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Preface

This book is about a powerful tool called “regular expressions” It teaches you how
to use regular expressions to solve problems and get the most out of tools and
languages that provide them. Most documentation that mentions regular expres-
sions doesn’t even begin to hint at their power, but this book is about mastering
regular expressions.

Regular expressions are available in many types of tools (editors, word processors,
system tools, database engines, and such), but their power is most fully exposed
when available as part of a programming language. Examples include Java and
JScript, Visual Basic and VBScript, JavaScript and ECMAScript, C, C+, C#, elisp, Perl,
Python, Tcl, Ruby, PHP, sed, and awk. In fact, regular expressions are the very
heart of many programs written in some of these languages.

There’s a good reason that regular expressions are found in so many diverse lan-
guages and applications: they are extremely powerful. At a low level, a regular
expression describes a chunk of text. You might use it to verify a user’s input, or
perhaps to sift through large amounts of data. On a higher level, regular expres-
sions allow you to master your data. Control it. Put it to work for you. To master
regular expressions is to master your data.

The Need for This Book

I finished the first edition of this book in late 1996, and wrote it simply because
there was a need. Good documentation on regular expressions just wasn’t avail-
able, so most of their power went untapped. Regular-expression documentation
was available, but it centered on the “low-level view” It seemed to me that they
were analogous to showing someone the alphabet and expecting them to learn to
speak.



XViii Preface

The five and a half years between the first and second editions of this book saw
the popular rise of the Internet, and, perhaps more than just coincidentally, a con-
siderable expansion in the world of regular expressions. The regular expressions
of almost every tool and language became more powerful and expressive. Perl,
Python, Tcl, Java, and Visual Basic all got new regular-expression backends. New
languages with regular expression support, like PHP, Ruby, and C#, were devel-
oped and became popular. During all this time, the basic core of the book —how
to truly understand regular expressions and how to get the most from them —
remained as important and relevant as ever.

Yet, the first edition gradually started to show its age. It needed updating to reflect
the new languages and features, as well as the expanding role that regular expres-
sions played in the Internet world. It was published in 2002, a year that saw the
landmark releases of java.util.regex, Microsoft’s .NET Framework, and Perl 5.8.
They were all covered fully in the second edition. My one regret with the second
edition was that it didn’t give more attention to PHP. In the four years since the
second edition was published, PHP has only grown in importance, so it became
imperative to correct that deficiency.

This third edition features enhanced PHP coverage in the early chapters, plus an all
new, expansive chapter devoted entirely to PHP regular expressions and how to
wield them effectively. Also new in this edition, the Java chapter has been rewrit-
ten and expanded considerably to reflect new features of Java 1.5 and Java 1.6.

Intended Audience

This book will interest anyone who has an opportunity to use regular expressions.
If you don’t yet understand the power that regular expressions can provide, you
should benefit greatly as a whole new world is opened up to you. This book
should expand your understanding, even if you consider yourself an accomplished
regular-expression expert. After the first edition, it wasn’t uncommon for me to
receive an email that started “I thought I knew regular expressions until 1 read
Mastering Regular Expressions. Now 1 do”

Programmers working on text-related tasks, such as web programming, will find
an absolute gold mine of detail, hints, tips, and understanding that can be put to
immediate use. The detail and thoroughness is simply not found anywhere else.

Regular expressions are an idea—one that is implemented in various ways by vari-
ous utilities (many, many more than are specifically presented in this book). If you
master the general concept of regular expressions, it’s a short step to mastering a
particular implementation. This book concentrates on that idea, so most of the
knowledge presented here transcends the utilities and languages used to present
the examples.
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How to Read This Book

This book is part tutorial, part reference manual, and part story, depending on
when you use it. Readers familiar with regular expressions might feel that they can
immediately begin using this book as a detailed reference, flipping directly to the
section on their favorite utility. T would like to discourage that.

You'll get the most out of this book by reading the first six chapters as a story. I
have found that certain habits and ways of thinking help in achieving a full under-
standing, but are best absorbed over pages, not merely memorized from a list.

The story that is the first six chapters form the basis for the last four, covering
specifics of Perl, Java, .NET, and PHP. To help you get the most from each part,
I've used cross references liberally, and I've worked hard to make the index as
useful as possible. (Over 1,200 cross references are sprinkled throughout the book;
they are often presented as “e=” followed by a page number.)

Until you read the full story, this book’s use as a reference makes little sense.
Before reading the story, you might look at one of the tables, such as the chart on
page 92, and think it presents all the relevant information you need to know. But
a great deal of background information does not appear in the charts themselves,
but rather in the associated story. Once you've read the story, you'll have an
appreciation for the issues, what you can remember off the top of your head, and
what is important to check up on.

Organization

The ten chapters of this book can be logically divided into roughly three parts.
Here’s a quick overview:
The Introduction
Chapter 1 introduces the concept of regular expressions.
Chapter 2 takes a look at text processing with regular expressions.
Chapter 3 provides an overview of features and utilities, plus a bit of history.

The Details
Chapter 4 explains the details of how regular expressions work.
Chapter 5 works through examples, using the knowledge from Chapter 4.
Chapter 6 discusses efficiency in detail.

Tool-Specific Information
Chapter 7 covers Perl regular expressions in detail.
Chapter 8 looks at Sun’s java.util.regex package.
Chapter 9 looks at .NET’s language-neutral regular-expression package.
Chapter 10 looks at PHP’s preg suite of regex functions.
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The introduction elevates the absolute novice to “issue-aware” novice. Readers
with a fair amount of experience can feel free to skim the early chapters, but I par-
ticularly recommend Chapter 3 even for the grizzled expert.

Chapter 1, Introduction to Regular Expressions, is geared toward the complete
novice. I introduce the concept of regular expressions using the widely avail-
able program egrep, and offer my perspective on how to think regular expres-
sions, instilling a solid foundation for the advanced concepts presented in later
chapters. Even readers with former experience would do well to skim this first
chapter.

Chapter 2, Extended Introductory Examples, looks at real text processing in a
programming language that has regular-expression support. The additional
examples provide a basis for the detailed discussions of later chapters, and
show additional important thought processes behind crafting advanced regular
expressions. To provide a feel for how to “speak in regular expressions,” this
chapter takes a problem requiring an advanced solution and shows ways to
solve it using two unrelated regular-expression—wielding tools.

Chapter 3, Overview of Regular Expression Features and Flavors, provides an
overview of the wide range of regular expressions commonly found in tools
today. Due to their turbulent history, current commonly-used regular-expres-
sion flavors can differ greatly. This chapter also takes a look at a bit of the his-
tory and evolution of regular expressions and the programs that use them. The
end of this chapter also contains the “Guide to the Advanced Chapters” This
guide is your road map to getting the most out of the advanced material that
follows.

The Details

Once you have the basics down, it's time to investigate the how and the why. Like
the “teach a man to fish” parable, truly understanding the issues will allow you to
apply that knowledge whenever and wherever regular expressions are found.

Chapter 4, The Mechanics of Expression Processing, ratchets up the pace sev-
eral notches and begins the central core of this book. It looks at the important
inner workings of how regular expression engines really work from a practi-
cal point of view. Understanding the details of how regular expressions are
handled goes a very long way toward allowing you to master them.

Chapter 5, Practical Regex Techniques, then puts that knowledge to high-level,
practical use. Common (but complex) problems are explored in detail, all with
the aim of expanding and deepening your regular-expression experience.
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Chapter 6, Crafting an Efficient Expression, looks at the real-life efficiency
ramifications of the regular expressions available to most programming lan-
guages. This chapter puts information detailed in Chapters 4 and 5 to use for
exploiting an engine’s strengths and stepping around its weaknesses.

Tool-Specific Information

Once the lessons of Chapters 4, 5, and 6 are under your belt, there is usually little
to say about specific implementations. However, I've devoted an entire chapter to
each of four popular systems:

Chapter 7, Perl, closely examines regular expressions in Perl, arguably the
most popular regular-expression—laden programming language in use today. It
has only four operators related to regular expressions, but their myriad of
options and special situations provides an extremely rich set of programming
options — and pitfalls. The very richness that allows the programmer to move
quickly from concept to program can be a minefield for the uninitiated. This
detailed chapter clears a path.

Chapter 8, Java, looks in detail at the java.util.regex regular-expression
package, a standard part of the language since Java 1.4. The chapter’s primary
focus is on Java 1.5, but differences in both Java 1.4.2 and Java 1.6 are noted.

Chapter 9, .NET, is the documentation for the .NET regular-expression library
that Microsoft neglected to provide. Whether using VB.NET, C#, Ct JScript,
VBscript, ECMAScript, or any of the other languages that use .NET components,
this chapter provides the details you need to employ .NET regular-expressions
to the fullest.

Chapter 10, PHP, provides a short introduction to the multiple regex engines
embedded within PHP, followed by a detailed look at the regex flavor and API
of its preg regex suite, powered under the hood by the PCRE regex library.

Typograpbical Conventions

When doing (or talking about) detailed and complex text processing, being pre-
cise is important. The mere addition or subtraction of a space can make a world of
difference, so I've used the following special conventions in typesetting this book:

e A regular expression generally appears like 'this. Notice the thin corners

which flag “this is a regular expression” Literal text (such as that being
searched) generally appears like ‘this’. At times, I'll leave off the thin corners
or quotes when obviously unambiguous. Also, code snippets and screen shots
are always presented in their natural state, so the quotes and corners are not
used in such cases.
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e T use visually distinct ellipses within literal text and regular expressions. For
example [--] represents a set of square brackets with unspecified contents,
while [ . . . 1 would be a set containing three periods.

e Without special presentation, it is virtually impossible to know how many
spaces are between the letters in “a b’} so when spaces appear in regular
expressions and selected literal text, they are presented with the ‘-’ symbol.
This way, it will be clear that there are exactly four spaces in ‘a b.

e [ also use visual tab, newline, and carriage-return characters:

a space character

a tab character

a newline character

a carriage-return character

e At times, I use underlining or shade the background to highlight parts of literal
text or a regular expression. In this example the underline shows where in the
text the expression actually matches:

Because cat) matches ‘It-indicates -your-cat-is -’ instead of the
word ‘cat’, we realize. ..

In this example the underlines highlight what has just been added to an
expression under discussion:

To make this useful, we can wrap 'Subject |Date; with parentheses,
and append a colon and a space. This yields ' (Subject |Date) : -,

e This book is full of details and examples, so I've included over 1,200 cross ref-
erences to help you get the most out of it. They often appear in the text in a
“123” notation, which means “see page 123" For example, it might appear
like “. . .is described in Table 8-2 (s 367)”

Exercises

Occasionally, and particularly in the early chapters, T'll pose a question to highlight
the importance of the concept under discussion. They’re not there just to take up
space; 1 really do want you to try them before continuing. Please. So as not to
dilute their importance, I've sprinkled only a few throughout the entire book. They
also serve as checkpoints: if they take more than a few moments, it's probably
best to go over the relevant section again before continuing on.

To help entice you to actually think about these questions as you read them, I've
made checking the answers a breeze: just turn the page. Answers to questions
marked with & are always found by turning just one page. This way, they’re out
of sight while you think about the answer, but are within easy reach.
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Links, Code, Errata, and Contacts

I learned the hard way with the first edition that URLs change more quickly than a
printed book can be updated, so rather than providing an appendix of URLs, I'll
provide just one:

btip.//regex.info/

There you can find regular-expression links, all code snippets from this book, a
searchable index, and much more. In the unlikely event this book contains an
error :-), the errata will be available as well.

If you find an error in this book, or just want to drop me a note, you can contact
me at jfriedl@regex.info.

The publisher can be contacted at:

O'Reilly Media, Inc.

1005 Gravenstein Highway North

Sebastopol, CA 95472

(800) 998-9938 (in the United States or Canada)
(707) 829-0515 (international/local)

(707) 829-0104 (fax)

bookquestions@oreilly.com

For more information about books, conferences, Resource Centers, and the
O'Reilly Network, see the O'Reilly web site at:

bttp.//www.oreilly.com

Safari® Enabled

When you see a Safari®Enabled 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 sam-
ples, download chapters, and find quick answers when you need the most accu-
rate, current information. Try it for free at http.//safari.oreilly.com.
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Personal Comments and
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Writing the first edition of this book was a grueling task that took two and a half
years and the help of many people. After the toll it took on my health and sanity, I
promised that I’'d never put myself through such an experience again.

I have many people to thank in helping me break that promise. Foremost is my
wife, Fumie. If you find this book useful, thank her; without her support and
understanding, I'd have neither the strength nor sanity to undertake a task as ardu-
ous as the research, writing, and production of a book like this.

While researching and writing this book, many people helped educate me on lan-
guages or systems I didn’t know, and more still reviewed and corrected drafts as
the manuscripts developed.

In particular, I'd like to thank my brother, Stephen Friedl, for his meticulous and
detailed reviews along the way. (Besides being an excellent technical reviewer,
he’s also an accomplished writer, known for his well-researched “Tech Tips,” avail-
able at bitp.//www.unixwiz.net/)

I'd also like to thank Zak Greant, Tan Morse, Philip Hazel, Stuart Gill, William F.
Maton, and my editor, Andy Oram.
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Microsoft’s David Gutierrez, Kit George, and Ryan Byington. I thank Andrei
Zmievski of Yahoo! for providing insights into PHP.

I'd like to thank Dr. Ken Lunde of Adobe Systems, who created custom characters
and fonts for a number of the typographical aspects of this book. The Japanese
characters are from Adobe Systems’ Heisei Mincho W3 typeface, while the Korean
is from the Korean Ministry of Culture and Sports Munbwa typeface. It’s also Ken
who originally gave me the guiding principle that governs my writing: “you do the
research so your readers don’t have to”

For help in setting up the server for bitp://regex.info, I'd like to thank Jeffrey
Papen and Peak Web Hosting (http://www.PeakWebbosting.com/).



Introduction to
Regular Expressions

Here’s the scenario: you're given the job of checking the pages on a web server
for doubled words (such as “this this”), a common problem with documents sub-
ject to heavy editing. Your job is to create a solution that will:

e Accept any number of files to check, report each line of each file that has
doubled words, highlight (using standard ANSI escape sequences) each dou-
bled word, and ensure that the source filename appears with each line in the
report.

e Work across lines, even finding situations where a word at the end of one line
is repeated at the beginning of the next.

e Find doubled words despite capitalization differences, such as with ‘The
the’, as well as allow differing amounts of whitespace (spaces, tabs, new-
lines, and the like) to lie between the words.

e Find doubled words even when separated by HTML tags. HTML tags are for
marking up text on World Wide Web pages, for example, to make a word

bold: ‘it is <B>very</B> very important- .

That’s certainly a tall order! But, it’s a real problem that needs to be solved. At one
point while working on the manuscript for this book, I ran such a tool on what I'd
written so far and was surprised at the way numerous doubled words had crept in.
There are many programming languages one could use to solve the problem, but
one with regular expression support can make the job substantially easier.

Regular expressions are the key to powerful, flexible, and efficient text processing.
Regular expressions themselves, with a general pattern notation almost like a mini
programming language, allow you to describe and parse text. With additional sup-
port provided by the particular tool being used, regular expressions can add,
remove, isolate, and generally fold, spindle, and mutilate all kinds of text and data.
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It might be as simple as a text editor’s search command or as powerful as a full
text processing language. This book shows you the many ways regular expres-
sions can increase your productivity. It teaches you how to think regular expres-
sions so that you can master them, taking advantage of the full magnitude of their
power.

A full program that solves the doubled-word problem can be implemented in just
a few lines of many of today’s popular languages. With a single regular-expression
search-and-replace command, you can find and highlight doubled words in the
document. With another, you can remove all lines without doubled words (leaving
only the lines of interest left to report). Finally, with a third, you can ensure that
each line to be displayed begins with the name of the file the line came from.
We'll see examples in Perl and Java in the next chapter.

The host language (Perl, Java, VB.NET, or whatever) provides the peripheral pro-
cessing support, but the real power comes from regular expressions. In harnessing
this power for your own needs, you learn how to write regular expressions to
identify text you want, while bypassing text you don’t. You can then combine your
expressions with the language’s support constructs to actually do something with
the text (add appropriate highlighting codes, remove the text, change the text, and
SO on).

Solving Real Problems

Knowing how to wield regular expressions unleashes processing powers you
might not even know were available. Numerous times in any given day, regular
expressions help me solve problems both large and small (and quite often, ones
that are small but would be large if not for regular expressions).

Showing an example that provides the key to solving a large and important prob-
lem illustrates the benefit of regular expressions clearly, but perhaps not so obvi-
ous is the way regular expressions can be used throughout the day to solve rather
“uninteresting” problems. I use “uninteresting” in the sense that such problems are
not often the subject of bar-room war stories, but quite interesting in that until
they’re solved, you can’t get on with your real work.

As a simple example, I needed to check a lot of files (the 70 or so files comprising
the source for this book, actually) to confirm that each file contained ‘SetSize’
exactly as often (or as rarely) as it contained ‘ResetSize’. To complicate matters, I
needed to disregard capitalization (such that, for example, ‘setSIZE would be
counted just the same as ‘SetSize’). Inspecting the 32,000 lines of text by hand
certainly wasn’t practical.
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Even using the normal “find this word” search in an editor would have been ardu-
ous, especially with all the files and all the possible capitalization differences.

Regular expressions to the rescue! Typing just a single, short command, I was able
to check all files and confirm what I needed to know. Total elapsed time: perhaps
15 seconds to type the command, and another 2 seconds for the actual check of
all the data. Wow! (If you're interested to see what I actually used, peek ahead to
page 36.)

As another example, I was once helping a friend with some email problems on a
remote machine, and he wanted me to send a listing of messages in his mailbox
file. I could have loaded a copy of the whole file into a text editor and manually
removed all but the few header lines from each message, leaving a sort of table of
contents. Even if the file wasn’t as huge as it was, and even if T wasn’t connected
via a slow dial-up line, the task would have been slow and monotonous. Also, I
would have been placed in the uncomfortable position of actually seeing the text
of his personal mail.

Regular expressions to the rescue again! I gave a simple command (using the com-
mon search tool egrep described later in this chapter) to display the From: and
Subject: line from each message. To tell egrep exactly which kinds of lines I
wanted to see, I used the regular expression [* (From| Subject) :;

Once he got his list, he asked me to send a particular (5,000-linel) message. Again,
using a text editor or the mail system itself to extract just the one message would
have taken a long time. Rather, I used another tool (one called sed) and again
used regular expressions to describe exactly the text in the file I wanted. This way,
I could extract and send the desired message quickly and easily.

Saving both of us a lot of time and aggravation by using the regular expression
was not “exciting,” but surely much more exciting than wasting an hour in the text
editor. Had I not known regular expressions, I would have never considered that
there was an alternative. So, to a fair extent, this story is representative of how
regular expressions and associated tools can empower you to do things you might
have never thought you wanted to do.

Once you learn regular expressions, you’'ll realize that they’re an invaluable part of
your toolkit, and you’ll wonder how you could ever have gotten by without them.®

A full command of regular expressions is an invaluable skill. This book provides
the information needed to acquire that skill, and it is my hope that it provides the
motivation to do so, as well.

t If you have a TiVo, you already know the feeling!
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Regular Expressions as a Language

Unless you’ve had some experience with regular expressions, you won’t under-
stand the regular expression " (From|Subject): from the last example, but
there’s nothing magic about it. For that matter, there is nothing magic about magic.
The magician merely understands something simple which doesn’t appear to be
simple or natural to the untrained audience. Once you learn how to hold a card
while making your hand look empty, you only need practice before you, too, can
“do magic” Like a foreign language — once you learn it, it stops sounding like
gibberish.

The Filename Analogy

Since you have decided to use this book, you probably have at least some idea of
just what a “regular expression” is. Even if you don’t, you are almost certainly
already familiar with the basic concept.

You know that report.txt is a specific filename, but if you have had any experience
with Unix or DOS/Windows, you also know that the pattern “+.txt” can be used
to select multiple files. With filename patterns like this (called file globs or wild-
cards), a few characters have special meaning. The star means “match anything,
and a question mark means “match any one character” So, with the file glob
“x.txt” we start with a match-anything ', and end with the literal '.txt, so we
end up with a pattern that means “select the files whose names start with anything
and end with . txt”

Most systems provide a few additional special characters, but, in general, these
filename patterns are limited in expressive power. This is not much of a shortcom-
ing because the scope of the problem (to provide convenient ways to specify
groups of files) is limited, well, simply to filenames.

On the other hand, dealing with general text is a much larger problem. Prose and
poetry, program listings, reports, HTML, code tables, word lists... you name it, if a
particular need is specific enough, such as “selecting files,” you can develop some
kind of specialized scheme or tool to help you accomplish it. However, over the
years, a generalized pattern language has developed, which is powerful and
expressive for a wide variety of uses. Each program implements and uses them
differently, but in general, this powerful pattern language and the patterns them-
selves are called regular expressions.
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The Language Analogy

Full regular expressions are composed of two types of characters. The special
characters (like the » from the filename analogy) are called metacharacters, while
the rest are called literal, or normal text characters. What sets regular expressions
apart from filename patterns are the advanced expressive powers that their meta-
characters provide. Filename patterns provide limited metacharacters for limited
needs, but a regular expression “language” provides rich and expressive metachar-
acters for advanced uses.

It might help to consider regular expressions as their own language, with literal
text acting as the words and metacharacters as the grammar. The words are com-
bined with grammar according to a set of rules to create an expression that com-
municates an idea. In the email example, the expression I used to find lines
beginning with ‘From:’ or ‘Subject:’ was " (From|Subject) :. The metachar-
acters are underlined; we’ll get to their interpretation soon.

As with learning any other language, regular expressions might seem intimidating
at first. This is why it seems like magic to those with only a superficial understand-
ing, and perhaps completely unapproachable to those who have never seen it at
all. But, just as EHEBIIMEZ KT would soon become clear to a student of
Japanese, the regular expression in

s!<emphasis>([0-9]+(\.[0-9]+) {3})</emphasis>!<inet>$1</inet>!
will soon become crystal clear to you, too.

This example is from a Perl language script that my editor used to modify a
manuscript. The author had mistakenly used the typesetting tag <emphasis> to
mark Internet TP addresses (which are sets of periods and numbers that look like
209.204.146.22). The incantation uses Perl’s text-substitution command with the
regular expression

l<emphasis>([0-91+(\.[0-9]1+){3})</emphasis>

to replace such tags with the appropriate <inet> tag, while leaving other uses of
<emphasis> alone. In later chapters, you'll learn all the details of exactly how this
type of incantation is constructed, so you’ll be able to apply the techniques to
your own needs, with your own application or programming language.

t “Regular expressions are easy!” A somewhat humorous comment about this: as Chapter 3 explains,
the term regular expression originally comes from formal algebra. When people ask me what my
book is about, the answer “regular expressions” draws a blank face if they are not already familiar
with the concept. The Japanese word for regular expression, IEFIZE, means as little to the average
Japanese as its English counterpart, but my reply in Japanese usually draws a bit more than a blank
stare. You see, the “regular” part is unfortunately pronounced identically to a much more common
word, a medical term for “reproductive organs” You can only imagine what flashes through their
minds until I explain!
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The goal of this book

The chance that you will ever want to replace <emphasis> tags with <inet> tags
is small, but it is very likely that you will run into similar “replace this with that”
problems. The goal of this book is not to teach solutions to specific problems, but
rather to teach you how to think regular expressions so that you will be able to
conquer whatever problem you may face.

The Regular-Expression Frame of Mind

As we'll soon see, complete regular expressions are built up from small building-
block units. Each individual building block is quite simple, but since they can be
combined in an infinite number of ways, knowing how to combine them to
achieve a particular goal takes some experience. So, this chapter provides a quick
overview of some regular-expression concepts. It doesn’t go into much depth, but
provides a basis for the rest of this book to build on, and sets the stage for impor-
tant side issues that are best discussed before we delve too deeply into the regular
expressions themselves.

While some examples may seem silly (because some are silly), they represent the
kind of tasks that you will want to do—you just might not realize it yet. If each
point doesn’t seem to make sense, don’'t worry too much. Just let the gist of the
lessons sink in. That’s the goal of this chapter.

If You Have Some Regular-Expression Experience

If you're already familiar with regular expressions, much of this overview will not
be new, but please be sure to at least glance over it anyway. Although you may be
aware of the basic meaning of certain metacharacters, perhaps some of the ways
of thinking about and looking at regular expressions will be new.

Just as there is a difference between playing a musical piece well and making
music, there is a difference between knowing about regular expressions and really
understanding them. Some of the lessons present the same information that you
are already familiar with, but in ways that may be new and which are the first
steps to really understanding.

Searching Text Files: Egrep

Finding text is one of the simplest uses of regular expressions —many text editors
and word processors allow you to search a document using a regular-expression
pattern. Even simpler is the utility egrep. Give egrep a regular expression and some
files to search, and it attempts to match the regular expression to each line of each
file, displaying only those lines in which a match is found. egrep is freely available

[vww allitebooks.cond
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for many systems, including DOS, MacOS, Windows, Unix, and so on. See this
book’s web site, http.//regex.info, for links on how to obtain a copy of egrep for
your system.

Returning to the email example from page 3, the command I actually used to gen-
erate a makeshift table of contents from the email file is shown in Figure 1-1. egrep
interprets the first command-line argument as a regular expression, and any
remaining arguments as the file(s) to search. Note, however, that the single quotes
shown in Figure 1-1 are not part of the regular expression, but are needed by my
command shell." When using egrep, T usually wrap the regular expression with sin-
gle quotes. Exactly which characters are special, in what contexts, to whom (to the
regular-expression, or to the tool), and in what order they are interpreted are all
issues that grow in importance when you move to regular-expression use in full-
fledged programming languages—something we’ll see starting in the next chapter.

command
shell’s

pr ’jfjpf regular expression passed to egrep
|
‘J u | I ]
% egrep YA (From | Subject): ¥ mailbox-file
L |

{

first command-line argument

quotes for the shell

Figure 1-1: Invoking egrep from the command line

We'll start to analyze just what the various parts of the regex mean in a moment,
but you can probably already guess just by looking that some of the characters
have special meanings. In this case, the parentheses, the ", and the |, characters
are regular-expression metacharacters, and combine with the other characters to
generate the result I want.

On the other hand, if your regular expression doesn’t use any of the dozen or so
metacharacters that egrep understands, it effectively becomes a simple “plain text”
search. For example, searching for lcat| in a file finds and displays all lines with
the three letters c[A[X in a row. This includes, for example, any line containing

vacation.

t The command shell is the part of the system that accepts your typed commands and actually exe-
cutes the programs you request. With the shell I use, the single quotes serve to group the command
argument, telling the shell not to pay too much attention to what’s inside. If I didn’t use them, the
shell might think, for example, a ‘+’ that I intended to be part of the regular expression was really
part of a filename pattern that it should interpret. I don’t want that to happen, so I use the quotes to
“hide” the metacharacters from the shell. Windows users of COMMAND.COM or CMD.EXE should prob-
ably use double quotes instead.
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Even though the line might not have the word cat, the c[@[X sequence in
vacation is still enough to be matched. Since it's there, egrep goes ahead and dis-
plays the whole line. The key point is that regular-expression searching is not
done on a “word” basis— egrep can understand the concept of bytes and lines in a
file, but it generally has no idea of English’s (or any other language’s) words, sen-
tences, paragraphs, or other high-level concepts.

Egrep Metacharacters

Let’s start to explore some of the egrep metacharacters that supply its regular-
expression power. T'll go over them quickly with a few examples, leaving the
detailed examples and descriptions for later chapters.

Typographical Conventions Before we begin, please make sure to review the
typographical conventions explained in the preface, on page xxi. This book forges
a bit of new ground in the area of typesetting, so some of my notations may be
unfamiliar at first.

Start and End of the Line

Probably the easiest metacharacters to understand are [ (caret) and 's; (dollar),
which represent the start and end, respectively, of the line of text as it is being
checked. As we've seen, the regular expression lcat, finds ¢ [& [ anywhere on the
line, but ["cat, matches only if the ¢ [& [ is at the beginning of the line —the "/ is
used to eftectively anchor the match (of the rest of the regular expression) to the
start of the line. Similarly, lcat$, finds ¢ [& [ only at the end of the line, such as a

line ending with scat.

It’s best to get into the habit of interpreting regular expressions in a rather literal
way. For example, don’t think

I"cat) matches a line with cat at the beginning
but rather:

I~cat, matches if you have the beginning of a line, followed immediately

by ¢, followed immediately by a, followed immediately by t.

They both end up meaning the same thing, but reading it the more literal way
allows you to intrinsically understand a new expression when you see it. How
would egrep interpret “cat$, *$, or even simply '~ alone? # Turn the page to
check your interpretations.

The caret and dollar are special in that they match a position in the line rather than
any actual text characters themselves. Of course, there are various ways to actually
match real text. Besides providing literal characters like lcat; in your regular
expression, you can also use some of the items discussed in the next few sections.
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Character Classes
Matching any one of several characters

Let’s say you want to search for “grey,” but also want to find it if it were spelled
“gray” The regular-expression construct '[ -1, usually called a character class, lets
you list the characters you want to allow at that point in the match. While e
matches just an e, and 'a; matches just an a, the regular expression '[ea]; matches
either. So, then, consider 'gr [ealy: this means to find “g, followed by r, followed
by either an e or an a, all followed by y” Because I'm a really poor speller, I'm
always using regular expressions like this against a huge list of English words to
figure out proper spellings. One I use often is 'seplealr[ealte, because I can
never remember whether the word is spelled “seperate” “separate; “separete,” or
what. The one that pops up in the list is the proper spelling; regular expressions
to the rescue.

Notice how outside of a class, literal characters (like the lg; and 'r; of lgr[aely))
have an implied “and then” between them — “match 'g; and then match 'r,...” It's
completely opposite inside a character class. The contents of a class is a list of
characters that can match at that point, so the implication is “or”

As another example, maybe you want to allow capitalization of a word’s first letter,
such as with [Ss]mith. Remember that this still matches lines that contain smith
(or smith) embedded within another word, such as with blacksmith. I don’t
want to harp on this throughout the overview, but this issue does seem to be the
source of problems among some new users. I'll touch on some ways to handle this
embedded-word problem after we examine a few more metacharacters.

You can list in the class as many characters as you like. For example, [123456],
matches any of the listed digits. This particular class might be useful as part of
'<H[1234561>, which matches <H1>, <H2>, <H3>, etc. This can be useful when
searching for HTML headers.

Within a character class, the character-class metacharacter ‘-’ (dash) indicates a
range of characters: <H[1-6]1> is identical to the previous example. [[0-9] and
[a-z]) are common shorthands for classes to match digits and English lowercase
letters, respectively. Multiple ranges are fine, so '[[0123456789abcdefABCDEF]; can
be written as [0-9a-£fA-F], (or, perhaps, [[A-Fa-£0-9], since the order in which
ranges are given doesn’t matter). These last three examples can be useful when
processing hexadecimal numbers. You can freely combine ranges with literal char-
acters: I[0-9A-7Z_!.?]; matches a digit, uppercase letter, underscore, exclamation
point, period, or a question mark.

Note that a dash is a metacharacter only within a character class — otherwise it
matches the normal dash character. In fact, it is not even always a metacharacter
within a character class. If it is the first character listed in the class, it can’t possibly



10 Chapter 1: Introduction to Regular Expressions

Reading '"cats), IS, and '
& Answers to the questions on page 8.

~cat$, Literally means: matches if the line has a beginning-of-line (which, of
course, all lines have), followed immediately by ¢ [& [E, and then fol-
lowed immediately by the end of the line.

Effectively means: a line that consists of only cat — no extra words,
spaces, punctuation... just ‘cat’.
"3 Literally means: matches if the line has a beginning-of-line, followed
immediately by the end of the line.
Effectively means: an empty line (with nothing in it, not even
spaces).
Literally means: matches if the line has a beginning-of-line.

Effectively meaningless! Since every line has a beginning, every line
will match—even lines that are empty!

indicate a range, so it is not considered a metacharacter. Along the same lines, the
question mark and period at the end of the class are usually regular-expression
metacharacters, but only when not within a class (so, to be clear, the only special
characters within the class in [0-9A-7_! . ?], are the two dashes).

Consider character classes as their own mini language. The rules regard-
ing which metacharacters are supported (and what they do) are com-
pletely different inside and outside of character classes.

We’ll see more examples of this shortly.

Negated character classes

If you use I[~-]; instead of '[--], the class matches any character that isn’t listed.
For example, [ "1-6]; matches a character that’s not 1 through 6. The leading " in
the class “negates” the list, so rather than listing the characters you want to include
in the class, you list the characters you don’t want to be included.

~

You might have noticed that the ~ used here is the same as the start-of-line caret
introduced on page 8. The character is the same, but the meaning is completely
different. Just as the English word “wind” can mean different things depending on
the context (sometimes a strong breeze, sometimes what you do to a clock), so
can a metacharacter. We've already seen one example, the range-building dash. Tt
is valid only inside a character class (and at that, only when not first inside the
class). *

(but, only when it is immediately after the class’s opening bracket; otherwise, it’s

is a line anchor outside a class, but a class metacharacter inside a class
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not special inside a class). Don’t fear —these are the most complex special cases;
others we’ll see later aren’t so bad.

As another example, let’s search that list of English words for odd words that have
q followed by something other than u. Translating that into a regular expression, it
becomes lg[~u]l, I tried it on the list I have, and there certainly weren’t many. I did
find a few, including a number of words that T didn’t even know were English.

Here’s what happened. (What I typed is in bold.)

% egrep ‘qQl["ul]l’ word.list
Iraqgi

Iragian

migra

gasida

gintar

goph

zagqums$

3

Two notable words not listed are “Qantas”’ the Australian airline, and “Iraq”
Although both words are in the word.list file, neither were displayed by my egrep
command. Why? « Think about it for a bit, and then turn the page to check your
reasoning.

Remember, a negated character class means “match a character that’s not listed”
and not “don’t match what is listed” These might seem the same, but the Irag
example shows the subtle difference. A convenient way to view a negated class is
that it is simply a shorthand for a normal class that includes all possible characters
except those that are listed.

Matching Any Character with Dot

The metacharacter ., (usually called dot or point) is a shorthand for a character
class that matches any character. It can be convenient when you want to have an
“any character here” placeholder in your expression. For example, if you want to
search for a date such as 03/19/76, 03-19-76, or even 03.19.76, you could go
to the trouble to construct a regular expression that uses character classes to
explicitly allow ¢/’, ‘=, or ‘.’ between each number, such as '03[-./]119[-./]176,
However, you might also try simply using '03.19.76,

Quite a few things are going on with this example that might be unclear at first. In
03[-./119[-./176;, the dots are not metacharacters because they are within a
character class. (Remember, the list of metacharacters and their meanings are dif-
ferent inside and outside of character classes.) The dashes are also not class meta-
characters in this case because each is the first thing after [ or [~. Had they not
been first, as with [.-/], they would be the class range metacharacter, which
would be a mistake in this situation.
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Quiz Answer

¢ Answer to the question on page 11.
Why doesn’t 'q[ “ul match ‘Qantas’ or ‘Iraq’?

gantas didn’t match because the regular expression called for a lowercase q,
whereas the Q in Qantas is uppercase. Had we used 'Q["u]; instead, we
would have found it, but not the others, since they don’t have an uppercase
Q. The expression '[Qq] [ “u], would have found them all.

The Irag example is somewhat of a trick question. The regular expression
calls for q followed by a character that’s not u, which precludes matching g
at the end of the line. Lines generally have newline characters at the very
end, but a little fact I neglected to mention (sorry) is that egrep strips those
before checking with the regular expression, so after a line-ending g, there’s
no non-u to be matched.

Don't feel too bad because of the trick question.” Let me assure you that had
egrep not automatically stripped the newlines (many other tools don’t strip
them), or had Traq been followed by spaces or other words or whatnot, the
line would have matched. It is important to eventually understand the little
details of each tool, but at this point what I'd like you to come away with
from this exercise is that a character class, even negated, still requires a char-
acter to match.

With 103.19.76, the dots are metacharacters — ones that match any character
(including the dash, period, and slash that we are expecting). However, it is
important to know that each dot can match any character at all, so it can match,
say, ‘lottery numbers: 19 203319 7639’

So, 103[-./119[-./176, is more precise, but it’s more difficult to read and write.
'03.19.76 is easy to understand, but vague. Which should we use? It all depends
upon what you know about the data being searched, and just how specific you
feel you need to be. One important, recurring issue has to do with balancing your
knowledge of the text being searched against the need to always be exact when
writing an expression. For example, if you know that with your data it would be
highly unlikely for '03.19.76, to match in an unwanted place, it would certainly
be reasonable to use it. Knowing the target text well is an important part of wield-
ing regular expressions effectively.

t Once, in fourth grade, I was leading the spelling bee when I was asked to spell “miss.” My answer
was ‘m[d [ &7 Miss Smith relished in telling me that no, it was “M[ (& [&” with a capital M, that 1
should have asked for an example sentence, and that I was out. It was a traumatic moment in a
young boy’s life. After that, I never liked Miss Smith, and have since been a very poor speler.
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Alternation
Matching any one of several subexpressions

A very convenient metacharacter is /|, which means “or” It allows you to combine
multiple expressions into a single expression that matches any of the individual
ones. For example, Bob, and Robert, are separate expressions, but 'Bob|Robert; is
one expression that matches either. When combined this way, the subexpressions
are called alternatives.

Looking back to our lgr[ealy, example, it is interesting to realize that it can be
written as 'grey|gray, and even lgr (ale)y. The latter case uses parentheses to
constrain the alternation. (For the record, parentheses are metacharacters too.)
Note that something like 'gr[alely is n#ot what we want — within a class, the ‘|’
character is just a normal character, like 'a, and e,

With 'gr(ale)y, the parentheses are required because without them, Igraley,
means “/gra; or ley;,” which is not what we want here. Alternation reaches far, but
not beyond parentheses. Another example is ((First|1st) - [Ss]treet.! Actually,
since both First, and 1st; end with 'st, the combination can be shortened to
(Fir|1l)st-[Ss]ltreet, That's not necessarily quite as easy to read, but be sure to
understand that [(first|1st) and [(fir|1) st effectively mean the same thing.

Here’s an example involving an alternate spelling of my name. Compare and con-
trast the following three expressions, which are all effectively the same:

Jeffrey|Jeffery,
IJeff (reylery)
Jeff (reler)y

To have them match the British spellings as well, they could be:

[(Geoff |Jeff) (reylery),
[(Geo|Je) ff (reylery),
(Geo|Je) ff (reler)y

Finally, note that these three match effectively the same as the longer (but simpler)
'Jeffrey|Geoffery|Jeffery|Geoffrey. They're all different ways to specify the
same desired matches.

Although the lgr[ealy) versus 'gr (ale)y, examples might blur the distinction, be
careful not to confuse the concept of alternation with that of a character class. A
character class can match just a single character in the target text. With alternation,
since each alternative can be a full-fledged regular expression in and of itself, each

« »

t Recall from the typographical conventions on page xxii that
character so it can be seen easily.

is how I sometimes show a space



14 Chapter 1: Introduction to Regular Expressions

alternative can match an arbitrary amount of text. Character classes are almost like
their own special mini-language (with their own ideas about metacharacters, for
example), while alternation is part of the “main” regular expression language.
You'll find both to be extremely useful.

Also, take care when using caret or dollar in an expression that has alternation.
Compare "From|Subject |Date: - with " (From|Subject|Date) : -. Both appear
similar to our earlier email example, but what each matches (and therefore how
useful it is) differs greatly. The first is composed of three alternatives, so it matches
“I"From or /Subject, or Date: ,” which is not particularly useful. We want the
leading caret and trailing ':  to apply to each alternative. We can accomplish this
by using parentheses to “constrain” the alternation:

" (From| Subject |Date) :

The alternation is constrained by the parentheses, so literally, this regex means
“match the start of the line, then one of From, [Subject, or Date, and then match
: o Effectively, it matches:
1) start-of-line, followed by F [¥ [b [, followed by ‘: -’
or 2) start-of-line, followed by s h [b 3 [& [k [, followed by ‘: -’
or 3) start-of-line, followed by D [& [t [&, followed by ‘: -’

)

Putting it less literally, it matches lines beginning with ‘From: -’, ‘Subject: -, or
‘Date: -, which is quite useful for listing the messages in an email file.

Here’s an example:

% egrep '~ (From|Subject|Date): ’ mailbox
From: elvis@tabloid.org (The King)
Subject: be seein’ ya around

Date: Mon, 23 Oct 2006 11:04:13

From: The Prez <president@whitehouse.gov>
Date: Wed, 25 Oct 2006 8:36:24

Subject: now, about your vote

Ignoring Differences in Capitalization

This email header example provides a good opportunity to introduce the concept
of a case-insensitive match. The field types in an email header usually appear with
leading capitalization, such as “Subject” and “From,” but the email standard actually
allows mixed capitalization, so things like “DATE” and “from” are also allowed.
Unfortunately, the regular expression in the previous section doesn’t match those.

One approach is to replace From with [[F£] [Rr] [Oo] [Mm] to match any form of
“from,” but this is quite cumbersome, to say the least. Fortunately, there is a way to
tell egrep to ignore case when doing comparisons, i.e., to perform the match in a
case insensitive manner in which capitalization differences are simply ignored. It is
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not a part of the regular-expression language, but is a related useful feature many

tools provide. egrep’'s command-line option “-i” tells it to do a case-insensitive
match. Place -i on the command line before the regular expression:

% egrep -i ‘" (From|Subject|Date): ’ mailbox

This brings up all the lines we matched before, but also includes lines such as:

SUBJECT: MAKE MONEY FAST

I find myself using the -i option quite frequently (perhaps related to the footnote
on page 12 so I recommend keeping it in mind. We'll see other convenient sup-
port features like this in later chapters.

Word Boundaries

A common problem is that a regular expression that matches the word you want
can often also match where the “word” is embedded within a larger word. I men-
tioned this briefly in the cat, gray, and smith examples. It turns out, though, that
some versions of egrep offer limited support for word recognition: namely the abil-
ity to match the boundary of a word (where a word begins or ends).

You can use the (perhaps odd looking) metasequences '\< and \> if your version
happens to support them (not all versions of egrep do). You can think of them as
word-based versions of "] and $, that match the position at the start and end of a
word, respectively. Like the line anchors caret and dollar, they anchor other parts
of the regular expression but don’t actually consume any characters during a
match. The expression \<cat\> literally means “match if we can find a start-of-
word position, followed immediately by ¢ [& [}, followed immediately by an end-
of-word position” More naturally, it means “find the word cat” If you wanted,
you could use \<cat, or lcat\> to find words starting and ending with cat.

Note that < and > alone are not metacharacters — when combined with a back-
slash, the sequences become special. This is why I called them “metasequences”
It's their special interpretation that’s important, not the number of characters, so
for the most part I use these two meta-words interchangeably.

Remember, not all versions of egrep support these word-boundary metacharacters,
and those that do don’t magically understand the English language. The “start of a
word” is simply the position where a sequence of alphanumeric characters begins;
“end of word” is where such a sequence ends. Figure 1-2 on the next page shows
a sample line with these positions marked.

The word-starts (as egrep recognizes them) are marked with up arrows, the word-
ends with down arrows. As you can see, “start and end of word” is better phrased
as “start and end of an alphanumeric sequence,” but perhaps that's too much of a
mouthful.
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|

That dang- tootin’ #@!%* varmint’s cost me $199.95!
4 A 4 4 44 4 4 4

4 " ] . .
- positions where \< is true i - positions where \> is true - N words”

Figure 1-2: Start and end of “word” positions

In a Nutshell
Table 1-1 summarizes the metacharacters we have seen so far.

Table 1-1: Summary of Metacharacters Seen So Far

Metacharacter | Name Matches
dot any one character
[] character class any character listed
[~ negated character class | any character not listed
8 caret the position at the start of the line
$ dollar the position at the end of the line
\< backslash less-than 'the position at the start of a word
\> backslash greater-than | ‘the position at the end of a word
Tnot supported by all versions of egrep
| or, bar matches either expression it separates
() parentheses used to limit scope of 1, plus additional uses
yet to be discussed

In addition to the table, important points to remember include:

e The rules about which characters are and aren’t metacharacters (and exactly
what they mean) are different inside a character class. For example, dot is a
metacharacter outside of a class, but not within one. Conversely, a dash is a
metacharacter within a class (usually), but not outside. Moreover, a caret has
one meaning outside, another if specified inside a class immediately after the
opening [, and a third if given elsewhere in the class.

e Don’t confuse alternation with a character class. The class '[abc]) and the alter-
nation '(alblc), effectively mean the same thing, but the similarity in this
example does not extend to the general case. A character class can match
exactly one character, and that's true no matter how long or short the speci-
fied list of acceptable characters might be.
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Alternation, on the other hand, can have arbitrarily long alternatives, each tex-
tually unrelated to the other: \<(1,000,000|million]|thousand-thou)\>
However, alternation can’t be negated like a character class.

e A negated character class is simply a notational convenience for a normal
character class that matches everything not listed. Thus, '["x]; doesn’t mean
“match unless there is an x,” but rather “match if there is something that is
not x.” The difference is subtle, but important. The first concept matches a
blank line, for example, while '[ “x], does not.

e The useful -i option discounts capitalization during a match (s 15).

What we have seen so far can be quite useful, but the real power comes from
optional and counting elements, which we’ll look at next.

Optional Items

Let’s look at matching color or colour. Since they are the same except that one
has a u and the other doesn’t, we can use colou?r to match either. The metachar-
acter '?; (question mark) means optional. It is placed after the character that is
allowed to appear at that point in the expression, but whose existence isn’t actu-
ally required to still be considered a successful match.

Unlike other metacharacters we have seen so far, the question mark attaches only
to the immediately-preceding item. Thus, colou?r) is interpreted as “/c| then lo
then 1, then o, then 'u? then 'r,.”

The lu? part is always successful: sometimes it matches a u in the text, while other
times it doesn’t. The whole point of the ?-optional part is that it's successful either
way. This isn’t to say that any regular expression that contains ? is always success-
ful. For example, against ‘semicolon’, both lcolojand lu? are successful (matching
colo and nothing, respectively). However, the final 'r) fails, and that's what dis-
allows semicolon, in the end, from being matched by ‘colou?r,

As another example, consider matching a date that represents July fourth, with the
“July” part being either July or Jul, and the “fourth” part being fourth, 4th, or
simply 4. Of course, we could just use '(July|Jul) - (fourth|4th|4), but let’s
explore other ways to express the same thing.

First, we can shorten the [(July|Jul), to [(July?). Do you see how they are effec-
tively the same? The removal of the /|, means that the parentheses are no longer
really needed. Leaving the parentheses doesn’t hurt, but with them removed,
'July? is a bit less cluttered. This leaves us with 'July?- (fourth|4th|4).

t Recall from the typographical conventions (page xxii) that something like “r 15” is a shorthand for a
reference to another page of this book.
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Moving now to the second half, we can simplify the '4th|4, to '4(th)?. As you
can see, I?| can attach to a parenthesized expression. Inside the parentheses can be
as complex a subexpression as you like, but “from the outside” it is considered a
single unit. Grouping for '?; (and other similar metacharacters which I'll introduce
momentarily) is one of the main uses of parentheses.

Our expression now looks like [July? - (fourthl4 (th)?). Although there are a
fair number of metacharacters, and even nested parentheses, it is not that difficult
to decipher and understand. This discussion of two essentially simple examples
has been rather long, but in the meantime we have covered tangential topics that
add a lot, if perhaps only subconsciously, to our understanding of regular expres-
sions. Also, it’s given us some experience in taking different approaches toward
the same goal. As we advance through this book (and through to a better under-
standing), you'll find many opportunities for creative juices to flow while trying to
find the optimal way to solve a complex problem. Far from being some stuffy sci-
ence, writing regular expressions is closer to an art.

Other Quantifiers: Repetition

Similar to the question mark are '+, (plus) and /+; (an asterisk, but as a regular-
expression metacharacter, I prefer the term sta»). The metacharacter [+ means “one
or more of the immediately-preceding item,” and '+ means “any number, including
none, of the item” Phrased differently, /- means “try to match it as many times
as possible, but it’'s OK to settle for nothing if need be” The construct with plus,
-+, is similar in that it also tries to match as many times as possible, but different
in that it fails if it can’t match at least once. These three metacharacters, question
mark, plus, and star, are called guantifiers because they influence the quantity of
what they govern.

Like -2, the "% part of a regular expression always succeeds, with the only issue
being what text (if any) is matched. Contrast this to -+, which fails unless the
item matches at least once.

For example, -2, allows a single optional space, but I« allows any number of
optional spaces. We can use this to make page 9’s <H[1-6]> example flexible. The
HTML specification says that spaces are allowed immediately before the closing >,
such as with <H3.> and <H4- - ->. Inserting /- ¥ into our regular expression where
we want to allow (but not require) spaces, we get '<H[1-6] -=>. This still matches
<H1>, as no spaces are required, but it also flexibly picks up the other versions.

t If you are not familiar with HTML, never fear. I use these as real-world examples, but I provide all the
details needed to understand the points being made. Those familiar with parsing HTML tags will
likely recognize important considerations I don’t address at this point in the book.
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Exploring further, let’s search for an HTML tag such as <HR-SIZE=14>, which indi-
cates that a line (a Horizontal Rule) 14 pixels thick should be drawn across the
screen. Like the <H3> example, optional spaces are allowed before the closing
angle bracket. Additionally, they are allowed on either side of the equal sign.
Finally, one space is required between the HR and SIzE, although more are
allowed. To allow more, we could just add ' to the /- already there, but instead
let’s change it to '-+. The plus allows extra spaces while still requiring at least one,
so it's effectively the same as - -+, but more concise. All these changes leave us
with [<HR -+ SIZE -# = -% 14 -#>,

Although flexible with respect to spaces, our expression is still inflexible with
respect to the size given in the tag. Rather than find tags with only one particular
size such as 14, we want to find them all. To accomplish this, we replace the 14,
with an expression to find a general number. Well, in this case, a “number” is one
or more digits. A digit is [[0-9], and “one or more” adds a plus, so we end up
replacing 114, by '[0-91+,. (A character class is one “unit,” so can be subject directly
to plus, question mark, and so on, without the need for parentheses.)

This leaves us with '<HR -+ SIZE -* = -* [0-9]+ -*>, which is certainly a mouthful
even though T've presented it with the metacharacters bold, added a bit of spacing
to make the groupings more apparent, and am using the “visible space” symbol ‘-’
for clarity. (Luckily, egrep has the -i case-insensitive option, s 15, which means I
don’t have to use [Hh] [Rr], instead of HR.) The unadorned regular expression
I<HR +SIZE == *[0-9]+ x> likely appears even more confusing. This example
looks particularly odd because the subjects of most of the stars and pluses are
space characters, and our eye has always been trained to treat spaces specially.
That's a habit you will have to break when reading regular expressions, because
the space character is a normal character, no different from, say, j or 4. (In later
chapters, we'll see that some other tools support a special mode in which white-
space is ignored, but egrep has no such mode.)

Continuing to exploit a good example, let’s consider that the size attribute is
optional, so you can simply use <HR> if the default size is wanted. (Extra spaces
are allowed before the >, as always.) How can we modify our regular expression
so that it matches either type? The key is realizing that the size part is optional
(that’s a hint). # Turn the page to check your answer.

Take a good look at our latest expression (in the answer box) to appreciate the
differences among the question mark, star, and plus, and what they really mean in
practice. Table 1-2 on the next page summarizes their meanings.

Note that each quantifier has some minimum number of matches required to suc-
ceed, and a maximum number of matches that it will ever attempt. With some, the
minimum number is zero; with some, the maximum number is unlimited.
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Making a Subexpression Optional

¢ Answer to the question on page 19.

In this case, “optional” means that it is allowed once, but is not required.
That means using ?.. Since the thing that’s optional is larger than one charac-
ter, we must use parentheses: '(--) ?. Inserting into our expression, we get:

I<HR( ~+SIZE-%=-%[0-9]+) 2 %>

Note that the ending /- is kept outside of the /(--) 2. This still allows some-
thing such as <HR->. Had we included it within the parentheses, ending
spaces would have been allowed only when the size component was
present.

Similarly, notice that the -+ before SIZE is included within the parentheses.
Were it left outside them, a space would have been required after the HR,
even when the SIZE part wasn’t there. This would cause ‘<HR>’ to not match.

Table 1-2: Summary of Quantifier “Repetition Metacharacters”

Minimum Maximum

Required to Try Meaning
? none 1 one allowed; none required (“one optional™)
* none no limit unlimited allowed; none required (“any amount OK™)
+ 1 no limit unlimited allowed; one required (“at least one”)

Defined range of maiches: intervals

Some versions of egrep support a metasequence for providing your own minimum
and maximum: |- {min,max}. This is called the interval quantifier. For example,
l.-{3,12} matches up to 12 times if possible, but settles for three. One might use
fa-zA-2]1{1,5} to match a US stock ticker (from one to five letters). Using this
notation, {0, 1} is the same as a question mark.

Not many versions of egrep support this notation yet, but many other tools do, so
it's covered in Chapter 3 when we look in detail at the broad spectrum of meta-
characters in common use today.

Parentheses and Backreferences

So far, we have seen two uses for parentheses: to limit the scope of alternation, |,
and to group multiple characters into larger units to which you can apply quanti-
fiers like question mark and star. I'd like to discuss another specialized use that’s
not common in egrep (although GNU’s popular version does support it), but which
is commonly found in many other tools.
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In many regular-expression flavors, parentheses can “remember” text matched by
the subexpression they enclose. We'll use this in a partial solution to the doubled-
word problem at the beginning of this chapter. If you knew the the specific dou-
bled word to find (such as “the” earlier in this sentence — did you catch it?), you
could search for it explicitly, such as with 'the-the;. In this case, you would also
find items such as the-theory, but you could easily get around that problem if
your egrep supports the word-boundary metasequences '\<-\> mentioned on
page 15: \<the-the\>. We could use I+ for the space for even more flexibility.

However, having to check for every possible pair of words would be an impossi-
ble task. Wouldn’t it be nice if we could match one generic word, and then say
“now match the same thing again” If your egrep supports backreferencing, you
can. Backreferencing is a regular-expression feature that allows you to match new
text that is the same as some text matched earlier in the expression.

We start with \<the-+the\> and replace the initial 'the, with a regular expression
to match a general word, say [[A-za-z]+. Then, for reasons that will become clear
in the next paragraph, let’s put parentheses around it. Finally, we replace the sec-
ond ‘the’ by the special metasequence \1, This yields \<([A-Za-z]+) -+\1\>,

With tools that support backreferencing, parentheses “remember” the text that the
subexpression inside them matches, and the special metasequence \1, represents
that text later in the regular expression, whatever it happens to be at the time.

Of course, you can have more than one set of parentheses in a regular expression.
Use \1, \2;, \3, etc., to refer to the first, second, third, etc. sets. Pairs of parenthe-
ses are numbered by counting opening parentheses from the left, so with
([a-z]) ([0-91)\1\2, the \1, refers to the text matched by l[a-z], and \2, refers
to the text matched by [[0-91..

With our ‘the-the’ example, [A-Za-z]+ matches the first ‘the’. It is within the
first set of parentheses, so the ‘the’ matched becomes available via \1, If the fol-
lowing -+ matches, the subsequent \1, will require another ‘the’. If '\1,is success-
ful, then '\> makes sure that we are now at an end-of-word boundary (which we
wouldn’t be were the text ‘the-theft’). If successful, we've found a repeated
word. It's not always the case that that is an error (such as with “that” in this sen-
tence), but that’s for you to decide once the suspect lines are shown.

When I decided to include this example, I actually tried it on what I had written so
far. (I used a version of egrep that supports both '\<-\> and backreferencing.) To
make it more useful, so that ‘The-the’ would also be found, I used the case-insen-
sitive -i option mentioned on page 15.F

t Be aware that some versions of egrep, including older versions of popular GNU offering, have a bug
with the -i option such that it doesn’t apply to backreferences. Thus, it finds “the the” but not “The
the”
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Here’s the command I ran:

% egrep -i '\<([a-z]+) +\1\>' files

I was surprised to find fourteen sets of mistakenly ‘doubled-doubled’ words! I
corrected them, and since then have built this type of regular-expression check
into the tools that T use to produce the final output of this book, to ensure none
creep back in.

As useful as this regular expression is, it is important to understand its limitations.
Since egrep considers each line in isolation, it isn’'t able to find when the ending
word of one line is repeated at the beginning of the next. For this, a more flexible
tool is needed, and we will see some examples in the next chapter.

The Great Escape

One important thing T haven’t mentioned yet is how to actually match a character
that a regular expression would normally interpret as a metacharacter. For exam-
ple, if T searched for the Internet hostname ega.att.com using ega.att.com, it
could end up matching something like megawatt -computing. Remember, | .| is a
metacharacter that matches any character, including a space.

The metasequence to match an actual period is a period preceded by a backslash:
‘ega\.att\.com. The sequence '\ .| is described as an escaped period or escaped
dot, and you can do this with all the normal metacharacters, except in a character-
class.t

A backslash used in this way is called an “escape” — when a metacharacter is
escaped, it loses its special meaning and becomes a literal character. If you like,
you can consider the sequence to be a special metasequence to match the literal
character. It’s all the same.

As another example, you could use \([a-zA-Z]+\), to match a word within
parentheses, such as ‘(very)’. The backslashes in the \ (, and \); sequences
remove the special interpretation of the parentheses, leaving them as literals to
match parentheses in the text.

When used before a non-metacharacter, a backslash can have different meanings
depending upon the version of the program. For example, we have already seen
how some versions treat \<, \>, \1, etc. as metasequences. We will see many
more examples in later chapters.

t Most programming languages and tools allow you to escape characters within a character class as
well, but most versions of egrep do not, instead treating ‘\’ within a class as a literal backslash to be
included in the list of characters.
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Expanding the Foundation

I hope the examples and explanations so far have helped to establish the basis for
a solid understanding of regular expressions, but please realize that what I've pro-
vided so far lacks depth. There’s so much more out there.

Linguistic Diversification

I mentioned a number of regular expression features that most versions of egrep
support. There are other features, some of which are not supported by all ver-
sions, which T'll leave for later chapters.

Unfortunately, the regular expression language is no different from any other in
that it has various dialects and accents. It seems each new program employing reg-
ular expressions devises its own “improvements.” The state of the art continually
moves forward, but changes over the years have resulted in a wide variety of reg-
ular expression “flavors” We’ll see many examples in the following chapters.

The Goal of a Regular Expression

From the broadest top-down view, a regular expression either matches within a
lump of text (with egrep, each line) or it doesn’t. When crafting a regular expres-
sion, you must consider the ongoing tug-of-war between having your expression
match the lines you want, yet still not matching lines you don’t want.

Also, while egrep doesn’t care where in the line the match occurs, this concern is
important for many other regular-expression uses. If your text is something such as
...zip is 44272. If you write, send $4.95 to cover postage and...
and you merely want to find lines matching '[0-9]+, you don’t care which num-
bers are matched. However, if your intent is to do something with the number
(such as save to a file, add, replace, and such—we will see examples of this kind
of processing in the next chapter), youll care very much exactly which numbers
are matched.

A Few More Examples

As with any language, experience is a very good thing, so I'm including a few
more examples of regular expressions to match some common constructs.

Half the battle when writing regular expressions is getting successful matches
when and where you want them. The other half is to not match when and where
you don’t want. In practice, both are important, but for the moment, I would like
to concentrate on the “getting successful matches” aspect. Even though I don'’t
take these examples to their fullest depths, they still provide useful insight.
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Variable names

Many programming languages have identifiers (variable names and such) that are
allowed to contain only alphanumeric characters and underscores, but which may
not begin with a digit. They are matched by '[a-zA-Z_] [a-zA-Z_0-9] . The first
character class matches what the first character can be, the second (with its accom-
panying star) allows the rest of the identifier. If there is a limit on the length of an
identifier, say 32 characters, you might replace the star with {0,31} if the
{min, max} notation is supported. (This construct, the interval quantifier, was briefly
mentioned on page 20.)

A string within double quotes
A simple solution to matching a string within double quotes might be: " [~"] %"

The double quotes at either end are to match the opening and closing double
quotes of the string. Between them, we can have anything... except another dou-
ble quote! So, we use [~"]; to match all characters except a double quote, and
apply using a star to indicate we can have any number of such non double-quote
characters.

A more useful (but more complex) definition of a double-quoted string allows
double quotes within the string if they are escaped with a backslash, such as in
"nail-the-2\"x4\" -plank". We'll see this example several times in future chap-
ters while covering the many details of how a match is actually carried out.

Dollar amount (with optional cents)
One approach to matching a dollar amount is: \$[0-91+(\.[0-9]1[0-9]1)?,

From a top-level perspective, this is a simple regular expression with three parts:
N\s$ and I -+ and (--) ?, which might be loosely paraphrased as “a literal dollar
sign, a bunch of one thing, and finally perhaps another thing” In this case, the
“one thing” is a digit (with a bunch of them being a number), and “another thing”
is the combination of a decimal point followed by two digits.

This example is a