but only in the regexp object itself. You shouldn’t
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use regexp.lastIndex either. It is unreliable, due to cross-browser differences (see Rec-
ipe 3.11 for more details). Instead, simply add up match.index and match[0].length to
determine where the regex match ended.

PHP

The previous recipe explains how you can get the text matched by the regular expres-
sion by passing a third parameter to preg_match(). You can get the position of the match
by passing the constant PREG_OFFSET_CAPTURE as a fourth parameter. This parameter
changes what preg_match() stores in the third parameter when it returns 1.

When you either omit the fourth parameter or set it to zero, the variable passed as the
third parameter receives an array of strings. When you pass PREG_OFFSET_CAPTURE as the
fourth parameter, the variable receives an array of arrays. Element zero in the overall
array is still the overall match (see the preceding recipe), and elements one and beyond
are still capturing groups one and beyond (see the next recipe). But instead of holding
a string with the text matched by the regex or a capturing group, the element holds an
array with two values: the text that was matched and the position in the string at which
it was matched.

To get the details of the overall match, subelement zero of element zero gives us the
text matched by the regex. We pass this to the strlen() function to calculate its length.
Subelement one of element zero holds an integer with the position in the subject string
at which the match starts.

Perl

To get the length of the match, we simply calculate the length of the $& variable, which
holds the overall regular expression match. To get the start of the match, we calculate
the length of the $` variable, which holds the text in the string before the regex match.

Python

The start() method of MatchObject returns the position in the string at which the
regular expression match begins. The end() method returns the position of the first
character after the match. Both methods return the same value when a zero-length
regular expression match is found.

You can pass a parameter to start() and end() to retrieve the range of text matched by
one of the capturing groups in the regular expressions. Call start(1) for the first cap-
turing group, end(2) for the second group, and so on. Python supports up to 99 cap-
turing groups. Group number 0 is the overall regular expression match. Any number
other than zero up to the number of capturing groups in the regular expression (with
99 being the ceiling) causes start() and end() to raise an IndexError exception. If the
group number is valid but the group did not participate in the regex match, start()
and end() both return -1 for that group.
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If you want to store both the starting and ending positions in a tuple, call the span()
method on the match object.

Ruby

Recipe 3.5 uses the =~ operator to find the first regex match in a string. A side effect of
this operator is that it fills the special $~ variable with an instance of the MatchData class.
This variable is thread-local and method-local. That means you can use the contents
of this variable until your method exits or until the next time you use the =~ operator
in your method, without worrying that another thread or another method in your
thread will overwrite it.

If you want to keep the details of multiple regex matches, call the match() method on
a Regexp object. This method takes a subject string as its only parameter. It returns a
MatchData instance when a match can be found, or nil otherwise. It also sets the =~
variable to the same MatchObject instance, but does not overwrite other MatchObject
instances stored in other variables.

The MatchData object stores all the details about a regular expression match. Recipes
3.7 and 3.9 explain how to get the text matched by the regular expression and by
capturing groups.

The begin() method returns the position in the subject string at which the regex match
begins. end() returns the position of the first character after the regex match.
offset() returns an array with the beginning and ending positions. These three meth-
ods take one parameter. Pass 0 to get the positions of the overall regex match, or pass
a positive number to get the positions of the specified capturing group. For example,
begin(1) returns the start of the first capturing group.

Do not use length() or size() to get the length of the match. Both these methods return
the number of elements in the array that MatchData evaluates to in array context, as
explained in Recipe 3.9.

See Also
Recipes 3.5 and 3.9

3.9  Retrieve Part of the Matched Text
Problem
As in Recipe 3.7, you have a regular expression that matches a substring of the subject
text, but this time you want to match just one part of that substring. To isolate the part
you want, you added a capturing group to your regular expression, as described in
Recipe 2.9.
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For example, the regular expression ‹http://([a-z0-9.-]+)› matches http://
www.regexcookbook.com in the string Please visit http://www.regexcookbook.com for
more information. The part of the regex inside the first capturing group matches
www.regexcookbook.com, and you want to retrieve the domain name captured by the first
capturing group into a string variable.

We’re using this simple regex to illustrate the concept of capturing groups. See Chap-
ter 7 for more accurate regular expressions for matching URLs.

Solution

C#

For quick one-off matches, you can use the static call:

string resultString = Regex.Match(subjectString,
                      "http://([a-z0-9.-]+)").Groups[1].Value;

To use the same regex repeatedly, construct a Regex object:

Regex regexObj = new Regex("http://([a-z0-9.-]+)");
string resultString = regexObj.Match(subjectString).Groups[1].Value;

VB.NET

For quick one-off matches, you can use the static call:

Dim ResultString = Regex.Match(SubjectString,
                   "http://([a-z0-9.-]+)").Groups(1).Value

To use the same regex repeatedly, construct a Regex object:

Dim RegexObj As New Regex("http://([a-z0-9.-]+)")
Dim ResultString = RegexObj.Match(SubjectString).Groups(1).Value

Java
String resultString = null;
Pattern regex = Pattern.compile("http://([a-z0-9.-]+)");
Matcher regexMatcher = regex.matcher(subjectString);
if (regexMatcher.find()) {
    resultString = regexMatcher.group(1);
}

JavaScript
var result = "";
var match = /http:\/\/([a-z0-9.-]+)/.exec(subject);
if (match) {
    result = match[1];
} else {

144 | Chapter 3: Programming with Regular Expressions



    result = '';
}

PHP
if (preg_match('%http://([a-z0-9.-]+)%', $subject, $groups)) {
    $result = $groups[1];
} else {
    $result = '';
}

Perl
if ($subject =~ m!http://([a-z0-9.-]+)!) {
    $result = $1;
} else {
    $result = '';
}

Python

For quick one-off matches, you can use the global function:

matchobj = re.search("http://([a-z0-9.-]+)", subject)
if matchobj:
    result = matchobj.group(1)
else:
    result = ""

To use the same regex repeatedly, use a compiled object:

reobj = re.compile("http://([a-z0-9.-]+)")
matchobj = reobj.search(subject)
if match:
    result = matchobj.group(1)
else:
    result = ""

Ruby

You can use the =~ operator and its magic numbered variables, such as $1:

if subject =~ %r!http://([a-z0-9.-]+)!
    result = $1
else
    result = ""
end

Alternatively, you can call the match method on a Regexp object:

matchobj = %r!http://([a-z0-9.-]+)!.match(subject)
if matchobj
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    result = matchobj[1]
else
    result = ""
end

Discussion
Recipe 2.10 and Recipe 2.21 explain how you can use numbered backreferences in the
regular expression and the replacement text to match the same text again, or to insert
part of the regex match into the replacement text. You can use the same reference
numbers to retrieve the text matched by one or more capturing groups in your code.

In regular expressions, capturing groups are numbered starting at one. Programming
languages typically start numbering arrays and lists at zero. All programming languages
discussed in this book that store capturing groups in an array or list use the same
numbering for capturing groups as the regular expression, starting at one. The zeroth
element in the array or list is used to store the overall regular expression match. This
means that if your regular expression has three capturing groups, the array storing their
matches will have four elements. Element zero holds the overall match, and elements
one, two, and three store the text matched by the three capturing groups.

.NET

To retrieve details about capturing groups, we again resort to the Regex.Match() mem-
ber function, first explained in Recipe 3.7. The returned Match object has a property
called Groups. This is a collection property of type GroupCollection. The collection
holds the details for all the capturing groups in your regular expression. Groups[1] holds
the details for the first capturing group, Groups[2] the second group, and so on.

The Groups collection holds one Group object for each capturing group. The Group class
has the same properties as the Match class, except for the Groups property.
Match.Groups[1].Value returns the text matched by the first capturing group, in the
same way that Match.Value returns the overall regex match. Match.Groups[1].Index and
Match.Groups[1].Length return the starting position and length of the text matched by
the group. See Recipe 3.8 for more details on Index and Length.

Groups[0] holds the details for the overall regex match, which are also held by the match
object directly. Match.Value and Match.Groups[0].Value are equivalent.

The Groups collection does not throw an exception if you pass an invalid group number.
For example, Groups[-1] still returns a Group object, but the properties of that Group
object will indicate that the fictional capturing group -1 failed to match. The best way
to test this is to use the Success property. Groups[-1].Success will return false.

To determine how many capturing groups there are, check Match.Groups.Count. The
Count property follows the same convention as the Count property for all collection
objects in .NET: it returns the number of elements in the collection, which is the highest
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allowed index plus one. In our example, the Groups collection holds Groups[0] and
Groups[1]. Groups.Count thus returns 2.

Java

The code for getting either the text matched by a capturing group or the match details
of a capturing group is practically the same as that for the whole regex match, as shown
in the preceding two recipes. The group(), start() and end(), methods of the Matcher
class all take one optional parameter. Without this parameter, or with this parameter
set to zero, you get the match or positions of the whole regex match.

If you pass a positive number, you get the details of that capturing group. Groups are
numbered starting at one, just like backreferences in the regular expression itself. If you
specify a number higher than the number of capturing groups in your regular expres-
sion, these three functions throw an IndexOutOfBoundsException. If the capturing group
exists but did not participate in the match, group(n) returns null, whereas start() and
end() both return -1.

JavaScript

As explained in the previous recipe, the exec() method of a regular expression object
returns an array with details about the match. Element zero in the array holds the overall
regex match. Element one holds the text matched by the first capturing group, element
two stores the second group’s match, etc.

If the regular expression cannot match the string at all, regexp.exec() returns null.

PHP

Recipe 3.7 explains how you can get the text matched by the regular expression by
passing a third parameter to preg_match(). When preg_match() returns 1, the parameter
is filled with an array. Element zero holds a string with the overall regex match.

Element one holds the text matched by the first capturing group, element two the text
from the second group, and so on. The length of the array is the number of capturing
groups plus one. Array indexes correspond to backreference numbers in the regular
expression.

If you specify the PREG_OFFSET_CAPTURE constant as the fourth parameter, as explained
in the previous recipe, then the length of the array is still the number of capturing groups
plus one. But instead of holding a string at each index, the array will hold subarrays
with two elements. Subelement zero is the string with the text matched by the overall
regex or the capturing group. Subelement one is an integer that indicates the position
in the subject string at which the matched text starts.
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Perl

When the pattern-matching operator m// finds a match, it sets several special variables.
Those include the numbered variables $1, $2, $3, etc., which hold the part of the string
matched by the capturing groups in the regular expression.

Python

The solution to this problem is almost identical to the one in Recipe 3.7. Instead of
calling group() without any parameters, we specify the number of the capturing group
we’re interested in. Call group(1) to get the text matched by the first capturing group,
group(2) for the second group, and so on. Python supports up to 99 capturing
groups. Group number 0 is the overall regular expression match. If you pass a number
greater than the number of capturing groups in your regular expression, then group()
raises an IndexError exception. If the group number is valid but the group did not
participate in the regex match, group() returns None.

You can pass multiple group numbers to group() to get the text matched by several
capturing groups in one call. The result will be a list of strings.

If you want to retrieve a tuple with the text matched by all the capturing groups, you
can call the groups() method of MatchObject. The tuple will hold None for groups that
did not participate in the match. If you pass a parameter to groups(), that value is used
instead of None for groups that did not participate in the match.

If you want a dictionary instead of a tuple with the text matched by the capturing
groups, call groupdict() instead of groups(). You can pass a parameter to
groupdict() to put something other than None in the dictionary for groups that did not
participate in the match.

Ruby

Recipe 3.8 explains the $~ variable and the MatchData object. In an array context, this
object evaluates to an array with the text matched by all the capturing groups in your
regular expression. Capturing groups are numbered starting at 1, just like backrefer-
ences in the regular expression. Element 0 in the array holds the overall regular ex-
pression match.

$1, $2, and beyond are special read-only variables. $1 is a shortcut to $~[1], which holds
the text matched by the first capturing group. $2 retrieves the second group, and so on.

Named Capture
If your regular expression uses named capturing groups, you can use the group’s name
to retrieve its match in your code.
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C#

For quick one-off matches, you can use the static call:

string resultString = Regex.Match(subjectString,
               "http://(?<domain>[a-z0-9.-]+)").Groups["domain"].Value;

To use the same regex repeatedly, construct a Regex object:

Regex regexObj = new Regex("http://(?<domain>[a-z0-9.-]+)");
string resultString = regexObj.Match(subjectString).Groups["domain"].Value;

In C#, there’s no real difference in the code for getting the Group object for a named
group compared with a numbered group. Instead of indexing the Groups collection with
an integer, index it with a string. Also in this case, .NET will not throw an exception if
the group does not exist. Match.Groups["nosuchgroup"].Success merely returns false.

VB.NET

For quick one-off matches, you can use the static call:

Dim ResultString = Regex.Match(SubjectString,
                   "http://(?<domain>[a-z0-9.-]+)").Groups("domain").Value

To use the same regex repeatedly, construct a Regex object:

Dim RegexObj As New Regex("http://(?<domain>[a-z0-9.-]+)")
Dim ResultString = RegexObj.Match(SubjectString).Groups("domain").Value

In VB.NET, there’s no real difference in the code for getting the Group object for a named
group compared with a numbered group. Instead of indexing the Groups collection with
an integer, index it with a string. Also in this case, .NET will not throw an exception if
the group does not exist. Match.Groups("nosuchgroup").Success merely returns False.

PHP
if (preg_match('%http://(?P<domain>[a-z0-9.-]+)%', $subject, $groups)) {
    $result = $groups['domain'];
} else {
    $result = '';
}

If your regular expression has named capturing groups, then the array assigned to
$groups is an associative array. The text matched by each named capturing group is
added to the array twice. You can retrieve the matched text by indexing the array with
either the group’s number or the group’s name. In the code sample, $groups[0] stores
the overall regex match, whereas both $groups[1] and $groups['domain'] store the text
matched by the regular expression’s only capturing group.
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Perl
if ($subject =~ '!http://(?<domain>[a-z0-9.-]+)%!) {
    $result = $+{'domain'};
} else {
    $result = '';
}

Perl supports named capturing groups starting with version 5.10. The $+ hash stores
the text matched by all named capturing groups. Perl numbers named groups along
with numbered groups. In this example, both $1 and $+{name} store the text matched
by the regular expression’s only capturing group.

Python
matchobj = re.search("http://(?P<domain>[a-z0-9.-]+)", subject)
if matchobj:
    result = matchobj.group("domain")
else:
    result = ""

If your regular expression has named capturing groups, you can pass the group’s name
instead of its number to the group() method.

See Also
Recipe 2.9 explains numbered capturing groups.

Recipe 2.11 explains named capturing groups.

3.10  Retrieve a List of All Matches
Problem
All the preceding recipes in this chapter deal only with the first match that a regular
expression can find in the subject string. But in many cases, a regular expression that
partially matches a string can find another match in the remainder of the string. And
there may be a third match after the second, and so on. For example, the regex ‹\d+›
can find six matches in the subject string The lucky numbers are 7, 13, 16, 42, 65,
and 99: 7, 13, 16, 42, 65, and 99.

You want to retrieve the list of all substrings that the regular expression finds when it
is applied repeatedly to the remainder of the string, after each match.
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Solution

C#

You can use the static call when you process only a small number of strings with the
same regular expression:

MatchCollection matchlist = Regex.Matches(subjectString, @"\d+");

Construct a Regex object if you want to use the same regular expression with a large
number of strings:

Regex regexObj = new Regex(@"\d+");
MatchCollection matchlist = regexObj.Matches(subjectString);

VB.NET

You can use the static call when you process only a small number of strings with the
same regular expression:

Dim matchlist = Regex.Matches(SubjectString, "\d+")

Construct a Regex object if you want to use the same regular expression with a large
number of strings:

Dim RegexObj As New Regex("\d+")
Dim MatchList = RegexObj.Matches(SubjectString)

Java
List<String> resultList = new ArrayList<String>();
Pattern regex = Pattern.compile("\\d+");
Matcher regexMatcher = regex.matcher(subjectString);
while (regexMatcher.find()) {
    resultList.add(regexMatcher.group());
}

JavaScript
var list = subject.match(/\d+/g);

PHP
preg_match_all('/\d+/', $subject, $result, PREG_PATTERN_ORDER);
$result = $result[0];

Perl
@result = $subject =~ m/\d+/g;
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This only works for regular expressions that don’t have capturing groups, so use
noncapturing groups instead. See Recipe 2.9 for details.

Python

If you process only a small number of strings with the same regular expression, you can
use the global function:

result = re.findall(r"\d+", subject)

To use the same regex repeatedly, use a compiled object:

reobj = re.compile(r"\d+")
result = reobj.findall(subject)

Ruby
result = subject.scan(/\d+/)

Discussion

.NET

The Matches() method of the Regex class applies the regular expression repeatedly to
the string, until all matches have been found. It returns a MatchCollection object that
holds all the matches. The subject string is always the first parameter. This is the string
in which the regular expression will try to find a match. The first parameter must not
be null. Otherwise, Matches() will throw an ArgumentNullException.

If you want to get the regex matches in only a small number of strings, you can use the
static overload of Matches(). Pass your subject string as the first parameter and your
regular expression as the second paramater. You can pass regular expression options
as an optional third parameter.

If you’ll be processing many strings, construct a Regex object first, and use that to call
Matches(). The subject string is then the only required parameter. You can specify an
optional second parameter to indicate the character index at which the regular expres-
sion should begin the check. Essentially, the number you pass as the second parameter
is the number of characters at the start of your subject string that the regular expression
should ignore. This can be useful when you’ve already processed the string up to a
point and want to check whether the remainder should be processed further. If you
specify the number, it must be between zero and the length of the subject string. Oth-
erwise, IsMatch() throws an ArgumentOutOfRangeException.

The static overloads do not allow for the parameter that specifies where the regex at-
tempt should start in the string. There is no overload that allows you to tell
Matches() to stop before the end of the string. If you want to do that, you could call
Regex.Match("subject", start, stop) in a loop, as shown in the next recipe, and add
all the matches it finds to a list of your own.
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Java

Java does not provide a function that retrieves the list of matches for you. You can easily
do this in your own code by adapting Recipe 3.7. Instead of calling find() in an if
statement, do it in a while loop.

To use the List and ArrayList classes, as in the example, put import java.util.*; at
the start of your code.

JavaScript

This code calls string.match(), just like the JavaScript solution to Recipe 3.7. There is
one small but very important difference: the /g flag. Regex flags are explained in Rec-
ipe 3.4.

The /g flag tells the match() function to iterate over all matches in the string and put
them into an array. In the code sample, list[0] will hold the first regex match,
list[1] the second, and so on. Check list.length to determine the number of matches.
If no matches can be found at all, string.match returns null as usual.

The elements in the array are strings. When you use a regex with the /g flag,
string.match() does not provide any further details about the regular expression
match. If you want to get match details for all regex matches, iterate over the matches
as explained in Recipe 3.11.

PHP

All the previous PHP recipes used preg_match(), which finds the first regex match in a
string. preg_match_all() is very similar. The key difference is that it will find all matches
in the string. It returns an integer indicating the number of times the regex could match.

The first three parameters for preg_match_all() are the same as the first three for
preg_match(): a string with your regular expression, the string you want to search
through, and a variable that will receive an array with the results. The only differences
are that the third parameter is required and the array is always multidimensional.

For the fourth parameter, specify either the constant PREG_PATTERN_ORDER or
PREG_SET_ORDER. If you omit the fourth parameter, PREG_PATTERN_ORDER is the default.

If you use PREG_PATTERN_ORDER, you will get an array that stores the details of the overall
match at element zero, and the details of capturing groups one and beyond at elements
one and beyond. The length of the array is the number of capturing groups plus one.
This is the same order used by preg_match(). The difference is that instead of each
element holding a string with the only regex match found by preg_match(), each ele-
ment holds a subarray with all the matches found by preg_matches(). The length of
each subarray is the same as the value returned by preg_matches().

To get a list of all the regex matches in the string, discarding text matched by capturing
groups, specify PREG_PATTERN_ORDER and retrieve element zero in the array. If you’re
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only interested in the text matched by a particular capturing group, use
PREG_PATTERN_ORDER and the capturing group’s number. For example, specifying
$result[1] after calling preg_match('%http://([a-z0-9.-]+)%', $subject, $result)
gives you the list of domain names of all the URLs in your subject string.

PREG_SET_ORDER fills the array with the same strings, but in a different way. The length
of the array is the value returned by preg_matches(). Each element in the array is a
subarray, with the overall regex match in subelement zero and the capturing groups in
elements one and beyond. If you specify PREG_SET_ORDER, then $result[0] holds the
same array as if you had called preg_match().

You can combine PREG_OFFSET_CAPTURE with PREG_PATTERN_ORDER or PREG_SET_ORDER.
Doing so has the same effect as passing PREG_OFFSET_CAPTURE as the fourth parameter
to preg_match(). Instead of each element in the array holding a string, it will hold a two-
element array with the string and the offset at which that string occurs in the original
subject string.

Perl

Recipe 3.4 explains that you need to add the /g modifier to enable your regex to find
more than one match in the subject string. If you use a global regex in a list context, it
will find all the matches and return them. In this recipe, the list variable to the left of
the assignment operator provides the list context.

If the regular expression does not have any capturing groups, the list will contain the
overall regex matches. If the regular expression does have capturing groups, the list will
contain the text matched by all the capturing groups for each regex match. The overall
regex match is not included, unless you put a capturing group around the whole regex.
If you only want to get a list of overall regex matches, replace all capturing groups with
noncapturing groups. Recipe 2.9 explains both kinds of grouping.

Python

The findall() function in the re module searches repeatedly through a string to find
all matches of the regular expression. Pass your regular expression as the first parameter
and the subject string as the second parameter. You can pass the regular expression
options in the optional third parameter.

The re.findall() function calls re.compile(), and then calls the findall() method on
the compiled regular expression object. This method has only one required parameter:
the subject string.

The findall() method takes two optional parameters that the global re.findall()
function does not support. After the subject string, you can pass the character position
in the string at which findall() should begin its search. If you omit this parameter,
findall() processes the whole subject string. If you specify a starting position, you can
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also specify an ending position. If you don’t specify an ending position, the search runs
until the end of the string.

No matter how you call findall(), the result is always a list with all the matches that
could be found. If the regex has no capturing groups, you get a list of strings. If it does
have capturing groups, you get a list of tuples with the text matched by all the capturing
groups for each regex match.

Ruby

The scan() method of the String class takes a regular expression as its only parameter.
It iterates over all the regular expression matches in the string. When called without a
block, scan() returns an array of all regex matches.

If your regular expression does not contain any capturing groups, scan() returns an
array of strings. The array has one element for each regex match, holding the text that
was matched.

When there are capturing groups, scan() returns an array of arrays. The array has one
element for each regex match. Each element is an array with the text matched by each
of the capturing groups. Subelement zero holds the text matched by the first capturing
group, subelement one holds the second capturing group, etc. The overall regex match
is not included in the array. If you want the overall match to be included, enclose your
entire regular expression with an extra capturing group:

Ruby does not provide an option to make scan() return an array of strings when the
regex has capturing groups. Your only solution is to replace all named and numbered
capturing groups with noncapturing groups.

See Also
Recipes 3.7, 3.11, and 3.12

3.11  Iterate over All Matches
Problem
The previous recipe shows how a regex could be applied repeatedly to a string to get a
list of matches. Now you want to iterate over all the matches in your own code.

Solution

C#

You can use the static call when you process only a small number of strings with the
same regular expression:
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Match matchResult = Regex.Match(subjectString, @"\d+");
while (matchResult.Success) {
    // Here you can process the match stored in matchResult
    matchResult = matchResult.NextMatch();
}

Construct a Regex object if you want to use the same regular expression with a large
number of strings:

Regex regexObj = new Regex(@"\d+");
matchResult = regexObj.Match(subjectString);
while (matchResult.Success) {
    // Here you can process the match stored in matchResult
    matchResult = matchResult.NextMatch();
}

VB.NET

You can use the static call when you process only a small number of strings with the
same regular expression:

Dim MatchResult = Regex.Match(SubjectString, "\d+")
While MatchResult.Success
    'Here you can process the match stored in MatchResult
    MatchResult = MatchResult.NextMatch
End While

Construct a Regex object if you want to use the same regular expression with a large
number of strings:

Dim RegexObj As New Regex("\d+")
Dim MatchResult = RegexObj.Match(SubjectString)
While MatchResult.Success
    'Here you can process the match stored in MatchResult
    MatchResult = MatchResult.NextMatch
End While

Java
Pattern regex = Pattern.compile("\\d+");
Matcher regexMatcher = regex.matcher(subjectString);
while (regexMatcher.find()) {
    // Here you can process the match stored in regexMacher
}

JavaScript

If your regular expression may yield a zero-length match, or if you’re simply not sure
about that, make sure to work around cross-browser issues dealing with zero-length
matches and exec():
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var regex = /\d+/g;
var match = null;
while (match = regex.exec(subject)) {
  // Don't let browsers such as Firefox get stuck in an infinite loop
  if (match.index == regex.lastIndex) regex.lastIndex++;
  // Here you can process the match stored in the match variable
}

If you know for sure your regex can never find a zero-length match, you can iterate over
the regex directly:

var regex = /\d+/g;
var match = null;
while (match = regex.exec(subject)) {
  // Here you can process the match stored in the match variable
}

PHP
preg_match_all('/\d+/', $subject, $result, PREG_PATTERN_ORDER);
for ($i = 0; $i < count($result[0]); $i++) {
    # Matched text = $result[0][$i];
}

Perl
while ($subject =~ m/\d+/g) {
    # matched text = $&
}

Python

If you process only a small number of strings with the same regular expression, you can
use the global function:

for matchobj in re.finditer(r"\d+", subject):
    # Here you can process the match stored in the matchobj variable

To use the same regex repeatedly, use a compiled object:

reobj = re.compile(r"\d+")
for matchobj in reobj.finditer(subject):
    # Here you can process the match stored in the matchobj variable

Ruby
subject.scan(/\d+/) {|match|
    # Here you can process the match stored in the match variable
}
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Discussion

.NET

Recipe 3.7 explains how to use the Match() member function of the Regex class to
retrieve the first regular expression match in the string. To iterate over all matches in
the string, we again call the Match() function to retrieve the details of the first match.
The Match() function returns an instance of the Match class, which we store in the
variable matchResult. If the Success property of the matchResult object holds true, we
can begin our loop.

At the start of the loop, you can use the properties of the Match class to process the
details of the first match. Recipe 3.7 explains the Value property, Recipe 3.8 explains
the Index and Length properties, and Recipe 3.9 explains the Groups collection.

When you’re done with the first match, call the NextMatch() member function on the
matchResult variable. Match.NextMatch() returns an instance of the Match class, just like
Regex.Match() does. The newly returned instance holds the details of the second match.

Assigning the result from matchResult.NextMatch() to the same matchResult variable
makes it easy to iterate over all matches. We have to check matchResult.Success again
to see whether NextMatch() did in fact find another match. When NextMatch() fails, it
still returns a Match object, but its Success property will be set to false. By using a single
matchResult variable, we can combine the initial test for success and the test after the
call to NextMatch() into a single while statement.

Calling NextMatch() does not invalidate the Match object you called it on. If you want,
you could keep the full Match object for each regular expression match.

The NextMatch() method does not accept any parameters. It uses the same regular ex-
pression and subject string as you passed to the Regex.Match() method. The Match object
keeps references to your regular expression and subject string.

You can use the static Regex.Match() call, even when your subject string contains a very
large number of regex matches. Regex.Match() will compile your regular expression
once, and the returned Match object will hold a reference to the compiled regular ex-
pression. Match.MatchAgain() uses the previously compiled regular expression
referenced by the Match object, even when you used the static Regex.Match() call. You
need to instantiate the Regex class only if you want to call Regex.Match() repeatedly,
i.e., use the same regex on many strings.

Java

Iterating over all the matches in a string is very easy in Java. Simply call the find()
method introduced in Recipe 3.7 in a while loop. Each call to find() updates the
Matcher object with the details about the match and the starting position for the next
match attempt.

158 | Chapter 3: Programming with Regular Expressions



JavaScript

Before you begin, make sure to specify the /g flag if you want to use your regex in a
loop. This flag is explained in Recipe 3.4. while (regexp.exec()) finds all numbers
in the subject string when regexp = /\d+/g. If regexp = /\d+/, then while
(regexp.exec()) finds the first number in the string again and again, until your script
crashes or is forcibly terminated by the browser.

Note that while (/\d+/g.exec()) (looping over a literal regex with /g) also will get stuck
in the same infinite loop, at least with certain JavaScript implementations, because the
regular expression is recompiled during each iteration of the while loop. When the
regex is recompiled, the starting position for the match attempt is reset to the start of
the string. Assign the regular expression to a variable outside the loop, to make sure it
is compiled only once.

Recipes 3.8 and 3.9 explain the object returned by regexp.exec(). This object is the
same, regardless of whether you use exec() in a loop. You can do whatever you want
with this object.

The only effect of the /g is that it updates the lastIndex property of the regexp object
on which you’re calling exec(). This works even when you’re using a literal regular
expression, as shown in the second JavaScript solution for this recipe. Next time you
call exec(), the match attempt will begin at lastIndex. If you assign a new value to
lastIndex, the match attempt will begin at the position you specified.

There is, unfortunately, one major problem with lastIndex. If you read the
ECMA-262v3 standard for JavaScript literally, then exec() should set lastIndex to the
first character after the match. This means that if the match is zero characters long, the
next match attempt will begin at the position of the match just found, resulting in an
infinite loop.

All regular expression engines discussed in this book (except JavaScript) deal with this
by automatically starting the next match attempt one character further in the string, if
the previous match was zero-length. Internet Explorer does this by incrementing
lastIndex by one if the match is zero-length. This is why Recipe 3.7 claims that you
cannot use lastIndex to determine the end of the match, as you’ll get incorrect values
in Internet Explorer.

The Firefox developers, however, are adamant about implementing the ECMA-262v3
standard literally, even if it means regexp.exec() may get stuck in an infinite loop.
This outcome is not unlikely. For example, you can use re = /^.*$/gm; while
(re.exec()) to iterate over all lines in a multiline string, and if the string has a blank
line, Firefox will get stuck on it.

The workaround is to increment lastIndex in your own code if the exec() function
hasn’t already done this. The first JavaScript solution to this recipe shows you how. If
you’re unsure, simply paste in this one line of code and be done with it.
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This problem does not exist with string.match() (Recipe 3.10) or string.replace()
(Recipe 3.14). For these methods, which use lastIndex internally, the ECMA-262v3
standard does state that lastIndex must be incremented for each zero-length match.

PHP

The preg_match() function takes an optional fifth parameter to indicate the position in
the string at which the match attempt should start. You could adapt Recipe 3.8 to
pass $matchstart + $matchlength as the fifth parameter upon the second call to
preg_match() to find the second match in the string, and repeat that for the third and
following matches until preg_match() returns 0. Recipe 3.18 uses this method.

In addition to requiring extra code to calculate the starting offset for each match at-
tempt, repeatedly calling preg_match() is inefficient, because there’s no way to store a
compiled regular expression in a variable. preg_match() has to look up the compiled
regular expression in its cache each time you call it.

An easier and more efficient solution is to call preg_match_all(), as explained in the
previous recipe, and iterate over the array with the match results.

Perl

Recipe 3.4 explains that you need to add the /g modifier to enable your regex to find
more than one match in the subject string. If you use a global regex in a scalar context,
it will try to find the next match, continuing at the end of the previous match. In this
recipe, the while statement provides the scalar context. All the special variables, such
as $& (explained in Recipe 3.7), are available inside the while loop.

Python

The finditer() function in re returns an iterator that you can use to find all the matches
of the regular expression. Pass your regular expression as the first parameter and the
subject string as the second parameter. You can pass the regular expression options in
the optional third parameter.

The re.finditer() function calls re.compile(), and then calls the finditer() method
on the compiled regular expression object. This method has only one required
parameter: the subject string.

The finditer() method takes two optional parameters that the global re.finditer()
function does not support. After the subject string, you can pass the character position
in the string at which finditer() should begin its search. If you omit this parameter,
the iterator will process the whole subject string. If you specify a starting position, you
can also specify an ending position. If you don’t specify an ending position, the search
runs until the end of the string.
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Ruby

The scan() method of the String class takes a regular expression as its only parameter
and iterates over all the regular expression matches in the string. When called with a
block, you can process each match as it is found.

If your regular expression does not contain any capturing groups, specify one iterator
variable in the block. This variable will receive a string with the text matched by the
regular expression.

If your regex does contain one or more capturing groups, list one variable for each
group. The first variable will receive a string with the text matched by the first capturing
group, the second variable receives the second capturing group, and so on. No variable
will be filled with the overall regex match. If you want the overall match to be included,
enclose your entire regular expression with an extra capturing group.

subject.scan(/(a)(b)(c)/) {|a, b, c|
    # a, b, and c hold the text matched by the three capturing groups
}

If you list fewer variables than there are capturing groups in your regex, you will be
able to access only those capturing groups for which you provided variables. If you list
more variables than there are capturing groups, the extra variables will be set to nil.

If you list only one iterator variable and your regex has one or more capturing groups,
the variable will be filled with an array of strings. The array will have one string for
each capturing group. If there is only one capturing group, the array will have a single
element:

subject.scan(/(a)(b)(c)/) {|abc|
    # abc[0], abc[1], and abc[2] hold the text
    # matched by the three capturing groups
}

See Also
Recipes 3.7, 3.8, 3.10, and 3.12

3.12  Validate Matches in Procedural Code
Problem
Recipe 3.10 shows how you can retrieve a list of all matches a regular expression can
find in a string when it is applied repeatedly to the remainder of the string after each
match. Now you want to get a list of matches that meet certain extra criteria that you
cannot (easily) express in a regular expression. For example, when retrieving a list of
lucky numbers, you only want to retain those that are an integer multiple of 13.
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Solution

C#

You can use the static call when you process only a small number of strings with the
same regular expression:

StringCollection resultList = new StringCollection();
Match matchResult = Regex.Match(subjectString, @"\d+");
while (matchResult.Success) {
    if (int.Parse(matchResult.Value) % 13 == 0) {
        resultList.Add(matchResult.Value);
    }
    matchResult = matchResult.NextMatch();
}

Construct a Regex object if you want to use the same regular expression with a large
number of strings:

StringCollection resultList = new StringCollection();
Regex regexObj = new Regex(@"\d+");
matchResult = regexObj.Match(subjectString);
while (matchResult.Success) {
    if (int.Parse(matchResult.Value) % 13 == 0) {
        resultList.Add(matchResult.Value);
    }
    matchResult = matchResult.NextMatch();
}

VB.NET

You can use the static call when you process only a small number of strings with the
same regular expression:

Dim ResultList = New StringCollection
Dim MatchResult = Regex.Match(SubjectString, "\d+")
While MatchResult.Success
    If Integer.Parse(MatchResult.Value) Mod 13 = 0 Then
        ResultList.Add(MatchResult.Value)
    End If
    MatchResult = MatchResult.NextMatch
End While

Construct a Regex object if you want to use the same regular expression with a large
number of strings:

Dim ResultList = New StringCollection
Dim RegexObj As New Regex("\d+")
Dim MatchResult = RegexObj.Match(SubjectString)
While MatchResult.Success
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    If Integer.Parse(MatchResult.Value) Mod 13 = 0 Then
        ResultList.Add(MatchResult.Value)
    End If
    MatchResult = MatchResult.NextMatch
End While

Java
List<String> resultList = new ArrayList<String>();
Pattern regex = Pattern.compile("\\d+");
Matcher regexMatcher = regex.matcher(subjectString);
while (regexMatcher.find()) {
    if (Integer.parseInt(regexMatcher.group()) % 13 == 0) {
        resultList.add(regexMatcher.group());
    }
}

JavaScript
var list = [];
var regex = /\d+/g;
var match = null;
while (match = regex.exec(subject)) {
    // Don't let browsers such as Firefox get stuck in an infinite loop
    if (match.index == regex.lastIndex) regex.lastIndex++;
    // Here you can process the match stored in the match variable
    if (match[0] % 13 == 0) {
        list.push(match[0]);
    }
}

PHP
preg_match_all('/\d+/', $subject, $matchdata, PREG_PATTERN_ORDER);
for ($i = 0; $i < count($matchdata[0]); $i++) {
    if ($matchdata[0][$i] % 13 == 0) {
      $list[] = $matchdata[0][$i];
    }
}

Perl
while ($subject =~ m/\d+/g) {
    if ($& % 13 == 0) {
        push(@list, $&);
    }
}
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Python

If you process only a small number of strings with the same regular expression, you can
use the global function:

list = []
for matchobj in re.finditer(r"\d+", subject):
    if int(matchobj.group()) % 13 == 0:
       list.append(matchobj.group())

To use the same regex repeatedly, use a compiled object:

list = []
reobj = re.compile(r"\d+")
for matchobj in reobj.finditer(subject):
    if int(matchobj.group()) % 13 == 0:
       list.append(matchobj.group())

Ruby
list = []
subject.scan(/\d+/) {|match|
    list << match if (Integer(match) % 13 == 0)
}

Discussion
Regular expressions deal with text. Though the regular expression ‹\d+› matches what
we call a number, to the regular expression engine it’s just a string of one or more digits.

If you want to find specific numbers, such as those divisible by 13, it is much easier to
write a general regex that matches all numbers, and then use a bit of procedural code
to skip the regex matches you’re not interested in.

The solutions for this recipe all are based on the solutions for the previous recipe, which
shows how to iterate over all matches. Inside the loop, we convert the regular expression
match into a number.

Some languages do this automatically; other languages require an explicit function call
to convert the string into an integer. We then check whether the integer is divisible by
13. If it is, the regex match is added to the list. If it is not, the regex match is skipped.

See Also
Recipes 3.7, 3.10, and 3.11
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3.13  Find a Match Within Another Match
Problem
You want to find all the matches of a particular regular expression, but only within
certain sections of the subject string. Another regular expression matches each of the
sections in the string.

Suppose you have an HTML file in which various passages are marked as bold with
<b> tags. You want to find all numbers marked as bold. If some bold text contains
multiple numbers, you want to match all of them separately. For example, when pro-
cessing the string 1 <b>2</b> 3 4 <b>5 6 7</b>, you want to find four matches: 2, 5,
6, and 7.

Solution

C#
StringCollection resultList = new StringCollection();
Regex outerRegex = new Regex("<b>(.*?)</b>", RegexOptions.Singleline);
Regex innerRegex = new Regex(@"\d+");
// Find the first section
Match outerMatch = outerRegex.Match(subjectString);
while (outerMatch.Success) {
    // Get the matches within the section
    Match innerMatch = innerRegex.Match(outerMatch.Groups[1].Value);
    while (innerMatch.Success) {
        resultList.Add(innerMatch.Value);
        innerMatch = innerMatch.NextMatch();
    }
    // Find the next section
    outerMatch = outerMatch.NextMatch();
}

VB.NET
Dim ResultList = New StringCollection
Dim OuterRegex As New Regex("<b>(.*?)</b>", RegexOptions.Singleline)
Dim InnerRegex As New Regex("\d+")
'Find the first section
Dim OuterMatch = OuterRegex.Match(SubjectString)
While OuterMatch.Success
    'Get the matches within the section
    Dim InnerMatch = InnerRegex.Match(OuterMatch.Groups(1).Value)
    While InnerMatch.Success
        ResultList.Add(InnerMatch.Value)
        InnerMatch = InnerMatch.NextMatch
    End While
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    OuterMatch = OuterMatch.NextMatch
End While

Java

Iterating using two matchers is easy, and works with Java 4 and later:

List<String> resultList = new ArrayList<String>();
Pattern outerRegex = Pattern.compile("<b>(.*?)</b>", Pattern.DOTALL);
Pattern innerRegex = Pattern.compile("\\d+");
Matcher outerMatcher = outerRegex.matcher(subjectString);
while (outerMatcher.find()) {
    Matcher innerMatcher = innerRegex.matcher(outerMatcher.group());
    while (innerMatcher.find()) {
        resultList.add(innerMatcher.group());
    }
}

The following code is more efficient (because innerMatcher is created only once), but
requires Java 5 or later:

List<String> resultList = new ArrayList<String>();
Pattern outerRegex = Pattern.compile("<b>(.*?)</b>", Pattern.DOTALL);
Pattern innerRegex = Pattern.compile("\\d+");
Matcher outerMatcher = outerRegex.matcher(subjectString);
Matcher innerMatcher = innerRegex.matcher(subjectString);
while (outerMatcher.find()) {
    innerMatcher.region(outerMatcher.start(), outerMatcher.end());
    while (innerMatcher.find()) {
        resultList.add(innerMatcher.group());
    }
}

JavaScript
var result = [];
var outerRegex = /<b>([\s\S]*?)<\/b>/g;
var innerRegex = /\d+/g;
var outerMatch = null;
while (outerMatch = outerRegex.exec(subject)) {
    if (outerMatch.index == outerRegex.lastIndex)
        outerRegex.lastIndex++;
    var innerSubject = subject.substr(outerMatch.index,
                                      outerMatch[0].length);
    var innerMatch = null;
    while (innerMatch = innerRegex.exec(innerSubject)) {
        if (innerMatch.index == innerRegex.lastIndex)
            innerRegex.lastIndex++;
        result.push(innerMatch[0]);
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    }
}

PHP
$list = array();
preg_match_all('%<b>(.*?)</b>%s', $subject, $outermatches,
               PREG_PATTERN_ORDER);
for ($i = 0; $i < count($outermatches[0]); $i++) {
    if (preg_match_all('/\d+/', $outermatches[0][$i], $innermatches,
                       PREG_PATTERN_ORDER)) {
        $list = array_merge($list, $innermatches[0]);
    }
}

Perl
while ($subject =~ m!<b>(.*?)</b>!gs) {
    push(@list, ($& =~ m/\d+/g));
}

This only works if the inner regular expression (‹\d+›, in this example) doesn’t have
any capturing groups, so use noncapturing groups instead. See Recipe 2.9 for details.

Python
list = []
innerre = re.compile(r"\d+")
for outermatch in re.finditer("(?s)<b>(.*?)</b>", subject):
    list.extend(innerre.findall(outermatch.group(1)))

Ruby
list = []
subject.scan(/<b>(.*?)<\/b>/m) {|outergroups|
    list += outergroups[0].scan(/\d+/)
}

Discussion
Regular expressions are well-suited for tokenizing input, but they are not well-suited
for parsing input. Tokenizing means to identify different parts of a string, such as num-
bers, words, symbols, tags, comments, etc. It involves scanning the text from left to
right, trying different alternatives and quantities of characters to be matched. Regular
expressions handle this very well.

Parsing means to process the relationship between those tokens. For example, in a
programming language, combinations of such tokens form statements, functions,
classes, namespaces, etc. Keeping track of the meaning of the tokens within the larger
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context of the input is best left to procedural code. In particular, regular expressions
cannot keep track of nonlinear context, such as nested constructs.*

Trying to find one kind of token within another kind of token is a task that people
commonly try to tackle with regular expressions. A pair of HTML bold tags is easily
matched with the regular expression ‹<b>(.*?)</b>›.† A number is even more easily
matched with the regex ‹\d+›. But if you try to combine these into a single regex, you’ll
end up with something rather different:

\d+(?=(?:.(?!<b>))*</b>)
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Though the regular expression just shown is a solution to the problem posed by this
recipe, it is hardly intuitive. Even a regular expression expert will have to carefully
scrutinize the regex to determine what it does, or perhaps resort to a tool to highlight
the matches. And this is the combination of just two simple regexes.

A better solution is to keep the two regular expressions as they are and use procedural
code to combine them. The resulting code, while a bit longer, is much easier to under-
stand and maintain, and creating simple code is the reason for using regular expressions
in the first place. A regex such as ‹<b>(.*?)</b>› is easy to understand by anyone with
a modicum of regex experience, and quickly does what would otherwise take many
more lines of code that are harder to maintain.

Though the solutions for this recipe are some of the most complex ones in this chapter,
they’re very straightforward. Two regular expressions are used. The “outer” regular
expression matches the HTML bold tags and the text between them, and the text in
between is captured by the first capturing group. This regular expression is implemen-
ted with the same code shown in Recipe 3.11. The only difference is that the placeholder
comment saying where to use the match has been replaced with code that lets the
“inner” regular expression do its job.

The second regular expression matches a digit. This regex is implemented with the
same code as shown in Recipe 3.10. The only difference is that instead of processing
the subject string entirely, the second regex is applied only to the part of the subject
string matched by the first capturing group of the outer regular expression.

There are two ways to restrict the inner regular expressions to the text matched by (a
capturing group of) the outer regular expressions. Some languages provide a function
that allows the regular expression to be applied to part of a string. That can save an
extra string copy if the match function doesn’t automatically fill a structure with the

* A few modern regex flavors have tried to introduce features for balanced or recursive matching. These features
result in such complex regular expessions, however, that they only end up proving my point that parsing is
best left to procedural code.

† To allow the tag to span multiple lines, turn on “dot matches line breaks” mode. For JavaScript, use ‹<b>([\s
\S]*?)</b>›.
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text matched by the capturing groups. We can always simply retrieve the substring
matched by the capturing group and apply the inner regex to that.

Either way, using two regular expressions together in a loop will be faster than using
the one regular expression with its nested lookahead groups. The latter requires the
regex engine to do a whole lot of backtracking. On large files, using just one regex will
be much slower, as it needs to determine the section boundaries (HTML bold tags) for
each number in the subject string, including numbers that are not between <b> tags.
The solution that uses two regular expressions doesn’t even begin to look for numbers
until it has found the section boundaries, which it does in linear time.

See Also
Recipes 3.8, 3.10, and 3.11

3.14  Replace All Matches
Problem
You want to replace all matches of the regular expression ‹before› with the replacement
text «after».

Solution

C#

You can use the static call when you process only a small number of strings with the
same regular expression:

string resultString = Regex.Replace(subjectString, "before", "after");

If the regex is provided by the end user, you should use the static call with full exception
handling:

string resultString = null;
try {
    resultString = Regex.Replace(subjectString, "before", "after");
} catch (ArgumentNullException ex) {
    // Cannot pass null as the regular expression, subject string,
    // or replacement text
} catch (ArgumentException ex) {
    // Syntax error in the regular expression
}

Construct a Regex object if you want to use the same regular expression with a large
number of strings:

Regex regexObj = new Regex("before");
string resultString = regexObj.Replace(subjectString, "after");
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If the regex is provided by the end user, you should use the Regex object with full
exception handling:

string resultString = null;
try {
    Regex regexObj = new Regex("before");
    try {
        resultString = regexObj.Replace(subjectString, "after");
    } catch (ArgumentNullException ex) {
        // Cannot pass null as the subject string or replacement text
    }
} catch (ArgumentException ex) {
    // Syntax error in the regular expression
}

VB.NET

You can use the static call when you process only a small number of strings with the
same regular expression:

Dim ResultString = Regex.Replace(SubjectString, "before", "after")

If the regex is provided by the end user, you should use the static call with full exception
handling:

Dim ResultString As String = Nothing
Try
    ResultString = Regex.Replace(SubjectString, "before", "after")
Catch ex As ArgumentNullException
    'Cannot pass null as the regular expression, subject string,
    'or replacement text
Catch ex As ArgumentException
    'Syntax error in the regular expression
End Try

Construct a Regex object if you want to use the same regular expression with a large
number of strings:

Dim RegexObj As New Regex("before")
Dim ResultString = RegexObj.Replace(SubjectString, "after")

If the regex is provided by the end user, you should use the Regex object with full
exception handling:

Dim ResultString As String = Nothing
Try
    Dim RegexObj As New Regex("before")
    Try
        ResultString = RegexObj.Replace(SubjectString, "after")
    Catch ex As ArgumentNullException
       'Cannot pass null as the subject string or replacement text
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    End Try
Catch ex As ArgumentException
    'Syntax error in the regular expression
End Try

Java

You can use the static call when you process only one string with the same regular
expression:

String resultString = subjectString.replaceAll("before", "after");

If the regex or replacement text is provided by the end user, you should use the static
call with full exception handling:

try {
    String resultString = subjectString.replaceAll("before", "after");
} catch (PatternSyntaxException ex) {
    // Syntax error in the regular expression
} catch (IllegalArgumentException ex) {
    // Syntax error in the replacement text (unescaped $ signs?)
} catch (IndexOutOfBoundsException ex) {
    // Non-existent backreference used the replacement text
}

Construct a Matcher object if you want to use the same regular expression with a large
number of strings:

Pattern regex = Pattern.compile("before");
Matcher regexMatcher = regex.matcher(subjectString);
String resultString = regexMatcher.replaceAll("after");

If the regex or replacement text is provided by the end user, you should use the Regex
object with full exception handling:

String resultString = null;
try {
    Pattern regex = Pattern.compile("before");
    Matcher regexMatcher = regex.matcher(subjectString);
    try {
        resultString = regexMatcher.replaceAll("after");
    } catch (IllegalArgumentException ex) {
        // Syntax error in the replacement text (unescaped $ signs?)
    } catch (IndexOutOfBoundsException ex) {
        // Non-existent backreference used the replacement text
    }
} catch (PatternSyntaxException ex) {
    // Syntax error in the regular expression
}
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JavaScript
result = subject.replace(/before/g, "after");

PHP
$result = preg_replace('/before/', 'after', $subject);

Perl

With the subject string held in the special variable $_, storing the result back into $_:

s/before/after/g;

With the subject string held in the variable $subject, storing the result back into
$subject:

$subject =~ s/before/after/g;

With the subject string held in the variable $subject, storing the result into $result:

($result = $subject) =~ s/before/after/g;

Python

If you have only a few strings to process, you can use the global function:

result = re.sub("before", "after", subject)

To use the same regex repeatedly, use a compiled object:

reobj = re.compile("before")
result = reobj.sub("after", subject)

Ruby
result = subject.gsub(/before/, 'after')

Discussion

.NET

In .NET, you will always use the Regex.Replace() method to search and replace with
a regular expression. The Replace() method has 10 overloads. Half of those take a
string as the replacement text; those are discussed here. The other half take a
MatchEvaluator delegate as the replacement, and those are discussed in Recipe 3.16.

The first parameter expected by Replace(), is always the string that holds the original
subject text you want to search and replace through. This parameter should not be
null. Otherwise, Replace() will throw an ArgumentNullException. The return value of
Replace() is always the string with the replacements applied.
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If you want to use the regular expression only a few times, you can use a static call. The
second parameter is then the regular expression you want to use. Specify the replace-
ment text as the third parameter. You can pass regex options as an optional fourth
parameter. If your regular expression has a syntax error, an ArgumentException will be
thrown.

If you want to use the same regular expression on many strings, you can make your
code more efficient by constructing a Regex object first, and then calling Replace() on
that object. Pass the subject string as the first parameter and the replacement text as
the second parameter. Those are the only required parameters.

When calling Replace() on an instance of the Regex class, you can pass additional pa-
rameters to limit the search-and-replace. If you omit these parameters, all matches of
the regular expression in the subject string will be replaced. The static overloads of
Replace() do not allow these additional parameters; they always replace all matches.

As the optional third parameter, after the subject and replacement, you can pass the
number of replacements to be made. If you pass a number greater than one, that is the
maximum number of replacements that will be made. For example, Replace(subject,
replacement, 3) replaces only the first three regular expression matches, and further
matches are ignored. If there are fewer than three possible matches in the string, all
matches will be replaced. You will not receive any indication that fewer replacements
were made than you requested. If you pass zero as the third parameter, no replacements
will be made at all and the subject string will be returned unchanged. If you pass -1, all
regex matches are replaced. Specifying a number less than -1 will cause Replace() to
throw an ArgumentOutOfRangeException.

If you specify the third parameter with the number of replacements to be made, then
you can specify an optional fourth parameter to indicate the character index at which
the regular expression should begin to search. Essentially, the number you pass as the
fourth parameter is the number of characters at the start of your subject string that the
regular expression should ignore. This can be useful when you’ve already processed
the string up to a point, and you want to search and replace only through the remainder
of the string. If you specify the number, it must be between zero and the length of the
subject string. Otherwise, Replace() throws an ArgumentOutOfRangeException. Unlike
Match(), Replace() does not allow you to provide a parameter that specifies the length
of the substring the regular expression is allowed to search through.

Java

If you only want to search and replace through one string with the same regex, you
can call either the replaceFirst() or replaceAll() method directly on your string.
Both methods take two parameters: a string with your regular expression and a
string with your replacement text. These are convenience functions that
call Pattern.compile("before").matcher(subjectString).replaceFirst("after") and
Pattern.compile("before").matcher(subjectString).replaceAll("after").
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If you want to use the same regex on multiple strings, you should create the Matcher
object as explained in Recipe 3.3. Then, call replaceFirst() or replaceAll() on your
matcher, passing the replacement text as the only parameter.

There are three different exception classes you have to contend with if the regex
and replacement text are provided by the end user. The exception class
PatternSyntaxException is thrown by Pattern.compile(), String.replaceFirst(), and
String.replaceAll() if the regular expression has a syntax error. Illegal
ArgumentException is thrown by replaceFirst() and replaceAll() if there’s a syntax
error in the replacement text. If the replacement text is syntactically valid but references
a capturing group that does not exist, then IndexOutOfBoundsException is thrown
instead.

JavaScript

To search and replace through a string using a regular expression, call the replace()
function on the string.Pass your regular expression as the first parameter and the string
with your replacement text as the second parameter. The replace() function returns a
new string with the replacements applied.

If you want to replace all regex matches in the string, set the /g flag when creating your
regular expression object. Recipe 3.4 explains how this works. If you don’t use the /g
flag, only the first match will be replaced.

PHP

You can easily search and replace through a string with preg_replace(). Pass your
regular expression as the first parameter, the replacement text as the second parameter,
and the subject string as the third parameter. The return value is a string with the
replacements applied.

The optional fourth parameter allows you to limit the number of replacements made.
If you omit the parameter or specify -1, all regex matches are replaced. If you specify
0, no replacements are made. If you specify a positive number, preg_replace() will
replace up to as many regex matches as you specified. If there are fewer matches, all of
them are replaced without error.

If you want to know how many replacements were made, you can add a fifth parameter
to the call. This parameter will receive an integer with the number of replacements that
were actually made.

A special feature of preg_replace() is that you can pass arrays instead of strings for the
first three parameters. If you pass an array of strings instead of a single string as the
third parameter, preg_replace() will return an array with the search-and-replace done
on all the strings.
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If you pass an array of regular expression strings as the first parameter,
preg_replace() will use the regular expressions one by one to search and replace
through the subject string. If you pass an array of subject strings, all the regular ex-
pressions are used on all the subject strings. When searching for an array or regular
expressions, you can specify either a single string as the replacement (to be used by all
the regexes) or an array of replacements. When using two arrays, preg_replace() walks
through both the regex and replacement arrays, using a different replacement text for
each regex. preg_replace() walks through the array as it is stored in memory, which is
not necessarily the numerical order of the indexes in the array. If you didn’t build the
array in numerical order, call ksort() on the arrays with the regular expressions and
replacement texts before passing them to preg_replace().

This example builds the $replace array in reverse order:

$regex[0] = '/a/';
$regex[1] = '/b/';
$regex[2] = '/c/';
$replace[2] = '3';
$replace[1] = '2';
$replace[0] = '1';

echo preg_replace($regex, $replace, "abc");
ksort($replace);
echo preg_replace($regex, $replace, "abc");

The first call to preg_replace() displays 321, which is not what you might expect. After
using ksort(), the replacement returns 123 as we intended. ksort() modifies the vari-
able you pass to it. Don’t pass its return value (true or false) to preg_replace.

Perl

In Perl, s/// is in fact a substitution operator. If you use s/// by itself, it will search and
replace through the $_ variable, storing the result back into $_.

If you want to use the substitution operator on another variable, use the =~ binding
operator to associate the substitution operator with your variable. Binding the substi-
tution operator to a string immediately executes the search-and-replace. The result is
stored back into the variable that holds the subject string.

The s/// operator always modifies the variable you bind it to. If you want to store the
result of the search-and-replace in a new variable without modifying the original, first
assign the original string to the result variable, and then bind the substitution operator
to that variable. The Perl solution to this recipe shows how you can take those two
steps in one line of code.

Use the /g modifier explained in Recipe 3.4 to replace all regex matches. Without it,
Perl replaces only the first match.
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Python

The sub() function in the re module performs a search-and-replace using a regular
expression. Pass your regular expression as the first parameter, your replacement text
as the second parameter, and the subject string as the third parameter. The global
sub() function does not accept a parameter with regular expression options.

The re.sub() function calls re.compile(), and then calls the sub() method on the com-
piled regular expression object. This method has two required parameters: the replace-
ment text and the subject string.

Both forms of sub() return a string with all the regular expressions replaced. Both take
one optional parameter that you can use to limit the number of replacements to be
made. If you omit it or set it to zero, all regex matches are replaced. If you pass a positive
number, that is the maximum number of matches to be replaced. If fewer matches can
be found than the count you specified, all matches are replaced without error.

Ruby

The gsub() method of the String class does a search-and-replace using a regular ex-
pression. Pass the regular expression as the first parameter and a string with the re-
placement text as the second parameter. The return value is a new string with the
replacements applied. If no regex matches can be found, then gsub() returns the original
string.

gsub() does not modify the string on which you call the method. If you want the original
string to be modified, call gsub!() instead. If no regex matches can be found, gsub!()
returns nil. Otherwise, it returns the string you called it on, with the replacements
applied.

See Also
“Searching and Replacing with Regular Expressions” in Chapter 1, and Recipes 3.15
and 3.16

3.15  Replace Matches Reusing Parts of the Match
Problem
You want to run a  search-and-replace that reinserts parts of the regex match back into
the replacement. The parts you want to reinsert have been isolated in your regular
expression using capturing groups, as described in Recipe 2.9.

For example, you want to match pairs of words delimited by an equals sign, and swap
those words in the replacement.
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Solution

C#

You can use the static call when you process only a small number of strings with the
same regular expression:

string resultString = Regex.Replace(subjectString, @"(\w+)=(\w+)",
                                                   "$2=$1");

Construct a Regex object if you want to use the same regular expression with a large
number of strings:

Regex regexObj = new Regex(@"(\w+)=(\w+)");
string resultString = regexObj.Replace(subjectString, "$2=$1");

VB.NET

You can use the static call when you process only a small number of strings with the
same regular expression:

Dim ResultString = Regex.Replace(SubjectString, "(\w+)=(\w+)", "$2=$1")

Construct a Regex object if you want to use the same regular expression with a large
number of strings:

Dim RegexObj As New Regex("(\w+)=(\w+)")
Dim ResultString = RegexObj.Replace(SubjectString, "$2=$1")

Java

You can call String.replaceAll() when you process only one string with the same
regular expression:

String resultString = subjectString.replaceAll("(\\w+)=(\\w+)", "$2=$1");

Construct a Matcher object if you want to use the same regular expression with a large
number of strings:

Pattern regex = Pattern.compile("(\\w+)=(\\w+)");
Matcher regexMatcher = regex.matcher(subjectString);
String resultString = regexMatcher.replaceAll("$2=$1");

JavaScript
result = subject.replace(/(\w+)=(\w+)/g, "$2=$1");

PHP
$result = preg_replace('/(\w+)=(\w+)/', '$2=$1', $subject);
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Perl
$subject =~ s/(\w+)=(\w+)/$2=$1/g;

Python

If you have only a few strings to process, you can use the global function:

result = re.sub(r"(\w+)=(\w+)", r"\2=\1", subject)

To use the same regex repeatedly, use a compiled object:

reobj = re.compile(r"(\w+)=(\w+)")
result = reobj.sub(r"\2=\1", subject)

Ruby
result = subject.gsub(/(\w+)=(\w+)/, '\2=\1')

Discussion
The regular expression ‹(\w+)=(\w+)› matches the pair of words and captures each word
into its own capturing group. The word before the equals sign is captured by the first
group, and the word after the sign by the second group.

For the replacement, you need to specify that you want to use the text matched by the
second capturing group, followed by an equals sign, followed by the text matched by
the first capturing group. You can do this with special placeholders in the replacement
text. The replacement text syntax varies widely between different programming lan-
guages. “Searching and Replacing with Regular Expressions” in Chapter 1 describes
the replacement text flavors, and Recipe 2.21 explains how to reference capturing
groups in the replacement text.

.NET

In .NET, you can use the same Regex.Replace() method described in the previous rec-
ipe, using a string as the replacement. The syntax for adding backreferences to the
replacement text follows the .NET replacement text flavor Recipe 2.21.

Java

In Java, you can use the same replaceFirst() and replaceAll() methods described in
the previous recipe. The syntax for adding backreferences to the replacement text fol-
lows the Java replacement text flavor described in this book.

JavaScript

In JavaScript, you can use the same string.replace() method described in the previous
recipe. The syntax for adding backreferences to the replacement text follows the
JavaScript replacement text flavor described in this book.
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PHP

In PHP, you can use the same preg_replace() function described in the previous recipe. 
The syntax for adding backreferences to the replacement text follows the PHP replace-
ment text flavor described in this book.

Perl

In Perl, the replace part in s/regex/replace/ is simply interpreted as a double-quoted
string. You can use the special variables $&, $1, $2, etc. explained in Recipe 3.7 and
Recipe 3.9 in the replacement string. The variables are set right after the regex match
is found, before it is replaced. You can also use these variables in all other Perl code.
Their values persist until you tell Perl to find another regex match.

All the other programming languages in this book provide a function call that takes the
replacement text as a string. The function call parses the string to process backrefer-
ences such as $1 or \1. But outside the replacement text string, $1 has no meaning with
these languages.

Python

In Python, you can use the same sub() function described in the previous recipe.  The
syntax for adding backreferences to the replacement text follows the Python replace-
ment text flavor described in this book.

Ruby

In Ruby, you can use the same String.gsub() method described in the previous recipe. 
The syntax for adding backreferences to the replacement text follows the Ruby re-
placement text flavor described in this book.

You cannot interpolate variables such as $1 in the replacement text. That’s because
Ruby does variable interpolation before the gsub() call is executed. Before the call,
gsub() hasn’t found any matches yet, so backreferences can’t be substituted. If you try
to interpolate $1, you’ll get the text matched by the first capturing group in the last
regex match before the call to gsub().

Instead, use replacement text tokens such as «\1». The gsub() function substitutes
those tokens in the replacement text for each regex match. I recommend that you use
single-quoted strings for the replacement text. In double-quoted strings, the backslash
is used as an escape, and escaped digits are octal escapes. '\1' and "\\1" use the text
matched by the first capturing group as the replacement, whereas "\1" substitutes the
single literal character 0x01.

Named Capture
If you use named capturing groups in your regular expression, you can reference the
groups by their names in your replacement string.
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C#

You can use the static call when you process only a small number of strings with the
same regular expression:

string resultString = Regex.Replace(subjectString,
                      @"(?<left>\w+)=(?<right>\w+)", "${right}=${left}");

Construct a Regex object if you want to use the same regular expression with a large
number of strings:

Regex regexObj = new Regex(@"(?<left>\w+)=(?<right>\w+)");
string resultString = regexObj.Replace(subjectString, "${right}=${left}");

VB.NET

You can use the static call when you process only a small number of strings with the
same regular expression:

Dim ResultString = Regex.Replace(SubjectString,
                   "(?<left>\w+)=(?<right>\w+)", "${right}=${left}")

Construct a Regex object if you want to use the same regular expression with a large
number of strings:

Dim RegexObj As New Regex("(?<left>\w+)=(?<right>\w+)")
Dim ResultString = RegexObj.Replace(SubjectString, "${right}=${left}")

PHP
$result = preg_replace('/(?P<left>\w+)=(?P<right>\w+)/',
                       '$2=$1', $subject);

PHP’s preg functions use the PCRE library, which supports named capture. The
preg_match() and preg_match_all() functions add named capturing groups to the array
with match results. Unfortunately, preg_replace() does not provide a way to use named
backreferences in the replacement text. If your regex has named capturing groups,
count both the named and numbered capturing groups from left to right to determine
the backreference number of each group. Use those numbers in the replacement text.

Perl
$subject =~ s/(?<left>\w+)=(?<right>\w+)/$+{right}=$+{left}/g;

Perl supports named capturing groups starting with version 5.10. The $+ hash stores
the text matched by all named capturing groups in the regular expression last used.
You can use this hash in the replacement text string, as well as anywhere else.

Python

If you have only a few strings to process, you can use the global function:
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result = re.sub(r"(?P<left>\w+)=(?P<right>\w+)", r"\g<right>=\g<left>",
                subject)

To use the same regex repeatedly, use a compiled object:

reobj = re.compile(r"(?P<left>\w+)=(?P<right>\w+)")
result = reobj.sub(r"\g<right>=\g<left>", subject)

Ruby
result = subject.gsub(/(?<left>\w+)=(?<right>\w+)/, '\k<left>=\k<right>')

See Also
“Searching and Replacing with Regular Expressions” in Chapter 1 describes the re-
placement text flavors.

Recipe 2.21 explains how to reference capturing groups in the replacement text.

3.16  Replace Matches with Replacements Generated in Code
Problem
You want to replace all matches of a regular expression with a new string that you build
up in procedural code. You want to be able to replace each match with a different string,
based on the text that was actually matched.

For example, suppose you want to replace all numbers in a string with the number
multiplied by two.

Solution

C#

You can use the static call when you process only a small number of strings with the
same regular expression:

string resultString = Regex.Replace(subjectString, @"\d+",
                      new MatchEvaluator(ComputeReplacement));

Construct a Regex object if you want to use the same regular expression with a large
number of strings:

Regex regexObj = new Regex(@"\d+");
string resultString = regexObj.Replace(subjectString,
                      new MatchEvaluator(ComputeReplacement));

Both code snippets call the function ComputeReplacement. You should add this method
to the class in which you’re implementing this solution:
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public String ComputeReplacement(Match matchResult) {
    int twiceasmuch = int.Parse(matchResult.Value) * 2;
    return twiceasmuch.ToString();
}

VB.NET

You can use the static call when you process only a small number of strings with the
same regular expression:

Dim MyMatchEvaluator As New MatchEvaluator(AddressOf ComputeReplacement)
Dim ResultString = Regex.Replace(SubjectString, "\d+", MyMatchEvaluator)

Construct a Regex object if you want to use the same regular expression with a large
number of strings:

Dim RegexObj As New Regex("\d+")
Dim MyMatchEvaluator As New MatchEvaluator(AddressOf ComputeReplacement)
Dim ResultString = RegexObj.Replace(SubjectString, MyMatchEvaluator)

Both code snippets call the function ComputeReplacement. You should add this method
to the class in which you’re implementing this solution:

Public Function ComputeReplacement(ByVal MatchResult As Match) As String
    Dim TwiceAsMuch = Int.Parse(MatchResult.Value) * 2;
    Return TwiceAsMuch.ToString();
End Function

Java
StringBuffer resultString = new StringBuffer();
Pattern regex = Pattern.compile("\\d+");
Matcher regexMatcher = regex.matcher(subjectString);
while (regexMatcher.find()) {
    Integer twiceasmuch = Integer.parseInt(regexMatcher.group()) * 2;
    regexMatcher.appendReplacement(resultString, twiceasmuch.toString());
}
regexMatcher.appendTail(resultString);

JavaScript
var result = subject.replace(/\d+/g,
                             function(match) { return match * 2; }
                            );

PHP

Using a declared callback function:

$result = preg_replace_callback('/\d+/', compute_replacement, $subject);

function compute_replacement($groups) {
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    return $groups[0] * 2;
}

Using an anonymous callback function:

$result = preg_replace_callback(
    '/\d+/',
    create_function(
        '$groups',
        'return $groups[0] * 2;'
    ),
    $subject
);

Perl
$subject =~ s/\d+/$& * 2/eg;

Python

If you have only a few strings to process, you can use the global function:

result = re.sub(r"\d+", computereplacement, subject)

To use the same regex repeatedly, use a compiled object:

reobj = re.compile(r"\d+")
result = reobj.sub(computereplacement, subject)

Both code snippets call the function computereplacement. This function needs to be
declared before you can pass it to sub().

def computereplacement(matchobj):
    return str(int(matchobj.group()) * 2)

Ruby
result = subject.gsub(/\d+/) {|match|
    Integer(match) * 2
}

Discussion
When using a string as the replacement text, you can do only basic text substitution.
To replace each match with something totally different that varies along with the match
being replaced, you need to create the replacement text in your own code.

C#

Recipe 3.14 discusses the various ways in which you can call the Regex.Replace()
method, passing a string as the replacement text. When using a static call, the replace-
ment is the third parameter, after the subject and the regular expression. If you passed
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the regular expression to the Regex() constructor, you can call Replace() on that object
with the replacement as the second parameter.

Instead of passing a string as the second or third parameter, you can pass a Match
Evaluator delegate. This delegate is a reference to a member function that you add to
the class where you’re doing the search-and-replace. To create the delegate, use the
new keyword to call the MatchEvaluator() constructor. Pass your member function as
the only parameter to MatchEvaluator().

The function you want to use for the delegate should return a string and take one
parameter of class System.Text.RegularExpressions.Match. This is the same Match class
returned by the Regex.Match() member used in nearly all the previous recipes in this
chapter.

When you call Replace() with a MatchEvaluator as the replacement, your function will
be called for each regular expression match that needs to be replaced. Your function
needs to return the replacement text. You can use any of the properties of the
Match object to build your replacement text. The example shown earlier uses
matchResult.Value to retrieve the string with the whole regex match. Often, you’ll use
matchResult.Groups[] to build up your replacement text from the capturing groups in
your regular expression.

If you do not want to replace certain regex matches, your function should return
matchResult.Value. If you return null or an empty string, the regex match is replaced
with nothing (i.e., deleted).

VB.NET

Recipe 3.14 discusses the various ways in which you can call the Regex.Replace()
method, passing a string as the replacement text. When using a static call, the replace-
ment text is the third parameter, after the subject and the regular expression. If you
used the Dim keyword to create a variable with your regular expression, you can call
Replace() on that object with the replacement as the second parameter.

Instead of passing a string as the second or third parameter, you can pass a Match
Evaluator object. This object holds a reference to a function that you add to the class
where you’re doing the search-and-replace. Use the Dim keyword to create a new vari-
able of type MatchEvaluator. Pass one parameter with the AddressOf keyword followed
by the name of your member function. The AddressOf operator returns a reference to
your function, without actually calling the function at that point.

The function you want to use for MatchEvaluator should return a string and should take
one parameter of class System.Text.RegularExpressions.Match. This is the same
Match class returned by the Regex.Match() member used in nearly all the previous recipes
in this chapter. The parameter will be passed by value, so you have to declare it with
ByVal.
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When you call Replace() with a MatchEvaluator as the replacement, your function will
be called for each regular expression match that needs to be replaced. Your function
needs to return the replacement text. You can use any of the properties of the Match
object to build your replacement text. The example uses MatchResult.Value to retrieve
the string with the whole regex match. Often, you’ll use MatchResult.Groups() to build
up your replacement text from the capturing groups in your regular expression.

If you do not want to replace certain regex matches, your function should return
MatchResult.Value. If you return Nothing or an empty string, the regex match is replaced
with nothing (i.e., deleted).

Java

The Java solution is very straightforward. We iterate over all the regex matches as
explained in Recipe 3.11. Inside the loop, we call appendReplacement() on our
Matcher object. When find() fails to find any further matches, we call appendTail().
The two methods appendReplacement() and appendTail() make it very easy to use a
different replacement text for each regex match.

appendReplacement() takes two parameters. The first is the StringBuffer where you’re
(temporarily) storing the result of the search-and-replace in progress. The second is the
replacement text to be used for the last match found by find(). This replacement text
can include references to capturing groups, such as "$1". If there is a syntax error in
your replacement text, an IllegalArgumentException is thrown. If the replacement text
references a capturing group that does not exist, an IndexOutOfBoundsException is
thrown instead. If you call appendReplacement() without a prior successful call to
find(), it throws an IllegalStateException.

If you call appendReplacement() correctly, it does two things. First, it copies the text
located between the previous and current regex match to the string buffer, without
making any modifications to the text. If the current match is the first one, it copies all
the text before that match. After that, it appends your replacement text, substituting
any backreferences in it with the text matched by the referenced capturing groups.

If you want to delete a particular match, simply replace it with an empty string. If you
want to leave a match in the string unchanged, you can omit the call to
appendReplacement() for that match. When I say “previous regex match,” I mean the
previous match for which you called appendReplacement(). If you don’t call
appendReplacement() for certain matches, those become part of the text between the
matches that you do replace, which is copied unchanged into the target string buffer.

When you’re done replacing matches, call appendTail(). That copies the text at the end
of the string after the last regex match for which you called appendReplacement().

3.16  Replace Matches with Replacements Generated in Code | 185



JavaScript

In JavaScript, a function is really just another object that can be assigned to a
variable. Instead of passing a literal string or a variable that holds a string to the
string.replace() function, we can pass a function that returns a string. This function
is then called each time a replacement needs to be made.

You can make your replacement function accept one or more parameters. If you do,
the first parameter will be set to the text matched by the regular expression. If your
regular expression has capturing groups, the second parameter will hold the text
matched by the first capturing group, the third parameter gives you the text of the
second capturing group, and so on. You can set these parameters to use bits of the
regular expression match to compose the replacement.

The replacement function in the JavaScript solution for this recipe simply takes the text
matched by the regular expression, and returns it multiplied by two. JavaScript handles
the string-to-number and number-to-string conversions implicitly.

PHP

The preg_replace_callback() function works just like the preg_replace() function de-
scribed in Recipe 3.14. It takes a regular expression, replacement, subject string, op-
tional replacement limit, and optional replacement count. The regular expression and
subject string can be single strings or arrays.

The difference is that preg_replace_callback() doesn’t accept a string or array of strings
for the replacement; it accepts a function. You can declare this function in your code
or use create_function() to create an anonymous function. The function should take
one parameter and return a string (or something that can be coerced into a string).

Each time preg_replace_callback() finds a regex match, it will call your callback func-
tion. The parameter will be filled with an array of strings. Element zero holds the overall
regex match, and elements one and beyond hold the text matched by capturing groups
one and beyond. You can use this array to build up your replacement text using the
text matched by the regular expression or one or more capturing groups.

Perl

The s/// operator supports one extra modifier that is ignored by the m// operator: /e. 
The /e, or “execute,” modifier tells the substitution operator to execute the replacement
part as Perl code, instead of interpreting it as the contents of a double-quoted string.
Using this modifier, we can easily retrieve the matched text with the $& variable, and
then multiply it by two. The result of the code is used as the replacement string.

Python

Python’s sub() function allows you to pass the name of a function instead of a string
as the replacement text. This function is then called for each regex match to be replaced.
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You need to declare this function before you can reference it. It should take one pa-
rameter to receive a MatchObject instance, which is the same object returned by the
search() function. You can use it to retrieve (part of) the regex match to build your
replacement. See Recipe 3.7 and Recipe 3.9 for details.

Your function should return a string with the replacement text.

Ruby

The previous two recipes called the gsub() method of the String class with two pa-
rameters: the regex and the replacement text. This method also exists in block form.

In block form, gsub() takes your regular expression as its only parameter. It fills one
iterator variable with a string that holds the text matched by the regular expression. If
you supply additional iterator variables, they are set to nil, even if your regular ex-
pression has capturing groups.

Inside the block, place an expression that evaluates to the string that you want to use
as the replacement text. You can use the special regex match variables, such as $~, $&,
and $1, inside the block. Their values change each time the block is evaluated to make
another replacement. See Recipes 3.7, 3.8, and 3.9 for details.

You cannot use replacement text tokens such as «\1». Those remain as literal text.

See Also
Recipes 3.9 and 3.15

3.17  Replace All Matches Within the Matches of Another Regex
Problem
You want to replace all the matches of a particular regular expression, but only within
certain sections of the subject string. Another regular expression matches each of the
sections in the string.

Say you have an HTML file in which various passages are marked as bold with <b> tags.
Between each pair of bold tags, you want to replace all matches of the regular expression
‹before› with the replacement text ‹after›. For example, when processing the string
before <b>first before</b> before <b>before before</b>, you want to end up with:
before <b>first after</b> before <b>after after</b>.

Solution

C#
Regex outerRegex = new Regex("<b>.*?</b>", RegexOptions.Singleline);
Regex innerRegex = new Regex("before");
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string resultString = outerRegex.Replace(subjectString,
                      new MatchEvaluator(ComputeReplacement));

public String ComputeReplacement(Match matchResult) {
    // Run the inner search-and-replace on each match of the outer regex
    return innerRegex.Replace(matchResult.Value, "after");
}

VB.NET
Dim OuterRegex As New Regex("<b>.*?</b>", RegexOptions.Singleline)
Dim InnerRegex As New Regex("before")
Dim MyMatchEvaluator As New MatchEvaluator(AddressOf ComputeReplacement)
Dim ResultString = OuterRegex.Replace(SubjectString, MyMatchEvaluator)

Public Function ComputeReplacement(ByVal MatchResult As Match) As String
    'Run the inner search-and-replace on each match of the outer regex
    Return InnerRegex.Replace(MatchResult.Value, "after");
End Function

Java
StringBuffer resultString = new StringBuffer();
Pattern outerRegex = Pattern.compile("<b>.*?</b>");
Pattern innerRegex = Pattern.compile("before");
Matcher outerMatcher = outerRegex.matcher(subjectString);
while (outerMatcher.find()) {
    outerMatcher.appendReplacement(resultString,
      innerRegex.matcher(outerMatcher.group()).replaceAll("after"));
}
outerMatcher.appendTail(resultString);

JavaScript
var result = subject.replace(/<b>.*?<\/b>/g,
                             function(match) {
                               return match.replace(/before/g, "after");
                             }
                            );

PHP
$result = preg_replace_callback('%<b>.*?</b>%',
                                replace_within_tag, $subject);

function replace_within_tag($groups) {
    return preg_replace('/before/', 'after', $groups[0]);
}
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Perl
$subject =~ s%<b>.*?</b>%($match = $&) =~ s/before/after/g; $match;%eg;

Python
innerre = re.compile("before")
def replacewithin(matchobj):
    return innerre.sub("after", matchobj.group())

result = re.sub("<b>.*?</b>", replacewithin, subject)

Ruby
innerre = /before/
result = subject.gsub(/<b>.*?<\/b>/) {|match|
    match.gsub(innerre, 'after')
}

Discussion
This solution is again the combination of two previous solutions, using two regular
expressions. The “outer” regular expression, ‹<b>.*?</b>›, matches the HTML bold
tags and the text between them. The “inner” regular expression matches the “before,”
which we’ll replace with “after.”

Recipe 3.16 explains how you can run a search-and-replace and build the replacement
text for each regex match in your own code. Here, we do this with the outer regular
expression. Each time it finds a pair of opening and closing <b> tags, we run a search-
and-replace using the inner regex, just as we do in Recipe 3.14. The subject string for
the search-and-replace with the inner regex is the text matched by the outer regex.

See Also
Recipes 3.11, 3.13, and 3.16

3.18  Replace All Matches Between the Matches of Another
Regex
Problem
You want to replace all the matches of a particular regular expression, but only within
certain sections of the subject string. Another regular expression matches the text be-
tween the sections. In other words, you want to search and replace through all parts of
the subject string not matched by the other regular expression.
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Say you have an HTML file in which you want to replace straight double quotes with
smart (curly) double quotes, but you only want to replace the quotes outside of HTML
tags. Quotes within HTML tags must remain plain ASCII straight quotes, or your
web browser won’t be able to parse the HTML anymore. For example, you
want to turn "text" <span class="middle">"text"</span> "text" into “text”
<span class="middle">“text”</span> “text”.

Solution

C#
string resultString = null;
Regex outerRegex = new Regex("<[^<>]*>");
Regex innerRegex = new Regex("\"([^\"]*)\"");
// Find the first section
int lastIndex = 0;
Match outerMatch = outerRegex.Match(subjectString);
while (outerMatch.Success) {
    // Search-and-replace through the text between this match,
    // and the previous one
    string textBetween =
        subjectString.Substring(lastIndex, outerMatch.Index - lastIndex);
    resultString = resultString +
        innerRegex.Replace(textBetween, "\u201C$1\u201D");
    lastIndex = outerMatch.Index + outerMatch.Length;
    // Copy the text in the section unchanged
    resultString = resultString + outerMatch.Value;
    // Find the next section
    outerMatch = outerMatch.NextMatch();
}
// Search-and-replace through the remainder after the last regex match
string textAfter = subjectString.Substring(lastIndex,
                   subjectString.Length - lastIndex);
resultString = resultString + innerRegex.Replace(textAfter,
                                                 "\u201C$1\u201D");

VB.NET
Dim ResultString As String = Nothing
Dim OuterRegex As New Regex("<[^<>]*>")
Dim InnerRegex As New Regex("""([^""]*)""")
'Find the first section
Dim LastIndex = 0
Dim OuterMatch = OuterRegex.Match(SubjectString)
While OuterMatch.Success
    'Search-and-replace through the text between this match, 
    'and the previous one
    Dim TextBetween = SubjectString.Substring(LastIndex, 
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                      OuterMatch.Index - LastIndex);
    ResultString = ResultString + InnerRegex.Replace(TextBetween, 
                   ChrW(&H201C) + "$1" + ChrW(&H201D))
    LastIndex = OuterMatch.Index + OuterMatch.Length
    'Copy the text in the section unchanged
    ResultString = ResultString + OuterMatch.Value
    'Find the next section
    OuterMatch = OuterMatch.NextMatch
End While
'Search-and-replace through the remainder after the last regex match
Dim TextAfter = SubjectString.Substring(LastIndex,
                                        SubjectString.Length - LastIndex);
ResultString = ResultString +
    InnerRegex.Replace(TextAfter, ChrW(&H201C) + "$1" + ChrW(&H201D))

Java
StringBuffer resultString = new StringBuffer();
Pattern outerRegex = Pattern.compile("<[^<>]*>");
Pattern innerRegex = Pattern.compile("\"([^\"]*)\"");
Matcher outerMatcher = outerRegex.matcher(subjectString);
int lastIndex = 0;
while (outerMatcher.find()) {
    // Search-and-replace through the text between this match,
    // and the previous one
    String textBetween = subjectString.substring(lastIndex,
                                                 outerMatcher.start());
    Matcher innerMatcher = innerRegex.matcher(textBetween);
    resultString.append(innerMatcher.replaceAll("\u201C$1\u201D"));
    lastIndex = outerMatcher.end();
    // Append the regex match itself unchanged
    resultString.append(outerMatcher.group());
}
// Search-and-replace through the remainder after the last regex match
String textAfter = subjectString.substring(lastIndex);
Matcher innerMatcher = innerRegex.matcher(textAfter);
resultString.append(innerMatcher.replaceAll("\u201C$1\u201D"));

JavaScript
var result = "";
var outerRegex = /<[^<>]*>/g;
var innerRegex = /"([^"]*)"/g;
var outerMatch = null;
var lastIndex = 0;
while (outerMatch = outerRegex.exec(subject)) {
    if (outerMatch.index == outerRegex.lastIndex) outerRegex.lastIndex++;
    // Search-and-replace through the text between this match,
    // and the previous one
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    var textBetween = subject.substring(lastIndex, outerMatch.index);
    result = result + textBetween.replace(innerRegex, "\u201C$1\u201D");
    lastIndex = outerMatch.index + outerMatch[0].length;
    // Append the regex match itself unchanged
    result = result + outerMatch[0];
}
// Search-and-replace through the remainder after the last regex match
var textAfter = subject.substr(lastIndex);
result = result + textAfter.replace(innerRegex, "\u201C$1\u201D");

PHP
$result = '';
$lastindex = 0;
while (preg_match('/<[^<>]*>/', $subject, $groups, PREG_OFFSET_CAPTURE, 
                 $lastindex)) {
    $matchstart = $groups[0][1];
    $matchlength = strlen($groups[0][0]);
    // Search-and-replace through the text between this match,
    // and the previous one
    $textbetween = substr($subject, $lastindex, $matchstart-$lastindex);
    $result .= preg_replace('/"([^"]*)"/', '“$1”', $textbetween);
    // Append the regex match itself unchanged
    $result .= $groups[0][0];
    // Move the starting position for the next match
    $lastindex = $matchstart + $matchlength;
    if ($matchlength == 0) {
        // Don't get stuck in an infinite loop
        // if the regex allows zero-length matches
        $lastindex++;
    }
}
// Search-and-replace through the remainder after the last regex match
$textafter = substr($subject, $lastindex);
$result .= preg_replace('/"([^"]*)"/', '“$1”', $textafter);

Perl
use encoding "utf-8";
$result = '';
while ($subject =~ m/<[^<>]*>/g) {
    $match = $&;
    $textafter = $';
    ($textbetween = $`) =~ s/"([^"]*)"/\x{201C}$1\x{201D}/g;
    $result .= $textbetween . $match;
}
$textafter =~ s/"([^"]*)"/\x{201C}$1\x{201D}/g;
$result .= $textafter;
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Python
innerre = re.compile('"([^"]*)"')
result = "";
lastindex = 0;
for outermatch in re.finditer("<[^<>]*>", subject):
    # Search-and-replace through the text between this match,
    # and the previous one
    textbetween = subject[lastindex:outermatch.start()]
    result += innerre.sub(u"\u201C\\1\u201D", textbetween)
    lastindex = outermatch.end()
    # Append the regex match itself unchanged
    result += outermatch.group()
# Search-and-replace through the remainder after the last regex match
textafter = subject[lastindex:]
result += innerre.sub(u"\u201C\\1\u201D", textafter)

Ruby
result = '';
textafter = ''
subject.scan(/<[^<>]*>/) {|match|
    textafter = $'
    textbetween = $`.gsub(/"([^"]*)"/, '“\1”')
    result += textbetween + match
}
result += textafter.gsub(/"([^"]*)"/, '“\1”')

Discussion
Recipe 3.13 explains how to use two regular expressions to find matches (of the second
regex) only within certain sections of the file (matches of the first regex). The solution
for this recipe uses the same technique to search and replace through only certain parts
of the subject string.

It is important that the regular expression you use to find the sections continues to
work on the original subject string. If you modify the original subject string, you have
to shift the starting position for the regex that finds the section as the inner regex adds
or deletes characters. More importantly, the modifications can have unintended side
effects. For example, if your outer regex uses the anchor ‹^› to match something at the
start of a line, and your inner regex inserts a line break at the end of the section found
by the outer regex, then ‹^› will match right after the previous section because of the
newly inserted line break.

Though the solutions for this recipe are quite long, they’re very straightforward. Two
regular expressions are used. The “outer” regular expression, ‹<[^<>]*>›, matches a
pair of angle brackets and anything between them, except angle brackets. This is a crude
way of matching any HTML tag. This regex works fine as long as the HTML file does
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not contain any literal angle brackets that were (incorrectly) not encoded as entities.
We implement this regular expression with the same code shown in Recipe 3.11. The
only difference is that the placeholder comment in that code that said where to use the
match was replaced by the code that does the actual search-and-replace.

The search-and-replace within the loop follows the code shown in Recipe 3.14. The
subject string for the search-and-replace is the text between the previous match of the
outer regex and the current match. We append the result of the inner search-and-re-
place to the overall result string. We also append the current match of the outer regular
expression unchanged.

When the outer regex fails to find further matches, we run the inner search-and-replace
once more, on the text after the last match of the outer regex.

The regex ‹"([^"]*)"›, used for the search-and-replace inside the loop, matches a pair
of double-quote characters and anything between them, except double quotes. The
text between the quotes is captured into the first capturing group.

For the replacement text, we use a reference to the first capturing group, which is placed
between two smart quotes. The smart quotes occupy Unicode code points U+201C and
U+201D. Normally, you can simply paste the smart quotes directly into your source code.
Visual Studio 2008, however, insists on being clever and automatically replaces literal
smart quotes with straight quotes.

In a regular expression, you can match a Unicode code point with ‹\u201C› or
‹\x{201C}›, but none of the programming languages discussed in this book support
such tokens as part of the replacement text. If an end user wants to insert smart quotes
into the replacement text he types into an edit control, he’ll have to paste them in
literally from a character map. In your source code, you can use Unicode escapes in the
replacement text, if your language supports such escapes as part of literal strings. For
example, C# and Java support \u201C at the string level, but VB.NET does not offer a
way to escape Unicode characters in strings. In VB.NET, you can use the ChrW function
to convert a Unicode code point into a character.

Perl and Ruby

The Perl and Ruby solutions use two special variables available in these languages that
we haven’t explained yet. $` (dollar backtick) holds the part of the text to the left of
the subject match, and $' (dollar single quote) holds the part of the text to the right of
the subject match. Instead of iterating over the matches in the original subject string,
we start a new search on the part of the string after the previous match. This way, we
can easily retrieve the text between the match and the previous one with $`.

Python

The result of this code is a Unicode string because the replacement text is specified as
a Unicode string. You may need to call encode() to be able to display it, e.g.:
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print result.encode('1252')

See Also
Recipes 3.11, 3.13, and 3.16

3.19  Split a String
Problem
You want to split a string using a regular expression. After the split, you will have an
array or list of strings with the text between the regular expression matches.

For example, you want to split a string with HTML tags in it along the HTML tags.
Splitting I●like●<b>bold</b>●and●<i>italic</i>●fonts should result in an array of
five strings: I●like●, bold, ●and●, italic, and ●fonts.

Solution

C#

You can use the static call when you process only a small number of strings with the
same regular expression:

string[] splitArray = Regex.Split(subjectString, "<[^<>]*>");

If the regex is provided by the end user, you should use the static call with full exception
handling:

string[] splitArray = null;
try {
    splitArray = Regex.Split(subjectString, "<[^<>]*>");
} catch (ArgumentNullException ex) {
     // Cannot pass null as the regular expression or subject string
} catch (ArgumentException ex) {
    // Syntax error in the regular expression
}

Construct a Regex object if you want to use the same regular expression with a large
number of strings:

Regex regexObj = new Regex("<[^<>]*>");
string[] splitArray = regexObj.Split(subjectString);

If the regex is provided by the end user, you should use the Regex object with full
exception handling:

string[] splitArray = null;
try {
    Regex regexObj = new Regex("<[^<>]*>");
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    try {
        splitArray = regexObj.Split(subjectString);
    } catch (ArgumentNullException ex) {
        // Cannot pass null as the subject string
    }
} catch (ArgumentException ex) {
    // Syntax error in the regular expression
}

VB.NET

You can use the static call when you process only a small number of strings with the
same regular expression:

Dim SplitArray = Regex.Split(SubjectString, "<[^<>]*>")

If the regex is provided by the end user, you should use the static call with full exception
handling:

Dim SplitArray As String()
Try
    SplitArray = Regex.Split(SubjectString, "<[^<>]*>")
Catch ex As ArgumentNullException
    'Cannot pass null as the regular expression or subject string
Catch ex As ArgumentException
    'Syntax error in the regular expression
End Try

Construct a Regex object if you want to use the same regular expression with a large
number of strings:

Dim RegexObj As New Regex("<[^<>]*>")
Dim SplitArray = RegexObj.Split(SubjectString)

If the regex is provided by the end user, you should use the Regex object with full
exception handling:

Dim SplitArray As String()
Try
    Dim RegexObj As New Regex("<[^<>]*>")
    Try
        SplitArray = RegexObj.Split(SubjectString)
    Catch ex As ArgumentNullException
        'Cannot pass null as the subject string
    End Try
Catch ex As ArgumentException
    'Syntax error in the regular expression
End Try
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Java

You can call String.Split() directly when you want to split only one string with the
same regular expression:

String[] splitArray = subjectString.split("<[^<>]*>");

If the regex is provided by the end user, you should use full exception handling:

try {
    String[] splitArray = subjectString.split("<[^<>]*>");
} catch (PatternSyntaxException ex) {
    // Syntax error in the regular expression
}

Construct a Pattern object if you want to use the same regular expression with a large
number of strings:

Pattern regex = Pattern.compile("<[^<>]*>");
String[] splitArray = regex.split(subjectString);

If the regex is provided by the end user, you should use the Pattern object with full
exception handling:

String[] splitArray = null;
try {
    Pattern regex = Pattern.compile("<[^<>]*>");
    splitArray = regex.split(subjectString);
} catch (ArgumentException ex) {
    // Syntax error in the regular expression
}

JavaScript

The string.split() function can split a string using a regular expression:

result = subject.split(/<[^<>]*>/);

Unfortunately, there are a lot of cross-browser issues when using string.split() with
a regular expression. Building the list in your own code is more reliable:

var list = [];
var regex = /<[^<>]*>/g;
var match = null;
var lastIndex = 0;
while (match = regex.exec(subject)) {
    // Don't let browsers such as Firefox get stuck in an infinite loop
    if (match.index == regex.lastIndex) regex.lastIndex++;
    // Add the text before the match
    list.push(subject.substring(lastIndex, match.index));
    lastIndex = match.index + match[0].length;
}
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// Add the remainder after the last match
list.push(subject.substr(lastIndex));

PHP
$result = preg_split('/<[^<>]*>/', $subject);

Perl
@result = split(m/<[^<>]*>/, $subject);

Python

If you have only a few strings to split, you can use the global function:

result = re.split("<[^<>]*>", subject))

To use the same regex repeatedly, use a compiled object:

reobj = re.compile("<[^<>]*>")
result = reobj.split(subject)

Ruby
result = subject.split(/<[^<>]*>/)

Discussion
Splitting a string using a regular expression essentially produces the opposite result of
Recipe 3.10. Instead of retrieving a list with all the regex matches, you get a list of the
text between the matches, including the text before the first and after the last match.
The regex matches themselves are omitted from the output of the split function.

C# and VB.NET

In .NET, you will always use the Regex.Split() method to split a string with a regular
expression. The first parameter expected by Split() is always the string that holds the
original subject text you want to split. This parameter should not be null. If it is,
Split() will throw an ArgumentNullException. The return value of Split() is always an
array of strings.

If you want to use the regular expression only a few times, you can use a static call. The
second parameter is then the regular expression you want to use. You can pass regex
options as an optional third parameter. If your regular expression has a syntax error,
an ArgumentException will be thrown.

If you want to use the same regular expression on many strings, you can make your
code more efficient by constructing a Regex object first, and then calling Split() on that
object. The subject string is then the only required parameter.
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When calling Split() on an instance of the Regex class, you can pass additional pa-
rameters to limit the split operation. If you omit these parameters, the string will be
split at all matches of the regular expression in the subject string. The static overloads
of Split() do not allow these additional parameters. They always split the whole string
at all matches.

As the optional second parameter, after the subject string, you can pass the maximum
number of split strings you want to end up with. For example, if you call
regexObj.Split(subject, 3), you will receive an array with at most three strings in it.
The Split() function will try to find two regex matches, and return an array with the
text before the first match, the text between the two matches, and the text after the
second match. Any further possible regex matches within the remainder of the subject
string are ignored, and left in the last string in the array.

If there are not enough regex matches to reach your limit, Split() will split along all
the available regex matches and return an array with fewer strings than you specified.
regexObj.Split(subject, 1) does not split the string at all, returning an array with the
original string as the only element. regexObj.Split(subject, 0) splits at all regex
matches, just like Split() does when you omit the second parameter. Specifying a
negative number will cause Split() to throw an ArgumentOutOfRangeException.

If you specify the second parameter with the maximum number of strings in the re-
turned array, you also can specify an optional third parameter to indicate the character
index at which the regular expression should begin to find matches. Essentially, the
number you pass as the third parameter is the number of characters at the start of your
subject string that the regular expression should ignore. This can be useful when you’ve
already processed the string up to a point, and you only want to split the remainder of
the string.

The characters skipped by the regular expression will still be added to the returned
array. The first string in the array is the whole substring before the first regex
match found after the starting position you specified, including the characters before
that starting position. If you specify the third parameter, it must be between
zero and the length of the subject string. Otherwise, Split() throws an
ArgumentOutOfRangeException. Unlike Match(), Split() does not allow you to specify a
parameter that sets the length of the substring the regular expression is allowed to
search through.

If a match occurs at the start of the subject string, the first string in the resulting array
will be an empty string. When two regex matches can be found right next to each other
in the subject string, with no text between them, an empty string will be added to the
array. If a match occurs at the end of the subject string, the last element in the array
will be an empty string.
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Java

If you have only one string to split, you can call the split() method directly on your
subject string. Pass the regular expression as the only parameter. This method simply
calls Pattern.compile("regex").split(subjectString).

If you want to split multiple strings, use the Pattern.compile() factory to create a
Pattern object. This way, your regular expression needs to be compiled only once.
Then, call the split() method on your Pattern instance, and pass your subject string
as the parameter. There’s no need to create a Matcher object. The Matcher class does
not have a split() method at all.

Pattern.split() takes an optional second parameter, but String.split() does not. You
can use the second parameter to pass the maximum number of split strings you want
to end up with. For example, if you call Pattern.split(subject, 3), you will receive
an array with at most three strings in it. The split() function will try to find two regex
matches, and return an array with the text before the first match, the text between the
two matches, and the text after the second match. Any further possible regex matches
within the remainder of the subject string are ignored, and left in the last string in the
array. If there are not enough regex matches to reach your limit, split() will split along
all the available regex matches, and return an array with fewer strings than you speci-
fied. Pattern.split(subject, 1) does not split the string at all, returning an array with
the original string as the only element.

If a match occurs at the start of the subject string, the first string in the resulting array
will be an empty string. When two regex matches can be found right next to each other
in the subject string, with no text between them, an empty string will be added to the
array. If a match occurs at the end of the subject string, the last element in the array
will be an empty string.

Java, however, will eliminate empty strings at the end of the array. If you want the
empty strings to be included, pass a negative number as the second parameter to
Pattern.split(). This tells Java to split the string as many times as possible, and leave
any empty strings at the end of the array. The actual value of the second parameter
makes no difference when it is negative. You cannot tell Java to split a string a certain
number of times and also leave empty strings at the end of the array at the same time.

JavaScript

In JavaScript, call the split() method on the string you want to split. Pass the regular
expression as the only parameter to get an array with the string split as many times as
possible. You can pass an optional second parameter to specify the maximum number
of strings you want to have in the returned array. This should be a positive number. If
you pass zero, you get an empty array. If you omit the second parameter or pass a
negative number, the string is split as many times as possible. Setting the /g flag for the
regex (Recipe 3.4) makes no difference.
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Unfortunately, none of the popular web browsers implement each aspect of the
split() method as specified in the JavaScript standard. In particular, some browsers
include the text matched by capturing groups in the array, and others don’t. Those that
include capturing groups don’t handle nonparticipating groups consistently. To avoid
such issues, use only noncapturing groups (Recipe 2.9) in regular expressions you pass
to split().

Some JavaScript implementations omit zero-length strings from the returned array.
Zero-length strings should be in the array when two regex matches occur right next to
each other, or when the regex matches at the start or the end of the string that is being
split. Since you can’t work around this with a simple change to your regular expression,
it is probably safer to use the longer JavaScript solution to this recipe. That solution
includes all zero-length strings, but you can easily edit it to exclude zero-length strings.

The long solution is an adaptation of Recipe 3.12. It adds the text between the regex
matches and the regex matches themselves to an array. To get the text between the
matches, we use the match details explained in Recipe 3.8.

If you want an implementation of String.prototype.split that follows the standard
and also works with all browsers, Steven Levithan has a solution for you at http://blog
.stevenlevithan.com/archives/cross-browser-split.

PHP

Call preg_split() to split a string into an array of strings along the regex matches. Pass
the regular expression as the first parameter and the subject string as the second pa-
rameter. If you omit the second parameter, $_ is used as the subject string.

You can pass an optional third parameter to specify the maximum number of split
strings you want to end up with. For example, if you call preg_split($regex, $subject,
3), you will receive an array with at most three strings in it. The preg_split() function
will try to find two regex matches, and return an array with the text before the first
match, the text between the two matches, and the text after the second match. Any
further possible regex matches within the remainder of the subject string are ignored,
and left in the last string in the array. If there are not enough regex matches to reach
your limit, preg_split() will split along all the available regex matches and return an
array with fewer strings than you specified. If you omit the third parameter or set it to
-1, the string is split as many times as possible.

If a match occurs at the start of the subject string, the first string in the resulting array
will be an empty string. When two regex matches can be found right next to each other
in the subject string, with no text between them, an empty string will be added to the
array. If a match occurs at the end of the subject string, the last element in the array
will be an empty string. By default, preg_split() includes those empty strings in the
array it returns. If you don’t want empty strings in the array, pass the constant
PREG_SPLIT_NO_EMPTY as the fourth parameter.

3.19  Split a String | 201

http://blog.stevenlevithan.com/archives/cross-browser-split
http://blog.stevenlevithan.com/archives/cross-browser-split


Perl

Call the split() function to split a string into an array of strings along the regex match-
es. Pass a regular expression operator as the first parameter and the subject string as
the second parameter.

You can pass an optional third parameter to specify the maximum number of split
strings you want to end up with. For example, if you call split(/regex/, subject,
3), you will receive an array with at most three strings in it. The split() function will
try to find two regex matches, and return an array with the text before the first match,
the text between the two matches, and the text after the second match. Any further
possible regex matches within the remainder of the subject string are ignored, and left
in the last string in the array. If there are not enough regex matches to reach your limit,
split() will split along all the available regex matches and return an array with fewer
strings than you specified.

If you omit the third parameter, Perl will determine the appropriate limit. If you assign
the result to an array variable, as the solution for this recipe does, the string is split as
many times as possible. If you assign the result to a list of scalar variables, Perl sets the
limit to the number of variables plus one. In other words, Perl will attempt to fill all the
variables, and will discard the unsplit remainder. For example, ($one, $two, $three)
= split(/,/) splits $_ with a limit of 4.

If a match occurs at the start of the subject string, the first string in the resulting array
will be an empty string. When two regex matches can be found right next to each other
in the subject string, with no text between them, an empty string will be added to the
array. If a match occurs at the end of the subject string, the last element in the array
will be an empty string.

Python

The split() function in the re module splits a string using a regular expression. Pass
your regular expression as the first parameter and the subject string as the second pa-
rameter. The global split() function does not accept a parameter with regular expres-
sion options.

The re.split() function calls re.compile(), and then calls the split() method on the
compiled regular expression object. This method has only one required parameter: the
subject string.

Both forms of split() return a list with the text between all the regex matches. Both
take one optional parameter that you can use to limit the number of times the string
should be split. If you omit it or set it to zero, the string is split as many times as possible.
If you pass a positive number, that is the maximum number of regex matches at which
the string will be split. The resulting list will contain one more string than the count
you specified. The last string is the unsplit remainder of the subject string after the last
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regex match. If fewer matches can be found than the count you specified, the string is
split at all regex matches without error.

Ruby

Call the split() method on the subject string and pass your regular expression as the
first parameter to divide the string into an array of strings along the regex matches.

The split() method takes an optional second parameter, which you can use to indicate
the maximum number of split strings you want to end up with. For example, if you call
subject.split(re, 3), you will receive an array with at most three strings in it. The
split() function will try to find two regex matches, and return an array with the text
before the first match, the text between the two matches, and the text after the second
match. Any further possible regex matches within the remainder of the subject string
are ignored, and left in the last string in the array. If there are not enough regex matches
to reach your limit, split() will split along all the available regex matches, and return
an array with fewer strings than you specified. split(re, 1) does not split the string at
all, returning an array with the original string as the only element.

If a match occurs at the start of the subject string, the first string in the resulting array
will be an empty string. When two regex matches can be found right next to each other
in the subject string, with no text between them, an empty string will be added to the
array. If a match occurs at the end of the subject string, the last element in the array
will be an empty string.

Ruby, however, will eliminate empty strings at the end of the array. If you want the
empty strings to be included, pass a negative number as the second parameter to
split(). This tells Ruby to split the string as many times as possible and leave any empty
strings at the end of the array. The actual value of the second parameter makes no
difference when it is negative. You cannot tell Ruby to split a string a certain number
of times and also leave empty strings at the end of the array at the same time.

See Also
Recipe 3.20

3.20  Split a String, Keeping the Regex Matches
Problem
You want to split a string using a regular expression. After the split, you will have an
array or list of strings with the text between the regular expression matches, as well as
the regex matches themselves.

Suppose you want to split a string with HTML tags in it along the HTML tags, and also
keep the HTML tags. Splitting I●like●<b>bold</b>●and●<i>italic</i>●fonts should
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result in an array of nine strings: I●like●, <b>, bold, </b>, ●and●, <i>, italic, </i>, and
●fonts.

Solution

C#

You can use the static call when you process only a small number of strings with the
same regular expression:

string[] splitArray = Regex.Split(subjectString, "(<[^<>]*>)");

Construct a Regex object if you want to use the same regular expression with a large
number of strings:

Regex regexObj = new Regex("(<[^<>]*>)");
string[] splitArray = regexObj.Split(subjectString);

VB.NET

You can use the static call when you process only a small number of strings with the
same regular expression:

Dim SplitArray = Regex.Split(SubjectString, "(<[^<>]*>)")

Construct a Regex object if you want to use the same regular expression with a large
number of strings:

Dim RegexObj As New Regex("(<[^<>]*>)")
Dim SplitArray = RegexObj.Split(SubjectString)

Java
List<String> resultList = new ArrayList<String>();
Pattern regex = Pattern.compile("<[^<>]*>");
Matcher regexMatcher = regex.matcher(subjectString);
int lastIndex = 0;
while (regexMatcher.find()) {
    resultList.add(subjectString.substring(lastIndex,
                                           regexMatcher.start()));
    resultList.add(regexMatcher.group());
    lastIndex = regexMatcher.end();
}
resultList.add(subjectString.substring(lastIndex));

JavaScript
var list = [];
var regex = /<[^<>]*>/g;
var match = null;
var lastIndex = 0;
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while (match = regex.exec(subject)) {
    // Don't let browsers such as Firefox get stuck in an infinite loop
    if (match.index == regex.lastIndex) regex.lastIndex++;
    // Add the text before the match, as well as the match itself
    list.push(subject.substring(lastIndex, match.index), match[0]);
    lastIndex = match.index + match[0].length;
}
// Add the remainder after the last match
list.push(subject.substr(lastIndex));

PHP
$result = preg_split('/(<[^<>]*>)/', $subject, -1,
                     PREG_SPLIT_DELIM_CAPTURE);

Perl
@result = split(m/(<[^<>]*>)/, $subject);

Python

If you have only a few strings to split, you can use the global function:

result = re.split("(<[^<>]*>)", subject))

To use the same regex repeatedly, use a compiled object:

reobj = re.compile("(<[^<>]*>)")
result = reobj.split(subject)

Ruby
list = []
lastindex = 0;
subject.scan(/<[^<>]*>/) {|match|
    list << subject[lastindex..$~.begin(0)-1];
    list << $&
    lastindex = $~.end(0)
}
list << subject[lastindex..subject.length()]

Discussion

.NET

In .NET, the Regex.Split() method includes the text matched by capturing groups into
the array.  .NET 1.0 and 1.1 include only the first capturing group. .NET 2.0 and later
include all capturing groups as separate strings into the array. If you want to include
the overall regex match into the array, place the whole regular expression inside a
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capturing group. For .NET 2.0 and later, all other groups should be noncapturing, or
they will be included in the array.

The capturing groups are not included in the string count that you can pass to the
Split() function. If you call regexObj.Split(subject, 4) with the example string and
regex of this recipe, you’ll get an array with seven strings. Those will be the four strings
with the text before, between, and after the first three regex matches, plus three strings
between them with the regex matches, as captured by the only capturing group in the
regular expression. Simply put, you’ll get an array with: I●like●, <b>, bold, </b>, ●and●,
<italic>, and italic</italic>●fonts. If your regex has 10 capturing groups and you’re
using .NET 2.0 or later, regexObj.Split(subject, 4) returns an array with 34 strings.

.NET does not provide an option to exclude the capturing groups from the array. Your
only solution is to replace all named and numbered capturing groups with noncaptur-
ing groups. An easy way to do this in .NET is to use RegexOptions.ExplicitCapture,
and replace all named groups with normal groups (i.e., just a pair of parentheses) in
your regular expression.

Java

Java’s Pattern.split() method does not provide the option to add the regex matches
to the resulting array. Instead, we can adapt Recipe 3.12 to add the text between the
regex matches along with the regex matches themselves to a list. To get the text between
the matches, we use the match details explained in Recipe 3.8.

JavaScript

JavaScript’s string.split() function does not provide an option to control whether
regex matches should be added to the array. According to the JavaScript standard, all
capturing groups should have their matches added to the array. Unfortunately, the
popular web browsers either don’t do this at all or do so inconsistently.

For a solution that works with all browsers, we can adapt Recipe 3.12 to add the text
between the regex matches along with the regex matches themselves to a list. To get
the text between the matches, we use the match details explained in Recipe 3.8.

PHP

Pass PREG_SPLIT_DELIM_CAPTURE as the fourth parameter to preg_split() to include the
text matched by capturing groups in the returned array. You can use the | operator to
combine PREG_SPLIT_DELIM_CAPTURE with PREG_SPLIT_NO_EMPTY.

The capturing groups are not included in the string count that you specify as the third
argument to the preg_split() function. If you set the limit to four with the example
string and regex of this recipe, you’ll get an array with seven strings. Those will be the
four strings with the text before, between, and after the first three regex matches, plus
three strings between them with the regex matches, as captured by the only capturing
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group in the regular expression. Simply put, you’ll get an array with: I●like●, <b>, bold,
</b>, ●and●, <italic>, and italic</italic>●fonts.

Perl

Perl’s split() function includes the text matched by all capturing groups into the array. 
If you want to include the overall regex match into the array, place the whole regular
expression inside a capturing group.

The capturing groups are not included in the string count that you can pass to the
split() function. If you call split(/(<[^<>]*>)/, $subject, 4) with the example string
and regex of this recipe, you’ll get an array with seven strings. Those will be the four
strings with the text before, between, and after the first three regex matches, plus three
strings between them with the regex matches, as captured by the only capturing group
in the regular expression. Simply put, you’ll get an array with: I●like●, <b>, bold, </
b>, ●and●, <italic>, and italic</italic>●fonts. If your regex has 10 capturing groups,
split($regex, $subject, 4) returns an array with 34 strings.

Perl does not provide an option to exclude the capturing groups from the array. Your
only solution is to replace all named and numbered capturing groups with
noncapturing groups.

Python

Python’s split() function includes the text matched by all capturing groups into the
array. If you want to include the overall regex match into the array, place the whole
regular expression inside a capturing group.

The capturing groups do not affect the number of times the string is split. If you call
split(/(<[^<>]*>)/, $subject, 3) with the example string and regex of this recipe,
you’ll get an array with seven strings. The string is split three times, which results in
four pieces of text between the matches, plus three pieces of text matched by the cap-
turing group. Simply put, you’ll get an array with: "I like", "<b>", "bold", "</b>",
" and ", "<i>", and "italic</i> fonts". If your regex has 10 capturing groups,
split($regex, $subject, 3) returns an array with 34 strings.

Python does not provide an option to exclude the capturing groups from the array.
Your only solution is to replace all named and numbered capturing groups with non-
capturing groups.

Ruby

Ruby’s String.split() method does not provide the option to add the regex matches
to the resulting array. Instead, we can adapt Recipe 3.11 to add the text between the
regex matches along with the regex matches themselves to a list. To get the text between
the matches, we use the match details explained in Recipe 3.8.

3.20  Split a String, Keeping the Regex Matches | 207



See Also
Recipe 2.9 explains capturing and noncapturing groups.

Recipe 2.11 explains named groups. 

3.21  Search Line by Line
Problem
Traditional grep tools apply your regular expression to one line of text at a time, and
display the lines matched (or not matched) by the regular expression. You have an array
of strings, or a multiline string, that you want to process in this way.

Solution

C#

If you have a multiline string, split it into an array of strings first, with each string in
the array holding one line of text:

string[] lines = Regex.Split(subjectString, "\r?\n");

Then, iterate over the lines array:

Regex regexObj = new Regex("regex pattern");
for (int i = 0; i < lines.Length; i++) {
    if (regexObj.IsMatch(lines[i])) {
        // The regex matches lines[i]
    } else {
        // The regex does not match lines[i]
    }
}

VB.NET

If you have a multiline string, split it into an array of strings first, with each string in
the array holding one line of text:

Dim Lines = Regex.Split(SubjectString, "\r?\n")

Then, iterate over the lines array:

Dim RegexObj As New Regex("regex pattern")
For i As Integer = 0 To Lines.Length - 1
    If RegexObj.IsMatch(Lines(i)) Then
        'The regex matches Lines(i)
    Else
        'The regex does not match Lines(i)
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    End If
Next

Java

If you have a multiline string, split it into an array of strings first, with each string in
the array holding one line of text:

String[] lines = subjectString.split("\r?\n");

Then, iterate over the lines array:

Pattern regex = Pattern.compile("regex pattern");
Matcher regexMatcher = regex.matcher("");
for (int i = 0; i < lines.length; i++) {
    regexMatcher.reset(lines[i]);
    if (regexMatcher.find()) {
        // The regex matches lines[i]
    } else {
        // The regex does not match lines[i]
    }
}

JavaScript

If you have a multiline string, split it into an array of strings first, with each string in
the array holding one line of text. As mentioned in Recipe 3.19, some browsers exclude
empty lines from the array.

var lines = subject.split(/\r?\n/);

Then, iterate over the lines array:

var regexp = /regex pattern/;
for (var i = 0; i < lines.length; i++) {
    if (lines[i].match(regexp)) {
        // The regex matches lines[i]
    } else {
        // The regex does not match lines[i]
    }
}

PHP

If you have a multiline string, split it into an array of strings first, with each string in
the array holding one line of text:

$lines = preg_split('/\r?\n/', $subject)

Then, iterate over the $lines array:

foreach ($lines as $line) {
    if (preg_match('/regex pattern/', $line)) {
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        // The regex matches $line
    } else {
        // The regex does not match $line
    }
}

Perl

If you have a multiline string, split it into an array of strings first, with each string in
the array holding one line of text:

$lines = split(m/\r?\n/, $subject)

Then, iterate over the $lines array:

foreach $line ($lines) {
    if ($line =~ m/regex pattern/) {
        # The regex matches $line
    } else {
        # The regex does not match $line
    }
}

Python

If you have a multiline string, split it into an array of strings first, with each string
in the array holding one line of text:

lines = re.split("\r?\n", subject);

Then, iterate over the lines array:

reobj = re.compile("regex pattern")
for line in lines[:]:
    if re.search(line):
        # The regex matches line
    else:
        # The regex does not match line

Ruby

If you have a multiline string, split it into an array of strings first, with each string in
the array holding one line of text:

lines = subject.split(/\r?\n/)

Then, iterate over the lines array:

re = /regex pattern/
lines.each { |line|
    if line =~ re
        # The regex matches line
    else
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        # The regex does not match line
}

Discussion
When working with line-based data, you can save yourself a lot of trouble if you split
the data into an array of lines, instead of trying to work with one long string with
embedded line breaks. Then, you can apply your actual regex to each string in the array,
without worrying about matching more than one line. This approach also makes it easy
to keep track of the relationship between lines. For example, you could easily iterate
over the array using one regex to find a header line and then another to find the footer
line. With the delimiting lines found, you can then use a third regex to find the data
lines you’re interested in. Though this may seem like a lot of work, it’s all very straight-
forward, and will yield code that performs well. Trying to craft a single regex to find
the header, data, and footer all at once will be a lot more complicated, and will result
in a much slower regex.

Processing a string line by line also makes it easy to negate a regular expression. Regular
expressions don’t provide an easy way of saying “match a line that does not contain
this or that word.” Only character classes can be easily negated. But if you’ve already
split your string into lines, finding the lines that don’t contain a word becomes as easy
as doing a literal text search in all the lines, and removing the ones in which the word
can be found.

Recipe 3.19 shows how you can easily split a string into an array. The regular expression
‹\r\n› matches a pair of CR  and LF  characters, which delimit lines on the Microsoft
Windows platforms. ‹\n› matches an LF  character, which delimits lines on Unix and
its derivatives, such as Linux and even OS X. Since these two regular expressions are
essentially plain text, you don’t even need to use a regular expression. If your pro-
gramming language can split strings using literal text, by all means split the string that
way.

If you’re not sure which line break style your data uses, you could split it using the
regular expression ‹\r?\n›. By making the CR  optional, this regex matches either a
CRLF  Windows line break or an LF  Unix line break.

Once you have your strings into the array, you can easily loop over it. Inside the loop,
follow the recipe shown in Recipe 3.5 to check which lines match, and which don’t.

See Also
Recipes 3.11 and 3.19

3.21  Search Line by Line | 211





CHAPTER 4

Validation and Formatting

This chapter contains recipes for validating and formatting common types of user input.
Some of the solutions show how to allow variations of valid input, such as U.S. postal
codes that can contain either five or nine digits. Others are designed to harmonize or
fix commonly understood formats for things such as phone numbers, dates, and credit
card numbers.

Beyond helping you get the job done by eliminating invalid input, these recipes can
also improve the user experience of your applications. Messages such as “no spaces or
hyphens” next to phone or credit card number fields often frustrate users or are simply
ignored. Fortunately, in many cases regular expressions allow you to let users enter
data in formats that they find familiar and comfortable with very little extra work on
your part.

Certain programming languages provide functionality similar to some recipes in this
chapter through their native classes or libraries. Depending on your needs, it might
make more sense to use these built-in options, so we’ll point them out along the way.

4.1  Validate Email Addresses
Problem
You have a form on your website or a dialog box in your application that asks the user
for an email address. You want to use a regular expression to validate this email address
before trying to send email to it. This reduces the number of emails returned to you as
undeliverable.

Solution

Simple

The first solution does a very simple check. It only verifies that the email address has
a single at (@) sign and no whitespace:
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^\S+@\S+$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

\A\S+@\S+\Z
Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Simple, with restrictions on characters

The domain name, the part after the @ sign, is restricted to characters allowed in domain
names. The username, the part before the @ sign, is restricted to characters commonly
used in email usernames, which is more restrictive than what most email clients and
servers will accept:

^[A-Z0-9+_.-]+@[A-Z0-9.-]+$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

\A[A-Z0-9+_.-]+@[A-Z0-9.-]+\Z
Regex options: Case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Simple, with all characters

This regular expression expands the previous one by allowing a larger set of rarely used
characters in the username. Not all email software can handle all these characters, but
we’ve included all the characters permitted by RFC 2822, which governs the email
message format. Among the permitted characters are some that present a security risk
if passed directly from user input to an SQL statement, such as the single quote (') and
the pipe character (|). Be sure to escape sensitive characters when inserting the email
address into a string passed to another program, in order to prevent security holes such
as SQL injection attacks:

^[\w!#$%&'*+/=?`{|}~^.-]+@[A-Z0-9.-]+$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

\A[\w!#$%&'*+/=?`{|}~^.-]+@[A-Z0-9.-]+\Z
Regex options: Case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

No leading, trailing, or consecutive dots

Both the username and the domain name can contain one or more dots, but no two
dots can appear right next to each other. Furthermore, the first and last characters in
the username and in the domain name must not be dots:
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^[\w!#$%&'*+/=?`{|}~^-]+(?:\.[!#$%&'*+/=?`{|}~^-]+)*@↵
[A-Z0-9-]+(?:\.[A-Z0-9-]+)*$

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

\A[\w!#$%&'*+/=?`{|}~^-]+(?:\.[!#$%&'*+/=?`{|}~^-]+)*@↵
[A-Z0-9-]+(?:\.[A-Z0-9-]+)*\Z

Regex options: Case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Top-level domain has two to six letters

This regular expression adds to the previous versions by specifying that the domain
name must include at least one dot, and that the part of the domain name after the dot
can only consist of letters. That is, the domain must contain at least two levels, such
as secondlevel.com or thirdlevel.secondlevel.com. The top-level domain, .com, must
consist of two to six letters. All country-code top-level domains have two letters. The
generic top-level domains have between three (.com) and six letters (.museum):

^[\w!#$%&'*+/=?`{|}~^-]+(?:\.[!#$%&'*+/=?`{|}~^-]+)*@↵
(?:[A-Z0-9-]+\.)+[A-Z]{2,6}$

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

\A[\w!#$%&'*+/=?`{|}~^-]+(?:\.[!#$%&'*+/=?`{|}~^-]+)*@↵
(?:[A-Z0-9-]+\.)+[A-Z]{2,6}\Z

Regex options: Case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Discussion

About email addresses

If you thought something as conceptually simple as validating an email address would
have a simple one-size-fits-all regex solution, you’re quite wrong. This recipe is a prime
example that before you can start writing a regular expression, you have to decide
exactly what you want to match. There is no universally agreed upon rule as to which
email addresses are valid and which not. It depends on your definition of valid.

asdf@asdf.asdf is valid according to RFC 2822, which defines the syntax for email
addresses. But it is not valid if your definition specifies that a valid email address is one
that accepts mail. There is no top-level asdf domain.

The short answer to the validity problem is that you can’t know whether
john.doe@somewhere.com is an email address that can actually receive email until you try
to send email to it. And even then, you can’t be sure if the lack of response signals that
the somewhere.com domain is silently discarding mail sent to nonexistent mailboxes, or
if John Doe hit the Delete button on his keyboard, or if his spam filter beat him to it.
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Because you ultimately have to check whether the address exists by actually sending
email to it, you can decide to use a simpler or more relaxed regular expression. Allowing
invalid addresses to slip through may be preferable to annoying people by blocking
valid addresses. For this reason, you may want to select the “simple, with all characters”
regular expression. Though it obviously allows many things that aren’t email addresses,
such as #$%@.-, the regex is quick and simple, and will never block a valid email address.

If you want to avoid sending too many undeliverable emails, while still not blocking
any real email addresses, the regex in “Top-level domain has two to six let-
ters” on page 215 is a good choice.

You have to consider how complex you want your regular expression to be. If you’re
validating user input, you’ll likely want a more complex regex, because the user could
type in anything. But if you’re scanning database files that you know contain only valid
email addresses, you can use a very simple regex that merely separates the email ad-
dresses from the other data. Even the solution in the earlier subsection“Simple” may
be enough in this case.

Finally, you have to consider how future-proof you want your regular expression to be.
In the past, it made sense to restrict the top-level domain to only two-letter combina-
tions for the country codes, and exhaustively list the generic top-level domains, i.e.,
‹com|net|org|mil|edu›. With new top-level domains being added all the time, such
regular expressions now quickly go out of date.

Regular expression syntax

The regular expressions presented in this recipe show all the basic parts of the regular
expression syntax in action. If you read up on these parts in Chapter 2, you can already
do 90% of the jobs that are best solved with regular expressions.

All the regular expressions require the case-insensitive matching option to be turned
on. Otherwise, only uppercase characters will be allowed. Turning on this option allows
you to type ‹[A-Z]› instead of ‹[A-Za-z]›, saving a few keystrokes. If you use one of the
last two regular expressions, the case-insensitivity option is very handy. Otherwise,
you’d have to replace every letter ‹X› with ‹[Xx]›.
‹\S› and ‹\w› are shorthand character classes, as the recipe in Recipe 2.3 explains. 
‹\S› matches any nonwhitespace character, whereas ‹\w› matches a word character.

‹@› and ‹\.› match a literal @ sign and a dot, respectively. Since the dot is a metachar-
acter when used outside character classes, it needs to be escaped with a backslash. The
@ sign never has a special meaning with any of the regular expression flavors in this
book. Recipe 2.1 gives you a list of all the metacharacters that need to be escaped.

‹[A-Z0-9.-]› and the other sequences between square brackets are character classes.
This one allows all letters between A and Z, all digits between 0 and 9, as well as a literal
dot and hyphen. Though the hyphen normally creates a range in a character class, the
hyphen is treated as a literal when it occurs as the last character in a character class.
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The recipe in Recipe 2.3 tells you all about character classes, including combining them
with shorthands, as in ‹[\w!#$%&'*+/=?`{|}~^.-]›. This class matches a word character,
as well as any of the 19 listed punctuation characters.

‹+› and ‹*›, when used outside character classes, are quantifiers. The plus sign repeats
the preceding regex token one or more times, whereas the asterisk repeats it zero or
more times. In these regular expressions, the quantified token is usually a character
class, and sometimes a group. Therefore, ‹[A-Z0-9.-]+› matches one or more letters,
digits, dots, and/or hyphens.

As an example of the use of a group, ‹(?:[A-Z0-9-]+\.)+› matches one or more letters,
digits, and/or hyphens, followed by one literal dot. The plus sign repeats this group
one or more times. The group must match at least once, but can match as many times
as possible. Recipe 2.12 explains the mechanics of constructs such as these in detail.

‹(?:group)› is a noncapturing group. Use it to create a group from part of the regular
expression so you can apply a quantifier to the group as a whole. The capturing group
‹(group)› does the same thing with a cleaner syntax, so you could replace ‹(?:› with
‹(› in all of the regular expressions we’ve used so far without changing the overall match
results.

But since we’re not interested in separately capturing parts of the email address, the
noncapturing group is somewhat more efficient, although it makes the regular expres-
sion somewhat harder to read. Recipe 2.9 tells you all about capturing and noncap-
turing groups.

The anchors ‹^› and ‹$› force the regular expression to find its match at the start and
end of the subject text, respectively. Placing the whole regular expression between these
characters effectively requires the regular expression to match the entire subject.

This is important when validating user input. You do not want to accept drop database;
-- joe@server.com haha! as a valid email address. Without the anchors, all the previous
regular expressions will match because they find joe@server.com in the middle of the
given text. See Recipe 2.5 for details. That recipe also explains why the “caret and dollar
match at line breaks” matching option must be off.

In Ruby, the caret and dollar always match at line breaks. The regular expressions using
the caret and dollar work correctly in Ruby, but only if the string you’re trying to validate
contains no line breaks. If the string may contain line breaks, all the regexes using ‹^›
and ‹$› will match the email address in drop database; -- LFjoe@server.com LF
haha!, where LF  represents a line break.

To avoid this, use the anchors ‹\A› and ‹\Z› instead. These match at the start and end
of the string only, regardless of any options, in all flavors discussed in this book, except
JavaScript. JavaScript does not support ‹\A› and ‹\Z› at all. Recipe 2.5 explains these
anchors.
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The issue with ‹^› and ‹$› versus ‹\A› and ‹\Z› applies to all regular ex-
pressions that validate input.  There are a lot of these in this book. Al-
though we will offer the occasional reminder, we will not constantly
repeat this advice or show separate solutions for JavaScript and Ruby
for each and every recipe. In many cases, we’ll show only one solution
using the caret and dollar, and list Ruby as a compatible flavor. If you’re
using Ruby, remember to use ‹\A› and ‹\Z› if you want to avoid matching
one line in a multiline string.

Building a regex step-by-step

This recipe illustrates how you can build a regular expression step-by-step. This tech-
nique is particularly handy with an interactive regular expression tester, such as
RegexBuddy.

First, load a bunch of valid and invalid sample data into the tool. In this case, that would
be a list of valid email addresses and a list of invalid email addresses.

Then, write a simple regular expression that matches all the valid email addresses.
Ignore the invalid addresses for now. ‹^\S+@\S+$› already defines the basic structure of
an email address: a username, an at sign, and a domain name.

With the basic structure of your text pattern defined, you can refine each part until
your regular expression no longer matches any of the invalid data. If your regular ex-
pression only has to work with previously existing data, that can be a quick job. If your
regex has to work with any user input, editing the regular expression until it is restrictive
enough will be a much harder job than just getting it to match the valid data.

Variations
If you want to search for email addresses in larger bodies of text instead of checking
whether the input as a whole is an email address, you cannot use the anchors ‹^› and
‹$›. Merely removing the anchors from the regular expression is not the right solution.
If you do that with the final regex, which restricts the top-level domain to letters, it will
match asdf@asdf.as in asdf@asdf.as99, for example. Instead of anchoring the regex
match to the start and end of the subject, you have to specify that the start of the
username and the top-level domain cannot be part of longer words.

This is easily done with a pair of word boundaries. Replace both ‹^› and ‹$›
with ‹\b›. For instance, ‹^[A-Z0-9+_.-]+@(?:[A-Z0-9-]+\.)+[A-Z]{2,6}$› becomes
‹\b[A-Z0-9+_.-]+@(?:[A-Z0-9-]+\.)+[A-Z]{2,6}\b›.
This regex indeed combines the username portion from “Simple, with restrictions on
characters” on page 214 and the domain name portion from “Top-level domain has
two to six letters” on page 215. We find that this regular expression works quite well
in practice.
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See Also
RFC 2822 defines the structure and syntax of email messages, including the email ad-
dresses used in email messages. You can download RFC 2822 at http://www.ietf.org/
rfc/rfc2822.txt.

4.2  Validate and Format North American Phone Numbers
Problem
You want to determine whether a user entered a North American phone number in a
common format, including the local area code. These formats include 1234567890,
123-456-7890, 123.456.7890, 123 456 7890, (123) 456 7890, and all related combina-
tions. If the phone number is valid, you want to convert it to your standard format,
(123) 456-7890, so that your phone number records are consistent.

Solution
A regular expression can easily check whether a user entered something that looks like
a valid phone number. By using capturing groups to remember each set of digits, the
same regular expression can be used to replace the subject text with precisely the format
you want.

Regular expression
^\(?([0-9]{3})\)?[-.●]?([0-9]{3})[-.●]?([0-9]{4})$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Replacement
($1)●$2-$3

Replacement text flavors: .NET, Java, JavaScript, Perl, PHP

(\1)●\2-\3
Replacement text flavors: Python, Ruby

C#
Regex regexObj =
    new Regex(@"^\(?([0-9]{3})\)?[-. ]?([0-9]{3})[-. ]?([0-9]{4})$");

if (regexObj.IsMatch(subjectString)) {
    string formattedPhoneNumber =
        regexObj.Replace(subjectString, "($1) $2-$3");
} else {
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    // Invalid phone number
}

JavaScript
var regexObj = /^\(?([0-9]{3})\)?[-. ]?([0-9]{3})[-. ]?([0-9]{4})$/;
if (regexObj.test(subjectString)) {
    var formattedPhoneNumber =
        subjectString.replace(regexObj, "($1) $2-$3");
} else {
    // Invalid phone number
}

Other programming languages

See Recipes 3.5 and 3.15 for help implementing this regular expression with other
programming languages.

Discussion
This regular expression matches three groups of digits. The first group can optionally
be enclosed with parentheses, and the first two groups can optionally be followed with
a choice of three separators (a hyphen, dot, or space). The following layout breaks the
regular expression into its individual parts, omitting the redundant groups of digits:

^        # Assert position at the beginning of the string.
\(       # Match a literal "("...
  ?      #   between zero and one time.
(        # Capture the enclosed match to backreference 1...
  [0-9]  #   Match a digit...
    {3}  #     exactly three times.
)        # End capturing group 1.
\)       # Match a literal ")"...
  ?      #   between zero and one time.
[-. ]    # Match one character from the set "-. "...
  ?      #   between zero and one time.
⋯       # [Match the remaining digits and separator.]
$        # Assert position at the end of the string.

Let’s look at each of these parts more closely.

The ‹^› and ‹$› at the beginning and end of the regular expression are a special kind of
metacharacter called an anchor or assertion. Instead of matching text, assertions match
a position within the text. Specifically, ‹^› matches at the beginning of the text, and
‹$› at the end. This ensures that the phone number regex does not match within longer
text, such as 123-456-78901.

As we’ve repeatedly seen, parentheses are special characters in regular expressions, but
in this case we want to allow a user to enter parentheses and have our regex recognize
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them. This is a textbook example of where we need a backslash to escape a special
character so the regular expression treats it as literal input. Thus, the ‹\(› and ‹\)›
sequences that enclose the first group of digits match literal parenthesis characters.
Both are followed by a question mark, which makes them optional. We’ll explain more
about the question mark after discussing the other types of tokens in this regular
expression.

The parentheses that appear without backslashes are capturing groups and are used to
remember the values matched within them so that the matched text can be recalled
later. In this case, backreferences to the captured values are used in the replacement
text so we can easily reformat the phone number as needed.

Two other types of tokens used in this regular expression are character classes and
quantifiers. Character classes allow you to match any one out of a set of characters.
‹[0-9]› is a character class that matches any digit. The regular expression flavors cov-
ered by this book all include the shorthand character class ‹\d› that also matches a digit,
but in some flavors ‹\d› matches a digit from any language’s character set or script,
which is not what we want here. See Recipe 2.3 for more information about ‹\d›.
‹[-.●]› is another character class, one that allows any one of three separators. It’s
important that the hyphen appears first in this character class, because if it appeared
between other characters, it would create a range, as with ‹[0-9]›. Another way to
ensure that a hyphen inside a character class matches a literal version of itself is to
escape it with a backslash. ‹[.\-●]› is therefore equivalent.

Finally, quantifiers allow you to repeat a token or group. ‹{3}› is a quantifier that causes
its preceding element to be repeated exactly three times. The regular expression ‹[0-9]
{3}› is therefore equivalent to ‹[0-9][0-9][0-9]›, but is shorter and hopefully easier to
read. A question mark (mentioned earlier) is a special quantifier that causes its pre-
ceding element to repeat zero or one time. It could also be written as ‹{0,1}›. Any
quantifier that allows something to be repeated zero times effectively makes that ele-
ment optional. Since a question mark is used after each separator, the phone number
digits are allowed to run together.

Note that although this recipe claims to handle North American phone numbers, it’s
actually designed to work with North American Numbering Plan (NANP) numbers.
The NANP is the telephone numbering plan for the countries that share the country
code “1”. This includes the United States and its territories, Canada, Bermuda, and 16
Caribbean nations. It excludes Mexico and the Central American nations.

Variations

Eliminate invalid phone numbers

So far, the regular expression matches any 10-digit number. If you want to limit matches
to valid phone numbers according to the North American Numbering Plan, here are
the basic rules:
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• Area codes start with a number from 2–9, followed by 0–8, and then any third digit.

• The second group of three digits, known as the central office or exchange code,
starts with a number from 2–9, followed by any two digits.

• The final four digits, known as the station code, have no restrictions.

These rules can easily be implemented with a few character classes.

^\(?([2-9][0-8][0-9])\)?[-.●]?([2-9][0-9]{2})[-.●]?([0-9]{4})$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Beyond the basic rules just listed, there are a variety of reserved, unassigned, and re-
stricted phone numbers. Unless you have very specific needs that require you to filter
out as many phone numbers as possible, don’t go overboard trying to eliminate unused
numbers. New area codes that fit the rules listed earlier are made available regularly,
and even if a phone number is valid, that doesn’t necessarily mean it was issued or is
in active use.

Find phone numbers in documents

Two simple changes allow the previous regular expression to match phone numbers
within longer text:

\(?\b([0-9]{3})\)?[-.●]?([0-9]{3})[-.●]?([0-9]{4})\b
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Here, the ‹^› and ‹$› assertions that bound the regular expression to the beginning and
end of the text have been removed. In their place, word boundary tokens (‹\b›) have
been added to ensure that the matched text stands on its own and is not part of a longer
number or word.

Similar to ‹^› and ‹$›, ‹\b› is an assertion that matches a position rather than any actual
text. Specifically, ‹\b› matches the position between a word character and either a non-
word character or the beginning or end of the text. Letters, numbers, and underscore
are all considered word characters (see Recipe 2.6).

Note that the first word boundary token appears after the optional, opening parenthe-
sis. This is important because there is no word boundary to be matched between two
nonword characters, such as the opening parenthesis and a preceding space character.
The first word boundary is relevant only when matching a number without parentheses,
since the word boundary always matches between the opening parenthesis and the first
digit of a phone number.

Allow a leading “1”

You can allow an optional, leading “1” for the country code (which covers the North
American Numbering Plan region) via the addition shown in the following regex:
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^(?:\+?1[-.●]?)?\(?([0-9]{3})\)?[-.●]?([0-9]{3})[-.●]?([0-9]{4})$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

In addition to the phone number formats shown previously, this regular expression
will also match strings such as +1 (123) 456-7890 and 1-123-456-7890. It uses a non-
capturing group, written as ‹(?:⋯)›. When a question mark follows an unescaped left
parenthesis like this, it’s not a quantifier, but instead helps to identify the type of
grouping. Standard capturing groups require the regular expression engine to keep
track of backreferences, so it’s more efficient to use noncapturing groups whenever the
text matched by a group does not need to be referenced later. Another reason to use a
noncapturing group here is to allow you to keep using the same replacement string as
in the previous examples. If we added a capturing group, we’d have to change $1 to
$2 (and so on) in the replacement text shown earlier in this recipe.

The full addition to this version of the regex is ‹(?:\+?1[-.●]?)?›. The “1” in this pattern
is preceded by an optional plus sign, and optionally followed by one of three separators
(hyphen, dot, or space). The entire, added noncapturing group is also optional, but
since the “1” is required within the group, the preceding plus sign and separator are
not allowed if there is no leading “1”.

Allow seven-digit phone numbers

To allow matching phone numbers that omit the local area code, enclose the first group
of digits together with its surrounding parentheses and following separator in an op-
tional, noncapturing group:

^(?:\(?([0-9]{3})\)?[-.●]?)?([0-9]{3})[-.●]?([0-9]{4})$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Since the area code is no longer required as part of the match, simply replacing any
match with «($1)●$2-$3» might now result in something like () 123-4567, with an
empty set of parentheses. To work around this, add code outside the regex that checks
whether group 1 matched any text, and adjust the replacement text accordingly.

See Also
Recipe 4.3 shows how to validate international phone numbers.

The North American Numbering Plan (NANP) is the telephone numbering plan for
the United States and its territories, Canada, Bermuda, and 16 Caribbean nations. More
information is available at http://www.nanpa.com.
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4.3  Validate International Phone Numbers
Problem
You want to validate international phone numbers.  The numbers should start with a
plus sign, followed by the country code and national number.

Solution

Regular expression
^\+(?:[0-9]●?){6,14}[0-9]$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

JavaScript
function validate (phone) {
    var regex = /^\+(?:[0-9] ?){6,14}[0-9]$/;

    if (regex.test(phone)) {
        // Valid international phone number
    } else {
        // Invalid international phone number
    }
}

Other programming languages

See Recipe 3.5 for help implementing this regular expression with other programming
languages.

Discussion
The rules and conventions used to print international phone numbers vary significantly
around the world, so it’s hard to provide meaningful validation for an international
phone number unless you adopt a strict format. Fortunately, there is a simple, industry-
standard notation specified by ITU-T E.123. This notation requires that international
phone numbers include a leading plus sign (known as the international prefix sym-
bol), and allows only spaces to separate groups of digits. Although the tilde character
(~) can appear within a phone number to indicate the existence of an additional dial
tone, it has been excluded from this regular expression since it is merely a procedural
element (in other words, it is not actually dialed) and is infrequently used. Thanks to
the international phone numbering plan (ITU-T E.164), phone numbers cannot con-
tain more than 15 digits. The shortest international phone numbers in use contain seven
digits.
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With all of this in mind, let’s look at the regular expression again after breaking it into
its pieces. Because this version is written using free-spacing style, the literal space char-
acter has been replaced with ‹\x20›:

^         # Assert position at the beginning of the string.
\+        # Match a literal "+" character.
(?:       # Group but don't capture...
  [0-9]   #   Match a digit.
  \x20    #   Match a space character...
    ?     #     Between zero and one time.
)         # End the noncapturing group.
  {6,14}  #   Repeat the preceding group between 6 and 14 times.
[0-9]     # Match a digit.
$         # Assert position at the end of the string.

Regex options: Free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

The ‹^› and ‹$› anchors at the edges of the regular expression ensure that it matches
the whole subject text. The noncapturing group—enclosed with ‹(?:⋯)›—matches a
single digit, followed by an optional space character. Repeating this grouping with the
interval quantifier ‹{6,14}› enforces the rules for the minimum and maximum number
of digits, while allowing space separators to appear anywhere within the number. The
second instance of the character class ‹[0-9]› completes the rule for the number of digits
(bumping it up from between 6 and 14 digits to between 7 and 15), and ensures that
the phone number does not end with a space.

Variations

Validate international phone numbers in EPP format
^\+[0-9]{1,3}\.[0-9]{4,14}(?:x.+)?$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

This regular expression follows the international phone number notation specified by
the Extensible Provisioning Protocol (EPP). EPP is a relatively recent protocol (finalized
in 2004), designed for communication between domain name registries and
registrars. It is used by a growing number of domain name registries, includ-
ing .com, .info, .net, .org, and .us. The significance of this is that EPP-style international
phone numbers are increasingly used and recognized, and therefore provide a good
alternative format for storing (and validating) international phone numbers.

EPP-style phone numbers use the format +CCC.NNNNNNNNNNxEEEE, where C is the 1–3 digit
country code, N is up to 14 digits, and E is the (optional) extension. The leading plus
sign and the dot following the country code are required. The literal “x” character is
required only if an extension is provided.
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See Also
Recipe 4.2 provides more options for validating North American phone numbers.

ITU-T Recommendation E.123 (“Notation for national and international telephone
numbers, e-mail addresses and Web addresses”) can be downloaded here: http://www
.itu.int/rec/T-REC-E.123.

ITU-T Recommendation E.164 (“The international public telecommunication num-
bering plan”) can be downloaded at http://www.itu.int/rec/T-REC-E.164.

National numbering plans can be downloaded at http://www.itu.int/ITU-T/inr/nnp.

RFC 4933 defines the syntax and semantics of EPP contact identifiers, including inter-
national phone numbers. You can download RFC 4933 at http://tools.ietf.org/html/
rfc4933.

4.4  Validate Traditional Date Formats
Problem
You want to validate dates in the traditional formats mm/dd/yy, mm/dd/yyyy,
dd/mm/yy, and dd/mm/yyyy. You want to use a simple regex that simply checks
whether the input looks like a date, without trying to weed out things such as February
31st.

Solution
Match any of these date formats, allowing leading zeros to be omitted:

^[0-3]?[0-9]/[0-3]?[0-9]/(?:[0-9]{2})?[0-9]{2}$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Match any of these date formats, requiring leading zeros:

^[0-3][0-9]/[0-3][0-9]/(?:[0-9][0-9])?[0-9][0-9]$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Match m/d/yy and mm/dd/yyyy, allowing any combination of one or two digits for the
day and month, and two or four digits for the year:

^(1[0-2]|0?[1-9])/(3[01]|[12][0-9]|0?[1-9])/(?:[0-9]{2})?[0-9]{2}$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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Match mm/dd/yyyy, requiring leading zeros:

^(1[0-2]|0[1-9])/(3[01]|[12][0-9]|0[1-9])/[0-9]{4}$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Match d/m/yy and dd/mm/yyyy, allowing any combination of one or two digits for the
day and month, and two or four digits for the year:

^(3[01]|[12][0-9]|0?[1-9])/(1[0-2]|0?[1-9])/(?:[0-9]{2})?[0-9]{2}$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Match dd/mm/yyyy, requiring leading zeros:

^(3[01]|[12][0-9]|0[1-9])/(1[0-2]|0[1-9])/[0-9]{4}$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Match any of these date formats with greater accuracy, allowing leading zeros to be
omitted:

^(?:(1[0-2]|0?[1-9])/(3[01]|[12][0-9]|0?[1-9])|↵
(3[01]|[12][0-9]|0?[1-9])/(1[0-2]|0?[1-9]))/(?:[0-9]{2})?[0-9]{2}$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Match any of these date formats with greater accuracy, requiring leading zeros:

^(?:(1[0-2]|0[1-9])/(3[01]|[12][0-9]|0[1-9])|↵
(3[01]|[12][0-9]|0[1-9])/(1[0-2]|0[1-9]))/[0-9]{4}$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

The free-spacing option makes these last two a bit more readable:

^(?:
  # m/d or mm/dd
  (1[0-2]|0?[1-9])/(3[01]|[12][0-9]|0?[1-9])
|
  # d/m or dd/mm
  (3[01]|[12][0-9]|0?[1-9])/(1[0-2]|0?[1-9])
)
# /yy or /yyyy
/(?:[0-9]{2})?[0-9]{2}$

Regex options: Free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby
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^(?:
  # mm/dd
  (1[0-2]|0[1-9])/(3[01]|[12][0-9]|0[1-9])
|
  # dd/mm
  (3[01]|[12][0-9]|0[1-9])/(1[0-2]|0[1-9])
)
# /yyyy
/[0-9]{4}$

Regex options: Free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Discussion
You might think that something as conceptually trivial as a date should be an easy job
for a regular expression. But it isn’t, for two reasons. Because dates are such an everyday
thing, humans are very sloppy with them. 4/1 may be April Fools’ Day to you. To
somebody else, it may be the first working day of the year, if New Year’s Day is on a
Friday. The solutions shown match some of the most common date formats.

The other issue is that regular expressions don’t deal directly with numbers. You can’t
tell a regular expression to “match a number between 1 and 31”, for instance. Regular
expressions work character by character. We use ‹3[01]|[12][0-9]|0?[1-9]› to match
3 followed by 0 or 1, or to match 1 or 2 followed by any digit, or to match an optional
0 followed by 1 to 9. In character classes, we can use ranges for single digits, such as
‹[1-9]›. That’s because the characters for the digits 0 through 9 occupy consecutive
positions in the ASCII and Unicode character tables. See Chapter 6 for more details on
matching all kinds of numbers with regular expressions.

Because of this, you have to choose how simple or how accurate you want your regular
expression to be. If you already know your subject text doesn’t contain any invalid
dates, you could use a trivial regex such as ‹\d{2}/\d{2}/\d{4}›. The fact that this
matches things like 99/99/9999 is irrelevant if those don’t occur in the subject text. You
can quickly type in this simple regex, and it will be quickly executed.

The first two solutions for this recipe are quick and simple, too, and they also match
invalid dates, such as 0/0/00 and 31/31/2008. They only use literal characters for the
date delimiters, and character classes (see Recipe 2.3) for the digits and the question
mark (see Recipe 2.12) to make certain digits optional. ‹(?:[0-9]{2})?[0-9]{2}› allows
the year to consist of two or four digits. ‹[0-9]{2}› matches exactly two digits.
‹(?:[0-9]{2})?› matches zero or two digits. The noncapturing group (see Recipe 2.9)
is required, because the question mark needs to apply to the character class and
the quantifier ‹{2}› combined. ‹[0-9]{2}?› matches exactly two digits, just like
‹[0-9]{2}›. Without the group, the question mark makes the quantifier lazy, which has
no effect because ‹{2}› cannot repeat more than two times or fewer than two times.
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Solutions 3 through 6 restrict the month to numbers between 1 and 12, and the day to
numbers between 1 and 31. We use alternation (see Recipe 2.8) inside a group to match
various pairs of digits to form a range of two-digit numbers. We use capturing groups
here because you’ll probably want to capture the day and month numbers anyway.

The final two solutions are a little more complex, so we’re presenting these in both
condensed and free-spacing form. The only difference between the two forms is read-
ability. JavaScript does not support free-spacing. The final solutions allow all of the
date formats, just like the first two examples. The difference is that the last two use an
extra level of alternation to restrict the dates to 12/31 and 31/12, disallowing invalid
months, such as 31/31.

Variations
If you want to search for dates in larger bodies of text instead of checking whether the
input as a whole is a date, you cannot use the anchors ‹^› and ‹$›. Merely removing the
anchors from the regular expression is not the right solution. That would allow any of
these regexes to match 12/12/2001 within 9912/12/200199, for example. Instead of an-
choring the regex match to the start and end of the subject, you have to specify that the
date cannot be part of longer sequences of digits.

This is easily done with a pair of word boundaries. In regular expressions, digits are
treated as characters that can be part of words. Replace both ‹^› and ‹$› with ‹\b›. As
an example:

\b(1[0-2]|0[1-9])/(3[01]|[12][0-9]|0[1-9])/[0-9]{4}\b
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

See Also
Recipes 4.5, 4.6, and 4.7

4.5  Accurately Validate Traditional Date Formats
Problem
You want to validate dates in the traditional formats mm/dd/yy, mm/dd/yyyy, dd/mm/
yy, and dd/mm/yyyy. You want to weed out invalid dates, such as February 31st.

Solution

C#

Month before day:
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DateTime foundDate;
Match matchResult = Regex.Match(SubjectString,
    "^(?<month>[0-3]?[0-9])/(?<day>[0-3]?[0-9])/" +
    "(?<year>(?:[0-9]{2})?[0-9]{2})$");
if (matchResult.Success) {
    int year = int.Parse(matchResult.Groups["year"].Value);
    if (year < 50) year += 2000;
    else if (year < 100) year += 1900;
    try {
        foundDate = new DateTime(year,
            int.Parse(matchResult.Groups["month"].Value),
            int.Parse(matchResult.Groups["day"].Value));
    } catch {
        // Invalid date
    }
}

Day before month:

DateTime foundDate;
Match matchResult = Regex.Match(SubjectString,
    "^(?<day>[0-3]?[0-9])/(?<month>[0-3]?[0-9])/" +
    "(?<year>(?:[0-9]{2})?[0-9]{2})$");
if (matchResult.Success) {
    int year = int.Parse(matchResult.Groups["year"].Value);
    if (year < 50) year += 2000;
    else if (year < 100) year += 1900;
    try {
        foundDate = new DateTime(year,
            int.Parse(matchResult.Groups["month"].Value),
            int.Parse(matchResult.Groups["day"].Value));
    } catch {
        // Invalid date
    }
}

Perl

Month before day:

@daysinmonth = (31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31);
$validdate = 0;
if ($subject =~ m!^([0-3]?[0-9])/([0-3]?[0-9])/((?:[0-9]{2})?[0-9]{2})$!) {
    $month = $1;
    $day = $2;
    $year = $3;
    $year += 2000 if $year < 50;
    $year += 1900 if $year < 100;
    if ($month == 2 && $year % 4 == 0 && ($year % 100 != 0 ||
                                          $year % 400 == 0)) {
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        $validdate = 1 if $day >= 1 && $day <= 29;
    } elsif ($month >= 1 && $month <= 12) {
        $validdate = 1 if $day >= 1 && $day <= $daysinmonth[$month-1];
    }
}

Day before month:

@daysinmonth = (31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31);
$validdate = 0;
if ($subject =~ m!^([0-3]?[0-9])/([0-3]?[0-9])/((?:[0-9]{2})?[0-9]{2})$!) {
    $day = $1;
    $month = $2;
    $year = $3;
    $year += 2000 if $year < 50;
    $year += 1900 if $year < 100;
    if ($month == 2 && $year % 4 == 0 && ($year % 100 != 0 ||
                                          $year % 400 == 0)) {
        $validdate = 1 if $day >= 1 && $day <= 29;
    } elsif ($month >= 1 && $month <= 12) {
        $validdate = 1 if $day >= 1 && $day <= $daysinmonth[$month-1];
    }
}

Pure regular expression

Month before day:

^(?:
  # February (29 days every year)
  (?<month>0?2)/(?<day>[12][0-9]|0?[1-9])
|
  # 30-day months
  (?<month>0?[469]|11)/(?<day>30|[12][0-9]|0?[1-9])
|
  # 31-day months
  (?<month>0?[13578]|1[02])/(?<day>3[01]|[12][0-9]|0?[1-9])
)
# Year
/(?<year>(?:[0-9]{2})?[0-9]{2})$

Regex options: Free-spacing
Regex flavors: .NET

^(?:
  # February (29 days every year)
  (0?2)/([12][0-9]|0?[1-9])
|
  # 30-day months
  (0?[469]|11)/(30|[12][0-9]|0?[1-9])
|

4.5  Accurately Validate Traditional Date Formats | 231



  # 31-day months
  (0?[13578]|1[02])/(3[01]|[12][0-9]|0?[1-9])
)
# Year
/((?:[0-9]{2})?[0-9]{2})$

Regex options: Free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^(?:(0?2)/([12][0-9]|0?[1-9])|(0?[469]|11)/(30|[12][0-9]|0?[1-9])|↵
(0?[13578]|1[02])/(3[01]|[12][0-9]|0?[1-9]))/((?:[0-9]{2})?[0-9]{2})$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Day before month:

^(?:
  # February (29 days every year)
  (?<day>[12][0-9]|0?[1-9])/(?<month>0?2)
|
  # 30-day months
  (?<day>30|[12][0-9]|0?[1-9])/(?<month>0?[469]|11)
|
  # 31-day months
  (?<day>3[01]|[12][0-9]|0?[1-9])/(?<month>0?[13578]|1[02])
)
# Year
/(?<year>(?:[0-9]{2})?[0-9]{2})$

Regex options: Free-spacing
Regex flavors: .NET

^(?:
  # February (29 days every year)
  ([12][0-9]|0?[1-9])/(0?2)
|
  # 30-day months
  (30|[12][0-9]|0?[1-9])/([469]|11)
|
  # 31-day months
  (3[01]|[12][0-9]|0?[1-9])/(0?[13578]|1[02])
)
# Year
/((?:[0-9]{2})?[0-9]{2})$

Regex options: Free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^(?:([12][0-9]|0?[1-9])/(0?2)|(30|[12][0-9]|0?[1-9])/([469]|11)|↵
(3[01]|[12][0-9]|0?[1-9])/(0?[13578]|1[02]))/((?:[0-9]{2})?[0-9]{2})$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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Discussion
There are essentially two ways to accurately validate dates with a regular expression.
One method is to use a simple regex that merely captures groups of numbers that look
like a month/day/year combination, and then use procedural code to check whether
the date is correct. I used the first regex from the previous recipe that allows any number
between 0 and 39 for the day and month. That makes it easy to change the format from
mm/dd/yy to dd/mm/yy by changing which capturing group is treated as the month.

The main benefit of this method is that you can easily add additional restrictions, such
as limiting dates to certain periods. Many programming languages provide specific
support for dealing with dates. The C# solution uses .NET’s DateTime structure to
check whether the date is valid and return the date in a useful format, all in one step.

The other method is to do everything with a regular expression. The solution is man-
ageable, if we take the liberty of treating every year as a leap year. We can use the same
technique of spelling out the alternatives as we did for the more final solutions presented
with the preceding recipe.

The problem with using a single regular expression is that it no longer neatly captures
the day and month in a single capturing group. We now have three capturing groups
for the month, and three for the day. When the regex matches a date, only three of the
seven groups in the regex will actually capture something. If the month is February,
groups 1 and 2 capture the month and day. If the month has 30 days, groups 3 and 4
return the month and day. If the month has 31 days, groups 5 and 6 take action. Group
7 always captures the year.

Only the .NET regex flavor helps us in this situation. .NET allows multiple named
capturing groups (see Recipe 2.11) to have the same name, and uses the same storage
space for groups with the same name. If you use the .NET-only solution with named
capture, you can simply retrieve the text matched by the groups “month” and “day”
without worrying about how many days the month has. All the other flavors discussed
in this book either don’t support named capture, don’t allow two groups to have the
same name, or return only the text captured by the last group with any given name.
For those flavors, numbered capture is the only way to go.

The pure regex solution is interesting only in situations where one regex is all you can
use, such as when you’re using an application that offers one box to type in a regex.
When programming, make things easier with a bit of extra code. This will be particu-
larly helpful if you want to add extra checks on the date later. Here’s a pure regex
solution that matches any date between 2 May 2007 and 29 August 2008 in d/m/yy or
dd/mm/yyyy format:

# 2 May 2007 till 29 August 2008
^(?:
  # 2 May 2007 till 31 December 2007
  (?:
    # 2 May till 31 May
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    (?<day>3[01]|[12][0-9]|0?[2-9])/(?<month>0?5)/(?<year>2007)
  |
    # 1 June till 31 December
    (?:
      # 30-day months
      (?<day>30|[12][0-9]|0?[1-9])/(?<month>0?[69]|11)
    |
      # 31-day months
      (?<day>3[01]|[12][0-9]|0?[1-9])/(?<month>0?[78]|1[02])
    )
    /(?<year>2007)
  )
|
  # 1 January 2008 till 29 August 2008
  (?:
    # 1 August till 29 August
    (?<day>[12][0-9]|0?[1-9])/(?<month>0?8)/(?<year>2008)
  |
    # 1 Janary till 30 June
    (?:
      # February
      (?<day>[12][0-9]|0?[1-9])/(?<month>0?2)
    |
      # 30-day months
      (?<day>30|[12][0-9]|0?[1-9])/(?<month>0?[46])
    |
      # 31-day months
      (?<day>3[01]|[12][0-9]|0?[1-9])/(?<month>0?[1357])
    )
    /(?<year>2008)
  )
)$

Regex options: Free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

See Also
Recipes 4.4, 4.6, and 4.7

4.6  Validate Traditional Time Formats
Problem
You want to validate times in various traditional time formats, such as hh:mm and
hh:mm:ss in both 12-hour and 24-hour formats.
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Solution
Hours and minutes, 12-hour clock:

^(1[0-2]|0?[1-9]):([0-5]?[0-9])$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Hours and minutes, 24-hour clock:

^(2[0-3]|[01]?[0-9]):([0-5]?[0-9])$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Hours, minutes and seconds, 12-hour clock:

^(1[0-2]|0?[1-9]):([0-5]?[0-9]):([0-5]?[0-9])$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Hours, minutes and seconds, 24-hour clock:

^(2[0-3]|[01]?[0-9]):([0-5]?[0-9]):([0-5]?[0-9])$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

The question marks in all of the preceding regular expressions make leading zeros
optional. Remove the question marks to make leading zeros mandatory.

Discussion
Validating times is considerably easier than validating dates. Every hour has 60 minutes,
and every minute has 60 seconds. This means we don’t need any complicated alterna-
tions in the regex. For the minutes and seconds, we don’t use alternation at all. ‹[0-5]?
[0-9]› matches a digit between 0 and 5, followed by a digit between 0 and 9. This
correctly matches any number between 0 and 59. The question mark after the first
character class makes it optional. This way, a single digit between 0 and 9 is also ac-
cepted as a valid minute or second. Remove the question mark if the first 10 minutes
and seconds should be written as 00 to 09. See Recipe 2.3 and Recipe 2.12 for details
on character classes and quantifiers such as the question mark.

For the hours, we do use alternation (see Recipe 2.8). The second digit allows different
ranges, depending on the first digit. On a 12-hour clock, if the first digit is 0, the second
digit allows all 10 digits, but if the first digit is 1, the second digit must be 0, 1, or 2. In
a regular expression, we write this as ‹1[0-2]|0?[1-9]›. On a 24-hour clock, if the first
digit is 0 or 1, the second digit allows all 10 digits, but if the first digit is 2, the second
digit must be between 0 and 3. In regex syntax, this can be expressed as 2[0-3]|[01]?
[0-9]. Again, the question mark allows the first 10 hours to be written with a single
digit. Remove the question mark to require two digits.
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We put parentheses around the parts of the regex that match the hours, minutes, and
seconds. That makes it easy to retrieve the digits for the hours, minutes, and seconds
without the colons. Recipe 2.9 explains how parentheses create capturing groups.
Recipe 3.9 explains how you can retrieve the text matched by those capturing groups
in procedural code.

The parentheses around the hour part keeps two alternatives for the hour together. If
you remove those parentheses, the regex won’t work correctly. Removing the paren-
theses around the minutes and seconds has no effect, other than making it impossible
to retrieve their digits separately.

Variations
If you want to search for times in larger bodies of text instead of checking whether the
input as a whole is a time, you cannot use the anchors ‹^› and ‹$›. Merely removing the
anchors from the regular expression is not the right solution. That would allow the
hour and minute regexes to match 12:12 within 9912:1299, for instance. Instead of
anchoring the regex match to the start and end of the subject, you have to specify that
the date cannot be part of longer sequences of digits.

This is easily done with a pair of word boundaries. In regular expressions, digits are
treated as characters that can be part of words. Replace both ‹^› and ‹$› with ‹\b›. As
an example:

\b(2[0-3]|[01]?[0-9]):([0-5]?[0-9])\b
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Word boundaries don’t disallow everything; they only disallow letters, digits and un-
derscores. The regex just shown, which matches hours and minutes on a 24-hour clock,
matches 16:08 within the subject text The time is 16:08:42 sharp. The space is not a
word character, whereas the 1 is, so the word boundary matches between them. The
8 is a word character, whereas the colon isn’t, so ‹\b› also matches between those two.

If you want to disallow colons as well as word characters, you need to use lookaround
(see Recipe 2.16). The following regex will not match any part of The time is 16:08:42
sharp. It only works with flavors that support lookbehind:

(?<![:\w])(2[0-3]|[01]?[0-9]):([0-5]?[0-9])(?![:\w])
Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby 1.9

See Also
Recipes 4.4, 4.5, and 4.7
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4.7  Validate ISO 8601 Dates and Times
Problem
You want to match dates and/or times in the official ISO 8601 format, which is the
basis for many standardized date and time formats. For example, in XML Schema, the
built-in date, time, and dateTime types are all based on ISO 8601.

Solution
The following matches a calendar month, e.g., 2008-08. The hyphen is required:

^([0-9]{4})-(1[0-2]|0[1-9])$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

^(?<year>[0-9]{4})-(?<month>1[0-2]|0[1-9])$
Regex options: None
Regex flavors: .NET, PCRE 7, Perl 5.10, Ruby 1.9

^(?P<year>[0-9]{4})-(?P<month>1[0-2]|0[1-9])$
Regex options: None
Regex flavors: PCRE, Python

Calendar date, e.g., 2008-08-30. The hyphens are optional. This regex allows YYYY-
MMDD and YYYYMM-DD, which do not follow ISO 8601:

^([0-9]{4})-?(1[0-2]|0[1-9])-?(3[0-1]|0[1-9]|[1-2][0-9])$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

^(?<year>[0-9]{4})-?(?<month>1[0-2]|0[1-9])-?↵
(?<day>3[0-1]|0[1-9]|[1-2][0-9])$

Regex options: None
Regex flavors: .NET, PCRE 7, Perl 5.10, Ruby 1.9

Calendar date, e.g., 2008-08-30. The hyphens are optional. This regex uses a conditional
to exclude YYYY-MMDD and YYYYMM-DD. There is an extra capturing group for
the first hyphen:

^([0-9]{4})(-)?(1[0-2]|0[1-9])(?(2)-)(3[0-1]|0[1-9]|[1-2][0-9])$
Regex options: None
Regex flavors: .NET, PCRE, Perl, Python

Calendar date, e.g., 2008-08-30. The hyphens are optional. This regex uses alternation
to exclude YYYY-MMDD and YYYYMM-DD. There are two capturing groups for the
month:
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^([0-9]{4})(?:(1[0-2]|0[1-9])|-?(1[0-2]|0[1-9])-?)↵
(3[0-1]|0[1-9]|[1-2][0-9])$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Week of the year, e.g., 2008-W35. The hyphen is optional:

^([0-9]{4})-?W(5[0-3]|[1-4][0-9]|0[1-9])$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

^(?<year>[0-9]{4})-?W(?<week>5[0-3]|[1-4][0-9]|0[1-9])$
Regex options: None
Regex flavors: .NET, PCRE 7, Perl 5.10, Ruby 1.9

Week date, e.g., 2008-W35-6. The hyphens are optional:

^([0-9]{4})-?W(5[0-3]|[1-4][0-9]|0[1-9])-?([1-7])$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

^(?<year>[0-9]{4})-?W(?<week>5[0-3]|[1-4][0-9]|0[1-9])-?(?<day>[1-7])$
Regex options: None
Regex flavors: .NET, PCRE 7, Perl 5.10, Ruby 1.9

Ordinal date, e.g., 2008-243. The hyphen is optional:

^([0-9]{4})-?(36[0-6]|3[0-5][0-9]|[12][0-9]{2}|0[1-9][0-9]|00[1-9])$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

^(?<year>[0-9]{4})-?↵
(?<day>36[0-6]|3[0-5][0-9]|[12][0-9]{2}|0[1-9][0-9]|00[1-9])$

Regex options: None
Regex flavors: .NET, PCRE 7, Perl 5.10, Ruby 1.9

Hours and minutes, e.g., 17:21. The colon is optional:

^(2[0-3]|[01]?[0-9]):?([0-5]?[0-9])$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

^(?<hour>2[0-3]|[01]?[0-9]):?(?<minute>[0-5]?[0-9])$
Regex options: None
Regex flavors: .NET, PCRE 7, Perl 5.10, Ruby 1.9

Hours, minutes, and seconds, e.g., 17:21:59. The colons are optional:

^(2[0-3]|[01]?[0-9]):?([0-5]?[0-9]):?([0-5]?[0-9])$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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^(?<hour>2[0-3]|[01]?[0-9]):?(?<minute>[0-5]?[0-9]):?↵
(?<second>[0-5]?[0-9])$

Regex options: None
Regex flavors: .NET, PCRE 7, Perl 5.10, Ruby 1.9

Time zone designator, e.g., Z, +07 or +07:00. The colons and the minutes are optional:

^(Z|[+-](?:2[0-3]|[01]?[0-9])(?::?(?:[0-5]?[0-9]))?)$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Hours, minutes, and seconds with time zone designator, e.g., 17:21:59+07:00. All the
colons are optional. The minutes in the time zone designator are also optional:

^(2[0-3]|[01]?[0-9]):?([0-5]?[0-9]):?([0-5]?[0-9])↵
(Z|[+-](?:2[0-3]|[01]?[0-9])(?::?(?:[0-5]?[0-9]))?)$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

^(?<hour>2[0-3]|[01]?[0-9]):?(?<minute>[0-5]?[0-9]):?(?<sec>[0-5]?[0-9])↵
(?<timezone>Z|[+-](?:2[0-3]|[01]?[0-9])(?::?(?:[0-5]?[0-9]))?)$

Regex options: None
Regex flavors: .NET, PCRE 7, Perl 5.10, Ruby 1.9

Date, with optional time zone, e.g., 2008-08-30 or 2008-08-30+07:00. Hyphens are re-
quired. This is the XML Schema date type:

^(-?(?:[1-9][0-9]*)?[0-9]{4})-(1[0-2]|0[1-9])-(3[0-1]|0[1-9]|[1-2][0-9])↵
(Z|[+-](?:2[0-3]|[0-1][0-9]):[0-5][0-9])?$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

^(?<year>-?(?:[1-9][0-9]*)?[0-9]{4})-(?<month>1[0-2]|0[1-9])-↵
(?<day>3[0-1]|0[1-9]|[1-2][0-9])↵
(?<timezone>Z|[+-](?:2[0-3]|[0-1][0-9]):[0-5][0-9])?$

Regex options: None
Regex flavors: .NET, PCRE 7, Perl 5.10, Ruby 1.9

Time, with optional microseconds and time zone, e.g., 01:45:36 or
01:45:36.123+07:00. This is the XML Schema dateTime type:

^(2[0-3]|[0-1][0-9]):([0-5][0-9]):([0-5][0-9])(\.[0-9]+)?↵
(Z|[+-](?:2[0-3]|[0-1][0-9]):[0-5][0-9])?$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

^(?<hour>2[0-3]|[0-1][0-9]):(?<minute>[0-5][0-9]):(?<second>[0-5][0-9])↵
(?<ms>\.[0-9]+)?(?<timezone>Z|[+-](?:2[0-3]|[0-1][0-9]):[0-5][0-9])?$

Regex options: None
Regex flavors: .NET, PCRE 7, Perl 5.10, Ruby 1.9

4.7  Validate ISO 8601 Dates and Times | 239



Date and time, with optional microseconds and time zone, e.g., 2008-08-30T01:45:36
or 2008-08-30T01:45:36.123Z. This is the XML Schema dateTime type:

^(-?(?:[1-9][0-9]*)?[0-9]{4})-(1[0-2]|0[1-9])-(3[0-1]|0[1-9]|[1-2][0-9])↵
T(2[0-3]|[0-1][0-9]):([0-5][0-9]):([0-5][0-9])(\.[0-9]+)?↵
(Z|[+-](?:2[0-3]|[0-1][0-9]):[0-5][0-9])?$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

^(?<year>-?(?:[1-9][0-9]*)?[0-9]{4})-(?<month>1[0-2]|0[1-9])-↵
(?<day>3[0-1]|0[1-9]|[1-2][0-9])T(?<hour>2[0-3]|[0-1][0-9]):↵
(?<minute>[0-5][0-9]):(?<second>[0-5][0-9])(?<ms>\.[0-9]+)?↵
(?<timezone>Z|[+-](?:2[0-3]|[0-1][0-9]):[0-5][0-9])?$

Regex options: None
Regex flavors: .NET, PCRE 7, Perl 5.10, Ruby 1.9

Discussion
ISO 8601 defines a wide range of date and time formats. The regular expressions pre-
sented here cover the most common formats, but most systems that use ISO 8601 use
only a subset. For example, in XML Schema dates and times, the hyphens and colons
are mandatory. To make hyphens and colons mandatory, simply remove the question
marks after them. To disallow hyphens and colons, remove the hyphens and colons
along with the question mark that follows them. Do watch out for the noncapturing
groups, which use the ‹(?:group)› syntax. If a question mark and a colon follow an
opening parenthesis, those three characters open a noncapturing group.

The regular expressions make the individual hyphens and colons optional, which does
not follow ISO 8601 exactly. For example, 1733:26 is not a valid ISO 8601 time, but
will be accepted by the time regexes. Requiring all hyphens and colons to be present
or omitted at the same time makes your regex quite a bit more complex. We’ve done
this as an example for the date regex, but in practice, as with the XML Schema types,
the delimiters are usually required or disallowed rather than optional.

We put parentheses around all the number parts of the regex. That makes it easy to
retrieve the numbers for the years, months, days, hours, minutes, seconds, and time
zones. Recipe 2.9 explains how parentheses create capturing groups. Recipe 3.9 ex-
plains how you can retrieve the text matched by those capturing groups in procedural
code.

For most regexes, we also show an alternative using named capture. Some of these date
and time formats may be unfamiliar to you or your fellow developers. Named capture
makes the regex easier to understand. .NET, PCRE 7, Perl 5.10, and Ruby 1.9 support
the ‹(?<name>group)› syntax. All versions of PCRE and Python covered in this book
support the alternative ‹(?P<name>group)› syntax, which adds a ‹P›. See Recipe 2.11 and
Recipe 3.9 for details.
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The number ranges in all the regexes are strict. For example, the calendar day is re-
stricted between 01 and 31. You’ll never end up with day 32 or month 13. None of the
regexes here attempt to exclude invalid day and month combinations, such as February
31st; Recipe 4.5 explains how you can deal with that.

Though some of these regexes are quite long, they’re all very straightforward and use
the same techniques explained in Recipe 4.4 and Recipe 4.6.

See Also
Recipes 4.4, 4.5, 4.6

4.8  Limit Input to Alphanumeric Characters
Problem
Your application requires that users limit their responses to one or more alphanumeric
characters from the English alphabet.

Solution
With regular expressions at your disposal, the solution is dead simple. A character class
can set up the allowed range of characters. With an added quantifier that repeats the
character class one or more times, and anchors that bind the match to the start and end
of the string, you’re good to go.

Regular expression
^[A-Z0-9]+$

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Ruby
if subject =~ /^[A-Z0-9]+$/i
    puts "Subject is alphanumeric"
else
    puts "Subject is not alphanumeric"
end

Other programming languages

See Recipes 3.4 and 3.5 for help implementing this regular expression with other pro-
gramming languages.
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Discussion
Let’s look at the four pieces of this regular expression one at a time:

^         # Assert position at the beginning of the string.
[A-Z0-9]  # Match a character from "A" to "Z" or from "0" to "9"...
  +       #   between one and unlimited times.
$         # Assert position at the end of the string.

Regex options: Case insensitive, free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

The ‹^› and ‹$› assertions at the beginning and end of the regular expression ensure
that the entire input string is tested. Without them, the regex could match any part of
a longer string, letting invalid characters through. The plus quantifier ‹+› repeats the
preceding element one or more times. If you wanted to allow the regex to match an
entirely empty string, you could replace the ‹+› with ‹*›. The asterisk quantifier ‹*›
allows zero or more repetitions, effectively making the preceding element optional.

Variations

Limit input to ASCII characters

The following regular expression limits input to the 128 characters in the seven-bit
ASCII character table. This includes 33 nonvisible control characters:

^[\x00-\x7F]+$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Limit input to ASCII non-control characters and line breaks

Use the following regular expression to limit input to visible characters and whitespace
in the ASCII character table, excluding control characters. The line feed and carriage
return characters (at positions 0x0A and 0x0D, respectively) are the most commonly
used control characters, so they’re explicitly included using ‹\n› (line feed) and
‹\r› (carriage return):

^[\n\r\x20-\x7E]+$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Limit input to shared ISO-8859-1 and Windows-1252 characters

ISO-8859-1 and Windows-1252 (often referred to as ANSI) are two commonly used
eight-bit character encodings that are both based on the Latin-1 standard (or more
formally, ISO/IEC 8859-1). However, the characters they map to the positions between
0x80 and 0x9F are incompatible. ISO-8859-1 uses these positions for control codes,
whereas Windows-1252 uses them for an extended range of letters and punctuation.
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These differences sometimes lead to difficulty displaying characters, particularly with
documents that do not declare their encoding or when the recipient is using a non-
Windows system. The following regular expression can be used to limit input to char-
acters that are shared by ISO-8859-1 and Windows-1252 (including shared control
characters):

^[\x00-\x7F\xA0-\xFF]+$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

The hexadecimal notation might make this regular expression hard to read, but it works
the same way as the ‹[A-Z0-9]› character class shown earlier. It matches characters in
two ranges: \x00-\x7F and \xA0-\xFF.

Limit input to alphanumeric characters in any language

This regular expression limits input to letters and numbers from any language or script.
It uses a character class that includes properties for all code points in the Unicode letter
and number categories:

^[\p{L}\p{N}]+$
Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Ruby 1.9

Unfortunately, Unicode properties are not supported by all of the regular expression
flavors covered by this book. Specifically, this regex will not work with JavaScript,
Python, or Ruby 1.8. Additionally, using this regex with PCRE requires PCRE to be
compiled with UTF-8 support. Unicode properties can be used with PHP’s preg func-
tions (which rely on PCRE) if the /u option is appended to the regex.

The following regex shows a workaround for Python:

^[^\W_]+$
Regex options: Unicode
Regex flavors: Python

Here, we work around the lack of Unicode properties in Python by using the UNICODE
or U flag when creating the regular expression. This changes the meaning of some regex
tokens by making them use the Unicode character table. ‹\w› gets us most of the way
to a solution since it matches alphanumeric characters and the underscore. By using
its inverse (‹\W›) in a negated character class, we can remove the underscore from this
set. Double negatives like this are occasionally quite useful in regular expressions,
though perhaps a little difficult to wrap your head around.*

* For even more fun (if you have a twisted definition of fun), try creating triple, quadruple, or even greater
levels of negatives by throwing in negative lookaround (see Recipe 2.16) and character class subtraction (see
“Flavor-Specific Features” on page 33 in Recipe 2.3).
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See Also
Recipe 4.9 shows how to limit text by length instead of character set.

4.9  Limit the Length of Text
Problem
You want to test whether a string is composed of between 1 and 10 letters from A to Z.

Solution
All the programming languages covered by this book provide a simple, efficient way to
check the length of text. For example, JavaScript strings have a length property that
holds an integer indicating the string’s length. However, using regular expressions to
check text length can be useful in some situations, particularly when length is only one
of multiple rules that determine whether the subject text fits the desired pattern. The
following regular expression ensures that text is between 1 and 10 characters long, and
additionally limits the text to the uppercase letters A–Z. You can modify the regular
expressions to allow any minimum or maximum text length, or allow characters other
than A–Z.

Regular expression
^[A-Z]{1,10}$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Perl
if ($ARGV[0] =~ /^[A-Z]{1,10}$/) {
    print "Input is valid\n";
} else {
    print "Input is invalid\n";
}

Other programming languages

See Recipe 3.5 for help with implementing this regular expression with other program-
ming languages.

Discussion
Here’s the breakdown for this very straightforward regex:

^         # Assert position at the beginning of the string.
[A-Z]     # Match one letter from "A" to "Z"...
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  {1,10}  #   between 1 and 10 times.
$         # Assert position at the end of the string.

Regex options: Free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

The ‹^› and ‹$› anchors ensure that the regex matches the entire subject string; other-
wise, it could match 10 characters within longer text. The ‹[A-Z]› character class
matches any single uppercase character from A to Z, and the interval quantifier
‹{1,10}› repeats the character class from 1 to 10 times. By combining the interval quan-
tifier with the surrounding start- and end-of-string anchors, the regex will fail to match
if the subject text’s length falls outside the desired range.

Note that the character class ‹[A-Z]› explicitly allows only uppercase letters. If you want
to also allow the lowercase letters a to z, you can either change the character class to
‹[A-Za-z]› or apply the case insensitive option. Recipe 3.4 shows how to do this.

A mistake commonly made by new regular expression users is to try to save a few
characters by using the character class range ‹[A-z]›. At first glance, this might seem
like a clever trick to allow all uppercase and lowercase letters. However, the ASCII
character table includes several punctuation characters in positions between the A to
Z and a to z ranges. Hence, ‹[A-z]› is actually equivalent to ‹[A-Z[\]^_`a-z]›.

Variations

Limit the length of an arbitrary pattern

Because quantifiers such as ‹{1,10}› apply only to the immediately preceding element,
limiting the number of characters that can be matched by patterns that include more
than a single token requires a different approach.

As explained in Recipe 2.16, lookaheads (and their counterpart, lookbehinds) are a
special kind of assertion that, like ‹^› and ‹$›, match a position within the subject string
and do not consume any characters. Lookaheads can be either positive or negative,
which means they can check if a pattern follows or does not follow the current position
in the match. A positive lookahead, written as ‹(?=⋯)›, can be used at the beginning
of the pattern to ensure that the string is within the target length range. The remainder
of the regex can then validate the desired pattern without worrying about text length.
Here’s a simple example:

^(?=.{1,10}$).*
Regex options: Dot matches line breaks
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^(?=[\S\s]{1,10}$)[\S\s]*
Regex options: None
Regex flavor: JavaScript
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It is important that the ‹$› anchor appears inside the lookahead because the maximum
length test works only if we ensure that there are no more characters after we’ve reached
the limit. Because the lookahead at the beginning of the regex enforces the length range,
the following pattern can then apply any additional validation rules. In this case, the
pattern ‹.*› (or ‹[\S\s]*› in the JavaScript version) is used to simply match the entire
subject text with no added constraints.

This regex uses the “dot matches line breaks” option to allow the dots to match all
characters, including line breaks. See Recipe 3.4 for details about how to apply this
modifier with your programming language. The JavaScript regex is different, since
JavaScript does not have a “dot matches line breaks” option. See “Any character in-
cluding line breaks” on page 35 in Recipe 2.4 for more information.

Limit the number of nonwhitespace characters

The following regex matches any string that contains between 10 and 100 nonwhite-
space characters:

^\s*(?:\S\s*){10,100}$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

In Java, PCRE, Python, and Ruby, ‹\s› matches only ASCII whitespace characters, and
‹\S› matches everything else. In Python, you can make ‹\s› match all Unicode white-
space by passing the UNICODE or U flag when creating the regex. Developers using Java,
PCRE, and Ruby 1.9 who want to avoid having any Unicode whitespace count against
their character limit can switch to the following version that takes advantage of Unicode
properties (described in Recipe 2.7):

^[\p{Z}\s]*(?:[^\p{Z}\s][\p{Z}\s]*){10,100}$
Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Ruby 1.9

PCRE must be compiled with UTF-8 support for this to work. In PHP, turn on UTF-8
support with the /u pattern modifier.

This latter regex combines the Unicode ‹\p{Z}› Separator property with the ‹\s› short-
hand for whitespace. That’s because the characters matched by ‹\p{Z}› and ‹\s› do not
completely overlap. ‹\s› includes the characters at positions 0x09 through 0x0D (tab,
line feed, vertical tab, form feed, and carriage return), which are not assigned the Sep-
arator property by the Unicode standard. By combining ‹\p{Z}› and ‹\s› in a character
class, you ensure that all whitespace characters are matched.

In both regexes, the interval quantifier ‹{10,100}› is applied to the noncapturing group
that precedes it, rather than a single token. The group matches any single nonwhite-
space character followed by zero or more whitespace characters. The interval quantifier
can reliably track how many nonwhitespace characters are matched because exactly
one nonwhitespace character is matched during each iteration.
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Limit the number of words

The following regex is very similar to the previous example of limiting the number of
nonwhitespace characters, except that each repetition matches an entire word rather
than a single, nonwhitespace character. It matches between 10 and 100 words, skipping
past any nonword characters, including punctuation and whitespace:

^\W*(?:\w+\b\W*){10,100}$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

In Java, JavaScript, PCRE, and Ruby, the word character token ‹\w› in this regex will
only match the ASCII characters A–Z, a–z, 0–9, and _, and therefore this cannot cor-
rectly count words that contain non-ASCII letters and numbers. In .NET and Perl,
‹\w› is based on the Unicode table (as is its inverse, ‹\W›, and the word boundary ‹\b›)
and will match letters and digits from all Unicode scripts. In Python, you can choose
whether these tokens should be Unicode-based or not, based on whether you pass the
UNICODE or U flag when creating the regex.

If you want to count words that contain non-ASCII letters and numbers, the following
regexes provide this capability for additional regex flavors:

^[^\p{L}\p{N}_]*(?:[\p{L}\p{N}_]+\b[^\p{L}\p{N}_]*){10,100}$
Regex options: None
Regex flavors: .NET, Java, Perl

^[^\p{L}\p{N}_]*(?:[\p{L}\p{N}_]+(?:[^\p{L}\p{N}_]+|$)){10,100}$
Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Ruby 1.9

PCRE must be compiled with UTF-8 support for this to work. In PHP, turn on UTF-8
support with the /u pattern modifier.

As noted, the reason for these different (but equivalent) regexes is the varying handling
of the word character and word boundary tokens explained in “Word Charac-
ters” on page 42 in Recipe 2.6.

The last two regexes use character classes that include the separate Unicode properties
for letters and numbers (‹\p{L}› and ‹\p{N}›), and manually add the underscore char-
acter to each class to make them equivalent to the earlier regex that relied on ‹\w› and
‹\W›.
Each repetition of the noncapturing group in the first two of these three regexes matches
an entire word followed by zero or more nonword characters. The ‹\W› (or ‹[^\p{L}
\p{N}_]›) token inside the group is allowed to repeat zero times in case the string ends
with a word character. However, since this effectively makes the nonword character
sequence optional throughout the matching process, the word boundary assertion
‹\b› is needed between ‹\w› and ‹\W› (or ‹[\p{L}\p{N}_]› and ‹[^\p{L}\p{N}_]›), to en-
sure that each repetition of the group really matches an entire word. Without the word
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boundary, a single repetition would be allowed to match any part of a word, with
subsequent repetitions matching additional pieces.

The third version of the regex (which adds support for PCRE and Ruby 1.9) works a
bit differently. It uses a plus (one or more) instead of an asterisk (zero or more) quan-
tifier, and explicitly allows matching zero characters only if the matching process has
reached the end of the string. This allows us to avoid the word boundary token, which
is necessary to ensure accuracy, since ‹\b› is not Unicode-enabled in PCRE or Ruby.
‹\b› is Unicode-enabled in Java, even though Java’s ‹\w› is not.

Unfortunately, none of these options allow JavaScript or Ruby 1.8 to correctly handle
words that use non-ASCII characters. A possible workaround is to reframe the regex
to count whitespace rather than word character sequences, as shown here:

^\s*(?:\S+(?:\s+|$)){10,100}$
Regex options: None
Regex flavors: .NET, Java, JavaScript, Perl, PCRE, Python, Ruby

In many cases, this will work the same as the previous solutions, although it’s not
exactly equivalent. For example, one difference is that compounds joined by a hyphen
(such as “far-reaching”) will now be counted as one word instead of two.

See Also
Recipes 4.8 and 4.10

4.10  Limit the Number of Lines in Text
Problem
You need to check whether a string is comprised of five or fewer lines, without regard
for how many total characters appear in the string. 

Solution
The exact characters or character sequences used as line separators can vary depending
on your operating system’s convention, application or user preferences, and so on.
Crafting an ideal solution therefore raises questions about what conventions should be
supported to indicate the start of a new line. The following solutions support the
standard MS-DOS/Windows (‹\r\n›), legacy Mac OS (‹\r›), and Unix/Linux/OS X
(‹\n›) line break conventions.

Regular expression

The following three flavor-specific regexes contain two differences. The first regex uses
atomic groups, written as ‹(?>⋯)›, instead of noncapturing groups, written as
‹(?:⋯)›, because they have the potential to provide a minor efficiency improvement
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here for the regex flavors that support them. Python and JavaScript do not support
atomic groups, so they are not used with those flavors. The other difference is the tokens
used to assert position at the beginning and end of the string (‹\A› or ‹^› for the beginning
of the string, and ‹\z›, ‹\Z›, or ‹$› for the end). The reasons for this variation are dis-
cussed in depth later in this recipe. All three flavor-specific regexes match exactly the
same strings:

\A(?>(?>\r\n?|\n)?[^\r\n]*){0,5}\z
Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Ruby

\A(?:(?:\r\n?|\n)?[^\r\n]*){0,5}\Z
Regex options: None
Regex flavor: Python

^(?:(?:\r\n?|\n)?[^\r\n]*){0,5}$
Regex options: None
Regex flavor: JavaScript

PHP (PCRE)
if (preg_match('/^(?>(?>\r\n?|\n)?[^\r\n]*){0,5}\z/', $_POST['subject'])) {
    print 'Subject contains five or fewer lines';
} else {
    print 'Subject contains more than five lines';
}

Other programming languages

See Recipe 3.5 for help implementing these regular expressions with other program-
ming languages.

Discussion
All of the regular expressions shown so far in this recipe use a grouping that matches
an MS-DOS/Windows, legacy Mac OS, or Unix/Linux/OS X line break sequence fol-
lowed by any number of non-line-break characters. The grouping is repeated between
zero and five times, since we’re matching up to five lines.

In the following example, we’ve broken up the JavaScript version of the regex into its
individual parts. We’ve used the JavaScript version here because its elements are prob-
ably familiar to the widest range of readers. We’ll explain the variations for alternative
regex flavors afterward:

^          # Assert position at the beginning of the string.
(?:        # Group but don't capture...
  (?:      #   Group but don't capture...
    \r     #     Match a carriage return (CR, ASCII position 0x0D).
    \n     #     Match a line feed (LF, ASCII position 0x0A)...
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      ?    #       between zero and one time.
   |       #    or...
    \n     #     Match a line feed character.
  )        #   End the noncapturing group.
    ?      #     Repeat the preceding group between zero and one time.
  [^\r\n]  #   Match any single character except CR or LF...
    *      #     between zero and unlimited times.
)          # End the noncapturing group.
  {0,5}    #   Repeat the preceding group between zero and five times.
$          # Assert position at the end of the string.

Regex options: Free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

The leading ‹^› matches the position at the beginning of the string. This helps to ensure
that the entire string contains no more than five lines, because unless the regex is forced
to start at the beginning of the string, it can match any five lines within a longer string.

Next, a noncapturing group encloses the combination of a line break sequence and any
number of non-line-break characters. The immediately following quantifier allows this
group to repeat between zero and five times (zero repetitions would match a completely
empty string). Within the outer group, an optional subgroup matches a line break
sequence. Next is the character class that matches any number of non-line-break
characters.

Take a close look at the order of the outer group’s elements (first a line break, then a
non-line-break sequence). If we reversed the order so that the group was instead written
as ‹(?:[^\r\n]*(?:\r\n?|\n)?)›, a fifth repetition would allow a trailing line break.
Effectively, such a change would allow an empty, sixth line.

The subgroup allows any of three line break sequences:

• A carriage return followed by a line feed (‹\r\n›, the conventional MS-DOS/
Windows line break sequence)

• A standalone carriage return (‹\r›, the legacy Mac OS line break character)

• A standalone line feed (‹\n›, the conventional Unix/Linux/OS X line break
character)

Now let’s move on to the cross-flavor differences.

The first version of the regex (used by all flavors except Python and JavaScript) uses
atomic groups rather than simple noncapturing groups. Although in some cases the
use of atomic groups can have a much more profound impact, in this case they simply
let the regex engine avoid a bit of unnecessary backtracking that can occur if the match
attempt fails (see Recipe 2.15 for more information about atomic groups).

250 | Chapter 4: Validation and Formatting



The other cross-flavor differences are the tokens used to assert position at the beginning
and end of the string. The breakdown shown earlier used ‹^› and ‹$› for these purposes.
Although these anchors are supported by all of the regex flavors discussed here, the
alternative regexes in this section used ‹\A›, ‹\Z›, and ‹\z› instead. The short explanation
for this is that the meaning of these metacharacters differs slightly between regular
expression flavors. The long explanation leads us to a bit of regex history....

When using Perl to read a line from a file, the resulting string ends with a line break.
Hence, Perl introduced an “enhancement” to the traditional meaning of ‹$› that has
since been copied by most regex flavors. In addition to matching the absolute end of a
string, Perl’s ‹$› matches just before a string-terminating line break. Perl also introduced
two more assertions that match the end of a string: ‹\Z› and ‹\z›. Perl’s ‹\Z› anchor has
the same quirky meaning as ‹$›, except that it doesn’t change when the option to let
‹^› and ‹$› match at line breaks is enabled. ‹\z› always matches only the absolute end
of a string, no exceptions. Since this recipe explicitly deals with line breaks in order to
count the lines in a string, it uses the ‹\z› assertion for the regex flavors that support it,
to ensure that an empty, sixth line is not allowed.

Most of the other regex flavors copied Perl’s end-of-line/string anchors. .NET, Java,
PCRE, and Ruby all support both ‹\Z› and ‹\z› with the same meanings as Perl. Python
includes only ‹\Z› (uppercase), but confusingly changes its meaning to match only the
absolute end of the string, just like Perl’s lowercase ‹\z›. JavaScript doesn’t include any
“z” anchors, but unlike all of the other flavors discussed here, its ‹$› anchor matches
only at the absolute end of the string (when the option to let ‹^› and ‹$› match at line
breaks is not enabled).

As for ‹\A›, the situation is slightly better. It always matches only at the start of a string,
and it means exactly the same thing in all flavors discussed here, except JavaScript
(which doesn’t support it).

Although it’s unfortunate that these kinds of confusing cross-flavor inconsistencies
exist, one of the benefits of using the regular expressions in this book is that you gen-
erally won’t need to worry about them. Gory details like the ones we’ve just described
are included in case you care to dig deeper.

Variations

Working with esoteric line separators

The previously shown regexes limit support to the conventional MS-DOS/Windows,
Unix/Linux/OS X, and legacy Mac OS line break character sequences. However, there
are several rarer vertical whitespace characters that you might encounter occasionally.
The following regexes take these additional characters into account while limiting
matches to five lines of text or less.
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\A(?>\R?\V*){0,5}\z
Regex options: None
Regex flavors: PCRE 7 (with the PCRE_BSR_UNICODE option), Perl 5.10

\A(?>(?>\r\n?|[\n-\f\x85\x{2028}\x{2029}])?↵
[^\n-\r\x85\x{2028}\x{2029}]*){0,5}\z

Regex options: None
Regex flavors: PCRE, Perl

\A(?>(?>\r\n?|[\n-\f\x85\u2028\u2029])?[^\n-\r\x85\u2028\u2029]*){0,5}\z
Regex options: None
Regex flavors: .NET, Java, Ruby

\A(?:(?:\r\n?|[\n-\f\x85\u2028\u2029])?[^\n-\r\x85\u2028\u2029]*){0,5}\Z
Regex options: None
Regex flavor: Python

^(?:(?:\r\n?|[\n-\f\x85\u2028\u2029])?[^\n-\r\x85\u2028\u2029]*){0,5}$
Regex options: None
Regex flavor: JavaScript

All of these regexes handle the line separators in Table 4-1, listed with their Unicode
positions and names.

Table 4-1. Line separators

Unicode sequence Regex equivalent Name When used

U+000D U+000A ‹\r\n› Carriage return and line feed (CRLF) Windows and MS-DOS text
files

U+000A ‹\n› Line feed (LF) Unix, Linux, and OS X text files

U+000B ‹\v› Line tabulation (aka vertical tab, or VT) (Rare)

U+000C ‹\f› Form feed (FF) (Rare)

U+000D ‹\r› Carriage return (CR) Mac OS text files

U+0085 ‹\x85› Next line (NEL) IBM mainframe text files
(Rare)

U+2028 ‹\u2028› or
‹\x{2028}›

Line separator (Rare)

U+2029 ‹\u2029› or
‹\x{2029}›

Paragraph separator (Rare)

See Also
Recipe 4.9
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4.11  Validate Affirmative Responses
Problem
You need to check a configuration option or command-line response for a positive
value. You want to provide some flexibility in the accepted responses, so that true, t,
yes, y, okay, ok, and 1 are all accepted in any combination of uppercase and lowercase.

Solution
Using a regex that combines all of the accepted forms allows you to perform the check
with one simple test.

Regular expression
^(?:1|t(?:rue)?|y(?:es)?|ok(?:ay)?)$

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

JavaScript
var yes = /^(?:1|t(?:rue)?|y(?:es)?|ok(?:ay)?)$/i;

if (yes.test(subject)) {
    alert("Yes");
} else {
    alert("No");
}

Other programming languages

See Recipes 3.4 and 3.5 for help implementing this regular expression with other pro-
gramming languages.

Discussion
The following breakdown shows the individual parts of the regex. Combinations of
tokens that are easy to read together are shown on the same line:

^            # Assert position at the beginning of the string.
(?:          # Group but don't capture...
  1          #   Match a literal "1".
 |           #  or...
  t(?:rue)?  #   Match "t", optionally followed by "rue".
 |           #  or...
  y(?:es)?   #   Match "y", optionally followed by "es".
 |           #  or...
  ok(?:ay)?  #   Match "ok", optionally followed by "ay".
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)            # End the noncapturing group.
$            # Assert position at the end of the string.

Regex options: Case insensitive, free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

This regex is essentially a simple test for one of seven literal, case-insensitive values. It
could be written in a number of ways. For example, ‹^(?:[1ty]|true|yes|ok(?:ay)?)
$› is an equally good approach. Simply alternating between all seven values as ‹^(?:1|
t|true|y|yes|ok|okay)$› would also work fine, although for performance reasons it’s
generally better to reduce the amount of alternation via the pipe ‹|› operator in favor
of character classes and optional suffixes (using the ‹?› quantifier). In this case, the
performance difference is probably no more than a few microseconds, but it’s a good
idea to keep regex performance issues in the back of your mind. Sometimes the differ-
ence between these approaches can surprise you.

All of these examples surround the potential match values with a noncapturing group
to limit the reach of the alternation operators. If we omit the grouping and instead use
something like ‹^true|yes$›, the regex engine will search for “the start of the string
followed by ‘true’” or “‘yes’ followed by the end of the string.” ‹^(?:true|yes)$› tells
the regex engine to find the start of the string, then either “true” or “yes”, and then the
end of the string.

See Also
Recipes 5.2 and 5.3

4.12  Validate Social Security Numbers
Problem
You need to check whether someone entered text as a valid Social Security number.

Solution
If you simply need to ensure that a string follows the basic Social Security number
format and that obvious, invalid numbers are eliminated, the following regex provides
an easy solution. If you need a more rigorous solution that checks with the Social Se-
curity Administration to determine whether the number belongs to a living person,
refer to the links in the “See Also” section of this recipe.

Regular expression
^(?!000|666)(?:[0-6][0-9]{2}|7(?:[0-6][0-9]|7[0-2]))-↵
(?!00)[0-9]{2}-(?!0000)[0-9]{4}$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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Python
if re.match(r"^(?!000|666)(?:[0-6][0-9]{2}|7(?:[0-6][0-9]|7[0-2]))-↵
(?!00)[0-9]{2}-(?!0000)[0-9]{4}$", sys.argv[1]):
    print "SSN is valid"
else:
    print "SSN is invalid"

Other programming languages

See Recipe 3.5 for help with implementing this regular expression with other program-
ming languages.

Discussion
United States Social Security numbers are nine-digit numbers in the format
AAA-GG-SSSS:

• The first three digits are assigned by geographical region and are called the area
number. The area number cannot be 000 or 666, and as of this writing, no valid
Social Security number contains an area number above 772.

• Digits four and five are called the group number and range from 01 to 99.

• The last four digits are serial numbers from 0001 to 9999.

This recipe follows all of the rules just listed. Here’s the regular expression again, this
time explained piece by piece:

^            # Assert position at the beginning of the string.
(?!000|666)  # Assert that neither "000" nor "666" can be matched here.
(?:          # Group but don't capture...
  [0-6]      #   Match a character in the range between "0" and "6".
  [0-9]{2}   #   Match a digit, exactly two times.
 |           #  or...
  7          #   Match a literal "7".
  (?:        #   Group but don't capture...
    [0-6]    #     Match a character in the range between "0" and "6".
    [0-9]    #     Match a digit.
   |         #    or...
    7        #     Match a literal "7".
    [0-2]    #     Match a character in the range between "0" and "2".
  )          #   End the noncapturing group.
)            # End the noncapturing group.
-            # Match a literal "-".
(?!00)       # Assert that "00" cannot be matched here.
[0-9]{2}     # Match a digit, exactly two times.
-            # Match a literal "-".
(?!0000)     # Assert that "0000" cannot be matched here.
[0-9]{4}     # Match a digit, exactly four times.
$            # Assert position at the end of the string.
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Regex options: Free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Apart from the ‹^› and ‹$› tokens that assert position at the beginning and end of the
string, this regex can be broken into three groups of digits separated by hyphens. The
first group is the most complex. The second and third groups simply match any two
or four-digit number, respectively, but use a preceding negative lookahead to rule out
the possibility of matching all zeros.

The first group of digits is much more complex and harder to read than the others
because it matches a numeric range. First, it uses the negative lookahead ‹(?!000|
666)› to rule out the specific values “000” and “666”. Next comes the task of eliminating
any number higher than 772.

Since regular expressions deal with text rather than numbers, we have to break down
the numeric range character by character. First, we know that we can match any three-
digit number starting with 0 through 6, because the preceding negative lookahead al-
ready ruled out the invalid numbers 000 and 666. This first part is easily accomplished
using a couple of character classes and a quantifier: ‹[0-6][0-9]{2}›. Since we need to
offer an alternative for numbers starting with 7, the pattern we just built is put into a
grouping as ‹(?:[0-6][0-9]{2}|7)› in order to limit the reach of the alternation
operator.

Numbers starting with 7 are allowed only if they fall between 700 and 772, so the next
step is to further divide any number that starts with 7 based on the second digit. If it’s
between 0 and 6, any third digit is allowed. If the second digit is 7, the third digit must
be between 0 and 2. Putting these rules for numbers starting with 7 together, we get
‹7(?:[0-6][0-9]|7[0-2])›, which matches the number 7 followed by one of two options
for the second and third digit.

Finally, insert that into the outer grouping for the first set of digits, and you get
‹(?:[0-6][0-9]{2}|7(?:[0-6][0-9]|7[0-2]))›. That’s it. You’ve successfully created a
regex that matches a three-digit number between 000 and 772.

Variations

Find Social Security numbers in documents

If you’re searching for Social Security numbers in a larger document or input string,
replace the ‹^› and ‹$› anchors with word boundaries. Regular expression engines con-
sider all alphanumeric characters and the underscore to be word characters.

\b(?!000|666)(?:[0-6][0-9]{2}|7(?:[0-6][0-9]|7[0-2]))-↵
(?!00)[0-9]{2}-(?!0000)[0-9]{4}\b

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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See Also
The Social Security Administration website at http://www.socialsecurity.gov provides
answers to common questions as well as up-to-date lists of what area and group num-
bers have been assigned.

The Social Security Number Verification Service (SSNVS) at http://www.socialsecurity
.gov/employer/ssnv.htm offers two ways to verify over the Internet that names and Social
Security numbers match the Social Security Administration’s records.

A more thorough discussion of matching numeric ranges, including examples of
matching ranges with a variable number of digits, can be found in Recipe 6.5.

4.13  Validate ISBNs
Problem
You need to check the validity of an International Standard Book Number (ISBN),
which can be in either the older ISBN-10 or the current ISBN-13 format. You want to
allow a leading ISBN identifier, and ISBN parts can optionally be separated by hyphens
or spaces. ISBN 978-0-596-52068-7, ISBN-13: 978-0-596-52068-7, 978 0 596 52068 7,
9780596520687, ISBN-10 0-596-52068-9, and 0-596-52068-9 are all examples of valid
input.

Solution
You cannot validate an ISBN using a regex alone, because the last digit is computed
using a checksum algorithm. The regular expressions in this section validate the format
of an ISBN, whereas the subsequent code examples include a validity check for the final
digit.

Regular expressions

ISBN-10:

^(?:ISBN(?:-10)?:?●)?(?=[-0-9X●]{13}$|[0-9X]{10}$)[0-9]{1,5}[-●]?↵
(?:[0-9]+[-●]?){2}[0-9X]$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

ISBN-13:

^(?:ISBN(?:-13)?:?●)?(?=[-0-9●]{17}$|[0-9]{13}$)97[89][-●]?[0-9]{1,5}↵
[-●]?(?:[0-9]+[-●]?){2}[0-9]$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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ISBN-10 or ISBN-13:

^(?:ISBN(?:-1[03])?:?●)?(?=[-0-9●]{17}$|[-0-9X●]{13}$|[0-9X]{10}$)↵
(?:97[89][-●]?)?[0-9]{1,5}[-●]?(?:[0-9]+[-●]?){2}[0-9X]$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

JavaScript
// `regex` checks for ISBN-10 or ISBN-13 format
var regex = /^(?:ISBN(?:-1[03])?:? )?(?=[-0-9 ]{17}$|[-0-9X ]{13}$|↵
[0-9X]{10}$)(?:97[89][- ]?)?[0-9]{1,5}[- ]?(?:[0-9]+[- ]?){2}[0-9X]$/;

if (regex.test(subject)) {
  // Remove non ISBN digits, then split into an array
  var chars = subject.replace(/[^0-9X]/g, "").split("");
  // Remove the final ISBN digit from `chars`, and assign it to `last`
  var last  = chars.pop();
  var sum   = 0;
  var digit = 10;
  var check;

  if (chars.length == 9) {
    // Compute the ISBN-10 check digit
    for (var i = 0; i < chars.length; i++) {
      sum += digit * parseInt(chars[i], 10);
      digit -= 1;
    }
    check = 11 - (sum % 11);
    if (check == 10) {
      check = "X";
    } else if (check == 11) {
      check = "0";
    }
  } else {
    // Compute the ISBN-13 check digit
    for (var i = 0; i < chars.length; i++) {
      sum += (i % 2 * 2 + 1) * parseInt(chars[i], 10);
    }
    check = 10 - (sum % 10);
    if (check == 10) {
      check = "0";
    }
  }

  if (check == last) {
    alert("Valid ISBN");
  } else {
    alert("Invalid ISBN check digit");

258 | Chapter 4: Validation and Formatting



  }
} else {
  alert("Invalid ISBN");
}

Python
import re
import sys

# `regex` checks for ISBN-10 or ISBN-13 format
regex = re.compile("^(?:ISBN(?:-1[03])?:? )?(?=[-0-9 ]{17}$|↵
[-0-9X ]{13}$|[0-9X]{10}$)(?:97[89][- ]?)?[0-9]{1,5}[- ]?↵
(?:[0-9]+[- ]?){2}[0-9X]$")

subject = sys.argv[1]

if regex.search(subject):
  # Remove non ISBN digits, then split into an array
  chars = re.sub("[^0-9X]", "", subject).split("")
  # Remove the final ISBN digit from `chars`, and assign it to `last`
  last  = chars.pop()

  if len(chars) == 9:
    # Compute the ISBN-10 check digit
    val = sum((x + 2) * int(y) for x,y in enumerate(reversed(chars)))
    check = 11 - (val % 11)
    if check == 10:
      check = "X"
    elif check == 11:
      check = "0"
  else:
    # Compute the ISBN-13 check digit
    val = sum((x % 2 * 2 + 1) * int(y) for x,y in enumerate(chars))
    check = 10 - (val % 10)
    if check == 10:
      check = "0"

  if (str(check) == last):
    print "Valid ISBN"
  else:
    print "Invalid ISBN check digit"
else:
  print "Invalid ISBN"
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Other programming languages

See Recipe 3.5 for help with implementing these regular expressions in other program-
ming languages.

Discussion
An ISBN is a unique identifier for commercial books and book-like products. The 10-
digit ISBN format was published as an international standard, ISO 2108, in 1970. All
ISBNs assigned since January 1, 2007 are 13 digits.

ISBN-10 and ISBN-13 numbers are divided into four or five elements, respectively.
Three of the elements are of variable length; the remaining one or two elements are of
fixed length. All five parts are usually separated with hyphens or spaces. A brief de-
scription of each element follows:

• 13-digit ISBNs start with the prefix 978 or 979.

• The group identifier identifies the language-sharing country group. It ranges from
one to five digits long.

• The publisher identifier varies in length and is assigned by the national ISBN agency.

• The title identifier also varies in length and is selected by the publisher.

• The final character is called the check digit, and is computed using a checksum
algorithm. An ISBN-10 check digit can be either a number from 0 to 9 or the letter
X (Roman numeral for 10), while an ISBN-13 check digit ranges from 0 to 9. The
allowed characters are different because the two ISBN types use different checksum
algorithms.

The parts of the “ISBN-10 or ISBN-13” regex are shown in the following breakdown.
Because this regex is written in free-spacing mode, the literal space characters in the
regex have been escaped with backslashes. Java requires that even spaces within char-
acter classes be escaped in free-spacing mode:

^                 # Assert position at the beginning of the string.
(?:               # Group but don't capture...
  ISBN            #   Match the text "ISBN".
  (?:-1[03])?     #   Optionally match the text "-10" or "-13".
  :?              #   Optionally match a literal ":".
  \               #   Match a space character (escaped).
)?                # Repeat the group between zero and one time.
(?=               # Assert that the following can be matched here...
  [-0-9\ ]{17}$   #   Match 17 hyphens, digits, and spaces, then the end
 |                #     of the string. Or...
  [-0-9X\ ]{13}$  #   Match 13 hyphens, digits, Xs, and spaces, then the
 |                #     end of the string. Or...
  [0-9X]{10}$     #   Match 10 digits and Xs, then the end of the string.
)                 # End the positive lookahead.
(?:               # Group but don't capture...
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  97[89]          #   Match the text "978" or "979".
  [-\ ]?          #   Optionally match a hyphen or space.
)?                # Repeat the group between zero and one time.
[0-9]{1,5}        # Match a digit between one and five times.
[-\ ]?            # Optionally match a hyphen or space.
(?:               # Group but don't capture...
  [0-9]+          #   Match a digit between one and unlimited times.
  [-\ ]?          #   Optionally match a hyphen or space.
){2}              # Repeat the group exactly two times.
[0-9X]            # Match a digit or "X".
$                 # Assert position at the end of the string.

Regex options: Free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

The leading ‹(?:ISBN(?:-1[03])?:?●)?› has three optional elements, allowing it to
match any one of the following seven strings (all except the empty-string option include
a space character at the end):

• ISBN●
• ISBN-10●
• ISBN-13●
• ISBN:●
• ISBN-10:●
• ISBN-13:●
• The empty string (no prefix)

Next, the positive lookahead ‹(?=[-0-9●]{17}$|[-0-9X●]{13}$|[0-9X]{10}$)› enforces
one of three options (separated by the ‹|› alternation operator) for the length and char-
acter set of the rest of the match. All three options (shown next) end with the ‹$› anchor,
which ensures that there cannot be any trailing text that doesn’t fit into one of the
patterns:

‹[-0-9●]{17}$›
Allows an ISBN-13 with four separators (17 total characters)

‹[-0-9X●]{13}$›
Allows an ISBN-13 with no separators or an ISBN-10 with three separators (13
total characters)

‹[0-9X]{10}$›
Allows an ISBN-10 with no separators (10 total characters)

After the positive lookahead validates the length and character set, we can match the
individual elements of the ISBN without worrying about their combined length.
‹(?:97[89][-●]?)?› matches the “978” or “979” prefix required by an ISBN-13. The
noncapturing group is optional because it will not match within an ISBN-10 subject
string. ‹[0-9]{1,5}[-●]?› matches the one to five digit group identifier and an optional,
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following separator. ‹(?:[0-9]+[-●]?){2}› matches the variable-length publisher and
title identifiers, along with their optional separators. Finally, ‹[0-9X]$› matches the
check digit at the end of the string.

Although a regular expression can check that the final digit uses a valid character (a
digit or X), it cannot determine whether it’s correct for the ISBN’s checksum. One of
two checksum algorithms (determined by whether you’re working with an ISBN-10 or
ISBN-13 number) are used to provide some level of assurance that the ISBN digits
haven’t been accidentally transposed or otherwise entered incorrectly. The JavaScript
and Python example code shown earlier implemented both algorithms. The following
sections describe the checksum rules in order to help you implement these algorithms
with other programming languages.

ISBN-10 checksum

The check digit for an ISBN-10 number ranges from 0 to 10 (with the Roman numeral
X used instead of 10). It is computed as follows:

1. Multiply each of the first 9 digits by a number in the descending sequence from 10
to 2, and sum the results.

2. Divide the sum by 11.

3. Subtract the remainder (not the quotient) from 11.

4. If the result is 11, use the number 0; if 10, use the letter X.

Here’s an example of how to derive the ISBN-10 check digit for 0-596-52068-?:

Step 1:
sum = 10×0 + 9×5 + 8×9 + 7×6 + 6×5 + 5×2 + 4×0 + 3×6 + 2×8
    =    0 +  45 +  72 +  42 +  30 +  10 +   0 +  18 +  16
    = 233
Step 2:
    233 ÷ 11 = 21, remainder 2
Step 3:
    11 − 2 = 9
Step 4:
    9 [no substitution required]

The check digit is 9, so the complete sequence is ISBN 0-596-52068-9.

ISBN-13 checksum

An ISBN-13 check digit ranges from 0 to 9, and is computed using similar steps.

1. Multiply each of the first 12 digits by 1 or 3, alternating as you move from left to
right, and sum the results.

2. Divide the sum by 10.
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3. Subtract the remainder (not the quotient) from 10.

4. If the result is 10, use the number 0.

For example, the ISBN-13 check digit for 978-0-596-52068-? is calculated as follows:

Step 1:
sum = 1×9 + 3×7 + 1×8 + 3×0 + 1×5 + 3×9 + 1×6 + 3×5 + 1×2 + 3×0 + 1×6 + 3×8
    =   9 +  21 +   8 +   0 +   5 +  27 +   6 +  15 +   2 +   0 +   6 +  24
    = 123
Step 2:
    123 ÷ 10 = 12, remainder 3
Step 3:
    10 − 3 = 7
Step 4:
    7 [No substitution required]

The check digit is 7, and the complete sequence is ISBN 978-0-596-52068-7.

Variations

Find ISBNs in documents

This version of the “ISBN-10 or ISBN-13” regex uses word boundaries instead of an-
chors to help you find ISBNs within longer text while ensuring that they stand on their
own. The “ISBN” identifier has also been made a required string in this version, for
two reasons. First, requiring it helps eliminate false positives (without it, the regex could
potentially match any 10 or 13 digit number), and second, ISBNs are officially required
to use this identifier when printed:

\bISBN(?:-1[03])?:?●(?=[-0-9●]{17}$|[-0-9X●]{13}$|[0-9X]{10}$)↵
(?:97[89][-●]?)?[0-9]{1,5}[-●]?(?:[0-9]+[-●]?){2}[0-9X]\b

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Eliminate incorrect ISBN identifiers

A limitation of the previous regexes is that they allow matching an ISBN-10 number
preceded by the “ISBN-13” identifier, and vice versa. The following regex uses regex
conditionals (see Recipe 2.17) to ensure that an “ISBN-10” or “ISBN-13” identifier is
followed by the appropriate ISBN type. It allows both ISBN-10 and ISBN-13 numbers
when the type is not explicitly specified. This regex is overkill in most circumstances
because the same result could be achieved more manageably using the ISBN-10 and
ISBN-13 specific regexes that were shown earlier, one at a time. It’s included here
merely to demonstrate an interesting use of regular expressions:

^
(?:ISBN(-1(?:(0)|3))?:?\ )?
(?(1)
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  (?(2)
    (?=[-0-9X ]{13}$|[0-9X]{10}$)
    [0-9]{1,5}[- ]?(?:[0-9]+[- ]?){2}[0-9X]$
   |
    (?=[-0-9 ]{17}$|[0-9]{13}$)
    97[89][- ]?[0-9]{1,5}[- ]?(?:[0-9]+[- ]?){2}[0-9]$
  )
 |
  (?=[-0-9 ]{17}$|[-0-9X ]{13}$|[0-9X]{10}$)
  (?:97[89][- ]?)?[0-9]{1,5}[- ]?(?:[0-9]+[- ]?){2}[0-9X]$
)
$

Regex options: Free-spacing
Regex flavors: .NET, PCRE, Perl, Python

See Also
The most up-to-date version of the ISBN Users’ Manual can be found on the Interna-
tional ISBN Agency’s website at http://www.isbn-international.org.

The official Numerical List of Group Identifiers at http://www.isbn-international.org/
en/identifiers/allidentifiers.html can help you identify a book’s originating country or
area based on the first 1 to 5 digits of its ISBN.

4.14  Validate ZIP Codes
Problem
You need to validate a ZIP code (U.S. postal code), allowing both the five-digit and
nine-digit (ZIP + 4) formats. The regex should match 12345 and 12345-6789, but not
1234, 123456, 123456789, or 1234-56789.

Solution

Regular expression
^[0-9]{5}(?:-[0-9]{4})?$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

VB.NET
If Regex.IsMatch(subjectString, "^[0-9]{5}(?:-[0-9]{4})?$") Then
    Console.WriteLine("Valid ZIP code")
Else
    Console.WriteLine("Invalid ZIP code")
End If
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Other programming languages

See Recipe 3.5 for help with implementing this regular expression with other program-
ming languages.

Discussion
A breakdown of the ZIP code regular expression follows:

^           # Assert position at the beginning of the string.
[0-9]{5}    # Match a digit, exactly five times.
(?:         # Group but don't capture...
  -         #   Match a literal "-".
  [0-9]{4}  #   Match a digit, exactly four times.
)           # End the noncapturing group.
  ?         #   Repeat the preceding group between zero and one time.
$           # Assert position at the end of the string.

Regex options: Free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

This regex is pretty straightforward, so there isn’t much to add. A simple change that
allows you to find ZIP codes within a longer input string is to replace the ‹^› and ‹$›
anchors with word boundaries, so you end up with ‹\b[0-9]{5}(?:-[0-9]{4})?\b›.

See Also
Recipes 4.15, 4.16, and 4.17

4.15  Validate Canadian Postal Codes
Problem
You want to check whether a string is a Canadian postal code.

Solution
^(?!.*[DFIOQU])[A-VXY][0-9][A-Z]●[0-9][A-Z][0-9]$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
The negative lookahead at the beginning of this regular expression prevents D, F, I, O,
Q, or U anywhere in the subject string. The ‹[A-VXY]› character class further prevents
W or Z as the first character. Aside from those two exceptions, Canadian postal codes
simply use an alternating sequence of six alphanumeric characters with a space in the
middle. For example, the regex will match K1A 0B1, which is the postal code for Canada
Post’s Ottawa headquarters.
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See Also
Recipes 4.14, 4.16, and 4.17

4.16  Validate U.K. Postcodes
Problem
You need a regular expression that matches a U.K. postcode.

Solution
^[A-Z]{1,2}[0-9R][0-9A-Z]?●[0-9][ABD-HJLNP-UW-Z]{2}$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
Postal codes in the U.K. (or postcodes, as they’re called) are composed of five to seven
alphanumeric characters separated by a space. The rules covering which characters can
appear at particular positions are rather complicated and fraught with exceptions. This
regular expression sticks to the basic rules.

See Also
British Standard BS7666, available at http://www.govtalk.gov.uk/gdsc/html/frames/Post
Code.htm, describes the U.K. postcode rules.

Recipes 4.14, 4.15, and 4.17.

4.17  Find Addresses with Post Office Boxes
Problem
You want to catch addresses that contain a P.O. box, and warn users that their shipping
information must contain a street address.

Solution

Regular expression
^(?:Post●(?:Office●)?|P[.●]?O\.?●)?Box\b

Regex options: Case insensitive, ^ and $ match at line breaks
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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C#
Regex regexObj = new Regex(
    @"^(?:Post (?:Office )?|P[. ]?O\.? )?Box\b",
    RegexOptions.IgnoreCase | RegexOptions.Multiline
);
if (regexObj.IsMatch(subjectString) {
    Console.WriteLine("The value does not appear to be a street address");
} else {
    Console.WriteLine("Good to go");
}

Other programming languages

See Recipe 3.5 for help with implementing this regular expression with other program-
ming languages.

Discussion
The following explanation is written in free-spacing mode, so each of the meaningful
space characters in the regex has been escaped with a backslash:

^                # Assert position at the beginning of a line.
(?:              # Group but don't capture...
  Post\          #   Match "Post ".
  (?:Office\ )?  #   Optionally match "Office ".
 |               #  or...
  P[.\ ]?        #   Match "P" and an optional period or space character.
  O\.?\          #   Match "O", an optional period, and a space character.
)?               # Repeat the group between zero and one time.
Box              # Match "Box".
\b               # Assert position at a word boundary.

Regex options: Case insensitive, ^ and $ match at line breaks
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

This regular expression matches all of the following example strings when they appear
at the beginning of a line:

• Post Office Box

• post box

• P.O. box

• P O Box

• Po. box

• PO Box

• Box

Despite the precautions taken here, you might encounter a few false positives or false
negatives because many people are used to shippers being quite flexible in deciphering
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addresses. To mitigate this risk, it’s best to state up front that P.O. boxes are not al-
lowed. If you get a match using this regular expression, consider warning the user that
it appears she has entered a P.O. box, while still providing the option to keep the entry.

See Also
Recipes 4.14, 4.15, and 4.16

4.18  Reformat Names From “FirstName LastName” to
“LastName, FirstName”
Problem
You want to convert people’s names from the “FirstName LastName” format to
“LastName, FirstName”, for use in an alphabetical listing. You additionally want to
account for other name parts, so that you can, e.g., convert “FirstName MiddleNames
Particles LastName Suffix” to “LastName, FirstName MiddleNames Particles Suffix”.

Solution
Unfortunately, it isn’t possible to reliably parse names using a regular expression. Reg-
ular expressions are rigid, whereas names are so flexible that even humans get them
wrong. Determining the structure of a name or how it should be listed alphabetically
often requires taking traditional and national conventions, or even personal preferen-
ces, into account. Nevertheless, if you’re willing to make certain assumptions about
your data and can handle a moderate level of error, a regular expression can provide a
quick solution.

The following regular expression has intentionally been kept simple, rather than trying
to account for edge cases.

Regular expression
^(.+?)●([^\s,]+)(,?●(?:[JS]r\.?|III?|IV))?$

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Replacement
$2,●$1$3

Replacement text flavors: .NET, Java, JavaScript, Perl, PHP

\2,●\1\3
Replacement text flavors: Python, Ruby
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JavaScript
function formatName (name) {
    return name.replace(/^(.+?) ([^\s,]+)(,? (?:[JS]r\.?|III?|IV))?$/i,
                        "$2, $1$3");
}

Other programming languages

See Recipe 3.15 for help implementing this regular expression with other programming
languages.

Discussion
First, let’s take a look at this regular expression piece by piece. Higher-level comments
are provided afterward to help explain which parts of a name are being matched by
various segments of the regex. Since the regex is written here in free-spacing mode, the
literal space characters have been escaped with backslashes:

^              # Assert position at the beginning of the string.
(              # Capture the enclosed match to backreference 1...
  .+?          #   Match one or more characters, as few times as possible.
)              # End the capturing group.
\              # Match a literal space character.
(              # Capture the enclosed match to backreference 2...
  [^\s,]+      #   Match one or more characters that are not whitespace 
               #   or commas.
)              # End the capturing group.
(              # Capture the enclosed match to backreference 3...
  ,?\          #   Match ", " or " ".
  (?:          #   Group but don't capture...
    [JS]r\.?   #     Match "Jr", "Jr.", "Sr", or "Sr.".
   |           #    or...
    III?       #     Match "II" or "III".
   |           #    or...
    IV         #     Match "IV".
  )            #   End the noncapturing group.
)?             # Repeat the group between zero and one time.
$              # Assert position at the end of the string.

Regex options: Case insensitive, free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

This regular expression makes the following assumptions about the subject data:

• It contains at least one first name and one last name (other name parts are optional).

• The first name is listed before the last name.

• If the name contains a suffix, it is one of the values “Jr”, “Jr.”, “Sr”, “Sr.”, “II”,
“III”, or “IV”, with an optional preceding comma.
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A few more issues to consider:

• The regular expression cannot identify compound surnames that don’t use hy-
phens. For example, Sacha Baron Cohen would be replaced with Cohen, Sacha
Baron, rather than the correct listing, Baron Cohen, Sacha.

• It does not keep particles in front of the family name, although this is occasionally
called for by convention or personal preference (for example, the correct alpha-
betical listing of “Charles de Gaulle” is “de Gaulle, Charles” according to the
Chicago Manual of Style, 15th Edition, which contradicts Merriam-Webster’s
Biographical Dictionary on this particular name).

• Because of the ‹^› and ‹$› anchors that bind the match to the beginning and end
of the string, no replacement can be made if the entire subject text does not fit the
pattern. Hence, if no suitable match is found (for example, if the subject text con-
tains only one name), the name is left unaltered.

As for how the regular expression works, it uses three capturing groups to split up the
name. The pieces are then reassembled in the desired order via backreferences in the
replacement string. Capturing group 1 uses the maximally flexible ‹.+?› pattern to grab
the first name along with any number of middle names and surname particles, such as
the German “von” or the French, Portuguese, and Spanish “de”. These name parts are
handled together because they are listed sequentially in the output. Lumping the first
and middle names together also helps avoid errors, because the regular expression
cannot distinguish between a compound first name, such as “Mary Lou” or “Norma
Jeane,” and a first name plus middle name. Even humans cannot accurately make the
distinction just by visual examination.

Capturing group 2 matches the last name using ‹[^\s,]+›. Like the dot used in capturing
group 1, the flexibility of this character class allows it to match accented characters and
any other non-Latin characters. Capturing group 3 matches an optional suffix, such as
“Jr.” or “III,” from a predefined list of possible values. The suffix is handled separately
from the last name because it should continue to appear at the end of the reformatted
name.

Let’s go back for a minute to capturing group 1. Why was the dot within group 1
followed by the lazy ‹+?› quantifier, whereas the character class in group 2 was followed
by the greedy ‹+› quantifier? If group 1 (which handles a variable number of elements
and therefore needs to go as far as it can into the name) used a greedy quantifier,
capturing group 3 (which attempts to match a suffix) wouldn’t have a shot at partici-
pating in the match. The dot from group 1 would match until the end of the string, and
since capturing group 3 is optional, the regex engine would only backtrack enough to
find a match for group 2 before declaring success. Capturing group 2 can use a greedy
quantifier because its more restrictive character class only allows it to match one name.

Table 4-2 shows some examples of how names are formatted using this regular ex-
pression and replacement string.
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Table 4-2. Formatted names

Input Output

Robert Downey, Jr. Downey, Robert, Jr.

John F. Kennedy Kennedy, John F.

Scarlett O’Hara O’Hara, Scarlett

Pepé Le Pew Pew, Pepé Le

J.R.R. Tolkien Tolkien, J.R.R.

Catherine Zeta-Jones Zeta-Jones, Catherine

Variations

List surname particles at the beginning of the name

An added segment in the following regular expression allows you to output surname
particles from a predefined list in front of the last name. Specifically, this regular ex-
pression accounts for the values “De”, “Du”, “La”, “Le”, “St”, “St.”, “Ste”, “Ste.”,
“Van”, and “Von”. Any number of these values are allowed in sequence (for example,
“de la”):

^(.+?)●((?:(?:D[eu]|L[ae]|Ste?\.?|V[ao]n)●)*[^\s,]+)↵
(,?●(?:[JS]r\.?|III?|IV))?$

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

$2,●$1$3
Replacement text flavors: .NET, Java, JavaScript, Perl, PHP

\2,●\1\3
Replacement text flavors: Python, Ruby

4.19  Validate Credit Card Numbers
Problem
You’re given the job of implementing an order form for a company that accepts payment
by credit card. Since the credit card processor charges for each transaction attempt,
including failed attempts, you want to use a regular expression to weed out obviously
invalid credit card numbers.

Doing this will also improve the customer’s experience. A regular expression can in-
stantly detect obvious typos as soon as the customer finishes filling in the field on the
web form. A round trip to the credit card processor, by contrast, easily takes 10 to 30
seconds.
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Solution

Strip spaces and hyphens

Retrieve the credit card number entered by the customer and store it into a variable.
Before performing the check for a valid number, perform a search-and-replace to strip
out spaces and hyphens. Replace this regular expression globally with blank replace-
ment text:

[●-]
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Recipe 3.14 shows you how to perform this initial replacement.

Validate the number

With spaces and hyphens stripped from the input, this regular expression checks if the
credit card number uses the format of any of the six major credit card companies. It
uses named capture to detect which brand of credit card the customer has:

^(?:
(?<visa>4[0-9]{12}(?:[0-9]{3})?) |
(?<mastercard>5[1-5][0-9]{14}) |
(?<discover>6(?:011|5[0-9][0-9])[0-9]{12}) |
(?<amex>3[47][0-9]{13}) |
(?<diners>3(?:0[0-5]|[68][0-9])[0-9]{11}) |
(?<jcb>(?:2131|1800|35\d{3})\d{11})
)$

Regex options: Free-spacing
Regex flavors: .NET, PCRE 7, Perl 5.10, Ruby 1.9

^(?:
(?P<visa>4[0-9]{12}(?:[0-9]{3})?) |
(?P<mastercard>5[1-5][0-9]{14}) |
(?P<discover>6(?:011|5[0-9][0-9])[0-9]{12}) |
(?P<amex>3[47][0-9]{13}) |
(?P<diners>3(?:0[0-5]|[68][0-9])[0-9]{11}) |
(?P<jcb>(?:2131|1800|35\d{3})\d{11})
)$

Regex options: Free-spacing
Regex flavors: PCRE, Python

Java, Perl 5.6, Perl 5.8, and Ruby 1.8 do not support named capture. You can use
numbered capture instead. Group 1 will capture Visa cards, group 2 MasterCard, and
so on up to group 6 for JCB:

^(?:
(4[0-9]{12}(?:[0-9]{3})?) |         # Visa
(5[1-5][0-9]{14}) |                 # MasterCard
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(6(?:011|5[0-9][0-9])[0-9]{12}) |   # Discover
(3[47][0-9]{13}) |                  # AMEX
(3(?:0[0-5]|[68][0-9])[0-9]{11}) |  # Diners Club
((?:2131|1800|35\d{3})\d{11})       # JCB
)$

Regex options: Free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

JavaScript does not support free-spacing. Removing whitespace and comments, we get:

^(?:(4[0-9]{12}(?:[0-9]{3})?)|(5[1-5][0-9]{14})|↵
(6(?:011|5[0-9][0-9])[0-9]{12})|(3[47][0-9]{13})|↵
(3(?:0[0-5]|[68][0-9])[0-9]{11})|((?:2131|1800|35\d{3})\d{11}))$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

If you don’t need to determine which type the card is, you can remove the unnecessary
capturing groups:

^(?:
4[0-9]{12}(?:[0-9]{3})? |         # Visa
5[1-5][0-9]{14} |                 # MasterCard
6(?:011|5[0-9][0-9])[0-9]{12} |   # Discover
3[47][0-9]{13} |                  # AMEX
3(?:0[0-5]|[68][0-9])[0-9]{11} |  # Diners Club
(?:2131|1800|35\d{3})\d{11}       # JCB
)$

Regex options: Free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Or for JavaScript:

^(?:4[0-9]{12}(?:[0-9]{3})?|5[1-5][0-9]{14}|6(?:011|5[0-9][0-9])[0-9]{12}|↵
3[47][0-9]{13}|3(?:0[0-5]|[68][0-9])[0-9]{11}|(?:2131|1800|35\d{3})\d{11})$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Follow the recipe in Recipe 3.6 to add this regular expression to your order form to
validate the card number. If you use different processors for different cards, or if you
just want to keep some statistics, you can use Recipe 3.9 to check which named or
numbered capturing group holds the match. That will tell you which brand of credit
card the customer has.

Example web page with JavaScript
<html>
<head>
<title>Credit Card Test</title>
</head>
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<body>
<h1>Credit Card Test</h1>

<form>
<p>Please enter your credit card number:</p>

<p><input type="text" size="20" name="cardnumber"
  onkeyup="validatecardnumber(this.value)"></p>

<p id="notice">(no card number entered)</p>
</form>

<script>
function validatecardnumber(cardnumber) {
  // Strip spaces and dashes
  cardnumber = cardnumber.replace(/[ -]/g, '');
  // See if the card is valid
  // The regex will capture the number in one of the capturing groups
  var match = /^(?:(4[0-9]{12}(?:[0-9]{3})?)|(5[1-5][0-9]{14})|↵
(6(?:011|5[0-9][0-9])[0-9]{12})|(3[47][0-9]{13})|(3(?:0[0-5]|[68][0-9])↵
[0-9]{11})|((?:2131|1800|35\d{3})\d{11}))$/.exec(cardnumber);
  if (match) {
    // List of card types, in the same order as the regex capturing groups
    var types = ['Visa', 'MasterCard', 'Discover', 'American Express',
                 'Diners Club', 'JCB'];
    // Find the capturing group that matched
    // Skip the zeroth element of the match array (the overall match)
    for (var i = 1; i < match.length; i++) {
      if (match[i]) {
        // Display the card type for that group
        document.getElementById('notice').innerHTML = types[i - 1];
        break;
      }
    }
  } else {
    document.getElementById('notice').innerHTML = '(invalid card number)';
  }
}
</script>
</body>
</html>

Discussion

Strip spaces and hyphens

On an actual credit card, the digits of the embossed card number are usually placed
into groups of four. That makes the card number is easier for humans to read. Naturally,
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many people will try to enter the card number in the same way, including the spaces,
on order forms.

Writing a regular expression that validates a card number, allowing for spaces, hyphens,
and whatnot, is much more difficult that writing a regular expression that only allows
digits. Thus, unless you want to annoy the customer with retyping the card number
without spaces or hyphens, do a quick search-and-replace to strip them out before
validating the card number and sending it to the card processor.

The regular expression ‹[●-]› matches a character that is a space or a hyphen. Replacing
all matches of this regular expression with nothing effectively deletes all spaces and
hyphens.

Credit card numbers can consist only of digits. Instead of using ‹[●-]› to remove only
spaces and hyphens, you could use the shorthand character class ‹\D› to strip out all
nondigits.

Validate the number

Each of the credit card companies uses a different number format. We’ll exploit that
difference to allow users to enter a number without specifying a company; the company
can be determined from the number. The format for each company is:

Visa
13 or 16 digits, starting with 4.

MasterCard
16 digits, starting with 51 through 55.

Discover
16 digits, starting with 6011, or 15 digits starting with 5.

American Express
15 digits, starting with 34 or 37.

Diners Club
14 digits, starting with 300 through 305, 36, or 38.

JCB
15 digits, starting with 2131 or 1800, or 16 digits starting with 35.

If you accept only certain brands of credit cards, you can delete the cards that you don’t
accept from the regular expression. When deleting JCB, make sure to delete the last
remaining ‹|› in the regular expression as well. If you end up with ‹||› or ‹|)› in your
regular expression, it will accept the empty string as a valid card number.

For example, to accept only Visa, MasterCard, and AMEX, you can use:

^(?:
4[0-9]{12}(?:[0-9]{3})? |         # Visa
5[1-5][0-9]{14} |                 # MasterCard
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3[47][0-9]{13}                    # AMEX
)$

Regex options: Free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Alternatively:

^(?:4[0-9]{12}(?:[0-9]{3})?|5[1-5][0-9]{14}|3[47][0-9]{13})$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

If you’re searching for credit card numbers in a larger body of text, replace the anchors
with ‹\b› word boundaries.

Incorporating the solution into a web page

The example in “Example web page with JavaScript” on page 273 shows how you could
add these two regular expressions to your order form. The input box for the credit card
number has an onkeyup event handler that calls the validatecardnumber() function. This
function retrieves the card number from the input box, strips the spaces and hyphens,
and then validates it using the regular expression with numbered capturing groups.
The result of the validation is displayed by replacing the text in the last paragraph on
the page.

If the regular expression fails to match, regexp.exec() returns null, and (invalid card
number) is displayed. If the regex does match, regexp.exec() returns an array of strings.
The zeroth element holds the overall match. Elements 1 through 6 hold the text match-
ed by the six capturing groups.

Our regular expression has six capturing groups, divided by alternation. This means
that exactly one capturing group will participate in the match and hold the card num-
ber. The other groups will be empty (either undefined or the empty string, depending
on your browser). The function checks the six capturing groups, one by one. When it
finds one that is not empty, the card number is recognized and displayed.

Extra Validation with the Luhn Algorithm
There is an extra validation check that you can do on the credit card number before
processing the order. The last digit in the credit card number is a checksum calculated
according to the Luhn algoritm. Since this algorithm requires basic arithmetic, you
cannot implement it with a regular expression.

You can add the Luhn check to the web page example for this recipe by inserting the
call luhn(cardnumber); before the “else” line in the validatecardnumber() function. This
way, the Luhn check will be done only if the regular expression finds a valid match,
and after determining the card brand. However, determining the brand of the credit
card is not necessary for the Luhn check. All credit cards use the same method.
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In JavaScript, you can code the Luhn function as follows:

function luhn(cardnumber) {
  // Build an array with the digits in the card number
  var getdigits = /\d/g;
  var digits = [];
  while (match = getdigits.exec(cardnumber)) {
    digits.push(parseInt(match[0], 10));
  }
  // Run the Luhn algorithm on the array
  var sum = 0;
  var alt = false;
  for (var i = digits.length - 1; i >= 0; i--) {
    if (alt) {
      digits[i] *= 2;
      if (digits[i] > 9) {
        digits[i] -= 9;
      }
    }
    sum += digits[i];
    alt = !alt;
  }
  // Card number turns out to be invalid anyway
  if (sum % 10 == 0) {
    document.getElementById("notice").innerHTML += '; Luhn check passed';
  } else {
    document.getElementById("notice").innerHTML += '; Luhn check failed';
  }
}

This function takes a string with the credit card number as a parameter. The card
number should consist only of digits. In our example, validatecardnumber() has already
stripped spaces and hyphens and determined the card number to have the right number
of digits.

First, the function uses the regular expression ‹\d› to iterate over all the digits in the
string. Notice the /g modifier. Inside the loop, match[0] retrieves the matched digit.
Since regular expressions deal with text (strings) only, we call parseInt() to make sure
the variable is stored as an integer instead of as a string. If we don’t do this, the sum
variable will end up as a string concatenation of the digits, rather than the integer
addition of the numbers.

The actual algorithm runs on the array, calculating a checksum. If the sum modulus
10 is zero, then the card number is valid. If not, the number is invalid.
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4.20  European VAT Numbers
Problem
You’re given the job of implementing an online order form for a business in the Euro-
pean Union.

European tax laws stipulate that when a VAT-registered business (your customer) lo-
cated in one EU country purchases from a vendor (your company) in another EU
country, the vendor must not charge VAT (Value-Added Tax). If the buyer is not VAT-
registered, the vendor must charge VAT and remit the VAT to the local tax office. The
vendor must use the VAT registration number of the buyer as proof to the tax office
that no VAT is due. This means that for the vendor, it is very important to validate the
buyer’s VAT number before proceeding with the tax-exempt sale.

The most common cause of invalid VAT numbers are simple typing mistakes by the
customer. To make the ordering process faster and friendlier, you should use a regular
expression to validate the VAT number immediately while the customer fills out your
online order form. You can do this with some client-side JavaScript or in the CGI script
on your web server that receives the order form. If the number does not match the
regular expression, the customer can correct the typo right away.

Solution

Strip whitespace and punctuation

Retrieve the VAT number entered by the customer and store it into a variable. Before
performing the check for a valid number, perform a search-and-replace to replace this
regular expression globally with blank replacement text:

[-.●]
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Recipe 3.14 shows you how to perform this initial replacement. We’ve assumed that
the customer wouldn’t enter any punctuation except hyphens, dots, and spaces. Any
other extraneous characters will be caught by the upcoming check.

Validate the number

With whitespace and punctuation stripped, this regular expression checks whether the
VAT number is valid for any of the 27 EU countries:

^(
(AT)?U[0-9]{8} |                              # Austria
(BE)?0?[0-9]{9} |                             # Belgium
(BG)?[0-9]{9,10} |                            # Bulgaria
(CY)?[0-9]{8}L |                              # Cyprus

278 | Chapter 4: Validation and Formatting



(CZ)?[0-9]{8,10} |                            # Czech Republic
(DE)?[0-9]{9} |                               # Germany
(DK)?[0-9]{8} |                               # Denmark
(EE)?[0-9]{9} |                               # Estonia
(EL|GR)?[0-9]{9} |                            # Greece
(ES)?[0-9A-Z][0-9]{7}[0-9A-Z] |               # Spain
(FI)?[0-9]{8} |                               # Finland
(FR)?[0-9A-Z]{2}[0-9]{9} |                    # France
(GB)?([0-9]{9}([0-9]{3})?|[A-Z]{2}[0-9]{3}) | # United Kingdom
(HU)?[0-9]{8} |                               # Hungary
(IE)?[0-9]S[0-9]{5}L |                        # Ireland
(IT)?[0-9]{11} |                              # Italy
(LT)?([0-9]{9}|[0-9]{12}) |                   # Lithuania
(LU)?[0-9]{8} |                               # Luxembourg
(LV)?[0-9]{11} |                              # Latvia
(MT)?[0-9]{8} |                               # Malta
(NL)?[0-9]{9}B[0-9]{2} |                      # Netherlands
(PL)?[0-9]{10} |                              # Poland
(PT)?[0-9]{9} |                               # Portugal
(RO)?[0-9]{2,10} |                            # Romania
(SE)?[0-9]{12} |                              # Sweden
(SI)?[0-9]{8} |                               # Slovenia
(SK)?[0-9]{10}                                # Slovakia
)$

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

This regular expression uses free-spacing mode to make it easy to edit the regular ex-
pression later. Every now and then, new countries join the European Union, and mem-
ber countries change their rules for VAT numbers. Unfortunately, JavaScript does not
support free-spacing. In this case, you’re stuck putting everything on one line:

^((AT)?U[0-9]{8}|(BE)?0?[0-9]{9}|(BG)?[0-9]{9,10}|(CY)?[0-9]{8}L|↵
(CZ)?[0-9]{8,10}|(DE)?[0-9]{9}|(DK)?[0-9]{8}|(EE)?[0-9]{9}|↵
(EL|GR)?[0-9]{9}|(ES)?[0-9A-Z][0-9]{7}[0-9A-Z]|(FI)?[0-9]{8}|↵
(FR)?[0-9A-Z]{2}[0-9]{9}|(GB)?([0-9]{9}([0-9]{3})?|[A-Z]{2}[0-9]{3})|↵
(HU)?[0-9]{8}|(IE)?[0-9]S[0-9]{5}L|(IT)?[0-9]{11}|↵
(LT)?([0-9]{9}|[0-9]{12})|(LU)?[0-9]{8}|(LV)?[0-9]{11}|(MT)?[0-9]{8}|↵
(NL)?[0-9]{9}B[0-9]{2}|(PL)?[0-9]{10}|(PT)?[0-9]{9}|(RO)?[0-9]{2,10}|↵
(SE)?[0-9]{12}|(SI)?[0-9]{8}|(SK)?[0-9]{10})$

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Follow Recipe 3.6 to add this regular expression to your order form.
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Discussion

Strip whitespace and punctuation

To make VAT numbers easier to read for humans, people often type them in with extra
punctuation to split the digits into groups. For instance, a German customer might
enter his VAT number DE123456789 as DE 123.456.789.

A single regular expression that matches VAT numbers from 27 countries in any pos-
sible notation is an impossible job. Since the punctuation is only for readability, it is
much easier to first strip all the punctuation, then validate the resulting bare VAT
number.

The regular expression ‹[-.●]› matches a character that is a hyphen, dot, or space.
Replacing all matches of this regular expression with nothing effectively deletes the
punctuation characters commonly used in VAT numbers.

VAT numbers consist only of letters and digits. Instead of using ‹[-.●]› to remove only
common punctuation, you could use ‹[^A-Z0-9]› to strip out all invalid characters.

Validate the number

The two regular expressions for validating the number are identical. The only difference
is that the first one uses the free-spacing syntax to make the regular expression more
readable, and to indicate the countries. JavaScript does not support free-spacing, but
the other flavors give you the choice.

The regex uses alternation to accommodate the VAT numbers of all 27 EU countries.
The essential formats are:

Austria
U99999999

Belgium
999999999 or 0999999999

Bulgaria
999999999 or 9999999999

Cyprus
99999999L

Czech Republic
99999999, 999999999, or 9999999999

Germany
999999999

Denmark
99999999
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Estonia
999999999

Greece
999999999

Spain
X9999999X

Finland
99999999

France
XX999999999

United Kingdom
999999999, 999999999999, or XX999

Hungary
99999999

Ireland
9S99999L

Italy
99999999999

Lithuania
999999999 or 99999999999

Luxembourg
99999999

Latvia
99999999999

Malta
99999999

Netherlands
999999999B99

Poland
999999999

Portugal
999999999

Romania
99, 999, 9999, 99999, 999999, 9999999, 99999999, 999999999, or 9999999999

Sweden
99999999999

Slovenia
99999999
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Slovakia
999999999

Strictly speaking, the two-letter country code is part of the VAT number. However,
people often omit it, since the billing address already indicates the country. The regular
expression will accept VAT numbers with and without the country code. If you want
the country code to be mandatory, remove all the question marks from the regular
expression. If you do, mention that you require the country code in the error message
that tells the user the VAT number is invalid.

If you accept orders only from certain countries, you can leave out the countries that
don’t appear in the country selection on your order form. When you delete an alter-
native, make sure to also delete the ‹|› operator that separates the alternative from the
next or previous one. If you don’t, you end up with ‹||› in your regular expression.
‹||› inserts an alternative that matches the empty string, which means your order form
will accept the omission of a VAT number as a valid VAT number.

The 27 alternatives are grouped together. The group is placed between a caret and a
dollar sign, which anchor the regular expression to the beginning and ending of the
string you’re validating. The whole input must validate as a VAT number.

If you’re searching for VAT numbers in a larger body of text, replace the anchors with
‹\b› word boundaries.

Variations
The benefit of using one regular expression to check for all 27 countries is that you only
need to add one regex validation to your order form. You could enhance your order
form by using 27 separate regular expressions. First, check the country that the cus-
tomer specified in the billing address. Then, look up the appropriate regular expression
according to the country:

Austria
‹^(AT)?U[0-9]{8}$›

Belgium
‹^(BE)?0?[0-9]{9}$›

Bulgaria
‹^(BG)?[0-9]{9,10}$›

Cyprus
‹^(CY)?[0-9]{8}L$›

Czech Republic
‹^(CZ)?[0-9]{8,10}$›

Germany
‹^(DE)?[0-9]{9}$›
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Denmark
‹^(DK)?[0-9]{8}$›

Estonia
‹^(EE)?[0-9]{9}$›

Greece
‹^(EL|GR)?[0-9]{9}$›

Spain
‹^(ES)?[0-9A-Z][0-9]{7}[0-9A-Z]$›

Finland
‹^(FI)?[0-9]{8}$›

France
‹^(FR)?[0-9A-Z]{2}[0-9]{9}$›

United Kingdom
‹^(GB)?([0-9]{9}([0-9]{3})?|[A-Z]{2}[0-9]{3})$›

Hungary
‹^(HU)?[0-9]{8}$›

Ireland
‹^(IE)?[0-9]S[0-9]{5}L$›

Italy
‹^(IT)?[0-9]{11}$›

Lithuania
‹^(LT)?([0-9]{9}|[0-9]{12})$›

Luxembourg
‹^(LU)?[0-9]{8}$›

Latvia
‹^(LV)?[0-9]{11}$›

Malta
‹^(MT)?[0-9]{8}$›

Netherlands
‹^(NL)?[0-9]{9}B[0-9]{2}$›

Poland
‹^(PL)?[0-9]{10}$›

Portugal
‹^(PT)?[0-9]{9}$›

Romania
‹^(RO)?[0-9]{2,10}$›

Sweden
‹^(SE)?[0-9]{12}$›
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Slovenia
‹^(SI)?[0-9]{8}$›

Slovakia
‹^(SK)?[0-9]{10}$›

Implement Recipe 3.6 to validate the VAT number against the selected regular expres-
sion. That will tell you if the number is valid for the country the customer claims to
reside in.

The main benefit of using the separate regular expressions is that you can force the
VAT number to start with the correct country code, without asking the customer to
type it in. When the regular expression matches the provided number, check the con-
tents of the first capturing group. The recipe in Recipe 3.9 explains how to do this. If
the first capturing group is empty, the customer did not type the country code at the
start of the VAT number. You can then add the country code before storing the vali-
dated number in your order database.

Greek VAT numbers allow two country codes. EL is traditionally used for Greek VAT
numbers, but GR is the ISO country code for Greece.

See Also
The regular expression merely checks if the number looks like a valid VAT number.
This is enough to weed out honest mistakes. A regular expression obviously cannot
check whether the VAT number is assigned to the business placing the order. The
European Union provides a web page at http://ec.europa.eu/taxation_customs/vies/vie
shome.do where you can check which business a particular VAT number belongs to, if
any.

Techniques used in the regular expression are discussed in Recipes 2.3, 2.5 and 2.8.
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CHAPTER 5

Words, Lines, and Special Characters

This chapter contains recipes that deal with finding and manipulating text in a variety
of contexts. Some of the recipes show how to do things you might expect from an
advanced search engine, such as finding any one of several words or finding words that
appear near each other. Other examples help you find entire lines that contain partic-
ular words, remove repeated words, or escape regular expression metacharacters.

The central theme of this chapter is showing a variety of regular expression constructs
and techniques in action. Reading through it is like a workout for a large number of
regular expression syntax features, and will help you apply regular expressions gener-
ally to the problems you encounter. In many cases, what we search for is simple, but
the templates we provide in the solutions allow you to customize them for the specific
problems you’re facing.

5.1  Find a Specific Word
Problem
You’re given the simple task of finding all occurrences of the word “cat”, case insensi-
tively. The catch is that it must appear as a complete word. You don’t want to find
pieces of longer words, such as hellcat, application, or Catwoman.

Solution
Word boundary tokens make this a very easy problem to solve:

\bcat\b
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Recipe 3.7 shows how you can use this regular expression to find all matches. Rec-
ipe 3.14 shows how you can replace matches with other text.

285



Discussion
The word boundaries at both ends of the regular expression ensure that cat is matched
only when it appears as a complete word. More precisely, the word boundaries require
that cat is set apart from other text by the beginning or end of the string, whitespace,
punctuation, or other nonword characters.

Regular expression engines consider letters, numbers, and underscores to all be word
characters. Word boundaries are discussed in greater depth in Recipe 2.6.

A problem can occur when working with international text in JavaScript, PCRE, and
Ruby, since those regular expression flavors only consider letters in the ASCII table
to create a word boundary. In other words, word boundaries are found only at the
positions between a match of ‹^|[^A-Za-z0-9_]› and ‹[A-Za-z0-9_]›, or between
‹[A-Za-z0-9_]› and ‹[^A-Za-z0-9_]|$›. The same is true in Python when the UNICODE or
U flag is not set. This prevents ‹\b› from being useful for a “whole word only” search
on text that contains accented letters or words that use non-Latin scripts. For example,
in JavaScript, PCRE, and Ruby, ‹\büber\b› will find a match within darüber, but not
within dar über. In most cases, this is the exact opposite of what you would want. The
problem occurs because ü is considered a nonword character, and a word boundary is
therefore found between the two characters rü. No word boundary is found between
a space character and ü, because they create a contiguous sequence of nonword
characters.

You can deal with this problem by using lookahead and lookbehind (collectively, look-
around) instead of word boundaries. Like word boundaries, lookaround matches a
zero-width position. In PCRE (when compiled with UTF-8 support) and Ruby 1.9, you
can emulate Unicode-based word boundaries using, for example, ‹(?<=\P{L}|^)cat(?
=\P{L}|$)›. This regular expression also uses negated Unicode Letter property tokens
(‹\P{L}›), which are discussed in Recipe 2.7. Lookaround is discussed in Recipe 2.16.
If you want the lookarounds to also treat numbers and underscore as word characters
(like ‹\b› does), replace the two instances of ‹\P{L}› with the character class
‹[^\p{L}\p{N}_]›.
JavaScript and Ruby 1.8 support neither lookbehind nor Unicode properties. You can
work around the lack of lookbehind support by matching the nonword character pre-
ceding each match, and then either removing it from each match or putting it back into
the string when replacing matches (see the examples of using parts of a match in a
replacement string in Recipe 3.15). The additional lack of support for matching Uni-
code properties (coupled with the fact that both programming languages’ ‹\w› and
‹\W› tokens only match ASCII characters) means you might need to make do with a
more restrictive solution. Code points in the letter category are scattered throughout
Unicode’s character set, so it would take thousands of characters to emulate ‹\p{L}›
using Unicode escape sequences and character class ranges. A good compromise might
be ‹[A-Za-z\xAA\xB5\xBA\xC0-\xD6\xD8-\xF6\xF8-\xFF]›, which matches all Unicode
letter characters in eight-bit address space—i.e., the first 256 Unicode code points,
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from positions 0x0 to 0xFF (see Figure 5-1 for the list of matched characters). This
character class lets you match (or in negated form, exclude) a variety of commonly
used, accented characters that are outside the addressable space of seven-bit ASCII.

Figure 5-1. Unicode letter characters in eight-bit address space

Following is an example of how to replace all instances of the word “cat” with “dog”
in JavaScript. It correctly accounts for common, accented characters, so ëcat is not
altered. To do this, you’ll need to construct your own character class instead of relying
on the built-in ‹\b› or ‹\w›:

// 8-bit-wide letter characters
var L = 'A-Za-z\xAA\xB5\xBA\xC0-\xD6\xD8-\xF6\xF8-\xFF';
var pattern = '([^{L}]|^)cat([^{L}]|$)'.replace(/{L}/g, L);
var regex = new RegExp(pattern, 'gi');

// replace cat with dog, and put back any
// additional matched characters
subject = subject.replace(regex, '$1dog$2');

Note that JavaScript string literals use \xHH (where HH is a two-digit hexadecimal num-
ber) to insert special characters. Hence, the L variable that is passed to the regular
expression actually ends up containing the literal versions of the characters. If you
wanted the \xHH metasequences to be passed through to the regex itself, you would
have to escape the backslashes in the string literal (e.g., "\\xHH"). However, in this case
it doesn’t matter and will not change what the regular expression matches.

See Also
Recipes 5.2, 5.3, and 5.4
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5.2  Find Any of Multiple Words
Problem
You want to find any one out of a list of words, without having to search through the
subject string multiple times.

Solution

Using alternation

The simple solution is to alternate between the words you want to match:

\b(?:one|two|three)\b
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

More complicated examples of matching similar words are shown in Recipe 5.3.

Example JavaScript solution
var subject = 'One times two plus one equals three.';

var regex = /\b(?:one|two|three)\b/gi;

subject.match(regex);
// returns an array with four matches: ['One','two','one','three']

// This function does the same thing but accepts an array of words to
// match. Any regex metacharacters within the accepted words are escaped
// with a backslash before searching.

function match_words (subject, words) {
    var regex_metachars = /[(){}[\]*+?.\\^$|,\-]/g;

    for (var i = 0; i < words.length; i++) {
        words[i] = words[i].replace(regex_metachars, '\\$&');
    }

    var regex = new RegExp('\\b(?:' + words.join('|') + ')\\b', 'gi');

    return subject.match(regex) || [];
}

match_words(subject, ['one','two','three']);
// returns an array with four matches: ['One','two','one','three']
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Discussion

Using alternation

There are three parts to this regular expression: the word boundaries on both ends, the
noncapturing group, and the list of words (each separated by the ‹|› alternation oper-
ator). The word boundaries ensure that the regex does not match part of a longer word.
The noncapturing group limits the reach of the alternation operators; otherwise, you’d
need to write ‹\bone\b|\btwo\b|\bthree\b› to achieve the same effect. Each of the words
simply matches itself.

Because the regex engine attempts to match each word in the list from left to right, you
might see a very slight performance gain by placing the words that are most likely to
be found in the subject text near the beginning of the list. Since the words are surroun-
ded on both sides by word boundaries, they can appear in any order. Without the word
boundaries, however, it might be important to put longer words first; otherwise, you’d
never find “awesome” when searching for ‹awe|awesome›. The regex would always just
match the “awe” at the beginning of the word.

Note that this regular expression is meant to generically demonstrate matching one out
of a list of words. Because both the ‹two› and ‹three› in this example start with the same
letter, you can more efficiently guide the regular expression engine by rewriting the
regex as ‹\b(?:one|t(?:wo|hree))\b›. See Recipe 5.3 for more examples of how to
efficiently match one out of a list of similar words.

Example JavaScript solution

The JavaScript example matches the same list of words in two different ways. The first
approach is to simply create the regex and search the subject string using the match
method that is available for JavaScript strings. When the match method is passed a
regular expression that uses the /g (“global”) flag, it returns an array of all matches
found in the string, or null if no match is found.

The second approach uses a function (match_words) that accepts the subject string to
search within and an array of words to search for. The function first escapes any regex
metacharacters that might exist in the provided words, and then splices the word list
into a new regular expression that is used to search the string. The function returns an
array of any matches that are found, or an empty array if the generated regex doesn’t
match the string at all. The desired words can be matched in any combination of upper-
and lowercase, thanks to the use of the case-insensitive (/i) flag.

See Also
Recipes 5.1, 5.3, and 5.4
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5.3  Find Similar Words
Problem
You have several problems in this case:

• You want to find all occurrences of both color and colour in a string.

• You want to find any of three words that end with “at”: bat, cat, or rat.

• You want to find any word ending with phobia.

• You want to find common variations on the name “Steven”: Steve, Steven, and
Stephen.

• You want to match any common form of the term “regular expression”.

Solution
Regular expressions to solve each of the problems just listed are shown in turn. All of
these solutions are listed with the case insensitive option.

Color or colour
\bcolou?r\b

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Bat, cat, or rat
\b[bcr]at\b

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Words ending with “phobia”
\b\w*phobia\b

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Steve, Steven, or Stephen
\bSte(?:ven?|phen)\b

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Variations of “regular expression”
\breg(?:ular●expressions?|ex(?:ps?|e[sn])?)\b

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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Discussion

Use word boundaries to match complete words

All five of these regular expressions use word boundaries (‹\b›) to ensure that they
match only complete words. The patterns use several different approaches to allow
variation in the words that they match.

Let’s take a closer look at each one.

Color or colour

This regular expression will match color or colour, but will not match within
colorblind. It uses the ‹?› quantifier to make its preceding “u” optional. Quantifiers
such as ‹?› do not work like the wildcards that many people are more familiar with.
Instead, they bind to the immediately preceding element, which can be either a single
token (in this case, the literal character “u”) or a group of tokens wrapped in paren-
theses. The ‹?› quantifier repeats the preceding element zero or one time. The regex
engine first tries to match the element that the quantifier is bound to, and if that doesn’t
work, the engine moves forward without matching it. Any quantifier that allows zero
repetitions effectively makes the preceding element optional, which is exactly what we
want here.

Bat, cat, or rat

This regular expression uses a character class to match “b”, “c”, or “r”, followed by the
literal characters “at”. You could do the same thing using ‹\b(?:b|c|r)at\b›, ‹\b(?:bat|
cat|rat)\b›, or ‹\bbat\b|\bcat\b|\brat\b›. However, any time the difference between
allowed matches is a choice from one of a list of characters, you’re better off using a
character class. Not only do character classes provide a more compact and readable
syntax (thanks to being able to drop all the vertical bars and use ranges such as A–Z),
most regex engines also provide far superior optimization for character classes. Alter-
nation using vertical bars requires the engine to use the computationally expensive
backtracking algorithm, whereas character classes use a simpler search approach.

A few words of caution, though. Character classes are among the most frequently mis-
used regular expression features. It’s possible that they’re not always documented well,
or maybe some readers just skimmed over the details. Whatever the reasons, don’t let
yourself make the same newbie mistakes. Character classes are only capable of match-
ing one character at a time from the characters specified within them—no exceptions.

Following are two of the most common ways that character classes are misused:

Putting words in character classes
Sure, something like ‹[cat]{3}› will match cat, but it will also match act, ttt, and
any other three-character combination of the listed characters. The same applies
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to negated character classes such as ‹[^cat]›, which matches any single character
that is not c, a, or t.

Trying to use the alternation operator within character classes
By definition, character classes allow a choice between the characters specified
within them. ‹[a|b|c]› matches a single character from the set “abc|”, which is
probably not what you want. And even if it is, the class contains a redundant ver-
tical bar.

See Recipe 2.3 for all the details you need to use character classes correctly and
effectively.

Words ending with “phobia”

Like the previous regular expression, this one also uses a quantifier to provide the
variation in the strings it matches. This regular expression matches, for example,
arachnophobia and hexakosioihexekontahexaphobia, and because the ‹*› allows zero
repetitions, it also matches phobia on its own. If you want to require at least one char-
acter before the “phobia” suffix, change the ‹*› to ‹+›.

Steve, Steven, or Stephen

This regex combines a couple of the features we’ve used in the previous examples. A
noncapturing group, written as ‹(?:⋯)›, limits the reach of the ‹|› alternation operator.
The ‹?› quantifier used inside the group’s first alternation option makes the preceding
‹n› character optional. This improves efficiency (and brevity) versus the equivalent
‹\bSte(?:ve|ven|phen)\b›. The same principle explains why the literal string ‹Ste› ap-
pears at the front of the regular expression, rather than being repeated three times as
with ‹\b(?:Steve|Steven|Stephen)\b› or ‹\bSteve\b|\bSteven\b|\bStephen\b›. Some
backtracking regular expression engines are not smart enough to figure out that any
text matched by these latter regexes must start with Ste. Instead, as the engine steps
through the subject string looking for a match, it will first find a word boundary, then
check the following character to see if it is an S. If not, the engine must try all alternative
paths through the regular expression before it can move on and start over again at the
next position in the string. Although it’s easy for a human to see that this would be a
waste of effort (since the alternative paths through the regex all start with “Ste”), the
engine doesn’t know this. If instead you write the regex as ‹\bSte(?:ven?|phen)\b›, the
engine immediately realizes that it cannot match any string that does not start with
those characters.

For an in-depth look under the hood of a backtracking regular expression engine, see
Recipe 2.13.
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Variations of “regular expression”

The final example for this recipe mixes alternation, character classes, and quantifiers
to match any common variation of the term “regular expression”. Since the regular
expression can be a bit difficult to take in at a glance, let’s break it down and examine
each of its parts.

The regex is written here using the free-spacing option, which is not available in
JavaScript. Since whitespace is ignored in free-spacing mode, the literal space character
has been escaped with a backslash:

\b              # Assert position at a word boundary.
reg             # Match "reg".
(?:             # Group but don't capture...
  ular\         #   Match "ular ".
  expressions?  #   Match "expression" or "expressions".
 |              #  or...
  ex            #   Match "ex".
  (?:           #   Group but don't capture...
    ps?         #     Match "p" or "ps".
   |            #    or...
    e           #     Match "e".
    [sn]        #     Match one character from the set "sn".
  )             #   End the noncapturing group.
    ?           #     Repeat the preceding group zero or one time.
)               # End the noncapturing group.
\b              # Assert position at a word boundary.

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

This pattern matches any of the following seven strings:

• regular expressions

• regular expression

• regexps

• regexp

• regexes

• regexen

• regex

See Also
Recipes 5.1, 5.2, and 5.4
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5.4  Find All Except a Specific Word
Problem
You want to use a regular expression to match any complete word except cat.
Catwoman and other words that merely contain the letters “cat” should be matched—
just not cat.

Solution
A negative lookahead can help you rule out specific words, and is key to this next regex:

\b(?!cat\b)\w+
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
Although a negated character class (written as ‹[^⋯]›) makes it easy to match anything
except a specific character, you can’t just write ‹[^cat]› to match anything except the
word cat. ‹[^cat]› is a valid regex, but it matches any character except c, a, or t. Hence,
although ‹\b[^cat]+\b› would avoid matching the word cat, it wouldn’t match the
word cup either, because it contains the forbidden letter c. The regular expression
‹\b[^c][^a][^t]\w*› is no good either, because it would reject any word with c as its
first letter, a as its second letter, or t as its third. Furthermore, that doesn’t restrict the
first three letters to word characters, and it only matches words with at least three
characters since none of the negated character classes are optional.

With all that in mind, let’s take another look at how the regular expression shown at
the beginning of this recipe solved the problem:

\b     # Assert position at a word boundary.
(?!    # Assert that the regex below cannot be matched starting here...
  cat  #   Match "cat".
  \b   #   Assert position at a word boundary.
)      # End the negative lookahead.
\w+    # Match one or more word characters.

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

The key to this pattern is a negative lookahead, which looks like ‹(?!⋯)›. The negative
lookahead disallows the sequence cat followed by a word boundary, without prevent-
ing the use of those letters when they do not appear in that exact sequence, or when
they appear as part of a longer or shorter word. There’s no word boundary at the very
end of the regular expression, because it wouldn’t change what the regex matches. The
‹+› quantifier in ‹\w+› repeats the word character token as many times as possible, which
means that it will always match until the next word boundary.
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When applied to the subject string categorically match any word except cat, the regex
will find five matches: categorically, match, any, word, and except.

Variations

Find words that don’t contain another word

If, instead of trying to match any word that is not cat, you are trying to match any word
that does not contain cat, a slightly different approach is needed:

\b(?:(?!cat)\w)+\b
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

In the earlier section of this recipe, the word boundary at the beginning of the regular
expression provided a convenient anchor that allowed us to simply place the negative
lookahead at the beginning of the word. The solution used here is not as efficient, but
it’s nevertheless a commonly used construct that allows you to match something other
than a particular word or pattern. It does this by repeating a group containing a negative
lookahead and a single word character. Before matching each character, the regex en-
gine makes sure that the word cat cannot be matched starting at the current position.

Unlike the previous regular expression, this one requires a terminating word boundary.
Otherwise, it could match just the first part of a word, up to where cat appears within
it.

See Also
Recipe 2.16, which includes a more thorough discussion of lookaround (the collective
term for positive and negative lookahead and lookbehind).

Recipes 5.1, 5.5, 5.6, and 5.11.

5.5  Find Any Word Not Followed by a Specific Word
Problem
You want to match any word that is not immediately followed by the word cat, ignoring
any whitespace, punctuation, or other nonword characters that appear in between.

Solution
Negative lookahead is the secret ingredient for this regular expression:

\b\w+\b(?!\W+cat\b)
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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Recipes 3.7 and 3.14 show examples of how you might want to implement this regular
expression in code.

Discussion
As with many other recipes in this chapter, word boundaries (‹\b›) and the word char-
acter token (‹\w›) work together to match a complete word. You can find in-depth
descriptions of these features in Recipe 2.6.

The ‹(?!⋯)› surrounding the second part of this regex is a negative lookahead. Look-
ahead tells the regex engine to temporarily step forward in the string, to check whether
the pattern inside the lookahead can be matched just ahead of the current position. It
does not consume any of the characters matched inside the lookahead. Instead, it
merely asserts whether a match is possible. Since we’re using a negative lookahead, the
result of the assertion is inverted. In other words, if the pattern inside the lookahead
can be matched just ahead, the match attempt fails, and regex engine moves forward
to try all over again starting from the next character in the subject string. You can find
much more detail about lookahead (and its counterpart, lookbehind) in Recipe 2.16.

As for the pattern inside the lookahead, the ‹\W+› matches one or more nonword char-
acters that appear before ‹cat›, and the word boundary at the end makes sure that we
skip only words not followed by cat as a complete word, rather than just any word
starting with cat.

Note that this regular expression even matches the word cat, as long as the subsequent
word is not also cat. If you also want to avoid matching cat, you could combine this
regex with the one in Recipe 5.4 to end up with ‹\b(?!cat\b)\w+\b(?!\W+cat\b)›.

Variations
If you want to only match words that are followed by cat (without including cat and
its preceding nonword characters as part of the matched text), change the lookahead
from negative to positive, then turn your frown upside-down:

\b\w+\b(?=\W+cat\b)
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

See Also
Recipe 2.16, which includes a more thorough discussion of lookaround (the collective
term for positive and negative lookahead and lookbehind).

Recipes 5.4 and 5.6.
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5.6  Find Any Word Not Preceded by a Specific Word
Problem
You want to match any word that is not immediately preceded by the word cat, ignoring
any whitespace, punctuation, or other nonword characters that come between.

Solution

Lookbehind you

Lookbehind lets you check if text appears before a given position. It works by instruct-
ing the regex engine to temporarily step backward in the string, checking whether
something can be found ending at the position where you placed the lookbehind. See
Recipe 2.16 if you need to brush up on the details of lookbehind.

The following three regexes use negative lookbehind, which looks like ‹(?<!⋯)›. Un-
fortunately, the regex flavors covered by this book differ in what kinds of patterns they
allow you to place within lookbehind. As a result, the solutions end up working a bit
differently in each case. Make sure to check out the “Discussion” on page 298 of this
recipe for further details.

Words not preceded by “cat”
(?<!\bcat\W+)\b\w+

Regex options: Case insensitive
Regex flavor: .NET

(?<!\bcat\W{1,9})\b\w+
Regex options: Case insensitive
Regex flavors: .NET, Java, PCRE

(?<!\bcat)(?:\W+|^)(\w+)
Regex options: Case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby 1.9

Simulate lookbehind

JavaScript and Ruby 1.8 do not support lookbehind at all, even though they do support
lookahead. However, because the lookbehind for this problem appears at the very be-
ginning of the regex, it is possible to perfectly simulate the lookbehind by splitting the
regex into two parts, as demonstrated in the following JavaScript example:

var subject = 'My cat is furry.',
    main_regex = /\b\w+/g,
    lookbehind = /\bcat\W+$/i,
    lookbehind_type = false, // negative lookbehind
    matches = [],

5.6  Find Any Word Not Preceded by a Specific Word | 297



    match,
    left_context;

while (match = main_regex.exec(subject)) {
    left_context = subject.substring(0, match.index);

    if (lookbehind_type == lookbehind.test(left_context)) {
        matches.push(match[0]);
    } else {
        main_regex.lastIndex = match.index + 1;
    }
}

// matches:  ['My','cat','furry']

Discussion

Fixed, finite, and infinite length lookbehind

The first regular expression uses the negative lookbehind ‹(?<!\bcat\W+)›. Because the
‹+› quantifier used inside the lookbehind has no upper limit on how many characters
it can match, this version only works with the .NET regular expression flavor. All of
the other regular expression flavors covered by this book require a fixed or maximum
(finite) length for lookbehind patterns.

The second regular expression replaces the ‹+› within the lookbehind with ‹{1,9}›. As
a result, it can be used with .NET, Java, and PCRE, all of which support variable-length
lookbehind when there is a known upper limit to how many characters can be matched
within them. I’ve arbitrarily chosen a maximum length of nine nonword characters to
separate the words. That allows a bit of punctuation and a few blank lines to separate
the words. Unless you’re working with unusual subject text, this will probably end up
working exactly like the previous .NET-only solution. Even in .NET, however, pro-
viding a reasonable repetition limit for any quantifiers inside lookbehind is likely to
make your regular expression more efficient, if only because it reduces the amount of
unanticipated backtracking that can potentially occur within the lookbehind.

The third regular expression was restructured in a way that lets the lookbehind test a
fixed-length string, thereby adding support for even more regular expression flavors.
In order to do so, the nonword character (‹\W›) shorthand class was moved outside of
the lookbehind. This means that the nonword characters (such as punctuation and
whitespace) preceding the words you’re searching for will be part of the string that is
actually matched (and returned) by the regular expression. To make it a little easier to
ignore this portion of each match, a capturing group was added around the final word-
character sequence. With a bit of additional code, you can read just the value of back-
reference 1 rather than the entire match, giving you the same result that you’d get from

298 | Chapter 5: Words, Lines, and Special Characters



the prior regular expressions. Recipe 3.9 shows the code needed to work with
backreferences.

Simulate lookbehind

JavaScript does not support lookbehind, but the JavaScript example code shows how
you can simulate lookbehind that appears at the beginning of a regex by using two
regular expressions. It doesn’t impose any restrictions on the length of the text matched
by the (simulated) lookbehind.

We start by splitting the ‹(?<!\bcat\W+)\b\w+› regular expression from the original
solution into two pieces: the pattern inside the lookbehind (‹\bcat\W+›) and the pattern
that comes after it (‹\b\w+›). Append a ‹$› to the end of the lookbehind regex. If you
need to use the “caret and dollar sign match at line breaks” option (/m) with the
lookbehind regex, use ‹$(?!\s)› instead of ‹$› to ensure that it can match only at the
very end of its subject text. The lookbehind_type variable indicates whether we’re em-
ulating positive or negative lookbehind, using true for positive and false for negative.

After the variables are set up, we use main_regex and the exec method to iterate over
the subject string (see Recipe 3.11 for a description of this process). When a match is
found, the part of the subject text before the match is copied into a new string variable
(left_context), and we test whether the lookbehind regex matches that string. Because
of the anchor we appended to the end of the lookbehind regex, this effectively puts the
second match immediately to the left of the first match. By comparing the result of
the lookbehind test to lookbehind_type, we can determine whether the match meets
the complete criteria for a successful match.

Finally, we take one of two steps. If we have a successful match, append the matched
text to the matches array. If not, change the position at which to continue searching for
a match (using main_regex.lastIndex) to the position one character after the starting
position of the main_regex object’s last match, rather than letting the next iteration of
the exec method start at the end of the current match.

Whew! We’re done.

This is an advanced trick that takes advantage of the lastIndex property that is dy-
namically updated with JavaScript regular expressions that use the /g (“global”) flag. 
Usually, updating and resetting lastIndex is something that happens automagically.
Here, we use it to take control of the regex’s path through the subject string, moving
forward and backward as necessary. This trick only lets you emulate lookbehind that
appears at the beginning of a regex. With a few changes, this code could also be used
to emulate lookbehind at the very end of a regex. However, it does not serve as a full
substitute for lookbehind support. Due to the interplay of lookbehind and backtrack-
ing, this approach cannot help you accurately emulate the behavior of a lookbehind
that appears in the middle of a regex.
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Variations
If you only want to match words that are preceded by cat (without including cat and
its following nonword characters as part of the matched text), change the negative
lookbehind to a positive lookbehind:

(?<=\bcat\W+)\b\w+
Regex options: Case insensitive
Regex flavor: .NET

(?<=\bcat\W{1,9})\b\w+
Regex options: Case insensitive
Regex flavors: .NET, Java, PCRE

(?<=\bcat)(?:\W+|^)(\w+)
Regex options: Case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby 1.9

See Also
Recipe 2.16, which includes a more thorough discussion of lookaround (the collective
term for positive and negative lookahead and lookbehind).

Recipes 5.4 and 5.5.

5.7  Find Words Near Each Other
Problem
You want to emulate a NEAR search using a regular expression. For readers unfamiliar
with the term, some search tools that use Boolean operators such as NOT and OR also
have a special operator called NEAR. Searching for “word1 NEAR word2” finds
word1 and word2 in any order, as long as they occur within a certain distance of each
other.

Solution
If you’re only searching for two different words, you can combine two regular expres-
sions—one that matches word1 before word2, and another that flips the order of the
words. The following regex allows up to five words to separate the two you’re searching
for:

\b(?:word1\W+(?:\w+\W+){0,5}?word2|word2\W+(?:\w+\W+){0,5}?word1)\b
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

\b(?:
  word1                 # first term
  \W+ (?:\w+\W+){0,5}?  # up to five words
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  word2                 # second term
|                       #   or, the same pattern in reverse...
  word2                 # second term
  \W+ (?:\w+\W+){0,5}?  # up to five words
  word1                 # first term
)\b

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

The second regular expression here uses the free-spacing option and adds whitespace
and comments for readability. Apart from that, the two regular expressions are iden-
tical. JavaScript doesn’t support free-spacing mode, but the other listed regex flavors
allow you to take your pick. Recipes 3.5 and 3.7 show examples of how you can add
these regular expressions to your search form or other code.

Discussion
This regular expression puts two inverted copies of the same pattern back to back, and
then surrounds them with word boundaries. The first subpattern matches word1, fol-
lowed by between zero and five words, and then word2. The second subpattern matches
the same thing, with the order of word1 and word2 reversed.

The lazy quantifier ‹{0,5}?› appears in both of the subpatterns. It causes the regular
expression to match as few words as possible between the two terms you’re searching
for. If you run the regular expression over the subject text word1 word2 word2, it will
match word1 word2 because that has fewer words (zero) between the start and end
points. To configure the distance permitted between the target words, change the 0
and 5 within the two quantifiers to your preferred values. For example, if you changed
them to ‹{1,15}?›, that would allow up to 15 words between the two you’re looking
for, and require that they be separated by at least one other word.

The shorthand character classes that are used to match word characters and nonword
characters (‹\w› and ‹\W›, respectively) follow the quirky regular expression definition
of which characters words are composed of (letters, numbers, and underscore).

Variations

Using a conditional

Often, there are many ways to write the same regular expression. In this book, we’ve
tried hard to balance the trade-offs between portability, brevity, efficiency, and other
considerations. However, sometimes solutions that are less than ideal can still be ed-
ucational. The next two regular expressions illustrate alternative approaches to finding
words near each other. We don’t recommend actually using them, because although
they match the same text, they will typically take a little longer to do so. They also work
with fewer regular expression flavors.
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This first regular expression uses a conditional to determine whether to match word1
or word2 at the end of the regex, rather than simply stringing reversed patterns together.
The conditional checks if capturing group 1 participated in the match, which would
mean that the match started with word2:

\b(?:word1|(word2))\W+(?:\w+\W+){0,5}?(?(1)word1|word2)\b
Regex options: None
Regex flavors: .NET, PCRE, Perl, Python

This next version once again uses a conditional to determine which word should be
matched at the end, but it adds two more regular expression features into the mix:

\b(?:(?<w1>word1)|(?<w2>word2))\W+(?:\w+\W+){0,5}?(?(w2)(?&w1)|(?&w2))\b
Regex options: None
Regex flavors: PCRE 7, Perl 5.10

Here, named capturing groups, written as ‹(?<name>⋯)›, surround the first instances
of ‹word1› and ‹word2›. This allows you to use the ‹(?&name)› subroutine syntax to reuse
a subpattern that is called by name. This does not work the same as a backreference to
a named group. A named backreference, such as ‹\k<name>› (.NET, PCRE 7, Perl 5.10)
or ‹(?P=name)› (PCRE 4 and higher, Perl 5.10, Python) lets you re-match text that has
already been matched by a named capturing group. A subroutine such as ‹(?&name)›
allows you to reuse the actual pattern contained within the corresponding group. You
can’t use a backreference here, because that would only allow re-matching words that
have already been matched. The subroutines within the conditional at the end of the
regex match the word from the two provided options that hasn’t already been matched,
without having to spell out the words again. This means there is only one place in the
regex to update if you need to reuse it to match different words.

Match three or more words near each other

Matching two words near each other is a fairly
straightforward task. After all, there are only two possible ways to order them. But what
if you want to match three words in any order? Now there are six possible orders (see
Figure 5-2). The number of ways you can shift a given set of words around is n!, or the
product of consecutive integers 1 through n (“n factorial”). With four words, there are
24 possible ways to order them. By the time you get to 10 words, the number of ar-
rangements explodes into the millions. It is simply not viable to match more than a few
words near each other using the regular expression techniques discussed so far.

One way to solve this problem is by repeating a group that matches the
required words or any other word (after a required word is first matched), and then
using conditionals to prevent a match attempt from finishing successfully until all of
the required words have been matched. Following is an example of matching three
words in any order with up to five other words separating them:

Exponentially increasing permutations.

The ugly solution.
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\b(?:(?>(word1)|(word2)|(word3)|(?(1)|(?(2)|(?(3)|(?!))))\w+)\b\W*?){3,8}↵
(?(1)(?(2)(?(3)|(?!))|(?!))|(?!))

Regex options: Case insensitive
Regex flavors: .NET, PCRE, Perl

Two values:
    [ 12, 21 ]
    = 2 possible arrangements

Three values:
    [ 123, 132,
      213, 231,
      312, 321 ]
    = 6 possible arrangements

Four values:
    [ 1234, 1243, 1324, 1342, 1423, 1432,
      2134, 2143, 2314, 2341, 2413, 2432,
      3124, 3142, 3214, 3241, 3412, 3421,
      4123, 4132, 4213, 4231, 4312, 4321 ]
    = 24 possible arrangements

Factorials:
    2! = 2 × 1                                   =       2
    3! = 3 × 2 × 1                               =       6
    4! = 4 × 3 × 2 × 1                           =      24
    5! = 5 × 4 × 3 × 2 × 1                       =     120
    ...
    10! = 10 × 9 × 8 × 7 × 6 × 5 × 4 × 3 × 2 × 1 = 3628800

Figure 5-2. Many ways to arrange a set

Here’s the regex again with the atomic group (see Recipe 2.14) replaced with a standard,
noncapturing group in order to add support for Python:

\b(?:(?:(word1)|(word2)|(word3)|(?(1)|(?(2)|(?(3)|(?!))))\w+)\b\W*?){3,8}↵
(?(1)(?(2)(?(3)|(?!))|(?!))|(?!))

Regex options: Case insensitive
Regex flavors: .NET, PCRE, Perl, Python

The ‹{3,8}› quantifiers in the regular expressions just shown account for the three
required words, and thus allows zero to five words in between them. The empty neg-
ative lookaheads, which look like ‹(?!)›, will never match and are therefore used to
block certain paths through the regex until one or more of the required words have
been matched. The logic that controls these paths is implemented using two sets of
nested conditionals. The first set prevents matching any old word using ‹\w+› until at
least one of the required words have been matched. The second set of conditionals at
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the end forces the regex engine to backtrack or fail unless all of the required words have
been matched.

That’s the brief overview of how this works, but rather than getting further into the
weeds and describing how to add additional required words, let’s take a look at an
improved implementation that adds support for more regex flavors, and involves a bit
of a trick.

The ugly solution works, but it could probably win a regex
obfuscation contest for being so difficult to read and manage. It would only get worse
if you added more required words into the mix.

Fortunately, there’s a regular expression hack you can use that makes this a lot easier
to follow, while also adding support for Java and Ruby (neither of which support
conditionals).

The behavior described in this section should be used with caution in
production applications. We’re pushing expectations for regex behavior
into places that are undocumented for most regex libraries.

\b(?:(?>word1()|word2()|word3()|(?>\1|\2|\3)\w+)\b\W*?){3,8}\1\2\3
Regex options: Case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Ruby

\b(?:(?:word1()|word2()|word3()|(?:\1|\2|\3)\w+)\b\W*?){3,8}\1\2\3
Regex options: Case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Using this construct, it’s easy to add more required words. Here’s an example that
allows four required words to appear in any order, with a total of up to five other words
between them:

\b(?:(?>word1()|word2()|word3()|word4()|↵
(?>\1|\2|\3|\4)\w+)\b\W*?){4,9}\1\2\3\4

Regex options: Case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Ruby

\b(?:(?:word1()|word2()|word3()|word4()|↵
(?:\1|\2|\3|\4)\w+)\b\W*?){4,9}\1\2\3\4

Regex options: Case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

These regular expressions intentionally use empty capturing groups after each of the
required words. Since any attempt to match a backreference such as ‹\1› will fail if the
corresponding capturing group has not yet participated in the match, backreferences
to empty groups can be used to control the path a regex engine takes through a pattern,
much like the more verbose conditionals we showed earlier. If the corresponding group
has already participated in the match attempt when the engine reaches the backrefer-
ence, it will simply match an empty string and move on.

Exploiting empty backreferences.
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Here, the ‹(?>\1|\2|\3)› grouping prevents matching a word using ‹\w+› until at least
one of the required words has been matched. The backreferences are repeated at the
end of the pattern to prevent any match from successfully completing until all of the
required words have been found.

Python does not support atomic groups, so once again the examples that list Python
among the regex flavors replace such groups with standard noncapturing groups. Al-
though this makes the regexes less efficient, it doesn’t change what they match. The
outermost grouping cannot be atomic in any flavor, because in order for this to work,
the regex engine must be able to backtrack into the outer group if the backreferences
at the end of the pattern fail to match.

Even though JavaScript supports all the syntax
used in the Python versions of this pattern, it has two behavioral rules that prevent this
trick from working like the other flavors. The first issue is what is matched by backre-
ferences to capturing groups that have not yet participated in a match. The JavaScript
specification dictates that such backreferences match the empty string, or in other
words, they always match successfully. In just about every other regular expression
flavor, the opposite is true: they never match, and as a result they force the regex engine
to backtrack until either the entire match fails or the group they reference participates,
thereby providing the possibility that the backreference too will match.

The second difference with the JavaScript flavor involves the value remembered by
capturing groups nested within a repeated, outer group, e.g., ‹((a)|(b))+›. With most
regex flavors, the value remembered by a capturing group within a repeated grouping
is whatever the group matched the last time it participated in the match. So, after ‹(?:
(a)|(b))+› is used to match ab, the value of backreference 1 would be a. However,
according to the JavaScript specification, the value of backreferences to nested groups
is reset every time the outer group is repeated. Hence, ‹(?:(a)|(b))+› would still match
ab, but backreference 1 after the match is complete would reference a nonparticipating
capturing group, which in JavaScript would match an empty string within the
regex itself and be returned as undefined in, for example, the array returned by the
RegExp.prototype.exec method.

Either of these behavioral differences found in the JavaScript regex flavor are enough
to prevent emulating conditionals using empty capturing groups, as described here.

Multiple words, any distance from each other

If you simply want to test whether a list of words can be found anywhere in a subject
string without regard for their proximity, positive lookahead provides a way to do so
using one search operation.

In many cases it’s simpler and more efficient to perform discrete search-
es for each term you’re looking for, while keeping track of whether all
tests come back positive.

JavaScript backreferences by its own rules.
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\A(?=.*?\bword1\b)(?=.*?\bword2\b).*\Z
Regex options: Case insensitive, dot matches line breaks
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^(?=[\s\S]*?\bword1\b)(?=[\s\S]*?\bword2\b)[\s\S]*$
Regex options: Case insensitive (“^ and $ match at line breaks” must not be set)
Regex flavor: JavaScript

These regular expressions match the entire string they’re run against if all of your target
words are found within it; otherwise, they will not find any match. JavaScript pro-
grammers cannot use the first version, because JavaScript doesn’t support the ‹\A› and
‹\Z› anchors or the “dot matches line breaks” option.

You can implement these regular expressions by following the code in Recipe 3.6. Sim-
ply change the ‹word1› and ‹word2› placeholders to the terms you’re searching for. If
you’re checking for more than two words, you can add as many lookaheads to the front
of the regex as you need. For example, ‹\A(?=.*?\bword1\b)(?=.*?\bword2\b)(?=.*?
\bword3\b).*\Z› searches for three words.

See Also
Recipes 5.5 and 5.6

5.8  Find Repeated Words
Problem
You’re editing a document and would like to check it for any incorrectly repeated
words. You want to find these doubled words despite capitalization differences, such
as with “The the”. You also want to allow differing amounts of whitespace between
words, even if this causes the words to extend across more than one line.

Solution
A backreference matches something that has been matched before, and therefore pro-
vides the key ingredient for this recipe:

\b([A-Z]+)\s+\1\b
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

If you want to use this regular expression to keep the first word but remove subsequent
duplicate words, replace all matches with backreference 1. Another approach is to
highlight matches by surrounding them with other characters (such as an HTML tag),
so you can more easily identify them during later inspection. Recipe 3.15 shows how
you can use backreferences in your replacement text, which you’ll need to do to im-
plement either of these approaches.
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If you just want to find repeated words so you can manually examine whether they
need to be corrected, Recipe 3.7 shows the code you need. A text editor or grep-like
tool, such as those mentioned in “Tools for Working with Regular Expressions” in
Chapter 1, can help you find repeated words while providing the context needed to
determine whether the words in question are in fact used correctly.

Discussion
There are two things needed to match something that was previously matched: a cap-
turing group and a backreference. Place the thing you want to match more than once
inside a capturing group, and then match it again using a backreference. This works
differently from simply repeating a token or group using a quantifier. Consider the
difference between the simplified regular expressions ‹(\w)\1› and ‹\w{2}›. The first
regex uses a capturing group and backreference to match the same word character
twice, whereas the latter uses a quantifier to match any two word characters. Rec-
ipe 2.10 discusses the magic of backreferences in greater depth.

Back to the problem at hand. This recipe only finds repeated words that are composed
of letters from A to Z and a to z (since the case insensitive option is enabled). To also
allow accented letters and letters from other scripts, you can use the Unicode Letter
property (‹\p{L}›) if your regex flavor supports it (see “Unicode property or catego-
ry” on page 45).

Between the capturing group and backreference, ‹\s+› matches any whitespace char-
acters, such as spaces, tabs, or line breaks. If you want to restrict the characters that
can separate repeated words to horizontal whitespace (i.e., no line breaks), replace the
‹\s› with ‹[^\S\r\n]›. This prevents matching repeated words that appear across mul-
tiple lines. PCRE 7 and Perl 5.10 include the shorthand character class ‹\h› that you
might prefer to use here since it is specifically designed to match horizontal whitespace.

Finally, the word boundaries at the beginning and end of the regular expression ensure
that it doesn’t match within other words, e.g., with “this thistle”.

Note that the use of repeated words is not always incorrect, so simply removing them
without examination is potentially dangerous. For example, the constructions “that
that” and “had had” are generally accepted in colloquial English. Homonyms, names,
onomatopoeic words (such as “oink oink” or “ha ha”), and some other constructions
also occasionally result in intentionally repeated words. Therefore, in most cases you
will need to visually examine each match.

See Also
Recipe 2.10, which discusses backreferences in greater depth.

Recipe 5.9, which shows how to match repeated lines of text.
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5.9  Remove Duplicate Lines
Problem
You have a logfile, database query output, or some other type of file or string with
duplicate lines. You need to remove all but one of each duplicate line using a text editor
or other similar tool.

Solution
There is a variety of software (including the Unix command-line utility uniq and Win-
dows PowerShell cmdlet Get-Unique) that can help you remove duplicate lines in a file
or string. The following sections contain three regex-based approaches that can be
especially helpful when trying to accomplish this task in a nonscriptable text editor
with regular expression search-and-replace support.

When programming, options two and three should be avoided since they are inefficient
compared to other available approaches, such as using a hash object to keep track of
unique lines. However, the first option (which requires that you sort the lines in ad-
vance, unless you only want to remove adjacent duplicates) may be an acceptable ap-
proach since it’s quick and easy.

Option 1: Sort lines and remove adjacent duplicates

If you’re able to sort lines in the file or string you’re working with so that any duplicate
lines appear next to each other, you should do so, unless the order of the lines must be
preserved. This option will allow using a simpler and more efficient search-and-replace
operation to remove the duplicates than would otherwise be possible.

After sorting the lines, use the following regex and replacement string to get rid of the
duplicates:

^(.*)(?:(?:\r?\n|\r)\1)+$
Regex options: ^ and $ match at line breaks (“dot matches line breaks” must not
be set)
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Replace with:

$1
Replacement text flavors: .NET, Java, JavaScript, Perl, PHP

\1
Replacement text flavors: Python, Ruby

This regular expression uses a capturing group and a backreference (among other in-
gredients) to match two or more sequential, duplicate lines. A backreference is used in
the replacement string to put back the first line. Recipe 3.15 shows example code that
can be repurposed to implement this.
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Option 2: Keep the last occurrence of each duplicate line in an unsorted file

If you are using a text editor that does not have the built-in ability to sort lines, or if it
is important to preseve the original line order, the following solution lets you remove
duplicates even when they are separated by other lines:

^([^\r\n]*)(?:\r?\n|\r)(?=.*^\1$)
Regex options: Dot matches line breaks, ^ and $ match at line breaks
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Here’s the same thing as a JavaScript-compatible regex, without the requirement for
the “dot matches line breaks” option:

^(.*)(?:\r?\n|\r)(?=[\s\S]*^\1$)
Regex options: ^ and $ match at line breaks
Regex flavor: JavaScript

Replace with:

(The empty string, i.e., nothing.)

Replacement text flavors: N/A

Option 3: Keep the first occurrence of each duplicate line in an unsorted file

If you want to preserve the first occurrence of each duplicate line, you’ll need to use a
somewhat different approach. First, here is the regular expression and replacement
string we will use:

^([^\r\n]*)$(.*?)(?:(?:\r?\n|\r)\1$)+
Regex options: Dot matches line breaks, ^ and $ match at line breaks
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Once again, we need to make a couple changes to make this compatible with JavaScript-
flavor regexes, since JavaScript doesn’t have a “dot matches line breaks” option.

^(.*)$([\s\S]*?)(?:(?:\r?\n|\r)\1$)+
Regex options: ^ and $ match at line breaks
Regex flavors: JavaScript

Replace with:

$1$2
Replacement text flavors: .NET, Java, JavaScript, Perl, PHP

\1\2
Replacement text flavors: Python, Ruby

Unlike the option 1 and 2 regexes, this version cannot remove all duplicate lines with
one search-and-replace operation. You’ll need to continually apply “replace all” until
the regex no longer matches your string, meaning that there are no more duplicates to
remove. See the “Discussion” of this recipe for further details.
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Discussion

Option 1: Sort lines and remove adjacent duplicates

This regex removes all but the first of duplicate lines that appear next to each other. It
does not remove duplicates that are separated by other lines. Let’s step through the
process.

First, the caret (‹^›) at the front of the regular expression matches the start of a line.
Normally it would only match at the beginning of the subject string, so you need to
make sure that the option to let ^ and $ match at line breaks is enabled (Recipe 3.4
shows you how to set regex options). Next, the ‹.*› within the capturing parentheses
matches the entire contents of a line (even if it’s blank), and the value is stored as
backreference 1. For this to work correctly, the “dot matches line breaks” option must
not be set; otherwise, the dot-asterisk combination would match until the end of the
string.

Within an outer, noncapturing group, we’ve used ‹(?:\r?\n|\r)› to match a line sep-
arator used in Windows (‹\r\n›), Unix/Linux/OS X (‹\n›), or legacy Mac OS (‹\r›) text
files. The backreference ‹\1› then tries to match the line we just finished matching. If
the same line isn’t found at that position, the match attempt fails and the regex engine
moves on. If it matches, we repeat the group (composed of a line break sequence and
backreference 1) using the ‹+› quantifier to try to match additional duplicate lines.

Finally, we use the dollar sign at the end of the regex to assert position at the end of
the line. This ensures that we only match identical lines, and not lines that merely start
with the same characters as a previous line.

Because we’re doing a search-and-replace, each entire match (including the original
line and line separators) is removed from the string. We replace this with backreference
1 to put the original line back in.

Option 2: Keep the last occurrence of each duplicate line in an unsorted file

There are several changes here compared to the option 1 regex earlier in this recipe,
which only finds duplicate lines when they appear next to each other. First, in the non-
JavaScript version of the option 2 regex, the dot within the capturing group has been
replaced with ‹[^\r\n]› (any character except a line break), and the “dot matches line
breaks” option has been enabled. That’s because a dot is used later in the regex to match
any character, including line breaks. Second, a lookahead has been added to scan for
duplicate lines at any position further along in the string. Since the lookahead does not
consume any characters, the text matched by the regex is always a single line (along
with its following line break) that is known to appear again later in the string. Replacing
all matches with the empty string removes the duplicate lines, leaving behind only the
last occurrence of each.
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Option 3: Keep the first occurrence of each duplicate line in an unsorted file

Because lookbehind is not as widely supported as lookahead (and where it is supported,
you still may not be able to look as far backwards as you need to), the Option 3 regex
is significantly different from Option 2. Instead of matching lines that are known to be
repeated earlier in the string (which would be comparable to option 2’s tactic), this
regex matches a line, the first duplicate of that line that occurs later in the string, and
all the lines in between. The original line is stored as backreference 1, and the lines in
between (if any) as backreference 2. By replacing each match with both backreference
1 and 2, you put back the parts you want to keep, leaving out the trailing, duplicate
line and its preceding line break.

This alternative approach presents a couple of issues. First, because each match of a
set of duplicate lines may include other lines in between, it’s possible that there are
duplicates of a different value within your matched text, and those will be skipped over
during a “replace all” operation. Second, if a line is repeated more than twice, the regex
will first match duplicates one and two, but after that, it will take another set of dupli-
cates to get the regex to match again as it advances through the string. Thus, a single
“replace all” action will at best remove only every other duplicate of any specific line.
To solve both of these problems and make sure that all duplicates are removed, you’ll
need to continually apply the search-and-replace operation to your entire subject string
until the regex no longer matches within it. Consider how this regex will work when
applied to the following subject string:

value1
value2
value2
value3
value3
value1
value2

Removing all duplicate lines from this string will take three passes. Table 5-1 shows
the result of each pass.

Table 5-1. Replacement passes

Pass one Pass two Pass three Final string

value1 value1 value1 value1

value2 value2 value2 value2

value2 value2 value3 value3

value3 value3 value2  

value3 value3   

value1 value2   

value2  

One match/replacement Two matches/replacements One match/replacement No duplicates remain
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See Also
Recipe 2.10, which discusses backreferences in greater depth.

Recipe 5.8, which shows how to match repeated words.

5.10  Match Complete Lines That Contain a Word
Problem
You want to match all lines that contain the word ninja anywhere within them.

Solution
^.*\bninja\b.*$

Regex options: Case insensitive, ^ and $ match at line breaks (“dot matches line
breaks” must not be set)
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
It’s often useful to match complete lines in order to collect or remove them. To match
any line that contains the word ninja, we start with the regular expression ‹\bninja
\b›. The word boundary tokens on both ends make sure that we only match “ninja”
when it appears as a complete word, as explained in Recipe 2.6.

To expand the regex to match a complete line, add ‹.*› at both ends. The dot-asterisk
sequences match zero or more characters within the current line. The asterisk quanti-
fiers are greedy, so they will match as much text as possible. The first dot-asterisk
matches until the last occurrence of “ninja” on the line, and the second dot-asterisk
matches any nonline-break characters that occur after it.

Finally, place caret and dollar sign anchors at the beginning and end of the regular
expression, respectively, to ensure that matches contain a complete line. Strictly speak-
ing, the dollar sign anchor at the end is redundant since the dot and greedy asterisk will
always match until the end of the line. However, it doesn’t hurt to add it, and makes
the regular expression a little more self-explanatory. Adding line or string anchors to
your regexes, when appropriate, can sometimes help you avoid unexpected issues, so
it’s not a bad habit to form. Note that unlike the dollar sign, the caret at the beginning
of the regular expression is not necessarily redundant, since it ensures that the regex
only matches complete lines, even if the search starts in the middle of a line for some
reason.

Remember that the three key metacharacters used to restrict matches to a single line
(the ‹^› and ‹$› anchors, and the dot) do not have fixed meanings. To make them all
line-oriented, you have to enable the option to let ‹^› and ‹$› match at line breaks, and
make sure that the option to let the dot match line breaks is not enabled. Recipe 3.4
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shows you how to apply these options in your code. If you’re using JavaScript or Ruby,
there is one less option to worry about, because JavaScript does not have an option to
let dot match line breaks, and Ruby’s caret and dollar sign anchors always match at
line breaks.

Variations
To search for lines that contain any one of multiple words, use alternation:

^.*\b(one|two|three)\b.*$
Regex options: Case insensitive, ^ and $ match at line breaks (“dot matches line
breaks” must not be set)
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

The regular expression just shown matches any line that contains at least one of the
words “one”, “two”, or “three”. The parentheses around the words serve two purposes.
First, they limit the reach of the alternation, and second, they capture the word that
actually appears on the line to backreference 1. If the line contains more than one of
the words, the backreference will hold the one that occurs farthest to the right. This is
because the asterisk quantifier that appears before the parentheses is greedy, and will
expand the dot to match as much text as possible. If you make the asterisk lazy, as with
‹^.*?\b(one|two|three)\b.*$›, backreference 1 will contain the word from your list
that appears farthest to the left.

To find lines that must contain multiple words, use lookahead:

^(?=.*?\bone\b)(?=.*?\btwo\b)(?=.*?\bthree\b).+$
Regex options: Case insensitive, ^ and $ match at line breaks (“dot matches line
breaks” must not be set)
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

This regular expression uses positive lookahead to match lines that contain three re-
quired words anywhere within them. The ‹.+› at the end is used to actually match the
line, after the lookaheads have determined that the line meets the requirements.

See Also
Recipe 5.11 shows how to match complete lines that do not contain a particular word.

5.11  Match Complete Lines That Do Not Contain a Word
Problem
You want to match complete lines that do not contain the word ninja.
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Solution
^(?:(?!\bninja\b).)*$

Regex options: Case insensitive, ^ and $ match at line breaks (“dot matches line
breaks” must not be set)
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
In order to match a line that does not contain something, use negative lookahead (de-
scribed in Recipe 2.16). Notice that in this regular expression, a negative lookahead
and a dot are repeated together using a noncapturing group. This makes sure that the
regex ‹\bninja\b› fails at every position in the line. The ‹^› and ‹$› anchors are placed
at the edges of the regular expression to make sure you match a complete line.

The options you apply to this regular expression determine whether it tries to match
the entire subject string or just one line at a time. With the option to let ‹^› and ‹$›
match at line breaks enabled and the option to let dot match line breaks disabled, this
regular expression works as described and matches line by line. If you invert the state
of these two options, the regular expression will match any string that does not contain
the word “ninja”.

Testing a negative lookahead against every position in a line or string is
rather inefficient. This solution is only intended to be used in situations
where one regular expression is all that can be used, such as when using
an application that can’t be programmed. When programming, Rec-
ipe 3.21 presents a far more efficient solution.

See Also
Recipe 5.10 shows how to match complete lines that do contain a particular word.

5.12  Trim Leading and Trailing Whitespace
Problem
You want to remove leading and trailing whitespace from a string.  

Solution
To keep things simple and fast, the best all-around solution is to use two
substitutions—one to remove leading whitespace, and another to remove trailing
whitespace:

^\s+
Regex options: None (“^ and $ match at line breaks” must not be set)
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Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

\s+$
Regex options: None (“^ and $ match at line breaks” must not be set)
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Simply replace matches found using both of these regular expressions with the empty
string. Recipe 3.14 shows you how. With both regular expressions, you only need to
replace the first match found since they match all leading or trailing whitespace in one
go.

Discussion
Removing leading and trailing whitespace is a simple but common task. The two regular
expressions just shown each contain three parts: an anchor to assert position at the
beginning or end of the string (‹^› and ‹$›, respectively), the shorthand character class
to match any whitespace character (‹\s›), and the quantifier to repeat the class one or
more times (‹+›).
Many programming languages provide a function, usually called trim or strip, that
can remove leading and trailing whitespace for you. Table 5-2 shows how to use this
built-in function or method in a variety of programming languages.

Table 5-2. Standard functions to remove leading and trailing whitespace

Programming language(s) Example usage

C#, VB.NET String.Trim([chars])

Java string.trim()

PHP trim($string)

Python, Ruby string.strip()

JavaScript and Perl do not have an equivalent function in their standard libraries, but
you can easily create your own.

In Perl:

sub trim {
    my $string = shift;
    $string =~ s/^\s+//;
    $string =~ s/\s+$//;
    return $string;
}

In JavaScript:

function trim (string) {
    return string.replace(/^\s+/, '').replace(/\s+$/, '');
}
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// Alternatively, use this to make trim a method of all strings:
String.prototype.trim = function () {
    return this.replace(/^\s+/, '').replace(/\s+$/, '');
};

In both Perl and JavaScript, ‹\s› matches any character defined as white-
space by the Unicode standard, in addition to the space, tab, line feed,
and carriage return characters that are most commonly considered
whitespace.

Variations
There are in fact a wide variety of ways you can write a regular expression to help you
trim a string. However, they are invariably slower than using two simple substitutions
when working with long strings (when performance matters most). Following are some
of the more common alternative solutions that you might encounter. They are all writ-
ten in JavaScript, and since JavaScript doesn’t have a “dot matches line breaks” option,
the regular expressions use ‹[\s\S]› to match any single character, including line
breaks. In other programming languages, use a dot instead, and enable the “dot matches
line breaks” option.

string.replace(/^\s+|\s+$/g, '');
This is probably the most common solution. It combines the two simple regexes
via alternation (see Recipe 2.8), and uses the /g (global) option to replace all
matches, rather than just the first (it will match twice if there is both leading and
trailing whitespace in the string). This isn’t a terrible approach, but it’s slower than
using two simple substitutions when working with long strings.

string.replace(/^\s*([\s\S]*?)\s*$/, '$1')
This regular expression works by matching the entire string and capturing the
sequence from the first to the last nonwhitespace characters (if any) to backrefer-
ence 1. By replacing the entire string with backreference 1, you’re left with a trim-
med version of the string.

This approach is conceptually simple, but the lazy quantifier inside the capturing
group makes the regex engine do a lot of extra work, and therefore tends to make
this option slow with long subject strings. After the regex engine enters the cap-
turing group during the matching process, the lazy quantifier requires that the
‹[\s\S]› character class be repeated as few times as possible. Thus, the regex engine
matches one character at a time, stopping after each character to try to match the
remaining pattern (‹\s*$›). If that fails because nonwhitespace characters remain
somewhere after the current position in the string, the engine matches one more
character and then tries the remainder of the pattern again.
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string.replace(/^\s*([\s\S]*\S)?\s*$/, '$1')
This is similar to the last regex, but it replaces the lazy quantifier with a greedy one
for performance reasons. In order to make sure that the capturing group still only
matches up to the last nonwhitespace character, we use a required trailing ‹\S›.
However, since the regex must be able to match whitespace-only strings, the entire
capturing group is made optional by adding a trailing question mark quantifier.

Let’s step back to look at how this actually works. Here, the greedy asterisk in
‹[\s\S]*› repeats the “any character” pattern until the end of the string. The regex
engine then backtracks from the end of the string one character at a time until it’s
able to match the following ‹\S›, or until it’s backtracked to the first character
matched within the capturing group. Unless there’s more trailing whitespace than
there is text up until that point, this generally ends up being faster than the previous
solution that used a lazy quantifier. Still, it can’t compare to the performance of
two simple substitutions.

string.replace(/^\s*(\S*(?:\s+\S+)*)\s*$/, '$1')
This is a relatively common approach, so it’s included here as a warning. There’s
no good reason to use this, because it’s slower than all of the other solutions shown
here. It’s similar to the last two regexes in that it matches the entire string and
replaces it with the part you want to keep, but because the inner, noncapturing
group matches only one word at a time, there are a lot of discrete steps the regex
engine must take. The performance hit will most likely be unnoticeable when
trimming short strings, but with very long strings that contain lots of words, this
regex can become a performance bottleneck.

Some regular expression implementations contain clever optimizations that alter the
internal matching processes described here, and therefore make some of these options
perform a bit better or worse than we’ve suggested. Nevertheless, the simplicity of using
two substitutions provides consistently respectable performance with different string
lengths and varying string contents, and it’s therefore the best all-around solution.

See Also
Recipe 5.13

5.13  Replace Repeated Whitespace with a Single Space
Problem
As part of a cleanup routine for user input or other data, you want to replace repeated
whitespace characters with a single space. Any tabs, line breaks, or other whitespace
should also be replaced with a space.
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Solution
To implement either of the following regular expressions, simply replace all matches
with a single space character. Recipe 3.14 shows the code to do this.

Clean any whitespace characters
\s+

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Clean horizontal whitespace characters
[●\t]+

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
A common text cleanup routine is to replace repeated whitespace characters with a
single space. In HTML, for example, repeated whitespace is simply ignored when ren-
dering a page (with a few exceptions), so removing repeated whitespace can help to
reduce the file size of pages without any negative effect.

Clean any whitespace characters

In this solution, any sequence of whitespace characters (line breaks, tabs, spaces, etc.)
is replaced with a single space. Since the ‹+› quantifier repeats the whitespace class
(‹\s›) one or more times, even a single tab character, for example, will be replaced with
a space. If you replaced the ‹+› with ‹{2,}›, only sequences of two or more whitespace
characters would be replaced. This could result in fewer replacements and thus im-
proved performance, but it could also leave behind tab characters or line breaks that
would otherwise be replaced with space characters. The better approach, therefore,
depends on what you’re trying to accomplish.

Clean horizontal whitespace characters

This works exactly like the previous solution, except that it leaves line breaks alone.
Only tabs and spaces are replaced.

See Also
Recipe 5.12
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5.14  Escape Regular Expression Metacharacters
Problem
You want to use a literal string provided by a user or from some other source as
part of a regular expression. However, you want to escape all regular expression
metacharacters within the string before embedding this string in your regex, to avoid
any unintended consequences.

Solution
By adding a backslash before any characters that potentially have special meaning
within a regular expression, you can safely use the resulting pattern to match a literal
sequence of characters. Of the programming languages covered by this book, all except
JavaScript have a built-in function or method to perform this task (listed in Ta-
ble 5-3). However, for the sake of completeness, we’ll show how to pull this off using
your own regex, even in the languages that have a ready-made solution.

Built-in solutions

Table 5-3 lists the native functions designed to solve this problem.

Table 5-3. Native solutions for escaping regular expression metacharacters

Language Function

C#, VB.NET Regex.Escape(str)

Java Pattern.quote(str)

Perl quotemeta(str)

PHP preg_quote(str, [delimiter])

Python re.escape(str)

Ruby Regexp.escape(str)

Notably absent from the list is JavaScript, which does not have a built-in function
designed for this purpose.

Regular expression

Although it’s best to use a built-in solution if available, you can pull this off on your
own by using the following regular expression along with the appropriate replacement
string (shown next). Just make sure to replace all matches, rather than only the first.
Recipe 3.15 shows code for replacing matches with a string that contains a backrefer-
ence. You’ll need a backreference here to bring back the matched special character
along with a preceding backslash:

[[\]{}()*+?.\\|^$\-,&#\s]
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Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Replacement

The following replacement strings contain a literal backslash character.
The strings are shown without the extra backslashes that may be needed
to escape backslashes when using string literals in some programming
languages. See Recipe 2.19 for more details about replacement text
flavors.

\$&
Replacement text flavors: .NET, JavaScript

\\$&
Replacement text flavor: Perl

\\$0
Replacement text flavors: Java, PHP

\\\0
Replacement text flavors: PHP, Ruby

\\\&
Replacement text flavor: Ruby

\\\g<0>
Replacement text flavor: Python

Example JavaScript function

Here’s an example of how you can put the regular expression and replacement string
to use to create a static method called RegExp.escape in JavaScript:

RegExp.escape = function (str) {
    return str.replace(/[[\]{}()*+?.\\|^$\-,&#\s]/g, "\\$&");
};

// Test it out...
var str = "Hello.World?";
var escaped_str = RegExp.escape(str);
alert(escaped_str == "Hello\\.World\\?"); // -> true

Discussion
This recipe’s regular expression puts all the regex metacharacters inside a single char-
acter class. Let’s take a look at each of those characters, and examine why they need
to be escaped. Some are less obvious than others:
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[] {} ()
‹[› and ‹]› create character classes. ‹{› and ‹}› create interval quantifiers and are
also used with some other special constructs, such as Unicode properties. ‹(› and
‹)› are used for grouping, capturing, and other special constructs.

* + ?
These three characters are quantifiers that repeat their preceding element zero or
more, one or more, or between zero and one time, respectively. The question mark
is also used after an opening parenthesis to create special groupings and other
constructs (the same is true for the asterisk in Perl 5.10 and PCRE 7).

. \ |
A dot matches any character within a line or string, a backslash escapes a special
character or makes a literal character special, and a vertical bar alternates between
multiple options.

^ $
The caret and dollar symbols are anchors that match the start or end of a line or
string. The caret can also negate a character class.

The remaining characters matched by the regular expression are only special in special
circumstances. They’re included in the list to err on the side of caution.

-
A hyphen creates a range within a character class. It’s escaped here to avoid inad-
vertently creating ranges when embedding text in the middle of a character class.
Keep in mind that if you do embed text inside a character class, the resulting regex
will not match the embedded string, but rather any one of the characters in the
embedded string.

,
A comma is used inside an interval quantifier such as ‹{1,5}›. Since most regular
expression flavors treat curly brackets as literal characters if they do not form a
valid quantifier, it’s possible (though a bit unlikely) to create a quantifier where
there was none before when inserting literal text in a regex if you don’t escape
commas.

&
The ampersand is included in the list because two ampersands in a row are used
for character class intersection in Java. In other programming languages, it’s safe
to remove the ampersand from the list of characters that need to be escaped, but
it doesn’t hurt to keep it.

# and whitespace
The pound sign and whitespace (matched by ‹\s›) are metacharacters only if the
free-spacing option is enabled. Again, it doesn’t hurt to escape them anyway.

As for the replacement text, one of five tokens («$&», «\&», «$0», «\0», or «\g<0>») is
used to restore the matched character along with a preceding backslash. In Perl, $& is
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actually a variable, and using it with any regular expression imposes a global perform-
ance penalty on all regular expressions. If $& is used elsewhere in your Perl program,
it’s OK to use it as much as you want because you’ve already paid the price. Otherwise,
it’s probably better to wrap the entire regex in a capturing group, and use $1 instead of
$& in the replacement.

Variations
As explained in “Block escape” on page 27 in Recipe 2.1, you can create a block escape
sequence within a regex using ‹\Q⋯\E›. However, block escapes are only supported by
Java, PCRE, and Perl, and even in those languages block escapes are not foolproof. For
complete safety, you’d still need to escape any occurrence of \E within the string you
plan to embed in your regex. In most cases it’s probably easier to just use the cross-
language approach of escaping all regex metacharacters.

See Also
Recipe 2.1 discusses how to match literal characters; its list of characters that need to
be escaped is shorter since it doesn’t concern itself with characters that may need to be
escaped in free-spacing mode or when dropped into an arbitrary, longer pattern.
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CHAPTER 6

Numbers

Regular expressions are designed to deal with text, and don’t understand the numerical
meanings that humans assign to strings of digits. To a regular expression, 56 is not the
number fifty-six, but a string consisting of two characters displayed as the digits 5 and
6. The regex engine knows they’re digits, because the shorthand character class ‹\d›
matches them (see Recipe 2.3). But that’s it. It doesn’t know that 56 has a higher mean-
ing, just as it doesn’t know that :-) is anything but three punctuation characters
matched by ‹\p{P}{3}›.
But numbers are some of the most important input you’re likely to deal with, and
sometimes you need to process them inside a regular expression instead of just passing
them to a conventional programming language when you want to answer questions
such as, “Is this number within the range 1 through 100?” So we’ve devoted a whole
chapter to matching all kinds of numbers with regular expressions. We start off with a
few recipes that may seem trivial, but actually explain important basic concepts. The
later recipes that deal with more complicated regexes assume you grasp these basic
concepts.

6.1  Integer Numbers
Problem
You want to find various kinds of integer decimal numbers in a larger body of text, or
check whether a string variable holds an integer decimal number.

Solution
Find any positive integer decimal number in a larger body of text:

\b[0-9]+\b
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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Check if a text string holds just a positive integer decimal number:

\A[0-9]+\Z
Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^[0-9]+$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

Find any positive integer decimal number that stands alone in a larger body of text:

(?<=^|\s)[0-9]+(?=$|\s)
Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby 1.9

Find any positive integer decimal number that stands alone in a larger body of text,
allowing leading whitespace to be included in the regex match:

(^|\s)([0-9]+)(?=$|\s)
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Find any integer decimal number with an optional leading plus or minus sign:

[+-]?\b[0-9]+\b
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Check whether a text string holds just an integer decimal number with optional sign:

\A[+-]?[0-9]+\Z
Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^[+-]?[0-9]+$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

Find any integer decimal number with optional sign, allowing whitespace between the
number and the sign, but no leading whitespace without the sign:

([+-]●*)?\b[0-9]+\b
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
An integer number is a contiguous series of one or more digits, each between zero and
nine. We can easily represent this with a character class (Recipe 2.3) and a quantifier
(Recipe 2.12): ‹[0-9]+›.
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We prefer to use the explicit range ‹[0-9]› instead of the shorthand ‹\d›. 
In .NET and Perl, ‹\d› matches any digit in any script, but ‹[0-9]› always
just matches the 10 digits in the ASCII table. If you know your subject
text doesn’t include any non-ASCII digits, you can save a few keystrokes
and use ‹\d› instead of ‹[0-9]›.

If you don’t know whether your subject will include digits outside
the ASCII table, you need to think about what you want to do with the
regex matches and what the user’s expectations are in order to decide
whether you should use ‹\d› or ‹[0-9]›. If you plan to convert the text
matched by the regular expression into an integer, check whether the
string-to-integer function in your programming language can interpret
non-ASCII digits. Users writing documents in their native scripts will
expect your software to recognize digits in their native scripts.

Beyond being a series of digits, the number must also stand alone. A4 is a paper size,
not a number. There are several ways to make sure your regex only matches pure
numbers.

If you want to check whether your string holds nothing but a number, simply put start-
of-string and end-of-string anchors around your regex. ‹\A› and ‹\Z› are your best op-
tion, because their meaning doesn’t change. Unfortunately, JavaScript doesn’t support
them. In JavaScript, use ‹^› and ‹$›, and make sure you don’t specify the /m flag that
makes the caret and dollar match at line breaks. In Ruby, the caret and dollar always
match at line breaks, so you can’t reliably use them to force your regex to match the
whole string.

When searching for numbers within a larger body of text, word boundaries (Rec-
ipe 2.6) are an easy solution. When you place them before or after a regex token that
matches a digit, the word boundary makes sure there is no word character before or
after the matched digit. For example, ‹4› matches 4 in A4. ‹4\b› does too, because there’s
no word character after the 4. ‹\b4› and ‹\b4\b› don’t match anything in A4, because
‹\b› fails between the two word characters A and 4. In regular expressions, word char-
acters include letters, digits and underscores.

If you include nonword characters such as plus or minus signs or whitespace in your
regex, you have to be careful with the placement of word boundaries. To match +4
while excluding +4B, use ‹\+4\b› instead of ‹\b\+4\b›. The latter does not match +4,
because there’s no word character before the plus in the subject string to satisfy the
word boundary. ‹\b\+4\b› does match +4 in the text 3+4, because 3 is a word character
and + is not.

‹\+4\b› only needs one word boundary. The first ‹\b› in ‹\+\b4\b› is superfluous. When
this regex matches, the first ‹\b› is always between a + and a 4, and thus never excludes
anything. The first ‹\b› becomes important when the plus sign is optional. ‹\+?\b4\b›
does not match the 4 in A4, whereas ‹\+?4\b› does.
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Word boundaries are not always the right solution. Consider the subject text
$123,456.78. If you iterate over this string with the regex ‹\b[0-9]+\b›, it’ll match 123,
456, and 78. The dollar sign, comma, and decimal point are not word characters, so the
word boundary matches between a digit and any of these characters. Sometimes this
is what you want, sometimes not.

If you only want to find integers surrounded by whitespace or the start or end of a
string, you need to use lookaround instead of word boundaries. ‹(?=$|\s)› matches at
the end of the string or before a character that is whitespace (whitespace includes line
breaks). ‹(?<=^|\s)› matches either at the start of the string, or after a character that is
whitespace. You can replace ‹\s› with a character class that matches any of the char-
acters you want to allow before or after the number. See Recipe 2.16 to learn how
lookaround works.

JavaScript and Ruby 1.8 don’t support lookbehind. You can use a normal group instead
of lookbehind to check if the number occurs at the start of the string, or if it is preceded
by whitespace. The drawback is that the whitespace character will be included in the
overall regex match if the number doesn’t occur at the start of the string. An easy
solution to that is to put the part of the regex that matches the number inside a capturing
group. The fifth regex in the section “Solution” captures the whitespace character in
the first capturing group and the matched integer in the second capturing group.

See Also
Recipes 2.3 and 2.12

6.2  Hexadecimal Numbers
Problem
You want to find hexadecimal numbers in a larger body of text, or check whether a
string variable holds a hexadecimal number.

Solution
Find any hexadecimal number in a larger body of text:

\b[0-9A-F]+\b
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

\b[0-9A-Fa-f]+\b
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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Check if a text string holds just a hexadecimal number:

\A[0-9A-F]+\Z
Regex options: Case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^[0-9A-F]+$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

Find a hexadecimal number with a 0x prefix:

\b0x[0-9A-F]+\b
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Find a hexadecimal number with an &H prefix:

&H[0-9A-F]+\b
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Find a hexadecimal number with an H suffix:

\b[0-9A-F]+H\b
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Find a hexadecimal byte value or 8-bit number:

\b[0-9A-F]{2}\b
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Find a hexadecimal word value or 16-bit number:

\b[0-9A-F]{4}\b
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Find a hexadecimal double word value or 32-bit number:

\b[0-9A-F]{8}\b
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Find a hexadecimal quad word value or 64-bit number:

\b[0-9A-F]{16}\b
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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Find a string of hexadecimal bytes (i.e., an even number of hexadecimal digits):

\b(?:[0-9A-F]{2})+\b
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
The techniques for matching hexadecimal integers with a regular expression is the same
as matching decimal integers. The only difference is that the character class that match-
es a single digit now has to include the letters A through F. You have to consider whether
the letters must be either uppercase or lowercase, or if mixed case is permitted. The
regular expressions shown here all allow mixed case.

By default, regular expressions are case-sensitive. ‹[0-9a-f]› allows only lowercase
hexadecimal digits, and ‹[0-9A-F]› allows only uppercase hexadecimal digits. To allow
mixed case, use ‹[0-9a-fA-F]› or turn on the option to make your regular expression
case insensitive. Recipe 3.4 explains how to do that with the programming languages
covered by this book. The first regex in the solution is shown twice, using the two
different ways of making it case-insensitive. The others shown use only the second
method.

If you only want to allow uppercase letters in hexadecimal numbers, use the regexes
shown with case insensitivity turned off. To allow only lowercase letters, turn off case
insensitivity and replace ‹A-F› with ‹a-f›.
‹(?:[0-9A-F]{2})+› matches an even number of hexadecimal digits. ‹[0-9A-F]{2}›
matches exactly two hexadecimal digits. ‹(?:[0-9A-F]{2})+› does that one or more
times. The noncapturing group (see Recipe 2.9) is required because the plus needs to
repeat the character class and the quantifier ‹{2}› combined. ‹[0-9]{2}+› is not a syntax
error in Java, PCRE, and Perl 5.10, but it doesn’t do what you want. The extra ‹+› makes
the ‹{2}› possessive. That has no effect, because ‹{2}› cannot repeat fewer than two
times anyway.

Several of the solutions show how to require the hexadecimal number to have one of
the prefixes or suffixes commonly used to identify hexadecimal numbers. These are
used to differentiate between decimal numbers and hexadecimal numbers that happen
to consist of only decimal digits. For example, 10 could be the decimal number between
9 and 11, or the hexadecimal number between F and 11.

Most solutions are shown with word boundaries (Recipe 2.6). Use word boundaries as
shown to find numbers within a larger body of text. Notice that the regex using the
&H prefix does not have a word boundary at the start. That’s because the ampersand is
not a word boundary. If we put a word boundary at the start of that regex, it would
only find hexadecimal numbers immediately after a word character.
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If you want to check whether your string holds nothing but a hexadecimal number,
simply put start-of-string and end-of-string anchors around your regex. ‹\A› and ‹\Z›
are your best options, because their meanings don’t change. Unfortunately, JavaScript
doesn’t support them. In JavaScript, use ‹^› and ‹$›, and make sure you don’t specify
the /m flag that makes the caret and dollar match at line breaks. In Ruby, the caret and
dollar always match at line breaks, so you can’t reliably use them to force your regex
to match the whole string.

See Also
Recipes 2.3 and 2.12

6.3  Binary Numbers
Problem
You want to find binary numbers in a larger body of text, or check whether a string
variable holds a binary number.

Solution
Find a binary number in a larger body of text:

\b[01]+\b
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Check whether a text string holds just a binary number:

\A[01]+\Z
Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^[01]+$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

Find a binary number with a B suffix:

\b[01]+B\b
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Find a binary byte value or 8-bit number:

\b[01]{8}\b
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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Find a binary word value or 16-bit number:

\b[01]{16}\b
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Find a string of bytes (i.e., a multiple of eight bits):

\b(?:[01]{8})+\b
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
All these regexes use techniques explained in the previous two recipes. The key differ-
ence is that each digit is now a 0 or a 1. We easily match that with a character class that
includes just those two characters: ‹[01]›.

See Also
Recipes 2.3 and 2.12

6.4  Strip Leading Zeros
Problem
You want to match an integer number, and either return the number without any lead-
ing zeros or delete the leading zeros.

Solution

Regular expression
\b0*([1-9][0-9]*|0)\b

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Replacement
$1

Replacement text flavors: .NET, Java, JavaScript, PHP, Perl

\1
Replacement text flavors: PHP, Python, Ruby
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Getting the numbers in Perl
while ($subject =~ m/\b0*([1-9][0-9]*|0)\b/g) {
    push(@list, $1);
}

Stripping leading zeros in PHP
$result = preg_replace('/\b0*([1-9][0-9]*|0)\b/', '$1', $subject);

Discussion
We use a capturing group to separate a number from its leading zeros. Before the group,
‹0*› matches the leading zeros, if any. Within the group, ‹[1-9][0-9]*› matches a num-
ber that consists of one or more digits, with the first digit being nonzero. The number
can begin with a zero only if the number is zero itself. The word boundaries make sure
we don’t match partial numbers, as explained in Recipe 6.1.

To get a list of all numbers in the subject text without leading zeros, iterate over the
regex matches as explained in Recipe 3.11. Inside the loop, retrieve the text matched
by the first (and only) capturing group, as explained in Recipe 3.9. The solution for this
shows how you could do this in Perl.

Stripping the leading zeros is easy with a search-and-replace. Our regex has a capturing
group that separates the number from its leading zeros. If we replace the overall regex
match (the number including the leading zeros) with the text matched by the first
capturing group, we’ve effectively stripped out the leading zeros. The solution shows
how to do this in PHP. Recipe 3.15 shows how to do it in other programming languages.

See Also
Recipes 3.15 and 6.1

6.5  Numbers Within a Certain Range
Problem
You want to match an integer number within a certain range of numbers. You want
the regular expression to specify the range accurately, rather than just limiting the
number of digits.

Solution
1 to 12 (hour or month):

^(1[0-2]|[1-9])$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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1 to 24 (hour):

^(2[0-4]|1[0-9]|[1-9])$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

1 to 31 (day of the month):

^(3[01]|[12][0-9]|[1-9])$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

1 to 53 (week of the year):

^(5[0-3]|[1-4][0-9]|[1-9])$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

0 to 59 (minute or second):

^[1-5]?[0-9]$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

0 to 100 (percentage):

^(100|[1-9]?[0-9])$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

1 to 100:

^(100|[1-9][0-9]?)$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

32 to 126 (printable ASCII codes):

^(12[0-6]|1[01][0-9]|[4-9][0-9]|3[2-9])$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

0 to 127 (nonnegative signed byte):

^(12[0-7]|1[01][0-9]|[1-9]?[0-9])$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

–128 to 127 (signed byte):

^(12[0-7]|1[01][0-9]|[1-9]?[0-9]|-(12[0-8]|1[01][0-9]|[1-9]?[0-9]))$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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0 to 255 (unsigned byte):

^(25[0-5]|2[0-4][0-9]|1[0-9]{2}|[1-9]?[0-9])$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

1 to 366 (day of the year):

^(36[0-6]|3[0-5][0-9]|[12][0-9]{2}|[1-9][0-9]?)$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

1900 to 2099 (year):

^(19|20)[0-9]{2}$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

0 to 32767 (nonnegative signed word):

^(3276[0-7]|327[0-5][0-9]|32[0-6][0-9]{2}|3[01][0-9]{3}|[12][0-9]{4}|↵
[1-9][0-9]{1,3}|[0-9])$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

–32768 to 32767 (signed word):

^(3276[0-7]|327[0-5][0-9]|32[0-6][0-9]{2}|3[01][0-9]{3}|[12][0-9]{4}|↵
[1-9][0-9]{1,3}|[0-9]|-(3276[0-8]|327[0-5][0-9]|32[0-6][0-9]{2}|↵
3[01][0-9]{3}|[12][0-9]{4}|[1-9][0-9]{1,3}|[0-9]))$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

0 to 65535 (unsigned word):

^(6553[0-5]|655[0-2][0-9]|65[0-4][0-9]{2}|6[0-4][0-9]{3}|[1-5][0-9]{4}|↵
[1-9][0-9]{1,3}|[0-9])$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
The previous recipes matched integers with any number of digits, or with a certain
number of digits. They allowed the full range of digits for all the digits in the number.
Such regular expressions are very straightforward.

Matching a number in a specific range—e.g., a number between 0 and 255—is not a
simple task with regular expressions. You can’t write ‹[0-255]›. Well, you could, but
it wouldn’t match a number between 0 and 255. This character class, which is equiv-
alent to ‹[0125]›, matches a single character that is one of the digits 0, 1, 2, or 5.
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Because these regular expressions are quite a bit longer, the solutions
all use anchors to make the regex suitable to check whether a string,
such as user input, consists of a single acceptable number. Recipe 6.1
explains how you can use word boundaries or lookaround instead of
the anchors for other purposes. In the discussion, we show the regexes
without any anchors, keep the focus on dealing with numeric ranges. If
you want to use any of these regexes, you’ll have to add anchors or word
boundaries to make sure your regex doesn’t match digits that are part
of a longer number.

Regular expressions work character by character. If we want to match a number that
consists of more than one digit, we have to spell out all the possible combinations for
the digits. The essential building blocks are character classes (Recipe 2.3) and alterna-
tion (Recipe 2.8).

In character classes, we can use ranges for single digits, such as ‹[0-5]›. That’s because
the characters for the digits 0 through 9 occupy consecutive positions in the ASCII and
Unicode character tables. ‹[0-5]› matches one of six characters, just like ‹[j-o]› and
‹[\x09-\x0E]› match different ranges of six characters.

When a numeric range is represented as text, it consists of a number of positions. Each
position allows a certain range of digits. Some ranges have a fixed number of positions,
such as 12 to 24. Others have a variable number of positions, such as 1 to 12. The range
of digits allowed by each position can be either interdependent or independent of the
digits in the other positions. In the range 40 to 59, the positions are independent. In
the range 44 to 55, the positions are interdependent.

The easiest ranges are those with a fixed number of independent positions, such as 40
to 59. To code these as a regular expression, all you need to do is to string together a
bunch of character classes. Use one character class for each position, specifying the
range of digits allowed at that position.

[45][0-9]
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

The range 40 to 59 requires a number with two digits. Thus we need two character
classes. The first digit must be a 4 or 5. The character class ‹[45]› maches either digit.
The second digit can be any of the 10 digits. ‹[0-9]› does the trick.

We could also have used the shorthand ‹\d› instead of ‹[0-9]›. We use
the explicit range ‹[0-9]› for consistency with the other character
classes, to help maintain readability. Reducing the number of back-
slashes in your regexes is also very helpful if you’re working with a pro-
gramming language such as Java that requires backslashes to be escaped
in literal strings.
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The numbers in the range 44 to 55 also need two positions, but they’re not independent.
The first digit must be 4 or 5. If the first digit is 4, the second digit must be between 4
and 9. That covers the numbers 44 to 49. If the first digit is 5, the second digit must be
between 0 and 5. That covers the numbers 50 to 55. To create our regex, we simply
use alternation to combine the two ranges:

4[4-9]|5[0-5]
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

By using alternation, we’re telling the regex engine to match ‹4[4-9]› or ‹5[0-5]›. The
alternation operator has the lowest precedence of all regex operators, and so we don’t
need to group the digits, as in ‹(4[4-9])|(5[0-5)›.
You can string together as many ranges using alternation as you want. The range 34 to
65 also has two interdependent positions. The first digit must be between 3 and 6. If
the first digit is 3, the second must be 4 to 9. If the first is 4 or 5, the second can be any
digit. If the first is 6, the second must be 0 to 5:

3[4-9]|[45][0-9]|6[0-5]
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Just like we use alternation to split ranges with interdependent positions into multiple
ranges with independent positions, we can use alternation to split ranges with a variable
number of positions into multiple ranges with a fixed number of positions. The range
1 to 12 has numbers with one or two positions. We split this into the range 1 to 9 with
one position, and the range 10 to 12 with two positions. The positions in each of these
two ranges are independent, so we don’t need to split them up further:

1[0-2]|[1-9]
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

We listed the range with two digits before the one with a single digit. This is intentional
because the regular expression engine is eager. It scans the alternatives from left to right,
and stops as soon as one matches. If your subject text is 12, then ‹1[0-2|[1-9]› matches
12, whereas ‹[1-9]|1[0-2]› matches just ‹1›. The first alternative, ‹[1-9]›, is tried first.
Since that alternative is happy to match just 1, the regex engine never tries to check
whether ‹1[0-2]› might offer a “better” solution.

Some Regex Engines Are Not Eager
POSIX-compliant regex engines and DFA regex engines do not follow this rule. They
try all alternatives, and return the one that finds the longest match. All the flavors
discussed in this book, however, are NFA engines, which don’t do the extra work
required by POSIX. They will all tell you that ‹[1-9]|1[0-2]› matches 1 in 12.
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In practice, you’ll usually use anchors or word boundaries around your list of alterna-
tives. Then the order of alternatives doesn’t really matter. ‹^([1-9]|1[0-2])$› and
‹^(1[0-2]|[1-9])$› both match 12 in 12 with all regex flavors in this book, as well as
POSIX “extended” regular expressions and DFA engines. The anchors require the regex
to match either the whole string or nothing at all. DFA and NFA are defined in the
sidebar “History of the Term ‘Regular Expression’” on page 2 in Chapter 1.

The range 85 to 117 includes numbers of two different lengths. The range 85 to 99 has
two positions, and the range 100 to 117 has three positions. The positions in these
ranges are interdependent, and so we have to split them up further. For the two-digit
range, if the first digit is 8, the second must be between 5 and 9. If the first digit is 9,
the second digit can be any digit. For the three-digit range, the first position allows only
the digit 1. If the second position has the digit 0, the third position allows any digit.
But if the second digit is 1, then the third digit must be between 0 and 7. This gives us
four ranges total: 85 to 89, 90 to 99, 100 to 109, and 110 to 117. Though things are
getting long-winded, the regular expression remains as straightforward as the previous
ones:

8[5-9]|9[0-9]|10[0-9]|11[0-7]
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

That’s all there really is to matching numeric ranges with regular expressions: simply
split up the range until you have ranges with a fixed number of positions with inde-
pendent digits. This way, you’ll always get a correct regular expression that is easy to
read and maintain, even if it may get a bit long-winded.

There are some extra techniques that allow for shorter regular expressions. For exam-
ple, using the previous system, the range 0 to 65535 would require this regex:

6553[0-5]|655[0-2][0-9]|65[0-4][0-9][0-9]|6[0-4][0-9][0-9][0-9]|↵
[1-5][0-9][0-9][0-9][0-9]|[1-9][0-9][0-9][0-9]|[1-9][0-9][0-9]|↵
[1-9][0-9]|[0-9]

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

This regular expression works perfectly, and you won’t be able to come up with a regex
that runs measurably faster. Any optimizations that could be made (e.g., there are
various alternatives starting with a 6) are already made by the regular expression engine
when it compiles your regular expression. There’s no need to waste your time to make
your regex more complicated in the hopes of getting it faster. But you can make your
regex shorter, to reduce the amount of typing you need to do, while still keeping it
readable.

Several of the alternatives have identical character classes next to each other. You can
eliminate the duplication by using quantifiers. Recipe 2.12 tells you all about those.
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6553[0-5]|655[0-2][0-9]|65[0-4][0-9]{2}|6[0-4][0-9]{3}|[1-5][0-9]{4}|↵
[1-9][0-9]{3}|[1-9][0-9]{2}|[1-9][0-9]|[0-9]

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

The ‹[1-9][0-9]{3}|[1-9][0-9]{2}|[1-9][0-9]› part of the regex has three very similar
alternatives, and they all have the same pair of character classes. The only difference is
the number of times the second class is repeated. We can easily combine that into
‹[1-9][0-9]{1,3}›.

6553[0-5]|655[0-2][0-9]|65[0-4][0-9]{2}|6[0-4][0-9]{3}|[1-5][0-9]{4}|↵
[1-9][0-9]{1,3}|[0-9]

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Any further tricks will hurt readability. For example, you could isolate the leading 6
from the first four alternatives:

6(?:553[0-5]|55[0-2][0-9]|5[0-4][0-9]{2}|[0-4][0-9]{3})|[1-5][0-9]{4}|↵
[1-9][0-9]{1,3}|[0-9]

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

But this regex is actually one character longer because we had to add a noncapturing
group to isolate the alternatives with the leading 6 from the other alternatives. You
won’t get a performance benefit with any of the regex flavors discussed in this book.
They all make this optimization internally.

See Also
Recipes 2.8, 4.12, and 6.1

6.6  Hexadecimal Numbers Within a Certain Range
Problem
You want to match a hexadecimal number within a certain range of numbers. You want
the regular expression to specify the range accurately, rather than just limiting the
number of digits.

Solution
1 to C (1 to 12: hour or month):

^[1-9a-c]$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

6.6  Hexadecimal Numbers Within a Certain Range | 337



1 to 18 (1 to 24: hour):

^(1[0-8]|[1-9a-f])$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

1 to 1F (1 to 31: day of the month):

^(1[0-9a-f]|[1-9a-f])$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

1 to 35 (1 to 53: week of the year):

^(3[0-5]|[12][0-9a-f]|[1-9a-f])$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

0 to 3B (0 to 59: minute or second):

^(3[0-9a-b]|[12]?[0-9a-f])$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

0 to 64 (0 to 100: percentage):

^(6[0-4]|[1-5]?[0-9a-f])$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

1 to 64 (1 to 100):

^(6[0-4]|[1-5][0-9a-f]|[1-9a-f])$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

20 to 7E (32 to 126: printable ASCII codes):

^(7[0-9a-e]|[2-6][0-9a-f])$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

0 to 7F (0 to 127: 7-bit number):

^[1-7]?[0-9a-f]$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

0 to FF (0 to 255: 8-bit number):

^[1-9a-f]?[0-9a-f]$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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1 to 16E (1 to 366: day of the year):

^(16[0-9a-e]|1[0-5][0-9a-f]|[1-9a-f][0-9a-f]?)$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

76C to 833 (1900 to 2099: year):

^(83[0-3]|8[0-2][0-9a-f]|7[7-9a-f][0-9a-f]|76[c-f])$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

0 to 7FFF: (0 to 32767: 15-bit number):

^([1-7][0-9a-f]{3}|[1-9a-f][0-9a-f]{1,2}|[0-9a-f])$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

0 to FFFF: (0 to 65535: 16-bit number):

^([1-9a-f][0-9a-f]{1,3}|[0-9a-f])$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
There’s no difference between matching decimal numeric ranges and hexadecimal nu-
meric ranges with a regular expression. As the previous recipe explains, split the range
into multiple ranges, until each range has a fixed number of positions with independent
hexadecimal digits. Then it’s just a matter of using a character class for each position,
and combining the ranges with alternation.

Since letters and digits occupy separate areas in the ASCII and Unicode character tables,
you cannot use the character class ‹[0-F]› to match any of the 16 hexadecimal decimal
digits. Though this character class will actually do that, it will also match the punctu-
ation symbols that sit between the digits and the letters in the ASCII table. Instead,
place two character ranges in the character class: [0-9A-F].

Another issue that comes into play is case-sensitivity. By default, regular expressions
are case-sensitive. ‹[0-9A-F]› matches only uppercase characters, and ‹[0-9a-f]›
matches only lowercase characters. ‹[0-9A-Fa-f]› matches both.

Explicitly typing both the uppercase and lowercase ranges in each character class
quickly gets tedious. Turning on the case insensitivity option is much easier. See Rec-
ipe 3.4 to learn how to do that in your favorite programming language.

See Also
Recipes 2.8 and 6.2
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6.7  Floating Point Numbers
Problem
You want to match a floating-point number and specify whether the sign, integer, frac-
tion and exponent parts of the number are required, optional, or disallowed. You don’t
want to use the regular expression to restrict the numbers to a specific range, and instead
leave that to procedural code, as explained in Recipe 3.12.

Solution
Mandatory sign, integer, fraction, and exponent:

^[-+][0-9]+\.[0-9]+[eE][-+]?[0-9]+$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Mandatory sign, integer, and fraction, but no exponent:

^[-+][0-9]+\.[0-9]+$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Optional sign, mandatory integer and fraction, and no exponent:

^[-+]?[0-9]+\.[0-9]+$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Optional sign and integer, mandatory fraction, and no exponent:

^[-+]?[0-9]*\.[0-9]+$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Optional sign, integer, and fraction. If the integer part is omitted, the fraction is man-
datory. If the fraction is omitted, the decimal dot must be omitted, too. No exponent.

^[-+]?([0-9]+(\.[0-9]+)?|\.[0-9]+)$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Optional sign, integer, and fraction. If the integer part is omitted, the fraction is man-
datory. If the fraction is omitted, the decimal dot is optional. No exponent.

^[-+]?([0-9]+(\.[0-9]*)?|\.[0-9]+)$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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Optional sign, integer, and fraction. If the integer part is omitted, the fraction is man-
datory. If the fraction is omitted, the decimal dot must be omitted, too. Optional
exponent.

^[-+]?([0-9]+(\.[0-9]+)?|\.[0-9]+)([eE][-+]?[0-9]+)?$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Optional sign, integer, and fraction. If the integer part is omitted, the fraction is man-
datory. If the fraction is omitted, the decimal dot is optional. Optional exponent.

^[-+]?([0-9]+(\.[0-9]*)?|\.[0-9]+)([eE][-+]?[0-9]+)?$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

The preceding regex, edited to find the number in a larger body of text:

[-+]?(\b[0-9]+(\.[0-9]*)?|\.[0-9]+)([eE][-+]?[0-9]+\b)?
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
All regular expressions are wrapped between anchors (Recipe 2.5) to make sure we
check whether the whole input is a floating-point number, as opposed to a floating-
point number occurring in a larger string. You could use word boundaries or look-
around as explained in Recipe 6.1 if you want to find floating-point numbers in a larger
body of text.

The solutions without any optional parts are very straightforward: they simply spell
things out from left to right. Character classes (Recipe 2.3) match the sign, digits, and
the e. The plus and question mark quantifiers (Recipe 2.12) allow for any number of
digits and an optional exponent sign.

Making just the sign and integer parts optional is easy. The question mark after the
character class with the sign symbols makes it optional. Using an asterisk instead of a
plus to repeat the integer digits allows for zero or more instead of one or more digits.

Complications arise when sign, integer, and fraction are all optional. Although they are
optional on their own, they are not all optional at the same time, and the empty string
is not a valid floating-point number. The naïve solution, ‹[-+]?[0-9]*\.?[0-9]*›, does
match all valid floating-point numbers, but it also matches the empty string. And be-
cause we omitted the anchors, this regex will match the zero-length string between any
two characters in your subject text. If you run a search-and-replace with this regex and
the replacement «{$&}» on 123abc456, you’ll get {123}{}a{}b{}c{456}{}. The regex does
match 123 and 456 correctly, but it finds a zero-length match at every other match
attempt, too.
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When creating a regular expression in a situation where everything is optional, it’s very
important to consider whether everything else remains optional if one part is actually
omitted. Floating-point numbers must have at least one digit.

The solutions for this recipe clearly spell out that when the integer and fractional parts
are optional, either of them is still required. They also spell out whether 123. is a
floating-point number with a decimal dot, or whether it’s an integer number followed
by a dot that’s not part of the number. For example, in a programming language, that
trailing dot might be a concatenation operator or the first dot in a range operator speci-
fied by two dots.

To implement the requirement that the integer and fractional can’t be omitted at the
same time, we use alternation (Recipe 2.8) inside a group (Recipe 2.9) to simply spell
out the two situations. ‹[0-9]+(\.[0-9]+)?› matches a number with a required integer
part and an optional fraction. ‹\.[0-9]+› matches just a fractional number.

Combined, ‹[0-9]+(\.[0-9]+)?|\.[0-9]+› covers all three situations. The first alterna-
tive covers numbers with both the integer and fractional parts, as well as numbers
without a fraction. The second alternative matches just the fraction. Because the alter-
nation operator has the lowest precedence of all, we have to place these two alternatives
in a group before we can add them to a longer regular expression.

‹[0-9]+(\.[0-9]+)?|\.[0-9]+› requires the decimal dot to be omitted when the fraction
is omitted. If the decimal dot can occur even without fractional digits, we use ‹[0-9]+
(\.[0-9]*)?|\.[0-9]+› instead. In the first alternative in this regex, the fractional part
is still grouped with the question mark quantifier, which makes it optional. The dif-
ference is that the fractional digits themselves are now optional. We changed the plus
(one or more) into an asterisk (zero or more). The result is that the first alternative in
this regex matches an integer with optional fractional part, where the fraction can either
be a decimal dot with digits or just a decimal dot. The second alternative in the regex
is unchanged.

This last example is interesting because we have a requirement change about one thing,
but change the quantifier in the regex on something else. The requirement change is
about the dot being optional on its own, rather than in combination with the fractional
digits. We achieve this by changing the quantifier on the character class for the frac-
tional digits. This works because the decimal dot and the character class were already
inside a group that made both of them optional at the same time.

See Also
Recipes 2.3, 2.8, 2.9, and 2.12
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6.8  Numbers with Thousand Separators
Problem
You want to match numbers that use the comma as the thousand separator and the
dot as the decimal separator.

Solution
Mandatory integer and fraction:

^[0-9]{1,3}(,[0-9]{3})*\.[0-9]+$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Mandatory integer and optional fraction. Decimal dot must be omitted if the fraction
is omitted.

^[0-9]{1,3}(,[0-9]{3})*(\.[0-9]+)?$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Optional integer and optional fraction. Decimal dot must be omitted if the fraction is
omitted.

^([0-9]{1,3}(,[0-9]{3})*(\.[0-9]+)?|\.[0-9]+)$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

The preceding regex, edited to find the number in a larger body of text:

\b[0-9]{1,3}(,[0-9]{3})*(\.[0-9]+)?\b|\.[0-9]+\b
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
Since these are all regular expressions for matching floating-point numbers, they use
the same techniques as the previous recipe. The only difference is that instead of simply
matching the integer part with ‹[0-9]+›, we now use ‹[0-9]{1,3}(,[0-9]{3})*›. This
regular expression matches between 1 and 3 digits, followed by zero or more groups
that consist of a comma and 3 digits.

We cannot use ‹[0-9]{0,3}(,[0-9]{3})*› to make the integer part optional, because
that would match numbers with a leading comma, e.g., ,123. It’s the same trap of
making everything optional, explained in the previous recipe. To make the integer part
optional, we don’t change the part of the regex for the integer, but instead make it
optional in its entirety. The last two regexes in the solution do this using alternation.
The regex for a mandatory integer and optional fraction is alternated with a regex that
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matches the fraction without the integer. That yields a regex where both integer and
fraction are optional, but not at the same time.

See Also
Recipes 2.3, 2.9, and 2.12

6.9  Roman Numerals
Problem
You want to match Roman numerals such as IV, XIII, and MVIII.

Solution
Roman numerals without validation:

^[MDCLXVI]+$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Modern Roman numerals, strict:

^(?=[MDCLXVI])M*(C[MD]|D?C{0,3})(X[CL]|L?X{0,3})(I[XV]|V?I{0,3})$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Modern Roman numerals, flexible:

^(?=[MDCLXVI])M*(C[MD]|D?C*)(X[CL]|L?X*)(I[XV]|V?I*)$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Simple Roman numerals:

^(?=[MDCLXVI])M*D?C{0,4}L?X{0,4}V?I{0,4}$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
Roman numerals are written using the letters M, D, C, L, X, V, and I, representing the
values 1000, 500, 100, 50, 10, 5, and 1, respectively. The first regex matches any string
composed of these letters, without checking whether the letters appear in the order or
quantity necessary to form a proper Roman numeral.

In modern times (meaning during the past few hundred years), Roman numerals have
generally been written following a strict set of rules. These rules yield exactly one Ro-
man numeral per number. For example, 4 is always written as IV, never as IIII.
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The second regex in the solution matches only Roman numerals that follow these
modern rules.

Each nonzero digit of the decimal number is written out separately in the Roman nu-
meral. 1999 is written as MCMXCIX, where M is 1000, CM is 900, XC is 90, and IX is
9. We don’t write MIM or IMM.

The thousands are easy: one M per thousand, easily matched with ‹M*›.
There are 10 variations for the hundreds, which we match using two alternatives.
‹C[MD]› matches CM and CD, which represent 900 and 400. ‹D?C{0,3}› matches DCCC,
DCC, DC, D, CCC, CC, C, and the empty string, representing 800, 700, 600, 500, 300,
200, 100, and nothing. This gives us all of the 10 digits for the hundreds.

We match the tens with ‹X[CL]|L?X{0,3}› and the units with ‹I[XV]|V?I{0,3}›. These
use the same syntax, but with different letters.

All four parts of the regex allow everything to be optional, because each of the digits
could be zero. The Romans did not have a symbol, or even a word, to represent zero.
Thus, zero is unwritten in Roman numerals. While each part of the regex should indeed
be optional, they’re not all optional at the same time. We have to make sure our
regex does not allow zero-length matches. To do this, we put the lookahead
‹(?=[MDCLXVI])› at the start of the regex. This lookahead, as Recipe 2.16 explains, makes
sure that there’s at least one letter in the regex match. The lookahead does not consume
the letter that it matches, so that letter can be matched again by the remainder of the
regex.

The third regex is a bit more flexible. It also accepts numerals such as IIII, while still
accepting IV.

The fourth regex only allows numerals written without using subtraction, and therefore
all the letters must be in descending order. 4 must be written as IIII rather than IV. The
Romans themselves usually wrote numbers this way.

All regular expressions are wrapped between anchors (Recipe 2.5) to
make sure we check whether the whole input is a Roman numeral, as
opposed to a floating-point number occurring in a larger string. You can
replace ‹^› and ‹$› with ‹\b› word boundaries if you want to find Roman
numerals in a larger body of text.

Convert Roman Numerals to Decimal
This Perl function uses the “strict” regular expression from this recipe to check whether
the input is a valid Roman numeral. If it is, it uses the regex ‹[MDLV]|C[MD]?|X[CL]?|
I[XV]?› to iterate over all of the letters in the numeral, adding up their values:

sub roman2decimal {
    my $roman = shift;
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    if ($roman =~
        m/^(?=[MDCLXVI])
          (M*)               # 1000
          (C[MD]|D?C{0,3})   # 100
          (X[CL]|L?X{0,3})   # 10
          (I[XV]|V?I{0,3})   # 1
          $/ix)
    {
        # Roman numeral found
        my %r2d = ('I' =>    1, 'IV' =>   4, 'V' =>   5, 'IX' =>   9,
                   'X' =>   10, 'XL' =>  40, 'L' =>  50, 'XC' =>  90,
                   'C' =>  100, 'CD' => 400, 'D' => 500, 'CM' => 900,
                   'M' => 1000);
        my $decimal = 0;
        while ($roman =~ m/[MDLV]|C[MD]?|X[CL]?|I[XV]?/ig) {
            $decimal += $r2d{uc($&)};
        }
        return $decimal;
    } else {
        # Not a Roman numeral
        return 0;
    }
}

See Also
Recipes 2.3, 2.8, 2.9, 2.12, 2.16, 3.9, and 3.11
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CHAPTER 7

URLs, Paths, and Internet Addresses

Along with numbers, which were the subject of the previous chapter, another major
subject that concerns a wide range of programs is the various paths and locators for
finding data:

• URLs, URNs, and related strings

• Domain names

• IP addresses

• Microsoft Windows file and folder names

The URL format in particular has proven so flexible and useful that it has been adopted
for a wide range of resources that have nothing to do with the World Wide Web. The
toolbox of parsing regular expressions in this chapter will thus prove valuable in a
surprising variety of situations.

7.1  Validating URLs
Problem
You want to check whether a given piece of text is a URL that is valid for your purposes.

Solution
Allow almost any URL:

^(https?|ftp|file)://.+$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

\A(https?|ftp|file)://.+\Z
Regex options: Case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby
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Require a domain name, and don’t allow a username or password:

\A                         # Anchor
(https?|ftp)://            # Scheme
[a-z0-9-]+(\.[a-z0-9-]+)+  # Domain
([/?].*)?                  # Path and/or parameters
\Z                         # Anchor

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^(https?|ftp)://[a-z0-9-]+(\.[a-z0-9-]+)+↵
([/?].+)?$

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Require a domain name, and don’t allow a username or password. Allow the scheme
(http or ftp) to be omitted if it can be inferred from the subdomain (www or ftp):

\A                             # Anchor
((https?|ftp)://|(www|ftp)\.)  # Scheme or subdomain
[a-z0-9-]+(\.[a-z0-9-]+)+      # Domain
([/?].*)?                      # Path and/or parameters
\Z                             # Anchor

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^((https?|ftp)://|(www|ftp)\.)[a-z0-9-]+(\.[a-z0-9-]+)+([/?].*)?$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

Require a domain name and a path that points to an image file. Don’t allow a username,
password, or parameters:

\A                         # Anchor
(https?|ftp)://            # Scheme
[a-z0-9-]+(\.[a-z0-9-]+)+  # Domain
(/[\w-]+)*                 # Path
/[\w-]+\.(gif|png|jpg)     # File
\Z                         # Anchor

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^(https?|ftp)://[a-z0-9-]+(\.[a-z0-9-]+)+(/[\w-]+)*/[\w-]+\.(gif|png|jpg)$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

Discussion
You cannot create a regular expression that matches every valid URL without matching
any invalid URLs. The reason is that pretty much anything could be a valid URL in
some as of yet uninvented scheme.
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Validating URLs becomes useful only when we know the context in which those URLs
have to be valid. We then can limit the URLs we accept to schemes supported by the
software we’re using. All the regular expressions for this recipe are for URLs used by
web browsers. Such URLs use the form:

scheme://user:password@domain.name:80/path/file.ext?param=value&param2↵
=value2#fragment

All these parts are in fact optional. A file: URL has only a path. http: URLs only need
a domain name.

The first regular expression in the solution checks whether the URL begins with one
of the common schemes used by web browsers: http, https, ftp, and file. The caret
anchors the regex to the start of the string (Recipe 2.5). Alternation (Recipe 2.8) is used
to spell out the list of schemes. ‹https?› is a clever way of saying ‹http|https›.
Because the first regex allows for rather different schemes, such as http and file, it
doesn’t try to validate the text after the scheme. ‹.+$› simply grabs everything until the
end of the string, as long as the string doesn’t contain any line break characters.

By default, the dot (Recipe 2.4) matches all characters except line break characters, and
the dollar (Recipe 2.5) does not match at embedded line breaks. Ruby is the exception
here. In Ruby, caret and dollar always match at embedded line breaks, and so we have
to use ‹\A› and ‹\Z› instead (Recipe 2.5). Strictly speaking, you’d have to make the same
change for Ruby for all the other regular expressions shown in this recipe. You should…
if your input could consist of multiple lines and you want to avoid matching a URL
that takes up one line in several lines of text.

The next two regular expressions are the free-spacing (Recipe 2.18) and regular versions
of the same regex. The free-spacing regex is easier to read, whereas the regular version
is faster to type. JavaScript does not support free-spacing regular expressions.

These two regexes accept only web and FTP URLs, and require the HTTP or FTP
scheme to be followed by something that looks like a valid domain name. The domain
name must be in ASCII. Internationalized domains (IDNs) are not accepted. The do-
main can be followed by a path or a list of parameters, separated from the domain with
a forward slash or a question mark. Since the question mark is inside a character class
(Recipe 2.3), we don’t need to escape it. The question mark is an ordinary character in
character classes, and the forward slash is an ordinary character anywhere in a regular
expression. (If you see it escaped in source code, that’s because Perl and several other
programming languages use forward slashes to delimit literal regular expressions.)

No attempt is made to validate the path or the parameters. ‹.*› simply matches anything
that doesn’t include line breaks. Since the path and parameters are both optional,
‹[/?].*› is placed inside a group that is made optional with a question mark (Rec-
ipe 2.12).
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These regular expressions, and the ones that follow, don’t allow a username or pass-
word to be specified as part of the URL. Putting user information in a URL is considered
bad practice for security reasons.

Most web browsers accept URLs that don’t specify the scheme, and correctly infer the
scheme from the domain name. For example, www.regexbuddy.com is short for http://
www.regexbuddy.com. To allow such URLs, we simply expand the list of schemes allowed
by the regular expression to include the subdomains www. and ftp..

‹(https?|ftp)://|(www|ftp)\.› does this nicely. This list has two alternatives, each of
which starts with two alternatives. The first alternative allows ‹https?› and ‹ftp›, which
must be followed by ‹://›. The second alternative allows ‹www› and ‹ftp›, which must
be followed by a dot. You can easily edit both lists to change the schemes and sub-
domains the regex should accept.

The last two regular expressions require a scheme, an ASCII domain name, a path, and
a filename to a GIF, PNG, or JPEG image file. The path and filename allow all letters
and digits in any script, as well as underscores and hyphens. The shorthand character
class ‹\w› includes all that, except the hyphens (Recipe 2.3).

Which of these regular expressions should you use? That really depends on what you’re
trying to do. In many situations, the answer may be to not use any regular expression
at all. Simply try to resolve the URL. If it returns valid content, accept it. If you get a
404 or other error, reject it. Ultimately, that’s the only real test to see whether a URL
is valid.

See Also
Recipes 2.3, 2.8, 2.9, and 2.12

7.2  Finding URLs Within Full Text
Problem
You want to find URLs in a larger body of text. URLs may or may not be enclosed in
punctuation, such as parentheses, that are not part of the URL.

Solution
URL without spaces:

\b(https?|ftp|file)://\S+
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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URL without spaces or final punctuation:

\b(https?|ftp|file)://[-A-Z0-9+&@#/%?=~_|$!:,.;]*↵
[A-Z0-9+&@#/%=~_|$]

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

URL without spaces or final punctuation. URLs that start with the www or ftp subdomain
can omit the scheme:

\b((https?|ftp|file)://|(www|ftp)\.)[-A-Z0-9+&@#/%?=~_|$!:,.;]*↵
[A-Z0-9+&@#/%=~_|$]

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
Given the text:

Visit http://www.somesite.com/page, where you will find more information.

what is the URL?

Before you say http://www.somesite.com/page, think about this: punctuation and
spaces are valid characters in URLs. Commas, dots, and even spaces do not have to be
escaped as %20. Literal spaces are perfectly valid. Some WYSIWYG web authoring tools
even make it easy for the user to put spaces in file and folder names, and include those
spaces literally in links to those files.

That means that if we use a regular expression that allows all valid URLs, it will find
this URL in the preceding text:

http://www.somesite.com/page, where you will find more information.

The odds are small that the person who typed in this sentence intended the spaces to
be part of the URL, since unescaped spaces in URLs are rare. The first regular expression
in the solution excludes them using the shorthand character class ‹\S›, which includes
all characters that are not whitespace. Though the regex specifies the “case insensitive”
option, the S must be uppercase, because ‹\S› is not the same as ‹\s›. In fact, they’re
exactly the opposite. Recipe 2.3 has all the details.

The first regular expression is still quite crude. It will include the comma in the example
text into the URL. Though it’s not uncommon for URLs to include commas and other
punctuation, punctuation rarely occurs at the end of the URL.

The next regular expression uses two character classes instead of the single shorthand
‹\S›. The first character class includes more punctuation than the second. The second
class excludes those characters that are likely to appear as English language punctuation
right after a URL when the URL is placed into an English sentence. The first character
class has the asterisk quantifier (Recipe 2.12), to allow URLs of any length. The second
character class has no quantifier, requiring the URL to end with one character from
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that class. The character classes don’t include the lowercase letters; the “case
insensitive” option takes care of those. See Recipe 3.4 to learn how to set such options
in your programming language.

The second regex will work incorrectly with certain URLs that use odd punctuation,
matching those URLs only partially. But this regex does solve the very common problem
of a comma or full stop right after a URL, while still allowing commas and dots within
the URL.

Most web browsers accept URLs that don’t specify the scheme, and correctly infer the
scheme from the domain name. For example, www.regexbuddy.com is short for http://
www.regexbuddy.com. To allow such URLs, the final regex expands the list of allowed
schemes to include the subdomains www. and ftp..

‹(https?|ftp)://|(www|ftp)\.› does this nicely. This list has two alternatives, each of
which starts with two alternatives. The first alternative allows ‹https?› and ‹ftp›, which
must be followed by ‹://›. The second alternative allows ‹www› and ‹ftp›, which must
be followed by a dot. You can easily edit both lists to change the schemes and
subdomains the regex should accept.

See Also
Recipes 2.3 and 2.6

7.3  Finding Quoted URLs in Full Text
Problem
You want to find URLs in a larger body of text. URLs may or may not be enclosed in
punctuation that is part of the larger body of text rather than part of the URL. You want
to give users the option to place URLs between quotation marks, so they can explicitly
indicate whether punctuation, or even spaces, should be part of the URL.

Solution
\b(?:(?:https?|ftp|file)://|(www|ftp)\.)[-A-Z0-9+&@#/%?=~_|$!:,.;]*
                                        [-A-Z0-9+&@#/%=~_|$]
|"(?:(?:https?|ftp|file)://|(www|ftp)\.)[^"\r\n]+"
|'(?:(?:https?|ftp|file)://|(www|ftp)\.)[^'\r\n]+'

Regex options: Free-spacing, case insensitive, dot matches line breaks, anchors
match at line breaks
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
The previous recipe explains the issue of mixing URLs with English text, and how to
differentiate between English punctuation and URL characters. Though the solution
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to the previous recipe is a very useful one that gets it right most of the time, no regex
will get it right all of the time.

If your regex will be used on text to be written in the future, you can provide a way for
your users to quote their URLs. The solution we present allows a pair of single quotes
or a pair of double quotes to be placed around the URL. When a URL is quoted, it must
start with one of several schemes: ‹https?|ftp|file› or one of two subdomains ‹www|
ftp›. After the scheme or subdomain, the regex allows the URL to include any character,
except for line breaks, and the delimiting quote.

The regular expression as a whole is split into three alternatives. The first alternative is
the regex from the previous recipe, which matches an unquoted URL, trying to differ-
entiate between English punctuation and URL characters. The second alternative
matches a double-quoted URL. The third alternative matches a single-quoted URL. We
use two alternatives rather than a single alternative with a capturing group around the
opening quote and a backreference for the closing quote, because we cannot use a
backreference inside the negated character class that excludes the quote character from
the URL.

We chose to use single and double quotes because that’s how URLs commonly appear
in HTML and XHTML files. Quoting URLs this way is natural to people who work on
the Web, but you can easily edit the regex to allow different pairs of characters to delimit
URLs.

See Also
Recipes 2.8 and 2.9

7.4  Finding URLs with Parentheses in Full Text
Problem
You want to find URLs in a larger body of text. URLs may or may not be enclosed in
punctuation that is part of the larger body of text rather than part of the URL. You want
to correctly match URLs that include pairs of parentheses as part of the URL, without
matching parentheses placed around the entire URL.

Solution
\b(?:(?:https?|ftp|file)://|www\.|ftp\.)
  (?:\([-A-Z0-9+&@#/%=~_|$?!:,.]*\)|[-A-Z0-9+&@#/%=~_|$?!:,.])*
  (?:\([-A-Z0-9+&@#/%=~_|$?!:,.]*\)|[A-Z0-9+&@#/%=~_|$])

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby
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\b(?:(?:https?|ftp|file)://|www\.|ftp\.)(?:\([-A-Z0-9+&@#/%=~_|$?!:,.]*\)↵
|[-A-Z0-9+&@#/%=~_|$?!:,.])*(?:\([-A-Z0-9+&@#/%=~_|$?!:,.]*\)|↵
[A-Z0-9+&@#/%=~_|$])

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
Pretty much any character is valid in URLs, including parentheses. Parentheses are very
rare in URLs, however, and that’s why we don’t include them in any of the regular
expressions in the previous recipes. But certain important websites have started using
them:

http://en.wikipedia.org/wiki/PC_Tools_(Central_Point_Software)
http://msdn.microsoft.com/en-us/library/aa752574(VS.85).aspx

One solution is to require your users to quote such URLs. The other is to enhance your
regex to accept such URLs. The hard part is how to determine whether a closing pa-
renthesis is part of the URL or is used as punctuation around the URL, as in this
example:

RegexBuddy's web site (at http://www.regexbuddy.com) is really cool.

Since it’s possible for one of the parentheses to be adjacent to the URL while the other
one isn’t, we can’t use the technique for quoting regexes from the previous recipe. The
most straightforward solution is to allow parentheses in URLs only when they occur
in unnested pairs of opening and closing parentheses. The Wikipedia and Microsoft
URLs meet that requirement.

The two regular expressions in the solution are the same. The first uses free-spacing
mode to make it a bit more readable.

These regular expressions are essentially the same as the last regex in the solution to
Recipe 7.2. There are three parts to all these regexes: the list of schemes, followed by
the body of the URL that uses the asterisk quantifier to allow URLs of any length, and
the end of the URL, which has no quantifier (i.e., it must occur once). In the original
regex in Recipe 7.2, both the body of the URL and the end of the URL consisted of just
one character class.

The solutions to this recipe replace the two character classes with more elaborate things.
The middle character class:

[-A-Z0-9+&@#/%=~_|$?!:,.]

has become:

\([-A-Z0-9+&@#/%=~_|$?!:,.]*\)|[-A-Z0-9+&@#/%=~_|$?!:,.]

The final character class:

[A-Z0-9+&@#/%=~_|$]
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has become:

\([-A-Z0-9+&@#/%=~_|$?!:,.]*\)|[A-Z0-9+&@#/%=~_|$]

Both character classes were replaced with something involving alternation (Rec-
ipe 2.8). Because alternation has the lowest precedence of all regex operators, we use
noncapturing groups (Recipe 2.9) to keep the two alternatives together.

For both character classes, we’ve added the alternative ‹\([-A-Z0-9+&@#/%=~_|$?!:,.]*
\)› while leaving the original character class as the other alternative. The new alternative
matches a pair of parentheses, with any number of any of the characters we allow in
the URL in between.

The final character class was given the same alternative, allowing the URL to end with
text between parentheses or with a single character that is not likely to be English
language punctuation.

Combined, this results in a regex that matches URLs with any number of parentheses,
including URLs without parentheses and even URLs that consist of nothing but pa-
rentheses, and as long as those parentheses occur in pairs.

For the body of the URL, we put the asterisk quantifier around the whole noncapturing
group. This allows any number of pairs of parentheses to occur in the URL. Because
we have the asterisk around the noncapturing group, we no longer need an asterisk
directly on the original character class. In fact, we must make sure not to include the
asterisk.

The regex in the solution has the form ‹(ab*c|d)*› in the middle, where ‹a› and ‹c› are
the literal parentheses, and ‹b› and ‹d› are character classes. Writing this as ‹(ab*c|
d*)*› would be a mistake. It might seem logical at first, because we allow any number
of the characters from ‹d›, but the outer ‹*› already repeats ‹d› just fine. If we add an
inner asterisk directly on ‹d›, the complexity of the regular expression becomes expo-
nential. ‹(d*)*› can match dddd in many ways. For example, the outer asterisk could
repeat four times, repeating the inner asterisk once each time. The outer asterisk could
repeat three times, with the inner asterisk doing 2-1-1, 1-2-1, or 1-1-2. The outer asterisk
could repeat twice, with the inner asterisk doing 2-2, 1-3, or 3-1. You can imagine that
as the length of the string grows, the number of combinations quickly explodes. We
call this catastrophic backtracking, a term introduced in Recipe 2.15. This problem will
arise when the regular expression cannot find a valid match, e.g., because you’ve ap-
pended something to the regex to find URLs that end with or contain something specific
to your requirements.

See Also
Recipes 2.8 and 2.9
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7.5  Turn URLs into Links
Problem
You have a body of text that may contain one or more URLs. You want to convert the
URLs that it contains into links by placing HTML anchor tags around the URLs. The
URL itself will be both the destination for the link and the text being linked.

Solution
To find the URLs in the text, use one of the regular expressions from Recipes 7.2 or
7.4. As the replacement text, use:

<a●href="$&">$&</a>
Replacement text flavors: .NET, JavaScript, Perl

<a●href="$0">$0</a>
Replacement text flavors: .NET, Java, PHP

<a●href="\0">\0</a>
Replacement text flavors: PHP, Ruby

<a●href="\&">\&</a>
Replacement text flavor: Ruby

<a●href="\g<0>">\g<0></a>
Replacement text flavor: Python

When programming, you can implement this search-and-replace as explained in Rec-
ipe 3.15.

Discussion
The solution to this problem is very straightforward. We use a regular expression to
match a URL, and then replace it with «<a●href="URL">URL</a>», where URL represents
the URL that we matched. Different programming languages use different syntax for
the replacement text, hence the long list of solutions to this problem. But they all do
exactly the same thing. Recipe 2.20 explains the replacement text syntax.

See Also
Recipes 2.21, 3.15, 7.2, and 7.4

7.6  Validating URNs
Problem
You want to check whether a string represents a valid Uniform Resource Name (URN),
as specified in RFC 2141, or find URNs in a larger body of text.
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Solution
Check whether a string consists entirely of a valid URN:

\Aurn:
# Namespace Identifier
[a-z0-9][a-z0-9-]{0,31}:
# Namespace Specific String
[a-z0-9()+,\-.:=@;$_!*'%/?#]+
\Z

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^urn:[a-z0-9][a-z0-9-]{0,31}:[a-z0-9()+,\-.:=@;$_!*'%/?#]+$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

Find a URN in a larger body of text:

\burn:
# Namespace Identifier
[a-z0-9][a-z0-9-]{0,31}:
# Namespace Specific String
[a-z0-9()+,\-.:=@;$_!*'%/?#]+

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

\burn:[a-z0-9][a-z0-9-]{0,31}:[a-z0-9()+,\-.:=@;$_!*'%/?#]+
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Find a URN in a larger body of text, assuming that punctuation at the end of the URN
is part of the (English) text in which the URN is quoted rather than part of the URN
itself:

\burn:
# Namespace Identifier
[a-z0-9][a-z0-9-]{0,31}:
# Namespace Specific String
[a-z0-9()+,\-.:=@;$_!*'%/?#]*[a-z0-9+=@$/]

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

\burn:[a-z0-9][a-z0-9-]{0,31}:[a-z0-9()+,\-.:=@;$_!*'%/?#]*[a-z0-9+=@$/]
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
A URN consists of three parts. The first part is the four characters urn:, which we can
add literally to the regular expression.
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The second part is the Namespace Identifier (NID). It is between 1 and 32 characters
long. The first character must be a letter or a digit. The remaining characters can be
letters, digits, and hyphens. We match this using two character classes (Recipe 2.3):
the first one matches a letter or a digit, and the second one matches between 0 and 31
letters, digits, and hyphens. The NID must be delimited with a colon, which we again
add literally to the regex.

The third part of the URN is the Namespace Specific String (NSS). It can be of any
length, and can include a bunch of punctuation characters in addition to letters and
digits. We easily match this with another character class. The plus after the character
class repeats it one or more times (Recipe 2.12).

If you want to check whether a string represents a valid URN, all that remains is to add
anchors to the start and the end of the regex that match at the start and the end of the
string. We can do this with ‹^› and ‹$› in all flavors except Ruby, and with ‹\A› and
‹\Z› in all flavors except JavaScript. Recipe 2.5 has all the details on these anchors.

Things are a little trickier if you want to find URNs in a larger body of text. The punc-
tuation issue with URLs discussed in Recipe 7.2 also exists for URNs. Suppose you
have the text:

The URN is urn:nid:nss, isn't it?

The issue is whether the comma is part of the URN. URNs that end with commas are
syntactically valid, but any human reading this English-language sentence would see
the comma as English punctuation, not as part of the URN. The last regular expression
in the “Solution” section solves this issue by being a little more strict than RFC 2141.
It restricts the last character of the URN to be a character that is valid for the NSS part,
and is not likely to appear as English punctuation in a sentence mentioning a URN.

This is easily done by replacing the plus quantifier (one or more) with an asterisk (zero
or more), and adding a second character class for the final character. If we added the
character class without changing the quantifier, we’d require the NSS to be at least two
characters long, which isn’t what we want.

See Also
Recipes 2.3 and 2.12

7.7  Validating Generic URLs
Problem
You want to check whether a given piece of text is a valid URL according to RFC 3986.
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Solution
\A
(# Scheme
 [a-z][a-z0-9+\-.]*:
 (# Authority & path
  //
  ([a-z0-9\-._~%!$&'()*+,;=]+@)?              # User
  ([a-z0-9\-._~%]+                            # Named host
  |\[[a-f0-9:.]+\]                            # IPv6 host
  |\[v[a-f0-9][a-z0-9\-._~%!$&'()*+,;=:]+\])  # IPvFuture host
  (:[0-9]+)?                                  # Port
  (/[a-z0-9\-._~%!$&'()*+,;=:@]+)*/?          # Path
 |# Path without authority
  (/?[a-z0-9\-._~%!$&'()*+,;=:@]+(/[a-z0-9\-._~%!$&'()*+,;=:@]+)*/?)?
 )
|# Relative URL (no scheme or authority)
 (# Relative path
  [a-z0-9\-._~%!$&'()*+,;=@]+(/[a-z0-9\-._~%!$&'()*+,;=:@]+)*/?
 |# Absolute path
  (/[a-z0-9\-._~%!$&'()*+,;=:@]+)+/?
 )
)
# Query
(\?[a-z0-9\-._~%!$&'()*+,;=:@/?]*)?
# Fragment
(\#[a-z0-9\-._~%!$&'()*+,;=:@/?]*)?
\Z

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

\A
(# Scheme
 (?<scheme>[a-z][a-z0-9+\-.]*):
 (# Authority & path
  //
  (?<user>[a-z0-9\-._~%!$&'()*+,;=]+@)?              # User
  (?<host>[a-z0-9\-._~%]+                            # Named host
  |       \[[a-f0-9:.]+\]                            # IPv6 host
  |       \[v[a-f0-9][a-z0-9\-._~%!$&'()*+,;=:]+\])  # IPvFuture host
  (?<port>:[0-9]+)?                                  # Port
  (?<path>(/[a-z0-9\-._~%!$&'()*+,;=:@]+)*/?)        # Path
 |# Path without authority
  (?<path>/?[a-z0-9\-._~%!$&'()*+,;=:@]+
          (/[a-z0-9\-._~%!$&'()*+,;=:@]+)*/?)?
 )
|# Relative URL (no scheme or authority)
 (?<path>
  # Relative path
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  [a-z0-9\-._~%!$&'()*+,;=@]+(/[a-z0-9\-._~%!$&'()*+,;=:@]+)*/?
 |# Absolute path
  (/[a-z0-9\-._~%!$&'()*+,;=:@]+)+/?
 )
)
# Query
(?<query>\?[a-z0-9\-._~%!$&'()*+,;=:@/?]*)?
# Fragment
(?<fragment>\#[a-z0-9\-._~%!$&'()*+,;=:@/?]*)?
\Z

Regex options: Free-spacing, case insensitive
Regex flavor: .NET

\A
(# Scheme
 (?<scheme>[a-z][a-z0-9+\-.]*):
 (# Authority & path
  //
  (?<user>[a-z0-9\-._~%!$&'()*+,;=]+@)?              # User
  (?<host>[a-z0-9\-._~%]+                            # Named host
  |       \[[a-f0-9:.]+\]                            # IPv6 host
  |       \[v[a-f0-9][a-z0-9\-._~%!$&'()*+,;=:]+\])  # IPvFuture host
  (?<port>:[0-9]+)?                                  # Port
  (?<hostpath>(/[a-z0-9\-._~%!$&'()*+,;=:@]+)*/?)    # Path
 |# Path without authority
  (?<schemepath>/?[a-z0-9\-._~%!$&'()*+,;=:@]+
                (/[a-z0-9\-._~%!$&'()*+,;=:@]+)*/?)?
 )
|# Relative URL (no scheme or authority)
 (?<relpath>
  # Relative path
  [a-z0-9\-._~%!$&'()*+,;=@]+(/[a-z0-9\-._~%!$&'()*+,;=:@]+)*/?
 |# Absolute path
  (/[a-z0-9\-._~%!$&'()*+,;=:@]+)+/?
 )
)
# Query
(?<query>\?[a-z0-9\-._~%!$&'()*+,;=:@/?]*)?
# Fragment
(?<fragment>\#[a-z0-9\-._~%!$&'()*+,;=:@/?]*)?
\Z

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, PCRE 7, Perl 5.10, Ruby 1.9

\A
(# Scheme
 (?P<scheme>[a-z][a-z0-9+\-.]*):
 (# Authority & path
  //
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  (?P<user>[a-z0-9\-._~%!$&'()*+,;=]+@)?              # User
  (?P<host>[a-z0-9\-._~%]+                            # Named host
  |       \[[a-f0-9:.]+\]                             # IPv6 host
  |       \[v[a-f0-9][a-z0-9\-._~%!$&'()*+,;=:]+\])   # IPvFuture host
  (?P<port>:[0-9]+)?                                  # Port
  (?P<hostpath>(/[a-z0-9\-._~%!$&'()*+,;=:@]+)*/?)    # Path
 |# Path without authority
  (?P<schemepath>/?[a-z0-9\-._~%!$&'()*+,;=:@]+
                 (/[a-z0-9\-._~%!$&'()*+,;=:@]+)*/?)?
 )
|# Relative URL (no scheme or authority)
 (?P<relpath>
  # Relative path
  [a-z0-9\-._~%!$&'()*+,;=@]+(/[a-z0-9\-._~%!$&'()*+,;=:@]+)*/?
 |# Absolute path
  (/[a-z0-9\-._~%!$&'()*+,;=:@]+)+/?
 )
)
# Query
(?P<query>\?[a-z0-9\-._~%!$&'()*+,;=:@/?]*)?
# Fragment
(?P<fragment>\#[a-z0-9\-._~%!$&'()*+,;=:@/?]*)?
\Z

Regex options: Free-spacing, case insensitive
Regex flavors: PCRE 4 and later, Perl 5.10, Python

^([a-z][a-z0-9+\-.]*:(\/\/([a-z0-9\-._~%!$&'()*+,;=]+@)?([a-z0-9\-._~%]+|↵
\[[a-f0-9:.]+\]|\[v[a-f0-9][a-z0-9\-._~%!$&'()*+,;=:]+\])(:[0-9]+)?↵
(\/[a-z0-9\-._~%!$&'()*+,;=:@]+)*\/?|(\/?[a-z0-9\-._~%!$&'()*+,;=:@]+↵
(\/[a-z0-9\-._~%!$&'()*+,;=:@]+)*\/?)?)|([a-z0-9\-._~%!$&'()*+,;=@]+↵
(\/[a-z0-9\-._~%!$&'()*+,;=:@]+)*\/?|(\/[a-z0-9\-._~%!$&'()*+,;=:@]+)↵
+\/?))
(\?[a-z0-9\-._~%!$&'()*+,;=:@\/?]*)?(#[a-z0-9\-._~%!$&'()*+,;=:@\/?]*)?$

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

Discussion
Most of the preceding recipes in this chapter deal with URLs, and the regular expres-
sions in those recipes deal with specific kinds of URLs. Some of the regexes are adapted
to specific purposes, such as determining whether punctuation is part of the URL or
the text that quotes the URL.

The regular expressions in this recipe deal with generic URLs. They’re not intended for
searching for URLs in larger text, but for validating strings that are supposed to hold
URLs, and for splitting URLs into their various parts. They accomplish these tasks for
any kind of URL, but in practice, you’ll likely want to make the regexes more specific.
The recipes after this one show examples of more specific regexes.
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RFC 3986 describes what a valid URL should look like. It covers every possible URL,
including relative URLs and URLs for schemes that haven’t even been invented yet. As
a result, RFC 3986 is very broad, and a regular expression that implements it is quite
long. The regular expressions in this recipe only implement the basics. They’re enough
to reliably split the URL into its various parts, but not to validate each of those parts.
Validating all the parts would require specific knowledge of each URL scheme anyway.

RFC 3986 does not cover all URLs that you may encounter in the wild. For example,
many browsers and web servers accept URLs with literal spaces in them, but RFC 3986
requires spaces to be escaped as %20.

An absolute URL must begin with a scheme, such as http: or ftp:. The first character
of the scheme must be a letter. The following characters may be letters, digits, and a
few specific punctuation characters. We can easily match that with two character
classes: ‹[a-z][a-z0-9+\-.]*›.
Many URL schemes require what RFC 3986 calls an “authority.” The authority is the
domain name or IP address of the server, optionally preceded by a username, and op-
tionally followed by a port number.

The username can consist of letters, digits, and a bunch of punctuation. It must be
delimited from the domain name or IP address with an @ sign. ‹[a-z0-9\-._~%!$&'()*
+,;=]+@› matches the username and delimiter.

RFC 3986 is quite liberal in what it allows for the domain name. Recipe 7.15 explains
what is commonly allowed for domains: letters, digits, hyphens, and dots. RFC 3986
also allows tildes, and any other character via the percentage notation. The domain
name must be converted to UTF-8, and any byte that is not a letter, digit, hyphen, or
tilde must be encoded as %FF, where FF is the hexadecimal representation of the byte.

To keep our regular expression simple, we don’t check if each percentage sign is fol-
lowed by exactly two hexadecimal digits. It is better to do such validation after the
various parts of the URL have been separated. So we match the hostname with just
‹[a-z0-9\-._~%]+›, which also matches IPv4 addresses (allowed under RFC 3986).

Instead of a domain name or IPv4 address, the host also can be specified as an IPv6
address between square brackets, or even a future version of IP addresses. We match
the IPv6 addresses with ‹\[[a-f0-9:.]+\]› and the future addresses with ‹\[v[a-f0-9]
[a-z0-9\-._~%!$&'()*+,;=:]+\]›. Although we can’t validate IP addresses using a ver-
sion of IP that hasn’t been defined yet, we could be more strict about the IPv6 addresses.
But this is again better left for a second regex, after extracting the address from the
URL. Recipe 7.17 shows that validating IPv6 addresses is far from trivial.

The port number, if specified, is simply a decimal number separated from the hostname
with a colon. ‹:[0-9]+› is all we need.

If an authority is specified, it must be followed by either an absolute path or no path
at all. An absolute path starts with a forward slash, followed by one or more segments
delimited by forward slashes. A segment consists of one or more letters, digits, or
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punctuation characters. There can be no consecutive forward slashes. The path may
end with a forward slash. ‹(/[a-z0-9\-._~%!$&'()*+,;=:@]+)*/?› matches such paths.

If the URL does not specify an authority, the path can be absolute, relative, or omitted.
Absolute paths start with a forward slash, whereas relative paths don’t. Because the
leading forward slash is now optional, we need a slightly longer regex to match both
absolute and relative paths: ‹/?[a-z0-9\-._~%!$&'()*+,;=:@]+(/[a-z0-9\-._~%!$&'()*
+,;=:@]+)*/?›.
Relative URLs do not specify a scheme, and therefore no authority. The path becomes
mandatory, and it can be absolute or relative. Since the URL does not specify a scheme,
the first segment of a relative path cannot contain any colons. Otherwise, that colon
would be seen as the delimiter of the scheme. So we need two regular expressions to
match the path of a relative URL. We match relative paths with ‹[a-z0-9\-._~%!$&'()*
+,;=@]+(/[a-z0-9\-._~%!$&'()*+,;=:@]+)*/?›. This is very similar to the regex for paths
with a scheme but no authority. The only differences are the optional forward slash at
the start, which is missing, and the first character class, which does not include the
colon. We match absolute paths with ‹(/[a-z0-9\-._~%!$&'()*+,;=:@]+)+/?›. This is
the same regex as the one for paths in URLs that specify a scheme and an authority,
except that the asterisk that repeats the segments of the path has become a plus. Relative
URLs require at least one path segment.

The query part of the URL is optional. If present, it must start with a question mark.
The query runs until the first hash sign in the URL or until the end of the URL. Since
the hash sign is not among valid punctuation characters for the query part of the URL,
we can easily match this with ‹\?[a-z0-9\-._~%!$&'()*+,;=:@/?]*›. Both of the ques-
tion marks in this regex are literal characters. The first one is outside a character class,
and must be escaped. The second one is inside a character class, where it is always a
literal character.

The final part of a URL is the fragment, which is also optional. It begins with a hash
sign and runs until the end of the URL. ‹\#[a-z0-9\-._~%!$&'()*+,;=:@/?]*› matches
this.

To make it easier to work with the various parts of the URL, we use named capturing
groups. Recipe 2.11 explains how named capture works in the different regex flavors
discussed in this book. .NET is the only flavor that treats multiple groups with the same
name as if they were one group. This is very handy in this situation, because our regex
has multiple ways of matching the URL’s path, depending on whether the scheme and/
or the authority are specified. If we give these three groups the same name, we can
simply query the “path” group to get the path, regardless of whether the URL has a
scheme and/or an authority.

The other flavors don’t support this behavior for named capture in .NET, even though
most support the same syntax for named capture. For the other flavors, the three cap-
turing groups for the path all have different names. Only one of them will actually hold
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the URL’s path when a match is found. The other two won’t have participated in the
match.

See Also
Recipes 2.3, 2.8, 2.9, and 2.12

7.8  Extracting the Scheme from a URL
Problem
You want to extract the URL scheme from a string that holds a URL. For example, you
want to extract http from http://www.regexcookbook.com.

Solution

Extract the scheme from a URL known to be valid
^([a-z][a-z0-9+\-.]*):

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Extract the scheme while validating the URL
\A
([a-z][a-z0-9+\-.]*):
(# Authority & path
 //
 ([a-z0-9\-._~%!$&'()*+,;=]+@)?              # User
 ([a-z0-9\-._~%]+                            # Named host
 |\[[a-f0-9:.]+\]                            # IPv6 host
 |\[v[a-f0-9][a-z0-9\-._~%!$&'()*+,;=:]+\])  # IPvFuture host
 (:[0-9]+)?                                  # Port
 (/[a-z0-9\-._~%!$&'()*+,;=:@]+)*/?          # Path
|# Path without authority
 (/?[a-z0-9\-._~%!$&'()*+,;=:@]+(/[a-z0-9\-._~%!$&'()*+,;=:@]+)*/?)?
)
# Query
(\?[a-z0-9\-._~%!$&'()*+,;=:@/?]*)?
# Fragment
(\#[a-z0-9\-._~%!$&'()*+,;=:@/?]*)?
\Z

Regex options: Case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby
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^([a-z][a-z0-9+\-.]*):(//([a-z0-9\-._~%!$&'()*+,;=]+@)?([a-z0-9\-._~%]+|↵
\[[a-f0-9:.]+\]|\[v[a-f0-9][a-z0-9\-._~%!$&'()*+,;=:]+\])(:[0-9]+)?↵
(/[a-z0-9\-._~%!$&'()*+,;=:@]+)*/?|(/?[a-z0-9\-._~%!$&'()*+,;=:@]+↵
(/[a-z0-9\-._~%!$&'()*+,;=:@]+)*/?)?)(\?[a-z0-9\-._~%!$&'()*+,;=:@/?]*)?↵
(#[a-z0-9\-._~%!$&'()*+,;=:@/?]*)?$

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

Discussion
Extracting the scheme from a URL is easy if you already know that your subject text is
a valid URL. A URL’s scheme always occurs at the very start of the URL. The caret
(Recipe 2.5) specifies that requirement in the regex. The scheme begins with a letter,
which can be followed by additional letters, digits, plus signs, hyphens, and dots. We
match this with the two character classes ‹[a-z][a-z0-9+\-.]*› (Recipe 2.3).

The scheme is delimited from the rest of the URL with a colon. We add this colon to
the regex to make sure we match the scheme only if the URL actually starts with a
scheme. Relative URLs do not start with a scheme. The URL syntax specified in RFC
3986 makes sure that relative URLs don’t contain any colons, unless those colons are
preceded by characters that aren’t allowed in schemes. That’s why we had to exclude
the colon from one of the character classes for matching the path in Recipe 7.7. If you
use the regexes in this recipe on a valid but relative URL, they won’t find a match at all.

Since the regex matches more than just the scheme itself (it includes the colon), we’ve
added a capturing group to the regular expression. When the regex finds a match, you
can retrieve the text matched by the first (and only) capturing group to get the scheme
without the colon. Recipe 2.9 tells you all about capturing groups. See Recipe 3.9 to
learn how to retrieve text matched by capturing groups in your favorite programming
language.

If you don’t already know that your subject text is a valid URL, you can use a simplified
version of the regex from Recipe 7.7. Since we want to extract the scheme, we can
exclude relative URLs, which don’t specify a scheme. That makes the regular expression
slightly simpler.

Since this regex matches the whole URL, we added an extra capturing group around
the part of the regex that matches the scheme. Retrieve the text matched by capturing
group number 1 to get the URL’s scheme.

See Also
Recipes 2.9, 3.9, and 7.7
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7.9  Extracting the User from a URL
Problem
You want to extract the user from a string that holds a URL. For example, you want to
extract jan from http://jan@www.regexcookbook.com.

Solution

Extract the user from a URL known to be valid
^[a-z0-9+\-.]+://([a-z0-9\-._~%!$&'()*+,;=]+)@

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Extract the user while validating the URL
\A
[a-z][a-z0-9+\-.]*://                       # Scheme
([a-z0-9\-._~%!$&'()*+,;=]+)@               # User
([a-z0-9\-._~%]+                            # Named host
|\[[a-f0-9:.]+\]                            # IPv6 host
|\[v[a-f0-9][a-z0-9\-._~%!$&'()*+,;=:]+\])  # IPvFuture host
(:[0-9]+)?                                  # Port
(/[a-z0-9\-._~%!$&'()*+,;=:@]+)*/?          # Path
(\?[a-z0-9\-._~%!$&'()*+,;=:@/?]*)?         # Query
(\#[a-z0-9\-._~%!$&'()*+,;=:@/?]*)?         # Fragment
\Z

Regex options: Case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^[a-z][a-z0-9+\-.]*://([a-z0-9\-._~%!$&'()*+,;=]+)@([a-z0-9\-._~%]+|↵
\[[a-f0-9:.]+\]|\[v[a-f0-9][a-z0-9\-._~%!$&'()*+,;=:]+\])(:[0-9]+)?↵
(/[a-z0-9\-._~%!$&'()*+,;=:@]+)*/?(\?[a-z0-9\-._~%!$&'()*+,;=:@/?]*)?↵
(#[a-z0-9\-._~%!$&'()*+,;=:@/?]*)?$

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

Discussion
Extracting the user from a URL is easy if you already know that your subject text is a
valid URL. The username, if present in the URL, occurs right after the scheme and the
two forward slashes that begin the “authority” part of the URL. The username is sep-
arated from the hostname that follows it with an @ sign. Since @ signs are not valid
in hostnames, we can be sure that we’re extracting the username portion of a URL if
we find an @ sign after the two forward slashes and before the next forward slash in
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the URL. Forward slashes are not valid in usernames, so we don’t need to do any special
checking for them.

All these rules mean we can very easily extract the username if we know the URL to be
valid. We just skip over the scheme with ‹[a-z0-9+\-.]+› and the ://. Then, we grab
the username that follows. If we can match the @ sign, we know that the characters
before it are the username. The character class ‹[a-z0-9\-._~%!$&'()*+,;=]› lists all the
characters that are valid in usernames.

This regex will find a match only if the URL actually specifies a user. When it does, the
regex will match both the scheme and the user parts of the URL. Therefore, we’ve added
a capturing group to the regular expression. When the regex finds a match, you can
retrieve the text matched by the first (and only) capturing group to get the username
without any delimiters or other URL parts. Recipe 2.9 tells you all about capturing
groups. See Recipe 3.9 to learn how to retrieve text matched by capturing groups in
your favorite programming language.

If you don’t already know that your subject text is a valid URL, you can use a simplified
version of the regex from Recipe 7.7. Since we want to extract the user, we can exclude
URLs that don’t specify an authority. The regex in the solution actually matches only
URLs that specify an authority that includes a username. Requiring the authority part
of the URL makes the regular expression quite a bit simpler. It’s even simpler than the
one we used in Recipe 7.8.

Since this regex matches the whole URL, we added an extra capturing group around
the part of the regex that matches the user. Retrieve the text matched by capturing
group number 1 to get the URL’s user.

If you want a regex that matches any valid URL, including those that don’t specify the
user, you can use one of the regexes from Recipe 7.7. The first regex in that recipe
captures the user, if present, in the third capturing group. The capturing group will
include the @ symbol. You can add an extra capturing group to the regex if you want
to capture the username without the @ symbol.

See Also
Recipes 2.9, 3.9, and 7.7

7.10  Extracting the Host from a URL
Problem
You want to extract the host from a string that holds a URL. For example, you want
to extract www.regexcookbook.com from http://www.regexcookbook.com/.
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Solution

Extract the host from a URL known to be valid
\A
[a-z][a-z0-9+\-.]*://               # Scheme
([a-z0-9\-._~%!$&'()*+,;=]+@)?      # User
([a-z0-9\-._~%]+                    # Named or IPv4 host
|\[[a-z0-9\-._~%!$&'()*+,;=:]+\])   # IPv6+ host

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

^[a-z][a-z0-9+\-.]*://([a-z0-9\-._~%!$&'()*+,;=]+@)?([a-z0-9\-._~%]+|↵
\[[a-z0-9\-._~%!$&'()*+,;=:]+\])

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Extract the host while validating the URL
\A
[a-z][a-z0-9+\-.]*://                       # Scheme
([a-z0-9\-._~%!$&'()*+,;=]+@)?              # User
([a-z0-9\-._~%]+                            # Named host
|\[[a-f0-9:.]+\]                            # IPv6 host
|\[v[a-f0-9][a-z0-9\-._~%!$&'()*+,;=:]+\])  # IPvFuture host
(:[0-9]+)?                                  # Port
(/[a-z0-9\-._~%!$&'()*+,;=:@]+)*/?          # Path
(\?[a-z0-9\-._~%!$&'()*+,;=:@/?]*)?         # Query
(\#[a-z0-9\-._~%!$&'()*+,;=:@/?]*)?         # Fragment
\Z

Regex options: Case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^[a-z][a-z0-9+\-.]*://([a-z0-9\-._~%!$&'()*+,;=]+@)?([a-z0-9\-._~%]+|↵
\[[a-f0-9:.]+\]|\[v[a-f0-9][a-z0-9\-._~%!$&'()*+,;=:]+\])(:[0-9]+)?↵
(/[a-z0-9\-._~%!$&'()*+,;=:@]+)*/?(\?[a-z0-9\-._~%!$&'()*+,;=:@/?]*)?↵
(#[a-z0-9\-._~%!$&'()*+,;=:@/?]*)?$

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

Discussion
Extracting the host from a URL is easy if you already know that your subject text is a
valid URL. We use ‹\A› or ‹^› to anchor the match to the start of the string. ‹[a-z][a-
z0-9+\-.]*://› skips over the scheme, and ‹([a-z0-9\-._~%!$&'()*+,;=]+@)?› skips
over the optional user. The hostname follows right after that.
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RFC 3986 allows two different notations for the host. Domain names and IPv4 ad-
dresses are specified without square brackets, whereas IPv6 and future IP addresses are
specified with square brackets. We need to handle those separately because the nota-
tion with square brackets allows more punctuation than the notation without. In par-
ticular, the colon is allowed between square brackets, but not in domain names or IPv4
addresses. The colon is also used to delimit the hostname (with or without square
brackets) from the port number.

‹[a-z0-9\-._~%]+› matches domain names and IPv4 addresses. ‹\[[a-z0-9\-._~%!
$&'()*+,;=:]+\]› handles IP version 6 and later. We combine these two using alterna-
tion (Recipe 2.8) in a group. The capturing group also allows us to extract the hostname.

This regex will find a match only if the URL actually specifies a host. When it does, the
regex will match the scheme, user, and host parts of the URL. When the regex finds a
match, you can retrieve the text matched by the second capturing group to get the
hostname without any delimiters or other URL parts. The capturing group will include
the square brackets for IPv6 addresses. Recipe 2.9 tells you all about capturing groups.
See Recipe 3.9 to learn how to retrieve text matched by capturing groups in your favorite
programming language.

If you don’t already know that your subject text is a valid URL, you can use a simplified
version of the regex from Recipe 7.7. Since we want to extract the host, we can exclude
URLs that don’t specify an authority. This makes the regular expression quite a bit
simpler. It’s very similar to the one we used in Recipe 7.9. The only difference is that
now the user part of the authority is optional again, as it was in Recipe 7.7.

This regex also uses alternation for the various notations for the host, which is kept
together by a capturing group. Retrieve the text matched by capturing group number
2 to get the URL’s host.

If you want a regex that matches any valid URL, including those that don’t specify the
user, you can use one of the regexes from Recipe 7.7. The first regex in that recipe
captures the host, if present, in the fourth capturing group.

See Also
Recipes 2.9, 3.9, and 7.7

7.11  Extracting the Port from a URL
Problem
You want to extract the port number from a string that holds a URL. For example, you
want to extract 80 from http://www.regexcookbook.com:80/.

7.11  Extracting the Port from a URL | 369



Solution

Extract the port from a URL known to be valid
\A
[a-z][a-z0-9+\-.]*://               # Scheme
([a-z0-9\-._~%!$&'()*+,;=]+@)?      # User
([a-z0-9\-._~%]+                    # Named or IPv4 host
|\[[a-z0-9\-._~%!$&'()*+,;=:]+\])   # IPv6+ host
:(?<port>[0-9]+)                    # Port number

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

^[a-z][a-z0-9+\-.]*://([a-z0-9\-._~%!$&'()*+,;=]+@)?↵
([a-z0-9\-._~%]+|\[[a-z0-9\-._~%!$&'()*+,;=:]+\]):([0-9]+)

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Extract the host while validating the URL
\A
[a-z][a-z0-9+\-.]*://                       # Scheme
([a-z0-9\-._~%!$&'()*+,;=]+@)?              # User
([a-z0-9\-._~%]+                            # Named host
|\[[a-f0-9:.]+\]                            # IPv6 host
|\[v[a-f0-9][a-z0-9\-._~%!$&'()*+,;=:]+\])  # IPvFuture host
:([0-9]+)                                   # Port
(/[a-z0-9\-._~%!$&'()*+,;=:@]+)*/?          # Path
(\?[a-z0-9\-._~%!$&'()*+,;=:@/?]*)?         # Query
(\#[a-z0-9\-._~%!$&'()*+,;=:@/?]*)?         # Fragment
\Z

Regex options: Case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^[a-z][a-z0-9+\-.]*:\/\/([a-z0-9\-._~%!$&'()*+,;=]+@)?↵
([a-z0-9\-._~%]+|\[[a-f0-9:.]+\]|\[v[a-f0-9][a-z0-9\-._~%!$&'()*+,;=:]↵
+\]):([0-9]+)(\/[a-z0-9\-._~%!$&'()*+,;=:@]+)*\/?↵
(\?[a-z0-9\-._~%!$&'()*+,;=:@\/?]*)?(#[a-z0-9\-._~%!$&'()*+,;=:@\/?]*)?$

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

Discussion
Extracting the port number from a URL is easy if you already know that your subject
text is a valid URL. We use ‹\A› or ‹^› to anchor the match to the start of the string.
‹[a-z][a-z0-9+\-.]*://› skips over the scheme, and ‹([a-z0-9\-._~%!$&'()*+,;=]
+@)?› skips over the optional user. ‹([a-z0-9\-._~%]+|\[[a-z0-9\-._~%!$&'()*+,;=:]+
\])› skips over the hostname.
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The port number is separated from the hostname with a colon, which we add as a literal
character to the regular expression. The port number itself is simply a string of digits,
easily matched with ‹[0-9]+›.
This regex will find a match only if the URL actually specifies a port number. When it
does, the regex will match the scheme, user, host, and port number parts of the URL.
When the regex finds a match, you can retrieve the text matched by the third capturing
group to get the port number without any delimiters or other URL parts.

The other two groups are used to make the username optional, and to keep the two
alternatives for the hostname together. Recipe 2.9 tells you all about capturing groups.
See Recipe 3.9 to learn how to retrieve text matched by capturing groups in your favorite
programming language.

If you don’t already know that your subject text is a valid URL, you can use a simplified
version of the regex from Recipe 7.7. Since we want to extract the host, we can exclude
URLs that don’t specify an authority. This makes the regular expression quite a bit
simpler. It’s very similar to the one we used in Recipe 7.10.

The only difference is that this time the port number isn’t optional, and we moved the
port number’s capturing group to exclude the colon that separates the port number
from the hostname. The capturing group’s number is 3.

If you want a regex that matches any valid URL, including those that don’t specify the
port, you can use one of the regexes from Recipe 7.7. The first regex in that recipe
captures the port, if present, in the fifth capturing group.

See Also
Recipes 2.9, 3.9, and 7.7

7.12  Extracting the Path from a URL
Problem
You want to extract the path from a string that holds a URL. For example, you
want to extract /index.html from http://www.regexcookbook.com/index.html or
from /index.html#fragment.

Solution
Extract the path from a string known to hold a valid URL. The following finds a match
for all URLs, even for URLs that have no path:

\A
# Skip over scheme and authority, if any
([a-z][a-z0-9+\-.]*:(//[^/?#]+)?)?
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# Path
([a-z0-9\-._~%!$&'()*+,;=:@/]*)

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^([a-z][a-z0-9+\-.]*:(//[^/?#]+)?)?([a-z0-9\-._~%!$&'()*+,;=:@/]*)
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Extract the path from a string known to hold a valid URL. Only match URLs that
actually have a path:

\A
# Skip over scheme and authority, if any
([a-z][a-z0-9+\-.]*:(//[^/?#]+)?)?
# Path
(/?[a-z0-9\-._~%!$&'()*+,;=@]+(/[a-z0-9\-._~%!$&'()*+,;=:@]+)*/?|/)
# Query, fragment, or end of URL
([#?]|\Z)

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^([a-z][a-z0-9+\-.]*:(//[^/?#]+)?)?(/?[a-z0-9\-._~%!$&'()*+,;=@]+↵
(/[a-z0-9\-._~%!$&'()*+,;=:@]+)*/?|/)([#?]|$)

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Extract the path from a string known to hold a valid URL. Use atomic grouping to
match only those URLs that actually have a path:

\A
# Skip over scheme and authority, if any
(?>([a-z][a-z0-9+\-.]*:(//[^/?#]+)?)?)
# Path
([a-z0-9\-._~%!$&'()*+,;=:@/]+)

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Ruby

Discussion
You can use a much simpler regular expression to extract the path if you already know
that your subject text is a valid URL. While the generic regex in Recipe 7.7 has three
different ways to match the path, depending on whether the URL specifies a scheme
and/or authority, the specific regex for extracting the path from a URL known to be
valid needs to match the path only once.

We start with ‹\A› or ‹^› to anchor the match to the start of the string. ‹[a-z][a-z0-9+
\-.]*:› skips over the scheme, and ‹//[^/?#]+› skips over the authority. We can use
this very simple regex for the authority because we already know it to be valid,
and we’re not interested in extracting the user, host, or port from the authority.
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The authority starts with two forward slashes, and runs until the start of the path
(forward slash), query (question mark), or fragment (hash). The negated character class
matches everything up to the first forward slash, question mark, or hash (Recipe 2.3).

Because the authority is optional, we put it into a group followed by the question mark
quantifier: ‹(//[^/?#]+)?›. The scheme is also optional. If the scheme is omitted, the
authority must be omitted, too. To match this, we place the parts of the regex for the
scheme and the optional authority in another group, also made optional with a question
mark.

Since we know the URL to be valid, we can easily match the path with a single character
class ‹[a-z0-9\-._~%!$&'()*+,;=:@/]*› that includes the forward slash. We don’t need
to check for consecutive forward slashes, which aren’t allowed in paths in URLs.

We indeed use an asterisk rather than a plus as the quantifier on the character class for
the path. It may seem strange to make the path optional in a regex that only exists to
extract the path from a URL. Actually, making the path optional is essential because
of the shortcuts we took in skipping over the scheme and the authority.

In the generic regex for URLs in Recipe 7.7, we have three different ways of matching
the path, depending on whether the scheme and/or authority are present in the URL.
This makes sure the scheme isn’t accidentally matched as the path.

Now we’re trying to keep things simple by using only one character class for the path.
Consider the URL http://www.regexcookbook.com, which has a scheme and an authority
but no path. The first part of our regex will happily match the scheme and the authority.
The regex engine then tries to match the character class for the path, but there are no
characters left. If the path is optional (using the asterisk quantifier), the regex engine
is perfectly happy not to match any characters for the path. It reaches the end of the
regex and declares that an overall match has been found.

But if the character class for the path is not optional, the regex engine backtracks. (See
Recipe 2.13 if you’re not familiar with backtracking.) It remembered that the authority
and scheme parts of our regex are optional, so the engine says: let’s try this again,
without allowing ‹(//[^/?#]+)?› to match anything. ‹[a-z0-9\-._~%!$&'()*+,;=:@/]
+› would then match //www.regexcookbook.com for the path, clearly not what we want.
If we used a more accurate regex for the path to disallow the double forward slashes,
the regex engine would simply backtrack again, and pretend the URL has no scheme.
With an accurate regex for the path, it would match http as the path. To prevent that
as well, we would have to add an extra check to make sure the path is followed by the
query, fragment, or nothing at all. If we do all that, we end up with the regular expres-
sions indicated as “only match URLs that actually have a path” in this Recipe’s “Solu-
tion”. These are quite a bit more complicated than the first two, all just to make the
regex not match URLs without a path.
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If your regex flavor supports atomic grouping, there’s an easier way. All flavors dis-
cussed in this book, except JavaScript and Python, support atomic grouping (see Rec-
ipe 2.15). Essentially, an atomic group tells the regex engine not to backtrack. If we
place the scheme and authority parts of our regex inside an atomic group, the regex
engine will be forced to keep the matches of the scheme and authority parts once they’ve
been matched, even if that allows no room for the character class for the path to match.
This solution is just as efficient as making the path optional.

Regardless of which regular expression you choose from this recipe, the third capturing
group will hold the path. The third capturing group may return the empty string, or
null in JavaScript, if you use one of the first two regexes that allow the path to be
optional.

If you don’t already know that your subject text is a valid URL, you can use the regex
from Recipe 7.7. If you’re using .NET, you can use the .NET-specific regex that includes
three groups named “path” to capture the three parts of the regex that could match the
URL’s path. If you use another flavor that supports named capture, one of three groups
will have captured it: “hostpath”, “schemepath”, or “relpath”. Since only one of the
three groups will actually capture anything, a simple trick to get the path is to concat-
enate the strings returned by the three groups. Two of them will return the empty string,
so no actual concatenation is done.

If your flavor does not support named capture, you can use the first regex in Rec-
ipe 7.7. It captures the path in group 6, 7, or 8. You can use the same trick to concatenate
the text captured by these three groups, as two of them will return the empty string. In
JavaScript, however, this won’t work. JavaScript returns undefined for groups that
don’t participate.

Recipe 3.9 has more information on retrieving the text matched by named and num-
bered capturing groups in your favorite programming language.

See Also
Recipes 2.9, 3.9, and 7.7

7.13  Extracting the Query from a URL
Problem
You want to extract the query from a string that holds a URL. For example, you
want to extract param=value from http://www.regexcookbook.com?param=value or
from /index.html?param=value.
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Solution
^[^?#]+\?([^#]+)

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
Extracting the query from a URL is trivial if you know that your subject text is a valid
URL. The query is delimited from the part of the URL before it with a question mark.
That is the first question mark allowed anywhere in URLs. Thus, we can easily skip
ahead to the first question mark with ‹^[^?#]+\?›. The question mark is a metacharacter
only outside character classes, but not inside, so we escape the literal question mark
outside the character class. The first ‹^› is an anchor (Recipe 2.5), whereas the second
‹^› negates the character class (Recipe 2.3).

Question marks can appear in URLs as part of the (optional) fragment after the query.
So we do need to use ‹^[^?#]+\?›, rather than just ‹\?›, to make sure we have the first
question mark in the URL, and make sure that it isn’t part of the fragment in a URL
without a query.

The query runs until the start of the fragment, or the end of the URL if there is no
fragment. The fragment is delimited from the rest of the URL with a hash sign. Since
hash signs are not permitted anywhere except in the fragment, ‹[^#]+› is all we need to
match the query. The negated character class matches everything up to the first hash
sign, or everything until the end of the subject if it doesn’t contain any hash signs.

This regular expression will find a match only for URLs that actually contain a query.
When it matches a URL, the match includes everything from the start of the URL, so
we put the ‹[^#]+› part of the regex that matches the query inside a capturing group.
When the regex finds a match, you can retrieve the text matched by the first (and only)
capturing group to get the query without any delimiters or other URL parts. Rec-
ipe 2.9 tells you all about capturing groups. See Recipe 3.9 to learn how to retrieve text
matched by capturing groups in your favorite programming language.

If you don’t already know that your subject text is a valid URL, you can use one of the
regexes from Recipe 7.7. The first regex in that recipe captures the query, if one is
present in the URL, into capturing group number 12.

See Also
Recipes 2.9, 3.9, and 7.7
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7.14  Extracting the Fragment from a URL
Problem
You want to extract the fragment from a string that holds a URL. For example, you
want to extract top from http://www.regexcookbook.com#top or from /index.html#top.

Solution
#(.+)

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
Extracting the fragment from a URL is trivial if you know that your subject text is a
valid URL. The query is delimited from the part of the URL before it with a hash sign.
The fragment is the only part of URLs in which hash signs are allowed, and the fragment
is always the last part of the URL. Thus, we can easily extract the fragment by finding
the first hash sign and grabbing everything until the end of the string. ‹#.+› does that
nicely. Make sure to turn off free-spacing mode; otherwise, you need to escape the
literal hash sign with a backslash.

This regular expression will find a match only for URLs that actually contain a fragment.
The match consists of just the fragment, but includes the hash sign that delimits the
fragment from the rest of the URL. The solution has an extra capturing group to retrieve
just the fragment, without the delimiting #.

If you don’t already know that your subject text is a valid URL, you can use one of the
regexes from Recipe 7.7. The first regex in that recipe captures the fragment, if one is
present in the URL, into capturing group number 13.

See Also
Recipes 2.9, 3.9, and 7.7

7.15  Validating Domain Names
Problem
You want to check whether a string looks like it may be a valid, fully qualified domain
name, or find such domain names in longer text.

Solution
Check whether a string looks like a valid domain name:
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^([a-z0-9]+(-[a-z0-9]+)*\.)+[a-z]{2,}$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

\A([a-z0-9]+(-[a-z0-9]+)*\.)+[a-z]{2,}\Z
Regex options: Case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Find valid domain names in longer text:

\b([a-z0-9]+(-[a-z0-9]+)*\.)+[a-z]{2,}\b
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Check whether each part of the domain is not longer than 63 characters:

\b((?=[a-z0-9-]{1,63}\.)[a-z0-9]+(-[a-z0-9]+)*\.)+[a-z]{2,63}\b
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Allow internationalized domain names using the punycode notation:

\b((xn--)?[a-z0-9]+(-[a-z0-9]+)*\.)+[a-z]{2,}\b
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Check whether each part of the domain is not longer than 63 characters, and allow
internationalized domain names using the punycode notation:

\b((?=[a-z0-9-]{1,63}\.)(xn--)?[a-z0-9]+(-[a-z0-9]+)*\.)+[a-z]{2,63}\b
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
A domain name has the form of domain.tld, or subdomain.domain.tld, or any number
of additional subdomains. The top-level domain (tld) consists of two or more letters.
That’s the easiest part of the regex: ‹[a-z]{2,}›.
The domain, and any subdomains, consist of letters, digits, and hyphens. Hyphens
cannot appear in pairs, and cannot appear as the first or last character in the domain.
We handle this with the regular expression ‹[a-z0-9]+(-[a-z0-9]+)*›. This regex allows
any number of letters and digits, optionally followed by any number of groups that
consist of a hyphen followed by another sequence of letters and digits. Remember that
the hyphen is a metacharacter inside character classes (Recipe 2.3) but an ordinary
character outside of character classes, so we don’t need to escape any hyphens in this
regex.

The domain and the subdomains are delimited with a literal dot, which we match with
‹\.› in a regular expression. Since we can have any number of subdomains in addition
to the domain, we place the domain name part of the regex and the literal dot in a group

7.15  Validating Domain Names | 377



that we repeat: ‹([a-z0-9]+(-[a-z0-9]+)*\.)+›. Since the subdomains follow the same
syntax as the domain, this one group handles both.

If you want to check whether a string represents a valid domain name, all that remains
is to add anchors to the start and the end of the regex that match at the start and the
end of the string. We can do this with ‹^› and ‹$› in all flavors except Ruby, and with
‹\A› and ‹\Z› in all flavors except JavaScript. Recipe 2.5 has all the details.

If you want to find domain names in a larger body of text, you can add word boundaries
(‹\b›; see Recipe 2.6).

Our first set of regular expressions doesn’t check whether each part of the domain is
no longer than 63 characters. We can’t easily do this, because our regex for each domain
part, ‹[a-z0-9]+(-[a-z0-9]+)*›, has three quantifiers in it. There’s no way to tell the
regex engine to make these add up to 63.

We could use ‹[-a-z0-9]{1,63}› to match a domain part that is 1 to 63 characters long,
or ‹\b([-a-z0-9]{1,63}\.)+[a-z]{2,63}› for the whole domain name. But then we’re
no longer excluding domains with hyphens in the wrong places.

What we can do is to use lookahead to match the same text twice. Review Rec-
ipe 2.16 first if you’re not familiar with lookahead. We use the same regex ‹[a-z0-9]+
(-[a-z0-9]+)*\.› to match a domain name with valid hyphens, and add ‹[-a-z0-9]
{1,63}\.› inside a lookahead to check that its length is also 63 characters or less. The
result is ‹(?=[-a-z0-9]{1,63}\.)[a-z0-9]+(-[a-z0-9]+)*\.›.
The lookahead ‹(?=[-a-z0-9]{1,63}\.)› first checks that there are 1 to 63 letters, digits,
and hyphens until the next dot. It’s important to include the dot in the lookahead.
Without it, domains longer than 63 characters would still satisfy the lookahead’s re-
quirement for 63 characters. Only by putting the literal dot inside the lookahead do we
enforce the requirement that we want at most 63 characters.

The lookahead does not consume the text that it matched. Thus, if the lookahead
succeeds, ‹[a-z0-9]+(-[a-z0-9]+)*\.› is applied to the same text already matched by
the lookahead. We’ve confirmed there are no more than 63 characters, and now we
test that they’re the right combination of hyphens and nonhyphens.

Internationalized domain names (IDNs) theoretically can contain pretty much any
character. The actual list of characters depends on the registry that manages the top-
level domain. For example, .es allows domain names with Spanish characters.

In practice, internationalized domain names are often encoded using a scheme called
punycode. Although the punycode algorithm is quite complicated, what matters here
is that it results in domain names that are a combination of letters, digits, and hyphens,
following the rules we’re already handling with our regular expression for domain
names. The only difference is that the domain name produced by punycode is prefixed
with xn--. To add support for such domains to our regular expression, we only need
to add ‹(xn--)?› to the group in our regular expression that matches the domain name
parts.
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See Also
Recipes 2.3, 2.12, and 2.16

7.16  Matching IPv4 Addresses
Problem
You want to check whether a certain string represents a valid IPv4 address in
255.255.255.255 notation. Optionally, you want to convert this address into a 32-bit
integer.

Solution

Regular expression

Simple regex to check for an IP address:

^(?:[0-9]{1,3}\.){3}[0-9]{1,3}$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Accurate regex to check for an IP address:

^(?:(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)\.){3}↵
(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Simple regex to extract IP addresses from longer text:

\b(?:[0-9]{1,3}\.){3}[0-9]{1,3}\b
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Accurate regex to extract IP addresses from longer text:

\b(?:(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)\.){3}↵
(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)\b

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Simple regex that captures the four parts of the IP address:

^([0-9]{1,3})\.([0-9]{1,3})\.([0-9]{1,3})\.([0-9]{1,3})$
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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Accurate regex that captures the four parts of the IP address:

^(25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)\.↵
(25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)\.↵
(25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)\.↵
(25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)$

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Perl
if ($subject =~ m/^([0-9]{1,3})\.([0-9]{1,3})\.([0-9]{1,3})\.([0-9]{1,3})/)
{
    $ip = $1 << 24 | $2 << 16 | $3 << 8 | $4;
}

Discussion
A version 4 IP address is usually written in the form 255.255.255.255, where each of
the four numbers must be between 0 and 255. Matching such IP addresses with a regular
expression is very straightforward.

In the solution we present four regular expressions. Two of them are billed as “simple,”
while the other two are marked “accurate.”

The simple regexes use ‹[0-9]{1,3}› to match each of the four blocks of digits in the IP
address. These actually allow numbers from 0 to 999 rather than 0 to 255. The simple
regexes are more efficient when you already know your input will contain only valid IP
addresses, and you only need to separate the IP addresses from the other stuff.

The accurate regexes use ‹25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?› to match each of
the four numbers in the IP address. This regex accurately matches a number in the
range 0 to 255, with one optional leading zero for numbers between 10 and 99, and
two optional leading zeros for numbers between 0 and 9. ‹25[0-5]› matches 250
through 255, ‹2[0-4][0-9]› matches 200 to 249, and ‹[01]?[0-9][0-9]?› takes care of
0 to 199, including the optional leading zeros. Recipe 6.5 explains in detail how to
match numeric ranges with a regular expression.

If you want to check whether a string is a valid IP address in its entirety, use one of the
regexes that begin with a caret and end with a dollar. These are the start-of-string and
end-of-string anchors, explained in Recipe 2.5. If you want to find IP addresses within
longer text, use one of the regexes that begin and end with the word boundaries
‹\b› (Recipe 2.6).

The first four regular expressions use the form ‹(?:number\.){3}number›. The first three
numbers in the IP address are matched by a noncapturing group (Recipe 2.9) that is
repeated three times (Recipe 2.12). The group matches a number and a literal dot, of
which there are three in an IP address. The last part of the regex matches the final
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number in the IP address. Using the noncapturing group and repeating it three times
makes our regular expression shorter and more efficient.

To convert the textual representation of the IP address into an integer, we need to
capture the four numbers separately. The last two regexes in the solution do this. In-
stead of using the trick of repeating a group three times, they have four capturing
groups, one for each number. Spelling things out this way is the only way we can
separately capture all four numbers in the IP address.

Once we’ve captured the number, combining them into a 32-bit number is easy. In
Perl, the special variables $1, $2, $3, and $4 hold the text matched by the four capturing
groups in the regular expression. Recipe 3.9 explains how to retrieve capturing groups
in other programming languages. In Perl, the string variables for the capturing groups
are automatically coerced into numbers when we apply the bitwise left shift operator
(<<) to them. In other languages, you may have to call String.toInteger() or something
similar before you can shift the numbers and combine them with a bitwise or.

See Also
Recipes 2.3, 2.8, 2.9, and 2.12

7.17  Matching IPv6 Addresses
Problem
You want to check whether a string represents a valid IPv6 address using the standard,
compact, and/or mixed notations.

Solution

Standard notation

Match an IPv6 address in standard notation, which consists of eight 16-bit words using
hexadecimal notation, delimited by colons (e.g.: 1762:0:0:0:0:B03:1:AF18). Leading
zeros are optional.

Check whether the whole subject text is an IPv6 address using standard notation:

^(?:[A-F0-9]{1,4}:){7}[A-F0-9]{1,4}$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

\A(?:[A-F0-9]{1,4}:){7}[A-F0-9]{1,4}\Z
Regex options: Case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby
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Find an IPv6 address using standard notation within a larger collection of text:

(?<![:.\w])(?:[A-F0-9]{1,4}:){7}[A-F0-9]{1,4}(?![:.\w])
Regex options: Case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby 1.9

JavaScript and Ruby 1.8 don’t support lookbehind. We have to remove the check at
the start of the regex that keeps it from finding IPv6 addresses within longer sequences
of hexadecimal digits and colons. A word boundary performs part of the test:

\b(?:[A-F0-9]{1,4}:){7}[A-F0-9]{1,4}\b
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Mixed notation

Match an IPv6 address in mixed notation, which consists of six 16-bit words using
hexadecimal notation, followed by four bytes using decimal notation. The words are
delimited with colons, and the bytes with dots. A colon separates the words from the
bytes. Leading zeros are optional for both the hexadecimal words and the decimal bytes.
This notation is used in situations where IPv4 and IPv6 are mixed, and the IPv6 ad-
dresses are extensions of the IPv4 addresses. 1762:0:0:0:0:B03:127.32.67.15 is an ex-
ample of an IPv6 address in mixed notation.

Check whether the whole subject text is an IPv6 address using mixed notation:

^(?:[A-F0-9]{1,4}:){6}(?:(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)\.){3}↵
(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)$

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Find IPv6 address using mixed notation within a larger collection of text:

(?<![:.\w])(?:[A-F0-9]{1,4}:){6}↵
(?:(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)\.){3}↵
(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)(?![:.\w])

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

JavaScript and Ruby 1.8 don’t support lookbehind. We have to remove the check at
the start of the regex that keeps it from finding IPv6 addresses within longer sequences
of hexadecimal digits and colons. A word boundary performs part of the test:

\b(?:[A-F0-9]{1,4}:){6}(?:(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)\.){3}↵
(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)\b

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

382 | Chapter 7: URLs, Paths, and Internet Addresses



Standard or mixed notation

Match an IPv6 address using standard or mixed notation.

Check whether the whole subject text is an IPv6 address using standard or mixed
notation:

\A                                                    # Start of string
(?:[A-F0-9]{1,4}:){6}                                 # 6 words
(?:[A-F0-9]{1,4}:[A-F0-9]{1,4}                        # 2 words
|  (?:(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)\.){3}  # or 4 bytes
   (?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)
)\Z                                                   # End of string

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^(?:[A-F0-9]{1,4}:){6}(?:[A-F0-9]{1,4}:[A-F0-9]{1,4}|↵
(?:(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)\.){3}↵
(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?))$

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

Find IPv6 address using standard or mixed notation within a larger collection of text:

(?<![:.\w])                                           # Anchor address
(?:[A-F0-9]{1,4}:){6}                                 # 6 words
(?:[A-F0-9]{1,4}:[A-F0-9]{1,4}                        # 2 words
|  (?:(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)\.){3}  # or 4 bytes
   (?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)
)(?![:.\w])                                           # Anchor address

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby 1.9

JavaScript and Ruby 1.8 don’t support lookbehind. We have to remove the check at
the start of the regex that keeps it from finding IPv6 addresses within longer sequences
of hexadecimal digits and colons. A word boundary performs part of the test:

\b                                                    # Word boundary
(?:[A-F0-9]{1,4}:){6}                                 # 6 words
(?:[A-F0-9]{1,4}:[A-F0-9]{1,4}                        # 2 words
|  (?:(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)\.){3}  # or 4 bytes
   (?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)
)\b                                                   # Word boundary

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

\b(?:[A-F0-9]{1,4}:){6}(?:[A-F0-9]{1,4}:[A-F0-9]{1,4}|↵
(?:(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)\.){3}↵
(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?))\b

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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Compressed notation

Match an IPv6 address using compressed notation. Compressed notation is the same
as standard notation, except that one sequence of one or more words that are zero may
be omitted, leaving only the colons before and after the omitted zeros. Addresses using
compressed notation can be recognized by the occurrence of two adjacent colons in
the address. Only one sequence of zeros may be omitted; otherwise, it would be
impossible to determine how many words have been omitted in each sequence. If the
omitted sequence of zeros is at the start or the end of the IP address, it will begin or
end with two colons. If all numbers are zero, the compressed IPv6 address consists of
just two colons, without any digits.

For example, 1762::B03:1:AF18 is the compressed form of 1762:0:0:0:0:B03:1:AF18.
The regular expressions in this section will match both the compressed and the standard
form of the IPv6 address. Check whether the whole subject text is an IPv6 address using
standard or compressed notation:

\A(?:
 # Standard
 (?:[A-F0-9]{1,4}:){7}[A-F0-9]{1,4}
 # Compressed with at most 7 colons
|(?=(?:[A-F0-9]{0,4}:){0,7}[A-F0-9]{0,4}
    \Z) # and anchored
 # and at most 1 double colon
 (([0-9A-F]{1,4}:){1,7}|:)((:[0-9A-F]{1,4}){1,7}|:)
)\Z

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^(?:(?:[A-F0-9]{1,4}:){7}[A-F0-9]{1,4}|↵
(?=(?:[A-F0-9]{0,4}:){0,7}[A-F0-9]{0,4}$)(([0-9A-F]{1,4}:){1,7}|:)↵
((:[0-9A-F]{1,4}){1,7}|:))$

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

Find IPv6 address using standard or compressed notation within a larger collection of
text:

(?<![:.\w])(?:
 # Standard
 (?:[A-F0-9]{1,4}:){7}[A-F0-9]{1,4}
 # Compressed with at most 7 colons
|(?=(?:[A-F0-9]{0,4}:){0,7}[A-F0-9]{0,4}
    (?![:.\w])) # and anchored
 # and at most 1 double colon
 (([0-9A-F]{1,4}:){1,7}|:)((:[0-9A-F]{1,4}){1,7}|:)
)(?![:.\w])

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby 1.9
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JavaScript and Ruby 1.8 don’t support lookbehind, so we have to remove the check at
the start of the regex that keeps it from finding IPv6 addresses within longer sequences
of hexadecimal digits and colons. We cannot use a word boundary, because the address
may start with a colon, which is not a word character:

(?:
 # Standard
 (?:[A-F0-9]{1,4}:){7}[A-F0-9]{1,4}
 # Compressed with at most 7 colons
|(?=(?:[A-F0-9]{0,4}:){0,7}[A-F0-9]{0,4}
    (?![:.\w])) # and anchored
 # and at most 1 double colon
 (([0-9A-F]{1,4}:){1,7}|:)((:[0-9A-F]{1,4}){1,7}|:)
)(?![:.\w])

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

(?:(?:[A-F0-9]{1,4}:){7}[A-F0-9]{1,4}|(?=(?:[A-F0-9]{0,4}:){0,7}↵
[A-F0-9]{0,4}(?![:.\w]))(([0-9A-F]{1,4}:){1,7}|:)((:[0-9A-F]{1,4})↵
{1,7}|:))(?![:.\w])

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Compressed mixed notation

Match an IPv6 address using compressed mixed notation. Compressed mixed notation
is the same as mixed notation, except that one sequence of one or more words that are
zero may be omitted, leaving only the colons before and after the omitted zeros. The 4
decimal bytes must all be specified, even if they are zero. Addresses using compressed
mixed notation can be recognized by the occurrence of two adjacent colons in the first
part of the address and the three dots in the second part. Only one sequence of zeros
may be omitted; otherwise, it would be impossible to determine how many words have
been omitted in each sequence. If the omitted sequence of zeros is at the start of the IP
address, it will begin with two colons rather than with a digit.

For example, the IPv6 address 1762::B03:127.32.67.15 is the compressed form of
1762:0:0:0:0:B03:127.32.67.15. The regular expressions in this section will match
both compressed and noncompressed IPv6 address using mixed notation.

Check whether the whole subject text is an IPv6 address using compressed or non-
compressed mixed notation:

\A
(?:
 # Non-compressed
 (?:[A-F0-9]{1,4}:){6}
 # Compressed with at most 6 colons
|(?=(?:[A-F0-9]{0,4}:){0,6}
    (?:[0-9]{1,3}\.){3}[0-9]{1,3}  # and 4 bytes
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    \Z)                            # and anchored
 # and at most 1 double colon
 (([0-9A-F]{1,4}:){0,5}|:)((:[0-9A-F]{1,4}){1,5}:|:)
)
# 255.255.255.
(?:(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)\.){3}
# 255
(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)
\Z

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^(?:(?:[A-F0-9]{1,4}:){6}|(?=(?:[A-F0-9]{0,4}:){0,6}(?:[0-9]{1,3}\.)↵
{3}[0-9]{1,3}$)(([0-9A-F]{1,4}:){0,5}|:)((:[0-9A-F]{1,4}){1,5}:|:))↵
(?:(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)\.){3}(?:25[0-5]|2[0-4]↵
[0-9]|[01]?[0-9][0-9]?)$

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

Find IPv6 address using compressed or noncompressed mixed notation within a larger
collection of text:

(?<![:.\w])
(?:
 # Non-compressed
 (?:[A-F0-9]{1,4}:){6}
 # Compressed with at most 6 colons
|(?=(?:[A-F0-9]{0,4}:){0,6}
    (?:[0-9]{1,3}\.){3}[0-9]{1,3}  # and 4 bytes
    (?![:.\w]))                    # and anchored
 # and at most 1 double colon
 (([0-9A-F]{1,4}:){0,5}|:)((:[0-9A-F]{1,4}){1,5}:|:)
)
# 255.255.255.
(?:(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)\.){3}
# 255
(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)
(?![:.\w])

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby 1.9

JavaScript and Ruby 1.8 don’t support lookbehind, so we have to remove the check at
the start of the regex that keeps it from finding IPv6 addresses within longer sequences
of hexadecimal digits and colons. We cannot use a word boundary, because the address
may start with a colon, which is not a word character.

(?:
 # Non-compressed
 (?:[A-F0-9]{1,4}:){6}
 # Compressed with at most 6 colons
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|(?=(?:[A-F0-9]{0,4}:){0,6}
    (?:[0-9]{1,3}\.){3}[0-9]{1,3}  # and 4 bytes
    (?![:.\w]))                    # and anchored
 # and at most 1 double colon
 (([0-9A-F]{1,4}:){0,5}|:)((:[0-9A-F]{1,4}){1,5}:|:)
)
# 255.255.255.
(?:(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)\.){3}
# 255
(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)
(?![:.\w])

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

(?:(?:[A-F0-9]{1,4}:){6}|(?=(?:[A-F0-9]{0,4}:){0,6}(?:[0-9]{1,3}\.){3}↵
[0-9]{1,3}(?![:.\w]))(([0-9A-F]{1,4}:){0,5}|:)((:[0-9A-F]{1,4}){1,5}:|:))↵
(?:(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)\.){3}↵
(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)(?![:.\w])

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Standard, mixed, or compressed notation

Match an IPv6 address using any of the notations explained earlier: standard, mixed,
compressed, and compressed mixed.

Check whether the whole subject text is an IPv6 address:

\A(?:
# Mixed
 (?:
  # Non-compressed
  (?:[A-F0-9]{1,4}:){6}
  # Compressed with at most 6 colons
 |(?=(?:[A-F0-9]{0,4}:){0,6}
     (?:[0-9]{1,3}\.){3}[0-9]{1,3}  # and 4 bytes
     \Z)                            # and anchored
  # and at most 1 double colon
  (([0-9A-F]{1,4}:){0,5}|:)((:[0-9A-F]{1,4}){1,5}:|:)
 )
 # 255.255.255.
 (?:(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)\.){3}
 # 255
 (?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)
|# Standard
 (?:[A-F0-9]{1,4}:){7}[A-F0-9]{1,4}
|# Compressed with at most 7 colons
 (?=(?:[A-F0-9]{0,4}:){0,7}[A-F0-9]{0,4}
    \Z)  # and anchored
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 # and at most 1 double colon
 (([0-9A-F]{1,4}:){1,7}|:)((:[0-9A-F]{1,4}){1,7}|:)
)\Z

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^(?:(?:(?:[A-F0-9]{1,4}:){6}|(?=(?:[A-F0-9]{0,4}:){0,6}(?:[0-9]{1,3}\.){3}↵
[0-9]{1,3}$)(([0-9A-F]{1,4}:){0,5}|:)((:[0-9A-F]{1,4}){1,5}:|:))↵
(?:(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)\.){3}↵
(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)|(?:[A-F0-9]{1,4}:){7}↵
[A-F0-9]{1,4}|(?=(?:[A-F0-9]{0,4}:){0,7}[A-F0-9]{0,4}$)↵
(([0-9A-F]{1,4}:){1,7}|:)((:[0-9A-F]{1,4}){1,7}|:))$

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

Find an IPv6 address using standard or mixed notation within a larger collection of text:

(?<![:.\w])(?:
# Mixed
 (?:
  # Non-compressed
  (?:[A-F0-9]{1,4}:){6}
  # Compressed with at most 6 colons
 |(?=(?:[A-F0-9]{0,4}:){0,6}
     (?:[0-9]{1,3}\.){3}[0-9]{1,3}  # and 4 bytes
     (?![:.\w]))                    # and anchored
  # and at most 1 double colon
  (([0-9A-F]{1,4}:){0,5}|:)((:[0-9A-F]{1,4}){1,5}:|:)
 )
 # 255.255.255.
 (?:(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)\.){3}
 # 255
 (?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)
|# Standard
 (?:[A-F0-9]{1,4}:){7}[A-F0-9]{1,4}
|# Compressed with at most 7 colons
 (?=(?:[A-F0-9]{0,4}:){0,7}[A-F0-9]{0,4}
    (?![:.\w]))  # and anchored
 # and at most 1 double colon
 (([0-9A-F]{1,4}:){1,7}|:)((:[0-9A-F]{1,4}){1,7}|:)
)(?![:.\w])

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby 1.9

JavaScript and Ruby 1.8 don’t support lookbehind, so we have to remove the check at
the start of the regex that keeps it from finding IPv6 addresses within longer sequences
of hexadecimal digits and colons. We cannot use a word boundary, because the address
may start with a colon, which is not a word character.
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(?:
 # Mixed
 (?:
  # Non-compressed
  (?:[A-F0-9]{1,4}:){6}
  # Compressed with at most 6 colons
 |(?=(?:[A-F0-9]{0,4}:){0,6}
     (?:[0-9]{1,3}\.){3}[0-9]{1,3}  # and 4 bytes
     (?![:.\w]))                    # and anchored
  # and at most 1 double colon
  (([0-9A-F]{1,4}:){0,5}|:)((:[0-9A-F]{1,4}){1,5}:|:)
 )
 # 255.255.255.
 (?:(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)\.){3}
 # 255
 (?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)
|# Standard
 (?:[A-F0-9]{1,4}:){7}[A-F0-9]{1,4}
|# Compressed with at most 7 colons
 (?=(?:[A-F0-9]{0,4}:){0,7}[A-F0-9]{0,4}
    (?![:.\w]))  # and anchored
 # and at most 1 double colon
 (([0-9A-F]{1,4}:){1,7}|:)((:[0-9A-F]{1,4}){1,7}|:)
)(?![:.\w])

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

(?:(?:(?:[A-F0-9]{1,4}:){6}|(?=(?:[A-F0-9]{0,4}:){0,6}(?:[0-9]{1,3}\.){3}↵
[0-9]{1,3}(?![:.\w]))(([0-9A-F]{1,4}:){0,5}|:)((:[0-9A-F]{1,4}){1,5}:|:))↵
(?:(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][0-9]?)\.){3}(?:25[0-5]|2[0-4][0-9]|↵
[01]?[0-9][0-9]?)|(?:[A-F0-9]{1,4}:){7}[A-F0-9]{1,4}|↵
(?=(?:[A-F0-9]{0,4}:){0,7}[A-F0-9]{0,4}(?![:.\w]))↵
(([0-9A-F]{1,4}:){1,7}|:)((:[0-9A-F]{1,4}){1,7}|:))(?![:.\w])

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
Because of the different notations, matching an IPv6 address isn’t nearly as simple as
matching an IPv4 address. Which notations you want to accept will greatly impact the
complexity of your regular expression. Basically, there are two notations: standard and
mixed. You can decide to allow only one of the two notations, or both. That gives us
three sets of regular expressions.

Both the standard and mixed notations have a compressed form that omits zeros. Al-
lowing compressed notation gives us another three sets of regular expressions.

You’ll need slightly different regexes depending on whether you want to check if a given
string is a valid IPv6 address, or whether you want to find IP addresses in a larger body
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of text. To validate the IP address, we use anchors, as Recipe 2.5 explains. JavaScript
uses the ‹^› and ‹$› anchors, whereas Ruby uses ‹\A› and ‹\Z›. All other flavors support
both. Ruby also supports ‹^› and ‹$›, but allows them to match at embedded line breaks
in the string as well. You should use the caret and dollar in Ruby only if you know your
string doesn’t have any embedded line breaks.

To find IPv6 addresses within larger text, we use negative lookbehind ‹(?<![:.\w])›
and negative lookahead ‹(?![:.\w])› to make sure the address isn’t preceded or fol-
lowed by a word character (letter, digit, or underscore) or by a dot or colon. This makes
sure we don’t match parts of longer sequences of digits and colons. Recipe 2.16 explains
how lookbehind and lookahead work. If lookaround isn’t available, word boundaries
can check that the address isn’t preceded or followed by a word character, but only if
the first and last character in the address are sure to be (hexadecimal) digits. Com-
pressed notation allows addresses that start and end with a colon. If we were to put a
word boundary before or after a colon, it would require an adjacent letter or digit, which
isn’t what we want. Recipe 2.6 explains everything about word boundaries.

Standard notation

Standard IPv6 notation is very straightforward to handle with a regular expression. We
need to match eight words in hexadecimal notation, delimited by seven colons.
‹[A-F0-9]{1,4}› matches 1 to 4 hexadecimal characters, which is what we need for a
16-bit word with optional leading zeros. The character class (Recipe 2.3) lists only the
uppercase letters. The case-insensitive matching mode takes care of the lowercase let-
ters. See Recipe 3.4 to learn how to set matching modes in your programming language.

The noncapturing group ‹(?:[A-F0-9]{1,4}:){7}› matches a hexadecimal word fol-
lowed by a literal colon. The quantifier repeats the group seven times. The first colon
in this regex is part of the regex syntax for noncapturing groups, as Recipe 2.9 explains,
and the second is a literal colon. The colon is not a metacharacter in regular expressions,
except in a few very specific situations as part of a larger regex token. Therefore, we
don’t need to use backslashes to escape literal colons in our regular expressions. We
could escape them, but it would only make the regex harder to read.

Mixed notation

The regex for the mixed IPv6 notation consists of two parts. ‹(?:[A-F0-9]{1,4}:){6}›
matches six hexadecimal words, each followed by a literal colon, just like we have a
sequence of seven such words in the regex for the standard IPv6 notation.

Instead of having one more hexadecimal word at the end, we now have a full IPv4
address at the end. We match this using the “accurate” regex shown in Recipe 7.16.

Standard or mixed notation

Allowing both standard and mixed notation requires a slightly longer regular expres-
sion. The two notations differ only in their representation of the last 32 bits of the IPv6
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address. Standard notation uses two 16-bit words, whereas mixed notation uses 4 dec-
imal bytes, as with IPv4.

The first part of the regex matches six hexadecimal words, as in the regex that supports
mixed notation only. The second part of the regex is now a noncapturing group with
the two alternatives for the last 32 bits. As Recipe 2.8 explains, the alternation operator
(vertical bar) has the lowest precedence of all regex operators. Thus, we need the non-
capturing group to exclude the six words from the alternation.

The first alternative, located to the left of the vertical bar, matches two hexadecimal
words with a literal colon in between. The second alternative matches an IPv4 address.

Compressed notation

Things get quite a bit more complicated when we allow compressed notation. The
reason is that compressed notation allows a variable number of zeros to be omitted.
1:0:0:0:0:6:0:0, 1::6:0:0, and 1:0:0:0:0:6:: are three ways of writing the same IPv6
address. The address may have at most eight words, but it needn’t have any. If it has
less than eight, it must have one double-colon sequence that represents the omitted
zeros.

Variable repetition is easy with regular expressions. If an IPv6 address has a double
colon, there can be at most seven words before and after the double colon. We could
easily write this as:

(
  ([0-9A-F]{1,4}:){1,7}  # 1 to 7 words to the left
| :                      # or a double colon at the start
)
(
  (:[0-9A-F]{1,4}){1,7}  # 1 to 7 words to the right
| :                      # or a double colon at the end
)

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

This regular expression and the ones that follow in this discussion also
work with JavaScript if you eliminate the comments and extra white-
space. JavaScript supports all the features used in these regexes, except
free-spacing, which we use here to make these regexes easier to
understand.

This regular expression matches all compressed IPv6 addresses, but it doesn’t match
any addresses that use noncompressed standard notation.

This regex is quite simple. The first part matches 1 to 7 words followed by a colon, or
just the colon for addresses that don’t have any words to the left of the double colon.
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The second part matches 1 to 7 words preceded by a colon, or just the colon for ad-
dresses that don’t have any words to the right of the double colon. Put together, valid
matches are a double colon by itself, a double colon with 1 to 7 words at the left only,
a double colon with 1 to 7 words at the right only, and a double colon with 1 to 7 words
at both the left and the right.

It’s the last part that is troublesome. The regex allows 1 to 7 words at both the left and
the right, as it should, but it doesn’t specify that the total number of words at the left
and right must be 7 or less. An IPv6 address has 8 words. The double colon indicates
we’re omitting at least one word, so at most 7 remain.

Regular expressions don’t do math. They can count if something occurs between 1 and
7 times. But they cannot count if two things occur for a total of 7 times, splitting those
7 times between the two things in any combination.

To understand this problem better, let’s examine a simple analog. Say we want to match
something in the form of aaaaxbbb. The string must be between 1 and 8 characters long
and consist of 0 to 7 times a, exactly one x, and 0 to 7 times b.

There are two ways to solve this problem with a regular expression. One way is to spell
out all the alternatives. The next section discussing compressed mixed notation uses
this. It can result in a long-winded regex, but it will be easy to understand.

\A(?:a{7}x
 |  a{6}xb?
 |  a{5}xb{0,2}
 |  a{4}xb{0,3}
 |  a{3}xb{0,4}
 |  a{2}xb{0,5}
 |  axb{0,6}
 |  xb{0,7}
)\Z

Regex options: Free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

This regular expression has one alternative for each of the possible number of letters
a. Each alternative spells out how many letters b are allowed after the given number of
letters a and the x have been matched. The other solution is to use lookahead. This is
the method used for the regex within the “Solution” section that matches an IPv6 ad-
dress using compressed notation. If you’re not familiar with lookahead, see Rec-
ipe 2.16 first. Using lookahead, we can essentially match the same text twice, checking
it for two conditions.

\A
  (?=[abx]{1,8}\Z)
  a{0,7}xb{0,7}
\Z

Regex options: Free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby
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The ‹\A› at the start of the regex anchors it to the start of the subject text. Then the
positive lookahead kicks in. It checks whether a series of 1 to 8 letters ‹a›, ‹b›, and/or
‹x› can be matched, and that the end of the string is reached when those 1 to 8 letters
have been matched. The ‹\Z› inside the lookahead is crucial. In order to limit the regex
to strings of eight characters or less, the lookahead must test that there aren’t any further
characters after those that it matched.

In a different scenario, you might use another kind of delimiter instead of ‹\A› and
‹\Z›. If you wanted to do a “whole words only” search for aaaaxbbb and friends, you
would use word boundaries. But to restrict the regex match to the right length, you
have to use some kind of delimiter, and you have to put the delimiter that matches the
end of the string both inside the lookahead and at the end of the regular expression. If
you don’t, the regular expression will partly match a string that has too many
characters.

When the lookahead has satisfied its requirement, it gives up the characters that it has
matched. Thus, when the regex engine attempts ‹a{0,7}›, it is back at the start of the
string. The fact that the lookahead doesn’t consume the text that it matched is the key
difference between a lookahead and a noncapturing group, and is what allows us to
apply two patterns to a single piece of text.

Although ‹a{0,7}xb{0,7}› on its own could match up to 15 letters, in this case it can
match only 8, because the lookahead already made sure there are only 8 letters. All
‹a{0,7}xb{0,7}› has to do is to check that they appear in the right order. In fact,
‹a*xb*› would have the exact same effect as ‹a{0,7}xb{0,7}› in this regular expression.

The second ‹\Z› at the end of the regex is also essential. Just like the lookahead needs
to make sure there aren’t too many letters, the second test after the lookahead needs
to make sure that all the letters are in the right order. This makes sure we don’t match
something like axba, even though it satisfies the lookahead by being between 1 and 8
characters long.

Compressed mixed notation

Mixed notation can be compressed just like standard notation. Although the four bytes
at the end must always be specified, even when they are zero, the number of hexadec-
imal words before them again becomes variable. If all the hexadecimal words are zero,
the IPv6 address could end up looking like an IPv4 address with two colons before it.

Creating a regex for compressed mixed notation involves solving the same issues as for
compressed standard notation. The previous section explains all this.

The main difference between the regex for compressed mixed notation and the regex
for compressed (standard) notation is that the one for compressed mixed notation
needs to check for the IPv4 address after the six hexadecimal words. We do this check
at the end of the regex, using the same regex for accurate IPv4 addresses from Rec-
ipe 7.16 that we used in this recipe for noncompressed mixed notation.
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We have to match the IPv4 part of the address at the end of the regex, but we also have
to check for it inside the lookahead that makes sure we have no more than six colons
or six hexadecimal words in the IPv6 address. Since we’re already doing an accurate
test at the end of the regex, the lookahead can suffice with a simple IPv4 check. The
lookahead doesn’t need to validate the IPv4 part, as the main regex already does that.
But it does have to match the IPv4 part, so that the end-of-string anchor at the end of
the lookahead can do its job.

Standard, mixed, or compressed notation

The final set of regular expressions puts it all together. These match an IPv6 address in
any notation: standard or mixed, compressed or not.

These regular expressions are formed by alternating the ones for compressed mixed
notation and compressed (standard) notation. These regexes already use alternation to
match both the compressed and noncompressed variety of the IPv6 notation they
support.

The result is a regular expression with three top-level alternatives, with the first alter-
native consisting of two alternatives of its own. The first alternative matches an IPv6
address using mixed notation, either noncompressed or compressed. The second al-
ternative matches an IPv6 address using standard notation. The third alternative covers
the compressed (standard) notation.

We have three top-level alternatives instead of two alternatives that each contain their
own two alternatives because there’s no particular reason to group the alternatives for
standard and compressed notation. For mixed notation, we do keep the compressed
and noncompressed alternatives together, because it saves us having to spell out the
IPv4 part twice.

Essentially, we combined this regex:

^(6words|compressed6words)ip4$

and this regex:

^(8words|compressed8words)$

into:

^((6words|compressed6words)ip4|8words|compressed8words)$

rather than:

^((6words|compressed6words)ip4|(8words|compressed8words))$

See Also
Recipes 2.16 and 7.16
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7.18  Validate Windows Paths
Problem
You want to check whether a string looks like a valid path to a folder or file on the
Microsoft Windows operating system.

Solution

Drive letter paths
\A
[a-z]:\\                    # Drive
(?:[^\\/:*?"<>|\r\n]+\\)*   # Folder
[^\\/:*?"<>|\r\n]*          # File
\Z

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^[a-z]:\\(?:[^\\/:*?"<>|\r\n]+\\)*[^\\/:*?"<>|\r\n]*$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

Drive letter and UNC paths
\A
(?:[a-z]:|\\\\[a-z0-9_.$]+\\[a-z0-9_.$]+)\\  # Drive
(?:[^\\/:*?"<>|\r\n]+\\)*                    # Folder
[^\\/:*?"<>|\r\n]*                           # File
\Z

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^(?:[a-z]:|\\\\[a-z0-9_.$]+\\[a-z0-9_.$]+)\\(?:[^\\/:*?"<>|\r\n]+\\)*↵
[^\\/:*?"<>|\r\n]*$

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

Drive letter, UNC, and relative paths
\A
(?:(?:[a-z]:|\\\\[a-z0-9_.$]+\\[a-z0-9_.$]+)\\|    # Drive
   \\?[^\\/:*?"<>|\r\n]+\\?)                       # Relative path
(?:[^\\/:*?"<>|\r\n]+\\)*                          # Folder
[^\\/:*?"<>|\r\n]*                                 # File
\Z

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby
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^(?:(?:[a-z]:|\\\\[a-z0-9_.$]+\\[a-z0-9_.$]+)\\|\\?[^\\/:*?"<>|\r\n]+\\?)↵
(?:[^\\/:*?"<>|\r\n]+\\)*[^\\/:*?"<>|\r\n]*$

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

Discussion

Drive letter paths

Matching a full path to a file or folder on a drive that has a drive letter is very straight-
forward. The drive is indicated with a single letter, followed by a colon and a backslash.
We easily match this with ‹[a-z]:\\›. The backslash is a metacharacter in regular ex-
pressions, and so we need to escape it with another backslash to match it literally.

Folder and filenames on Windows can contain all characters, except these:
\/:*?"<>|. Line breaks aren’t allowed either. We can easily match a sequence of all
characters except these with the negated character class ‹[^\\/:*?"<>|\r\n]+›. The
backslash is a metacharacter in character classes too, so we escape it. ‹\r› and ‹\n› are
the two line break characters. See Recipe 2.3 to learn more about (negated) character
classes. The plus quantifier (Recipe 2.12) specifies we want one or more such
characters.

Folders are delimited with backslashes. We can match a sequence of zero or more
folders with ‹(?:[^\\/:*?"<>|\r\n]+\\)*›, which puts the regex for the folder name
and a literal backslash inside a noncapturing group (Recipe 2.9) that is repeated zero
or more times with the asterisk (Recipe 2.12).

To match the filename, we use ‹[^\\/:*?"<>|\r\n]*›. The asterisk makes the filename
optional, to allow paths that end with a backslash. If you don’t want to allow paths
that end with a backslash, change the last ‹*› in the regex into a ‹+›.

Drive letter and UNC paths

Paths to files on network drives that aren’t mapped to drive letters can be accessed
using Universal Naming Convention (UNC) paths. UNC paths have the form \\server
\share\folder\file.

We can easily adapt the regex for drive letter paths to support UNC paths as well. All
we have to do is to replace the ‹[a-z]:› part that matches the drive letter with something
that matches a drive letter or server name.

‹(?:[a-z]:|\\\\[a-z0-9_.$]+\\[a-z0-9_.$]+)› does that. The vertical bar is the alter-
nation operator (Recipe 2.8). It gives the choice between a drive letter matched with
‹[a-z]:› or a server and share name matched with ‹\\\\[a-z0-9_.$]+\\[a-z0-9_.$]+›.
The alternation operator has the lowest precedence of all regex operators. To group
the two alternatives together, we use a noncapturing group. As Recipe 2.9 explains, the
characters ‹(?:› form the somewhat complicated opening bracket of a noncapturing
group. The question mark does not have its usual meaning after a parenthesis.
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The rest of the regular expression can remain the same. The name of the share in UNC
paths will be matched by the part of the regex that matches folder names.

Drive letter, UNC, and relative paths

A relative path is one that begins with a folder name (perhaps the special folder .. to
select the parent folder) or consists of just a filename. To support relative paths, we
add a third alternative to the “drive” portion of our regex. This alternative matches the
start of a relative path rather than a drive letter or server name.

‹\\?[^\\/:*?"<>|\r\n]+\\?› matches the start of the relative path. The path can begin
with a backslash, but it doesn't have to. ‹\\?› matches the backslash if present, or
nothing otherwise. ‹[^\\/:*?"<>|\r\n]+› matches a folder or filename. If the relative
path consists of just a filename, the final ‹\\?› won’t match anything, and neither will
the “folder” and “file” parts of the regex, which are both optional. If the relative path
specifies a folder, the final ‹\\?› will match the backslash that delimits the first folder
in the relative path from the rest of the path. The “folder” part then matches the re-
maining folders in the path, if any, and the “file” part matches the filename.

The regular expression for matching relative paths no longer neatly uses distinct parts
of the regex to match distinct parts of the subject text. The regex part labeled “relative
path” will actually match a folder or filename if the path is relative. If the relative path
specifies one or more folders, the “relative path” part matches the first folder, and the
“folder” and “file” paths match what’s left. If the relative path is just a filename, it will
be matched by the “relative path” part, leaving nothing for the “folder” and “file” parts.
Since we’re only interested in validating the path, this doesn’t matter. The comments
in the regex are just labels to help us understand it.

If we wanted to extract parts of the path into capturing groups, we’d have to be more
careful to match the drive, folder, and filename separately. The next recipe handles that
problem.

See Also
Recipes 2.3, 2.8, 2.9, and 2.12

7.19  Split Windows Paths into Their Parts
Problem
You want to check whether a string looks like a valid path to a folder or file on the
Microsoft Windows operating system. If the string turns out to hold a valid Windows
path, then you also want to extract the drive, folder, and filename parts of the path
separately.
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Solution

Drive letter paths
\A
(?<drive>[a-z]:)\\
(?<folder>(?:[^\\/:*?"<>|\r\n]+\\)*)
(?<file>[^\\/:*?"<>|\r\n]*)
\Z

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, PCRE 7, Perl 5.10, Ruby 1.9

\A
(?P<drive>[a-z]:)\\
(?P<folder>(?:[^\\/:*?"<>|\r\n]+\\)*)
(?P<file>[^\\/:*?"<>|\r\n]*)
\Z

Regex options: Free-spacing, case insensitive
Regex flavors: PCRE 4 and later, Perl 5.10, Python

\A
([a-z]:)\\
((?:[^\\/:*?"<>|\r\n]+\\)*)
([^\\/:*?"<>|\r\n]*)
\Z

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^([a-z]:)\\((?:[^\\/:*?"<>|\r\n]+\\)*)([^\\/:*?"<>|\r\n]*)$
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

Drive letter and UNC paths
\A
(?<drive>[a-z]:|\\\\[a-z0-9_.$]+\\[a-z0-9_.$]+)\\
(?<folder>(?:[^\\/:*?"<>|\r\n]+\\)*)
(?<file>[^\\/:*?"<>|\r\n]*)
\Z

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, PCRE 7, Perl 5.10, Ruby 1.9

\A
(?P<drive>[a-z]:|\\\\[a-z0-9_.$]+\\[a-z0-9_.$]+)\\
(?P<folder>(?:[^\\/:*?"<>|\r\n]+\\)*)
(?P<file>[^\\/:*?"<>|\r\n]*)
\Z

Regex options: Free-spacing, case insensitive
Regex flavors: PCRE 4 and later, Perl 5.10, Python
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\A
([a-z]:|\\\\[a-z0-9_.$]+\\[a-z0-9_.$]+)\\
((?:[^\\/:*?"<>|\r\n]+\\)*)
([^\\/:*?"<>|\r\n]*)
\Z

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^([a-z]:|\\\\[a-z0-9_.$]+\\[a-z0-9_.$]+)\\((?:[^\\/:*?"<>|\r\n]+\\)*)↵
([^\\/:*?"<>|\r\n]*)$

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

Drive letter, UNC, and relative paths

These regular expressions can match the empty string. See the Discus-
sion for more details and an alternative solution.

\A
(?<drive>[a-z]:\\|\\\\[a-z0-9_.$]+\\[a-z0-9_.$]+\\|\\?)
(?<folder>(?:[^\\/:*?"<>|\r\n]+\\)*)
(?<file>[^\\/:*?"<>|\r\n]*)
\Z

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, PCRE 7, Perl 5.10, Ruby 1.9

\A
(?P<drive>[a-z]:\\|\\\\[a-z0-9_.$]+\\[a-z0-9_.$]+\\|\\?)
(?P<folder>(?:[^\\/:*?"<>|\r\n]+\\)*)
(?P<file>[^\\/:*?"<>|\r\n]*)
\Z

Regex options: Free-spacing, case insensitive
Regex flavors: PCRE 4 and later, Perl 5.10, Python

\A
([a-z]:\\|\\\\[a-z0-9_.$]+\\[a-z0-9_.$]+\\|\\?)
((?:[^\\/:*?"<>|\r\n]+\\)*)
([^\\/:*?"<>|\r\n]*)
\Z

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^([a-z]:\\|\\\\[a-z0-9_.$]+\\[a-z0-9_.$]+\\|\\?)↵
((?:[^\\/:*?"<>|\r\n]+\\)*)([^\\/:*?"<>|\r\n]*)$

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python
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Discussion
The regular expressions in this recipe are very similar to the ones in the previous recipe.
This discussion assumes you’ve already read and understood the discussion of the pre-
vious recipe.

Drive letter paths

We’ve made only one change to the regular expressions for drive letter paths, compared
to the ones in the previous recipe. We’ve added three capturing groups that you can
use to retrieve the various parts of the path: ‹drive›, ‹folder›, and ‹file›. You can use
these names if your regex flavor supports named capture (Recipe 2.11). If not, you’ll
have to reference the capturing groups by their numbers: 1, 2, and 3. See Recipe 3.9 to
learn how to get the text matched by named and/or numbered groups in your favorite
programming language.

Drive letter and UNC paths

We’ve added the same three capturing groups to the regexes for UNC paths.

Drive letter, UNC, and relative paths

Things get a bit more complicated if we also want to allow relative paths. In the previous
recipe, we could just add a third alternative to the drive part of the regex to match the
start of the relative path. We can’t do that here. In case of a relative path, the capturing
group for the drive should remain empty.

Instead, the literal backslash that was after the capturing group for the drives in the
regex in the “drive letter and UNC paths” section is now moved into that capturing
group. We add it to the end of the alternatives for the drive letter and the network share.
We add a third alternative with an optional backslash for relative paths that may or
may not begin with a backslash. Because the third alternative is optional, the whole
group for the drive is essentially optional.

The resulting regular expression correctly matches all Windows paths. The problem is
that by making the drive part optional, we now have a regex in which everything is
optional. The folder and file parts were already optional in the regexes that support
absolute paths only. In other words: our regular expression will match the empty string.

If we want to make sure the regex doesn’t match empty strings, we’d have to add
additional alternatives to deal with relative paths that specify a folder (in which case
the filename is optional), and relative paths that don’t specify a folder (in which case
the filename is mandatory):

\A
(?:
   (?<drive>[a-z]:|\\\\[a-z0-9_.$]+\\[a-z0-9_.$]+)\\
   (?<folder>(?:[^\\/:*?"<>|\r\n]+\\)*)
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   (?<file>[^\\/:*?"<>|\r\n]*)
|  (?<relativefolder>\\?(?:[^\\/:*?"<>|\r\n]+\\)+)
   (?<file2>[^\\/:*?"<>|\r\n]*)
|  (?<relativefile>[^\\/:*?"<>|\r\n]+)
)
\Z

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, PCRE 7, Perl 5.10, Ruby 1.9

\A
(?:
   (?P<drive>[a-z]:|\\\\[a-z0-9_.$]+\\[a-z0-9_.$]+)\\
   (?P<folder>(?:[^\\/:*?"<>|\r\n]+\\)*)
   (?P<file>[^\\/:*?"<>|\r\n]*)
|  (?P<relativefolder>\\?(?:[^\\/:*?"<>|\r\n]+\\)+)
   (?P<file2>[^\\/:*?"<>|\r\n]*)
|  (?P<relativefile>[^\\/:*?"<>|\r\n]+)
)
\Z

Regex options: Free-spacing, case insensitive
Regex flavors: PCRE 4 and later, Perl 5.10, Python

\A
(?:
   ([a-z]:|\\\\[a-z0-9_.$]+\\[a-z0-9_.$]+)\\
   ((?:[^\\/:*?"<>|\r\n]+\\)*)
   ([^\\/:*?"<>|\r\n]*)
|  (\\?(?:[^\\/:*?"<>|\r\n]+\\)+)
   ([^\\/:*?"<>|\r\n]*)
|  ([^\\/:*?"<>|\r\n]+)
)
\Z

Regex options: Free-spacing, case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

^(?:([a-z]:|\\\\[a-z0-9_.$]+\\[a-z0-9_.$]+)\\((?:[^\\/:*?"<>|\r\n]+\\)*)↵
([^\\/:*?"<>|\r\n]*)|(\\?(?:[^\\/:*?"<>|\r\n]+\\)+)([^\\/:*?"<>|\r\n]*)|↵
([^\\/:*?"<>|\r\n]+))$

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python

The price we pay for excluding zero-length strings is that we now have six capturing
groups to capture the three different parts of the path. You’ll have to look at the scenario
in which you want to use these regular expressions to determine whether it’s easier to
do an extra check for empty strings before using the regex or to spend more effort in
dealing with multiple capturing groups after a match has been found.
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If you’re using the .NET regex flavor, you can give multiple named groups the same
name. The .NET flavor is the only one that treats groups with the same name as if they
were a single capturing group. With this regex in .NET, you can simply get the match
of the folder or file group, without worrying about which of the two folder groups or
three file groups actually participated in the regex match:

\A
(?:
   (?<drive>[a-z]:|\\\\[a-z0-9_.$]+\\[a-z0-9_.$]+)\\
   (?<folder>(?:[^\\/:*?"<>|\r\n]+\\)*)
   (?<file>[^\\/:*?"<>|\r\n]*)
|  (?<folder>\\?(?:[^\\/:*?"<>|\r\n]+\\)+)
   (?<file>[^\\/:*?"<>|\r\n]*)
|  (?<file>[^\\/:*?"<>|\r\n]+)
)
\Z

Regex options: Free-spacing, case insensitive
Regex flavor: .NET

See Also
Recipes 2.9, 2.11, 3.9, and 7.18

7.20  Extract the Drive Letter from a Windows Path
Problem
You have a string that holds a (syntactically) valid path to a file or folder on a Windows
PC or network. You want to extract the drive letter, if any, from the path. For example,
you want to extract c from c:\folder\file.ext.

Solution
^([a-z]):

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
Extracting the drive letter from a string known to hold a valid path is trivial, even if you
don’t know whether the path actually starts with a drive letter. The path could be a
relative path or a UNC path.

Colons are invalid characters in Windows paths, except to delimit the drive letter. Thus,
if we have a letter followed by a colon at the start of the string, we know the letter is
the drive letter.
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The anchor ‹^› matches at the start of the string (Recipe 2.5). The fact that the caret
also matches at embedded line breaks in Ruby doesn’t matter, because valid Windows
paths don’t include line breaks. The character class ‹[a-z]› matches a single letter
(Recipe 2.3). We place the character class between a pair of parentheses (which form
a capturing group) so you can get the drive letter without the literal colon that is also
matched by the regular expression. We add the colon to the regular expression to make
sure we’re extracting the drive letter, rather than the first letter in a relative path.

See Also
Recipe 2.9 tells you all about capturing groups.

See Recipe 3.9 to learn how to retrieve text matched by capturing groups in your favorite
programming language.

Follow Recipe 7.19 if you don’t know in advance that your string holds a valid Windows
path.

7.21  Extract the Server and Share from a UNC Path
Problem
You have a string that holds a (syntactically) valid path to a file or folder on a Windows
PC or network. If the path is a UNC path, then you want to extract the name of the
network server and the share on the server that the path points to. For example, you
want to extract server and share from \\server\share\folder\file.ext.

Solution
^\\\\([a-z0-9_.$]+)\\([a-z0-9_.$]+)

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
Extracting the network server and share from a string known to hold a valid path is
easy, even if you don’t know whether the path is a UNC path. The path could be a
relative path or use a drive letter.

UNC paths begin with two backslashes. Two consecutive backslashes are not allowed
in Windows paths, except to begin a UNC path. Thus, if a known valid path begins
with two backslashes, we know that the server and share name must follow.

The anchor ‹^› matches at the start of the string (Recipe 2.5). The fact that the caret
also matches at embedded line breaks in Ruby doesn’t matter, because valid Windows
paths don’t include line breaks. ‹\\\\› matches two literal backslashes. Since the back-
slash is a metacharacter in regular expressions, we have to escape a backslahsh with
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another backslash if we want to match it as a literal character. The first character class,
‹[a-z0-9_.$]+›, matches the name of the network server. The second one, after another
literal backslash, matches the name of the share. We place both character classes be-
tween a pair of parentheses, which form a capturing group. That way you can get the
server name alone from the first capturing group, and the share name alone from the
second capturing group. The overall regex match will be \\server\share.

See Also
Recipe 2.9 tells you all about capturing groups.

See Recipe 3.9 to learn how to retrieve text matched by capturing groups in your favorite
programming language.

Follow Recipe 7.19 if you don’t know in advance that your string holds a valid Windows
path.

7.22  Extract the Folder from a Windows Path
Problem
You have a string that holds a (syntactically) valid path to a file or folder on a Windows
PC or network, and you want to extract the folder from the path. For example, you
want to extract \folder\subfolder\ from c:\folder\subfolder\file.ext or \\server
\share\folder\subfolder\file.ext.

Solution
^([a-z]:|\\\\[a-z0-9_.$]+\\[a-z0-9_.$]+)?((?:\\|^)↵
(?:[^\\/:*?"<>|\r\n]+\\)+)

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
Extracting the folder from a Windows path is a bit tricky if we want to support UNC
paths, because we can’t just grab the part of the path between backslashes. If we did,
we’d be grabbing the server and share from UNC paths too.

The first part of the regex, ‹^([a-z]:|\\\\[a-z0-9_.$]+\\[a-z0-9_.$]+)?›, skips over
the drive letter or the network server and network share names at the start of the path.
This piece of the regex consists of a capturing group with two alternatives. The first
alternative matches the drive letter, as in Recipe 7.20, and the second alternative
matches the server and share in UNC paths, as in Recipe 7.21. Recipe 2.8 explains the
alternation operator.
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The question mark after the group makes it optional. This allows us to support relative
paths, which don’t have a drive letter or network share.

The folders are easily matched with ‹(?:[^\\/:*?"<>|\r\n]+\\)+›. The character class
matches a folder name. The noncapturing group matches a folder name followed by a
literal backslash that delimits the folders from each other and from the filename. We
repeat this group one or more times. This means our regular expression will match only
those paths that actually specify a folder. Paths that specify only a filename, drive, or
network share won’t be matched.

If the path begins with a drive letter or network share, that must be followed by a
backslash. A relative path may or may not begin with a backslash. Thus, we need to
add an optional backslash to the start of the group that matches the folder part of the
path. Since we will only use our regex on paths known to be valid, we don’t have to be
strict about requiring the backslash in case of a drive letter or network share. We only
have to allow for it.

Because we require the regex to match at least one folder, we have to make sure that
our regex doesn’t match e\ as the folder in \\server\share\. That’s why we use
‹(\\|^)› rather than ‹\\?› to add the optional backslash at the start of the capturing
group for the folder.

If you’re wondering why \\server\shar might be matched as the drive and e\ as the
folder, review Recipe 2.13. Regular expression engines backtrack. Imagine this regex:

^([a-z]:|\\\\[a-z0-9_.$]+\\[a-z0-9_.$]+)?↵
((?:\\?(?:[^\\/:*?"<>|\r\n]+\\)+)

This regex, just like the regex in the solution, requires at least one nonbackslash char-
acter and one backslash for the path. If the regex has matched \\server\share for the
drive in \\server\share and then fails to match the folder group, it doesn’t just give up;
it tries different permutations of the regex.

In this case, the engine has remembered that the character class ‹[a-z0-9_.$]+›, which
matches the network share, doesn’t have to match all available characters. One char-
acter is enough to satisfy the ‹+›. The engine backtracks by forcing the character class
to give up one character, and then it tries to continue.

When the engine continues, it has two remaining characters in the subject string to
match the folder: e\. These two characters are enough to satisfy ‹(?:[^\\/:*?"<>|\r\n]
+\\)+›, and we have an overall match for the regex. But it’s not the match we wanted.

Using ‹(\\|^)› instead of ‹\\?› solves this. It still allows for an optional backslash, but
when the backslash is missing, it requires the folder to begin at the start of the string.
This means that if a drive has been matched, and thus the regex engine has proceeded
beyond the start of the string, the backslash is required. The regex engine will still try
to backtrack if it can’t match any folders, but it will do so in vain because
‹(\\|^)› will fail to match. The regex engine will backtrack until it is back at the start
of the string. The capturing group for the drive letter and network share is optional, so
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the regex engine is welcome to try to match the folder at the start of the string.
Although ‹(\\|^)› will match there, the rest of the regex will not, because ‹(?:[^\
\/:*?"<>|\r\n]+\\)+› does not allow the colon that follows the drive letter or the double
backslash of the network share.

If you’re wondering why we don’t use this technique in Recipes 7.18 and 7.19, that’s
because those regular expressions don’t require a folder. Since everything after the part
that matches the drive in those regexes is optional, the regex engine never does any
backtracking. Of course, making things optional can lead to different problems, as
discussed in Recipe 7.19.

When this regular expression finds a match, the first capturing group will hold the drive
letter or network share, and the second capturing group will hold the folder. The first
capturing group will be empty in case of a relative path. The second capturing group
will always contain at least one folder. If you use this regex on a path that doesn’t specify
a folder, the regex won’t find a match at all.

See Also
Recipe 2.9 tells you all about capturing groups.

See Recipe 3.9 to learn how to retrieve text matched by capturing groups in your favorite
programming language.

Follow Recipe 7.19 if you don’t know in advance that your string holds a valid Windows
path.

7.23  Extract the Filename from a Windows Path
Problem
You have a string that holds a (syntactically) valid path to a file or folder on a Windows
PC or network, and you want to extract the filename, if any, from the path. For example,
you want to extract file.ext from c:\folder\file.ext.

Solution
[^\\/:*?"<>|\r\n]+$

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
Extracting the filename from a string known to hold a valid path is trivial, even if you
don’t know whether the path actually ends with a filename.
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The filename always occurs at the end of the string. It can’t contain any colons or
backslashes, so it cannot be confused with folders, drive letters, or network shares,
which all use backslashes and/or colons.

The anchor ‹$› matches at the end of the string (Recipe 2.5). The fact that the
dollar also matches at embedded line breaks in Ruby doesn’t matter, because valid
Windows paths don’t include line breaks. The negated character class ‹[^\\/:*?"<>|
\r\n]+› (Recipe 2.3) matches the characters that can occur in filenames. Though the
regex engine scans the string from left to right, the anchor at the end of the regex makes
sure that only the last run of filename characters in the string will be matched, giving
us our filename.

If the string ends with a backslash, as it will for paths that don’t specify a filename, the
regex won’t match at all. When it does match, it will match only the filename, so we
don’t need to use any capturing groups to separate the filename from the rest of the path.

See Also
See Recipe 3.7 to learn how to retrieve text matched by the regular expression in your
favorite programming language.

Follow Recipe 7.19 if you don’t know in advance that your string holds a valid Windows
path.

7.24  Extract the File Extension from a Windows Path
Problem
You have a string that holds a (syntactically) valid path to a file or folder on a Windows
PC or network, and you want to extract the file extension, if any, from the path. For
example, you want to extract .ext from c:\folder\file.ext.

Solution
\.[^.\\/:*?"<>|\r\n]+$

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
We can use the same technique for extracting the file extension as we used for extracting
the whole filename in Recipe 7.23.

The only difference is in how we handle dots. The regex in Recipe 7.23 does not include
any dots. The negated character class in that regex will simply match any dots that
happen to be in the filename.
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A file extension must begin with a dot. Thus, we add ‹\.› to match a literal dot at the
start of the regex.

Filenames such as Version 2.0.txt may contain multiple dots. The last dot is the one
that delimits the extension from the filename. The extension itself should not contain
any dots. We specify this in the regex by putting a dot inside the character class. The
dot is simply a literal character inside character classes, so we don’t need to escape it.
The ‹$› anchor at the end of the regex makes sure we match .txt instead of .0.

If the string ends with a backslash, or with a filename that doesn’t include any dots,
the regex won’t match at all. When it does match, it will match the extension, including
the dot that delimits the extension and the filename.

See Also
Follow Recipe 7.19 if you don’t know in advance that your string holds a valid Windows
path.

7.25  Strip Invalid Characters from Filenames
Problem
You want to strip a string of characters that aren’t valid in Windows filenames. For
example, you have a string with the title of a document that you want to use as the
default filename when the user clicks the Save button the first time.

Solution

Regular expression
[\\/:"*?<>|]+

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Replacement

Leave the replacement text blank.

Replacement text flavors: .NET, Java, JavaScript, PHP, Perl, Python, Ruby

Discussion
The characters \/:"*?<>| are not valid in Windows filenames. These characters are
used to delimit drives and folders, to quote paths, or to specify wildcards and redirec-
tion on the command line.
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We can easily match those characters with the character class ‹[\\/:"*?<>|]›. The
backslash is a metacharacter inside character classes, so we need to escape it with
another backslash. All the other characters are always literal characters inside character
classes.

We repeat the character class with a ‹+› for efficiency. This way, if the string contains
a sequence of invalid characters, the whole sequence will be deleted at once, rather than
character by character. You won’t notice the performance difference when dealing with
very short strings, such as filenames, but it is a good technique to keep in mind when
you’re dealing with larger sets of data that are more likely to have longer runs of char-
acters that you want to delete.

Since we just want to delete the offending characters, we run a search-and-replace with
the empty string as the replacement text.

See Also
Recipe 3.14 explains how to run a search-and-replace with a fixed replacement text in
your favorite programming language.
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CHAPTER 8

Markup and Data Interchange

This final chapter focuses on common tasks that come up when working with an as-
sortment of common markup languages and formats: HTML, XHTML, XML, CSV,
and INI. Although we’ll assume at least basic familiarity with these technologies, a brief
description of each is included at the start of the chapter to make sure we’re on the
same page before digging in. The descriptions here concentrate on the basic syntax
rules needed to correctly search through the data structures of each format. Other
details will be introduced as we encounter relevant issues.

Although it’s not always apparent on the surface, some of these formats can be sur-
prisingly complex to process and manipulate accurately, at least using regular expres-
sions. It’s usually best to use dedicated parsers and APIs instead of regular expressions
when performing many of the tasks in this chapter, especially if accuracy is critical (e.g.,
if your processing might have security implications). Nevertheless, these recipes show
useful techniques that can be used with many quick processing tasks.

So let’s look at what we’re up against. Many of the difficulties we’ll encounter through-
out this chapter involve how we should handle cases that deviate from the following
rules in expected or unexpected ways.

Hypertext Markup Language (HTML)
HTML is used to describe the structure, semantics, and appearance of billions of
web pages and other documents. It’s common to want to process HTML using
regular expressions, but you should know up front that the language is poorly
suited to the rigidity and precision of regular expressions. This is especially true of
the bastardized HTML that is common on many web pages, thanks in part to the
extreme tolerance for poorly constructed HTML that web browsers are known for.
In this chapter we’ll concentrate on the rules needed to process the key components
of well-formed HTML: elements (and the attributes they contain), character ref-
erences, comments, and document type declarations. This book covers HTML
4.01, which was finalized in 1999 and remains the latest finalized version of the
standard as of this writing.

411



The basic HTML building blocks are called elements. Elements are written using 
tags, which are surrounded by angle brackets. Elements are classified as either
block-level (e.g., paragraphs, headings, lists, tables, and forms) or inline (e.g., hy-
perlinks, citations, italics, and form input controls). Elements usually have both a
start tag (e.g., <html>) and end tag (</html>). An element’s start tag may contain
attributes, which are described later. Between the tags is the element’s content,
which can be composed of text and other elements or left empty. Elements may
be nested, but cannot overlap (e.g., <div><div></div></div> is OK, but not
<div><span></div></span>). For some elements (such as <p>, which marks a para-
graph), the end tag is optional. Elements with an optional end tag are automatically
closed by the start of new block-level elements. A few elements (including <br>,
which terminates a line) cannot contain content, and never use an end tag. How-
ever, an empty element may still contain attributes. HTML element names start
with a letter from A–Z. All valid elements use only letters and numbers in their
names. Element names are not case-sensitive.

<script> and <style> elements warrant special consideration because they let you
embed scripting language code and stylesheets in your document. These elements
end after the first occurrence of </style> or </script>, even if it appears within a
comment or string inside the style or scripting language.

Attributes appear within an element’s start tag after the element name, and are
separated by one or more whitespace characters. Most attributes are written as
name-value pairs. Thus, the following example shows an <a> (anchor) element with
two attributes and the content “Click me!”:

<a href="http://www.regexcookbook.com"
    title = 'Regex Cookbook'>Click me!</a>

As shown here, an attribute’s name and value are separated by an equals sign and
optional whitespace. The value is enclosed with single or double quotes. To use
the enclosing quote type within the value, you must use a character reference (de-
scribed next). The enclosing quote characters are not required if the value contains
only the characters A–Z, a–z, 0–9, underscore, period, colon, and hyphen (written
in regex, that’s ‹^[-.0-9:A-Z_a-z]+$›). A few attributes (such as the selected
and checked attributes used with some form elements) affect the element that con-
tains them simply by their presence, and do not require a value. In these cases, the
equals sign that separates an attribute’s name and value is also omitted. Alterna-
tively, these “minimized” attributes may reuse their name as their value
(e.g., selected="selected"). Attribute names start with a letter from A–Z. All valid
attributes use only letters and hyphens in their names. Attributes may appear in
any order, and their names are not case-sensitive.

HTML version 4 defines 252 character entity references and more than a million
numeric character references (collectively, we’ll call these character references).
Numeric character references refer to a character by its Unicode code point, and
use the format &#nnnn; or &#xhhhh;, where nnnn is one or more decimal digits
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from 0–9 and hhhh is one or more hexadecimal digits from 0–9 and A–F
(case-insensitive). Character entity references are written as &entityname; (case-
sensitive, unlike most other aspects of HTML), and are especially helpful when
entering literal characters that are sensitive in some contexts, such as angle brackets
(&lt; and &gt;), double quotes (&quot;), and ampersand (&amp;).

Also common is the &nbsp; entity (no-break space, position 0xA0), which is par-
ticularly useful since all occurrences of this character are rendered, even when they
appear in sequence. Spaces, tabs, and line breaks are all normally rendered as a
single space character, even if many of them are entered in a row. The ampersand
character (&) cannot be used outside of character references.

HTML comments have the following syntax:

<!-- this is a comment -->
<!-- so is this, but this comment
    spans more than one line -->

Content within comments has no special meaning, and is hidden from view by
most user agents. Whitespace is allowed between the closing -- and >. For com-
patibility with ancient (pre-1995) browsers, some people surround the content of
<script> and <style> elements with an HTML comment. Modern browsers ignore
these comments and process the script or style content normally.

Finally, HTML documents often start with a document type declaration (informally,
a “DOCTYPE”), which identifies a machine-readable specification of the permitted
and prohibited content for the document. The DOCTYPE looks a bit similar to an
HTML element, as shown in the following line used with documents wishing to
conform to the HTML 4.01 Strict definition:

<!DOCTYPE html PUBLIC "-//W3C//DTD HTML 4.01//EN"
    "http://www.w3.org/TR/html4/strict.dtd">

So, that’s the physical structure of an HTML document in a nutshell. Be aware that
real-world HTML is often rife with deviations from these rules that most browsers
are happy to accommodate. Beyond these basics, each element has restrictions on
the content and attributes that may appear within it in order for an HTML docu-
ment to be considered valid. Such content rules are beyond the scope of this book,
but O’Reilly’s HTML & XHTML: The Definitive Guide by Chuck Musciano and
Bill Kennedy is a good source if you need more information.

Because the structure of HTML is very similar to XHTML and XML
(both described next), many regular expressions in this chapter are
written to support all three markup languages.
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Extensible Hypertext Markup Language (XHTML)
XHTML was designed as the successor to HTML 4.01, and migrates HTML from
its SGML heritage to an XML foundation. However, development of HTML is now
continuing separately, and thus XHTML is more accurately considered an alter-
native to HTML. This book covers XHTML 1.0 and 1.1. Although these versions
of the standard are mostly backward-compatible with HTML, there are a few key
differences from the HTML structure we’ve just described:

• XHTML documents may start with an XML declaration such as <?xml
version="1.0" encoding="UTF-8"?>.

• Nonempty elements must have a closing tag. Empty elements must either use a
closing tag or end with />.

• Element and attribute names are case-sensitive and use lowercase.

• Due to the use of XML namespace prefixes, element and attribute names may
include a colon, in addition to the characters found in HTML names.

• Unquoted attribute values are not allowed. Attribute values must be enclosed
in single or double quotes.

• Attributes must have an accompanying value.

There are a number of other differences between HTML and XHTML that mostly
affect edge cases and error handling, but generally they do not affect the regexes
in this chapter. For more on the differences between HTML and XHTML,
see http://www.w3.org/TR/xhtml1/#diffs and http://wiki.whatwg.org/wiki/HTML
_vs._XHTML.

Because the syntax of XHTML is very similar to HTML and is
formed from XML, many regular expressions in this chapter are
written to support all three of these markup languages. Recipes that
refer to “(X)HTML” handle HTML and XHTML equally. You
usually cannot depend on a document using only HTML or
XHTML conventions, since mix-ups are common and web brows-
ers generally don’t mind.

Extensible Markup Language (XML)
XML is a general-purpose language designed primarily for sharing structured data.
It is used as the foundation to create a wide array of markup languages, including
XHTML, which we’ve just discussed. This book covers XML versions 1.0 and 1.1.
A full description of XML features and grammar is beyond the scope of this book,
but for our purposes, there are only a few key differences from the HTML structure
we’ve already described:

• XML documents may start with an XML declaration such as <?xml
version="1.0" encoding="UTF-8"?>, and may contain other, similarly formatted
processing instructions. For example, <?xml-stylesheet type="text/xsl"
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href="transform.xslt"?> specifies that the XSL transformation file
transform.xslt should be applied to the document.

• The DOCTYPE may include internal markup declarations within square brack-
ets. For example:

<!DOCTYPE example [
  <!ENTITY copy "&#169;">
  <!ENTITY copyright-notice "Copyright &copy; 2008, O'Reilly Media">
]>

• CDATA sections are used to escape blocks of text. They begin with the string
<![CDATA[ and end with the first occurrence of ]]>.

• Nonempty elements must have a closing tag. Empty elements must either use a
closing tag or end with />.

• XML names (which govern the rules for element, attribute, and entity reference
names) are case-sensitive, and may use a large group of Unicode characters. The
allowed characters include A–Z, a–z, colon (:), and underscore (_), as well as
0–9, hyphen (-), and period (.) after the first character. See Recipe 8.4 for more
precise details.

• Unquoted attribute values are not allowed. Attribute values must be enclosed
in single or double quotes.

• Attributes must have an accompanying value.

There are many other rules that must be adhered to when authoring well-formed
XML documents, or if you want to write your own conforming XML parser. How-
ever, the rules we’ve just described (appended to the structure we’ve already out-
lined for HTML documents) are generally enough for simple regex searches.

Because the structure of XML is very similar to HTML and forms
the basis of XHTML, many regular expressions in this chapter are
written to support all three markup languages. Recipes that refer
to “XML-style” markup handle XML, XHTML, and HTML
equally.

Comma-Separated Values (CSV)
CSV is an old but still very common file format used for spreadsheet-like data. The
CSV format is supported by most spreadsheets and database management systems,
and is especially popular for exchanging data between applications. Although there
is no official CSV specification, an attempt at a common definition was published
in October 2005 as RFC 4180 and registered with IANA as MIME type “text/csv”.
Before this RFC was published, the CSV conventions used by Microsoft Excel had
been established as more or less a de facto standard. Since the RFC specifies rules
that are very similar to those used by Excel, this doesn’t present much of a problem.
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This chapter covers the CSV formats specified by RFC 4180 and used by Microsoft
Excel 2003 and later.

As the name suggests, CSV files contain a list of values, or fields, separated by
commas. Each row, or record, appears on its own line. The last field in a record is
not followed by a comma. The last record in a file may or may not be followed by
a line break. Throughout the entire file, each record should have the same number
of fields.

The value of each CSV field may be unadorned or enclosed with double quotes.
Fields also may be entirely empty. Any field that contains commas, double quotes,
or line breaks must be enclosed in double quotes. A double quote appearing inside
a field is escaped by preceding it with another double quote.

The first record in a CSV file is sometimes used as a header with the names of each
column. This cannot be programmatically determined from the content of a CSV
file alone, so some applications prompt the user to decide how the first row should
be handled.

RFC 4180 specifies that leading and trailing spaces in a field are part of the value.
Some older versions of Excel ignored these spaces, but Excel 2003 and later follow
the RFC on this point. The RFC does not specify error handling for unescaped
double quotes or pretty much anything else. Excel’s handling can be a bit unpre-
dictable in edge cases, so it’s important to ensure that double quotes are escaped,
fields containing double quotes are themselves enclosed with double quotes, and
quoted fields do not contain leading or trailing spaces outside of the quotes.

The following CSV example demonstrates many of the rules we’ve just discussed.
It contains two records with three fields each:

aaa,b b,"""c"" cc"
1,,"333, three,
still more threes"

Table 8-1 shows how the CSV content just shown would be displayed in a table.

Table 8-1. Example CSV output

aaa b b "c" cc

1 (empty) 333, three,
still more threes

Although we’ve described the CSV rules observed by the chapters in this recipe,
there is a fair amount of variation in how different programs read and write CSV
files. Many applications even allow files with the “csv” extension to use any de-
limiter, not just commas. Other common variations include how commas (or other
field delimiters), double quotes, and line breaks are embedded within fields, and
whether leading and trailing whitespace in unquoted fields is ignored or treated as
literal text.
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Initialization files (INI)
The lightweight INI file format is commonly used for configuration files. It is poorly
defined, and as a result, there is plenty of variation in how the format is interpreted
by different programs and systems. The regexes in this chapter adhere to the most
common INI file conventions, which we’ll describe here.

INI file parameters are name-value pairs, separated by an equals sign and optional
spaces or tabs. Values may be enclosed in single or double quotes, which allows
them to contain leading and trailing whitespace and other special characters.

Parameters may be grouped into sections, which start with the section’s name en-
closed in square brackets on its own line. Sections continue until either the next
section declaration or the end of the file. Sections cannot be nested.

A semicolon marks the start of a comment, which continues until the end of the
line. A comment may appear on the same line as a parameter or section declaration.
Content within comments has no special meaning.

Following is an example INI file with an introductory comment (noting when the
file was last modified), two sections (“user” and “post”), and a total of three pa-
rameters (“name”, “title”, and “content”):

; last modified 2008-12-25

[user]
name=J. Random Hacker

[post]
title = Regular Expressions Rock!
content = "Let me count the ways..."

8.1  Find XML-Style Tags
Problem
You want to match any HTML, XHTML, or XML tags in a string, in order to remove,
modify, count, or otherwise deal with them.

Solution
The most appropriate solution depends on several factors, including the level of accu-
racy, efficiency, and tolerance for erroneous markup that is acceptable to you. Once
you’ve determined the approach that works for your needs, there are any number of
things you might want to do with the results. But whether you want to remove the tags,
search within them, add or remove attributes, or replace them with alternative markup,
the first step is to find them.
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Be forewarned that this will be a long recipe, fraught with subtleties, exceptions, and
variations. If you’re looking for a quick fix and are not willing to put in the effort to
determine the best solution for your needs, you might want to jump to the section
“(X)HTML tags (loose)” of this recipe, which offers a decent mix of tolerance versus
precaution.

Quick and dirty

This first solution is simple and more commonly used than you might expect, but it’s
included here mostly for comparison and examination of its flaws. It may be good
enough when you know exactly what type of content you’re dealing with and are not
overly concerned about the consequences of incorrect handling. This regex starts by
matching <, then simply continues until the first >:

<[^>]*>
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Allow > in attribute values

This next regex is again rather simplistic and does not handle all cases correctly. How-
ever, it might work well for your needs if it will be used to process only snippets of valid
(X)HTML. It’s advantage over the previous regex is that it correctly passes over > char-
acters that appear within attribute values:

<(?:[^>"']|"[^"]*"|'[^']*')*>
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Here is the same regex, with added whitespace and comments for readability:

<
(?: [^>"']   # Non-quoted character, or...
  | "[^"]*"  # Double-quoted attribute value, or...
  | '[^']*'  # Single-quoted attribute value
)*
>

Regex options: Free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

The two regexes just shown work identically, so you can use whichever you prefer.
JavaScripters are stuck with the first option since JavaScript lacks a free-spacing option.

(X)HTML tags (loose)

In addition to supporting > characters embedded in attribute values, this next
regex emulates the lenient rules for (X)HTML tag names that browsers generally im-
plement. This lets the regex avoid content that does not look like a tag, including com-
ments, DOCTYPEs, and unencoded < characters in text. It uses the same handling for
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attributes and other stray characters that may appear inside a tag as the previous regex,
but it adds special handling for the tag name. Specifically, it requires that the name
begin with an English letter. The tag name is captured to backreference 1 in case you
need to refer back to it:

</?([A-Za-z][^\s>/]*)(?:[^>"']|"[^"]*"|'[^']*')*>
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

And in free-spacing mode:

<
/?                  # Permit closing tags
([A-Za-z][^\s>/]*)  # Capture the tag name to backreference 1
(?: [^>"']          # Non-quoted character, or...
  | "[^"]*"         # Double-quoted attribute value, or...
  | '[^']*'         # Single-quoted attribute value
)*
>

Regex options: Free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

The last two regexes work identically, although the latter cannot be used in JavaScript,
since it lacks a free-spacing option.

(X)HTML tags (strict)

This regex is more complicated than those we’ve already seen in this recipe, because it
actually follows the rules for (X)HTML tags explained in the introductory section of
this chapter. This is not always desirable, since browsers don’t strictly adhere to these
rules. In other words, this regex will avoid matching content that does not look like
valid (X)HTML tags, at the cost of possibly not matching some content that browsers
would in fact interpret as a tag (e.g., if your markup uses an attribute name that includes
characters not accounted for here, or if attributes are included in a closing tag). Both
HTML and XHTML tag rules are handled together since it is common for their con-
ventions to be mixed. The tag name is captured to backreference 1 or 2 (depending on
whether it is an opening or closing tag), in case you need to refer back to it:

<(?:([A-Z][-:A-Z0-9]*)(?:\s+[A-Z][-:A-Z0-9]*(?:\s*=\s*(?:"[^"]*"|↵
'[^']*'|[-.:\w]+))?)*\s*/?|/([A-Z][-:A-Z0-9]*)\s*)>

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

To make it a little less cryptic, here is the same regex in free-spacing mode with
comments:

<                     #
(?:                   # Branch for opening tags...
  ([A-Z][-:A-Z0-9]*)  #   Capture the opening tag name to backreference 1
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  (?:                 #   Permit zero or more attributes...
    \s+               #   ...separated by whitespace
    [A-Z][-:A-Z0-9]*  #     Attribute name
    (?:               #
      \s*=\s*         #     Attribute name-value delimiter
      (?: "[^"]*"     #       Double-quoted attribute value
        | '[^']*'     #       Single-quoted attribute value
        | [-.:\w]+    #       Unquoted attribute value (HTML)
      )               #
    )?                #     Permit attributes without a value (HTML)
  )*                  #
  \s*                 #   Permit trailing whitespace
  /?                  #   Permit self-closed tags (XHTML)
 |                    # Branch for closing tags...
  /                   #
  ([A-Z][-:A-Z0-9]*)  #   Capture the closing tag name to backreference 2
  \s*                 #   Permit trailing whitespace
)                     #
>                     #

Regex options: Case insensitive, free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

XML tags (strict)

XML is a very precisely specified language, and requires that user agents strictly adhere
to and enforce its rules. This is a stark change from HTML and the commonly used,
long-suffering browsers that process it:

<(?:([_:A-Z][-.:\w]*)(?:\s+[_:A-Z][-.:\w]*\s*=\s*(?:"[^"]*"|'[^']*'))*\s*↵
/?|/([_:A-Z][-.:\w]*)\s*)>

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Once again, here is the same regex in free-spacing mode with added comments:

<                    #
(?:                  # Branch for opening tags...
  ([_:A-Z][-.:\w]*)  #   Capture the opening tag name to backreference 1
  (?:                #   Permit zero or more attributes...
    \s+              #   ...separated by whitespace
    [_:A-Z][-.:\w]*  #     Attribute name
    \s*=\s*          #     Attribute name-value delimiter
    (?: "[^"]*"      #       Double-quoted attribute value
      | '[^']*'      #       Single-quoted attribute value
    )                #
  )*                 #
  \s*                #   Permit trailing whitespace
  /?                 #   Permit self-closed tags
 |                   # Branch for closing tags...
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  /                  #
  ([_:A-Z][-.:\w]*)  #   Capture the closing tag name to backreference 2
  \s*                #   Permit trailing whitespace
)                    #
>                    #

Regex options: Case insensitive, free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Like the previous two solutions shown for (X)HTML tags, these regexes capture the
tag name to backreference 1 or 2, depending on whether an opening or closing tag is
matched. The XML tag regex is a little shorter than the (X)HTML versions since it
doesn’t have to deal with HTML-only syntax (minimized attributes and unquoted val-
ues). It also allows a wider range of characters to be used for element and attribute
names.

Discussion

A few words of caution

Although it’s common to want to match XML-style tags using regular expressions,
doing it safely requires balancing trade-offs and thinking carefully about the data you’re
working with. Because of these difficulties, some people choose to forgo the use of
regular expressions for any sort of XML or (X)HTML processing in favor of specialized
parsers and APIs. That’s an approach you should strongly consider, since such tools
are typically optimized to perform their designated tasks quickly, and they include
robust detection or handling for incorrect markup. In browser-land, for example, it’s
usually best to take advantage of the tree-based Document Object Model (DOM) for
your HTML search and manipulation needs. Elsewhere, you might be well-served by
a SAX parser or XPath. However, you may occasionally find places where regex-based
solutions make a lot of sense and work perfectly fine.

With that disclaimer out of the way, let’s examine the regexes we’ve already seen in
this recipe. The first two solutions are overly simplistic for most cases, but handle XML-
style markup languages equally. The latter three follow stricter rules and are tailored
to their respective markup languages. Even in the latter solutions, however, HTML and
XHTML tag conventions are handled together since it’s common for them to be mixed,
often inadvertently. For example, an author may use an XHTML-style, self-closing
<br /> tag in an HTML document, or incorrectly use an uppercase element name in a
document with an XHTML DOCTYPE.

Quick and dirty

The advantage of this solution is its simplicity, which makes it easy to remember and
type, and also fast to run. The trade-off is that it incorrectly handles certain valid and
invalid XML and (X)HTML constructs. If you’re working with markup you wrote
yourself and know that such cases will never appear in your subject text, or if you are
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not concerned about the consequences if they do, this trade-off might be OK. Another
example of where this solution might be good enough is when you’re working with a
text editor that lets you preview regex matches.

The regex starts off by finding a literal ‹<› character (the start of a tag). It then uses a
negated character class and greedy asterisk quantifier ‹[^>]*› to match zero or more
following characters that are not >. This takes care of matching the name of the tag,
attributes, and a leading or trailing /. We could use a lazy quantifier (‹[^>]*?›) instead,
but that wouldn’t change anything other than making the regex a tiny bit slower since
it would cause more backtracking (Recipe 2.13 explains why). To end the tag, the regex
then matches a literal ‹>›.
If you prefer to use a dot instead of the negated character class ‹[^>]›, go for it. A dot
will work fine as long as you also use a lazy asterisk along with it (‹.*?›) and make sure
to enable the “dot matches line breaks” option (in JavaScript, you could use ‹[\s
\S]*?› instead). A dot with a greedy asterisk (making the full pattern ‹<.*>›) would
change the regex’s meaning, causing it to incorrectly match from the first < until the
very last > in the subject string, even if the regex has to swallow multiple tags along the
way in order to do so.

It’s time for a few examples. This regex matches each of the following lines in full:

<div>
</div>
<div class="box">
<div id="pandoras-box" class="box" />
<!-- comment -->
<!DOCTYPE html>
<< < w00t! >
<>

Notice that the pattern matches more than just tags. Worse, it will not correctly match
the entire tags in the subject strings <input type="button" value=">>"> or <input
type="button" onclick="alert(2 > 1)">. Instead, it will only match until the first > that
appears within the attribute values. It will have similar problems with comments, XML
CDATA sections, DOCTYPEs, code within <script> elements, and anything else that
contains embedded > symbols.

If you’re processing anything more than the most basic markup, especially if the subject
text is coming from mixed or unknown sources, you will be better served by one of the
more robust solutions further along in this recipe.

Allow > in attribute values

Like the quick and dirty regex we’ve just described, this next one is included primarily
to contrast it with the later, more robust solutions. Nevertheless, it covers the basics
needed to match XML-style tags, and thus it might work well for your needs if it will
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be used to process snippets of valid markup that include only elements and text. The
difference from the last regex is that it passes over > characters that appear within
attribute values. For example, it will correctly match the entire <input> tags in the
example subject strings we’ve previously shown: <input type="button" value=">>">
and <input type="button" onclick="alert(2 > 1)">.

As before, the regex uses literal angle bracket characters at the edges of the regex to
match the start and end of a tag. In between, it repeats a noncapturing group containing
three alternatives, each separated by the ‹|› alternation metacharacter.

The first alternative is the negated character class ‹[^>"']›, which matches any single
character other than a right angle bracket (which closes the tag), double quote, or single
quote (both quote marks indicate the start of an attribute value). This first alternative
is responsible for matching the tag and attribute names as well as any other characters
outside of quoted values. The order of the alternatives is intentional, and written with
performance in mind. Regular expression engines attempt alternative paths through a
regex from left to right, and attempts at matching this first option will most likely
succeed more often than the alternatives for quoted values (especially since it matches
only one character at a time).

Next come the alternatives for matching double and single quoted attribute values
(‹"[^"]*"› and ‹'[^']*'›). Their use of negated character classes allows them to con-
tinue matching past any included > characters, line breaks, and anything else that isn’t
a closing quote mark.

Note that this solution has no special handling that allows it to exclude or properly
match comments and other special nodes in your documents. Make sure you’re familiar
with the kind of content you’re working with before putting this regex to use.

A (Safe) Efficiency Optimization
After reading this section, you might think you could make the regex a bit faster by
adding a ‹*› or ‹+› quantifier after the leading negated character class (‹[^>"']›). At
positions within the subject string where the regex finds matches, you’d be right. By
matching more than one character at a time, you’d let the regex engine skip a lot of
unnecessary steps on the way to a successful match.

What might not be as readily apparent is the negative consequence such a change could
lead to in places where the regex engine finds only a partial match. When the regex
matches an opening < character but there is no following > that would allow the match
attempt to complete successfully, you’ll run into the “catastrophic backtracking” prob-
lem described in Recipe 2.15. This is because of the huge number of ways the new,
inner quantifier could be combined with the outer quantifier (following the noncap-
turing group) to match the text that follows <, all of which the engine must try before
giving up on the match attempt. Watch out!
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With regex flavors that support possessive quantifiers or atomic groups (JavaScript and
Python have neither), it’s possible to avoid this problem while still gaining the per-
formance advantage of matching more than one nonquoted character at a time. In fact,
we can go further and reduce potential backtracking elsewhere in the regex as well. If
the regex flavor you’re using supports both features, possessive quantifiers (shown here
in the second regex) are the better option since they keep the regex shorter and more
readable.

With atomic groups:

<(?>(?:(?>[^>"']+)|"[^"]*"|'[^']*')*)>
Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Ruby

With possessive quantifiers:

<(?:[^>"']++|"[^"]*"|'[^']*')*+>
Regex options: None
Regex flavors: Java, PCRE, Perl 5.10, Ruby 1.9

(X)HTML tags (loose)

Via a simple addition, this regex gets a lot closer to emulating the easygoing rules that
web browsers use to identify (X)HTML tags in source code. That makes it a good
solution in cases where you’re trying to copy browser behavior and don’t care whether
the tags you match actually follow all the rules for valid markup. Keep in mind that it’s
still possible to create horrifically invalid HTML that this regex will not handle in the
same way as one or more browsers, since browsers parse edge cases of erroneous mark-
up in their own, unique ways.

This regex’s most significant difference from the previous solution is that it requires
the character following the opening left angle bracket (<) to be a letter from A–Z or a–
z, optionally preceded by / (for closing tags). This constraint rules out matching stray,
unencoded < characters in text, as well as comments, DOCTYPEs, XML declarations
and processing instructions, CDATA sections, etc. That doesn’t protect it from match-
ing something that looks like a tag within comments, scripting language code, the con-
tent of <textarea> elements, and so on. The upcoming section, “Skip tricky (X)HTML
and XML sections” on page 428, shows a workaround for this issue. But first, let’s
look at how this regex works.

‹<› starts off the match with a literal left angle bracket. The ‹/?› that follows allows an
optional forward slash, for closing tags. Next comes the capturing group ‹([A-Za-z]
[^\s>/]*)›, which matches the tag’s name and remembers it as backreference 1. If you
don’t need to refer back to the tag name (e.g., if you’re simply removing all tags), you
can remove the capturing parentheses (just don’t get rid of the pattern within them).
Within the group are two character classes. The first, ‹[A-Za-z]›, sets the tag name’s
initial-character rule. The next class, ‹[^\s>/]›, allows nearly any characters to follow
as part of the name. The only exceptions are whitespace (‹\s›, which separates the tag
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name from any following attributes), > (which ends the tag), and / (used before the
closing > for XHTML-style singleton tags). Any other characters (even including quote
marks) are treated as part of the tag’s name. That might seem a bit overly permissive,
but it’s how most browsers operate. Bogus tags might not have any effect on the way
a page is rendered, but they neverthess become accessible via the DOM tree and are
not rendered as text, although any content within them will show up.

After the tag name comes the attribute handling, which is taken directly out of the
previous regex: ‹(?:[^>"']|"[^"]*"|'[^']*')*›. Add a right angle bracket to finish the
tag, and we’re done.

The following regexes show how this pattern can be tweaked to match only opening,
closing, or singleton (self-closing) tags:

Opening tags

<([A-Za-z][^\s>/]*)(?:[^>"'/]|"[^"]*"|'[^']*')*>
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

This version adds a forward slash (/) within the first negated character class in the
noncapturing group, to prevent forward slashes from occuring anywhere other
than within quoted attribute values.

Singleton tags

<([A-Za-z][^\s>/]*)(?:[^>"']|"[^"]*"|'[^']*')*/>
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Here, we’ve added a required forward slash just before the closing right angle
bracket.

Opening and singleton tags

<([A-Za-z][^\s>/]*)(?:[^>"']|"[^"]*"|'[^']*')*>
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

There is no addition here. Instead, the ‹/?› that appeared after the the opening
‹<› in the original regex has been removed.

Closing tags

</([A-Za-z][^\s>/]*)(?:[^>"']|"[^"]*"|'[^']*')*>
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

The forward slash after the opening left angle bracket has been made a required
part of the match here. Note that we are intentionally allowing attributes inside
closing tags, since this is based on the “loose” solution. Although browsers don’t
use attributes that occur in closing tags, they don’t mind if such attributes exist.
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The sidebar “A (Safe) Efficiency Optimization” on page 423 showed how to improve
performance when matching tags through the use of atomic groups or possessive quan-
tifiers. This time around, the potential performance improvement is even greater since
the characters that can be matched by the ‹[^\s>/]› character class overlaps with the
latter part of the regex, thereby providing lots of pattern combinations to try before the
regex engine can give up on a partial match.

If atomic groups or possessive quantifiers are available in the regex flavor you’re using,
you may get significantly better performance by taking advantage of them here. The
following changes can also be transferred to the opening/closing/singleton-specific
regexes just shown:

</?([A-Za-z](?>[^\s>/]*))(?>(?:(?>[^>"']+)|"[^"]*"|'[^']*')*)>
Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Ruby

</?([A-Za-z][^\s>/]*+)(?:[^>"']++|"[^"]*"|'[^']*')*+>
Regex options: None
Regex flavors: Java, PCRE, Perl 5.10, Ruby 1.9

(X)HTML tags (strict)

By saying that this solution is strict, we mean that it attempts to follow the HTML and
XHTML syntax rules explained in the introductory section of this chapter, rather than
emulating the rules browsers actually use when parsing the source code of a document.
This strictness adds the following rules compared to the previous regexes:

• Both tag and attribute names must start with a letter from A–Z or a–z, and their
names may only use the characters A–Z, a–z, 0–9, hyphen, and colon (in regex,
that’s ‹^[-:A-Za-z0-9]+$›).

• Inappropriate, stray characters are not allowed after the tag name. Only white-
space, attributes (with or without an accompanying value), and optionally a trailing
forward slash (/) may appear after the tag name.

• Unquoted attribute values may only use the characters A–Z, a–z, 0–9, underscore,
hyphen, period, and colon (in regex, ‹^[-.:A-Za-z0-9_]+$›).

• Closing tags cannot include attributes.

Since the pattern is split into two branches (the first for opening and singleton tags,
and the second for closing tags), the tag name is captured to either backreference 1 or
2, depending on what type of tag is matched. Both sets of capturing parentheses may
be removed if you have no need to refer back to the tag names.

In the following examples, the two branches of the pattern are separated into their own
regexes. Both capture the tag name to backreference 1:
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Opening and singleton tags

<([A-Z][-:A-Z0-9]*)(?:\s+[A-Z][-:A-Z0-9]*(?:\s*=\s*↵
(?:"[^"]*"|'[^']*'|[-.:\w]+))?)*\s*/?>

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

The ‹/?› that appears just before the closing ‹>› is what allows this regex to match
both opening and singleton tags. Remove it to match only opening tags. Remove
just the question mark quantifier (making the ‹/› required), and it will only match
singleton tags.

Closing tags

</([A-Z][-:A-Z0-9]*)\s*>
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

In the last couple of sections, we’ve shown how to get a potential performance boost
by adding atomic groups or possessive quantifiers. The strictly defined paths through
this regex means that there is no potential to match the same strings more than one
way, and therefore less potential backtracking to worry about. This regex doesn’t
rely on backtracking, so if you wanted to, you could make every last ‹*›, ‹+›, and ‹?›
quantifier possessive (or achieve the same effect using atomic groups). Although that
could only help, we’re going to skip such variations for this (and the next) regex, to try
to keep the crazy amount of options in this recipe under control.

See “Skip tricky (X)HTML and XML sections” on page 428 for a way to avoid matching
tags within comments, <script> tags, and so on.

XML tags (strict)

XML precludes the need for a “loose” solution through its precise specification and
requirement that conforming parsers do not process markup that is not well-formed.
Although you could use one of the preceding regexes when processing XML docu-
ments, their simplicity won’t give you the advantage of actually providing a more reli-
able search, since there is no loose XML user agent behavior to emulate.

This regex is basically a simpler version of the “(X)HTML tags (strict)” regex, since
we’re able to remove support for two HTML features that are not allowed in XML:
unquoted attribute values and minimized attributes (attributes without an accompa-
nying value). The only other difference is the characters that are allowed as part of the
tag and attribute names. In fact, the rules for XML names (which govern the require-
ments for both tag and attribute names) are more permissive than shown here, allowing
hundreds of thousands of additional Unicode characters. If you need to allow these
characters in your search, you can replace the three occurrences of ‹[_:A-Z][-.:\w]*›
with one of the patterns found in Recipe 8.4. Note that the list of characters allowed
differs depending on the version of XML in use.
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As with the (X)HTML regexes, the tag name is captured to backreference 1 or 2, de-
pending on whether an opening/singleton or closing tag is matched. And once again,
you can remove the capturing parentheses if you don’t need to refer back to the tag
names.

In the following examples, the two branches of the pattern are separated into their own
regexes. As a result, both regexes capture the tag name to backreference 1:

Opening and singleton tags

<([_:A-Z][-.:\w]*)(?:\s+[_:A-Z][-.:\w]*\s*=\s*↵
(?:"[^"]*"|'[^']*'))*\s*/?>

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

The ‹/?› that appears just before the closing ‹>› is what allows this regex to match
both opening and singleton tags. Remove it to match only opening tags. Remove
just the question mark quantifier, and it will match only singleton tags.

Closing tags

</([_:A-Z][-.:\w]*)\s*>
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

See the section “Skip tricky (X)HTML and XML sections” for a way to avoid matching
tags within comments, CDATA sections, and DOCTYPEs.

Skip tricky (X)HTML and XML sections

When trying to match XML-style tags within a source file or string, much of the battle
is avoiding content that looks like a tag, even though its placement or other context
precludes it from being interpreted as a tag. The (X)HTML- and XML-specific regexes
we’ve shown in this recipe avoid some problematic content by restricting the initial
character of an element’s name. Some went even further, requiring tags to fulfill the
(X)HTML or XML syntax rules. Still, a robust solution requires that we also avoid any
content that appears within comments, scripting language code (which may use
greater-than and less-than symbols for mathematical operations), XML CDATA sec-
tions, and various other constructs. We can solve this issue by first searching for these
problematic sections, and then searching for tags only in the content outside of those
matches.

Recipe 3.18 shows how to write code that searches between matches of another regex.
It takes two patterns: an inner regex and outer regex. The solutions we’ve already shown
will serve as our inner regex. The outer regex is shown next, with separate patterns for
(X)HTML and XML. This approach hides the problematic sections from the inner
regex’s view, and thereby lets us keep things relatively simple.
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The following regex matches comments as well as <script>,
<style>, <textarea>, and <xmp>* elements (including their content):

<!--.*?--\s*>|<(script|style|textarea|xmp)\b(?:[^>"']|"[^"]*"|↵
'[^']*')*?(?:/>|>.*?</\1\s*>)

Regex options: Case insensitive, dot matches line breaks
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

In case that’s not the most readable line of code you’ve ever read, here is the regex again
in free-spacing mode, with a few comments added:

# Comment
<!-- .*? --\s*>

|

# Special element and its content
<( script | style | textarea | xmp )\b
    (?: [^>"']   # Non-quoted character
      | "[^"]*"  # Double-quoted value
      | '[^']*'  # Single-quoted value
    )*?
(?: # Singleton tag
    />
  | # Otherwise, include the element's content and matching closing tag
    > .*? </\1\s*>
)

Regex options: Case insensitive, dot matches line breaks, free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Neither of the above regexes work correctly in JavaScript, since JavaScript lacks both
the “dot matches line breaks” and “free-spacing” options. The following regex reverts
back to being unreadable and replaces the dots with ‹[\s\S]›, so it can be used in
JavaScript:

<!--[\s\S]*?--\s*>|<(script|style|textarea|xmp)\b(?:[^>"']|"[^"]*"|↵
'[^']*')*?(?:/>|>[\s\S]*?</\1\s*>)

Regex options: Case insensitive
Regex flavors: JavaScript

These regexes present a bit of a dilemma: because they match <script>, <style>,
<textarea>, and <xmp> tags, those tags are never matched by the second (inner) regex,
even though we’re supposedly searching for all tags. However, it should just be a matter
of adding a bit of extra code to handle those tags specially. These (outer) regexes already

Outer regex for (X)HTML.

* <xmp> is a little-known but widely supported element similar to <pre>. Like <pre>, it preserves all whitespace
and uses a fixed-width font by default, but it goes one step further and displays all of its contents (including
HTML tags) as plain text. <xmp> was deprecated in HTML 3.2, and removed entirely from HTML 4.
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capture the tag names to backreference 1, which can serve as a good check of whether
they matched a comment or tag (and if it was a tag, you’ll know which one).

This regex matches comments, CDATA sections, and DOCTYPEs.
Each of these cases are matched using a discrete pattern, all of which are combined into
one regex using the ‹|› alternation metacharacter:

<!--.*?--\s*>|<!\[CDATA\[.*?]]>|<!DOCTYPE\s(?:[^<>"']|"[^"]*"|↵
'[^']*'|<!(?:[^>"']|"[^"]*"|'[^']*')*>)*>

Regex options: Case insensitive, dot matches line breaks
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Here it is again in free-spacing mode:

# Comment
<!-- .*? --\s*>

|

# CDATA section
<!\[CDATA\[ .*? ]]>

|

# Document type declaration
<!DOCTYPE\s
    (?: [^<>"']  # Non-special character
      | "[^"]*"  # Double-quoted value
      | '[^']*'  # Single-quoted value
      | <!(?:[^>"']|"[^"]*"|'[^']*')*>  # Markup declaration
    )*
>

Regex options: Case insensitive, dot matches line breaks, free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

And here is a version that works in JavaScript (which lacks the “dot matches line breaks”
and “free-spacing” options):

<!--[\s\S]*?--\s*>|<!\[CDATA\[[\s\S]*?]]>|<!DOCTYPE\s(?:[^<>"']|"[^"]*"|↵
'[^']*'|<!(?:[^>"']|"[^"]*"|'[^']*')*>)*>

Regex options: Case insensitive
Regex flavors: JavaScript

Variations

Match valid HTML 4 tags

Occasionally, you may want to limit your search to only valid HTML elements, espe-
cially when searching for tags in non-HTML documents where extra precaution against
false positives may be in order. The following regex matches only the 91 valid HTML

Outer regex for XML.
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4 elements. This list does not include nonstandard HTML, such as the proprietary tags
<blink>, <bgsound>, <embed>, and <nobr>. It also doesn’t include XHTML 1.1-only ele-
ments (XHTML 1.0 adds no new tags) or fancy new elements planned for HTML 5:

</?(a|abbr|acronym|address|applet|area|b|base|basefont|bdo|big|blockquote|↵
body|br|button|caption|center|cite|code|col|colgroup|dd|del|dfn|dir|div|↵
dl|dt|em|fieldset|font|form|frame|frameset|h1|h2|h3|h4|h5|h6|head|hr|html|↵
i|iframe|img|input|ins|isindex|kbd|label|legend|li|link|map|menu|meta|↵
noframes|noscript|object|ol|optgroup|option|p|param|pre|q|s|samp|script|↵
select|small|span|strike|strong|style|sub|sup|table|tbody|td|textarea|↵
tfoot|th|thead|title|tr|tt|u|ul|var)\b(?:[^>"']|"[^"]*"|'[^']*')*>

Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

We can make this regex faster by reducing the number of alternatives separated by the
‹|› metacharacter. Instead, we’ll use character classes and optional suffixes wherever
possible. These changes can dramatically reduce the amount of backtracking required
by the regex engine. Consider what happens when the engine encounters <0 in the
subject text. This cannot possibly be the start of a tag, since no tag name starts with
the number 0, but before the regex engine can rule this out as a match, it must check
whether any of the 91 alternatives start with a literal 0. By reducing the number of
alternatives to the minimum (one for each letter that can start a tag), we bring the
number of steps that must be tried after a left angle bracket is found from 91 down to
just 19. Here’s how such a regex looks:

</?(a(?:bbr|cronym|ddress|pplet|rea)?|b(?:ase(?:font)?|do|ig|lockquote|↵
ody|r|utton)?|c(?:aption|enter|ite|o(?:de|l(?:group)?))|d(?:[dlt]|el|fn|↵
i[rv])|em|f(?:ieldset|o(?:nt|rm)|rame(?:set)?)|h(?:[1-6r]|ead|tml)|↵
i(?:frame|mg|n(?:put|s)|sindex)?|kbd|l(?:abel|egend|i(?:nk)?)|m(?:ap|↵
e(?:nu|ta))|no(?:frames|script)|o(?:bject|l|p(?:tgroup|tion))|p(?:aram|↵
re)?|q|s(?:amp|cript|elect|mall|pan|t(?:rike|rong|yle)|u[bp])?|t(?:able|↵
body|[dhrt]|extarea|foot|head|itle)|ul?|var)\b(?:[^>"']|"[^"]*"|'[^']*')*>

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

That’s certainly harder to read, but free-spacing mode can help a little:

<
/?  # Permit closing tags
(   # Capture the tag name to backreference 1

    a(?:bbr|cronym|ddress|pplet|rea)?|
    b(?:ase(?:font)?|do|ig|lockquote|ody|r|utton)?|
    c(?:aption|enter|ite|o(?:de|l(?:group)?))|
    d(?:[dlt]|el|fn|i[rv])|
    em|
    f(?:ieldset|o(?:nt|rm)|rame(?:set)?)|
    h(?:[1-6r]|ead|tml)|
    i(?:frame|mg|n(?:put|s)|sindex)?|
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    kbd|
    l(?:abel|egend|i(?:nk)?)|
    m(?:ap|e(?:nu|ta))|
    no(?:frames|script)|
    o(?:bject|l|p(?:tgroup|tion))|
    p(?:aram|re)?|
    q|
    s(?:amp|cript|elect|mall|pan|t(?:rike|rong|yle)|u[bp])?|
    t(?:able|body|[dhrt]|extarea|foot|head|itle)|
    ul?|
    var

) \b         # Don't permit partial name matches
(?: [^>"']   # Any character except >, ", or '
  | "[^"]*"  # Double-quoted attribute value
  | '[^']*'  # Single-quoted attribute value
)*
>

Regex options: Case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

If you want to go crazy with whitespace, here’s yet another way to write the same regex
in free-spacing mode that might make it even easier to read:

<
/?  # Permit closing tags
(   # Capture the tag name to backreference 1

    a (?: bbr                   #
        | cronym                #
        | ddress                #
        | pplet                 #
        | rea                   #
      )?|                       # Optional group (allow <a>)
    b (?: ase (?:font)?         # <base>, <basefont>
        | do                    #
        | ig                    #
        | lockquote             #
        | ody                   #
        | r                     #
        | utton                 #
      )?|                       # Optional group (allow <b>)
    c (?: aption                #
        | enter                 #
        | ite                   #
        | o (?:de|l(?:group)?)  # <code>, <col>, <colgroup>
      ) |                       #
    d (?: [dlt]                 # <dd>, <dl>, <dt>
        | el                    #
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        | fn                    #
        | i[rv]                 # <dir>, <div>
      ) |                       #
    em  |                       #
    f (?: ieldset               #
        | o (?:nt|rm)           # <font>, <form>
        | rame (?:set)?         # <frame>, <frameset>
      ) |                       #
    h (?: [1-6r]                # <h1>, <h2>, <h3>, <h4>, <h5>, <h6>, <hr>
        | ead                   #
        | tml                   #
      ) |                       #
    i (?: frame                 #
        | mg                    #
        | n (?:put|s)           # <input>, <ins>
        | sindex                #
      )?|                       # Optional group (allow <i>)
    kbd |                       #
    l (?: abel                  #
        | egend                 #
        | i (?:nk)?             # <li>, <link>
      ) |                       #
    m (?: ap                    #
        | e (?:nu|ta)           # <menu>, <meta>
      ) |                       #
    no (?: frames               #
         | script               #
       ) |                      #
    o (?: bject                 #
        | l                     #
        | p (?:tgroup|tion)     # <optgroup>, <option>
      ) |                       #
    p (?: aram                  #
        | re                    #
      )?|                       # Optional group (allow <p>)
    q   |                       #
    s (?: amp                   #
        | cript                 #
        | elect                 #
        | mall                  #
        | pan                   #
        | t (?:rike|rong|yle)   # <strike>, <strong>, <style>
        | u[bp]                 # <sub>, <sup>
      )?|                       # Optional group (allow <s>)
    t (?: able                  #
        | body                  #
        | [dhrt]                # <td>, <th>, <tr>, <tt>
        | extarea               #
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        | foot                  #
        | head                  #
        | itle                  #
      ) |                       #
    ul? |                       # <u>, <ul>
    var                         #

) \b         # Don't permit partial name matches
(?: [^>"']   # Any character except >, ", or '
  | "[^"]*"  # Double-quoted attribute value
  | '[^']*'  # Single-quoted attribute value
)*
>

Regex options: Case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

If you’re working with XHTML, note that although XHTML 1.0 adds no new tags, it
removes the following 14: <applet>, <basefont>, <center>, <dir>, <font>, <frame>,
<frameset>, <iframe>, <isindex>, <menu>, <noframes>, <s>, <strike>, and <u>.

XHTML 1.1 keeps all the elements from XHTML 1.0, and adds six new ones (all related
to ruby text for Asian languages): <rb>, <rbc>, <rp>, <rt>, <rtc>, and <ruby>. Creating
regexes dedicated to matching only the valid XHTML 1.0 or 1.1 elements is something
we’ll leave to you.

See Also
Matching any and all tags can be useful, but it’s also common to want to match a specific
one or a few out of the bunch; Recipe 8.2 shows how to pull off both of these tasks.

Recipe 8.4 describes the characters that can be used in valid XML element and attribute
names.

8.2  Replace <b> Tags with <strong>
Problem
You want to replace all opening and closing <b> tags in a string with corresponding
<strong> tags, while preserving any existing attributes.

Solution
This regex matches opening and closing <b> tags, with or without attributes:

<(/?)b\b((?:[^>"']|"[^"]*"|'[^']*')*)>
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

434 | Chapter 8: Markup and Data Interchange



In free-spacing mode:

<                #
(/?)             # Capture the optional leading slash to backreference 1
b \b             # Complete tag name, with word boundary
(                # Capture any attributes, etc. to backreference 2
    (?: [^>"']   #     Any character except >, ", or '
      | "[^"]*"  #     Double-quoted attribute value
      | '[^']*'  #     Single-quoted attribute value
    )*           #
)                #
>                #

Regex options: Case insensitive, free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

To preserve all attributes while changing the tag name, use the following replacement
text:

<$1strong$2>
Replacement text flavors: .NET, Java, JavaScript, Perl, PHP

<\1strong\2>
Replacement text flavors: Python, Ruby

If you want to discard any attributes in the same process, omit backreference 2 in the
replacement string:

<$1strong>
Replacement text flavors: .NET, Java, JavaScript, Perl, PHP

<\1strong>
Replacement text flavors: Python, Ruby

Recipe 3.15 shows the code needed to implement this.

Discussion
The previous recipe included a detailed discussion of many ways to match any XML-
style tag. That frees this recipe to focus on a straightforward approach to search for a
specific type of tag. <b> and its replacement <strong> are offered as examples, but you
can substitute those tag names with any two others.

The regex starts by matching a literal ‹<›—the first character of any tag. It then op-
tionally matches the forward slash found in closing tags using ‹/?›, within capturing
parentheses. Capturing the result of this pattern (which will be either an empty string
or a forward slash) allows you to easily restore the forward slash in the replacement
string, without any conditional logic.

Next, we match the tag name itself, ‹b›. You could use any other tag name instead if
you wanted to. We’re using the case-insensitive option to make sure that we also match
an uppercase B.
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The word boundary (‹\b›) that follows the tag name is easy to forget, but it’s one of the
most important pieces of this regex. The word boundary lets us match only <b> tags,
and not <br>, <body>, <blockquote>, or any other tags that merely start with the letter
“b”. We could alternatively match a whitespace token (‹\s›) after the name as a safe-
guard against this same problem, but that wouldn’t work for tags that have no attributes
and thus might not have any whitespace following their tag name. The word boundary
solves this problem simply and elegantly.

When working with XML and XHTML, be aware that the colon used
for namespaces, as well as hyphens and some other characters allowed
as part of XML names, create a word boundary. For example, the regex
could end up matching something like <b-sharp>. If you’re worried
about this, you might want to use the lookahead ‹(?=[\s/>])› instead
of a word boundary. It achieves the same result of ensuring that we do
not match partial tag names, and does so more reliably.

After the tag name, the pattern ‹((?:[^>"']|"[^"]*"|'[^']*')*)› is used to match any-
thing remaining within the tag up until the closing right angle bracket. Wrapping this
pattern in a capturing group as we’ve done here lets us easily bring back any attributes
and other characters (such as the trailing slash for singleton tags) in our replacement
string. Within the capturing parentheses, the pattern repeats a noncapturing group
with three alternatives. The first, ‹[^>"']›, matches any single character except >, ", or
'. The remaining two alternatives match an entire double- or single-quoted string,
which lets you match attribute values that contain right angle brackets without having
the regex think it has found the end of the tag.

Variations

Replace a list of tags

If you want to match any from a list of tag names, a simple change is needed. Place all
of the desired tag names within a group, and alternate between them. Placing the names
in a group limits the reach of the alternation metacharacter (‹|›).
The following regex matches opening and closing <b>, <i>, <em>, and <big> tags. The
replacement text shown later replaces all of them with a corresponding <strong> or
</strong> tag, while preserving any attributes:

<(/?)([bi]|em|big)\b((?:[^>"']|"[^"]*"|'[^']*')*)>
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Here’s the same regex in free-spacing mode:

<                 #
(/?)              # Capture the optional leading slash to backreference 1
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([bi]|em|big) \b  # Capture the tag name to backreference 2
(                 # Capture any attributes, etc. to backreference 3
    (?: [^>"']    #     Any character except >, ", or '
      | "[^"]*"   #     Double-quoted attribute value
      | '[^']*'   #     Single-quoted attribute value
    )*            #
)                 #
>                 #

Regex options: Case insensitive, free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

We’ve used the character class ‹[bi]› to match both <b> and <i> tags, rather than sep-
arating them with the alternation metacharacter (|) as we’ve done for <em> and <big>.
Character classes perform faster than alternation, since they don’t use backtracking to
get their job done. When the difference between two options is a single character, use
a character class.

We’ve also added a capturing group for the tag name, which shifted the group that
matches attributes, etc. to store its match as backreference 3. Although there’s no need
to refer back to the tag name if you’re just going to replace all matches with <strong>
tags, storing the tag name in its own backreference can help you check what type of tag
was matched, when needed.

To preserve all attributes while replacing the tag name, use the following replacement
text:

<$1strong$3>
Replacement text flavors: .NET, Java, JavaScript, Perl, PHP

<\1strong\3>
Replacement text flavors: Python, Ruby

Omit backreference 3 in the replacement string if you want to discard attributes for
matched tags as part of the same process:

<$1strong>
Replacement text flavors: .NET, Java, JavaScript, Perl, PHP

<\1strong>
Replacement text flavors: Python, Ruby

See Also
Recipe 8.1 shows how to match all XML-style tags while balancing trade-offs, including
tolerance for invalid markup.

Recipe 8.3 is the opposite of this recipe, and shows how to match all except a select list
of tags.
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8.3  Remove All XML-Style Tags Except <em> and <strong>
Problem
You want to remove all tags in a string except <em> and <strong>.

In a separate case, you not only want to remove all tags other than <em> and <strong>,
you also want to remove <em> and <strong> tags that contain attributes.

Solution
This is a perfect setting to put negative lookahead (explained in Recipe 2.16) to use.
Applied to this problem, negative lookahead lets you match what looks like a tag,
except when certain words come immediately after the opening < or </. If you then
replace all matches with an empty string (Recipe 3.14 shows you how), only the ap-
proved tags are left behind.

Solution 1: Match tags except <em> and <strong>
</?(?!(?:em|strong)\b)[a-z](?:[^>"']|"[^"]*"|'[^']*')*>

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

In free-spacing mode:

< /?                   # Permit closing tags
(?!                    # Negative lookahead
    (?: em | strong )  #     List of tags to avoid matching
    \b                 #     Word boundary avoids partial word matches
)                      #
[a-z]                  # Tag name initial character must be a-z
(?: [^>"']             #     Any character except >, ", or '
  | "[^"]*"            #     Double-quoted attribute value
  | '[^']*'            #     Single-quoted attribute value
)*                     #
>                      #

Regex options: Case insensitive, free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Solution 2: Match tags except <em> and <strong>, and any tags that contain attributes

With one change (replacing the ‹\b› with ‹\s*>›), you can make the regex also match
any <em> and <strong> tags that contain attributes:

</?(?!(?:em|strong)\s*>)[a-z](?:[^>"']|"[^"]*"|'[^']*')*>
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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Once again, the same regex in free-spacing mode:

< /?                   # Permit closing tags
(?!                    # Negative lookahead
    (?: em | strong )  #     List of tags to avoid matching
    \s* >              #     Only avoid tags if they contain no attributes
)                      #
[a-z]                  # Tag name initial character must be a-z
(?: [^>"']             #     Any character except >, ", or '
  | "[^"]*"            #     Double-quoted attribute value
  | '[^']*'            #     Single-quoted attribute value
)*                     #
>                      #

Regex options: Case insensitive, free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Discussion
This recipe’s regular expressions have a lot in common with those we’ve included earlier
in this chapter for matching XML-style tags. Apart from the negative lookahead added
to prevent some tags from being matched, these regexes are nearly equivalent to the
“(X)HTML tags (loose)” regex from Recipe 8.1. The other main difference here is that
we’re not capturing the tag name to backreference 1.

So let’s look more closely at what’s new in this recipe. Solution 1 never matches <em>
or <strong> tags, regardless of whether they have any attributes, but matches all other
tags. Solution 2 matches all the same tags as Solution 1, and additionally matches
<em> and <strong> tags that contain one or more attributes. Table 8-2 shows a few
example subject strings that illustrate this.

Table 8-2. A few example subject strings

Subject string Solution 1 Solution 2

<i> Match Match

</i> Match Match

<i style="font-size:500%; color:red;"> Match Match

<em> No match No match

</em> No match No match

<em style="font-size:500%; color:red;"> No match Match

Since the point of these regexes is to replace matches with empty strings (i.e., remove
the tags), Solution 2 is less prone to abuse of the allowed <em> and <strong> tags to
provide unexpected formatting or other shenanigans.
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This recipe has (until now) intentionally avoided the word “whitelist”
when describing how only a few tags are left in place, since that word
has security connotations. There are a variety of ways to work around
this pattern’s constraints using specially crafted, malicious HTML
strings. If you’re worried about malicious HTML and cross-site scripting
(XSS) attacks, your safest bet is to convert all <, >, and & characters to
their corresponding character entity references (&lt;, &gt;, and &amp;),
then bring back tags that are known to be safe (as long as they contain
no attributes or only use those within a select list of approved attributes).
style is an example of an attribute that is not safe, since some browsers
let you embed scripting language code in your CSS. For example, to
bring back tags after replacing <, >, and & with entity references, you
might search using the regex ‹&lt;(/?)em&gt;› and replace matches with
«<$1em>» (or in Python and Ruby, «<\1em>»).

Variations

Whitelist specific attributes

Consider these new requirements: you need to match all tags except <a>, <em>, and
<strong>, with two exceptions. Any <a> tags that have attributes other than href or
title should be matched, and if <em> or <strong> tags have any attributes at all, match
them too. All matched strings will be removed.

In other words, you want to remove all tags, except those on your whitelist (<a>,
<em>, and <strong>). The only whitelisted attributes are href and title, and they are
allowed only within <a> tags. If a nonwhitelisted attribute appears in any tag, the entire
tag should be removed.

Here’s a regex that can get the job done, shown with and without free-spacing mode:

<(?!(?:em|strong|a(?:\s+(?:href|title)\s*=\s*(?:"[^"]*"|'[^']*'))*)\s*>)↵
[a-z](?:[^>"']|"[^"]*"|'[^']*')*>

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

< /?             # Permit closing tags
(?!              # Negative lookahead
    (?: em       #     Dont match <em>...
      | strong   #     or <strong>...
      | a        #     or <a>...
        (?:      #         Only avoid matching <a> tags that stick to...
            \s+  #             href and/or title attributes
            (?:href|title)
            \s*=\s*
            (?:"[^"]*"|'[^']*')  # Double- or single-quoted attribute value
        )*
    )
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    \s* >        # Only avoid matching these tags when they stick to the...
)                #     attributes listed above
[a-z]            # Tag name initial character must be a-z
(?: [^>"']       #     Any character except >, ", or '
  | "[^"]*"      #     Double-quoted attribute value
  | '[^']*'      #     Single-quoted attribute value
)*
>

Regex options: Case insensitive, free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

This pushes the boundary of where it makes sense to use such a complicated regex. If
your rules get any more complex than this, it would probably be better to write some
code based on Recipes 3.11 or 3.16 that checks the value of each matched tag to de-
termine how to process it (based on the tag name, included attributes, or whatever else
is needed).

See Also
Recipe 8.1 shows how to match all XML-style tags, while balancing trade-offs, includ-
ing tolerance for invalid markup.

Recipe 8.2 is the opposite of this recipe, and shows how to match a select list of tags.

8.4  Match XML Names
Problem
You want to check whether a string is a legitimate XML name (a common syntactic
construct). XML provides precise rules for the characters that can occur in a name, and
reuses those rules for element, attribute, and entity names, processing instruction tar-
gets, and more. Names must be composed of a letter, underscore, or colon as the first
character, followed by any combination of letters, digits, underscores, colons, hyphens,
and periods. That’s actually an approximate description, but it’s pretty close. The exact
list of permitted characters depends on the version of XML in use.

Alternatively, you might want to splice a pattern for matching valid names into other
XML-handling regexes, when the extra precision warrants the added complexity.

Following are some examples of valid names:

• thing

• _thing_2_

• :Российские-Вещь
• fantastic4:the.thing

• 日本の物
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Note that letters from non-Latin scripts are allowed, even including the ideographic
characters in the last example. Likewise, any Unicode digit is allowed after the first
character, not just the Arabic numerals 0–9.

For comparison, here are several examples of invalid names that should not be matched
by the regex:

• thing!

• thing with spaces

• .thing.with.a.dot.in.front

• -thingamajig

• 2nd_thing

Solution
Like identifiers in many programming languages, there is a set of characters that can
occur in an XML name, and a subset that can be used as the first character. Those
character lists are dramatically different for XML 1.0 Fourth Edition (and earlier) and
XML 1.1 and 1.0 Fifth Edition. Essentially, XML 1.1 names can use all the characters
permitted by 1.0 Fourth Edition, plus almost a million more. However, the majority of
the additional characters are nothing more than positions in the Unicode table. Most
don’t have a character assigned to them yet, but are allowed for future compatibility
as the Unicode character database expands.

For brevity’s sake, references to XML 1.0 in this recipe describe the first through fourth
editions of XML 1.0. When we talk about XML 1.1 names, we’re also describing the
XML 1.0 Fifth Edition rules. The fifth edition only became an official W3C Recom-
mendation at the end of November 2008, nearly five years after XML 1.1.

Regexes in this recipe are shown with start and end of string anchors
(using either ‹^⋯$› or ‹\A⋯\Z›) that cause your subject string to be
matched in its entirety or not at all. If you want to embed these patterns
in a longer regular expression that deals with matching, say, XML ele-
ments, make sure to remove the anchors at the beginning and end of
the patterns displayed here. Anchors are explained in Recipe 2.5.

XML 1.0 names (approximate)
\A[:_\p{Ll}\p{Lu}\p{Lt}\p{Lo}\p{Nl}][:_\-.\p{L}\p{M}\p{Nd}\p{Nl}]*\Z

Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Ruby 1.9

PCRE must be compiled with UTF-8 support for the Unicode properties (‹\p{⋯}›) to
work. In PHP, turn on UTF-8 support with the /u pattern modifier.
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Unicode properties are not supported by JavaScript, Python, or Ruby 1.8. The XML
1.1 names regex that comes next doesn’t rely on Unicode properties and therefore might
be a good alternative if you’re using one of these programming languages. See the
“Discussion” on page 444 of this recipe for details on why you might be better off using
the XML 1.1-based solution anyway, even if your regex flavor supports Unicode
properties.

XML 1.1 names (exact)

Following are three versions of the same regular expression, due to flavor differences.
The only difference between the first two is the anchors used at the start and end of the
patterns. The third version uses ‹\x{⋯}› instead of ‹\u› to specify Unicode code points
greater than FF hexadecimal (255 decimal).

\A[:_A-Za-z\xC0-\xD6\xD8-\xF6\xF8-\u02FF\u0370-\u037D\u037F-\u1FFF\u200C↵
\u200D\u2070-\u218F\u2C00-\u2FEF\u3001-\uD7FF\uF900-\uFDCF\uFDF0-\uFFFD]↵
[:_\-.A-Za-z0-9\xB7\xC0-\xD6\xD8-\xF6\xF8-\u036F\u0370-\u037D\u037F-\u1FFF↵
\u200C\u200D\u203F\u2040\u2070-\u218F\u2C00-\u2FEF\u3001-\uD7FF\uF900-↵
\uFDCF\uFDF0-\uFFFD]*\Z

Regex options: None
Regex flavors: .NET, Java, Python, Ruby 1.9

^[:_A-Za-z\xC0-\xD6\xD8-\xF6\xF8-\u02FF\u0370-\u037D\u037F-\u1FFF\u200C↵
\u200D\u2070-\u218F\u2C00-\u2FEF\u3001-\uD7FF\uF900-\uFDCF\uFDF0-\uFFFD]↵
[:_\-.A-Za-z0-9\xB7\xC0-\xD6\xD8-\xF6\xF8-\u036F\u0370-\u037D\u037F-\u1FFF↵
\u200C\u200D\u203F\u2040\u2070-\u218F\u2C00-\u2FEF\u3001-\uD7FF\uF900-↵
\uFDCF\uFDF0-\uFFFD]*$

Regex options: None (“^ and $ match at line breaks” must not be set)
Regex flavors: .NET, Java, JavaScript, Python

\A[:_A-Za-z\xC0-\xD6\xD8-\xF6\xF8-\x{2FF}\x{370}-\x{37D}\x{37F}-\x{1FFF}↵
\x{200C}\x{200D}\x{2070}-\x{218F}\x{2C00}-\x{2FEF}\x{3001}-\x{D7FF}↵
\x{F900}-\x{FDCF}\x{FDF0}-\x{FFFD}][:_\-.A-Za-z0-9\xB7\xC0-\xD6\xD8-\xF6↵
\xF8-\x{36F}\x{370}-\x{37D}\x{37F}-\x{1FFF}\x{200C}\x{200D}\x{203F}↵
\x{2040}\x{2070}-\x{218F}\x{2C00}-\x{2FEF}\x{3001}-\x{D7FF}\x{F900}-↵
\x{FDCF}\x{FDF0}-\x{FFFD}]*\Z

Regex options: None
Regex flavors: PCRE, Perl

PCRE must be compiled with UTF-8 support for the ‹\x{⋯}› metasequences to work
with values greater than FF hexadecimal. In PHP, turn on UTF-8 support with the /u
pattern modifier.

Ruby 1.8 does not support Unicode regular expressions at all, but see the section
“Variations” on page 446 of this recipe for a possible alternative solution that is less
precise.
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Although we’ve claimed these regular expressions follow the XML 1.1 name rules ex-
actly, that’s actually only true for characters up to 16-bits wide (positions 0x0 through
0xFFFF). XML 1.1 additionally allows the 917,503 code points between positions
0x10000 and 0xEFFFF to occur after the name start character. However, only PCRE,
Perl, and Python are even capable of referencing code points beyond 0xFFFF, and you
are unlikely to encounter any in the wild (for one thing, most of the positions in this
range have not been assigned an actual character). If you need to add support for these
extra code points, in PCRE and Perl you could add ‹\x{10000}-\x{EFFFF}› at the end
of the second character class, and in Python you could add ‹\U00010000-
\U000EFFFF› (note the uppercase U, which must be followed by eight hexadecimal dig-
its). But even without adding this massive range, the XML 1.1 name character list we’ve
just shown is much more permissive than XML 1.0.

Discussion
Since many of the regular expressions in this chapter deal with matching XML elements,
this recipe largely serves to provide a fuller discussion of the patterns that can be used
when you want to get very specific about how tag and attribute names are matched.
Elsewhere, we mostly stick to simpler patterns that are less precise, in the interest of
readability and efficiency.

So let’s dig a little deeper into the rules behind these patterns.

XML 1.0 names

The XML 1.0 specification uses a whitelist approach for its name rules, and explicitly
lists all the characters that are allowed. The name start character can be a colon (:),
underscore (_), or approximately any character in the following Unicode categories:

• Lowercase letter (Ll)

• Uppercase letter (Lu)

• Titlecase letter (Lt)

• Letter without case (Lo)

• Letter number (Nl)

After the initial character, hyphen (-), period (.), and any character in the following
categories are allowed in addition to the characters already mentioned:

• Mark (M), which combines the subcategories non-spacing mark (Mn), spacing
combining mark (Mc), and enclosing mark (Me)

• Modifier letter (Lm)

• Decimal digit (Nd)

These rules lead us to the regular expression shown in the “Solution” of this recipe.
Here it is again in free-spacing mode:
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\A                                  # Start of string
[:_\p{Ll}\p{Lu}\p{Lt}\p{Lo}\p{Nl}]  # Name start character
[:_\-.\p{L}\p{M}\p{Nd}\p{Nl}]*      # Name characters (zero or more)
\Z                                  # End of string

Regex options: Free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Ruby 1.9

Again, PCRE must be compiled with UTF-8 support. In PHP, turn on UTF-8 support
with the /u pattern modifier.

Notice that in the second character class, all of the letter subcategories (Ll, Lu, Lt, Lo,
and Lm) have been combined into their base category using ‹\p{L}›.
Earlier, we noted that the rules described here are approximate. There are a couple of
reasons for that. First, the XML 1.0 specification (remember that we’re not talking
about the fifth edition and later here) lists a number of exceptions to these rules. Second,
the XML 1.0 character lists were derived from Unicode 2.0, which was released back
in 1996. Later versions of the Unicode standard have added support for an assortment
of new scripts whose characters are not permitted by the XML 1.0 rules. However,
decoupling the regex from whatever Unicode version your regex engine uses so you
can restrict matches to Unicode 2.0 characters would turn this pattern into a page-long
monstrosity filled with hundreds of ranges and code points. If you really want to create
this monster, refer to XML 1.0, Fourth Edition (http://www.w3.org/TR/2006/REC-xml
-20060816) section 2.3, “Common Syntactic Constructs,” and Appendix B, “Character
Classes.”

Following are several flavor-specific ways to shorten the regex we’ve already seen.

Perl and PCRE let you combine the lowercase letter (Ll), uppercase letter (Lu), and
titlecase letter (Lt) subcategories into the special “letter with case” (L&) category. These
regex flavors also let you omit the curly brackets in the ‹\p{⋯}› escape sequence if only
one letter is used within. We’ve taken advantage of this in the following regex by using
‹\pL\pM› instead of ‹\p{L}\p{M}›:

\A[:_\p{L&}\p{Lo}\p{Nl}][:_\-.\pL\pM\p{Nd}\p{Nl}]*\Z
Regex options: None
Regex flavors: PCRE, Perl

.NET supports character class subtraction, which is used in the first character class here
to subtract the Lm subcategory from L, rather than explicitly listing all the other letter
subcategories:

\A[:_\p{L}\p{Nl}-[\p{Lm}]][:_\-.\p{L}\p{M}\p{Nd}\p{Nl}]*\Z
Regex options: None
Regex flavor: .NET

Java, like PCRE and Perl, lets you omit the curly brackets around one-letter Unicode
categories. The following regex also takes advantage of Java’s more complicated version
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of character class subtraction (implemented via intersection with a negated class) to
subtract the Lm subcategory from L:

\A[:_\pL\p{Nl}&&[^\p{Lm}]][:_\-.\pL\pM\p{Nd}\p{Nl}]*\Z
Regex options: None
Regex flavor: Java

JavaScript, Python, and Ruby 1.8 don’t support Unicode categories at all. Ruby 1.9
doesn’t have the fancy features just described, but it does support the more portable
version of these regexes shown in the “Solution” of this recipe.

XML 1.1 names

XML 1.0 made the mistake of explicitly tying itself to Unicode 2.0. Later versions of
the Unicode standard have added support for many more characters, some of which
are from scripts that weren’t previously accounted for at all (e.g., Cherokee, Ethiopic,
and Mongolian). Since XML wants to be regarded as a universal format, it has tried to
fix this problem with XML 1.1 and 1.0 Fifth Edition. These later versions switch from
a whitelist to a blacklist approach for name characters in order to support not only the
characters added since Unicode 2.0, but also those that may be added in the future.

This new strategy of allowing anything that isn’t explicitly forbidden improves future
compatibility, and it also makes it easier and less verbose to precisely follow the rules.
That’s why the XML 1.1 name regexes are labeled as being exact, whereas the XML 1.0
regex is approximate.

Variations
In some of this chapter’s recipes (e.g., Recipe 8.1), the pattern segments that deal with
XML names employ next to no restrictions or disallow foreign scripts and other char-
acters that are in fact perfectly valid. This is done to keep things simple. However, if
you want to allow foreign scripts while still providing a base level of restrictions (and
you don’t need the more precise name validation of earlier regexes in this recipe), these
next regexes might do the trick.

We’ve left the start- and end-of-string anchors off of these regexes since
they’re not meant to be used on their own, but rather as parts of longer
patterns.

This first regex simply avoids matching the characters used as separators and delimiters
within XML tags, and additionally prevents matching a digit as the first character:

[^\d\s"'/<=>][^\s"'/<=>]*
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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Following is another, even shorter way to accomplish the same thing. Instead of using
two separate character classes, it uses negative lookahead to forbid a digit as the initial
character. This ban applies to the first matched character only, even though the ‹+›
quantifier after the character class lets the regex match an unlimited number of
characters:

(?!\d)[^\s"'/<=>]+
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

See Also
John Cowan, one of the editors of the XML 1.1 specification, explains which characters
are forbidden in XML 1.1 names and why in a blog post at http://recycledknowledge
.blogspot.com/2008/02/which-characters-are-excluded-in-xml.html.

The document “Background to Changes in XML 1.0, 5th Edition” at http://www.w3
.org/XML/2008/02/xml10_5th_edition_background.html discusses the rationale for
backporting XML 1.1’s name rules to XML 1.0, Fifth Edition.

8.5  Convert Plain Text to HTML by Adding <p> and <br> Tags
Problem
Given a plain text string, such as a multiline value submitted via a form, you want to
convert it to an HTML fragment to display within a web page. Paragraphs, separated
by two line breaks in a row, should be surrounded with <p>⋯</p>. Additional line
breaks should be replaced with <br> tags.

Solution
This problem can be solved in four simple steps. In most programming languages, only
the middle two steps benefit from regular expressions.

Step 1: Replace HTML special characters with character entity references

As we’re converting plain text to HTML, the first step is to convert the three special
HTML characters &, <, and > to character entity references (see Table 8-3). Otherwise,
the resulting markup could lead to unintended results when displayed in a web browser.

Table 8-3. HTML special character substitutions

Search for Replace with

‹&› «&amp;»
‹<› «&lt;»
‹>› «&gt;»
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Ampersands (&) must be replaced first, since you’ll be adding additional ampersands
to the subject string as part of the character entity references.

Step 2: Replace all line breaks with <br>

Search for:

\r\n?|\n
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

\R
Regex options: None
Regex flavors: PCRE 7, Perl 5.10

Replace with:

<br>
Replacement text flavors: .NET, Java, JavaScript, Perl, PHP, Python, Ruby

Step 3: Replace double <br> tags with </p><p>

Search for:

<br>\s*<br>
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Replace with:

</p><p>
Replacement text flavors: .NET, Java, JavaScript, Perl, PHP, Python, Ruby

Step 4: Wrap the entire string with <p>⋯</p>

This step is a simple string concatenation, and doesn’t require regular expressions.

JavaScript example

As we tie all four steps together, we’ll create a JavaScript function called
html_from_plaintext. This function accepts a string, processes it using the steps we’ve
just described, then returns the new HTML string:

function html_from_plaintext (subject) {
    // step 1 (plain text searches)
    subject = subject.replace(/&/g, "&amp;").
                      replace(/</g, "&lt;").
                      replace(/>/g, "&gt;");

    // step 2
    subject = subject.replace(/\r\n?|\n/g, "<br>");
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    // step 3
    subject = subject.replace(/<br>\s*<br>/g, "</p><p>");

    // step 4
    subject = "<p>" + subject + "</p>";

    return subject;
}

/*
html_from_plaintext("Test.")            -> "<p>Test.</p>"
html_from_plaintext("Test.\n")          -> "<p>Test.<br></p>"
html_from_plaintext("Test.\n\n")        -> "<p>Test.</p><p></p>"
html_from_plaintext("Test1.\nTest2.")   -> "<p>Test1.<br>Test2.</p>"
html_from_plaintext("Test1.\n\nTest2.") -> "<p>Test1.</p><p>Test2.</p>"
html_from_plaintext("< AT&T >")         -> "<p>&lt; AT&amp;T &gt;</p>"
*/

Several examples are included at the end of the code snippet that show the output when
this function is applied to various subject strings. If JavaScript is foreign to you, note
that the /g modifier appended to each of the regex literals causes the replace method
to replace all occurrences of the pattern, rather than just the first. The \n metasequence
in the example subject strings inserts a line feed character (ASCII position 0x0A) in a
JavaScript string literal.

Discussion

Step 1: Replace HTML special characters with character entity references

The easiest way to complete this step is to use three discrete search-and-replace
operations (see Table 8-3, shown earlier, for the list of replacements). JavaScript always
uses regular expressions for global search-and-replace operations, but in other pro-
gramming languages you will typically get better performance from simple plain-text
substitutions.

Step 2: Replace all line breaks with <br>

In this step, we use the regular expression ‹\r\n?|\n› to find line breaks that follow the
Windows/MS-DOS (CRLF), Unix/Linux/OS X (LF), and legacy Mac OS (CR) con-
ventions. Perl 5.10 and PCRE 7 users can use the dedicated ‹\R› token (note the up-
percase R) instead for matching those and other line break sequences.

Replacing all line breaks with <br> before adding paragraph tags in the next step keeps
things simpler overall, since it gives you the option to add whitespace between your
</p><p> tags in later substitutions. Doing so can help keep your HTML code readable
by not smashing it all together.
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If you prefer to use XHTML-style singleton tags, use «<br●/>» instead of «<br>» as
your replacement string. You’ll also need to alter the regular expression in Step 3 to
match this change.

Step 3: Replace double <br> tags with </p><p>

Two line breaks in a row indicate the end of one paragraph and the start of another, so
our replacement text for this step is a closing </p> tag followed by an opening <p>. If
the subject text contains only one paragraph (i.e., two line breaks never appear in a
row), no substitutions will be made. Step 2 already replaced several line break conven-
tions (leaving behind only <br> tags), so this step could be handled with a plain text
substitution. However, using a regex here makes it easy to take things one step further
and ignore whitespace that appears between line breaks. Any extra space characters
won’t be rendered in an HTML document anyway.

If you’re generating XHTML and therefore replaced line breaks with «<br●/>» instead
of «<br>», you’ll need to adjust the regex for this step to ‹<br●/>\s*<br●/>›.

Step 4: Wrap the entire string with <p>⋯</p>

Step 3 merely added markup between paragraphs. Now you need to add a <p> tag at
the very beginning of the subject string, and a closing </p> at the very end. That com-
pletes the process, whether there were 1 or 100 paragraphs in the text.

See Also
Recipe 4.10 includes more information about Perl and PCRE’s ‹\R› token, and shows
how to manually match the additional, esoteric line separators that are supported by
‹\R›.

8.6  Find a Specific Attribute in XML-Style Tags
Problem
You want to find tags within an (X)HTML or XML file that contain a specific attribute,
such as id.

This recipe covers several variations on the same problem. Suppose that you want to
match each of the following types of strings using separate regular expressions:

• Tags that contain an id attribute.

• <div> tags that contain an id attribute.

• Tags that contain an id attribute with the value my-id.

• Tags that contain my-class within their class attribute value (classes are separated
by whitespace).
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Solution

Tags that contain an id attribute (quick and dirty)

If you want to do a quick search in a text editor that lets you preview your results, the
following (overly simplistic) regex might do the trick:

<[^>]+\sid\b[^>]*>
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Here’s a breakdown of the regex in free-spacing mode:

<         # Start of the tag
[^>]+     # Tag name, attributes, etc.
\s id \b  # The target attribute name, as a whole word
[^>]*     # The remainder of the tag, including the id attribute's value
>         # End of the tag

Regex options: Case insensitive, free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Tags that contain an id attribute (more reliable)

Unlike the regex just shown, this next take on the same problem supports quoted
attribute values that contain literal > characters, and it doesn’t match tags that merely
contain the word id within one of their attributes’ values:

<(?:[^>"']|"[^"]*"|'[^']*')+?\sid\s*=\s*("[^"]*"|'[^']*')↵
(?:[^>"']|"[^"]*"|'[^']*')*>

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

In free-spacing mode:

<                      #
(?: [^>"']             # Tag and attribute names, etc.
  | "[^"]*"            #     ...and quoted attribute values
  | '[^']*'            #
)+?                    #
\s id                  # The target attribute name, as a whole word
\s* = \s*              # Attribute name-value delimiter
( "[^"]*" | '[^']*' )  # Capture the attribute value to backreference 1
(?: [^>"']             # Any remaining characters
  | "[^"]*"            #     ...and quoted attribute values
  | '[^']*'            #
)*                     #
>                      #

Regex options: Case insensitive, free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby
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This regex captures the id attribute’s value and surrounding quote marks to backre-
ference 1. This allows you to use the value in code outside of the regex or in a replace-
ment string. If you don’t need to reuse the value, you can switch to a noncapturing
group or replace the entire ‹\s*=\s*("[^"]*"|'[^']*')› sequence with ‹\b›. The re-
mainder of the regex will pick up the slack and match the id attribute’s value.

<div> tags that contain an id attribute

To search for a specific tag type, you need to add its name to the beginning of the regex
and make a couple of other minor changes to the previous regex. In the following
example, we’ve added ‹div\s› after the opening ‹<›. The ‹\s› (whitespace) token ensures
that we don’t match tags whose names merely start with the three letters “div”. We
know there will be a whitespace character following the tag name because the tags we’re
searching for have at least one attribute (id). Additionally, the ‹+?\sid› sequence has
been changed to ‹*?\bid›, so that the regex works when id is the first attribute within
the tag and there are no additional separating characters (beyond the initial space) after
the tag name:

<div\s(?:[^>"']|"[^"]*"|'[^']*')*?\bid\s*=\s*("[^"]*"|'[^']*')↵
(?:[^>"']|"[^"]*"|'[^']*')*>

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Here is the same thing in free-spacing mode:

<div \s                # Tag name and following whitespace character
(?: [^>"']             # Tag and attribute names, etc.
  | "[^"]*"            #     ...and quoted attribute values
  | '[^']*'            #
)*?                    #
\b id                  # The target attribute name, as a whole word
\s* = \s*              # Attribute name-value delimiter
( "[^"]*" | '[^']*' )  # Capture the attribute value to backreference 1
(?: [^>"']             # Any remaining characters
  | "[^"]*"            #     ...and quoted attribute values
  | '[^']*'            #
)*                     #
>                      #

Regex options: Case insensitive, free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Tags that contain an id attribute with the value “my-id”

Compared to the regex titled “Tags that contain an id attribute (more relia-
ble)” on page 451, this time we’ll remove the capturing group around the id attribute’s
value since you already know the value in advance. Specifically, the subpattern
‹("[^"]*"|'[^']*')› has been replaced with ‹(?:"my-id"|'my-id')›:
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<(?:[^>"']|"[^"]*"|'[^']*')+?\sid\s*=\s*(?:"my-id"|'my-id')↵
(?:[^>"']|"[^"]*"|'[^']*')*>

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

And the free-spacing version:

<              #
(?: [^>"']     # Tag and attribute names, etc.
  | "[^"]*"    #     ...and quoted attribute values
  | '[^']*'    #
)+?            #
\s id          # The target attribute name, as a whole word
\s* = \s*      # Attribute name-value delimiter
(?: "my-id"    # The target attribute value
  | 'my-id' )  #     ...surrounded by single or double quotes
(?: [^>"']     # Any remaining characters
  | "[^"]*"    #     ...and quoted attribute values
  | '[^']*'    #
)*             #
>              #

Regex options: Case insensitive, free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Going back to the ‹(?:"my-id"|'my-id')› subpattern for a second, you could alterna-
tively avoid repeating “my-id” (at the cost of some efficiency) by using ‹(["'])my-id
\1›. That uses a capturing group and backreference to ensure that the value starts and
ends with the same type of quote mark.

Tags that contain “my-class” within their class attribute value

If the previous regular expressions haven’t already passed this threshold, this is where
it becomes obvious that we’re pushing the boundary of what can sensibly be accom-
plished using a single regex. Splitting the process into multiple regexes helps a little, so
we’ll split this search into three parts. The first regex will match tags, the next will find
the class attribute within it (and store its value within a backreference), and finally
we’ll search within the value for my-class.

Find tags:

<(?:[^>"']|"[^"]*"|'[^']*')+>
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Recipe 8.1 is dedicated to matching XML-style tags. It explains how the
regex just shown works, and provides a number of alternatives with
varying degrees of complexity and accuracy.
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Next, follow the code in Recipe 3.13 to search within each match for a class attribute
using the following regex:

^(?:[^>"']|"[^"]*"|'[^']*')+?\sclass\s*=\s*("[^"]*"|'[^']*')
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

This captures the entire class value and its surrounding quote marks to backreference
1. Everything before the class attribute is matched using ‹^(?:[^>"']|"[^"]*"|'[^']*')
+?›, which matches quoted values in single steps to avoid finding the word “class” inside
another attribute’s value. On the right side of the pattern, the match ends as soon as
we reach the end of the class attribute’s value. Nothing after that is relevant to our
search, so there’s no reason to match all the way to the end of the tag within which
you’re searching.

The caret at the beginning of the regex anchors it to the start of the subject string. This
doesn’t change what is matched, but it’s there so that if the regex engine can’t find a
match starting at the beginning of the string, it doesn’t try again (and inevitably fail) at
each subsequent character position.

Finally, if both of the previous regexes matched successfully, you’ll want to search
within backreference 1 of the second regex’s matches using the following pattern:

(?:^|\s)my-class(?:\s|$)
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Since classes are separated by whitespace, my-class must be bordered on both ends by
either whitespace or nothing at all. If it weren’t for the fact that class names can include
hyphens, you could use word boundary tokens instead of the two noncapturing groups
here. However, hyphens create word boundaries, and thus ‹\bmy-class\b› would match
within not-my-class.

Discussion
The “Solution” of this recipe already covers the details of how these regular expressions
work, so we’ll avoid rehashing it all here. Remember that regular expressions are often
not the ideal solution for markup searches, especially those that reach the complexity
described in this recipe. Before using these regular expressions, consider whether you’d
be better served by an alternative solution, such as XPath, a SAX parser, or a DOM.
We’ve included these regexes since it’s not uncommon for people to try to pull off this
kind of thing, but don’t say you weren’t warned. Hopefully this has at least helped to
show some of the issues involved in markup searches, and helped you avoid even more
naïve solutions.
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See Also
Recipe 8.7 is the conceptual inverse of this recipe, and finds tags that do not contain a
specific attribute.

8.7  Add a cellspacing Attribute to <table> Tags That Do Not
Already Include It
Problem
You want to search through an (X)HTML file and add cellspacing="0" to all tables
that do not already include a cellspacing attribute.

This recipe serves as an example of adding an attribute to XML-style tags that do not
already include it. You can swap in whatever tag and attribute names and values you
prefer.

Solution

Regex 1: Simplistic solution

You can use negative lookahead to match <table> tags that do not contain the word
cellspacing, as follows:

<table\b(?![^>]*?\scellspacing\b)([^>]*)>
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Here’s the regex again in free-spacing mode:

<table \b            # Match "<table", followed by a word boundary
(?!                  # Assert that the regex below cannot be matched here
  [^>]               #   Match any character except ">"...
    *?               #     zero or more times, as few as possible (lazy)
  \s cellspacing \b  #   Match "cellspacing" as a complete word
)                    #
(                    # Capture the regex below to backreference 1
  [^>]               #   Match any character except ">"...
    *                #     zero or more times, as many as possible (greedy)
)                    #
>                    # Match a literal ">" to end the tag

Regex options: Case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby
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Regex 2: More reliable solution

The following regex replaces both instances of the negated character class ‹[^>]› from
the simplistic solution with ‹(?:[^>"']|"[^"]*"|'[^']*')›. This improves the regular
expression’s reliability in two ways. First, it adds support for quoted attribute values
that contain literal “>” characters. Second, it ensures that we don’t preclude matching
tags that merely contain the word “cellspacing” within an attribute’s value.

Here’s how the regex looks with the change we’ve just described:

<table\b(?!(?:[^>"']|"[^"]*"|'[^']*')*?\scellspacing\b)↵
((?:[^>"']|"[^"]*"|'[^']*')*)>

Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

And here it is in free-spacing mode:

<table \b            # Match "<table", followed by a word boundary
(?!                  # Assert that the regex below cannot be matched here
  (?: [^>"']         #   Match any character except >, ", or '
    | "[^"]*"        #     Or, a double-quoted value
    | '[^']*'        #     Or, a single-quoted value
  )*?                #   Zero or more times, as few as possible (lazy)
  \s cellspacing \b  #   Match "cellspacing" as a complete word
)                    #
(                    # Capture the regex below to backreference 1
  (?: [^>"']         #   Match any character except >, ", or '
    | "[^"]*"        #     Or, a double-quoted value
    | '[^']*'        #     Or, a single-quoted value
  )*                 #   Zero or more times, as many as possible (greedy)
)                    #
>                    #

Regex options: Case insensitive
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Insert the new attribute

All of the regexes shown in this recipe can use the same replacement strings, since the
regexes all capture attributes within the matched <table> tags (if any) to backreference
1. This lets you bring back those attributes as part of your replacement value, while
adding the new cellspacing attribute. Here are the necessary replacement strings:

<table●cellspacing="0"$1>
Replacement text flavors: .NET, Java, JavaScript, Perl, PHP

<table●cellspacing="0"\1>
Replacement text flavors: Python, Ruby

Recipe 3.15 shows how to perform substitutions that use a backreference in the re-
placement string.

456 | Chapter 8: Markup and Data Interchange



Discussion
In order to examine how these regexes work, we’ll first break down the simplistic sol-
ution. As you’ll see, it has four logical parts.

The first part, ‹<table\b›, matches the literal characters <table, followed by a word
boundary (‹\b›). The word boundary prevents matching tag names that merely start
with “table”. Although that might seem unnecessary here when working with
(X)HTML (since there are no valid elements named “tablet”, “tableau”, or “table-
spoon”, for example), it’s good practice nonetheless, and can help you avoid bugs when
adapting this regex to search for other tags.

The second part of the regex, ‹(?![^>]*?\scellspacing\b)›, is a negative lookahead. It
doesn’t consume any text as part of the match, but it asserts that the match attempt
should fail if the word cellspacing occurs anywhere within the opening tag. Since we’re
going to add the cellspacing attribute to all matches, we don’t want to match tags that
already contain it.

Since the lookahead peeks forward from the current position in the match attempt, it
uses the leading ‹[^>]*?› to let it search as far forward as it needs to, up until what is
assumed to be the end of the tag (the first occurrence of >). The remainder of the
lookahead subpattern (‹\scellspacing\b›) simply matches the literal characters “cell-
spacing” as a complete word. We match a leading whitespace character (‹\s›) since
whitespace must always separate an attribute name from the tag name or preceding
attributes. We match a trailing word boundary instead of another whitespace character
since a word boundary fulfills the need to match cellspacing as a complete word, yet
works even if the attribute has no value or if the attribute name is immediately followed
by an equals sign.

Moving along, we get to the third piece of the regex: ‹([^>]*)›. This is a negated char-
acter class and a following “zero or more” quantifier, wrapped in a capturing group.
Capturing this part of the match allows you to easily bring back the attributes that each
matched tag contained as part of the replacement string. And unlike the negative look-
ahead, this part actually adds the attributes within the tag to the string matched by the
regex.

Finally, the regex matches the literal character ‹>› to end the tag.

Regex 2, the so-called more reliable version, works exactly the same as the regex we’ve
just described, except that both instances of the negated character class ‹[^>]› are re-
placed with ‹(?:[^>"']|"[^"]*"|'[^']*')›. This longer pattern passes over double- and
single-quoted attribute values in one step.

As for the replacement strings, they work with both regexes, replacing each matched
<table> tag with a new tag that includes cellspacing as the first attribute, followed by
whatever attributes occurred within the original tag (backreference 1).
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See Also
Recipe 8.6 is the conceptual inverse of this recipe, and finds tags that contain a specific
attribute.

8.8  Remove XML-Style Comments
Problem
You want to remove comments from an (X)HTML or XML document. For example,
you want to remove comments from a web page before it is served to web browsers in
order to reduce the file size of the page and thereby reduce load time for people with
slow Internet connections.

Solution
Finding comments is not a difficult task, thanks to the availability of lazy quantifiers.
Here is the regular expression for the job:

<!--.*?-->
Regex options: Dot matches line breaks
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

That’s pretty straightforward. As usual, though, JavaScript’s lack of a “dot matches line
breaks” option means that you’ll need to replace the dot with an all-inclusive character
class in order for the regular expression to match comments that span more than one
line. Following is a version that works with JavaScript:

<!--[\s\S]*?-->
Regex options: None
Regex flavor: JavaScript

To remove the comments, replace all matches with the empty string (i.e., nothing).
Recipe 3.14 lists code to replace all matches of a regex.

Discussion

How it works

At the beginning and end of this regular expression are the literal character sequences
‹<!--› and ‹-->›. Since none of those characters are special in regex syntax (except
within character classes, where hyphens create ranges), they don’t need to be escaped.
That just leaves the ‹.*?› or ‹[\s\S]*?› in the middle of the regex to examine further.

Thanks to the “dot matches line breaks” option, the dot in the regex shown first
matches any single character. In the JavaScript version, the character class ‹[\s\S]›
takes its place. However, the two regexes are exactly equivalent. ‹\s› matches any
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whitespace character, and ‹\S› matches everything else. Combined, they match any
character.

The lazy ‹*?› quantifier repeats its preceding “any character” element zero or more
times, as few times as possible. Thus, the preceding token is repeated only until the
first occurrence of -->, rather than matching all the way to the end of the subject string,
and then backtracking until the last -->. (See Recipe 2.13 for more on how backtracking
works with lazy and greedy quantifiers.) This simple strategy works well since XML-
style comments cannot be nested within each other. In other words, they always end
at the first (leftmost) occurrence of -->.

When comments can’t be removed

Most web developers are familiar with using HTML comments within <script> and
<style> elements for backward compatibility with ancient browsers. These days, it’s
mostly just a meaningless incantation, but its use lives on thanks in part to
copy-and-paste coding. We’re going to assume that when you remove comments from
an (X)HTML document, you don’t want to strip out embedded JavaScript and CSS.
You probably also want to leave the contents of <textarea> elements, CDATA sections,
and the values of attributes within tags alone.

Earlier, we said removing comments wasn’t a difficult task. As it turns out, that was
only true if you ignore some of the tricky areas of (X)HTML or XML where the syntax
rules change. In other words, if you ignore the hard parts of the problem, it’s easy.

Of course, in some cases you might evaluate the markup you’re dealing with and decide
it’s OK to ignore these problem cases, maybe because you wrote the markup yourself
and know what to expect. It might also be OK if you’re doing a search-and-replace in
a text editor and are able to manually inspect each match before removing it.

But getting back to how to work around these issues, in “Skip tricky (X)HTML and
XML sections” on page 428 we discussed some of these same problems in the context
of matching XML-style tags. We can use a similar line of attack when searching for
comments. Use the code in Recipe 3.18 to first search for tricky sections using the
regular expression shown next, and then replace comments found between matches
with the empty string (i.e., remove the comments):

<(script|style|textarea|xmp)\b(?:[^>"']|"[^"]*"|'[^']*')*?↵
(?:/>|>.*?</\1\s*>)|<[a-z](?:[^>"']|"[^"]*"|'[^']*')*>|<!\[CDATA\[.*?]]>

Regex options: Case insensitive, dot matches line breaks
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Adding some whitespace and a few comments to the regex in free-spacing mode makes
this a lot easier to follow:

# Special element: tag and content
<( script | style | textarea | xmp )\b
    (?: [^>"']   # Match any attribute names
      | "[^"]*"  #     ...and values
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      | '[^']*'  #
    )*?
(?: # Singleton tag
    />
  | # Otherwise, include the element's content and matching closing tag
    > .*? </\1\s*>
)

|

# Standard element: tag only
<[a-z]           # Tag name initial character
    (?: [^>"']   # Match the rest of the tag name
      | "[^"]*"  #     ...along with attribute
      | '[^']*'  #     ...names and values
    )*
>

|

# CDATA section
<!\[CDATA\[ .*? ]]>

Regex options: Case insensitive, dot matches line breaks, free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Here’s an equivalent version for JavaScript, which lacks both “dot matches line breaks”
and “free-spacing” options:

<(script|style|textarea|xmp)\b(?:[^>"']|"[^"]*"|'[^']*')*?↵
(?:/>|>[\s\S]*?</\1\s*>)|<[a-z](?:[^>"']|"[^"]*"|'[^']*')*>|<!\[CDATA\[↵
[\s\S]*?]]>

Regex options: Case insensitive
Regex flavor: JavaScript

Variations

Find valid XML-style comments

There are in fact a few syntax rules for (X)HTML and XML comments that go beyond
simply starting with <!-- and ending with -->. Specifically:

• Two hyphens cannot appear in a row within a comment. For example, <!--
com--ment --> is invalid because of the two hyphens in the middle.

• The closing delimiter cannot be preceded by a hyphen that is part of the
comment. For example, <!-- comment ---> is invalid, but the completely empty
comment <!----> is allowed.

• Whitespace may occur between the closing -- and >. For example, <!-- comment
-- > is a valid, complete comment.
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It’s not hard to work these rules into a regex:

<!--[^-]*(?:-[^-]+)*--\s*>
Regex options: None
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Notice that everything between the opening and closing comment delimiters is still
optional, so it matches the completely empty comment <!---->. However, if a hyphen
occurs between the delimiters, it must be followed by at least one nonhyphen character.
And since the inner portion of the regex can no longer match two hyphens in a row,
the lazy quantifier from the regexes at the beginning of this recipe has been replaced
with greedy quantifiers. Lazy quantifiers would still work fine, but sticking with them
here would result in unnecessary backtracking (see Recipe 2.13).

Some readers might look at this new regex and wonder why the ‹[^-]› negated character
class is used twice, rather than just making the hyphen inside the noncapturing group
optional (i.e., ‹<!--(?:-?[^-]+)*--\s*>›). There’s a good reason, which brings us back
to the discussion of “catastrophic backtracking” from Recipe 2.15.

So-called nested quantifiers always warrant extra attention and care in order to ensure
that you’re not creating the potential for catastrophic backtracking. A quantifier is
nested when it occurs within a grouping that is itself repeated by a quantifier. For
example, the pattern ‹(?:-?[^-]+)*› contains two nested quantifiers: the question mark
following the hyphen and the plus sign following the negated character class.

However, nesting quantifiers is not really what makes this dangerous, performance-
wise. Rather, it’s that there are a potentially massive number of ways that the outer
‹*› quantifier can be combined with the inner quantifiers while attempting to match a
string. If the regex engine fails to find --> at the end of a partial match (as is required
when you plug this pattern segment into the comment-matching regex), the engine
must try all possible repetition combinations before failing the match attempt and
moving on. This number of options expands extremely rapidly with each additional
character that the engine must try to match. However, there is nothing dangerous about
the nested quantifiers if this situation is avoided. For example, the pattern ‹(?:-[^-]
+)*› does not pose a risk, even though it contains a nested ‹+› quantifier, because now
that exactly one hyphen must be matched per repetition of the group, the potential
number of backtracking points increases linearly with the length of the subject string.

Another way to avoid the potential backtracking problem we’ve just described is to use
an atomic group. The following is equivalent to the first regex shown in this section,
but it’s a few characters shorter and isn’t supported by JavaScript or Python:

<!--(?>-?[^-]+)*--\s*>
Regex options: None
Regex flavors: .NET, Java, PCRE, Perl, Ruby

See Recipe 2.14 for the details about how atomic groups (and their counterpart, pos-
sessive quantifiers) work.
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Find C-style comments

The same type of pattern as shown for XML-style comments works well with other
nonnested, multiline comments. C-style comments either start with /* and end with
the first occurrence of */, or start with // and continue until the end of the line. The
following regex matches both of these comment types by combining a pattern for each
type using a vertical bar:

/\*[\s\S]*?\*/|//.*
Regex options: None (“dot matches line breaks” must not be set)
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

See Also
Recipe 8.9 shows how to find specific words when they occur within XML-style
comments.

8.9  Find Words Within XML-Style Comments
Problem
You want to find all occurrences of the word TODO within (X)HTML or XML comments.
For example, you want to match only the underlined text within the following string:

This "TODO" is not within a comment, but the next one is. <!-- TODO: ↵
Come up with a cooler comment for this example. -->

Solution
There are at least two approaches to this problem, and both have their advantages. The
first tactic, described as the “Two-step approach” on page 463, is to find comments
with an outer regex, and then search within each match using a separate regex or even
a plain text search. That works best if you’re writing code to do the job, since separating
the task into two steps keeps things simple and fast. However, if you’re searching
through files using a text editor or grep tool, splitting the task in two won’t work unless
your tool of choice offers a special option to search within matches found by another
regex.†

When you need to find words within comments using a single regex, you can accom-
plish this with the help of lookaround. This second method is shown in the upcoming
section “Single-step approach”.

† PowerGREP—described in “Tools for Working with Regular Expressions” in Chapter 1—is one tool that’s
able to search within matches.
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Two-step approach

When it’s a workable option, the better solution is to split the task in two: search for
comments, and then search within those comments for TODO.

Here’s how you can find comments:

<!--.*?-->
Regex options: Dot matches line breaks
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

JavaScript doesn’t have a “dot matches line breaks” option, but you can use an all-
inclusive character class in place of the dot, as follows:

<!--[\s\S]*?-->
Regex options: None
Regex flavor: JavaScript

For each comment you find using one of the regexes just shown, you can then search
within the matched text for the literal characters ‹TODO›. If you prefer, you can make it
a case-insensitive regex with word boundaries on each end to make sure that only the
complete word TODO is matched, like so:

\bTODO\b
Regex options: Case insensitive
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Recipe 3.13 shows how to search within matches of an outer regex.

Single-step approach

Lookahead (described in Recipe 2.16) lets you solve this problem with a single regex,
albeit less efficiently. In the following regex, positive lookahead is used to make sure
that the word TODO is followed by the closing comment delimiter -->. On its own, that
doesn’t tell whether the word appears within a comment or is simply followed by a
comment, so a nested negative lookahead is used to ensure that the opening comment
delimiter <!-- does not appear before the -->:

\bTODO\b(?=(?:(?!<!--).)*?-->)
Regex options: Case insensitive, dot matches line breaks
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Since JavaScript doesn’t have a “dot matches line breaks” option, use ‹[\s\S]› in place
of the dot:

\bTODO\b(?=(?:(?!<!--)[\s\S])*?-->)
Regex options: Case insensitive
Regex flavor: JavaScript
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Discussion

Two-step approach

Recipe 3.13 shows the code you need to search within matches of another regex. It
takes an inner and outer regex. The comment regex serves as the outer regex, and
‹\bTODO\b› as the inner regex. The main thing to note here is the lazy ‹*?› quantifier that
follows the dot or character class in the comment regex. As explained in Recipe 2.13,
that lets you match up to the first --> (the one that ends the comment), rather than the
very last occurrence of --> in your subject string.

Single-step approach

This solution is more complex, and slower. On the plus side, it combines the two steps
of the previous approach into one regex. Thus, it can be used when working with a text
editor, IDE, or other tool that doesn’t allow searching within matches of another regex.

Let’s break this regex down in free-spacing mode, and take a closer look at each part:

\b TODO \b      # Match the characters "TODO", as a complete word
(?=             # Assert that the regex below can match here
  (?:           #   Group but don't capture...
    (?! <!-- )  #     Assert that "<!--" cannot match here
    .           #     Match any single character
  )*?           #   Repeat zero or more times, as few as possible (lazy)
  -->           #   Match the characters "-->"
)               #

Regex options: Dot matches line breaks, free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

This commented version of the regex doesn’t work in JavaScript, since JavaScript lacks
both “free-spacing” and “dot matches line breaks” modes.

Notice that the regex contains a negative lookahead nested within an outer, positive
lookahead. That lets you require that any match of TODO is followed by --> and that
<!-- does not occur in between.

If it’s clear to you how all of this works together, great: you can skip the rest of this
section. But in case it’s still a little hazy, let’s take another step back and build the outer,
positive lookahead in this regex step by step.

Let’s say for a moment that we simply want to match occurrences of the word TODO that
are followed at some point in the string by -->. That gives us the regex ‹\bTODO
\b(?=.*?-->)› (with “dot matches line breaks” enabled), which matches the underlined
text in <!--TODO--> just fine. We need the ‹.*?› at the beginning of the lookahead,
because otherwise the regex would match only when TODO is immediately followed by
-->, with no characters in between. The ‹*?› quantifier repeats the dot zero or more
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times, as few times as possible, which is great since we only want to match until the
first following -->.

As an aside, the regex so far could be rewritten as ‹\bTODO(?=.*?-->)\b›—with the
second ‹\b› moved after the lookahead—without any affect on the text that is matched.
That’s because both the word boundary and the lookahead are zero-length assertions
(see “Lookaround” on page 75). However, it’s better to place the word boundary first
for readability and efficiency. In the middle of a partial match, the regex engine can
more quickly test a word boundary, fail, and move forward to try again at the next
character in the string without having to spend time testing the lookahead when it isn’t
necessary because TODO is not a complete word.

OK, so the regex ‹\bTODO\b(?=.*?-->)› seems to work fine so far, but what about when
it’s applied to the subject string TODO <!-- separate comment -->? The regex still
matches TODO since it’s followed by -->, even though TODO is not within a comment.
Thus, we need to change the dot within the lookahead from matching any character to
any character that is not part of the string <!--, since that would indicate the start of a
new comment. We can’t use a negated character class such as ‹[^<!-]›, because we
want to allow <, !, and - characters that are not grouped into the exact sequence <!--.

That’s where the nested negative lookahead comes in. ‹(?!<!--).› matches any single
character that is not part of an opening comment delimiter. Placing that pattern within
a noncapturing group as ‹(?:(?!<!--).)› allows us to repeat the whole sequence with
the lazy ‹*?› quantifier we’d previously applied to just the dot.

Putting it all together, we get the final regex that was listed as the solution for
this problem: ‹\bTODO\b(?=(?:(?!<!--).)*?-->)›. In JavaScript, which lacks the nec-
essary “dot matches line breaks” option, ‹\bTODO\b(?=(?:(?!<!--)[\s\S])*?-->)› is
equivalent.

Variations
Although the “single-step approach” regex ensures that any match of TODO is followed
by --> without <!-- occurring in between, it doesn’t check the reverse: that the target
word is also preceded by <!-- without --> in between. There are several reasons we left
that rule out:

• You can usually get away with not doing this double-check, especially since the
single-step regex is meant to be used with text editors and the like, where you can
visually verify your results.

• Having less to verify means less time spent performing the verification (i.e., it’s
faster to leave the extra check out).

• Most importantly, since you don’t know how far back the comment may have
started, looking backward like this requires infinite-length lookbehind, which is
supported by the .NET regex flavor only.
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If you’re working with .NET and want to include this added check, use the following
regex:

(?<=<!--(?:(?!-->).)*?)\bTODO\b(?=(?:(?!<!--).)*?-->)
Regex options: Case insensitive, dot matches line breaks
Regex flavor: .NET

This stricter, .NET-only regex adds a positive lookbehind at the front, which works
just like the lookahead at the end but in reverse. Because the lookbehind works forward
from the position where it finds <!--, the lookbehind contains a nested negative look-
ahead that lets it match any characters that are not part of the sequence -->.

Since the leading lookahead and trailing lookbehind are both zero-length assertions,
the final match is just the word TODO. The strings matched within the lookarounds do
not become a part of the final matched text.

See Also
Recipe 8.8 includes a detailed discussion of how to match XML-style comments.

8.10  Change the Delimiter Used in CSV Files
Problem
You want to change all field-delimiting commas in a CSV file to tabs. Commas that
occur within double-quoted values should be left alone.

Solution
The following regular expression matches an individual CSV field along with its pre-
ceding delimiter, if any. The preceding delimiter is usually a comma, but can also be
an empty string (i.e., nothing) when matching the first field of the first record, or a line
break when matching the first field of any subsequent record. Every time a match is
found, the field itself, including the double quotes that may surround it, is captured to
backreference 2, and its preceding delimiter is captured to backreference 1.

The regular expressions in this recipe are designed to work correctly
only with valid CSV files, according to the format rules under the term
“Comma-Separated Values (CSV)” that was discussed earlier in this
book.

(,|\r?\n|^)([^",\r\n]+|"(?:[^"]|"")*")?
Regex options: None (“^ and $ match at line breaks” must not be set)
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby
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Here is the same regular expression again in free-spacing mode:

( , | \r?\n | ^ )   # Capturing group 1 matches field delimiters
                    #   or the beginning of the string
(                   # Capturing group 2 matches a single field:
  [^",\r\n]+        #   a non-quoted field
|                   #  or...
  " (?:[^"]|"")* "  #   a quoted field (may contain escaped double-quotes)
)?                  # The group is optional because fields may be empty

Regex options: Free-spacing (“^ and $ match at line breaks” must not be set)
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Using this regex and the code in Recipe 3.11, you can iterate over your CSV file and
check the value of backreference 1 after each match. The necessary replacement string
for each match depends on the value of this backreference. If it’s a comma, replace it
with a tab character. If the backreference is empty or contains a line break, leave the
value in place (i.e., do nothing, or put it back as part of a replacement string). Since
CSV fields are captured to backreference 2 as part of each match, you’ll also have to
put that back as part of each replacement string. The only things you’re actually re-
placing are the commas that are captured to backreference 1.

JavaScript example

The following code is a complete web page that includes two multiline text input fields,
with a button labeled Replace between them. Clicking the button takes whatever string
you put into the first text box (labeled Input), converts any comma delimiters to tabs
with the help of the regular expression just shown, then puts the new string into the
second text box (labeled Output). If you use valid CSV content as your input, it should
show up in the second text box with all comma delimiters replaced with tabs. To test
it, save this code into a file with the “.html” extension and open it in your favorite web
browser:

<html>
<head>
<title>Change CSV delimiters from commas to tabs</title>
</head>

<body>
<p>Input:</p>
<textarea id="input" rows="5" cols="75"></textarea>

<p><input type="button" value="Replace" onclick="commas_to_tabs()"></p>

<p>Output:</p>
<textarea id="output" rows="5" cols="75"></textarea>

<script>
function commas_to_tabs () {
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    var input  = document.getElementById('input'),
        output = document.getElementById('output'),
        regex  = /(,|\r?\n|^)([^",\r\n]+|"(?:[^"]|"")*")?/g,
        result = '',
        match;

    while (match = regex.exec(input.value)) {
        // Check the value of backreference 1
        if (match[1] == ',') {
            // Add a tab (in place of the matched comma) 
            // and backreference 2 to the result.
            // If backreference 2 is undefined (because the
            // optional, second capturing group did not participate  
            // in the match), use an empty string instead.
            result += '\t' + (match[2] || '');
        } else {
            // Add the entire match to the result
            result += match[0];
        }

        // Prevent some browsers from getting stuck in an infinite loop
        if (match.index == regex.lastIndex) regex.lastIndex++;
    }

    output.value = result;
}
</script>
</body>
</html>

Discussion
The approach prescribed by this recipe allows you to pass over each complete CSV field
(including any embedded line breaks, escaped double quotes, and commas) one at a
time. Each match then starts just before the next field delimiter.

The first capturing group in the regex, ‹(,|\r?\n|^)›, matches a comma, line break, or
the position at the beginning of the subject string. Since the regex engine will attempt
alternatives from left to right, these options are listed in the order in which they will
most frequently occur in the average CSV file. This capturing group is the only part of
the regex that is required to match. Therefore, it’s possible for the complete regex to
match an empty string since the ‹^› anchor can always match once. The value matched
by this first capturing group must be checked in code outside of the regex that replaces
commas with your substitute delimiter (e.g., a tab).

We haven’t yet gotten through the entire regex, but the approach described so far is
already somewhat convoluted. You might be wondering why the regex is not written
to match only the commas that should be replaced with tabs. If you could do that, a
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simple substitution of all matched text would avoid the need for code outside of the
regex to check whether capturing group 1 matched a comma or some other string. After
all, it should be possible to use lookahead and lookbehind to determine whether a
comma is inside or outside a quoted CSV field, right?

Unfortunately, in order for such an approach to accurately determine which commas
are outside of double-quoted fields, you’d need infinite-length lookbehind,
which is available only in the .NET regex flavor (see “Different levels of lookbe-
hind” on page 77 for a discussion of the varying lookbehind limitations). Even .NET
developers should avoid a lookaround-based approach since it would add significant
complexity and also make the regex slower.

Getting back to how the regex works, most of the pattern appears within the next set
of parentheses: capturing group 2. This second group matches a single CSV field, in-
cluding any surrounding double quotes. Unlike the previous capturing group, this one
is optional in order to allow matching empty fields.

Note that group 2 within the regex contains two alternative patterns separated by the
‹|› metacharacter. The first alternative, ‹[^",\r\n]+›, is a negated character class fol-
lowed by a one-or-more (‹+›) quantifier that, together, match an entire nonquoted field.
For this to match, the field cannot contain any double quotes, commas, or line breaks.

The second alternative within group 2, ‹"(?:[^"]|"")*"›, matches a field surrounded
by double quotes. More precisely, it matches a double-quote character, followed by
zero or more nondouble-quote characters and repeated (escaped) double quotes, fol-
lowed by a closing double quote.

The ‹*› quantifier at the end of the inner, noncapturing group repeats the two inner
options as many times as possible, until you get to a double quote that is not repeated
and therefore ends the field.

Assuming you’re working with a valid CSV file, the first match found by this regex
should occur at the beginning of the subject string, and each subsequent match should
occur immediately after the end of the last match.

See Also
Recipe 8.11 describes how to reuse the regex in this recipe to extract CSV fields from
a specific column.

8.11  Extract CSV Fields from a Specific Column
Problem
You want to extract every field from the third column of a CSV file. 
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Solution
The regular expressions from Recipe 8.10 can be reused here to iterate over each field
in a CSV subject string. With a bit of extra code, you can count the number of fields
from left to right in each row, or record, and extract the fields at the position you’re
interested in.

The following regular expression (shown with and without the free-spacing option)
matches a single CSV field and its preceding delimiter in two separate capturing groups.
Since line breaks can appear within double-quoted fields, it would not be accurate to
simply search from the beginning of each line in your CSV string. By matching and
stepping past fields one by one, you can easily determine which line breaks appear
outside of double-quoted fields and therefore start a new record.

The regular expressions in this recipe are designed to work correctly
only with valid CSV files, according to the format rules discussed in
“Comma-Separated Values (CSV) on page 415.”

(,|\r?\n|^)([^",\r\n]+|"(?:[^"]|"")*")?
Regex options: None (“^ and $ match at line breaks” must not be set)
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

( , | \r?\n | ^ )   # Capturing group 1 matches field delimiters
                    #   or the beginning of the string
(                   # Capturing group 2 matches a single field:
  [^",\r\n]+        #   a non-quoted field
|                   #  or...
  " (?:[^"]|"")* "  #   a quoted field (may contain escaped double-quotes)
)?                  # The group is optional because fields may be empty

Regex options: Free-spacing (“^ and $ match at line breaks” must not be set)
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

These regular expressions are exactly the same as those in Recipe 8.10, and they can
be repurposed for plenty of other CSV processing tasks as well. The following example
code demonstrates how you can use the version without the free-spacing option to help
you extract a CSV column.

JavaScript example

The following code is a complete web page that includes two multiline text input fields
and a button between them labeled Extract Column 3. Clicking the button takes what-
ever string you put into the Input text box, extracts the value of the third field in each
record with the help of the regular expression shown earlier in this recipe, then puts
the entire column (with each value separated by a line break) into the Output field. To
test it, save this code into a file with the “.html” extension and open it in your favorite
web browser:
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<html>
<head>
<title>Extract the third column from a CSV string</title>
</head>

<body>
<p>Input:</p>
<textarea id="input" rows="5" cols="75"></textarea>

<p><input type="button" value="Extract Column 3"
    onclick="display_csv_column(2)"></p>

<p>Output:</p>
<textarea id="output" rows="5" cols="75"></textarea>

<script>
function display_csv_column (index) {
    var input  = document.getElementById('input'),
        output = document.getElementById('output'),
        column_fields = get_csv_column(input.value, index);

    if (column_fields.length > 0) {
        // Show each record on its own line, separated by a line feed (\n)
        output.value = column_fields.join('\n');
    } else {
        output.value = '[No data found to extract]';
    }
}

// Return an array of CSV fields at the provided, zero-based index
function get_csv_column (csv, index) {
    var regex  = /(,|\r?\n|^)([^",\r\n]+|"(?:[^"]|"")*")?/g,
        result = [],
        column_index = 0,
        match;

    while (match = regex.exec(csv)) {
        // Check the value of backreference 1. If it's a comma,
        // increment column_index. Otherwise, reset it to zero.
        if (match[1] == ',') {
            column_index++;
        } else {
            column_index = 0;
        }
        if (column_index == index) {
            // Add the field (backref 2) at the end of the result array
            result.push(match[2]);
        }
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        // Prevent some browsers from getting stuck in an infinite loop
        if (match.index == regex.lastIndex) regex.lastIndex++;
    }

    return result;
}
</script>
</body>
</html>

Discussion
Since the regular expressions here are repurposed from Recipe 8.10, we won’t repeat
the detailed explanation of how they work. However, this recipe includes new
JavaScript example code that uses the regex to extract fields at a specific index from
each record in the CSV subject string.

In the provided code, the get_csv_column function works by iterating over the subject
string one match at a time. After each match, backreference 1 is examined to check
whether it contains a comma. If so, you’ve matched something other than the first field
in a row, so the column_index variable is incremented to keep track of which column
you’re at. If backreference 1 is anything other than a comma (i.e., an empty string or a
line break), you’ve matched the first field in a new row and column_index is reset to zero.

The next step in the code is to check whether the column_index counter has reached the
index you’re looking to extract. Every time it does, the value of backreference 2 (ev-
erything after the leading delimiter) is pushed to the result array. After you’ve iterated
over the entire subject string, the get_csv_column function returns an array containing
values for the entire specified column (in this example, the third column). The list of
matches is then dumped into the second text box on the page, with each value separated
by a line feed character (\n).

A simple improvement would be to let the user specify which column index should be
extracted, via a prompt or additional text field. The get_csv_column function we’ve been
discussing is already written with this feature in mind, and lets you specify the desired
column as a zero-based integer via the second parameter (index).

Variations
Although using code to iterate over a string one CSV field at a time allows for extra
flexibility, if you’re using a text editor to get the job done, you may be limited to just
search-and-replace. In this situation, you can achieve a similar result by matching each
complete record and replacing it with the value of the field at the column index you’re
searching for (using a backreference). The following regexes illustrate this technique
for particular column indexes, replacing each record with the field in a specific column.
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With all of these regexes, if any record does not contain at least as many fields as the
column index you’re searching for, that record will not be matched and will be left in
place.

Match a CSV record and capture the field in column 1 to backreference 1
^([^",\r\n]+|"(?:[^"]|"")*")?(?:,(?:[^",\r\n]+|"(?:[^"]|"")*")?)*

Regex options: ^ and $ match at line breaks
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Match a CSV record and capture the field in column 2 to backreference 1
^(?:[^",\r\n]+|"(?:[^"]|"")*")?,([^",\r\n]+|"(?:[^"]|"")*")?↵
(?:,(?:[^",\r\n]+|"(?:[^"]|"")*")?)*

Regex options: ^ and $ match at line breaks
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Match a CSV record and capture the field in column 3 or higher to backreference 1
^(?:[^",\r\n]+|"(?:[^"]|"")*")?(?:,(?:[^",\r\n]+|"(?:[^"]|"")*")?){1},↵
([^",\r\n]+|"(?:[^"]|"")*")?(?:,(?:[^",\r\n]+|"(?:[^"]|"")*")?)*

Regex options: ^ and $ match at line breaks
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Increment the number within the ‹{1}› quantifier to make this last regex work for any-
thing higher than column 3. For example, change it to ‹{2}› to capture fields from
column 4, ‹{3}› for column 5, and so on. If you’re working with column 3, you can
simply remove the ‹{1}› if you prefer, since it has no effect here.

Replacement string

The same replacement string (backreference 1) is used with all of these regexes. Re-
placing each match with backreference 1 should leave you with just the fields you’re
searching for.

$1
Replacement text flavors: .NET, Java, JavaScript, Perl, PHP

\1
Replacement text flavors: Python, Ruby

8.12  Match INI Section Headers
Problem
You want to match all section headers in an INI file. 
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Solution
This one is easy. INI section headers appear at the beginning of a line, and are designated
by placing a name within square brackets (e.g., [Section1]). Those rules are simple to
translate into a regex:

^\[[^\]\r\n]+]
Regex options: ^ and $ match at line breaks
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Discussion
There aren’t many parts to this regex, so it’s easy to break down:

• The leading ‹^› matches the position at the beginning of a line, since the “^ and $
match at line breaks” option is enabled.

• ‹\[› matches a literal [ character. It’s escaped with a backslash to prevent [ from
starting a character class.

• ‹[^\]\r\n]› is a negated character class that matches any character except ], a
carriage return (\r), or a line feed (\n). The immediately following ‹+› quantifier
lets the class match one or more characters, which brings us to....

• The trailing ‹]› matches a literal ] character to end the section header. There’s no
need to escape this character with a backslash because it does not occur within a
character class.

If you only want to find a specific section header, that’s even easier. The following regex
matches the header for a section called Section1:

^\[Section1]
Regex options: ^ and $ match at line breaks
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

In this case, the only difference from a plain-text search for “[Section1]” is that the
match must occur at the beginning of a line. This prevents matching commented-out
section headers (preceded by a semicolon) or what looks like a header but is actually
part of a parameter’s value (e.g., Item1=[Value1]).

See Also
Recipe 8.13 describes how to match INI section blocks.

Recipe 8.14 does the same for INI name-value pairs.
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8.13  Match INI Section Blocks
Problem
You need to match each complete INI section block (i.e., a section header and all of
the section’s parameter-value pairs), in order to split up an INI file or process each
block separately.

Solution
Recipe 8.12 showed how to match an INI section header. To match an entire section,
we’ll start with the same pattern from that recipe, but continue matching until we reach
the end of the string or a [ character that occurs at the beginning of a line (since that
indicates the start of a new section):

^\[[^\]\r\n]+](?:\r?\n(?:[^[\r\n].*)?)*
Regex options: ^ and $ match at line breaks (“dot matches line breaks” must not
be set)
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

Or in free-spacing mode:

^ \[ [^\]\r\n]+ ]  # Match a section header
(?:                # Followed by the rest of the section...
  \r?\n            #   Match a line break character sequence
  (?:              #   After each line starts, match...
    [^[\r\n]       #     Any character except "[" or a line break character
    .*             #     Match the rest of the line
  )?               #   The group is optional to allow matching empty lines
)*                 # Continue until the end of the section

Regex options: ̂  and $ match at line breaks, free-spacing (“dot matches line breaks”
must not be set)
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Discussion
This regular expression starts by matching an INI section header with the pattern ‹^\
[[^\]\r\n]+]›, and continues matching one line at a time as long as the lines do not
start with [. Consider the following subject text:

[Section1]
Item1=Value1
Item2=[Value2]

; [SectionA]
; The SectionA header has been commented out

ItemA=ValueA ; ItemA is not commented out, and is part of Section1
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[Section2]
Item3=Value3
Item4 = Value4

Given the string just shown, this regex finds two matches. The first match extends from
the beginning of the string up to and including the empty line before “[Section2]”. The
second match extends from the start of the Section2 header until the end of the string.

See Also
Recipe 8.12 shows how to match INI section headers.

Recipe 8.14 does the same for INI name-value pairs.

8.14  Match INI Name-Value Pairs
Problem
You want to match INI parameter name-value pairs (e.g., Item1=Value1), separating
each match into two parts using capturing groups. Backreference 1 should contain the
parameter name (Item1), and backreference 2 should contain the value (Value1).

Solution
Here’s the regular expression to get the job done (the second is shown with free-spacing
mode):

^([^=;\r\n]+)=([^;\r\n]*)
Regex options: ^ and $ match at line breaks
Regex flavors: .NET, Java, JavaScript, PCRE, Perl, Python, Ruby

^               # Start of a line
( [^=;\r\n]+ )  # Capture the name to backreference 1
=               # Name-value delimiter
( [^;\r\n]* )   # Capture the value to backreference 2

Regex options: ^ and $ match at line breaks, free-spacing
Regex flavors: .NET, Java, PCRE, Perl, Python, Ruby

Discussion
Like the other INI recipes in this chapter, we’re working with pretty straightforward
ingredients here. The regex starts with ‹^›, to match the position at the start of a line
(make sure the “^ and $ match at line breaks” option is enabled). This is important
because without the assurance that matches start at the beginning of a line, you could
match part of a commented-out line.
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Next, the regex uses a capturing group that contains a negated character class (‹[^=;\r
\n]›) followed by the one-or-more quantifier (‹+›) to match the name of the parameter
and remember it as backreference 1. The negated class matches any character except
the following four: equals sign, semicolon, carriage return (‹\r›), and line feed (‹\n›).
The carriage return and line feed characters are both used to end an INI parameter, a
semicolon marks the start of a comment, and an equals sign separates a parameter’s
name and value.

After matching the parameter name, the regex matches a literal equals sign (the name-
value delimiter), and then the parameter value. The value is matched using a second
capturing group that is similar to the pattern used to match the parameter name but
has two less restrictions. First, this second subpattern allows matching equals signs as
part of the value (i.e., there is one less negated character in the character class). Second,
it uses a ‹*› quantifier to remove the need to match at least one character (since, unlike
names, values may be empty).

And we’re done.

See Also
Recipe 8.12 explains how to match INI section headers.

Recipe 8.13 gives the details on INI section blocks.
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Symbols
* (asterisk)

as anchor (assertion), 220
escaping, 321
as greedy, 68
as metacharacter, 26
for possessive quantifiers, 217

@ (at sign)
encoding in Perl, 104
matching, 216

\ (backslash)
escaping, 321

in replacement text, 85–87
for escaping characters, 26, 319–322

within character classes, 31
as metacharacters, 26
in source code, 102

!~ operator, 126
{ } (braces)

escaping, 321
as metacharacters, 26
for repetition, 65

[ ] (brackets)
for character classes, 216
for defining character classes, 31
escaping, 321
as metacharacter, 26

^ (caret)
as anchor, 37, 39, 217, 220
escaping, 321
as metacharacter, 26
negation within character classes, 31

, (comma)
escaping, 321

in interval quantifier, 246
as thousands separator, 343–344

$ (dollar sign)
as anchor, 37, 38, 39, 104, 217
escaping, 321
escaping in replacement text, 85–87
as metacharacter, 26

$& variable, 138
$& variable, 142
$` variable, 194
$+ hash, 150, 180
$' variable, 194
$~ variable (Ruby), 138

capturing groups, 148
$~[0] variable, 138
. (dot)

abuse of, 35
escaping, 321
to match any single character, 35
matching, 216
as metacharacter, 26

=~ operator (Perl), 126, 143
=~ operator (Ruby), 124, 127
# (hash symbol)

for comments, 83
escaping, 321

- (hyphen)
escaping, 321
as metacharacter, 26
for ranges within character classes, 31
stripping from credit card numbers, 272,

274
( ) (parentheses)

atomic groups, 71–72, 74, 248
capturing groups, 57–60

We’d like to hear your suggestions for improving our indexes. Send email to index@oreilly.com.
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for matching previously matched text,
60–62

reproducing lookbehind, 79
escaping, 321
as metacharacters, 26, 220

+ (plus sign)
escaping, 321
as metacharacter, 26
for possessive quantifiers, 70, 217

? (question mark)
escaping, 321
for lazy quantifiers, 69
as metacharacter, 26
for zero-or-once matching, 66

| (vertical bar)
as alternation operator, 56, 235, 288
escaping, 321

A
\a (bell character), 28
\A anchor, 37, 38, 218
accented letters, 52
ActionScript language, 98
addresses with post office boxes, finding, 266–

268
affirmative responses, validating, 253–254
alphanumeric characters, limiting input to,

241–244
alternation, 56

finding numbers within a range, 335
finding words from a list, 288
verifying time formats, 235

ampersand (&), escaping, 321
anchors, 37
ANSI characters, limiting to, 242
appendReplacement() method, 185
appendTail() method, 185
ASCII control characters (see control

characters)
assertions, 220
asterisk (*)

as anchor (assertion), 220
escaping, 321
as greedy, 68
as metacharacter, 26
for possessive quantifiers, 217

at sign (@)
encoding in Perl, 104
matching, 216

atomic groups, 71–72, 74, 248
atomic lookaround and lookbehind, 78
attributes (markup languages), 412

finding specific, 450–455
whitelisting, 440

B
<b> tags, replacing with <strong>, 434–437
\b word boundary, 32, 41, 218, 222, 236, 286

(see also words)
\B nonboundary, 42
backreferences

empty, using, 304
finding repeated words, 306–307
named, 64
named capture for (see named capture)
to nonexistent groups, 90
reinserting parts of match, 176–181
with splitting strings, 203–208

backreferencing, 60–62
backslash (\)

escaping, 321
in replacement text, 85–87

for escaping characters, 26, 319–322
within character classes, 31

as metacharacters, 26
in source code, 102

backtracking, 68
catastrophic, 73
unnecessary, eliminating, 70–72

balanced matching, 168
!~ operator, 126
begin() method, Ruby (MatchData class), 143
bell character (\a), 28
binary numbers, finding, 329–330
block escapes, 27, 322
blocks, Unicode, 48–51

listing all characters in, 53
braces { }

escaping, 321
as metacharacters, 26
for repetition, 65

brackets [ ]
for character classes, 216
for defining character classes, 31
escaping, 321
as metacharacter, 26

480 | Index



C
C language, 98
C# language, 96

creating regular expression objects, 110
importing regular expression library, 107
literal regular expressions in, 102

C++ language, 98
\cA through \cZ values, 29
CacheSize property (.NET), 110
Canadian postal codes, validating, 265–266
CANON_EQ constant (Java), 118
capitals (see case)
capturing groups, 57–60, 217

conditions with, 81–83
empty backreferences, using, 304
finding repeated words, 306–307
to match previously matched text, 60–62
named capture, 62–64, 91, 148, 179

groups with same names (.NET), 233
references to nonexistent groups, 90
reinserting parts of match, 176–181
reproducing lookbehind with, 79
retrieving details about, 143–150
with splitting strings, 203

caret (^)
as anchor, 37, 39, 217, 220
escaping, 321
as metacharacter, 26
negation within character classes, 31

carriage return (\r), 28
case

case-insensitive matching, 27, 216
insensitivity, in character classes, 33

case-insensitive mode, setting option for, 114–
121

CASE_INSENSITIVE constant (Java), 116
catastrophic backtracking, 73
categories, Unicode, 45
CDATA sections, XML, 415
cellspacing attribute, adding to <table> tags,

455–458
character classes, 31, 221

case insensitivity with, 33
in free-spacing mode, 83
shorthands, 32
subtraction, 33, 78
Unicode tokens in, 53
unions and intersections of, 33

character entity references, HTML, 412, 449

character matching (see matching)
checksum (ISBN), 257
CIL (Common Intermediate Language), 113
code points, Unicode, 45

blocks for, 48–51
combining marks, 52
comma (,)

escaping, 321
in interval quantifier, 246
as thousands separator, 343–344

Comma-Separated Values files (see CSV files)
comments

in HTML, 413
in INI files, 417
in XML

finding words in, 462–466
removing, 458–462
validating, 460

COMMENTS constant (Java), 116
comments in regular expressions, 83–84
Common Intermediate Language (see CIL)
compile() method

Java (Pattern class), 103, 111, 116
Python (re module), 112

regular expression options, 117
Ruby (Regexp class), 113

compressed mixed notation (IPv6), 385, 393
compressed notation (IPv6), 384, 387, 391
conditional expressions, 302
conditions, in matching, 81–83
context of matches, inserting, 92–93
control characters

escape sequences for, 28–30
Unicode category for, 47

Count property (Match.Groups), 146
credit card numbers, validating, 271–277
CSV (Comma-Separated Values) files, 415–

416
changing delimiter used in, 466–469
extracting fields from specific columns,

469–473
curly brackets { }

escaping, 321
as metacharacters, 26
for repetition, 65

Currency block (Unicode), 51

D
\d token, 32, 325

Index | 481



\D token, 32
dash (see hyphen (-))
date formats, validating, 226–229

ISO 8601 formats, 237–241
removing invalid dates, 229–234

decimal, converting Roman numerals to, 345
decimal numbers (see floating point numbers)
delimiter in CSV files, changing, 466–469
Delphi for Win32, 98
Delphi Prism, 98
desktop regex testers, 17–19
deterministic finite automation (DFA), 2
DFA regex engines, 335
digits (numbers), 325

(see also numbers)
matching in character classes, 32
Unicode category for, 46

DOCTYPEs (HTML), 413
document type declarations, HTML, 413
$& variable, 88, 92
$' variable, 92
$_ variable, 92
$` variable, 92
dollar sign ($)

as anchor, 37, 38, 39, 104, 217
escaping, 321
escaping in replacement text, 85–87
as metacharacter, 26

domain names, validating, 376–379
dot (.)

abuse of, 35
escaping, 321
to match any single character, 35
matching, 216
as metacharacter, 26

“dot all” mode, 35, 114–121
“dot matches line breaks” option, 35, 114–

121
DOTALL constant (Java), 116
double-quoted strings

C#, 102
Java, 103
Perl, 104
PHP, 103
VB.NET, 102

drive letters, extracting from Windows paths,
402–403

duplicate lines, removing, 308–312

E
\e (escape character), 28
\E token to suppress metacharacters, 27, 322
eager, regular expression engine as, 335
ECMA-262 standard, 96, 98
ECMAScript programming language, 96
ECMAScript value (RegexOptions), 118
elements, HTML, 412
email addresses, validating, 213–219
embedded matches, finding, 165–169
empty backreferences, 304
end of line, matching characters at, 36–41
end() method

Java (Matcher class), 141, 147
Python (MatchObject class), 142
Ruby (MatchData class), 143

entities, HTML, 412, 449
EPP (Extensible Provisioning Protocol), 225
=~ operator (Ruby), 124, 126, 127, 143
ereg functions (PHP), 97

ereg_replace, 6
literal regular expressions in, 103

escape character (\e), 28
escaping, 26

characters in replacement text, 85–87
how and when appropriate, 319–322
inside character classes, 31

European VAT numbers, validating, 278–284
!~ operator, 126
exec() method (JavaScript), 141, 147

iterating over matches, 159
ExplicitCapture value (RegexOptions), 118
Expresso tester, 17
EXTENDED constant (Regexp), 118
Extensible Hypertext Markup Language (see

XHTML)
Extensible Markup Language (see XML)
Extensible Provisioning Protocol (EPP), 225
extensions (file), extracting from paths, 407–

408

F
\f (form feed character), 28
fields, in CSV files, 416

extracting, 469–473
filenames

extracting extensions from Windows paths,
407–408

482 | Index



extracting from Windows paths, 406–407
stripping invalid characters from, 408–409

filesystem paths (Windows)
extracting drive letters from, 402–403
extracting file extensions from, 407–408
extracting filenames from, 406–407
extracting folders from, 404–406
splitting, 397–402
validating, 395–397

Find tab (myregexp.com), 15
find() method, Java (Matcher class), 125, 137,

141, 153
iterating over matches, 158

findall() method, Python (re module), 154
finding (see search-and-replace; searching)
finditer() method, Python (re module), 160
finite-length lookaround, 298
first names, reformatting, 268–271
first occurrences of lines, storing, 309, 311
fixed repetition, 65
fixed-length lookaround, 298
flavors of regular expressions, 2–5
flavors of replacement text, 5
floating point numbers, 340–342
folders, extracting from Windows paths, 404–

406
form feed character (\f), 28
formatting

of dates, validating, 226–229
ISO 8601 formats, 237–241
removing invalid dates, 229–234

first and last names, 268–271
of times, validating

ISO 8601 formats, 237–241
traditional formats, 234–236

phone numbers (North American), 219–
223

fragment, extracting from URL, 376
free-spacing mode, 83

in Python, 105
setting option for, 114–121

G
generic URLs, validating, 358–364
Get-Unique cmdlet (PowerShell), 308
graphemes, Unicode, 45, 52
greedy quantifiers, 67

eliminating backtracking with, 70–72
grep function, R Project support for, 99

grep tools, 19–22
Group class (.NET), 146
Group property, .NET (Match() function),

146
group() method

Java (Matcher class), 147
re module (Python), 148

groupdict() method, Python (MatchObject
class), 148

grouping, 57–60
atomic groups, 71–72, 74, 248
capturing and naming parts of match (see

named capture)
empty backreferences, 304
lookaround, 75–80, 245, 286

conditionals with, 82
referencing nonexistent groups, 90
repeating groups, 66
reproducing lookbehind, 79

groups() method, Python (MatchObject class),
148

gsub() method, Ruby (String class), 176, 187
with backreferences, 179

H
hash symbol (#)

for comments, 83
escaping, 321

hexadecimal numbers, finding, 326–329
within a certain range, 337–339

horizontal tab character (\t), 28
host, extracting from URL, 367–369
HTML (Hypertext Markup Language), 411–

413
adding <p> to plain text, 447–450
adding attributes to <table> tags, 455–458
matching tags, 417–434
replacing <b> with <strong>, 434–437
validating tags, 430

hyperlinks, turning URLs into, 356
Hypertext Markup Language (see HTML)
hyphen (-)

escaping, 321
as metacharacter, 26
for ranges within character classes, 31
stripping from credit card numbers, 272,

274
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I
(?i) mode modifier, 27
(?-i) mode modifier, 27
IGNORECASE constant (Regexp), 118
IgnoreCase option (RegexOptions), 115
IgnorePatternWhitespace option

(RegexOptions), 115
importing regular expression library, 106–107
Index property (.NET), 141
index property (JavaScript), 141
infinite repetition, 66
infinite-length lookaround, 298
INI files, 417

matching name-value pairs in, 476–477
matching section blocks in, 475–476
matching section headers in, 473–474

initialization files (see INI files)
input validation, 254

(see also validating)
affirmative responses, 253–254
allowing only alphanumeric characters,

241–244
credit card numbers, 271–277
line count, 248–252
string length, 244–248

integers
containing comma (thousands separator),

343–344
finding or identifying, 323–326
stripping leading zeros, 330–331
within a certain range, finding, 331–337

international phone numbers, validating, 224–
226

intersections of character classes, 33
interval quantifier, 246
IPv4 addresses, matching, 379–381
IPv6 addresses, matching, 381–394
ISBNs, validating, 257–264
IsMatch() method (.NET), 125, 152
ISO 8601 formats, 237–241
ISO-8859-1 characters, limiting to, 242
iterating over all matches, 155–161

J
Java language, xiv

(see also Matcher class (Java); Pattern class
(Java); String class (Java))
creating regular expression objects, 110

importing regular expression library, 107
literal regular expressions in, 103
regular expression options, 116, 118
regular expressions support, 4, 96
regular replacement text, 6

java.util.regex package, 4, 6, 96
to use regular expression library, 107

JavaScript language, xiv
(see also RegExp class (JavaScript); String
class (JavaScript))
creating regular expression objects, 111
literal regular expressions in, 103
regular expression library, 107
regular expression options, 116, 119
regular expressions support, 4, 96
replacement text, 7

K
ksort() method (PHP), 175

L
languages, Unicode scripts for, 51
last names, reformatting, 268–271
last occurrences of lines, storing, 309, 310
lastIndex property (JavaScript), 141, 159
lastIndex property, JavaScript (RegExp class),

299
lazy quantifiers, 69

eliminating backtracking with, 70–72
leading whitespace, trimming, 314–317
leading zeros, stripping, 330–331
left context, 92
length of match, determining, 138–143
length of strings, validating, 244–248
Length property (.NET), 141
length() method, Ruby (MatchData class), 143
letters, Unicode category for, 45
line breaks, 42, 251

in HTML documents, 449
line count, validating, 248–252
line feed (see newline)
line start or end, matching characters at, 36–

41
(see also word boundaries)

line-by-line searching, 208–211
lines, 308

(see also words)
defined, 37
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duplicate, removing, 308–312
escaping metacharacters in, 319–322
repeated whitespace, removing from, 317–

318
sorting, to remove duplicates, 308, 310
that contain specific words, 312–313
that don't contain specific words, 313–314
trimming whitespace from, 314–317

List All button (RegexBuddy), 9
lists of all matches, retrieving, 150–155
literal regular expressions in source code, 100–

106
literal text, matching, 26–28
local mode modifiers, 27
lookahead (see lookaround)
lookaround, 75–80, 245, 286

conditions with, 82
matching words any distance apart, 305
negative, 76, 294, 296
searching for numbers, 326
simulating lookbehind with lookahead, 297,

299
storing unique occurrences of lines, 310

lookbehind, 75, 245, 286, 297, 326
(see also lookaround)
conditions with, 82
negative, 76, 297
reproducing with capturing groups, 79
simulating with lookahead, 297, 299

lowercase (see case)
Luhn algorithm, 276

M
(?m) mode modifier, 40
m// operator (Perl), 126, 138

capturing groups, 148
Match class (.NET)

Index and Length properties, 141
MatchAgain() method, 158
NextMatch() method, 158

Match tab (myregexp.com), 15
match() method

JavaScript (String class), 153
Ruby (Regexp class), 143

Match() method (.NET), 141
Groups property, 146
iterating over matches, 158
Value property, 136

MatchAgain() method, .NET (Match class),
158

MatchData class (Ruby), 138
length() and size() methods, 143

Matcher class (Java), 111
end() method, 141
find() method, 125, 137, 141

iterating over matches, 158
group() method, 147
reset() method, 137
start() and end() methods, 147

Matcher class (java)
find() method, 153

Matches() method (.NET), 152
MatchEvaluator class (.NET), 184
matching, 313

(see also search-and-replace; searching)
any character, 34–36
balanced and recursive matching, 168
case-insensitive, 27, 216
with conditionals, 81–83
context of, inserting into replacement text,

92–93
determining match position and length,

138–143
finding matches within other matches, 165–

169
grouping and capturing, 57–60

atomic groups, 71–72, 74, 248
lookaround, 75–80, 82, 245, 286
named capture (see named capture)
references to nonexistent groups, 90
repeating groups, 66
reproducing lookbehind, 79

in INI files (see INI files)
IPv4 addresses, 379–381
IPv6 addresses, 381–394
iterating over all matches, 155–161
at line start/end, 36–41
literal text, 26–28
matches of other regex, 187–189
nonprintable characters, 28–30
one of many characters, 30–34
one of several alternatives, 55–57
previously matched text, 60–62
reinserting parts of match, 176–181
with repetition

minimal and maximal repetition, 67–70
preventing runaway repetition, 72–75
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repeating parts of the regexp, 64–67
replacing all matches, 169–176
retrieving list of all matches, 150–155
retrieving matched text, 132–138
retrieving part of matched text, 143–150
tags from markup languages, 417–434
testing for match to entire string, 127–132
testing for matches within string, 121–127
Unicode elements, 43–55
validating matches in procedural code, 161–

164
whole words, 41–43
XML names, 441

MatchObject class (Python)
end() methods, 142
groups() method, 148
start() methods, 142

MatchObject class (Ruby)
begin() and end() methods, 143

mathematical regularity, 2
maximal repetition, 67–70
mb_ereg functions (PHP), 97

literal regular expressions in, 103
metacharacters, 26

escaping, 319–322
inside character classes, 31

Microsoft .NET (see .NET Framework)
Microsoft VBScript scripting library, 100
Microsoft Windows paths

extracting drive letters from, 402–403
splitting, 397–402
validating, 395–397

minimal repetition, 67–70
mixed notation (IPv6), 382, 387, 390

compressed mixed notation, 385, 393
mode modifiers, 27

specifying with noncapturing groups, 59
MSIL (see CIL)
MULTILINE constant (Java), 116
MULTILINE constant (Regexp class), 118
multiline mode, 39, 40
Multiline option (RegexOptions), 115
multiline strings

adding <p> tags to, 447–450
searching line by line, 208–211
validating line count, 248–252

myregexp.com online tester, 14

N
\n (newline character), 28

encoding in C#, 102
encoding in Java, 103
encoding in Python, 105
not matched with dot, 35

name-value pairs, INI files, 476–477
named backreferences, 64
named capture, 62–64, 91, 148

groups with same names (.NET), 233
named capturing groups, 179
named conditionals, 82
names, reformatting, 268–271
names, XML, 415

matching, 441–447
Namespace Identifiers (NIDs), 358
Namespace Specific String (NSS), 358
NEAR searches (words), 300–306
negation within character classes, 31
negative lookaround, 76, 294, 296, 297
nested

character classes, 33
quantifiers, 461

.NET Framework, xiv, 96
(see also Group class (.NET); Match class
(.NET); MatchEvaluator class (.NET);
Regex class (.NET))
creating regular expression objects, 110
regular expression options, 115, 118
regular expressions support, 4
replacement text, 6

new() method (Ruby), 113, 118
newline (\n), 28

encoding in C#, 102
encoding in Java, 103
encoding in Python, 105
not matched with dot, 35

NextMatch() method, .NET (Match class),
158

noncapturing groups, 59
nonprintable characters

in C# source code, 102
encloding in Python, 105

nonprintable characters, matching, 28–30
nonwhitespace characters, limiting number of,

246
North American phone numbers, validating,

219–223
nregex online tester, 12
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numbers, xiv
(see also digits (numbers))
binary numbers, finding, 329–330
containing comma (thousands separator),

343–344
credit card numbers, validating, 271–277
date formats, validating, 226–229

removing invalid dates, 229–234
floating point numbers, 340–342
hexadecimal, finding, 326–329

within a certain range, finding, 337–339
integers

finding or identifying, 323–326
within a certain range, finding, 331–337

IPv4 addresses, matching, 379–381
IPv6 addresses, matching, 381–394
ISBNs, validating, 257–264
phone numbers, validating

international numbers, 224–226
North American numbers, 219–223

postal codes, validating
Canada, 265–266
United Kindgom, 266
United States (ZIP codes), 264–265

Roman numerals, 344–346
social security numbers, validating, 254–

257
stripping leading zeros, 330–331
time formats, validating

ISO 8601 formats, 237–241
traditional formats, 234–236

Unicode category for, 46
VAT numbers, validating, 278–284

numeric character references, HTML, 412

O
occurrences of lines, storing, 309, 310
offset() method, Ruby (MatchData class), 143
Oniguruma library, 5, 7, 97
online regex testers, 11–17
options for regular expressions, setting, 114–

121

P
P.O. boxes, finding addresses with, 266–268
parameters of INI files, 417
parentheses ( )

atomic groups, 71–72, 74, 248

capturing groups, xiv, 57–60
(see also capturing groups)
for matching previously matched text,

60–62
named capture (see named capture)
reproducing lookbehind, 79

escaping, 321
as metacharacters, 26, 220

(?:) for capturing groups, 217
parsing input, 167
path, extracting from URL, 371–374
paths (UNC), extracting from, 403–404
paths (Windows)

extracting drive letters from, 402–403
extracting file extensions from, 407–408
extracting filenames from, 406–407
extracting folders from, 404–406
splitting, 397–402
validating, 395–397

Pattern class (Java), 110
compile() method, 103, 111, 116
option constants, 116, 118
reset() method, 111
split() method, 200

pattern-matching operator (Java), 104
PatternSyntaxException exception, 111
PCRE (Perl-Compatible Regular Expressions)

library, 3, 96
replacement text, 6

period (see dot (.))
Perl language, xiv

(see also m// operator)
creating regular expression objects, 112
literal regular expressions in, 104
regular expression library, 107
regular expression options, 117, 119
regular expressions support, 3, 97
replacement text, 6

Perl-style regular expressions, 3
phone numbers, validating

international numbers, 224–226
North American numbers, 219–223

PHP language, xiv
(see also ereg functions; mb_ereg functions;
preg functions)
creating regular expression objects, 112
importing regular expression library, 107
literal regular expressions in, 103
regular expression functions, 96
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regular expression options, 116, 119
replacement text flavor, 6

pipe symbol (see vertical bar (|))
plain text, converting to HTML, 447–450
plus sign (+)

escaping, 321
as metacharacter, 26
for possessive quantifiers, 70, 217

ports, extracting from URLs, 369–371
position of matching, determining, 138–143
positive lookahead, 76

matching words any distance apart, 305
positive lookbehind, 75
POSIX-compliant regex engines, 335
possessive quantifiers, 70, 217
post office boxes, finding addresses with, 266–

268
postal codes, validating

Canada, 265–266
United Kindgom, 266
United States (ZIP codes), 264–265

pound sign (see hash symbol (#))
PowerGREP tool, 20
PowerShell scripting language, 99
preg functions (PHP)

availability of, 107
creating regular expression objects, 112
literal regular expressions in, 103
preg_match(), 126, 137, 153

iterating over matches, 160
preg_matches(), 153
preg_match_all(), 153, 160
preg_replace(), 6, 97, 174

named capture with, 180
with backreferences, 179

preg_replace_callback(), 186
preg_split(), 201

with capturing groups, 206
regular expression options, 116

PREG_OFFSET_CAPTURE constant, 142,
147, 154

PREG_PATTERN_ORDER constant, 153
PREG_SET_ORDER constant, 153
PREG_SPLIT_DELIM_CAPTURE constant,

206
PREG_SPLIT_NO_EMPTY constant, 201,

206
properties, Unicode, 45
punctuation, Unicode category for, 47

Python language, xiv
(see also MatchObject class (Python); re
module (Python))
creating regular expression objects, 112
importing regular expression library, 107
literal regular expressions in, 104
regular expression options, 117, 119
regular expressions support, 5, 97
replacement text, 7

\p{ } for Unicode categories, 45
\P{ } for Unicode categories, 47, 53

Q
\Q token to suppress metacharacters, 27, 322
qr// operator (perl), 112
quantifiers, 221

for fixed repetition, 65
for infinite repetition, 66
nested, 461
for variable repetition, 65

queries, extracting from URLs, 374–375
question mark (?)

escaping, 321
for lazy quantifiers, 69
as metacharacter, 26
for zero-or-once matching, 66

quote regex operator (perl), 112

R
\r (carriage return character), 28
R Project, 99
ranges inside character classes, 31
raw strings, Python, 105
re module (Python), 5, 97, 104

compile() function, 112
findall() method, 154
finditer() method, 160
group() method, 148
importing, 107
regular expression options, 117, 119
search() function, 126, 138
split() method, 202

with capturing groups, 207
sub() method, 176, 186

with backrefereces, 179
REALbasic language, 99
reAnimator online tester, 16
records, in CSV files, 416
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recursive matching, 168
Regex class (.NET)

IsMatch() method, 125, 152
Match() (see Match() method (.NET))
Matches() method, 152
Replace() method, 172, 183, 184

with backreferences, 178
Split() method, 198

with backreferences, 205
RegEx class (REALbasic), 99
Regex() constructor (.NET), 102, 110

RegexOptions enumeration (for
parameters), 113, 115, 118

regex-directed engines, 56
regex.larsolavtorvik.com online tester, 11
RegexBuddy tool, 8–10
RegexOptions enumeration, 115, 118

Compiled value, 113
RegExp class (JavaScript)

exec() method, 147
iterating over matches, 159

index property, 141
lastIndex property, 141, 159, 299
test() method, 126

Regexp class (Ruby)
compile() method, 113
match() (see match() method, Regexp class

(Ruby))
new() method, 113, 118

RegExp() constructor (JavaScript), 111
flags for, 116

RegexPal tool, 10–11
regexpr function, R Project support for, 99
RegexRenamer tool, 22
regular expression library, importing, 106–107
regular expression objects, creating, 108–114
regular expression options, setting, 114–121
regular expressions, defined, 1–5
regular expressions, flavors of, 2–5
regular expressions tools, 7–23

desktop testers, 17
grep tools, 19
online testers, 11
RegexBuddy, 8
RegexPal, 10
text editors, popular, 23

regularity (mathematical), 2
The Regulator tester, 18
reinserting parts of match, 176–181

relative Windows paths, 397, 400
repeated whitespace, removing, 317–318
repeated words, finding, 306–307
repetition, in matching

minimal and maximal repetition, 67–70
preventing runaway, 72–75
repeating parts of the regexp, 64–67

Replace button (RegexBuddy), 9
Replace tab (myregexp.com), 16
replace() function, String class

removing whitespace with, 316
replace() function, String class (JavaScript),

174
with backreferences, 178

Replace() method (.NET), 172, 183, 184
with backreferences, 178

replaceAll() method, Java (String class), 173
with backreferences, 178

replaceFirst() method, Java (String class), 173
with backreferences, 178

replacement text
escaping characters in, 85–87
generated in code, 181–187
inserting match context into, 92–93
inserting part of regex match into, 88–92
inserting regex match into, 87–88

replacing text (see search-and-replace)
reset() method (Java), 111
reset() method, Java (Matcher class), 137
retrieving lists of all matches, 150–155
retrieving matched text, 132–138
retrieving part of matched text, 143–150
RFC 3986 standard, 362
RFC 4180 standard, 416
right context, 92
Roman numerals, 344–346
rubular online tester, 14
Ruby language, xiv

(see also MatchData class (Ruby);
MatchObject class (Ruby); Regexp class
(Ruby); String class (Ruby))
creating regular expression objects, 113
literal regular expressions in, 105
regular expression library, 107
regular expression options, 117, 120
regular expressions support, 5, 97
replacement text, 7

runaway repetition, preventing, 72–75
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S
\S token, 32, 216
\s token, 32, 246

(see also whitespace)
s/// operator (Perl), 175

/e modifier, 186
with backreferences, 179

Scala regular expression support, 99
scala.util.matching package, 99
scan() method, Ruby (String class), 155, 161
schemes, extracting from URLs, 364–365
<script> elements (HTML), 412
scripts, Unicode, 51

listing all characters in, 53
search() function, Python (re module), 126,

138
search-and-replace

all matches within other regex matches,
187–189

between matches of another regex, 189–
195

HTML special characters with entities, 449
inserting literal text, 85–87
inserting match context into replacement

text, 92–93
inserting match into replacement text, 87–

88
inserting match part into replacement text,

88–92
markup language tags, 434–437
reinserting parts of match, 176–181
replacement text, 5–7
replacements generated in code, 181–187
replacing all matches, 169–176

searching, 313
(see also matching)
line by line in multiline strings, 208–211
for lines

duplicated, 308–312
that contain a word, 312–313
that don’t contain a word, 313–314

for numbers
binary numbers, 329–330
hexadecimals, 326–329
integers, 323–326

for URLs in full text, 350–352
within parentheses, 353–355
within quotes, 352–353

for words, 285–287

from among a list of words, 288–289
except for a specific word, 294–295
matching complete lines, 312–313
near other words, 300–306
not followed by specific words, 295–

296
not preceded by specific words, 297–

300
that are repeated, 306–307
that are similar, 290–293
in XML-style comments, 462–466

for XML attributes, 450–455
sections of INI files, 417

matching section blocks, 475–476
matching section headers, 473–474

server, extracting from UNC path, extracting
from, 403–404, 403–404

7-bit character set, 29
sharp (see hash symbol (#))
shorthand character classes, 32
similar words, finding, 290–293
“single line” mode, 35, 39, 114–121
single-quoted strings (PHP), 103
Singleline option (RegexOptions), 115
size() method, Ruby (MatchData class), 143
social security numbers, validating, 254–257
sorting lines, 308, 310
source code, literal regular expressions in, 100–

106
span() method, Python (MatchObject class),

143
Split button (RegexBuddy), 9
Split tab (myregexp.com), 16
split() function (Perl), 202

with capturing groups, 207
Split() method (.NET), 198

with backreferences, 205
split() method (Java), 200
split() method, Java (String class), 200, 206
split() method, JavaScript (String class), 200
split() method, Python (re module), 202

wth capturing groups, 207
split() method, Ruby (String class), 203, 207
splitting strings, 195–208
splitting Windows paths, 397–402
square brackets [ ]

for character classes, 216
for defining character classes, 31
escaping, 321
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as metacharacter, 26
star quantifier (see asterisk (*))
start of line, matching at, 36–41
start() method, Java (Matcher class), 147
start() method, Python (MatchObject class),

142
String class (Java)

replaceAll() and replaceFirst() methods,
173

with backreferences, 178
split() method, 200, 206

String class (JavaScript)
match() method, 137, 153
replace() function, 174

removing whitespace with, 316
with backreferences, 178

split() method, 200
String class (Ruby)

gsub() method, 176, 187
with backreferences, 179

scan() method, 155, 161
split() method, 203, 207

string literals (see entries at literal)
strings

escaping metacharacters in, 319–322
leading and trailing whitespace in,

removing, 314–317
repeated whitespace in, removing, 317–

318
splitting, 195–208
validating as URLs, 347–350
validating as URNs, 356–358
validating length of, in input, 244–248

strip function, in general, 315
stripping

invalid characters from filenames, 408–409
leading zeros, 330–331

strlen() function, 142
<strong> tags, replacing <b> with, 434–437
<style> elements (HTML), 412
sub function, R Project support for, 99
sub() method, Python (re module), 176, 186

with backreferences, 179
sub() method, re module, 7
substitution operator, Java, 104
substitution operator, Perl (see s/// operator)
subtraction within character classes, 33, 78
System.Text.RegularExpressions package, 6

System.Text.RegularExpressions.Regex class,
110

T
\t (horizontal tab character), 28
<table> tags, adding attributes to, 455–458
tags (markup languages), 412

matching, 417–434
removing all but selected, 438–441
replacing one with another, 434–437

test() method (JavaScript), 126
testers for regular expressions, 7–23

desktop testers, 17
grep tools, 19
online testers, 11
RegexBuddy, 8
RegexPal, 10
text editors, popular, 23

text editors, popular, 23
text-directed engines, 56
time formats, validating

ISO 8601 formats, 237–241
traditional formats, 234–236

tokenizing input, 167
tools for regular expression programming, 7–

23
desktop testers, 17
grep tools, 19
online testers, 11
RegexBuddy, 8
RegexPal, 10
text editors, popular, 23

TPerlRegEx component, 98
trademark symbol, matching, 43
trailing whitespace, trimming, 314–317
trim function, in general, 315
triple-quoted strings, Python, 105

U
\u for Unicode code points, 45

encoding in Java strings, 103
U.K. postal codes, validating, 266
unassigned code points (Unicode), 47, 51
UNC paths, 396, 400

extracting drive letters from, 403–404
UNICODE (or U) flag, 32, 243
Unicode blocks, listing all characters in, 53
Unicode categories, 45
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listing all characters in, 53
Unicode graphemes, 45, 52
Unicode properties, 45
Unicode scripts, 51

listing all characters in, 53
UNICODE_CASE constant (Java), 116
unions of character classes, 33
uniq utility (Unix), 308
UNIX_LINES constant (Java), 119
uppercase (see case)
URLs (uniform resource locators)

extracting fragments from, 376
extracting hosts from, 367–369
extracting paths from, 371–374
extracting ports from, 369–371
extracting queries from, 374–375
extracting schemes from, 364–365
extracting users from, 366–367
finding within full text, 350–352

within parentheses, 353–355
within quotes, 352–353

generic, validating, 358–364
turning into links, 356
validating, 347–350

URNs (Uniform Resource Names), validating,
356–358

user, extracting from URLs, 366–367

V
\v (vertical tab character), 28
validating

credit card numbers, 271–277
date formats, 226–229

ISO 8601 formats, 237–241
removing invalid dates, 229–234

date formats (ISO 8601), 237–241
date formats (traditional), 234–236
domain names, 376–379
email addresses, 213–219
European VAT numbers, 278–284
HTML elements, 430
ISBNs, 257–264
with Luhn algorithm, 276
of input

affirmative responses, 253–254
limiting to alphanumeric characters,

241–244
line count, 248–252
string length, 244–248

phone numbers (international), 224–226
phone numbers (North American), 219–

223
postal codes (Canadian), 265–266
postal codes (U.K.), 266
postal codes (U.S.), 264–265
social security numbers, 254–257
URLs, 347–350
URLs, generic, 358–364
URNs, 356–358
Windows paths, 395–397
XML-style comments, 460

validating matches in procedural code, 161–
164

Value property, .NET (Match object), 136
variable repetition, 65
VAT numbers, validating, 278–284
VB.NET language, 96, 99

creating regular expression objects, 110
importing regular expression library, 107
literal regular expressions in, 102

VBScript scripting library, 100
vertical bar (|)

as alternation operator, 56, 235, 288
escaping, 321

vertical tab character (\v), 28
Visual Basic 6 language, 99

W
\w token, 32, 43, 216

limiting number of words with, 247
\W token, 32, 43

limiting number of words with, 247
whitelisting, 440
whitespace

ignored in free-spacing mode, 83
limiting number of nonwhitespace

characters, 246
matching in character classes, 32
repeated, removing, 317–318
stripping from credit card numbers, 272,

274
stripping from VAT numbers, 278, 280
trimming from strings, 314–317
Unicode category for, 46

whole words, matching, 41–43
Windows Grep tool, 21
Windows paths

extracting drive letters from, 402–403
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extracting file extensions from, 407–408
extracting filenames from, 406–407
extracting folders from, 404–406
splitting, 397–402
validating, 395–397

Windows-1252 characters, limiting to, 242
word boundaries, 41, 236

(see also \b word boundary)
matching in character classes, 32
for searching for numbers, 325

word characters, 32, 42
words, 308

(see also lines)
escaping metacharacters in, 319–322
finding all except specific, 294–295
finding any of multiple, 288–289
finding in XML-style comments, 462–466
finding lines that contain, 312–313
finding lines that don’t contain, 313–314
finding similar, 290–293
finding specific, 285–287
limiting number of, 247
matching whole words, 41–43
near other words, finding, 300–306
not followed by specific words, 295–296
not preceded by specific words, 297–300
repeated, finding, 306–307
trimming whitespace from, 314–317, 314–

317

X
\x for Unicode code points, 45
\X token for Unicode graphemes, 53
\x values (7-bit character set), 29
XHTML (Extensible Hypertext Markup

Language), 414
adding attributes to <table> tags, 455–458
matching tags, 417–434
replacing <b> with <strong>, 434–437

XML (Extensible Markup Language), 414–415
adding attributes to <table> tags, 455–458
comments, validating, 460
finding specific attributes, 450–455
finding words in comments, 462–466
matching names, 441–447
matching tags, 420, 427–434
removing almost tags but selected, 438–

441
removing comments from, 458–462

XML 1.0 specification, 442, 444
XML 1.1 specification, 443, 446

Z
\Z anchor, 37, 38, 218
\z anchor, 37, 38
zero-length assertions, 76
zero-length matches, 40
zero-or-once matching, 66
zeros, stripping from numbers, 330–331
ZIP codes (see postal codes)

Index | 493





About the Authors
Regular Expressions Cookbook is written by Jan Goyvaerts and Steven Levithan, two
of the world’s experts on regular expressions.

Jan Goyvaerts runs Just Great Software, where he designs and develops some of the
most popular regular expression software. His products include RegexBuddy, the
world’s only regular expression editor that emulates the peculiarities of 15 regular ex-
pression flavors, and PowerGREP, the most feature-rich grep tool for Microsoft
Windows.

Steven Levithan is a leading JavaScript regular expression expert and runs a popular
regular expression centric blog at http://blog.stevenlevithan.com. Expanding his knowl-
edge of the regular expression flavor and library landscape has been one of his hobbies
for the last several years.

Colophon
The image on the cover of Regular Expressions Cookbook is a musk shrew (genus
Crocidura, family Soricidae). Several types of musk shrews exist, including white- and
red-toothed shrews, gray musk shrews, and red musk shrews. The shrew is native to
South Africa and India.

While several physical characteristics distinguish one type of shrew from another, all
shrews share certain commonalities. For instance, shrews are thought to be the smallest
insectivores in the world, and all have stubby legs, five claws on each foot, and an
elongated snout with tactile hairs. Differences include color variations among their
teeth (most noticeably in the aptly named white- and red-toothed shrews) and in the
color of their fur, which ranges from red to brown to gray.

Though the shrew usually forages for insects, it will also help farmers keep vermin in
check by eating mice or other small rodents in their fields.

Many musk shrews give off a strong, musky odor (hence their common name), which
they use to mark their territory. At one time it was rumored that the musk shrew’s scent
was so strong that it would permeate any wine or beer bottles that the shrew happened
to pass by, thus giving the liquor a musky taint, but the rumor has since proved to be
false.

The cover image is from Lydekker’s Royal Natural History. The cover font is Adobe
ITC Garamond. The text font is Linotype Birka; the heading font is Adobe Myriad
Condensed; and the code font is LucasFont’s TheSansMonoCondensed.

http://blog.stevenlevithan.com



	Table of Contents
	Preface
	Caught in the Snarls of Different Versions
	Intended Audience
	Technology Covered
	Organization of This Book
	Conventions Used in This Book
	Using Code Examples
	Safari® Books Online
	How to Contact Us
	Acknowledgments

	Chapter 1. Introduction to Regular Expressions
	Regular Expressions Defined
	Many Flavors of Regular Expressions
	Regex Flavors Covered by This Book

	Searching and Replacing with Regular Expressions
	Many Flavors of Replacement Text

	Tools for Working with Regular Expressions
	RegexBuddy
	RegexPal
	More Online Regex Testers
	regex.larsolavtorvik.com
	Nregex
	Rubular
	myregexp.com
	reAnimator

	More Desktop Regular Expression Testers
	Expresso
	The Regulator

	grep
	PowerGREP
	Windows Grep
	RegexRenamer

	Popular Text Editors


	Chapter 2. Basic Regular Expression Skills
	2.1  Match Literal Text
	Problem
	Solution
	Discussion
	Variations
	Block escape
	Case-insensitive matching

	See Also

	2.2  Match Nonprintable Characters
	Problem
	Solution
	Discussion
	Variations on Representations of Nonprinting Characters
	The 26 control characters
	The 7-bit character set

	See Also

	2.3  Match One of Many Characters
	Problem
	Solution
	Calendar with misspellings
	Hexadecimal character
	Nonhexadecimal character

	Discussion
	Variations
	Shorthands
	Case insensitivity

	Flavor-Specific Features
	.NET character class subtraction
	Java character class union, subtraction, and intersection

	See Also

	2.4  Match Any Character
	Problem
	Solution
	Any character except line breaks
	Any character including line breaks

	Discussion
	Any character except line breaks
	Any character including line breaks
	Dot abuse

	Variations
	See Also

	2.5  Match Something at the Start and/or the End of a Line
	Problem
	Solution
	Start of the subject
	End of the subject
	Start of a line
	End of a line

	Discussion
	Anchors and lines
	Start of the subject
	End of the subject
	Start of a line
	End of a line
	Zero-length matches

	Variations
	See Also

	2.6  Match Whole Words
	Problem
	Solution
	Word boundaries
	Nonboundaries

	Discussion
	Word boundaries
	Nonboundaries

	Word Characters
	See Also

	2.7  Unicode Code Points, Properties, Blocks, and Scripts
	Problem
	Solution
	Unicode code point
	Unicode property or category
	Unicode block
	Unicode script
	Unicode grapheme

	Discussion
	Unicode code point
	Unicode property or category
	Unicode block
	Unicode script
	Unicode grapheme

	Variations
	Negated variant
	Character classes
	Listing all characters

	See Also

	2.8  Match One of Several Alternatives
	Problem
	Solution
	Discussion
	See Also

	2.9  Group and Capture Parts of the Match
	Problem
	Solution
	Discussion
	Variations
	Noncapturing groups
	Group with mode modifiers

	See Also

	2.10  Match Previously Matched Text Again
	Problem
	Solution
	Discussion
	See Also

	2.11  Capture and Name Parts of the Match
	Problem
	Solution
	Named capture
	Named backreferences

	Discussion
	Named capture
	Named backreferences

	See Also

	2.12  Repeat Part of the Regex a Certain Number of Times
	Problem
	Solution
	Googol
	Hexadecimal number
	Hexadecimal number
	Floating-point number

	Discussion
	Fixed repetition
	Variable repetition
	Infinite repetition
	Making something optional
	Repeating groups

	See Also

	2.13  Choose Minimal or Maximal Repetition
	Problem
	Solution
	Discussion
	See Also

	2.14  Eliminate Needless Backtracking
	Problem
	Solution
	Discussion
	See Also

	2.15  Prevent Runaway Repetition
	Problem
	Solution
	Discussion
	Variations
	See Also

	2.16  Test for a Match Without Adding It to the Overall Match
	Problem
	Solution
	Discussion
	Lookaround
	Negative lookaround
	Different levels of lookbehind
	Matching the same text twice
	Lookaround is atomic

	Solution Without Lookbehind
	See Also

	2.17  Match One of Two Alternatives Based on a Condition
	Problem
	Solution
	Discussion
	See Also

	2.18  Add Comments to a Regular Expression
	Problem
	Solution
	Discussion
	Free-spacing mode
	Java has free-spacing character classes

	Variations

	2.19  Insert Literal Text into the Replacement Text
	Problem
	Solution
	Discussion
	When and how to escape characters in replacement text
	.NET and JavaScript
	Java
	PHP
	Perl
	Python and Ruby
	More escape rules for string literals

	See Also

	2.20  Insert the Regex Match into the Replacement Text
	Problem
	Solution
	Regular expression
	Replacement

	Discussion
	See Also

	2.21  Insert Part of the Regex Match into the Replacement Text
	Problem
	Solution
	Regular expression
	Replacement

	Discussion
	Replacements using capturing groups
	$10 and higher
	References to nonexistent groups

	Solution Using Named Capture
	Regular expression
	Replacement
	Flavors that support named capture

	See Also

	2.22  Insert Match Context into the Replacement Text
	Problem
	Solution
	Discussion
	See Also


	Chapter 3. Programming with Regular Expressions
	Programming Languages and Regex Flavors
	Languages Covered in This Chapter
	More Programming Languages

	3.1  Literal Regular Expressions in Source Code
	Problem
	Solution
	C#
	VB.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	Discussion
	C#
	VB.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	See Also

	3.2  Import the Regular Expression Library
	Problem
	Solution
	C#
	VB.NET
	Java
	Python

	Discussion
	C#
	VB.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby


	3.3  Creating Regular Expression Objects
	Problem
	Solution
	C#
	VB.NET
	Java
	JavaScript
	Perl
	Python
	Ruby

	Discussion
	.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	Compiling a Regular Expression Down to CIL
	C#
	VB.NET

	Discussion
	See Also

	3.4  Setting Regular Expression Options
	Problem
	Solution
	C#
	VB.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	Discussion
	.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	Additional Language-Specific Options
	.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	See Also

	3.5  Test Whether a Match Can Be Found Within a Subject String
	Problem
	Solution
	C#
	VB.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	Discussion
	C# and VB.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	See Also

	3.6  Test Whether a Regex Matches the Subject String Entirely
	Problem
	Solution
	C#
	VB.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	Discussion
	C# and VB.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	See Also

	3.7  Retrieve the Matched Text
	Problem
	Solution
	C#
	VB.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	Discussion
	.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	See Also

	3.8  Determine the Position and Length of the Match
	Problem
	Solution
	C#
	VB.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	Discussion
	.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	See Also

	3.9  Retrieve Part of the Matched Text
	Problem
	Solution
	C#
	VB.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	Discussion
	.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	Named Capture
	C#
	VB.NET
	PHP
	Perl
	Python

	See Also

	3.10  Retrieve a List of All Matches
	Problem
	Solution
	C#
	VB.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	Discussion
	.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	See Also

	3.11  Iterate over All Matches
	Problem
	Solution
	C#
	VB.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	Discussion
	.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	See Also

	3.12  Validate Matches in Procedural Code
	Problem
	Solution
	C#
	VB.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	Discussion
	See Also

	3.13  Find a Match Within Another Match
	Problem
	Solution
	C#
	VB.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	Discussion
	See Also

	3.14  Replace All Matches
	Problem
	Solution
	C#
	VB.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	Discussion
	.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	See Also

	3.15  Replace Matches Reusing Parts of the Match
	Problem
	Solution
	C#
	VB.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	Discussion
	.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	Named Capture
	C#
	VB.NET
	PHP
	Perl
	Python
	Ruby

	See Also

	3.16  Replace Matches with Replacements Generated in Code
	Problem
	Solution
	C#
	VB.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	Discussion
	C#
	VB.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	See Also

	3.17  Replace All Matches Within the Matches of Another Regex
	Problem
	Solution
	C#
	VB.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	Discussion
	See Also

	3.18  Replace All Matches Between the Matches of Another Regex
	Problem
	Solution
	C#
	VB.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	Discussion
	Perl and Ruby
	Python

	See Also

	3.19  Split a String
	Problem
	Solution
	C#
	VB.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	Discussion
	C# and VB.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	See Also

	3.20  Split a String, Keeping the Regex Matches
	Problem
	Solution
	C#
	VB.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	Discussion
	.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	See Also

	3.21  Search Line by Line
	Problem
	Solution
	C#
	VB.NET
	Java
	JavaScript
	PHP
	Perl
	Python
	Ruby

	Discussion
	See Also


	Chapter 4. Validation and Formatting
	4.1  Validate Email Addresses
	Problem
	Solution
	Simple
	Simple, with restrictions on characters
	Simple, with all characters
	No leading, trailing, or consecutive dots
	Top-level domain has two to six letters

	Discussion
	About email addresses
	Regular expression syntax
	Building a regex step-by-step

	Variations
	See Also

	4.2  Validate and Format North American Phone Numbers
	Problem
	Solution
	Regular expression
	Replacement
	C#
	JavaScript
	Other programming languages

	Discussion
	Variations
	Eliminate invalid phone numbers
	Find phone numbers in documents
	Allow a leading “1”
	Allow seven-digit phone numbers

	See Also

	4.3  Validate International Phone Numbers
	Problem
	Solution
	Regular expression
	JavaScript
	Other programming languages

	Discussion
	Variations
	Validate international phone numbers in EPP format

	See Also

	4.4  Validate Traditional Date Formats
	Problem
	Solution
	Discussion
	Variations
	See Also

	4.5  Accurately Validate Traditional Date Formats
	Problem
	Solution
	C#
	Perl
	Pure regular expression

	Discussion
	See Also

	4.6  Validate Traditional Time Formats
	Problem
	Solution
	Discussion
	Variations
	See Also

	4.7  Validate ISO 8601 Dates and Times
	Problem
	Solution
	Discussion
	See Also

	4.8  Limit Input to Alphanumeric Characters
	Problem
	Solution
	Regular expression
	Ruby
	Other programming languages

	Discussion
	Variations
	Limit input to ASCII characters
	Limit input to ASCII non-control characters and line breaks
	Limit input to shared ISO-8859-1 and Windows-1252 characters
	Limit input to alphanumeric characters in any language

	See Also

	4.9  Limit the Length of Text
	Problem
	Solution
	Regular expression
	Perl
	Other programming languages

	Discussion
	Variations
	Limit the length of an arbitrary pattern
	Limit the number of nonwhitespace characters
	Limit the number of words

	See Also

	4.10  Limit the Number of Lines in Text
	Problem
	Solution
	Regular expression
	PHP (PCRE)
	Other programming languages

	Discussion
	Variations
	Working with esoteric line separators

	See Also

	4.11  Validate Affirmative Responses
	Problem
	Solution
	Regular expression
	JavaScript
	Other programming languages

	Discussion
	See Also

	4.12  Validate Social Security Numbers
	Problem
	Solution
	Regular expression
	Python
	Other programming languages

	Discussion
	Variations
	Find Social Security numbers in documents

	See Also

	4.13  Validate ISBNs
	Problem
	Solution
	Regular expressions
	JavaScript
	Python
	Other programming languages

	Discussion
	ISBN-10 checksum
	ISBN-13 checksum

	Variations
	Find ISBNs in documents
	Eliminate incorrect ISBN identifiers

	See Also

	4.14  Validate ZIP Codes
	Problem
	Solution
	Regular expression
	VB.NET
	Other programming languages

	Discussion
	See Also

	4.15  Validate Canadian Postal Codes
	Problem
	Solution
	Discussion
	See Also

	4.16  Validate U.K. Postcodes
	Problem
	Solution
	Discussion
	See Also

	4.17  Find Addresses with Post Office Boxes
	Problem
	Solution
	Regular expression
	C#
	Other programming languages

	Discussion
	See Also

	4.18  Reformat Names From “FirstName LastName” to “LastName, FirstName”
	Problem
	Solution
	Regular expression
	Replacement
	JavaScript
	Other programming languages

	Discussion
	Variations
	List surname particles at the beginning of the name


	4.19  Validate Credit Card Numbers
	Problem
	Solution
	Strip spaces and hyphens
	Validate the number
	Example web page with JavaScript

	Discussion
	Strip spaces and hyphens
	Validate the number
	Incorporating the solution into a web page

	Extra Validation with the Luhn Algorithm

	4.20  European VAT Numbers
	Problem
	Solution
	Strip whitespace and punctuation
	Validate the number

	Discussion
	Strip whitespace and punctuation
	Validate the number

	Variations
	See Also


	Chapter 5. Words, Lines, and Special Characters
	5.1  Find a Specific Word
	Problem
	Solution
	Discussion
	See Also

	5.2  Find Any of Multiple Words
	Problem
	Solution
	Using alternation
	Example JavaScript solution

	Discussion
	Using alternation
	Example JavaScript solution

	See Also

	5.3  Find Similar Words
	Problem
	Solution
	Color or colour
	Bat, cat, or rat
	Words ending with “phobia”
	Steve, Steven, or Stephen
	Variations of “regular expression”

	Discussion
	Use word boundaries to match complete words
	Color or colour
	Bat, cat, or rat
	Words ending with “phobia”
	Steve, Steven, or Stephen
	Variations of “regular expression”

	See Also

	5.4  Find All Except a Specific Word
	Problem
	Solution
	Discussion
	Variations
	Find words that don’t contain another word

	See Also

	5.5  Find Any Word Not Followed by a Specific Word
	Problem
	Solution
	Discussion
	Variations
	See Also

	5.6  Find Any Word Not Preceded by a Specific Word
	Problem
	Solution
	Lookbehind you
	Words not preceded by “cat”
	Simulate lookbehind

	Discussion
	Fixed, finite, and infinite length lookbehind
	Simulate lookbehind

	Variations
	See Also

	5.7  Find Words Near Each Other
	Problem
	Solution
	Discussion
	Variations
	Using a conditional
	Match three or more words near each other
	Multiple words, any distance from each other

	See Also

	5.8  Find Repeated Words
	Problem
	Solution
	Discussion
	See Also

	5.9  Remove Duplicate Lines
	Problem
	Solution
	Option 1: Sort lines and remove adjacent duplicates
	Option 2: Keep the last occurrence of each duplicate line in an unsorted file
	Option 3: Keep the first occurrence of each duplicate line in an unsorted file

	Discussion
	Option 1: Sort lines and remove adjacent duplicates
	Option 2: Keep the last occurrence of each duplicate line in an unsorted file
	Option 3: Keep the first occurrence of each duplicate line in an unsorted file

	See Also

	5.10  Match Complete Lines That Contain a Word
	Problem
	Solution
	Discussion
	Variations
	See Also

	5.11  Match Complete Lines That Do Not Contain a Word
	Problem
	Solution
	Discussion
	See Also

	5.12  Trim Leading and Trailing Whitespace
	Problem
	Solution
	Discussion
	Variations
	See Also

	5.13  Replace Repeated Whitespace with a Single Space
	Problem
	Solution
	Clean any whitespace characters
	Clean horizontal whitespace characters

	Discussion
	Clean any whitespace characters
	Clean horizontal whitespace characters

	See Also

	5.14  Escape Regular Expression Metacharacters
	Problem
	Solution
	Built-in solutions
	Regular expression
	Replacement
	Example JavaScript function

	Discussion
	Variations
	See Also


	Chapter 6. Numbers
	6.1  Integer Numbers
	Problem
	Solution
	Discussion
	See Also

	6.2  Hexadecimal Numbers
	Problem
	Solution
	Discussion
	See Also

	6.3  Binary Numbers
	Problem
	Solution
	Discussion
	See Also

	6.4  Strip Leading Zeros
	Problem
	Solution
	Regular expression
	Replacement
	Getting the numbers in Perl
	Stripping leading zeros in PHP

	Discussion
	See Also

	6.5  Numbers Within a Certain Range
	Problem
	Solution
	Discussion
	See Also

	6.6  Hexadecimal Numbers Within a Certain Range
	Problem
	Solution
	Discussion
	See Also

	6.7  Floating Point Numbers
	Problem
	Solution
	Discussion
	See Also

	6.8  Numbers with Thousand Separators
	Problem
	Solution
	Discussion
	See Also

	6.9  Roman Numerals
	Problem
	Solution
	Discussion
	Convert Roman Numerals to Decimal
	See Also


	Chapter 7. URLs, Paths, and Internet Addresses
	7.1  Validating URLs
	Problem
	Solution
	Discussion
	See Also

	7.2  Finding URLs Within Full Text
	Problem
	Solution
	Discussion
	See Also

	7.3  Finding Quoted URLs in Full Text
	Problem
	Solution
	Discussion
	See Also

	7.4  Finding URLs with Parentheses in Full Text
	Problem
	Solution
	Discussion
	See Also

	7.5  Turn URLs into Links
	Problem
	Solution
	Discussion
	See Also

	7.6  Validating URNs
	Problem
	Solution
	Discussion
	See Also

	7.7  Validating Generic URLs
	Problem
	Solution
	Discussion
	See Also

	7.8  Extracting the Scheme from a URL
	Problem
	Solution
	Extract the scheme from a URL known to be valid
	Extract the scheme while validating the URL

	Discussion
	See Also

	7.9  Extracting the User from a URL
	Problem
	Solution
	Extract the user from a URL known to be valid
	Extract the user while validating the URL

	Discussion
	See Also

	7.10  Extracting the Host from a URL
	Problem
	Solution
	Extract the host from a URL known to be valid
	Extract the host while validating the URL

	Discussion
	See Also

	7.11  Extracting the Port from a URL
	Problem
	Solution
	Extract the port from a URL known to be valid
	Extract the host while validating the URL

	Discussion
	See Also

	7.12  Extracting the Path from a URL
	Problem
	Solution
	Discussion
	See Also

	7.13  Extracting the Query from a URL
	Problem
	Solution
	Discussion
	See Also

	7.14  Extracting the Fragment from a URL
	Problem
	Solution
	Discussion
	See Also

	7.15  Validating Domain Names
	Problem
	Solution
	Discussion
	See Also

	7.16  Matching IPv4 Addresses
	Problem
	Solution
	Regular expression
	Perl

	Discussion
	See Also

	7.17  Matching IPv6 Addresses
	Problem
	Solution
	Standard notation
	Mixed notation
	Standard or mixed notation
	Compressed notation
	Compressed mixed notation
	Standard, mixed, or compressed notation

	Discussion
	Standard notation
	Mixed notation
	Standard or mixed notation
	Compressed notation
	Compressed mixed notation
	Standard, mixed, or compressed notation

	See Also

	7.18  Validate Windows Paths
	Problem
	Solution
	Drive letter paths
	Drive letter and UNC paths
	Drive letter, UNC, and relative paths

	Discussion
	Drive letter paths
	Drive letter and UNC paths
	Drive letter, UNC, and relative paths

	See Also

	7.19  Split Windows Paths into Their Parts
	Problem
	Solution
	Drive letter paths
	Drive letter and UNC paths
	Drive letter, UNC, and relative paths

	Discussion
	Drive letter paths
	Drive letter and UNC paths
	Drive letter, UNC, and relative paths

	See Also

	7.20  Extract the Drive Letter from a Windows Path
	Problem
	Solution
	Discussion
	See Also

	7.21  Extract the Server and Share from a UNC Path
	Problem
	Solution
	Discussion
	See Also

	7.22  Extract the Folder from a Windows Path
	Problem
	Solution
	Discussion
	See Also

	7.23  Extract the Filename from a Windows Path
	Problem
	Solution
	Discussion
	See Also

	7.24  Extract the File Extension from a Windows Path
	Problem
	Solution
	Discussion
	See Also

	7.25  Strip Invalid Characters from Filenames
	Problem
	Solution
	Regular expression
	Replacement

	Discussion
	See Also


	Chapter 8. Markup and Data Interchange
	8.1  Find XML-Style Tags
	Problem
	Solution
	Quick and dirty
	Allow > in attribute values
	(X)HTML tags (loose)
	(X)HTML tags (strict)
	XML tags (strict)

	Discussion
	A few words of caution
	Quick and dirty
	Allow > in attribute values
	(X)HTML tags (loose)
	(X)HTML tags (strict)
	XML tags (strict)
	Skip tricky (X)HTML and XML sections

	Variations
	Match valid HTML 4 tags

	See Also

	8.2  Replace <b> Tags with <strong>
	Problem
	Solution
	Discussion
	Variations
	Replace a list of tags

	See Also

	8.3  Remove All XML-Style Tags Except <em> and <strong>
	Problem
	Solution
	Solution 1: Match tags except <em> and <strong>
	Solution 2: Match tags except <em> and <strong>, and any tags that contain attributes

	Discussion
	Variations
	Whitelist specific attributes

	See Also

	8.4  Match XML Names
	Problem
	Solution
	XML 1.0 names (approximate)
	XML 1.1 names (exact)

	Discussion
	XML 1.0 names
	XML 1.1 names

	Variations
	See Also

	8.5  Convert Plain Text to HTML by Adding <p> and <br> Tags
	Problem
	Solution
	Step 1: Replace HTML special characters with character entity references
	Step 2: Replace all line breaks with <br>
	Step 3: Replace double <br> tags with </p><p>
	Step 4: Wrap the entire string with <p>⋯</p>
	JavaScript example

	Discussion
	Step 1: Replace HTML special characters with character entity references
	Step 2: Replace all line breaks with <br>
	Step 3: Replace double <br> tags with </p><p>
	Step 4: Wrap the entire string with <p>⋯</p>

	See Also

	8.6  Find a Specific Attribute in XML-Style Tags
	Problem
	Solution
	Tags that contain an id attribute (quick and dirty)
	Tags that contain an id attribute (more reliable)
	<div> tags that contain an id attribute
	Tags that contain an id attribute with the value “my-id”
	Tags that contain “my-class” within their class attribute value

	Discussion
	See Also

	8.7  Add a cellspacing Attribute to <table> Tags That Do Not Already Include It
	Problem
	Solution
	Regex 1: Simplistic solution
	Regex 2: More reliable solution
	Insert the new attribute

	Discussion
	See Also

	8.8  Remove XML-Style Comments
	Problem
	Solution
	Discussion
	How it works
	When comments can’t be removed

	Variations
	Find valid XML-style comments
	Find C-style comments

	See Also

	8.9  Find Words Within XML-Style Comments
	Problem
	Solution
	Two-step approach
	Single-step approach

	Discussion
	Two-step approach
	Single-step approach

	Variations
	See Also

	8.10  Change the Delimiter Used in CSV Files
	Problem
	Solution
	JavaScript example

	Discussion
	See Also

	8.11  Extract CSV Fields from a Specific Column
	Problem
	Solution
	JavaScript example

	Discussion
	Variations
	Match a CSV record and capture the field in column 1 to backreference 1
	Match a CSV record and capture the field in column 2 to backreference 1
	Match a CSV record and capture the field in column 3 or higher to backreference 1
	Replacement string


	8.12  Match INI Section Headers
	Problem
	Solution
	Discussion
	See Also

	8.13  Match INI Section Blocks
	Problem
	Solution
	Discussion
	See Also

	8.14  Match INI Name-Value Pairs
	Problem
	Solution
	Discussion
	See Also


	Index








N  e  g  a  s  p  h ä r e  B  a  n  d  8  5  


Nr. 2484 


Horst Hoffmann 


KOLTOROCS 
Atem 


Kontaktwald im Abseits – 
eine Kartanin trifft die String-Legaten 


Die Lage für Perry Rhodan und die Menschheit ist verzweifelt: Eine gigantische Raumfl otte, die 
Terminale Kolonne TRAITOR, hat die Milchstraße besetzt. Sie wirkt im Auftrag der Chaotarchen, und 
ihr Ziel ist kompromisslose Ausbeutung. 
Die Milchstraße mit all ihren Sonnen und Planeten soll als Ressource genutzt werden, um die Exis
tenz einer Negasphäre abzusichern. Dieses kosmische Gebilde entsteht in der nahen Galaxis 
Hangay – ein Ort, an dem gewöhnliche Lebewesen nicht existieren können und herkömmliche Na
turgesetze enden. 
Mit verzweifelten Aktionen gelingt es den Menschen auf Terra und den Planeten des Sonnensys
tems, dem Zugriff der Terminalen Kolonne standzuhalten. Sie verschanzen sich hinter dem TERRA
NOVA-Schirm und versuchen, die Terminale Kolonne zu stören. Hinzu kommen erste Erfolge im An
griff: die Zerstörung von CRULT etwa oder das Vordringen nach Hangay. 
Im Herzen der Galaxis residiert der Chaopressor, der oberste Befehlshaber der Terminalen Kolonne 
hinsichtlich dieses Feldzuges. Es ist eine negative Superintelligenz, und jeder, der in ihre Nähe 
gelangt, verspürt KOLTOROCS ATEM ... 
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Wir waren naiv. Wie hatten ge
glaubt, vor KOLTOROCS Augen tre
ten zu können, seinen Atem zu spü
ren. Dort, wo der Wald seinen Namen 
flüstert. Wo alles seine furchtbare 
Präsenz atmet. Ich war überzeugt ge
wesen, in KOLTOROCS Angesicht 
bestehen zu können, weil es mir mit 
Atlan schon einmal gelungen war; 
diesmal zu wissen, wie wir mit ihm 
umzugehen hatten. 


Nichts wussten 
wir! 


1. 
20. Oktober 
1347 NGZ 
Win-Alpha 


»Nein«, sagte er. 
»Es tut mir leid, aber 
das kann ich nicht 
unterstützen.« 


Sie starrte ihn an, 
eine Sekunde lang, 
zwei. Ihre Blicke maßen sich, als seien 
sie scharfe Waffen. Dann stand die 
Kartanin auf und drehte sich zur 
Tür. 


Don Kerk’radian betätigte für sie 
den Öffner. Dao-Lin-H’ay hörte den 
Laut der auffahrenden Sperre, die sie 
und diese Kabine vom Rest des 
Schiffes trennte. Damit wurde sie 
hinausgewiesen aus der künstlichen 
Abgeschiedenheit abseits vom Bord
betrieb, von jenem Ort, auf dem ihre 
letzten Hoffnungen geruht hatten. 


Ihre Augen waren geschlossen. Sie 
wusste, dass sie jetzt nur einen Schritt 
zu machen brauchte, und ihre Demü
tigung wäre vorbei. Sie hatte sich er
niedrigt, war als Bittstellerin zurück 
an Bord der SOL-Zelle-1 gekommen. 


Dorthin, wo sie einmal das Sagen ge
habt hatte. Wo alle anderen mit ihren 
Bitten und Nöten zu ihr gekommen
waren. 


Ein Schritt nur, und sie wäre frei.
Konnte gehen. Dann hatte sie es im
merhin noch einmal versucht. 


»Es geht nicht um mich, verdammt!« 
Sie wandte sich zurück, den Blick fest 
auf Kerk’radian geheftet. Sie kon


frontierte ihn auf
seinem ureigensten
Territorium. »Und
schon gar nicht will
ich dir etwas weg
nehmen, Don! Diese 
Zelle ist dein Schiff, 
und ich wäre die
Letzte, die daran et
was ändern oder dir 
in deine Arbeit hin
einreden wollte. Ich
habe mehr als genug 
mit der Leitung des
Stützpunkts zu tun
und …« 


»Hast du das, ja?«, unterbrach er
sie. 


Sie war auf halbem Weg zu ihm ste
hen geblieben, in katzenhaft geduck
ter Haltung, bis nur noch ein letzter
kurzer Sprung sie trennte. Ihre
schlanken Hände waren erhoben, wie 
um im nächsten Moment die Krallen 
auszufahren und ihm ins Gesicht zu
schlagen. 


Don Kerk’radian war ein Hüne und 
ein Haudegen, wie er im Buche stand. 
Der energische, immer entschlossene 
Oberst, ein Vorbild in Aktion und
Kampf und … 


… trotz alledem tief drinnen ein
kleiner Junge. Sie kannte ihn, er
konnte ihr längst nichts mehr vorma
chen. 
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Aber umgekehrt sie ihm auch 
nicht. 


Dao gab einen Seufzer von sich und 
setzte sich wieder ihm gegenüber hin. 
»Du kennst die Situation. Win-
Alpha dient zwar als Standort der 
RICHARD BURTON, des Hangay-
Geschwaders und der SOL-Zellen, 
wovon jedoch nur die beiden Zellen 
für Fernerkundung geeignet sind. Al
le anderen Schiffe des Geschwaders 
sind ebenso wie die BURTON an die
sen Ort gefesselt, weil sie in Hangay 
keine Zielflüge unternehmen können. 
Das ist reine Ressourcenvergeudung, 
Don!« 


»Ich widerspreche dir nicht«, erwi
derte der Oberst. »Die Situation ist 
für uns – insbesondere für dich – in 
höchstem Maße unbefriedigend. Den
noch muss ich dein Ersuchen ableh
nen, dir die SZ-1 zur Verfügung zu 
stellen. Und zwar aus ökonomischen 
wie strategischen Gründen. Ich bin 
sicher, du kennst sie selbst gut genug. 
Würdest du als Verantwortliche die 
Hälfte deiner einsatzfähigen Schiffe 
von einem sehr verletzlichen Haupt
quartier inmitten von Feindgebiet 
abziehen?« 


Dao leckte sich die Lippen. »Nein, 
natürlich nicht ...« Sie verstummte 
und erinnerte sich daran, wie sie vor 
einer Zeit, die wie eine Ewigkeit 
schien, als Kommandantin der Pin
wheel-Kartanin auf die weit überle
genen Schiffe der Galaktiker getrof
fen war ... Hatte sie damals ebenso 
gezögert? Und dann wusste sie es. 


»Doch! Genau das würde ich tun – 
wir müssen in Bewegung bleiben, 
bluffen, verunsichern und vor allem 
Informationen sammeln.« 


Kerk’radian seufzte. 
»Wir sprechen hier nicht über ir


gendwelche Abenteuerflüge. Wir sind 
das letzte Aufgebot der Milchstraße! 
Wir dürfen uns keine kapriziösen 
Verrenkungen leisten!« 


»Das sind keine Abenteuer!«, fauch
te sie. »Und hör bitte auf, so melodra
matisch daherzureden, das verfängt 
bei mir nicht.« 


»Na schön!« Der Oberst zögerte 
kurz. »Aber du musst auch verstehen, 
dass dein Plan unsere Position 
schwächt. Divide et impera, das hat 
die Kolonne schon in der Milchstraße 
als wichtigstes Instrument einge
setzt.« 


Sie schwiegen, sahen einander an 
und wussten, dass dies kein Poker
spiel war. Kerk’radian war aufrichtig. 
Es ging weder um persönliche Eitel
keiten noch um längst klar verteilte 
Pfründe. 


»Und jetzt bitte zum Kern der Sa
che.« Der Oberst verschränkte die 
Arme über der breiten Brust. »Dao-
Lin, wieso bist du wirklich zu uns zu
rückgekommen?« 


»Wir müssen etwas tun«, sagte sie 
leise, beinahe beschwörend. »Wir 
können nicht darauf warten, dass an
derswo Entscheidungen fallen. Es 
geht ins Finale, das weiß jeder von 
uns. Die Ereignisse sind im Fluss. In 
absehbarer Zeit wird sich entschei
den, ob dieser Teil des Universums 
dem Chaos anheimfällt oder nicht. 
Ob das Leben siegt oder die Finster
nis. Wenn wir nicht alles, wirklich 
alles, versuchen, um unseren Teil zu 
unserem Sieg beizutragen, haben wir 
versagt, Don!« 


»Komm jetzt nicht du mir mit Me
lodramatik!« Er nickte. »Überzeug 
mich, indem du mir endlich sagst, 
was du wirklich willst.« 


»Na gut!« Die Kartanin tat, als 
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müsse sie sich strecken. Dabei wirkte 
sie für den Terraner mehr denn je wie 
eine nur zufällig in Menschengestalt 
gefangene Raubkatze. »Ich brauche 
die SZ-1, um Kontakt mit der Neuen 
Kansahariyya aufzunehmen. Es kann 
nicht angehen, dass wir, die Besucher 
aus der Nachbargalaxis, nach Hangay 
gekommen sind, um für deren wider
standsbereite Bewohner den Kampf 
zu führen. Die NK Hangay ist eben
falls bereit dazu. Sie ist nicht der 
starke Verbündete, den wir uns er
hofft haben, aber wir dürfen sie nicht 
ignorieren. Am Ende zählen alle 
Kräfte gegen TRAITOR. Wir müssen 
wieder ins Gespräch kommen und ge
meinsam Pläne machen.« 


»Mehr steckt nicht dahinter? Dao-
Lin H’ay ... wir beide kennen einan
der doch wohl besser …« 


»Und wir müssen zu den Kon
taktwäldern. Sie sind ebenfalls ein 
Pfeiler im Kampf. Wir haben uns viel 
zu lange nicht mehr um sie geküm
mert.« 


»Ich weiß«, sagte Kerk’radian. 
»Deshalb wolltest du nach Vatucym. 
Der Segmentplanet der NK Hangay 
ist gleichzeitig der Standort eines 
Kontaktwalds.« 


»Des am nächsten am Kernwall ge
legenen Waldes, Don!« Die Unsterb
liche fixierte ihn. »Vatucym ist nur 
rund 3000 Lichtjahre von dem Wall 
entfernt, der nach wie vor undurch
dringlich für uns ist. Der Planet ist 
daher nicht nur ideal, um über diesen 
Umweg wieder Kontakt mir der Kan
sahariyya zu halten – sondern um 
über den dortigen Wald ein zweites 
Mal in die Kernzone vorzustoßen – 
und zu KOLTOROC!« 


* 


Sie nickte. »Du hast richtig gehört, 
Don. Atlan und ich haben es bereits 
erlebt, als wir den Kontaktwald auf 
Kosichi besuchten. Jeder Wald ist in 
der Lage, mithilfe der sogenannten 
Distanzlosen Interaktion seine Besu
cher räumlich weit zu versetzen, und 
zwar an jeden anderen Kontaktwald 
in Hangay. Die Entfernung spielt da
bei keine Rolle, und wie sich gezeigt 
hat, stellt dabei auch der Kernwall 
kein Hindernis dar.« 


»Ich weiß«, räumte der Oberst ein. 
»Atlan und du habt mehrere Verset
zungen erlebt, bis ihr schließlich …« 


»Wir waren im Kern, Don! Es kann 
kein Zweifel daran bestehen, dass wir 
mitten in den Machtbereich KOLTO
ROCS versetzt wurden. KOLTOROC 
durchdrang alles. Seine Präsenz war 
bei uns, über uns, in uns … Milliarden 
von gleißenden Sternen am Himmel, 
und der Chaopressor lag über allem 
wie ein schwarzer Nebel …« 


»Ihr seid damals nur durch ein 
Wunder wieder zurückgekommen«, 
gab Kerk’radian zu bedenken. »Und 
doch willst du wieder dorthin? In den 
einzigen Wald der Kernzone Hangay? 
Wo KOLTOROC herrscht?« 


»Wir müssen!«, rief sie. »Es ist die 
womöglich einzige Chance für uns, 
falls es keinen anderen Weg hinein 
gibt.« 


»Und genau das ist der Punkt: falls. 
Wir haben längst nicht alle Möglich
keiten ausgeschöpft – das Mittelstück 
der SOL ist schließlich bereits drin
nen, ebenso wie ESCHER und der 
Weltweise von Azdun.« 


Dao winkte ab. »Auf die Paraposi
tronik und das von Todessehnsucht 
strotzende Fast-Geistwesen willst du 
dich verlassen? Das kann nicht dein 
Ernst sein!« 
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»Und du würdest stattdessen lieber 
dein Leben opfern?«, fragte er lau
ernd. »Und das mit hoher Wahr
scheinlichkeit sogar sinnlos? « 


»Du hast gar keine Datenbasis für 
Wahrscheinlichkeitsberechnungen, 
mein Bester! Ich folge nur der Tradi
tion meines Volkes. Wir Kartanin ret
ten gerne Galaxien, wie du weißt.« 


Er lachte. »Bei der letzten habt ihr 
euch gut 50.000 Jahre Zeit gelassen. 
Gedulde dich nur ein Zehntausends
tel dieser Zeit, wie wäre das?« 


»An dir ist ein Komiker verloren 
gegangen«, gab sie zurück. »Aber es 
ändert nichts: Ich bin bereit, für das 
Leben einzustehen! Mit meinem Le
ben. Damit dieser Teil des Univer
sums eine Chance und eine Zukunft 
hat!« 


Sie setzte sich wieder und diesmal 
zu ihm auf seine Liege. Er wollte für 
sie zur Seite rücken, doch sie hielt ihn 
fest. »Wir waren unvorbereitet, Atlan 
und ich. Wenn ich jetzt wieder in die 
Kernzone gehe, weiß ich, was mich 
erwartet. KOLTORC. Der Chao
pressor. Derjenige, der den Feldzug 
der Chaosmächte gegen uns anführt. 
Der, bei dem alle Fäden zusammen
laufen.« 


»Überschätzt du dich da nicht?«, 
fragte er. »KOLTOROC ist eine nega
tive Superintelligenz. Ein Wesen, das 
wir gar nicht erfassen können, ge
schweige denn begreifen und ein
schätzen.« 


»Gerade deshalb will ich ja hin!«, 
sagte sie heftig. »Wir brauchen mehr 
Infos, Don, alles, was wir über ihn be
schaffen können. Wie gesagt, der ers
te Vorstoß war ungewollt, aber wer 
sagt denn, dass ein zweiter Versuch, 
diesmal bewusst, nicht erfolgreicher 
für uns verläuft?« 


»Er ist eine Superintelligenz, Dao!«, 
wiederholte der Oberst eindringlich. 
»KOLTOROC kann euren unfreiwil
ligen Besuch nicht vergessen haben, 
er ist ja erst wenige Monate her. Er 
wird auf einen zweiten Besuch gera
dezu warten.« 


»Du hast wahrscheinlich recht«, 
räumte die Kartanin ein. »Ganz si
cher ist es so, aber das Risiko müssen 
wir eingehen. Was ist, wenn Atlan in 
Schwierigkeiten steckt? Was, wenn 
ESCHER keinen Erfolg hat? Was ist, 
wenn der Weg über Kontaktwald 
Nummer 126 längst frei ist – und wir 
mangels Mut und Zutrauen nur nichts 
davon merken?« 


Sie nahm seine Hand und drückte 
sie. »Don, dies sind keine normalen 
Zeiten, da wir es uns hätten aussu
chen können. Es ist Krieg, und wenn 
wir nicht alles tun und jede Möglich
keit versuchen, werden wir ihn ver
lieren! Dann ist es nur eine Frage der 
Zeit, bis auch die Milchstraße unrett
bar verloren ist!« 


Er starrte sie wortlos an. 
»Möchtest du mit dem Gedanken 


leben, Don«, fragte sie leise, »leben 
müssen, nach dem Sieg des Chaos 
nicht alles getan zu haben, um das 
Leben in Hangay zu retten?« 


2. 
Vatucym 


Der Flug über exakt 4925 Licht
jahre hatte knapp 36 Stunden gedau
ert, eine Leistung, die in Hangay nur 
noch mit dem Hypertakt-Triebwerk 
der SOL-Zellen möglich war. 


Vatucym galt Terranern als para
diesische – weil erdähnliche – Welt, 
Dao-Lin war sie deutlich zu warm. 
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Die Durchschnittstemperatur Vatu
cyms lag mit 38 Grad Celsius weit 
über dem terranischen Mittel, und die 
Luft war zwar atembar für Menschen 
und Kartanin, aber unverhältnismä
ßig stickig. Der hohe Gehalt an Sau
erstoff und die großteils geschlossene 
Wolkendecke erzeugten eine gewitt
rige Treibhausatmosphäre. 


Der vierte Planet der orangefar
benen Sonne Vat schimmerte wie eine 
blauweiße Perle, gesprenkelt mit 
mehreren hundert ockerfarbenen bis 
grünen Inseln unterschiedlicher Grö
ße, vom winzigen Atoll bis zum klei
nen Kontinent. Eine große zusam
menhängende Landmasse gab es 
hingegen nicht. Die Tastung erbrach
te eine Zahl von 620 für die Landtei
le Vatucyms, der größte lag in der 
Nähe des Südpols, trug den Namen 
Pheoge, entsprach in der Ausdehnung 
in etwa dem irdischen Kontinent 
Australien und beherbergte die Zen
tralstadt Pheogitta. 


Der Planet wies eine reichhaltige 
Vegetation auf, allerdings keinerlei 
Laubbäume, sondern vorwiegend 
Großfarne und einige wenige Nadel
gehölze. Eine einzige Ausnahme gab 
es allerdings: den Kontaktwald, der 
34 Kilometer von Pheogitta entfernt 
im Norden lag. 


Dao-Lin-H’ay hatte sich seine Lage 
gut eingeprägt. Mit einem geeigneten 
Gleiter würde sie ihn blind fi nden. 


Die SZ-1 identifizierte sich und 
wurde zum Landefeld der Hauptstadt 
geleitet, wo die Galaktiker eine Über
raschung erlebten. 


Es geschah nicht oft, dass sich Dao-
Lin-H’ay ad hoc eine Meinung über 
einen anderen bildete. Sie war schon 
genügend seltsamen Wesen begegnet, 
um zu wissen, dass sich hinter einer 


unangenehmen Fassade oft ein ach
tenswerter Kern verbarg. 


Beth Astromo war allerdings eine 
Ausnahme. Sie wusste auf den ersten 
Blick, dass es mit dem haurischen 
Kommandeur des Segmentplaneten 
Probleme geben würde. Daran än
derte auch das Begrüßungsbuffet 
nichts, das der hagere, lederhäutige 
Mann mit dem zwingenden Blick ih
nen zu Ehren hatte auftischen las
sen. 


»Wir möchten uns nicht in eure An
gelegenheiten einmischen, Beth«, 
sagte die Kartanin, nachdem der 
Form Genüge getan war und sie eini
ge Happen zu sich genommen hatte. 
»Aber wir müssen offen zueinander 
sein. Und es kommt uns merkwürdig 
vor, dass auf dem Landefeld des 
Raumhafens 102 moderne Schlacht
schiff-Trimarane zu sehen sind. Vatu
cym liegt nicht eben an den Haupt
verkehrsrouten dieser Galaxis. Wir 
fragen uns, ob die Schiffe vielleicht 
schon hier standen, bevor die Termi
nale Kolonne Hangay mit ihrer Cha
os-Physik überzog und jede konven
tionelle Raumfahrt fast unmöglich 
machte.« 


»Falls dem nicht so wäre«, über
nahm Don Kerk’radian, »würde uns 
der verdammt gute Grund interessie
ren, wie es 102 Trimarane geschafft 
haben können, einen Planeten zu er
reichen, der so nahe an der kosmo
nautisch schwierigen Zentrumsregi
on von Hangay liegt.« 


Er sprach sehr ruhig, jedenfalls für 
seine Verhältnisse. Der Oberst scheu
te selten vor direkter Ansprache zu
rück, mochte diese dem Gegenüber 
auch noch so verletzend erscheinen. 
Bisher hielt er sich zurück. 


Astromo ließ sich mit der Antwort 
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Zeit. Er war selbst für einen Hauri 
ungewöhnlich still, seine Lederhaut 
wirkte dunkler und, wenn das ging, 
lederner als die anderer seines Volkes. 
Wenn er redete, klang es wie ein 
schlecht programmierter Roboter. Le
diglich das Funkeln in seinen schwar
zen, tief unter den knochigen Wülsten 
gelegenen Augen verriet ein wenig 
von dem, was hinter seiner Stirn vor
gehen mochte. 


»Ich weiß. Euer Interes. se zu schätz. 
en«, sagte er in bedächtigem Tonfall, 
wobei er seine Besucher nicht ansah, 
sondern genau zwischen ihnen durch. 
»Eure Ini. tiati. ve, den Kontakt und. 
eine bessere Ver. netzung mit der Neu-
en. Kansahariyya Hangay herzu. stel
len, ist uns will. kommen. Im Kampf 
gegen die Terminale Kolonne TRAI
TOR brauchen wir je. de Unterstüt
zung …« 


»Was soll das, Astromo?«, fragte 
Kerk’radian. 


Dao machte eine beschwichtigende 
Geste, doch der Oberst winkte ab. 
»Wir haben dir eine klare Frage ge
stellt. Es sind viele Schlachtschiffe 
auf Vatucym – wieso? Wie sind sie 
hierhergekommen? Es ist wichtig für 
uns, das zu erfahren. Also ant
worte.« 


»Ich werde mir. nicht von euch dro. 
hen lassen«, erwiderte der Komman
deur. »Was sind. das für. Töne un. ter 
Verbündeten?« 


»Niemand hat dir gedroht oder tut 
es«, übernahm die Kartanin. Sie ver
suchte ruhig zu sprechen, aber ihr 
Nackenfell war leicht gesträubt. Sie 
zeigte auf den Datenkristall vor ihm 
auf dem Tisch. »Wir haben dir diesen 
Kristall mitgebracht, auf dem sich 
große Mengen aktuell gewonnener 
Daten über die Terminale Kolonne 


und ihre Aktivitäten in Hangay befi n-
den. Wir bringen dir unser Vertrauen 
entgegen – und was tust du? Gibt es 
einen Grund, es nicht zu erwidern?« 


»Das hat mit. Vertrauen. nichts. zu 
tun!«, fuhr Beth Astromo auf und 
schien noch im gleichen Moment über 
sich selbst zu erschrecken. Er ließ 
sich in seinen Sitz zurücksinken und 
setzte ein Lächeln auf, das zu schnell 
kam, um wirklich ehrlich zu wirken. 


Dao bekam einmal mehr einen 
Hauch seines Parfums ab, das ihn wie 
eine Duftwolke umgab. Sie mochte es 
genauso wenig wie den Hauri selbst. 


»Es ist keine Sache. des Vertrauens. 
Wie ich schon sagte, ehrt uns. eure In
itiative, doch um. dies weiter zu be
treiben, dürftet. ihr nicht den rich
tigen. Ort. gewählt. haben. Es wäre 
besser für euch. und euer Anliegen, 
dies auf einem. Segmentplaneten wie 
Quamoto. oder Kosichi. zu tun, mit 
direktem. Kontakt zum. Regierenden 
Sternenrat.« 


»Beth Astromo«, sagte die Kartanin 
nach einer kurzen Pause, »wir wissen, 
dass du die Befugnis hast, in gewissem 
Umfang für den Sternenrat zu spre
chen. Wir sind nicht ganz unvorberei
tet gekommen. Auch von Vatucym 
aus ist eine direkte Kommunikation 
möglich. Und wir haben gewiss nicht 
die Absicht, uns auf eine Irrfahrt 
durch die halbe Galaxis Hangay zu 
begeben.« 


Der Kommandant hob die schmalen 
Schultern. »Ich kann euch. nur einen 
Rat. geben. Auf Vatucym ist …« 


»Etwas faul!«, sagte ihm Don 
Kerk’radian auf den Kopf zu. »Wenn 
wir uns täuschen, dann korrigiere 
uns. Antworte auf unsere Frage.« 


Der Kopf des Hauri ruckte zu ihm 
herum. Die dunklen Augen verengten 
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sich, die Stimme war plötzlich kalt 
und schneidend. »Ich lasse. mir. nicht 
von euch. drohen! Ich …« 


»Es hat keinen Sinn, Don.« Dao-
Lin-H’ay erhob sich. »Beth Astromo, 
haben wir deine Genehmigung, den 
hiesigen Kontaktwald aufzusu
chen?« 


»Wozu?«, fragte er. »Was versprecht 
ihr. euch davon?« 


»Verdammt!« Kerk’radian knurrte. 
»Mein guter Freund, das weißt du 
ganz genau, weil wir es dir vor nicht 
einmal zehn Minuten bereits gesagt 
haben! Dao-Lin-H’ay war bereits 
einmal in einem Wald und hat mit 
ihm kommuniziert. Die Wälder sind 
Verbündete im Kampf gegen TRAI
TOR. Wir möchten den Kontakt mit 
ihnen ebenso auffrischen und vertie
fen wie mit der Neuen Kansahariyya. 
Wir sind gekommen, um deine Ge
nehmigung dazu einzuholen, aber es 
geht zur Not auch ohne.« 


»Wenn ich es euch. verbiete, kommt 
ihr. nicht in den. Wald!« Der Kom
mandant wirkte erbost. »Wir sind. 
sehr gut bewaffnet. Wir haben …« 


»Was?«, fragte die Kartanin. »Was 
wolltest du sagen?« 


»Ich …« Beth Astromo war eben
falls aufgestanden. Er schien verwirrt 
zu sein, erschrocken über die eigenen 
Worte. Dann schloss er die Augen. 
»Geht. Ihr habt meine. Genehmigung. 
Ihr dürft den. Kontaktwald betreten, 
aber nicht vor. morgen.« 


»Wieso?«, wollte Kerk’radian wis
sen. »Geht dort vielleicht etwas vor, 
von dem wir nichts mitbekommen 
sollen?« 


»Don«, sagte Dao leise. »Bitte …« 
Sie sah den Hauri an. Fest. Ihr Blick 


war eine einzige Aufforderung. Wenn 
er nichts zu verbergen hatte, sollte er 


ihnen jetzt die Genehmigung geben. 
Sie hatte nicht unbedingt schon an 
diesem Tag zum Kontaktwald ge
wollt, doch jetzt ging es um etwas an
deres. 


Sie waren mit einem gewaltigen 
Vertrauensvorschuss nach Vatucym 
gekommen und hatten im Gegenzug 
nur Ablehnung und offenkundige 
Heuchelei geerntet. 


»Morgen!«, sagte Beth Astromo. 
»Ihr könnt morgen zum. Kontakt
wald, das muss euch. reichen.« 


Das waren die letzten Worte, die die 
terranischen Besucher von ihm 
hörten. Als sie gingen, gab es keinen 
Abschiedsgruß. 


Als sie das Ratsgebäude verließen, 
flüsterte Don Kerk’radian so leise, 
dass nur Dao-Lin es hören konnte: 
»Gehen wir sofort zu dem Wald?« 


Sie bleckte die Zähne. Endlich 
stand der Oberst vollkommen auf ih
rer Seite. 


»Heute Nacht«, antwortete sie, als 
sie den Gleiter starteten. »Im Schutz 
der Dunkelheit.« 


Don Kerk’radian nickte grimmig. 


3. 
Der Wald 


Der Kontaktwald von Vatucym un
terschied sich kaum von denjenigen, 
die Dao bereits kennengelernt hatte. 
Aus der Luft stellte er sich als ein 
blaugrünes, undurchdringlich schei
nendes Dickicht dar, in dem fast alle 
Arten der Flora vertreten waren. Je
der solche Wald war kreisrund, durch
maß 15 Kilometer und war als Fremd
körper inmitten der heimischen 
Vegetation zu erkennen. Und genau 
so war es: Die Kontaktwälder bestan
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den nicht nur aus der Vegetation, son
dern auch aus einem Teil der plane
taren Kruste, ausgestattet mit eigenen 
Antrieben, wodurch sie sich von der 
Oberfläche eines Wirtsplaneten lösen 
und in den Weltraum starten konn
ten. 


Dao und Atlan hatten ihre Ge
schichte auf Kosichi erfahren. Auf 
mentalem Weg waren sie Zeuge des 
inneren Kampfes des Walds Alo
mendris geworden, quasi des Stamm
vaters aller heute existierenden 126 
Wälder. Sie waren hineingezogen 
worden in die dramatische Geschich
te der Entstehung der Wälder aus 
einem einzigen, ursprünglichen 
Schössling des Pfl anzenvaters Arys
tes auf dem in der Galaxis Segafren
do gelegenen Planeten Orllyndie. 


Um der Vernichtung durch robo
tische Aggressoren zu entgehen, hatte 
Arystes den Schössling abgegeben 
und auf die Reise ins Universum ge
schickt, wo der junge Wald sich ver
breitete und gegen die Erish Vikhtold 
bestehen musste, jene Roboterzivili
sation, die ihre Weißen Herren verlo
ren hatte und einen Ersatz für sie 
suchte. Jemand, dem sie dienen durf
ten, um ihrer Existenz einen neuen 
Sinn zu geben. 


Alomendris hatte versucht, diese 
Rolle zu übernehmen, und geriet da
durch mehr und mehr in Abhängig
keit. Erst als er begriff, dass die Erish 
Vikhtold in seinem Namen eine Viel
zahl von Galaxien mit Krieg überzo
gen, als er Kontakt zu einer anderen 
Wesenheit erhielt und durch die Ver
schmelzung wuchs, fand er die Kraft 
zur Flucht. Er war missbraucht wor
den und wollte das nie wieder erleben 
müssen. Er hatte sich längst in die 
126 Kernwälder geteilt, die seither 


durch das All zogen und von Refugi
um zu Refugium flohen, immer in der 
Angst, von den Robotern wiederge
funden und abermals vereinnahmt zu 
werden. 


Irgendwann erreichten die Wälder 
die Galaxis Hangay und siedelten 
sich auf verschiedenen Planeten an. 
Der lang ersehnte Friede stellte sich 
aber nicht ein, denn irgendwann um
schloss ein Wall den Kern der Gala
xis, durch den kein Durchkommen 
und kein Kontakt mehr möglich war. 
Im Innern von Hangay hatte sich eine 
fremde, finstere Macht niedergelas
sen, die für Chaos und Untergang 
stand. 


Einer der Kernwälder, Nummer 
126, befand sich dort, im Zentrum der 
Macht von KOLTOROC – so lautete 
der Name der Superintelligenz. Die 
noch freien Wälder wählten, um ei
nen neuen Verrat zu verhindern, die 
Isolierung dieses einen und unterban
den die Fähigkeit der Distanzlosen 
Interaktion nach 126. Von da an war 
es nicht mehr möglich, Materie oder 
auch Botschaften mit ihm auszutau
schen. 


Erst als Alomendris durch ein Er
eignis, das in ihm alle alten Ängste 
und das uralte Trauma wieder weckte, 
vollkommen aus der Balance geriet, 
löste sich ungewollt diese Blockade. 
Ein Austausch mit Nummer 126 war 
plötzlich wieder möglich – und das ge
schah ausgerechnet, als sich Atlan und 
Dao-Lin-H’ay in ihm aufhielten. Sie 
wurden in die Kernzone Hangay ge
schleudert und erlebten das Grauen, 
das einen Namen trug … 


KOLTOROC! 
Als sie schon nicht mehr an eine 


Rettung glauben konnten, wurden sie 
von Alomendris zurückgeholt und er
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fuhren, dass der Grund für seine Pa
nik das Erscheinen der beiden Ava
tare von ESCHER war, Pal Astuin 
und Merlin Myhr, von ESCHER ge
schickt, um Kontakt aufzunehmen. 
Der Wald hatte sich erinnert, wie 
schon einmal auf sehr ähnliche Weise 
Boten in ihn eingedrungen waren, um 
ihn zurückzuholen – Gesandte der 
Erish Vikhtold! 


Er hatte geglaubt, sie seien wieder 
da, bis Atlan ihn vom Gegenteil über
zeugen konnte. 


Seither hatte es keinen Kontakt 
mehr zu den Wäldern gegeben – bis zu 
diesem Tag. 


Dao-Lin-H’ay ging all das wieder 
durch den Kopf, als sie und ihre fünf 
Begleiter den Wald unter sich leuch
ten sahen. Er schälte sich wie ein von 
innen heraus gespenstisch illumi
niertes Wunder aus der Kruste des 
Planeten heraus, aus der er ragte wie 
das Werk eines begnadeten Land
schaftsarchitekten. Dort unten war 
Leben, war mehr als der chemische 
Stoffwechsel zwischen Aberbilliar
den pflanzlichen Zellen, mehr als das 
Neben- und Beieinander von Bäumen 
und Gewächsen aus der unerschöpf
lichen Retorte und Fantasie der Na
tur. 


Sie kamen in SERUNS, unsichtbar 
und nicht zu orten. Sie kamen lautlos, 
so, wie sie die SOL-Zelle verlassen 
hatten. Niemand folgte ihnen. Die 
Gleiter der Sicherheitskräfte standen 
überall in der Luft, rings um den 
Kontaktwald verteilt. Dao war sicher, 
dass ihre Besatzungen Order hatten, 
auf sie zu schießen, falls sie sie ent
deckten. 


Sie taten es nicht. Das kleine Kom
mando der SZ-1 landete an einem 
unbewachten Punkt am Rand des 


Walds, in einer Lichtung, von der aus 
sich die Kartanin Zugang in das Di
ckicht versprach. Es war ein Glücks
spiel. Wege im Kontaktwald erwiesen 
sich nie als beständig, der Wald ge
staltete sie nach seinen Wünschen, 
um Lebewesen einzulassen oder aus
zusperren. In der Regel erhielten nur 
die Kontaktwaldsprecher Zutritt, 
und nur sie wussten, welche Wege 
wann geöffnet waren. 


Dao-Lin-H’ay war zwar keine sol
che Sprecherin, aber sie hatte gelernt, 
wie man mit einem Kontaktwald zu 
»reden« hatte. 


Sie standen auf der Lichtung auf 
dem Streifen Niemandsland zwischen 
heimischer und fremder Flora, wei
terhin für Menschenaugen unsichtbar 
im Schutz ihrer Anzüge. 


Dao konzentrierte sich, dachte ihre 
Botschaft, knapp und präzise. Sie 
verzichtete auf jede Ausschmückung 
und Floskel, dachte ihr Anliegen, bat 
um Einlass. 


Nach nicht einmal einer Viertel
stunde antwortete ihnen der Wald, 
indem sich das Dickicht vor ihnen 
teilte. 


* 


Es war eine völlig andere Welt als 
auf Kosichi. 


Alle 126 Kontaktwälder waren als 
»Geschwister« aus dem Schössling 
Alomendris entstanden. Sie besaßen 
die gleiche Ursubstanz, die gleichen 
Gene, doch jeder konnte eine andere 
Geschichte erzählen. Jeder von ihnen 
hatte sich auf einem anderen Planeten 
niedergelassen, mit spezifi schen Um
weltverhältnissen und Klimabedin
gungen, einer bestimmten Umwelt, 
Bedrohungen und Gefahren, auf die 
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sie durch mehr oder weniger Anpas
sung hatten reagieren müssen. 


»Mein Gott«, sagte Darna Argyn-
Solano, kaum mehr als ein Flüstern 
und voller Andacht. »Ich hatte ver
sucht, es mir vorzustellen. Aber das 
ist … Ich habe keine Worte dafür …« 


»Du hast noch gar nichts gesehen«, 
erwiderte Dao. »Es fängt ja erst an.« 


Darna Argyn-Solano entstammte 
einer Verbindung zwischen einem 
Terraner und einer Bürgerin von 
Olymp. Die Gene des Vaters hatten 
sich durchgesetzt, man hätte die Kos
mo-Botanikerin für eine reinrassige 
Südamerikanerin halten können. Sie 
war klein und zierlich, ihr ewig ge
bräuntes Gesicht unter den pech
schwarzen Haaren wirkte oft desin
teressiert, doch Dao täuschte das 
nicht. Darnas Blicke waren überall, 
und ihre Reiselust führte sie an immer 
neue Orte. Mit ihren 56 Jahren war sie 
eine Koryphäe auf ihrem Gebiet und 
konnte vielleicht wertvolle Schlüsse 
ziehen, auch wenn sich ein Wald wie 
dieser, ein Lebewesen wie dieses, si
cherlich jeder Klassifi zierung entzog. 


Sie waren vielleicht einen Kilome
ter tief eingedrungen. Der Pfad, dem 
sie folgten, wand und schlängelte 
sich, selten mehr als einen Meter 
breit. Meist führte er wie eine Bresche 
durch tiefes Dickicht, dann wieder 
öffneten sich kleine Lichtungen für 
sie, mit hohen Gräsern und jungen 
Sämlingen. Nur an solchen Plätzen 
hatten sie offenen Himmel über sich. 
Überall, wo der Wald sich schloss, 
schloss sich auch das Geäst über ih
ren Köpfen wie zu einem von innen 
heraus illuminierten Baldachin, in 
dem die nachtoffenen Blüten funkel
ten wie helle Sterne, aber unendlich 
viel näher als solche. 


Augen, dachte die Kartanin, sie 
sind wie die Augen des Waldes … 


Schon am Tag war es ein unglaub
liches Erlebnis, in einen Kontaktwald 
einzudringen. Nein, das war das 
falsche Wort. Nicht sie drangen ein, 
sondern er empfi ng sie. Sie wurden 
ein Stück von ihm, teilten seine faszi
nierende Identität, ohne je wirklichen 
Zugang zu ihm gefunden zu haben. 


Manchmal schien der Weg zu Ende 
zu sein, doch dann öffnete sich ein 
neuer Weg. Büsche, Sträucher, selbst 
Bäume bogen und zogen sich vor ih
nen zur Seite. Manche Gewächsbar
rieren schienen auch einfach zu ver
schwinden, verblassten und waren 
auf einmal wie nicht mehr da. 


Seltsam. Erst jetzt bemerkte sie: Es 
gibt keine Tiere, keine Vögel, keine 
Nager, keine Insekten. Es gibt nur 
Pfl anzen … 


Der Boden war weich und meistens 
von dichtem, knöchelhohem Moos be
deckt. Selbst das schien sich vor ihren 
Schritten zu ducken. Immer noch 
hatte die Kartanin das Gefühl, diesen 
Boden und diesen Wald mit jeder Be
wegung zu verletzen. 


Doch sie wusste, dass er sich dann 
wehren würde. Er würde protestieren 
und ihnen wahrscheinlich den Wei
termarsch untersagen. Sie würden in 
einer Sackgasse enden und umkehren 
müssen – oder auch nicht. Es waren 
nicht nur Gerüchte, die von Besu
chern wissen wollten, die man nie 
mehr gesehen hatte. 


»Da war etwas«, zischte Mizza Tay
lor. »Ich habe etwas gesehen. Dort, 
hinter den Zweigen.« 


»Was?«, wollte Hatan Al’Bodo wis
sen, der Mann, den eigentlich nichts 
anderes auszeichnete als seine Gabe, 
alles und jedes »schnell zu erfassen«. 
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Er war ein ordentlicher Raumsoldat, 
in kaum einer Hinsicht herausragend, 
aber er erkannte Dinge und Zusam
menhänge schneller als die meisten, 
Perry Rhodan vielleicht ausgenom
men. »Kannst du es beschreiben?« 


»Es war wie ein Schatten.« Mizza 
Taylor war waschechte Terranerin, 
brünett, die Haare halblang bis auf 
die Schultern und stufig. Sie hätte in 
einem Computerspiel des frühen vir
tuellen Zeitalters eine Lara Croft ab
geben können, war sehnig und groß, 
jede Bewegung geschmeidig und 
kraftvoll. Eine Draufgängerin, wenn 
es neben Dao-Lin-H’ay einer bedurft 
hätte. Allerdings wirkte sie eher wie 
im letzten denn wie im ersten Lebens
drittel stehend, obwohl sie erst Ende 
dreißig war. Ein Leben am Limit hat
te seine Spuren in ihr herbes Gesicht 
gebrannt. »Ja, Schatten, aber nicht 
grau oder düster … sondern farbig 
und hell. Leuchtend wie von innen 
heraus illuminiert.« 


»Wie der Wald an sich«, stellte Ha-
tan fest. Seine Herkunft war unbe
kannt. Nie hatte sich etwas über ihn 
ermitteln lassen. Nicht sein Geburts
planet, nicht wessen Kind er war oder 
mit wem er zusammen gewesen war, 
bevor er auf die SOL kam. Dao war 
es egal. Der dürre Mann, Anfang 
fünfzig, mit dem zerknautschten, 
hellwachen Gesicht konnte wichtig 
sein. Sie hatte ihre kleine Truppe gut 
ausgesucht. »Es könnte der Wald so
gar sein …« 


»Was meinst du?«, fragte Irven Do, 
ebenfalls ein »Mischling«, allerdings 
aus der Verbindung einer Terranerin 
mit einem Ferronen hervorgegangen. 
Seine Haut war von blauen Schlieren 
durchzogen, er maß kaum einen Me
ter dreißig und hatte ein steifes Bein, 


dessen Nerven sich selbst mit den 
Mitteln der modernen Medizin nicht 
reparieren ließen. Er hatte beschlos
sen, auf jedes Implantat und jede ro
botische Ergänzung zu verzichten, 
schließlich sei es sein Körper und die
ser mache ihn zu dem, was er war. Er 
hatte gelernt, sich fast flinker und ge
schmeidiger zu bewegen als ein an
geblich Gesunder, und war sogar stolz 
darauf. 


Dao-Lin-H’ay hatte ihn wegen sei
nes analytischen Verstandes mitge
nommen. Er war ein ruhiger Mann, 
laut biologischen Tests 248 Jahre alt, 
aber sah aus wie ein sechzigjähriger 
Halbterraner. Mit seinem steifen Bein 
und seinem humpelnden Gang liebten 
ihn alle Menschen, die mit ihm näher 
zu tun hatten, einen gedrungenen 
Mann mit Bauch und Schnauzbart. 
Vielleicht lag es ja auch an seiner Vor
liebe, seine Freunde zu bekochen. 


»Der Wald beobachtet uns, ja? Er 
lässt uns bewachen und begleiten, 
durch Projektionen seiner selbst …« 


»Du hast soeben ein neues Koch
geschirr gewonnen«, grinste der 
Schnellerfasser. 


Dao-Lin-H’ay enthielt sich eines 
Kommentars. Es war wichtig, dass 
ihre Begleiter miteinander redeten, 
über ihre Eindrücke, über ihre Ge
danken und Folgerungen. Das erst 
machte ein Team aus, das mehr dar
stellte als eine bunte Staffage. 


Sie befanden sich in einer anderen 
Welt mit anderen Gesetzen. Sie waren 
längst nicht am Ende ihres Weges. Je
der Kontaktwald verfügte über eine 
zentral gelegene Lichtung, illuminiert 
durch das Licht des Waldes selbst – 
fluoreszierendes Efeu des Bodens, ak
tiv leuchtende Flechten, schimmernde 
Blüten ... 
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Blüten in allen Farben des Regen
bogens säumten den Weg. Der Wald 
machte sich selbst seine Jahreszeiten, 
die eigentlich wie eine einzige war: 
ewiger Frühling und Sommer. 


Die Blüten drehten sich mit ihnen 
wie Antennen, die auf sie gerichtet 
waren und sie verfolgten. Und sie 
wisperten, raunten ihnen Worte zu, 
die sie nicht verstanden. Aber sie wa
ren nicht akustisch, sondern direkt in 
ihrem Kopf, mitten in ihrer Seele. Sie 
berührten sie wie geheimnisvolle, 
scheinbar sinnlose Botschaften. 


Das Wispern war allgegenwärtig, 
so wie die Schatten hinter den Bäu
men und tief im Dickicht. Sie waren 
nicht allein, keine Sekunde. Der Wald 
begleitete sie durch sich selbst hin
durch und ließ es sie wissen. 


Der Kontaktwald, die schatten
haften Gestalten, das Wispern der 
Blüten … 


Dao-Lin-H’ay ertappte sich dabei, 
wie sie dem Wald dafür dankte, ihn 
betreten haben zu dürfen. 


Sie riss sich endgültig zusammen. 
Wenn sie nicht aufpassten, bestand 
durchaus die Gefahr, sich in dieser 
Welt zu verirren – und das nicht nur 
im räumlichen Sinn. 


* 


Die Lichtung unterschied sich vom 
restlichen Wald und entsprach doch 
dessen Essenz. Sie war sein Zentrum, 
sein Allerinnerstes, sein Herz. An die
sem Ort spätestens endete der Weg für 
jeden Besucher, so, wie alle Unter
schiede zwischen den einzelnen Kon
taktwäldern ihr Ende fanden. Die 
Lichtungen waren alle identisch, un
endliche Spiegelungen der ursprüng
lichen Lichtung. 


Über diese Schnittstelle standen 
alle Kontaktwälder miteinander in 
Verbindung. Jede Lichtung griff auf 
jede andere zu, befand sich im Aus
tausch, bewegte die Schalthebel der 
gemeinsamen Identität durch ihre in
dividuellen Bedürfnisse und Erkennt
nisse. Für ein von Tieren abstammen-
des Lebewesen war es schwierig oder 
gar unmöglich, diese Art der Intelli
genz zu begreifen. 


»Hier«, sagte Dao leise zu Darna 
Argyn-Solano, die ihr von den Beglei
tern am nächsten stand, »ist Alo
mendris …« 


Mehr nicht. Selbst diese wenigen 
Worte, kaum hörbar gesprochen, 
schienen bereits zu viel zu sein. 


Der beherrschende Eindruck dieses 
Ortes war die Stille. Ein heiliger Ort, 
wie eine Kathedrale der Flora. Für 
einen Moment fragte sich Dao-Lin, 
wie der Ewige Gärtner die Kontakt
wälder erleben würde; aber der Gärt
ner hatte diesen Teil des Universums 
längst verlassen ... er gehörte einer 
anderen Zeit und einem anderen Ort 
an, der ehemalige Hüter des Domes 
Rogan ... 


Bäume, Büsche, Kletterpfl anzen 
und Ranken säumten die Lichtung so 
dicht, dass kein Weg mehr fort von ihr 
führte. Alles war mit- und ineinander 
verwoben, sogar über ihren Köpfen, 
wo sich die Pflanzen zu einer gemein
samen Kuppel schlossen, durch die 
aber immer noch einzelne Sterne hin
durchschimmerten. Dennoch konnten 
sie es an Glanz nicht mit den Blüten 
aufnehmen, die auf die Besucher her
abschauten. Kleine Sterne und ge
waltige Kelche, Blumen in allen Far
ben des Regenbogens und darüber 
hinaus. 


Die Blüten raunten, wisperten mit







16 HORST HOFFMANN 


einander und vielleicht auch mit ih
nen, allerdings ohne jeden Laut. Dao 
konnte es trotzdem hören. Es war 
nicht zu unterscheiden, ob an einem 
Ort wie diesem etwas mental oder mit 
den normalen Sinnen empfunden 
wurde. Es war einfach da, eine heili
ge, allmächtige Stille voller geheim
nisvoller Laute. 


»Bleibt zurück«, flüsterte die Kar
tanin Darna zu, die sie mittlerweile 
als eine Art »rechte Hand« betrachte
te. »Rührt euch nicht von der Stelle, 
egal was passiert. Ich weiß nicht, wie 
lange es dauern wird und ob …« 


Sie ließ den Rest unausgesprochen. 
Passieren? Was sollte schon gesche
hen, ohne dass sie es wollten. Es be
stand kein Grund zu der Befürchtung, 
dass der Wald etwas gegen ihren Wil
len tun könnte. 


Sie holte ein letztes Mal tief Luft, 
dann trat sie vor, bis sie die Mitte der 
Lichtung erreicht hatte. 


Sie schloss die Augen, konzen
trierte sich ganz auf das, was sie zu 
sagen hatte und wie sie es tun musste. 
Die Kommunikation mit einem Kon
taktwald beschränkte sich auf die 
reine Botschaft, die pure Information 
ohne jeden Nebensatz und jedwede 
Ausschmückung. 


Kurze Sätze, kurze Begriffe … 
Du kennst mich, Alomendris, dach


te sie. Du hast mit Atlan gesprochen. 
Es ist immer noch Krieg. Wir wollen 
die Terminale Kolonne TRAITOR be
zwingen und vertreiben. Dazu brau
chen wir deine Hilfe. 


Das war es, alles Weitere konnte 
folgen. Entweder antwortete ihr der 
Wald, oder ihre Mission scheiterte. 


Nichts. 
Endlose, beklemmende Atemzüge 


lang geschah gar nichts. 


Aber Dao-Lin H’ay gab nicht auf. 
Es ist immer noch Krieg, wieder


holte sie ihre Botschaft. Wir brauchen 
deine Hilfe! 


Es war ein mentaler Schrei. Je öf
ter sie ihre Botschaft wiederholte, 
desto verzweifelter wurde sie. Die 
Kontaktwälder konnten sich als 
Schlüssel zur Kernzone und zu KOL
TOROC erweisen, wenn alles andere 
versagte. 


Sie drehte den Kopf und sah die 
Gefährten am Rand der Lichtung ste
hen, ins unheimliche Leuchten des 
Ortes getaucht wie Blaupausen. Sie 
verhielten sich ruhig, ganz wie sie es 
ihnen befohlen hatte, aber ihre Ge
sichter verrieten Betroffenheit und 
Bestürzung. 


Es ist Krieg!, sendete die Kartanin. 
Wir haben immer noch Krieg gegen 
TRAITOR und … 


Sprich!, hallte es in ihrem Bewusst
sein. Sprich weiter, Dao-Lin-H’ay! 


* 


Als Dao-Lin-H’ay endlich, nach 
mehr als einer halben Stunde, zu ih
ren Begleitern zurückkehrte, wirkte 
sie erschöpft und ermattet, aber zu
frieden. 


»Der Wald ist einverstanden.« Die 
Worte hätten keinen größeren Effekt 
haben können, wären sie Erdbeben 
gewesen. 


»Ich glaube, es ist ihm nicht leicht
gefallen, aber er wird versuchen, uns 
per Distanzlose Interaktion zum Kon
taktwald Nummer 126 zu senden, ins 
Innere Hangays hinein. Und sollte es 
möglich sein, wird er uns auch wieder 
von dort zurückholen.« 


»Das verstehe ich nicht«, meinte 
Mizza Taylor. »Warum gehen wir 
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dann wieder? Weshalb sind wir nicht 
schon längst in der Kernzone?« 


»Du wirst es erwarten können«, be
ruhigte sie die Kartanin. »Der Wald 
wäre dazu bereit gewesen, aber ich 
nicht. Eine Aktion wie die, die wir 
vorhaben, ist zu umfangreich, um sie 
an Beth Astromo vorbei auszufüh
ren.« 


»Du willst mit ihm sprechen?«, 
wunderte sich die Frau. »Noch einmal 
mit diesem ignoranten Hauri reden? 
Was erwartest du dir davon? Er wird 
die die kalte Schulter zeigen wie bis
her auch.« 


»Niemand weiß, ob wir zurück
kommen werden«, sagte Donisetti. 


»Was willst du uns sagen?«, ärgerte 
sich Irven Do. »Dass wir besser gleich 
daheimbleiben sollen?« 


»Wir werden vermutlich KOLTO
ROC gegenüberstehen!«, ereiferte 
sich der Exo-Biologe. »Wir sechs … 
Nichtse gegen den, der für diese gan
ze Schweinerei verantwortlich ist!« 


»Überdramatisiere das nicht«, warf 
Hatan Al’Bodo ein. »Gegen KOLTO
ROC sind wir so winzig, dass er uns 
wahrscheinlich gar nicht bemerken 
wird.« 


»Soll er doch«, sagte Mizza Taylor 
kühl, »wir zeigen ihm, was es bedeu
tet, sich mit uns anzulegen!« 


Dao-Lin-H’ay sagte nichts dazu. 
Keiner von den anderen hatte je mit 
Superintelligenzen zu tun gehabt, sie 
wussten nicht, was es bedeutete. 


Und selbst die Unsterbliche ver
mochte es nicht zu sagen – keine Su
perintelligenz glich der anderen, so 
viel hatte sie in ihrem langen Leben 
bereits erfahren müssen. Die Terraner 
hatten eine Redewendung dafür: 
Nicht alle über den gleichen Kamm 
scheren, sagten sie. 


Und daher versuchte sie sich für 
alle Eventualitäten zu wappnen. 


Sie ging wieder an der Spitze ihres 
Einsatztrupps und folgte dem Weg, 
den der Kontaktwald für sie freigab. 


Sie dachte nicht nur voller Unbe
hagen daran, dass sie abermals Beth 
Astromo aufsuchen musste, was ihr 
fast körperlich fühlbares Unwohlsein 
bereitete, sondern auch daran, dass 
sie etwas vermisst hatte, als sie mit 
dem Wald kommunizierte. 


Nein, dachte sie, das war falsch. 
Sie hatte es vermisst, wenn auch 


noch unbewusst, dass sie eine ganz 
bestimmte Stimme im Wispern des 
Waldes hörte. Eine, auf die sie einmal 
viele Hoffnungen gesetzt hatte. 


* 


Afa-Hem-F’ur. 
Die ehemalige Kontaktwaldspre


cherin auf dem Segmentplaneten 
Quamoto, Dao-Lins Nachfolgerin in 
diesem Amt. Als alle Welt sie schon 
abgeschrieben hatte, Ar-Dus-Taar, 
verschollen und gefallen im Kampf 
gegen die Terminale Kolonne, hatte 
sie an sie geglaubt – und es waren 
nicht nur rein freundschaftliche Ge
fühle oder Verehrung gewesen, die ihr 
die andere Kartanin entgegenbrach
te. 


Afa-Hem war in ihrem Amt aufge
gangen. Sie hatte sich eigentlich nie 
so recht wohlgefühlt in ihrer materi
ellen Umgebung, und als der Wald 
schließlich von Quamoto fl iehen 
musste, blieb sie in ihm und ging in 
ihm auf. 


Seither lebte sie in und mit den 
Wäldern. Sie war nicht mehr an einen 
einzigen gebunden, sondern in ihnen 
allen präsent als eine Stimme, die 
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Dao – als jene mit Atlan im Kontakt
wald verirrt war – wie ein fast allge
genwärtiges Wispern in dem mentalen 
Druck wahrgenommen hatte, der in 
jedem Wald vorhanden war. Afa-
Hem-F’ur wollte ein Bindeglied zwi
schen den Wäldern und den Menschen 
und Kartanin sein, für sie sprechen, 
sie unterstützen. 


Daraus schienen sich fantastische, 
neue Perspektiven zu ergeben – doch 
wo war Afa-Hem? Warum schwieg 
sie? Weshalb konnte sie sie nicht hö
ren oder spüren? 


Vielleicht ist sie gar nicht mehr da, 
dachte Dao beunruhigt. Vielleicht ist 
sie erloschen, gestorben, gescheitert 
– was auch immer … 


»Da sind sie wieder«, drang Mizzas 
Stimme an ihre Ohren. »Die Schat
ten.« 


»Ich habe nichts gesehen«, wun
derte sich Hatan. »Bist du sicher, 
dass …« 


Etwas ließ Dao hellhörig werden. 
Sie wusste nicht, was es war, aber als 
sie der ausgestreckten Hand der Ter
ranerin folgte, sah sie sie ebenfalls. 
Die Schatten … 


Eine Bewegung im Dickicht, von 
den jungen Stämmen und Ranken in 
diesem Abschnitt des Wegs halb ver
sperrt. Noch einmal. Es waren min
destens zwei. Sie waren Schatten in 
den Schatten, bewegten sich langsam 
so wie jene, die sie fast den ganzen 
Weg bis zur Lichtung begleitet hat
ten. 


Und doch war etwas anders. 
»Das stimmt nicht«, fl üsterte die 


Führerin der Gruppe und blieb ste
hen. »Irgendetwas ist anders …« 


»Als was?«, fragte Darna. »Anders 
als was? Es sind die Schatten, die uns 
seit …« 


»Ich weiß es nicht«, sagte die Kar
tanin. »Etwas ist anders – stimmt 
nicht. Die Geräusche …« 


»Welche Geräusche?«, wollte Irven 
wissen. »Welche denn? Sie bewegen 
sich lautlos. Sie sind …« 


»Ich kann es nicht anders sagen!«, 
schnitt Dao ihm die Worte ab. »Alles 
ist falsch. Einfach falsch!« 


»Was tust du?« Donisettis Stimme 
klang entsetzt und selbst für ihn um 
eine Spur zu schrill. »Bleib hier, du 
darfst nicht allein in den Wald! Du 
kannst nicht einfach … den Weg ver
lassen …!« 


Aber es war schon zu spät. Dao-
Lin-H’ay begriff erst, was sie zu tun 
im Begriff war, als sie bereits mitten 
in einer Landschaft war, in der ihr die 
Sinne endgültig den Dienst ver
sagten. 


4. 
Im Abseits 


Sie wusste, dass niemand die Wege 
verlassen durfte. 


Aber sie tat es. 
Es geschah, ohne lange zu überle


gen, denn von einem Moment auf den 
anderen spürte sie mit absoluter Ge
wissheit, wie etwas im Wald geschah, 
was nicht sein durfte. 


Dao konnte es nicht genauer erken
nen, aber was es auch sein mochte, es 
gehörte nicht zum Kontaktwald. Al
les in ihr schrie: Gefahr! 


Anders als mit Atlan verließ sie den 
Weg diesmal aus dem Verlangen her
aus, dies zu tun. Aber es geschah kei
neswegs planvoll und bei klarem Ver
stand, sondern wie in einem dicken 
Umschlag aus Emotionen, blind und 
unbeherrscht. 
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Dann stand sie still, atmete den 
Dschungel ringsum und begriff, dass 
sie im wirklichen Kontaktwald stand. 
Einer Umwelt, die für nicht pfl anz
liche Lebewesen keine Heimat und 
keine Sicherheit bot. Ja und nicht 
einmal Schönheit. 


Der Kontaktwald griff sie nicht et
wa an, jedenfalls nicht bewusst. Dao-
Lin-H’ay fühlte sich mitten hineinge
worfen in eine Welt aus Eindrücken 
und Bildern, die sie nicht bewältigen 
konnte, an denen ihre Sinne vielleicht 
sogar verbrannten. 


Hörte sie das Echo ferner Stimmen? 
Wisperte Afa-Hem-F’ur ihren Na
men, oder unterlag sie einer Täu
schung? Wie konnte es sein, dass die 
Farben der Blüten urplötzlich so grell 
und falsch wirkten wie in einem 
schlecht kolorierten Cartoon? 


Dao-Lin-H’ay war begabt und 
psionisch geschult. Sie war mental
stabilisiert. Dies schloss eigentlich 
jede geistige Beeinflussung aus. Und 
dennoch geschah es. 


Sie glaubte zu schwimmen, die 
Lungen pumpten stärker, die Arme 
bewegten sich merkwürdig ruckhaft, 
in den Beinen spürte sie ein taubes 
Gefühl ... Wenn sie sich umdrehte, 
drehte der Wald sich schneller. Ihr 
schwindelte. Von den fünf anderen 
sah sie längst nichts mehr. Sie rief 
nach ihnen, aber der Wald atmete ihre 
Stimme fort und saugte sie ins Moos. 


Ich muss klar bleiben!, dachte sie 
verzweifelt. Es ist der gleiche Wald, 
unser Verbündeter – unser Freund –, 
nur sehe ich ihn jetzt so, wie er in 
Wirklichkeit ist, und nicht, wie er uns 
ihn sehen lässt! 


Alles lebte, alles floss, alles strahlte 
in einem Licht, das ihr den Atem 
nahm. Sie war sicher, sagte ihr der 


Verstand. Sie war verloren, sagte ihr 
die Panik. 


Es riss sie, zerrte an ihr, versuchte 
sie einzuverleiben. Diese unglaub
liche, farbige, pulsierende, schwan
kende, sich drehende und von innen 
nach außen kehrende Welt zog an ihr 
wie ein Magnet. Ihr war schwindlig, 
sie fühlte sich von den Füßen gehoben 
und sich auflösen, vielleicht aufge
hen, absorbiert werden wie … 


Wie Afa-Hem-F’ur? 
Stimmen … das, was nicht passte. 


Nicht hierher, nicht in diese andere 
Welt. 


Die Stimmen, deren Wispern sie 
vom Weg aus gehört hatte. Dao ver
suchte, es zu fokussieren, sich nur 
noch auf sie zu konzentrieren. Nach 
ihnen zu greifen wie nach einem Hal
teseil in stürmischer See. 


Sie passten nicht, gehörten nicht in 
den Wald. Ebenso wie die Schatten, 
die Bewegungen, die sie nur ganz va
ge erhascht hatte. 


Jetzt waren sie da, nah und fast greif
bar. Sie entspannte sich, lauschte … 


… fand ihre Richtung. Konnte sie 
fassen. Sie zog sich an ihnen aus dem 
Schwindel heraus, der um sie gewe
sen war, fand den Weg, setzte einen 
Schritt vor den anderen, stolperte an
fangs, wurde sicherer … 


… kam näher … 
Und dann sah sie sie vor sich. Plötz


lich war wieder alles fast klar. Sie sah 
den Wald, so, wie sie ihn gekannt hat
te, und wusste, dass das so bleiben 
würde, solange sie etwas hatte, was 
ebenso wenig hierher gehörte wie 
sie. 


Kartanin!, durchfuhr es sie. Es sind 
Kartanin! 


* 
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Eine kleine Lichtung, die sich hin
ter dichtem Gestrüpp und jungen 
Bäumen öffnete. Eine Kalmenzone im 
Kontaktwald, nicht halb so groß wie 
die zentrale Lichtung, aber vom hel
len, ungestört einfallenden Licht der 
Sterne in fast seidenen Glanz ge
taucht. Eine Lichtung und zwei Kar
tanin. 


Dao-Lin-H’ay schlich sich nahezu 
lautlos an, bis sie im Schutz eines 
doppelt mannsdicken Koniferen
stamms verharrte. Sie schmiegte sich 
ganz dicht an das Gewächs und beob
achtete. 


Zwei Kartanin, beides Frauen. 
Trotz des Sternenlichts hätte Dao-


Lin-H’ay ohne den Restlichtverstär
ker ihres SERUNS nicht alle Einzel
heiten erkennen können. So aber sah 
sie, dass die beiden Kartanin blass
gelbe Uniformen mit seltsamen, ihr 
unbekannten Emblemen trugen, die 
hauteng anlagen und schlanke, ge
schmeidige Körper zeigten. Sie waren 
verhältnismäßig groß und trugen au
ßer ihren Anzügen keinerlei als solche 
erkennbare technische Ausrüstung 
bei sich. 


Und sie tuschelten … 
Aus direkter Nähe klang es kaum 


lauter oder deutlicher herüber als ein 
normales Gespräch aus der Entfer
nung. 


Der Kontaktwald ... 
Und plötzlich war da noch eine 


dritte Kartanin, ebenfalls groß und 
ebenfalls gelb uniformiert. 


Dao war hundertprozentig sicher, 
dass diese dritte Frau keinesfalls auf 
konventionellem Weg gekommen sein 
konnte – das hätte sie bemerkt. Nein, 
sie musste entweder einen Defl ektor 
benutzt haben, den sie erst hier des
aktivierte, oder sie war … 


Teleportiert!, dachte die Aktiva
torträgerin. 


* 


Es war beinahe unglaublich. 
Psi-Fähigkeiten waren bei den 
Hangay-Kartanin nie stark ausge
prägt gewesen, und selbst unter den 
Pinwheel-Kartanin zur Zeit des Pa
rataus nicht eben weit verbreitet, 
schon gar nicht im Bereich der Tele
portation. 


Als dann die vierte Gelbgekleidete 
wie aus dem Nichts materialisierte, 
hörte sie diesmal deutlich das dump
fe Geräusch von verdrängter Luft, 
das typisch war für eine Teleportati
on. 


Unglaublich! 
Dao-Lin-H’ay wurde spätestens 


jetzt klar, dass sie Zeuge von etwas 
Bedeutsamem und vielleicht Unge
heuerlichem wurde. Kartanin-Tele
porter, wahrscheinlich alle vier. Das 
war auch eine Erklärung dafür, dass 
sie überhaupt in den Wald hatten ein
dringen können – es sei denn, sie hät
ten dessen Erlaubnis gehabt. 


Handelte es sich am Ende gar nicht 
um Gegner, wie sie vermutet hatte? 


Sie steigerte ihre Konzentration, 
atmete ganz ruhig und versuchte, et
was von dem aufzufangen, was da 
geflüstert wurde. Ihr Anzug zeichnete 
es auf, vielleicht ergab eine spätere 
Auswertung etwas – aber sie wollte es 
jetzt wissen. Was ging da vor ihren 
Augen vor? Wer waren die Frauen, 
und was taten sie an diesem Ort? 


Sie redeten jetzt heftiger, und ihre 
Bewegungen ließen ahnen, dass sie 
über etwas stritten. Und zwar seit
dem die beiden Neuen dazugekom
men waren. 
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Was mochte der Grund für den 
Zwist sein? Sie trugen schließlich die 
gleichen Uniformen. Und vor allem: 
Was hatten sie im Kontaktwald zu 
schaffen, und wie waren sie hineinge
langt? Zumindest Letzteres ließe sich 
durch die Teleporter erklären ... 


Plötzlich war da noch etwas ande
res. Daos Aufmerksamkeit war noch 
immer auf die Frauen und ihr Wis
pern gerichtet, als etwas nach ihr 
griff. Nach ihrem Kopf und ihrem Be
wusstsein. 


Es legte sich wie eine Klammer um 
sie. Die Kartanin stöhnte unwillkür
lich auf und hoffte, dass die Frauen es 
nicht gehört hatten. Sie zog sich ganz 
hinter ihren Stamm zurück und sah 
sich gehetzt um. Etwas griff sie an. 
Vielleicht der Wald, weil sie den Weg 
verlassen hatte. Sie suchte das Dickicht 
um sich herum ab, aber sie konnte 
nichts entdecken, und nachdem sie 
einmal die Frauen aus ihrem Blick 
verloren hatte, verschwamm auch 
wieder alles zu einem surrealen 
Traum. 


Eine Klammer um ihr Bewusstsein, 
ein ungeheuerlicher Druck. Vielleicht 
war es der Wald, aber sie spürte, dass 
es so nicht war. Der Wald war anders. 
Spätestens seit ihrem Kontakt auf der 
zentralen Lichtung glaubte sie, ihn 
und seine mentalen Emanationen si
cher zu kennen. 


Dies war er nicht, da war sie sicher. 
Aber wenn nicht er, wer dann? 


Die Frauen? 
Dao-Lin-H’ay drehte sich wieder 


um und streckte erneut den Kopf so 
weit vor, dass sie sie sehen konnte. 
Auf der Stelle klärte sich auch ihr 
Blick von Neuem. 


Sie waren auf die Lichtung telepor
tiert, daran konnte kein Zweifel be


stehen. Und nun sah es so aus, als 
schlössen sie sich zu einem mentalen 
Block zusammen. 


Vier Kartanin auf einem Platz, die 
über Psi-Fähigkeiten verfügten – seit 
der Vernichtung des Parataus hatte 
sie so etwas nicht mehr erlebt ... 


Was, so überlegte die Unsterbliche, 
wenn es mehr als nur diese vier Esper 
gäbe? Sie verharrte in ihren Begriff
lichkeiten noch immer in jener Zeit, 
ehe sie einen Zellaktivator bekom
men hatte, bei der Terminologie der 
Kartanin. Terraner – Tek auch – hät
ten die vier Kartanin Mutanten ge
nannt, politisch korrekte Wissen
schaftler sie als Psionten bezeichnet, 
aber für Dao-Lin blieben sie Esper. 


Interessant war zudem, dass die 
vier Kartanin von dem Kontaktwald 
nicht bloß geduldet wurden, sondern 
auch verborgen. Was anders bedeute
te sonst der Umstand, dass er Dao-
Lin nicht darüber informiert hatte 
und auch offensichtlich nichts gegen 
die Eindringlinge unternahm? 


Was geht hier vor?, dachte Dao-
Lin-H’ay. Hängt es mit diesem ver
schlagenen Hauri zusammen? Oder 
mit den 102 Trimaranen? Oder bin ich 
zu blind, um zu erkennen, was genau 
vor meiner Nase abläuft? 


Sie dachte daran, dass Beth Astro
mo ihr den Besuch des Walds am heu
tigen Tag untersagt hatte. Wenn es 
kein Zufall war ... Sie ging jede Wette 
des Universums darauf ein, dass der 
Hauri über die Vorgänge im Wald 
bestens Bescheid wusste und genau 
deshalb von ihr verlangt hatte, mit 
ihrem Besuch bis zum nächsten Tag 
zu warten. 


Die Unsterbliche beobachtete wei
ter, ließ die Aufzeichner des SERUNS 
laufen und wartete, immer in der 
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Hoffnung, doch noch etwas aufzu
schnappen, bis sich die Frauen von
einander mit einem leisen Nicken 
verabschiedeten und eine nach der 
anderen entmaterialisierten. 


Nachdem die Letzte verschwunden 
war, lag die Lichtung in völliger Stil
le, und sofort begann die Umgebung 
für Dao wieder zu verschwimmen. 
Allerdings wusste sie jetzt, wie sie ih
ren Weg sicher zurückfand – in der 
Hoffnung, dass ihre Leute noch da 
warteten, wo sie sich von ihnen ge
trennt hatte. 


* 


Sie hatten gewartet. Dao-Lin-H’ay 
informierte sie in wenigen Worten 
über das Erlebte, und gemeinsam 
verließen sie den Kontaktwald wie
der. 


Unentdeckt gelangten sie zurück in 
die SZ-1 und übergaben Daos Auf
zeichnungen sofort der Biopositronik 
des Schiffs. 


Danach saßen Dao-Lin und ihr 
kleiner Trupp zusammen mit Don 
Kerk’radian und einigen anderen Of
fizieren am großen Rundtisch eines 
Konferenzraums und warteten mit 
Geduld und reichlich aufputschenden 
Getränken, bis endlich die Auswer
tung vorgetragen wurde. 


Die akustischen Aufzeichnungen 
wurden vom Bordrechner so lange 
verfeinert und hochgerechnet, bis 
sich zumindest eine Passage des Ge
sprächs verstehen ließ – bei allem an
deren musste die hochgezüchtete 
Technologie vor dem Wirken eines 
Waldes kapitulieren: 


»… soll Git-Ka-N’ida entschei
den.« 


»Ein kartanischer Name«, knurrte 


Kerk’radian. »Der Name von einer 
Person, die über etwas zu entscheiden 
hat.« 


»Worüber sich die vier Teleporte
rinnen gestritten haben«, ergänzte 
Irven Do. »Das legt den Schluss nahe, 
dass es sich, sollten wir es tatsächlich 
mit einer Gruppe oder Truppe zu tun 
haben, um deren Chefi n handeln 
muss.« 


»Richtig, Irven!«, stimmte Darna 
Argyn-Solano zu. »Aber welche Trup
pe?« 


»Mutanten«, meinte Donisetti. »Das 
liegt doch auf der Hand, oder 
nicht?« 


Dao-Lin-H’ay tigerte durch den 
Raum, sah immer wieder in die far
bigen Holos, die sich nach ihr aus
richteten, damit sie jede einzelne Zei
le sehen konnte. Schließlich nickte 
sie. 


»Wir werden es herausfi nden. Es 
dürfte ja klar sein, dass wir nicht eher 
zum Kontaktwald 126 aufbrechen 
können, bis wir über das Geheimnis 
der Kartanin-Mutanten genauestens 
Bescheid wissen. Sie waren im Wald 
und haben sich dort besprochen. Er 
hat nichts dagegen unternommen, al
so ist er, wie auch immer, mit ihnen im 
Bunde oder wenigstens einverstan
den. Wir können nicht nach 126 ge
hen, ohne den Rücken frei zu haben. 
Und solange wir keine Klarheit ha
ben, kann das nicht der Fall sein.« 


»Du verdächtigst Beth Astromo, in 
dieses Geheimnis eingeweiht zu sein 
und uns daran hindern zu wollen, es 
zu entdecken«, stellte der Komman
dant klar. »Aber um die Wahrheit zu 
erfahren, gibt es momentan nur einen 
Weg.« 


»Ich weiß!«, fauchte Dao. »Ent
schuldige, Don. Du hast recht, und 
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ich werde es mir antun müssen. Ich 
werde ihn aufsuchen und zur Rede 
stellen. Er muss mir sagen, was hinter 
unserem Rücken gespielt wird.« 


»Warte«, bat Kerk’radian. »Wäh
rend ihr fort wart, habe ich mir ge
stattet, so viel Funkverkehr wie mög
lich aus der Stadt Pheogitta und den 
Raumschiffen vor Ort mitschneiden 
zu lassen. Die Biopositronik hat es 
bereits durchforstet, allerdings kenne 
ich das Ergebnis selbst noch nicht. 
Vielleicht ergibt sich ein Hinweis für 
uns.« 


»Lass sie nach dem Namen suchen, 
Don«, sagte Dao. »Git-Ka-N’ida.« 


* 


Es schien, als sollte Dao-Lin-H’ay 
der Besuch bei Beth Astromo vorerst 
erspart bleiben, denn die Auswertung 
lieferte Ergebnisse, die sie in einen 
eigenen, neuen Handlungszwang ver
setzten. 


Im belauschten Funkverkehr aus 
der Stadt und vom Raumhafen war 
der Name »Git-Ka-N’ida« gleich 
mehrfach genannt worden, in jedem 
einzelnen Fall ohne Nennung von 
Funktion oder Einzelheiten, ohne 
Holo und in mehreren Fällen offen
sichtlich mit ausgefi lterten Anhän
gen, die darauf hindeuteten, dass die 
Personalie Git-Ka-N’ida auf dem 
Planeten der strengen Geheimhal
tung unterlag. 


Die meisten Absender, in denen der 
Name erwähnt wurde, befanden sich 
jedoch in einem wenig auffälligen 
Gebäude am Rand von Pheogitta – 
und zwar an der dem Kontaktwald 
direkt zugewandten Seite. 


Dao-Lin-H’ay ließ weitere Auswer
tungen anstellen, und nach wenigen 


Minuten besaß sie mehr Einzelheiten. 
Die ersten Analysen ergaben, dass es 
sich bei dem fraglichen Gebäude um 
ein Ausbildungszentrum handelte, 
ohne dass jedoch die geringste Infor
mation zu gewinnen war, was für eine 
Art Ausbildung da stattfand, wer 
ausgebildet wurde und wer als Aus
bilder fungierte. 


Dao beauftragte die Datenspezia
listen der SZ-1, sich ins Datennetz 
des Gebäudes einzuhacken. Sie selbst 
zog sich für eine Weile zum Schlafen 
in ihre Kabine zurück. Wenn sie er
wachte, wünschte sie präzise Infor
mationen und einen gültigen Zu
gangskode vorzufi nden. 


Sie hatte zwar Rücksprache mit 
Don Kerk’radian gehalten, dennoch 
klangen ihre Worte schon fast wieder 
so befehlsgewohnt wie die »alte« 
Dao-Lin-H’ay, als sie noch das Kom
mando führte und bevor sie die SOL 
verließ. 


Oberst Kerk’radian sagte nichts. 
Alles, was auf seine Gefühle schließen 
lassen mochte, war ein langer Blick, 
den er mit ihr tauschte. 


Dann befahl er den Spezialisten, 
die ihn fragend ansahen, auf der Stel
le mit der Arbeit zu beginnen und zu 
tun, was sie ihnen aufgetragen hatte. 


5. 
Die Staffel 


Als sie, wieder mit ihrem kleinen 
»Kommando«, in ihrem SERUN die 
SOL-Zelle verließ, war Dao-Lin-H’ay 
im Besitz der neuesten Informationen 
über das Ausbildungszentrum am 
Rand der Stadt und des an diesem 
Tag gültigen Passworts. 


Das Zentrum, so viel war nun be
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kannt, bildete insgesamt 27 weibliche 
Kartanin aus, die zu einer sogenann
ten Vibra-Staffel gehörten. 


Die Anführerin dieser Gruppe trug 
den Namen Git-Ka-N’ida. 


Dao zögerte nicht lange. Sie wuss
te, dass sie nur dann mehr erfuhr, 
wenn sie die Initiative ergriff und sich 
vor Ort umsah. Ihre fünf Begleiter 
waren zwar ursprünglich für das Be
treten des Kontaktwalds ausgewählt 
worden, doch sie hatten sich als gutes 
Team erwiesen, dem es Dao zutraute, 
sie auch bei dieser Mission unterstüt
zen zu können. 


Mizza Taylor war ohnehin gesetzt, 
und Irven Dos analytischer Verstand 
konnte nur von Nutzen sein. Doniset
ti mit seiner manchmal gewagten 
Fantasie konnte womöglich die An
stöße liefern, die sie dann weiter
brachten, wenn alle kühle Logik in 
einer Sackgasse endete. Ähnlich ver
hielt es sich mit Hatan Al’Bodo, der 
schneller als jeder andere eine Situa
tion spontan erkennen und entspre
chend reagieren konnte. 


Und Darna Argyn-Solano als ex
zellente Exo-Botanikerin mochte von 
großem Wert sein, wenn es womöglich 
wieder in den Kontaktwald oder um 
diesen ging – beziehungsweise die 
Verbindung zwischen der Vibra-Staf
fel und ihm. Dass es eine solche gab, 
war nach dem von Dao beobachteten 
Treffen der vier Frauen auf der Wald
lichtung keine Frage mehr. 


Sie verließen ihr Schiff diesmal bei 
vollem Tageslicht. 


Der 23. Oktober war erst neun 
Stunden alt, und über der Stadt fl u
tete der morgendliche Verkehr. Den
noch konnte keine Entdeckungsge
fahr bestehen, als sich die sechs 
Galaktiker in geringer Höhe dem Ge


bäude näherten, das als riesiger, stark 
gepanzerter Kuppelbau den Stadt
rand beherrschte. Es wirkte auf Dao 
wie eine alte Trutzburg, eine Bastion 
und Festung. Es sprengte die Optik 
der Stadt dermaßen, dass sie sich 
fragte, warum es ihnen nicht bereits 
bei der Landung aufgefallen war. 


Sie landeten in einem kleinen Park, 
der den Bau in Form eines Hufeisens 
zur Hälfte umschloss. 


»Ihr habt mich verstanden«, sagte 
die Kartanin zu ihren terranischen 
Begleitern. »Ihr bleibt als Rückende
ckung hier zurück, es gibt genügend 
Versteckmöglichkeiten. Bleibt auf 
Empfang, aber tut nichts, was eine 
Ortung ermöglichen könnte. Ich wer
de allein hineingehen und mich um
schauen.« 


»Nimm wenigstens mich mit«, ver
langte Mizza Taylor. »Vier Augen se
hen mehr als zwei, und zu zweit kann 
man sich besser Deckung geben. Du 
kannst dich umschauen, und ich de
cke dir an Ort und Stelle den Rü
cken.« 


»Außerdem riskierst du ...«, begann 
Donisetti. 


Sie schnitt ihm das Wort ab. »Ich 
war der Meinung, wir hätten das ge
nügend diskutiert. Ich wage nichts, 
was man nicht zu zweit doppelt ris
kieren müsste. Außerdem bin ich im 
Besitz des Passworts, das mir alle Tü
ren öffnen wird.« 


»Ich wollte dir nicht reinreden, 
okay?«, wehrte er mit erhobenen Hän
den ab. »Es ist nur ... Ich meine, es 
war schlimm genug, als du uns auf 
dem Pfad so lange hast warten lassen. 
Weißt du eigentlich, was für Sorgen 
wir uns um dich gemacht haben?« 


Sie lächelte, trat auf ihn zu und 
strich ihm über die feiste, in zartes
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tem Rosa glühende Wange. »Ich dich 
auch, mein Freund, ich dich doch 
auch. Aber jetzt geht in Deckung und 
seht zu, dass ich nicht von anderer 
Seite gestört werden.« 


»Beth Astromo«, knurrte Hatan. 
»Der Rat …« 


»Musste dieser Name sein?«, ärger
te sich Irven Do. »Jetzt hat sie wirk
lich einen Grund zu gehen.« 


Dao grinste wie eine Verschwöre
rin, dann wandte sie sich mit einem 
Ruck um und verschwand im Di
ckicht des Parks. 


* 


Der Durchmesser der Kuppel be
trug, nach Messung des Pikosyns 
ihres SERUNS, exakt 146,9 Meter, 
womit sie selbst die größten Ratsge
bäude an Volumen übertraf. Es schien 
nicht zu passen. Wenn etwas im Ge
heimen zu geschehen hatte, warum 
präsentierte man sich dermaßen auf
fällig? 


Dao-Lin-H’ay fand den erwartet 
leichten Zugang. Der Haupteingang 
war deutlich gekennzeichnet. Sie 
konnte nur hoffen, dass das Passwort 
alleine genügte und nicht durch op
tische oder akustische Identifi zie
rungen ergänzt werden musste. Aber 
dieses Risiko würde sie eingehen, zu
mal die Erfahrung gezeigt hatte, dass 
auf den Planeten der Neuen Kansa
hariyya im Normalfall das gültige 
Kodewort ausreichte. Es war für die 
Spezialisten nicht einfach gewesen, 
es in Erfahrung zu bringen. Sie hat
ten, wie Don Kerk’radian sagte, »Blut 
und Wasser geschwitzt«, bevor sie ins 
Schwarze trafen. 


Um allerdings etwaige Aufzeich
nungsgeräte zu täuschen, projizierte 


sie an der Kontrollschranke ein virtu
elles Bild Beth Astromos und ließ ihre 
Stimme so verzerren, dass sie der sei
nen hinreichend ähnelte. 


Die hohe Glastür öffnete sich für 
die Kartanin, gleichzeitig fi elen die 
vom SERUN angemessenen Energie
schranken zusammen, um sich un
mittelbar nach ihrem Eintritt wieder 
aufzubauen. 


Dao-Lin-H’ay wusste, dass ihr da
durch der Fluchtweg abgeschnitten 
war. 


Sie löschte die Hauri-Projektion 
und bewegte sich im Schutz des De
flektors behutsam vorwärts. Kein 
Alarm gellte auf. Niemand erschien 
vor ihr und stellte sich in den Weg. 


Das Innere des Gebäudes glich dem 
Interieur eines Raumschiffs. Es gab 
lange Korridore, Verteilerpunkte und 
Lifte, die sie überall hinbrachten, wo
hin sie gewollt hätte, ohne offensicht
liche Kontrolle. Dao war so vorsichtig 
wie eben möglich. Vor den Aufzügen 
wartete sie, bis ein Hauri oder ein 
Vennok sie anforderte, und stieg un
sichtbar mit ihnen in die Kabine. Vor 
allem solche waren es, denen sie be
gegnete. Es herrschte so gut wie kein 
Verkehr auf den langen, hohen Gän
gen, über denen sich eine bogenför
mige Decke wölbte. Kartanin waren 
die Ausnahme – und vor allem sah sie 
keine Frauen in blassgelber Uni
form. 


Die Unsterbliche hatte ihre Schritte 
nicht gezählt, aber sie musste schon 
nahe am Zentrum des Gebäudes sein, 
als sie endlich vor einem großen, 
ebenfalls gläsernen Portal stand, hin
ter dem sie einen Park erkannte, ver
mutlich eine Art Innenhof, der von 
einem transparenten Dach über
spannt wurde, durch welches in noch 
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schrägem Winkel bereits das erste 
Licht der Sonne Vat schien. 


Sie hatte etwas anderes erwartet. 
Ausbildung … Staffel … das klang 
nach Drill und Training. Sie hatte 
sich eher Hallen vorgestellt, in denen 
die 27 Kartanin der Vibra-Staffel ge
schult wurden, oder Lehrsäle, Biblio
theken, Seminare … irgendetwas in 
dieser Art. Vibra-Staffel – das klang 
nach einer militärischen oder para
militärischen Einheit, einer Elite
truppe, die auf den harten Einsatz im 
Kampf vorbereitet werden musste. 


Der Anblick des Innenhofs ließ sie 
alle solchen Gedanken allerdings jäh 
vergessen, denn die Ähnlichkeit 
raubte ihr fast den Atem. 


Der Innenhof war kein Park im 
herkömmlichen Sinn, keine Stätte 
der Erholung für durch eine harte 
Ausbildung gestresste Schüler. 


Er glich eher einer Lichtung – und 
zwar fast bis auf das Gewächs, das 
Dickicht ringsum und selbst das Licht 
genau jener Lichtung im hiesigen 
Kontaktwald, auf der sich die vier 
jungen Frauen in gelber Uniform ge
troffen und gestritten hatten. 


* 


Dao-Lin-H’ay wartete wieder, bis 
ein Hauri kam und durch das Portal 
schritt. Bevor es sich hinter ihm wie
der schließen konnte, war sie mit ihm 
hinaus, so nahe, dass er ihren Atem 
hätte spüren können. 


Der Hauri betrat den »Park« aller
dings nicht, sondern schlenderte bei
nahe provozierend langsam an der 
Innenwandung des Hofes entlang und 
verschwand in einer gegenüberlie
genden Tür. Die Kartanin hatte sein 
Gesicht nicht erkannt, weil er den 


Kragen hochgeschlagen trug wie bei 
stürmischem Wetter – oder wie einer, 
der seine Züge zu verbergen hatte. Sie 
hatte unwillkürlich geschnuppert, ob 
er nicht übertrieben parfümiert roch. 
Aber es war nicht Beth Astromo. 


Sie wartete, bis er verschwunden 
war und auch kein anderer sichtbar 
wurde. Dann erst betrat sie die Lich
tung. Sie war sicher vor optischer 
Entdeckung, aber es gab ihr ein bes
seres Gefühl, sich allein fühlen zu 
können. 


Sie betrat eine fast perfekte Kopie 
des Kontaktwaldes. Ein Gedanke 
schoss der Kartanin durch den Sinn: 
Konnte es sein, dass dieser Innenhof 
mit echten Ablegern, Sämlingen oder 
Schösslingen, des echten Kontakt
walds angelegt worden war? 


Dass er ihnen das erlaubt und ge
stattet hatte? 


Sie konnte es sich fast nicht vor
stellen, es wäre zu unglaublich. Aber 
auch ausgeschlossen? War es denkbar, 
dass der Kontaktwald mit dieser Vi
bra-Staffel und jenen, die sie ausbil
deten, längst im Bunde war? 


Sie schlich, kletterte, wand sich 
weiter, bis sie sich auf der Lichtung 
wiederfand, deren Durchmesser rund 
zwanzig Meter betragen mochte. Der 
umschließende Gürtel aus Dickicht 
und Bäumen war etwa zehn Meter 
breit, wodurch der gesamte Innenhof, 
inklusive des Rundgangs, auf etwa 
fünfzig Meter Durchmesser kam. 


Über ihm spannte sich der transpa
rente Baldachin der Kuppel, deren 
Vorhandensein nur durch einige Re
flexionen des Lichts zu erkennen war, 
das die langsam höher steigende Son
ne schickte. 


Dao hatte sich vorsichtig bis etwa 
zur Mitte der Lichtung bewegt, sich 
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immer wieder umgesehen, die Umge
bung abgesucht und nichts gefunden. 
Sie war eine geübte Jägerin und hät
te es gewusst, wenn sie nicht allein 
gewesen wäre. 


Noch als sie sich dies wieder klar
machte, hörte sie das Geräusch, das 
sie aus all ihren selbstsicheren Träu
men riss. 


Schlagartig verdrängte Luft … ein
mal, zweimal, viermal … und immer 
noch weiter … 


Dao-Lin-H’ay musste sich nicht 
einmal umdrehen. Sie waren überall, 
auch direkt vor ihr. 


* 


Es waren zwölf, und sie trugen 
blassgelbe, eng anliegende Uniformen 
mit vielen Taschen, Aufsätzen – und 
dem Emblem, mit dem sie noch im
mer nichts anfangen konnte. Viel
leicht sollte man in den wirren Mus
tern ein Auge sehen. Es irritierte die 
Sinne. 


Sie waren allesamt weibliche Kar
tanin – und ausnahmslos bis an die 
Zähne bewaffnet. Jede von ihnen hielt 
einen Strahler auf sie gerichtet. Ihre 
Mienen waren gespannt, verkniffen 
und vor allem entschlossen. 


Das ist unmöglich!, durchfuhr es 
die Unsterbliche. Sie können mich 
nicht sehen! 


Das Deflektorfeld war aktiv, daran 
bestand kein Zweifel. Selbst der Or
tungsschutz war intakt. Es gab kei
nen Fehler in den Systemen ihres 
SERUNS. 


Aber sie standen vor, neben und 
hinter ihr, fixierten ihre Augen und 
zielten auf ihre Stirn oder Brust. 


»Du kannst dich sichtbar machen«, 
hörte sie. Die Stimme kam von hin


ten, sodass sie sich nun doch umwen
den musste. »Es würde die Unterhal
tung erleichtern.« 


Die Kartanin unterschied sich in 
der äußerlichen Erscheinung kaum 
von den anderen. Auch an der Uni
form befanden sich keine Symbole, 
die etwa auf einen besonderen Rang 
hätten schließen lassen können. 


Nur ihre Augen waren anders. In
tensiver, eine Spur stechender. Nein, 
das war der falsche Ausdruck. Sie 
strahlten mehr, besaßen mehr Glanz 
und verrieten eine besondere Persön
lichkeit. 


»Du bist Git-Ka-N’ida«, sagte Dao, 
eine Sekunde nachdem sie die Tar
nung aufgab und normaloptisch für 
die Frauen sichtbar wurde. Es war 
keineswegs eine Frage, sondern eine 
sichere Feststellung. »Die Anführerin 
der Vibra-Staffel.« 


»Du bist informiert.« Aus dem Ton
fall wurde nicht ersichtlich, ob es 
ernst oder spöttisch gemeint war. 
»Wie weit, werden wir sehen.« 


Sie musterte sie von oben bis unten, 
ohne die auf sie gerichtete Waffe zu 
senken. »Dein Schutzanzug zeigt, 
dass du nicht zu den Truppen von Va
tucym gehörst, nicht einmal zur Neu-
en Kansahariyya Hangay.« 


»Das ist richtig«, bestätigte Dao. 
Sie vergab sich nichts mit der Ant
wort. »Ich …« 


»Du gehörst zu dem riesigen Kugel
raumer, der nahe Pheogitta gelandet 
ist«, schnitt die Kartanin ihr das Wort 
ab. »Und wenn das so ist, kannst du 
nur eine sein …« 


Dao wartete. Sie wusste, was fol
gen würde, aber noch immer zielte 
Git-Ka-N’ida auf ihre Stirn. 


»Dao-Lin-H’ay, die ehemalige Ho
he Frau …« 
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Allein die Erwähnung des Namens 
schlug wie ein Blitz in die Kartanin 
der Staffel ein. Sie starrten sie an, un
gläubige Blicke, verwirrt und voller 
plötzlicher Achtung. 


Dann sanken die Waffen. 
Git-Ka-N’ida nahm den Strahler 


als Letzte zurück. Sie machte einen 
Schritt auf die Unsterbliche zu, schien 
bereits die Hand zu ihr ausstrecken 
zu wollen – als der Alarm durch den 
Innenhof gellte. 


* 


Dao-Lin-H’ay schrak nur kurz zu
sammen. Dass der Alarm erst jetzt 
kam, war kein Kompliment für die 
Betreiber des Ausbildungszentrums. 
Indem sie ihren Defl ektor- und Or
tungsschutz aufgegeben hatte, war 
die Kartanin anmessbar geworden. 
Wer auch immer an den Kontrollen 
der Überwachungssysteme lag, muss
te einen gesunden Tagesschlaf ha
ben. 


»Mach dir keine Sorgen«, sagte Git-
Ka-N’ida schnell, als die ersten Lauf
schritte und Rufe zu hören waren. 
»Bleib ganz ruhig, ja?« 


Mehr als ein Dutzend Hauri und 
Kartanin in den offi ziellen Uniformen 
der NK Hangay und mit aktivierten 
Schutzschirmen kamen auf die Lich
tung gestürmt, ohne viel Rücksicht 
auf die Gewächse zu nehmen – ob sie 
nun tatsächlich vom Kontaktwald 
selbst stammten oder nicht. Sie um
stellten mit fl immernden Waffenmün
dungen die gesamte Gruppe, bis auf 
der Lichtung kein Platz mehr war. 


»Keine Bewegung!«, herrschte der 
kommandierende Offizier, ein junger 
und unglaublich dürrer Hauri, sie an, 
was unzweifelhaft auch die Frauen in 


den blassgelben Monturen anging. 
»Wer von euch sich rührt, wird er
schossen. Wir spaßen nicht!« 


»Was soll das?«, raunte Dao der An
führerin der Mutantinnen zu. »Sie 
bedrohen auch … euch?« 


»Mach dir keine Gedanken«, wie
derholte Git-Ka. »Ich habe es im 
Griff.« 


Danach sah es allerdings nicht aus. 
Der Offizier begann wild und unver
ständlich zu schreien, offensichtlich 
einem Nervenzusammenbruch nahe. 
Er machte einen Satz auf Git-Ka zu 
und stieß ihr den Lauf seines Strah
lers in die Rippen. 


»Was habt ihr zu tuscheln? Ihr ver
dammten Kreaturen glaubt, ihr seid 
etwas Besonderes? Euch kann nichts 
passieren?« 


Und noch ein Stoß. Git-Ka krümmte 
sich vor Schmerz, tat ihm aber nicht 
den Gefallen zu jammern. 


»Es wird Zeit, dass jemand euch 
zeigt, was ihr in Wirklichkeit seid – 
nichts!« 


»Ich könnte ihn töten«, fauchte die 
Anführerin der Gelbgekleideten Dao 
zu – und steckte den nächsten Stoß 
ein. 


Der Offizier geriet noch mehr in 
Rage und schien sich nicht mehr un
ter Kontrolle zu haben. Als er wieder 
zum Stoß ausholte, war Dao-Lin-
H’ay bei ihm und rammte ihm mit 
einer blitzschnellen Bewegung Mit
tel- und Zeigefinger der rechten Hand 
in die Augen. 


»Du wirst davon nicht sterben«, 
zischte die Unsterbliche ihm zu. 
»Diesmal!« 


»Zum Kommandeur!«, bellte der 
Offizier. »Los, bewegt euch! Beth As
tromo will euch sehen! Und ich hoffe, 
ihr Kreaturen bekommt endlich, was 
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ihr verdient!« Er winkte seinen Leu
ten. »Los, schlagt die Fremde in Fes
seln!« 


Git-Ka-N’ida lächelte mitleidig, 
als sie Daos fragenden Blick bemerk
te. »So wie er denken hier viele«, 
seufzte sie. »Und … danke, Schwes
ter.« 


Dann gab sie ihrer Truppe das Zei
chen, mit den Soldaten zu gehen. 


6. 
Kinder des Chaos 


Beth Astromo erwartete sie in sei
nem Büro, einem beschützten Kom
plex über den Dächern von Pheogitta. 
Er sah verhärmter aus als bei ihrer 
ersten Begegnung – was für einen 
Hauri erstaunlich war –, der Duft, der 
ihn umwölkte, war dagegen noch in
tensiver und ... auf geradezu auf
dringliche Weise vielschichtiger. Dao 
kannte Düfte dieser Art nicht einmal 
aus den Spielhöllen, die sie einst ge
meinsam mit Ronald Tekener ausge
hoben hatte. 


Tek hatte dabei stets einen Mords
spaß gehabt – vielleicht war es auch 
nur eine Reminiszenz an frühere Tage 
gewesen. 


Dao-Lin-H’ay stand, von Fessel
feldern eingezwängt, wie eine Delin
quentin im Mittelpunkt sowohl des 
Raumes als auch des Interesses. 


Git-Ka und ihre Frauen standen 
ein wenig abseits dabei und sahen zu, 
warteten ohne erkennbare Regung 
auf das, was folgen würde. 


Dao fragte sich, ob es richtig gewe
sen war, Git-Ka zu vertrauen. Sie 
hatte versichert, dass sie die Lage »im 
Griff« habe. Aber war das so? Konnte 
es sein? Sie steckte gewaltig in der 


Klemme. Kein Schutzschirm würde 
ihr helfen und sie retten, sollte der 
Hauri seinen Leuten jetzt befehlen, 
sie zu erschießen. Und sie hatte schon 
mehr als einen Hauri erlebt, die eins
tige Geißel Hangays unter der Knute 
des Hexameron. 


Dieser Hauri allerdings sollte ei
gentlich ihr Verbündeter sein, er re
präsentierte die hiesige NK Hangay. 
Und als ihr oberster Vertreter würde 
keine seiner Entscheidungen so rasch 
angefochten werden. 


Dao-Lins Verschulden lag offen 
zutage: Sie war unerlaubt in das 
Ausbildungszentrum eingedrungen 
und hatte einen Offizier der Neuen 
Kansahariyya angegriffen und ver
letzt. 


Sie bezweifelte, dass sie sich selbst, 
wäre sie Kommandantin gewesen, 
mildernde Umstände zugebilligt hät
te. 


»Darf ich sprechen?«, fragte sie, ehe 
der Kommandeur loslegen konnte. 


»Wo. zu?« Der Hauri sah sie böse 
an. »Bettelst du etwa schon? Ich. hät
te dich für stolzer ge. halten.« 


»Ich möchte erklären, weshalb wir 
hier sind. Es existiert scheinbar ein 
Missverständnis ...« 


»Verkauf mich nicht. für dumm!«, 
fuhr er sie an. »Ich habe Informatio
nen. über euch eingezogen. Ich. weiß 
Bescheid, was ihr. wollt. Ich …« 


»Hör mir zu«, sagte sie fest. »Es 
geht schließlich auch um Git-Ka-
N’ida und ihre Frauen von der Vibra-
Staffel.« 


Er starrte fi nster, sein Blick 
schweifte für einen Moment zu den 
anderen Kartanin. Und Dao sah bei
nahe Entsetzen in seinen Augen. 


Dann schaute er zu ihr zurück. 
»Was wisst ihr von. der. Staffel?«, 
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schnappte er. »Wie viel? Seit wann?« 
»Bis auf ihre Existenz, ihren Na


men und ihre Angehörigen? Nichts, 
aber ich hoffe auf Erklärungen. Wir 
sind eure Verbündeten im Kampf ge
gen die Negasphäre, und ich habe 
meinerseits gewiss Informationen von 
Wert für euch.« 


»Lass sie sprechen«, kam es von 
Git-Ka, als der Hauri schon abwin
ken wollte. 


»Misch. dich. nicht ein, Kreatur«, 
flüsterte er heiser. »Und du ... du hast 
unsere Gesetze. gebrochen. Dafür 
wirst du vom. Regierenden Sternen
rat verurteilt. werden. Bis dahin. stel
le ich dein Schiff. unter Quarantäne 
und …« 


»Das wirst du nicht tun.« Git-Ka-
N’ida trat vor, bis sie neben Dao-Lin-
H’ay stand. »Als Kommando-Offi 
zierin der Vibra-Staffel bin ich vom 
Regierenden Sternenrat mit besonde
ren Vollmachten ausgestattet worden, 
und als solche untersage ich dir jegli
che weitere Feindseligkeit gegen die 
Hohe Frau und ihr Raumschiff. Du 
wirst sie jetzt anhören. Wir werden es 
tun.« 


»Von. einer wie dir brauche ich. 
keine Anweisungen entgegenzuneh
men!«, erklärte er und erhob sich in 
seiner dürren, düsteren Autorität. 
»Geh auf. deinen Platz zurück!« 


Aber Git-Ka tat nichts dergleichen. 
Gelassen holte sie ein irisierendes 
Siegel aus einer der vielen Uniform
taschen und hielt es ihm vor die Na
se. 


Der Hauri erstarrte. 
»Das wird ein. Nachspiel haben – 


für alle wie dich. Ihr gehört. nicht zu. 
uns, das hast du. soeben wieder unter 
Beweis gestellt.« Er drehte den Kopf 
zur Seite. »Aber es sei. Lasst sie frei, 


sie darf sprechen!«, befahl er seinen 
Soldaten. 


Aber Dao-Lin-H’ay wusste nicht, 
ob sie durch diesen Sieg nicht viel
leicht verloren hatte ... 


* 


Sie waren zurück im Ausbildungs
zentrum am Rand der Stadt. Sieben
undzwanzig Kartanin in Blassgelb 
hockten im Kreis um Dao-Lin-H’ay 
und Git-Ka-N’ida. 


Zuerst sprach die Kartanin aus der 
Milchstraße, und alle hörten ihr auf
merksam zu. Denn alle wussten ge
nau, wer die Fremde in ihrer Runde 
war: Eine Legende, die untrennbar 
mit der Rettung Hangays vor rund 
tausend Jahren verknüpft war und 
ebenso mit der jüngeren Vergangen
heit. Sie erzählte von ihrem Vorhaben 
und weshalb sie misstrauisch gegen 
den Hauri und gegenüber den blass
gelb Uniformierten geworden war. 
Die Kartanin lauschten und lächelten 
unbehaglich. Aber sie verstanden ih
re Beweggründe. 


Danach sprach Git-Ka und weihte 
Dao-Lin in das Geheimnis der Vibra-
Staffel ein. Alle Angehörigen dieser 
Staffel, alles Kartanin, alle weiblich, 
wurden für den Kampf ausgebildet – 
aber längst nicht allein mit herkömm
lichen Waffen. 


»Wie du bereits erkannt hast, sind 
wir im Besitz von konventionellen 
paranormalen Gaben – Telepathie, 
Telekinese, Teleportation, um die 
klassischen zu nennen –, aber nicht 
nur das. Jede von uns ist zudem in der 
Lage, moderne Raumschiffe als Pilo
tin durch die Proto-Negasphäre zu 
führen.« 


»Ihr könnt in ihr navigieren?«, 
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staunte die Kartanin. »Du willst mir 
sagen, dass ihr über die Sinne ver
fügt, unter den neuen Bedingungen 
Schiffe durch Hangay zu steuern? Ihr 
könnt die Wege im Chaos erspüren?« 


»Als ob sie klar vor unseren Augen 
lägen – ja«, bestätigte die Komman
dantin der Staffel. »Wir gehören einer 
neuen Generation von Kartanin an. 
Unsere Wissenschaftler vermuten, es 
handele sich um eine großfl ächige 
spontane Mutation, hervorgerufen 
durch den Einfluss des Vibra-Psi. Es 
ist, als wüchse eine ganz neue Art von 
Kartanin heran. Überall in Hangay. 
Noch sind wir in der Minderzahl, aber 
nicht mehr lange, denke ich. Und so
sehr ich es mir wünsche, normal zu 
sein, so sehr fürchte ich den Tag, an 
dem dies der Fall sein wird. Denn dann 
hat das Chaos gewonnen und unsere 
Heimat wird eine Negasphäre sein.« 


»Das … ist unglaublich«, sagte Dao. 
»Und ihr seid bereit, uns im Kampf 
um die Retroversion Hangays beizu
stehen?« 


»So ist es! Obwohl die Proto-Ne
gasphäre uns geboren hat, werden 
wir sie bekämpfen bis zu ihrem Ende. 
Oder unserem.« 


Dao-Lin zeigte sich begeistert. 
»Damit tun sich ganz neue Wege und 
Perspektiven für unseren Kampf auf. 
Unbeschränkte Bewegungsfreiheit 
überall da, wo bisher kein Durch
kommen mehr für uns war.« 


Die Mutantin lachte. »Unsere erste 
Loyalität gilt der NK Hangay, aber 
ansonsten – ja, so ist es.« 


»Wie stark seid ihr in deren Kon
zept eingebunden? Nicht alle schei
nen euch zu mögen.« 


Git-Kas Lachen erstarb. »Sie brau
chen uns nicht zu mögen, aber sie 
müssen uns respektieren. Leider gibt 


es genug, die uns fürchten. Uns und 
das, aus dem wir entstanden sind.« 
Sie knurrte dunkel. »Trotzdem stehen 
wir an ihrer Seite. Die NK Hangay 
legt dank unserer Hilfe unter der 
Hand verteilt entlang der gesamten 
Kernzone verdeckte Stützpunkte an. 
Du siehst, wir sind nicht so passiv 
und unentschlossen, wie du bisher 
gemeint hast.« 


»Ich gestehe, ich bin beeindruckt.« 
Die Kartanin nickte. »Aber warum 
werdet ihr auf Vatucym stationiert 
und ausgebildet? Der Einfluss des Vi
bra-Psi ist hier doch nicht besonders 
groß. Wäre ein anderer Ort nicht bes
ser?« 


»Vatucym ist ein spezielles Ausbil
dungslager mit dem Schwerpunkt 
Teleportation«, warf eine der Frauen 
ein. »Es gibt auf anderen Planeten 
ebensolche Zentren für Telepathie, 
Telekinese …« 


»Wir werden gebraucht«, unter
brach Git-Ka plötzlich, ein wenig zu 
hastig. 


»Aber geht es euch dabei gut?«, 
fragte Dao-Lin-H’ay. Sie suchte nach 
den richtigen Worten, um nicht ver
letzend zu klingen. »Ich meine, ihr 
seid Kinder normaler Kartanin, durch 
eure Gaben von ihnen getrennt. Was 
richtet das in euren Seelen an? In 
meiner Heimat war es anfangs schwie
rig – um wie viel schwerer muss es für 
euch und euer Volk sein? Wenn ich 
euch helfen kann ...« 


Git-Ka-N’idas Miene gefror zu ei
ner Maske. »Unser Volk. Unser Pro
blem.« 


»Ich wollte euch nicht zu nahe tre
ten!«, beeilte sich Dao zu versi
chern. 


»Was du willst, ist nicht von Be
lang! Was du tust und wie man dich 







KOLTOROCS Atem 33 


sieht, entscheidet dein Schicksal«, 
fauchte Git-Ka mit einer plötzlichen 
Kälte in der Stimme, die Dao frösteln 
ließ. 


* 


Beth Astromo puderte sich feinen 
Duftsand über die Haut, rieb ihn ein 
und schüttelte ihn wieder ab. Wäh
rend die Duftstoffe sich festsetzten, 
löste der Sand die kleinen abgestor
benen Hautfetzen und jeden Schmutz, 
der sich in den letzten Stunden ange
sammelt hatte. 


Der Hauri war schlank, aber nicht 
dürr. Dank täglichen Trainings konn
te er einige durchaus sehenswerte 
Muskelpartien aufweisen, was für 
sein Volk eher ungewöhnlich war, ihm 
aber durchaus anerkennende Blicke 
eintrug. Allerdings hatte er gerade 
keinen Sinn für derlei Gedanken. 


Er bestrich seinen Schädel mit 
einem schweren Öl, ehe er sich in sei
nen Sessel sinken ließ. Das Feuer im 
virtuellen Kamin loderte. 


»Ich. hasse diese. Missgeburten!«, 
blaffte er sein Haustier an, das ihn 
lange genug umschlichen hatte, um 
nun Mut zu fassen und mit weitem 
Satz auf seinen Schoß zu springen. 
Der Hauri packte das Tier, das ent
fernte Ähnlichkeit mit einem terra
nischen Frettchen besaß, und schleu
derte es in die kalten, substanzlosen 
Flammen. »Ich hasse sie!« 


Sie hatten sie ihm aufs Auge ge
drückt. Es gab tausend andere Pla
neten, auf die man sie hätte bringen 
können. Warum musste es ausgerech
net Vatucym sein? 


Nicht einmal protestieren hatte er 
dürfen. Es wäre nicht nur sinnlos ge
wesen, sondern auch kontraproduk


tiv. Der Sternenrat förderte die Krea
turen. Er setzte Hoffnungen in sie. Er 
wollte eine Waffe im Kampf gegen die 
Terminale Kolonne – wenn er das 
schon hörte! 


»Ihr seid. Verräter. Und ich werde 
es. beweisen!« 


Er wusste allerdings nicht, wie. 
Denn die Missgeburten waren raffi 
niert. Sie lasen seine Gedanken. Er 
war nicht mehr frei auf seiner eigenen 
Welt. Die widerlichen Esper konnten 
jeden ausspionieren auf dem Weg zu 
ihrer Machtergreifung. 


Sie wussten, dass die Zeit für sie 
arbeitete. 


Sie wurden immer mehr, und der 
Tag würde kommen, an dem keine 
normalen Kartanin mehr geboren 
wurden, sondern nur noch Esper. 


Das Vibra-Psi sorgte dafür. 
Und es würde gewinnen, denn der 


Kampf gegen TRAITOR war lang. Er 
wurde nicht in Monaten oder Jahren 
gemessen, vielleicht nicht einmal in 
Jahrzehnten. Es war eine zu gewal
tige Zeitspanne für sterbliche Wesen. 
Obwohl er es nicht wollte, würden sie 
letztlich verlieren. 


Und indem man diese Missgeburten 
unterstützte, sorgte man im Grunde 
nur dafür, dass man schneller verlor. 
Man konnte Wasser nicht durch Was
ser entgiften. 


Leider sahen das nicht viele so klar 
wie er. 


Und dann kam auch noch diese 
furchtbare Kartanin aus der Fremd
galaxis. Diese lebende Legende. Und 
versuchte, seinen Leuten Sandfl öhe 
ins Gehirn zu pusten. Als ob es eine 
reelle Chance gegen TRAITOR gäbe! 
Statt auf Zeit zu spielen, schien diese 
Verrückte den Untergang geradezu 
beschleunigen zu wollen! 
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Ohne mich! dachte er. Ich werde 
euch alle Steine in den Weg legen, die 
ich finden kann! Ihr werdet uns nicht 
vernichten! 


Er bellte einen Befehl in die Wohn
landschaft seines riesigen Apparte
ments, für das er viel Geld bezahlte. 
Holos und Akustikfelder bauten sich 
vor ihm auf, die ihn auf den neuesten 
Stand der Entwicklung brachten. 


Schön, dachte er. Im Moment habe 
ich keine andere Wahl, als gute Miene 
zum bösen Spiel zu machen. Aber 
freut euch nicht zu früh – die letzte 
Faust wird die meine sein! 


Wobei diese Faust auch ein Strah
ler sein konnte … 


* 


»Verstehst du jetzt, Dao-Lin?«, 
fragte Git-Ka-N’ida. »Es ist nicht nur 
der Hass, der uns hier und auch auf 
vielen anderen Planeten entgegen
schlägt, weil die Normalen in uns eine 
Gefahr sehen. Es sind wir selbst und 
das, was mit uns geschieht. Und es 
kann jederzeit jeden treffen.« 


»Oder unsere Kinder«, warf eine 
der Frauen ein, eine wunderschöne 
junge Kartanin. »Was ist, wenn wir 
einmal Kinder haben wollen? Werden 
sie so sein wie wir, wie unsere Eltern 
oder noch ganz anders?« 


»Werden sie schon im Mutterleib 
sterben, wie so viele von uns es tun?« 


»Die zentrumsnahen Planeten«, 
murmelte Dao mitfühlend. »Es ge
schieht genau dort, sagt ihr …« 


»Es passiert überall, wohin es uns 
verschlägt«, sagte Git-Ka. »Auch hier 
sind drei von uns unter Qualen ge
storben. Manche erleben nicht einmal 
das.« 


»Den Tod?« 


»Oft kam es schon vor, dass sich Be
gabte in einer Pararealität verloren, 
die plötzlich über sie kam. Dann, so 
wird berichtet, verlieren sie jeden Be
zug zu ihrer realen Umgebung und 
gleiten durch Spalten in der Welt hin
über in eine andere, in der die Gesetze 
des Chaos gelten. Viele von ihnen sind 
nie zurückgekommen, und die, die es 
schafften …« 


»Du brauchst nicht weiterzureden, 
Git-Ka«, sagte Dao und griff sanft 
nach ihrer schlanken Hand. 


»Die, die einfach nur sterben«, 
sagte die Kommandantin der Staffel, 
»sind wohl die Glücklichsten. Und 
dazu kommt der Hass. Du hast es er
lebt. Auch Beth Astromo hasst uns, 
weil er uns fürchtet.« 


»Habt ihr euch nie darüber unter
halten?«, wunderte sich die Unsterb
liche. 


Git-Ka lachte trocken. »Mit ihm? 
Mit diesem …« 


»Unsere Kinder«, kam es wieder 
von der zart gebauten Kartanin. 
»Werden wir überhaupt je Kinder ha
ben … dürfen …« 


Dao musterte sie eingehender. »Wie 
ist dein Name?« 


»Min-Da-N’or«, fl üsterte sie. Ihr 
feuchter Blick war in eine andere 
Welt gerichtet. 


Dao nickte nur und konzentrierte 
sich wieder auf Git-Ka-N’ida. 


»Die von euch, die ihre Kindheit 
und Jugend überleben, werden also 
auf Planeten gebracht, auf denen die 
NK Hangay besondere Ausbildungs
zentren errichtet hat, speziell für sie. 
Also wie dieses hier.« Sie erinnerte 
sich dunkel daran, dass früher von 
bestimmten Zentren gesprochen wor
den war, aber von den Hintergründen 
hatte sie nie etwas gehört. 
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»Ja«, bestätigte die Kommandan
tin. »Der beste Weg, mit unserer neu-
en Begabung umzugehen, ist, sie zu 
trainieren und zu schulen. Darüber 
hinaus werden wir von Psychologen 
und Medikern betreut, die versuchen, 
uns auch mental zu stärken. Unsere 
einzige Chance ist, unser Sein zu ak
zeptieren und das Beste daraus zu 
machen.« 


»Zu glauben, dass unser Dasein ei
nen Sinn hat«, ergänzte eine der an
deren. »Dass wir wichtig sind und es 
seinen Grund hat, dass es uns gibt.« 


Dao nickte bedächtig. »Und was ist 
mit dem Kontaktwald?« 


»Wir sind nicht seinetwegen hier
her gebracht worden«, sagte Git-Ka, 
»falls du das angenommen hast. Es 
war ein Zufall, dass wir feststellten, 
dass wir in seinem Innern …«, sie 
suchte nach den passenden Worten, 
»… dass wir in ihm geschützter sind. 
Hier außerhalb sind wir nie sicher da
vor, zu erkranken, zu sterben oder uns 
zu verlieren. Das passiert oft genau 
dann, wenn wir unsere Gaben einset
zen, also auch im Training. Im Wald 
aber ist so etwas noch nie vorgekom
men. In ihm fühlen wir uns frei.« 


»In ihm ist so viel psionisches Po
tenzial«, warf eine andere ein, »dass 
wir uns … ja, wie geborgen fühlen.« 


»Und er lässt es zu«, folgerte Dao. 
»Er wehrt euch nicht ab, sondern ge
stattet, dass ihr euch in ihm aufhal
tet.« 


»Wir dürfen uns jederzeit dort auf
halten«, bestätigte die Kommandan
tin. »Egal, wo, es entstehen stets 
Lichtungen. Wir sind Freunde – tiefer 
und beständiger, als wir Freundschaft 
zu unserem eigenen Volk oder zu den 
anderen Völkern Hangays unterhal
ten können.« 


»Ich möchte euch um etwas bitten«, 
sagte Dao-Lin-H’ay. »Ich werde Kon
taktwald 126 aufsuchen, wie ich es 
von Anfang an vorhatte. Aber meine 
Mission wird viel größere Chancen 
haben, wenn einige von euch mit
kommen.« 


Git-Ka-N’ida und sie sahen einan
der an. 


»Ja«, sagte die Kommandantin 
schließlich. »Ja, Dao-Lin, ich denke, 
so wird es sein. Du willst mehr über 
KOLTOROC in Erfahrung bringen 
und ob über die Wälder ein Weg in die 
Kernzone hineinführen kann. Wir 
werden dich dabei gerne unterstüt
zen.« 


»Und noch etwas außer unserer 
Verbundenheit mit den Kontaktwäl
dern und unserer Teleporterfähigkeit 
kommt hinzu«, sagte eine andere Kar
tanin, die sich als Tar-Ja-T’ur vor
stellte. 


»Nämlich?« 
»Wir können uns und dich mental 


vor KOLTOROC verbergen. Jeden
falls eine Zeit lang«, sagte die füllige 
Kartanin. 


7. 
23. Oktober 1347 NGZ 


Transit ins Chaos 


Der Kontaktwald war von Truppen 
der NK Hangay umstellt. Über dem 
Gelände kreisten dreißig der 102 Tri
marane im Schutz ihrer stärksten 
Schirme. 


»Es muss verdammt bitter für ihn 
sein«, sagte Git-Ka-N’ida, als sie aus 
dem Gleiter stiegen, der sie hierher 
gebracht hatte. 


Drei Mitglieder der Vibra-Staffel 
hatten noch in der Nacht den Wald 
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aufgesucht und ihm ihr Kommen an
gekündigt. Er hatte keine Einwände 
erhoben und ihnen genau gesagt, 
wann er wo eine Schneise für sie bil
den würde. 


Dao-Lin-H’ay sah sie im Dickicht 
klaffen, eine fast kreisrunde Lücke, 
die aussah wie ein mit schweren Des
integratoren in den Wald getriebener 
Röhrentunnel. 


Es war bereits Mittag, die Sonne 
Vat stand als orangeroter Ball hoch 
am Himmel und schien auf eine Sze
nerie herab, die für den Kommandeur 
erniedrigend sein musste. 


»Du warst, gelinde gesagt, recht 
brutal ihm gegenüber«, wagte Dao zu 
bemerken. »Er hat sich mit Händen 
und Füßen gesträubt. Was für eine 
Demütigung muss es für ihn gewesen 
sein, uns nicht nur den Zutritt zum 
Wald zu erlauben, sondern darüber 
hinaus unsere Absicherung zu über
nehmen. Du hast ihm keine Chance 
gelassen, Git-Ka. Mit keiner einzigen 
deiner Forderungen kann er einver
standen gewesen sein.« 


»Er muss lernen, uns zu akzeptie
ren und zu respektieren!«, sagte die 
Staffelchefin gelassen. »Und er 
scheint mir einer von denen zu sein, 
die dazu einen gewissen Druck brau
chen.« 


»Und jetzt hat er drei Stunden Zeit, 
sich wieder als Herr der Lage zu füh
len«, murmelte Dao-Lin-H’ay, die 
Git-Ka in diesem Punkt nicht zu
stimmte. Im Gegenteil: Sie hatte das 
Gefühl, dass der Hauri irgendwann 
reagieren würde – und dann ganz und 
gar nicht so, wie sie sich das erhoff
ten. 


Drei Stunden … 
Das war die Zeit, die sie sich einge


räumt hatten. Dao-Lin-H’ay hatte es 


Oberst Don Kerk’radian eingeschärft 
und befohlen: Sollten sie und die 
sechs Mitglieder der Vibra-Staffel 
nach Ablauf von drei Stunden – ge
rechnet von ihrem Transport nach 
Nummer 126 an – nicht zurück sein, 
war der Stützpunkt Win-Alpha un
verzüglich an einen neuen Ort zu ver
legen. An welchen, musste er ent
scheiden, ohne ihr Wissen und ohne 
ihre Zustimmung. Denn wenn sie in 
KOLTOROCS Hände fiel, würde er 
alles Wissen aus ihr herausholen, oh
ne dass sie etwas dagegen tun konnte. 
Sie war kein echter Gegner für eine 
Superintelligenz. 


Drei Stunden mussten reichen für 
das, was sie sich vorgenommen hat
ten. Sie würden KOLTOROC nahe 
sein, wenn auch hoffentlich nicht zu 
nahe. Wenn alles optimal lief, wäre es 
nah genug, um Informationen zu 
sammeln, und weit genug entfernt, 
um nicht in Gefahr zu geraten. Oder 
versteckt genug. Aber wann lief schon 
einmal etwas optimal? 


Dao sah die Polhalbkugel der SZ-1 
am Horizont aufragen. Sie dominierte 
ihn. Das Riesenschiff mit seinen 2,5 
Kilometern Durchmesser war an kei
ner Stelle zu übersehen. Hier aller
dings stand es da wie ein Monument, 
ein Mahnmal für jene, die unvorsich
tig gewesen waren. 


Der Gedanke, es vielleicht nie wie
der betreten zu dürfen, geschweige 
denn die Menschen an Bord nicht 
mehr zu sehen, machte der Kartanin 
Angst. Jeder Einsatz war mit einem 
gewissen Risiko behaftet. Dieser aber 
bestand förmlich aus Risiko. Schließ
lich ging es darum, dem Bösen hinter 
der Bedrohung durch die Terminale 
Kolonne TRAITOR quasi vors Auge 
zu springen in der Hoffnung, dass sie 
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ausgerechnet in einem »blinden 
Fleck« landen würden. Dass sie viel
leicht zu nahe waren, um entdeckt zu 
werden. Dass er seine Aufmerksam
keit für ganz andere Dinge als sie 
brauchte. 


Sie hatten ihre Vorkehrungen ge
troffen, auch wenn diese einem ange
kündigten Selbstmord gleichen muss
ten. 


KOLTOROC durfte auf keinen Fall 
Informationen über die SOL und alle 
anderen Schiffe der Milchstraße er
halten. Und schon gar nicht durfte er 
die Chance bekommen, sie »umzudre
hen« und als seine Agenten zurückzu
schicken. 


Auf der zentralen Lichtung, eine 
Minute bevor der Wald den Transport 
bewirkte, würden die sechs Frauen 
der Vibra-Staffel, die mit ihr nach 
Nummer 126 »gingen«, eine Giftkap
sel schlucken, die sich nach Ablauf 
von drei Stunden in ihrem Körper 
auflöste und zum sofortigen Tod führ
te. KOLTOROC würde es nicht ver
hindern und sie auch nicht wieder zu 
neuem Leben erwachen lassen kön
nen. Sie würden tot sein – und damit 
die Geheimnisse, die sie in ihrem 
Kopf gespeichert trugen, bewahren. 


Wenn sie vor Ablauf der Frist zu
rück waren, würde eine der Zurück
gebliebenen auf der Lichtung mit 
dem Gegengift auf sie warten, das das 
Gift auf der Stelle neutralisierte. 
Dann durften sie weiterleben. 


Bei Dao schied diese Möglichkeit 
aus, weil ihr Zellaktivator alle Gifte 
neutralisieren würde. Stattdessen ließ 
sie sich kurz vor dem Transport von 
Gar-Tan-L’ay eine Säurekapsel in den 
Brustkorb injizieren, die sich eben
falls nach drei Stunden aufl öste. Gar-
Tan wartete ebenfalls auf sie und 


würde die Kapsel entfernen. Dao-
Lin-H’ay würde leben. 


Dao glaubte, alles bedacht zu ha
ben, jede Eventualität und jedes Risi
ko. Sollten sie KOLTOROC oder sei
nen Truppen in die Hände fallen, 
würden sie nach drei Stunden zuver
lässig sterben, ohne jedes Wenn und 
Aber. Sie würden es versucht haben 
und gescheitert sein. Für den Kampf 
gegen TRAITOR fielen sie fl ach, aber 
sie würden ihre Sache und ihre 
Freunde nicht verraten können. 


»Seid ihr bereit?«, fragte Git-Ka-
N’ida. »Dao-Lin?« 


»Wir können gehen«, sagte sie. 
»Verabschiedet euch von Beth Astro
mo. Er sitzt irgendwo da oben in 
einem der Trimarane und beobachtet 
uns. Jeden einzelnen Schritt.« 


»Wenn es ihm Spaß macht«, kon
terte die Staffelführerin. »Er muss 
endlich begreifen, dass ich mehr 
Machtbefugnisse besitze als er. Er ist 
eine kleine Nummer, ein Winzling – 
mehr nicht.« 


»Geht es dir nur darum?«, fragte 
Dao. 


Git-Ka-N’ida schüttelte ernst den 
Kopf. »Nein, Dao-Lin. Aber ich 
wünschte, es wäre so einfach.« 


* 


Sie drangen in den Kontaktwald 
ein, alle 27 Mitglieder der Staffel, und 
erreichten nach knapp einer Stunde 
ohne Zwischenfall die zentrale Lich
tung. Der Wald schien stiller zu sein 
als sonst. Auch wenn sie streng den 
Wegen folgten, die er ihnen zur Ver
fügung stellte, fühlte sich Dao fremd, 
anders als sonst. Es war nicht nur ru
higer. Der Wald schien zu schlafen 
oder … Es ließ sich nicht in Worte ei
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ner Sprache kleiden, die ihr geläufi g 
war. Es war seltsam, aber vielleicht 
spielte ihr nur die eigene überreizte 
Fantasie dumme Streiche. 


Die Kartanin sprachen nicht. Dao 
ging gleichauf mit Git-Ka. Manch
mal, wenn der Blick nach oben frei 
war, sahen sie die Gleiter und Schiffe 
der NK Hangay über sich am Him
mel, in unterschiedlichen Höhen, und 
Dao meinte, die Blicke auf ihrem SE
RUN fühlen zu können, mit denen sie 
Beth Astromo von da oben verfolgte. 


»Die Schatten sind nicht da«, fl üs
terte Git-Ka, als sie in der Mitte der 
Lichtung standen. »Oder hast du auf 
dem Weg welche gesehen?« 


»Nein«, gab Dao zu. »Weißt du et
was über sie? Sind es … Wesen? Stoff
lich oder nur Projektionen?« 


»Das wissen wir nicht«, bedauerte 
die Staffelchefin. »Wirklich nicht.« 


»Ich glaube es dir ja. Haltet euch 
bereit, ich spreche mit dem Wald.« 


Damit trat sie zwei Schritte vor 
und schloss die Augen. 


Es war nicht viel zu sagen. Der 
Kontaktwald wusste, worum es ging, 
und hatte ihr sein Einverständ
nis längst gegeben. Dass sie sich 
noch einmal an ihn wandte, war 
kaum mehr als eine Formsache, eine 
Geste der Höflichkeit und Wert
schätzung. 


Der Wald antwortete ihr. Dao war 
sicher – wenn er eine »Stimme« 
gehabt hätte, so hätte sie bedrückt 
geklungen, gehemmt und dennoch 
voller Unruhe oder gespannter Er
wartung. Vielleicht auch Furcht. 


Noch einmal machte sie sich klar, 
was für den Wald – und alle anderen 
Kontaktwälder außerhalb der Kern
zone Hangays – auf dem Spiel stand. 
Sie hatten die Verbindung zu 126 un


terbrochen, als klar wurde, dass er 
sich im Bannkreis von KOLTOROC 
befand. Sie hatten es getan, um KOL
TOROC daran zu hindern, von Num
mer 126 aus eine Brücke zu schlagen 
und sich über sie zu verbreiten. 


Allein diese Trennung hatte bisher 
die Sicherheit der Wälder garantieren 
können. Und nun waren sie im Be
griff, sie aufzugeben. 


Durfte sie das von ihnen verlangen? 
War es fair ihnen gegenüber? 


Dao schalt sich eine Närrin. Wenn 
das Chaos in Hangay siegte, war es 
auch um die Kontaktwälder gesche
hen. Sie würden bestenfalls wieder 
fliehen und abermals auf eine lange 
Odyssee gehen müssen. Ihr Elend 
würde von Neuem beginnen. Es war 
mehr als fraglich, ob sie dies noch 
einmal überstehen würden. Das zen
trale Trauma ihrer Existenz. 


Der Kontaktwald beendete ihre 
Grübelei, als er ihnen den unmittel
bar bevorstehenden Transit ankün
digte. Dao-Lin-H’ay bat um einen 
Aufschub von fünf Minuten. 


Die sechs Mitglieder der Vibra-
Staffel, die mit ihr gingen, schluckten 
ihre Giftkapsel. Dao wurde von Gar-
Tan-L’ay beiseitegenommen und er
hielt ebenfalls ihre Kapsel. Sie sah 
nicht, wie die Kartanin es machte, 
spürte nur einen kurzen Einstich. 
Dann war es auch schon vorbei. 


»Drei Stunden«, sagte sie zu ihren 
Begleiterinnen. »Wir schaffen es.« 


Von dieser Sekunde an lief ihre 
Uhr. 


* 


Sie merkten es eigentlich nur dar
an, dass es anders roch – wenn man 
davon absah, dass es dunkel war. 
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Dao-Lin-H’ay hatte nicht das Ge
ringste gemerkt. Lediglich die Ziffern 
ihres Chronos verrieten, dass drei Mi
nuten vergangen waren, seitdem der 
Kontaktwald von Vatucym angekün
digt hatte, dass sie jetzt zu Nummer 
126 geschickt würden. 


Drei Minuten, an die sie keinerlei 
bewusste Erinnerung besaß. Sie 
musste bewusstlos gewesen sein. Für 
einen Moment quälte sie der schlim
me Gedanke, der Transit in die Kern
zone von Hangay könnte gescheitert 
sein. 


Dann roch sie es. Der Geruch war 
anders als auf Vatucym, aber nicht 
unvertraut. Sie hatte ihn schon ein
mal wahrgenommen – mit Atlan, als 
sie von Alomendris in wilden Sprün
gen versetzt worden waren. Dabei 
hatte der Wald in seiner Verwirrung 
unwillentlich die Barriere wieder ge
öffnet, die er selbst errichtet hatte, 
um sich und seine Brüder zu schüt
zen. 


»Wir sind da, oder?« Git-Ka-N’idas 
leise Stimme. »Es hat funktioniert, 
wir befi nden uns nicht mehr auf Va
tucym.« 


»Ich habe nichts gemerkt«, kam es 
staunend von Min-Da-N’or. »Nicht 
das Geringste. Ich habe keine Schmer
zen, keinen Schwindel … absolut 
nichts …« 


Dao-Lin-H’ay drehte den Kopf zu 
ihr. Sie merkte es und erwiderte den 
Blick, etwas scheu, gleichzeitig etwas 
vertraut, so als würden sie sich schon 
länger kennen. Auch Dao empfand 
das so. 


Die junge Esper war schwanger. Sie 
würde ein Kind bekommen, und egal 
ob der Vater ebenfalls psibegabt war 
oder nicht, sie hatte grässliche Angst, 
dass es nicht normal zur Welt kam. 


Vielleicht befürchtete sie ein Monster. 
Dao hatte noch keine Gelegenheit ge
habt, mit ihr unter vier Augen zu re
den, aber sie war sicher. Dieses Mäd
chen war tapfer. Sie versuchte es 
nicht zu zeigen, doch sie litt Höllen
qualen. 


Die restlichen vier … 
Bel-Gin-D’es war eine sehr stille 


Natur mit durchschnittlichem Aus
sehen. An ihr war nichts Auffallendes. 
Wenn sich die anderen unterhielten, 
hörte sie schweigend zu und zeigte 
nur durch ihr gelegentliches Nicken, 
dass sie der Unterhaltung konzen
triert folgte. 


Tan-Tel-L’ur besaß ein pech
schwarzes, unglaublich dichtes Fell, 
das wie Seide glänzte und in der Dun
kelheit irisierend schillerte. Außer 
der Teleportation sollte sie die Tele
pathie beherrschen, obwohl sie den 
Beweis bis jetzt noch nicht angetreten 
hatte. 


Don-No-V’an fiel dadurch auf, dass 
sie schräg ging. Das linke Bein war 
fünf Zentimeter kürzer als das rechte. 
Sie sträubte sich gegen eine Korrek
tur, weil sie davon ausging, dass Ärzte 
und Wissenschaftler, hätten sie sie 
erst einmal in ihren Klauen, alles 
Mögliche mit ihr anstellen könnten. 
Sie wurde von allen 27 Mitgliedern 
der Vibra-Staffel am schlechtesten 
mit ihrem Anderssein fertig. 


Außerdem war sie eine schreckli
che Rechthaberin und Nörglerin. Git-
Ka hatte sie dennoch ausgewählt, 
weil sie die Gabe besaß, in prekären 
Situationen plötzlich zwei oder drei 
Sekunden in die Zukunft zu sehen. Es 
musste nicht passieren, konnte aber. 


Schließlich Arc-Tan-K’os. Sie war 
die Älteste in der Truppe und wahr
scheinlich eine der ältesten Mutan
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tinnen in Hangay überhaupt. Nie
mand wusste, auf welchem Planeten 
sie geboren war. Um ihre Fähigkeiten 
rankten sich bereits Legenden. An
geblich war sie eine hochbegabte Te
lekinetin. 


Das war die Mannschaft. Dies wa
ren die sechs Kartanin, die mit Dao-
Lin-H’ay zusammen hierher ausgezo
gen waren, um KOLTOROC ins 
Gesicht zu spucken. 


»Nein«, sagte Dao. »Du hast nichts 
merken können, Min-Da, weil es 
nichts festzustellen gibt. Als Atlan 
und ich die ersten Male räumlich ver
setzt wurden, dachten wir, sterben zu 
müssen. Ich denke inzwischen, das 
war allein unsere Psyche, die nicht 
darauf eingestellt war. Der Transport 
selbst ist schmerzlos.« 


Vielleicht war wirklich nichts so, 
wie es sein sollte. Die Kontaktwälder 
waren nicht das, was sie den Besu
cher von sich sehen ließen. Sie waren 
unsagbar fremdes Leben und präsen
tierten sich ihren Gästen in einer »be
sucherfreundlichen« Maske, damit 
die, die kommen durften, ihren Weg 
nicht verloren. 


Dao-Lin-H’ay wollte den Gedan
ken lieber nicht weiterverfolgen – 
denn alles würde in dem einen Schluss 
enden, dass es allein dem Wald an
heimgestellt war, sie zu dulden und 
leben zu lassen – oder sie abzustoßen 
für ein Ende im Wahnsinn. 


* 


Er ist unser natürlicher und lo
gischer Verbündeter!, hämmerte sich 
die Unsterbliche in einer Art Auto
suggestion ein, mit fast jedem Schritt 
und jedem Atemzug. Er hat den glei
chen Feind wie wir! 


Es war Nacht. Am Himmel über der 
zentralen Lichtung gleißten und fun
kelten Millionen von Sternen wie ein 
dicht gesprenkelter Teppich von un
glaublich kleinen und hellen Lich
tern. Auch das hätte ihnen nicht un
bedingt sagen müssen, dass es hier 
grundsätzlich anders war als auf Va
tucym. Die Schwerkraft – fast iden
tisch. Die Atembarkeit der Luft – fast 
identisch. Die Temperatur – fast 
gleich. 


Es war der Geruch dieses Waldes, 
der ihn von allen anderen abhob. Und 
noch etwas musste da sein. Dao wuss
te es, obwohl sie es trotz allen Lau
schens noch nicht vernommen hatte. 


»Wir befinden uns in der Kernzone, 
oder?«, sagte Git-Ka-N’ida. »Solch 
einen Himmel kann es nur geben, wo 
die Sterne so dicht stehen, dass man 
fast einen Stein zum Nachbarn wer
fen kann.« 


»Wir sind da, wohin wir wollten, 
ja«, bestätigte Dao. »Eigentlich fehlt 
nur noch eins, damit es wieder so ist 
wie damals, als ich zum ersten Mal 
hier war.« 


»Was meinst du, Dao-Lin?«, wollte 
die Staffelführerin wissen. »Das Flüs
tern?« 


Dao-Lin-H’ay nickte. »Die Bäume, 
die Sträucher und die Blüten … der 
ganze Wald wispert den Namen … 
KOLTOROC …« 


»Vielleicht nicht ständig«, bemerk
te Arc-Tan-K’os, »und schon gar 
nicht, weil wir es jetzt so wollen.« 


Git-Kas schlanke Gestalt straffte 
sich. Die Teleporterin gab zu verste
hen, dass die Phase des Staunens vor
über war. »Wir gehen vor, wie es be
sprochen wurde. Wir versuchen, aus 
dem Wald herauszukommen, um In
formationen darüber zu gewinnen, 
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wie es jenseits seiner Grenzen aus
sieht. Und was KOLTOROC betrifft, 
so warten wir darauf, dass er sich 
zeigt. Es wäre sinnlos, nach ihm zu 
suchen. Wir würden ihn nicht fi n-
den.« 


»Er ist überall«, murmelte Dao. 
»Jetzt … in diesem Augenblick … ist 
er hier.« 


»Dann sieht er uns!«, rief Min-Da-
N’or erschrocken. 


»Bildet den Block, Min-Da!«, be
fahl Dao-Lin-H’ay etwas harscher als 
beabsichtigt. »Der Kontaktwald weiß, 
dass jemand angekommen ist, aber 
ich bin mir sicher, dass KOLTOROC 
deswegen nicht sofort unsere Identi
tät und unseren Standort herausbe
kommen kann.« 


»Kommt!«, forderte Git-Ka-N’ida 
ihre Truppe auf. »Gebt mir eure Hän
de …« 


Dao sah, wie die anderen Kartanin 
aufeinander zutraten und einander 
berührten, wobei sie sie in die Mitte 
nahmen. Wahrscheinlich war es nur 
eine demonstrative Geste, denn für 
den Block brauchte es keinen Kör
perkontakt. Sie wollten es auch nicht 
ihr beweisen, sondern sich selbst – 
dass sie nicht allein waren und mit
einander stark. 


Egal, wer eventuell nach ihnen 
suchte – er würde ins Leere greifen, 
wenn der Block einmal stand. Dann 
war Nähe auch nicht mehr nötig, er 
würde auf jeden Fall für eine Zeit 
lang bestehen bleiben. 


»Es geht nicht«, sagte Tan-Tel-L’ur, 
als sie sich bereits berührten. »Ich ha
be es versucht, ich kann keine von 
euren Gedanken empfangen.« 


»Warte …« Arc-Tan-K’os schloss 
die Augen. Nach zwei Sekunden 
schüttelte sie den Kopf. »Ich kann 


keine Telekinese ausüben. Ich fürchte, 
all unsere Fähigkeiten sind hier auf 
Nummer 126 unmöglich geworden.« 


»Zumindest der Block steht. Wir 
sind getarnt«, fl üsterte Min-Da-N’or. 


Im nächsten Moment spürten sie es 
alle. 


Die Angehörigen der Vibra-Staffel 
warfen entsetzte Blicke um sich. 


»Ja«, sagte Dao-Lin-H’ay leise. 
»Das ist es, worauf ich gewartet habe. 
KOLTOROC … der Wald singt seinen 
Namen …« 


8. 
Warten auf KOLTOROC 


Es war nicht nur der Wald. Die 
Luft, der plötzlich vorhandene Wind, 
der Duft der Blüten, die Sterne am 
Himmel – sie alle schienen es zu wis
pern und zu singen: 


»KOLTOROC …« 
»Jetzt kommt es darauf an, einen 


klaren Kopf zu behalten«, sagte Dao-
Lin-H’ay zu ihren Begleiterinnen. 


Der Block war errichtet und würde 
auch ohne den engen Kontakt vorhal
ten. 


»Wichtig ist, dass wir uns in der 
Kernzone Hangays befinden – und 
damit wahrscheinlich schon mehr ge
schafft haben als alle anderen. Wir 
haben unser erstes und wichtigstes 
Ziel damit erreicht. Wir werden vor
erst auf eure Paragaben verzichten 
müssen und sollten davon ausgehen, 
dass dieser Zustand auch anhalten 
wird. Aber jede von uns ist ausgebil
det, um auch ohne sein Fähigkeiten 
kämpfen zu können.« 


»Und der Block steht und wird 
auch bestehen bleiben«, sagte Git-
Ka-N’ida. »Er wird uns verbergen, so 
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gut es unter den gegebenen Umstän
den möglich ist. Mehr können wir 
momentan nicht tun.« 


»KOLTOROC ist da«, fl üsterte Bel-
Gin-D’es. »In der Luft, in den Zwei
gen, in den Blüten. Ich fühle ihn auch 
in mir. Er durchdringt alles …« 


»Es war zu erwarten!«, sagte die 
Unsterbliche, etwas heftiger als be
absichtigt. »Wenn es nicht so wäre, 
wären wir schon jetzt gescheitert. Wir 
sind hier, um mehr über ihn zu erfah
ren, vergesst das nicht.« 


»Er weiß, dass jemand gekommen 
ist …«, wisperte Bel-Gin. »Er …« 


»Natürlich weiß er es!«, kam es von 
Min-Da-N’or. »Hör endlich auf zu 
jammern! Er weiß es, aber er kann 
nicht wissen, wer wir sind. Und wir 
wissen, dass er es weiß. Unsere Chan
cen, diese drei Stunden zu überleben, 
sind mehr als gering – auch das haben 
wir alle gewusst! Aber wir kämpfen 
nicht gegen einen kalkulierbaren, uns 
ebenbürtigen Gegner, sondern gegen 
eine Superintelligenz! Gegen die Ne
gasphäre! Und für Hangay, für unsere 
Heimat!« 


Alle starrten sie an. Dao gab sich 
keine Mühe, ihr Erstaunen zu verber
gen – aber auch nicht ihre Hochach
tung vor der jungen Mutantin, für die 
sie bisher nur fast mütterliche Ge
fühle empfunden hatte. 


Ausgerechnet diejenige, die sie für 
das schwächste Glied in ihrer Kette 
gehalten hatte, zeigte sich plötzlich 
als kämpferisches Vorbild. 


»Ich danke dir, Min-Da«, sagte sie 
mit dem Bemühen, ihre Stimme fest 
und frei von Sentimentalitäten klin
gen zu lassen. »Und nun lasst uns 
endlich gehen. Jede Minute zählt für 
uns, und wir haben schon viel zu viel 
davon vergeudet.« 


Immerhin, dachte sie, als sie sich 
einen Weg von der Lichtung in den 
eigentlichen Wald suchten, wussten 
sie nun, woran sie waren. 


* 


Drei Stunden, dachte Dao-Lin-
H’ay, das ist viel zu knapp. Als ... als 
teleportiere man von der Wega in den 
Yellowstone Park, um sich über das 
Geschehen in Terrania zu informie
ren. 


Aber eine andere Möglichkeit gab 
es nicht. Drei Stunden konnten deut
lich zu lang sein, wenn es schlecht 
lief. Ausreichend, wenn alles glatt 
ging. Und nicht ausreichend, wenn 
man Zeit verlor. Durch Reden. Durch 
Sichorientieren. Durch ... eigentlich 
alles. 


Sie hatten die Lichtung verlassen, 
ohne dass sich Wege für sie geöffnet 
hätten. 


Dieser Kontaktwald war anders. Er 
lag nicht nur im Einfl ussgebiet von 
KOLTOROC, er war auch bis in die 
allerletzte Faser von diesem durch
drungen, durch dessen schier allge
genwärtig erscheinende, erdrückende 
Präsenz. 


Der Wald wusste, dass sie in ihm 
waren. Dao hatte bereits auf der 
Lichtung versucht, mit ihm in Ver
bindung zu treten – ohne Erfolg. Er 
wusste, dass sie von einem seiner 
»Brüder« gekommen waren. Aber 
mehr ... 


Er ist ein potenzieller Verbündeter!, 
hämmerte sich die Unsterbliche ein. 
Er ist nicht unser Feind! 


Und doch war er ihnen keine Hil
fe. 


Der Wald war gangbar. Es gab kei
ne Wege, die breit genug für sie gewe
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sen wären, sondern allenfalls Pfade, 
durch die sie sich zwängen mussten. 
Ihre Anzüge waren stabil genug, jede 
andere Kleidung hätten sie sich be
reits längst aufgerissen und das Fell 
noch dazu. Sie kämpften und arbei
teten sich teilweise Hunderte von Me
tern durch Dickicht und Urwald, bis 
sich dann doch ein Weg für sie öffne
te, als habe der Wald es sich anders 
überlegt. Dann kamen sie für eine 
Weile voran, bis das Dickicht wieder 
wie eine Tür vor ihnen zuschlug. 


Aber sie waren wieder etwas weiter 
gekommen. 


Was würden sie außerhalb der 126 
finden? Dao antwortete, immer wenn 
sie von ihren Begleiterinnen gefragt 
wurde: 


»Mehr von KOLTOROC – mehr 
über ihn …« 


Vielleicht ihn selbst. Vielleicht er
wartete er sie persönlich jenseits des 
Waldes, in einer Welt, die sie sich 
nicht vorstellen konnten – ebenso we
nig wie »ihn« selbst. 


Es gab bisher keinerlei Beschrei
bung des Chaopressors. Man konnte 
ihn spüren, seine unglaubliche, fi ns
tere Präsenz, aber es gab absolut kei
ne Vorstellung, wie er aussah und ob 
er überhaupt so etwas wie ein Aus
sehen besaß. Vielleicht war er kör
perlich, vielleicht nicht, möglicher
weise halb und halb. Denkbar war 
alles. 


Aber um ihn zu treffen und schla
gen zu können, mussten sie es wissen. 
Deshalb waren sie hier. Dass sie auch 
gleich eine empfindliche Stelle, eine 
Art Achillessehne, an ihm entdecken 
könnten, war unrealistisch. 


»Halt mich fest, Dao-Lin.« Sie er
schrak, als sie die andere Hand fühl
te. Im düsterbunten Schein des Waldes 


entstand wie hingezaubert das Ge
sicht von Min-Da-N’or. »Ich will nicht 
geholt werden.« 


»Wer will dich holen?«, fragte Dao 
und umfasste die zierliche Hand der 
Gefährtin. 


»Der Wald … KOLTOROC. Spürst 
du es denn nicht?« 


Natürlich tat sie es, aber es war 
kein Spüren von etwas, das da wäre, 
sondern von etwas, das sie nicht mehr 
hatten – Halt. 


»Es ist alles der Wald«, sagte sie so 
ruhig wie möglich. »Er versucht, uns 
seinen Halt zu geben, Min-Da. So, 
wie die anderen es tun, indem er uns 
ihn so sehen lässt, dass wir ihn be
greifen können. Aber er kann es nicht 
immer. Ich glaube, dass er mit sich 
selber kämpft.« 


»Er leidet, Dao-Lin«, fl üsterte die 
Jüngere. »Ist es das? Er … der Wald 
muss entsetzlich leiden … Unter 
KOLTOROC …« 


»Ja«, bestätigte Dao. Genau das 
empfand sie auch. 


Der Kontaktwald litt und war 
krank. Auf der Lichtung hatte er sich 
ihnen so präsentiert, wie sie es ge
wohnt waren. Dann aber, als sie in 
ihn eintauchten, hatte er mehr und 
mehr seine Mühe damit gehabt. 


Sie arbeiteten sich durch eine ähn
lich surreale Landschaft vor wie auf 
Vatucym, als sie auf die »falschen 
Schatten« aufmerksam geworden 
war. Manchmal stabilisierten sich die 
Formen und Farben um sie, sodass sie 
wieder einige wertvolle Meter weiter
kamen, ohne um Orientierung kämp
fen zu müssen. 


Dann wurde der Wald wieder an
ders. Es ließ sich nicht vorhersagen. 
Die Veränderung erfolgte schlagartig 
wie in einem Universum, in dem kei
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ne Naturgesetze galten, in dem sich 
nichts planen oder logisch-konse
quent durchziehen ließ. 


»Komm«, machte sie der Jüngeren 
Mut. »Die anderen warten.« 


Sie gingen an der Spitze. Dao wech
selte sich in der Führung mit Git-Ka-
N’ida ab. 


Sie hatten die Hälfte des Wegs aus 
dem Wald heraus geschafft, schätzte 
Dao. Auch das konnte täuschen, aber 
sie brauchten wenigstens ihr eigenes 
Empfi nden, um etwas zu haben, an 
dem sie sich orientieren und halten 
konnten – wenn schon nicht die be
reits verstrichenen und die ihnen 
noch bleibenden Minuten. 


KOLTOROC – sie waren gekom
men, um ihn auszuspionieren. Daten 
über ihn zu sammeln und ihr gewon
nenes Wissen nach Hause zu bringen, 
wo es ausgewertet und in eine Waffe 
gegen ihn verwandelt werden konnte. 
Egal was sie herausfanden, es musste 
nach Vatucym, damit es ihnen im 
Kampf gegen die Negasphäre zur 
Verfügung stand. 


Sollte sich daraus dann auch nur 
der geringste Anhaltspunkt ergeben, 
wie man via Nummer 126 gegen KOL
TOROC vorgehen konnte, würden sie 
auf dem schnellsten Weg hierher zu
rückkehren – vielleicht schon mit 
einem schlagkräftigen Kampfkom
mando. 


Dao-Lin-H’ay fauchte grimmig. Ja, 
sie würden etwas finden, und sie wür
den es nach Hause bringen. Weder der 
Kontaktwald noch KOLTOROC 
konnten sie daran hindern. 


Hab Geduld, glaubte sie in den 
Bäumen und Büschen zu hören, ge
mischt in das allgegenwärtige Sum
men und Wispern und Singen des Na
mens dessen, was hier allgegenwärtig 


war. Ihr seid nicht allein, oder hast du 
das schon vergessen? 


»Afa-Hem?«, flog es ihr von den 
Lippen, ohne dass sie es wollte. »Bist 
du das? Hast du zu mir gesprochen? 


»Dao-Lin?«, fragte Min-Da-N’or 
erschrocken. »Mit wem sprichst du? 
Du machst mir Angst.« 


»Die, die ich meine, muss dir keine 
Angst machen«, erwiderte die Un
sterbliche. »Falls sie es war.« 


Die Schwangere stolperte und fi el 
ihr in die Arme. Dao stützte sie und 
drückte sie an sich – oder sich an sie. 


Es war egal. Sie brauchten es alle, 
um nicht den Verstand zu verlieren. 


Und weiter! 


* 


Sie kamen voran, nicht mehr und 
nicht weniger. Eine zeitliche Orien
tierung war für ihre eigenen natür
lichen Sinne fast noch unmöglicher 
als die räumliche, doch sie besaßen 
ihre Hilfssinne – die Instrumente der 
Anzüge, allen voran Dao-Lins SE
RUN. 


Als sie die Lichtung erreichten, 
sagten ihnen diese, dass sie bisher 
insgesamt, mit allen nötigen Umwe
gen um nicht anders zu überwindende 
Hindernisse, 7,38 Kilometer gegan
gen waren. Wäre es eine gerade Stre
cke gewesen, hätten sie sich unmittel
bar vor dem Ende des Waldes 
befunden. So aber würden sie noch 
ein kleines Stück vor sich haben. Das 
Ende des beschwerlichen und strapa
zierenden Marschs war allerdings ab
sehbar. 


Nur, ob es auch in der Zeit funkti
onierte, die sie zur Verfügung hatten 
– das war bereits mehr als nur frag
lich. 
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»Wir ruhen uns aus«, sagte Dao-
Lin-H’ay zu den Teleporterinnen, de
ren Gabe stillgelegt worden war – wo
durch auch immer. Immer wieder 
hatten sie es versucht – es ging nicht. 
Keine einzelne Psi-Fähigkeit ließ sich 
anwenden. Lediglich der Block, der 
im Kollektiv erzeugt worden war, 
hatte funktioniert. 


»Der Marsch und die fremde Um
gebung kosten uns mehr an Kraft, als 
ich gedacht hatte. Drei Minuten. Wir 
würden mehr verlieren, wenn wir 
hinterher schlappmachen würden, al
so auf unserem Rückweg.« 


»Ich bin fürs Weitergehen«, be
harrte Git-Ka-N’ida. »Die Zeit läuft 
uns davon.« 


»Die Hohe Frau ist sehr viel erfah
rener als wir alle zusammen«, wider
sprach Min-Da-N’or. »Wir sollten auf 
sie hören.« 


Tan-Tel-L’ur stieß sie kumpelhaft 
mit der Rechten an. »Du hast dich in 
sie verguckt, Kleine. Du bewunderst 
sie. Werd lieber erst selbst groß und 
stark.« 


»Dann hast du irgendwann deine 
eigenen Anhänger«, frotzelte Don-
No-V’an. 


»Lasst sie doch – bitte«, bat Dao. 
»Ihr wisst alle über ihren Zustand Be
scheid, dann respektiert das doch bit
te. Min-Da ist eine sehr tapfere Frau, 
ich wäre stolz auf sie.« 


»Wenn du ihre Mutter wärst«, erriet 
Git-Ka. 


»Auch dann!«, sagte Dao und wun
derte sich über ihre eigene, heftige 
Reaktion. 


Aber sie brauchten das Lachen und 
den Spott, der nicht böse gemeint 
war. Sie brauchten alles, was sie auf 
andere Gedanken brachte und für ei
nen Moment das vergessen ließ, was 


um sie herum war und wie unendlich 
weit sie von zu Hause getrennt waren 
– wo immer das sein mochte. Es war 
genauso wichtig wie die Minuten, in 
denen der Körper sich zurückfahren 
konnte, um neue Energien zu sam
meln und aufzubauen. 


Dao-Lin-H’ay hatte sich ins dicke 
Moos zurücksinken lassen, das den 
Boden bedeckte. Es war lauwarm, der 
Boden schien zu dampfen, der Wald 
zu atmen. Die kleine Lichtung strahl
te Ruhe aus und lud zum Verweilen 
ein. 


Dao spürte, wie eine gewisse Mü
digkeit von ihr Besitz ergreifen woll
te. In ihr war der Wunsch, sich zu 
entspannen und einfach fallen zu las
sen. Die Lichtung lockte, eine Kulisse 
der Ruhe im Gleißen der Sterne an 
einem Himmel, der wie gezaubert 
schien für die Magie des Schlafs. 


»Warum sagt ihr nichts mehr?«, 
hörte sie von Don-No-V’an. »Es ist 
schön, findet ihr nicht? Warum ant
wortet ihr mir denn nicht?« 


Dao war mit einem Satz in der Hö
he, als sie meinte, über sich eine Be
wegung wahrgenommen zu haben. 
Sie schnellte sich an den Rand der 
Lichtung, ging in Deckung und starrte 
zum Himmel. 


Es waren keine gefl ügelten oder 
sonstigen Angreifer. Niemand war 
hier außer ihnen – soweit es die Lich
tung betraf. 


Aber über ihnen … 
»Git-Ka!«, zischte sie. »Don-No, 


Bel-Gin … Min-Da! Weg von der 
Lichtung, kommt hierher zu mir!« 


Die Staffelführerin sprang herbei 
wie ein Phantom, eine Kontur im 
Licht der Sterne. Die anderen folgten 
und verteilten sich am Rand der frei
en Fläche, wo sie wie Schatten in das 







46 HORST HOFFMANN 


Dickicht einsickerten und damit ver
schmolzen. 


»Da am Himmel!«, zischte ihnen 
die Unsterbliche zu. 


»Ich habe es gesehen!«, fauchte 
Git-Ka zurück. »Was ist das? Es sieht 
aus wie … ein Nebel? Eine Wolken
formation?« 


»Wolken in einem Sturm sehen so 
aus«, flüsterte Min-Da. Dao zuckte 
nicht einmal zusammen, als sie die 
Stimme so nah hörte, als spreche die 
Elfengleiche in ihr Ohr. Viel fehlte 
daran nicht, sie drückte sich fast an 
Dao. »Eine Formation am Himmel, 
fast wie … zerfasert.« 


»Sie muss dreidimensional sein«, 
hörte Dao von Arc-Tan. Unter ande
ren Umständen hätte sie wohl kaum 
Probleme gehabt, das Etwas genauer 
zu erfassen. 


»KOLTOROC?«, fragte Git-Ka. 
»Nein, das glaube ich nicht. Es ist re
al und dreidimensional. Es ist viel
leicht eine phantastische Form von 
Raumschiff. Oder sogar mehrere …?« 


»Eine Art Konglomerat«, wisperte 
Min-Da fast andächtig. »Aus … drei, 
ja drei Einzelteilen, die miteinander 
verkeilt sind.« 


»Es sieht aus wie Nadelbäume!«, 
zischte Git-Ka. »Ja, drei große, fl ie
gende Koniferen, die mit ihren Ästen 
ineinander verkeilt sind. Hat einer 
von euch so was schon mal gesehen? 
Dao?« 


»Nein«, antwortete die Unsterb
liche. »Noch nie, auch nichts Ähn
liches.« 


»Wie groß mag es sein?«, fragte 
Min-Da leise. »Vielleicht ist es eine 
Station am Himmel, die gerade über 
uns hinwegzieht. Vielleicht … beob
achtet sie uns …« 


»Dann könnte es aber doch KOL


TOROC sein«, rief Tan-Tel von ihrem 
Versteck aus. Dao sah nur ihre Augen 
funkeln. »Vielleicht selbst oder in 
einem Vehikel? Vielleicht ist es seine 
Heimstatt? Aber es … er … sucht nach 
uns, oder?« 


»Wir müssen warten, bis es wieder 
verschwunden ist!«, befahl Git-Ka. 
»Vorher können wir unmöglich wei
ter.« 


Dao konnte nicht widersprechen. 
Sie warteten in den Defl ektorfeldern 
unsichtbar, außerdem bestand der 
Block der Esper weiter. Aber das 
reichte nicht. Sie wusste es einfach. 
Wenn das dort oben am Himmel 
KOLTOROC war, sah er sie, egal 
wie. 


»Hört ihr es?«, fragte Min-Da. Ihre 
Stimme klang panisch. Unwillkürlich 
musste Dao nach ihr greifen und zog 
sie beschützend an sich. Wie zart sie 
war, wie zerbrechlich. 


»Nein, ich meinte, wir hören es 
nicht mehr. Das Wispern in der Luft 
und im Wald. KOLTOROC … Es ist 
nicht mehr da.« 


»Es wird wiederkommen, Min-Da«, 
versicherte Git-Ka. »KOLTOROC ist 
hier, er ist diese Welt. Er kann nicht 
einfach verschwinden.« 


»Ich höre etwas!«, zischte Bel-Gin. 
»Seid ganz still …« 


Dao schluckte hinunter, was sie 
eben sagen wollte, spitzte die Ohren 
und lauschte. 


Und die Gefährtin hatte recht. Da 
war etwas, und es kam näher. 


Ein Rascheln wie von vorsichtigen 
Schritten in trockenem Laub oder 
auch nur auf Moos, das gestreift wur
de. 


Irgendetwas war da und kam nä
her, aus dem Wald auf die Lichtung 
zu. 
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»Zieht euch noch weiter ins Di
ckicht zurück!«, fauchte Git-Ka. 
»Lasst euch nicht sehen und keinen 
Mucks! Es wird ernst.« 


9. 
Die String-Legaten 


Es war noch gar nicht lange her, 
dass sie ebenfalls etwas Verdächtiges 
in einem Kontaktwald bemerkt hatte 
und auf Fremde gestoßen war – ihre 
jetzigen Verbündeten. 


Ein leises, verhaltenes Schlurfen 
näherte sich. Dann hielt es inne. Und 
wieder weiter. Es kam näher und nä
her. Gleich würden sie auf der Lich
tung sein. Die Bewohner des Waldes? 
Vielleicht endlich jene, die Dao schon 
mit Atlan als geheimnisvolle Sche
men und Schatten überall tief im Ge
hölz gesehen hatte – oder vielmehr 
erahnt? Zeigten sie sich ihnen nun 
endlich? 


Es passte nicht! 
Welchen Grund hätten sie gehabt? 


Warum jetzt und nicht früher? Was 
hatte sich denn geändert? 


Ihr seid nicht allein, Dao-Lin!, 
hörte sie es zwischen dem Schlurfen 
und Rascheln der Schritte. Es war 
wie eine zweite Stimme oder eine zu
sätzliche Tonspur, allerdings aus dem 
Nichts heraus. 


Afa-Hem-F’ur. Sie lebte noch im
mer im Kontaktwald, und das bedeu
tete: in allen Kontaktwäldern! Sie 
war auf dem Segmentplaneten Qua
moto in den Wald eingegangen und 
seither irgendwie mit ihm verbunden. 
Mit dem Kontaktwald an sich, Alo
mendris, der übergreifenden origi
nalen Persönlichkeit. Ihre Präsenz 
strahlte in jeden der 126 Kernwälder 


aus, selbst bis in die dunkle Kernzone 
Hangays. 


Wer ist das, Afa-Hem?, dachte die 
Unsterbliche intensiv, ohne in ihrer 
Aufmerksamkeit nachzulassen. Sind 
es Freunde … oder Gegner? 


Hüte dich vor den String-Legaten 
KOLTOROCS!, wisperte es in den 
Blättern und Blüten vor und neben 
ihrem Gesicht. Im Moment kann ich 
nichts für euch tun, aber ich bin bei 
euch. Ihr seid nicht allein! 


Afa-Hem!, rief Dao in Gedanken. 
Wer sind diese String-Legaten? Was 
bedeutet ihr Name? 


Die ehemalige Kontaktwaldspre
cherin antwortete nicht mehr. Dao 
hatte das Gefühl, dass sie es ver
suchte, aber es war entweder schon 
zu spät, oder ihre Kräfte hatten sich 
bereits wieder erschöpft. 


Dafür antworteten die Fremden 
selbst. 


»Große Galaxis!«, hauchte Don-
No-V’an mit Entsetzen in der Stim
me. »Sie sind furchtbar!« 


Die Kartanin war nicht einmal in 
der Nähe, sodass Dao es hätte sicher 
bestimmen können, aber nur sie 
konnte es sein. Nur sie sprach in die
ser Art und Weise, und nur sie konn
te, wenn es ihr gegeben war, einen 
winzigen, kurzen Blick in die Zu
kunft werfen. 


Auch wenn dies hier überhaupt 
nicht mehr möglich sein sollte? 


Alle Gedanken, Fragen und Zwei
fel erstarrten, als die fremden Wesen 
die Lichtung betraten. 


* 


Sie standen wie hingezaubert von 
einem Moment auf den anderen im 
Funkeln der Sterne, gleichsam in de
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ren klares, kaltes Licht getaucht, das 
sie zu refl ektieren schienen. 


Irgendwie hatte sie plötzlich das 
Gefühl, das alles schon einmal erlebt 
zu haben. Sie hatte Wesen von solcher 
Art noch nie im Leben gesehen, ge
schweige von ihnen gehört. Aber sie 
kannte sie. Wusste, was geschehen 
würde – und konnte nichts dagegen 
tun. 


»Ich habe Angst, Dao-Lin«, fl üster
te es bange in ihr Ohr. Min-Da-N’or 
drängte sich Schutz suchend an sie, 
immer fester, so wie ein Kind an seine 
Mutter. 


Ich habe Angst … Das sagte nicht 
irgendein verweichlichtes Geschöpf, 
sondern eine Kämpferin, die weder 
Tod noch Teufel fürchtete. Andern
falls wäre sie niemals in die Vibra-
Staffel aufgenommen worden. 


Die drei Fremden waren groß, Dao 
schätzte ihre Körperhöhe auf gute 
vier Meter. Der erste Eindruck war 
der von aufrecht gehenden Riesenin
sekten, mit je zwei Gelenk-Einschnü
rungen an den zwei Armen und Bei
nen. Entsprechend beweglich waren 
sie. Dao hatte sie zwar nicht bewusst 
kommen sehen, aber sie drehten sich 
suchend und verrieten dabei eine un
glaubliche Leichtigkeit und Beweg
lichkeit. Anmut, Eleganz – und ge
schmeidige Kraft. 


Ihre Körper waren, bei aller An
dersartigkeit und herüberwehender 
Drohung, anmutig und graziös – de
monstrierten auf der anderen Seite 
allerdings auch wieder Zerbrechlich
keit. Ein Windhauch schien genügen 
zu können, um diese Geschöpfe zu 
brechen. 


Das Auffälligste an ihnen waren al
lerdings ihre Facettenaugen. 


Dao sah drei, je nachdem, in wel


chem Winkel sie ihr den Kopf zu
drehten, schwarz bis violett strah
lende, fingerdicke Balken, die sich 
übereinander angeordnet über die ge
samte Front des Schädels bis zu den 
»Schläfen« zogen. 


Noch nie in ihrem Leben hatte sie 
solche Augen und solche Gesichter 
gesehen, da war sie vollkommen si
cher – und doch war ihr der Anblick 
vertraut. Diese drei Fremden waren 
für sie neu und dennoch so, als habe 
es sie schon immer gegeben. 


»Was passiert mit mir? Dao-Lin, 
ich … habe Angst …!« 


Jetzt standen sie starr. 
Dao hielt den Atem an und drückte 


Min-Da-N’or fester an sich. Sie hatte 
etwas geflüstert, fast leise geschrien, 
aber es war zu weit weg. Was jetzt 
ganz allein zählte, waren sie. Die drei, 
die wegen ihnen gekommen waren. 


Diese Wesen waren nicht zufällig 
an diesem Ort. Sie hatten die Lich
tung betreten und abgesucht. Sie wa
ren Jäger. 


Die String-Legaten KOLTOROCS … 
Wo war Afa-Hem-F’ur? Warum 


stand sie ihnen nicht bei? Weshalb 
sagte sie nicht, was passieren würde? 
Oder war sie es, die ihr das eingab, 
was sie auf verrückte Art und Weise 
bereits zu kennen glaubte? 


Sie hätten auf der Stelle fl iehen 
müssen! Noch war vielleicht Zeit da
zu! 


Es war nicht so, und Dao-Lin-H’ay 
wusste es. 


Die Insektoiden standen starr. 
Nichts rührte sich jetzt mehr bei ih
nen, aber das würde jeden Moment 
kommen. Was immer nun geschehen 
würde, es hatte bereits begonnen. 


Keine Regung zeigte, dass noch Le
ben unter den in allen dunklen Far
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ben schillernden Chitinpanzern 
steckte. Die drei fragilen Gestalten 
waren Stein geworden im Licht der 
Sterne, die sie beschienen, und der 
immer noch am Himmel vorhande
nen, nebelhaften Struktur, die mit 
ihnen zu korrespondieren schien. 


Und genau in dem Augenblick, da 
Dao das Gefühl hatte, sie zum ersten 
Mal so zu sehen, wie sie waren, 
morphten sie sich. 


Die drei Gestalten zerfl ossen vor 
ihren Augen und denen ihrer Gefähr
tinnen und flossen wie rinnendes 
Quecksilber in eine neue Form, wuch
sen und streckten sich in Breite und 
Höhe, als strebe das fl üssige Silber zu 
den Sternen – bis es in etwa fünf Me
tern Höhe seine größte Ausdehnung 
erreicht hatte und sich die neue Form 
auch zu den Seiten fand und stabili
sierte. 


Dao-Lin-H’ay hörte kein Wort 
mehr, nicht von den anderen Frauen 
und nicht von Min-Da-N’or an ihrer 
Seite. Es schien sie überhaupt nicht 
mehr zu geben, sie schienen nie rich
tig da gewesen zu sein. Es gab nur 
noch … 


Sie und die Spiegel! 
Dort, wo die Insektoiden eben noch 


gestanden hatten, blickte sie auf drei 
im Sternenlicht glitzernde Spiegel 
von ovaler Form, fünf Meter hoch 
und halb so breit, und sie sah in ih
nen nicht nur das Funkeln des Him
mels. Ein anderes Bild formte sich in 
ihnen … 


Ihr eigenes! 
Dao wollte aufschreien, doch sie 


konnte es nicht. Sie wollte aus ihrem 
Versteck springen und rennen, auf 
und davon, nur fort von hier, denn 
hier war sie verloren und nicht nur 
das. Hier war alles zu Ende, für sie 


und ihr Kommando – und für das, 
weshalb sie gekommen waren. 


Sie konnte es nicht. Sie vermochte 
nicht einmal einen Finger zu heben. 
Der Schrei, der nach draußen drängte, 
blieb in ihrer Brust kleben. Sie war 
gelähmt wie durch einen Paralysator
schuss. 


Und auch ihr Blick klebte – an den 
drei Spiegeln und deshalb an ihr 
selbst. 


Sie sah sich und wusste, dass es in 
diesem Moment allen ihren Gefähr
tinnen ebenso erging. Jede von ihnen 
sah sich selbst, war gefangen in den 
insektoiden Spiegeln, und das mehr 
als wörtlich. 


Die Spiegel hatten sie eingefangen. 
Sie waren ihnen ausgeliefert und 
dem, was mit ihren Bildern geschehen 
würde. 


Nein, dachte sie – erstaunt darüber, 
dass wenigstens ihre Gedanken noch 
strömten. Wir hätten nie eine Chance 
gehabt. Wir waren so dumm! 


Und als hätte sie es beschworen, 
erstarben nun auch ihre Gedanken. 
Aber sie waren nicht fort und nicht 
ausgelöscht – sondern nur von etwas 
viel Stärkerem überlagert, das alles 
in ihr erfüllte, allen Raum, in dem 
sich ihr Geist befinden sollte, ihre 
ganze Welt und ihr gesamtes Denken 
und bewusstes Empfi nden. 


Es kam von den Spiegeln. Es war 
eine Botschaft, so deutlich und krass, 
dass sie glaubte, von ihr verbrannt 
werden zu müssen. Sie schrillte in ih
rem Kopf und in jeder Faser des eige
nen Seins. 


Deine String-Legaten erwarten 
dich mit ihren Gefangenen, Herr! 


KOLTOROC! 


* 
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Sie konnte denken, aber das war 
alles. Sie lag bewegungsunfähig auf 
der Lichtung, den drei Fremden zu 
Füßen, die sich noch nicht zurückge
morpht hatten. Immer noch standen 
sie als fünf Meter große Spiegel in der 
Mitte der freien Stelle im Wald, be
schienen und gleißend im Licht der 
Milliarden Zentrumssterne, und spie
gelten sie wider, hatten sie eingefan
gen und ließen sie nicht mehr los. 


Dao-Lin-H’ay hatte sich nicht von 
der Stelle gerührt. Sie hatte ihre De
ckung nicht verlassen, um sich nun 
auf der Lichtung wiederzufi nden – 
nicht sie hatte sich bewegt, sondern 
der Kontaktwald. 


Das Gebüsch und die jungen Stäm
me, hinter denen sie Schutz gesucht 
hatte, waren gewichen. Sie hatten 
sich von ihr zurückgezogen und sie 
freigegeben. Ebenso war es ihren Ge
fährtinnen ergangen, die nun aus
nahmslos alle auf der um das Doppel
te vergrößerten Lichtung lagen, im 
tiefen Moos und in zeitloser Starre, 
wie für die Ewigkeit präpariert. 


Aber es war nicht die Ewigkeit, die 
sie erwartete. Es war weit mehr oder 
weniger, auf jeden Fall aber die 
schlimmste Version von allen denk
baren. 


Wer oder was sie erwartete, trug 
den Namen KOLTOROC. Die String-
Legaten hatten ihn eindeutig gerufen, 
um ihm ihre Gefangenen vorzufüh
ren. KOLTOROC würde also kom
men, und sie konnten sich nicht weh
ren. Er würde da sein und sie studieren, 
sezieren, durchleuchten und alles das 
aus ihnen herauslesen, was sie waren, 
wussten, dachten und je hier vorge
habt hatten. 


Was immer dies gewesen war, es 
war vorbei und vorüber. Umsonst ge


wesen oder noch schlimmer. Sie wür
den ihm alles verraten, was er keines
falls wissen sollte. Jedes Geheimnis 
ihres Kampfs und jede Hoffnung, 
diese von Chaos und Dunkelheit be
drohte Galaxis zu retten. 


Dao-Lin-H’ay gab nicht auf. Sie 
war erfahren genug, um zu wissen, 
dass sich die Tür zur Rettung oft auch 
dann noch öffnete, wenn es keine 
Chance mehr zu geben schien. 


Afa-Hem, konzentrierte sie sich 
verzweifelt. Bist du noch da? Hörst 
du mich? Antworte mir! Der Wald hat 
uns frei gegeben und ausgeliefert! Ist 
er auf KOLTOROCS Seite? 


Sie wusste nicht, ob es Sinn hatte, 
die Antwort zu bekommen. Egal ob so 
oder so – KOLTOROC würde kommen 
und alles ersticken. Sie aussaugen. 
Alles wissen – alles! 


Nichts geschah! 
Die drei String-Legaten warteten 


auf ihren Herrn. Dao-Lin konnte ih
ren Kopf nicht heben, um in die Höhe 
zu schauen. Sie fragte sich, ob die 
Struktur am Himmel noch da war, 
oder schon … viel tiefer, fast bei ih
nen. 


Sie glaubte, ihre Nähe zu spüren – 
KOLTOROCS Nähe. Sie meinte, sei
nen Atem zu fühlen, auf ihrer Haut, 
in ihrem Kopf. Ja, er war da. Alles in 
ihr sträubte sich dagegen. 


Die Lichtung lag in Ewigkeit er
starrt. Die Zeit selbst schien eingefro
ren, die drei Spiegel verzerrte, krasse 
Erwartung. Aber es war nicht so. Die 
Zeit lief weiter und mehr und mehr 
gegen sie, gnadenlos wütend, in sata
nischer Geduld. 


Afa-Hem! 
Dao fragte sich verzweifelt, wie es 


den anderen ging. Dachten und fühl
ten sie das Gleiche? Hatte vielleicht 
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eine von ihnen eine Idee, einen retten-
den Einfall, den sie nicht an sie wei
tergeben konnte? 


Was war mit Min-Da-N’or? Sie hat
te etwas gesagt oder gefl üstert. Es 
ging ihr nicht gut. Etwas … geschah 
mit ihr? 


Dao hoffte, dass es nicht das war, 
was sie jetzt dachte. Obwohl auch das 
keine Bedeutung mehr besitzen durf
te. 


Sie versuchte, ihr Denken abzu
stellen, aber immer wieder rief sie 
nach Afa-Hem-F’ur. Sie war die Ein
zige, die sie – vielleicht – noch zu er
reichen vermochte. Wenn Afa-Hem 
auf irgendeine unglaubliche Weise 
noch da war; wenn sie immer noch 
mit dem Kontaktwald verbunden 
war – dann konnte sie vielleicht auch 
mit ihm reden. Wenn ihnen der Wald 
half, war noch nicht alles verloren. 
Auch die String-Legaten konnten 
hier nur existieren, wenn er sie dul
dete. 


Sie vielleicht, aber das galt nicht 
für KOLTOROC. 


Dao hatte nicht erst jetzt versucht, 
sich seine Präsenz vorzustellen. Wie 


es wäre, wenn er sich ihr offenbarte, 
wenn er sie berührte und sie ihn 
»sah«. 


Es war anders. Schlimmer. Keine 
Phantasie des Universums hätte sich 
das vorstellen können, was sich in 
diesem Moment auf die Lichtung im 
Kontaktwald Nummer 126 und sie 
herabsenkte. 


KOLTOROC! 


10. 
KOLTOROCS Atem 


Es war da. ER war da. Er war es 
und füllte alles aus bis auf die letzte 
Ecke einer wie auch immer gearteten 
Zeit- und Räumlichkeit. 


KOLTOROC …! 
ER war da. ER erdrückte die Welt 


und das Universum. Dao-Lin-H’ays 
Augen waren weit offen, aber es gab 
kein Licht mehr, das anders gewesen 
wäre als KOLTOROC! 


Dao wusste, dass sie nicht fl iehen 
konnte und ihm ausgeliefert war. Was 
immer KOLTOROC tun würde, sie 
vermochte sich nicht dagegen zu 
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wehren. Keine von ihnen konnte 
das. 


Selbst wenn die Frauen der Vibra-
Staffel immer noch »klar« genug ge
wesen wären, um ihren Block zu er
neuern, hätten sie keine Chance 
besessen. Was da plötzlich präsent 
war, zwischen ihnen und um sie und 
allüberall, war übermächtig. 


Es gab keine Worte, um KOLTO
ROCS Gegenwart zu beschreiben. ER 
erfüllte alles und drohte ihr den Kopf 
zu sprengen. ER war in ihr. Wenn ER 
jetzt beschloss, dass sie nicht mehr 
leben sollte, konnte nichts und nie
mand es ändern. Dann war es vorbei 
– und das wäre vielleicht noch das 
gnädigere Los. 


KOLTOROC! 
Es war der Name der Welt. Es gab 


nichts anderes, musste immer so ge
wesen sein. 


KOLTOROC!, echote der Gesang 
des Waldes in ihr, hallte in alles ver
zehrender Glut zurück von den Wän
den ihres Bewusstseins. 


Er weiß alles!, kam es dennoch von 
irgendwoher. Er ist ich und ich bin er. 
Er weiß und sieht alles, was je in mir 
war, was ich jemals in meinem Leben 
getan, gesagt und gewusst habe. Jede 
Hoffnung, jede Angst! 


Du bist nicht allein … 
Doch, sie war es. Sie allein und 


KOLTOROC, anderes existierte nicht 
mehr in diesem Universum. 


Nein, du irrst dich! Du bist nicht 
allein, Dao-Lin! Wir sind da, aber 
noch hilflos. Du musst durchhalten, 
hörst du? Halte durch, du bist niemals 
allein! 


Afa-Hem? 
Mehr, Dao-Lin! 
Sie wurde verrückt. Sie hörte Stim


men. Ihr Kopf spielte ihr üble Strei


che, etwas in ihr klammerte sich im
mer noch an eine ganz und gar 
irrationale Rest-Hoffnung. Wahr
scheinlich produzierte es auch die 
Stimme, und es gab diese gar nicht. 
Nicht für sie. 


Kämpfe, Dao-Lin-H’ay! Du hast 
mir gezeigt, dass man es kann und es 
sich lohnt! Gib euch nicht auf! Auch 
KOLTOROC ist nicht allmächtig! 


Was soll ich denn tun?, schrie es in 
der Kartanin. Natürlich wollte sie 
kämpfen, wenn es irgendeinen Sinn 
hatte. 


Aber KOLTOROC …! 
Er war in ihr. Sie existierte nur 


noch in ihm und durch ihn. 
Aber … 
Es stimmte nicht! 
Wenn es so wäre, könnte sie die 


Stimme nicht hören und nicht das 
denken, was sie grade tat. Es gab sie 
noch! 


Ich denke, also bin ich! 
Und wenn sie das Echo ihrer Ge


danken wahrnahm, konnte sie auch 
kämpfen. Solange sie zu denken ver
mochte, war sie nicht tot und nicht 
hilfl os! 


Ich bin es doch!, durchfuhr es sie. 
Was auch immer ich tun will – KOL
TOROC weiß es im gleichen Mo
ment! 


Plötzlich war es, als brodele noch 
etwas anderes in ihr als nur KOLTO
ROC. Es stieg auf. Ihre Gedanken 
gossen das Benzin auf den letzten 
winzigen Funken von Widerstand, 
der in ihr nicht erloschen war. Der 
Funke quoll und brach aus, explo
dierte in ihre Welt hinein und spreng
te die Fesseln ihres geknechteten 
Geistes. Sie riss die inneren Augen 
auf und sprang mit einem gewaltigen 
Satz in sich selbst zurück, bereit zu 
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kämpfen. Wie und wogegen, das 
spielte jetzt keine Rolle – sie musste 
es nur tun! 


Sie durfte die Hoffnung nicht auf
geben – nie. Und wenn es auch noch 
so aussichtslos schien – sie war nicht 
allein! 


Vielleicht war es das, was den Um
schwung brachte. Hinterher wusste sie, 
dass dem nicht so war. In diesen Se
kunden, Minuten und Ewigkeiten aber 
war es das, woran sie sich klammern 
konnte, um nicht ganz in KOLTOROC 
zu versinken und zu ersticken. 


Tatsache war, dass die drei String-
Legaten plötzlich zu schreien began
nen, grell und schrill. Es war ein men
taler Ausbruch, voller Panik und 
Wut. 


GLOIN TRAITOR! 


* 


Der Schrei war kein Schrei, son
dern erklang auf der Ebene des Geis
tes. Er erfüllte die Lichtung, brachte 
die Luft zum Erzittern, ließ selbst die 
grausame Gegenwart der negativen 
Superintelligenz verblassen. 


GLOIN TRAITOR! 
Und immer wieder: 
GLOIN TRAITOR! GLOIN TRAI


TOR! 
Andere Schreie mischten sich hin


ein, diese jedoch auf akustischer Ebe
ne. Es waren die sechs Kartanin, die 
wie Dao-Lin-H’ay aus ihrer todes
ähnlichen Starre gerissen worden 
waren. Sie waren zurück im Leben, 
aber es hatte sie nicht freudig und 
freundlich empfangen, sondern mit 
Horror und Qualen. 


Dao sah sie, wie sie über die Lich
tung rannten, wie besessen und in 
sinnloser Panik. Sie selbst kämpfte 


noch dagegen an. Versuchte zu ver
stehen, was sich vor ihr tat. Versuchte, 
im Bild zu bleiben und nicht wieder 
in Lähmung und Starre zu versin
ken. 


Sie wusste nur eines: dass blinde 
Panik das Schlimmste war, was ihnen 
passieren konnte. Git-Ka-N’ida und 
die anderen waren außer sich. Sie be
saßen keine Kontrolle mehr über sich 
– sechs ausgebildete Kämpferinnen, 
die jedes klare Denken verloren hat
ten. 


Nein – es waren nicht sechs, son
dern nur fünf. Eine von ihnen fehlte 
– Min-Da-N’or … 


GLOIN TRAITOR! 
Die String-Legaten waren mindes


tens ebenso außer sich vor Furcht und 
Entsetzen wie die Kartanin. Dao 
spürte es. Es schlug auf sie über wie 
die Brandung eines urweltlichen Oze
ans. Etwas war geschehen, dass sie so 
außer sich geraten konnten – sie, die 
bisher die Situation so souverän kon
trolliert hatten. 


GLOIN TRAITOR! 
Wo war KOLTOROC? Dao sammel


te und konzentrierte sich. Sie emp
fand nichts mehr von dem Chaopres
sor. Die negative Superintelligenz, 
verantwortlich für alles Leid, das die 
Terminale Kolonne bisher schon über 
diese und andere Galaxien gebracht 
hatte, war fort. Definitiv. Da war 
nichts mehr. 


GLOIN TRAITOR! 
Die »Nadel des Todes« … 
Was war damit? Dao versuchte, 


klar zu denken. Die Schreie machten 
es fast unmöglich. Sie marterten ihr 
Gehirn und fanden ihr Echo in jeder 
Zelle ihres Gehirns. 


GLOIN TRAITOR! GLOIN … 
Was ist jetzt?, durchzuckte es die 
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Unsterbliche, als die Schreie er
starben, ebenso plötzlich, wie sie auf
geklungen waren. Für einen Moment 
fühlte sich Dao in ein mentales Vaku
um geworfen, doch sie kam nicht da
zu, sich darüber Gedanken zu ma
chen. 


Es ging viel zu schnell. 
Die Mitglieder der Vibra-Staffel 


verharrten mitten im Lauf und wand
ten sich wie Marionetten zu den drei 
Spiegeln um, die bereits keine solchen 
mehr waren. 


Was ist das?, dachte Dao-Lin-H’ay. 
Afa-Hem, hörst du mich? Was ge
schieht da? 


Die String-Legaten erloschen, ei
ner nach dem anderen. Es geschah 
vollkommen lautlos und undrama
tisch. Sie zerstoben wie Nebelfelder 
unter einem frischen Wind, fl ossen 
verblassend auseinander – und waren 
verschwunden. 


* 


Auf einmal herrschte Stille. 
Es gab keinen mentalen Druck 


mehr und kein Singen des Waldes. 
Keine drei Spiegel, die sie für KOL
TOROC einfingen, und keine Super
intelligenz, deren alleinige Präsenz 
die Welt erstickte. 


»Wir haben versagt, Dao-Lin«, 
sagte Git-Ka-N’ida bitter. Keine Fra
ge nach dem, was auf der Lichtung 
passiert war. Kein Wort der Erleich
terung und des Trostes. »Wir haben 
jämmerlich versagt, schon bei der 
ersten Bewährungsprobe.« 


»Min-Da!« Dao-Lin-H’ay lief auf 
die Kartanin zu, die reglos am Rand 
der Lichtung lag, ein Stück weiter als 
die Stelle, wo sie mit ihr im gemein
samen Versteck gelegen hatte. »Sie 


muss sich fortgeschleppt haben. Ich 
… habe nichts gemerkt!« 


Git-Ka-N’ida rannte mit ihr. Auch 
die anderen vier kamen und umstan
den sie wortlos, als Dao vor der Reg
losen kniete und ihren Kopf in die 
Hände nahm. 


»Ihr Puls schlägt!«, rief sie. »Gott 
sei Dank. Sie lebt!« 


»Ihr … Kind?«, fl üsterte Bel-Gin. 
»Heilige Galaxis, sie hat das alles er
tragen müssen …« 


»Macht euch bereit!«, befahl Dao, 
die keinesfalls vergessen hatte, in 
welcher Lage sie sich befanden. »Aus 
irgendeinem Grund sind die String-
Legaten verschwunden und der KOL
TOROC-Druck auch.« 


Sie sah zum Himmel hinauf. »Er 
kommt bestimmt wieder. Wie viel Zeit 
bleibt uns?« 


»Du glaubst, wir könnten es schaf
fen?« Don-Nos Stimme klang ungläu
big. »Wir haben …« 


»Es sind noch 27 Minuten«, wurde 
sie von Git-Ka unterbrochen. »Es 
könnte klappen, wenn wir ohne Hin
dernisse durchkommen. Dann müsste 
der Wald aber mithelfen. Uns Wege 
öffnen, uns leiten.« 


»Das wird er!«, sagte die Unsterb
liche. »Schnell, lauft schon vor, ihr 
kennt die Richtung! Wartet auf der 
Lichtung auf mich – bis euch noch 
maximal drei Minuten bleiben, um 
nach Vatucym zurückzugehen und 
das Gegengift zu bekommen. Sollte 
ich … sollten wir dann nicht da sein, 
geht ohne uns!« 


»Du bist verrückt!«, schnappte Git-
Ka. »Das kommt überhaupt nicht in
frage! Außerdem … vielleicht ist das 
jetzt unsere Chance, ungestört weiter 
vorzurücken. Jetzt mehr über KOL
TOROC zu erfahren. Er ist angeschla
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gen, oder? Da muss etwas geschehen 
sein, was wichtiger ist als wir. Und es 
hat mit GLOIN TRAITOR zu tun – der 
Nadel des Chaos.« 


Die Nadel des Chaos … 
Es war eine ihrer Hoffnungen, ein 


mögliches Angriffsziel. Die materiel
le Seele des in Hangay wütenden 
Chaos, die Schaltstelle und Steuer
einheit, der Punkt, von dem aus der 
Weltraum und die bisher geltenden 
Gesetze manipuliert und pervertiert 
wurden. 


Sie hatte den Gedanken ja auch 
selbst gehabt, wenn auch nur ganz 
kurz. Denn egal was sie vielleicht 
noch fanden – sie hätten defi nitiv kei
ne Chance mehr gehabt, ihr Wissen 
weiterzugeben. Und dann würde nie
mand rechtzeitig von den String-Le
gaten erfahren. 


»Nein!«, sagte Dao-Lin entschie
den. »Es hat keinen Sinn. Es wäre 
Selbstmord aus falschem Heldentum 
und würde keinem nützen, unserer 
Sache am allerwenigsten. Außerdem 
müssen wir wissen, was mit GLOIN 
TRAITOR ist – und dazu werden wir 
hier keine Gelegenheit bekommen.« 


»Aber …« 
»Schluss jetzt!«, befahl Dao-Lin-


H’ay. »Lauft zur Lichtung, der Wald 
wird euch helfen.« 


»Wie kannst du so sicher sein?«, 
fragte die Staffelführerin. »Er hat uns 
bis jetzt …« 


»Geht jetzt!« Dao verlor die Ge
duld. »Während wir debattieren, ver
rinnen weitere unersetzliche Minu
ten! Verschwindet endlich, ich komme 
nach – mit Min-Da-N’or! Und wenn 
uns der Wald jetzt nicht hilft, wird er 
uns auch nicht zurück nach Vatucym 
schicken. Glaubt an den Erfolg – wir 
sind nicht allein!« 


Git-Ka-N’ida holte Luft, als wolle 
sie etwas entgegnen. Dann nickte sie 
widerstrebend und winkte ihren Ge
fährtinnen. 


* 


Es dauerte unendlich kostbare zwei 
Minuten, bis die junge Kartanin lang
sam die Augen aufschlug. Für einen 
Moment wirkte sie orientierungslos, 
dann flackerte jähes Begreifen in ih
ren Augen. 


»Ist es vorbei, Dao? Sind wir … frei? 
Sicher?« 


»Das werden wir erst sein, wenn 
wir zurück auf Vatucym sind, Min-
Da. Kannst du aufstehen? Wir haben 
nicht mehr viel Zeit. Die anderen sind 
schon vorausgelaufen.« 


»Ich … Mir geht es …« Die Jüngere 
schrie auf und krümmte sich, als Dao 
ihr auf die Beine half. »Oh nein …« 


»Dein Kind«, erriet die Unsterb
liche. »Es ist …« 


»Ich habe kein Kind mehr, Dao-
Lin«, sagte Min-Da. »Ich habe nie 
eins gehabt.« 


»Was soll das?« Dao schüttelte un
gläubig den Kopf. Die Zeit! »Min-Da, 
wir wissen beide, dass du …« 
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»Ich habe nie ein Kind getragen!«, 
fauchte die Teleporterin sie an. 
»Reicht das? Hör endlich auf zu fra
gen! Ich denke, wir müssen uns beei
len?« 


Dao-Lin-H’ay sah sie an – ein
dringlich, fragend, nach Verstehen 
suchend. Sie fand nichts außer der 
schroffen Kruste, mit der sich die an
dere umgeben hatte. 


»Warum quälst du mich so?«, fragte 
Min-Da. »Bitte … lass uns gehen …« 


Sie liefen los. 
Von der zentralen Lichtung bis 


hierher hatten sie eine Stunde ge
braucht. Für den Rückweg blieben 
maximal zwanzig Minuten. Es war 
fast unmöglich. 


Aber der Kontaktwald half. Vor ih
nen wich das Grün und Braun ausein
ander wie die Wasser eines Meeres, 
das sich für sie teilte. Dao nahm es 
einfach an. Sie glaubte zu wissen, wer 
ihnen half, auch wenn sie sich noch 
nicht wieder gemeldet hatte. Aber sie 
waren nicht allein! 


Ein Terraner hätte es mit Sicher
heit nicht geschafft. Die beiden Kar
tanin flogen geradezu dahin, husch
ten unter Geäst hinweg, das sich 
nicht rechtzeitig vor ihnen zurück
zog, sprangen in weiten Sätzen, 
kraftvoll und voller Eleganz, über 
Hecken und Büsche hinweg und nah
men auch die eine oder andere »Ab
kürzung«. Der Kontaktwald wies 
ihnen den Weg, doch manchmal war 
er zu langsam, und sie folgten in ra
sendem Lauf ihrem Orientierungs
sinn. 


Die zentrale Lichtung zog sie an 
wie ein Magnet. Dao wusste immer, 
wo die anderen waren. Ob dies in ei
ner Umgebung möglich war, wo es 
keine psionische Orientierung geben 


durfte, spielte im Augenblick keine 
Rolle. 


Beeilt euch! 
Sie hatte es gewusst. Afa-Hem-F’ur 


kämpfte mit ihnen. Sie war da und 
machte all ihren »Einfluss« auf den 
Wald geltend, um ihnen die Flucht zu 
ermöglichen. 


Allerdings konnte auch sie nicht 
verhindern, dass Min-Da-N’or kurz 
vor dem Ziel mehr und mehr zurück
blieb. Immer häufiger musste sie ste
hen bleiben und Luft holen. Sie zit
terte, es ging rapide bergab mit ihr 
und ihren Kräften. 


»Komm!«, sagte Dao, als sie ihr 
zum wiederholten Mal aufhalf. »Es 
ist jetzt wirklich nicht mehr weit. Wir 
schaffen es.« 


»Nein, Dao-Lin!« Die junge Frau 
wich vor ihr zurück und wehrte sie 
ab. »Geh du allein. Lauf weiter! Es 
sind nur noch … sieben Minuten, bis 
die drei Stunden um sind. Vier Minu
ten, bis die anderen gehen! Das … ist 
unmöglich! Ich bin nicht wichtig – 
geh du. Du musst zurückkehren und 
berichten!« 


»Nicht ohne dich!«, sagte die Un
sterbliche entschieden. »Hör endlich 
auf zu jammern, wir werden beide 
den Himmel von Vatucym wiederse
hen und …« 


»Was glaubst du denn, wer du bist, 
Dao-Lin-H’ay!«, fauchte Min-Da sie 
an und begann, nach ihren ausge
streckten Armen zu schlagen. »Du 
bist nicht meine Mutter und hast mir 
auch nichts zu sagen, nur weil du eine 
Legende bist! Ich bin eine freie Kar
tanin und werde …« 


Dao-Lin-H’ay streckte sie mit 
einem einzigen Hieb nieder, lud sie 
sich über die Schulter und lief mit ihr 
weiter. 
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Am Ende zweifelte sie selbst. Min-
Da-N’or wurde mit jedem Schritt 
schwerer. Immer häufiger blieb Dao 
stehen und brach in die Knie. 


Lauf weiter! Du schaffst es noch! 
Die anderen warten auf dich … 
euch! 


»Ich hätte sie nicht …« 
Du hast alles richtig gemacht! Noch 


eine Minute. Renn! Spring! 
Sie tat es. Sie gab noch einmal al


les, mehr, als der trainierteste Körper 
unter normalen Umständen leisten 
konnte. Aber die Umstände waren 
nicht »normal«. Sie flog mit der ande
ren über der Schulter dahin, brach 
ein, fiel und kam wieder hoch. Eine 
halbe Minute, eine viertel … 


Als Dao-Lin-H’ay in dem Moment, 
als sie die Lichtung erreicht hatte, 
endgültig zusammenbrach, waren 
Git-Ka-N’ida und Bel-Gin-D’es da 
und fingen sie auf. Arc-Tan-K’os 
übernahm die Bewusstlose. 


»Sag dem Wald, dass wir bereit 
sind!«, forderte Git-Ka. »Schnell, es 
ist fast schon zu spät!« 


Sie tat es. Mit allerletzter Kraft 
dachte sie den Befehl an den Kon
taktwald, sie zurückzuversetzen nach 
Vatucym, von wo sie zu ihm gekom
men waren. 


Afa-Hem?, dachte sie so intensiv, 
wie sie nur konnte, als sich nichts tat. 
Hörst du mich? Wieso passiert nichts? 


Sie erhielt keine Antwort mehr von 
der ehemaligen Sprecherin. 


Dafür fühlte sie sich von einem fer
nen Punkt angezogen, registrierte ei
ne Gegenstation, einen Gegenpol, der 
auf sie ansprach … 


… und sah die Umgebung um sich 
herum erlöschen, die letzten Bilder 
von Kontaktwald 126 und des glei
ßenden Sternenhimmels, sah im Geis


te die restlichen Sekunden ihrer Frist 
herunterzählen – in dem fast sicheren 
Wissen, dass es am Ende doch zu spät 
war. 


11. 


Sie schafften es. Sie fanden sich, 
nach einem zeitlosen Augenblick des 
Nichtseins, auf der Lichtung wieder, 
auf der ihr Abenteuer begonnen hatte 
– vor genau zwei Stunden und 59 Mi
nuten. 


Sie waren in allerletzter Sekunde 
zurückgekommen. 


Dao lag im hohen Moos der Zentra
len Lichtung des Kontaktwalds von 
Vatucym und sah, wie ihre Begleite
rinnen ihr Gegengift nahmen. Es 
wirkte unverzüglich und neutrali
sierte innerhalb von Sekunden das 
Gift in ihren Körpern. 


Git-Ka-N’ida, Bel-Gin-D’es, Tan-
Tel-L’ur, Don-No-V’an, Arc-Tan-K’os 
– ja selbst die junge Min-Da-N’or wa
ren bereits mit dem Mittel versorgt 
und gerettet. 


Gar-Tan-L’ay hingegen starrte Dao 
mit schreckgeweiteten Augen an. 


»Warum habt ihr so lange gewartet? 
Ich kann dir nicht in ein paar Sekun
den die Kapsel herausoperieren!« 


»Versuch es!«, herrschte Git-Ka sie 
an. »Fang endlich an, sonst ist sie in 
fünf Sekunden tot!« 


»Bist du wahnsinnig?«, fauchte die 
Kartanin zurück. »Sterben wird sie 
sowieso – aber nicht von meiner 
Hand!« 


»Na schön.« Git-Ka-N’ida riss ih
ren Strahler von der Hüfte und 
schoss. 


Dao-Lin-H’ay konnte nicht einmal 
mehr aufschreien, als sich der münz
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dick gebündelte Schuss in ihren 
Brustkorb fraß. 


* 


Beth Astromo empfing die Frauen 
mit eisiger Miene. Er gab sich keine 
Mühe, seine Abneigung zu verbergen, 
und Git-Ka-N’ida sah ebenfalls kei
nen Grund dazu. 


Sie waren komplett gekommen und 
vor dem Kommandeur angetreten – 
die Heldinnen, die KOLTOROC über
lebt hatten. Alle außer Dao-Lin-
H’ay. 


»Ich bedaure es, mehr. kann ich 
dazu nicht sagen«, zwang sich der 
Hauri. »Aber Dao-Lin-H’ay hat das 
Risiko gekannt und auf. eigene 
Faust gehandelt – gegen. meinen 
Willen.« 


»Schade, dass du nicht mehr zu sa
gen hast«, befand die Staffelführerin 
reserviert. »Dao-Lin-H’ay hat ihr un
sterbliches Leben für unseren Kampf 
geopfert. In einem Augenblick, in 
dem jede von uns anderen blind war 
vor Panik und Entsetzen, als wir nur 
daran denken konnten, unsere Infor
mationen nach Hause zu bringen, hat 
sie uns bewiesen, wofür wir unseren 
Kampf führen: für das, was denkende 
und fühlende Wesen ausmacht. Lie
be.« 


»Es mag. besser so sein. Ihre Ge
danken waren. merkwürdig«, spottete 
Beth Astromo. Der Hauri zog seine 
Uniformkombination straff. »Euer 
Bericht liegt mir vor, ich habe ihn stu
diert und. werde ihn an die zuständi
gen. Stellen im Sternenrat weiterlei
ten. Die Terraner auf. dem großen 
Schiff haben ihn. ebenfalls bekom
men und werden, sehr zu meinem Be
dauern, hoffentlich bald abfl iegen. 


Gibt es. noch etwas, das. ihr mir zu 
sagen hättet, bevor ihr euch wieder. 
eurer eigentlichen Ausbildung wid
met?« 


»Dein Hochmut wird dir noch ver
gehen, Beth Astromo«, zischte Git-
Ka-N’ida. 


»Hoch. mut? Unsinn! Ich bin. Rea
list.« Der Kommandeur winkte sie 
fort. »Ihr hingegen seid ...« 


»Wir sind erschienen, um dir un
seren Bericht abzuliefern. Höre: Kon
taktwald Nummer 126 wird von 
KOLTOROC oder seinen Dienern, 
den String-Legaten, tatsächlich per
manent überwacht. Eine Möglichkeit, 
dort unbemerkt einzudringen, exis
tiert nicht einmal dann, wenn para
normale Abschirmung existiert. In 
dieser Hinsicht war unsere Mission 
ein Fehlschlag und eine Enttäu
schung.« 


»Ihr habt unsere. Sicherheit ge
fährdet«, sagte Beth Astromo und ließ 
keinen Zweifel daran, dass in diesem 
Satz das Wort absichtlich nur aus 
Höfl ichkeit fehlte. 


Git-Ka-N‘ida ließ sich nicht beir
ren. »Wir brauchen Informationen 
über die Lage rund um GLOIN TRAI
TOR. Irgendetwas ist dort geschehen, 
was KOLTOROC oder zumindest sei
ne Diener in höchsten Aufruhr ver
setzt hat.« 


»Interessant. Wirklich. Und ich 
nehme. an, dass ihr. es sein wollt, die 
zu. GLOIN TRAITOR fl iegen? Um 
euch. anzuschließen?« Der Hauri 
machte sich keine Mühe, sein Miss
trauen zu verbergen.. 


»Du hast recht«, sagte die Staffel
führerin kalt. »So, wie die Dinge sich 
für uns darstellen, müssen wir so 
schnell wie möglich zum Kernwall 
Hangay vorstoßen, um herauszufi n
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den, ob dort neue Ereignisse zu ver
melden sind. Wir brauchen Klarheit 
für unseren gemeinsamen Kampf mit 
den Bewohnern der Milchstraße.« 


»Das. dürft ihr nicht. machen«, 
sagte Beth Astromo. »Ihr untersteht. 
meinem. Befehl. Ihr dürft euch nicht 
dem. Feind anschließen.« 


»Das haben wir auch nicht vor, 
Kommandeur. Aber wir werden die 
Terraner begleiten. Das sind wir Dao-
Lin-H’ay schuldig. Gemeinsam wer
den wir Hangay befreien.« 


»Dao-Lin ist. tot!«, sagte der Kom
mandeur. »Genau wie eure. Träu
me.« 


»Die Gerüchte über meinen Tod«, 
kam es vom Eingang des Büros, »halte 
ich gegenwärtig für übertrieben.« 


* 


Beth Astromo trainierte im Fitness
raum seines Wohnturms. 


Er ließ dabei seiner Wut freien 
Lauf. 


Natürlich wollte er die Missge
burten loswerden, aber nicht so. Sie 
würden sich mit KOLTOROC zusam
mentun – vielleicht nicht sofort, aber 
bald. Sie würden die NK Hangay ver
lassen und einer wichtigen Waffe be
rauben. 


Begleiten wollten sie das fremde 
Schiff! Es waren zwar nicht alle, aber 
beinahe die Hälfte der Vibra-Staffel 
– was für ein Verlust an Prestige für 
den Kommandeur! 


Schließlich beendete er sein Trai
ning und zog sich wieder an. 


Gerade rechtzeitig. 
»Sie kommen«, hörte er vom Kom


mandierenden Offizier seiner Elite
kampfeinheit. »Vom Kontaktwald. 
Wir werden vor ihnen da sein.« 


»Sind die Schiffe in Position?«, 
fragte Astromo harsch. 


»Die Trimarane sind gestartet und 
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bereit, Kommandeur. Sie werden feu
ern, wenn du es befi ehlst.« 


Ja, dachte er, das würden sie. 
Niemand würde Gelegenheit erhal


ten, die NK Hangay zu verraten. Der 
Sieg des Chaos würde erst viele Jahr
hunderte nach Astromos Tod stattfi n-
den. 


Er sah sie. Die Gleiter mit Dao-
Lin-H’ay, die noch der Pfl ege bedurf
te, und den Staffel-Mitgliedern ka
men in seine Sichtweite und schickten 
sich an, bei der SZ-1 zu landen. 


Aber da waren schon er und seine 
Elitesoldaten. 


* 


Eine Stunde zuvor 
im Kontaktwald 


»Was versprichst du dir davon, 
Dao-Lin?«, fragte Git-Ka-N’ida. 


Sie standen am Rand jener Lich
tung, auf der sie zum ersten Mal die 
Teleporterinnen gesehen hatte. »Du 
quälst sie, das weißt du.« 


Die Unsterbliche nickte ernst. »Ja, 
vielleicht, aber Min-Da-N’or weiß, 
dass wir das Experiment jederzeit 
abbrechen können. Sie tut es mir zu 
Gefallen. Ich bewundere sie und wer
de nicht böse sein, wenn sie es nicht 
mehr will.« 


»Es kann nur aus ihrem Bauch her
aus teleportiert sein«, seufzte die 
Staffelführerin, als sie die fünf Frau-
en weiter beobachteten, die im Licht 
der Sonne Vat in der Mitte der Lich
tung standen und zu schweigen schie
nen. Das täuschte jedoch, denn in 
Wirklichkeit redeten Bel-Ga-D’es, 
Arc-Tan-K’os, Don-No-V’an und 
Tan-Tel-L’ur pausenlos leise auf die 
Jüngere ein, die in ihrer Mitte stand, 


den Kopf zum Boden gesenkt und mit 
hängenden Schultern. 


»Es ist das Kind einer Teleporterin 
und eines Kartanin, der ebenfalls lan
ge dem Vibra-Psi ausgesetzt gewesen 
ist, auf einer der zentrumsnahen 
Welten. Es trägt die Gene des Vibra-
Psi in sich und wird die Kräfte der 
Mutter noch übertreffen.« 


»Und als das im Mutterleib heran
wachsende Kind die Gefahr spürte, in 
der wir uns befanden, ist es – gefl o
hen, meinst du? Einfach in Sicherheit 
teleportiert?« 


»Geflohen«, bestätigte die Esper. 
»Vor KOLTOROC, als seine Mutter 
an dessen Präsenz zu verderben 
drohte.« 


»Dann muss es irgendwo sein, Git-
Ka. Nur deshalb sind wir noch einmal 
hier. Nur darum habe ich unsere Zeit 
geopfert, auch wenn Don Kerk’radian 
mir dafür den Kopf abreißen wird.« 


»Auch das überlebst du«, erwiderte 
die Staffelführerin, aber das Lachen 
klang gezwungen. 


Dao-Lin-H’ay trug einen Medo-
Panzer um den Oberkörper, der ihre 
Wunde mit allem versorgte, was sie 
zur weiteren Heilung benötigte. Es 
war ein Wunder, dass sie überhaupt 
schon allein und ohne Hilfe gehen 
konnte, ebenso wie es ein Wunder 
sein musste, dass sie Git-Kas Schuss 
überlebt hatte. 


Die Anführerin der Vibra-Staffel 
hatte richtig gehandelt. Kein Arzt der 
Welt und kein noch so schneller und 
geschickter Roboter hätte ihr recht
zeitig die Säurekapsel aus der Brust 
operieren können, so, wie es geplant 
gewesen war. 


Git-Ka hatte das als Erste begriffen 
und wie eine wirkliche Freundin ge
handelt, rasch und verzweifelt. Sie 
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hatte alles auf eine Karte gesetzt und 
die Kapsel mit der Säure durch einen 
gezielten, gebündelten Desintegra
torschuss eliminiert. Nicht einmal ein 
Tropfen der tödlichen Säure hatte 
Daos Körper angreifen können. 


Die Chancen, dass die Aktivator
trägerin die Schussverletzung über
lebte, stellten sich auch im Nachhin
ein nicht als sehr gut dar. Ihr Tod 
wäre viel wahrscheinlicher gewesen, 
aber sie war schon immer zäh und 
hart im Nehmen gewesen, und zwei
tens konnten auch alle Spekulationen 
nichts daran ändern, dass sie auch 
diesen Kampf gewonnen hatten. 


»Sie kommt«, sagte die Teleporte
rin leise. 


Min-Da-N’or wirkte gefasst, als sie 
vor die beiden Frauen trat. Dao hass
te sich für das, was sie ihr antat, viel
leicht antun musste. Sie hätte sie 
nicht gequält, wenn sie es nicht für 
wirklich wichtig gehalten hätte. 


»Wir hatten gehofft, du würdest 
dich erinnern, wenn du in einer ähn
lichen Umgebung bist«, sagte sie so 
sanft wie möglich. »Oder dass … et
was geschehen würde – irgendet
was.« 


»Nichts, Dao-Lin.« Sie schüttelte 
traurig den Kopf. »Auch ich hatte auf 
etwas Ähnliches gehofft. Das Kind, 
das ich in meinem Leib trug, ist vor 
KOLTOROC geflohen, indem es vor 
der Zeit aus mir herausteleportierte. 
Ich hoffe, dass es sich retten konnte 
und leben kann – in der Kernzone.« 


»Es ist unmöglich, dass es mit uns 
zurückgekommen ist?«, fragte Bel-
Gin. »Vielleicht haben wir es ja nur 
nicht bemerkt. Möglicherweise kön
nen wir es gar nicht sehen.« 


»Aber wenn es vor KOLTOROC ge
flohen ist«, meinte Git-Ka-N’ida 


nachdenklich, »kann es kein Kind des 
Chaos sein …« 


»Das ist es, worum es mir geht!«, 
sagte die Unsterbliche leidenschaft
lich. »Ihr verdankt eure Gaben dem 
Vibra-Psi, sozusagen dem Atem des 
Chaos. Ihr gehört aber weiterhin zu 
uns, obwohl Beth Astromo und ande
re Ewiggestrige das nicht so sehen 
wollen. Für sie seid ihr Geschöpfe des 
Chaos und der neuen Physik in 
Hangay.« 


»Wir verdanken unsere Paragaben 
zweifellos der neuen Physik«, gab 
Git-Ka zu, »aber wir benutzen und 
lenken sie mit unserem Geist, der zur 
alten Ordnung gehört. Min-Das Kind 
aber ist …« 


»… ein Kind zweier Welten!«, sagte 
Dao. »Eine völlig neue Generation 
mit ungleich mehr chaotischem Erb
gut, als jede von euch besitzt. Ihr ver
mögt die Ströme des Chaos zu erfüh
len und Schiffe zu steuern. Eure 
Kinder werden sich vielleicht direkt 
im Chaos bewegen können! Sie sind 
die wirklichen Kinder zweier Welten, 
können hier wie da existieren.« 


»Dann sind sie dem Chaos ver
pflichtet!«, sagte Don-No-V’an. 
»Dann sind sie vielleicht unsere 
Feinde und …« 


»Unsinn!«, fuhr Git-Ka sie an. »Das 
Kind ist vor KOLTOROCS Ausstrah
lung geflohen – hast du das verges
sen?« 


»Hört auf«, fl ehte Min-Da-N’or, 
»bitte! Was immer es ist, es ist ein Teil 
von mir und wird es immer blei
ben …« 


Dao-Lin-H’ay nahm sie in den Arm 
und tröstete sie, als die Tränen aus ihr 
herausbrachen und sie sich in Krämp
fen schüttelte. 


Kinder zweier Welten, dachte sie 
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aber dabei. Eine völlig neue Schöp
fung. Auf den Planeten, die vom Cha
os geschluckt wurden, wächst eine 
neue Natur heran, durch und durch 
chaotisch und unberechenbar. Min-
Da-N’ors Kind aber … wäre etwas 
von hier gewesen und auch etwas von 
dort … 


Eine kosmische Schimäre ... 
Sie wartete noch ab, bis die junge 


Kartanin sich gefasst hatte. Dann gab 
sie das Zeichen zum Aufbruch. Nichts 
hielt sie jetzt mehr auf Vatucym. Mit 
Git-Ka-N’ida und ihren zwölf Beglei
terinnen auf der SZ-1 würden sie 
ESCHER finden … und vermutlich 
auch GLOIN TRAITOR – die Nadel 
des Chaos. 


* 


Git-Ka-N’ida war nicht nur zum 
Gefallen der Terraner und Dao-Lin-
H’ays bereit gewesen, das Ausbil
dungszentrum mit einigen ihrer bes
ten Frauen hinter sich zu lassen und 
mit ihnen zu fl iegen. 


Sie waren Feuer und Flamme für 
die Aussicht, an Bord der SZ-1 als Pi
lotinnen zu arbeiten. 


An der Seite der Galaktiker sahen 
sie weit mehr Sinn im Kampf gegen 
TRAITOR, als dies bei der NK Hangay 
momentan der Fall hätte sein kön
nen. 


Aber es blieb bei dem Wunsch. 
Als die Gleiter sich dem Raumha


fen annäherten, sahen sie bereits die 
Kampffahrzeuge der Kansahariyya. 
Beth Astromo! 


Er stellte ein Ultimatum für den 
Abflug der SOL-Zelle-1. Und zwar 
ohne die dreizehn Kartanin aus der 
Vibra-Staffel. 


Sollten Git-Ka-N’ida und ihre Ge


fährtinnen dennoch versuchen, sich 
etwa durch Teleportation an Bord zu 
begeben, würden die Waffen spre
chen. 


Nötigenfalls, so drohte der Kom
mandeur, würde er die restlichen … 
paranormal Begabten erschießen las
sen, alle zehn Minuten eine. Er recht
fertigte das durch eine Verschwörung 
der Staffel gegen die Neue Kansaha
riyya. 


»Er würde damit durchkommen«, 
sagte die Unsterbliche, als sie sich 
von den dreizehn Kartanin trennte. 
»Geht zurück, wohin ihr gehört. Es 
wäre gut gewesen, euch an Bord zu 
haben, aber der Hauri blufft nicht. Er 
wird euch niemals gehen lassen, wenn 
er es nicht selbst befi ehlt.« 


Den Frauen blieb nichts anderes 
übrig. Sie bissen die Zähne zusam
men, verabschiedeten sich persönlich 
und mit Händedruck von Dao und 
wünschten ihr und sich selbst, dass 
sie GLOIN TRAITOR fanden und den 
Kernwall Hangay endlich ausschal
ten konnten. 


Zuletzt nahm Dao von Min-Da-
N’or Abschied. Sie sahen einander 
lange an, dann sagte die Jüngere: »Ich 
werde oft an dich denken, Dao-Lin. 
Was du für mich warst und für mich 
getan hast. Und vielleicht …« 


»Ja?«, fragte die Unsterbliche. 
»Was, Min-Da? Du redest von deinem 
Kind. Hattest du schon einen Na
men?« 


»Tran-To-K’or!« anwortete Min-Da 
wie aus der Pistole geschossen. »Das 
hätte bedeutet – unerschrockener Ver
steher. Ich würde jetzt allerdings ei
nen anderen Namen nehmen.« 


»Und? Verrätst du mir auch den?« 
»Fah-Ban-S’oto – das heißt … Kind 


zweier Welten ...« 
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Dao packte sie noch einmal und 
drückte sie ganz fest an sich. 


»Dein Kind lebt, Min-Da, ich weiß 
es genau. Ich spüre es. Es wird seine 
Mutter suchen und fi nden. Glaub 
daran, dann ist es schon halb
wahr.« 


»Du musst jetzt gehen«, fl üsterte 
Min-Da. »Dein Freund wird schon 
ungeduldig.« 


»Mein Freund?« Dao drehte sich um 
und sah Don Kerk’radian vor dem 
Schiff stehen. 


Es gab Arbeit. 
 


ENDE 


Wie Dao-Lin-H’ay erfahren musste, sind die Auswirkungen des Vibra-Psi auf 
Hangay nicht zu unterschätzen. Genauso wenig wie KOLTOROC, der für den 
Negasphären-Feldzug Hangay verantwortliche Chaopressor der Terminalen 
Kolonne. 


Mit Band 2485 bleiben wir in Hangay, wechseln aber die Handlungsträger: Im 
Zentrum des Romans stehen Perry Rhodan und sein Sohn Kantiran, die end
lich den Wall um Hangay durchbrechen wollen. Mehr dazu im Roman der 
kommenden Woche, der von Arndt Ellmer geschrieben wurde und unter fol
gendem Titel in den Zeitschriftenhandel kommt: 
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TRAFITRON (I)



Der Begriff Trafi tron ist keineswegs neu – erstmals 
begegnete er uns im Zusammenhang mit den als 
Lichtzelle umschriebenen Schiffen der Ritter der Tiefe: 
»... du wirst in absehbarer Zeit die ZYFFO verlassen 
und an Bord einer raumschiffsähnlichen Konstrukti
on aus fünfdimensional orientierter Formenergie ge
hen. Dieser Flugkörper trägt den Namen PYE und 
wurde bereits von deinem Vorgänger benutzt ...« (...) 
»Nun gut«, meinte Zorg unzufrieden. »Berichte mir 
alles, was du über die PYE weißt.« – »Sie bezieht ihre 
Energien mithilfe eines Hyperraumanzapfers«, er
klärte Donnermann. »An Bord werden die ankom
menden Kräfte mithilfe eines Trafi tron-Wandlers nutz
bar gemacht. Du allein entscheidest, welche Größe 
und Form die PYE jeweils haben wird. Das richtet sich 
allein nach der Art des Einsatzes.« (PR 885) 
Canjot war mit der LEGUE, einer raumschiffsähnlichen 
Konstruktion aus fünfdimensional orientierter Form
energie, auf einem Trümmerbrocken gelandet und 
wartete auf das Eintreffen des Ritters. Die LEGUE be
zog ihre Energien mithilfe eines Hyperraumzapfers, 
der die an Bord ankommenden Kräfte mithilfe eines 
Trafitron-Wandlers nutzbar machte. Auf diese Weise 
konnte Canjot bis zu einem gewissen Umfang darü
ber entscheiden, welche Größe und Form die LEGUE 
bei den jeweiligen Einsätzen haben sollte. (PR 952) 
Im Fall der JULES VERNE haben die Metaläufer nun 
insgesamt 144 »sonderbare Kugeln« installiert – je 
48 in den Kugelzellen und im Mittelteil. Perfekt ge
formte, halb transparente Gebilde von jeweils exakt 
8,56 Metern Durchmesser, die allesamt schwerelos in 
unregelmäßiger Verteilung in diversen Hallen schwe
ben und deren graue Oberfläche an »gebürstetes 
Aluminium« erinnert, obwohl es sich bei dem Material 
vermutlich um stabile Materieprojektionen handelt. 
Die von den Hyperzapfern gelieferte UHF- und SHF-
Energie wird in diesen Trafi tron-Wandlern als Psi-Ma
terie gespeichert und kann auf zweifache Weise ge
nutzt werden – mit Werten, die unter den Bedingungen 
der erhöhten Hyperimpedanz für terranische Aggre
gate unerreichbar sind: 
Erstens: beim Trafitron-Sublicht-Antrieb (kurz: TS-An
trieb, auch: TS-Beschleunigung), der als Standard-Be
schleunigung 1230 Kilometer pro Sekundenquadrat 
ermöglicht, dessen Maximalwert aber (noch) unbe
kannt ist. 
Zweitens: beim Trafitron-Überlicht-Antrieb – umschrie
ben als Trafi tron-Modus –, für den eine Mindestein


trittsgeschwindigkeit von nur 25 Prozent der Lichtge
schwindigkeit oder rund 75.000 Kilometern pro 
Sekunde ausreicht. Die Versuche mit »gelöster« 
Handbremse (wenngleich keineswegs mit Maxi
mum!) ergaben bereits einen erreichbaren Überlicht
faktor von 250 Millionen – gleichbedeutend mit einer 
Geschwindigkeit von 7,92 Lichtjahren pro Sekunde 
oder 28.518,5 Lichtjahren pro Stunde. Wie viel »Luft 
nach oben« bis zum tatsächlichen Maximum offen 
ist, wird sich erst noch herausstellen müssen. 
Vorläufig haben Wissenschaftler und Ingenieure oh
nehin genügend damit zu tun, hinter die Geheimnisse 
des Antriebsprinzips zu kommen. Ein erster Erklä
rungsansatz für die TS-Beschleunigung geht davon 
aus, dass die Basis eine unsichtbare »hyperphysika
lische Sphäre« von passiver Natur ist, »in deren Hül
le« auf Hyperraumniveau der »Antriebsfokus« proji
ziert wird, welcher die Sphäre punktuell aufreißt. Im 
zweiten Schritt emittiert sie durch das »Loch« ihren 
hyperenergetischen Inhalt – verbunden mit einem 
»hyperphysikalischen Rückstoßeffekt«, der die 
JULES VERNE beschleunigt (genau wie ein sich lee
render Luftballon). Um diesen Schub über längere 
Zeit aufrechtzuerhalten, ist es notwendig, dass die 
Sphäre permanent mit Hyperenergie »aufgepumpt« 
wird. 
Das Prinzip gleicht somit durchaus den Marasan-Hy
perdim-Triebwerken von Phasrike-Erigon in der AR
CHETIM-Vergangenheit. In Verbindung mit Messwerten 
können also die in NEMO gespeicherten Informati
onen aus der Vergangenheit zum grundlegenden Ver
ständnis beitragen. Für den Betrieb reicht sogar eine 
minimale Füllung der Trafi tron-Wandler beziehungs
weise der bei Dauerzapfung aus dem Psionischen 
Netz gewonnene Anteil für nahezu »beliebig häufi ge« 
Beschleunigungen und Abbremsungen. Einschrän
kendes Manko ist der mit dem hohen Energiedurch
satz verbundene Verschleiß und gegebenenfalls eine 
Hyperkristall-Auslaugung – wobei davon ausgegan
gen wird, dass die Metaläufer in den Trafitron-Wand
lern die »Evolux-Äquivalente« von Howalkrit und 
Salkrit verwendet haben. 
Da es letztlich keinen »Verschleiß null« gibt, hat so
gar der Trafitron-Sublicht-Antrieb eine maximale Be
triebsdauer. Diese wird zwar so schnell nicht erreicht 
werden, aber irgendwann ist dennoch Schluss – und 
eine Reparatur mit eigenen Mitteln nicht möglich! 


Rainer Castor 
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Liebe Perry Rhodan-Freunde, 


jedes Mal, wenn ich mich mit dem aktuellen Thema in 
oder um Hangay befasse, kommt mir die 5. Aufl age 
unserer Serie in den Sinn, die derzeit mit dem Tarkan-
Zyklus an den Kiosken liegt. Darin schildern wir den 
Kampf vieler Völker Hangays gegen den Herrn 
Heptamer und seine Fürsten, aber auch die Verset
zung Hangays aus Tarkan in unser Universum. Perry 
Rhodan und seine Gefährten erfahren Wichtiges über 
Kosmonukleotide wie DORIFER und über Superintelli
genzen wie ESTARTU. Und sie machen Bekanntschaft 
mit dem Hexameron, insbesondere mit Afu-Metem, 
dem Fürsten des Feuers. In diesen Romanen haben 
wir ebenso wie im Chronofossilienzyklus die Grund
steine für die aktuelle Auseinandersetzung mit den 
Chaosmächten gelegt. 
Mehr will ich an dieser Stelle nicht verraten. Seht 
selbst, wie das ist, wenn Perry oder ATLAN plötzlich 
das Kosmonukleotid DORIFER von innen erlebt oder 
wenn sie herausfinden, was es mit den Benguel und 
Juatafu auf sich hat. 


Eines kann ich allerdings schon verraten, nämlich wie 
man zum wichtigsten Con des Jahres kommt: 
Vom 17. bis 19. Juli 2009 findet im Bürgerhaus in Gar
ching bei München der GarchingCon 8 statt. Er wird im 
Rahmen der 15. Garchinger Weltraumtage veranstal
tet, die vom Archiv der Astronomie- und Raumfahrt-
Philatelie e.V. ausgerichtet werden. Organisiert wird 
der GarchingCon 8 vom Perry Rhodan-Stammtisch 
»Ernst Ellert« München und dem Perry Rhodan On
line Club e.V. 
Wie auch bei den letzten GarchingCons werden wieder 
viele Autoren, Künstler und Redakteure der deutschen 
SF-Szene und natürlich viele Fans im Bürgerhaus er
wartet. Das interessante Con-Programm wird ein 
breites Spektrum zu PERRY RHODAN, ATLAN und wei
teren Serien und Einzelausgaben bieten. 
Beim GarchingCon 2009 wird der zeitgleich erschei
nende PERRY RHODAN-Jubiläumsband Nr. 2500 im 
Mittelpunkt stehen. 
Ausführliche Informationen findet ihr auf der Home
page der Veranstalter: www.garching-con.net 


Autoren Geburtstag im April 


9. April: Frank Borsch (43) 


Rückblicke 


Gerrit Schirrmeister, apostel75@web.de 
Nach fünf Jahren ist es wieder so weit. Ich lese PERRY 


RHODAN. Dass ich wieder anfing, da könnt ihr euch bei 
meinem Vater und meinem Bruder bedanken, die 
nicht müde wurden, mir von der derzeitigen Handlung 
vorzuschwärmen. 
Ich hatte damals einfach die Lust verloren und mich 
auf andere Bücher gestürzt. Tad Williams war ein wil
liges Opfer, und ich konnte den meiner Meinung nach 
besten Mittelalterroman überhaupt lesen: »Die Säulen 
der Erde« von Ken Follett. Sehr empfehlenswert. Den 
»Herr der Ringe« habe ich dreimal durchgeackert, 
trotzdem komme ich nicht von euch los. 
Spekulieren brauche ich nicht, was die derzeitige 
Handlung betrifft, da ich bei Band 2200 wieder ange
fangen habe und derzeit bei 2220 bin. 
Auf eurer Homepage musste ich dann eine schwer 
verdauliche Nachricht lesen. Ernst ist verstorben. Ich 
will keine alte oder immer noch offene Wunde aufrei
ßen, aber es ist mir ein Bedürfnis, seiner Familie und 
auch euch mein tiefst empfundenes Beileid auszu
sprechen. Lange war er dabei, und viel, sehr viel hat er 
für die Serie getan. Er wird mir fehlen, ich habe ihn 
immer sehr gern gelesen. 
Wie gesagt, ich bin wieder dabei. Band 2500 steht in 
diesem Jahr vor der Tür, und man darf gespannt sein, 
was noch kommt. 
Bald wird Perry 50, und es keimt in mir die leise Hoff
nung auf einen Weltcon zum 50. Gibt es da etwas zu 
vermelden? Ich denke, dass ich dann dorthin kom
men werde wie damals nach Mainz zum Erscheinen 
von Band 2000. 


Willkommen zurück an Bord! Ich darf ohne zu über
treiben sagen: Alle Leser, die zwischendurch ausge
stiegen und in letzter Zeit wieder zur Serie gestoßen 
sind, haben freimütig bekannt, dass die Pause ein 
Fehler war. Aber mit dem Lesen ist es wie mit vielen 
anderen Dingen. Wenn es 365 Tage im Jahr zu Mittag 
Kartoffeln mit Spinat und Spiegelei gibt, tapeziert 
man irgendwann die Wände damit. Übersättigung 
nennt sich das. 
Du bist gerade rechtzeitig zurückgekehrt. Im Juli fin
det in Garching bei München der Con zum Band 2500 
statt, siehe auch das Vorwort dieser LKS. Und für das 
Fünfzigjährige in zwei Jahren bereiten wir einen Welt
con vor. 
Grüße Vater und Bruder von mir. Sie haben gut daran 
getan, nicht lockerzulassen. 
Deine Beleidsbekundung zu Ernsts Tod haben wir an 
die Witwe und die Söhne von Ernst weitergeleitet. 
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Dominic Stingl, stingl@zedat.fu-berlin.de 
Nach einiger Zeit kommen wieder mal ein paar kurze 
Zeilen von mir. Anlass ist die Tatsache, dass ich gerade 
am Umräumen bin und mir die Hefte um »Karthagos 
Fall« in die Hände geraten sind. Dabei fiel mir auf, dass 
ich die Arkoniden-Invasion eigentlich sehr gelungen 
fand. Ein technisch und zivilisatorisch ungefähr 
gleichwertiger Gegner bedroht Terra und nimmt dieses 
schließlich durch List und Intrige ein. 
Anschließend bekommen wir eine sehr innovative Form 
des Widerstandes geschildert: den zivilen Ungehorsam. 
Die Terraner liefern sich ein Psycho-Duell mit den arko
nidischen Besatzern und planen im Untergrund. 
Alles sehr schön und vor allem ohne höhere Mächte 
im Hintergrund, ohne Magiewaffen oder Bemerkungen 
über den Körpergeruch von Arkoniden. Ein Duell auf 
Augenhöhe. 
Für mich ist das wesentlich spannender als zehnmal 
MATERIA, Inquisition der Vernunft, Mundgeruch-Kybb 
oder aktuell 5,6 Milliarden Traitanks. Auch SEELEN
QUELL hielt sich in dieser Handlungsebene angenehm 
zurück. 
Wie wäre es denn für einen der nächsten Zyklen mit 
einem in der Milchstraße auftauchenden Volk, das aus 
seiner Galaxie vor der Terminalen Kolonne fliehen 
musste und nun in der Milchstraße strandet? Natür
lich kommt es zu Konflikten mit Terranern, Arkoniden 
usw. um Ressourcen und Territorien. 
Bostich hat dann halt mal schlechte Laune, und schon 
kommt es zum Konflikt. 


Die Idee mit einem fremden Volk, das vor TRAITOR flie
hen musste, ist nicht schlecht. Allerdings gebe ich 
Folgendes zu bedenken: Wie weit ist die nächste Ne
gasphären-Baustelle entfernt? Die erhöhte Hyperim
pedanz führt ja dazu, dass Reisen über weite Entfer
nungen ziemlich lange dauern. Es wäre schon ein 
extrem zufälliger Zufall, wenn ausgerechnet dann 
solcher Besuch hier eintrifft, als auch die Terminale 
Kolonne ihre Aufwartung macht. 


Aktuelles und Paradiesisches 


Adrian Kuhnke, adrian.kuhnke@iserv-gis.de 
Hallo, Freunde! Zuallererst was zu meiner Person. Ich 
bin Schüler, deswegen habe ich nur wenig Zeit zum 
Lesen. Die freie Zeit verbringe ich aber gern mit dem 
neuesten PR. Ich verfolge die PR-Romane erst seit 
Nummer 2465, bin also noch ein ziemlicher Neuling 
im Perryversum. 
Nach dem ersten Roman, den ich gelesen habe, war 
ich total begeistert. Nun ist es an der Zeit, ein Lob in 
der Größe des Solsystems auszusprechen, denn ich 
lese auch viele andere Romane im Bereich SF. Jeder 
zweite ist meistens nicht nach meinem Geschmack, 
aber bei PR ist das nicht so, da ist (fast) jeder Roman 
sehr gelungen. 


Die Cover sind bisher immer atemberaubend, die In

nenillustration von Nummer 2465 ist wirklich super.

Bloß manchmal wirken die Illustrationen etwas zu 

dunkel.

Die Person des Pan Greystat ist mir sehr ans Herz ge

wachsen, deswegen betrauere ich seinen Tod sehr.

Die Romane 2465, 2466 und 2468 sind die besten. 

Großes Lob von mir an Hubert Haensel, Michael Mar

cus Thurner und Uwe Anton.

Gibt es von Perry Rhodan eigentlich einen Newslet

ter?



Prima, dass du zu uns gestoßen bist und dir die Ro
mane gefallen. 
Es gibt einen Newsletter bei PR, der kommt monatlich 
und nennt sich Info-Transmitter. Den kannst du unter 
www.infotransmitter.de bestellen. Schau auch auf 
der Hauptseite unserer Homepage in die Sparte News 
rein, da stehen immer die brandheißen und aktuellen 
Sachen. 


Jan Schletter, thundercat75@web.de 
Schöne Grüße aus New Zealand. Jetzt bin ich schon 
sieben Wochen auf PR-Entzug und freue mich darauf, 
das Verpasste nachzuholen. 
Der Grund, warum ich mich melde, ist mein Verdacht, 
dass das Ende der Terminalen Kolonne durch Verrat 
aus den eigenen Reihen eingeleitet wird. Da Traitor ja 
das englische Wort für Verräter ist, liege ich nicht mal 
so falsch, wie ich gerade in der Liste meiner verpass
ten Hefte sehe (»Verrat auf Crult«). 
Na ja, wie auch immer, alles Gute vom Nordlicht in der 
Ferne. Der Sternenhimmel hier im Süden ist einfach 
fantastisch. 


Du Glücklicher hast in Neuseeland Sommer, während 
wir hier schon wieder am Schneeschippen sind. 
Die Terminale Kolonne ist fast unendlich groß. Neue 
Abschnitte tauchen unerwartet aus anderen Teilen 
des Universums oder gar aus anderen Universen auf. 
Mit anderen Worten, es kann kein Ende der Terminalen 
Kolonne geben. Was das für die Lokale Gruppe bedeu
tet, bleibt abzuwarten. 
Für längere Auslandsaufenthalte empfehle ich dir, die 
aktuellen Romane als E-Book zu besorgen. Setz dich 
doch mal mit Anbietern wie www.readersplanet.de in 
Verbindung, ob sie auch Kurzabos für ein, zwei Mo
nate anbieten. 
Auch die Zeilen unseres nächsten Lesers befassen 
sich mit dem Paradies. Allerdings auf andere Art und 
Weise. 


Christian Spies, christian.spies@t-online.de 
Noch ein knappes halbes Jahr bis zum Jubiläum, aber 
bei mir will sich keine Vorfreude einstellen. Ich fürchte 
die Vertreibung aus meinem Leseparadies und glau



mailto:stingl@zedat.fu-berlin.de

mailto:thundercat75@web.de





be, vom Zyklus ab Band 2500 ähnlich gelangweilt und 
genervt zu werden wie von der ersten Hälfte des 
»Sternenozeans«. 
Ich lese PERRY RHODAN, weil dort das ganz große kos
mische Rad gedreht wird. Ich bin ein Fan der Serie 
wegen des kosmologischen Überbaus und der Gala
xien übergreifenden Handlung. Beide Vorlieben wer
den in der laufenden Handlung bestens bedient. (Das 
Fehlen dieser Elemente ist auch der Grund, warum ich 
aus PR-Action ausgestiegen bin.) 
So, wie ich die Vorschau auf den nächsten Zyklus in
terpretiere, liegt mindestens ein Schwerpunkt auf den 
Abenteuern einer ärgerlichen Gruppe von Verpissern, 
die ihre nähere kosmische Umgebung erkunden. We
der kann ich mich mit der Geisteshaltung der neuen 
Menschheit in den Fernen Stätten anfreunden, noch 
interessieren mich die Geheimnisse eines Kugelstern
haufens, wenn es auf der anderen Seite die durch 
TRAITOR verwüstete Lokale Gruppe wieder aufzubau
en gilt. 
Ich würde mich freuen, wenn in naher Zukunft eine Vor
schau auch auf die (hoffentlich vorhandenen) anderen 
Schauplätze des nächsten Zyklus eingeht und mir wie
der Hoffnung und Vorfreude auf Band 2500 macht. Gibt 
es noch Hoffnung auf gute Unterhaltung für den tech
nokratischen Gigantomanen unter den Lesern? 


Mein Rat: Lass dir durch schwarzseherische Progno
sen über die Zukunft – selbst wenn sie von dir selbst 
stammen – nicht den Genuss der letzten 25 Romane 
dieses Zyklus verderben. 
Entsprechend der aktuellen Heftnummer wird es 
noch eine Weile dauern, bis wir die Ausblicke und An
kündigungen für den neuen Zyklus publizieren. Da
zwischen liegt die Autorenkonferenz Anfang April, 
und dort haben wir ziemlich viel Arbeit vor uns. 
Dir wünschen wir viel Spaß mit den aktuellen Roma
nen und Geschick beim Daumendrücken, was die 
Handlung nach 2500 angeht. 


Michael Wicha, michael.wicha@visum-express.de 
Nehmt mir bloß Roi Danton nicht weg! Gerade wird er 
mal wieder richtig gut. 
Den Zusammenhang von Ahandaba, Stardust und den 
anderen Niederlassungen möchte ich auf alle Fälle 
noch erfahren. 
Seit 1971 und dem Paramag-Zyklus bin ich dabei. Der 
Sense of Wonder sollte im Rahmen bewahrt werden. 
Werdet nicht übermütig, manches geht mittlerweile 
zu schnell. 


Spekulationen 


Bernd Janik, 30a@berndjanik.de 
Normalerweise melde ich mich ja meist zum Zyklus
ende zu Wort. Diesmal eher, weil ich mich auch mal an 
einer Spekulation beteiligen möchte. 


Der TERRANOVA-Negasphären-Zyklus ist für mich bis
lang der Höhepunkt der PR-Serie. Zwar fehlen etwas 
die absoluten Highlights unter den einzelnen Roma
nen, dafür sind aber eine sehr hohe Anzahl guter Ro
mane dabei. 
Dieser Zyklus verlangt nach einem völlig anderen En
de als bisher. Ihr würdet mich extrem enttäuschen, 
wenn es ein Ende nach dem Motto gäbe: Retroversion 
geglückt, TRAITOR zieht frustriert ab, alles wieder in 
Butter. 
Ab 2500 soll es ja gewissermaßen einen Neustart der 
Serie geben, der laufende Zyklus sollte so beendet 
werden, als wenn die PR-Serie abgeschlossen würde. 
Hier meine, zugegeben, ziemlich radikale Version. 
Hangay: 
Atlan und Co. gelingt es mit Unterstützung von CHEOS
TAI, eine Bresche in den Grenzwall zu schlagen. Der 
Nukleus dringt bis zu KOLTOROC vor. Er ist aber nur der 
Psi-Anker für den Transfer von ARCHETIMS Leichnam. 
Die gigantische Masse von ARCHETIMS Psi-Materie 
wird zur Explosion gebracht und vernichtet neben 
KOLTOROC sowohl den Nukleus als auch ESCHER. 
Damit nicht genug. Das Schwarze Loch im Zentrum 
von Hangay kollabiert. Die gravitationalen Strukturen 
von Hangay beginnen sich aufzulösen. Die Negasphä
re wurde zwar verhindert, aber Hangay ist auch verlo
ren. Die SOL und die JULES VERNE können aufgrund 
einer rechtzeitigen Warnung des Nukleus entkom
men. 
Die SOL bleibt mit Tekener in der sterbenden Galaxis 
Hangay zurück und dient für die Zukunft bis auf Wei
teres als Fähre, um so viele Bewohner wie möglich 
nach Andromeda zu evakuieren. 
PR und Atlan kehren mit der JULES VERNE in die Milch
straße zurück. 
Milchstraße: 
Kirmizz hat das Kommando über die Streitkräfte TRAI
TORS übernommen und kennt nur ein Ziel: die Vollen
dung VULTAPHERS. Mithilfe des bereits teilweise fer
tiggestellten Chaotenders gelingt es Kirmizz, in der 
Nähe des galaktischen Zentrums ein rätselhaftes Ob
jekt zu lokalisieren – den von den Kosmokraten deak
tivierten, aber nie abgezogenen Galaxienzünder. 
Kirmizz will dieses Objekt unschädlich machen, denn 
dessen Zündung könnte die Fertigstellung VULTA
PHERS erschweren. Roi Danton gelingt es, mit der 
DARK GHOUL die Spur VULTAPHERS zu verfolgen, und 
er findet so ebenfalls das rätselhafte Objekt, das Ge
genstand des Interesses von Kirmizz ist. Er erkennt 
jedoch nicht dessen wahre Natur. 
Während Kirmizz versucht, den Galaxienzünder un
schädlich zu machen, dringt Danton in dessen Kom
mandobereich vor. Gerade als Danton erkennt, um 
was für ein Objekt es sich handelt, schlägt Kirmizz mit 
VULTAPHER zu. Dabei wird Danton getötet, nicht je
doch der Galaxienzünder zerstört. Die Schockwelle, 
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Ihr Leben ist nichts wert – der Weiße Planet entpuppt sich als Falle 


die beim Verwehen von Dantons Zellaktivator ent
steht, löst die Sperre des Zünders. 
Danton wird damit endgültig zum tragischen Helden. 
Vorprogrammierte Routinen laufen an und erkennen 
den Chaotender, leiten daraufhin den Zündvorgang 
ein. In der Art eines Hyperinmestrons werden umlie
gende Sonnen zu Antisonnen umgepolt, ein sich 
selbst in einer Kettenreaktion mit Überlichtgeschwin
digkeit fortsetzender, nicht zu stoppender Prozess. 
VULTAPHER kann sich absetzen, während aus dem 
Zentrum der Galaxis die ansteckende Welle der Son
nenexplosionen ihren Anfang nimmt. Zentrumsnahe 
Zivilisationen haben keine Chance, den Sonnensyste
men in den Spiralarmen bleibt jedoch eine Gnadenfrist 
von ein paar Jahren. Ausgewählte Planeten stellt Kir
mizz vor die Wahl: Einstellung ihres Widerstandes 
gegen die Umwandlung in Kabinette, und damit Über
leben in VULTAPHER unter seiner Herrschaft, oder der 
unaufhaltsame Untergang. 
Keine Frage, wie bei dieser Alternative die Entschei
dung ausfällt. Ironie des Schicksals: Ein Instrument 
der Kosmokraten vernichtet die Zukunft der Galakti
ker, während der Chaotender zu einer galaktischen 
Arche Noah wird. 
Kirmizz hat es damit gar nicht nötig, mit VULTAPHER 
den TERRANOVA-Schirm zu knacken. Das Solsystem 
würde trotz des TERRANOVA-Schirms das galaktische 
Inferno nicht überstehen, zumal kein weiterer Salkrit
nachschub mehr zur Verfügung steht. 
Die Mehrheit der Menschen im Solsystem will von den 
Unsterblichen um Perry Rhodan nichts mehr wissen. 
Perry, seelisch schwer gezeichnet, weil sein gesamtes 
Lebenswerk vernichtet wurde, verlässt mit der JULES 
VERNE – dem einzigen terranischen Schiff mit nahezu 


unbegrenzter Reichweite – das Solsystem und geht 
auf die Suche nach dem Stardust-System. 
Reginald Bull geht in den Untergrund und macht die 
Kabinettisierung von Erde und Mond mit. 
Atlan und Tifflor mit der terranischen Flotte, Monkey 
mit der TRAJAN sowie Bostich mit der arkonidischen 
Flotte entziehen sich dem Zugriff von Kirmizz. Mit un
zähligen galaktischen Flüchtlingen an Bord wagen sie 
den Sprung durch die Sonnentransmitter Richtung 
Andromeda, bevor die Sonnen durch die Galaxienzün
dung vergehen. 
Perspektive: Unter Atlans Führung versuchen sich die 
Galaktiker in Andromeda friedlich zu integrieren. At
lans Vision: Die Nachfahren der lemurischen Men
schenstämme verschmelzen in Andromeda im Laufe 
der Jahrhunderte zu einer neuen Menschheit in fried
licher Koexistenz. 
Und Bostich? Sein Ziel ist es, im Laufe von Jahrhun
derten die Herrschaft über Andromeda zu erlangen, 
als neuer Meister der Insel. 


Musst du immer alles im Voraus verraten? Na gut, 
vielleicht besteht ja noch Hoffnung. Denn: Wie soll 
Perry das Universum erben, wenn du es vorher ka
puttmachst? 


Letzte Meldung 


Mit Band 22 erschien der erste PR-Action-Roman aus 
der Feder von Hermann Ritter, den ihr als Betreuer der 
PR-Clubnachrichten kennt, die alle vier Wochen in den 
PR-Heften erscheinen. PERRY RHODAN-Kommunikator 
Björn Berenz führte ein Interview mit dem Autor, das 
ausgesprochen lesenswert ist. Ihr findet es auf unserer 
Homepage unter den News vom 9. Februar 2009. 
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Ewiger Gärtner 
Der etwa zwei Meter große, humanoide Orrien Alar äh
nelt einem Golem aus Lehm mit Kristallaugen und der 
Gabe, gewissermaßen mit der Natur zu verschmelzen. 
Er war der Ewige Gärtner des Doms Rogan auf dem Pla
neten Tan-Jamondi II, verließ diesen aber gemeinsam 
mit der Ahandaba-Karawane der Schutzherrin Carya 
Andaxi. 
Der »Ewige Gärtner« existiert »schon immer« und wird 
wohl tatsächlich ewig leben, da er aus seiner sterbenden 
Körperhülle jeweils wieder neu herauswächst und dabei 
das angesammelte Wissen übernimmt. 
Seine Loyalität gilt den Schildwachen und Schutzherren, 
wobei er seine Aufgabe – die Pflege der Grünanlagen des 
Domes Rogan – mit liebvoller Hingabe und Zurückhal
tung versieht. Diese wurde schwieriger, als die Kybb den 
Dom und dessen wichtigen Bestandteil Uralt Trumm
stam in der Blutnacht von Barinx vernichteten. Alar be
gab sich in den benachbarten Wald und beobachtete von 
dort aus das Geschehen über Jahrtausende, bis Perry 
Rhodan auf Tan-Jamondi II landete, um nach dem Ver
bleib des Paragonkreuzes zu forschen. 
Hexameron 
Das Hexameron war eine wichtige Organisation im Uni
versum Tarkan und arbeitete auf den Wärmetod dieses 
Universums hin, um später nach dem zwangsläufi g fol
genden neuen Urknall als erste und stärkste Macht das 
neue Tarkan zu beherrschen. Es bestand aus einem An
führer, dem Herrn Heptamer, dessen sechs Fürsten und 
einigen Hilfsvölkern, von denen die Hauri das in Hangay 
verbreitetste waren. Hangay gehörte damals zur Mäch
tigkeitsballung Aysel und lag im Einflussbereich des 
Kosmonukleotids DORIFER. 
Hinter dem Herrn Heptamer verbarg sich Ahoani Sirixim, 
der frühere Herrscher der Nachbargalaxis Shera Naar, 
der durch die Macht des Chaotarchen Xpomul über den 
ganzen Galaxienhaufen Eshraa Maghaasu (Zwanzig
stätten) herrschte. 
Von seinen Fürsten gab es jeweils drei Fürsten der Stär
ke und drei Fürsten des Glaubens: Die Fürsten der Stär
ke waren Afu-Metem (Fürst des Feuers, Herrscher 
Hangays), Nirvan-Metem (Fürst der Weltenflut, Herr
scher einer Galaxis außerhalb der Mächtigkeitsballung 
Aysel) und Singhal-Metem (Fürst des Sturmes, Herr
scher der Galaxie Evaduur in der Mächtigkeitsballung 
Aysel). Zu den Fürsten des Glaubens zählten Assu-Letel 
(Fürst der Reinheit; früherer Herrscher Hangays vor Afu-
Metem, nach dem Machtwechsel Herrscher einer Gala
xis außerhalb der Mächtigkeitsballung Aysel), Oltan-Le
tel (Fürst der Anbetung, Herrscher der Galaxis Ralpad 
Singh in der Mächtigkeitsballung Aysel) und Kashgal-
Letel (Fürst des Dogmas, Herrscher der Galaxie Verdan 
in der Mächtigkeitsballung Aysel). 


Das Hexameron ging vor 12 Millionen Jahren aus einem 
Verbund von Sieben Mächtigen in Tarkan hervor. Diese 
Mächtigen schlossen sich nach der Erkenntnis der Sinn
losigkeit ihres Tuns angesichts des für unsterbliche 
Wesen nahe bevorstehenden Kollapses von Tarkan dem 
Chaotarchen Xpomul an. In dessen Dienst taten sie alles, 
um den Wärmetod Tarkans zu forcieren, den sie in die 
Religion der Sechs Tage kleideten. Vor mehr als 50.000 
Jahren erreichte jedoch ein interuniverseller Hilferuf der 
Bewohner Hangays die Superintelligenz ESTARTU im 
Standarduniversum, woraufhin diese sich auf den Weg 
nach Tarkan machte, um den Bedrohten zu helfen. Doch 
ESTARTU unterlag im Kampf gegen das Hexameron und 
galt so lange als tot, bis Atlan und Perry Rhodan als 
Katalysatoren dann ihre Wiedergeburt herbeiführten 
(448 NGZ). 
Afu-Metem fand kurz zuvor durch Perry Rhodan den Tod, 
als er versuchte, der Tarkanflotte der Galaktiker eine 
Falle zu stellen. Assu-Letel hatte sich schon zuvor ins 
Standarduniversum begeben, um von dort aus gegen 
den Galaxientransfer von Hangay zu agieren. Nachdem 
dieser Plan misslungen und er in einem für ihn fremden 
Universum gestrandet war, schloss er zunächst ein 
Zweckbündnis mit dem Kosmokraten Taurec; er starb 
1170 NGZ auf Gropnor, dem vierten Planeten der Sonne 
Noschosch. Die restlichen vier Fürsten starben durch 
den Herrn Heptamer, und dieser fand den Tod durch Xpo
mul selbst, nachdem er vergeblich den Verlust Hangays 
auszugleichen versucht hatte. 
Paratau 
Paratau (oder poetischer: Tränen N’jalas) wurden die – 
psionisch aufgeladenen – Ausscheidungen der Noctur
nen von Fornax genannt, die im Weltraum zu kleinen 
Kügelchen kondensierten. Die Nocturnen schieden auf 
diese Weise »unverdauliche« ultrafrequente Anteile an 
Hyperstrahlung, ihrer Hauptnahrung, aus. Paratau be
stand aus halb stofflicher, farbloser, leuchtender Psi-Ma
terie und wurde von den Kartanin als Psichogon zur 
Aktivierung ihrer Psi-Fähigkeiten eingesetzt. 
Der Paratau kam ausschließlich zwischen 50.027 v. Chr. 
und 447 NGZ im Einflussbereich des Kosmonukleotids 
DORIFER vor, weil das Kosmonukleotid die Psi-Konstante 
in diesem Zeitraum erhöht hatte. Ausgelöst wurde die 
Anhebung u. a. durch den interuniversellen Transport 
der NARGA SANT; 447 NGZ nahm DORIFER diese Anhe
bung wieder zurück, nachdem Hangay aus dem Univer
sum Tarkan doch ins Standarduniversum geholt wurde. 
Die Gefahr des Parataus bestand darin, dass er unter 
bestimmten Umständen, vor allem ab einer gewissen 
Masse-Konzentration, zur spontanen Defl agration 
neigte, die ihrerseits gewaltige Psi-Stürme hervorrufen 
konnte. Lebewesen wurden dadurch in den Wahnsinn 
getrieben. 









