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Foreword Next:
Preface

Foreword

They say that it's easy to get trapped by a metaphor. But some metaphors are so magnificent that you
don't mind getting trapped in them. Perhaps the cooking metaphor is one such, at least in this case. The
only problem | have with it is a personal one - | feel abit like Betty Crocker's mother. The work in
guestion is so monumental that anything | could say here would be either redundant or irrelevant.

However, that never stopped me before.

Cooking is perhaps the humblest of the arts; but to me humility is a strength, not a weakness. Great
artists have always had to serve their artistic medium - great cooks just do so literally. And the more
humbl e the medium, the more humble the artist must be in order to lift the medium beyond the mundane.
Food and language are both humble media, consisting as they do of an overwhelming profusion of
seemingly unrelated and unruly ingredients. And yet, in the hands of someone with a bit of creativity and
discipline, things like potatoes, pasta, and Perl are the basis of works of art that "hit the spot” in a most
satisfying way, not merely getting the job done, but doing so in away that makes your journey through
life alittle more pleasant.

Cooking is also one of the oldest of the arts. Some modern artists would have you believe that so-called
ephemeral art is arecent invention, but cooking has always been an ephemeral art. We can try to preserve
our art, makeit last alittle longer, but even the food we bury with our pharoahs gets dug up eventually.
So too, much of our Perl programming is ephemeral. This aspect of Perl cuisine has been much

maligned. Y ou can call it quick-and-dirty if you like, but there are billions of dollars out there riding on
the supposition that fast food is not necessarily dirty food. (We hope.)

Easy things should be easy, and hard things should be possible. For every fast-food recipe, there are
countless slow-food recipes. One of the advantages of living in Californiaisthat | have ready accessto
almost every national cuisine ever invented. But even within a given culture, There's More Than One
Way To Do It. It'ssaid in Russiathat there are more recipes for borscht than there are cooks, and |
believe it. My mom's recipe doesn't even have any beetsin it! But that's okay, and it's more than okay.
Borscht isacultural differentiator, and different cultures are interesting, and educational, and useful, and
exciting.

So you won't always find Tom and Nat doing thingsin this book the way | would do them. Sometimes
they don't even do things the same way as each other. That's okay - again, thisis a strength, not a
weakness. | have to confess that | learned quite afew things | didn't know before | read this book. What's
more, I'm quite confident that | still don't know it all. And | hope | don't any time soon. | often talk about
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Perl culture asif it were asingle, static entity, but there are in fact many healthy Perl subcultures, not to
mention sub-subcultures and supercultures and circumculturesin every conceivable combination, all
inheriting attributes and methods from each other. It can get confusing. Hey, I'm confused most of the
time.

So the essence of a cookbook like thisis not to cook for you (it can't), or even to teach you how to cook
(though it helps), but rather to pass on various bits of culture that have been found useful, and perhaps to
filter out other bits of "culture” that grew in the refrigerator when no one was looking. Y ou in turn will
pass on some of these ideas to other people, filtering them through your own experiences and tastes, your
creativity and discipline. You'll come up with your own recipesto pass to your children. Just don't be
surprised when they in turn cook up some recipes of their own, and ask you what you think. Try not to
make aface.

| commend to you these recipes, over which I've made very few faces.

- Larry Wall
June, 1998
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The investment group eyed the entrepreneur with caution, their expressions flickering from
scepticism to intrigue and back again.

"Y our bold plan holds promise,” their spokesman conceded. "But it is very costly and
entirely speculative. Our mathematicians mistrust your figures. Why should we entrust our
money into your hands? What do you know that we do not?"

"For one thing," hereplied, "I know how to balance an egg on its point without outside
support. Do you?' And with that, the entrepreneur reached into his satchel and delicately
withdrew a fresh hen's egg. He handed over the egg to the financial tycoons, who passed it
amongst themselves trying to carry out the ssmple task. At last they gave up. In exasperation
they declared, "What you ask isimpossible! No man can balance an egg on its point."

So the entrepreneur took back the egg from the annoyed businessmen and placed it upon the
fine oak table, holding it so that its point faced down. Lightly but firmly, he pushed down on
the egg with just enough force to crush in its bottom about half an inch. When he took his
hand away, the egg stood there on its own, somewhat messy, but definitely balanced. "Was
that impossible?' he asked.

"It'sjust atrick," cried the businessmen. "Once you know how, anyone can do it."

"True enough," came the retort. "But the same can be said for anything. Before you know
how, it seems an impossibility. Once the way isrevealed, it's so simple that you wonder why
you never thought of it that way before. Let me show you that easy way, so others may
easily follow. Will you trust me?’

Eventually convinced that this entrepreneur might possibly have something to show them,
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the skeptical venture capitalists funded his project. From the tiny Andalusian port of Palos
de Moguer set forth the Nifia, the Pinta, and the Santa Maria, led by an entrepreneur with a
dlightly broken egg and his own ideas. Christopher Columbus.

Many have since followed.

Approaching a programming problem can be like balancing Columbus's egg. If no one shows you how,
you may sit forever perplexed, watching the egg - and your program - fall over again and again, no closer
to the Indies than when you began. Thisis especially true in alanguage as idiomatic as Perl.

This book had its genesis in two chapters of the first edition of Programming Perl. Chapters 5 and 6

covered "Common Tasks in Perl" and "Real Perl Programs.” Those chapters were highly valued by
readers because they showed real applications of the language - how to solve day-to-day tasks using Perl.
While revising the Camel, we realized that there was no way to do proper justice to those chapters
without publishing the new edition on onionskin paper or in multiple volumes. The book you hold in
your hands, published two years after the revised Camel, tries to do proper justice to those chapters. We
trust it has been worth the wait.

This book isn't meant to be a complete reference book for Perl, although we do describe some parts of
Perl previously undocumented. Having a copy of Programming Perl handy will allow you to look up the
exact definition of an operator, keyword, or function. Alternatively, every Perl installation comes with
over 1,000 pages of searchable, online reference materials. If those aren't where you can get at them, see
your system administrator.

Neither is this book meant to be a bare-bones introduction for programmers who've never seen Perl
before. That's what Learning Perl, akinder and gentler introduction to Perl, is designed for. (If you're on

aMicrosoft system, you'll probably prefer the Learning Perl on Win32 Systems version.)

Instead, thisis abook for learning more Perl. Neither areference book nor atutorial book, the Perl
Cookbook serves as a companion book to both. It's for people who already know the basics but are
wondering how to mix all those ingredients together into a complete program. Spread across 20 chapters
and more than 300 focused topic areas affectionately called recipes, this book contains thousands of
solutions to everyday challenges encountered by novice and journeyman alike.

We tried hard to make this book useful for both random and sequential access. Each recipeis
self-contained, but has alist of references at the end should you need further information on the topic.
We'vetried to put the simpler, more common recipes toward the front of each chapter and the ssimpler
chapters toward the front of the book. Perl novices should find that these recipes about Perl's basic data
types and operators are just what they're looking for. We gradually work our way through topic areas and
solutions more geared toward the journeyman Perl programmer. Every now and then we include material
that should inspire even the master Perl programmer.

Each chapter begins with an overview of that chapter's topic. Thisintroduction is followed by the main
body of each chapter, its recipes. In the spirit of the Perl slogan of TMTOWTDI, "There's more than one
way to do it," most recipes show several different techniques for solving the same or closely related
problems. These recipes range from short-but-sweet solutions to in-depth mini-tutorials. Where more
than one technique is given, we often show costs and benefits of each approach.
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Aswith atraditional cookbook, we expect you to access this book more or less at random. When you
want to learn how to do something, you'll look up its recipe. Even if the exact solutions presented don't
fit your problem exactly, they'll give you ideas about possible approaches.

Each chapter concludes with one or more complete programs. Although some recipes aready include
small programs, these longer applications highlight the chapter's principal focus and combine techniques
from other chapters, just as any real-world program would. All are useful, and many are used on adaily
basis. Some even helped us put this book together.

What's in This Book

Thefirst quarter of the book addresses Perl's basic data types, spread over five chapters. Chapter 1,
Strings, covers matters like accessing substrings, expanding function callsin strings, and parsing
comma-separated data. Chapter 2, Numbers, tackles oddities of floating point representation, placing
commas in numbers, and pseudo-random numbers. Chapter 3, Dates and Times, demonstrates
conversions between numeric and string date formats and using timers. Chapter 4, Arrays, covers
everything relating to list and array manipulation, including finding unique elementsin alist, efficiently
sorting lists, and randomizing them. Chapter 5, Hashes, concludes the basics with a demonstration of the

most useful data type, the associative array. The chapter shows how to access a hash in insertion order,
how to sort a hash by value, and how to have multiple values per key.

Chapter 6, Pattern Matching, is by far the largest chapter. Recipes include converting a shell wildcard

into a pattern, matching letters or words, matching multiple lines, avoiding greediness, and matching
strings that are close to but not exactly what you're looking for. Although this chapter isthe longest in the
book, it could easily have been longer still - every chapter contains uses of regular expressions. It's part
of what makes Per| Perl.

The next three chapters cover the filesystem. Chapter 7, File Access, shows opening files, locking them
for concurrent access, modifying them in place, and storing filehandles in variables. Chapter 8, File
Contents, discusses watching the end of agrowing file, reading a particular line from afile, and random
access binary 1/O. Finally, in Chapter 9, Directories, we show techniques to copy, move, or delete afile,
manipulate afile's timestamps, and recursively process al filesin adirectory.

Chapters 10 through 13 focus on making your program flexible and powerful. Chapter 10, Subroutines,

includes recipes on creating persistent local variables, passing parameters by reference, calling functions
indirectly, and handling exceptions. Chapter 11, References and Records, is about data structures; basic

manipulation of references to data and functions are demonstrated. L ater recipes show how to create
record-like data structures and how to save and restore these structures from permanent storage. Chapter

12, Packages, Libraries, and Modules, concerns breaking up your program into separate files; we discuss

how to make variables and functions private to a module, replace built-ins, trap calls to missing modules,
and use the h2ph and h2xs tools to interact with C and C++ code. Lastly, Chapter 13, Classes, Objects,

and Ties, covers the fundamentals of building your own object-based module to create user-defined

types, complete with constructors, destructors, and inheritance. Other recipes show examples of circular
data structures, operator overloading, and tied data types.




The next two chapters are about interfaces: one to databases, the other to display devices. Chapter 14,
Database Access, includes techniques for manipulating indexed text files, locking DBM files and storing
datain them, and a demonstration of Perl's SQL interface. Chapter 15, User Interfaces, covers topics such

as clearing the screen, processing command-line switches, single-character input, moving the cursor
using termcap and curses, and platform independent graphical programming using TK.

The last quarter of the book is devoted to interacting with other programs and services. Chapter 16,
Process Management and Communication, is about running other programs and collecting their output,
handling zombie processes, named pipes, signal management, and sharing variables between running
programs. Chapter 17, Sockets, shows how to establish stream connections or use datagrams to create
low-level networking applications for client-server programming. Chapter 18, Internet Services, is about
higher-level protocols such as mail, FTP, Usenet news, and Telnet. Chapter 19, CGI Programming,
contains recipes for processing web forms, trapping their errors, avoiding shell escapes for security,
managing cookies, shopping cart techniques, and saving formsto files or pipes. The final chapter of the
book, Chapter 20, Web Automation, covers non-interactive uses of the Web. Recipes include fetching a
URL, automating form submissions in a script, extracting URLs from aweb page, removing HTML tags,
finding fresh or stale links, and processing server log files.
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Platform Notes

This book was developed using Perl release 5.004_04. That means major release 5, minor release 4, and
patch level 4. We tested most programs and examples under BSD, Linux, and SunOS, but that doesn't
mean they'll only work on those systems. Perl was designed for platform independence. When you use
Per| as a general-purpose programming language, employing basic operations like variables, patterns,
subroutines, and high-level 1/O, your program should work the same everywhere that Perl runs - whichis
just about everywhere. The first two thirds of this book uses Perl for general-purpose programming.

Perl was originally conceived as a high-level, cross-platform language for systems programming.
Although it has long since expanded beyond its original domain, Perl continues to be heavily used for
systems programming, both on its native Unix systems and el sewhere. Most recipes in Chapters 14
through 18 deal with classic systems programming. For maximum portability in this area, we've mainly
focused on open systems as defined by POSI X, the Portable Operating System Interface, which includes
nearly every form of Unix and numerous other systems as well. Most recipes should run with little or no
modification on any POSIX system.

You can still use Perl for systems programming work even on non-POSIX systems by using
vendor-specific modules, but these are not covered in this book. That's because they're not portable - and
to be perfectly honest, because the authors have no such systems at their disposal. Consult the
documentation that came with your port of Perl for any proprietary modules that may have been
included.

But don't worry. Many recipes for systems programming should work on non-POSI X systems as well,
especially those dealing with databases, networking, and web interaction. That's because the modules
used for those areas hide platform dependencies. The principal exception isthose few recipes and
programs that rely upon multitasking constructs, notably the powerful f or k function, standard on
POSIX systems, but few others.

When we needed structured files, we picked the convenient Unix /etc/passwd database; when we needed
atext file to read, we picked /etc/motd ; and when we needed a program to produce output, we picked
who (1). These were merely chosen to illustrate the principles - the principles work whether or not your
system has these files and programs.

| Previous: What's in This Book| Perl Next: Other
Cookbook Books
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Other Books

If you'd like to learn more about Perl, here are some related publications that we (somewhat sheepishly)
recommend:

Learning Perl, by Randal Schwartz and Tom Christiansen; O'Reilly & Associates (2nd Edition, 1997).

A tutorial introduction to Perl for programmers interested in learning Perl from scratch. It's agood
starting point if this book is over your head. Erik Olson refurbished this book for Windows
systems, called Learning Perl on Win32 Systems.

Programming Perl, by Larry Wall, Tom Christiansen, and Randal Schwartz; O'Reilly & Associates (2nd
Edition, 1996).

This book isindispensable for every Perl programmer. Coauthored by Perl's creator, this classic
reference is the authoritative guide to Perl's syntax, functions, modules, references, invocation
options, and much more.

Advanced Perl Programming, by Sriram Srinivasan; O'Rellly & Associates (1997).

A tutorial for advanced regular expressions, network programming, GUI programming with Tk,
and Perl internals. If the Cookbook isn't challenging you, buy a copy of the Panther.

Mastering Regular Expressions, by Jeffrey Friedl; O'Reilly & Associates (1997).
Thisbook is dedicated to explaining regular expressions from a practical perspective. It not only

covers general regular expressions and Perl patterns very well, it also compares and contrasts these
with those used in other popular languages.

How to Set Up and Maintain a Web Site, by Lincoln Stein; Addison-Wesley (2nd Edition, 1997).

If you're trying to manage aweb site, configure servers, and write CGI scripts, thisis the book for
you. Written by the author of Perl's CGIl.pm module, this book really does cover everything.

Perl: The Programmer's Companion, by Nigel Chapman; John Wiley & Sons (1998).
Thissmall, delightful book isjust the book for the experienced programmer wanting to learn Perl.
It is not only free of technical errors, it istruly apleasure to read. It is about Perl as a serious
programming language.

Effective Perl Programming, by Joseph N. Hall with Randal Schwartz; Addison-Wesley (1998).

This book includes thorough coverage of Perl's object model, and how to develop modules and
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contribute them to CPAN. It covers the debugger particularly well.

In addition to the Perl-related publications listed here, the following books came in handy when writing
this book. They were used for reference, consultation, and inspiration.

The Art of Computer Programming, by Donald Knuth, Volumes I-111: "Fundamental Algorithms;,"
"Seminumerical Algorithms," and "Sorting and Searching”; Addison-Wesley (3rd Edition, 1997).

Introduction to Algorithms, by Thomas H. Cormen, Charles E. Leiserson, and Ronald L. Rivest; MIT
Press and McGraw-Hill (1990).

Algorithmsin C, by Robert Sedgewick; Addison-Wesley (1992).

The Art of Mathematics, by Jerry P. King; Plenum (1992).

The Elements of Programming Style, by Brian W. Kernighan and P.J. Plauger; McGraw-Hill (1988).
The UNIX Programming Environment, by Brian W. Kernighan and Rob Pike; Prentice-Hall (1984).
POS X Programmer's Guide, by Donald Lewine; O'Rellly & Associates (1991).

Advanced Programming in the UNIX Environment, by W. Richard Stevens; Addison-Wesley (1992).
TCP/IP Illustrated, by W. Richard Stevens, et a., Volumes I-111; Addison-Wesley (1992-1996).
Web Client Programming with Perl, by Clinton Wong; O'Reilly & Associates (1997).

HTML: The Definitive Guide, by Chuck Musciano and Bill Kennedy; O'Rellly & Associates (3rd
Edition, 1998).

The New Fowler's Modern English Usage, edited by R.W. Burchfield; Oxford (3rd Edition, 1996).
Official Guide to Programming with CGI.pm, by Lincoln Stein; John Wiley & Sons (1997).
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Conventions Used in This Book

Programming Conventions

We are firm believersin using Perl's -w command-line option and itsuse stri ct pragmain every
non-trivial program. We start nearly all our longer programs with:

#!/usr/bin/perl -w
use strict;

We give lots of examples, most of which are pieces of code that should go into alarger program. Some
examples are complete programs, which you can recognize because they begin with a#! line.

Still other examples are things to be typed on a command line. We've used %to indicate the shell prompt:

% perl -e "print "Hello, world.\n"'
Hel | o, worl d.

This style is representative of a standard Unix command line. Quoting and wildcard conventions on other
systems vary. For example, most standard command-line interpreters under DOS and VM S require
double quotes instead of single ones to group arguments with spaces or wildcards in them. Adjust
accordingly.

Typesetting Conventions

The following typographic conventions are used in this book:
Italic

Is used for filenames, command names, and URLS. It is aso used to define new terms when they
first appear in the text.

Bold

Is used for command-line options.
Constant W dth

is used for function and method names and their arguments; in examples to show the text that you
enter literally; and in regular text to show any literal code.

Constant Bold Italic
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is used in examples to show output produced.

Documentation Conventions

The most up-to-date and complete documentation about Perl isincluded with Perl itself. If typeset and
printed, this massive anthology would use more than a thousand pages of printer pager, greatly
contributing to global deforestation. Fortunately, you don't have to print it out because it's available in a
convenient and searchable electronic form.

When we refer to a"manpage” in this book, we're talking about this set of online manuals. The nameis
purely a convention; you don't need a Unix-style man program to read them. The perldoc command
distributed with Perl also works, and you may even have the manpages installed as HTML pages,
especially on non-Unix systems. Plus, once you know where they're installed, you can grep them
directly.[1] The HTML version of the manpagesis available on the Web at

http://www.perl.com/CPAN/doc/manual/html/.

[1] If your system doesn't have grep, use the tcgrep program supplied at the end of Chapter
6.

When we refer to non-Perl documentation, asin "Seekill (2) in your system manual,” thisrefersto the
kill manpage from section 2 of the Unix Programmer's Manual (system calls). These won't be available
on non-Unix systems, but that's probably okay, because you couldn't use them there anyway. If you
really do need the documentation for a system call or library function, many organizations have put their
manpages on the Web; a quick search of AltaVistafor +crypt(3) +manual will find many copies.
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We'd Like to Hear from You

We have tested and verified the information in this book to the best of our ability, but you may find that

features have changed (which may in fact resemble bugs). Please let us know about any errors you find,
aswell as your suggestions for future editions, by writing to:

O'Reilly & Associates, Inc.

101 Morris Street

Sebastopol, CA 95472
1-800-998-9938 (in U.S. or Canada)
1-707-829-0515 (international/local)
1-707-829-0104 (fax)

Y ou can also send us messages electronically. To be put on the mailing list or request a catalog, send
email to:

info@oreilly.com

To ask technical questions or comment on the book, send email to:
bookquestions@oreilly.com

We have aweb site for the book, where we'll list errata and plans for future editions. Here you'll also find
all the source code from the book available for download so you don't haveto typeit al in.

http://www.oreilly.com/catal og/cookbook/
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1. Strings

Contents:
Introduction

Accessing Substrings

Establishing a Default Value

Exchanging Vaues Without Using Temporary Variables
Converting Between ASCI| Characters and Values
Processing a String One Character at a Time

Reversing a String by Word or Character

Expanding and Compressing Tabs

Expanding Variablesin User Input

Controlling Case

| nterpolating Functions and Expressions Within Strings
| ndenting Here Documents

Reformatting Paragraphs

Escaping Characters

Trimming Blanks from the Ends of a String

Parsing Comma-Separated Data

Soundex Matching

Program: fixstyle

Program: psgrep

1.0. Introduction

He multiplieth words without knowledge.
- Job 35:16

Many programming languages force you to work at an uncomfortably low level. Y ou think in lines, but
your language wants you to deal with pointers. Y ou think in strings, but it wants you to deal with bytes.
Such alanguage can drive you to distraction. Don't despair, though - Perl isn't alow-level language;
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lines and strings are easy to handle.

Perl was designed for text manipulation. In fact, Perl can manipulate text in so many ways that they can't
all be described in one chapter. Check out other chapters for recipes on text processing. In particular, see
Chapter 6, Pattern Matching, and Chapter 8, File Contents, which discuss interesting techniques not

covered here.

Perl's fundamental unit for working with dataisthe scalar, that is, single values stored in single (scalar)
variables. Scalar variables hold strings, numbers, and references. Array and hash variables hold lists or
associations of scalars, respectively. References are used for referring to other values indirectly, not
unlike pointersin low-level languages. Numbers are usually stored in your machine's double-precision
floating-point notation. Stringsin Perl may be of any length (within the limits of your machine's virtual
memory) and contain any data you care to put there - even binary data containing null bytes.

A string is not an array of bytes: Y ou cannot use array subscripting on a string to address one of its
characters; use subst r for that. Like all datatypesin Perl, strings grow and shrink on demand. They
get reclaimed by Perl's garbage collection system when they're no longer used, typically when the
variables holding them go out of scope or when the expression they were used in has been evaluated. In
other words, memory management is already taken care of for you, so you don't have to worry about it.

A scalar valueis either defined or undefined. If defined, it may hold a string, number, or reference. The
only undefined valueisundef . All other values are defined, even 0 and the empty string. Definednessis
not the same as Boolean truth, though; to check whether avalue is defined, use the def i ned function.
Boolean truth has a specialized meaning, tested with operatorslike& & and| | orinani f orwhil e
block's test condition.

Two defined strings are false: the empty string (*"') and a string of length one containing the digit zero
("0™). This second one may surprise you, but Perl does this because of its on-demand conversion
between strings and numbers. The numbers 0. , 0. 00, and 0. 0000000 are all false when unquoted but
are not false in strings (the string "0. 00" istrue, not false). All other defined values (e.g., "f al se", 15,
and\ $x ) aretrue.

Theundef value behaves like the empty string ("") when used as a string, O when used as a number,
and the null reference when used as areference. But in all these cases, it's false. Using an undefined
value where Perl expects a defined value will trigger a run-time warning message on STDERR if you've
used the -w flag. Merely asking whether something is true or false does not demand a particular value, so
thisis exempt from a warning. Some operations do not trigger warnings when used on variables holding
undefined values. These include the autoincrement and autodecrement operators, ++ and - - , and the
addition and catenation assignment operators, +=and . = .

Specify strings in your program either with single quotes, double quotes, the quote-like operators q/ /
and qq/ / , or "here documents." Single quotes are the ssmplest form of quoting - the only special
charactersare' toterminatethestring,\ ' to quote asingle quote in the string, and\ \ to quote a
backslash in the string:

$string ‘\n'; # two characters, \ and an n
$string *Jon \' Maddog\' Owant'; # literal single quotes

Double quotes interpolate variables (but not function calls - see Recipe 1.10 to find how to do this) and



expand alot of backslashed shortcuts: "\ n" becomes anewline, "\ 033" becomes the character with
octal value 33, "\ ¢cJ" becomes a Ctrl-J, and so on. The full list of these is given in the perlop (1)
manpage.

$string
$string

"“\'n"; # a "new i ne" character
“Jon \"Maddog\" Owant"; # literal double quotes

Theq// and qq/ / regexp-like quoting operators let you use alternate delimiters for single- and
double-quoted strings. For instance, if you want aliteral string that contains single quotes, it's easier to
write this than to escape the single quotes with backslashes:

$string = g/Jon ' Maddog' Orwant/; # literal single quotes

Y ou can use the same character as delimiter, as we do with / here, or you can balance the delimiters if
you use parentheses or paren-like characters:

$string = g[Jon ' Maddog' Orwant]; # literal single quotes
$string = g{Jon ' Maddog' Orwant}; # literal single quotes
$string = g(Jon ' Maddog' Orwant); # literal single quotes
$string = g<Jdon ' Maddog' Orwant>; # literal single quotes

"Here documents” are borrowed from the shell. They are away to quote a large chunk of text. The text
can be interpreted as single-quoted, double-quoted, or even as commands to be executed, depending on
how you quote the terminating identifier. Here we double-quote two lines with a here document:

$a = <<"EOF";

This is a multiline here docunent

termnated by EOF on a line by itself

EOF

Note there's no semicolon after the terminating EOF. Here documents are covered in more detail in
Recipe 1.11.

A warning for non-Western programmers: Perl doesn't currently directly support multibyte characters
(expect Unicode support in 5.006), so we'll be using the terms byte and character interchangeably.
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1.1. Accessing Substrings

Problem

Y ou want to access or modify just a portion of a string, not the whole thing. For instance, you've read a fixed-width
record and want to extract the individual fields.

Solution

Thesubst r function lets you read from and write to bits of the string.

$val ue = substr($string, $offset, $count);
$val ue = substr($string, $offset);
substr($string, $offset, $count)
substr($string, $offset)

$newst ri ng;
$newt ai | ;

Theunpack function gives only read access, but is faster when you have many substrings to extract.

# get a 5-byte string, skip 3, then grab 2 8-byte strings, then the rest
($l eadi ng, $s1, $s2, S$trailing) =
unpack("A5 x3 A8 A8 A*", $data);

# split at five byte boundaries
@ivers = unpack("A5" x (length($string)/5), $string);

# chop string into individual characters
@hars = unpack("Al" x length($string), $string);

Discussion

Unlike many other languages that represent strings as arrays of bytes (or characters), in Perl, strings are abasic
datatype. This means that you must use functions like unpack or subst r to accessindividual charactersor a
portion of the string.

The offset argument to subst r indicates the start of the substring you're interested in, counting from the front if
positive and from the end if negative. If offset is 0, the substring starts at the beginning. The count argument is the
length of the substring.

$string = "This is what you have";

# +012345678901234567890 Indexing forwards (left to right)
# 109876543210987654321- | ndexi ng backwards (right to left)
# note that 0 neans 10 or 20, etc. above


file:///D|/Cool Stuff/old/ftp/perl/arbeit/search/csrch.htm

$first = substr($string, 0, 1); # "T"

$start = substr($string, 5, 2); # "is"

$r est = substr($string, 13); # "you have"
$l ast = substr($string, -1); # "e"

$end = substr($string, -4); # "have"

$pi ece = substr($string, -8, 3); # "you"

Y ou can do more than just look at parts of the string with subst r ; you can actually change them. That's because
subst r isaparticularly odd kind of function - an lvaluable one, that is, afunction that may itself be assigned a
value. (For therecord, the othersarevec, pos, and as of the 5.004 release, keys. If you squint, | ocal and ny
can also be viewed as Ivaluable functions.)

$string = "This is what you have";
print $string;
This is what you have

substr($string, 5, 2) = "wasn't"; # change "is" to "wasn't"
This wasn't what you have

substr($string, -12) = "ondrous";# "This wasn't wondrous"”
This wasn't wondrous

substr($string, 0, 1) = ""; # delete first character
his wasn't wondrous

substr($string, -10) =""; # delete last 10 characters
hi s wasn'

Y ou can use the =~ operator andthes///,m / ,ortr/// operatorsin conjunction with substr to make them
affect only that portion of the string.

# you can test substrings with =~
if (substr($string, -10) =~ /pattern/) {

print "Pattern matches in |ast 10 characters\n";
}

# substitute "at" for "is", restricted to first five characters
substr($string, 0, 5) =~ s/is/at/g;

Y ou can even swap values by using several subst r son each side of an assignment:

# exchange the first and last letters in a string

$a = "make a hat";

(substr(%a, 0,1), substr(%$a,-1)) = (substr(%$a,-1), substr(%$a,0,1));
print $a;

take a ham

Although unpack isnot Ivaluable, it is considerably faster than subst r when you extract numerous values at
once. It doesn't directly support offsetsassubst r does. Instead, it uses lowercase "x" with a count to skip
forward some number of bytes and an uppercase " X" with a count to skip backward some number of bytes.

# extract columm w th unpack

$a = "To be or not to be";
$b = unpack("x6 A6", $a); # skip 6, grab 6
print $b;

or not



($b, $c) = unpack("x6 A2 X5 A2", $a); # forward 6, grab 2; backward 5, grab
print "$b\n$c\n";

or

be

Sometimes you prefer to think of your data as being cut up at specific columns. For example, you might want to
place cuts right before positions 8, 14, 20, 26, and 30. Those are the column numbers where each field begins.

Although you could calculate that the proper unpack format is"A7 A6 A6 A6 A4 A*", thisis too much mental
strain for the virtuously lazy Perl programmer. Let Perl figure it out for you. Use the cut 2f nt function below:

sub cut2fnt {

ny(@ositions) = @;

my $tenplate ="'";

my $l ast pos = 1;

foreach $place (@ositions) {
$tenplate .= "A" . ($place - $lastpos) . " ";
$l ast pos = $pl ace;

}

$tenplate .= "A*";

return $tenpl ate;

}

$fm = cut2fnt (8, 14, 20, 26, 30);
print "$fnt\n";
A7 A A6 A6 A4 A*

The powerful unpack function goes far beyond mere text processing. It's the gateway between text and binary
data.

See Also

Theunpack and subst r functionsin perlfunc (1) and Chapter 3 of Programming Perl; the cut2fmt subroutine of
Recipe 1.18; the binary use of unpack in Recipe 8.18
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1.2. Establishing a Default Value

Problem

Y ou would like to give adefault value to a scalar variable, but only if it doesn't already have one. It often
happens that you want a hard-coded default value for avariable that can be overridden from the
command-line or through an environment variable.

Solution

Usethe| | or | | = operator, which work on both strings and numbers;
# use $b if $b is true, else $c

$a = $b || $c;

# set $x to Py unless $x is already true
$x [|= 3y

If O or "0" arevalid values for your variables, use def i ned instead:

# use $b if $b is defined, else $c
$a = defined($b) ? $b : $c;

Discussion

The big difference between the two techniques (def i ned and | | ) iswhat they test: definedness versus
truth. Three defined values are still false in the world of Perl: 0, "0", and "". If your variable already held
one of those, and you wanted to keep that value, a| | wouldn't work. Y ou'd have to use the clumsier
testswith def i ned instead. It's often convenient to arrange for your program to care only about true or
false values, not defined or undefined ones.

Rather than being restricted in its return valuesto amere 1 or 0 asin most other languages, Perl's| |
operator has a much more interesting property: It returnsitsfirst operand (the left-hand side) if that
operand is true; otherwise it returnsits second operand. The && operator also returns the last evaluated
expression, but is less often used for this property. These operators don't care whether their operands are
strings, numbers, or references - any scalar will do. They just return the first one that makes the whole
expression true or false. This doesn't affect the Boolean sense of the return value, but it does make the
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operators more convenient to use.

This property lets you provide a default value to a variable, function, or longer expression in case the first
part doesn't pan out. Here'san example of | | , which would set $f 00 to be the contents of either $bar
or, if $bar isfase, "DEFAULT VALUE":

$foo = $bar || "DEFAULT VALUE";

Here's another example, which sets $di r to be either the first argument to the program or "/ t np" if no
argument was given.

$dir = shift(@RGY) || "/tnp";

We can do this without altering GARGV:
$dir = $ARGV[O] || "/tnmp";

If 0 isavalid value for $ARGV[ 0] , wecan't use| | becauseit evaluates as false even though it's avalue
we want to accept. We must resort to the ternary ("hook™) operator:

$dir = defined($ARGV[0]) ? shift(@RGY) : "/tnmp";

We can aso write this as follows, although with slightly different semantics:
$dir = @GARGVY ? $ARGV[O0] : "/tnp";

This checks the number of elementsin @GARGV. Using the hook operator as aconditionina?: statement
evaluates @GARGV in scalar context. It's only false when there are 0 elements, in which case we use
"/t np". In al other cases (when the user gives an argument), we use the first argument.

The following line increments avalue in %€ ount , using as the key either $shel | or, if $shel | is
false, "/ bi n/ sh".

$count{ $shell || "/bin/sh" }++;

Y ou may chain several alternatives together as we have in the following example. The first expression
that returns a true value will be used.

# find the user nanme on Uni x systens
$user = $ENV{ USER}

|| $ENV{ LOGNAME}

|| getlogin()

|| (getpwiid($<))[0]

|| "Unknown uid nunber $<";

The && operator works analogoudly: It returnsitsfirst operand if that operand is false; otherwise, it
returns the second one. Because there aren't as many interesting false values as there are true ones, this
property isn't used much. One use is demonstrated in Recipe 13.11 or 14.11.

The| | = assignment operator looks odd, but it works exactly like the other binary assignment operators.
For nearly al Perl's binary operators, $VAR OP= VALUE means $VAR = $VAR OP VAL UE; for example,
$a +=$b isthesameas$a = $a + $b. So| | = isused to set a variable when that variable isitself till
false. Sincethe| | check isasimple Boolean one - testing for truth - it doesn't care about undefined
values even under -w.



Here'san example of | | = that sets$st arti ng_poi nt to"G eenwi ch" unlessitisalready set.
Again, weassume $st arti ng_poi nt won't have thevaue0 or "0", or that if it does, it's okay to
change it.

$starting_point ||= "G eenw ch";

Youcantuseor inplaceof | | inassignments because or 's precedenceistoo low. $a = $b or $c is
equivalent to ( $a = $b) or $c. Thiswill dways assign $b to $a, which is not the behavior you want.

Don't extend thiscurioususe of | | and | | = from scalars to arrays and hashes. It doesn't work because
the operators put their left operand into scalar context. Instead, you must do something like this:

@ = @ unless @, # copy only if enpty

@ =0 ? @& : @; # assign @ if nonenpty, else @

See Also

The| | operator in perlop (1) or Chapter 2 of Programming Perl; thedef i ned and exi st s functions
in perlfunc (1) and Chapter 3 of Programming Per|
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1.3. Exchanging Values Without Using Temporary
Variables

Problem

Y ou want to exchange the values of two scalar variables, but don't want to use atemporary variable.

Solution

Use list assignment to reorder the variables.
($VARL, $VAR2) = ($VAR2, $VARL);

Discussion

Most programming languages force you to use an intermediate step when swapping two variables values:

$tenp = $a;
$a = $b;
$b = $tenp;

Not so in Perl. It tracks both sides of the assignment, guaranteeing that you don't accidentally clobber any
of your values. Thislets you eliminate the temporary variable:

$a = "al pha";
$b = "onega";
($a, $b) = ($b, $a); # the first shall be last -- and versa vice

Y ou can even exchange more than two variables at once:

(%al pha, $beta, $production) = gw(January March August);

# nove beta to al pha,

# nove production to beta,

# nove al pha to production

($al pha, $beta, $production) = ($beta, $production, $al pha);

When this code finishes, $al pha, $bet a, and $pr oduct i on have the vaues"Mar ch", "August ",
and"January".
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See Also

The section on "List value constructors® in perldata (1) and Chapter 2 of Programming Per|
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Previous: 1.3. Exchanging Ch .ter 1 Next: 1.5. Processing a String
Values Without Using Strings One Character at a Time
Temporary Variables

1.4. Converting Between ASCII Characters and
Values
Problem

Y ou want to print out the number represented by a given ASCII character, or you want to print out an
ASCII character given a number.

Solution

Use or d to convert a character to a number, or use chr to convert anumber to a character:

$num = ord($char);

$char = chr ($num ;

The % format used inpri ntf andspri ntf aso converts anumber to a character:

$char = sprintf("%", $num; # sl ower than chr($num

printf("Nunmber % is character %\n", $num $nun;
Nunmber 101 is character e

A C* template used with pack and unpack can quickly convert many characters.

@\SCI | = unpack("C*", $string);
$STRI NG = pack("C*", @scii);

Discussion

Unlike low-level, typeless languages like assembler, Perl doesn't treat characters and numbers
interchangeably; it treats strings and numbers interchangeably. That means you can't just assign
characters and numbers back and forth. Perl provides Pascal's chr and or d to convert between a
character and its corresponding ordinal value:

$ascii _value = ord("e"); # now 101
$char act er = chr(101); # now "e"

If you already have a character, it's really represented as a string of length one, so just print it out directly
using pri nt orthe%s formatinprintf andspri ntf.The% format forcespri ntf orsprintf
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to convert a number into a character; it's not used for printing a character that's already in character
format (that is, a string).

printf("Nunber % is character %\n", 101, 101);

The pack, unpack, chr, and or d functions are al faster thanspri nt f . Hereare pack and
unpack in action:

@scii _character _nunbers = unpack("C", "sanple");
print "@ascii_character _nunbers\n";
115 97 109 112 108 101

$word = pack("C*", @scii_character_nunbers);
$word = pack("C*", 115, 97, 109, 112, 108, 101); # same
print "$word\n";

sanpl e
Here's how to convert from HAL to IBM:
$hal = "HAL";
@scii = unpack("C*", $hal);
foreach $val (@scii) {
$val ++; # add one to each ASCI | val ue
}
$i bm = pack("C", @ascii);
print "$ibmn"; # prints "I BM

The or d function can return numbers from 0 to 255. These correspond to C'sunsi gned char data
type.

See Also

Thechr,ord, printf,sprintf,pack, andunpack functionsin perlfunc (1) and Chapter 3 of
Programming Per|
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Previous: 1.4. Converting Ch .ter 1 Next: 1.6. Reversing a String
Between ASCII Characters Strings by Word or Character
and Values

1.5. Processing a String One Character at a Time

Problem

Y ou want to process a string one character at atime.

Solution

Use split with anull pattern to break up the string into individual characters, or use unpack if you just
want their ASCII values:

@rray = split(//, $string);

@rray = unpack("C'", $string);

Or extract each character in turn with aloop:

while (/(.)/g) { # . is never a newine here
# do sonething with $1
}

Discussion

Aswe said before, Perl's fundamental unit is the string, not the character. Needing to process anything a
character at atimeisrare. Usually some kind of higher-level Perl operation, like pattern matching, solves
the problem more easily. See, for example, Recipe 7.7, where a set of substitutionsis used to find

command-line arguments.

Splitting on a pattern that matches the empty string returns alist of the individual charactersin the string.
Thisis aconvenient feature when done intentionally, but it's easy to do unintentionally. For instance,
/ X* | matches the empty string. Odds are you will find others when you don't mean to.

Here's an example that prints the characters used in the string "an appl e a day", sorted in ascending
ASCII order:

%seen = ();

$string = "an apple a day";
foreach $byte (split //, $string) {
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$seen{ $byt e} ++;
}
print "unique chars are: ", sort(keys %seen), "\n";
uni que chars are: adel npy

Thesespl i t and unpack solutions give you an array of characters to work with. If you don't want an
array, you can use a pattern match with the/ g flag in awhi | e loop, extracting one character at atime:

%seen = ();

$string = "an apple a day";

while ($string =~ /(.)/9g) {
$seen{ $1} ++;

}

print "unique chars are: ", sort(keys %seen), "\n";
uni que chars are: adel npy

In generdl, if you find yourself doing character-by-character processing, there's probably a better way to
go about it. Instead of using i ndex and substr orsplit andunpack, it might be easier to usea
pattern. Instead of computing a 32-bit checksum by hand, asin the next example, the unpack function
can compute it far more efficiently.

The following example calcul ates the checksum of $st ri ng with af or each loop. There are better
checksumes; this just happens to be the basis of atraditional and computationally easy checksum. See the
MD5 module from CPAN if you want a more sound checksum.

$sum = 0;

foreach $ascval (unpack("C", $string)) {
$sum += $ascval ;

}

print "sumis $sumn”;
# prints "1248" if $string was "an apple a day"

This does the same thing, but much faster:
$sum = unpack("9B2C*", $string);

Thislets us emulate the SysV checksum program:

#! [ usr/ bi n/ per|

# sum - conpute 16-bit checksumof all input files
$checksum = 0;

while (<>) { $checksum += unpack("%6C", $ ) }
$checksum % (2 ** 16) - 1;

print "$checksum n";

Here's an example of its use:

% perl sum/etc/terntap
1510

If you have the GNU version of sum, you'll need to call it with the - -sysv option to get the same answer
on the samefile.



% sum --sysv /etc/terncap
1510 851 /etc/terntap

Another tiny program that processes its input one character at atimeis slowcat, shown in Example 1.1.

Theidea hereisto pause after each character is printed so you can scroll text before an audience slowly
enough that they can read it.

Example 1.1: slowcat

#! [ usr/ bi n/ perl

# slowat - enmulate a s | ow line printer

# usage: slowcat [-DELAY] [files ...]

$DELAY = ($ARGV[O] =~ /~-([.\d]+)/) ? (shift, $1) : 1;
$| =1,

while (<>) {
for (split(//)) {
print;
sel ect (undef, undef, undef, 0.005 * $DELAY);
}
}
See Also

Thespl it and unpack functionsin perlfunc (1) and Chapter 3 of Programming Perl; the use of
sel ect for timingisexplainedin Recipe 3.10
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Previous: 1.5. Processing a Chapter 1 Next: 1.7. Expanding and
String One Character at a Strings Compressing Tabs
Time

1.6. Reversing a String by Word or Character

Problem

Y ou want to reverse the characters or words of a string.

Solution

Usether ever se function in scalar context for flipping bytes.
$revbytes = reverse($string);

Toflipwords, user ever se inlist context withspl i t andj oi n:
$revwords = join(" ", reverse split(" ", $string));

Discussion

Ther ever se function istwo different functionsin one. When called in scalar context, it joins together its
arguments and returns that string in reverse order. When called in list context, it returns its argumentsin the
opposite order. When using r ever se for its byte-flipping behavior, use scal ar to force scalar context
unlessit's entirely obvious.

$gnirts = reverse($string); # reverse letters in $string
@dr ow = reverse( @words); # reverse elenments in @wrds
$confused = reverse( @words); # reverse letters in join("", @wrds)

Here's an example of reversing wordsin astring. Using asingle space, " ", asthe patterntospl i t isa
special case. It causesspl i t to use contiguous whitespace as the separator and also discard any leading null
fields, just like awk. Normally, spl i t discardsonly trailing null fields.

# reverse word order

$string = ' Yoda said, "can you see this?"';
@l | wor ds = split(" ", $string);
$r evwor ds =join(" ", reverse @llwords);

print $revwords, "\n";
thi s?" see you "can said, Yoda
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We could remove the temporary array @l | wor ds and do it on one line:

$revwords = join(" ", reverse split(" ", $string));

Multiple whitespace in $st r i ng becomes asingle spacein $r evwor ds. If you want to preserve
whitespace, use this:

$revwords = join("", reverse split(/(\s+)/, $string));

Oneuseof r ever se isto test whether aword is a palindrome (aword that reads the same backward or
forward):

$word = "reviver";
$is_palindrome = ($word eq reverse($word));

We can turn thisinto a one-liner that finds big palindromes in /usr/dict/words.

% perl -nle "print if $ eq reverse &k length > 5" /usr/dict/words
deedeed
degged
dei fi ed
denned
hal | ah
kakkak
mur dr um
redder

r epaper
retter
reviver
r ot at or
sool oos
t ebbet
terret
tut-tut

See Also

Thesplit,reverse,andscal ar functionsin perlfunc (1) and Chapter 3 of Programming Perl; the
"Switches" section of perlrun (1) and Chapter 6 of Programming Per|
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Previous: 1.6. Reversing a C_m‘Pter_l Next: 1.8. Expanding
String by Word or Character Strings Variables in User Input

1.7. Expanding and Compressing Tabs

Problem

Y ou want to convert tabs in a string to the appropriate number of spaces, or vice versa. Converting
spaces into tabs can be used to reduce file size when the file has many consecutive spaces. Converting
tabs into spaces may be required when producing output for devices that don't understand tabs or think
they're at different positions than you do.

Solution

Either use arather funny looking substitution:

while ($string =~ s/\t+/" ' x (length($& * 8 - length($) %8)/e) {
# spin in enpty loop until substitution finally fails
}

Or the standard Text:: Tabs module:
use Text:: Tabs;
@xpanded_| i nes
@ abul ated_I i nes

expand( @i nes_wth tabs);
unexpand( @i nes_w t hout _t abs);

Discussion

Assuming that tab stops are set every N positions (where N is customarily eight), it's easy to convert them
Into spaces. The standard, textbook method does not use the Text:: Tabs module but suffers from being
difficult to understand. Also, it usesthe$” variable, whose very mention currently slows down every
pattern match in the program. The reason for thisis given in the "Special Variables' section of the
Introduction to Chapter 6.

while (<>) {
1 while s/\t+/" ' x (length($& * 8 - length($ ) %8)/e;
print;

}

If you're looking at the second whi | e loop and wondering why it couldn't have been written as part of a
simples/ / / g instead, it's because you need to recal culate the length from the start of the line again each


file:///D|/Cool Stuff/old/ftp/perl/arbeit/search/csrch.htm

time (stored in $° ) rather than merely from where the last match occurred.

The obscure convention 1 whi | e CONDI TlI ONisthe sameaswhi | e ( CONDI TI ON) { }, but shorter.
Its origins date to when Perl ran the first incredibly faster than the second. While the second is now
amost as fast, it remains convenient, and the habit has stuck.

The standard Text:: Tabs module provides conversion functions to convert both directions, exports a
$t abst op variable to control the number of spaces per tab, and does not incur the performance hit
because it uses $1 and $2 rather than $&and $° .

use Text:: Tabs;
$t abstop = 4;
while (<>) { print expand($_) }

We can also use Text::Tabsto "unexpand" the tabs. This example uses the default $t abst op value of
8:

use Text:: Tabs:;
while (<>) { print unexpand($ ) }

See Also

The manpage for the Text:: Tabs module (also in Chapter 7 of Programming Perl); thes/ / / operator in
perlre (1) and perlop (1) and the "Pattern Matching" and "Regular Expressions’ sections of Chapter 2 of
Programming Per|
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Previous: 1.7. Expanding and Chapter 1 .ter 1 | Next: 1.9. Controlling Case|
Compressing Tabs Strings

1.8. Expanding Variables in User Input

Problem

You've read in a string with an embedded variable reference, such as:
You owe $debt to ne.

Now you want to replace $debt in the string with its value.

Solution

Use a substitution with symbolic references if the variables are all globals:
$text =~ s/\$(\wt)/ ${$1}/q;

But use adouble/ ee if they might be lexical (rmy) variables:
$text =~ s/ (\$\w+)/ $1/ gee;

Discussion

Thefirst technique is basically "find what |ooks like a variable name, and then use symbolic
dereferencing to interpolate its contents.” If $1 contains the string sorrevar , then ${ $1} will be
whatever $sonevar contains. Thiswon't work if theuse strict ' refs' pragmaisin effect
because that bans symbolic dereferencing.

Here's an example:

use vars gw $rows $col s);

no strict 'refs'; # for ${3$1}/g bel ow
ny $text;

($rows, $cols) = (24, 80);

$text = g(l am $rows high and $cols long); # |like single quotes!
$text =~ s/\$(\w+)/ ${$1}/q;

print $text;

| am 24 high and 80 | ong

Y ou may have seen the/ e substitution modifier used to evaluate the replacement as code rather than as a
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string. It's designed for situations such as doubling every whole number in a string:

$text = "I am 17 years ol d";
$text =~ s/ (\d+)/2 * $1/eq;

When Perl is compiling your program and seesa/ e on a substitute, it compiles the code in the
replacement block along with the rest of your program, long before the substitution actually happens.
When a substitution ismade, $1 is replaced with the string that matched. The code to evaluate would
then be something like:

2 * 17

If we tried saying:

$text = 'I am $ACE years ol d'; # note single quotes
$text =~ s/ (\$\w+)/ $1/ eq; # WWRONG

assuming $t ext held amention of the variable $AGE, Perl would dutifully replace $1 with $AGE and
then evaluate code that looked like:

' $ACE

which just yields us our original string back again. We need to evaluate the result again to get the value
of the variable. To do that, just add another / e:

$text =~ s/ (\$\wt)/ $1/ eeq; # finds ny() variables

Yes, you can have as many / e modifiersasyou'd like. Only the first one is compiled and syntax-checked
with the rest of your program. Thismakes it work liketheeval { BLOCK} construct, except that it
doesn't trap exceptions. Think of it moreasado { BLOCK} instead.

Subsequent / e modifiers are quite different. They're more liketheeval "STRI NG' construct. They
don't get compiled until run-time. A small advantage of this scheme isthat it doesn't make you put ano
strict 'refs' pragmain theblock. A tremendous advantage is that unlike the symbolic
dereferencing, this mechanism can actually find lexical variables created with my, something symbolic
references can never do.

The following example uses the/ x modifier to enable whitespace and comments in the pattern part of
the substitute and / e to evaluate the right-hand side as code. The/ e modifier gives you more control
over what happensin case of error or other extenuating circumstances, as we have here:

# expand variables in $text, but put an error nessage in
#if the variable isn't defined

$text =~ s{

\'$ # find a literal dollar sign

(\ w+) # find a "word" and store it in $1
H

no strict 'refs'; # for $$1 bel ow

i f (defined $31) {

$$1; # expand gl obal variables only
} else {

"[ NO VARI ABLE: \$$1]"; # error nsg
}



} egx;

Note that the syntax of $$1 has changed for Perl 5.004: it used to mean ${ $} 1 but now means ${ $1} .
For backwards compatibility, in strings it still takes the old meaning (but generates a warning with -w).
People will write ${ $1} within a string to keep from dereferencing the PID variable. If $$ were 23448,
then $$1 in astring would turn into 234481, not the contents of the variable whose name was stored in
$1.

See Also

Thes/ /| operator in perlre (1) and perlop (1) and the "Pattern Matching" and "Regular Expressions’
sections of Chapter 2 of Programming Perl; theeval function in perlfunc (1) and Chapter 3 of
Programming Perl; the similar use of substitutionsin Recipe 20.9.
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Previous: 1.8. Expanding C_m‘Pter_l Next: 1.10. Interpolating
Variables in User Input Strings Functions and Expressions
Within Strings

1.9. Controlling Case

Problem

A string in uppercase needs converting to lowercase, or vice versa.

Solution

Usethel ¢ and uc functionsor the\ L and \ U string escapes.

use | ocal e; # needed in 5.004 or above

$big = uc($little); # "bo peep" -> "BO PEEP"

$little = I c($big); # " JOHN' -> "john"

$big = "\USlittle"; # "bo peep" -> "BO PEEP"

$little = "\L$big"; # " JOHN' -> "john"

To alter just one character, usethel cfi rst anducfirst functionsorthe\ | and\ u string escapes.
$big = "\u$little"; # "bo" -> "Bo"

$little = "\ $big"; # " BoPeep" -> "boPeep"

Discussion

The functions and string escapes ook different, but both do the same thing. Y ou can set the case of either
the first character or the whole string. Y ou can even do both at once to force uppercase on initial
characters and lowercase on the rest.

Theuse | ocal e directive tells Perl's case-conversion functions and pattern matching engine to respect
your language environment, allowing for characters with diacritical marks, and so on. A common
mistakeistousetr/// to convert case. (We're aware that the old Camel book recommended

tr/ A-Z/ a-z/ . Inour defense, that was the only way to do it back then.) Thiswon't work in all
situations because whenyou say t r / A- Z/ a- z/ you have omitted all characters with umlauts, accent
marks, cedillas, and other diacritics used in dozens of languages, including English. Theuc and\ U
case-changing commands understand these characters and convert them properly, at least when you've
saduse | ocal e. (An exception isthat in German, the uppercase form of 3 is SS, but it'snot in Perl.)
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use | ocal e; # needed in 5.004 or above

$beast = "dronedary";
# capitalize various parts of $beast

$capi t = ucfirst($beast); # Dronedary
$capi t = "\ u\ L$beast"; # (sane)
$capal | = uc($beast); # DROVEDARY
$capall = "\ US$beast"; # (sane)
$caprest = lcfirst(uc($beast)); # dROVEDARY
$caprest = "\1\ U$beast"; # (sane)

These capitalization changing escapes are commonly used to make the case in a string consistent:

# capitalize each word's first character, downcase the rest
$text = "thlSis a |oNG IliNE";

$text =~ s/ (\w+)/\u\L$1/g;

print $text;

This I's A Long Line

Y ou can also use their functional forms to do case-insensitive comparison:

if (uc($a) eq uc($b)) {
print "a and b are the sanme\n";
}

The randcap program, shown in Example 1.2, randomly capitalizes 20 percent of the letters of itsinput.
Thislets you converse with 14-year-old WaREz d00ODz.

Example 1.2: randcap

#!/usr/bin/perl -p

# randcap: filter to randonmy capitalize 20% of the letters
# call to srand() is unnecessary in 5.004

BEGA N { srand(tinme() ™ ($$ + ($$ << 15))) }

sub randcase { rand(100) < 20 ? "\u$ [O0]" : "\I$ [O]" }

s/ (\w)/ randcase($1)/ ge;

% randcap < genesis | head -9
boCk 01 genesis

001: 001 in the BEgi nning goD created the heaven and tHe earTh.

001: 002 and the earth wAS wi thout ForM aND voi d; AnD darkneSS was
upon The Face of the dEEp. and the splrit of GO0d novEd upOn
tHe face of the Waters.

001: 003 and god Said, let there be ligHt: and therE wAs LigHt.

A more interesting approach would have been to take advantage of Perl's ability to use bitwise operators



on strings:

sub randcase {
rand(100) < 20 ? ("\040" ™ $1) : $1
}

That would, in 20 percent of the cases, switch the case of the letter. However, this misbehaves on 8-bit
characters. The original randcase program had the same problem, but appying use | ocal e would have
easily fixed it.

This example of bitwise string operations quickly strips off all the high bits on a string:

$string &= "\ 177" x length($string);

Again, they'll be talking about you all over Europe, and not in the most glowing of terms, if you force all
strings to seven hits.

See Also

Theuc, | c,ucfirst,andl cfirst functionsin perlfunc (1) and Chapter 3 of Programming Perl; the

\L,\U\ I ,and\ u string escapes in the "Quote and Quote-like Operators" section of perlop (1) and
Chapter 2 of Programming Perl

Previous: 1.8. Expanding Perl Next: 1.10. Interpolating
Variables in User Input Cookbook Functions and Expressions
Within Strings
1.8. Expanding Variablesin Book 1.10. Interpolating Functions
User Input Index and Expressions Within
Strings

[ Library Home | Perl in a Nutshell | Learning Perl | Learning Perl on Win32 | Programming Perl | Advanced Perl
Programming | Perl Cookbook |
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Previous: 1.9. Controlling Ch .ter 1 Next: 1.11. Indenting Here
Case Strings Documents

1.10. Interpolating Functions and Expressions
Within Strings

Problem

Y ou want afunction call or expression to expand within astring. This lets you construct more complex
templates than with ssimple scalar variable interpolation.

Solution

Y ou can break up your expression into distinct concatenated pieces:
$answer = $varl . func() . $varz2; # scalar only

Or you can use the dlightly sneaky @ [ LI ST EXPR] } or ${ \ ( SCALAREXPR) } expansions:

$answer = "STRING @[ LI ST EXPR ]} MORE STRING';
$answer = "STRING ${\( SCALAR EXPR )} MORE STRI NG';

Discussion

This code shows both techniques. The first line shows concatenation; the second shows the expansion
trick:

$phrase = "I have " . ($n + 1) . " guanacos.";
$phrase = "1 have ${\($n + 1)} guanacos.";

Thefirst technique builds the final string by concatenating smaller strings, avoiding interpolation but
achieving the same end. Because pr i nt effectively concatenates its entire argument list, if we were
going to pri nt $phr ase, we could have just said:

print "I have ", $n + 1, " guanacos.\n";

When you absolutely must have interpolation, you need the punctuation-riddled interpolation from the
Solution. Only @ $, and\ are special within double quotes and most backquotes. (Aswithni / and

s/ /] ,thegx() synonym isnot subject to double-quote expansion if its delimiter is single quotes!
$hone = gx' echo hone i s $HOVE' ; would get the shell $HOVE variable, not onein Perl.) So, the
only way to force arbitrary expressions to expand isby expandinga${} or @} whose block contains a
reference.
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Y ou can do more than simply assign to avariable after interpolation. It's a general mechanism that can be
used in any double-quoted string. For instance, this example will build a string with an interpol ated
expression and pass the result to a function:

sonme_func("What you want is @[ split /:/, $rec ]} itenms");

Y ou can interpolate into a here document, as by:

die "Couldn't send nmail" unless send nail (<<"EOTEXT", $target);
To: $naughty

From Your Bank

Cc: @ get _manager |ist($naughty) }

Date: @[ do { ny $now = “date ; chonp $now, $now } ]} (today)

Dear $naughty,

Today, you bounced check nunmber @[ 500 + int rand(100) ]} to us.
Your account is now cl osed.

Si ncerely,
t he managenent
EOCTEXT

Expanding backquotes (" ") is particularly challenging because you would normally end up with spurious
newlines. By creating a braced block following the @withinthe @ [ ] } anonymous array dereference, as
we did in the last example, you can create private variables.

Although these techniques work, simply breaking your work up into several steps or storing everything
In temporary variables is amost always clearer to the reader.

In version 5.004 of Perl, ${\ EXPR} wrongly evaluates EXPRin list instead of scalar context. This bug
Isfixed in version 5.005.

See Also

perlref (1) and the "Other Tricks You Can Do with Hard References' section of Chapter 4 of
Programming Per|

Previous: 1.9. Controlling Perl Next: 1.11. Indenting Here
Case Cookbook Documents
1.9. Controlling Case Book 1.11. Indenting Here
Index Documents

[ Library Home | Perl in a Nutshell | Learning Perl | Learning Perl on Win32 | Programming Perl | Advanced Perl
Programming | Perl Cookbook |



file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/ch04_03.htm#PERL2-CH-4-SECT-3.5
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/ch04_01.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/perlnut/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/learn/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/learn32/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/advprog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/advprog/index.htm

Perl Cookbook —

Previous: 1.10. Interpolating Cha_ter 1 Next: 1.12. Reformatting
Functions and Expressions Strings Paragraphs
Within Strings

1.11. Indenting Here Documents

Problem

When using the multiline quoting mechanism called a here document, the text must be flush against the margin,
which looks out of place in the code. Y ou would like to indent the here document text in the code, but not have
the indentation appear in the final string value.

Solution

Useas/// operator to strip out |eading whitespace.

# all in one

($var = <<HERE TARGET) =~ s/”™\s+//gm
your text
goes here

HERE TARCET

# or with tw steps
$var = <<HERE TARCET;
your text
goes here
HERE TARCGET
$var =~ s/ M\ s+//gm

Discussion

The substitution is straightforward. It removes leading whitespace from the text of the here document. The/ m
modifier letsthe” character match at the start of each line in the string, and the/ g modifier makes the pattern
matching engine repeat the substitution as often asit can (i.e., for every line in the here document).
($definition = <<"FINIS') =~ s/™\s+//gm

The five varieties of canelids

are the famliar canel, his friends

the |lama and the al paca, and the

rat her | ess well-known guanaco

and vi cuia.
FINI' S
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Be warned: al the patternsin thisrecipe use\ s, which will also match newlines. This means they will remove
any blank linesin your here document. If you don't want this, replace\ s with [ A\ S\ n] in the patterns.

The substitution makes use of the property that the result of an assignment can be used as the | eft-hand side of
=~. Thisletsusdo it al in oneline, but it only works when you're assigning to a variable. When you're using
the here document directly, it would be considered a constant value and you wouldn't be able to modify it. In
fact, you can't change a here document's value unless you first put it into a variable.

Not to worry, though, because there's an easy way around this, particularly if you're going to do thisalot in the
program. Just write a subroutine to do it:

sub fix {
ny $string = shift;
$string =~ s/ s+//gm
return $string;

}

print fix(<<"END");
My stuff goes here
END

# Wth function predeclaration, you can omt the parens:
print fix <<"END';

My stuff goes here
END

Aswith all here documents, you have to place this here document's target (the token that marksitsend, ENDin
this case) flush against the left-hand margin. If you want to have the target indented aso, you'll have to put the
same amount of whitespace in the quoted string as you use to indent the token.
($quote = << FINIS' ) =~ s/”™\s+//gm
...we wll have peace, when you and all your works have
peri shed--and the works of your dark nmaster to whom you woul d
deliver us. You are a liar, Saruman, and a corrupter of nen's
hearts. --Theoden in /usr/src/perl/taint.c
FIN S
$quote =~ s/\s+--/\n--/; #nmove attribution to line of its own

If you're doing this to strings that contain code you're building up for an eval , or just text to print out, you
might not want to blindly strip off all leading whitespace because that would destroy your indentation. Although
eval wouldn't care, your reader might.

Another embellishment is to use a special leading string for code that stands out. For example, here welll
prepend each line with @A properly indented:

i f ($REMEMBER THE _MAIN) {
$perl _mai n_C = dequot e<<' MAI N_| NTERPRETER _LOOP' ;

@@ i nt
@@ r unops() {
@ SAVEI 32(runl evel ) ;
@ runl evel ++;
@23) while ( op = (*op->op_ppaddr)() ) ;
@I TAI NT_NOT;



@ return O;

@@ }
MAI N_I NTERPRETER _LOOP
# add nore code here if you want

}

Destroying indentation also gets you in trouble with poets.

sub dequot e;
$poem = dequot e<<EVER ON_AND ON
Now far ahead the Road has gone,
And | must follow, if | can,
Pursuing it with eager feet,
Until it joins sone |arger way
Where many pat hs and errands neet.
And whi ther then? | cannot say.
--Bilbo in /usr/src/perl/pp_ctl.c
EVER_ON_AND_ON
print "Here's your poem\n\n$poenm n";

Hereisits sample output:

Here's your poem
Now far ahead the Road has gone,

And | nmust follow, if | can,
Pursuing it with eager feet,

Until it joins sone | arger way
Where many paths and errands neet.

And whither then? | cannot say.

--Bilbo in /usr/src/perl/pp_ctl.c

Thefollowing dequot e function handles all these cases. It expects to be called with a here document asits
argument. It checks whether each line begins with a common substring, and if so, strips that off. Otherwise, it
takes the amount of |eading whitespace found on the first line and removes that much off each subsequent line.

sub dequote {
| ocal $_ = shift;
ny ($white, $leader); # common whitespace and comon | eadi ng string
P (/M s* (20 ([MNWS]TH)(Vs* ). *\n) (2:\s*\ 1\ 2?7.*\n) +$/) {
($white, $leader) = ($2, quoteneta($l));
} else {
($wWhite, $leader) = (/~(\s+)/, "");

}
s/ M s*?$l eader (?: $white) ?// gm
return $_;
}
If that pattern makes your eyes glaze over, you could always break it up and add comments by adding / x:
if (m
A # start of line
\s * # 0 or nore whitespace chars

(?: # begin first non-renmenbered grouping



( #  begin save buffer $1
[ "\ W s] # one byte neither space nor word
+ # 1 or nore of such
) # end save buffer $1
( \'s* ) # put O or nore white in buffer $2
. \n # mat ch through the end of first line
) # end of first grouping
(?: # begi n second non-renenbered groupi ng
\s * i 0O or nore whitespace chars
\1 # whatever string is destined for $1
\2 ? # what'll be in $2, but optionally
*\n # mat ch t hrough the end of the line
) + # now repeat that group idea 1 or nore
$ # until the end of the line
} X
)
{
($white, $leader) = ($2, quoteneta($l));
} else {
($white, $leader) = (/~(\s+H)/, '"');
}
s{
A # start of each line (due to /m
\s * # any anount of |eadi ng whitespace
? # but m nimally matched
$l eader # our quoted, saved per-line | eader
(?: # begi n unrenenbered grouping
$white # t he sane anpunt
) ? # optionalize in case EOL after | eader
H}xgm

There, isn't that much easier to read? Well, maybe not; sometimes it doesn't help to pepper your code with
insipid comments that mirror the code. This may be one of those cases.

See Also

The "Scalar Vaue Constructors" section of perldata (1) and the "Here Documents” section of Chapter 2 of
Programming Perl; thes/ / / operator in perire (1) and perlop (1), and the "Pattern Matching" section of
Chapter 2 of Programming Perl
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Previous: 1.11. Indenting Ch .ter 1 Next: 1.13. Escaping
Here Documents Strings Characters

1.12. Reformatting Paragraphs

Problem

Y our string istoo big to fit the screen, and you want to break it up into lines of words, without splitting a
word between lines. For instance, a style correction script might read a text file a paragraph at atime,
replacing bad phrases with good ones. Replacing a phrase like utilizes the inherent functionality of with
uses will change the length of lines, so it must somehow reformat the paragraphs when they're output.

Solution

Use the standard Text::Wrap module to put line breaks at the right place.

use Text::Wap;
@UTPUT = wr ap( $LEADTAB, $NEXTTAB, @PARA);

Discussion

The Text::Wrap module provides thewr ap function, shown in Example 1.3, which takes alist of lines
and reformats them into a paragraph having no line more than $Text : : W ap: : col urms characters
long. We set $col unms to 20, ensuring that no line will be longer than 20 characters. We passwr ap
two arguments before the list of lines: the first is the indent for the first line of output, the second the
indent for every subsequent line.

Example 1.3: wrapdemo

#!/usr/bin/perl -w
# w apdeno - show how Text::Wap works

@nput = ("Folding and splicing is the work of an editor,",
"not a nmere collection of silicon",
|land|l’
"nobile electrons!");

use Text::Wap gw $col ums &w ap);
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$col ums = 20;
print "0123456789" x 2, "\n";
pr i nt VW ap( n 1 , 1 1 , @ nput ) , |l\ n|l ;

The result of this programiis:

01234567890123456789
Fol di ng and
splicing is the

wor k of an
editor, not a
nmere col |l ection
of silicon and
nobi | e el ectrons!

We get back a single string, with newlines ending each line but the last:

# merge nultiple lines into one, then wap one long |line
use Text::Wap;

undef $/;

print wap('', "', split(/\s*\n\s*/, <>));

If you have the Term::ReadK ey module (available from CPAN) on your system, you can use it to
determine your window size so you can wrap linesto fit the current screen size. If you don't have the
module, sometimes the screen size can be found in $ENV{ COLUMNS} or by parsing the output of the
stty command.

The following program tries to reformat both short and long lines within a paragraph, similar to the fmt
program, by setting the input record separator $/ to the empty string (causing < > to read paragraphs)
and the output record separator $\ to two newlines. Then the paragraph is converted into one long line
by changing all newlines (and any surrounding whitespace) to single spaces. Finally, we call thewr ap
function with both leading and subsequent tab strings set to the empty string so we can have block
paragraphs.

use Text::Wap gw &w ap $col umms) ;

use Term : ReadKey gwW Get Term nal Si ze) ;

($col ums) = Get Term nal Si ze();

($/, &) ="', "\n\n"); # read by paragraph, output 2 newines
while (<>) { # grab a full paragraph
s/\s*\n\s*/ /qg; # convert intervening newines to spaces
print wap('', "', $_); # and format
}
See Also

Thespl it andj oi n functionsin perlfunc (1) and Chapter 3 of Programming Perl; the manpage for the
standard Text::Wrap module, also in Chapter 7 of Programming Perl; the CPAN module
Term::ReadKey, and its use in Recipe 15.6
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Previous: 1.12. Reformatting C_m‘Pter_l Next: 1.14. Trimming Blanks
Paragraphs Strings from the Ends of a String

1.13. Escaping Characters

Problem

Y ou need to output a string with certain characters (quotes, commas, etc.) escaped. For instance, you're
producing aformat string for spri nt f and want to convert literal %signsinto %84

Solution

Use a substitution to backslash or double each character to be escaped.

# backsl ash
$var =~ s/ ([ CHARLI ST])/\\$1/qg;

# doubl e
$var =~ s/ ([ CHARLI ST])/ $1%$1/ g;

Discussion

$var isthevariable to be atered. The CHARLI ST isalist of characters to escape and can contain
backslash escapes like\ t and\ n. If you just have one character to escape, omit the brackets:

$string =~ s/ % %4 g;

The following lets you do escaping when preparing strings to submit to the shell. (In practice, you would
need to escape morethan just' and " to make any arbitrary string safe for the shell. Getting the list of
charactersright is so hard, and the risks if you get it wrong are so great, that you're better off using the
list form of syst emand exec to run programs, shown in Recipe 16.2. They avoid the shell altogether.)

$string = q(Mom said, "Don't do that.");
$string =~ s/ (['"])/\\$1/q;

We had to use two backslashes in the replacement because the replacement section of a substitution is
read as a double-quoted string, and to get one backslash, you need to write two. Here's asimilar example
for VMS DCL, where you need to double every quote to get one through:

$string = g(Mom said, "Don't do that.");
$string =~ s/ (['"])/$1%1/g;
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Microsoft command interpreters are harder to work with. In DOS and Windows COMMAND.COM
recognizes double quotes but not single ones, has no clue what to do with backquotes, and requires a
backslash to make a double quote a literal. Almost any of the free or commercia Unix-like shell
environments for Windows will improve this depressing situation.

Because we're using character classesin the regular expressions, we can use - to definearange, and  at
the start to negate. This escapes all characters that aren't in the range A through Z.

$string =~ s/ (["A-Z])/\\$1/qg;

If you want to escape all non-word characters, use the\ Qand\ E string metacharacters or the
guot enet a function. For example, these are equivalent:

$string = "this \Qs a test!\E";

$string = "this is\\ a\\ test\\!";

$string = "this " . quoteneta("is a test!");
See Also

Thes/ /| operator in perlre (1) and perlop (1) and the "Pattern Matching” section of Chapter 2 of
Programming Perl; the quot enet a function in perlfunc (1) and Chapter 3 of Programming Perl; the
discussion of HTML escaping in Recipe 19.1; Recipe 19.6 for how to avoid having to escape strings to
give the shell
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Previous: 1.13. Escaping Ch .ter 1 Next: 1.15. Parsing
Characters Strings Comma-Separated Data

1.14. Trimming Blanks from the Ends of a String

Problem

Y ou have read a string that may have leading or trailing whitespace, and you want to removeit.

Solution

Use apair of pattern substitutions to get rid of them:
$string =~ s/ MNs+//;

$string =~ s/\s+$//;

Y ou can also write afunction that returns the new vaue:
$string = trinm($string);

@rany tri m @many) ;
sub trim{
ny @ut = @;
for (@ut) {
s/ M s+//;
s/\s+$//;
}
return wantarray ? @ut : $out[O];
}
Discussion

This problem has various solutions, but thisis the most efficient for the common case.

If you want to remove the last character from the string, use the chop function. Version 5 added chonp,
which removes the last character if and only if it iscontained inthe $/ variable, "\ n" by default. These
are often used to remove the trailing newline from input:

# print what's typed, but surrounded by >< synbols
whi | e( <STDI N>) {
chonp;
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print ">$ <\n";

}
See Also

Thes/ /| operator in perlre (1) and perlop (1) and the "Pattern Matching” section of Chapter 2 of
Programming Perl; the chonp and chop functionsin perlfunc (1) and Chapter 3 of Programming Perl;
we trim leading and trailing whitespace in the get numfunction in Recipe 2.1.
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1.15. Parsing Comma-Separated Data

Problem

Y ou have a data file containing comma-separated values that you need to read in, but these datafields
may have guoted commas or escaped quotes in them. Most spreadsheets and database programs use
comma-separated values as a common interchange format.

Solution

Use the procedure in Mastering Regular Expressions.

sub parse_csv {
ny $text = shift; # record contai ning comma- separ at ed val ues
ny @ew = ();
push( @ew, $+) while $text =~ nf
# the first part groups the phrase inside the guotes.
# see explanation of this pattern in ME
CCLANVTNN] R (2NN AN ) ) 2

I ([~ 1+4),7
}ox;
push( @ew, undef) if substr($text, -1,1) eq ',"
return @ew, # list of values that were conma-separated

}

Or use the standard Text::Parse\Words modul e.
use Text:: ParseWrds;

sub parse_csv {
return quoteword(",",0, $[0]);
}
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Discussion

Commarseparated input is a deceptive and complex format. It sounds simple, but involves afairly
complex escaping system because the fields themsel ves can contain commas. This makes the pattern
matching solution complex and rulesout asimplesplit /, /.

Fortunately, Text::ParseWords hides the complexity from you. Passits quot ewor ds function two
arguments and the CSV string. The first argument is the separator (a comma, in this case) and the second
isatrue or false value controlling whether the strings are returned with quotes around them.

If you want to represent quotation marksinside afield delimited by quotation marks, escape them with
backslashes”l i ke \ "t hi s\ "". Quotation marks and backslashes are the only characters that have
meaning backslashed. Any other use of a backslash will be left in the output string.

Here's how you'd use the par se_csv subroutines. The g<> isjust afancy quote so we didn't have to
backslash everything.
$line = g<Xyzzy,"","OReilly, Inc","Wall, Larry","a \"glug\" bit,",5,
"Error, Core Dunped">;
@ields = parse _csv($line);
for ($i =0; $i < @ields; $i++) {
print "$i : $fields[$i]\n";

}

0 : XYzZzy

1:

2. OReilly, Inc

3 : Wll, Larry

4 : a\"glug\" bit,
5: 5

6 : Error, Core Dunped
See Also

The explanation of regular expression syntax in perlre (1) and Chapter 2 of Programming Perl; the
documentation for the standard Text::Parse\WWords module (also in Chapter 7 of Programming Perl); the
section "An Introductory Example: Parsing CSV Text" in Chapter 7 of Mastering Regular Expressions
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Previous: 1.15. Parsing Chapter 1 .ter 1 | Next: 1.17. Program: fixstyle|
Comma-Separated Data Strings

1.16. Soundex Matching

Problem

Y ou have two English surnames and want to know whether they sound somewhat similar, regardless of
spelling. Thiswould let you offer users a"fuzzy search” of namesin atelephone book to catch " Smith"
and "Smythe" and others within the set, such as"Smite" and "Smote."

Solution

Use the standard Text:: Soundex module:
use Text:: Soundex:

$CODE = soundex($STRI NG ;
@DODES = soundex( @l ST);
Discussion

The soundex algorithm hashes words (particularly English surnames) into a small space using asimple
model that approximates an English speaker's pronunciation of the words. Roughly speaking, each word
Is reduced to afour character string. The first character is an uppercase |etter; the remaining three are
digits. By comparing the soundex values of two strings, we can guess whether they sound similar.

The following program prompts for a name and looks for similarly sounding names from the password
file. This same approach works on any database with names, so you could key the database on the
soundex values if you wanted to. Such a key wouldn't be unique, of course.

use Text:: Soundex;

use User:: pwent;

print "Lookup user: ";
chonmp($user = <STDI N>);

exit unl ess defined S$user;
$nanme_code = soundex($user);

while ($uent = getpwent()) {
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($firstnanme, $lastnanme) = $uent->gecos =~ /(\w) [, ]*\b(\w+)/;

i f ($nanme_code eq soundex($uent->nane) |
$nane_code eqg soundex( $l ast nane) |
$nane_code eq soundex($firstnanme) )

{
printf "%: % %\n", S$uent->nanme, $firstnane, $l astnane;
}
}
See Also

The documentation for the standard Text::Soundex and User::pwent modules (also in Chapter 7 of
Programming Perl); your system's passwd (5) manpage; Volume 3, Chapter 6 of The Art of Computer
Programming
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Matching Strings

1.17. Program: fixstyle

Imagine you have atable with both old and new strings, such as the following.

Old Words |[New Words

bonnet hood
rubber eraser
lorry truck

trousers pants

The program in Example 1.4 is afilter that changes all occurrences of each element in the first set to the
corresponding element in the second set.

When called without filename arguments, the program is asimplefilter. If filenames are supplied on the
command line, an in-place edit writes the changes to the files, with the original versions safely saved in a
filewitha". ori g" extension. See Recipe 7.9 for adescription. A -v command-line option writes

notification of each change to standard error.

The table of original strings and their replacementsis stored below ~ END _ inthe main program as
described in Recipe 7.6. Each pair of strings is converted into carefully escaped substitutions and

accumulated into the $code variable like the popgrep2 program in Recipe 6.10.

A -t check to test for an interactive run check tells whether we're expecting to read from the keyboard if
no arguments are supplied. That way if the user forgets to give an argument, they aren't wondering why
the program appears to be hung.

Example 1.4: fixstyle

#!/usr/ bin/perl -w

# fixstyle - switch first set of <DATA> strings to second set
# usage: $0 [-v] [files ...]

use strict;

my $verbose = (@GARGV && $ARGV[O0] eq '-v' && shift);
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if (GARGV) {

$M = ".orig"; # preserve old files
} else {

warn "$0: Reading fromstdin\n" if -t STDIN,
}

ny $code = "while (<>) {\n";
# read in config, build up code to eval
whi | e (<DATA>) {
chonp;
ny ($in, $out) = split /\s*=>\s*/;
next unless $in && $out;

$code .= "s{\\ Q@i n\\E}{$out }g";
$code .= "&& printf STDERR qq($in => $out at
$code .= ";\n";
}
$code .= "print;\n}\n";
eval "{ $code } 1" || die;
__END
anal ysed => anal yzed
built-in => puiltin
chasti zed => chasti sed
commandl i ne => command- 1| i ne
de-al | ocate => deal | ocate
dr opi n => drop-in
har dcode => har d- code
net a- dat a => met adat a
mul ticharacter => nmulti-character
mul ti way => multi-way
non- enpty => nonenpty
non- profit => nonprofit
non-trappabl e => nontrappabl e
pre-define => predefine
pr eext end => pre-extend
re-conpiling => reconpiling
reent er => re-enter
t ur nkey => turn-key

\$ARGV line \$.\\n)"
i f $verbose;

One caution: This program isfast, but it doesn't scale if you need to make hundreds of changes. The
larger the DATA section, the longer it takes. A few dozen changes won't slow it down, and in fact, the
version given in the solution above is faster for that case. But if you run the program on hundreds of

changes, it will bog down.



Example 1.5 isaversion that's slower for few changes but faster when there are many changes.
Example 1.5: fixstyle2

#! [ usr/bin/perl -w

pr eext end =>

# fixstyle2 - like fixstyle but faster for nmany many nmatches
use strict;
ny $verbose = (@RGV && $ARGV[0] eq '-v' && shift);
ny %hange = ();
whi |l e (<DATA>) {
chonp;
ny ($in, $out) = split /\s*=>\s*/;
next unless $in && $out;
$change{ $i n} = S$out;
}
i f (@RGV) {
$M = ".orig";
} else {
warn "$0: Reading fromstdin\n" if -t STD N,
}
while (<>) {
ny $i = 0;
s/I"(\s+)// && print $1; # emt |eadi ng whitespace
for (split /(\s+)/, $_, -1) { # preserve trailing whitespace
print( ($i++ & 1) ? $ : ($change{$ } || $));
}
}
__END
anal ysed => anal yzed
built-in => builtin
chasti zed => chasti sed
commandl| i ne => command- | i ne
de-al | ocate => deal | ocate
dr opi n => drop-in
har dcode => har d- code
net a- dat a => et adat a
mul ticharacter => nulti-character
mul ti way => mul ti-way
non- enpty => nonenpty
non- profit => nonprofit
non-trappabl e => nontrappabl e
pre-define => predefine

pre-extend



re-conpiling => reconpiling
reenter => re-enter
t ur nkey => turn-key

This version breaks each line into chunks of whitespace and words, which isn't afast operation. It then
uses those words to ook up their replacements in a hash, which is much faster than a substitution. So the
first part is slower, the second faster. The difference in speed depends on the number of matches.

If we didn't care about keeping the amount of whitespace separating each word constant, the second
version can run as fast as the first even for afew changes. If you know alot about your input, you can
collapse whitespace into single blanks by plugging in thisloop:

# very fast, but whitespace coll apse

while (<>) {

for (split) {
print $change{$ } || $., " ";
}

print "\n";
}

That leaves an extra blank at the end of each line. If that's a problem, you could use the technigue from
Recipe 16.14 to install an output filter. Place the following code in front of thewhi | e loop that's

collapsing whitespace:

my $pid = open(STDOUT, "|-");
die "cannot fork: $!'" unless defined $pid;
unl ess ($pid) { # child
whil e (<STDI N>) {
sl $/1;
print;
b
exit;
}
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1.18. Program: psgrep

Many programs, including ps, netstat, Isof, Is-I, find -Is, and tcpdump, can produce more output than can be conveniently
summarized. Logfiles also often grow too long to be easily viewed. Y ou could send these through afilter like grep to
pick out only certain lines, but regular expressions and complex logic don't mix well; just look at the hoops we jump

through in Recipe 6.17.

What we'd really like is to make full queries on the program output or logfile. For example, to ask ps something like,
"Show me all the processes that exceed 10K in size but which aren't running as the superuser.” Or, "Which commands
are running on pseudo-ttys?"

The psgrep program does this - and infinitely more - because the specified selection criteria are not mere regular
expressions, they're full Perl code. Each criterion is applied in turn to every line of output. Only lines matching all
arguments are output. The following isalist of thingsto find and how to find them.

Lines containing "sh" at the end of aword:
% psgrep '/sh\b/’

Processes whose command names end in "sh":
% psgrep ' comand =~ /sh$/'

Processes running with a user 1D below 10:
% psgrep 'uid < 10

Login shellswith active ttys:
% psgrep 'command =~ /~-/" 'tty ne "?"'

Processes running on pseudo-ttys:
% psgrep 'tty =~ [~ p-t]/'

Non-superuser processes running detached:
% psgrep 'uid && tty eq "?"'

Huge processes that aren't owned by the superuser:
% psgrep 'size > 10 * 2**10" 'uid !'= 0O

The last call to psgrep produced the following output when run on our system. As one might expect, only netscape and
its spawn qualified.
FLAGS UD PID PPIDPR N SIZE RSS WCHAN STA TTY TI ME COMVAND
0 101 9751 1 0 0 14932 9652 do_select S pl 0:25 netscape
100000 101 9752 9751 0O O 10636 812 do_select S pl 0:00 (dns hel per)

Example 1.6 shows the psgrep program.


file:///D|/Cool Stuff/old/ftp/perl/arbeit/search/csrch.htm

Example 1.6: psgrep

#! /usr/bin/perl -w
# psgrep - print selected lines of ps output by
# conpi ling user queries into code

use strict;

# each field fromthe PS header
ny @ieldnanmes = gWm FLAGS U D PID PPID PRI NI CE SI ZE
RSS WCHAN STAT TTY TI ME COMVAND) ;

# determ ne the unpack format needed (hard-coded for Linux ps)
ny $fnm = cut2fm (8, 14, 20, 26, 30, 34, 41, 47, 59, 63, 67, 72);

ny %.i el ds; # where the data wll store

di e <<Thanat os unl ess @ARGY,
usage: $0 criterion ...

Each criterion is a Perl expression involving:

@i el dnanes

Al criteria nust be nmet for a line to be printed.
Thanat os

# Create function aliases for uid, size, UD, SIZE, etc.
# Enpty parens on closure args needed for void prototyping.
for ny $name (@i el dnanes) {

no strict 'refs';

*$nane = *{lc $nane} = sub () { $fields{$nane} };

}
ny $code = "sub is_desirable { join(" and ", @RGY) . " } ";
unl ess (eval $code. 1) {

die "Error in code: $@n\t $code\n";

}
open(PS, "ps wwaxl |") || die "cannot fork: $!'";
print scal ar <PS>; # emt header line

whil e (<PS>) {
@ields{@iel dnames} = trinmunpack($fm, $));
print if is_desirable(); # line matches their criteria

}
cl ose( PS) || die "ps failed!";

# convert cut positions to unpack fornmat
sub cut2fm {
nmy(@ositions) = @;
ny $template ="'";
my $lastpos = 1;
for nmy $place (@ositions) {
$tenplate .= "A" . ($place - $lastpos) . " ";
$l astpos = $pl ace;



$tenplate .= "A*";
return $tenpl at e;

}

sub trim{
nm @trings = @;
for (@trings) {
s/ M s+//;
s/\s+%$//;
}
return wantarray ? @trings : $strings[O0];

}

# the follow ng was used to determ ne colunm cut points.
# sanple input data follows
#123456789012345678901234567890123456789012345678901234567890123456789012345

# 1 2 3 4 5 6 7
# Positioning:
# 8 14 20 26 30 34 41 47 59 63 67 72
# | | | 1 | I I |
__END__
FLAGS UD PID PPIDPR N SIZE RSS WCHAN STA TTY TI ME COVVAND
100 0 1 0 0 0 760 432 do_sel ect S ? 0:02 init
140 0 187 1 0 0 784 452 do_sel ect s 2 0: 02 sysl ogd
100100 101 428 1 0 0 1436 944 do_exit S 1 0:00 /bin/login
100140 99 30217 402 0 0 1552 1008 posix_lock_ S 72 0: 00 httpd
0 101 593 428 0 0 1780 1260 copy_thread S 1 0:00 -tcsh
100000 101 30639 9562 17 0 924 496 R pl 0:00 ps axl
0 101 25145 9563 0 0 2964 2360 idetape_rea S p2 0:06 trn
100100 0 10116 9564 0 0 1412 928 setup frame T p3 0:00 ssh -C www
100100 0 26560 26554 0 1076 572 setup frame T p2 0:00 less
100000 101 19058 9562 0 0 1396 900 setup_frame T pl 0:02 nvi /tnp/a

The psgrep program integrates many techniques presented throughout this book. Stripping strings of leading and trailing
whitespace is found in Recipe 1.14. Converting cut marksinto an unpack format to extract fixed fieldsisin Recipe 1.1.

Matching strings with regular expressions is the entire topic of Chapter 6.

The multiline string in the here document passed to di e is discussed in Recipes Recipe 1.10 and Recipe 1.11. The

assignmentto @i el ds{ @i el dnanmes} setsmany values at oncein the hash named % i el ds. Hash slicesare
discussed in Recipes Recipe 4.7 and Recipe 5.10.

The sample program input contained beneath _  END __ is described in Recipe 7.6. During development, we used

canned input from the DATA filehandle for testing purposes. Once the program worked properly, we changed it to read
from a piped-in ps command but left aremnant of the original filter input to aid in future porting and maintenance.
Launching other programs over a pipe is covered in Chapter 16, Process Management and Communication, including

Recipes Recipe 16.10 and Recipe 16.13.

The real power and expressiveness in psgrep derive from Perl's use of string arguments not as mere strings but directly
as Perl code. Thisis similar to the technique in Recipe 9.9, except that in psgrep, the user's arguments are wrapped with

aroutinecalledi s_desi r abl e. That way, the cost of compiling strings into Perl code happens only once, before the
program whose output we'll processis even begun. For example, asking for UIDs under 10 creates this string to eval :

eval "sub is_desirable { uid <10} " . 1;



The mysterious”. 1" at the end is so that if the user code compiles, the whole eval returnstrue. That way we don't even
have to check $@for compilation errors as we do in Recipe 10.12.

Specifying arbitrary Perl code in afilter to select records is a breathtakingly powerful approach, but it's not entirely
original. Perl owes much to the awk programming language, which is often used for such filtering. One problem with
awk isthat it can't easily treat input as fixed-size fields instead of fields separated by something. Another isthat the fields
are not mnemonically named: awk uses $1, $2, etc. Plus Perl can do much that awk cannot.

The user criteriadon't even have to be simple expressions. For example, this cal initializes avariable $i d to user
nobody 's number to use later in its expression:
% psgrep 'no strict "vars";

BEA N { $id = getpwnan{"nobody") }

uid == $id "’

How can we use unquoted words without even adollar sign, like ui d, command, and si ze, to represent those
respective fields in each input record? We directly manipulate the symbol table by assigning closures to indirect
typeglobs, which creates functions with those names. The function names are created using both uppercase and
lowercase names, allowing both "Ul D< 10" and "ui d < 10". Closures are described in Recipe 11.4, and assigning

them to typeglobs to create function aliases is shown in Recipe 10.14.

One twist here not seen in those recipes is empty parentheses on the closure. These allowed usto use the function in an
expression anywhere we'd use a single term, like a string or a numeric constant. It creates a void prototype so the
field-accessing function named ui d accepts no arguments, just like the built-in function t i me. If these functions weren't
prototyped void, expressions like"ui d < 10" or "si ze / 2 >r ss" would confuse the parser because it would see the
unterminated start of awildcard glob and of a pattern match, respectively. Prototypes are discussed in Recipe 10.11.

The version of psgrep demonstrated here expects the output from Red Hat Linux's ps. To port to other systems, look at
which columns the headers begin at. This approach isn't relevant only to ps or only to Unix systems. It's ageneric
technique for filtering input records using Perl expressions, easily adapted to other record layouts. The input format
could be in columns, space separated, comma separated, or the result of a pattern match with capturing parentheses.

The program could even be modified to handle a user-defined database with a small change to the selection functions. If
you had an array of records as described in Recipe 11.9, you could let users specify arbitrary selection criteria, such as:

sub id() { s_->{ID} }
sub title() { $ ->{TITLE} }
sub executive() { title =~ /(?:vice-)?president/i }

# user search criteria go in the grep cl ause
@l owburners = grep { id < 10 & & !executive } @npl oyees;

For reasons of security and performance, this kind of power is seldom found in database engines like those described in
Chapter 14, Database Access. SQL doesn't support this, but given Perl and small bit of ingenuity, it'seasy to roll it up on

your own. The search engine at http://mox.perl.com/cgi-bin/MxScreen uses such a technique, but instead of output from
ps, its records are Perl hashes |oaded from a database.
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2. Numbers

Contents:
Introduction

Checking Whether a String IsaValid Number
Comparing Floating-Point Numbers
Rounding Floating-Point Numbers
Converting Between Binary and Decimal
Operating on a Series of Integers

Working with Roman Numerals

Generating Random Numbers

Generating Different Random Numbers
Making Numbers Even More Random
Generating Biased Random Numbers

Doing Trigonometry in Degrees, not Radians
Calculating More Trigonometric Functions
Taking Logarithms

Multiplying Matrices

Using Complex Numbers

Converting Between Octal and Hexadecimal
Putting Commas in Numbers

Printing Correct Pluras

Program: Calculating Prime Factors

Anyone who considers arithmetical methods of producing random digitsis, of course, in a state of sin.

- John von Neumann (1951)

2.0. Introduction

Numbers, the most basic data type of almost any programming language, can be surprisingly tricky.
Random numbers, numbers with decimal points, series of numbers, and the conversion of strings to
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numbers all pose trouble.

Perl works hard to make life easy for you, and the facilities it provides for manipulating numbers are no
exception to that rule. If you treat a scalar value as a number, Perl convertsit to one. This means that
when you read ages from afile, extract digits from astring, or acquire numbers from any of the other
myriad textual sources that Real Life pushes your way, you don't need to jump through the hoops created
by other languages cumbersome requirements to turn an ASCII string into a number.

Perl triesits best to interpret a string as a number when you use it as one (such asin a mathematical
expression), but it has no direct way of reporting that a string doesn't represent a valid number. Perl
quietly converts non-numeric stringsto zero, and it will stop converting the string once it reaches a
non-numeric character - so "A7" isstill 0, and"7A" isjust 7. (Note, however, that the -w flag will warn
of such improper conversions.) Sometimes (such as when validating input) you need to know if a string
represents a valid number. We show you how in Recipe 2.1.

Recipe 2.16 shows how to get a number from strings containing hexadecimal or octal representations of

numberslike "Oxf f ". Perl automatically converts literalsin your program code (so $a = 3 + Oxf f will
set $a to 258) but not data read by that program (you can't read "Oxf f " into $b and then say $a = 3 +
$b to make $a become 258).

Asif integers weren't giving us enough grief, floating-point numbers can cause even more headaches.
Internally, a computer represents numbers with decimal points as floating-point numbersin binary
format. Floating-point numbers are not the same as real numbers; they are an approximation of rea
numbers, with limited precision. Although infinitely many real numbers exist, you only have finite space
to represent them, usually about 64 bits or so. Y ou have to cut cornersto fit them all in.

When numbers are read from afile or appear asliteralsin your program, they are converted from
decimal representation (e.g., 0.1) to internal representation. 0.1 can't be precisely represented as a binary
floating-point number, just as 1/3 can't be exactly represented as a non-repeating decimal number. The
computer's binary representation of 0.1, therefore, isn't exactly 0.1. To 20 decimal places, itis

0. 10000000000000000555.

Performing arithmetic on binary representations of floating-point numbers can accumulate errorsin the

representations. In the preceding example, 3 * 0. 1 is not stored with the same bit pattern as 0. 3. This

means you can't blindly test equality with == when you use Perl's floating-point numbers. Working with
floating-point numbers s the subject of Recipes Recipe 2.2 and Recipe 2.3.

Recipe 2.4 shows how to convert an ASCII string representing a binary number (e.g., "1001") into an
integer (e.g., 9) and back again. Recipe 2.5 gives three ways to perform one operation on each element of
a set of consecutive integers. We show how to convert to and from Roman numerals in Recipe 2.6.

Random numbers are the topic of several recipes. Perl'sr and function returns a floating-point value
between 0 and 1 or between 0 and its argument. We show how to get random numbersin a given range,
how to make random numbers more randomly, and how to make r and give adifferent set of random
numbers each time you run your program.

We round out the chapter with recipes on trigonometry, logarithms, matrix multiplication, complex
numbers, and the often-asked question: "How do you put commas in numbers?"
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2.1. Checking Whether a String Is a Valid Number

Problem

Y ou want to check whether a string represents a valid number. Thisis a common problem when
validating input, asin a CGI script.

Solution

Compare it against aregular expression that matches the kinds of numbers you're interested in.
if ($string =~ / PATTERN ) {
# 1s a nunber

} else {
# is not
}

Discussion

This problem gets to the heart of what we mean by a number. Even things that sound simple, like integer,
make you think hard about what you will accept ("Is aleading + for positive numbers optional,
mandatory, or forbidden?"). The many ways that floating-point numbers can be represented could
overheat your brain.

Y ou must decide what you will and will not accept. Then, construct aregular expression to match those
things alone. Here are some precooked solutions (the cookbook's equivalent of just-add-water meals) for
MOSt common cases.

warn "has nondigits"” | f I\D;

warn "not a natural nunmber" unless /" d+$/; # rejects -3
warn "not an integer" unl ess /~-2\d+$/; # rejects +3
warn "not an integer” unl ess [/ A[ + ]2\ d+$/;

warn "not a decimal number" unless /"-?2\d+\.?2\d*$/; # rejects .2

warn "not a decimal nunber” unless /"-?2(?2:\d+(?:\.\d*)?|\.\d+)$/;
warn "not a C float"
unl ess /M([+-1?2)(?=\d|\.\d)\d*(\.\d*)?([Ee] ([ +]?\d+)) ?9%/;
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These lines do not catch the IEEE notations of "Infinity" and "NaN", but unless you're worried that |EEE
committee members will stop by your workplace and beat you over the head with copies of the relevant
standards documents, you can probably forget about these strange numbers.

If your number has leading or trailing whitespace, those patterns won't work. Either add the appropriate
logic directly, or call thet r i mfunction from Recipe 1.14.

If you're on aPOSIX system, Perl supportsthe POSI X: : st rt od function. Its semantics are
cumbersome, so here'saget numwrapper function for more convenient access. This function takes a
string and returns the number it found or undef for input that isn't aC float. Thei s_nuneri c
function isafront end to get numfor when you just want to say "Isthis afloat?

sub get num {
use POSI X gw(strtod);
ny $str = shift;

$str =~ s/ MNs+//;
$str =~ s/\s+$//;
$!' = 0;

ny($num S$unparsed) = strtod($str);

if (($str eq '') || (Sunparsed !'=0) || $!) {
return;

} else {
return $num

}

}
sub is_nuneric { defined scal ar &getnum}

See Also

The regular expression syntax in perlre (1) and Chapter 2 of Programming Perl; your system's strtod (3)
manpage; the documentation for the standard POSIX module (also in Chapter 7 of Programming Perl)
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2.2. Comparing Floating-Point Numbers

Problem

Floating-point arithmetic isn't precise. Y ou want to compare two floating-point numbers and know if
they're equal when carried out to a certain number of decimal places. Most of the time, thisis the way
you should compare floating-point numbers for equality.

Solution

Usespri ntf toformat the numbersto a certain number of decimal places, then compare the resulting
strings:

# equal (NUML, NUM2, ACCURACY) : returns true if NUML and NUM2 are
# equal to ACCURACY nunber of decimal places

sub equal {
ny ($A, $B, $dp) = @;

return sprintf ("% ${dp}g", $A) eq sprintf("% ${dp}g", $B);
}

Alternatively, store the numbers as integers by assuming the decimal place.

Discussion

Y ou need the equal routine because most computers' floating-point representations aren't accurate. See
the Introduction for a discussion of thisissue.

If you have afixed number of decimal places, as with currency, you can sidestep the problem by storing
your values asintegers. Storing $3. 50 as 350 instead of 3. 5 removes the need for floating-point
values. Reintroduce the decimal point on output:

$wage = 536; # $5. 36/ hour
$week = 40 * $wage; # $214. 40
printf("One week's wage is: \$%2f\n", $week/ 100);
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One week's wage is: $214. 40

It rarely makes sense to compare to more than 15 decimal places.

See Also

Thespri ntf functionin perlfunc (1) and Chapter 3 of Programming Perl; the entry on $# in the
perlvar (1) manpage and Chapter 2 of Programming Perl; the documentation for the standard
Math::BigFloat module (also in Chapter 7 of Programming Perl); weusespri nt f in Recipe 2.3;
Volume 2, Section 4.2.2 of The Art of Computer Programming
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2.3. Rounding Floating-Point Numbers

Problem

Y ou want to round a floating-point value to a certain number of decimal places. This problem arisesas a
result of the same inaccuracies in representation that make testing for equality difficult (see Recipe 2.2),

aswell asin situations where you must reduce the precision of your answers for readability.

Solution

Usethe Perl functionspri nt f, or pri ntf if you'rejust trying to produce output:
$rounded = sprintf("%ORMATF", $unrounded);

Discussion

Rounding can seriously affect some algorithms, so the rounding method used should be specified
precisely. In sensitive applications like financial computations and thermonuclear missiles, prudent
programmers will implement their own rounding function instead of relying on the programming
language's built-in logic, or lack thereof.

Usually, though, we can just usespri nt f. Thef format lets you specify a particular number of
decimal placesto round its argument to. Perl looks at the following digit, rounds up if it is5 or greater,
and rounds down otherwise.

$a = 0. 255;

$b = sprintf("%2f", $a);

print "Unrounded: $a\nRounded: $b\n";
printf "Unrounded: $a\nRounded: % 2f\n", $a;

Unr ounded: 0. 255
Rounded: 0. 26
Unrounded: 0. 255
Rounded: 0. 26

Three functions that may be useful if you want to round a floating-point value to an integral value are
i nt,ceil,andfl oor.int, builtinto Perl, returnsthe integral portion of the floating-point number
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passed toit (i nt will use$ _if it was called without an argument). The POSIX module'sf | oor and
cei | functionsround their argument down and up to the next integer, respectively.

use POSI X;
print "nunber\tint\tfloor\tceil\n";
@=(33, 3.5, 3.7, -3.3);
foreach (@) {
printf( "% 1f\t% 1f\t% 1f\t % 1f\ n",
$, int($), floor($ ), ceil($) );

rwww =
OO OOoO0
W BB SO
OO Oo—

See Also

Thesprintf andi nt functionsin perlfunc (1) and Chapter 3 of Programming Perl; thef | oor and
cei | entriesin the documentation for the standard POSI X module (also in Chapter 7 of Programming
Perl); weintroduced the spri nt f technique in Recipe 2.2
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2.4. Converting Between Binary and Decimal

Problem

Y ou have an integer whose binary representation you'd like to print out, or abinary representation that
you'd like to convert into an integer. Y ou might want to do thisif you were displaying non-textual data,
such as what you get from interacting with certain system programs and functions.

Solution

To convert a Perl integer to atext string of ones and zeros, first pack the integer into a number in network
byte order[1] (the "N' format), then unpack it again bit by bit (the "B32" format).

[1] Also known as big-endian, or MSB (Most-Significant Bit first) order.

sub dec2bin {
nmy $str = unpack("B32", pack("N', shift));
$str =~ s/"0+(?=\d)//; # otherw se you' Il get |eading zeros
return $str;

}

To convert atext string of ones and zerosto a Perl integer, first massage the string by padding it with the
right number of zeros, then just reverse the previous procedure.

sub bi n2dec {
return unpack("N', pack("B32", substr("0" x 32 . shift, -32)));
}

Discussion

We're talking about converting between strings like"00100011" and numbers like 35. The string is the
binary representation of the number. We can't solve either problem with spri nt f (which doesn't have a
"print thisin binary" format), so we have to resort to Perl'spack and unpack functions for
manipulating strings of data.

The pack and unpack functions act on strings. Y ou can treat the string as a series of bits, bytes,
integers, long integers, floating-point numbersin |EEE representation, checksums - among other strange
things. The pack and unpack functions both take formats, like spr i nt f, specifying what they should
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do with their arguments.

We use pack and unpack intwo ways. "treat this string as a series of bits' and "treat this string as
containing a binary representation of an integer." When we treat the string as a series of bits, we have to
understand how pack will behave. Such astring istreated as a series of bytes, a byte being eight bits.
The bytes are always counted from left to right (the first eight bits are the first byte, the next eight bits are
the second, and so on), but the bits within each byte can be counted left-to-right as well as right-to-left.

We use pack with atemplate of "B" to work with bits within each byte from left to right. Thisisthe
order that the "N' format expects them in, which we use to treat the series of bits as representing a 32-bit
integer.

$num = bi n2dec(' 0110110"'); # $numis 54
$bi nstr = dec2bi n(54); # $binstr is 110110

See Also

The pack and unpack functions in perlfunc (1) and Chapter 3 of Programming Perl; we also use pack
and unpack in Recipe 1.4; to convert between decimal, hexadecimal, and octal, see Recipe 2.16
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2.5. Operating on a Series of Integers

Problem

Y ou want to perform an operation on all integers between X and Y, such as when you're working on a
contiguous section of an array or in any situations where you want to process al numberg[2] within a

range.
[2] Okay, integers. It's hard to find all the reals. Just ask Cantor.

Solution

Useaf or loop, or. . inconjunction withaf or each loop:

foreach ($X .. 8Y) {
# $ is set to every integer fromX to Y, inclusive
}

foreach $i ($X .. 8$Y) {
# $i is set to every integer fromX to Y, inclusive

}
for ($i = $X $i <= $Y; $i++) {

# $i is set to every integer fromX to Y, inclusive
}

for ($i = $X; $i <= 8Y; $i +=7) {
# $i is set to every integer fromX to Y, stepsize =7
}

Discussion
Thefirst two methodsusethe $X .. $Y construct, which creates alist of integers between $X and $Y.

Thisuses alot of memory when $X and $Y are far apart. (Thisisfixed in the 5.005 release.) When
iterating over consecutive integers, the explicit f or loop in the third method is more memory efficient.
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The following code shows each technique. Here we only print the numbers we generate:

print "Infancy is: ";

foreach (0 .. 2) {
print "$_";

}

print "\n";

print "Toddling is: ";

foreach $i (3 .. 4) {
print "$i ";

}

print "\n";

print "Childhood is: ";

for ($i =5; $i <= 12; $i++) {
print "$i ";

}

print "\n";

Infancy is: 01 2

Toddling is: 3 4
Chil dhood is: 56 78 9 10 11 12

See Also

Thef or andf or each operatorsin perlsyn (1) and the "For Loops' and "Foreach Loops" sections of
Chapter 2 of Programming Perl
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2.6. Working with Roman Numerals

Problem

Y ou want to convert between regular numbers and Roman numerals. Y ou need to do this with itemsin outlines,
page numbers on a preface, and copyrights for movie credits.

Solution

Use the Roman module from CPAN:

use Roman;
$roman = roman($ar abi c); # convert to roman nuneral s
$arabi c = arabic($roman) if isroman($roman); # convert fromroman nuneral s

Discussion

The Roman module provides both Ronan and r oman for converting Arabic ("normal™) numbers to their Roman
equivalents. Roman produces uppercase letters, whereasr onman gives lowercase ones.

The module only deals with Roman numbers from 1 to 3999, inclusive. The Romans didn't represent negative
numbers or zero, and 5000 (which 4000 is represented in terms of) uses a symbol outside the ASCII character set.

use Roman;

$roman_fifteen = roman(15); # "XV
print "Roman for fifteen is $roman_fifteen\n";
$arabic_fifteen = arabic($roman_fifteen);

print "Converted back, $roman fifteen is $arabic fifteen\n";

Roman for fifteen is xv
Converted back, xv is 15

See Also

The Encyclopaedia Brittanica article on "Mathematics, History Of "; the documentation with the Roman module;
Recipe 6.23
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2.7. Generating Random Numbers

Problem

Y ou want to make random numbersin a given range, inclusive, such as when you randomly pick an array
index, ssmulate rolling adie in agame of chance, or generate a random password.

Solution

Use Perl'sr and function.
$random = int( rand( $Y-$X+1 ) ) + $X;

Discussion

This code generates and prints a random integer between 25 and 75, inclusive:

$random = int( rand(51)) + 25;
print "$random n";

Ther and function returns a fractional number, from (and including) O up to (but not including) its
argument. We give it an argument of 51 to get a number that can be 0 or more, but never 51 or more. We
take the integer portion of thisto get a number from 0 to 50, inclusive (50.99999.... will be turned to 50
by i nt). Wethen add 25 to it, to get a number from 25 to 75, inclusive.

A common application of thisisthe random selection of an element from an array:
$elt = Sarray[ rand @rray ];

And generating a random password from a sequence of characters:

@hars = ( "A* .. "Z', "a" .. "z", O0.. 9, gMmM! @% %" & *) );
$password = join("", @hars[ map { rand @hars } (1 .. 8) ]);

We use map to generate eight random indicesinto @ har s, extract the corresponding characters with a
dlice, and join them together to form the random password. Thisisn't agood random number, though, as
its security relies on the choice of seed, which is based on the time the program started. See Recipe 2.8

for away to better seed your random number generator.
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See Also

Thei nt,rand, map, andj oi n functionsin perlfunc (1) and Chapter 3 of Programming Perl; we
explore random numbers further in Recipes Recipe 2.8, Recipe 2.9, and Recipe 2.10; we use random
numbersin Recipe 1.9
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2.8. Generating Different Random Numbers

Problem

Every time you run your program you get the same set of "random" numbers. Y ou want Perl to produce
different random numbers each time. Thisisimportant in nearly every application of random numbers,
especially games.

Solution

Use Perl'ssr and function:
srand EXPR;

Discussion

Making random numbersis hard. The best that computers can do, without special hardware, is generate
"pseudo-random™ numbers, which are evenly distributed in their range of values. These are generated
using a mathematical formula, which means that given the same seed (starting point), two programs will
produce identical pseudo-random numbers.

The sr and function creates a new seed for the pseudo-random number generator. If given an argument,

it uses that number as the seed. If no argument is given, sr and uses avalue that's reasonably difficult to
guess as the seed (as of Perl 5.004 or later; beforethat it just used t i e, which isn't random at all). Don't
call sr and more than once in a program.

If you haven't called sr and yourself, Perl version 5.004 and later callssr and with a"good" seed the
first timeyou call r and. Earlier versions did not, so the same program always produced the same
sequence. If you prefer that behavior, call sr and yourself with a particular seed:

srand( <STDI N> );

Just because Perl tries to use a good default seed does not necessarily guarantee that the numbers
generated are cryptographically secure against the most intrepid crackers. Textbooks on cryptography are
usually good sources of cryptographically secure random number generators.


file:///D|/Cool Stuff/old/ftp/perl/arbeit/search/csrch.htm

See Also

The sr and function in perlfunc (1); Chapter 3 of Programming Perl; Recipes Recipe 2.7 and Recipe 2.9;
Bruce Schneier's excellent Applied Cryptography ; John Wiley & Sons (1995)
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2.9. Making Numbers Even More Random

Problem

Y ou want to generate numbers that are more random than Perl's random numbers. Limitations of your C
library's random number generator seeds will sometimes cause problems. The sequence of
pseudo-random numbers may repeat too soon for some applications.

Solution

Use a different random number generator, such as those provided by the Math::Random and
Math::TrulyRandom modules from CPAN:

use Mat h:: Trul yRandom
$random = truly random val ue();

use Mat h:: Random
$random = random uni form);

Discussion

Perl uses the standard C library routine rand (3) to generate pseudo-random numbers. (This can be
changed at build time, however.) Some implementations of the r and function return only 16-bit random
numbers or have algorithmic weaknesses and may not be sufficiently random.

The Math::TrulyRandom modul e uses the inadequacies of your system's timers to generate the random
numbers. Thistakes awhile, so it isn't useful for generating alot of random numbers.

The Math::Random module usesther andl i b library to generate random numbers. It also includes a
wide range of related functions.

See Also

Thesr and and r and functionsin perlfunc (1) and Chapter 3 of Programming Perl; Recipe 2.7; Recipe
2.8; the documentation for the CPAN modules Math::Random and Math:: TrulyRandom
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2.10. Generating Biased Random Numbers

Problem

Y ou want to pick arandom value where the probabilities of the values are not equal (the distribution is not
even). Y ou might be trying to randomly select a banner to display on aweb page, given a set of relative
weights saying how often each banner isto be displayed. Alternatively, you might want to simulate behavior
according to anormal distribution (the bell curve).

Solution

If you want arandom value distributed according to a specific function - e.g., the Gaussian (Normal)
distribution - consult a statistics textbook to find the appropriate function or algorithm. This subroutine
generates random numbers that are normally distributed, with a standard deviation of 1 and a mean of 0.

sub gaussi an_rand {
ny ($ul, $u2); # uniformy distributed random nunbers
my $w; # variance, then a wei ght
my ($gl, $g2); # gaussian-distributed nunbers

do {
$ul 2 * rand() - 1;
$u2 = 2 * rand() - 1;
$w = $ul*$ul + Su2*$u2;
} while (($w>=1);

$w = sqrt( (-2 * log($w)) [/ $w);
$g2 = $ul * $w,
$gl = $u2 * $w,
# return both if wanted, el se just one
return wantarray ? ($g1, $g2) : $91;
}

If you have alist of weights and values you want to randomly pick from, follow this two-step process: First,
turn the weights into a probability distribution with wei ght _t o_di st below, and then use the distribution
to randomly pick avalue with wei ght ed_r and:

# weight to dist: takes a hash mappi ng key to weight and returns
# a hash mapping key to probability
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sub wei ght _to_dist {

ny %weights = @;
ny %li st = ();
ny $t ot al = 0;
my ($key, S$weight);
| ocal $_;

foreach (val ues %wi ghts) {
$total += $ ;
}

while ( ($key, $weight) = each %wights ) {
$di st {$key} = $weight/$total;
}

return % st;

}

# wei ghted_rand: takes a hash mapping key to probability, and
# returns the correspondi ng el enent
sub wei ghted_rand {

ny %list = @;

ny ($key, $weight);

while (1) { # to avoid floating point inaccuracies
ny $rand = rand;
while ( ($key, $weight) = each %dist ) {
return $key if ($rand -= $weight) < O;
}

}
Discussion

Thegaussi an_r and function implements the polar Box Muller method for turning two independent
uniformly distributed random numbers between 0 and 1 (such asr and returns) into two numbers with amean
of 0 and a standard deviation of 1 (i.e., a Gaussian distribution). To generate numbers with a different mean
and standard deviation, multiply the output of gaussi an_r and by the new standard deviation, and then add
the new mean:

# gaussi an_rand as above

$nmean = 25;

$sdev = 2;

$sal ary = gaussian_rand() * $sdev + $nean;
printf("You have been hired at \$% 2f\n", $salary);

Thewei ght ed_r and function picks arandom number between 0 and 1. It then uses the probabilities
generated by wei ght _t o_di st to see which element the random number corresponds to. Because of the
vagaries of floating-point representation, the accumulated errors of representation might mean we don't find an



element to return. Thisiswhy we wrap the code in awhi | e to pick a new random number and try again.

In addition, the CPAN module Math::Random has functions to return random numbers from a variety of
distributions.

See Also

Ther and function in perlfunc (1) and Chapter 3 of Programming Perl; Recipe 2.7; the documentation for the
CPAN module Math::Random
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Biased Random Numbers

Previous: 2.10. Generating Chggter 2
Numbers

Next: 2.12. Calculating More
Trigonometric Functions

2.11. Doing Trigonometry in Degrees, not Radians

Problem

Y ou want your trigonometry routines to operate in degrees instead of Perl's native radians.

Solution

Convert between radians and degrees (2 radians equals 360 degrees).

BEG N {

use constant Pl => 3.14159265358979;

sub deg2rad {
ny $degrees = shift;

return ($degrees / 180) * PI;

}

sub rad2deg {
nmy $radi ans = shift;

return ($radians / PI) * 180;

}

Alternatively, use the Math:: Trig module.
use Math::Trig;

$radi ans = deg2rad( $degr ees)
$degrees = rad2deg($r adi ans)
Discussion

If you're doing alot of trigonometry, look into using either the standard Math::Trig or POSIX modules.
They provide many more trigonometric functions than are defined in the Perl core. Otherwise, the first

solution above will definether ad2deg and deg?2r ad functions. The value of isn't built directly
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into Perl, but you can calculate it to as much precision as your floating-point hardware provides. If you
putitin aBEGIN block, thisis done at compile time. In the solution above, the Pl function is a constant
created with use const ant .

If you're looking for the sine in degrees, use this:

# deg2rad and rad2deg defined either as above or fromMath::Trig
sub degree_sine {

ny $degrees = shift;

ny $radi ans = deg2rad($degrees);

ny $result = sin($radi ans);

return $result;

}
See Also

Thesi n, cos, and at an2 functionsin perlfunc (1) and Chapter 3 of Programming Perl; the
documentation for the standard POSI X and Math:: Trig modules (also in Chapter 7 of Programming Perl)
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2.12. Calculating More Trigonometric Functions

Problem

Y ou want to calculate values for trigonometric functions like sine, tangent, or arc-cosine.

Solution

Perl provides only si n, cos, and at an2 as standard functions. From these, you can derivet an and the
other trig functions:

sub tan {
ny $theta = shift;

return sin($theta)/cos($theta);
}
The POSIX module provides awider range of trig functions:
use POSI X;

$y = acos(3.7);

The Math::Trig module provides a complete set of functions and supports operations on or resulting in
complex numbers:

use Math::Trig;

$y = acos(3.7);
Discussion

r 3T
Thet an function will cause a division-by-zero exception when $t het ais 2 , 2 , and so on, because
the cosineis O for these values. Similarly, t an and many other functions from Math::Trig may generate
the same error. To trap these, useeval :

eval {
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$y = tan($pi/2);
} or return undef;

See Also

Thesi n, cos, and at an2 functions in perlfunc (1) and Chapter 3 of Programming Perl; we talk about
trigonometry in the context of imaginary numbers in Recipe 2.15; we talk about the use of eval to catch
exceptions in Recipe 10.12
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2.13. Taking Logarithms

Problem

Y ou want to take a logarithm in various bases.

Solution

For logarithms to base e, use the built-in| og:
$log e = | og( VALUE) ;

For logarithms to base 10, use the POSIX module's| og10 function:

use POSI X gw( | 0g10);
$log 10 = | 0g10( VALUE) ;

For other bases, use the mathematical identity:

log,lx)
log,(n)

].':Ig},lli?ﬂjl =

where x is the number whose logarithm you want, nisthe desired base, and e is the natural logarithm base.
sub | og_base {

my ($base, $value) = @;
return | og($val ue)/ |l og($base);

}
Discussion

Thel og_base function lets you take logarithms to any base. If you know the base you'll want in advance, it's
more efficient to cache the log of the base instead of recalculating it every time.

# | og_base defined as above
$answer = | og_base(10, 10 000);
print "1o0gl0(10,000) = $answer\n";
| 0g10(10,000) = 4

The Math::Complex module does the caching for you viaits| ogn() routine, so you can write:

use Mat h: : Conpl ex;
printf "log2(1024) = %f\n", logn(1024, 2); # watch out for argunent order!
| 0g2(1024) = 10. 000000
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even though no complex number isinvolved here. Thisis not very efficient, but there are plans to rewrite
Mat h: : Conpl ex in C for speed.

See Also

Thel og function in perlfunc (1) and Chapter 3 of Programming Perl; the documentation for the standard
POSIX module (also in Chapter 7 of Programming Perl)
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2.14. Multiplying Matrices

Problem
Y ou want to multiply a pair of two-dimensional arrays. Mathematicians and engineers often need this.

Solution

Use the PDL modules, available from CPAN. PDL isthe Perl Data Language - modules that give fast
access to compact matrix and mathematical functions:

use PDL;
# $a and $b are both pdl objects
$c = $a * $b;

Alternatively, apply the matrix multiplication algorithm to your two-dimensional array:

sub mmult {
ny ($nt, $n2) = @;

ny ($nilrows, $mlcol s) = matdi m($nl) ;
ny ($n2rows, $nlcol s) = matdi m( $nR) ;
unl ess ($mlcols == $nRrows) { # raise exception
die "IndexError: matrices don't nmatch: $nilcols != $n2rows";

}

nmy $result =[];
ny ($i, $, $k);

for $i (range($mirows)) {
for $j (range($nRcols)) {

for $k (range($micols)) {
$resul t->[$i][$j] += $nl->[Si][Sk] * $n2->[$K][$j];
}

}
}

return $result;
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}
sub range { O .. ($_[0] - 1) }

sub vecl en {
ny $ary ref = $ [0];
ny $type = ref $ary ref;
if ($type ne "ARRAY") { die "$type is bad array ref for $ary ref" }
return scal ar(@ary_ref);

sub mat di m {
ny $matrix = $ [0];

my $rows = veclen($matrix);
my $cols = veclen($matrix->[0]);
return ($rows, $cols);

}

Discussion

If you have the PDL library installed, you can make use of its lightning-fast manipulation of numbers.
Thisrequires far less memory and CPU than Perl's array manipulation. When using PDL objects, many
numeric operators (such as + and * ) are overloaded and work on an element-by-element basis (e.g., * is
the so-called scalar multiplication operator). To get true matrix multiplication, use the overloaded x
operator.

use PDL;
$a = pdl |
[ 3, 2, 31,
[ 5, 9, 8],
l;
$b = pdl |
[4!7]1
[ 9, 3],
[ 8 117,

$c = $a x $b; # x overl oad

If you don't have the PDL library, or don't feel like pulling it in for asmall problem, you can always do
the work yourself the good ol d-fashioned way.

# mmult() and ot her subroutines as above

$x = [
[ 3, 2, 3],



&
<
1|

l;
$z = mul t ($x, $y);
See Also

The documentation with the CPAN module PDL
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2.15. Using Complex Numbers

Problem

Y our application must manipulate complex numbers, as are often needed in engineering, science, and
mathematics.

Solution

Either keep track of the real and imaginary components yourself, or use the Math::Complex class (part of the
standard Perl distribution).

Manually

# $c = $a * $b nmanual ly

$c_real = ( $a_real * $b_real ) - ( $a_imaginary * $b_i magi nary );

$c imaginary = ( $a real * $b_imaginary ) + ( $b real * $a_ immginary );
Math::Complex

# $c = $a * $b usi ng Mat h:: Conpl ex

use Mat h:: Conpl ex;

$c = $a * $b;

Discussion

Here's how you'd manually multiply 3+5i and 2- 2i :

$a_real = 3; $a_immginary = 5; # 3 + 5i;
$b real = 2; $b_imaginary = -2; # 2 - 2i;
$c_real = ( $a_real * $b real ) - ( $a_imaginary * $b_imagi nary );

$c imaginary = ( $a_real * $b imaginary ) + ( $b_real * $a_inmaginary );
print "c = ${c_real }+${c_i magi nary}i\n";

c = 16+4i
and with Math::Complex:
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use Mat h:: Conpl ex;

$a = Mat h: : Conpl ex->new 3, 5) ; # or WMat h: : Conpl ex->new 3, 5) ;
$b = Mat h: : Conpl ex->new( 2, - 2) ;

$c = $a * $b;

print "c = $c\n";

c = 16+4i

With the 5.004 version, you may create complex numbersviathe cpl x constructor or viathe exported
constant i :

use Mat h:: Conpl ex;

$c = cpl x(3,5) * cplx(2,-2); # easier on the eye

$d = 3 + 4*i; # 3 + 4i

printf "sqrt($d) = %\n", sqrt($d);

sqrt(3+4i) = 2+i

The original Math::Complex module distributed with 5.003 did not overload as many functions and
operators as the 5.004 version does. Also, the Math::Trig module (new as of 5.004) uses the Math::Complex
module internally because some functions can break out from the real axis into the complex plane - for
example, the inverse sine of 2.

See Also

The documentation for the standard Math::Complex module (also in Chapter 7 of Programming Perl)
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2.16. Converting Between Octal and Hexadecimal

Problem

Y ou want to convert astring (e.g., "0x55" or "0755") containing an octal or hexadecimal number to the
correct number.

Perl only understands octal and hexadecimal numbers when they occur asliteralsin your programs. If
they are obtained by reading from files or supplied as command-line arguments, no automatic conversion
takes place.

Solution

Use Perl'soct and hex functions:

$nunber = hex($hexadeci mal); # hexadeci nal
$nunber = oct ($octal); # oct al
Discussion

Theoct function converts octal numbers with or without the leading "0": "0350" or "350". In fact, it
even converts hexadecimal ("0x350") numbersif they have aleading "0x". The hex function only
converts hexadecimal numbers, with or without aleading "0x": "0x255", "3A", "f f ", or "deadbeef ".
(Letters may be in upper- or lowercase.)

Here's an example that accepts a number in either decimal, octal, or hex, and prints that number in all
three bases. It usesthe oct function to convert from octal and hexadecimal if the input began with a 0. It
then usespr i nt f to convert back into hex, octal, and decimal as needed.

print "G me a nunber in decimal, octal, or hex: ";
$num = <STDI N>;

chonp $num

exit unl ess defined $num

$num = oct ($num if $num =~ /"0/; # does both oct and hex
printf "% % %\n", $num $num $Snum

The following code converts Unix file permissions. They're always given in octal, so we use oct instead
of hex.
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print "Enter file permssion in octal: ";
$perm ssi ons = <STDI N>;

die "Exiting ...\n" unless defined $permn ssions;
chonp $per m ssi ons;
$per m ssi ons = oct ($perm ssi ons); # perm ssions always octal

print "The decimal value is $perm ssions\n";

See Also

The "Scalar Value Constructors' section in perldata (1) and the "Numeric Literals" section of Chapter 2
of Programming Perl; theoct and hex functionsin perlfunc (1) and Chapter 3 of Programming Perl.
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2.17. Putting Commas in Numbers

Problem

Y ou want to output a number with commas in the right place. People like to see long numbers broken up
in thisway, especially in reports.

Solution

Reverse the string so you can use backtracking to avoid substitution in the fractional part of the number.
Then use aregular expression to find where you need commas, and substitute them in. Finally, reverse
the string back.

sub comm fy {
ny $text = reverse $ [0];
$text =~ s/ (\d\d\d)(?=\d)(?'\d*\.)/%$1,/qg;
return scal ar reverse $text;

}
Discussion

It'salot easier in regular expressions to work from the front than from the back. With thisin mind, we
reverse the string and make a minor change to the algorithm that repeatedly inserts commas three digits
from the end. When all insertions are done, we reverse the final string and return it. Becauser ever se is
sensitive to itsimplicit return context, we force it to scalar context.

This function can be easily adjusted to accommodate the use of periods instead of commas, as are used in
some countries.

Here's an example of comm f y in action:

# nore reasonable web counter :-)

use Mat h:: Trul yRandom

$hits = truly_random val ue(); # negative hits!

$out put = "Your web page received $hits accesses |last nonth.\n";
print comm fy($out put);

Your web page received -1, 740, 525, 205 accesses | ast nonth.
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See Also

perllocale (1); ther ever se function in perlfunc (1) and Chapter 3 of Programming Perl; the section
"Adding Commas to a Number" in Chapter 7 of Mastering Regular Expressions
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2.18. Printing Correct Plurals

Problem

You're printing something like"l t t ook $t i me hour s”,but"l t t ook 1 hour s" isungrammatical.
Y ou would like to get it right.

Solution
Usepri ntf and aternary conditional (X? Y : Z) to alter the noun or verb:
printf "It took % hour%s\n", $tine, $tine ==1 2?2 "" . "s";
printf "%l hour% 9% enough.\n", $tine,
$time == 1 2 "" ;. "s",
$time == 1 ? "is" . "are",

Or, use the Lingua::EN::Inflect module from CPAN as described in the Discussion.

Discussion

The only reason inane messageslike"1 fi | e(s) updat ed" appear is because their authors are too
lazy to bother checking whether the count is 1 or not.

If your noun changes by morethanan™ - s, you'll need to change the pri nt f accordingly:
printf "It took % centur%", $tinme, $time == 1 ? "y" : "ies";

Thisis good for ssimple cases, but you'll get tired of writing it. Thisleads you to write funny functions
like this:

sub noun_plural {
| ocal $_ = shift;
# order really matters here!
s/ ss$/ sses/
s/ ([ psc] h) $/ ${1} es/
s/ z$/ zes/
s/ff$/ffs/
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s/ f$/ves/

s/ ey$/ eys/
s/y$/ies/
s/ix$/ices/

s/ ([sx]) $/ $les/

s/ $/ s/
die "can't get here";
return $_;
}
*verb_singular = \&voun_plural; # make function alias

Asyou find more exceptions, your function will become increasingly convoluted. When you need to
handle such morphological changes, turn to the flexible solution provided by the Lingua::EN::Inflect
module from CPAN.

use Lingua::EN :Inflect gwm(PL classical);

classical (1); # why isn't this the default?
whi | e (<DATA>) { # each line in the data

for (split) { # each word on the line

print "One $ , two ", PL($), ".\n";

}
}
# plus one nore
$ = 'secretary general';

pFint "One $, two ", PL($), ".\n";

__END

fish fly ox

speci es genus phyl um
cherub radi us jockey
I ndex matrix nythos
phenonenon fornul a

That produces the following:

One fish, two fish.

One fly, two flies.

One ox, two oxen.

One species, two species.
One genus, two genera.
One phylum two phyl a.
One cherub, two cherubi m
One radius, two radii.
One j ockey, two jockeys.
One index, two indices.
One matrix, two nmatrices.
One nythos, two nythoi.
One phenonenon, two phenonena.



One fornula, two fornul ae.
One secretary general, two secretaries general.

Thisis one of the many things the module can do. It also handles inflections or conjugations for other
parts of speech, provides number-insensitive comparison functions, figures out whether to use a or an,
and plenty more.

See Also

The ternary ("hook-colon") operator discussed in perlop (1) and in the "Conditional Operator” section of
Chapter 2 of Programming Perl; the documentation with the CPAN module Lingua::EN::Inflect
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2.19. Program: Calculating Prime Factors

The following program takes one or more integer arguments and determines the prime factors. It uses Perl's
native numeric representation unless those numbers use floating-point representation and thus lose accuracy.
Otherwise (or if the program's -b switch is used), it uses the standard Math::Bigint library, thus allowing for
huge numbers. However, it only loads thislibrary if necessary. That'swhy weuser equi r e and i npor t
instead of use, which would unconditionally load the library at compile time instead of conditionally at run
time.

Thisis not an efficient way to crack the huge integers used for cryptographic purposes.

Call the program with alist of numbers, and it will show you the prime factors of those numbers:
% bigfact 8 9 96 2178

8 2**3

9 3**2

96 2**5 3

2178 2 3**2 11**2

You can give it very large numbers:

% bi gf act 239322000000000000000000
+239322000000000000000000 2**19 3 5**18 +39887

% bi gf act 25000000000000000000000000
+25000000000000000000000000 2**24 5**26

The program is shown in Example 2.1.
Example 2.1: bigfact

#! [ usr/ bi n/ perl

# bigfact - calculate prinme factors
use strict;

use i nteger;

use vars gw S$opt b $opt d };
use Getopt:: Std;

@ARGV && getopts(' bd') or die "usage: $0 [-Db] nunber ...";
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| oad_biglib() if $opt_b;

ARG foreach ny $orig ( @G\RGV ) {

my ($n, % actors, $factor);

$n = $opt _b ? Math::Biglnt->newm $orig) : $orig;

if ($n + 0 ne $n) { # don't use -w for this
printf STDERR "bigfact: % would becone %\n", $n, $n+0 if S$opt d;
| oad_biglib();
$n = Mat h:: Bi gl nt->new $orig);

}

printf "% 10s ", $n;

# Here $sqi will be the square of $i. W will take advantage
# of the fact that ($i + 1) ** 2 == $i ** 2 + 2 * $i + 1.
for (my ($i, $sqgi) = (2, 4); $sgi <= $n; $sqgi +=2 * $i ++ + 1) {
while ($n % $i == 0) {
$n /= $i;
print STDERR "<$i>" if S$opt _d;
$factors {$i} ++;

}

if ($n !'=1 & & $n !'= Sorig) { $factors{$n}++ }
If (! % actors) {
print "PRlI ME\ n";
next ARG
}
for $factor ( sort { $a <=> $b } keys % actors ) {
print "$factor";
if ($factors{$factor} > 1) {
print "**$factors{$factor}";

b

print " ";
}
print "\n";

}

# this simulates a use, but at run tine
sub load biglib {
require Math::Biglnt;

Mat h: : Bi gl nt->i nport (); #i mmat eri al ?
}
Previous: 2.18. Printing Perl Next: 3. Dates
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3. Dates and Times

Contents:
Introduction

Finding Today's Date

Converting DMYHMS to Epoch Seconds
Converting Epoch Secondsto DMYHMS
Adding to or Subtracting from a Date
Difference of Two Dates

Day in a Week/Month/Y ear or Week Number
Parsing Dates and Times from Strings
Printing a Date

High-Resolution Timers

Short Sleeps
Program: hopdelta

It isinappropriate to require that a time represented as seconds since the Epoch precisely represent the
number of seconds between the referenced time and the Epoch.

- |EEE Std 1003.1b-1993 (POSIX) Section B.2.2.2

3.0. Introduction

Times and dates are important things to be able to manipulate. "How many userslogged in last month?’,
"How many seconds should | sleep, if | want to wake up at midday?*, and "Has this user's password
expired yet?' are all common questions whose answers involve surprisingly non-obvious manipulations.

Per| represents points in time as intervals, measuring seconds past a point in time called the Epoch. On
Unix and many other systems, the Epoch was 00:00 Jan 1, 1970, Greenwich Mean Time (GMT).[1] Ona
Mac, all dates and times are expressed in the local time zone. The gnt i e function returns the correct
GMT time, based on your Mac's time zone offset. Bear thisin mind when considering the recipesin this
chapter. The Macintosh's Epoch seconds val ue ranges from 00:00 Jan 1, 1904 to 06:28:15 Feb 6, 2040.

[1] These days GMT isincreasingly referred to as UTC (Universal Coordinated Time).
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When we talk about dates and times, we often interchange two different concepts: points in time (dates
and times) and intervals between points in time (weeks, months, days, etc.). Epoch seconds represent
intervals and points in the same units, so you can do basic arithmetic on them.

However, people are not used to working with Epoch seconds. We are more used to dealing with
individual year, month, day, hour, minute, and second values. Furthermore, the month can be represented
by its full name or its abbreviation. The day can precede or follow the month. Because of the difficulty of
performing calculations with a variety of formats, we typically convert human-supplied strings or lists to
Epoch seconds, calculate, and then convert back to strings or lists for output.

For convenience in calculation, Epoch seconds are always calculated in GMT. When converting to or
from distinct values, we must always consider whether the time represented isGMT or local. Use
different conversion functions depending on whether you need to convert from GMT to local time or vice
versa.

Perl'st i me function returns the number of seconds that have passed since the Epoch - more or less.[2]
To convert Epoch seconds into distinct values for days, months, years, hours, minutes, and seconds, use
thel ocal ti me and gnt i me functions. In list context, these functions return a nine-element list with

the following elements:

[2] Well, less actually. To be precise, 21 seconds less as of thiswriting. POSIX requires that
t i me not include leap seconds, a peculiar practice of adjusting the world's clock by a
second here and there to account for the slowing down of the Earth's rotation due to tidal
angular-momentum dissipation. See the sci.astro FAQ, section 3, in
http://sciastro.astronomy.net/sci.astro.3.FAQ.

Variable |Values Range
$sec seconds 0-60
$m n minutes 0-59
$hour s |hours 0-23

$nday |day of month 1-31
$nont h |month of year | 0-11, 0 == January

$year |yearssince 1900 |1-138 (or more)
$wday |day of week 0-6, 0 == Sunday
$yday |day of year 1-366

$i sdst |Oorl true if daylight savingsisin effect

The values for second range from 0-60 to account for |eap seconds; you never know when a spare second
will leap into existence at the urging of various standards bodies.

From now on, we'll refer to alist of day, month, year, hour, minute, and seconds as DMYHMS, for no
better reason than that writing and reading "distinct day, month, year, hour, minute, and seconds values"


http://sciastro.astronomy.net/sci.astro.3.FAQ

Is wearisome. The abbreviation is not meant to suggest an order of return values.

Perl does not return atwo-digit year value. It returns the year minus 1900, which just happensto be a
two-digit number through 1999. Perl doesn't intrinsically have a'Y ear 2000 problem, unless you make
one yourself. (Y our computer, and Perl, may have a 2038 problem, though, if we're still using 32 bits by
that time.) Add 1900 to get the full year value instead of using the construct " 19$year ", or soon your
programs will refer to theyear " 19102" . We can't pin down the year value's range because it depends
on how big an integer your operating system uses for Epoch seconds. Small integers mean a small range;
big (64-bit) integers mean avery big range.

In scalar context, | ocal ti me and gnt i me return the date and time formatted as an ASCI| string:
Fri Apr 11 09:27:08 1997

The standard Time::tm module provides objects that give you a named interface to these values. The
standard Time::localtime and Time::gmtime modules override the list-returning | ocal t i nme and

gnt i me functions, replacing them with versions that return Time::tm objects. Compare these two pieces
of code:

# using arrays
print "Today is day ", (localtinme)[7], " of the current year.\n";
Today is day 117 of the current year.

# using Tinme::tmobjects

use Tine::localtine;

$tm = local tine;

print "Today is day ", $tm>yday, " of the current year.\n";
Today is day 117 of the current year.

To go fromalist to Epoch seconds, use the standard Time::Local module. It provides the functions
ti mel ocal andti megm both of which take a nine-element list and return an integer. The list's values
have the same meaning and ranges asthose returned by | ocal ti ne andgnt i ne.

Epoch seconds values are limited by the size of an integer. If you have a 32-bit signed integer holding
your Epoch seconds, you can only represent dates (in GMT) from Fri Dec 13 20: 45: 52 1901 to
Tue Jan 19 03: 14: 07 2038 (inclusive). By 2038, it is assumed, computers will change to use larger
integers for Epoch seconds. We hope. For operations on dates outside this range, you must use another
representation or work from distinct year, month, and day values.

The Date::Calc and Date::Manip modules on CPAN both work from these distinct values, but be warned:
years don't necessarily have 1900 subtracted from them the way the year value returned by | ocal ti ne
does, nor do months and weeks always start at 0. As aways, consult the manpage of the appropriate
module to make sure you're giving it what it expects and getting back from it what you expect. There's
little more embarrassing than realizing you've calculated your company payroll based on a calendar that's
1,900 years in the past.

Previous: 2.19. Program: Perl Next: 3.1. Finding Today's
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3.1. Finding Today's Date

Problem

Y ou need to find the year, month, and day values for today's date.

Solution

Usel ocal ti ne, which returns values for the current date and time if given no arguments. Y ou can either use
| ocal ti me and extract the information you want from the list it returns:

($DAY, $MONTH, $YEAR) = (localtine)[3,4,5];

Or, use Time::localtime, which overrides| ocal t i nme to return a Time::tm object:
use Tine::localtineg;

$tm = local tine;
($DAY, $MONTH, $YEAR) = ($t m >nday, $tm >non, $tm >year);

Discussion

Here's how you'd print the current date as"YYYY-MM-DD," using the non-overridden | ocal t i ne:

($day, $nonth, $year) = (localtine)[3,4,5];

printf("The current date is %94d %92d %©2d\n", $year+1900, $nont h+1l, $day);
The current date is 1998 04 28

To extract the fields we want from the list returned by | ocal t i me, wetakealist slice. We could also have
written it as:

($day, $nonth, $year) = (localtine)[3..5];

Thisishow we'd print the current date as"YYYY-MM-DD" (in approved 1SO 8601 fashion), using
Time::localtime:

use Tine::localtine;

$tm = | ocal tine;

printf("The current date is %94d-%92d- %9©2d\ n", $tm >year +1900,
($t m >non) +1, $tm >nday) ;

The current date is 1998-04-28

The object interface might look out of place in a short program. However, when you do alot of work with the
distinct values, accessing them by name makes code much easier to understand.
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A more obfuscated way that does not involve introducing temporary variablesis:
printf("The current date is %94d-%2d-%®©2d\ n",

sub {($_[5]+1900, $ [4]+1, $ [3])}->(localtine));
Thereisasostrfti me fromthe POSIX module discussed in Recipe 3.8:
use POSI X gw(strftinme);
print strftime "%-%n %\ n", |ocaltineg;

Thegnt i me function worksjust as| ocal t i me does, but gives the answer in GMT instead of your local time
zone.

See Also

Thel ocal ti me andgnt i e functionsin perlfunc (1) and Chapter 3 of Programming Perl; the
documentation for the standard Time::localtime module
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3.2. Converting DMYHMS to Epoch Seconds

Problem

Y ou want to convert a date, atime, or both with distinct values for day, month, year, etc. to Epoch
seconds.

Solution

Usetheti nel ocal orti megmfunctionsin the standard Time::Loca module, depending on whether
the date and time is in the current time zone or in UTC.

use Ti ne:: Local ;

$TIME = tinel ocal ($sec, $m n, $hours, $nday, $non, S$year);
$TIME = timegnm $sec, $mn, $hours, $nday, $non, S$year);

Discussion

The built-in function | ocal t i me converts an Epoch seconds value to distinct DMYHMS values; the

ti mel ocal subroutine from the standard Time::Local module converts distinct DMYHMS valuesto an
Epoch seconds value. Here's an example that shows how to find Epoch seconds for atime in the current
day. It gets the day, month, and year valuesfrom | ocal t i ne:

# $hours, $m nutes, and $seconds represent a tine today,

# in the current tinme zone

use Tine:: Local;

$time = tinelocal ($seconds, 3$m nutes, S$hours, (localtine)[3,4,5]);

If you're passing month and year valuestot i mel ocal , it expects values with the same range as those
which | ocal t i me returns. Namely, months start at 0, and years have 1900 subtracted from them.

Theti mel ocal function assumesthe DMYHMS values represent atime in the current time zone.
Time::Local also exportsat i megmsubroutine that assumesthe DMYHMS values represent atime in the
GMT time zone. Unfortunately, there is no convenient way to convert from atime zone other than the
current local time zone or GMT. The best you can do is convert to GMT and add or subtract the time zone
offset in seconds.

This code illustrates both the use of t i megmand how to adjust the ranges of months and years:
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# $day is day in nonth (1-31)

# $nmonth is nonth in year (1-12)

# $year is four-digit year e.g., 1967

# $hours, $m nutes and $seconds represent UTC tine

use Tine:: Local;

$tinme = timegnm $seconds, $m nutes, $hours, $day, $nonth-1, $year-1900);

As explained in the introduction, Epoch seconds cannot hold values before Fri Dec 13 20: 45: 52
1901 or after Tue Jan 19 03: 14: 07 2038. Don't convert such dates to Epoch seconds - use a Date::
module from CPAN, and do your calculations with that instead.

See Also

The documentation for the standard Time::Local module (also in Chapter 7 of Programming Perl);
convert in the other direction using Recipe 3.3
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Previous: 3.2. Converting Chapter 3 Next: 3.4. Adding to or
DMYHMS to Epoch Seconds Datesand Times Subtracting from a Date

3.3. Converting Epoch Seconds to DMYHMS

Problem

Y ou have adate and time in Epoch seconds, and you want to calculate individual DMYHMS values from
it.

Solution

Usethel ocal ti me or gnt i me functions, depending on whether you want the date and timein GMT
or your local time zone.

($seconds, $m nutes, S$hours, $day of nonth, S$nonth, S$year,
$wday, $yday, S$isdst) = localtinme($tine);

The standard Time::timelocal and Time::gmtime modules overridethel ocal ti ne andgnt i ne
functions to provide named access to the individual values.

use Tinme::localtine; # or Tinme::gntine
$tm = localti me($TI ME); # or gntinme($TIVE)
$seconds = $tm >sec;

# ...

Discussion

Thel ocal ti me and gnt i nme functions return strange year and month values; the year has 1900
subtracted from it, and O is the month value for January. Be sure to correct the base values for year and
month, as this example does:

($seconds, $m nutes, S$hours, $day of nonth, $nonth, S$year,
$wday, $yday, S$isdst) = localtinme($tine);

printf("Dateline: %2d: %92d: %©2d- ¥©4d/ ¥92d/ ¥©2d\ n",
$hours, $m nutes, $seconds, S$year+1900, $nont h+1,
$day_of nonth);

We could have used the Time::localtime module to avoid the temporary variables:

use Tine::localtine;
$tm= localtime($tine);
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printf("Dateline: %2d: %92d: %©2d- ¥©4d/ ¥92d/ ¥©2d\ n",
$t m >hour, $tm >mn, $tm >sec, $tm >year+1900,
$tm >nmon+1, $tm >nday);

See Also

Thel ocal ti me function in perlfunc (1) and Chapter 3 of Programming Perl; the documentation for the
standard Time::localtime and Time::gmtime modules; convert in the other direction using Recipe 3.2

Previous: 3.2. Converting Perl Next: 3.4. Adding to or
DMYHMS to Epoch Seconds Cookbook Subtracting from a Date
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Previous: 3.3. Converting Chapter 3 Next: 3.5. Difference of Two
Epoch Seconds to DMYHMS Dates and Times Dates

3.4. Adding to or Subtracting from a Date

Problem

Y ou have a date and time and want to find the date and time of some period in the future or past.

Solution

Simply add or subtract Epoch seconds:

$when $now + $di fference;
$t hen $now - $di fference;

If you have distinct DMYHMS values, use the CPAN Date::Calc module. If you're doing arithmetic with days
only, use Add_Del t a_Days ($of f set isapositive or negative integral number of days):

use Date::Calc qwm Add_Del t a_Days);

($y2, $n2, $d2) = Add Delta Days($y, $m $d, S$offset);

If you are concerned with hours, minutes, and seconds (in other words, times as well as dates), use
Add_Del t a_ DHVS:

use Date::Calc qw Add_Del t a_DHWVS)
($year 2, $nonth2, $day2, $h2, $n2, $s2) =
Add_Del t a_DHVS( $year, $nonth, $day, $hour, $m nute, $second,
$days_offset, S$hour offset, $m nute_ offset, $second offset );

Discussion

Calculating with Epoch secondsis easiest, disregarding the effort to get dates and times into and out of Epoch
seconds. This code shows how to calculate an offset (55 days, 2 hours, 17 minutes, and 5 seconds, in this case)
from a given base date and time:

$birthtime = 96176750; # 18/ Jan/ 1973, 3:45:50 am
$interval =5 + # 5 seconds
17 * 60 + # 17 m nutes
2 * 60 * 60 + # 2 hours
55 * 60 * 60 * 24; # and 55 days
$then = $birthtine + $interval;
print "Then is ", scalar(localtinm($then)), "\n";

Then is Wed Mar 14 06: 02:55 1973

We could have used Date::Calc's Add_Del t a_ DHMS function and avoided the conversion to and from Epoch
seconds:
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use Date::Calc qwm Add_Del t a_DHWS)
($year, $nonth, $day, $hh, $mm $ss) = Add_Del t a_DHMS(
1973, 1, 18, 3, 45, 50, # 18/Jan/ 1973, 3:45:50 am
55, 2, 17, 5); # 55 days, 2 hrs, 17 mn, 5 sec
print "To be precise: $hh: $mm $ss, $nont h/ $day/ $year\ n";
To be precise: 6:2:55, 3/14/1973

As usual, we need to know the range of values the function expects. Add_Del t a_ DHVS takes afull year value -
that is, one that hasn't had 1900 subtracted from it. The month value for January is 1, not 0. Date::Calc's
Add_Del t a_Days function expects the same kind of values:

use Date::Calc qwm Add _Del ta_Days);

($year, S$nonth, $day) = Add_Del ta_Days(1973, 1, 18, 55);

print "Nat was 55 days old on: $nonth/$day/ $year\n";

Nat was 55 days old on: 3/14/1973

See Also

The documentation for the CPAN module Date::Calc
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Previous: 3.4. Adding to or Chapter 3 Next: 3.6. Day in a
Subtracting from a Date Dates and Times Week/Month/Year or Week
Number

3.5. Difference of Two Dates

Problem

Y ou need to find the number of days between two dates or times.

Solution

If your dates are in Epoch seconds, and fall intherange Fri Dec 13 20: 45: 52 1901 to Tue Jan 19
03: 14: 07 2038 (inclusive), simply subtract one from the other and convert the seconds to days.

$seconds = $recent - S$earlier;

If you have distinct DMYMHS values, or are worried about the range limitations of Epoch seconds, use the
Date::Calc module from CPAN. It can calculate the difference between dates:

use Date::Calc gw Delta_Days);

$days = Delta Days( $yearl, S$nonthl, $dayl, S$year2, $nonth2, $day2);

It also calculates the difference between dates and times:

use Date::Calc qw Del t a_DHVS);
($days, S$hours, $ninutes, $seconds) =
Del ta DHVMS( $year1l, $nonthl, $dayl, $hourl, $m nutel, $secondsl, # earlier
$year 2, $nonth2, $day2, S$hour2, $nmi nute2, $seconds2); # |later

Discussion

One problem with Epoch seconds is how to convert the large integers back to forms that people can read. The
following example shows one way of converting an Epoch seconds value back to its component numbers of weeks,
days, hours, minutes, and seconds:

$br ee 361535725; # 16 Jun 1981, 4:35:25
$nat 96201950; # 18 Jan 1973, 3:45:50

$di fference = $bree - $nat;
print "There were $difference seconds between Nat and Bree\n";
There were 265333775 seconds between Nat and Bree

$di fference % 60;
($difference - $seconds) / 60;
$di fference % 60;

$seconds
$di f ference
$m nut es
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$di fference ($di fference - $mnutes) / 60;

$hour s = $difference % 24;
$di fference = ($difference - $hours) | 24;
$days = $difference % 7;
$weeks = ($difference - $days) /7

print "($weeks weeks, $days days, S$hours: $m nutes: $seconds)\n";
(438 weeks, 4 days, 23:49:35)

Date::Calc's functions can ease these calculations. The Del t a_Day's function returns the number of days between
two dates. It takes the two dates as a list: year, month, day. The dates are given chronologically - earliest first.

use Date::Calc gw Del ta_Days);

@ree = (1981, 6, 16); # 16 Jun 1981

@at = (1973, 1, 18); # 18 Jan 1973

$di fference = Delta _Days(@at, @ree);

print "There were $difference days between Nat and Bree\n";
There were 3071 days between Nat and Bree

The Del t a_DHVES function returns afour-element list corresponding to the number of days, hours, minutes, and
seconds between the two dates you giveit.

use Date::Calc gqw Del ta DHVB);

@ree = (1981, 6, 16, 4, 35, 25); # 16 Jun 1981, 4:35:25
@at = (1973, 1, 18, 3, 45, 50); # 18 Jan 1973, 3:45:50
@i ff = Delta DHMS( @at, @ree);

print "Bree came $diff[0] days, $diff[1]:$diff[2]:$diff[3] after Nat\n";
Bree cane 3071 days, 0:49:35 after Nat

See Also

The documentation for the CPAN module Date::Calc
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Previous: 3.5. Difference of C_haw Next: 3.7. Parsing Dates and
Two Dates Dates and Times Times from Strings

3.6. Day in a Week/Month/Year or Week Number

Problem

Y ou have a date, either in Epoch seconds or as distinct year, month, etc. values. Y ou want to find out
what week of the year, day of the week, day of the month, or day of the year that the date falls on.

Solution

If you have Epoch seconds, the day of the year, day of the month, and day of the week are returned by
| ocal ti me. Theweek of the year is easily calculated from the day of the year (but see discussion
below, as standards differ).

( SMONTHDAY, $WEEKDAY, $YEARDAY) = (localtinme $DATE)[ 3, 6, 7];

SVEEKNUM = i nt ($YEARDAY / 7) + 1;

If you have distinct DMYHMS values, you can either convert them to Epoch seconds values asin Recipe
3.3 and then use the solution above, or else usethe Day _of _Week , Week Nunber , and

Day of Year functionsfrom the CPAN module Date::Calc:

use Date::Calc gwDay_of Wek Wek Nunber Day of Year);

# you have $year, $nonth, and $day
# $day is day of nonth, by definition.

$wday = Day_of Week($year, $nonth, $day);
$wnum = Week _Nunber ($year, $nonth, $day);
$dnum = Day_of _Year ($year, $nonth, $day);
Discussion

TheDay_ of Week, Week Nunber,and Day_of Year functionsall expect yearsthat haven't had
1900 subtracted from them and months where January is 1, not 0. The return value from Day _of Week
can be 1 through 7 (corresponding to Monday through Sunday) or O in case of an error (an invalid date,
for example).

use Date::Calc gw Day_of Wek Wek Nunber Day of Wek to_ Text)

$year = 1981;
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$nont h
$day

6; # (June)
16;

$wday = Day_of _Week($year, $nonth, $day);
print "$nont h/ $day/ $year was a ", Day_of Week to_ Text ($wday), "\n";
## see comment above

$wnum = Week Nunber ($year, $nonth, $day);
print "in the $wnum week.\n";

6/ 16/ 1981 was a Tuesday

I n week nunber 25.

The governing standards body of particular countries may have rules about when the first week of the
year starts. For example, in Norway the first week must have at least 4 daysin it (and weeks start on
Mondays). If January 1 falls on aweek with 3 or fewer days, it is counted as week 52 (or 53) of the
previous year. In America, the first Monday of the year is usually the start of the first work-week. Given
such rules, you may have to write your own algorithm, or at least look at the %5, %, %N and %8J formats
to the Uni xDat e function in Date::Manip.

See Also

Thel ocal ti me function in perlfunc (1) and Chapter 3 of Programming Perl; the documentation for the
CPAN module Date::Calc
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Previous: 3.6. Day in a C_hapti.?, Next: 3.8.
Week/Month/Year or Week Datesand Times Printing a Date
Number

3.7. Parsing Dates and Times from Strings

Problem

Y ou read in adate or time specification in an arbitrary format but need to convert that string into distinct
year, month, etc. values.

Solution

If your date is already numeric, or in arigid and easily parsed format, use aregular expression (and
possibly a hash mapping month names to numbers) to extract individual day, month, and year values, and
then use the standard Time::Local module'st i el ocal andt i megmfunctions to turn that into an
Epoch seconds value.

use Tine:: Local;

# $date is "1998-06-03" (YYYY-MMDD form.

($yyyy, $mm $dd) = ($date =~ /(\d+)-(\d+)-(\d+)/;

# cal cul ate epoch seconds at mdnight on that day in this tinezone
$epoch_seconds = tinelocal (0, 0, 0, $dd, $mm $yyyy);

For amore flexible solution, use the Par seDat e function provided by the CPAN module Date::Manip,
and then use Uni xDat e to extract the individual values.

use Date:: Manip gw ParseDat e Uni xDat e);
$dat e = Par seDat e( $STRI NG ;
i f (!$date) {

# bad date
} else {

@/ALUES = Uni xDat e( $dat e, @ORVATS) ;
}

Discussion
The flexible Par seDat e function accepts many formats. It even converts strings like "today", "2 weeks

ago Friday", and "2nd Sunday in 1996", and understands the date and time format used in mail and news
headers. It returns the decoded date in its own format: a string of theform"YYYYMMDDHH:MM:SS'.
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Y ou can compare two such strings to compare the dates they represent, but arithmetic is difficult. For this
reason, we use the Uni xDat e function to extract the year, month, and day valuesin a preferred format.

Uni xDat e takes adate in the string form returned by Par seDat e and alist of formats. It applies each
format to the string and returns the result. A format is a string describing one or more elements of the
date and time and the way that the elements are to be formatted. For example, % is the format for the
year in four-digit form. Here's an example:

use Date::Mnip gw ParsebDate Uni xDate);

while (<>) {
$date = ParseDate($ );
if (!$date) {
warn "Bad date string: $ \n";
next ;
} else {

($year, S$nonth, $day) = Uni xDate($date, "%, "o%i, "%");
print "Date was $nonth/ $day/ $year\n";

}
See Also

The documentation for the CPAN module Date::Manip; we use thisin Recipe 3.11
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Previous: 3.7. Parsing Dates C_hapti.?, Next: 3.9. High-Resolution
and Times from Strings Dates and Times Timers

3.8. Printing a Date

Problem

Y ou need to print adate and time shown in Epoch seconds format in human-readable form.

Solution

Simply call | ocal ti me or gnt i me in scalar context, which takes an Epoch second value and returns a
string of theform Tue May 26 05: 15: 20 1998:

$STRI NG = | ocal ti me( $EPOCH_SECONDS) ;

Alternatively, thest r f t i me function in the standard POSIX module supports a more customizable
output format, and takes individual DMYHMS values:
use POSI X gwm(strftine);
$STRI NG = stritime($FORVAT, $SECONDS, $M NUTES, $HOUR,
$DAY_OF MONTH, $MONTH, $YEAR, $WVEEKDAY,
$YEARDAY, $DST);

The CPAN module Date::Manip has a Uni xDat e routine that works like a specialized form spri nt f
designed to handle dates. Pass it a Date::Manip date value. Using Date::Manip in lieu of POSIX::strftime
has the advantage of not requiring a POSIX-compliant system.

use Date::Manip gw Uni xDat e) ;
$STRI NG = Uni xDat e( $DATE, $FORMAT) ;

Discussion

The simplest solution is built into Perl already: thel ocal t i me function. In scalar context, it returns the
string formatted in a particular way:

Sun Sep 21 15:33:36 1997

This makes for simple code, although it restricts the format of the string:

use Tine:: Local;
$time = tinelocal (50, 45, 3, 18, 0, 73);
print "Scalar localtine gives: ", scalar(localtine($tine)), "\n";
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Scal ar localtine gives: Thu Jan 18 03:45:50 1973

Of course, | ocal ti nme requiresthe date and time in Epoch seconds. The POSI X: : strftinme
function takes a set of individual DMY MHS values and aformat and returns a string. The format is
similar toapri nt f format; %directives specify fields in the output string. A full list of these directives
isavailablein your system's documentation for st rf t i me. strfti me expectstheindividual values
representing the date and time to be the same range as the valuesreturned by | ocal ti ne:

use POSI X gw(strftine);

use Tine:: Local ;

$tinme = tinelocal (50, 45, 3, 18, 0, 73);

print "strftime gives: ", strftinme("%A %', localtinme($tine)), "\n";
strftinme gives: Thursday 01/18/73

All values are shown in their national representation when using POSIX::strftime. So, if you runit in
France, your program would print " Sunday" as" Di manche" . Be warned: Perl's interface to the
POSIX functionst r f t i me always converts the date, assuming that it falls in the current time zone.

If you don't have accessto POSIX'sst r f t i me function, there's always the trusty Date::Manip CPAN
module, described in Recipe 3.6.

use Date::Mnip gw ParseDate Uni xDate);

$date = ParseDate("18 Jan 1973, 3:45:50");

$datestr = Uni xDate($date, "% % % %t M %6 % %) ; # as scal ar
print "Date::Manip gives: $datestr\n”;

Date:: Manip gives: Thu Jan 18 03:45:50 GMI' 1973

See Also

Thegnti me and| ocal ti me functionsin perlfunc (1) and Chapter 3 of Programming Perl; perllocale
(1); your system's strftime (3) manpage; the documentation for the POSIX module (also in Chapter 7 of
Programming Perl); the documentation for the CPAN module Date::Manip
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Previous: 3.8. Chapter 3 Next: 3.10.
Printing a Date Datesand Times Short Sleeps

3.9. High-Resolution Timers

Problem

Y ou need to measure time with afiner granularity than the full secondsthat t i e returns.

Solution

This might not be possible. If your system supports both thesyscal | function in Perl aswell asa
system call like gettimeofday (2), then you could possibly use them to measure the time. The procedure
forusingsyscal | variesfrom system to system. The Discussion has sample code using it, but thisis
not necessarily portable.

The Time::HiRes module (available from CPAN) encapsulates this functionality for some systems:

use Tine:: H Res gqw getti neofday);

$t0 = gettineof day;

## do your operation here

$t1 = gettineof day;

$el apsed = $t 1- $t 0;

# $el apsed is a floating point value, representing nunber
# of seconds between $t0 and $t1

Discussion

Here's some code that uses Time::HiRes to time how long the user takes to press RETURN:
use Tine:: H Res qw getti neof day);

print "Press return when ready: ";
$before = getti neof day;

$line = <>

$el apsed = getti neof day- $bef or e;
print "You took $el apsed seconds.\n";
Press return when ready:

You took 0.228149 seconds.

Compare thisto the equivalent syscal | code:
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require 'sys/syscall.ph';

# initialize the structures returned by gettineof day
$TIMEVAL T = "LL";
$done = $start = pack(STIMEVAL_T, ());

# pronpt
print "Press return when ready: ";

# read the tinme into $start
syscal | (&SYS getti neof day, $start, 0) != -1
|| die "gettineofday: $!";

# read a |line
$line = <>;

# read the time into $done
syscal | (&SYS getti neof day, $done, 0) != -1
|| die "gettineofday: $'";

# expand the structure
@tart = unpack($TIMEVAL T, $start);
@lone = unpack($TI MEVAL_T, $done);

# fix m croseconds
for ($done[1], S$start[1]) { $_ /= 1_000 000 }

# calculate time difference
$delta_time = sprintf "% 4f", ($done[0] + $done[l] )

($start[ 0] :r$start[1] );

print "That took $delta tine seconds\n";
Press return when ready:
That took 0.3037 seconds

It's longer because it's doing system callsin Perl, while Time::HiRes does them in C providing asingle
function. It's complex because directly accessing system calls peculiar to your operating system requires
you to know details about the underlying C structures that the system call takes and returns. Some
programs that come with the Perl distribution try to automatically calculate the formatsto pack and
unpack for you, if fed the appropriate C header file. In the example, sys/syscall.phisaPerl library file
generated with h2ph, which converts the sys/syscall.h header file into sys/syscall.ph that defines (among
other things) &SYS get t i meof day as a subroutine that returns the system call number of

getti nmeof day.

Here's another example of Time::HiRes, showing how you could use it to benchmark a sort:



use Tine::H Res gwgetti neof day);
# take nean sorting tine

$si ze = 500;

$nunmber of tines = 100;

$total _tinme = O;

for ($i = 0; $i < $nunber _of tines; $i++) {
my (@rray, $j, $begin, $tine);
# popul ate array
@rray = ();
for ($)=0; $j<$size; $++) { push(@rray, rand) }

# sort it

$begi n = getti neof day;

@rray = sort { $a <=> $b } @rray;
$tinme = gettineofday-$begin;

$total _tinme += $tine;

}

printf "On average, sorting %d random nunbers takes % 5f seconds\n",
$size, ($total tine/ $nunber of tines);
On average, sorting 500 random nunbers takes 0.02821 seconds

See Also

The documentation for the CPAN modules Time::HiRes and Benchmark; thesyscal | functionin
perlfunc (1) and Chapter 3 of Programming Perl; your system's syscall (2) manpage
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3.10. Short Sleeps

Problem

Y ou need to sleep for less than a second.

Solution

Usethesel ect () function, if your system supportsit:
sel ect (undef, undef, undef, $tine_to_sleep);

Some systems don't support afour-argument sel ect . The Time::HiRes module provides a sleep
function that takes a floating point number of seconds:

use Tine:: H Res qw sl eep);
sl eep($tinme_to_ sl eep);

Discussion

Here'san example of sel ect . It'sasimpler version of the program in Recipe 1.5. Think of it as your
very own 300-baud terminal.

while (<>) {
sel ect (undef, undef, undef, 0.25);
print;

}

Using Time::HiRes, we'd write it as:
use Tinme:: H Res qw sl eep);
while (<>) {

sl eep(0. 25);

print;
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See Also

The documentation for the CPAN modules Time::HiRes and BenchMark; the sl eep and sel ect
functions in perlfunc (1) and Chapter 3 of Programming Perl; we usethe sel ect function for short

sleepsinthesl owcat programin Recipe 1.5
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[Previous: 3.10. Short Sleeps| Chapter 3 [Next: 4. Arrays]
Dates and Times

3.11. Program: hopdelta

Have you ever wondered why it took so long for someone's mail to get to you? With postal mail, you can't
trace how long each intervening post office let your letter gather dust in their back office. But with electronic
mail, you can. The message carriesin its header Recei ved: lines showing when each intervening mail
transport agent along the way got the message.

The dates in the headers are hard to read. Y ou have to read them backwards, bottom to top. They are written
in many varied formats, depending on the whim of each transport agent. Worst of all, each date iswrittenin
itsown local time zone. It's hard to eyeball " Tue, 26 May 1998 23: 57: 38 - 0400" and " Wed, 27
May 1998 05: 04: 03 +0100" and readlize these two dates are only 6 minutes and 25 seconds apart.

The Par seDat e and Dat eCal c¢ functionsin the Date::Manip module from CPAN can help this:

use Date::Manip gw ParseDate DateCal c);

$d1 = ParseDate("Tue, 26 May 1998 23:57:38 -0400");
$d2 = ParseDate("Wed, 27 May 1998 05: 04: 03 +0100");
print DateCal c($dl, $d2);

+0:0:0:0: 0: 6: 25

That'sanice format for a program to read, but it's still not what the casual reader wants to see. The hopdelta
program, shown in Example 3.1, takes a mailer header and tries to analyze the deltas (difference) between

each hop (mail stop). Its output is shown in the local time zone.

Example 3.1: hopdelta

#!'/ usr/ bi n/ perl

# hopdelta - feed mail header, produce |ines
# showi ng del ay at each hop.

use strict;

use Date:: Manip gw (ParseDate Uni xDate);

# print header; this should really use format/wite due to
# printf conplexities
printf "% 20.20s % 20. 20s % 20. 20s %\ n",

"Sender", "Recipient", "Tinme", "Delta";

$/
$

" # par agraph node
<>: # read header
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s/\n\s+/ /q; # join continuation |ines

# cal cul ate when and where this started

ny($start _from = /*"From*\@["\s>]*)/ m

ny($start _date) = /~Date:\s+(.*)/m

ny $then = getdate($start_date);

printf "% 20.20s % 20.20s %\n", 'Start', $start _from fntdate(S$then);

ny $prevfrom = $start _from

# now process the headers lines fromthe bottom up
for (reverse split(/\n/)) {
ny ($delta, $now, $from $by, S$when);
next unl ess /”"Received:/;
s/\bon (.*?) (id.*)/; $1/s; # gqmai | header, 1 think
unl ess (($when) = /;\s+(.*)$/) { # where the date falls
warn "bad received line: $ ";
next ;
}
($from = /froms+(\S+)/;

($from INC(C.*?)\)/ unless $from # sone put it here
$from=~ s/\)$//; # sonmeone was too greedy
($by) = [by\s+(\S+\ .\ S+)/; # who sent it on this hop

# now random mungi ngs to get their string parsable
for ($when) {
s/ (for|via) .*$//;
s/ ([+-]\d\d\d\d) \(\S+\)/$1/;
s/id \S+;\s*//;
}
next unl ess $now = get dat e( $when) ; # convert to Epoch
$delta = $now - $t hen;

printf "% 20.20s % 20.20s % ", $from $by, fntdate($now);
$previrom = $by;

puttime($delta);

$t hen = $now,

}
exit:

# convert randomdate strings into Epoch seconds
sub getdate {

ny $string = shift;
$string =~ s/\s+\ (. *\)\s*$//; # renove nonstd tz
ny $date = ParseDate($string);

ny $epoch_secs Uni xDat e( $dat e, " 96" ) ;



return $epoch_secs;

}

# convert Epoch seconds into a particular date string
sub fntdate {
nmy $epoch = shift;
ny( $sec, $m n, $hour, $nday, $non, $year) = | ocal ti me($epoch);
return sprintf "9%92d: %92d: %92d %©4d/ ¥©2d/ ¥©2d"
$hour, $nmin, $sec,
$year + 1900, $non + 1, $nday,
}

# take seconds and print in pleasant-to-read fornmat
sub puttinme {

ny($seconds) = shift;

ny( $days, S$hours, $mi nutes);

$days = pul |l _count ($seconds, 24 * 60 * 60);
$hours = pull _count ($seconds, 60 * 60);

$mi nut es pul | _count ($seconds, 60);
put _field('s', $seconds);

put _field('m, $mnutes);

put _field('h', $hours);

put _field('d , $days);

print "\n";

}

# usage: $count = pull count(seconds, anount)
# renove from seconds the anmount quantity, altering caller's version
# return the integral nunber of those anbunts so renoved.
sub pull count {
ny($answer) = int($ [0] / $[1]);
$[0] -= $answer * $ [1];
return $answer;

}

# usage: put_field(char, nunber)
# out put nunber field in 3-place decimal format, wth trailing char
# suppress output unless char is 's' for seconds
sub put field {
ny ($char, $nunber) = @;
printf " 98d%", $nunber, S$char if $nunber || S$char eq 's';
}
Sender Reci pi ent Ti me Delta
Start wal | . org 09:17:12 1998/ 05/ 23



wal | . org
mai | . br ai nst or m net

mai | . brai nst or m net
] hereg. perl.com

09: 20: 56 1998/ 05/ 23 44s 3n
09: 20: 58 1998/ 05/ 23 2s
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4. Arrays

Contents:
Introduction

Specifying alList In Your Program
Printing a List with Commas
Changing Array Size

Doing Something with Every Element in aList

Iterating Over an Array by Reference
Extracting Unique Elements from a List

Finding Elementsin One Array but Not Another

Computing Union, | ntersection, or Difference of Unique Lists

Appending One Array to Another
Reversing an Array

Processing Multiple Elements of an Array

Finding the First List Element That Passes a Test

Finding All Elementsin an Array Matching Certain Criteria

Sorting an Array Numerically
Sorting a List by Computable Field
Implementing a Circular List
Randomizing an Array

Program: words

Program: permute

Works of art, in my opinion, are the only objects in the material universe to possessinternal order, and
that iswhy, though | don't believe that only art matters, | do believe in Art for Art's sake.

- E.M. Forster
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4.0. Introduction

If you are asked about the contents of your pockets, or the names of the last three presidents, or how to
get to the highway, you recite alist: you name one thing after another in a particular order. Lists are part
of your conception of the world. With Perl's powerful list- and array-handling primitives, you can
translate this world view directly into code.

In this chapter, we'll use the terms list and array as the Perl language thinks of them. Take

(" Reagan", "Bush", "d i nton"); that'salist of the last three American presidents, in order. To
storethat list into avariable, use an array, asin @r esi dent s = (" Reagan", "Bush",

“C i nton").Both are ordered groups of scalar values, the difference is that an array is a named
variable, one whose array length can be directly changed, whereas alist is a more ephemeral notion. Y ou
might think of an array asavariable and alist as the valuesit contains.

This distinction may seem arbitrary, but operations that modify the length of these groupings (like push
and pop) require a proper array and not merely alist. Think of the difference between $a and 4. You
can say $a++ but not 4++. Likewise, you can say pop( @) but not pop (1, 2, 3).

The most important thing to glean from thisisthat Perl's lists and arrays are both ordered groupings of
scalars. Operators and functions that work on lists or arrays are designed to provide faster or more
convenient access to the elements than manual access would provide. Since few actually deal with
modifying the array's length, you can usually use arrays and lists interchangeably.

Y ou can't use nested parentheses to create alist of lists. If you try that in Perl, your lists get flattened,
meaning that both these lines are equivalent:

@est ed ("this", "that", "the", "other");
@nest ed ("this", "that", ("the", "other"));

Why doesn't Perl (usefully) just support nested lists directly? Although partially for historical reasons,
thiseasily allows for operations (like pri nt or sor t) that work on arbitrarily long lists of arbitrary
contents.

What happens if you want a more complex data structure, such as an array of arrays or an array of
hashes? Remember that scalars aren't restricted to containing just numbers or strings; they can aso hold
references. Complex (multilevel) data structures in Perl are always put together using references.
Therefore, what appear to be "two-dimensional arrays' or "arrays of arrays' are aways implemented as
arrays of array references, in the same way that two-dimensional arraysin C can be arrays of pointersto
arrays.

Most recipesin this chapter don't care what you keep in your arrays; for example, the problem of
merging two arrays is the same whether the arrays contains strings, numbers, or references. Some
problems are intrinsically tied to the contents of your arrays; recipes for those are in Chapter 11,

References and Records. This chapter's recipes deal with generic arrays.

L et's have some more terminology. The scalar itemsin an array or list are called elements, which you
access by specifying their position, or index. Indicesin Perl start at 0. So, given thislist:

@une = ( "The", "Star-Spangl ed", "Banner" );



"The" isinthefirst position, but you'd accessit as$t une[ 0] . " St ar - Spangl ed" isin the second
position, but you'd accessit as $t une[ 1] . This structure is doubly justified: the contrariness of
computers, whose first representable number is 0, and the contrariness of language designers, who chose
0 because it is an offset into the array, not the ordinal number of the element.

Previous: 3.11. Program: Perl Next: 4.1. Specifying a List In
hopdelta Cookbook Your Program

3.11. Program: hopdelta Book 4.1. SpecifyingaList In Y our

Index Program

[ Library Home | Perl in a Nutshell | Learning Perl | Learning Perl on Win32 | Programming Perl | Advanced Perl
Programming | Perl Cookbook ]



file:///D|/Cool Stuff/old/ftp/perl/arbeit/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/perlnut/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/learn/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/learn32/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/advprog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/advprog/index.htm

X Perl Cookbook e

ad

Previous: 4.0. Chapter 4 Next: 4.2. Printing a List with
Introduction Arrays Commas

4.1. Specifying a List In Your Program

Problem

Y ou want to include alist in your program. Thisis how you initialize arrays.

Solution

Y ou can write out a comma-separated list of elements:
@ — (quI Ckll’ ubr va,lu, "fOX") ;

If you have alot of single-word elements, usethe gw( ) operator:
@ = gM Wy are you teasing ne?);

If you have alot of multi-word elements, use a here document and extract lines:
@ines = (<<"END_OF HERE DOC' =~ nmiM\s*(.+)/gm;

The boy stood on the burning deck,

It was as hot as gl ass.
END_OF HERE DOC

Discussion

The first technique is the most commonly used, often because only small arrays are normally initialized as
program literals. Initializing alarge array would fill your program with values and make it hard to read, so such
arrays are either initialized in a separate library file (see Chapter 12, Packages, Libraries, and Modules), or the

values are ssimply read from afile:
@igarray = ();

open( DATA, "< nydatafile") or die "Couldn't read fromdatafile: $'\n";
whil e (<DATA>) {
chonp;

push( @i garray, $ );
}

The second technique uses the gw( ) operator, one of the quoting operators. Along withq(), qq() , and gx() ,
gw( ) provides another way to quote values for your program. () behaves like single quotes, so these two lines
are equivaent:

$banner = 'The Mnes of Mria';
$banner = g(The M nes of Moria);
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Similarly, qq() behaveslike double quotes:

$nane = "@Gndal f";
$banner = "Speak, $nanme, and enter!";
$banner = qq(Speak, $name, and wel cone!);

And gx() isamost exactly like backticks; that is, it runs acommand through the shell complete with variable
interpolation and backslash escapes. Y ou can't stop interpolation with backticks, but you can with gx. If you
don't want Perl variables to be expanded, you can use a single-quote delimiter on gx to suppress this:

$hi s_host = "www. perl.coni;

$host _info = "nslookup $his_host ; # expand Perl variable
$perl _info = gx(ps $9%); # that's Perl's $%

$shell info = gx' ps $$'; # that's the new shell's $$

Whereasq(),qq(),and gx() quotesingle strings, qm ) quotesalist of single-word strings by splitting its
argument on whitespace, without variable interpolation. These are al the same:

@anner = (' Costs', 'only', '$4.95");
@anner = gw( Costs only $4.95);
@anner = split('" ', 'Costs only $4.95");

All quoting operators behave like regular expression matches, in that you can select your quote delimiters,
including paired brackets. All four kinds of brackets (angle, square, curly, and round ones) nest properly. That
means you can easily use parentheses or braces (or the other two) without fear, provided that they match up:

@rax =agw () <>{} [ ]

@ings = gwm Nenya Narya Vilya);

@ ags = qw<Ll TABLE TR TD A I MG H1 P>;

@anple = gwm(The vertical bar (|) |ooks and behaves |ike a pipe.);

If you don't want to change the quoting character, use a backslash to escape the delimiter in the string:
@anner = gw The vertical bar (\|) |ooks and behaves |i ke a pipe.]|;

You may only useqw( ) when each separate, space-separated component is an element in thereturn list. Be
careful not to give Columbus four shipsinstead of three:

@hips = gwm(Nifla Pinta Santa Maria); # WRONG
@hips = ('Nfa', '"Pinta', 'Santa Maria'); # right
See Also

The "List Value Constructors" section of perldata (1); the "List Values and Arrays' section of Chapter 2 of
Programming Perl; the "Quote and Quote-Like Operators" section of perlop (1); thes/ / / operator in perlop (1)
and Chapter 2 of Programming Perl
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Previous: 4.1. Specifying a Chapter 4 Next: 4.3. Changing Array
List In Your Program Arrays Size

4.2. Printing a List with Commas

Problem

You'd like to print out alist with an unknown number of elements with an "and" before the last element, and
with commas between each element if there are more than two.

Solution

Use this function, which returns the formatted string:
sub comm fy series {

(@ ==0) 72"
(@ ==1) ? $_[0]
(@ ==2) ?join(" and ", @) :
join(", ", @[O0 .. ($#_-1)], "and $_[-1]");
}

Discussion

It often looks odd to print out arrays:

@rray = ("red", "yellow', "green");
print "I have ", @rray, " marbles.\n";
print "I have @rray marbles.\n";

| have redyel | owgreen mar bl es.
| have red yell ow green marbl es.

What you really wantittosay is," | havered, yel | ow, and green mar bl es". The function given
in the solution generates stringsin that format. The word " and” is placed between the last two list elements.
If there are more than two elementsin the list, acommais placed between every element.

Example 4.1 gives a complete demonstration of the function, with one addition: If any element in the list
already contains a comma, a semi-colon is used for the separator character instead.

Example 4.1: commify_series (continued)

#!/usr/ bin/perl -w
# comm fy series - show proper comma insertion in |ist output
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@ists = (
[ "just one thing' ],
[ gw(Mutt Jeff) ],
[ g Peter Paul Mary) ],
[ 'To our parents', 'Mther Theresa', 'God' ],
[ "pastram ', 'ham and cheese', 'peanut butter and jelly', 'tuna' ],
[ '"recycle tired, old phrases', 'ponder big, happy thoughts' ],
[ 'recycle tired, old phrases',
" ponder big, happy thoughts',
‘sl eep and dream peaceful ly' ],

)
foreach $aref (@ists) {
print "The list is: " . commfy series(@aref) . ".\n";

}

sub comm fy_series {
my $sepchar = grep(/,/ => @) ? ";" : ",";
(@ ==0) 2 "
(@ ==1) ? $[0]
(@ ==2) ?join(" and ", @) |
join("$sepchar ", @[O0 .. ($# -1)], "and $ [-1]");
}

Here's the output from the program:

The list is: just one thing.

The list is: Mitt and Jeff.

The list is: Peter, Paul, and Mary.

The list is: To our parents, Mdther Theresa, and CGod.

The list is: pastram, ham and cheese, peanut butter and jelly, and tuna.
The list is: recycle tired, old phrases and ponder big, happy thoughts.
The list is: recycle tired, old phrases; ponder

bi g, happy thoughts; and sl eep and dream peaceful ly.

Asyou see, we don't follow the ill-advised practice of omitting the final comma from a series under any
circumstances. To do so introduces unfortunate ambiguities and unjustifiable exceptions. The examples
above would have claimed that we were the offspring of Mother Theresa and God, and would have had us
eating sandwiches made of jelly and tuna fish fixed together atop the peanut buitter.

See Also

Fowler's Modern English Usage; we explain the nested list syntax in Recipe 11.1; the gr ep function in
perlfunc (1) and Chapter 3 of Programming Perl; the conditional operator (" ?: ") isdiscussed in perlop (1)
and in the "Conditional Operator” section of Chapter 2 of Programming Per|
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Previous: 4.2. Printing a List Chapter 4 Next: 4.4. Doing Something
with Commas Arrays with Every Element in a List

4.3. Changing Array Size

Problem

Y ou want to enlarge or truncate an array. For example, you might truncate an array of employeesthat's
already sorted by salary to list the five highest-paid employees. Or, if you know how big your array will
get and that it will grow piecemeal, it's more efficient to get memory for it in one step by enlarging it just
once than it isto keep pushing values onto the end.

Solution

Assign to $#ARRAY:

# grow or shrink @ARRAY
$#ARRAY = $NEW LAST ELEMENT | NDEX NUMBER;

Assigning to an element past the end automatically extends the array:
$ARRAY[ SNEW LAST ELEMENT | NDEX NUMBER] = $VALUE;

Discussion

$#ARRAY isthe number of the last valid index in @GARRAY. If we assign it a number smaller than its
current value, we truncate the array. Truncated elements are lost forever. If we assign $#ARRAY a
number larger than its current value, the array grows. New elements have the undefined value.

$#ARRAY is not GARRAY, though. Although $#ARRAY isthelast valid index in the array, GARRAY (in
scalar context, as when treated as a number) is the number of elements. $#ARRAY is one less than
@ARRAY because array indices start at 0.

Here's some code that uses both:

sub what about that array {
print "The array now has ", scal ar( @eople), " elenments.\n";
print "The index of the last elenent is $#people.\n";
print "Element #3 is " $people[3]'.\n";


file:///D|/Cool Stuff/old/ftp/perl/arbeit/search/csrch.htm

@eople = gM Croshby Stills Nash Young);
what _about _that _array();

prints:

The array now has 4 el enents.
The index of the last elenent is 3.
El ement #3 is " Young'.

whereas:

$#peopl e- -;

what about that _array();
prints:

The array now has 3 el enents.
The i ndex of the |ast elenent is 2.
El ement #3 is '

Element #3 disappeared when we shortened the array. If we'd used the - wflag on this program, Perl
would also have warned "use of uninitialized value" because $peopl e[ 3] isundefined.

$#peopl e = 10_000;
what about that _array();
prints:

The array now has 10001 el enents.
The i ndex of the |last elenent is 10000.
El enent #3 is '

The" Young" element is now gone forever. Instead of assigning to $#peopl e, we could have said:
$peopl e[ 10_000] = undef;

Per| arrays are not sparse. In other words, if you have a 10,000th element, you must have the 9,999 other
elements, too. They may be undefined, but they still take up memory. For thisreason, $array[ti ne],
or any other construct that uses avery large integer as an array index, is abad idea. Use a hash instead.

Wehavetosay scal ar @urray inthepri nt because Perl giveslist context to (most) functions
arguments, but we want @r r ay in scalar context.

See Also

The discussion of the $#ARRAY notation in perldata (1), also explained in the "List Vaues and Arrays'
section of Chapter 2 of Programming Perl

Previous: 4.2. Printing a List Perl Next: 4.4. Doing Something
with Commas Cookbook with Every Element in a List
4.2. Printing aList with Book 4.4. Doing Something with

Commas Index Every ElementinalList
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Previous: 4.3. Changing Chapter 4 Next: 4.5. Iterating Over an
Array Size Arrays Array by Reference

4.4. Doing Something with Every Element in a List

Problem

Y ou want to repeat a procedure for every element in alist.

Often you use an array to collect information you're interested in; for instance, login names of users who have
exceeded their disk quota. When you finish collecting the information, you want to process it by doing something
with every element in the array. In the disk quota example, you might send each user a stern mail message.

Solution

Useaf or each loop:

foreach $item (LIST) {
# do sonmething with $item
}

Discussion

Let's say we've used @ad_user s to compile alist of users over their alotted disk quota. To call some
conpl ai n() subroutine for each one we'd use:

foreach $user (@ad_users) {
conpl ai n( $user) ;
}

Rarely isthisrecipe so simply applied. Instead, we often use functions to generate the list:

foreach $var (sort keys %ENV) ({
print "$var=$ENV{ $var}\n";
}

Herewereusing sort and keys to build a sorted list of environment variable names. In situations where the list
will be used more than once, you'll obviously keep it around by saving in an array. But for one-shot processing, it's
often tidier to process the list directly.

Not only can we add complexity to this formula by building up the list in the f or each, we can aso add
complexity by doing more work inside the code block. A common application of f or each isto gather
information on every element of alist, and then decide (based on that information) whether to do something. For
instance, returning to the disk quota example:

foreach $user (@l _users) {
$di sk_space = get_usage($user); # find out how nuch di sk space in use
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if ($di sk_space > $MAX_QUOTA) { #if it's nore than we want
conpl ai n( $user) ; # ... then object vociferously
}

}

More complicated program flow is possible. The code can call | ast to jump out of the loop, next to move on to
the next element, or r edo to jump back to the first statement inside the block. Use these to say "no point
continuing with this one, I know it's not what I'm looking for" (next ), "I've found what I'm looking for, there's no
point in my checking therest” (I ast ), or "I've changed some things, 1'd better do my tests and calculations again”
(r edo).

The variable set to each value in the list is called aloop variable or iterator variable. If no iterator variableis
supplied, the global variable $_ isused. $_ isthe default variable for many of Perl's string, list, and file functions.
In brief code blocks, omitting $__ improves readability. (In long ones, though, too much implicit use hampers
readability.) For example:

foreach ("who ) {
if (/tchrist/) {

print;
}
}

or combining with awhi | e loop:

while (<FH>) { # $ is set tothe line just read
chonp; # $ has a trailing \n renoved, if it had one
foreach (split) { # $ is split on whitespace, into @
# then $_ is set to each chunk in turn
$ = reverse; # the characters in $ are reversed
print; # $ is printed

}

Perhaps all these uses of $__ are starting to make you nervous. In particular, the f or each and the whi | e both
givevaluesto $_. You might fear that at the end of thef or each, thefull lineasread into $_ with <FH> would
be forever gone.

Fortunately, your fears would be unfounded, at least in this case. Perl won't permanently clobber $_'sold value,
because the f or each'siterator variable ($_ in this case) is automatically preserved during the loop. It saves away
any old value on entry and restores it upon exit.

There is cause for some concern though. If thewhi | e had been the inner loop and the f or each the outer one,
then your fears would have been realized. Unlike af or each loop, thewhi | e <FH> construct clobbers the value
of the global $_ without first localizing it! So any routine - or block for that matter - that uses such a construct
with$_ should awaysdeclarel ocal $_atitsfront.

If alexical variable (one declared with rmy) isin scope, the temporary variable will be lexically scoped, private to
that loop. Otherwise, it will be a dynamically scoped global variable. To avoid strange magic at a distance, as of
release 5.004 you can write this more obviously and more clearly as:

foreach ny $item (@rray) {
print "i = $itemn",;
}

Thef or each looping construct has another feature: each time through the loop, the iterator variable becomes not



acopy of but rather an alias for the current element. This means that when you change that iterator variable, you
really change each element in the list:

@rray = (1,2,3);
foreach $item (@rray) {

Sitem-;
}
print "@rray\n";
012

# multiply everything in @ and @ by seven
@= (.5 3); @=0 1);
foreach $item (@, @) {

$item*= 7;
}
print "@ @\n";
3.521 07

Thisaliasing meansthat using af or each loop to modify list values is both more readable and faster than the
equivalent code using athree-part f or loop and explicit indexing would be. This behavior is afeature, not a bug,
that was introduced by design. If you didn't know about it, you might accidentally change something. Now you
know about it.

For example, if weused s/ / / on elements of thelist returned by the val ues function, we would only be
changing copies, not the real hash itself. The hash dice (@hash{ keys %mash} isahash dlice, explained in
Chapter 5, Hashes), however, gives us something we can usefully change:

# trimwhitespace in the scalar, the array, and all the val ues
# in the hash
foreach ($scalar, @rray, @ash{keys %ash}) {
s/ M\ s+//;
s/\s+$//;
}
For reasons hearkening back to the equivalent construct in the Unix Bourne shell, thef or andf or each
keywords are interchangeable:

for $item(@rray) { # sanme as foreach $item (@rray)
# do sonet hi ng

}

for (@rray) { # same as foreach $_ (@rray)
# do sonet hi ng

}

This style often indicates that its author writes or maintains shell scripts, perhaps for Unix systems administration.
As such, their life is probably hard enough, so don't speak too harshly of them. Remember, TMTOWTDI. Thisis
just one of those ways.

If you aren't fluent in Bourne shell, you might find it clearer to express "for each $t hi ng inthis@ i st ," by
saying f or each to make your code less like the shell and more like English. (But don't try to make your English
look like your code!)



See Also

The"For Loops," "Foreach Loops," and "Loop Control™ sections of perlsyn (1) and Chapter 2 of Programming
Perl; the "Temporary Valuesvialocal( )" section of perlsub (1); the "Scoped Declarations” section of Chapter 2 of
Programming Perl; wetalk about | ocal () in Recipe 10.13; wetalk about my () in Recipe 10.2

Previous: 4.3. Changing Perl Next: 4.5. Iterating Over an
Array Size Cookbook Array by Reference
4.3. Changing Array Size Book 4.5. Iterating Over an Array
Index by Reference

[ Library Home | Perl in a Nutshell | Learning Perl | Learning Perl on Win32 | Programming Perl | Advanced Perl Programming | Perl
Cookbook ]



file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/ch02_01.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/ch02_06.htm#PERL2-CH-2-SECT-6.8
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/ch02_01.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/perlnut/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/learn/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/learn32/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/advprog/index.htm

Perl Cookbook

Previous: 4.4. Doing Chapter 4 Next: 4.6. Extracting Unique
Something with Every Arrays Elements from a List
Element in a List

4.5. lterating Over an Array by Reference

Problem

Y ou have areference to an array, and you want to use f or each to work with the array's elements.

Solution

Usef or each or f or toloop over the dereferenced array:

# iterate over elenments of array in $ARRAYREF
foreach $item ( @ARRAYREF) {

# do sonething with $item
}

for ($i = 0; $i <= $#BARRAYREF; $i ++) {
# do sonething with $ARRAYREF- >[ $i ]
}

Discussion

The solutions assume you have a scalar variable containing the array reference. Thislets you do things
like this:
@ruits = ( "Apple", "Blackberry" );
$fruit ref =\@ruits;
foreach $fruit (@fruit_ref) {
print "$fruit tastes good in a pie.\n";
}

Appl e tastes good in a pie.
Bl ackberry tastes good in a pie.

We could have rewritten thef or each loop asaf or loop like this:

for ($i=0; $i <= $#Bfruit_ref; $i++) {
print "$fruit _ref->[$i] tastes good in a pie.\n";
}
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Frequently, though, the array reference is the result of amore complex expression. Y ou need to use the

@ EXPR} notation to turn the result of the expression back into an array:

$nanel i st{felines} = \@ogue_cats;

foreach $cat ( @ $nanelist{felines} } ) {
print "$cat purrs hypnotically..\n";

}

print "--Mre--\nYou are controlled.\n";

Again, we can replace thef or each with af or loop:
for ($1=0; $i <= $#{ Snanelist{felines} }; $i++) {

print "$nanelist{felines}[$i] purrs hypnotically.\n";
}

See Also

perlref (1) and perllol (1); Chapter 4 of Programming Perl; Recipe 11.1; Recipe 4.4

Previous: 4.4. Doing Perl Next: 4.6. Extracting Unique
Something with Every Cookbook Elements from a List
Element in a List
4.4. Doing Something with Book 4.6. Extracting Unique
Every ElementinalList Index Elementsfrom aList

[ Library Home | Perl in a Nutshell | Learning Perl | Learning Perl on Win32 | Programming Perl | Advanced Perl

Programming | Perl Cookbook ]



file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/ch04_01.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/perlnut/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/learn/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/learn32/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/advprog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/advprog/index.htm

Perl Cookbook

Previous: 4.5. lterating Over Chapter 4 Next: 4.7. Finding Elements
an Array by Reference Arrays in One Array but Not Another

4.6. Extracting Unique Elements from a List

Problem
Y ou want to eliminate duplicate values from alist, such as when you build the list from a file or from the output of

another command. Thisrecipeisequally applicable to removing duplicates as they occur in input and to removing
duplicates from an array you've aready populated.

Solution

Use a hash to record which items have been seen, then keys to extract them. Y ou can use Perl'sidea of truth to
shorten and speed up your code.

Straightforward
%seen = ();
@niq = ();

foreach $item (@ist) {
unl ess ($seen{Siten}) {
#i1f we get here, we have not seen it before
$seen{Sitent = 1;
push(@niq, S$iten);

}
Faster
%seen = ();
foreach $item (@ist) {
push(@niq, $iten) unless $seen{$iten}++;
}
Similar but with user function
%seen = ();

foreach $item (@ist) {
sone_func($item unless $seen{$itent++;
}

Faster but different
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%seen = ();

foreach $item (@ist) {
$seen{$i tent ++;

}

@ni q = keys %seen;
Faster and even more different

%seen = ();
@niqu = grep { ! $seen{$_} ++ } @ist;

Discussion

The question at the heart of the matter is"Have | seen this element before?' Hashes are ideally suited to such
lookups. The first technique (" Straightforward") builds up the array of unique values as we go along, using a hash

to record whether something is already in the array.

The second technique (" Faster") is the most natural way to write this sort of thing in Perl. It creates a new entry in

the hash every time it sees an element that hasn't been seen before, using the ++ operator. This has the side effect
of making the hash record the number of times the element was seen. This time we only use the hash for its
property of working like a set.

The third example ("Similar but with user function") is similar to the second but rather than storing the item away,

we call some user-defined function with that item as its argument. If that's all we're doing, keeping a spare array of
those unique values is unnecessary.

The next mechanism (" Faster but different") waits until it's done processing the list to extract the unique keys from
the s een hash. Thismay be convenient, but the original order has been lost.

Thefina approach, ("Faster and even more different") merges the construction of the s een hash with the
extraction of unique elements. This preservesthe original order of elements.

Using a hash to record the values has two side effects: processing long lists can take a lot of memory and the list
returned by keys isnot in alphabetical, numeric, or insertion order.

Here's an example of processing input asit isread. Weuse " who' to gather information on the current user list,
and then we extract the username from each line before updating the hash:
# generate a list of users logged in, renoving duplicates
Yucnt = ();
for ("who ) {
s/\s.*\n//; # kill fromfirst space till end-of-line, yielding usernane
$Sucnt{$ }++; # record the presence of this user

}

# extract and print unique keys
@isers = sort keys %uicnt;
print "users logged in: @sers\n";

See Also

The "Foreach Loops" section of perlsyn (1) and Chapter 2 of Programming Perl; the keys function in perlfunc (1)
and Chapter 3 of Programming Perl; the "Hashes (Associative Arrays)" section of Chapter 2 of Programming Perl;
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Chapter 5; we use hashesin asimilar fashion in Recipe 4.7 and Recipe 4.8

Previous: 4.5. Iterating Over Perl Next: 4.7. Finding Elements
an Array by Reference Cookbook in One Array but Not Another
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by Reference Index Array but Not Another
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Previous: 4.6. Extracting Chapter 4 Next: 4.8. Computing Union,
Unique Elements from a List Arrays Intersection, or Difference of
Unique Lists

4.7. Finding Elements in One Array but Not Another

Problem

Y ou want to find elements that are in one array but not another.

Solution

Y ou want to find elementsin @A that aren't in @B. Build a hash of the keys of @3 to use as alookup table.
Then check each element in @A to seeif itisin @B.

Straightforward implementation

# assune @\ and @ are al ready | oaded
%seen = (); # | ookup table to test nenbership of B
@only = (); # answer

# build | ookup table
foreach $item (@) { $seen{S$iten} =1}

# find only elenents in @\ and not in @
foreach $Sitem (@) {
unl ess ($seen{Sitent) {
#it's not in %een, so add to @only

push(@only, $item;
}
More idiomatic version

ny %seen; # | ookup table
ny @only;# answer

# build | ookup table
@een{ @} = ();
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foreach $Sitem (@) {
push(@only, $item unless exists $seen{S$itent};
}

Discussion

Aswith nearly any problem in Perl that asks whether a scalar isin onelist or another, this one uses a
hash. First, process @B so that the %s een hash records each element from @B by setting itsvalueto 1.
Then process @A one element at atime, checking whether that particular element had been in @ by
consulting the s een hash.

The given code retains duplicate elementsin @A\ . Thiscan be easily fixed by adding the elements of GA
to ¥seen asthey are processed:
foreach Sitem (@) {

push( @only, $item unless $seen{S$iten};

$seen{Sitent = 1; # mark as seen

}

The two solutions differ mainly in how they build the hash. The first iterates through @B. The second
uses ahash dlice to initialize the hash. A hash diceis easiest illustrated by example:
$hash{"keyl"} 1;

$hash{"key2"} 2;

IS equivalent to:
@ash{"keyl", "key2"} = (1,2);

Thelist in the curly braces holds the keys; the list on the right holds the values. We initialize %seen in
the first solution by looping over each element in @B and setting the appropriate value of %seen to 1. In
the second, we ssmply say:

@een{@} = ();
Thisusesitemsin @ as keysfor %seen, setting each corresponding value to undef , because there are
fewer values on the right than places to put them. This works out here because we check for existence of

the key, not logical truth or def i nedness of the value. If we needed true values, a dlice could still
shorten our code;

@een{ @} = (1) x @3
See Also

Hash dlices are explained in perldata (1) and the "Variables' section of Chapter 2 of Programming Perl;
Chapter 5; we use hashesin asimilar fashion in Recipe 4.6 and Recipe 4.8
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Previous: 4.7. Finding Chapter 4 Next: 4.9. Appending One
Elements in One Array but Arrays Array to Another
Not Another

4.8. Computing Union, Intersection, or Difference of
Unique Lists
Problem

Y ou have apair of lists, each having unduplicated items. Y ou'd like to find out which items are in both
lists (intersection), one but not the other (difference), or either (union).

Solution

The following solutions need the listed initializations:
@ = (1, 3, 5 6, 7, 8);

@ (2, 3, 5 7, 9;

@nion = @sect = @iff = ();
%uni on = % sect = ();

Y%count = ();

Simple solution for union and intersection
foreach $e (@) { $union{$e} =1}

foreach $e (@) {
if ( $union{$e} ) { Pisect{Pe} =1}
$uni on{ $e} = 1;

}

@ini on = keys %uni on;

@ sect = keys % sect;

More idiomatic version

foreach $e (@, @) { $union{$e}++ && $isect{Pe}++ }

@ini on = keys %uni on;
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@ sect = keys % sect;
Union, intersection, and symmetric difference

foreach $e (@, @) { $count{$e}++ }

foreach $e (keys %ount) {
push( @ni on, $e);
i f ($count{$e} == 2) {
push @sect, $e;
} else {
push @liff, S$e;
}

}

Indirect solution
@sect = @iff = @nion = ();
foreach $e (@, @) { $count{$e}++ }

foreach $e (keys %ount) {

push( @ni on, $e);

push @ $count{$e} == 2 ? \@sect : \@iff }, $e;
}

Discussion

The first solution most directly computes the union and intersection of two lists, neither containing
duplicates. Two different hashes are used to record whether a particular item goesin the union or the
intersection. Wefirst put every element of the first array in the union hash, giving it atrue value. Then
processing each element of the second array, we check whether that element is already present in the
union. If itis, then we put it in the intersection as well. In any event, it is put into the union. When we're
done, we extract the keys of both the union and intersection hashes. The values aren't needed.

The second solution ("More idiomatic version") is essentially the same but relies on familiarity with the
Perl (and awk, C, C++, and Java) ++ and && operators. By placing the ++ after the variable, we first ook
at its old value before incrementing it. The first time through it won't be in the union, which makes the
first part of the && false, and the second part is consequently ignored. The second time that we encounter
the same element, it's already present in the union, so we put it in the intersection as well.

The third solution uses just one hash to track how many times each element has been seen. Once both
arrays have their elements recorded in the hash, we process those hash keys one at atime. If it'sthere, it
goesin the union array. Keys whose values are 2 were in both arrays, so they are put in the intersection
array. Keyswhose values are 1 were in just one of the two arrays, so they are put in the difference array.
The elements of the output arrays are not in the same order as the elementsin the input arrays.



The last solution, like the previous one, uses just one hash to count how many times each element has
been encountered. However, this time we choose the array withinthe @ . . . . } block.

We compute the symmetric difference here, not the ssmple difference. These are set theoretic terms. A
symmetric difference is the set of al the elements that are members of either @A or @B, but not of both. A
simple difference is the set of members of @A but not of @3, which we calculated in Recipe 4.7.

See Also

The "Hashes (Associative Arrays)" section of Chapter 2 of Programming Perl; Chapter 5; we use hashes
in asimilar fashion in Recipe 4.6 and Recipe 4.7

Previous: 4.7. Finding Perl Next: 4.9. Appending One
Elements in One Array but Cookbook Array to Another
Not Another
4.7. Finding Elementsin One Book 4.9. Appending One Array to
Array but Not Another Index Another
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Previous: 4.8. Computing Chapter 4 Next: 4.10. Reversing an
Union, Intersection, or Arrays Array
Difference of Unique Lists

4.9. Appending One Array to Another

Problem

Y ou want to join two arrays by appending all the elements of one to the end of the other.

Solution

Usepush:

# push
push( GARRAY1l, @ARRAY2);

Discussion

The push function is optimized for appending alist to the end of an array. Y ou can take advantage of
Perl's list flattening to join two arrays, but it resultsin significantly more copying than push:

@\RRAY1 = ( @Q\RRAY1, @\RRAY2);

Here's an example of push in action:

@enbers = ("Tinme", "Flies");

@nitiates = ("An", "Arrow');

push( @enbers, @nitiates);

# @renbers is now ("Tinme", "Flies", "An", "Arrow")

If you want to insert the elements of one array into the middle of another, usethespl i ce function:
splice(@enbers, 2, 0, "Like", @nitiates);

print "@renbers\n";

splice(@enbers, 0, 1, "Fruit");

splice(@enbers, -2, 2, "A'", "Banana");

print "@renbers\n";

Thisisoutput:

Time Flies Like An Arrow
Fruit Flies Like A Banana
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See Also

Thespl i ce and push functionsin perlfunc (1) and Chapter 3 of Programming Perl; the "List Values
and Arrays' section of Chapter 2 of Programming Perl; the "List Value Constructors" section of perldata

(1)
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Previous: 4.9. Appending Chapter 4 Next: 4.11. Processing
One Array to Another Arrays Multiple Elements of an Array

4.10. Reversing an Array

Problem

Y ou want to reverse an array.

Solution

Usether ever se function:

# reverse @\RRAY | nto @REVERSED
@REVERSED = reverse @\RRAY;

Oruseaf or loop:

for ($i = $#ARRAY; $i >= 0; S$i--) {
# do sonething with $ARRAY[ $i ]
}

Discussion

Ther ever se function actually reverses alist; thef or loop ssmply processesthelist in reverse order. If
you don't need areversed copy of thelist, f or saves memory and time.

If youreusingr ever se toreversealist that you just sorted, you should have sorted it in the correct
order to begin with. For example:

# two-step: sort then reverse
@scending = sort { $a cnp $b } @isers;
@lescendi ng = reverse @scendi ng;

# one-step: sort with reverse conpari son
@lescending = sort { $b cnmp $a } @sers;
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See Also

Ther ever se function in perlfunc (1) and Chapter 3 of Programming Perl; we user ever se in Recipe
16
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Previous: 4.10. Reversing an Chapter 4 Next: 4.12. Finding the First
Array Arrays List Element That Passes a
Test

4.11. Processing Multiple Elements of an Array

Problem

You want to pop or shi ft multiple elements at atime.

Solution

Usespli ce:

# renove $N el enents fromfront of @ARRAY (shift $N)
@RONT = splice( @RRAY, 0, $N);

# renmove $N elenents fromthe end of the array (pop $N)
@ND = splice( @G\RRAY, -3$N);

Discussion

It's often convenient to wrap these as functions:

sub shift2 (\@ {
return splice(@$ [0]}, 0, 2);
}

sub pop2 (\@ {
return splice(@$ [0]}, -2);
}

This makes their behavior more apparent when you use them:
@riends = gWm Peter Paul Mary JimTin;
($this, $that) = shift2(@riends);

# $this contains Peter, $that has Paul, and
# @riends has Mary, Jim and Tim

@everages = gwWm Dew Jolt Cola Sprite Fresca);
@air = pop2( @everages);
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# $pair[0] contains Sprite, $pair[1l] has Fresca,
# and @everages has (Dew, Jolt, Col a)

spl i ce returnsthe elements removed from the array, so shi f t 2 replaces the first two elementsin
@ARRAY with nothing (i.e., deletes them) and returns the two elementsit deleted. In pop2, the last two
elements at end of the array are removed and returned.

These two functions are prototyped to take an array reference as their argument to better mimic the
built-inshi ft and pop functions. The caller doesn't passin an explicit reference using a backslash.
Instead, the compiler, having seen the array reference prototype, arranges to pass the array by reference
anyway. Advantages to this approach include efficiency, transparency, and compile-time parameter
checking. One disadvantage is that the thing passed in must look like areal array with aleading @sign,
not just a scalar containing an array reference. If it did, you'd have to prepend an @ making it less
transparent:

$line[5] = \@ist;
@ot = pop2( @ $line[5] } );
Thisis another example of where a proper array and not amerelist is called for. The\ @prototype

requires that whatever goes in that argument slot be an array. $l i ne[ 5] isn't an array, but an array
reference. That's why we need the "extra' @sign.

See Also

Thespl i ce function in perlfunc (1) and Chapter 3 of Programming Perl; the "Prototypes" sections of
perlsub (1) and Chapter 2 of Programming Perl; weusespl i ce in Recipe 4.9
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Previous: 4.11. Processing Chapter 4 Next: 4.13. Finding All
Multiple Elements of an Array Arrays Elements in an Array
Matching Certain Criteria

4.12. Finding the First List Element That Passes a
Test

Problem

Y ou want the first element in the list (or itsindex) that passes a test. Alternatively, you want to know
whether any element passes the test. The test can be simple identity ("Isthiselement in thelist?')[1] or
more complex ("I have alist of Employee objects, sorted from highest salary to lowest. Which manager
has the highest salary?"). Simple cases normally only require the value of the element, but when the array
itself will be altered, you probably need to know the index number of the first matching element.

[1] But why didn't you use a hash then?

Solution

To find amatching value, usef or each to loop over every element, and call | ast assoon asyou find a
match:

my($mat ch, $found, $item;
foreach $item (@rray) {
if ($criterion) {

$match = $item # nust save
$f ound = 1;
| ast

}
}
i f ($found) {
## do sonething with $nmatch

} else {
## unf ound
}

To find amatching index, usef or to loop avariable over every array index, and call | ast as soon as
you find a match:

ny($i, $match idx);
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for ($i =0; $ < @rray; $i++) {
if ($criterion) {
$match_idx = $i; # save the index
| ast ;

}

i f (defined $match_idx) {

## found in $array[ $mat ch_i dx]
} else {

## unf ound
}

Discussion

Not having a built-in mechanism to do this, we must write our own code to go through the list and test
each element. Weusef or each and f or and call | ast to ensure that we stop as soon aswe find a
match. Beforewe usel ast to stop looking, though, we save the value or index.

A common mistakeisto try to use gr ep here. The problemisthat gr ep awaystests all elements and
finds all matches, so it'sinefficient if you only want the first match.

We haveto set $mat ch when we want the value of the first matching element. We can't just test $i t em
at the end of the loop, becausef or each automatically | ocal izesthe iterator variable and this prevents
us from getting to its last loop value after the loop ends. See Recipe 4.4.

Here's an example. Assume that @npl oyees hasalist of Employee objects, sorted in descending
order by salary. We wish to find out the highest paid engineer, who will be the first engineer in the array.
We only want to print the engineer's name, so we want the value, not the index.

foreach $enpl oyee (@npl oyees) {
if ( $enpl oyee->category() eq 'engineer' ) {
$hi ghest _engi neer = $enpl oyee;
| ast ;
}
}
print "H ghest paid engineer is: ", $highest _engi neer->nane(), "\n";
When we're searching and only want the index, we can save some code by remembering that $i will not
be an acceptable array index if we don't find a match. This mainly saves us code space, as not doing an
assignment doesn't really win us much compared to the time we'll have spent testing the list elements. It's
more obscure, becauseit testsi f ($i < @GARRAY) to check whether we found a match, instead of the
more obvious def i ned test asin the previous Solution.
for ($i = 0; $i < @RRAY; $i++) {
last if $criterion;
}

if ($i < @RRAY) {



## found and $i is the index
} else {

## not found
}

See Also

The "For Loops," "Foreach Loops," and "Loop Control" sections of perlsyn (1) and Chapter 2 of
Programming Perl; the gr ep function in perlfunc (1) and Chapter 3 of Programming Perl
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Previous: 4.12. Finding the Chapter 4 Next: 4.14. Sorting an Array
First List Element That Arrays Numerically
Passes a Test

4.13. Finding All Elements in an Array Matching
Certain Criteria

Problem

From alist, you want only the elements that match certain criteria.

This notion of extracting a subset of alarger list iscommon. It's how you find all engineersin alist of
employees, al usersin the "staff " group, and all the filenames you're interested in.

Solution

Use gr ep to apply acondition to all elementsin the list and return only those for which the condition
was true:

@MTCHI NG = grep { TEST ($) } @I ST;

Discussion

This could also be accomplished with af or each loop:
@mat ching = ();
foreach (@ist) {

push(@atching, $_) if TEST ($_);
}

The Perl gr ep function is shorthand for al that looping and mucking about. It's not really like the Unix
gr ep command; it doesn't have options to return line numbers or to negate the test, and it isn't limited to
regular-expression tests. For example, to filter out just the large numbers from an array or to find out
which keys in a hash have very large values:

@igs = grep { $ > 1 000 000 } @urs;

@igs = grep { $users{$ } > 1le7 } keys %sers;

Here's something that sets @rat chi ng to lines from the who command that start with" gnat " :
@matching = grep { /~gnat / } “who ;
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Here's another example:

@ngineers = grep { $ ->position() eq ' Engineer' } @npl oyees;

It extracts only those objects from the array @npl oyees whose posi ti on() method returns the
string Engi neer .

Y ou could have even more complex testsin agr ep:

@econdary_assi stance = grep { $ _->incone >= 26_000 &&
$ ->income < 30_000 }
@pplicants;

But at that point you may decide it would be more legible to write a proper loop instead.

See Also

The "For Loops," "Foreach Loops," and "Loop Control" sections of perlsyn (1) and Chapter 2 of
Programming Perl; the gr ep function in perlfunc (1) and Chapter 3 of Programming Perl; your system's
who (1) manpage, if it exists; Recipe 4.12
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First List Element That Cookbook Numerically
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Previous: 4.13. Finding All Chapter 4 Next: 4.15. Sorting a List by
Elements in an Array Arrays Computable Field
Matching Certain Criteria

4.14. Sorting an Array Numerically

Problem

Y ou want to sort alist of numbers, but Perl'ssor t (by default) sorts alphabetically in ASCII order.

Solution

Use Perl'ssor t function and the <=> numerical comparison operator:
@orted = sort { $a <=> $b } @nsorted,

Discussion

Thesort function takes an optional code block, which lets you replace the default al phabetic
comparison subroutine with your own. This comparison function is called each timesort hasto
compare two values. The values to compare are loaded into the special package variables $a and $b,
which are automatically | ocal ized.

The comparison function should return a negative number if $a ought to appear before $b in the output
list, O if they're the same and their order doesn't matter, or a positive number if $a ought to appear after
$b. Perl has two operators that behave this way: <=> for sorting numbers in ascending numeric order,
and cnp for sorting strings in ascending alphabetic order. By default, sor t uses c np-style comparisons.

Here's code that sortsthelist of PIDsin @i ds, letsthe user select one, then sendsit a TERM signal
followed by aKILL signal. We use a code block that compares $a to $b with <=> to sort numerically:

# @ids is an unsorted array of process |Ds
foreach nmy $pid (sort { $a <=> $b } @ids) {
print "$pid\n";

}

print "Select a process IDto kill:\n";

chonmp ($pid = <>);

die "Exiting ... \n" unless $pid && $pid =~ /" N\d+$/;
kill (' TERM , $pid);

sl eep 2;

kKill (" KILL', $pid);
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If you use $a <=> $b or $a cnp $b, thelist will be sorted in ascending order. For a descending sort, all
we haveto do is swap $a and $b in the sort subroutine:

@lescending = sort { $b <=> $a } @nsorted;

Comparison routines must be consistent; that is, they should always return the same answer when called
with the same values. Inconsistent comparison routines lead to infinite loops or core dumps, especialy in
older releases of Perl.

You can also say sort SUBNAME LI ST where SUBNAME is the name of a comparison subroutine
returning - 1, O, or +1. In the interests of speed, the normal calling conventions are bypassed, and the
values to be compared magically appear for the duration of the subroutine in the global package variables
$a and $b. Because of the odd way Perl calls this subroutine, it may not be recursive.

A word of warning: $a and $b are set in the package activein the call to sor t , which may not be the
same as the one that the SUBNAME function passed to sort was compiled in! For example:

package Sort Subs;
sub revhum { $b <=> $a }

package O her Pack;
@ll = sort Sort_ Subs::revhum4, 19, 8, 3;

Thiswill silently fail (unlessyou have -w in effect, in which case it will vocally fail), because the sor t
call setsthe package variables $a and $b in its own package, Other_Pack, but the r evnumfunction uses
its own package's versions. This is another reason why in-lining sort functionsis easier, asin:

@ll|l = sort { $b <=> $a } 4, 19, 8, 3,

For more on packages, see Chapter 10, Subroutines.

See Also

The cnp and <=> operatorsin perlop (1) and Chapter 2 of Programming Perl; theki | | ,sort , and
sl eep functions in perlfunc (1) and Chapter 3 of Programming Perl; Recipe 4.15
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Previous: 4.14. Sorting an Chapter 4 Next: 4.16. Implementing a
Array Numerically Arrays Circular List

4.15. Sorting a List by Computable Field

Problem

Y ou want to sort alist by something more complex than a simple string or numeric comparison.

Thisis common when working with objects ("sort by the employee's salary™) or complex data structures
("sort by the third element in the array that thisis areference to"). It's aso applicable when you want to
sort by more than one key, for instance, sorting by birthday and then by name when multiple people have
the same birthday.

Solution

Use the customizable comparison routineinsort :
@rdered = sort { conpare() } @nordered;

Y ou can speed this up by precomputing the field.

@reconputed = map { [conpute(),$ ] } @nordered;

@r dered_preconmputed = sort { $a->[0] <=> $b->[0] } @preconput ed,;
@rdered = map { $ ->[1] } @rdered preconputed,

And, finally, you can combine the three steps:

@rdered = map { $_->[1] }
sort { $a->[0] <=> $b->[0] }

map { [conpute(), $_] }
@inor der ed;

Discussion

The use of a comparison routine was explained in Recipe 4.14. Aswell as using built-in operators like
<=>, you can construct more complex tests:

@rdered = sort { $a->nane cnp $b->nane } @npl oyees;

You often seesort used likethisin part of af or each loop:
foreach $enpl oyee (sort { $a->nane cnp $b->nane } @npl oyees) {
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print $enpl oyee->nane, " earns \$", S$enpl oyee->salary, "\n";

}

If you're going to do alot of work with elementsin a particular order, it's more efficient to sort it once
and work from that:

@orted _enpl oyees = sort { $a->nane cnp $b->nane } @npl oyees;
foreach $enpl oyee (@orted_enpl oyees) {

print $enpl oyee->nane, " earns \$", S$enpl oyee->salary, "\n";
}

# | oad %onus
foreach $enpl oyee (@orted_enpl oyees) {
if ( $bonus{ $enpl oyee->ssn } ) {
print $enpl oyee->nane, " got a bonus!\n";
}
}

We can put multiple comparisons in the routine and separate them with | | . | | isashort-circuit operator:
it returns the first true (non-zero) value it finds. This means we can sort by one kind of comparison, but if
the elements are equal (the comparison returns 0) we can sort by another. This has the effect of a sort
within a sort:

@orted = sort { $a->nane cnp $b->nane

|
$b- >age <=> $a->age } @npl oyees;

Thisfirst considers the names of the two employees to be compared. If they're not equal, | | stops and
returns the result of the cnp (effectively sorting them in ascending order by name). If the names are
equal, though, | | keeps testing and returns the result of the <=> (sorting them in descending order by
age). Theresult isalist that is sorted by name and by age within groups of the same name.

Let'slook at areal-life example of sorting. Here we fetch all users, as User::pwent objects. Then we sort
them by name and print the sorted list:

use User::pwent gw getpwent);
@sers = ();

# fetch all users
whi |l e (defined($user = getpwent)) {

push( @sers, $user);
}

@isers = sort { $a->nane cnp $b->nanme } @sers;
foreach $user (@isers) {

print $user->nane, "\n";
}

We can have more than simple comparisons, or combinations of simple comparisons. This code sortsa
list of names by comparing the second letters of the names. It gets the second letters by using subst r :

@orted = sort { substr($a,1,1) cnp substr($b,1,1) } @anes;

and here we sort by length of the strings:



@orted = sort { length $a <=> length $b } @tri ngs;

Thesort function calls the code block each time it needs to compare two elements, and the number of
comparisons grows dramatically with the number of elements we're sorting. Sorting 10 elements requires
(on average) 46 comparisons, but sorting 1,000 elements requires 14,000 comparisons. A
time-consuming operation likeaspl i t or asubroutine call for each comparison can easily make your
program crawl.

Fortunately, we can remove this bottleneck by running the operation once per element prior to the sort.
Use nap to store the results of the operation in an array whose elements are anonymous arrays
containing both the computed field and the original field. Thenwe sor t thisarray of arrays on the
precomputed field, and use map to get the sorted original data. Thismap-sor t -map concept is useful
and common, so let'slook at it in more depth.

Let's apply map-sor t -map to the sorting by string length example:
@enmp =map { [ length $, $ ] } @trings;
@enmp = sort { $a->[0] <=> $b->[0] } @enp;
@orted = map { $_->[1] } @enp;

Thefirst line creates atemporary array of strings and their lengths, using map. The second line sorts the
temporary array by comparing the precomputed lengths. The third line turns the sorted temporary array
of strings and lengths back into a sorted array of strings. This way we calculated the length of each string
only once.

Because the input to each line is the output of the previousline (the @ enp array we makeinlinelis
fedtosort inline2, and that output isfed to map in line 3), we can combine it into one statement and
eliminate the temporary array:
@orted = map { $_->[1] }

sort { $a->[0] <=> $b->[0] }

mp { [ length $ , $ ] }

@trings;

The operations now appear in reverse order. When you meet amap-sor t -map, you should read it from
the bottom up to determine the function:

@trings
The last part is the data to be sorted. Hereit'sjust an array, but later we'll see that this can be a
subroutine or even backticks. Anything that returns alist to be sorted isfair game.

map
The map closest to the bottom builds the temporary list of anonymous arrays. Thislist contains the

precomputed fields (I engt h $_ ) and also records the original element ($_ ) by storing them
both in an anonymous array. Look at this map line to find out how the fields are computed.

sort

Thesort linesortsthelist of anonymous arrays by comparing the precomputed fields. It won't
tell you much, other than whether the list is sorted in ascending or descending order.



map

The map at the top of the statement turns the sorted list of anonymous arrays back into alist of the
sorted origina elements. It will generally be the same for every map-sor t -map.

Here's amore complicated example, which sorts by the first number that appears on each linein
@i el ds:

@emp =map { [ /(\d+t)/, $_] } @ields;
@orted tenp = sort { $a->[0] <=> $b->[0] } @enp;
@orted_fields = map { $_->[1] } @orted_tenp;

The regular expression mumbo-jumbo in the first line extracts the first number from the line being
processed by map. We use the regular expression/ (\ d+) / in alist context to extract the number.

We can remove the temporary arraysin that code, giving us:
@orted fields = map { $_->[1] }
sort { $a->[0] <=> $b->[0] }
mp { [ /(\d+)/, $_1] }
@i el ds;

Thisfinal example compactly sorts colon-separated data, as from Unix's passwd file. It sortsthefile
numerically by fourth field (group id), then numerically by the third field (user id), and then
aphabetically by the first field (user name).
print mp { $_->[0] } # whol e line
sort {
$a->[1] <=> $b->[1] # gid
|
$a->[2] <=> $b->[2] # uid
|
$a->[3] cnp $b->[3] # login
}
map { [ $_, (split /:/)[3,2,0] ] }
“cat /etc/passwd;

This compact, map-sor t -map technique is more reminiscent of the functional world of Lisp and
Scheme programming than Perl's normal C and awk heritage. Because it was first pointed out by Randal
Schwartz, this black art is often referred to as the Schwartzian Transform.

See Also

Thesort functionin perlfunc (1) and Chapter 3 of Programming Perl; the cnp and <=> operatorsin
perlop (1) and Chapter 2 of Programming Perl; Recipe 4.14

Previous: 4.14. Sorting an Perl Next: 4.16. Implementing a
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4.16. Implementing a Circular List

Problem

Y ou want to create and manipulate a circular list.

Solution

Useunshi ft and pop (or push and shi ft) onanormal array.

Procedure

unshift(@ircular, pop(@ircular)); # the last shall be first
push(@ircular, shift(@ircular)); # and vice versa
Discussion

Circular lists are commonly used to repeatedly process thingsin order; for example, connectionsto a
server. The code shown above isn't atrue computer science circular list, with pointers and true
circularity. Instead, the operations provide for moving the last element to the first position, and vice
versa.

sub grab and rotate ( \@) {
ny $listref = shift;
ny $elenment = $listref->[0];
push( @l istref, shift @listref);
return $el enent;

}
@rocesses = (1, 2, 3, 4, 5);
while (1) {

$process = grab_and _rot at e( @r ocesses);
print "Handling process $process\n";
sl eep 1;
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See Also

Theunshi ft and push functionsin perlfunc (1) and Chapter 3 of Programming Perl; Recipe 13.13
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4.17. Randomizing an Array

Problem

Y ou want to shuffle the elements of an array randomly. The obvious application is writing a card game,
where you must shuffle adeck of cards, but it is equally applicable to any situation where you want to
deal with elements of an array in arandom order.

Solution

Swap each element in the array with another randomly selected, element:
# fisher_yates_shuffle( \@rray ) : generate a random pernutati on
# of @rray in place
sub fisher _yates shuffle {
ny $array = shift;
ny $i;
for ($i = @array; --3%i; ) {
ny $§§ = int rand (3$i +1);
next if $i == $j;
@barray[$i,$)] = @array[$j, $i];

}

fisher_yates_shuffle( \@rray ),; # permutes @rray in place

Or, pick arandom permutation using the code in Example 4.4:

$pernutations = factorial ( scalar @rray );
@huffle = @rray [ n2perm( 1+int(rand $pernutations), $#array ) ];

Discussion

Shuffling isasurprisingly tricky process. It's easy to write a bad shuffle:

sub nai ve_shuffle { # don't do this
for (ny $i = 0; $i < @; $i++) {
ny $§§ = int rand @; # pick random el enent
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($_[$i], $_[$)]) = (S_[3i], $_[3i]); # swap 'em

}

Thisagorithm is biased; the list's possible permutations don't all have the same probability of being
generated. The proof of thisis simple: take the case where we're passed a 3-element list. We generate
three random numbers, each of which can have three possible values, yielding 27 possible outcomes
here. There are only 6 permutations of the 3-element list, though. Because 27 isn't evenly divisible by 6,
some outcomes are more likely than others.

The Fisher-Y ates shuffle avoids this bias by changing the range of the random numbersit selects.

See Also

Ther and function in perlfunc (1) and Chapter 3 of Programming Perl; for more on random numbers,
see Recipes Recipe 2.7, Recipe 2.8, and Recipe 2.9; Recipe 4.19 provides another way to select arandom
permutation
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Previous: 4.17. Randomizing
an Array

Chapter 4 [Next: 4.19. Program: permute]
Arrays

4.18. Program: words

Description

Have you ever wondered how programs like Is generate columns of sorted output that you read down the
columns instead of across the rows? For example:

awk cp ed
basenane csh egrep
cat dat e fgrep
chgrp dd grep
chnod df Kill
chown echo I n

Example 4.2 does this.

Example 4.2: words

#! [ usr/bin/perl -w
# words - gather |ines,

use strict;

| ogi n nount rdir sum

| s nt sed sync
mai | Y sh tar
nkdi r ps sort t ouch
nmknod pwd stty Vi

nor e rm su

present in colums

my ($item $cols, $rows, $nmaxlen):

ny ($xpi xel, S$ypixel, $nask,

getw nsi ze();

@lat a) ;

# first gather up every line of input,

# renmenbering the | ongest

$maxl en = 1;

while (<>) {
ny $nyl en;
s/\s+$//;

| ine | ength seen

$maxl en = $nylen if (($nylen = |l ength) > $nmaxl en);

push(@ata, $);
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}

$maxl en += 1; # to nake extra space

# determ ne boundaries of screen
$cols = int($cols / $maxlen) || 1;
$r ows i nt (($#dat a+$col s) / S$col s);

# pre-create mask for faster conputation
$mask = sprintf("We%ls ", $nmaxlen-1);

# subroutine to check whether at last itemon |ine
sub EQL { ($iteml) % $cols == 0 }

# now process each item picking out proper piece for this position
for ($item=0; $item< $rows * $cols; Sitem+) {
ny $target = ($item % $cols) * $rows + int($itenf $cols);
my $piece = sprintf($mask, $target < @ata ? $data[ $target] : "");
$piece =~ s/\s+$// if EOL(); # don't blank-pad to EQOL
print $piece,
print "\n" if EOL();
}

# finish up if needed
print "\n" if EOL();

# not portable -- linux only
sub getw nsi ze {
ny $w nsize = "\ 0" x 8§;
ny $TI OCGW NSZ = 0x40087468,;
if (ioctl (STDOUT, $TI OCGN NSZ, 3$wi nsize)) {
($rows, S$cols, $xpixel, $ypixel) = unpack(' S4', $wi nsize);
} else {
$col s = 80;
}

}

The most obvious way to print out a sorted list in columnsisto print each element of thelist, one at a
time, padded out to a particular width. When you're about to hit the end of the line, generate a newline.
But that only works if you're planning on reading each row left to right. If you instead expect to read it
down each column, this approach won't do.

The words program is afilter that generates output going down the columns. It reads all input, keeping
track of the length of the longest line seen. Once everything has been read in, it divides the screen width
by the length of the longest input record seen, yielding the expected number of columns.

Then the program goes into aloop that executes once per input record, but the output order isn't in the



obvious order. Imagine you had alist of nine items:

W ong Ri ght
123 147
456 258
789 3609

The words program does the necessary calculationsto print out elements ( 1, 4, 7) ononeline,
(2,5, 8) onthenext,and ( 3, 6, 9) onthelast.

To figure out the current window size, this program doesani oct | call. Thisworksfine - on the system
it was written for. On any other system, it won't work. If that's good enough for you, then good for you.
Recipe 12.14 shows how to find this on your system using the ioctl.ph file, or with a C program. Recipe

15.4 shows a more portable solution, but that requires installing a CPAN module.

See Also
Recipe 154
Previous: 4.17. Randomizing Perl | Next: 4.19. Program: permute|
an Array Cookbook
4.17. Randomizing an Array Book 4.19. Program: permute
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Previous: 4.18. Program: Chapter 4 Next: 5.
words Arrays Hashes

4.19. Program: permute

Problem

Have you ever wanted to generate all possible permutations of an array or to execute some code for every
possible permutation? For example:

% echo man bites dog | pernute
dog bites man
bites dog man
dog man bites
man dog bites
bites man dog
man bites dog

The number of permutations of a set is the factorial of the size of the set. This grows big extremely fast,
so you don't want to run it on many permutations:

Set Size Per nut ati ons
1 1

2 2

3 6

4 24

5 120

6 720

7 5040

8 40320

9 362880

10 3628800

11 39916800

12 479001600

13 6227020800
14 87178291200
15 1307674368000

Doing something for each alternative takes a correspondingly large amount of time. In fact, factoria
algorithms exceed the number of particlesin the universe with very small inputs. The factorial of 500 is
greater than ten raised to the thousandth power!
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use Math:: Bi gl nt;
sub factorial {

my $n = shift:

ny $s = 1;

$s *= $n-- while $n > O;
return $s;

}
print factorial (Math::Biglnt->new("500"));

+1220136... (1035 digits total)
The two solutions that follow differ in the order of the permutations they return.

The solution in Example 4.3 uses a classic list permutation algorithm used by Lisp hackers. It'srelatively
straightforward but makes unnecessary copies. It's also hardwired to do nothing but print out its
permutations.

Example 4.3: tsc-permute

#!/usr/bin/perl -n
# tsc_permute: pernute each word of input
permute([split], []);
sub pernute {
ny @tems = @ $_[0] };
ny @erns = @ $_[1] };
unless (@tens) {
print "@erns\n";
} else {
nmy( @ew t ens, @ewper s, $i ) ;
foreach $i (0 .. $#itens) {
@ewitens = @tens;
@ewperns = @er ns;
unshi ft (@ewperns, splice(@ewitens, $i, 1));
permut e([ @Gewi tens], [ @ewperns]);

}

The solution in Example 4.4, provided by Mark-Jason Dominus, is faster (by around 25%) and more

elegant. Rather than precalculate al permutations, his code generates the n th particular permutation. It is
elegant in two ways. First, it avoids recursion except to calculate the factorial, which the permutation
algorithm proper does not use. Second, it generates a permutation of integers rather than permute the
actual data set.

He also uses a time-saving technique called memoizing. Theideais that afunction that always returns a
particular answer when called with a particular argument memorizes that answer. That way, the next time
it's called with the same argument, no further calculations are required. Thef act ori al function usesa
private array @ act to remember previously calculated factorial values as described in Recipe 10.3.



You call n2per mwith two arguments: the permutation number to generate (from O tof act ori al (N),
where N isthe size of your array) and the subscript of the array's last element. The n2per mfunction
calculates directions for the permutation in the n2pat subroutine. Then it converts those directionsinto a
permutation of integersin the pat 2per msubroutine. The directionsare alist like (0 2 0 1 0) , which
means. " Splice out the Oth element, then the second element from the remaining list, then the Oth element,
then the first, then the Oth."

Example 4.4: mjd-permute

#! [usr/bin/perl -w
# md_pernute: pernute each word of input
use strict;

while (<>) {
ny @lata = split;
my $num pernutations = factorial (scalar @ata);
for (nmy $i=0; $i < $num pernutations; $i++) {
ny @ernutation = @ata[n2pern($i, $#data)];
print "@ernutation\n";

}
}
# Utility function: factorial wth nmenoizi ng
BEA N {
ny @act = (1);
sub factorial ($) {
nmy $n = shift;
return $fact[$n] if defined $fact[$n];
$fact[$n] = $n * factorial ($n - 1);
}
}
# n2pat ($N, $len) : produce the $N-th pattern of length $l en
sub n2pat {
my $i = 1,
ny $N = shift;
ny $len = shift;
nmy @at;

while ($i <= $len + 1) { # Should really be just while ($N) {
push @at, $N % $i ;
SN = int (SN $i);
$i ++,

}

return @at;



# pat2perm(@at) : turn pattern returned by n2pat() into
# pernutation of integers. XXX splice is already Q'N)
sub pat 2perm {

ny @pat = @;
ny @Gource = (0 .. $#pat);
nmy @erm

push @erm splice(@ource, (pop @at), 1) while @at;
return @erm

}

# n2pernm( 3N, $len) : generate the Nth pernmutation of $len objects
sub n2perm {

pat 2perm(n2pat (@) ) ;
}
See Also

unshi ft andspl i ce in perlfunc (1) or Chapter 3 of Programming Perl; the sections discussing
closuresin perlsub (1) and perlref (1) and Chapter 2 of Programming Perl; Recipe 2.7; Recipe 10.3
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Previous: 4.19. Program: Chapter 5 Next: 5.1. Adding an Element
permute to a Hash

5. Hashes

Contents:
Introduction

Adding an Element to a Hash

Testing for the Presence of aKey in aHash
Deleting from aHash

Traversing aHash

Printing aHash

Retrieving from aHash in Insertion Order
Hashes with Multiple Values Per Key
Inverting aHash

Sorting aHash

Merging Hashes

Finding Common or Different Keysin Two Hashes
Hashing References

Presizing a Hash

Finding the Most Common Anything
Representing Rel ationships Between Data
Program: dutree

Doing linear scans over an associative array islike trying to club someone to death with a loaded Uz.

- Larry Wall

5.0. Introduction

People and parts of computer programs interact in all sorts of ways. Single scalar variables are like
hermits, living a solitary existence whose only meaning comes from within the individual. Arrays are
like cults, where multitudes marshal themselves under the name of a charismatic leader. In the middle
lies the comfortable, intimate ground of the one-to-one relationship that is the hash. (Older
documentation for Perl often called hashes associative arrays, but that's a mouthful. Other languages that
support similar constructs sometimes use different terms for them; you may hear about hash tables,
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tables, dictionaries, mappings, or even alists, depending on the language.)

Unfortunately, thisisn't arelationship of equals. Hashes are an of relationship, like saying "Andy isthe
boss of Nat," "The blood pressure of our patient is 112/62," and "The name of journal ISSN 1087-903X
is The Perl Journal." Hashes only give convenient ways to access values for "Nat's boss"' and
"1087-903X's name"; you can't ask "Whose bossis Andy?' Finding the answer to that questionisa
recipe in this chapter.

Fortunately, hashes have their benefits, just like relationships. Hashes are a built-in data type in Perl.
Their use reduces many complex algorithms to simple variable accesses. They are also fast and
convenient ways to build indices and quick lookup tables.

It's time to put a name to these notions. The relationship embodied in a hash isagood thing to use for its
name. For instance, the relationships in the examples above are boss of, blood pressure of, and name of.
We'd give them Perl names %boss, %l ood_ pressur e, and %mane. Where alone scalar has $ as
itstype identifier and an entire array has @ a hash has %

Only use the %when referring to the hash as awhole, such as “boss. When referring to the value for a
key, it'sasingle scalar value and so a$ is called for, just as when referring to one element of an array
you also use a$. This means that "the boss of Nat" would be written as $boss{" Nat "} .

A regular array uses whole numbers for indices, but the indices of a hash are always strings. Its values
may be any arbitrary scalar values, including references. Using references as values, you can create
hashes that hold not merely strings or numbers, but also arrays, other hashes, or objects. (Or rather,
references to arrays, hashes, or objects.)

A hash can beinitialized with alist, where elements of the list are key and value pairs:

%ge = ( "Nat", 24,
"Jul es", 25,
"Josh", 17 );

Thisis equivaent to:

$age{ " Nat "} = 24;
$age{"Jul es"} = 25;
$age{"Josh"} = 17;

To make it easier to read and write hash initializations, the => operator, sometimes known asa comma
arrow, was created. Mostly it behaves as a better-|ooking comma. For
exanple, you can wite a hash initialization this way:

% ood _color = (
"Apple" => "red",
“Banana" => "yel |l ow',
“Lenmon" => "yel | ow',
"Carrot" => "orange"

);

(This particular hash is used in many examples in this chapter.) Thisinitialization is also an example of
hash-list equivalence - hashes behave in some ways as though they were lists of key-value pairs. Welll



use thisin anumber of recipes, including the merging and inverting recipes.

Unlike aregular comma, the comma arrow has a special property: It quotes any word preceding it, which
means you can safely omit the quotes and improve legibility. Single-word hash keys are al'so
automatically quoted, which means you can write $hash{ sonekey} instead of
$hash{" sonmekey"}. You could rewrite the preceding initialization of % ood_col or as
% ood_color = (

Apple => "red",

Banana => "yel | ow',

Lenmon => "yel |l ow',
Carrot => "orange"

);

One important issue to be aware of regarding hashesis that their elements are stored in an internal order
convenient for efficient retrieval. This means that no matter what order you insert your data, it will come
out in an unpredictable disorder.

See Also

Theunshi ft andspl i ce functionsin perlfunc (1) and Chapter 3 of Programming Perl; the
discussions of closuresin perlsub (1) and perlref (1); and Chapter 4 of Programming Perl

Previous: 4.19. Program: Perl Next: 5.1. Adding an Element
permute Cookbook to a Hash
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Previous: 5.0. Chapter 5 Next: 5.2. Testing for the
Introduction Hashes Presence of a Key in a Hash

5.1. Adding an Element to a Hash

Problem

Y ou need to add an entry to a hash.

Solution

Simply assign to the hash key:
$HASH{ $KEY} = $VALUE;

Discussion

Putting something into a hash is straightforward. In languages that don't provide the hash as an intrinsic
datatype, you have to worry about overflows, resizing, and collisions in your hash table. In Perl, all that
istaken care of for you with asimple assignment. If that entry was already occupied (had a previous
value), memory for that value is automatically freed, just as when assigning to a simple scalar.

# 9% ood_col or defined per the introduction
$f ood_col or { Raspberry} = "pink";
print "Known foods:\n";
foreach $food (keys % ood_col or) {
print "$food\n";
}

Known f oods:
Banana

Appl e
Raspberry
Carr ot

Lenon

If you storeundef asahash key, it getsstringifiedto" " (and generates awarning if your programis
running under -w). Using undef asakey is probably not what you want. On the other hand, undef isa
valid value in ahash. But if you fetch the value for a key that isn't in the hash, you'll also get undef .
This means you can't use the simple Boolean test i f ( $hash{ $key} ) to see whether thereisan entry
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in%hash for $key. Useexi st s( $hash{ $key}) to test whether akey isin the hash,
def i ned( $hash{$key}) totestif the corresponding valueisnot undef ,andi f
($hash{$key}) totestif the corresponding valueis atrue value.

In Perl's hashing algorithm, permutations of a string hash to the same spot internally. If your hash
contains as keys many permutations of the same string, like" spar ¢ and" cr aps", hash performance
can degrade noticeably. In practice, this seldom occurs.

See Also

The"List Value Constructors" section of perldata (1); the "List Values and Arrays' section of Chapter 2
of Programming Perl; Recipe 5.2

Previous: 5.0. Perl Next: 5.2. Testing for the
Introduction Cookbook Presence of a Key in a Hash
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Index of aKey inaHash
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Previous: 5.1. Adding an Chapter 5 Next: 5.3. Deleting from a
Element to a Hash Hashes Hash

5.2. Testing for the Presence of a Key in a Hash

Problem

Y ou need to know whether a hash has a particular key, regardless of any possible associated value.

Solution

Usetheexi st s function.

# does %1ASH have a val ue for $KEY ?
i f (exists($HASH $KEY})) {
# it exists
} else {
# 1t doesn't
}

Discussion

This code uses exi st s to check whether akey isinthe % ood_col or hash:

# 9% ood_col or per the introduction
foreach $nane ("Banana", "Martini") {
i f (exists $food _col or{$name}) {
print "$nanme is a food.\n";
} else {
print "$nanme is a drink.\n";
}

}

Banana i1s a food.
Martini is a drink.

Theexi st s function tests whether akey isin the hash. It doesn't test whether the value corresponding
to that key is defined, nor whether the value istrue or false. We may be splitting hairs, but problems
caused by confusing existence, definedness, and truth can multiply like rabbits. Take this code:

Yage = ();
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$age{" Toddl er"} = 3;
$age{" Unborn"} = 0;
$age{ " Phant asni'} = undef;
foreach $thing ("Toddler", "Unborn", "Phantasni, "Relic") {
print "$thing: ";
print "Exists " if exists $age{$thing};
print "Defined " if defined $age{$thing};
print "True " if $age{$thing};
print "\n";

}

Toddl er: Exi sts Defined True
Unborn: Exi sts Defi ned

Phant asm Exi sts

Rel i c:

$age{ " Toddl er"} passesthe existence, definedness, and truth tests. It exists because we gave
"Toddl er " avaueinthe hash, it's defined because that value isn't undef , and it's true because the
value isn't one of Perl'sfalse values.

$age{ " Unbor n"} passesonly the existence and definedness tests. It exists because we gave
"Unbor n" avauein the hash, and it's defined because that valueisn't undef . It isn't true, however,
because O is one of Perl'sfalse values.

$age{ " Phant asni'} passesonly the existence test. It exists because we gave " Phant asm' avalue
in the hash. Because that value was undef , it doesn't pass the definedness test. Because undef isalso
one of Perl'sfalse values, it doesn't pass the truth test either.

$age{ " Rel i c"} passesnone of thetests. We didn't put avaluefor " Rel i ¢" into the hash, so the
existence test fails. Because we didn't put avaluein, $age{ " Rel i ¢"} isundef whenever wetry to
accessit. We know from" Phant asm' that undef failsthe definedness and truth tests.

Sometimes it's useful to storeundef inahash. Thisindicates"I've seen thiskey, but it didn't have a
meaningful value associated with it." Take, for instance, a program to look up file sizes given alist of
filesasinput. Thisversion triesto skip files we've seen before, but it doesn't skip zero-length files, and it
doesn't skip files that we've seen before but don't exist.

%size = ();
while (<>) {
chonp;
next if $size{$_}; # WRONG attenpt to skip

$size{$ } = -s $_;
}
If we change the incorrect lineto call exi st s, we also skip filesthat couldn't be st at ted, instead of
repeatedly trying (and failing) to look them up:

next if exists $size{$ };



The food and drink code above assumes that which is not food must be a drink. Thisis a dangerous
assumption to make in the real world.

See Also

Theexi st s anddef i ned functionsin perlfunc (1) and Chapter 3 of Programming Perl; the discussion
of truth inthe "Scalar Values' section of perldata (1), and the "Boolean Context" section of Chapter 2 of
Programming Perl.
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Previous: 5.2. Testing for the Chapter 5 | Next: 5.4. Traversing a Hash|
Presence of a Key in a Hash Hashes

5.3. Deleting from a Hash

Problem

Y ou want to remove an entry from a hash so that it doesn't show up with keys, val ues, or each. If
you were using a hash to associate salaries with employees, and an employee resigned, you'd want to
remove their entry from the hash.

Solution

Usethedel et e function:

# renmove $KEY and its val ue from %1ASH
del et e( $HASH{ $KEY} ) ;

Discussion

Sometimes people mistakenly try to use undef to remove an entry from a hash. undef
$hash{ $key} and $hash{$key} = undef both make ¥mash have an entry with key $key and
valueundef .

Thedel et e function isthe only way to remove a specific entry from a hash. Once you've deleted akey,
it no longer showsupinakeys list or an each iteration, and exi st s will return false for that key.

This demonstrates the difference between undef and del et e:

# 9% ood_col or as per Introduction
sub print _foods {
ny @ oods = keys % ood _col or;
ny $f ood;

print "Keys: @oods\n";

print "Values: ";

foreach $food (@ oods) {
my $col or = $food_col or{$f ood};
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i f (defined $color) {
print "$color ";
} else {
print "(undef) ";
}
}

print "\n";

}

print "Initially:\n";
print_foods();

print "\nWth Banana undef\n";
undef $food col or{"Banana"};
print_foods();

print "\nWth Banana del et ed\ n";
del ete $f ood col or{"Banana"};
print_foods();

Initially:
Keys: Banana Apple Carrot Lenon
Val ues: yellow red orange yell ow

Wt h Banana undef
Keys: Banana Apple Carrot Lenon
Val ues: (undef) red orange yell ow

Wt h Banana del et ed
Keys: Apple Carrot Lenon
Val ues: red orange yell ow

Asyou see, if weset $f ood_col or {" Banana"} toundef ," Banana" still showsup asakey in
the hash. The entry is still there; we only succeeded in making the value undef . On the other hand,
del et e actually removed it from the hash - " Banana" isno longer in the list returned by keys.

del et e can also take ahash dice, deleting all listed keys at once:
del ete @ood _col or{"Banana", "Apple", "Cabbage"};

See Also

Thedel et e and keys functionsin perlfunc (1) and in Chapter 3 of Programming Perl; we use keysin
Recipe 5.4

Previous: 5.2. Testing for the Perl | Next: 5.4. Traversing a Hash|
Presence of a Key in a Hash Cookbook
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Previous: 5.3. Deleting from a Chapter 5 | Next: 5.5. Printing a Hash|
Hash Hashes

5.4. Traversing a Hash

Problem

Y ou want to perform an action on each entry (i.e., each key-value pair) in a hash.

Solution

Useeach withawhi | e loop:

whi | e( ($key, $value) = each(%HASH)) {
# do sonething with $key and $val ue
}

Or use keys with af or each loop, unless the hash is potentially very large:

foreach $key (keys %HASH) {
$val ue = $HASH{ $key};
# do sonething with $key and $val ue

}
Discussion

Here's asimple example, iterating through the % ood _col or hash from the introduction.

# 9% ood_col or per the introduction
whi | e( ($f ood, $color) = each(% ood_col or)) {
print "$food is $color.\n";

}
Banana is yell ow.
Apple is red.

Carrot is orange.
Lenmon is yell ow

foreach $food (keys % ood_col or) {
nmy $col or = $f ood_col or { $f ood};
print "$food is $color.\n";

}
Banana is yell ow.
Apple is red.

Carrot is orange.
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Lenon is yell ow

We didn't really need the $col or variableinthef or each example because we only use it once. Instead, we
could have just written:

print "$food is $food_col or { $f ood}.\ n"

Every time each is called on the same hash, it returns the "next" key-value pair. We say "next" because the
pairs are returned in the order the underlying lookup structure imposes on them, and this order is almost never
alphabetic or numeric. When each runsout of hash elements, it returns the empty list () , which tests false and
terminates the whi | e loop.

Thef or each example useskeys, which constructs an entire list containing every key from hash, before the
loop even begins executing. The advantage to using each isthat it gets the keys and values one pair at atime.
If the hash contains many keys, not having to pre-construct a complete list of them can save substantial
memory. The each function, however, doesn't let you control the order in which pairs are processed.

Using f or each and keys to loop over thelist lets you impose an order. For instance, if we wanted to print
the food names in alphabetical order:

foreach $food (sort keys % ood color) {
print "$food is $food_col or {$f ood}.\n";
}

Apple is red.
Banana i s yell ow.
Carrot is orange.
Lenon is yell ow

Thisisacommon use of f or each. We usekeys to obtain alist of keysin the hash, and then we use

f or each to iterate over them. The danger isthat if the hash contains alarge number of elements, the list
returned by keys will use alot of memory. The trade-off lies between memory use and the ability to process
the entries in a particular order. We cover sorting in more detail in Recipe 5.9.

Because keys, val ues, and each all use the same internal data structures, be careful about mixing callsto
these functions or prematurely exiting an each loop. Each time you call keys or val ues, the current location
for each isreset. This code loops forever, printing the first key returned by each:

while ( ($k, $v) = each % ood color ) {
print "Processing $k\n";
keys 9% ood_col or; # goes back to the start of 9% ood_col or

}

Modifying a hash while looping over it with each or f or each is, in general, fraught with danger. Theeach
function can behave differently with t i ed and untied hashes when you add or delete keys from a hash. A

f or each loops over a pre-generated list of keys, so once the loop starts, f or each can't know whether you've
added or deleted keys. Keys added in the body of the loop aren't automatically appended to the list of keysto
loop over, nor are keys deleted by the body of the loop deleted from this list.

Example 5.1 reads a mailbox file and reports on the number of messages from each person. It uses the Fr om

line to determine the sender. (It isn't smart in this respect, but we're showing hash manipulation, not mail-file
processing.) Supply the mailbox filename as a command-line argument, or use" - " to indicate you're piping the
mailbox to the program.

Example 5.1: countfrom



#! [ usr/ bi n/ perl
# countfrom - count nunber of nessages from each sender

$filename = $ARGV[O] || "-";
open(FI LE, "<$filenane") or die "Can't open $filenanme : $!'";
whi | e( <FI LE>) {
if (/"From (.*)/) { $fronm{$1}++ }
}

foreach $person (sort keys %ron) {
print "$person: $fron{$person}\n”;

}

See Also

Theeach and keys functionsin perlfunc (1) and in Chapter 3 of Programming Perl; we talk about for and
foreach in Recipe 4.5

Previous: 5.3. Deleting from a Perl | Next: 5.5. Printing a Hash|
Hash Cookbook
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Index
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Previous: 5.4. Traversing a Chapter 5 Next: 5.6. Retrieving from a
Hash Hashes Hash in Insertion Order

5.5. Printing a Hash

Problem

Y ou want to print a hash, but neither pri nt " %ash" nor pri nt %hash works.

Solution

One of severa approachesisto iterate over every key-value pair in the hash using Recipe 5.4, and print
them:

while ( ($k, $v) = each %ash ) {
print "$k => $v\n";
}

Or use map to generate alist of strings:
print map { "$_ => $hash{$_}\n" } keys %hash;

Or use the interpolation trick from Recipe 1.10 to interpolate the hash as alist:
print "@[ % ash ]}\n";

Or use atemporary array variable to hold the hash, and print that:

{
ny @enp = %ash;
print "@enp";

}

Discussion

The methods differ in the degree that their output is customizable in order and formatting and in their
efficiency.

The first method, iterating over the hash, is very flexible and space-efficient. Y ou can format the output
asyou likeit, and it only requires two scalar variables: the current key and value. Y ou can print the hash
in key order (at the cost of building alist of sorted keys) if you useaf or each loop.

foreach $k (sort keys %mash) {
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print "$k => $hash{$k}\n";
}

The map function isjust asflexible. You can still process the list in any order by sorting the keys. You
can customize the output to your heart's content. But it builds up alist of stringslike" KEY
=>VALUE\ n" topasstopri nt.

The last two methods are interpolation tricks. By treating the hash as an list, you can't predict or control
the output order of the key-value pairs. Furthermore, the output will consist of alist of keys and values,
each separated by whatever $" happens to hold. Y ou can't put newlines between pairsor " =>" within
them, as we could with the other methods.

See Also

The $" variablein perlvar (1) and in the "Global Specia Variables' section of Chapter 2 of
Programming Perl; thef or each, map, keys, sort , and each functionsin perlfunc (1) and Chapter 3
of Programming Perl; we give atechnique for interpolating into strings in Recipe 1.10; we discuss the
techniques for hash traversal in Recipe 5.4

Previous: 5.4. Traversing a Perl Next: 5.6. Retrieving from a
Hash Cookbook Hash in Insertion Order

5.4. Traversing a Hash Book 5.6. Retrieving from aHashin

Index Insertion Order
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| Previous: 5.5. Printing a Hash| Chapter 5 Next: 5.7. Hashes with
Hashes Multiple Values Per Key

5.6. Retrieving from a Hash in Insertion Order

Problem

Thekeys and each functions give you the hash elements in a strange order, and you want them in the
order in which you inserted them.

Solution

Usethe Tie::IxHash module.

use Tie:: | xHash;

tie %4ASH, "Tie::IxHash";

# mani pul at e %HASH

@xeys = keys %HASH; # @eys is in insertion order

Discussion

Tie::IxHash makeskeys, each, and val ues return the hash elementsin the order they were added.
This often removes the need to preprocess the hash keys with acomplex sort comparison or maintain a
distinct array containing the keys in the order they were inserted into the hash.

Tie::IxHash also provides an object-oriented interfaceto spl i ce, push , pop, shi ft,unshift,
keys, val ues, and del et e, among others.

Here's an example, showing both keys and each:

#initialize

use Tie:: | xHash;

tie % ood color, "Tie::IlxHash";
$f ood_col or{Banana} = "Yell ow';
$food col or{Apple} = "Geen";

$f ood col or{Lenon} = "Yell ow';

print "In insertion order, the foods are:\n";
foreach $food (keys % ood color) {
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print " $food\n";
}

print "Still in insertion order, the foods' colors are:\n";
while (( $food, $color ) = each % ood color ) {
print "$food is colored $color.\n";

}
In insertion order, the foods are:
Banana
Appl e
Lenon
Still in insertion order, the foods' colors are:

Banana i s col ored Yell ow.
Apple is colored G een.
Lenon is col ored Yell ow.

See Also

The documentation for the CPAN module Tie::IxHash; Recipe 13.15

| Previous: 5.5. Printing a Hash| Perl Next: 5.7. Hashes with
Cookbook Multiple Values Per Key
5.5. Printing a Hash Book 5.7. Hashes with Multiple
Index Values Per Key
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Previous: 5.6. Retrieving from Chapter 5 | Next: 5.8. Inverting a Hash|
a Hash in Insertion Order Hashes

5.7. Hashes with Multiple Values Per Key

Problem

Y ou want to store more than one value for each key.

Solution

Store an array referencein $hash{ $key} , and put the valuesinto that array.

Discussion

Y ou can only store scalar values in a hash. References, however, are scalars. This solves the problem of
storing multiple values for one key by making $hash{ $key} areferenceto an array containing values
for $key. The normal hash operations - insertion, deletion, iteration, and testing for existence - can now
be written in terms of array operationslike push, spl i ce,andf or each.

This code shows simple insertion into the hash. It processes the output of who (1) on Unix machines and
outputs a terse listing of users and the ttys they're logged in on:

%itys = ();

open( WHO, "who| ") or die "can't open who: $!";
while (<VWHO>) {

($user, $tty) = split;

push( @$ttys{$user}}, $tty );
}

foreach $user (sort keys %tys) {
print "$user: @$ttys{$user}}\n";
}

The heart of the code isthe push line, the multihash version of $t t ys{ $user} =$tty. We
interpolate all the tty namesinthepri nt linewith @ $tt ys{ $user}}.Wedloop over the
anonymous array if, for instance, we wanted to print the owner of each tty:

foreach $user (sort keys %tys) {
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print "$user: ", scalar( @$ttys{S$user}} ), " ttys.\n";

foreach $tty (sort @$ttys{Suser}}) {
@t at stat("/dev/$tty");
$user @tat ? ( getpwid($stat[4]) )[O0] : "(not available)";
print "\t$tty (owned by S$user)\n";

}

Theexi st s function can have two meanings:. "Isthere at |east one value for thiskey?' and "Does this
value exist for thiskey?' Implementing the second approach requires searching the array for the value.
Thedel et e function and the first sense of exi st s areinterrelated: If we can guarantee that no
anonymous array is ever empty, we can use the built-in exi st s. We ensure that no anonymous array is
ever empty by checking for such a situation after deleting an element:
sub multihash_delete {

ny ($hash, $key, $value) = @;

ny $i;

return unl ess ref( $hash->{$key} );
for ($i =0; $i < @ $hash->{s$key} }; S$i++) {
i f ($hash->{$key}->[$i] eq $val ue) {
splice( @ $hash->{$key}}, $i, 1);
| ast ;

}

del et e $hash->{$key} unl ess @ $hash->{$key}};
}

The alternative approach to multivalued hashesis given in Chapter 13, Classes, Objects, and Ties,
implemented as tied normal hashes.

See Also

Thespl i ce,del et e, push, f oreach, and exi st s functionsin perlfunc (1) and Chapter 3 of
Programming Perl; Recipe 11.1; we cover tiesin Recipe 13.15

Previous: 5.6. Retrieving from Perl | Next: 5.8. Inverting a Hash|
a Hash in Insertion Order Cookbook
5.6. Retrieving from aHash in Book 5.8. Inverting a Hash
Insertion Order Index
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Previous: 5.7. Hashes with Chapter 5 Next: 5.9.
Multiple Values Per Key Hashes Sorting a Hash

5.8. Inverting a Hash

Problem

Hashes map keysto values. Y ou have a hash and a value for which you want to find the corresponding
key.

Solution

User ever se to create an inverted hash whose values are the original hash's keys and vice versa.

# %A.OOKUP maps keys to val ues
YREVERSE = reverse % OCKUP,

Discussion

This technique uses the list equivalence of hashes mentioned in the introduction. In list context,

rever se treats %4 OOKUP as alist and reverses the order of its elements. The significant property of a
hash treated as a list is that the list elements come in pairs: the first element is the key; the second, the
value. Whenyou r ever se such alist, the first element is the value, and the second isakey. Treating
thislist as a hash results in a hash whose values are the keys of the original hash and vice versa.

Here's an example:

%urnanme = ( "M ckey" => "Mantle", "Babe" => "Ruth" );
% irst_name = reverse %surnane;

print $first_name{"Mantle"}, "\n";

M ckey

When wetreat %sur nane asaligt, it becomes:
("M ckey", "Mantle", "Babe", "Ruth")

(or maybe (" Babe", "Ruth", "M ckey", "Mant| e") because we can't predict the order).
Reversing this list gives us.
("Ruth", "Babe", "Mantle", "M ckey")

When we treat this list as a hash, it becomes:
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("Ruth" => "Babe", "Mantle" => "M ckey")
Now instead of turning first names into surnames, it turns surnames into first names.

Example 5.2 isaprogram called f oodf i nd. If you give it afood name, it'll tell you the color of that
food. If you giveit acolor, it'll tell you afood of that color.

Example 5.2: foodfind

#!/usr/bin/perl -w
# foodfind - find match for food or col or

$gi ven = shift @\RGV or die "usage: foodfind food or color\n";

%ol or = (
"Apple" => "red",
"Banana" => "yel |l ow',
"Lenmon" => "yel |l ow',
"Carrot" => "orange"
);

% ood = reverse %ol or;

i f (exists $col or{3$given}) {

print "$given is a food with col or $col or {$gi ven}.\n";
}

i f (exists $f ood{$given}) {

print "$food{$given} is a food with color $given.\n";

}

If two keysin the original hash have the samevaue (as" Lenon" and " Banana" do in the color
example), then the inverted hash will only have one (which is dependent on the hashing order, and you
shouldn't try to predict it). Thisis because hashes have, by Perl definition, unique keys.

If you want to invert a hash with non-unique values, you must use the techniques shown in Recipe 5.7.
That is, build up ahash whose values are alist of keysin the original hash:
# 9% ood_col or as per the introduction

whi |l e (($food, $col or) = each(% ood_color)) {
push( @ $f oods_wi t h_col or{$col or}}, $food);
}

print "@%$foods with_color{yellow}} were yellow foods.\n";
Banana Lenon were yel |l ow foods.

Thisaso lets us change the f oodf i nd program to handle colors represented by more than one food.
For instance, f oodf i nd yel | owreports bananas and lemons.



If any valuesin the original hash were referencesinstead of just strings and numbers, the inverted hash
poses a problem because references don't work well as hash keys unless you use the Tie::RefHash
module described in Recipe 5.12.

See Also

Ther ever se function in perlfunc (1) and in Chapter 3 of Programming Perl; Recipe 13.15

Previous: 5.7. Hashes with Perl Next: 5.9.
Multiple Values Per Key Cookbook Sorting a Hash
5.7. Hashes with Multiple Book 5.9. Sorting aHash
Values Per Key Index

[ Library Home | Perl in a Nutshell | Learning Perl | Learning Perl on Win32 | Programming Perl | Advanced Perl
Programming | Perl Cookbook ]



file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/ch03_01.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/perlnut/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/learn/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/learn32/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/advprog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/advprog/index.htm

Perl Cookbook —

Previous: 5.8. Inverting a Chapter 5 | Next: 5.10. Merging Hashes]|
Hash Hashes

5.9. Sorting a Hash

Problem

Y ou need to work with the elements of a hash in a particular order.

Solution

Usekeys to get alist of the keys, then sor t them based on the ordering you want:

# %ASH i s the hash to sort
@xeys = sort { criterion() } (keys %ash);
foreach $key (@keys) {

$val ue = $hash{ $key};

# do sonmething with $key, $val ue

}
Discussion

Even though you can't directly maintain a hash in a specific order (unless you use the Tie::IxHash
module mentioned in Recipe 5.6), you can accessits entriesin any order.

This technique offers many variations on the same basic mechanism: Y ou extract the keys, reorder them
using thesort function, and then process the entriesin the new order. All the sorting tricks shown in
Chapter 4, Arrays, can be used here. Let's ook at some applications.

The following code ssimply usessor t to order the keys alphabetically:

foreach $food (sort keys % ood color) {
print "$food is $food _col or{$food}.\n";
}

This sorts the keys by their associated values:

foreach $food (sort { $food color{$a} cnp $food col or{$b} }
keys 9% ood _col or)
{

print "$food is $food col or{$food}.\n";
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}

This sorts by length of the values:

@oods = sort { length($food color{%$a}) <=> |l engt h($food col or{$b}) }
keys 9% ood_col or;

foreach $food (@oods) {
print "$food is $food col or{$food}.\n";

}

See Also

Thesort and keys functionsin perlfunc (1) and in Chapter 3 of Programming Perl; Recipe 5.6; we
discuss sorting listsin Recipe 4.15

Previous: 5.8. Inverting a Perl | Next: 5.10. Merging Hashes]|
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Previous: 5.9. Chapter 5 Next: 5.11. Finding Common
Sorting a Hash Hashes or Different Keys in Two
Hashes

5.10. Merging Hashes

Problem
Y ou need to make a new hash with the entries of two existing hashes.
Solution

Treat them aslists, and join them as you would lists.
%rerged = (YA 9B);

To save memory, loop over the hashes' elements and build a new hash that way:

%rerged = ();

while ( ($k, $v) = each(%) ) {
$Snmer ged{ $k} = S$v;

}

while ( ($k, $v) = each(uB) ) {
$ner ged{ $k} = 9v;

}

Discussion

The first method, like the earlier recipe on inverting a hash, uses the hash-list equivalence explained in the
introduction. ( %A, 98) evaluatesto alist of paired keys and values. When we assign it to %rer ged, Perl
turns that list of pairs back into a hash.

Here's an example of that technique:

# 9% ood _col or as per the introduction
%drink_color = ( Galliano => "yell ow',
"Mai Tai" => "blue" );

% ngested color = (%rink_col or, % ood _color);

Keysin both input hashes appear only once in the output hash. If afood and a drink shared the same name, for
instance, then the last one seen by the first merging technique would be the one that showed up in the resultant
hash.

This style of direct assignment, asin the first example, is easier to read and write, but requires alot of memory
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if the hashes are large. That's because Perl hasto unroll both hashes into atemporary list before the assignment
to the merged hash is done. Step-by-step merging using each, as in the second technique, spares you that cost
and lets you decide what to do with duplicate keys.

The first example could be rewritten to use the each technique:

# 9% ood _col or per the introduction, then
%lrink color = ( Galliano => "yellow',
"Mai Tai" => "blue" );

%subst ance_color = ();

while (($k, $v) = each % ood color) {
$subst ance_col or {$k} = $v;

}

while (($k, $v) = each % rink _color) {
$subst ance_col or { $k} = $v;
}

That technique duplicated the whi | e and assignment code. Here's a sneaky way to get around that:

foreach $substanceref ( \% ood_color, \%lrink _color ) {
while (($k, $v) = each %bsubstanceref) {
$subst ance_col or { $k} = 9$v;
}

}

If we were merging hashes with duplicates, we can insert our own code to decide what to do with those
duplicates:

foreach $substanceref ( \% ood_color, \%lrink _color ) {
while (($k, $v) = each % bsubstanceref) ({
i f (exists $substance_col or{$k}) {
print "Warning: $k seen twice. Using the first definition.\n";
next ;

}

$subst ance_col or { $k} = 3Pv;

}

In the special case of appending one hash to another, we can use the hash slice notation to give an elegant
shorthand:

@l | _col ors{keys %mew col ors} = val ues %ew col ors;

This requires enough memory for lists of the keys and values of %mew_col or s. Aswith the first technique,
the memory requirement might make this technique infeasible when such lists would be large.

See Also

Thisisavariation on Recipe 4.9; the each function in perlfunc (1) and in Chapter 3 of Programming Perl
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Previous: 5.10. Merging Chapter 5 Next: 5.12. Hashing
Hashes Hashes References

5.11. Finding Common or Different Keys in Two
Hashes

Problem

Y ou need to find keysin one hash that are present in another hash or keys in one hash that are not present
in another.

Solution
Use keys to loop through the keys of one hash, checking whether each key is also in the other hash.
Find common keys

ny @omon = ();
foreach (keys %hashl) {

push(@omon, $ ) if exists $hash2{$ };
}

# @ommon now contai ns conmon keys
Find keys from one hash that aren't in both
ny @his not that = ();

foreach (keys %hashl) {
push(@his_not _that, $ ) unless exists $hash2{$_};
}

Discussion

Because we're finding common or different keys of the hashes, we can apply our earlier array recipesfor
finding common or different elements to arrays of the hashes' keys. For an explanation, see Recipe 4.8.

This code uses the difference technique to find non-citrus foods:
# 9% ood_col or per the introduction
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# %itrus _color is a hash mapping citrus food nane to its col or.
%itrus_color = ( Lenon => "yellow',

Orange => "orange",

Li me => "green" );

# build up a list of non-citrus foods
@on_citrus = ();

foreach (keys % ood color) {

push (@won citrus, $ ) unless exists $citrus color{$ };
}
See Also

The"Variables' section of Chapter 2 of Programming Perl; the each function in perlfunc (1) and in
Chapter 3 of Programming Perl
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Previous: 5.11. Finding Chapter 5 | Next: 5.13. Presizing a Hash|
Common or Different Keys in Hashes
Two Hashes

5.12. Hashing References

Problem

When you use keys on a hash whose keys are references, the references that keys returns no longer
work. This situation often arises when you want to cross-reference two different hashes.

Solution

Use Tie::RefHash:

use Tie:: Ref Hash;

tie Y%ash, "Tie::RefHash";

# you may now use references as the keys to %ash

Discussion

Hash keys are automatically "stringified," that is, treated as though they appeared between double quotes.
In the case of numbers or strings, nothing islost. Thisisn't the case with references, though.

Stringified references ook like these:

Cl ass: : Sonewher e=HASH( 0x72048)
ARRAY( 0x72048)

A stringified reference can't be dereferenced, because it isjust a string and no longer areference. This
means you can't use references as the keys to a hash without losing their "magic."

Hand-rolled solutions to this problem involve maintaining a distinct hash whose keys are stringified
references and whose values are the actual references. Thisiswhat Tie::RefHash does. Well use 10
objects for filehandles here to show you that even such strange references can be used to index a hash
tied with Tie::RefHash.

Here's an example:

use Ti e: : Ref Hash;
use 1O :File;


file:///D|/Cool Stuff/old/ftp/perl/arbeit/search/csrch.htm

tie %ane, "Tie::RefHash";

foreach $filenanme ("/etc/terncap", "/vmunix", "/bin/cat") {
$fh = 10 :File->newm"< $fil enanme”) or next;
$nanme{ $f h} = $fil enane;

}
print "open files: ", join(", ", values %ane), "\n";
foreach $file (keys %mane) {
seek($file, 0, 2); # seek to the end
printf("% is % bytes long.\n", $name{$file}, tell ($file));
}

If you're storing objects as the keys to a hash, though, you almost always should be storing a unique
attribute of the object (e.g., name or ID number) instead.

See Also

The documentation for the standard Tie::RefHash module; the "Hard References Don't Work as Hash
Keys' section of Chapter 4 of Programming Perl, and the "Warning" section of perlref (1)
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Previous: 5.12. Hashing Chapter 5 Next: 5.14. Finding the Most
References Hashes Common Anything

5.13. Presizing a Hash

Problem

Y ou want to preallocate memory for a hash to speed up your program so Perl won't have to incrementally
allocate memory each time anew entry is added to the hash. Often you know the final size of a hash
before you start building it up, and it's possible to use this information to speed up your program.

Solution

Assign the number of key-value pairs your hash will haveto keys %4HASH.

# presize Y%ash to $num
keys(%hash) = $num

Discussion

This new feature, first introduced in release 5.004 of Perl, may or may not improve your performance.
Perl already shares keys between hashes, so if you already have a hash with" Appl e" asakey, Perl
won't need to alocate memory for another copy of " Appl e" when you add an entry whose key is

" Appl e" to another hash.

# wll have 512 users in %users
keys(%users) = 512;

Perl'sinternal data structures require the number of keysto be a power of 2. If we had said:
keys(%users) = 1000;

Perl would have internally allocated 1024 "buckets' for the hash. Keys and buckets aren't always one to
one. Y ou get the best performance when they are, but the distribution of keys to buckets is dependent on
your keys and Perl's (immutable) hash algorithm.

See Also

The keys function in perlfunc (1) and Chapter 3 of Programming Perl; Recipe 4.3
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Previous: 5.13. Presizing a Chapter 5 Next: 5.15. Representing
Hash Hashes Relationships Between Data

5.14. Finding the Most Common Anything

Problem
Y ou have an aggregate data structure, such as an array or a hash. Y ou want to know how often each
element in the array (or key or value in the hash) occurs. For instance, if your array contains web server

transactions, you might want to find the most commonly requested file. If your hash maps usernames to
number of logins, you want to find the most common number of logins.

Solution

Use a hash to count how many times each element, key, or value appears.

Y%count = ();

foreach $el enent ( @GARRAY) {
$count { $el enent } ++;

}

Discussion

Any time you want to count how often different things appear, you should probably be using a hash. The
f or each addsoneto $count { $el enent } for every occurrence of $el enent .

See Also

Recipe 4.6; Recipe 4.7

Previous: 5.13. Presizing a Perl Next: 5.15. Representing
Hash Cookbook Relationships Between Data
5.13. Presizing a Hash Book 5.15. Representing
Index Relationships Between Data

[ Library Home | Perl in a Nutshell | Learning Perl | Learning Perl on Win32 | Programming Perl | Advanced Perl
Programming | Perl Cookbook ]



file:///D|/Cool Stuff/old/ftp/perl/arbeit/search/csrch.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/perlnut/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/learn/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/learn32/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/advprog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/advprog/index.htm

{Perl Cookbook =

Previous: 5.14. Finding the Chapter 5 | Next: 5.16. Program: dutree|
Most Common Anything Hashes

5.15. Representing Relationships Between Data

Problem
Y ou want to represent relationships between elements of data - for instance, the mother of relationship in afamily
tree or parent process for aprocess table. Thisis closely related to representing tablesin relational databases

(tables represent rel ationships between information) and to representing computer science graph structures (edges
represent relationships between nodes).

Solution

Use a hash to represent the relationship.

Discussion

Here's part of the family tree from the Bible:

% ather = ( 'Cain' => ' Adam ,
" Abel ' => ' Adam ,
" Set h' => ' Adam ,
' Enoch’ => 'Cain',
"Irad' => ' Enoch',
" Mehujael' => 'lrad',
' Met husael ' => ' Mehuj ael ',
' Lamech’ => ' Met husael ',
"Jabal ' => ' Lanech',
"Jubal => ' Lanech',
" Tubal cain' => 'Lanech',
" Enos'’ => 'Seth' );
Thislets us, for instance, easily trace a person's lineage:
while (<>) {
chonp;
do {
print "$_"; # print the current nane
$ = $father{$_}; # set $ to $_'s father
} while defined, # until we run out of fathers
print "\n";
}

We can aready ask questions like "Who begat Seth?' by checking the % at her hash. By inverting this hash, we
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invert the relationship. Thislets us use Recipe 5.8 to answer questions like "Whom did Lamech beget?"

while ( ($k, $v) = each %ather ) {
push( @ $children{$v} }, $k );

}
$" =", ", # separate output wth conmas
while (<>) {
chonp;
if ($children{$_}) {
@hildren = @%$children{$_}};
} else {
@hil dren = "nobody";
}
print "$_ begat @hildren.\n";
}

Hashes can also represent relationships such as the C language #i ncl udes. A includes B if A contains
#1 ncl ude B. This code builds the hash (it doesn't ook for filesin/ usr /i ncl ude asit should, but that isa
minor change):
foreach $file (@iles) {
| ocal *F; # just in case we want a |ocal FH
unl ess (open (F, "<$file")) {
warn "Couldn't read $file: $!; skipping.\n";
next ;

}

while (<F>) {
next unless /M s*#\ s*include\s*<([">] +)>/;
push( @ $i ncl udes{$1}}, $file);

}
cl ose F;
}
This shows which files don't include any others:
@nclude_free = (); # list of files that don't include others

@nig{map { @ _} values % ncl udes} = undef;
foreach $file (sort keys %uniq) {

push( @nclude_free , $file ) unless $includes{$file};
}

The values of % ncl udes are anonymous arrays because a single file can (and often does) include more than one
other file. We use nmap to build up abig list of all the included files and remove duplicates by using a hash.

See Also

Recipe 4.6; the more complex data structures in Recipe 11.9 through Recipe 11.14
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5.16. Program: dutree

The dutree program, shown in Example 5.3, turns the output of du.

% du pcb

19 pcb/fix

20 pcb/ rev/ maybe/ yes

10 pcb/ rev/ maybe/ not

705 pcb/ rev/ maybe

54 pcb/ rev/ web

1371 pcb/rev

3 pcb/ pendi ng/ m ne

1016 pcb/ pendi ng

2412 pcb

into sorted, indented output:

2412 pchb
| 1371 rev
| | 705 maybe
| | | 675 .
| | | 20 yes
| | | 10 not
| | 612 .
| | 54 web
| 1016 pendi ng
| | 1013 .
| | 3 mne
| 19 fix
|

6 .

The arguments you give dutree are passed through to du. That way you could call dutree in any of these
ways, or maybe more if your du supports other options.

% dut r ee

% dut ree /usr

% dutree -a

% dutree -a /bin
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The %Di r si ze hash maintains the mapping of namesto sizes. For example, $Di r si ze{" pcb"}
contains 2412 in this sample run. We'll use that hash both for output and for sorting each directory's
subdirectories by size.

%Ki ds ismoreinteresting. For any given path $pat h, $Ki ds{ $pat h} containsa (reference to an)
array of names of subdirectories of thisone. The" pcb" entry contains a reference to an anonymous
array containing" fi x","rev",and" pendi ng". The"rev" entry contains" maybe" and " web" .
The" maybe" entry contains” yes" and " not ", which do not have their own entries because they are

end nodes in the tree.

The out put function is passed the start of the tree - thelast line read in from the output of du. First it
prints that directory and its size. Then the function sorts the directory's children (if any) so that those with
the most disk usage float to the top. Finally, out put callsitself, recursing on each child in order. The
extraarguments are used in formatting.

This program is inherently recursive because the filesystem is recursive. However, its data structure is
not recursive; at least, not the way acircular linked list is. Each valueis an array of further keysto
process. The recursion resides in the processing, not in the storage.

Example 5.3: dutree

#!/usr/bin/perl -w
# dutree - print sorted indented rendition of du output
use strict;

ny %irsize;
ny %Ki ds;

getdots(ny $topdir = input());
out put ($t opdi r);

# run du, read in input, save sizes and kids
# return last directory (file?) read

sub i nput {
my($si ze, $nane, $parent);
@GARGV = ("du @RGV |"); # prep the argunents
while (<>) { # magic open is our friend

($size, $nane) = split;
$Di rsi ze{ $nane} = $si ze;
($parent = $nane) =~ s#/["]+$##; # di rnane
push @ $Kids{$parent} }, $nane unl ess eof;
}

return $nane;

}

# figure out how nuch is taken up in each directory
# that isn't stored in subdirectories. add a new



# fake kid called "." containing that nuch.
sub getdots {
ny $root = $ [0];
ny($si ze, S$cursi ze);
$size = $cursize = $Dirsize{$root};
I f ($Ki ds{$root}) {
for my $kid (@ $Kids{$root} }) {
$cursi ze -= 3$Dirsize{$ki d};
get dot s( $ki d) ;

}
}
i f ($size !'= $cursize) {
ny $dot = "$root/.";
$Dirsi ze{$dot} = $cursi ze;
push @ $Kids{$root} }, $dot;
}

}

# recursively output everything,

# passi ng paddi ng and nunber width in as well
# on recursive calls

sub out put {

my($root, $prefix, $width) = (shift, shift || "', shift || 0);
ny $pat h;
($path = $root) =~ s#. */##; # basenane

ny $size = $Dirsize{$root};
ny $line = sprintf("%{w dth}d %", $size, $path);
print $prefix, $line, "\n";

for ($prefix .= $line) { # build up nore output
s/\d /| /;
si[™M11 g

}

I f ($Ki ds{$root}) { # not a bachel or node

ny @ids = @ $Kids{$root} };

@i ds = sort { $Dirsize{$b} <=> $Dirsize{$a} } @i ds;
$Dirsize{$Kids[0]} =~ /(\d+)/;

ny $width = [ ength $1;

for ny $kid (@i ds) { output($kid, $prefix, $wdth) }

}

Before Perl supported hashes of arrays directly, Herculean efforts were required to emul ate these higher
order constructs. Some folks used repeated callstospl i t andj oi n, but these were exceedingly slow.

Example 5.4 isaversion of dutree from those days of Perl arcana. Because we didn't have proper array
references, we had to usurp the Perl symbol table itself. This program created variables on the fly with



bizarre names. Can you find which hash this program is using?

The @ " pcb"} array contains” pcb/ fi x","pcb/rev",and" pcb/ pendi ng". The
@ " pcb/ rev"} array contains” pcb/ r ev/ maybe" and" pcb/ rev/ web". The
@ " pcb/ rev/ maybe"} array contains" pcb/ rev/yes" and" pcb/rev/ not".

When you assign something like" pcb/ f i x" to* ki d, it promotes the string on the right-hand side to a
typeglob. Thismakes @i d analiasfor @ " pcb/ fi x"} - among other things. It would aso alias
&kidto&{ " pchb/fix"},andsoon.

If that isn't interesting enough, consider how thel ocal isusing dynamic scoping of global variablesto
avoid passing in extra arguments. Check out what's happening with the $wi dt h variablein the out put
routine.

Example 5.4: dutree-orig

#! [ usr/ bi n/ perl
# dutree orig: the old version pre-perl5 (early 90s)

@ines = du @RGV ;

chop( @i nes);

& nput ($top = pop @i nes);
&out put ( $t op) ;

exit;

sub i nput {
| ocal ($root, *kid, $him) = @[O0, 0];
while (@ines && &chil dof ($root, $lines[$#lines])) {
& nput ($hi m = pop( @i nes));
push( @i d, $him;
}

if (@id) {
| ocal ($nysize) = ($root =~ /~(\d+)/);
for (@&id) { $nysize -= (/~(\d+)/)[O0]; }
push( @i d, "$nysize .") if $size != $nysize;
}
@i d = &sizesort(*kid);

sub out put {
| ocal ($root, *kid, $prefix) = @[0,0,1];
| ocal ($size, $path) = split(' ', $root);
$path =~ st . */11;
$line = sprintf("%{wi dth}d %", $size, $path);
print $prefix, $line, "\n";
$prefix .= $line;
$prefix =~ s/\d /| /;



sub

sub

}

$prefix =~ s/[*]/] /q;
| ocal ($wi dth) = $kid[0] =~ /(\d+)/ && length("$1");
for (@&id) { &utput($_, $prefix); };

si zesort {

| ocal (*list, @ndex) = shift;

sub bynum { $i ndex[ $b] <=> $i ndex[ $a]; }
for (@ist) { push(@ndex, /(\d+)/); }
@ist[sort bynumO..$#list];

chi |l dof {

| ocal (@air) = @;

for (@air) { s/™"\d+\s+//qg; s/$/\I/]; }
i ndex($pair[1], $pair[0]) >= O;

The answer to the question posed above, "Which hash isthe old dutree using?' is %mai n: : , thatis, the
Perl symbol table itself. Needless to say, this program will never run under use st ri ct . We're happy
to report that the updated version runs three times as fast as the old one. That's because the old one keeps
looking up variables in the symbol table, and the new one doesn't have to. It's also because we avoid all
that slow splitting of the space used and the directory name. But we thought we'd show you the old
version because it is instructive too.
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6.0. Introduction

Although most modern programming languages offer primitive pattern matching tools, usually through an extra
library, Perl's patterns are integrated directly into the language core. Perl's patterns boast features not found in
pattern matching in other languages, features that encourage a whole different way of looking at data. Just as
chess players see patterns in the board positions that their pieces control, Perl adepts ook at datain terms of
patterns. These patterns, expressed in the punctuation-intensive language of regular expressions,[1] provide

access to powerful algorithms normally available only to computer science scholars.

[1] To be honest, regular expressions in the classic sense of the word do not by definition contain
backreferences, the way Perl's patterns do.

"If this pattern matching thing is so powerful and so fantastic,” you may be saying, "why don't you have a
hundred different recipes on regular expressions in this chapter?' Regular expressions are the natural solution to
many problems involving numbers, strings, dates, web documents, mail addresses, and almost everything elsein
this book ; we used pattern matching over 100 timesin other chapters. This chapter mostly presents recipesin
which pattern matching forms part of the questions, not just part of the answers.

Perl's extensive and ingrained support for regular expressions means that you not only have features available
that you won't find in any other language, but you have new ways of using them, too. Programmers new to Perl
often look for functions like these:

mat ch( $string, S$pattern );

subst ( $string, $pattern, $replacenent );

But matching and substituting are such common tasks that they merit their own syntax:

$neadow =~ ni sheep/; # True if $meadow contai ns "sheep"
$neadow ! ~ nf sheep/; # True if $nmeadow doesn't contain "sheep"
$neadow =~ s/old/new ; # Replace "old" with "new' in $neadow

Pattern matching isn't like direct string comparison, even at its ssimplest. It's more like string searching with
mutant wildcards on steroids. Without anchors, the position where the match occurs can float freely throughout
the string. Any of the following lines would also be matched by the expression $neadow =~/ ovi ne/ , giving
false positives when looking for lost sheep:

Fi ne bovi nes demand fine toreadors.
Muskoxen are a pol ar ovi bovi ne speci es.
Groovi ness went out of fashion decades ago.

Sometimes they're right in front of you but they still don't match:
Ovines are found typically in oviaries.

The problem is that while you are probably thinking in some human language, the pattern matching engine most
assuredly is not. When the engine is presented with the pattern / ovi ne/ and a string to match this against, it
searchesthe string for an " 0" that isimmediately followed by a" v" ,thenby an"i ", thenby an" n", and then
finaly by an" e" . What comes before or after that sequence doesn't matter.

Asyou find your patterns matching some strings you don't want them to match and not matching other strings
that you do want them to match, you start embellishing. If you're really looking for nothing but sheep, you
probably want to match more like this;

if ($neadow =~ /\bovines?\b/i) { print "Here be sheep!" }

Don't be tricked by the phantom cow lurking in that string. That's not abovine. It's an ovine with a\ b in front,



which matches at aword boundary only. The s? indicates an optional " s" so we can find one or more ovines.
Thetrailing/ 1 makes whole pattern match case insensitive.

Asyou see, some characters or sequences of characters have special meaning to the pattern-matching engine.
These metacharacters let you anchor the pattern to the start or end of the string, give alternatives for parts of a
pattern, allow repetition and wildcarding, and remember part of the matching substring for use later in the pattern
or in subsequent code.

Learning the syntax of pattern matching isn't as daunting as it might appear. Sure, there are alot of symbols, but
each has areason for existing. Regular expressions aren't random jumbles of punctuation - they're carefully
thought out jumbles of punctuation! If you forget one, you can always look it up. Summary tables are included in
Programming Perl, Learning Perl, Mastering Regular Expressions, and the perire (1) and perlop (1) manpages
included with every Perl installation.

The Tricky Bits

Much trickier than the syntax of regular expressionsistheir sneaky semantics. The three aspects of
pattern-matching behavior that seem to cause folks the most trouble are greed, eagerness, and backtracking (and
also how these three interact with each other).

Greed isthe principle that if aquantifier (like*) can match a varying number of times, it will prefer to match as
long a substring asit can. Thisis explained in Recipe 6.15.

Eagernessis the notion that the leftmost match wins. The engine is very eager to return you a match as quickly as
possible, sometimes even before you are expecting it. Consider the match " Fr ed" =~/ x*/ . If asked to explain
thisin plain language, you might say "Doesthe string " Fr ed" contain any x 's?" If so, you might be surprised
to learn that it seemsto. That's because/ x*/ doesn't truly mean "any x's", unless your idea of "any" includes
nothing at all. Formally, it means zero or more of them, and in this case, zero sufficed for the eager matcher.

A moreillustrative example of eagerness would be the following:

$string = "good food";
$string =~ s/o*/el;

Can you guess which of the following isin $st r i ng after that substitution?

good food
geod food
geed food
geed feed
ged food

ged fed

egood food

The answer is the last one because the earliest point at which zero or more occurrences of " 0" could be found
was right at the beginning of the string. Surprised? Regular expressions can do that to you.

Can you guess what adding / g modifier to make the substitution global will do? Think of it thisway: that string
has many places where zero or more instances of " 0" occur - eight, to be precise. The answer is" egeede
ef eede".

Here's another example of where greed takes a back seat to eagerness.

% echo ababacaca | perl -ne 'print "$&n" if /(a|bal]b)+(alac)+/'
ababa


file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/learn/index.htm

That's because Perl uses what's called a traditional NFA ,[2] a non-deterministic finite automaton. This kind of

matching engine is not guaranteed to return the longest overall match, just the longest, leftmost match. You
might think of Perl's greed as being left-to-right directed, not globally greedy.

[2] Asopposed to a POSIX-style NFA. See Mastering Regular Expressions for the differences.

But it doesn't have to be that way. Here's an example using awk, alanguage that Perl borrows alot from:

% echo ababacaca |
awk 'match($0,/(a| ba]b)+(alac)+/) { print substr($0, RSTART, RLENGIH) }'
ababacaca

Choosing how to implement pattern matching depends mainly on two factors: are the expressions nonregular (do
they use backreferences), and what needs to be returned (yes/no, range of whole match, ranges of
subexpressions). Tools like awk, egrep, and lex use regular expressions and only need ayes/no answer or the
range of the whole match. Thisis exactly what DFAs can support, and because DFAs are faster and simpler,
these tools have traditionally used DFA implementations. Pattern matching within programs and libraries, such as
ed, regex, and perl, is another kettle of fish; typically, we need to support nonregular expressions and we need to
know what parts of the string were matched by various parts of the pattern. Thisis a much harder problem with
potentially exponential run times. The natural algorithm for this problem isan NFA, and therein lies both a
problem and an opportunity. The problem isthat NFAs are slow. The opportunity is that significant performance
gains can be made by rewriting the patterns to exploit how the particular NFA implementation runs. Thisisa
major part of Jeffrey Friedl's book, Mastering Regular Expressions.

The last and most powerful of the three tricky bits in pattern matching is backtracking. For a pattern to match, the
entire regular expression must match, not just part of it. So if the beginning of a pattern containing a quantifier
succeeds in away that causes later partsin the pattern to fail, the matching engine backs up and tries to find
another match for the beginning part - that's why it's called backtracking. Essentialy, it means that the engineis
going to try different possibilities, systematically investigating alternate matches until it finds one that works. In
some pattern matching implementations, you keep backtracking in case other submatches make the overall match
longer. Perl's matcher doesn't do that; as soon as one possibility works, it usesthat - until and unless something
later on in the pattern fails, forcing a backtrack to retry another possible way of matching. Thisis discussed in

Recipe 6.16.

Pattern-Matching Modifiers

Pattern-matching modifiers are alot easier to list and learn than the different metacharacters. Here's a brief
summary of them:

/i |lgnore alphabetic case (locale-aware)

/ x| lgnore most whitespace in pattern and permit comments

/g |Globa - match/substitute as often as possible

/ gc | Don't reset search position on failed match

/'s |Let. match newling; also, ignore deprecated $*
/' m |Let” and$ match next to embedded \ n

/ o |Compile pattern once only

/ e |Righthand sideof as/// iscodetoeval




’/ ee ’Righthand sideof as/// isastringtoeval , then run ascode, and its return value eval 'led again.

/i and/ g are the most commonly used modifiers. The pattern/ r ant i matches" r ani', " RAM', " Rani', and
so forth. Backreferences will be checked case-insensitively if this modifier is on; see Recipe 6.16 for an example.
This comparison can be made aware of the user's current locale settings if theuse | ocal e pragma has been
invoked. As currently implemented, / i slows down a pattern match because it disables several performance
optimizations.

The/ g modifier isused with s/ / / to replace every match, not just thefirst one. / g isalso used withni / in
loopsto find (but not replace) every matching occurrence:
while (nf(\d+)/g) {
print "Found nunber $1\n";
}

Used in list context, / g pulls out al matches:
@wunbers = nf (\d+)/g;

That finds only non-overlapping matches. Y ou have to be much sneakier to get overlapping ones by making a
zero-width look-ahead with the ( ?=. . . ) construct. Because it's zero-width, the match engine hasn't advanced at
al. Within the look-ahead, capturing parentheses are used to grab the thing anyway. Although we've saved
something, Perl notices we haven't made any forward progress on the/ g so bumps us forward one character
position.

This shows the difference:

$digits = "123456789";

@onlap = $digits =~ /(\d\d\d)/g;

@eslap = $digits =~ /(?=(\d\d\d))/g;

print "Non-overlapping: @uonlap\n";

print "Overl appi ng: @esl ap\ n";

Non- over | appi ng: 123 456 789

Over | appi ng: 123 234 345 456 567 678 789

The/ s and / mmodifiers are used when matching strings with embedded newlines. / s makes dot match "\ n",
something it doesn't normally do; it also makes the match ignore the value of the old, deprecated $* variable. / m
makes” and $ match after and before "\ n" respectively. They are useful with paragraph slurping mode as
explained in the introduction to Chapter 8, File Contents, and in Recipe 6.6.

The/ e switch isused so that the right-hand part is run as code and its return value is used as the replacement
string. s/ (\d+) /sprintf (" %#x", $1)/ ge would convert al numbersinto hex, changing, for example,
2581 into0xb23.

Because different countries have different ideas of what constitutes an alphabet, the POSI X standard provides
systems (and thus programs) with a standard way of representing alphabets, character set ordering, and so on.

Perl gives you access to some of these through theuse | ocal e pragma; seethe per | | ocal e manpage for
more information. Whenuse | ocal e isin effect, the\ w character class includes accented and other exotic
characters. The case-changing\ u,\ U,\ | , and\ L (and the corresponding uc, ucf i r st , etc. functions) escapes

aso respect use | ocal e, so will be turned into LIS19M2l] with \ u if the locale saysit should.



Special Variables

Perl sets special variables as the result of certain kinds of matches: $1, $2, $3, and so on ad infinitum (Perl
doesn't stop at $9) are set when a pattern contains back-references (parentheses around part of the pattern). Each
left parenthesis as you read | eft to right in the pattern begins filling a new, numbered variable. The variable $+
contains the contents of the last backreference of the last successful match. This helps you tell which of severa
alternate matches was found (for example, if / (x. *y) | (y. *z) / matches, $+ contains whichever of $1 or $2
got filled). $& contains the complete text matched in the last successful pattern match. $' and $° arethe strings
before and after the successful match, respectively:

$string = "And little | anbs eat ivy";
$string =~ /1 ["s]*s/;

print "($) ($& ($')\n";

(And ) (little lanbs) ( eat ivy)

$ ,%& and $' aretempting, but dangerous. Their very presence anywhere in a program slows down every
pattern match because the engine must populate these variables for every match. Thisistrue even if you use one
of these variables only once, or, for that matter, if you never actually use them at al but merely mention them. As
of release 5.005, $& is no longer as expensive.

All this power may make patterns seem omnipotent. Surprisingly enough, thisis not (quite) the case. Regular
expressions are fundamentally incapable of doing some things. For some of those, special modules lend a hand.
Regular expressions are unable to deal with balanced input, that is, anything that's arbitrarily nested, like
matching parentheses, matching HTML tags, etc. For that, you have to build up areal parser, like the
HTML::Parser recipes in Chapter 20, Web Automation. Another thing Perl patterns can't do yet is fuzzy matches,

Recipe 6.13 shows how to use a module to work around that.

To learn far more about regular expressions than you ever thought existed, check out Mastering Regular
Expressions, written by Jeffrey Friedl and published by O'Reilly & Associates. This book is dedicated to
explaining regular expressions from a practical perspective. It not only covers general regular expressions and
Perl patterns well, it also compares and contrasts these with those used in other popular languages.
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Perl Cookbook —

Previous: 6.0. Chapter 6 | Next: 6.2. Matching Letters|
Introduction Pattern Matching

6.1. Copying and Substituting Simultaneously

Problem

You'retired of constantly using two separate statements with redundant information, one to copy and
another to substitute.

Solution

Instead of:

$dst = $src;
$dst =~ s/this/that/;

use:
($dst = $src) =~ s/this/that/;

Discussion

Sometimes what you wish you could have is the new string, but you don't care to write it in two steps.

For example:
# strip to basenane
($prognanme = $0) —~ SIA X[

# Make All Words Titl e-Cased
($capword = S$word) =~ s/ (\w+)/\u\L$1/qg;

# [usr/ man/ man3/fo0o. 1 changes to /usr/man/cat3/foo0.1
($cat page = $manpage) =~ s/man(?=\d)/cat/;

Y ou can even use this technique on an entire array:

@indirs = gM /usr/bin /bin /usr/local/bin);
for (@ibdirs = @indirs) { s/bin/libl }
print "@ibdirs\n";

fusr/lib /lib /usr/local/lib
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The parentheses are required when combining an assignment if you wish to change the result in the
leftmost variable. Normally, the result of a substitution isits success: either " " for failure, or the number
of times the substitution was done. Contrast this with the preceding examples where the parentheses
surround the assignment itself. For example:

($a = $b) =~ s/x/ylg; # copy $b and t hen change $a
$a = ($b =~ s/x/ylQg); # change $b, count goes in $a
See Also

The"Variables' section of Chapter 2 of Programming Perl, and the "Assignment Operators" section of
perlop (1)

Previous: 6.0. Perl | Next: 6.2. Matching Letters|
Introduction Cookbook
6.0. Introduction Book 6.2. Matching Letters
Index

[ Library Home | Perl in a Nutshell | Learning Perl | Learning Perl on Win32 | Programming Perl | Advanced Perl
Programming | Perl Cookbook ]
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Previous: 6.1. Copying and Chapter 6 6. | Next: 6.3. Matching Words]|
Substituting Simultaneously Pattern Matching

6.2. Matching Letters

Problem

Y ou want to see whether avalue only consists of alphabetic characters.

Solution

The obvious character class for matching regular lettersisn't good enough in the general case:
if ($var =~ /N A-Za-z] +$/) {

# it is purely al phabetic
}

That's because it doesn't respect the user's locale settings. If you need to match letters with diacritics as
well, use | ocal e and match against a negated character class:

use | ocal e;
if ($var =~ /A MW ]+$/) {

print "var is purely al phabetic\n";
}

Discussion

Perl can't directly express "something alphabetic" independent of locale, so we have to be more clever.
The\ wregular expression notation matches one al phabetic, numeric, or underscore character. Therefore,
\ Wis not one of those. The negated character class[ *"\ W d_] specifies a byte that must not be an
alphanumunder, a digit, or an underscore. That leaves us with nothing but al phabetics, which iswhat we
were looking for.

Here's how you'd use thisin a program:

use | ocal e;
use PCSI X 'l ocal e h';

# the followng |ocale string mght be different on your system
unl ess (setlocal e(LC ALL, "fr_ CA. 1S08859-1")) {
die "couldn't set locale to French Canadi an\ n";
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}

whi | e (<DATA>) {
chonp;

if (/AW ]+$/) {

print "$ _: al phabetic\n";

} else {

print "$_: |line noise\n";

}
}

__END
silly
facade
cobperat e
ni fo

Renée
Mol i ére
haarogl obi n
naive

t schufd
random st uf f #here

See Also

The treatment of localesin Perl in perllocale (1); your system's locale (3) manpage; we discuss localesin
greater depth in Recipe 6.12; the "Perl and the POSIX Locale" section of Chapter 7 of Mastering Regular

Expressions
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Previous: 6.2. Matching C_haw_ Next: 6.4. Commenting
Letters Pattern Matching Regular Expressions

6.3. Matching Words

Problem
Y ou want to pick out words from a string.
Solution

Think long and hard about what you want aword to be and what separates one word from the next, then
write aregular expression that embodies your decisions. For example:

[\ St/ # as many non-whi t espace bytes as possible
I[A-Za-z'-]+/ # as many letters, apostrophes, and hyphens
Discussion

Because words vary between applications, languages, and input streams, Perl does not have built-in
definitions of words. Y ou must make them from character classes and quantifiers yourself, aswe did
previoudly. The second pattern is an attempt to recognize " shepher d' s" and " sheep- sheari ng"
each as single words.

Most approaches will have limitations because of the vagaries of written human languages. For instance,
although the second pattern successfully identifies" spank’ d" and " count er - cl ockwi se" as
words, it will also pull the” r d" out of " 23r d Psal ni'. If you want to be more precise when you pull
words out from a string, you can specify the stuff surrounding the word. Normally, this should be a
word-boundary, not whitespace:

I\b([ A-Za-z] +)\ b/ # usual ly best
I\s([A-Za-z] +)\s/ # fails at ends or w punctuation

Although Perl provides\ w, which matches a character that is part of avalid Perl identifier, Perl
identifiers are rarely what you think of aswords, since we really mean a string of alphanumerics and
underscores, but not colons or quotes. Because it's defined in terms of \ w, \ b may surprise you if you
expect to match an English word boundary (or, even worse, a Swahili word boundary).

\ b and\ B can still be useful. For example, / \ Bi s\ B/ matchesthestring"i s" only within aword, not
at the edges. And while" t hi st | e" would befound, " vi s- a- vi s" wouldn't.
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See Also

The treatment of \ b, \ w, and \ s in perlre (1) and in the "Regular expression bestiary" section of
Chapter 2 of Programming Perl; the words-related patterns in Recipe 6.23

Previous: 6.2. Matching Perl Next: 6.4. Commenting
Letters Cookbook Regular Expressions
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Previous: 6.3. Matching Chapter 6 _ Next: 6.5. Finding the Nth
Words Pattern Matching Occurrence of a Match

6.4. Commenting Regular Expressions

Problem

Y ou want to make your complex regular expressions understandable and maintainable.

Solution

Y ou have four techniques at your disposal: comments outside the pattern, comments inside the pattern with
the/ x modifier, comments inside the replacement part of s/ / / , and alternate delimiters.

Discussion

The piece of sample code in Example 6.1 uses al four techniques. The initial comment describes the overall
intent of the regular expression. For relatively simple patterns, thismay be al that is needed. More complex
patterns, asin the example, will require more documentation.

Example 6.1: resname

#!/usr/bin/perl -p
# resname - change all "foo.bar.conl style nanes in the input stream
# into "foo.bar.com[204.148.40.9]" (or whatever) instead

use Socket; | oad i net addr

s{
capture the hostnane in $1
t hese parens for grouping only
| ookahead for neither underscore nor dash
host nane conponent
and the domai n dot
now repeat that whole thing a bunch of tines
next nust be a letter
now trailing domain part
end of $1 capture
replace with this:
: the original bit, plus a space
( ($addr = get host bynane($1)) # if we get an addr
? "[" . inet_ntoa($addr) . "]" # format it

) +
[ A- Za- Z]
[\w] +

H

-
FTHHFHHFHHFHFHHFR®

n $1 n
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"[??7]" # el se mark dubi ous

} gex; # /g for gl obal
# /e for execute
# /x for nice formatting

For aesthetics, the example uses alternate delimiters. When you split your match or substitution over multiple
lines, it helps readability to have matching braces. Another common reason to use alternate delimiters is when
your pattern or replacement contains slashes, asins/\/\//\ /. .\ // g, dternate delimiters makes such
patternseasier toread, asins! / /' /.. /'gors{//}{/../}q.

The/ x modifier makes Perl ignore most whitespace in the pattern (it still countsin a bracketed character
class) and treat # characters and their following text as comments. Although useful, this can prove
troublesome if you want literal whitespace or # charactersin your pattern. If you do want these characters,
you'll have to quote them with a backslash, asin the escaped pound signs here:

s/ # repl ace
\ # # a pound sign
(\wt) # the variable nane
\ # # anot her pound sign
| ${$1}/ xg; # with the value of the global variable

Remember that comments should explain the text, not just restate the code. Using " $i ++ # add onetoi "
is apt to lose marks in your programming course or get you talked about by your coworkers.

Thefina techniqueis/ e, which evaluates the replacement portion as afull Perl expression, not just asa
(double-quote interpolated) string. The result of running this code is used as the replacement string. Because it
is evaluated as code, you can put comments in it. This slows your code down somewhat, but not as much as
you'd think (until you write a benchmark on your own, a good idea that will alow you to develop afeel for the
efficiency of different constructs). That's because the right-hand side of the substitute is syntax-checked and
compiled at compile-time along with the rest of your program. This may be overkill in the case of asimple
string replacement, but it is marvelous for more complex cases.

Doubling up the/ e to make/ ee (or even more, like/ eee!) isliketheeval " STRI NG' construct. This
allows you to use lexical variables instead of globalsin the previous replacement example.

s/ # repl ace

\ # # a pound sign

(\wt) # t he vari abl e nanme

\ # # anot her pound sign

/1'% . $1/xeegq; # with the value of *any* variable

After a/ ee substitution, you can test the $@variable. It contains any error messages resulting from running
your code, because thisis real run-time code generation - unlike/ e.

See Also

The/ x modifier in perlre (1) and the "Pattern Matching” section of Chapter 2 of Programming Perl; the
"Comments Within a Regular Expression” section of Chapter 7 of Mastering Regular Expressions
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Previous: 6.4. Commenting Chapter 6. Next: 6.6. Matching Multiple
Regular Expressions Pattern Matching Lines

6.5. Finding the Nth Occurrence of a Match

Problem

Y ou want to find the N th match in astring, not just the first one. For example, you'd like to find the word
preceding the third occurrenceof " fi sh" :

One fish two fish red fish blue fish

Solution

Usethe/ g modifier inawhi | e loop, keeping count of matches:

SWANT = 3;
$count = O;
while (/(\w+)\s+fish\b/gi) {
i f (++$count == $WANT) {
print "The third fish is a $1 one.\n";
# Warning: don't "last' out of this |oop

}
}
The third fish is a red one.

Or use arepetition count and repeated pattern like this:
[ (?:\wt\s+fish\s+) {2} (\w+)\s+fish/i;

Discussion

As explained in the chapter introduction, using the/ g modifier in scalar context creates something of a
progressive match, useful in whi | e loops. Thisis commonly used to count the number of times a
pattern matchesin a string:

# sinple way wth while | oop
$count = O;
while ($string =~ /PAT/ g) {
$count ++; # or whatever you'd like to do here
}
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# sanme thing with trailing while
$count = O;
$count ++ while $string =~ /PAT/ g;

# or wwth for | oop
for ($count = 0; $string =~ /PAT/g; $count++) { }

# Simlar, but this tinme count overl appi ng nmatches
$count ++ while $string =~ /(?=PAT)/ g;

To find the Nth match, it's easiest to keep your own counter. When you reach the appropriate N, do
whatever you careto. A similar technique could be used to find every Nth match by checking for
multiples of N using the modulus operator. For example, ( ++$count %3) == 0 would be every third
match.

If thisistoo much bother, you can always extract all matches and then hunt for the ones you'd like.

$pond = "One fish two fish red fish blue fish';

# using a tenporary

@olors = ($pond =~ /(\w)\s+fish\b/gi); # get all matches
$color = $col ors[2]; # then the one we want

# or without a tenporary array
$color = ( $pond =~ /(\w+)\s+fish\b/gi )[2]; # just grab elenent 3

print "The third fish in the pond is $color.\n";
The third fish in the pond is red.

Or finding all even-numbered fish:

$count = O;

$ ='"0One fish two fish red fish blue fish';

@vens = grep { $count++ %2 == 1} /(\w)\s+fish\b/gi;
print "Even nunbered fish are @vens.\n";

Even nunbered fish are two bl ue.

For substitution, the replacement value should be a code expression that returns the proper string. Make
sure to return the original as areplacement string for the cases you aren't interested in changing. Here we
fish out the fourth specimen and turn it into a snack:

$count = O;

s{
\b # makes next \w nore efficient
( \w+ ) # this is what we'll be changi ng
(
\s+ fish \b



H

i f (++$count == 4) {
"sushi" . $2;
} else {
$1 . $2;
}
} gex;

One fish two fish red fish sushi fish

Picking out the last match instead of the first oneisafairly common task. The easiest way isto skip the
beginning part greedily. After /. *\ b(\ w+) \ s+f i sh\ b/, for example, the $1 variable would have
the last fish.

Another way to get arbitrary countsis to make aglobal match in list context to produce all hits, then
extract the desired element of that list:

$pond = "One fish two fish red fish blue fish swimhere.';
$color = ( $pond =~ /\b(\w)\s+fish\b/gi )[-1];

print "Last fish is $color.\n";

Last fish is bl ue.

If you need to express this same notion of finding the last match in a single pattern without / g, you can
do so with the negative lookahead assertion ( ?! THI NG) . When you want the last match of arbitrary
pattern A, you find A followed by any amount of not A through the end of the string. The general
construct isA( ?! . * A) *$, which can be broken up for legibility:

n{
A # find sone pattern A
(?! # mustn't be able to find
¥ # sonet hi ng
A # and A
)
$ # through the end of the string
} X

That leaves us with this approach for selecting the last fish:

$pond = 'One fish two fish red fish blue fish swimhere."';
if ($pond =~ nm{
\b ( \w+) \s+ fish \b
(?!' .* \b fish \b )

}six )
{
print "Last fish is $1.\n";
} else {
print "Failed!'\n";
}

Last fish is blue.

This approach has the advantage that it can fit in just one pattern, which makes it suitable for similar



situations as shown in Recipe 6.17. It has its disadvantages, though. It's obviously much harder to read

and understand, although once you learn the formula, it's not too bad. But it also runs more slowly
though - around twice as slowly on the data set tested above.

See Also

The behavior of N1 / g in scalar context is given in the "Regexp Quote-like Operators" section of perlop
(1), and in the "Pattern Matching Operators' section of Chapter 2 of Programming Perl; zero-width
positive lookahead assertions are shown in the "Regular Expressions” section of perlre (1), and in the
"rules of regular expression matching" section of Chapter 2 of Programming Perl
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Previous: 6.5. Finding the Nth C_haw. Next: 6.7. Reading Records
Occurrence of a Match Pattern Matching with a Pattern Separator

6.6. Matching Multiple Lines

Problem

Y ou want to use regular expressions on a string containing more than one line, but the special characters
. (any character but newline), ~ (start of string), and $ (end of string) don't seem to work for you. This
might happen if you're reading in multiline records or the whole file at once.

Solution

Use/ m/ s, or both as pattern modifiers. / s lets. match newline (normally it doesn't). If the string had
more than onelineinit, then/ f oo. *bar/ s could maicha" f 00" ononelineanda"” bar" ona
following line. This doesn't affect dots in character classeslike[ #% ] , since they are regular periods

anyway.

The/ mmodifier lets”™ and $ match next to anewline. / *=head[ 1- 7] $/ mwould match that pattern
not just at the beginning of the record, but anywhere right after a newline as well.

Discussion

A common, brute-force approach to parsing documents where newlines are not significant isto read the
file one paragraph at atime (or sometimes even the entire file as one string) and then extract tokens one
by one. To match across newlines, you need to make. match anewline; it ordinarily does not. In cases
where newlines are important and you've read more than one line into a string, you'll probably prefer to
have ™ and $ match beginning- and end-of-line, not just beginning- and end-of-string.

The difference between/ mand / s isimportant: / mmakes”™ and $ match next to a newline, while/ s
makes. match newlines. Y ou can even use them together - they're not mutually exclusive options.

Example 6.2 creates afilter to strip HTML tags out of each filein @ARGV and send the results to
STDOUT. First we undefine the record separator so each read operation fetches one entirefile. (There
could be more than one file, because @GARGV has several argumentsinit. In this case, each read would
get awholefile.) Then we strip out instances of beginning and ending angle brackets, plus anything in
between them. We can't usejust . * for two reasons: first, it would match closing angle brackets, and
second, the dot wouldn't cross newline boundaries. Using . * ? in conjunction with / s solvesthese
problems - at least in this case.
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Example 6.2: killtags

#! [ usr/ bi n/ per|
# killtags - very bad html tag killer

undef $/; # each read is whole file
while (<>) { # get one whole file at a tine
s/ <. *?>/]gs; # strip tags (terribly)
print; # print file to STDOUT
}

Because thisisjust asingle character, it would be much faster touses/ <[ *>] *>/ / gs, but that's still
a naive approach: It doesn't correctly handle tags inside HTML comments or angle brackets in quotes
(<I MGSRC="here. gi f" ALT="<<Ooh | al al >>" >). Recipe 20.6 explains how to avoid these

problems.

Example 6.3 takes a plain text document and looks for lines at the start of paragraphs that ook like

"Chapter 20: Better LivingThrough Chem sery". It wrapsthese with an appropriate
HTML level one header. Because the pattern is relatively complex, we use the/ x modifier so we can
embed whitespace and comments.

Example 6.3: headerfy

#! [ usr/ bi n/ perl
# headerfy: change certain chapter headers to htm

$/ ="',
while ( <>) { # fetch a paragraph
s{
\A # start of record
( # capture in $1
Chapt er # text string
\'s+ # mandat ory whitespace
\ d+ # deci mal nunber
\s* # optional whitespace
; # a real colon
* # anything not a newine till end of |ine
)
}{ <H1>$1</ H1>} gx;
print;
}

Hereit isas aone-liner from the command lineif those extended comments just get in the way of
understanding:

% perl -00pe 's{\A(Chapter\s+\d+\s*:. *)}{<HL>$1</Hl>}gx' datafile

This problem is interesting because we need to be able to specify both start-of-record and end-of-line in
the same pattern. We could normally use” for start-of-record, but we need $ to indicate not only



end-of-record, but also end-of-line as well. We add the/ mmodifier, which changes both * and $. So
instead of using A to match beginning-of-record, we use\ A instead. (We're not using it here, but in case
you're interested, the version of $ that always matches end-of-record even in the presence of / mis\ Z.)

The following example demonstrates using both / s and / mtogether. That's because we want * to match
the beginning of any line in the paragraph and also want dot to be able to match a newline. (Because they
are unrelated, using them together is simply the sum of the parts. If you have the questionable habit of
using "single line" as a mnemonic for / s and "multipleline" for / m , then you may think you can't use
them together.) The predefined variable $. represents the record number of the last read file. The
predefined variable $ARGV is the file automatically opened by implicit <ARGV> processing.
$/ =""; # paragraph read node for readline access
whi l e (<ARGV>) {

while (M#A"START(.*?)"END#sm) { # /s makes . span |ine boundaries

# / m makes ® match near new i nes
print "chunk $. in $ARGV has <<$1>>\n";

}

If you've already committed to using the/ mmodifier, you can use\ Aand\ Z to get the old meanings of
A and $ respectively. But what if you've used the/ s modifier and want to get the original meaning of . ?
Youcanuse[ *\ n] . If youdon't careto use/ s but want the notion of matching any character, you
could construct a character class that matches any one byte, suchas[ \ 000-\ 377] oreven[\d\ D] .
Youcantuse[ .\ n] because. isnot specia in acharacter class.

See Also

The $/ variablein perlvar (1) and in the "Special Variables' section of Chapter 2 of Programming Perl;
the/ s and/ mmodifiersin perlre (1) and "the fine print" section of Chapter 2 of Programming Perl; the
"String Anchors' section of Mastering Regular Expressions; we talk more about the special variable $/
in Chapter 8

Previous: 6.5. Finding the Nth Perl Next: 6.7. Reading Records
Occurrence of a Match Cookbook with a Pattern Separator
6.5. Finding the Nth Book 6.7. Reading Records with a
Occurrence of aMatch Index Pattern Separator

[ Library Home | Perl in a Nutshell | Learning Perl | Learning Perl on Win32 | Programming Perl | Advanced Perl
Programming | Perl Cookbook ]



file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/ch02_09.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/ch02_01.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/ch02_04.htm#PERL2-CH-2-SECT-4.1.3
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/ch02_01.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/perlnut/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/learn/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/learn32/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/advprog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/advprog/index.htm

Perl Cookbook —

Previous: 6.6. Matching C_haw. Next: 6.8. Extracting a Range
Multiple Lines Pattern Matching of Lines

6.7. Reading Records with a Pattern Separator

Problem

Y ou want to read in records separated by a pattern, but Perl doesn't allow itsinput record separator
variable to be aregular expression.

Many problems, most obviously those involving the parsing of complex file formats, become alot
simpler when you are easily able to extract records that might be separated by a number of different
strings.

Solution

Read thewholefileand usespl i t:

undef $/;
@hunks = split(/pattern/, <FILEHANDLE>);

Discussion

Perl's record separator must be a fixed string, not a pattern. (After all, awk has to be better at something.)
To sidestep this limitation, undefine the input record separator entirely so that the next line-read
operation gets the rest of thefile. Thisis sometimes called slurp mode, because it sSlurpsin the wholefile
asonebig string. Thenspl i t that huge string using the record separating pattern as the first argument.

Here's an example, where the input stream is atext file that includes lines consistingof " . Se"," . Ch",
and" . Ss", which are special codesin the troff macro set that this book was developed under. These
lines are the separators, and we want to find text that falls between them.

# .Ch, .Se and .Ss divide chunks of STDI N

{
| ocal $/ = undef;
@hunks = split(/™\.(Ch|Se|Ss)$/m <>);
}
print "I read ", scalar(@hunks), " chunks.\n";

We create alocalized version of $/ so its previous value gets restored after the block finishes. By using
spl i t with parentheses in the pattern, captured separators are also returned. This way the data e ements
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in the return list alternate with elements containing " Se" , " Ch" , or " Ss" .

If you didn't want delimiters returned but still needed parentheses, you could use non-capturing
parentheses in the pattern: / "\ . ( ?: Ch| Se| Ss) $/ m .

If you just want to split before a pattern but include the pattern in the return, use a look-ahead assertion:
I M(?=\.(?: Ch| Se| Ss) )/ m . That way each chunk starts with the pattern.

Be aware that this uses alot of memory if the fileislarge. However, with today's machines and your
typical text files, thisis less often an issue now than it once was. Just don't try it on a 200-MB logfile
unless you have plenty of virtual memory to use to swap out to disk with! Even if you do have enough
swap space, you'll likely end up thrashing.

See Also

The $/ variablein perlvar (1) and in the "Special Variables' section of Chapter 2 of Programming Perl;
thespl i t functionin perlfunc (1) and Chapter 3 of Programming Perl; we talk more about the special
variable $/ in Chapter 8
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Previous: 6.7. Reading Chapter 6 Next: 6.9. Matching Shell
Records with a Pattern Pattern Matching Globs as Regular
Separator Expressions

6.8. Extracting a Range of Lines

Problem

Y ou want to extract all lines from one starting pattern through an ending pattern or from a starting line number up to an ending
line number.

A common example of thisis extracting the first 10 lines of afile (line numbers 1 to 10) or just the body of a mail message
(everything past the blank line).

Solution

Usetheoperators. . or. .. with patterns or line numbers. The operator . . . doesn't return true if both its tests are true on the
sameline, but . . does.

while (<>) {

if (/BEG N PATTERN .. /END PATTERN ) {
# line falls between BEGA N and END i n the
# text, inclusive.

}
}
while (<>) {
if ($FIRST_LINE_NUM .. S$LAST_LINE_NUM ({
# operate only between first and |l ast |ine, inclusive.
}
}
The. .. operator doesn't test both conditions at once if the first oneistrue.
while (<>) {
if (/BEG N PATTERN ... /END PATTERN ) {
# line is between BEG N and END on different |ines
}
}
while (<>) {
if ($FIRST_LINE_NUM ... S$LAST LINE NUM {
# operate only between first and last |ine, but not sane
}
}
Discussion

Therange operators, . . and. . . , are probably the least understood of Perl's myriad operators. They were designed to allow
easy extraction of ranges of lines without forcing the programmer to retain explicit state information. When used in a scalar
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sense, such asinthetest of i f and whi | e statements, these operators return atrue or false value that's partially dependent on
what they last returned. The expression| eft _operand .. ri ght _oper and returnsfalseuntil | ef t _oper and istrue,
but once that test has been met, it stopsevaluating | ef t _oper and and keeps returning true until r i ght _oper and
becomes true, after which it restarts the cycle. To put it another way, the first operand turns on the construct as soon as it
returns a true value, whereas the second one turnsit off as soon asit returns true.

These conditions are absolutely arbitrary. In fact, you could write myt est funcl1() .. mytestfunc2(), athoughin
practice thisis seldom done. Instead, the range operators are usually used either with line numbers as operands (the first
example), patterns as operands (the second example), or both.

# command-line to print lines 15 through 17 inclusive (see bel ow)
perl -ne "print if 15 .. 17' datafile

# print out all <XMP> .. </ XMP> displays fromHIM. doc

while (<>) {
print if mEXMP>#i .. mi</ XVP>#i ;
}
# sanme, but as shell conmand
% perl -ne '"print if mEXMP>#i .. n#</ XMP>#i' docunent. htni

If either operand is anumeric literal, the range operators implicitly compare against the $. variable (NR or

$1 NPUT_LI NE_NUMBERIf you use Engl i sh). Be careful with implicit line number comparisons here. Y ou must specify
literal numbersin your code, not variables containing line numbers. That means you can simply say 3 . . 5 in aconditional,
but not $n . . $mwhere $n and $mare 3 and 5 respectively. Y ou have to be more explicit and test the $. variable directly.
perl -ne "BEA N { $top=3; S$bottonm5 } print if $top .. $bottom /etc/passwd #

previ ous command FAILS
perl -ne "BEGA N { $top=3; $bottom=5 } \

print if $ == $top .. $. == $bottom /etc/passwd # wor ks
perl -ne "print if 3 .. 5 /etc/passwd # al so wor ks
The difference between. . and. . . istheir behavior when both operands can be true on the same line. Consider these two
Cases.
print if /begin/ .. /end/;
print if /begin/ ... /end/;

Giventheline” You may not end er e you begi n", both the double- and triple-dot versions of the range operator above
return true. But the code using . . will not print any further lines. That's because . . tests both conditions on the same line
once the first test matches, and the second test tellsit that it's reached the end of itsregion. On the other hand, . . . will
continue until the next line that matches/ end/ because it never tries to test both operands on the same time.

Y ou may mix and match conditions of different sorts, asin:

while (<>) {
$in_header = 1 .. [/"$/;
$in_body =/7%/ .. eof();
}

Thefirst assignment sets $i n_header to be true from the first input line until after the blank line separating the header, such
as from amail message, a news posting, or even an HTTP header. (Technically speaking, an HTTP header should have both
linefeeds and carriage returns as network line terminators, but in practice, servers are liberal in what they accept.) The second
assignment sets $i n_body to be true starting as soon as the first blank line is encountered, up through end of file. Because
range operators do not retest their initial condition, any further blank lines (such as those between paragraphs) won't be
noticed.

Here's an example. It reads files containing mail messages and prints addressesit finds in headers. Each addressis printed only
once. The extent of the header is from aline beginning with a” Fr om" up through the first blank line. If we're not within that
range, go on to the next line. Thisisn't an RFC-822 notion of an address, but it's easy to write.

%seen = ();



while (<>) {
next unless /“"From?\s/i .. ["$/;
while (/([*<>(),;\s]HN@"<>(),;\s]+)/9g) {
print "$1\n" unl ess $seen{$1} ++;
}

}

If thisall range business seems mighty strange, chalk it up to trying to support the s2p and a2p trandlators for converting sed
and awk code into Perl. Both those tools have range operators that must work in Perl.

See Also

The.. and. .. operatorsin the "Range Operator" sections of perlop (1) and Chapter 2 of Programming Perl; the entry for
$NRin perlvar (1) and the "Special Variables' section of Chapter 2 of Programming Perl
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Previous: 6.8. Extracting a Chapter 6. Next: 6.10. Speeding Up
Range of Lines Pattern Matching Interpolated Matches

6.9. Matching Shell Globs as Regular Expressions

Problem

Y ou want to allow usersto specify matches using traditional shell wildcards, not full Perl regular
expressions. Wildcards are easier to type than full regular expressions for simple cases.

Solution

Use the following subroutine to convert four shell wildcard charactersinto their equivalent regular
expression; all other characters will be quoted to render them literals.

sub gl ob2pat {
ny $gl obstr = shift;
ny %patmap = (

*1 =5 !
P =t
o=
SR |
$§Iobstr =~ s{(.)} { $patmap{$1} || "\Q@B1" }ge;
return '~ . $globstr . '$';
}
Discussion

A Per| pattern is not the same as a shell wildcard pattern. The shell's* . * isnot avalid regular
expression. Its meaning as a pattern would be/ ~. *\ . . *$/ , which is admittedly much less fun to type.

The function given in the Solution makes these conversions for you, following the standard wildcard
rules used by the gl ob built-in.

Shell Per|
list.? ANist\..$

project.* |~project\..*$
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*ol d A xol d$
type*.[ch] [*type.*\.[ch]$
*.* /\.*\..*$

* /\-*$

In the shell, the rules are different. The entire pattern isimplicitly anchored at the ends. A question mark
maps into any character, an asterisk is any amount of anything, and brackets are character ranges.
Everything elseisnormal.

Most shells do more than simple one-directory globbing. For instance, you can say */ * to mean "all the
filesin al the subdirectories of the current directory.” Furthermore, most shells don't list files whose
names begin with a period, unless you explicitly put that leading period into your glob pattern. Our

gl ob2pat function doesn't do thesethings - if you need them, use the File::KGlob module from
CPAN.

See Also

Y our system's csh (1) and ksh (1) manpages; the gl ob function in perlfunc (1) and Chapter 3 of
Programming Perl; the documentation for the CPAN module Glob::DosGlob; the "I/O Operators* section
of perlop (1) and the "Filename globbing operator” section of Chapter 2 of Programming Perl; we talk
more about globbing in Recipe 9.6
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Previous: 6.9. Matching Shell Chapter 6 _ Next: 6.11. Testing for a Valid
Globs as Regular Pattern Matching Pattern
Expressions

6.10. Speeding Up Interpolated Matches

Problem

Y ou want your function or program to take one or more regular expressions as arguments, but doing so seemsto
run slower than using literals.

Solution

To overcome this bottleneck, if you have only one pattern whose value won't change during the entire run of a
program, storeit inastring and use/ $pat t er n/ o.
while ($line = <>) {
if ($line =~ /$pattern/o) {
# do sonet hi ng
}

}

If you have more than one pattern, however, that won't work. Use one of the three techniques outlined in the
Discussion for a speed-up of an order of magnitude or so.

Discussion

When Perl compiles a program, it converts patternsinto an internal form. This conversion occurs at compile time
for patterns without variables in them, but at run time for those that do contain variables. That means that
interpolating variables into patterns, asin/ $pat t er n/ , can slow your program down. Thisis particularly
noticeable when $pat t er n changes often.

The/ o modifier is apromise from the script's author that the values of any variables interpolated into that pattern
will not change - or that if they do, Perl should disregard any such changes. Given such a promise, Perl need only
interpolate the variable and compile the pattern the first time it encounters the match. But if the interpolated
variable were to change, Perl wouldn't notice. Make sure to use it only on unchanging variables, or else wrong
answers will result.

Using/ o on patterns without interpolated variables does not speed anything up. The/ o modifier is aso of no help
when you have an unknown number of regular expressions and need to check one or more strings against all of
these patterns. Nor isit of any use when the interpolated variable is a function argument, since each call of the
function gives the variable a new value.

Example 6.4 is an example of the slow but straightforward technigque for matching many patterns against many
lines. The array @opst at es contains the standard two-letter abbreviations for some of the placesin the
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heartland of North Americawhere we normally refer to soft drinks as pop (soda to us means either plain soda
water or else handmade delicacies from the soda fountain at the corner drugstore, preferably with ice cream). The
goal isto print out any line of input that contains any of those places, matching them at word boundaries only. It
doesn't use/ o because the variable that holds the pattern keeps changing.

Example 6.4: popgrepl

#! [ usr/ bi n/ perl
# popgrepl - grep for abbreviations of places that say "pop"
# version 1: slow but obvious way
@opstates = gWM(COONM W M);
LINE: while (defined($line = <>)) {
for $state (@opstates) {
if ($line =~ /\b$state\b/) {
print; next LINE

}

Such adirect, obvious, brute-force approach is aso horribly slow because it has to recompile all patterns with each
line of input. Three different ways of addressing this are described in this section. One builds a string of Perl code
and eval sit; one caches the internal representations of regular expressions in closures; and one uses the Regexp
module from CPAN to hold compiled regular expressions.

The traditional way to get Perl to speed up amultiple match isto build up a string containing the code and eval
" $code" it. Example 6.5 contains a version that uses this technique.

Example 6.5: popgrep?2

#! [ usr/ bi n/ perl
# popgrep2 - grep for abbreviations of places that say "pop"
# version 2: eval strings; fast but hard to quote
@opstates = gM(COONM W M);
$code = 'while (defined($line = <>)) {';
for $state (@opstates) {
$code .= "\tif (\$line =~ /\\b$state\\b/) { print \$line; next; }\n";
}

$code .= "}";

print "CODE | S\n----\n$code\n----\n" if O0; # turn on to debug
eval $code;

dieif $@

The popgr ep2 program builds strings like this:

while (defined($line = <)) {

if ($line =~ /\bCODb/) { print $line; next; }
if ($line =~ /\bO\\Db/) { print $line; next; }
if ($line =~ /\bM\b/) { print $line; next; }
if ($line =~ /\bW\b/) { print $line; next; }
if ($line =~ /\bM\b/) { print $line; next; }

}

Asyou see, those end up looking like constant stringsto eval . We put the entire loop and pattern match in the



eval text, too, which makesit run faster.

The worst thing about thiseval " STRI NG' approach isthat it's difficult to get the quoting and escaping right.
The dequot e function from Recipe 1.11 can make it easier to read, but escaping variables whose use is delayed
will still be an issue. Also, none of the strings can contain a slash, since that's what we're using as a delimiter for
theni / operator.

A solution to these problems is a subtle technique first developed by Jeffrey Friedl. The key hereis building an
anonymous subroutine that caches the compiled patternsin the closure it creates. To do this, weeval astring
containing the definition of an anonymous subroutine to match any of the supplied patterns. Perl compiles the
pattern once, when the subroutine is defined. The string is evaluated to give you comparatively quick matching
ability. An explanation of the algorithm can be found at the end of the section "Regex Compilation, the /o
Modifier, and Efficiency” in Chapter 7 of Mastering Regular Expressions.

Example 6.6 isaversion of our pop grepper that uses that technique.

Example 6.6: popgrep3

#! [ usr/ bi n/ perl

# popgrep3 - grep for abbreviations of places that say "pop"
# version 3: use build _match func al gorithm

@opstates = gWM(COONM W M);

$expr =join('|]', map { "m\\b\$popstates[$_]\\b/o" } O..3$#popstates);
$mat ch_any = eval "sub { $expr }";
dieif $@
while (<>) {
print if &match_any;
}
The string that gets evaluated ends up looking like this, modulo formatting:
sub {

m \ b$popstates[0]\b/o || nm\b$popstates[1l]\b/o ||
m \ b$popstates[2]\b/o || m\b$popstates[3]\b/o ||
m \ b$popst ates[4]\b/o

}

The reference to the @opst at es array islocked up inside the closure. Each oneis different, so the/ o issafe
here.

Example 6.7 is ageneralized form of this technigque showing how to create functions that return true if any of the
patterns match or if all match.

Example 6.7: grepauth

#! [ usr/ bi n/ perl
# grepauth - print lines that nention both Tom and Nat

$multimatch = build match_all (g/ Toml, q/Nat/);
while (<>) {

print if &bnultimatch;
}

exit;



sub build_match_any { build_match_func('|]|', @
sub build_match_all { build_match _func('&& , @
sub build_match_func {

my $condition = shift;

ny @attern = @; # nust be | exical variable, not dynam c one

ny $expr = join $condition => map { "m\$pattern[$_]/0" } (O..S$#pattern);

ny $match_func = eval "sub { local \$ = shift if \@; Sexpr }";

die if $@ # propagate $@ this shouldn't happen!

return $match_func;

)}
)}

}

Usingeval " STRI NG' oninterpolated strings as we did in popgrep2 is a hack that happens to work. Using
lexical variables that get bound up in aclosure asin popgrep3 and the bui | d_rmat ch_* functionsis deep
enough magic that even Perl wizards stare at it awhile before they believe init. Of course, it still works whether
they believein it or not.

What you really need is some way to get Perl to compile each pattern once and let you directly refer to the
compiled form later on. Such functionality is directly supported in the 5.005 release in the form of aqr / /
regular-expression quoting operator. For prior releases, that's exactly what the experimental Regexp module from
CPAN was designed for. Objects created by this module represent compiled regular expression patterns. Using the
mat ch method on these objects matches the pattern against the string argument. Methods in the class exist for
extracting backreferences, determining where pattern matched, and passing flags corresponding to modifiers like
li.

Example 6.8 isaversion of our program that demonstrates a simple use of this module.

Example 6.8: popgrep4

#! [ usr/ bi n/ perl
# popgrepd4 - grep for abbreviations of places that say "pop"
# version 4: use Regexp nodul e
use Regexp;
@opstates = gWM(COONM W M);
@oppat s map { Regexp->new( '\b' . $ . '\b') } @opstates;
whil e (defined($line = <>)) {

for $patobj (@oppats) {

print $line if $patobj->match($line);
}

}

Y ou might wonder about the comparative speeds of these approaches. When run against the 22,000 line text file
(the Jargon File, to be exact), version 1 ran in 7.92 seconds, version 2 in merely 0.53 seconds, version 3in 0.79
seconds, and version 4 in 1.74 seconds. The last technique is alot easier to understand than the others, although it
does run dightly slower than they do. It's also more flexible.

See Also

Interpolation is explained in the "Scalar Vaue Constructors" section of perldata (1), and in the "String literals'
section of Chapter 2 of Programming Perl; the/ o modifier in perlre (1) and the "Pattern Matching" section of
Chapter 2 of Programming Perl; the "Regex Compilation, the /o Modifier, and Efficiency" section of Chapter 7 of
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Interpolated Matches Pattern Matching Settings in Regular
Expressions

6.11. Testing for a Valid Pattern

Problem

Y ou want to let users enter their own patterns, but an invalid one would abort your program the first time
you tried to useiit.

Solution

Test the patterninan eval {} construct first, matching against some dummy string. If $@is not set, no
exception occurred, so you know the pattern successfully compiled as avalid regular expression. Hereis
aloop that continues prompting until the user supplies avalid pattern:

do {
print "Pattern? ";
chonmp($pat = <>);

eval { "" =~ [$pat/ };
warn "1 NVALI D PATTERN $@ if $@
} while $@

Here's a standal one subroutine that verifies whether a pattern isvalid.

sub is_valid pattern {

ny $pat = shift;

return eval { "" =~ [/$pat/; 1} || O;
}

That one relies upon the block returning 1 if it completes, which in the case of an exception, never
happens.

Discussion

There's no end to patterns that won't compile. The user could mistakenly enter " <I \ s*[ A>" | " ***
GET RICH ***" ‘or"+5-1".If you blindly use the proffered pattern in your program, it will cause
an exception, normally afatal event.

The tiny program in Example 6.9 demonstrates this.
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Example 6.9: paragrep

#! [ usr/ bi n/ perl
# paragrep - trivial paragraph grepper
die "usage: $0 pat [files]\n" unless @RGY,

$/ ="";
$pat = shift;
eval { "" =~ /[$pat/; 1} or die "$0: Bad pattern $pat: $@n";
while (<>) {
print "SARGV $.: $ " if /$pat/o;
}

That / o isapromiseto Perl that the interpolated variable's contents are constant over the program's
entire run. It's an efficiency hack. Even if $pat changes, Perl won't notice.

Y ou could encapsulate thisin afunction call that returns 1 if the block completes and O if not as shown in
the Solution section. Although eval "/ $pat /" would also work to trap the exception, it has two other
problems. First of all, there couldn't be any slashes (or whatever your chosen pattern delimiter is) in the
string the user entered. More importantly, it would open a drastic security hole that you almost certainly
want to avoid. Strings like this could really ruin your day:

$pat = "You lose @[ system('rm-rf *'")]} big here";

If you don't wish to provide the user with areal pattern, you can always metaguote the string first:

$saf e_pat = quot enet a( $pat) ;
sonething() if /$safe pat/;

Or, even easier, USE:
sonething() if /\Qpat/;

But if you're going to do that, why are you using pattern matching at all? In that case, a ssimple use of
I ndex would be enough.

By letting the user supply areal pattern, you give them the power into do interesting and useful things.
Thisisagood thing. You just have to be dlightly careful, that's all. Suppose they wanted to enter a
case-insensitive pattern, but you didn't provide the program with an option like grep 's -i option. By
permitting full patterns, the user can enter an embedded / i modifier as( ?i ) ,asin/ (?i ) stuff/.

What happens if the interpolated pattern expands to nothing? If $pat isthe empty string, what does

/ $pat / match - that is, what doesablank / / match? It doesn't match the start of all possible strings.
Surprisingly enough, matching the null pattern exhibits the dubiously useful semantics of reusing the
previous successfully matched pattern. In practice, thisis hard to make good use of in Perl.

Even if you useeval to check the pattern for validity, beware: matching certain patterns takes time that
Is exponentialy proportional to the length of the string being matched. There is no good way to detect
one of these, and if the user sticks you with one, your program will appear to hang as it and the entropic
heat death of the universe have along race to see who finishes first. Setting atimer to jump out of a
long-running command offers some hope for away out of this but (as of the 5.004 release) still carries



with it the possibility of acore dump if you interrupt Perl at an inopportune moment.
See Also

Theeval functionin perlfunc (1) and in Chapter 2 of Programming Perl; Recipe 10.12

Previous: 6.10. Speeding Up Perl Next: 6.12. Honoring Locale
Interpolated Matches Cookbook Settings in Regular
Expressions
6.10. Speeding Up Book 6.12. Honoring Locale
Interpolated Matches Index Settings in Regular
Expressions
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Previous: 6.11. Testing for a Chapter 6 . Next: 6.13. Approximate
Valid Pattern Pattern Matching Matching

6.12. Honoring Locale Settings in Regular
Expressions

Problem

Y ou want to translate case when in a different locale, or you want to make \ w match letters with
diacritics, such as Jose or dga vu.

For example, let's say you're given half a gigabyte of text written in German and told to index it. You
want to extract words (with \ w+) and convert them to lower-case (with | ¢ or\ L), but the normal
versionsof \ wand | ¢ neither match the German words nor change the case of accented | etters.

Solution

Perl's regular-expression and text-manipulation routines have hooks to POSI X locale setting. If you use
theuse | ocal e pragma, accented characters are taken care of - assuming areasonable LC_CTYPE
specification and system support for the same.

use | ocal e;

Discussion

By default, \ w+ and case-mapping functions operate on upper- and lowercase | etters, digits, and
underscores. Thisworks only for the ssmplest of English words, failing even on many common imports.
Theuse | ocal e directive lets you redefine what a"word character”" means.

In Example 6.10 you can see the difference in output between having selected the English ("en") locale
and the German ("de") one.

Example 6.10: localeg

#!/usr/bin/perl -w
# localeg - denonstrate |ocale effects

use | ocal e;
use PCSI X 'l ocal e _h';


file:///D|/Cool Stuff/old/ftp/perl/arbeit/search/csrch.htm

$nanme = "andreas k\xF6nig";
@ ocal e{gwWm German English)} = gw(de DE.I SO 8859-1 us-ascii);

setl ocal e(LC _CTYPE, $l ocal e{English})
or die "Invalid locale $local e{English}";
@nglish_nanmes = ();
while ($name =~ /\b(\w+)\b/g) {
push( @nglish nanmes, ucfirst(%$1));
}

setl ocal e(LC _CTYPE, $l ocal e{Ger nan})
or die "Invalid locale $l ocal e{German}";
@er man_nanes = ();
while ($name =~ /\b(\w+)\b/g) {
push( @er man_nanes, ucfirst($1));
}

print "English nanmes: @nglish_nanes\n";
print "Gernman nanmes: @ernman_nanes\n";
Engl i sh nanmes: Andreas K Nig
German nanes: Andreas Konig

This approach relies on POSI X |ocale support, which your system may or may not provide. Even if your
system does claim to provide POSI X locale support, the standard does not specify the locale names. As
you can tell, portability of this approach is not assured.

See Also

The treatment of \ b, \ w, and \ s in perlre (1) and in the "Regular expression bestiary" section of
Chapter 2 of Programming Perl; the treatment of localesin Perl in perllocale (1); your system's locale (3)
manpage; we discuss locales in greater depth in Recipe 6.2; the "Perl and the POSI X local€" section of
Chapter 7 of Mastering Regular Expressions
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Previous: 6.12. Honoring Chapter 6 Next: 6.14. Matching from
Locale Settings in Regular Pattern Matching Where the Last Pattern Left
Expressions Off

6.13. Approximate Matching

Problem

Y ou want to match something fuzzily.

Any time you want to be forgiving of misspellingsin user input, you want to do fuzzy matching.

Solution

Use the String::Approx module, available from CPAN:
use String:: Approx gw amatch);

if (amatch("PATTERN', @ist)) {
# mat ched
}

@mat ches = amat ch(" PATTERN', @i st);

Discussion

String::Approx calculates the difference between the pattern and each string in the list. If less than a certain
number (by default, 10 percent of the length of the pattern) one-character insertions, deletions, or
substitutions are required to make the string from the pattern, the string "matches" the pattern. In scalar
context, amat ch returns the number of successful matches. In list context, it returns those strings that
matched.

use String:: Approx gw amatch);
open(DI CT, "/usr/dict/words") or die "Can't open dict: $!'";
whi | e( <Dl CT>) {

print if amatch("bal ast");
}

bal | ast

bal ust r ade
bl ast

bl astul a
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sandbl ast

Y ou can also pass options to amat ch to control case-insensitivity and the number of insertions, deletions, or
substitutions to have. These options are passed in as alist reference; they're fully described in the
String::Approx documentation.

It must be noted that using the modul€'s matching function seems to run between 10 and 40 times slower
than Perl's built-in matching function. Only use String::Approx if you're after fuzziness in your matching that
Perl's regular expressions can't provide.

See Also

The documentation for the CPAN module String::Approx; Recipe 1.16
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Previous: 6.13. Approximate Chapter 6 . Next: 6.15. Greedy and
Matching Pattern Matching Non-Greedy Matches

6.14. Matching from Where the Last Pattern Left Off

Problem

Y ou want to match again from where the last pattern left off.
Thisisauseful approach to take when repeatedly extracting datain chunks from a string.

Solution

Use acombination of the/ g match modifier, the\ G pattern anchor, and the pos function.

Discussion

If you usethe/ g modifier on a match, the regular expression engine keeps track of its position in the
string when it finished matching. The next time you match with / g, the engine starts looking for a match
from this remembered position. Thislets you use awhi | e loop to extract the information you want from
the string.
while (/(\d+)/g) {

print "Found $1\n";
}

You can also use\ Gin your pattern to anchor it to the end of the previous match. For example, if you
had a number stored in a string with leading blanks, you could change each leading blank into the digit
zero thisway:

$n =" 49 here";

$n =~ s/\G /0/qg;

print $n;

00049 here

Y ou can also make good use of \ Ginawhi | e loop. Here we use\ Gto parse acomma-separated list of
numbers (e.g.," 3, 4, 5, 9, 120"):
while (/\G?(\d+)/g) {
print "Found nunber $1\n";
}
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By default, when your match fails (when we run out of numbersin the examples, for instance) the
remembered position is reset to the start. If you don't want this to happen, perhaps because you want to
continue matching from that position but with a different pattern, use the modifier / ¢ with/ g:

$ = "The year 1752 |lost 10 days on the 3rd of Septenber"”;

while (/(\d+)/gc) {
print "Found nunber $1\n";
}

i f (/\Q\S+)/g) {
print "Found $1 after the |ast nunber.\n";
}

Found nunber 1752

Found nunber 10

Found nunber 3

Found rd after the | ast nunber.

As you can see, successive patterns can use/ g on astring and in doing so change the location of the last
successful match. The position of the last successful match is associated with the scalar being matched
against, not with the pattern. Further, the position is not copied when you copy the string, nor saved if
you use theill-named | ocal operator.

The location of the last successful match can be read and set with the pos function, which takes asits
argument the string whose position you want to get or set. If no argument is given, pos operateson $_

print "The position in \$a is ", pos(%$a);

pos($a) = 30;

print "The position in\$ is ", pos;
pos = 30;

See Also

The/ g modifier isdiscussed in perlre (1) and the "the rules of regular expression matching" section of
Chapter 2 of Programming Per|
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Previous: 6.14. Matching from Chapter 6 _ Next: 6.16. Detecting
Where the Last Pattern Left Pattern Matching Duplicate Words
Off

6.15. Greedy and Non-Greedy Matches

Problem

Y ou have a pattern with a greedy quantifier like*, +, ?, or { } , and you want to stop it from being greedy.

A classic case of thisisthe naive substitution to remove tags from HTML. Although it looks appealing,
S#<TT>. *</ TT>##gsi , actually deletes everything from the first open TT tag through the last closing one.
Thiswouldturn" Even <TT>vi </ TT>canedit <TT>trof f</ TT>effectively." into" Even

ef fectivel y", completely changing the meaning of the sentence!

Solution

Replace the offending greedy quantifier with the corresponding non-greedy version. That is, change* , +, ?,
and{} into*?,+?,??,and{} ?, respectively.

Discussion

Perl has two sets of quantifiers: the maximal ones* , +, ?, and {} (sometimes called greedy) and the minimal
ones*?,+7?,?7?,and { } ? (sometimes called stingy). For instance, giventhe string” Per| i s a Sw ss

Ar ny Chai nsaw! ", thepattern/ (r. *s)/ matches"rl i s a Sw ss Ar ny Chai ns" whereas

[ (r.*?s)/ matches"rl is".

With maximal quantifiers, when you ask to match a variable number of times, such as zero or more times for
* or one or more times for +, the matching engine prefers the "or more" portion of that description. Thus

/ f 00. *bar/ matchesfromthefirst" f 00" uptothelast” bar" inthe string, rather than merely the next
“bar ", as some might expect. To make any of the regular expression repetition operators prefer stingy
matching over greedy matching, add an extra? . So* ? matches zero or more times, but rather than match as
much as it possibly can the way * would, it matches as little as possible.

# greedy pattern
s/ <.*>//]gs; # try to renove tags, very badly

# non-greedy pattern
s/ <. *?>/]gs; # try to renove tags, still rather badly

This approach doesn't remove tags from all possible HTML correctly, because a single regular expression is
not an acceptable replacement for areal parser. See Recipe 20.6 for the right way to do this.
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Minimal matching isn't al it's cracked up to be. Don't fall into the trap of thinking that including the partial
pattern BEG N. * 7END in a pattern amidst other elements will always match the shortest amount of text
between occurrences of BEG N and END. Imagine the pattern / BEG N( . * ?) END/ . If matched against the
string " BEA Nand BEA Nand END", $1 would contain " and BEG Nand" . Thisis probably not what
you want.

Imagine if we were trying to pull out everything between bold-italic pairs:
<b><i >t his</i> and <i>that</i> are inportant</b> Ch, <b><i>ne too!</i></b>

A pattern to find only text between bold-italic HTML pairs, that is, text that doesn't include them, might
appear to be this one:

m <b><i>(.*?)</i></Db> }sx

Y ou might be surprised to learn that the pattern doesn't do that. Many people incorrectly understand this as
matching a" <b><i >" sequence, then something that'snot " <b><i >" , andthen" </ i ></ b>", leaving the
intervening text in $1. While often it works out that way due to the input data, that's not really what it says. It
just matches the shortest leftmost substring that satisfies the entire pattern. In this case, that's the entire string.
If the intention were to extract only stuff between " <b><i >" and its corresponding " </ i ></ b>", with no
other bold-italic tags in between, it would be incorrect.

If the string in question is just one character, a negated class is remarkably more efficient than aminimal
match, asin/ X( [ *X] *) X/ . But the general way to say "match BEGIN, then not BEGIN, then END" for any
arbitrary values of BEGIN and END is as follows (this aso stores the intervening part in $1):

/ BEG N((?: (?! BEG N).)*) END/

Applying thisto the HTML-matching code, we end up with something like:
M <b><i>( (?2: (?!'</b></i>). )* ) </i></b> }sx

or perhaps:
M <b><i>( (?: (?!'</[ib]>). )* ) </i></b> }sx

Jeffrey Friedl points out that this quick-and-dirty method isn't particularly efficient. He suggests crafting a
more elaborate pattern when speed really matters, such as:
n{
<b><j >
[*<]* # stuff not possibly bad, and not possibly the end.
(?:
# at this point, we can have '<' if not part of sonething bad
(?! </?[ib]> ) # what we can't have

< # okay, so match the '<

[~<] * # and continue with nore safe stuff
) *

</i></b>

} sx

Thisisavariation on Jeffrey's unrolling-the-loop technique, described in Chapter 5 of Mastering Regular
Expressions.



See Also

The non-greedy quantifiersin the "Regular Expressions' section of perlre (1), and in the "the rules of regular
expression matching" section of Chapter 2 of Programming Perl
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Previous: 6.15. Greedy and Chapter 6 Next: 6.17. Expressing AND,
Non-Greedy Matches Pattern Matching OR, and NOT in a Single
Pattern

6.16. Detecting Duplicate Words

Problem

Y ou want to check for doubled words in a document.

Solution

Use backreferences in your regular expression.

Discussion

Parentheses in a pattern make the regular expression engine remember what matched that part of the pattern.
Later in your pattern, you can refer to the actual string that matched with\ 1 (indicating the string matched
by the first set of parentheses), \ 2 (for the second string matched by the second set of parentheses), and so
on. Don't use $1; it would be treated as a variable and interpolated before the match began. If you match

[ ([ A-Z])\ 1/, that saysto match a capital letter followed not just by any capital letter, but by whichever
one was captured by the first set of parenthesesin that pattern.

This sample code reads its input files by paragraph, with the definition of paragraph following Perl's notion
of two or more contiguous newlines. Within each paragraph, it finds all duplicate words. It ignores case and
can match across newlines.

Here we use/ x to embed whitespace and comments to make the regular expression readable. / i letsus
match both instancesof " i s" inthesentence” 1 s i sthi s ok?".Weuse/ ginawhil e loop tokeep
finding duplicate words until we run out of text. Within the pattern, use\ b (word boundary) and\ s
(whitespace) to help pick out whole words and avoid matching " Thi s .

$/ =", # paragrep node
while (<>) {
while ( n{
\'b # start at a word boundary (begin letters)
(\ St) # find chunk of non-whitespace
\b # until another word boundary (end letters)
(
\'s+ # separated by sone whitespace

\1 # and that very sanme chunk again
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\b # until anot her word boundary

) + # one or nore sets of those
}xig
)
{
print "dup word '$1' at paragraph $.\n";
}

}

That code finds the duplicated test in the following paragraph:

This is a test
test of the duplicate word finder.

The use of aword boundary anchor surrounding \ S+ is usually a bad idea because word boundaries are
defined as transitions between a phanumunders (that's a\ w) and either the edge of the string or a

non-al phanumunder. Surrounding it by \ b changes\ S+ from its normal meaning of one or more
non-whitespace characters to a stretch of non-whitespace whose first and last character must be an
alphanumunder.

Here's another interesting demonstration of using backreferences. Imagine you had two words in which the
end of the first word was the same as the start of the next one, such as” nobody" and " bodysnat cher".
You'd liketo find that overlapping part and come up with " nobodysnat cher " . Thisisjust avariant on
the duplicate word problem.

Conventional byte-by-byte processing the way a C programmer would write it would take a great deal of
tricky code to solve this problem. But with a backtracking pattern matcher, it just takes one simple pattern
match.

$a = 'nobody';
$b = ' bodysnat cher';
if ("$a $b" =~ /~r(\w+) (\wt) \2(\w+)$/) {

print "$2 overlaps in $1-%$2-$3\n";
}

body overl aps in no-body-snatcher

Y ou might think that $1 would first grab up al of " nobody" due to greediness. In fact, it does - for a
while. But once it's done so, there aren't any more charactersto put in $2. So the engine backs up and $1
begrudgingly gives up one character to $2. The space character matches successfully, but then it sees\ 2,
which currently holds merely " y" . The next character inthe stringisnota”y" , buta" b" . This makesthe
engine back up al the way, eventually forcing $1 to surrender enough to $2 that the pattern can match
something, a space, then that same thing.

Actually, that won't quite work out if the overlap isitself the product of a doubling, asin”r ococo" and
" cocoon". The preceding algorithm would have decided that the overlapping string, $2, must be just

" co" rather than" coco" . But wedon't wanta" r ocococoon"; wewanta"rococoon" . Adding a
minimal matching quantifier to the $1 part gives the much better pattern:

IO we?) (\w) \ 2(\ w) $/

which solves this problem.



Backtracking is more powerful than you imagine. Example 6.11 offers another take on the prime
factorization problem from Chapter 2, Numbers.

Example 6.11: prime-pattern

#! [ usr/ bi n/ per|
# prinme_pattern -- find prinme factors of argunent using pattern matching
for (N = ('0' x shift); $N =~ /~(o00+?)\1+$/; SN =~ s/ $1/0/g) {
print length($1), " ";
}

print length ($N), "\n";

Although not practical, this approach marvelously demonstrates the power of backtracking and is therefore
very instructional.

Here's another example. Using a brilliant insight first illustrated by Doug Mcllroy (or so says Andrew
Hume), you can find solutions to Diophantine equations of order one with regular expressions. Consider the
eguation 12x + 15y + 16z = 281. Can you think of possible valuesfor x, y, and z ? Perl can!

# solve for 12x + 15y + 16z = 281, nmaxim zing X
if (($X 9$Y, $2) =

(("o" x 281) =~ /"o*)\1{11}(0o*)\2{14}(0o*)\3{15}9%/))
{

($x, By, $z) = (length($X), length($Y), length($2));
print "One solution is: x=%$x; y=%y; z=%$z.\n";

} else {
print "No solution.\n";

}

One solution is: x=17; y=3; z=2.

Because thefirst o* was greedy, x was allowed to grow as large as it could. Changing one or more of the *
quantifiersto * ?, +, or +? can produce different solutions.

("o x 281) =~ /"(o+)\1{11}(o+)\2{14}(0o+)\3{15}9%/
One solution is: x=17; y=3;, z=2
("o x 281) =~ /~o*?)\1{11}(0o*)\2{14}(0o*)\3{15} %/
One solution is: x=0; y=7; z=11.
(o' x 281) =~ /"o+?)\1{11}(0o*)\2{14}(0o*)\3{15} %/

One solution is: x=1; y=3; z=14.

An important lesson to be learned from these amazing feats of mathematical prowess by alowly pattern
matcher is that a pattern matching engine, particularly a backtracking one, very much wantsto give you an
answer and will work phenomenally hard to do so. But solving aregular expression with backreferences can
take time exponentially proportional to the length of the input to complete. For all but trivial inputs, such
algorithms make continental drift seem brisk.



See Also

The explanation of backreferencesin the "Regular Expressions’ section of perlre (1), and in "the fine print"
section of Chapter 2 of Programming Perl; the "The Doubled-Word Thing" section in Chapter 2 of Mastering
Regular Expressions
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Previous: 6.16. Detecting C_haw. Next: 6.18. Matching
Duplicate Words Pattern Matching Multiple-Byte Characters

6.17. Expressing AND, OR, and NOT in a Single
Pattern

Problem

Y ou have an existing program that accepts a pattern as an argument or input. It doesn't allow you to add
extralogic, like case insensitive options, ANDs, or NOTs. So you need to write a single pattern that
matches either of two different patterns (the "or" case), both of two patterns (the "and" case), or that
reverses the sense of the match ("not").

This situation arises often in a configuration files, web forms, or command-line arguments. Imagine
there's a program that does this:

chomp($pattern = <CONFI G _FH>) ;

if ( $data =~ /$pattern/ ) { ..... }

As the one maintaining the contents of CONFIG_FH, you need to convey Booleans through to the
matching program through that one, measly pattern without explicit connectives.

Solution

Trueif either / ALPHA/ or / BETA/ matches, like/ ALPHA/ || / BETA/ :

/ ALPHA| BETA/

Trueif both/ ALPHA/ and/ BETA/ match, but may overlap, meaning " BETALPHA" should be okay,
like/ ALPHA/ &&/ BETA/ :

/| M(?=.*ALPHA) ( ?=. *BETA)/ s

Trueif both/ ALPHA/ and/ BETA/ match, but may not overlap, meaning that * BETALPHA" should
fail:

/ ALPHA. * BETA| BETA. * ALPHA/ s

Trueif pattern/ PAT/ does not match, like $var ! ~/ PAT/ :

IN(?: (?VPAT).)*$/ s

Trueif pattern BAD does not match, but pattern GOOD does.
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[ (?="(7?: (?! BAD).)*$) GOOD s
Discussion

When you're writing aregular program and want to know if something doesn't match, say one of:
if (! ($string =~ /pattern/)) { sonething() } # ugly

if ( $string !~ /pattern/) { sonmething() } # preferred

If you want to seeif two patterns both match, use:

i f ($string =~ /patl/ && $string =~ /pat2/ ) { sonmething() }

If you want to seeif either of two patterns matches:

if ($string =~ /patldl/ || $string =~ /pat2/ ) { sonmething() }

In short, use Perl's normal Boolean connectives to combine regular expressions, rather than doing it all
within a single pattern. However, imagine a minigrep program, one that reads its single pattern as an
argument, as shown in Example 6.12.

Example 6.12: minigrep

#! [ usr/ bi n/ perl
# mnigrep - trivial grep
$pat = shift;
while (<>) {
print if /$pat/o;
}

If you want to tell minigrep that some pattern must not match, or that it has to match both of two
subpatterns in any order, then you're at an impasse. The program isn't built to accept those constructs.
How can you do it using one pattern? That is, you'd like to execute the minigrep PAT program where
PAT can't match or has more than one connected patterns in it. This need comes up often in program
reading patterns from configuration files.

The OR case is pretty easy, sincethe | symbol provides for alternation. The AND and NOT cases,
however, require specia encoding.

For AND, you have to distinguish between overlapping and non-overlapping cases. Y ou want to seeif a
string matches both " bel | " and" | ab™ . If you allow overlapping, then theword " | abel | ed"
qualifies. But if you didn't want to count overlaps, then it shouldn't qualify. The overlapping case uses
two look-ahead assertions:

“| abel | ed" =~ /~(?=.*bel |)(?=.*lab)/s

Remember: in anormal program, you don't have to go through these contortions. Y ou can simply say:
$string =~ /bell/ && $string =~ /1ab/

To unravel this, well spell it out using / x and comments. Here's the long version:
if ($murray_hill =~ n{



A # start of string
(?= # zero-w dth | ookahead
¥ # any anount of intervening stuff
bel | # the desired bell string
) # rew nd, since we were only | ooking
(?= # and do the sane thing
X # any anount of intervening stuff
| ab # and the | ab part
)
}sx ) # /s means . can match new i ne
{
print "Looks |like Bell Labs mght be in Murray H ll!\n";
}

Wedidn't use. *? to end it early because minimal matching is more expensive than maximal matching.
Soit'smore efficient touse . * over . * ?, given random input where the occurrence of matches at the
front or the end of the string is completely unpredictable. Of course, sometimes choosing between . *
and . * ? may depend on correctness rather than efficiency, but not here.

To handle the non-overlapping case, you need two parts separated by an OR. Thefirst branchis THIS
followed by THAT; the second is the other way around.

"| abel | ed" =~

or inlong form:

[(?: ™. *bell.*lab)| (?:~.*l ab. *bel | )/

$brand = "I abel | ed";
if ($brand =~ n{
(?: # non-capturing grouper
nNOLFD # any anount of stuff at the front
bel | # | ook for a bell
L*? # foll onwed by any anount of anything
| ab # look for a lab
) # end grouper
| # otherwi se, try the other direction
(?: # non-capturing grouper
nNOLFD # any anount of stuff at the front
| ab # look for a lab
L*? # foll owed by any anount of anything
bel | # foll owed by a bell
) # end grouper
}sx ) # /s nmeans . can match new i ne
{
print "Qur brand has bell and |ab separate.\n";
}
These patterns aren't necessarily faster. $nurray_hill =~/bel |/ & $nmurray_hill =~/1ab/

will scan the string at most twice, but the pattern matching engine's only optionistotry tofinda" | ab"



for each occurrenceof " bel | " in(?=". *?bel | ) (?=". *?| ab) / , leading to quadratic worst case
running times.

If you followed those two, then the NOT case should be a breeze. The general form looks like this:
$Smap =~ /N(?2:(?'wal do).)*$/s

Spelled out in long form, thisyields:
if ($map =~ nf
N

(?:

start of string

non- capt uri ng grouper

| ook ahead negati on

I s he ahead of us now?

IS so, the negation failed

any character (cuzza /s)

repeat that grouping O or nore
t hrough the end of the string
/'s means . can match new i ne

(?!
wal do
)

*

HFHHFHFHHFHH

)
$
}sx )

{
}

How would you combine AND, OR, and NOT? It's not a pretty picture, and in aregular program, you'd
almost never do this, but from a config file or command line where you only get to specify one pattern,
you have no choice. Y ou just have to combine what we've learned so far. Carefully.

print "There's no wal do here!l\n";

Let's say you wanted to run the Unix w program and find out whether user t chr i st werelogged on
anywhere but aterminal whose name beganwithttyp ;thatis t chri st must match, butttyp must
not.

Here's sample input from w on my Linux system:
7:15am up 206 days, 13:30, 4 users, |oad average: 1.04, 1.07, 1.04

USER TTY FROM LOAN@ IDLE JCPU PCPU WHAT

tchrist ttyl 5:16pm 36days 24:43 0.03s xinit
tchrist tty2 5:19pm 6days 0.43s 0.43s -tcsh
tchrist ttypO cht hon 7: 58am 3days 23.44s 0.44s -tcsh
gnat ttyS4 coprolith 2: 01pm 13:36m 0.30s 0.30s -tcsh

Here's how to do that using the minigrep program outlined previously or with the tcgrep program at the
end of this chapter:

%w| mnigrep "~(?!.*ttyp).*tchrist'
Decoding that pattern:

m{
A # anchored to the start
(?! # zero-w dth | ook-ahead assertion
* # any anount of anything (faster than .*?)

ttyp # the string you don't want to find



) # end | ook-ahead negation; rewind to start
X # any anount of anything (faster than .*?)
tchri st # now try to find Tom

} X

Never mind that any sane person would just call grep twice, once with a-v option to select only
non-matches.

%w | grep tchrist | grep -v ttyp

The point is that Boolean conjunctions and negations can be coded up in one single pattern. Y ou should
comment this kind of thing, though, having pity on those who come after you - before they do.

How would you embed that / s in a pattern passed to a program from the command line? The same way
asyouwoulda/ i switch: by using ( ?i ) inthe pattern. The/ s and / mmodifiers can be painlessly
included in a pattern aswell, using/ ( ?s) or/ ( ?m . These can even cluster, asin/ ( ?sm ) . That
would make these two reasonably interchangeable:

%grep -i 'pattern' files

% mnigrep '(?i)pattern’ files

See Also

L ookahead assertions are shown in the "Regular Expressions* section of perlre (1), and in the "rules of
regular expression matching” section of Chapter 2 of Programming Perl; your system's grep (1) and w (1)
manpages, we talk about configuration filesin Recipe 8.16

Previous: 6.16. Detecting Perl Next: 6.18. Matching
Duplicate Words Cookbook Multiple-Byte Characters
6.16. Detecting Duplicate Book 6.18. Matching Multiple-Byte
Words Index Characters

[ Library Home | Perl in a Nutshell | Learning Perl | Learning Perl on Win32 | Programming Perl | Advanced Perl
Programming | Perl Cookbook |



file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/ch02_04.htm#PERL2-CH-2-SECT-4.1.2
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/ch02_04.htm#PERL2-CH-2-SECT-4.1.2
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/ch02_01.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/perlnut/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/learn/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/learn32/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/advprog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/advprog/index.htm

Perl Cookbook —

Previous: 6.17. Expressing C_haw_ Next: 6.19. Matching a Valid
AND, OR, and NOT in a Pattern Matching Mail Address
Single Pattern

6.18. Matching Multiple-Byte Characters

Problem

Y ou need to perform regular-expression searches against multiple-byte characters.

A character encoding is a set mapping from characters and symbols to digital representations. ASCII is
an encoding where each character is represented as exactly one byte, but complex writing systems, such
as those for Chinese, Japanese, and Korean, have so many characters that their encodings need to use
multiple bytes to represent characters.

Perl works on the principle that each byte represents a single character, which works well in ASCII but

makes regular expression matches on strings containing multiple-byte characterstricky, to say the least.
The regular expression engine does not understand the character boundaries in your string of bytes, and
so can return "matches’ from the middle of one character to the middle of another.

Solution

Exploit the encoding by tailoring the pattern to the sequences of bytes that constitute characters. The
basic approach isto build a pattern that matches a single (multiple byte) character in the encoding, and
then use that "any character” pattern in larger patterns.

Discussion

As an example, we'll examine one of the encodings for Japanese, called EUC-JP, and then show how we
use thisin solving a number of multiple-byte encoding issues. EUC-JP can represent thousands of
characters, but it's basically a superset of ASCII. Bytes with values ranging from 0 to 127 (0x00 to
Ox7F) are amost exactly their ASCII counterparts, so those bytes represent one-byte characters. Some
characters are represented by a pair of bytes, the first with value O0x 8 E and the second with avaluein the
range Ox AO- Ox DF. Some others are represented by three bytes, the first with the value 0x8F and the
othersin the range OxAl- Ox FE, while others still are represented by two bytes, each in the

OxAl- OXFE range.

We can convey thisinformation - what bytes can make up charactersin this encoding - as aregular
expression. For ease of use later, here we'll define astring, $eucj p, that holds the regular expression to
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match a single EUC-JP character:

ny $eucjp = qf # EUC- JP encodi ng subconponents:
[\ x00-\ x7F] # ASCI1/JI S-Roman (one-byte/ character)
| \ x8E[\ xAO-\ xDF] # hal f-w dt h katakana (two bytes/char)

| \ x8F[\ xAl-\xFE] [\ xAl-\ xFE]
| [\ xALl-\xFE] [\ xAl-\XFE]

# JI'S X 0212-1990 (three bytes/char)

# JI'S X 0208: 1997 (two bytes/char)

}s

(Because we've inserted comments and whitespace for pretty-printing, we'll have to use the/ x modifier
when we use thisin a match or substitution.)

With this template in hand, the following sections show how to:
o Perform anorma match without any "false" matches
« Count, convert (to another encoding), and/or filter characters
« Verify whether the target text is valid according to an encoding
« Detect which encoding the target text uses

All the examples are shown using EUC-JP as the encoding of interest, but they will work with any of the
many multiple-byte encodings commonly used for text processing, such as Unicode, Big-5, €tc.

Avoiding false matches

A false match is where the regular expression engine finds a match that begins in the middle of a
multiple-byte character sequence. We can get around the problem by carefully controlling the match,
ensuring that the pattern matching engine stays synchronized with the character boundaries at al times.

This can be done by anchoring the match to the start of the string, then manually bypassing characters
ourselves when the real match can't happen at the current location. With the EUC-JP example, the
"bypassing characters' partis/ (?: $eucj p) *?/ . $eucj p isour template to match any valid
character, and because it is applied viathe non-greedy * ?, it can match a character only when whatever
follows (presumably the desired real match) can't match. Here's areal example:

/™ (?: $eucjp )*? \xC5\xECQ\ xB5\ xFE/ox # Trying to find Tokyo

In the EUC-JP encoding, the Japanese word for Tokyo is written with two characters, the first encoded
by the two bytes\ x C5\ X EC, the second encoded by the two bytes\ xB5\ xFE. Asfar as Perl is
concerned, we're looking merely for the four-byte sequence\ x C5\ X EC\ x B5\ x FE, but because we use
(?: $eucj p) *? to move along the string only by characters of our target encoding, we know welll
stay in synch.

Don't forget to use the/ ox modifiers. The/ x modifier is especially crucial due to the whitespace used
in the encoding template $eucj p. The/ o modifier isfor efficiency, since we know $eucj p won't
change from use to use.

Usein areplacement is similar, but since the text leading to the real match is also part of the overal
match, we must capture it with parentheses, being sure to include it in the replacment text. Assuming that



$Tokyo and $Csaka have been set to the bytes sequences for their respective words in the EUC-JP
encoding, we could use the following to replace Osaka for Tokyo:

I~ ( (?:eucjp)*? ) $Tokyo/ $1$Csakal ox

If used with / g, we want to anchor the match to the end of the previous match, rather than to the start of
the string. That's as simple as changing * to\ G

ING ( (?:eucjp)*? ) $Tokyo/ $1$0Csakal gox
Splitting multiple-byte strings

Another common task isto split an input string into itsindividual charcters. With a
one-byte-per-character encoding, you can simply split / / , but with a multiple-byte encoding, we need
something like:

@hars = /$eucj p/ gox; # One character per |ist el enent

Now, @ har s contains one character per element. The following snippet shows how you might use this
to write afilter of some sort:
while (<>) {
ny @hars = /$eucj p/ gox; # One character per list el enment
for my $char (@hars) {
i f (length($char) == 1) {
# Do sonmething interesting with this one-byte character

} else {
# Do sonething interesting with this nultiple-byte character

}

}
ny $line = join("", @hars); # Aue list back together

print $line;
}

In the two "do something interesting” parts, any change to $char will be reflected in the output when
@ har s is glued back together.

Validating multiple-byte strings

Theuse of / $eucj p/ gox in thiskind of technique relies strongly on the input string indeed being
properly formatted in our target encoding, EUC-JP. If it's not, the template/ $eucj p/ won't be ableto
match, and bytes will be skipped.

One way to addressthisisto use/ \ Gbeucj p/ gox instead. This prohibits the pattern matching engine
from skipping bytesin order to find a match (since the use of \ Gindicates that any match must
immediately follow the previous match). Thisis still not a perfect approach, since it will simply stop
matching on ill-formatted input data.

A better approach to confirm that a string is valid with respect to an encoding is to use something like:
$is eucjp = m ~(?: $eucj p) *$/ xo;



If astring has only valid characters from start to end, you know the string asawholeisvalid.

There is one potential for a problem, and that's due to how the end-of-string metacharacter $ works: it
can be true at the end of the string (as we want), and also just before a newline at the end of the string.
That means you can still match sucessfully even if the newline is not avalid character in the encoding.
To get around this problem, you could use the more-complicated ( ?! \ n) $ instead of $.

Y ou can use the basic validation technique to detect which encoding is being used. For example,
Japanese is commonly encoded with either EUC-JP, or another encoding called Shift-JIS. If you've set up
the templates, as with $eucj p, you can do something like:

$is eucjp = m~(?: $eucj p) *$/ xo;

$is sjis m ~(7?: $sjis)*$/ xo;

If both are true, the text is likely ASCII (since, essentially, ASCII is a sub-component of both encodings).
(It's not quite fool-proof, though, since some strings with multi-byte characters might appear to be valid
in both encodings. In such a case, automatic detection becomes impossible, although one might use
character-frequency data to make an educated guess.)

Converting between encodings

Converting from one encoding to another can be as simple as an extension of the process-each-character
routine above. Conversions for some closely related encodings can be done by a simple mathematical
computation on the bytes, while others might require huge mapping tables. In either case, you insert the
code at the "do something interesting” points in the routine.

Here's an example to convert from EUC-JP to Unicode, using a%euc2uni hash as a mapping table:
while (<>) {
ny @hars = /$eucj p/ gox; # One character per |ist el enent
for nmy $euc (@hars) {
nmy $uni = $euc2uni {$char};
i f (defined $uni) {
$euc = $uni;
} else {
## deal w th unknown EUC->Uni code nappi ng here.

}
}
ny $line = join("", @hars);
print $line;

}

The topic of multiple-byte matching and processing is of particular importance when dealing with
Unicode, which has a variety of possible representations. UCS-2 and UCS-4 are fixed-length encodings.
UTF-8 defines a mixed one- through six-byte encoding. UTF-16, which represents the most common
instance of Unicode encoding, is avariable-length 16-bit encoding.



See Also

Jeffrey Friedl's articlein Issue 5 of The Perl Journal ; CIKV Information Processing by Ken Lunde;
O'Rellly & Associates, (due 1999)
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Previous: 6.18. Matching C_haw_ Next: 6.20. Matching
Multiple-Byte Characters Pattern Matching Abbreviations

6.19. Matching a Valid Mail Address

Problem

Y ou want to find a pattern that will verify the validity of a supplied mail address.

Solution

Thereisn't one. Y ou cannot do real-time validation of mail addresses. Y ou must pick from a number of
COMpPromises.

Discussion

The common patterns that people try to use for this are all quite incorrect. As an example, the address
fred&bar ney@t onehenge. comisvalid and deliverable (as of thiswriting), but most patterns that
allegedly match valid mail addresses fail miserably.

RFC-822 documents have aformal specification for what constitutes a syntactically valid mail address.
However, complete processing requires recursive parsing of nested comments, something that one single
regular expression cannot do. If you first strip off legal comments:

1 while $addr =~ s/\([*()]*\)//q;

Y ou could then in theory use the 6598-byte pattern given on the last page of Mastering Regular
Expressionsto test for RFC-conformance, but that's still not good enough, for three reasons.

First, not all RFC-valid address are deliverable. For example, f oo@ o0o0. f 00. f 0o. f oo isvaidin
form, but in practice is not deliverable. Some people try to do DNS lookups for M X records, even trying
to connect to the host handling that address's mail to check if it'svalid at that site. Thisis a poor approach
because most sites can't do a direct connect to any other site, and even if they could, mail receiving sites
increasingly either ignore the SMTP VRFY command or fib about its answer.

Second, some RFC-invalid addresses, in practice, are perfectly deliverable. For example, alone
post mast er isalmost certainly deliverable but doesn't pass RFC-822 muster. It doesn't have an @in it.

Thirdly and most important, just because the address happens to be both valid and deliverable doesn't
mean that it's the right one. pr esi dent @wi t ehouse. gov, for example, isvalid by the RFC and
deliverable. But it's very unlikely that would really be the mail address of the person submitting
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information to your CGlI script.

The script at http://www.perl.com/CPAN/authors/Tom_Christiansen/scripts/ckaddr.gz makes a valiant
(albeit provably imperfect) attempt at doing thisincorrectly. It jumps through many hoops, including the
RFC-822 regular expression from Mastering Regular Expressions, DNS MX record look-up, and stop
lists for naughty words and famous people. But thisis still avery weak approach.

Our best advice for verifying a person's mail address is to have them enter their address twice, just as you
would when changing a password. This usually weeds out typos. If both versions match, send mail to that
address with a personal message such as:

Dear soneuser @ost.com

Pl ease confirmthe mail address you gave us Wed May 6 09: 38:41

MDT 1998 by replying to this nmessage. Include the string

"Runpel stiltskin"” in that reply, but spelled in reverse; that is,
start with "Nik...". Once this is done, your confirnmed address w ||
be entered into our records.

If you get the message back and they've followed your directions, you can be reasonably assured that it's
real.

A related strategy that's less open to forgery isto give them aPIN (personal identification number).
Record the address and PIN (preferably arandom one) for later processing. In the mail you send, ask
them to include the PIN in their reply. If it bounces, or the message isincluded via a vacation script, it'll
be there anyway. So ask them to mail back the PIN glightly altered, such as with the characters reversed,
one added or subtracted to each digit, etc.

See Also

The "Matching an Email Address' section of Chapter 7 of Mastering Regular Expressions; Recipe 18.9
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6.20. Matching Abbreviations

Problem

Suppose you had alist of commands, suchas" send”,"abort","list",and"edi t". Theuser
types onein, but you don't want to make them type out the whole thing.

Solution

Y ou can use the following technique if the strings all start with different characters or if you want to
arrange the matches so one takes precedence over another, as™ SEND" has precedence over " STOP"
here:

chonp($answer = <>);

| f (" SEND" ~ /M Qbanswer/i) { print "Action is send\n" }

el sif ("STOP" ~ [\ @answer/i) { print "Action is stop\n" }

el sif ("ABORT" =~ /M @answer/i) { print "Action is abort\n" }
{ }
{ }

el sif ("LIST" ~ [ M\ Qbanswer /i) print "Action is list\n"
elsif ("ED T" ~ [ "\ @answer /i) print "Action is edit\n"

Or you can use the Text::Abbrev module:

use Text:: Abbrev;

$href = abbrev gw(send abort |ist edit);

for (print "Action: "; <>, print "Action: ") {
chonp;
ny $action = $Shref->{ lc($) };
print "Action is $action\n";

}
Discussion

The first technique switches the typical order of a match. Normally you have a variable on the left side of
the match and a known pattern on the right side. We might try to decide which action the user wanted us
to take by saying $answer =~/ *ABORT/ i , whichistrueif $answer beginswith the string

" ABORT" . It matches whether $answer has anything after " ABORT" , so " ABORT LATER" would still
match. Handling abbreviations generally requires quite a bit of ugliness: $answer =~
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I AA(B(Q(R(T)?)?)?) 2%/ i .

Comparetheclassic” vari abl e =~ pattern” with" ABORT" =~/ "\ Qbanswer/i.The\ Q
escapes any characters that would otherwise be treated as regular expression, so your program won't
blow up if the user enters an invalid pattern. When the user enters something like" ab" , the expanded
match becomes” ABORT" =~/ ~ab/ i after variable substitution and metagquoting. This matches.

The standard Text::Abbrev module takes a different approach. You giveit alist of words, and it returns a
reference to a hash whose keys are al unambiguous abbreviations and whose values are the fully
expanded strings. So if $hr ef were created as in the Solution example, $hr ef - >{ $var } would
return the string " abort ".

This technique is commonly used to call afunction based on the name of the string the user typesin. Do
this by using a symbolic reference, like:

$nanme = 'send';
&$name() ;

But that's scary, because it allows the user to run any function in our program, assuming they know its
name. It also runs afoul of that pesky use strict 'refs' pragma

Here's apartial program that creates a hash in which the key is the command name and the valueis a
reference to the function to call for that command:

# assunes that & nvoke editor, &deliver nessage,
# $file and $PACER are defined sonmewhere el se.
use Text:: Abbrev;
ny($href, %actions, $errors);
%ctions = (

"edit" => \& nvoke editor,

"send" => \&deliver nessage,

"list" => sub { systen($PAGER, $file) },

"abort" => sub {

print "See ya!\n";

exit;
}
" => sub {
print "Unknown command: $cnd\n";
$errors++;
|
);
$href = abbrev(keys %acti ons);
| ocal $_;
for (print "Action: "; <>, print "Action: ") {
s/ M s+//; # trimleading white space
s/\s+$//; # trimtrailing white space

next unless $ ;



$actions->{ $href->{ 1c($) } }->();
}

The last statement could have been written like thisif you're not into tight expressions or need practice
typing:
$abbrevi ati on
$expansi on
$coder ef
&$coderef () ;

lc($);
$hr ef - >{ $abbrevi ati on};
$act i ons- >{ $expansi on};

See Also

The documentation for the standard Text::Abbrev module (also in Chapter 7 of Programming Perl );
interpolation is explained in the "Scalar Value Constructors" section of perldata (1), and in the "String
literals" section of Chapter 2 of Programming Perl
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6.21. Program: urlify

This program puts HTML links around URLs in files. It doesn't work on all possible URLs, but does hit
the most common ones. It tries hard to avoid including end-of-sentence punctuation in the marked-up
URL.

Itisatypical Perl filter, so it can be used by feeding it input:
% gunzip -c ~/mail/archive.gz | urlify > archive.urlified

or by supplying files on the command line:
%urlify ~/mail/*.inbox > ~/allmail.urlified

The program is shown in Example 6.13.

Example 6.13: urlify

#! [ usr/ bi n/ perl
# urlify - wap HTM. |links around URL-|ike constructs

$urls = "(http|tel net|gopher|file|wais|ftp)';
$ltrs = "\w;
$gunk = '/ #~ . ?2+=9@\ - ' ;
$punc = "'.:?\-";
$any = "${ltrs}${gunk}${punc}”;
while (<>) {
s{
\b # start at word boundary
( # begin $1 {
$urls : # need resource and a col on
[ $any] +? # foll owed by on or nore
# of any valid character, but
# Dbe conservative and take only
# what you need to....
) # end $1 }
(?= # | ook- ahead non-consunptive assertion
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[ $punc] * # either O or nore punctuation

[ *$any] # followed by a non-url char
| # or else
$ # then end of the string
)
H <A HREF="$1">$1</ A>}i gox;
print;
}
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6.22. Program: tcgrep

This program is a Perl rewrite of the Unix grep program. Although it runs slower than C versions (especially the GNU
greps), it offers many more features.

Thefirst, and perhaps most important, feature is that it runs anywhere Perl does. Other enhancements are that it can
ignore anything that's not a plain text file, automatically expand compressed or gzip ped files, recurse down directories,
search complete paragraphs or user-defined records, look in younger files before older ones, and add underlining or
highlighting of matches. It also supports both the -c option to indicate a count of matching records as well as-C for a
count of matching patterns when there could be more than one per record.

This program uses gzcat or zcat to decompress compressed files, so this feature is unavailable on systems without these
programs and systems without the ability to run external programs (such as the Macintosh).

Run the program with no arguments for a usage message (see the usage subroutine in the following code). This
command line recursively and case-insensitively greps every filein ~/mail for mail messages from someone called
"kate", reporting the filenames that contained matches.

%tcgrep -ril '"~"From .*kate' ~/nmail

The program is shown in Example 6.14.

Example 6.14: tcgrep

#! /usr/bin/perl -w

# tcgrep: tomchristiansen's rewite of grep
# v1.0: Thu Sep 30 16:24:43 NMDT 1993

# v1.1: Fri Oct 1 08:33:43 MDT 1993

# v1.2: Fri Jul 26 13:37:02 CDT 1996

# v1.3: Sat Aug 30 14:21:47 CDT 1997

# v1.4: Mon May 18 16:17:48 EDT 1998

use strict;

# gl obal s
use vars qWm $Me $Errors $G and_Total $Mult % Conpress $Mat ches);

ny ($matcher, $opt); # matcher - anon. sub to check for matches
# opt - ref to hash w command |ine options

init(); # initialize globals
($opt, $matcher) = parse_args(); # get command |ine options and patterns

mat chfil e($opt, $matcher, @\RGV); # process files
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exit(2) if $Errors;
exit(0) if $G and_Tot al ;

exit(l);

HUR AN AR AR AR R S R R R R R R

sub init {
($Me = $0) =~ sl.*/11; # get basenane of program "tcgrep"
$Errors = $Grand_Total = O; # initialize global counters
smult = ""; # flag for multiple files in @GRGV
S = 1 # aut of | ush out put
%Conpress = ( # file extensions and program nanes
z => 'gzcat', # for unconpressing

gz => 'gzcat',

Z
),
}

=> 'zcat',

RHBRHBRHBRHARHBRHB ARG BHB R B HHBHARH

sub usage {
die

<<ECF

usage: $Me [flags] [files]

St andard grep options:

— =D T<XWOWSOOS -~

Speci al s:

qHoo o~~~ c TR

case insensitive

nunber |ines

gi ve count of |ines matching

ditto, but >1 match per |ine possible
wor d boundaries only

silent node

exact matches only

i nvert search sense (lines that DON T natch)
hi de fil enanes

expression (for exprs beginning with -)
file with expressions

list fil enames mat ching

1 match per file

hi ghl i ght mat ches

underl i ne mat ches

recursive on directories or dot if none
process directories in 'Is -t' order

par agr aph node (default: |ine node)

ditto, but specify separator, e.g. -P "%®\n'
all files, not just plain text files

qui et about failed file and dir opens

trace files as opened

May use a TCGREP environment variable to set default options.

EOF



}

HUHHHH U RHSRH SRR R A R H B H A BRI BRI HH

sub parse_args {

use Getopt:: Std;

ny ($optstring, $zeros, $nulls, %pt, $pattern, @atterns, $match_code);
ny ($SO $SE);

if ($_ = $ENV{TCGREP}) { # get envari abl e TCGREP
sINM([M-])1-%1/; # add leading - if mssing
unshi ft (@GARGY, $ ); # add TCGREP opt string to @RGV
}
$optstring = "incOasxvhe: f: | 1Hurt pP: aqT";
$zeros = 'i nCwxvhel ut'; # options to init to O (prevent warnings)
$nulls ="' pP; # options to init to "" (prevent warnings)

@pt{ split //, $zeros }
@pt{ split //, $nulls }

( 0) x length($zeros);
(""" ) x length($nulls);

get opt s($optstring, \%opt) or usage();
if ($opt{f}) { # -f patfile
open( PATFI LE, $opt{f}) or die gqq($Me: Can't open '$opt{f}': $!);

# make sure each pattern in file is valid
while ( defined($pattern = <PATFILE>) ) {
chonp $pattern;
eval { 'foo' =~ /$pattern/, 1} or
die "$Me: $opt{f}:$.: bad pattern: $@;
push @atterns, $pattern;

}
cl ose PATFI LE;
}
el se { # make sure pattern is valid
$pattern = Sopt{e} || shift( @GRGV) || usage();
eval { 'foo’ =~ /$pattern/, 1} or
die "$Me: bad pattern: $@;
@atterns = ($pattern);
}
if ($opt{H || $opt{u}) { # highlight or underline
ny $term= SENV{TERM || 'vt100';
nmy $termnal;
eval { # try to | ook up escapes for stand-out
require PQOSI X; # or underline via Term: Cap

use Term : Cap;

ny $term os = PCSI X:: Term os->new() ;



$term os->getattr;
ny $ospeed = $terni os->get ospeed;

$term nal = Tgetent Term: Cap { TERM=>undef, OSPEED=>$ospeed }

3
unl ess ($@ { # if successful, get escapes for either
| ocal $"W= 0; # stand-out (-H) or underlined (-u)
($SO, $SE) = $opt{H}
? ($termnal ->Tputs('so'), $term nal ->Tputs('se'))
($termnal ->Tputs('us'), $term nal ->Tputs('ue'));
}
el se { # 1f use of Term:Cap fails,
($SO, $SE) = $opt{H} # use tput conmand to get escapes
? ("tput -T $termsnso, ‘tput -T $termrnso’)
(“tput -T $termsmul >, “tput -T $termrmul )
}

}
if ($opt{i}) {

@atterns = map {"(?i)$ "} @atterns;
}

if (Sopt{p} || Sopt{P}) {
@atterns = map {"(?mM$_"} @atterns;

}
$opt { p} && ($/ ="");
$opt { P} && ($/ = eval (qq("Sopt{P}"))); # for -P'%BAN
$opt { w} &% (@atterns = map {'\b' . $ . '"\b'} @atterns);
$opt{'x'} && (@atterns = map {""$_\3$"} @atterns);
if (@RGV) {
sMult =1 if (Sopt{r} || (GARGY > 1) || -d $ARGV[0]) && ! $opt{h};
}
$opt { 1} += $Sopt{l}; # that's a one and an el

$Sopt { H} += $opt{u};
$opt {c} += $opt {C};
$opt{'s'} += $opt{c};
$opt {1} += $opt{'s'} && !$opt{c}; # that's a one

@GARGV = ($opt{r} ? '." : '"-") unless @GARGV
Sopt{r} =1 if !$opt{r} && grep(-d, @RGV) == @G\RGV

$mat ch_code
$mat ch_code .

'siudy;' if @atterns > 5; # mght speed things up a bit
foreach (@atterns) { s(/)(\\/)g }

if (Sopt{H) {
foreach $pattern (@atterns) {
$mat ch_code .= "\$Matches += s/ ($pattern)/ ${SCG\$1${SE}/g; ";
}



}

el sif ($opt{v}) {
foreach $pattern (@atterns) {
$mat ch_code .= "\$Matches += !/ S$pattern/;";
}

}
elsif ($opt{C}) {
foreach $pattern (@atterns) {

$mat ch_code .= "\$Mat ches++ while /$pattern/g;"
}
}
el se {
foreach $pattern (@atterns) {
$mat ch_code .= "\$Matches++ if /$pattern/;";
}
}
$mat cher = eval "sub { $match_code }";
dieif $@

return (\%opt, $matcher);

HUBRHBHHHRABRHB AR A BHB B HF B HA BRI RH

sub matchfile {

$opt = shift; # reference to option hash
$mat cher = shift; # reference to matching sub

ny ($file, @ist, $total, $nane);
| ocal ($);
$total = O;

FILE: while (defined ($file = shift(@))) {

if (-d $file) {
if (-1 $file & @RGV !'= 1) {
warn "$Me: \"$file\" is a symink to a directory\n"
if $opt->{T};
next Fl LE;

}
if (!'$opt->{r}) {
warn "$Me: \"$file\" is a directory, but no -r given\n"
if $opt->{T};
next FI LE;
}
unl ess (opendir(DIR, $file)) {
unl ess ($opt->{'q'}) {
warn "$Me: can't opendir $file: $!'\n";
SError s++;

}
next FI LE;



@ist = ();
for (readdir(DR)) {

push(@ist, "$file/$_") unless /" .{1,2}$%/;
}

closedir (D R);
if ($opt->{t}) {
my (@lates);
for (@ist) { push(@ates, -M }
@ist = @ist[sort { $dates[$a] <=> $dates[$b] } O..$#dates];

}
el se {
@ist = sort @i st;
mat chfil e($opt, $matcher, @ist); # process files
next FILE

}

if ($fileeq'-") {
warn "$Me: reading fromstdin\n" if -t STDIN && !$opt->{'q'};
$name = ' <STDI N>';

}
el se {
$name = $file;
unl ess (-e $file) {
warn qq($Me: file "$file" does not exist\n) unless $opt->{'q'};
$Error s++;
next FIl LE;
}
unless (-f $file || $opt->{a}) {
warn qq($Me: skipping non-plain file "$file"\n) if $opt->{T};
next FIl LE;
}
ny ($ext) = $file =~ /\.([*.]+)%/;
if (defined $ext && exists $Conpress{$ext}) {
$file = "$Conpress{$ext} <$file |"
}
elsif (! (-T $file || $opt->{a})) {
warn gq($Me: skipping binary file "$file"\n) if S$opt->{T};
next FI LE;
}
}

warn "$Me: checking $file\n" if $opt->{T},

unl ess (open(FILE, $file)) {
unl ess ($opt->{"q'}) {
warn "$Me: $file: $'\n";
$Error s++;

}
next FILE



$total = O;
$Mat ches = O;

LINE: while (<FILE>) {
$Mat ches = O;

HHHAH SRR RS
& $mat cher}(); # do it! (check for matches)
HHHHHHHH RS HHHH

next LI NE unl ess $Mat ches;

$total += $Matches;

if (Sopt->{p} || $opt->{P}) {
s/I\n{2,}$/\n/ if $opt->{p}:
chonp if $opt->{P};
}

print("$nanme\n"), next FILE if $opt->{1};

$opt->{"s'} || print $Mult && "$nane:",
$Opt_>{n} r) ll$.:ll Illl’
$_,
($opt->{p} || $opt->{P}) && ('-' x 20) . "\n";

next FILE if $opt->{1}; # that's a one
}
}
conti nue {
print $Mult && "$nanme:", $total, "\n" if Sopt->{c};
}
$G and_Total += $total;
}
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6.23. Regular Expression Grabbag

We have found these regular expressions useful or interesting.
Roman numbers

m Ant(d?c{0, 3} c[dn]) (I ?x{0, 3} | x[1c])(v?i{0,3}]i[vx])$%/i
Swap first two words

S/ (\S+) (\s+) (\ S+)/ $3%2%1/
Keyword = Value

m (\w+)\s*=\s*(.*)\s*$/ # keyword is $1, value is $2
Line of at least 80 characters

m . {80, }/
MM/DD/YY HH:MM:SS

m (\d+)/ (\d+)/ (\d+) (\d+):(\d+): (\d+)|
Changing directories

s(/usr/bin)(/usr/local/bin)g
Expanding %7E (hex) escapes

s/ %[ 0-9A-Fa-f][0-9A-Fa-f])/chr hex $1/ge
Deleting C comments (imperfectly)

s

{ [\ * # Match the opening delimter

Lx? # Match a m ni mal nunber of characters
\ */ # Match the closing delimter

} [19gsx;

Removing leading and trailing whitespace
s/ M s+l
s/\s+$//;

Turning \ followed by ninto areal newline
s/\\n/\n/g;
Removing package portion of fully qualified symbols
s/n *i ]
|P address
m ~A([01] 2\ d\d| 2[ 0-4]\d| 25[0-5])\. ([01] 2\ d\d| 2[ 0-4]\d| 25[ 0-5])\.
([01] A d\d| 2[ 0-4]\d| 25[0-5])\. ([O1] 2\ d\d| 2[ 0-4]\d| 25[ 0-5]) $/;
Removing leading path from filename
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s(™.*1) ()
Extracting columns setting from TERMCAP

$cols = ( ($EN{TERMCAP} || " ") =~ ml:co#(\d+):/ ) ? $1 : 80;
Removing directory components from program name and arguments
($nane = " $0 @RGV') =~'s, [\S+, ,g;

Checking your operating system

die "This isn't Linux" unless $°0O =~ nilinux/i;
Joining continuation lines in multiline string

s/\n\s+/ /g
Extracting all numbers from a string

@uns = ni (\d+\.?2\d*|\.\d+)/g;
Finding all-caps words

@apwords = nf (\b[ "\ Wa-z0-9 | +\b)/g;
Finding all-lowercase words

@owords = ml (\b["\ WA-Z0-9 ]+\b)/g;
Finding initial-caps word

@cwords = m (\b[ "\ WA-z0-9_ ][\ WA-Z0-9_ [ *\b)/;
Finding linksin simple HTML

@inks = m <A[">] +?HRER\ s*=\s*[ "' | 2(["" " >]+?)[ '"]?>/sig;
Finding middleinitial in $_

($initial) = MMNSHs+(\S\S*\s+\S 2?2 $1 : "";
Changing inch marks to quotes

s/"([~]1*)"/ "$1''/g
Extracting sentences (two spaces required)

(?2: \+\d\d?2\d? \s)?
\dvdid ([\s\-])

opti onal +country code
and area code

{ local & ="";
while (<>) {
s/\n/ /gq;
s/ {3,}/ [Ig;
push @entences, M (\S. *?[!?2.]1)(?= |\2/q;
}
}
YYYY-MM-DD
m (\d{4})-(\d\d)-(\d\d)/ # YYYY in $1, MMin $2, DD in $3
North American telephone numbers
m N
(7?:
1\s (?: \d\d\d \s)? # 1, or 1 and area code
| # . or ...
\(\d\d\d\) \s # area code with parens
| # . or
#
#



\d\d\d (\s|\1) # prefix (and area code separator)
\did\d\d # exchange
$
/ X
Exclamations
n \ boh\ s+ny\ s+gh?o(d(dess(es)?| s?)| odness|sh)\b/i
Extracting lines regardless of line terminator

push(@i nes, $1)
while ($input =~ s/~([A\012\015]*) (\012\015?|\015\012?)//);

Previous: 6.22. Program: Perl Next: 7. File
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7. File Access

Contents:
Introduction

Opening aFile

Opening Files with Unusual Filenames
Expanding Tildes in Filenames

Making Perl Report Filenamesin Errors

Creating Temporary Files

Storing Files Inside Y our Program Text

Writing a Filter

Modifying a Filein Place with Temporary File
Modifying aFilein Place with -i Switch
Modifying a Filein Place Without a Temporary File
Locking aFile

Flushing Output

Reading from Many Filehandles Without Blocking
Doing Non-Blocking 1/0

Determining the Number of Bytesto Read
Storing Filehandlesin Variables

Caching Open Output Filehandles

Printing to Many Filehandles Simultaneously
Opening and Closing File Descriptors by Number
Copying Filehandles

Program:_netlock

Program: lockarea

| the heir of all the ages, in the foremost files of time.

- Alfred, Lord Tennyson Locksley Hall
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7.0. Introduction

Nothing is more central to data processing than the file. Aswith everything else in Perl, easy things are easy
and hard things are possible. Common tasks (opening, reading data, writing data) use ssimple |/O functions and
operators, whereas fancier functions do hard things like non-blocking 1/0 and file locking.

This chapter deals with the mechanics of file access: opening afile, telling subroutines which files to work
with, locking files, and so on. Chapter 8, File Contents, deals with techniques for working with the contents of

afile: reading, writing, shuffling lines, and other operations you can do once you have access to thefile.

Here's Perl code for printing al lines in the file /usr/local/widgets/data that contain the word " bl ue" :

open( | NPUT, "< /[usr/local/w dgets/data")
or die "Couldn't open /usr/local/w dgets/data for reading: $'\n";

whil e (<I NPUT>) {
print if /blue/;
}

cl ose( 1 NPUT) ;

Getting a Handle on the File

Central to Perl'sfile accessisthe filehandle, like INPUT in the preceding program. Thisis a symbol you use to
represent the file when you read and write. Because filehandles aren't variables (they don't have a$, @ or %
type marker on their names - but they are part of Perl's symbol table just as subroutines and variables are),
storing filehandles in variables and passing them to subroutines won't always work. Y ou should use the
odd-looking * FH notation, indicating a typeglob, the basic unit of Perl's symbol table:

$var = *STDI N,
nysub($var, *LOGFI LE);

When you store filehandles in variables like this, you don't use them directly. They're called indirect
filehandles because they indirectly refer to the real filehandle. Two modules, 10::File (standard since 5.004)
and FileHandle (standard since 5.000), can create anonymous filehandles.

When we use |O::File or 10::Handle in our examples, you could obtain identical results by using FileHandle
instead, sinceit's now just awrapper module.

Here's how we'd writethe " bl ue" -finding program with the 10::File module using purely object-oriented
notation:

use O :File;

$input = 1O :File->new"< /usr/local/w dgets/data")
or die "Couldn't open /usr/local/w dgets/data for reading: $'\n";

while (defined($line = $input->getline())) {
chomp($line);
STDOUT->print($line) if $line =~ /bluel;
}

$i nput - >cl ose() ;



Asyou see, it's much more readable to use filehandles directly. It's also alot faster.

But here'salittle secret for you: you can skip all that arrow and method-call business altogether. Unlike most
objects, you don't actually have to use 10::File objects in an object-oriented way. They're essentially just
anonymous filehandles, so you can use them anywhere you'd use aregular indirect filehandle. Recipe 7.16

covers these modules and the * FH notation. We use both 10::File and symbolic filehandles in this chapter.

Standard FileHandles

Every program starts out with three global filehandles already opened: STDIN, STDOUT, and STDERR.
STDIN (standard input) is the default source of input, STDOUT (standard output) is the default destination
for output, and STDERR (standard error) is the default place to send warnings and errors. For interactive
programs, STDIN isthe keyboard, STDOUT and STDERR are the screen:

whil e (<STDI N>) { # reads from STDI N
unl ess (/\d/) {
warn "No digit found.\n"; # wites to STDERR
}
print "Read: ", $_; # wites to STDOUT
}
END { cl ose( STDOUT) or die "couldn't close STDOUT: $!'" }

Filehandles live in packages. That way, two packages can have filehandles with the same name and be
separate, just as they can with subroutines and variables. The open function associates a filehandle with afile
or program, after which you use that filehandle for I/0. When done, cl ose the filehandle to break the
association.

Files are accessed at the operating system through numeric file descriptors. Y ou can learn afilehandl€'s
descriptor number using thef i | eno function. Perl's filehandles are sufficient for most file operations, but
Recipe 7.19 tells you how to deal with the situation where you're given an file descriptor and want to turn it

into afilehandle you can use.

I/O Operations

Perl's most common operations for file interaction areopen, pri nt , <FH> to read arecord, and cl ose.
These are wrappers around routines from the C buffered input/output library called stdio. Perl's I/O functions
are documented in Chapter 3 of Programming Perl, perlfunc (1), and your system's stdio (3S) manpages. The

next chapter details 1/O operationslike <>, pri nt , seek, andtel | .

The most important 1/0 function is open. It takes two arguments, the filehandle and a string containing the
filename and access mode. To open /tmp/log for writing and to associate it with the filehandle LOGFI LE, say:

open(LOGFILE, "> /tnp/log") or die "Can't wite /tnp/log: $!'";

The three most common access modes are < for reading, > for overwriting, and >> for appending. The open
function is discussed in more detail in Recipe 7.1.

When opening afile or making virtually any other system call,[1] checking the return value is indispensable.
Not every open succeeds; not every fileisreadable; not every piece of datayou pri nt canreachits
destination. Most programmers check open, seek, t el | , and cl ose inrobust programs. Y ou might also
want to check other functions. The Perl documentation lists return values from all functions and operators. If a
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system call fails, it returnsundef , except for wai t ,wai t pi d ,andsyscal | , whichreturn - 1 on failure.
The system error message or number isavailable inthe $! variable. Thisis often usedindi e or war n

messages.

[1] The term system call denotes a call into your operating system. It is unrelated to the C and
Perl function that's actually named syst em

To read arecord in Perl, use the circumfix operator <FI LEHANDL E>, whose behavior is also available
through ther eadl i ne function. A record isnormally aline, but you can change the record terminator, as
detailed in Chapter 8. If FI LEHANDLE is omitted, Perl opens and reads from the filenames in GARGV or from

STDIN if there aren't any. Customary and curious uses of this are described in Recipe 7.7.

Abstractly, files are smply streams of bytes. Each filehandle has associated with it a number representing the
current byte position in thefile, returned by thet el | function and set by the seek function. In Recipe 7.10,

we rewrite afile without closing and reopening by using seek to move back to the start, rewinding it.

When you no longer have use for afilehandle, cl ose it. Thecl ose function takes asingle filehandle and
returns true if the filehandle could be successfully flushed and closed, false otherwise. Y ou don't need to
explicitly close every filehandle. When you open afilehandle that's already open, Perl implicitly closesit first.
When your program exits, any open filehandles also get closed.

These implicit closes are for convenience, not stability, because they don't tell you whether the system call
succeeded or failed. Not all closes succeed. Even acl ose on aread-only file can fail. For instance, you could
lose access to the device because of anetwork outage. It's even more important to check the cl ose if thefile
was opened for writing. Otherwise you wouldn't notice if the disk filled up.

cl ose( FH) or die "FH didn't close: $!'";

The prudent programmer even checksthe cl ose on standard output stream at the program's end, in case
STDOUT was redirected from the command line the output filesystem filled up. Admittedly, your run-time
system should take care of thisfor you, but it doesn't.

Checking standard error, though, is probably of dubious value. After all, if STDERR failsto close, what are
you planning to do about it?

STDOUT isthe default destination for output fromthe pri nt, pri ntf,andwr i t e functions. Change this
with sel ect , which takes the new default output filehandle and returns the previous one. The new output
filehandle should have been opened before calling sel ect :

$old fh = sel ect (LOGFI LE); # switch to LOGFI LE for output
print "Countdown initiated ...\n";
sel ect ($ol d_f h); # return to original output

print "You have 30 seconds to reach m ninum safety di stance.\n";

Some of Perl's special variables change the behavior of the currently selected output filehandle. Most
important is$| , which controls output buffering for each filehandle. Buffering is explained in Recipe 7.12.

Perl provides functions for buffered and unbuffered input and output. Although there are some exceptions, you
shouldn't mix calls to buffered and unbuffered I/O functions. The following table shows the two sets of
functions you should not mix. Functions on a particular row are only loosely associated; for instance,

sysr ead doesn't have the same semanticsas < >, but they are on the same row because they both read input
from afilehandle.



Action Buffered Unbuffered
opening open, sysopen sysopen
closing cl ose cl ose
input <FI LE>, readl i ne |[sysread
output pri nt syswite
repositioning (seek, tell sysseek

Repositioning is addressed in Chapter 8, but we also useit in Recipe 7.10.
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7.1. Opening a File

Problem

Y ou want to read or write to afilename from Perl.

Solution

Use open for convenience, sysopen for precision, or the 1O::File module to get an anonymous filehandle.
The open function takes two arguments: the filehandle to open and one string containing the filename and

special characters indicating how to open it (the mode):

open( SOURCE, "< $path")
or die "Couldn't open $path for reading: $'\n";

open(SINK, "> $path")
or die "Couldn't open $path for witing: $!'\n";

The sysopen function takes three or four arguments: filehandle, filename, mode, and an optional
permissions value. The mode is a number constructed from constants provided by the Fentl module:
use Fcntl;

sysopen( SOURCE, $path, O RDONLY)
or die "Couldn't open $path for reading: $'\n";

sysopen( SI NK, $path, O VWRONLY)
or die "Couldn't open $path for witing: $!'\n";

The 10O::File module's new method accepts both open and sysopen style arguments and returns an
anonymous filehandle. The new method al so accepts a mode in the style of fopen (3):
use 1O :File;

# like Perl's open
$fh = 1O :File->new("> $fil ename")
or die "Couldn't open $filenane for witing: $!'\n";

# like Perl's sysopen
$fh = 1O :File->new $fil enane, O WRONLY| O_CREAT)
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or die "Couldn't open $filenanme for witing: $'\n";

# li ke stdio's fopen(3)
$fh = 1O :File->new($fil ename, "r+")
or die "Couldn't open $filenane for read and wite: $!'\n";

Discussion

All input and output goes through filehandles, whether filehandles are mentioned or not. Filehandles aren't
exclusively connected to files - they're aso used to communicate with other programs (see Chapter 16,

Process Management and Communication) and for network communication (see Chapter 17, Sockets). The
open function can aso be used to manipulate file descriptors, discussed in Recipe 7.19.

The open function quickly and conveniently solves the problem of associating afilehandle with afile. It
permits a shorthand for common modes (reading, writing, reading and writing, appending) passed in with the
filename. It doesn't let you control the permission that files are created with or even whether files are created.
For this level of control, you need sysopen, which uses constants provided by the Fcntl module to control
individual settings like read, write, create, and truncate.

Most programmers meet open long before they meet sysopen. The following table shows how open
modes (the Filename column) correspond to sysopen constants (O _flags) and to the fopen (3) strings that

| O : Fi | e- >newcan take (Char). Read and Write indicate that the filehandle may be read from or written
to. Append means no matter where you are in the file, output goes to the end of the file (on most systems).
Create indicates whether the open statement creates afile if one having the given name doesn't already exist.
Trunc indicates open will clobber any existing data if the file already exists.

Filename |Read |Write |Append |Create | Trunc |O_flags Char
<file yes |no no no no RDONLY "r"
> file no yes [no yes yes WRONLY TRUNC CREAT "W
>> file no |yes |yes yes no WRONLY APPEND CREAT |"a"
+<file yes |yes |no no no RDWR "r+"
+>file yes |yes |no yes yes RDWR TRUNC CREAT A\
+>>file |yes |yes |yes yes no RDWR APPEND CREAT "a+"

Here's atip: you almost never want to use +> or +>>. The first clobbers your file before you can read it, and
the second one is confusing because your read pointer can be anywhere, but on many systems, the writer
aways jumps to the end of thefile.

The sysopen function takes three or four arguments:

sysopen( FI LEHANDLE, $nane, $fl ags) or die "Can't open $nanme : $!'";
sysopen( FI LEHANDLE, $nane, $flags, $perns) or die "Can't open $nanme : $!";

$nane isthe name of the file, without any < or + funny business. $f | ags isanumber, formed by ORing
together separate mode values for O_CREAT, O WRONLY, O _TRUNC, etc. The exact availability of O_*
constants depends on your operating system, so consult the online documentation for this (usually open (2),
but not always), or look in /usr/include/fentl.h. Common ones are:



O_RDONLY Read only
O WRONLY  [Writeonly

O _RDWR Read and write
O CREAT Create thefileif it doesn't exist
O EXCL Fail if thefile already exists

O _APPEND  [Append to thefile
O _TRUNC Truncate the file
O_NONBLOCK | Non-blocking access

Lesscommon O _* flags sometimes available include O_SHLOCK, O_EXLOCK, O_BI NARY, O _NOCTTY, and
O_SYNC. Consult your open (2) manpage or itslocal equivalent for details.

If you omit the $per s argument to sysopen, Perl uses the octal value 0666. These permissions values
need to be in octal and are modified by your process's current umask. A unask value is a number
representing disabled permissions bits - if your umask were 027 (group can't write; others can't read, write,
or execute), then passing sysopen 0666 would create a file with mode 0640 (mathematically: 0666 &~ 027
is 0640).

If umask seems confusing, here's some advice: supply a creation mode of 0666 for regular files and one of
0777 for directories and executable files. This gives users a choice: if they want protected files, they can
choose process umasks of 022, 027, or even the particularly antisocial mask of 077. Programs should rarely if
ever make policy decisions better |eft to the user. One exception is when writing files that should be kept
private: mail files, web browser cookies, .rhostsfiles, and so on. In short, seldom if ever use 0644 as argument
to sysopen because that takes away the user's option to have a more permissive umask.

Here are examples of open and sysopen in action.

To open file for reading:

open(FH, "< $path") or die $!;
sysopen(FH, $path, O RDONLY) or die $!;
To open file for writing, create new file if needed, or else truncate old file:

open(FH, "> $path") or die $!;
sysopen(FH, $path, O WRONLY| O TRUNC| O CREAT) or die $!;

sysopen(FH, $path, O WRONLY| O TRUNC| O CREAT, 0600) or die $!;

To open file for writing, create new file, file must not exist:

sysopen(FH, $path, O WRONLY| O EXCL| O _CREAT) or die $!;
sysopen(FH, $path, O WRONLY| O EXCL| O CREAT, 0600) or die $!;
To open file for appending, create if necessary:

open(FH, ">> $path") or die $!;
sysopen( FH, $path, O WRONLY| O APPEND| O CREAT) or die $!;

sysopen(FH, $path, O WRONLY| O APPEND| O CREAT, 0600) or die $!;



To open file for appending, file must exist:

sysopen( FH, $path, O WRONLY| O APPEND) or die $!;
To open file for update, file must exist:

open(FH, "+< $path") or die $!;
sysopen(FH, $path, O RDWR) or die $!;
To open file for update, create file if necessary:

sysopen( FH, $path, O RDWR| O CREAT) or die $!;
sysopen( FH, $path, O RDWR| O CREAT, 0600) or die $!;
To open file for update, file must not exist:

sysopen(FH, $path, O RDWR O EXCL| O _CREAT) or die $!;
sysopen( FH, $path, O RDWR| O EXCL| O CREAT, 0600) or die $!;

We demonstrate using a creation mask of 0600 here only to show how to create a private file. The argument is
normally omitted.

See Also

Theopen, sysopen, and umask functionsin perlfunc (1) and Chapter 3 of Programming Perl; the
documentation for the standard 1O::File and Fcntl modules (also in Chapter 7 of Programming Perl); your
system's open (2), fopen (3), and umask (2) manpages; Recipe 7.2
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7.2. Opening Files with Unusual Filenames

Problem

Y ou want to open afile with afunny filename, like" - " or one that startswith <, >, or | , has leading or trailing
whitespace; or endswith | . Y ou don't want these to trigger open's do-what-1-mean behavior, since in this case,
that's not what you mean.

Solution

Useopen likethis:

$filename =~ s#"(\s)#. /$1#,

open( HANDLE, "< $fil enane\0") or die "cannot open $filenane : $!'\n";
Or simply usesysopen:

sysopen( HANDLE, $fil enanme, O RDONLY) or die "cannot open $filenane: $!'\n";

Discussion

The open function uses a single string to determine both the filename and the mode - the way thefileisto be
opened. If your filename begins with the characters used to indicate the mode, open can easily do something
unexpected. Imagine the following code:

$filenane = shift @\RGV;
open( I NPUT, $fil ename) or die "Couldn't open $filenane : $'\n";
If the user gave" >/ et ¢/ passwd” asthe filename on the command line, this code would attempt to open
/etc/passwd for writing - definitely unsafe! We can try to give an explicit mode, say for writing:
open( QUTPUT, ">%$fil enane")

or die "Couldn't open $filenane for witing: $'\n";

but even thiswould let the user give afilename of " >dat a" and the code would append to the file dat a instead
of erasing the old contents.

The easiest solution issysopen, which takes the mode and filename as separate arguments:
use Fcntl; # for file constants

sysopen( QUTPUT, $fil ename, O WRONLY| O_TRUNC)
or die "Can't open $filenane for witing: $'\n";

To get the same effect with open requires chicanery if the filename has leading or trailing whitespace:
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$file =~ s#(\s)#. /| $1#,;
open( QUTPUT, "> $file\0")
or die "Couldn't open $file for OQUTPUT : $!\n";

The substitution protectsinitial whitespace (this cannot occur in fully specified filenameslike" / et ¢/ passwd”,
but only in relative filenames like" passwd"). The NULL byte ("\ 0") isn't considered part of the filename by
open, but it does prevent any trailing whitespace from being ignored.

The magic way open interprets filenames is nearly always a good thing. Y ou never have to use the specia case of
"-" to mean standard input or output. If you write afilter and use asimple open, userscan pass" gzi p - dc
bi bl e. gz| " asafilename, and your filter will automatically run the decoding program.

It's only those programs that run under special privilege that should worry about security with open. When
designing programs that will be run on someone else's behalf, like setuid programs or CGI scripts, the prudent
programmer always considers whether the user can supply their own filename and thereby cajole what would
otherwise appear to be anormal open used for simple reading into overwriting afile or even running another
program. Perl's-T command-line flag to enable taint-checking would take care of this.

See Also

The open and sysopen functionsin perlfunc (1) and Chapter 3 of Programming Perl; Recipe 7.1; Recipe 7.7;
Recipe 16.2; Recipe 19.4; Recipe 19.6
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7.3. Expanding Tildes in Filenames

Problem

Y ou want to open filenames like ~username/blah, but open doesn't interpret the tilde to mean a home
directory.

Solution

Expand the filename manually with a substitution:
$filename =~ s{ ~ ~ ( [M]* ) }
{ $1

? (getpwnan($1)) [ 7]
© ( $ENV{ HOVE} || $ENV{LOGDI R}

) || (getpwuid($>))[7]
}ex;
Discussion

The uses of tilde that we want to catch are:

~user
~user/ bl ah

-~

~/ bl ah
If no name follows the ~, the current user's home directory is used.

This substitution uses/ e to evaluate the replacement as Perl code. If a username follows thetilde, it's
stored in $1, which get pwnamuses to extract the user's home directory out of the return list. This
directory becomes the replacement string. If the tilde was not followed by a username, substitute in either
the current HOVE environment variable or the LOGDI R one. If neither of those environment variablesis
valid, look up the effective user ID's home directory.
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See Also

Y our system's getpwnam (2) manpage; the get pwnamfunction in perlfunc (1) and Chapter 3 of
Programming Perl; Recipe 9.6

Previous: 7.2. Opening Files Perl Next: 7.4. Making Perl Report
with Unusual Filenames Cookbook Filenames in Errors

7.2. Opening Files with Book 7.4. Making Perl Report

Unusua Filenames Index Filenamesin Errors

[ Library Home | Perl in a Nutshell | Learning Perl | Learning Perl on Win32 | Programming Perl | Advanced Perl
Programming | Perl Cookbook ]



file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/ch03_01.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/perlnut/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/learn/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/learn32/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/advprog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/advprog/index.htm

Perl Cookbook

Previous: 7.3. Expanding Chapter 7 Next: 7.5. Creating
Tildes in Filenames File Access Temporary Files

7.4. Making Perl Report Filenames in Errors

Problem

Y our program works with files, but Perl's errors and warnings only report the last used filehandle, not the name of
thefile.

Solution

Use the filename as the filehandle:

open($path, "< $path")
or die "Couldn't open $path for reading : $!'\n";

Discussion
Ordinarily, error messages say:
Argunment "3\n" isn't nuneric in multiply at tallyweb |line 16, <LOG> chunk 17.

The filehandle LOG doesn't help much because you don't know which file the handle was connected to. By using
the filename itself asindirect filehandle, Perl produces more informative errors and warnings.
Argunment "3\n" isn't nuneric in multiply at tallyweb

line 16, </usr/local/datal/nylog3.dat> chunk 17.

Unfortunately, this doesn't work with st ri ct r ef s turned on because the variable $pat h doesn't really have a
filehandleinit, but just a string that sometimes behaves as one. The chunk mentioned in warnings and error
messages is the current value of the $. variable.

See Also

Recipe 7.1; the open function in perlfunc (1) and Chapter 3 of Programming Per|
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7.5. Creating Temporary Files

Problem

Y ou need to create atemporary file and have it automatically deleted when your program exits. For instance,
you want to write atemporary configuration file to feed a program you launch. In this case, you want to know
the temporary file's name to tell the utility program. In other cases, you may just want atemporary file to write
to and read from, and don't need to know its filename.

Solution

If you don't need to know the file's name, use the new_t npf i | e class method from the 10::File module to get
afilehandle opened for reading and writing:

use IO :File;

$fh = 1O :File->new tnpfile
or die "Unable to nake new tenporary file: $!'";

If you need to know the file's name, use the t npnamfunction from the POSI X module to get a filename that
you then open yourself:

use 1O :File;
use POSI X gw(t npnam ;

# try new tenporary filenanes until we get one that didn't already exi st
do { $nane = tnpnan() }
until $fh = 1O :File->new($nane, O RDWR O CREAT| O EXCL);

# install atexit-style handler so that when we exit or die,
# we automatically delete this tenporary file
END { unlink($nane) or die "Couldn't unlink $nane : $!'" }

# now go on to use the file ...

Discussion

If you only need scratch space, the 10::File module'snew t npfi | e class method returns afilehandle
connected to atemporary file that's been opened read-write by using the following code:

for (;;) {
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$nanme = tnpnam();

sysopen( TMP, $tnmpnam O RDWR | O CREAT | O EXCL) && | ast;
}
unl i nk $t npnam

Thisfile will be automatically deleted when your program finally exits or thefileis closed. Y ou cannot find its
name to tell another process, because it doesn't have aname. In fact, on systems that support such semantics, the
filename was already deleted before the method returned. A child process could inherit the open file descriptor,
however.[2]

[2] But you'd better set $"Fto at least f i | eno( $f h) before you exec anything.

Thisshowsnew _t npfi | e in action. We create atemporary file, write to it, rewind, and print what we wrote:
use 1G:File;

$fh = 1G:File->new tnpfile or die "IO:File->new tnpfile: $!'";
$f h- >aut of | ush(1);

print $fh "$i\n" while $i ++ < 10;

seek($fh, 0, 0) or die "seek: $!";

print "Tnp file has: ", <$fh>;

The second solution gets atemporary file whose name you can give to another process. We use the

POSI X: : t mpnamfunction, open the file ourselves, and delete it when we're done. We don't test whether afile
of that name exists before opening it because that would introduce a race condition - someone might create the
file between our checking whether it exists and our creating the file.[3] Instead, we wrap t npnamin aloop to
make sure we get anew file and don't accidentally clobber someone else's. Two processes shouldn't get the
same filename from new _t npfi | e, intheory.

[3] Race conditions are explained in Recipe 19.4.

See Also

The documentation for the standard 1O::File and POSI X modules (also in Chapter 7 of Programming Perl);
Recipe 7.19; your system's tmpnam (3) manpage
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Previous: 7.5. Creating Chapter 7 Next: 7.7.
Temporary Files File Access Writing a Filter

7.6. Storing Files Inside Your Program Text

Problem

Y ou have data that you want to bundle with your program and treat as though it were in afile, but you don't
want it to be in adifferent file.

Solution

Usethe  DATA or _ END _tokensafter your program code to mark the start of a data block, which
can be read inside your program or module from the DATA filehandle.

Use DATA _ within amodule:

whil e (<DATA>) {
# process the line
}

__DATA
# your data goes here

Similarly, use __END__ within the main program file:
whil e (<mai n:: DATA>) {
# process the line
}
END

ﬁ_your__dat a goes here

Discussion

__DATA _and __END__ indicatethelogical end of a module or script before the physical end of fileis
reached. Text after _ DATA _or __ END_ _ can beread through the per-package DATA filehandle. For
example, take the hypothetical module Primes. Text after _ DATA __ in Primes.pm can be read from the
Pri mes: : DATAfilehandle.

__END__ behavesasasynonymfor __ DATA _ inthemain package. Text after _ END__ tokensin
modulesisinaccessible.

This lets you write self-contained programs that would ordinarily keep data kept in separate files. Often this
Is used for documentation. Sometimes it's configuration data or old test data that the program was originally
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developed with, left lying about in case it ever needs to be recreated.

Another trick isto use DATA to find out the current program's or modul€e's size or last modification date. On
most systems, the $0 variable will contain the full pathname to your running script. On systems where $0 is
not correct, you could try the DATA filehandle instead. This can be used to pull in the size, modification
date, etc. Put aspecial token _ DATA _ at the end of the file (and maybe a warning not to delete it), and the
DATA filehandle will be to the script itself.

use POSI X gw(strftine);

$raw time = (stat(DATA))[9];
$si ze = -s DATA;
$kilosize = int($size / 1024) . 'k';

print "<P>Script size is $kil osize\n";

print strftinme("<P>Last script update: % (%)\n", localtine($raw tine));
_ DATA

DO NOT REMOVE THE PRECEDI NG LI NE.

Everything else in this file will be ignored.

See Also

The"Scalar Vaue Constructors" section of perldata (1), and the "Other literal tokens' section of Chapter 2
of Programming Perl
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Previous: 7.6. Storing Files C?h ter 7 Next: 7.8. Modifying a File in
Inside Your Program Text File Access Place with Temporary File

7.7. Writing a Filter

Problem

Y ou want to write a program that takes alist of filenames on the command line and reads from STDIN if
no filenames were given. You'd like the user to be able to givethefile" - " toindicate STDIN or
"soneprogram| " toindicate the output of another program. Y ou might want your program to modify
the filesin place or to produce output based on itsinpuit.

Solution

Read lines with <>:
while (<>) {

# do sonmething with the line
}

Iscussion

When you say:
while (<>) {
# ...

}

Perl trandates this into:[4]

[4] Except that the code written here won't work because ARGV has internal magic.
unshift (@RGY, '-') unless @RGY,
while ($ARGY = shift @ARGY) {
unl ess (open( ARGV, $ARGV)) {
warn "Can't open $ARGV: $!'\n";

next ;

¥

while (defined($_ = <ARGV>)) {
# ...

}
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}

Y ou can access ARGV and $ARGV inside the loop to read more from the filehandle or to find the
filename currently being processed. Let's ook at how this works.

Behavior

If the user supplies no arguments, Perl sets @GARGV to asingle string, " - " . Thisis shorthand for STDIN
when opened for reading and STDOUT when opened for writing. It's also what | ets the user of your
program specify " - " as afilename on the command line to read from STDIN.

Next, the file processing loop removes one argument at a time from @A\RGV and copies the filename into
the global variable $ARGV. If the file cannot be opened, Perl goes on to the next one. Otherwise, it
processes aline at atime. When the file runs out, the loop goes back and opens the next one, repeating
the process until @GARGV is exhausted.

The open statement didn't say open( ARGV, " < $ARGV") . There's no extra greater- than symbol
supplied. Thisalowsfor interesting effects, like passing the string” gzi p-dc file. gz | " asan
argument, to make your program read the output of the command " gzi p-dc fil e. gz". SeeRecipe
16.6 for more about this use of magic open.

Y ou can change @ARGV before or inside the loop. Let's say you don't want the default behavior of
reading from STDIN if there aren't any arguments - you want it to default to all the C or C++ source and
header files. Insert thisline before you start processing <ARGV>:

@ARGV = glob("*.[Cch]") unl ess @RGV,

Process options before the loop, either with one of the Getopt libraries described in Chapter 15, User
| nterfaces, or manually:

# arg denp 1: Process optional -c flag
i f (@GARGV && $ARGV[ 0] eq '-c¢') {
$chop_first++;
shift;
}

# arg deno 2: Process optional -NUMBER fl ag
i f (@GARGV && $ARGV[ 0] =~ /~-(\d+)$/) {

$col ums = $1;

shift;
}

# arg deno 3: Process clustering -a, -i, -n, or -u flags
while (@RGY && $ARGV[O] =~ /"-(.+)/ && (shift, ($_ = $1), 1)) {
next if /7$/;

s/all && (++$append, redo) ;
slill && (++$ignore_ints, redo);
s/n/l && (++$nostdout, redo) ;

s/ull && (++$unbuffer, redo) ;



die "usage: $0 [-ainu] [filenames] ...\n";

}

Other than itsimplicit looping over command-line arguments, <> is not special. The special variables
controlling I/0O still apply; see Chapter 8 for more on them. You can set $/ to set the line terminator, and
$. contains the current line (record) number. If you undefine $/ , you don't get the concatenated contents
of all files at once; you get one complete file each time:

undef $/;

while (<>) {
# $ now has the conplete contents of
# the file whose nane is in $ARGV

}
If you localize $/ , the old value is automatically restored when the enclosing block exits:
{ # create bl ock for |ocal
| ocal $/; # record separator now undef
while (<>) {
# do sonething; called functions still have
# undeffed version of $/
}
} # $/ restored here

Because processing <ARGV> never explicitly closes filehandles, the record number in $. isnot reset. If
you don't like that, you can explicitly close the file yourself to reset $. :
while (<>) {
print "$ARGV:$.:$_";
cl ose ARGV if eof;
}

The eof functi on defaultsto checking the end of file status of the last file read. Since the last handle
read was ARGV, eof reports whether we're at the end of the current file. If so, we close it and reset the
$. variable. On the other hand, the specia notation eof () with parentheses but no argument checks if
we've reached the end of all filesin the <ARGV> processing.

Command-line options

Perl has command-line options, -n, -p, and -i, to make writing filters and one-liners easier.

The -n option adds thewhi | e ( <>) loop around your program text. It's normally used for filters like
grep or programs that summarize the data they read. The program is shown in Example 7.1.

Example 7.1: findloginl

#! [ usr/ bi n/ perl
# findloginl - print all lines containing the string "login"
while (<>) {# |oop over files on conmmand |ine

print if /login/;



}
The program in Example 7.1 could be written as shown in Example 7.2.

Example 7.2: findlogin2

#!/usr/bin/perl -n
# findlogin2 - print all lines containing the string "login"
print if /login/;

Y ou can combine the -n and -e options to run Perl code from the command line:
% perl -ne '"print if /login/'

The-p optionislike-n but it addsapr i nt at theend of the loop. It's normally used for programs that
translate their input. This program is shown in Example 7.3.

Example 7.3: lowercasel

#! [ usr/ bi n/ perl
# lowercase - turn all lines into | owercase

use | ocal e;

while (<>) { # | oop over lines on conmand |ine
s/ ([MNWD-9 ])/\I1$1/qg; # change all letters to | owercase

print;

}

The program in Example 7.3 could be written as shown in Example 7.4.

Example 7.4: lowercase2

#!/usr/bin/perl -p

# lowercase - turn all lines into | owercase

use | ocal e;

s/ ([M\WD-9 1)/\I1$1/g;# change all letters to | owercase

Or written from the command line as:
% perl -Mocale -pe "s/(["\W-9 ])/\IS$1/ g

While using -n or -p for implicit input looping, the special label LI NE: issilently created for the whole
input loop. That means that from an inner loop, you can go on the following input record by using next
LI NE (thisislike awk 'snext ). Go on to the file by closing ARGV (thisislikeawk 'snextfi | e).
Thisis shown in Example 7.5.

Example 7.5: countchunks

#!/usr/bin/perl -n
# countchunks - count how nmany words are used.



# skip coments, and bail on file if _ END
# or __ DATA _ seen.
for (split /\W/) {
next LINE if /" #/;
close ARGV if |/ __(DATA| END) _ /,;
$chunks++;

}
END { print "Found $chunks chunks\n" }

The tcsh keegps a .history filein aformat such that every other line contains a commented out timestamp
in Epoch seconds:

#+0894382237

|l ess /etc/notd
#+0894382239
vi ~/.exrc
#+0894382242
dat e
#+0894382242
who
#+0894382288
tel net hone

A simple one-liner can render that legible:

% perl -pe "s/*\ +(\d+)\n/localtinme($1l) . " "/e
Tue May 5 09:30:37 1998 | ess /etc/notd

Tue May 5 09:30:39 1998 vi ~/.exrc

Tue May 5 09:30:42 1998 dat e

Tue May 5 09:30:42 1998 who

Tue May 5 09:31:28 1998 tel net hone

The -i option changes each file on the command line. It is described in Recipe 7.9, and isnormally used
in conjunction with -p.

You haveto say use | ocal e to handle current character set.

See Also

perlrun (1), and the "Switches' section of Chapter 6 of Programming Perl; Recipe 7.9; Recipe 16.6
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Previous: 7.7. Qha ter 7 Next: 7.9. Modifying a File in
Writing a Filter File Access Place with -i Switch

7.8. Modifying a File in Place with Temporary File

Problem

Y ou need to update afile in place, and you can use atemporary file.

Solution

Read from the original file, write changes to atemporary file, and then rename the temporary back to the
original:
open(CLD, "< $ol d") or die "can't open $old: $!";
open(NEW "> $new') or die "can't open $new. $!";
while (<OLD>) {
# change $_, then...

print NEWS$ or die "can't wite $new. $!'";
}
cl ose(OLD) or die "can't close $old: $!'";
cl ose( NEW or die "can't close $new $!'";
rename($ol d, "$ol d.orig") or die "can't rename $old to $old.orig: $!";
rename( $new, $ol d) or die "can't renane $new to $old: $'";

Thisisthe best way to update afile "in place.”

Discussion

This technique uses little memory compared to the approach that doesn't use atemporary file. It hasthe
added advantages of giving you a backup file and being easier and safer to program.

Y ou can make the same changes to the file using this technique that you can with the version that uses no
temporary file. For instance, to insert lines at line 20:

while (<OLD>) {
i f ($. == 20) {
print NEW"Extra line 1\n";
print NEW"Extra |line 2\n";

}
print NEWS$_;
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}

Or delete lines 20 through 30:

while (<OLD>) {
next if 20 .. 30;
print NEW$_;

}

Note that r enane won't work across filesystems, so you should create your temporary file in the same
directory asthe file being modified.

The truly paranoid programmer would lock the file during the update.

See Also

Recipe 7.1; Recipe 7.9; Recipe 7.10

Previous: 7.7. Perl Next: 7.9. Modifying a File in
Writing a Filter Cookbook Place with -i Switch
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[ Library Home | Perl in a Nutshell | Learning Perl | Learning Perl on Win32 | Programming Perl | Advanced Perl
Programming | Perl Cookbook ]



file:///D|/Cool Stuff/old/ftp/perl/arbeit/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/perlnut/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/learn/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/learn32/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/advprog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/advprog/index.htm

Perl Cookbook

Previous: 7.8. Modifying a C?h ter 7 Next: 7.10. Modifying a File in
File in Place with Temporary File Access Place Without a Temporary
File File

7.9. Modifying a File in Place with -1 Switch

Problem

Y ou need to modify afilein place from the command line, and you're too lazy[5] for thefile
manipulation of Recipe 7.8.

[5] Lazy-as-virtue, not lazy-as-sin.
Solution

Use the -i and -p switchesto Perl. Write your program on the command line:
% perl -i.orig -p -e 'FILTER COWAND filel file2 file3 ...

Or use the switches in programs:

#!/usr/bin/perl -i.orig -p
# filter conmands go here

Discussion

The -i command-line switch modifies each file in place. It creates atemporary file asin the previous
recipe, but Perl takes care of the tedious file manipulation for you. Use it with -p (explained in Recipe

7.7) to turn:
% perl -pi.orig -e 's/DATE/ Il ocal tine/e’

into:
while (<>) {
if ($ARGV ne $ol dargv) { # are we at the next file?
renane( $ARGY, $ARGY . '.orig');
open( ARGVOUT, ">$ARGV"); # plus error check
sel ect (ARGVQOUT) ;
$ol dargv = $ARGV;

}
s/ DATE/ | ocal ti ne/ e;
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}

conti nue{
print;
}

sel ect (STDOUT); # restore default output

The -i switch takes care of making abackup (say - i instead of - i . ori g to discard the original file
contents instead of backing them up), and -p makes Perl loop over filenames given on the command line
(or STDIN if no files were given).

The preceding one-liner would turn afile containing the following:

Dear Sir/ Madam Ravenous Beast,

As of DATE, our records show your account
is overdue. Please settle by the end of the nonth.
Yours in cheerful usury,

--A. Moneyl ender

into:
Dear Sir/Madam Ravenous Beast,
As of Sat Apr 25 12:28:33 1998, our records show your account
I s overdue. Please settle by the end of the nonth.
Yours in cheerful usury,
--A. Moneyl ender

This switch makes in-place translators alot easier to write and to read. For instance, this changes isolated
instancesof " hi svar" to" hervar" inal C, C++, and yacc files:

% perl -i.old -pe '"s{\bhisvar\b}{hervar}g' *.[Cchy]

Turn on and off the -i behavior with the special variable $1 . Set @GARGV, and then use <> as you would
with -i on the command line:

# set up to iterate over the *.c files in the current directory,
# editing in place and saving the old file with a .orig extension

| ocal $"I ='.orig; # emulate -i.orig
| ocal @\RGV = glob("*.c"); # initialize list of files
while (<>) {

if ($. ==1) {

print "This |ine should appear at the top of each file\n";

}

s/\b(p)earl\b/${1}erl/ig; # Correct typos, preserving case

print;

} continue {close ARGV if eof}

Beware that creating a backup file under a particular name when that name already exists clobbers the
previously backed up version.



See Also

perlrun (1), and the "Switches' section of Chapter 6 of Programming Perl; the $M1 and $. variablesin
perlvar (1), and inthe "Specia Variables' section of Chapter 2 of Programming Perl; the. . operator in
the "Range Operator" sections of perlop (1) and Chapter 2 of Programming Perl
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Previous: 7.9. Modifying a Qha ter 7 Next: 7.11.
File in Place with -i Switch File Access Locking a File

7.10. Modifying a File in Place Without a Temporary
File

Problem

Y ou need to insert, delete, or change one or more linesin afile, and you don't want to (or can't) use a
temporary file.

Solution

Open the file in update mode (" +<" ), read the whole file into an array of lines, change the array, then
rewrite the file and truncate it to its current seek pointer.

open(FH, "+< FILE") or die "Opening: $!";

@A\RRAY = <FH>;

# change ARRAY here

seek(FH, 0, 0) or die "Seeking: $!";
print FH @ARRAY or die "Printing: $'";
truncate(FH tel |l (FH)) or die "Truncating: $'";
cl ose( FH) or die "dosing: $'";
Discussion

As explained in the Introduction, the operating system treats files as unstructured streams of bytes. This
makes it impossible to insert, modify, or change bits of the file in place. (Except for the special case of
fixed-record-length files, discussed in Recipe 8.13.) Y ou can use atemporary file to hold the changed

output, or you can read the entire file into memory, change it, and write it back out again.

Reading everything into memory works for small files, but it doesn't scale well. Trying it on your 800 MB
web server log fileswill either deplete your virtual memory or thrash your machine's VM system. For small
files, though, this works:
open(F, "+< $infile") or die "can't read $infile: $!'";
$Sout = '";
while (<F>) {

s/ DATE/ | ocal ti ne/ eq;

$out .= $ ;
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}

seek(F, 0, 0) or die "can't seek to start of S$infile: $!I'";
print F $out or die "can't print to $infile: $'";
truncate(F, tell (F)) or die "can't truncate $infile: $!'";

cl ose(F) or die "can't close $infile: $'";

For other examples of the things you can do in-place, look at the recipesin Chapter 8.

This approach isfor the truly determined. It's harder to write, takes more memory (potentially alot more),
doesn't keep a backup file, and may confuse other processes trying to read from the file you're updating.
For most purposes, therefore, we suggest it's probably not worth it.

Remember to lock if you're paranoid.

See Also

Theseek, truncat e, open, sysopen functionsin perlfunc (1) and in Chapter 3 of Programming Perl;
Recipe 7.8; Recipe 7.9
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7.11. Locking a File

Problem

Many processes need to update the same file simultaneously.

Solution

Have all processes honor advisory locking by using f | ock:

open(FH, "+< $path") or die "can't open $path: $!'";
flock(FH, 2) or die "can't flock $path: $!'";
# update file, then...

cl ose(FH) or die "can't close $path: $!";
Discussion

Operating systems vary greatly in the type and reliability of locking techniques available. Perl tries hard to
give you something that works, even if your operating system uses its own underlying technique. Thef | ock
function takes two arguments: afilehandle and a number representing what to do with the lock on that
filehandle. The numbers are normally represented by names like LOCK _EX, which you can get from the Fentl
or 10::File modules.

The LOCK_SH, LOCK_EX, LOCK_UN, and LOCK _NB symbolic values were not available in the Fentl
module before the 5.004 release, and even now they are available only if you ask for them specifically using
the: f | ock tag. Their valuesare 1, 2, 4, and 8 respectively, which you may supply yourself instead of using
the symbolic constants. Y ou'll therefore often see people write:

sub LOCK SH() { 1} # Shared | ock (for reading)

sub LOCK EX() { 2} # Exclusive lock (for witing)

sub LOCK NB() { 4} # Non-bl ocking request (don't stall)
sub LOCK UN() { 8 } # Free the lock (careful!)

Locks come in two varieties: shared and exclusive. Despite what you might infer by "exclusive," processes
aren't required to obey locks on files. Another way of saying thisisthat f | ock implements advisory locking.
It allows processes to let the operating system suspend would-be writers of afile until any readers are finished
withit.

Flocking filesislike putting up a stoplight at an intersection. It works only if people pay attention to whether


file:///D|/Cool Stuff/old/ftp/perl/arbeit/search/csrch.htm

thelight isred or green - or yellow in the case of a shared lock. The red light doesn't stop traffic; it merely
signals that traffic should stop. A desperate, ignorant, or rude person will still go flying through the
intersection no matter what the light says. Likewise, f | ock only blocks out other flockers - not processes
trying to do 1/0. Unless everyone is polite, accidents can (and will) happen.

The polite process customarily indicates its intent to read from the file by requesting a LOCK_SH. Many
processes can have simultaneous shared locks on the file because they (presumably) won't be changing the
data. If aprocessintendsto write to thefile, it should request an exclusive lock viaLOCK_EX. The operating
system then suspends the requesting process until all other processes have released their locks, at which point
it grants the lock to the suspended process and unblocksiit. Y ou are guaranteed that no other process will be
abletorunfl ock( FH, LOCK _EX) on the same file while you hold the lock. Thisis amost but not quite
like saying that there can be only one exclusive lock on the file. Forked children inherit not only their parents
open files, but, on some systems, also any locks held. That meansif you hold an exclusive lock and f or k
without execing, your child may also have that same exclusive lock on thefile.

Thef | ock function istherefore by default a blocking operation. Y ou can also acquire alock without
wedging your process by using the LOCK _NB flag when you request alock. This lets you warn the user that
there may be await until other processes with locks are done:

unl ess (flock(FH, LOCK EX] LOCK_NB)) {
warn "can't imediately wite-lock the file ($!), blocking ...";
unl ess (flock(FH LOCK EX)) {
die "can't get wite-lock on nunfile: $!'";
}

}

If you use LOCK _NB and arerefused a LOCK_SH, then you know that someone elsehasa LOCK_EX and is
updating the file. If you are refused a LOCK _EX, then someone holds either aLOCK_SH or aLOCK_EX, so
you shouldn't try to update the file.

L ocks dissolve when the file is closed, which may not be until your process exits. Manually unlocking the file
without closing can be perilous due to buffering. The buffer might not have been flushed, leading to atime
between unlocking and closing when another process could read data that the contents of your buffer were
supposed to replace. A safer way to deal with thisis:

if ($] < 5.004) { # test Perl version nunber
ny $old fh = sel ect (FH);
| ocal $| = 1; # enabl e command buffering
| ocal $\ = ""; # clear output record separator
print ""; # trigger output flush
sel ect ($ol d_fh); # restore previous filehandle

}
fl ock(FH, LOCK _UN);

Before version 5.004 of Perl, you had to force aflush. Because folks would often forget to do that, 5.004
changed LOCK _UN so that any pending unwritten buffers are automatically flushed right before the lock is
rel eased.

Here's how you increment anumber in afile, using f | ock:
use Fcntl gw(: DEFAULT :fl ock);



sysopen(FH, "nunfile", O RDWR O CREAT)
or die "can't open nunfile: $!";

fl ock(FH, LOCK EX) or die "can't wite-lock nunfile: $!'";
# Now we have acquired the lock, it's safe for 1/0

$num = <FH> || O; # DO NOT' USE "or" THERE!!

seek(FH, 0, 0) or die "can't rewind nunfile : $!'";
truncate(FH, 0) or die "can't truncate nunfile: $!";
print FH $num+l, "\n" or die "can't wite nunfile: $!'";

cl ose( FH) or die "can't close nunfile: $!'";

Closing the filehandle flushes the buffers and unlocks the file. Thet r uncat e function isdiscussed in
Chapter 8.

File locking is not as easy as you might think - or wish. Because locks are advisory, if one process uses
locking and another doesn't, al bets are off. Never use the existence of afile as alocking indication because
there exists a race condition between the test for the existence of the file and its creation. Furthermore, because
filelocking isanintrinsically stateful concept, it doesn't get along well with the stateless model embraced by
network filesystems such as NFS. Although some vendors claim that f cnt | addresses such matters, practical
experience suggests otherwise.

NFS locking intimately involves both server and client. Consequently, we know of no general mechanism for
guaranteed reliable locking over NFS. Y ou can do it if you know certain operations are atomic in the server or
client implementation. You can do it if you know that both server and client support f | ock orf cnt | ; most
don't. But in general you can't hope to write code that works everywhere.

Don't confuse Perl'sf | ock with the SysV function | ockf . Unlikel ockf , f | ock locksentire files at once.
Perl doesn't support | ockf directly. The only way to lock a portion of afileisto usethef nct| function, as
demonstrated in the lockarea program at the end of this chapter.

See Also

Thefl ock andf cnt| functionsin perlfunc (1) and in Chapter 3 of Programming Perl; the documentation
for the standard Fentl and DB_File modules (also in Chapter 7 of Programming Perl); Recipe 7.21; Recipe
1.22
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7.12. Flushing Output

Problem

When printing to afilehandle, output doesn't appear immediately. Thisisaproblem in CGI scripts
running on some programmer-hostile web servers where, if the web server sees warnings from Perl
before it sees the (buffered) output of your script, it sends the browser an uninformative 500 Ser ver
Er r or . These buffering problems arise with concurrent access to files by multiple programs and when
talking with devices or sockets.

Solution

Disable buffering by setting the per-filehandle variable $| to atrue value, customarily 1:
$old_fh = sel ect (OQUTPUT_HANDLE) ;

$ = 1;

sel ect ($ol d_fh);

Or, if you don't mind the expense, disable it by calling the aut of | ush method from the 1O modules:

use |1 QO : Handl e;
OUTPUT_HANDLE- >aut of | ush(1);

Discussion

In most stdio implementations, buffering varies with the type of output device. Disk files are block
buffered, often with a buffer size of more than 2K. Pipes and sockets are often buffered with a buffer size
between 1/, and 2K. Serial devices, including terminals, modems, mice, and joysticks, are normally

line-buffered; stdio sends the entire line out only when it gets the newline.

Perl'spr i nt function does not support truly unbuffered output - a physical write for each individua
character. Instead, it supports command buffering, in which one physical write is made after every
separate output command. Thisisn't as hard on your system as no buffering at all, and it still getsthe
output where you want it, when you want it.

Control output buffering through the $| special variable. Enable command buffering by setting it to a
true value. It has no effect upon input; see Recipes Recipe 15.6 and Recipe 15.8 for unbuffered input. Set
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this variable to afalse value to use default stdio buffering. Example 7.6 illustrates the difference.

Example 7.6: seeme

#!/usr/ bin/perl -w
# seene - denp stdio output buffering

$| = (GARGV > 0); # command buffered if argunents given
print "Now you don't see it...";
sl eep 2;

print "now you do\n";

If you call this program with no arguments, STDOUT is not command buffered. Y our terminal (console,
window, telnet session, whatever) doesn't receive output until the entire line is completed, so you see

nothing for two seconds and then get the full line” Nowyou don't seeit ... nowyoudo".If you
call the program with at least one argument, STDOUT is command buffered. That means you first see
"Nowyou don't seeit...",andthen after two secondsyou finally see” nowyou do".

The dubious quest for increasingly compact code has led programmers to use the return val ue of
sel ect , thefilehandle that was currently selected, as part of the second sel ect :

sel ect ((sel ect (OQUTPUT_HANDLE), $| = 1)[0]);

There's another way. The FileHandle and |O modules provide a class method called aut of | ush. Call it
with true or false values (the default value is true) to control autoflushing on a particular output handle:

use Fil eHandl e;

STDERR- >aut of | ush; # already unbuffered in stdio
$f i | ehandl e- >aut of | ush(0);

If you're willing to accept the oddities of indirect object notation covered in Chapter 13, Classes, Objects,
and Ties, you can even write something reasonably close to English:

use | O : Handl e;

# assune REMOTE CONN is an interactive socket handl e,

# but DISK FILE is a handle to a regular file.

aut of l ush REMOTE CONN 1; # unbuffer for clarity
autof l ush DI SK_FI LE 0; # buffer this for speed

Thisavoidsthe bizarresel ect business, and makes your code much more readable. Unfortunately,
your program takes longer to compile because you're now including the 10::Handle module, so
thousands and thousands of lines must first be read and compiled. Learn to manipulate $| directly, and

you'll be happy.

To ensure that your output gets where you want it, when you want it, buffer flushing isimportant. It's
particularly important with sockets, pipes, and devices, because you may be trying to do interactive 1/0O
with these - more so, in fact, because you can't assume line-buffering. Consider the program in Example
7.7.

Example 7.7: getpcomidx



#! [ usr/ bi n/ per|

# getpcom dx - fetch ww. perl.conml s index.htm docunent

use | O : Socket;

$sock = new | O : Socket:: I NET (Peer Addr => 'ww. perl.coni,
PeerPort => "http(80)"');

die "Couldn't create socket: $@ unless $sock;

# the library doesn't support $! setting; it uses $@

$sock->aut of l ush(1);

# Mac *nust* have \015\012\015\012 instead of \n\n here.

# It's a good idea for others, too, as that's the spec,

# but inplenentations are encouraged to accept "\cJ\cJ" too,
# and as far as we've seen, they do.

$sock->print ("GET /index. htm http/1.1\n\n");

$docunent = join('', $sock->getlines());

print "DOC IS: $docunent\n";

There's no way to control input buffering using any kind of flushing discussed so far. For that, you need
to see Recipes Recipe 15.6 and Recipe 15.8.

See Also

The $| entry in perlvar (1), and in the "Special Variables' section of Chapter 2 of Programming Perl; the
documentation for the standard FileHandle and 10::Handle modules (also in Chapter 7 of Programming
Perl ); thesel ect functionin perlfunc (1) and in Chapter 3 of Programming Per|
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Output File Access Non-Blocking 1/0

7.13. Reading from Many Filehandles Without
Blocking

Problem

Y ou want to learn whether input is available to be read, rather than blocking for input as < > does. Thisis
useful when reading from pipes, sockets, devices, and other programs.

Solution

Usesel ect with atimeout value of 0 seconds, if you're comfortable with manipulating bit-vectors
representing file descriptor sets:

$rin ="'

# repeat next line for all filehandles to poll

vec($rin, fileno(FHLl), 1) = 1;
vec($rin, fileno(FH2), 1) = 1;
vec($rin, fileno(FH3), 1) = 1;

$nfound = sel ect ($rout =$ri n, undef, undef, 0);
i f ($nfound) {
# input waiting on one or nore of those 3 fil ehandl es
if (vec($rout,fileno(FHL), 1)) {
# do sonmething with FHL
}

i f (vec($rout,fileno(FH2),1)) {
# do sonmething with FH2
}

i f (vec($rout,fileno(FH3),1)) {
# do sonething with FH3
}

}

The 10::Select module provides an abstraction to hide the bit-vector operations:
use 1O : Sel ect;
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$select = 1 : Sel ect->new);
# repeat next line for all filehandles to poll
$sel ect - >add(*FlI LEHANDLE) ;
i f (@eady = $sel ect->can_read(0)) {

# input waiting on the filehandles in @ eady
}

Discussion

Thesel ect functionisrealy two functionsin one. If you call it with one argument, you change the
current default output filehandle (see Recipe 7.12). If you call it with four arguments, it tells you which
filehandles have input waiting or are ready to receive output. This recipe only deals with four-argument
sel ect.

Thefirst three argumentsto sel ect are strings containing bit-vectors. Each bit-vector represents a set
of file descriptors to inspect for pending input, pending output, and pending expedited data (like
out-of-band or urgent data on a socket), respectively. The final argument is the timeout - how long
sel ect should spend waiting for status to change. A timeout value of O indicates a poll. Timeout can
also be afloating-point number of seconds, or undef to wait (block) until status changes:
$rin ="";
vec($rin, fileno(FILEHANDLE), 1) = 1;
$nfound = select($rin, undef, undef, 0); # just check
i f ($nfound) {

$line = <FI LEHANDLE>;

print "I read $line";

}

This code isn't perfect, though. If someone connects and sends a character but never sends a newline,
your program will block in the <FI LE>. We get around this by reading characters one at atime and
processing completed lineswhenweread a" \ n" . Thisremoves the need for the blocking <FI LE> call.
Another solution (if you're not testing files) is detailed in Recipe 7.15.

The 10::Select module hides the bit-vectorsfrom you. | O. : Sel ect - >new( ) returns anew object on
which you call the add method to add one or more filehandles to the set. When you've added all the
filehandlesyou areinterested in, call can_r ead, can_wri t e, or has_except i on. These functions
return alist of filehandles you can safely read from, write to, or that have unread exceptional data (TCP
out-of-band data, for example).

Don't mix callsto four-argument sel ect with callsto any of the buffered 1/O functions listed in this
chapter's Introduction (r ead, <>, seek, t el | , etc.). Instead, you must usesysr ead -and
sysseek if you want to reposition the filehandle within the file.

If you want to read whatever is available on a socket or pipe and return immediately, see Recipe 7.14. If
you're trying to do non-blocking reads on aterminal, see Recipes Recipe 15.6 and Recipe 15.8.




See Also

Thesel ect functionin perlfunc (1) and in Chapter 3 of Programming Perl; the documentation for the
standard module 10::Select; Recipe 7.14
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Previous: 7.13. Reading from
Many Filehandles Without
Blocking

Chapter 7

File Access

Next: 7.15. Determining the
Number of Bytes to Read

7.14. Doing Non-Blocking I/O

Problem

Y ou want to read from or write to a filehandle without the system blocking your process until the
program, file, socket, or device at the other end isready. Thisis desired less often of regular files than of

special files.

Solution

Open thefilewith sysopen, and specify the O NONBLOCK option:

use Fcntl;

sysopen( MODEM "/ dev/ cua0",

If you already have afilehandle, usef cnt | to change the flags:

use Fcntl

$flags = ;

O _NONBLOCK| O RDWR)
or die "Can't open nodem $!\n";

fcntl (HANDLE, F_CETFL, $fl ags)
or die "Couldn't get flags for HANDLE :

$fl ags | = O NONBLOCK;

fcntl (HANDLE, F_SETFL, $fl ags)

or die "Couldn't set flags for

Once afilehandleis set for non-blocking I/O, thesysr ead or syswr i t e callsthat would block will

instead return undef and set $! to EAGAIN:

use POSI X g : errno_h);

$rv = syswite(HANDLE, $buffer,

if (!defined($rv) && 9!
# woul d bl ock

EAGAI N) {

} elsif ($rv !'=length $buffer) {

$I\n";

HANDLE: $!\n";

| ength $buffer);
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# inconplete wite
} else {
# successfully wote

}
$rv = sysread(HANDLE, $buffer, $BUFSI 2);
if (!defined($rv) && $' == EAGAIN) {
# woul d bl ock
} else {
# successfully read $rv bytes from HANDLE
}
Discussion

The O_NONBLOCK constant is part of the POSI X standard, so most machines should support it. We use
the POSIX module to get the numeric value for the error EAGAIN.

See Also

Thesysopen andf cnt| functionsin perlfunc (1) and in Chapter 3 of Programming Perl; the
documentation for the standard POSI X module; your system's open (2) and fentl (2) manpages, Recipe
7.13; Recipe 7.15
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Previous: 7.14. Doing C?h ter 7 Next: 7.16. Storing
Non-Blocking I/O File Access Filehandles in Variables

7.15. Determining the Number of Bytes to Read

Problem

Y ou want to know how many bytesto read from afilehandle withr ead or sysr ead.

Solution

Usethe FIONREAD ioctl cal:

$si ze = pack("L", 0);
i octl (FH, $FI ONREAD, $si ze) or die "Couldn't call ioctl: $'\n";
$si ze = unpack("L", $size);

# $size bytes can be read

Discussion

ThePerl i oct | functionisadirect interface to the operating system'sioctl (2) system call. If your
system doesn't have the FIONREAD request or theioctl (2) call, you can't use this recipe. FIONREAD
and the other ioctl (2) requests are numeric values normally found lurking C include files.

Perl's h2ph tool tries to convert C include files to Perl code, which can ber equi r ed. FIONREAD ends
up defined as a function in the sys/ioctl.ph file:

require 'sys/ioctl.ph';

$si ze = pack("L", 0);

ioctl (FH, FIONREAD(), $size) or die "Couldn't call ioctl: $!'\n";
$si ze = unpack("L", $size);

If h2ph wasn't installed or doesn't work for you, you can manually grep the include files:

% grep FI ONREAD /usr/include/*/*
[usr/include/asnfioctls. h:#defi ne Fl ONREAD 0x541B

Or write asmall C program using the editor of champions:
% cat > fionread.c
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#i ncl ude <sys/ioctl.h>
mai n() {

printf("%t08x\n", FlIONREAD);
}

"D
% cc -o fionread fionread

% ./ fionread
0x4004667f

Then hard-code it, leaving porting as an exercise to your SUCCessor.
$FI ONREAD = 0x4004667f ; # XXX: opsys dependent

$si ze = pack("L", 0);
i octl (FH, $FI ONREAD, $si ze) or die "Couldn't call ioctl: $'\n";
$si ze = unpack("L", $size);

FIONREAD requires afilehandle connected to a stream, which means sockets, pipes, and tty devices
work, but files don't.

If thisistoo much system programming for you, try to think outside the problem. Read from the
filehandle in non-blocking mode (see Recipe 7.14). If you manage to read something, then that's how

much was waiting to be read. If you couldn't read anything, there was nothing to be read.

See Also

Recipe 7.14; your system'sioctl (2) manpage; thei oct | function in perlfunc (1) and in Chapter 3 of
Programming Perl
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7.16. Storing Filehandles in Variables

Problem

Y ou want to use afilehandle like anormal variable so you can passit to or return it from a function, store
It in a data structure, and so on.

Solution

If you already have aregular symbolic filehandle like STDIN or LOGFILE, use the typeglob notation,
* FH. Thisisthe most efficient approach.

$vari abl e = *FI LEHANDLE; # save in variable
subr outi ne(*FI LEHANDLE) ; # or pass directly

sub subroutine {

ny $fh = shift;

print $fh "Hello, filehandle!\n";
}

If you want anonymous filehandles, see the return_fh function below, or use the new method from the
|O::File or 10::Handle module, store that in ascalar variable, and use it as though it were a normal
filehandle:

use Fil eHandl e; # make anon fil ehandl e
$fh = Fi |l eHandl e- >new() ;

use O :File; # 5.004 or higher
$fh = 1G:File->new);

Discussion

Y ou have many choices for passing filehandles into a subroutine or storing them in a data structure. The
simplest and fastest way is through the typeglob notation, * FH. It may help you to conceptualize the
asterisk as the type symbol for afilehandle. Like the little colored balls from high school chemistry that
stood for atomic particles, it'snot really true, but it is a convenient mental shorthand. By the time you
understand where this model breaks down, you won't need it anymore.,
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That works cleanly for simple things, but what if you wanted to make an array of filehandles whose
names you didn't know? As shown in Chapter 11, References and Records, generating anonymous
arrays, hashes, and even functions on the fly can prove extremely convenient. It would be nice to be able
to do the same with filehandles. That's where the 10 modules come in.

Y ou can generate an anonymous handle with the 10::Handle or 10::File module's new method. This
returns a filehandle you can pass to subroutines, store in arrays, and use however you would use a named
filehandl€'s typeglob - plus more. Y ou can aso use those modules as object classes for inheritance
purposes because the return values from the new constructor are fully fledged objects, complete with
available method calls.

Y ou can use these as indirect filehandles, which saves you the trouble of thinking up filehandle names.
Instead, you think up names to store the anonymous filehandlesiin.

To capture the typeglob from a named filehandle, prefix it with * :

$fh a =10 :File->new("< /etc/nmotd") or die "open /etc/notd: $!'";
$fh b = *STDIN;

sone_sub($fh_a, $fh_b);

Thisisn't the only way, but it is the simplest and most convenient. Its only limitation is that you can't
bl ess ittoturnit into an object. To do this, you must bl ess areference to atypeglob - that's what
|O::Handle does. Like typeglobs, references to typeglobs can be safely used as indirect filehandles,
whether blessed or not.

To create and return a new filehandle from afunction, do this:

sub return_fh { # make anon fil ehandl e
| ocal *FH; # must be local, not ny
# now open it if you want to, then...
return *FH;

}
$handle = return_fh();

A subroutine accepting a filehandle argument can either store the argument into a (preferably lexical)
variable and use that as an indirect filehandle:

sub accept _fh {

ny $fh = shift;

print $fh "Sending to indirect filehandl e\n";
}

or it can localize atypeglob and use the filehandle directly:

sub accept _fh {
| ocal *FH = shift;
print FH "Sending to localized fil ehandl e\n";

}
Both styles work with either 10::Handle objects or typeglobs of real filehandles:



accept fh(*STDOUT) ;
accept fh($handl e);

Perl accepts many things as indirect filehandles (strings, typeglobs, and references to typeglobs), but
unless you pass typeglobs or 10::Handle objects you may run into trouble. Strings (" LOGFI LE" instead
of * LOGFI LE) require special finessing to work between packages, and references to typeglobs can't be
usefully returned from functions.

In the preceding examples, we assigned the filehandle to a scalar variable before using it. That is because
only simple scalar variables, not expressions or subscripts into hashes or arrays, can be used with
built-inslikepri nt , pri nt f, or the diamond operator. These areillegal and won't even compile:

@d = (*STDIN, *STDOUT, *STDERR);

print $fd[1] "Type it: "; # WRONG
$got = <$fd[O] > # \WRONG
print $fd[2] "What was that: $got"; # WRONG

Withprint andpri ntf, you get around this by using ablock and an expression where you would
place the filehandle:

print { $fd[1] } "funny stuff\n";
printf { $fd[1] } "Pity the poor %.\n", 3 735 928 559;
Pity the poor deadbeef.

That block is a proper block, so you can put more complicated code there. This sends the message out to
one of two places:

$ok = -x "/bin/cat";
print { $ok ? $fd[1] : $fd[2] } "cat stat $ok\n";
print { $fd[ 1 + ($ok || 0) ] } "cat stat $ok\n";

This approach of treating pri nt and pri nt f like object methods calls doesn't work for the diamond
operator, because it's areal operator, not just a function with a comma-less argument. Assuming you've
been storing typeglobs in your structure as we did above, you can use the built-in function named
readl i ne toread arecord just as <FH> does. Given the preceding initialization of @ d, thiswould
work:

$got = readline($fd[0]);

See Also

The open function in perlfunc (1) and in Chapter 3 of Programming Perl; Recipe 7.1; the documentation
with the standard FileHandle module (also in Chapter 7 of Programming Perl); the "Typeglobs and
Filehandles" section of Chapter 2 of Programming Perl and Chapter 2 of Programming Per|
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Filehandles in Variables File Access Filehandles Simultaneously

7.17. Caching Open Output Filehandles

Problem

Y ou need more output files open simultaneously than your system allows.

Solution

Use the standard FileCache module:

use Fil eCache;
cacheout ($path); # each tinme you use a filehandle
print $path "output”;

Discussion

FileCache'scacheout function lets you work with more output files than your operating system lets
you have open at any one time. If you use it to open an existing file that FileCache is seeing for the first
time, the file is truncated to length zero, no questions asked. However, in its opening and closing of files
in the background, cacheout tracksthefilesit has opened before and does not overwrite them, but
appends to them instead. This does not create directories for you, so if you give it
/usr/local/dates/merino.ewe to open but the directory /usr/local/dates doesn't exist, cacheout will di e.

Thecacheout () function checks the value of the C-level constant NOFILE from the standard system
includefilesys/ par am h to determine how many concurrently open files are allowed on your system.
This value can be incorrect on some systems and even missing on afew (for instance, on those where the
maximum number of open file descriptorsis a process resource limit that can be set with the limit or
ulimit commands). If cacheout () can't get avaluefor NOFILE, just set $Fi | eCache: : maxopen
to be four less than the correct value, or choose a reasonable number by trial and error.

Example 7.8 splits an xferlog file created by the popular wuftpd FTP server into files named after the
authenticated user. Thefieldsin xf er | og files are space-separated, and the fourth from last field is the
authenticated username.

Example 7.8: splitwulog

#! [ usr/ bi n/ perl
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# splitwlog - split wftpd | og by authenticated user
use Fil eCache;
$outdir = "/var/log/ftp/by-user’;
while (<>) {
unl ess (defined ($user = (split)[-4])) {
warn "Invalid line: $.\n";
next ;
}
$path = "$outdir/ $user”;
cacheout $pat h;
print $path $_;
}

See Also

Documentation for the standard FileCache module (also in Chapter 7 of Programming Perl); the open
function in perlfunc (1) and in Chapter 3 of Programming Perl
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Previous: 7.17. Caching C_:_hapti? Next: 7.19. Opening and
Open Output Filehandles File Access Closing File Descriptors by
Number

7.18. Printing to Many Filehandles Simultaneously

Problem

Y ou need to output the same data to severa different filehandles.

Solution

If you want to do it without forking, write af or each loop that iterates across the filehandles:

foreach $fil ehandl e (@I LEHANDLES) {
print $filehandle $stuff_to_print;

}

If you don't mind forking, open afilehandle that's a pipe to a tee program:

open( MANY, "| tee filel file2 file3 > /dev/null") or die $!;
print MANY "data\n" or die $!;
cl ose( MANY) or die $!;
Discussion

A filehandle sends output to one file or program only. To duplicate output to several places, you must
call pri nt multiple times or make afilehandle connected to a program like t ee, which distributes its
input elsewhere. If you use the first option, it's probably easiest to put the filehandlesin alist or array and
loop through them:

# “use strict' conplains about this one:

for $fh ('FH1', 'FH2', 'FH3") { print $fh "whatever\n" }
# but not this one:

for $fh (*FHL, *FH2, *FH3) { print $fh "whatever\n" }

However, if your system supports the tee program, or if you've installed the Perl version from Recipe
8.19, you may open a pipeto tee and let it do the work of copying the file to several places. Remember
that tee normally also copiesits output to STDOUT, so you must redirect tee 's standard output to
/dev/null if you don't want an extra copy:

open (FH, "| tee filel file2 file3 >/dev/null");
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print FH "whatever\n";

Y ou could even redirect your own STDOUT to the tee process, and then you're able to use aregular
print directly:

# make STDOUT go to three files, plus original STDOUT

open (STDOUT, "| tee filel file2 file3") or die "Teeing off: $'\n";
print "whatever\n" or die "Witing: $!'\n";

cl ose( STDQUT) or die "Cosing: $'\n";
See Also

The pri nt function in perlfunc (1) and in Chapter 3 of Programming Perl; the "Typeglobs and
Filehandles" sections of Chapter 2 of Programming Perl and Chapter 2 of Programming Perl; we use this
technique in Recipe 8.19 and Recipe 13.15
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Previous: 7.18. Printing to C?h ter 7 Next: 7.20. Copying
Many Filehandles File Access Filehandles
Simultaneously

7.19. Opening and Closing File Descriptors by
Number

Problem

Y ou know which file descriptors you'd like to do 1/O on, but Perl requires filehandles, not descriptor
numbers.

Solution

To open the file descriptor, usethe " <&=" or " <&" open modes or the |0::Handle module'sf dopen
class method:

open( FH, "<&=$FDNUM'); # open FH to the descriptor itself
open( FH, "<&SFDNUM') ; # open FH to a copy of the descriptor

use | O : Handl e;

$f h- >f dopen( $FDNUM  "r ") ; # open file descriptor 3 for reading

To close one by number, either use the POSI X: : cl ose function or elsefirst open it aswe did
previously.

Discussion

Occasionally you have afile descriptor but no filehandle. Perl's I/O system uses filehandles instead of
file descriptors, so you have to make a new filehandle for an already open file descriptor. The " <&",
">&",and " +<&" modesto open will do thisfor reading, writing, and updating respectively. Adding
an equal sign to theseto make" <&="," >&=", and" +<&=" is more parsimonious of file descriptors
and nearly always what you want to do. That's because it used only a C-level f dopen function, not a
dup2 system call.

If you have version 5.004 or better installed, you can use the 10::Handle object method. Thisisthe same
as.

use |1 O : Handl e;
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$fh = 1O : Handl e- >new() ;

$f h- >f dopen(3, "r"); # open fd 3 for reading

Closing afile descriptor by number is even rarer. The POSI X: : ¢l ose function does so directly. If your
system doesn't have a working POSIX library but does have aworking syscal | (and your sysadmin
has installed the sys/syscall.ph file created with the h2ph translator), you can call the not very portable
syscal | function. It has peculiar parameters and return values: Y ou have to add 0 to numbers and
append the empty string (" ") to strings to coerce them to the right types for C, and the error return value
is-1 rather than false asin other Perl calls. Needlessto say, usesyscal | only asalast resort.

Here's how you'd open the file descriptors that the MH mail system feeds its child processes. It identifies
them in the environment variable MHCONTEXTFD:

$fd = $ENV{ MHCONTEXTFD} ;

open( VHCONTEXT, "<&=$fd") or die "couldn't fdopen $fd: $!'";

# after processing

cl ose( MHCONTEXT) or die "couldn't close context file: $!";

If you want to close a descriptor by number, just open it first.

See Also

The open function in perlfunc (1) and in Chapter 3 of Programming Perl; the documentation for the
standard POSIX and 10::Handle modules (also in Chapter 7 of Programming Perl); your system's fdopen
(3) manpages
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Previous: 7.19. Opening and Qhagter 7 | Next: 7.21. Program: netlock|
Closing File Descriptors by File Access
Number

7.20. Copying Filehandles

Problem

Y ou want to make a copy of afilehandle.

Solution

To create an alias for afilehandle, say:
*ALI AS = *ORI G NAL;

Use open with the & mode to create an independent copy of the file descriptor for the filehandle:

open( QUTCORY, ">&STDOUT") or die "Couldn't dup STDOUT: $!'";
open( 1 NCOPY, "<&STDIN' ) or die "Couldn't dup STDIN : $!'";

Use open with the &= mode to create an alias for that filehandl€'s file descriptor:

open( QUTALI AS, ">&=STDOUT") or die "Couldn't alias STDOUT: $!'";
open(lI NALI AS, "<&=STDIN') or die "Couldn't alias STDIN : $!'";
open( BYNUMBER, ">&=5") or die "Couldn't alias file descriptor 5: $!";

Discussion

If you create an dlias for afilehandle with typeglobs, only one Perl 1/0 object is still being accessed. If you
close one of these aliased filehandles, the I/O object is closed. Any subsequent attempt to use a copy of that
filehandle will giveyou an error like" pri nt on cl osed fi | ehandl e" . When alternating access through
the aliased filehandles, writes work as you'd expect because there's no duplicated stdio data structure to get out
of sync.

If you create a copy of afile descriptor with open( COPY, " >&HANDLE") , you'rereally caling the dup (2)
system call. Y ou get two independent file descriptors whose file position, locks, and flags are shared, but
which have independent stdio buffers. Closing one filehandle doesn't affect its copy. Simultaneously accessing
the file through both filehandles is arecipe for disaster. Instead, this technique is normally used to save and
restore STDOUT and STDERR:

# take copies of the file descriptors
open( OLDQUT, ">&STDOUT");
open( OLDERR, ">&STDERR');
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# redirect stdout and stderr

open(STDQUT, "> /tnp/programout”) or die "Can't redirect stdout: $!";
open( STDERR, " >&STDOUT") or die "Can't dup stdout: $!";

# run the program

syst en( $j oe_random progran) ;

# close the redirected fil ehandl es

cl ose( STDQOUT) or die "Can't close STDOUT: $!";
cl ose( STDERR) or die "Can't close STDERR $!";

# restore stdout and stderr

open( STDERR, ">&0O.DERR") or die "Can't restore stderr: $!'";
open( STDOUT, ">&0OLDOUT") or die "Can't restore stdout: $!";
# avoid | eaks by cl osing the i ndependent copies

cl ose( OLDOUT) or die "Can't close OLDOUT: $!";
cl ose( OLDERR) or die "Can't close OLDERR $!";

If you create an alias of afile descriptor using open( ALI AS, " >&=HANDLE"), you'rereally calling the
fdopen (3) stdio function. Y ou get asingle file descriptor with two stdio buffers accessed through two
filehandles. Closing one filehandle closes the file descriptor of any aliases, but not their filehandles - if you
tried to pri nt to afilehandle whose alias had been cl osed, Perl wouldn't givea" pri nt on cl osed
fil ehandl e war ni ng" eventhoughthepri nt didn't succeed. In short, accessing the file through both
filehandlesis also arecipe for disaster. Thisisreally used only to open afile descriptor by number. See Recipe

7.19 for more information on this.

See Also

The open function in perlfunc (1) and in Chapter 3 of Programming Perl; your system's dup (2) manpage
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Previous: 7.20. Copying Qhagta 7 | Next: 7.22. Program: lockareal|
Filehandles File Access

7.21. Program: netlock

When locking files, we recommend that you use f | ock when possible. However, on some systems,

f | ock'slocking strategy is not reliable. For example, the person who built Perl on your system configured
f 1 ock touseaversion of filelocking that didn't even try to work over the Net, or you're on the
increasingly rare system whereno f | ock emulation exists at all.

The following program and module provide a basic implementation of afile locking mechanism. Unlike a
normal f | ock, with this module you lock file names, not file descriptors.

Thus, you can useit to lock directories, domain sockets, and other non-regular files. Y ou can even lock
filesthat don't exist yet. It uses a directory created at the same level in the directory structure as the locked
file, so you must be able to write to the enclosing directory of the file you wish to lock. A sentinel file
within the lock directory contains the owner of the lock. Thisis also useful with Recipe 7.8, because you

can lock the filename even though the file that has that name changes.

Thenf | ock function takes one or two arguments. Thefirst is the pathname to lock; the second is the
optional amount of time to wait for the lock. The function returnstrue if the lock is granted, false if the
timeout expired, and raises an exception should various improbable events occur, like being unable to write
the directory.

Setthe$Fi | e: : LockDi r: : Debug variable to true to make the module emit messagesif it stalls
waiting for alock. If you forget to free alock and try to exit the program, the module will remove them for
you. Thiswon't happen if your program is sent asignal it doesn't trap.

Example 7.9 shows a driver program to demonstrate the File::LockDir module.

Example 7.9: drivelock

#! [/ usr/bin/perl -w
# drivelock - deno File::LockD r nodule
use strict;
use File::LockDir;
$SIGINT} = sub { die "outta here\n" };
$Fil e:: LockDir::Debug = 1;
ny $path = shift or die "usage: $0 <path>\n";
unl ess (nfl ock($path, 2)) {
die "couldn't lock $path in 2 seconds\n";
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}
sl eep 100;

nunf | ock( $pat h) ;

The moduleitself is shown in Example 7.10. For more on building your own modules, see Chapter 12,
Packages, Libraries, and Modules.

Example 7.10: File::LockDir

package File::LockDir;

# nodule to provide very basic fil enane-|evel
# locks. No fancy systens calls. [In theory,
# directory info is sync'd over NFS. Not

# stress tested.

use strict;

use Exporter;
use vars gw @ SA @EXPORT) ;

@ SA = W Exporter);

@EXPORT = gwm nfl ock nunfl ock);
use vars gw $Debug $Check);

$Debug ||= 0; # nmay be predefined
$Check |]|=5; # may be predefined
use Ownd;

use Fcntl;

use Sys:: Host nane;
use Fil e:: Basenane;
use File::stat;

use Carp;

ny %.ocked Files = ();

# usage: nflock(FILE NAPTILL)
sub nflock($;$) {

ny $pat hnanme = shift;

ny $naptime = shift || O;

ny $l ocknane = nane2l ock( $pat hnane) ;
ny $whosegot = "3l ocknane/ owner";

ny $start = tinme();

ny $nm ssed = 0;

| ocal * OWNER

# if locking what |1've already | ocked, return
i f ($Locked Fil es{$pat hnane}) {



carp "$pat hnane al ready | ocked";
return 1

}

if (!-w dirname($pat hnanme)) {
croak "can't wite to directory of $pathnane";

}
while (1) {
| ast if nkdir($l ocknanme, 0777);
confess "can't get $locknane: $!'" if $mi ssed++ > 10
&% !-d $l ocknane;
i f ($Debug) {{
open( ONNER, "< $whosegot™) || last; # exit "if"!
ny $l ockee = <ONNER>;
chonp( $l ockee);
printf STDERR "% $0\[$3$]: lock on % held by %\n",
scal ar(l ocaltine), $pathnane, $l ockee;
cl ose OANER
1}
sl eep $Check;
return if $naptine & tine > $start+$napti nme;
}

sysopen( OANNER, $whosegot, O WRONLY| O CREAT| O_EXCL)
or croak "can't create $whosegot: $!";
printf OANER "$0\[ $$] on % since ¥%\n",
host nane(), scal ar(localtine);
cl ose( OANNER)
or croak "close $whosegot: $!"
$Locked Fil es{$pat hnane} ++;
return 1;

}

# free the |l ocked file
sub nunflock($) {

ny $pat hnanme = shift;
ny $l ocknane = nane2l ock( $pat hnane) ;
my $whosegot = "$l ocknane/ owner";

unl i nk( $whosegot ) ;

carp "rel easing | ock on $l ocknane" if $Debug;
del ete $Locked Fi |l es{$pat hnane};

return rndir ($l ocknane) ;

}

# hel per function
sub nane2l ock($) {
ny $pat hnane = shift;



ny $dir = dirnane($pat hnane);
ny $file = basenane($pat hnane);
$dir = getcwd() if $dir eq '.";
ny $l ocknane = "$dir/ $file. LOCKD R';

r

eturn $l ocknane;

}
# anyt hing forgotten?
END {
for ny $pat hnanme (keys % .ocked Files) {
ny $l ocknane = nane2l ock($pat hnane);
nmy $whosegot = "$l ockname/ owner";
carp "rel easing forgotten $l ocknane";
unl i nk( $whosegot ) ;
return rmndir ($l ocknane);
}
}
1;
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7.22. Program: lockarea

Perl'sf | ock function only locks complete files, not regions of the file. Although f cnt | supportslocking of afile's
regions, thisis difficult to access from Perl, largely because no one has written an XS module that portably packs up
the necessary structure.

The program in Example 7.11 implements fcntl, but only for the three architectures it already knows about: SunOS,
BSD, and Linux. If you're running something else, you'll have to figure out the layout of thef | ock structure. We
did this by eyeballing the C-language syd/fcntl.h #i ncl ude file - and running the c2ph program to figure out
alignment and typing. This program, while included with Perl, only works on systems with a strong Berkeley
heritage, like those listed above. Aswith Unix - or Perl itself - you don't have to use c2ph, but it sure makeslife
easier if you can.

Thestruct fl ock function in the lockarea program packs and unpacks in the proper format for the current
architectures by consulting the $” Ovariable, which contains your current operating system name. Thereisno
struct _fl ock function declaration. It'sjust aliased to the architecture-specific version. Function aliasing is
discussed in Recipe 10.14.

The lockarea program opens atemporary file, clobbering any existing contents and writing a screenful (80 by 23) of
blanks. Each line is the same length.

The program then forks one or more times and lets all the child processestry to update the file at the same time. The
first argument, N, isthe number of timesto fork to produce 2 ** N processes. So lockarea 1 makes two children,
lockarea 2 makes four, lockarea 3 makes eight, lockarea 4 makes sixteen, etc. The more kids, the more contention
for the locks.

Each process picks arandom line in the file, locksjust that line, and updates it. It writesits process ID into the line,
prepended with a count of how many times the line has been updated:

4. 18584 was just here

If the line was already locked, when the lock is finally granted, the line is updated with a message indicating the
process that was in the way of this process:

29: 24652 ZAPPED 24656

A fun demo isto run the lockarea program in the background and the rep program from Chapter 15 watching the
file change. Think of it as avideo game for systems programmers.

% | ockarea 5 &
%rep -1 '"cat /tnp/l kscreen'

When you interrupt the original parent, usually with Ctrl-C or by sending it a SIGINT from the command line, it
kills all its children by sending its entire process group asignal.
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Example 7.11: lockarea

#! [ usr/ bin/perl -w
# | ockarea - deno record locking with fcntl

use strict;
nmy $FORKS = shift || 1;
ny $SLEEP = shift || 1;
use Fcntl ;

use POSI X gw(:unistd_h :errno_h);

ny $COLS = 80;

ny $RONS = 23;

# when's the last tine you saw *thi s* node used correctly?
open(FH, "+> /tnp/l kscreen") or die $!;

sel ect (FH);

$| = 1;

sel ect STDQOUT;
# cl ear screen

for (1 .. $ROA5) {
print FH" " x $COLS, "\n";
}

my $progenitor = $$;
fork while $FORKS-- > O0;
print "hello from $$\n";

if ($progenitor == $$) {
$SI G I NT} = \ &genoci de;

} else {

$SI G I NT} = sub { die "goodbye from $$" };
}
while (1) {

ny $line_num= int rand($RONB);

ny $line;

nmy $n;

# nove to line
seek(FH, $n = $line_num* ($CO.S+1), SEEK SET)

# get |ock

ny $place = tell (FH);

my $him

next unl ess defined($him= | ock(*FH, $place, $COLS));

or

next ;



# read |ine

read(FH, $line, $COLS) == $COLS or next;
my $count = ($line =~ /(\d+)/) ? $1 : O;
$count ++;

# update |ine
seek(FH, $place, 0) or die $!;
ny $update = sprintf($hi m

? "u%d: % ZAPPED %d"

: "9%%d: %l was just here",

$count, $$, $him;

ny $start = int(rand($COLS - | ength($update)));
die "XXX" if $start + |ength($update) > $CALS;
printf FH "% .*s\n", -$COLS, $CCOLS, " " x $start . S$update;

# rel ease lock and go to sl eep
unl ock(*FH, $place, $COLS);
sl eep $SLEEP if $SLEEP

}
di e "NOT REACHED'; # just in case

# | ock($handl e, $offset, $timeout) - get an fcntl |ock
sub | ock {
ny ($fh, $start, $till) = @;
##print "$$: Locking $start, S$till\n";
ny $lock = struct _flock(F_WRLCK, SEEK SET, $start, $till, 0);
nmy $bl ocker = 0;
unl ess (fcntl ($fh, F_SETLK, $lock)) {
die "F_SETLK $$ @: $!" unless $! == EAGAIN || $! == EDEADLK;
fcntl ($fh, F_GETLK, $I ock) or die "F GETLK $$ @: $!"
$bl ocker = (struct _flock($lock))[-1];
##print "lock $$ @: waiting for $bl ocker\n";
$l ock = struct _flock(F_WRLCK, SEEK SET, $start, $till, 0);
unl ess (fcntl ($fh, F_SETLKW $lock)) {
warn "F_SETLKW $$ @: $'\n";
return; # undef
}
}
return $bl ocker;

}

# unl ock($handl e, $offset, $tineout) - release an fcntl |ock
sub unl ock {
ny ($fh, $start, $till) = @;
##print "$$: Unl ocking $start, $till\n";
ny $lock = struct flock(F UNLCK, SEEK SET, $start, S$till, 0);
fecntl ($fh, F_SETLK, $lock) or die "F_ UNLCK $$ @: $!'";
}

# OS-dependent flock structures



# Linux struct flock
# short | type;
# short | _whence;
# off _t | _start;
# off _t | _len;
# pidt | _pid;
BEA N {
# c2ph says: typedef="s2 12 i', sizeof=16

nmy $FLOCK STRUCT = 's s | | i';

sub linux_flock {
i f (wantarray) {
ny ($type, $whence, S$start, $len, $pid) =
unpack( $FLOCK _STRUCT, $ [0]);
return ($type, $whence, $start, $len, $pid);
} else {
my ($type, $whence, S$start, $len, $pid) = @;
return pack($FLOCK _STRUCT,
$type, $whence, $start, $len, $pid);

}
}
}
# SunOS struct flock:
# short | _type; /* F_RDLCK, F_WRLCK, or F_UNLCK */
#  short | _whence; /* flag to choose starting offset */
# | ong | _start; /* relative offset, in bytes */
# | ong | Ien; /* length, in bytes; 0 neans |ock to EOF */
# short | _pid; /[* returned with F_GETLK */
# short | xXxX; /* reserved for future use */
BEG N {
# c2ph says: typedef='s2 |2 s2', sizeof=16
nmy $FLOCK STRUCT = 's s | | s s';
sub sunos_fl ock {
I f (wantarray) {
my ($type, $whence, S$start, $len, $pid, P$xxx) =
unpack( $FLOCK _STRUCT, $ [0]);
return ($type, $whence, $start, $len, $pid);
} else {
ny ($type, $whence, $start, $len, $pid) = @;
return pack($FLOCK_STRUCT,
$type, $whence, $start, $len, $pid, 0);
}
}
}

# (Free)BSD struct fl ock:



# off _t | _start; /* starting offset */
# of f t | len; /[* len = 0 neans until end of file */
# pid_t | _pid; /* 1 ock owner */
# short | _type; /* lock type: read/wite, etc. */
#  short | _whence; /* type of | _start */
BEG N {
# c2ph says: typedef="q2 i s2", size=24
ny $FLOCK _STRUCT = "II Il i s s'; # XXX q is |
sub bsd_fl ock {
i f (wantarray) {
ny ($xxstart, $start, $xxlen, $len, 3$pid, $type, $whence) =
unpack( $FLOCK _STRUCT, $ [0]);
return ($type, $whence, $start, $len, $pid);
} else {
my ($type, $whence, S$start, $len, $pid) = @;
nmy ($xxstart, $xxlen) = (0,0);
return pack($FLOCK STRUCT,
$xxstart, $start, $xxlen, $len, $pid, $type, $whence);
}
}
}
# alias the fcntl structure at conpile tine
BEG N {
for ($"0O {
*struct _flock = do {
/bsd/ && \&bsd fl ock
| |
/11 nux/ && \ &l i nux_fl ock
| |
/ sunos/ && \ &unos_fl ock
|
di e "unknown operating system $°Q, bailing out";
3
}
}
# install signal handler for children
BEG N {

ny $called = 0;

sub genoci de {
exit if $call ed++;
print "$$: Tine to die, kiddies.\n" if $$ == $progenitor;
ny $j ob = getpgrp();
$SI G[INT} = ' | GNORE' ;
kill -2, $job if $job; # killpg(SIGNT, job)
1 while wait > 0O;
print "$$: My turn\n" if $$ == $progenitor;



exit;

}

END { &genoci de }
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The most brilliant decision in all of Unix was the choice of a single character for the newline sequence.

- Mike O'Déll, only half jokingly
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8.0. Introduction

Before the Unix Revolution, every kind of data source and destination was inherently different. Getting
two programs merely to understand each other required heavy wizardry and the occasional sacrifice of a
virgin stack of punch cards to an itinerant mainframe repairman. This computational Tower of Babel
made programmers dream of quitting the field to take up aless painful hobby, like autoflagellation.

These days, such cruel and unusual programming islargely behind us. Modern operating systems work
hard to provide the illusion that 1/O devices, network connections, process control information, other
programs, the system console, and even users terminals are all abstract streams of bytes called files. This
lets you easily write programs that don't care where their input came from or where their output goes.

Because programs read and write via byte streams of simple text, every program can communicate with
every other program. It is difficult to overstate the power and elegance of this approach. No longer
dependent upon troglodyte gnomes with secret tomes of JCL (or COM) incantations, users can now create
custom tools from smaller ones by using simple command-line I/O redirection, pipelines, and backticks.

Treating files as unstructured byte streams necessarily governs what you can do with them. Y ou can read
and write sequential, fixed-size blocks of data at any location in thefile, increasing its size if you write
past the current end. Perl uses the standard C I/O library to implement reading and writing of
variable-length records like lines, paragraphs, and words.

What can't you do to an unstructured file? Because you can't insert or delete bytes anywhere but at end of
file, you can't change the length of, insert, or delete records. An exception is the last record, which you
can delete by truncating the file to the end of the previous record. For other modifications, you need to use
atemporary file or work with a copy of the filein memory. If you need to do thisalot, a database system
may be a better solution than araw file (see Chapter 14, Database Access).

The most common files are text files, and the most common operations on text files are reading and
writing lines. Use <FH> (or the internal function implementing it, r eadl i ne) to read lines, and use
pri nt towrite them. These functions can also be used to read or write any record that has a specific
record separator. Lines are ssimply recordsthat endin"\ n" .

The <FH> operator returnsundef on error or when end of thefileisreached, so useit in loopslike this:
whil e (defined ($line = <DATAFILE>)) {

chomp $li ne;
$size = length $line;
print "$size\n"; # output size of line

}

Because thisis a common operation and that's a lot to type, Perl givesit a shorthand notation. This
shorthand reads linesinto $__ instead of $I i ne. Many other string operationsuse $_ as a default value to
operate on, so thisis more useful than it may appear at first:

whi | e (<DATAFI LE>) {
chonp;
print length, "\n"; # out put size of |ine



Call <FH> in scalar context to read the next line. Call it in list context to read all remaining lines:
@i nes = <DATAFI LE>;

Each time <FH> reads arecord from afilehandle, it increments the special variable $. (the "current input
record number"). Thisvariableis only reset when cl ose is called explicitly, which means that it's not
reset when you reopen an already opened filehandle.

Another special variableis $/ , theinput record separator. Itisset to "\ n", the default end-of-line
marker. Y ou can set it to any string you like, for instance ™ \ 0" to read null-terminated records. Read
paragraphs by setting $/ to the empty string, " " . Thisisamost like setting $/ to "\ n\ n", in that blank
lines function as record separators, but " " treats two or more consecutive empty lines as a single record
separator, whereas" \ n\ n" returns empty records when more than two consecutive empty lines are read.
Undefine $/ to read the rest of the file as one scalar:

undef $/;
$whol e file = <FI LE>; # 'slurp' node

The -0 option to Perl letsyou set $/ from the command line:
% perl -040 -e "$word = <>; print "First word is $word\n";"'

The digits after -0 are the octal value of the single character that $/ isto be set to. If you specify anillega
value (e.g., with -0777) Perl will set $/ to undef . If you specify -00, Perl will set $/ to"" . The limit of
asingle octal value meansyou can't set $/ to amultibyte string, for instance, " %84 n" to read fortune
files. Instead, you must use a BEG N block:

% perl -ne "BEAN{ $/="%®An" } chonp; print if /Unix/i' fortune. dat

Usepri nt towritealineor any other data. The pr i nt function writes its arguments one after another
and doesn't automatically add aline or record terminator by default.

print HANDLE "One", "two", "three"; # "Onetwothree"
print "Baa baa bl ack sheep.\n"; # Sent to default output handle

There is no comma between the filehandle and the data to print. If you put acommain there, Perl gives
the error message” No conma al | owed after fi | ehandl e". The default output handleis
STDOUT. Change it with thesel ect function. (See the introduction to Chapter 7, File Access.)

All systemsuse thevirtual "\ n" to represent aline terminator, called a newline. There is no such thing as
anewline character. It isan illusion that the operating system, device drivers, C libraries, and Perl al
conspire to preserve. Sometimes, this changes the number of charactersin the strings you read and write.
The conspiracy isrevealed in Recipe 8.11.

Usether ead function to read afixed-length record. It takes three arguments: afilehandle, a scalar
variable, and the number of bytesto read. It returnsundef if an error occurred or else the number of
bytes read. To write afixed-length record, just usepri nt .
$rv = read( HANDLE, $buffer, 4096)

or die "Couldn't read from HANDLE : $!'\n";
# $rv is the nunber of bytes read,
# $buffer holds the data read



Thet r uncat e function changes the length of afile, which can be specified as afilehandle or asa
filename. It returnstrue if the file was successfully truncated, false otherwise:

truncat e( HANDLE, $I engt h)

or die "Couldn't truncate: $!'\n";
truncate("/tnp/ $$. pi d", $l ength)

or die "Couldn't truncate: $!'\n";

Each filehandle keeps track of where it isin the file. Reads and writes occur from this point, unless you've
specified the O_APPEND flag (see Recipe 7.1). Fetch the file position for afilehandlewitht el | , and set
it with seek. Because the stdio library rewrites datato preservetheillusionthat "\ n" istheline
terminator, you cannot portably seek to offsets calculated by counting characters. Instead, only seek to
offsetsreturned by t el | .

$pos = tell (DATAFI LE);
print "lI'm $pos bytes fromthe start of DATAFILE. \n";

The seek function takes three arguments: the filehandle, the offset (in bytes) to go to, and a numeric
argument indicating how to interpret the offset. O indicates an offset from the start of the file (the kind of
valuereturned by t el | ); 1, an offset from the current location (a negative number means move
backwards in the file, a positive number means move forward); and 2, an offset from end of file.

seek(LOGFILE, 0, 2) or die "Couldn't seek to the end: $!'\n";
seek( DATAFI LE, $pos, 0) or die "Couldn't seek to $pos: $!'\n";
seek(QUT, -20, 1) or die "Couldn't seek back 20 bytes: $!'\n";

So far we've been describing buffered I/O. That is, <FH>, pri nt ,read, seek,andtel | areall
operations that use buffers for speed. Perl also provides unbuffered I/O operations. sysr ead,
syswite,andsysseek, all discussed in Chapter 7.

Thesysread andsyswr i t e functions are different from their <FH> and pr i nt counterparts. They
both take afilehandle to act on, a scalar variable to either read into or write out from, and the number of
bytesto read or write. They can also take an optional fourth argument, the offset in the scalar variable to
start reading or writing at:

$witten = syswite(DATAFI LE, $nystring, |ength($nystring));

die "syswite failed: $!'\n" unless $witten == | ength($nystring);
$read = sysread(| NFILE, $block, 256, 5);

warn "only read $read bytes, not 256" if 256 != $read;

Thesyswr i t e call sendsthe contents of $myst ri ng to DATAFI LE. Thesysr ead call reads 256
bytes from | NFI LE and stores them 5 charactersinto $bl ock, leaving itsfirst 5 characters intact. Both
sysread andsysw i t e return the number of bytes transferred, which could be different than the
amount of data you were attempting to transfer. Maybe the file didn't have all the data you thought it did,
S0 you got a short read. Maybe the filesystem that the file lives on filled up. Maybe your process was
interrupted part of the way through the write. Stdio takes care of finishing the transfer in cases of
interruption, but if you usethesysr ead andsysw i t e calls, you must do it yourself. See Recipe 9.3

for an example of this.

The sysseek function doubles as an unbuffered replacement for both seek andt el | . It takesthe
same arguments as seek, but it returns either the new position if successful or undef onerror. To find



the current position within the file:

$pos = sysseek(HANDLE, 0, 1); # don't change position
die "Couldn't sysseek: $!'\n" unless defined $pos;

These are the basic operations available to you. The art and craft of programming liesin using these basic
operations to solve complex problems like finding the number of linesin afile, reversing the order of
linesin afile, randomly selecting aline from afile, building an index for afile, and so on.
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8.1. Reading Lines with Continuation Characters

Problem

Y ou have afile with long lines split over two or more lines, with backslashes to indicate that a
continuation line follows. Y ou want to rejoin those split lines. Makefiles, shell scripts, and many other
scripting or configuration languages let you break along line into severa shorter onesin this fashion.

Solution

Build up the complete lines one at atime until reaching one without a backslash:
whil e (defined($line = <FH>) ) {
chonp $li ne;
if ($line =~ s/\\$//) {
$line .= <FH>;
redo unl ess eof (FH);

}

# process full record in $line here
}
Discussion

Here's an example input file:

DI STFI LES = $(DI ST_COMMON) $( SOURCES) $( HEADERS) \
$( TEXI NFOS) $(I NFOS) $(MANS) $( DATA)

DEP_DI STFI LES = $(DI ST_COVMON) $( SOURCES) $( HEADERS) \
$( TEXI NFOS) $(| NFO DEPS) $(MANS) $(DATA) \
$( EXTRA DI ST)

You'd like to process that file with the escaped newlinesignored. That way the first record would in this
case be the first two lines, the second record the next three lines, etc.

Here's how the algorithm works. The whi | e loop reads lines, which may or may not be complete
records - they might end in backslash (and a newline). The substitution operator s/ / / triesto remove a
trailing backslash. If the substitution fails, we've found a line without a backslash at the end. Otherwise,
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read another record, concatenate it onto the accumulating $I i ne variable, and use r edo to jump back
to just inside the opening brace of thewhi | e loop. Thislands us back on the chonp.

A common problem with filesin this format is invisible blanks between the backslash and end of line. It
would be more forgiving if the substitute were like this:

if ($line =~ s/\\\s*3$//) {
# as before
}

Unfortunately, even if your program is forgiving, others doubtlessly aren't. Just remember to be liberal in
what you accept and conservative in what you produce.

See Also

The chonp function in perlfunc (1) and in Chapter 3 of Programming Perl; the redo keyword in the
"Loop Control™ sections of perlsyn (1) and Chapter 2 of Programming Perl
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Previous: 8.1. Reading Lines _Ch ter 8 Next: 8.3. Processing Every
with Continuation Characters File Contents Word in a File

8.2. Counting Lines (or Paragraphs or Records) in a
File

Problem

Y ou need to compute the number of linesin afile.

Solution

Many systems have awc program to count linesin afile:
$count = "we -1 < $file’;

die "we failed: $?" if $?;

chonmp( $count) ;

Y ou could aso open the file and read line-by-line until the end, counting lines as you go:

open(FILE, "< $file") or die "can't open $file: $!";
$count ++ whil e <FI LE>;
# $count now hol ds the nunber of |ines read

Here's the fastest solution, assuming your line terminator really is™\ n" :
$count += tr/\n/\n/ while sysread(FILE, $ , 2 ** 16);

Discussion

Although you can use - s $f i | e to determine the file size in bytes, you generally cannot use it to derive
aline count. See the Introduction to Chapter 9, Directories, for moreon - s.

If you can't or don't want to call another program to do your dirty work, you can emulate wc by opening
up and reading the file yourself:

open(FILE, "< $file") or die "can't open $file: $!'";
$count ++ whil e <Fl LE>;
# $count now hol ds the nunber of |ines read

Another way of writing thisis:
open(FILE, "< $file") or die "can't open $file: $!'";
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for ($count=0; <FILE>, $count++) { }

If you're not reading from any other files, you don't need the $count variable in this case. The specia
variable $. holds the number of lines read since a filehandle was last explicitly cl osed:

1 while <FILE>;

$count = $.;

Thisreads all the recordsin the file and discards them.
To count paragraphs, set the global input record separator variable $/ to the empty string (" ") before

reading to make <> read a paragraph at atime.

$/ =""; # enabl e paragraph node for all reads
open(FILE, $file) or die "can't open $file: $!I'";

1 while <FlLE>;

$para_count = $.;

See Also

Y our system'swc (1) manpage; the $/ entry in perlvar (1), and in the "Special Variables' section of
Chapter 2 of Programming Perl; the Introduction to Chapter 9
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Previous: 8.2. Counting Lines _Ch ter 8 Next: 8.4. Reading a File
(or Paragraphs or Records) in File Contents Backwards by Line or
a File Paragraph

8.3. Processing Every Word in a File

Problem

Y ou need to do something to every word in afile, similar to thef or each function of csh.

Solution

Either spl i t each line on whitespace:
while (<>) {
for $chunk (split) {
# do sonething with $chunk

}
}
Or usethe m / g operator to pull out one chunk at atime:
while (<>) {

while ( /(\W\w-]*)/g ) {

# do sonmething with $1

}
}
Discussion

Decide what you mean by "word." Sometimes you want anything but whitespace, sometimes you only
want program identifiers, and sometimes you want English words. Y our definition governs which regular
expression to use.

The preceding two approaches work differently. Patterns are used in the first approach to decide what is
not aword. In the second, they're used to decide what is aword.

With these techniques, it's easy to make a word frequency counter. Use a hash to store how many times
each word has been seen:

# Make a word frequency count
%seen = ();
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while (<>) {
while ( /(\W'\w]*)/g) {
$seen{l c $1} ++;
}

}

# out put hash in a descending nuneric sort of its values

foreach $word ( sort { $seen{$b} <=> $seen{$a} } keys Useen) {
printf "%d %\n", $seen{$word}, S$word;

}

To make the example program count line frequency instead of word frequency, omit the second whi | e
loop and do $seen{| ¢ $_} ++ instead:
# Line frequency count
%seen = ();
while (<>) {
$seen{lc $_}++;
}

foreach $line ( sort { $seen{$b} <=> $seen{$a} } keys U%seen ) {
printf "%d %", $seen{$line}, $line;
}

Odd things that may need to be considered as words include "M.I1.T.", "Micro$oft", "o'clock", "49ers",
"street-wise", "and/or", "&", "c¢/o", "St.", "Tschil3', and "Nifio". Bear thisin mind when you choosing a
pattern to match. The last two require you to placeause | ocal e in your program and then employ \ w
for aword character in the current locale.

See Also

Thespl it functionin perlfunc (1) and in Chapter 3 of Programming Perl; Recipe 6.3; Recipe 6.23
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Previous: 8.3. Processing _C*%_arm Next: 8.5. Trailing a Growing
Every Word in a File File Contents File

8.4. Reading a File Backwards by Line or Paragraph

Problem

Y ou want to process each line or paragraph of atext filein reverse.

Solution

Read al linesinto an array, then process that array from the end to the start:
@i nes = <Fl LE>;
while ($line = pop @ines) {
# do sonething with $line
}

Or store an array of linesin reverse order:

@i nes = reverse <FlLE>;
foreach $line (@ines) {

# do sonething with $line
}

Discussion

The limitations of file access mentioned in this chapter's Introduction prevent you from reading aline at a
time starting from the end. Y ou must read the lines into memory, then process them in reverse order.
Needless to say, thisrequires at least as much available memory as the size of thefile.

The first technique moves through the array of lines, in reverse order. This destructively processes the
array, popping an element off the end of the array each time through the loop. We could do it
non-destructively with:

for ($i = $#lines; $i !'=-1; $i--) {
$line = $lines[$i];
}

The second approach generates an array of linesthat is already in reverse order. This array can then be
processed non-destructively. We get the reversed lines because the assignment to @ i nes forceslist
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context onr ever se, whichin turn forcesit on <Fl LE>. <> in alist context returns alist of al linesin
thefile.

These approaches are easily extended to paragraphs just by changing $/ :
# this enclosing block keeps |ocal $/ tenporary

{

| ocal &/ ="";
@ar agr aphs = reverse <FlLE>;

}
foreach $paragraph (@aragraphs) {

# do sonet hi ng
}
See Also

Ther ever se function in perlfunc (1) and in Chapter 3 of Programming Perl; the $/ entry in perlvar
(1), and in the "Special Variables' section of Chapter 2 of Programming Perl; Recipe 4.10; Recipe 1.6

Previous: 8.3. Processing Perl Next: 8.5. Trailing a Growing
Every Word in a File Cookbook File
8.3. Processing Every Word in Book 8.5. Trailing a Growing File
aFile Index

[ Library Home | Perl in a Nutshell | Learning Perl | Learning Perl on Win32 | Programming Perl | Advanced Perl
Programming | Perl Cookbook |



file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/ch03_01.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/ch02_01.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/perlnut/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/learn/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/learn32/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/advprog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/advprog/index.htm

Perl Cookbook

Previous: 8.4. Reading a File _CW_“M Next: 8.6. Picking a Random
Backwards by Line or File Contents Line from a File
Paragraph

8.5. Trailing a Growing File

Problem

Y ou want to read from a continually growing file, but the read fails when you reach the (current) end of
file.

Solution

Read until the end of file. Sleep, clear the EOF flag, and read some more. Repeat until interrupted. To
clear the EOF flag, either use seek:
for (;;) {
while (<FH>) { .... }
sl eep $SQOVETI MVE;
seek(FH, 0, 1);
}

or the1O::Handle module'scl ear er r method:
use | G : Seekabl e;

for (;;) {
while (<FH>) { .... }
sl eep $SOVETI ME;
FH >cl earerr();

}
Discussion
When you read to the end of afile, an internal flag is set that prevents further reading. The most direct

way to clear thisflag isthecl ear er r method, if supported: it'sin the 10::Handle and FileHandle
modules.

$naptinme = 1;

use | O : Handl e;
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open (LOGFILE, "/tnp/logfile") or die "can't open /tnp/logfile: $!'";
for (;;) {

while (<LOGFILE>) { print } # or appropriate processing
sl eep $napti ne;
LOGFI LE->cl earerr (); # clear stdio error flag

}

If that simple approach doesn't work on your system, you may need to use seek. The seek code given
above tries to move zero bytes from the current position, which nearly always works. It doesn't change the
current position, but it should clear the end-of-file condition on the handle so that the next <LOGFI LE>
picks up new data.

If that still doesn't work (e.g., it relies on features of your C library's (so-called) standard 1/0O
implementation), then you may need to use the following seek code, which remembersthe old file
position explicitly and returns there directly.

for (;5) {
for ($curpos = tell (LOGFILE); <LOGFILE>; $curpos = tell (LOGFILE)) {
# process $  here
}

sl eep $napti ne;
seek(LOGFI LE, $curpos, 0); # seek to where we had been
}

On some kinds of filesystems, the file could be removed while you are reading it. If so, there's probably
little reason to continue checking whether it grows. To make the program exit in that case, st at the
handle and make sure its link count (the third field in the return list) hasn't goneto O:

exit if (stat(LOGFILE))[3] ==

If you're using the File::stat module, you could write that more readably as.

use File::stat;
exit if stat(*LOGFILE)->nlink == 0;

See Also

The seek function in perlfunc (1) and in Chapter 3 of Programming Perl; your system'stail (1) and stdio
(3) manpages
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Previous: 8.5. Trailing a _ka_aw Next: 8.7. Randomizing All
Growing File File Contents Lines

8.6. Picking a Random Line from a File

Problem

Y ou want to return arandom line from afile.

Solution

User and and $. (the current line number) to decide which line to print:

sr and;
rand($.) <1 && ($line = $ ) while <>;
# $line is the random|li ne

Discussion

Thisis abeautiful example of a solution that may not be obvious. We read every linein the file but don't
have to store them all in memory. Thisisgreat for largefiles. Each linehasalin N (where N isthe
number of lines read so far) chance of being selected.

Here's areplacement for fortune using this algorithm:

$/ = "®AN";
$data = '/usr/share/ ganes/fortunes';
srand;

rand($.) < 1 && ($adage = $ ) while <>;
print $adage;

If you know line offsets (for instance, you've created an index) and the number of lines, you can
randomly select aline and jump to its offset in the file, but you usually don't have such an index.

Here's amore rigorous explanation of how the algorithm works. The function call r and ($. ) picksa
random number between 0 and the current line number. Therefore, you have aonein N chance, that is,
1/N, of keeping the Nth line. Therefore you've a 100% chance of keeping the first line, a 50% chance of
keeping the second, a 33% chance of keeping the third, and so on. The question is whether thisisfair for
al N, where N is any positive integer.

First, some concrete examples, then abstract ones.
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Obvioudly, afile with one line (N=1) isfair: you always keep the first line because 1/1 = 100%, making
it fair for files of 1 line. For afile with two lines, N=2. Y ou always keep the first line; then when
reaching the second line, you have a 50% chance of keeping it. Thus, both lines have an equal chance of
being selected, which shows that N=2 isfair. For afile with three lines, N=3. Y ou have a one-third
chance, 33%, of keeping that third line. That leaves a two-thirds chance of retaining one of the first two
out of the three lines. But we've already shown that for those first two lines there's a 50-50 chance of
selecting either one. 50 percent of two-thirds is one-third. Thus, you have a one-third chance of selecting
each of the three lines of thefile.

In the general case, afile of N+1 lineswill choose the last line 1/(N+1) times and one of the previous N
lines N/(N+1) times. Dividing N/(N+1) by N leaves us with 1/(N+1) for each the first N linesin our N+1
linefile, and also 1/(N+1) for line number N+1. The algorithm is therefore fair for all N, where N isa
positive integer.

We've managed to choose fairly arandom line from afile with speed directly proportional to the size of
the file, but using no more memory than it takes to hold the longest line, even in the worst case.

See Also

The$. entry in perlvar (1) and in the "Specia Variables" section of Chapter 2 of Programming Perl;
Recipe 2.7; Recipe 2.8
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Previous: 8.6. Picking a _Ch ter 8 Next: 8.8. Reading a
Random Line from a File File Contents Particular Line in a File

8.7. Randomizing All Lines

Problem

Y ou want to copy afile and randomly reorder its lines.

Solution

Read all linesinto an array, shuffle the array using the algorithm from Recipe 4.17, and write the
shuffled lines back out:
# assunes the &shuffle sub from Chapter 4
whil e (<I NPUT>) {
push(@ines, $);
}

@ eordered = shuffle(@i nes);
foreach (@eordered) {

print OUTPUT $_;
}

Discussion
The easiest approach isto read al lines into memory and shuffle them there. Because you don't know
where lines start in the file, you can't just shuffle alist of line numbers and then extract the linesin the

order they'll appear in the shuffled file. Even if you did know their starts, it would probably still be
slower because you'd be seeking around in the file instead of ssmply reading it from start to finish.

See Also

Recipe 2.7; Recipe 2.8; Recipe 4.17

Previous: 8.6. Picking a Perl Next: 8.8. Reading a
Random Line from a File Cookbook Particular Line in a File
8.6. Picking a Random Line Book 8.8. Reading a Particular Line

from aFile Index inaFile
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Previous: 8.7. Randomizing .Cha ter 8 Next: 8.9. Processing
All Lines File Contents Variable-Length Text Fields

8.8. Reading a Particular Line in a File

Problem

Y ou want to extract asingle line from afile.

Solution

The simplest solution isto read the lines until you get to the one you want:

# looking for |ine nunber $DESI RED LI NE_NUVBER

$. =0;

do { $LINE = <HANDLE> } until $. == $DESI RED LI NE_NUMBER || eof;

If you are going to be doing this alot and the file fits into memory, read the file into an array:

@i nes = <HANDLE>;
$LINE = $lines[ $DESI RED LI NE_NUVBER] ;

If you will be retrieving lines by number often and the file doesn't fit into memory, build a byte-address index to
let you seek directly to the start of the line:

# usage: buil d_i ndex(*DATA_HANDLE, *| NDEX_ HANDLE)

sub buil d_i ndex {

ny $data file = shift;
nmy $index file = shift;
nmy $of f set = 0;

while (<$data file>) {
print $index file pack("N', $offset);
$of fset = tell ($data file);

}

# usage: line_ w th index(*DATA HANDLE, *1NDEX HANDLE, $LI NE _NUVBER)
# returns line or undef if LINE NUMBER was out of range
sub line with index {

nmy $data file = shift;
ny $index file = shift;
ny $line_nunber = shift;

ny $size; # size of an index entry
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ny $i _of fset; # offset into the index of the entry
ny $entry; # index entry
ny $d_offset; # offset into the data file

$si ze = length(pack("N', 0));

$i _offset = $size * ($line_nunber-1);
seek($index _file, $i _offset, 0) or return;
read($i ndex_file, $entry, $size);

$d_of fset = unpack("N', S$entry);

seek($data _file, $d_offset, 0);

return scal ar(<$data_fil e>);

}

# usage:
open(FILE, "< $file") or die "Can't open $file for reading: $'\n";
open( | NDEX, "+>$file.idx")
or die "Can't open $file.idx for read/wite: $!'\n";
bui | d_i ndex(*FI LE, *1 NDEX);

$line = line_with_index(*FILE, *INDEX, $seeking);

If you have the DB_File module, its DB RECNO access method ties an array to afile, one line per array element:
use DB Fil e;

use Fcntl;

$tie =tie(@ines, $FILE, "DB File", O RDWR, 0666, $DB RECNO) or die
"Cannot open file $FILE $!'\n";

# extract it

$line = $lines[$sought-1];

Discussion

Each strategy has different features, useful in different circumstances. The linear access approach is easy to write
and best for short files. The index method gives quick two-step lookup, but requires that the index be pre-built, so
it is best when the file being indexed doesn't change often compared to the number of lookups. The DB_File
mechanism has some initial overhead, but subsequent accesses are much faster than with linear access, so use it
for long files that are accessed more than once and are accessed out of order.

It isimportant to know whether you're counting linesfrom O or 1. The $. variableis 1 after thefirst lineisread,
so count from 1 when using linear access. The index mechanism uses lots of offsets, so count from 0. DB_File
treats the file's records as an array indexed from 0O, so count lines from O.

Here are three different implementations of the same program, print_line. The program takes two arguments, a
filename, and a line number to extract.

The version in Example 8.1 simply reads lines until it finds the one it's looking for.
Example 8.1: print_line-v1

#!/usr/bin/perl -w
# print_line-vl - linear style



@ARGV == 2 or die "usage: print_line FILENAME LI NE_NUVBER n";

($filename, $line nunber) = @GARGY,
open(I NFILE, "< $filename”) or die "Can't open $filenane for reading: $'\n";
while (<INFILE>) {

$line = $_;
last if $. == $line_nunber;
}
if ($. !'= $line_nunber) {
die "Didn't find line $line_nunber in $filenane\n";
}
print;

The index version in Example 8.2 must build an index. For many lookups, you could build the index once and
then use it for all subsequent lookups:

Example 8.2: print_line-v2

#!/usr/bin/perl -w
# print_line-v2 - index style
# build_index and line_ wth_index from above
@\RGV == 2 or
di e "usage: print_line FILENAME LI NE_NUMBER';

($filename, $line_nunber) = @ARGY,
open(ORI G "< $fil enanme")
or die "Can't open $filenanme for reading: $'";

# open the index and build it if necessary
# there's a race condition here: tw copies of this
# program can notice there's no index for the file and
# try to build one. This would be easily solved with
# | ocki ng
$i ndexnanme = "$fil enane. i ndex";
sysopen( |l DX, $i ndexnane, O CREAT| O RDVWR)
or die "Can't open $indexnane for read/wite: $!'";
build_index(*ORIG *IDX) if -z $indexnane; # XXX race unless |ock

$line = line with index(*ORIG *IDX, $line_nunber);
die "Didn't find line $line_nunber in $filenane" unl ess defined $line;
print $line;

The DB_File version in Example 8.3 is indistinguishable from magic.
Example 8.3: print_line-v3

#!/usr/bin/perl -w

# print_line-v3 - DB File style
use DB Fil e;

use Fcntl;



@A\RGV == 2 or
di e "usage: print_line FILENAMVE LI NE_NUMBER\ n";

($filenane, $line_nunber) = @GRGY,
$tie =tie(@ines, "DB File", $filename, O RDWR 0666, $DB RECNO)
or die "Cannot open file $filename: $'\n";

unl ess ($line_nunmber < $tie->length) {
die "Didn't find line $line_nunber in $fil enane\n"

}
print $lines[$line_nunber-1]; # easy, eh?
See Also

The documentation for the standard DB_File module (also in Chapter 7 of Programming Perl ); thet i e function
in perlfunc (1) and in Chapter 3 of Programming Perl; the entry on $. in perlvar (1) and in the " Special
Variables" section of Chatper 2 of Programming Perl

Previous: 8.7. Randomizing Perl Next: 8.9. Processing
All Lines Cookbook Variable-Length Text Fields
8.7. Randomizing All Lines Book 8.9. Processing
Index Variable-Length Text Fields
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Previous: 8.8. Reading a _Ch ter 8 Next: 8.10. Removing the
Particular Line in a File File Contents Last Line of a File

8.9. Processing Variable-Length Text Fields

Problem

Y ou want to extract variable length fields from your input.

Solution

Usespl it with apattern matching the field separators.

# given $RECORD with field separated by PATTERN,
# extract @l ELDS.
@ ELDS = split(/PATTERN , $RECORD);

Discussion

Thespl i t function takes up to three arguments. PATTERN, EXPRESSI ON, andLI M T. TheLIM T
parameter is the maximum number of fields to split into. (If the input contains more fields, they are
returned unsplit in thefinal list element.) If LI M T isomitted, al fields (except any final empty ones)
are returned. EXPRESSI ON gives the string value to split. If EXPRESSI ONisomitted, $_ is split.
PATTERN is a pattern matching the field separator. If PATTERN is omitted, contiguous stretches of
whitespace are used as the field separator and leading empty fields are silently discarded.

If your input field separator isn't afixed string, you might want spl i t to return the field separators as
well as the data by using parentheses in PATTERN to save the field separators. For instance:

split(/([+1)/, "3+5-2"),;

returns the values:
(3, "+, 5 '-', 2

To split colon-separated records in the style of the /etc/passwd file, use:
@ields = split(/:/, $RECORD);

The classic application of spl i t iswhitespace-separated records:
@ields = split(/\s+/, $RECORD);

If $RECORD started with whitespace, thislast use of spl i t would have put an empty string into the first
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elementof @i el ds becausespl i t would consider the record to have an initial empty field. If you
didn't want this, you could use this special form of spl i t:

@ields = split(" ", $RECORD);
Thisbehaveslikespl i t with apattern of / \ s+/ , but ignores leading whitespace.

When the record separator can appear in the record, you have a problem. The usual solution is to escape
occurrences of the record separator in records by prefixing them with a backslash. See Recipe 1.13.

See Also

Thespl it functionin perlfunc (1) and in Chapter 3 of Programming Per|
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Previous: 8.9. Processing _Ch ter 8 Next: 8.11. Processing Binary
Variable-Length Text Fields File Contents Files

8.10. Removing the Last Line of a File

Problem

You'd liketo remove the last line from afile.

Solution

Read thefile aline at atime and keep track of the byte address of the last line you've seen. When you've
exhausted the file, truncate to the last address you saved:

open (FH, "+< $file") or die "can't update $file: $!'";
while ( <FH> ) {

$addr = tell (FH) unless eof (FH);
}
truncat e(FH, $addr) or die "can't truncate $file: $!";
Discussion
Thisis much more efficient than reading the file into memory all at once, sinceit only holdsoneline at a

time. Although you still have to grope your way through the whole file, you can use this program on files
larger than available memory.

See Also

The open and bi nnode functionsin perlfunc (1) and in Chapter 3 of Programming Perl; your system's
open (2) and fopen (3) manpages

Previous: 8.9. Processing Perl Next: 8.11. Processing Binary
Variable-Length Text Fields Cookbook Files
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Previous: 8.10. Removing the .Cha ter 8 Next: 8.12. Using
Last Line of a File File Contents Random-Access 1/0

8.11. Processing Binary Files

Problem

Y our system distinguishes between text and binary files. How do you?

Solution

Usethe bi nnbde function on the filehandle:
bi nnode( HANDLE) ;

Discussion

Not everyone agrees what constitutes alinein atext file, because one person's textual character set is another's
binary gibberish. Even when everyone is using ASCII instead of EBCDIC, Rad50, or Unicode, discrepancies
arise.

As mentioned in the Introduction, there is no such thing as a newline character. It is purely virtual, afigment
of the operating system, standard libraries, device drivers, and Perl.

Under Unix or Plan9, a" \ n" represents the physical sequence”\ cJ" (the Perl double-quote escape for
Ctrl-J), alinefeed. However, on aterminal that's not in raw mode, an Enter key generates an incoming "\ cM'
(acarriage return) which turnsinto "\ ¢J" , whereas an outgoing "\ cJ" turnsinto”\ cM cJ" . This
strangeness doesn't happen with normal files, just terminal devices, and it is handled strictly by the device
driver.

OnaMac,a"\ n" isusualy represented by "\ cM'; just to make life interesting (and because the standard
requiresthat "\ n" and"\ r" bedifferent),a"\r" representsa”\ cJ" . Thisisexactly the opposite of the
way that Unix, Plan9, VMS, CP/M, or nearly anyone else doesit. So, Mac programmers writing files for other
systems or talking over a network have to be careful. If you send out "\ n" , you'll deliver a™\ cM', and no
"\ cJ" will be seen. Most network services prefer to receiveand send "\ ¢M c¢J" asaline terminator, but
most accept merely a"\ cJ".

Under VMS, DOS, or their derivatives, a" \ n" represents”\ ¢J", similar to Unix and Plan9. From the
perspective of atty, Unix and DOS behave identically: a user who hits Enter generatesa” \ cM', but this
arrives at the programasa”\ n", whichis"\ cJ". A"\ n" (that'sa"\ cJ", remember) sent to aterminal
showsupasa"\cM cJ".

These strange conversions happen to Windows files as well. A DOS text file actually physically contains two
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characters at the end of every line, "\ cM cJ" . Thelast block inthefilehasa"\ cZ" to indicate where the
text stops. When you write alinelike" bad news\ n" on those systems, the file contains " bad
news\ cM cJ", just asif it were aterminal.

When you read a line on such systems, it's even stranger. Thefileitself contains" bad news\ cM ¢cJ", a
10-byte string. When you read it in, your program gets nothing but " bad news\ n" , wherethat "\ n" isthe
virtual newline character, that is, alinefeed (" \ cJ" ). That meansto get rid of it, asinglechop or chonp
will do. But your poor program has been tricked into thinking it's only read nine bytes from the file. If you
wereto read 10 such lines, you would appear to have read just 90 bytesinto the file, but in fact would be at
position 100. That'swhy thet el | function must always be used to determine your location. Y ou can't infer
your position just by counting what you've read.

This legacy of the old CP/M filesystem, whose equivalent of a Unix inode stored only block counts and not
file sizes, has frustrated programmers for decades, and no end isin sight. Because DOS is compatible with
CP/M file formats, Windows with DOS, and NT with Windows, the sins of the fathers have truly been visited
unto the children of the fourth generation.

Y ou can circumvent thesingle" \ n" terminator by telling Perl (and the operating system) that you're working
with binary data. The bi nnode function indicates that data read or written through the given filehandle
should not be mangled the way atext file would likely be on those systems.

$gi fnane = "picture.gif";

open(d F, $gifname) or die "can't open $gifnane: $'";
bi nnode( A F) ; # now DOS won't mangle binary input fromdF
bi nnode( STDOUT) ; # now DOS won't mangl e binary output to STDOUT

while (read(G@F, $buff, 8 * 2**10)) {
print STDOUT $buff;
}

Calling bi nnode on systems that don't make this distinction (including Unix, the Mac, and Plan 9) is
harmless. Inappropriately doing so (such as on atext file) on systems that do (including MVS, VMS, and
DOS, regardless of its GUI ) can mangle your files.

If you're not using bi nnode, the data you read using stdio (<>) will automatically have the native system's
line terminator changed to "\ n" , even if you change $/ . Similarly, any "\ n" you pri nt to thefilehandle
will be turned into the native line terminator. See this chapter's Introduction for more details.

If you want to get what was on the disk, byte for byte, you should set bi nnode if you're on one of the odd
systems listed above. Then, of course, you also have to set $/ to the real record separator if you want to use
<>onit.

See Also

The open and bi nnode functions in perlfunc (1) and in Chapter 3 of Programming Perl; your system's open
(2) and fopen (3) manpages

Previous: 8.10. Removing the Perl Next: 8.12. Using
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Previous: 8.11. Processing Chapter 8 Next: 8.13. Updating a
Binary Files File Contents Random-Access File

8.12. Using Random-Access 1/O

Problem

Y ou haveto read a binary record from the middle of alarge file but don't want to read arecord at atime
to get there.

Solution

Once you know the record's size, multiply it by the record number to get the byte address, and then seek
to that byte address and read the record:

$ADDRESS = $RECSI ZE * $RECNO
seek(FH, $ADDRESS, 0) or die "seek: $!";
read( FH, $BUFFER, $RECSI ZE);

Discussion

The Solution assumes the first record has a RECNO of 0. If you're counting from one, use:
$ADDRESS = $RECSI ZE * ($RECNO-1);

Thiswon't work on atext file unless al lines are the same length. Thisisrarely the case.

See Also

The seek function in perlfunc (1) and in Chapter 3 of Programming Perl; Recipe 8.13
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Previous: 8.12. Using _ka_aw Next: 8.14. Reading a String
Random-Access I/O File Contents from a Binary File

8.13. Updating a Random-Access File

Problem

Y ou want to read in an old record from a binary file, change its values, and write back the record.

Solution

After r eading the old record, pack up the updated values, seek to the previous address, and write it
back.

use Fcntl; # for SEEK SET and SEEK CUR

$ADDRESS = $RECSI ZE * $RECNG,
seek( FH, $ADDRESS, SEEK SET) or die "Seeking: $!'";
read( FH, $BUFFER, $RECSIZE) == $RECSI ZE

or die "Reading: $'";
@1 ELDS = unpack($FORMAT, $BUFFER);
# update fields, then
$BUFFER = pack( $FORMAT, @I ELDS);

seek(FH, -$RECSIZE, SEEK CUR) or die "Seeking: $'";
print FH $BUFFER;

cl ose FH or die "Cosing: $'";
Discussion

Y ou don't have to use anything fancier than pr i nt in Perl to output arecord. Remember that the
opposite of read isnotwr i t e but pri nt, athough oddly enough, the opposite of sysr ead actually
iIssyswrite.(split andj oi nareopposites, but there'sno speak to match | i st en, no
resurrect forkill,andnocurse for bl ess.)

The example program shown in Example 8.4, weekearly, takes one argument: the user whose record you

want to backdate by aweek. (Of course, in practice, you wouldn't really want to (nor be able to!) mess
with the system accounting files.) This program requires write access to the file to be updated, since it
opens the file in update mode. After fetching and altering the record, it packsit up again, skips
backwards in the file one record, and writesit out.
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Example 8.4: weekearly

#! [ usr/ bi n/ per|

# weekearly -- set soneone's |login date back a week
use User:: pwent;

use | O : Seekabl e;

$typedef = 'L Al2 Al6'; # linux fnt; sunos is "L A8 Al6"
$si zeof = | ength(pack($typedef, ()));

$user = shift (@GRGY) || $ENV{USER} || $ENV{LOGNAMNE};

$address = get pwnan( $user)->uid * $si zeof;

open (LASTLOG "+</var/log/lastlog")

or die "can't update /usr/adnilastlog: $!'";
seek( LASTLOG $address, SEEK SET)

or die "seek failed: $!'";
read( LASTLOG, $buffer, $sizeof) == $si zeof

or die "read failed: $!'";

($time, $line, $host) = unpack($typedef, $buffer);
$time -=24* 7 * 60 * 60; # back-date a week
$buf fer = pack($typedef, $tinme, $line, $tine);

seek( LASTLOG, - $sizeof, SEEK CUR) # backup one record
or die "seek failed: $!'";
print LASTLOG $record;

cl ose( LASTLOG)
or die "close failed: $!'";:

See Also

Theopen, seek, r ead, pack, and unpack functionsin the perlfunc (1) and in Chapter 3 of
Programming Perl; Recipe 8.12; Recipe 8.14
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Previous: 8.13. Updating a Chapter 8 Next: 8.15. Reading
Random-Access File File Contents Fixed-Length Records

8.14. Reading a String from a Binary File

Problem

Y ou want to read a NUL -terminated string from afile, starting at a particular address.

Solution
Set $/ toan ASCII NUL, and read the string with <>:
$old rs = $/; # save old $/
$/ = "\0"; # NULL
seek(FH, $addr, SEEK SET) or die "Seek error: $'\n";
$string = <FH>; # read string
chonp $string; # renove NULL
$/ = $old_rs; # restore old $/
Youcanusel ocal tosaveandrestore$/ if you want:
{
| ocal $/ = "\0";
# ...
} # $/ is automatically restored
Discussion

The example program shown in Example 8.5, bgets, accepts a filename and one or more byte addresses

as arguments. Decimal, octal, or hexadecimal addresses may be specified. For each address, the program
reads and prints the NULL- or EOF-terminated string at that position:

Example 8.5: bgets

#! [ usr/ bi n/ perl

# bgets - get a string froman address in a binary file

use | O : Seekabl e;

($file, @ddrs) = @\RGV or die "usage: $0 addr ...";
open(FH, $file) or die "cannot open $file: $!'";
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$/ = "\000";
foreach $addr (@ddrs) {
$addr = oct $addr if $addr =~ /~0/;
seek(FH, %$addr, SEEK SET)
or die "can't seek to $addr in $file: $'";
printf qq{%x %o % "%"\n}, $addr, $addr, $addr, scalar <>

}

Here's a simple implementation of the Unix strings program:
Example 8.6: strings

#! [ usr/ bi n/ perl
# strings - pull strings out of a binary file
$/ = "\0";
while (<>) {
while (/([\040-\176\s]{4,})/9) {
print $1, "\n";
}

}

See Also

Theseek, get ¢, and or d functions in perlfunc (1) and in Chapter 3 of Programming Perl; the

discussion of qq/ / inthe "Quote and Quote-Like Operators' section of the perlop (1) manpage, and in
the "Pick your own quotes” section of Chapter 2 of Programming Perl
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Previous: 8.14. Reading a .Cha ter 8 Next: 8.16. Reading
String from a Binary File File Contents Configuration Files

8.15. Reading Fixed-Length Records

Problem

Y ou want to read a file whose records have afixed length.

Solution

User ead and unpack:

# SRECORDSI ZE is the length of a record, in bytes.
# $TEMPLATE is the unpack tenplate for the record
# FILE is the file to read from

# @I ELDS is an array, one elenent per field

until ( eof (FILE) ) {
read( FI LE, $record, $RECORDSI ZE) == $RECORDSI ZE
or die "short read\n";
@ ELDS = unpack( $TEMPLATE, $record);

}
Discussion

Because the file in question is not atext file, you can't use <FH> or 10:: modules get | i ne method to read in
records. Instead, you must smply r ead aparticular number of bytesinto a buffer. This buffer then contains
one record's data, which you decode using unpack with the right format.

For binary data, the catch is often determining the right format. If you're reading data written by a C program,
this can mean peeking at C include files or manpages describing the structure layout, and this requires
knowledge of C. It also requires that you become unnaturally chummy with your C compiler, because
otherwise it's hard to predict field padding and alignment (such as the x2 in the format used in Recipe 8.18). If
you're lucky enough to be on a Berkeley Unix system or a system supporting gcc, then you may be able to use
the c2ph tool distributed with Perl to cajole your C compiler into helping you with this.

The tailwtmp program at the end of this chapter uses the format described in utmp (5) under Linux and works
on its /var/log/wtmp and /var/run/utmp files. Once you commit to working in a binary format, machine
dependencies creep in fast. It probably won't work unaltered on your system, but the procedureis still
illustrative. Here is the relevant layout from the C include file on Linux:

#def i ne UT_LI NESI ZE 12
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#defi ne UT_NAMESI ZE 8

#def i ne UT_HOSTSI ZE 16

struct utnp { /* here are the pack tenplate codes */
short ut _type; /* s for short, nust be padded */
pid_t ut_pid; /* 1 for integer */
char ut |ine[ UT_LI NESI ZE] ; /* Al2 for 12-char string */
char ut _id[?2]; /* A2, but need x2 for alignnment */
tinme_ t ut _tine; /* | for long */
char ut _user[ UT_NAMESI ZE] ; /* A8 for 8-char string */
char ut _host [ UT_HOSTSI ZE] ; /* Al6 for 16-char string */
| ong ut _addr; /* | for long */

b

Once you figure out the binary layout, feed that (inthiscase, s x21 A12 A2 x2 | A8 Al6 1| ")topack
with an empty field list to determine the record's size. Remember to check the return value of r ead when you
read in your record to make sure you got back the number of bytes you asked for.

If your records are text strings, usethe” a" or " A" unpack templates.

Fixed-length records are useful in that the n th record begins at byte offset SI ZE* (n- 1) inthefile, where
S| ZE isthe size of asingle record. See the indexing code in Recipe 8.8 for an example of this.

See Also

Theunpack, pack, and r ead functionsin perlfunc (1) and in Chapter 3 of Programming Perl; Recipe 1.1
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8.16. Reading Configuration Files

Problem
Y ou want to allow the users of your program to change its behavior through configuration files.
Solution

Either process afilein trivial VAR=VALUE format, setting a hash key-value pair for each setting:
whil e (<CONFI G) {

chonp; # no new i ne
s/#.*11, # no comrents

s/ ™M s+l /; # no | eading white
s/\s+$//; # no trailing white
next unl ess | ength; # anything left?

ny ($var, S$value) = split(/\s*=\s*/, $ , 2);
$User Preferences{$var} = $val ue;

}

Or better yet, treat the config file as full Perl code:
do "$ENV{ HOVE}/ . progrc";

Discussion

Thefirst solution lets you read in config filesin atrivial format like this (comments and blank lines are
allowed):

# set class C net

NETMASK = 255. 255. 255. 0
MTU = 296

DEVICE = cual

RATE = 115200

MODE = adaptive

After you're done, you can pull in a setting by something like $User _Pr ef erences{" RATE"} to
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find the value 115200. If you wanted the config file to directly set avariable in your program using that
name, instead of assigning to the hash, do this:

no strict 'refs';
$$var = $val ue;
and the $RATE variable would contain 115200.

The second solution uses do to pull in raw Perl code directly. When used with an expression instead of a
block, do interprets the expression as afilename. Thisis nearly identical to using r equi r e, but without
risk of taking afatal exception. In the second format, the config file would look like:

# set class C net
$NETMASK = ' 255. 255. 255. 0' ;

$Mru = 0x128;

# Brent, please turn on the nodem
$DEVICE = 'cual';

$RATE = 115 200;

$MODE = 'adaptive';

If you don't see the point of having extra punctuation and live code, consider this: you can have all of
Per| at your disposal. Y ou can now add arbitrary logic and tests to your simple assignments:
if ($DEVICE =~ /1%/) {
$RATE = 28_800;
} else {
$RATE = 115 200;
}

Many programs support system and personal configuration files. If you want the user's choices to
override the system ones, load the user file second:

$APPDFLT = "/usr/ Il ocal / share/ nyprog";

do "S$APPDFLT/ sysconfig. pl";
do "$ENV{ HOVE}/ . myprogrc"”;

If you want to ignore the system config file when the user has their own, test the return value of the do.
do "$ENV{ HOVE}/ . nyprogrc";

or
do "$APPDFLT/ sysconfig. pl"

Y ou might wonder what context those files will be executed under. They will be in the same package that
do itself was compiled into. Typically you'll direct usersto set particular variables, which, being
unqualified globals, will end up in the current package. If you'd prefer unqualified variables go into a
particular package, do this:

{ package Settings; do "$ENV{HOVE}/.nyprogrc" }
Aswith afileread inusingr equi r e or use, thoseread in using do count as a separate and unrel ated

lexical scope. That means the configuration file can't accessits caller's lexical (my) variables, nor can the
caller find any such variables that might have been set in thefile. It also means that the user's code isn't



held accountable to a pragma like use strict or use integer that may be in effect in the caller.

If you don't want clean partitioning of variable visibility, you can get the config file's code executed in
your own lexical scope. If you haveacat program or its technical equivalent handy, you could write
yourself ahand-rolled do:

eval “cat $ENV{HOVE}/.nyprogrc’;
We've never actually seen anyone (except Larry) use that approach in production code.

For onething, do isalot easier to type. Also, it respects the @ NC path, which is normally searched if a
full path is not specified, but, unlike using ar equi r e, no implicit error checking happens under do.
Thismeans you don't haveto wrap it in an eval to catch exceptions that would otherwise cause your
program to die, because do already functionsasan eval .

Y ou can still check for errors on your own if you'd like:

$file = "soneprog. pl";

unl ess ($return = do $file) {
warn "couldn't parse $file: $@ if $O@
warn "couldn't do $file: $!" unl ess defi ned $return;
warn "couldn't run $file" unl ess $return;

}

Thisis much ssmpler for the programmer to source in code than it would be to invent and then parse a
complicated, new syntax. It's al'so much easier on the user than forcing them to learn the syntax rules of
yet another configuration file. Even better, you give the user access to a powerful algorithmic
programming language.

One reasonable concern is security. How do you know that the file hasn't been tampered with by
someone other than the user? The traditional approach here isto do nothing, trusting the directory and
file permissions. Nine times out of ten, thisis also the right approach. Most projects just aren't worth
being that paranoid over. For those that are, see the next recipe.

See Also

Theeval andr equi r e functionsin perlfunc (1) and in Chapter 3 of Programming Perl; Recipe 8.17;
Recipe 10.12
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8.17. Testing a File for Trustworthiness

Problem

Y ou want to read from afile, perhaps because it has configuration information. Y ou only want to use the
fileif it can't be written to (or perhaps not even be read from) by anyone else than its owner.

Solution

Usethest at call to retrieve ownership and file permissions information. Y ou can use the built-in
version, which returns alist:

( $dev, $ino, $node, $nlink,
$uid, $gid, $rdev, $size,
$atine, $ntine, S$ctine,
$bl ksi ze, $bl ocks ) = stat ($fil enane)
or die "no $filenane: $!'";

$node &= 07777; # discard file type info

Or you can use the by-name interface in:

$info = stat($fil enane) or die "no $filenane: $!";
i f ($info->uid == 0) {

print "Superuser owns $fil enanme\n";
}

if ($info->atime > $info->ntinme) {
print "$filenane has been read since it was witten.\n";
}

Discussion

Usually you trust users to set file permissions as they wish. If they want others to read their files, or even
to write to them, that's their business. Applications like editors, mailers, and shells are often more
discerning, though, refusing to evaluate code in configuration files if anyone but the owner can write to
them. This helps avoid Trojan horses attacks. Security-minded programs like ftp and rlogin may even
reject config files that can be read by anyone but their owner.
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If the file is writable by someone other than the owner or is owned by someone other than the current
user or the superuser, it shouldn't be trusted. To figure out file ownership and permissions, the st at
function is used. The following function returnstrue if the file is deemed safe and false otherwise. If the
st at fails, undef isreturned.

use File::stat;

sub is_safe {
ny $path = shift;
ny $info = stat($path);
return unl ess $info;

# owner neither superuser nor ne

# the real uid is in stored in the $< variable

if (($info->uid !'= 0) && ($info->uid I'= $<)) {
return O;

}

# check whether group or other can wite file.
# use 066 to detect either reading or witing
i f ($info->npde & 022) { # soneone else can wite this
return O unless -d ; # non-directories aren't safe
# but directories with the sticky bit (01000) are
return O unless $info->npde & 01000;

}

return 1;

}

A directory is considered safe even if others can write to it, provided that its mode 01000 (owner delete
only) bit is set.

Careful programmers aso ensure that no enclosing directory iswritable. Thisis due to systems with the
"chown giveaway" problem in which any user can give away afile they own and make it owned by
someone else. The following function handles that by using thei s_saf e function to check every
enclosing directory up to the root if it detects that you have the chown problem, for which it queries the
POSI X: : sysconf . If you don't have an unrestricted version of chown, thei s_verysafe
subroutinejust callsi s_saf e. If you do have the problem, it walks up the filesystem tree until it
reaches the root.

use Owd;
use POSI X gw sysconf _PC CHOWN RESTRI CTED) ;
sub is_verysafe {
ny $path = shift;
return is_safe($path) if sysconf(_PC CHONM RESTRI CTED);
$path = getewd() . '/' . $path if $path '~ n{"/};
do {
return unl ess is_safe($path);



$path =~ s#(["] +| /) $##; # di rnane
$path =~ s#/$## if length($path) > 1; # last slash
} while | ength $path;

return 1;

}

To usethisin aprogram, try something like this:

$file = "SENV{HOVE}/ . nyprogrc";
readconfig($file) if is_safe($file);

This has potential for arace condition, because it's presumed that the hypothetical r eadconfi g
function will open the file. Between thetimewheni s_saf e checksthefile's stats and when
r eadconf i g opensit, something wicked could theoretically occur. To avoid this, passi s_saf e the
already open filehandle, which is set up to handle this:
$file = "SENV{HOVE}/ . myprogrc"”;
if (open(FILE, "< $file")) {

readconfig(*FILE) if is_safe(*FlILE);

}
Y ou would still haveto arrange for r eadconf i g to accept afilehandle instead of a filename, though.
Previous: 8.16. Reading Perl | Next: 8.18. Program: tailwtmp|
Configuration Files Cookbook
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8.18. Program: tailwtmp

Every time auser logsinto or out of a Unix system, arecord is added to the wtmp file. Y ou can't use the
normal tail program on it because it'sin binary format. The tailwtmp program in Example 8.7 knows the
format of the binary file and shows every new record as it appears. Y ou'll have to adjust the pack format
for your own system.

Example 8.7: tailwtmp

#! [ usr/ bi n/ perl
# tailwnp - watch for |ogins and | ogouts;
# uses linux utnp structure, from utnp(5)
$typedef = 's x2 i Al2 A | A8 Al6 |';
$si zeof = I ength pack($typedef, () );
use O :File;
open(WIMP, '/var/log/wwnp') or die "can't open /var/log/wtnp: $!'";
seek(WIMP, 0, SEEK END);
for (;;) {
whil e (read(WIMP, $buffer, $sizeof) == $sizeof) {
($type, $pid, S$line, $id, $tine, $user, $host, $addr)
= unpack($t ypedef, $buffer);
next unl ess $user && ord($user) && $ti ne;
printf "%d %8s % 12s %2s % 24s % 16s %bd %©8x\n",
$type, Suser, $line, $id,scalar(localtinme($tine)),
$host , $pi d, $addr;

}
for ($size = -s WIMP; $size == -s WIMP; sleep 1) {}
WIMP- >cl earerr();
}
Previous: 8.17. Testing a File Perl Next: 8.19.
for Trustworthiness Cookbook Program: tctee
8.17. Testing aFilefor Book 8.19. Program: tctee

Trustworthiness Index
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8.19. Program: tctee

Not all systems support the classic tee program for splitting output pipes to multiple destinations. This
command sends the output from someprog to /tmp/output and to the mail pipe beyond.

% soneprog | tee /tnp/output | Mail -s 'check this' user@ost.org

This program helps not only users who aren't on Unix systems and don't have aregular tee. It also helps
those who are, because it offers features not found on other version of tee.

The four flag arguments are -i to ignore interrupts, -a to append to output files, -u for unbuffered output,
and -n to omit copying the output on to standard out.

Because this program uses Perl's magic open, you can specify pipes as well asfiles.
% soneprog | tctee f1 "|cat -n" f2 ">>f 3"

That sends the output from someprog to the files f1 and f2, appendsiit to f3, sends a copy to the program
cat -n, and also produces the stream on standard output.

The program in Example 8.8 is one of many venerable Perl programs written nearly a decade ago that

still runs perfectly well. If written from scratch now, we'd probably use st ri ct , warnings, and ten to
thirty thousand lines of modules. But if it ain't broke. . .

Example 8.8: tctee

#! [ usr/ bi n/ per|
# tctee - clone that groks process tees
# perl 3 conpatible, or better.

while ($ARGV[O] =~ /"-(.+)] && (shift, ($_ = $1), 1)) {

next if /"$/;

slill && (++$ignore_ints, redo);

s/all && (++$append, redo) ;

s/ull && (++$unbuffer, redo) ;

s/n// && (++$nostdout, redo) ;

die "usage tee [-aiun] [filenanmes] ...\n";
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if ($ignore_ints) {

for $sig ('"INT', "TERM, "HUP', "QUT) { $SIE$sig} = "'IGORE ;
}
$SIG'PIPE} = ' PLUMBER ;
$nmode = $append ? '>>' ' >';
$fh = ' FHOOO' ;

unl ess ($nostdout) {
% h = (' STDOUT', 'standard output'); # always go to stdout

}
$| =1 if $unbuffer;

for (@RGV) {

if (!open($fh, (/~">]]/ && $node) . $)) {
warn "$0: cannot open $ : $!'\n"; # like sun's; i prefer die
$st at us++;
next ;

}
sel ect ((select($fh), $ = 1)[0]) if Sunbuffer;

$fh{$fh++} = $_;
}

whil e (<STDI N>) {
for $fh (keys % h) {

print $fh $_;
}
}
for $fh (keys % h) {
next if close($fh) || !defined $f h{$fh};
warn "$0: coul dnt close $fh{$fh}: $!'\n";
$st at us++;
}

exit $status;

sub PLUMBER {
warn "$0: pipe to \"$fh{$fh}\" broke!\n";
$st at us++;
del et e $f h{$f h};

}



Previous: 8.18. Program: Perl [ Next: 8.20. Program: laston|

tailwtmp Cookbook
8.18. Program: tailwtmp Book 8.20. Program: laston
Index

[ Library Home | Perl in a Nutshell | Learning Perl | Learning Perl on Win32 | Programming Perl | Advanced Perl

Programming | Perl Cookbook ]



file:///D|/Cool Stuff/old/ftp/perl/arbeit/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/perlnut/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/learn/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/learn32/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/prog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/advprog/index.htm
file:///D|/Cool Stuff/old/ftp/perl/arbeit/advprog/index.htm

Perl Cookbook —

Previous: 8.19. Program: .Cha ter 8 Next: 9.
tctee File Contents Directories

8.20. Program: laston

When you log in to a Unix system, it tells you when you last logged in. That information is stored in abinary file
called lastlog. Each user has their own record; UID 8 isat record 8, UID 239 at record 239, and so on. To find
out when a given user last logged in, convert their login name to a number, seek to their record in that file, read,
and unpack. Doing so with shell toolsis very hard, but it's very easy with the laston program. Here's an example:
% | ast on gnat

gnat U D 314 at Mon May 25 08:32:52 1998 on ttypO from bel ow. perl.com

The program in Example 8.9 is much newer thanthet ct ee program in Example 8.8, but it's less portable. It
uses the Linux binary layout of the lastlog file. You'll have to change this for other systems.

Example 8.9: laston

#! [ usr/ bi n/ perl

# laston - find out when given user |ast |ogged on
use User::pwent;

use | O : Seekabl e qwm SEEK SET) ;

open (LASTLOG, "/var/log/lastlog") or die "can't open /usr/adnilastlog: $'";

"L Al2 A16'; # linux fnt; sunos is "L A8 Al6"
| engt h( pack( $t ypedef, ()));

$t ypedef
$si zeof

for $user (@ARGY) {
$U = ($user =~ /"M d+$/) ? getpwui d(S$user) : get pwnanm $user);
unless ($U) { warn "no such uid $user\n"; next; }
seek( LASTLOG, $U->uid * $sizeof, SEEK SET) or die "seek failed: $!";
read(LASTLOG, $buffer, $sizeof) == $sizeof or next;
($time, $line, $host) = unpack($typedef, $buffer);
printf "%8s UD %d %%%\n", $U >nane, $U >uid,
$time ? ("at " . localtinme($time)) : "never |ogged in",
$line & " on $line",
$host && " from $host";

Previous: 8.19. Program: Perl Next: 9.
tctee Cookbook Directories
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O. Directories

Contents:
Introduction

Getting and Setting Timestamps

Deleting aFile

Copying or Moving aFile

Recognizing Two Names for the Same File
Processing All Filesin a Directory

Globbing, or Getting a List of Filenames Matching a Pattern
Processing All Filesin a Directory Recursively
Removing a Directory and Its Contents
Renaming Files

Splitting a Filename into Its Component Parts
Program: symirror

Program: Ist

Unix has its weak points but its file systemis not one of them.

- Chris Torek

9.0. Introduction

To fully understand directories, you need to be acquainted with the underlying mechanics. The following
explanation is slanted towards the Unix filesystem, for whose system calls and behavior Perl's directory
access routines were designed, but it is applicable to some degree to most other platforms.

A filesystem consists of two parts: a set of data blocks where the contents of files and directories are
kept, and an index to those blocks. Each entity in the filesystem has an entry in the index, be it aplain
file, adirectory, alink, or aspecia filelikethosein/ dev. Each entry in the index is called an inode
(short for index node). Since the index is aflat index, inodes are addressed by number.

A directory isaspecially formatted file, whose inode entry marksit as adirectory. A directory's data
blocks contain a set of pairs. Each pair consists of the name of something in that directory and the inode
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number of that thing. The data blocks for /usr/bin might contain:

Name |Inode
bc 17

du 29

nvi 8
pine |55

vi 8

Every directory islike this, even the root directory (/). To read the file /usr/bin/vi, the operating system
reads the inode for /, reads its data blocks to find the entry for /usr, reads /usr 'sinode, reads its data
block to find /usr/bin, reads /usr/bin's inode, reads its data block to find /usr/bin/vi, reads /usr/bin/vi 's
inode, and then reads the data from its data block.

The name in adirectory entry isn't fully qualified. Thefile /usr/bin/vi has an entry with the name vi in the
/usr/bin directory. If you open the directory /usr/bin and read entries one by one, you get filenames like
patch, rlogin, and vi instead of fully qualified names like /usr/bin/patch, /usr/bin/rlogin, and /usr/bin/vi.

The inode has more than a pointer to the data blocks. Each inode also contains the type of thing it
represents (directory, plain file, etc.), the size of the thing, a set of permissions bits, owner and group
information, the time the thing was last modified, the number of directory entries that point to this inode,
and so on.

Some operations on files change the contents of the file's data blocks; some change just the inode. For
instance, appending to or truncating afile updates its inode by changing the size field. Other operations
change the directory entry that pointsto the file'sinode. Changing afile's name changes only the
directory entry; it updates neither the file's data nor its inode.

Three fields in the inode structure contain the last access, change, and modification times: at i ne,
ctime,andnti ne. Theat i ne field is updated each time the pointer to the file's data blocksis
followed and the file'sdataisread. Thent i e field is updated each time the file's data changes. The
ct i me field is updated each time the file's inode changes. Thect i e is not creation time; thereis no
way under standard Unix to find afile's creation time.

Reading afile changesitsat i me only. Changing afile's name doesn't changeat i me, cti e, or

nt i me because it was only the directory entry that changed (it does changetheat i e and nt i ne of
the directory the file isin, though). Truncating afile doesn't changeitsat i me (because we haven't read,
we've just changed the sizefield in its directory entry), but it does changeitsct i nme because we changed
itssizefield and itsnt i me because we changed its contents (even though we didn't follow the pointer to
do s0).

We can access afile or directory'sinode by calling the built-in function st at on its name. For instance,
to get the inode for /usr/bin/vi, say:

@ntry = stat("/usr/bin/vi") or die "Couldn't stat /usr/bin/vi : $!'";



To get the inode for the directory /usr/bin, say:
@ntry = stat("/usr/bin") or die "Couldn't stat /usr/bin: $!'";

Y ou can stat filehandles, too:
@ntry = stat (I NFI LE) or die "Couldn't stat INFILE : $!";

The st at function returns alist of the values of the fields in the directory entry. If it couldn't get this
information (for instance, if the file doesn't exist), it returns an empty list. It's this empty list we test for
with the or di e construct. Be careful of using | | di e because that throws the expression into scalar
context, in which case st at only reports whether it worked. It doesn't return the list of values. The _
cache referred to below will still be updated, though.

The valuesreturned by st at arelisted in the following table.

Element | Abbreviation | Description

0 dev Device number of filesystem

1 ino Inode number (the "pointer” field)

2 mode File mode (type and permissions)

3 nlink Number of (hard) linksto thefile

4 uid Numeric user ID of file's owner

5 gid Numeric group ID of file's owner

6 rdev The device identifier (specia files only)

7 size Total size of file, in bytes

8 atime L ast access time, in seconds, since the Epoch
9 mtime Last modify time, in seconds, since the Epoch
10 ctime Inode change time, in seconds, since the Epoch
11 blksize Preferred block size for filesystem 1/O

12 blocks Actual number of blocks allocated

The standard File::stat module provides a named interface to these values. It overridesthe st at
function, so instead of returning the preceding array, it returns an object with a method for each attribute:

use File::stat;

$i node = stat("/usr/bin/vi");
$cti me = $i node->cti ne;
$si ze = $i node->si ze;

In addition, Perl provides a set of operatorsthat call st at and return one value only. These are
collectively referred to asthe -X operators because they all take the form of a dash followed by asingle



character. They're modelled on the shell's test operators:

-X | Stat field [Meaning

-r |mode File is readable by effective UID/GID
- w | mode Fileiswritable by effective UID/GID
- X |mode Fileis executable by effective UID/GID
- 0 |mode Fileis owned by effective UID

I- leode |FiIeisreadabIeby real UID/GID

- W/ mode Fileiswritable by real UID/GID

- X |mode Fileis executable by real UID/GID

- O|mode Fileis owned by real UID

I- e | |Fileexists

-Z |sze File has zero size

-S |Size File has nonzero size (returns size)
|-f |mode,rde'vIFiIeisapIainfiIe

- d [mode,rdev |Fileisadirectory

-1 |mode Fileisasymbolic link

- p | mode Fileis anamed pipe (FIFO)

- S |mode File is a socket

- b |rdev Fileisablock special file

- C |rdev Fileis acharacter specid file

-t |rdev Filehandle is opened to a tty

|-u |mode |Filehassetuid bit set

- g [mode File has setgid bit set

- k |mode File has sticky bit set

|-T |N/A |FiIeisatextfiIe

-B|N/A Fileisabinary file (opposite of - T)
I- Mlmtime |Ageof file in days when script started




- Alatime Same for access time

- C|ctime Same for inode change time (not creation)

The st at and the - X operators cache the values that the stat (2) system call returned. If you then call
st at or a- X operator with the special filehandle _ (asingle underscore), it won't call st at again but
will instead return information from its cache. This lets you test many properties of asingle file without
calling stat (2) many times or introducing a race condition:
open( F, "< $filenane" )

or die "Opening $filenane: $'\n";
unless (-s F & -T ) {

die "$fil enane doesn't have text in it.\n";
}

Thest at cal just returns the information in one inode, though. How do we get alist of the contents of a
directory? For that, Perl providesopendi r,readdi r,andcl osedi r:

opendi r (DI RHANDLE, "/usr/bin") or die "couldn't open /usr/bin : $!I'";
while ( defined ($fil ename = readdi r (D RHANDLE)) ) {

print "Inside /usr/bin is sonething called $fil enane\n";
}

cl osedi r (DI RHANDLE) ;

These directory reading functions are designed to look like the file open and close functions. Where
open takes afilehandle, though, opendi r takesadirectory handle. They ook the same (a bare word)
but they are different: you canopen(BIN, "/a/file") andopendir(BIN, "/a/dir") and
Perl won't get confused. Y ou might, but Perl won't. Because filehandles and directory handles are
different, you can't use the < > operator to read from a directory handle.

Thefilenamesin adirectory aren't necessarily stored alphabetically. If you want to get an al phabetical
list of files, you'll have to read all the entries and sort them yourself.

The separation of directory information from inode information can create some odd situations.
Operations that change directory only require write permission on the directory, not on the file. Most
operations that change information in the file's data require write permission to the file. Operations that
alter the permissions of the file require that the caller be the file's owner or the superuser. This can lead to
the interesting situation of being able to delete afile you can't read, or write to afile you can't remove.

Although these situations make the filesystem structure seem odd at first, they're actually the source of
much of Unix's power. Links, two filenames that refer to the samefile, are now extremely simple. The
two directory entries just list the same inode number. The inode structure includes a count of the number
of directory entries referring to thefile (nl i nk in the valuesreturned by st at ), but it lets the operating
system store and maintain only one copy of the modification times, size, and other file attributes. When
one directory entry isunl i nked, data blocks are only deleted if the directory entry was the last one that
referred to the file'sinode - and no processes still have the file open. You can unl i nk an open file, but
its disk space won't be released until the last close.

Links comein two forms. The kind described above, where two directory entries list the same inode



number (like vi and nvi in the earlier table), are called hard links. The operating system cannot tell the
first directory entry of afile (the one created when the file was created) from any subsequent hard links
to it. The other kind, soft or symboalic links, are very different. A soft link is a specia type of file whose
data block stores the filename the file is linked to. Soft links have a different node value, indicating
they're not regular files. The operating system, when asked to open a soft link, instead opens the
filename contained in the data block.

Executive Summary

Filenames are kept in adirectory, separate from the size, protections, and other metadata kept in an
inode.

The st at function returns the inode information (metadata).
opendi r, readdi r, and friends provide access to filenames in a directory through a directory handle.

Directory handles look like filehandles, but they are not the same. In particular, you can't use < > on
directory handles.

The permissions on a directory determine whether you can read and write the list of filenames. The
permissions on afile determine whether you can change the file's metadata or contents.

Three different times are stored in an inode. None of them isthefile's creation time.
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Previous: 9.0. Chapter 9 Next: 9.2.
Introduction Directories Deleting a File

9.1. Getting and Setting Timestamps

Problem

Y ou need to retrieve or alter when afile was last modified (written or changed) or accessed (read).

Solution

Usest at to get thosetimesand ut i me to set them. Both functions are built into Perl:
($READTI ME, $WRI TETI ME) = (stat($fil enane))[8, 9];

ut i me( $SNEVWREADTI ME, $NEWARI TETI ME, $fil enane);

Discussion

As explained in the Introduction, three different times are associated with an inode in the traditional Unix
filesystem. Of these, any user can settheat i me and nt i e with ut i ne, assuming the user has write
access to the parent directory of the file. There is effectively no way to changethect i nme. Thisexample
shows how to call ut i ne:

$SECONDS_PER DAY = 60 * 60 * 24
($atinme, $ntine) (stat($file))[8,9];
$atime -= 7 * $SECONDS_PER_DAY;
$ntime -= 7 * $SECONDS_PER_DAY;

uti me($atinme, $ntinme, $file)
or die "couldn't backdate $file by a week w utinme: $!'";

You must call ut i me withbothat i me and nt i nme values. If you only want to change one, you must
call st at first to get the other:

$ntinme = (stat $file)[9];
utime(time, $ntime, $file);
Thisiseasier to understand if you use File::stat:

use File::stat;
utime(tine, stat($file)->ntinme, $file);
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Useut i me to make it appear as though you never touched afile at all (beyonditsct i me being
updated). For example, to edit afile, use the program in Example 9.1.

Example 9.1: uvi

#!/usr/bin/perl -w
# uvi - vi a file without changing its access tines

$file = shift or die "usage: uvi filenane\n";
($atinme, $ntine) = (stat($file))[8,9];
system( $ENV{ EDI TOR} || "vi", $file);
uti me($atinme, $ntinme, $file)
or die "couldn't restore $file to orig tines: $!'";

See Also

Thest at and ut i me functionsin perlfunc (1) and in Chapter 3 of Programming Perl; the standard
File::stat module (also in Chapter 7 of Programming Perl; your system's utime (3) manpage
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9.2. Deleting a File

Problem

Y ou want to delete afile. Perl'sdel et e function isn't what you want.

Solution

Use Perl's standard unl i nk function:

unl i nk( $FI LENANE) or die "Can't delete $FILENAVE: $!'\n";
unl i nk( @l LENAMES) == @ LENAMES or die "Couldn't unlink all of @l LENAVES: $'\n";

Discussion

Theunl i nk function takes its name from the Unix system call. Perl'sunl i nk takes alist of filenames and returns the
number of filenames successfully deleted. This return value can then be tested with | | or or :

unlink($file) or die "Can't unlink $file: $!";

unl i nk doesn't report which filenames it couldn't delete, only how many it did delete. Here's one way to test for successful
deletion of many files and to report the number deleted:

unl ess (($count = unlink(@ilelist)) == @ilelist) {
warn "could only delete $count of "
(@ilelist) . " files";
}

Aforeachover @il el i st would permit individual error messages.

Under Unix, deleting afile from a directory requires write access to the directory,[1] not to the file, because it's the

directory you're changing. Under some circumstances, you could remove afile you couldn't write to or write to afile you
couldn't remove.

[1] Unless the sticky bit, mode 01000, is turned on for the directory, which further restricts deletions to be by
the owner only. Shared directories like /tmp are usually mode 01777 for security reasons.

If you delete afile that some process still has open, the operating system removes the directory entry but doesn't free up
data blocks until all processes have closed thefile. Thisishow the new_t npfi | e functionin 10::File (see Recipe 7.5)
works.

See Also

Theunl i nk function in perlfunc (1) and in Chapter 3 of Programming Perl; your system's unlink (2) manpage; we use the
idea of afilethat has been deleted but is still accessible in Recipe 7.5
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Previous: 9.2.
Deleting a File

Chapter 9

Directories

Next: 9.4. Recognizing Two
Names for the Same File

9.3. Copying or Moving a File

Problem

Y ou need to copy afile, but Perl has no built-in copy command.

Solution

Use the copy function from the standard File::Copy module:

use Fil e:: Copy;
copy($ol dfile, $newiile);

You can do it by hand:

open(IN, "< $oldfile")
open(QUT, "> $newfile")

$bl ksize = (stat IN)[11] ||

16384,

or die "can't open $ol dfile:
or die "can't open $newfil e:

# preferred bl ock size?

while ($len = sysread IN, $buf, $blksize) {
if (!defined $len) {
next if $! =~ /~Interrupted/; # ~Z and fg
die "Systemread error: $'\n";
}
$of fset = O;

while ($len) {
defined($witten =

# Handl e partial wites.

syswite OUT, $buf, $len, $offset)

or die "Systemwite error: $!'\n";
$l en -= $written;
$of fset += $witten;

b
}

close(IN);
cl ose( QUT);

Or you can call your system's copy program:

systen("cp $oldfile $newfile");
systen("copy $oldfile $newfile");

# uni x
# dos, vns

S
S
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Discussion

The File::Copy module provides copy and nove functions. These are more convenient than resorting to low-level
I/O calls and more portable than calling syst em nove works across file-system boundaries; the standard Perl
built-inr enanme (usually) does not.

use Fil e:: Copy;

copy("datafile.dat", "datafile.bak")
or die "copy failed: $'";

nmove("datafile.new', "datafile.dat")
or die "nove failed: $!";

Because these functions return only a simple success status, you can't easily tell which file prevented the copy or
move from being done. Copying the files manually lets you pinpoint which files didn't copy, but it fills your
program with complex sysr eadsand syswri t es.

See Also

Documentation for the standard File::Copy module (also in Chapter 7 of Programming Perl); ther enane, r ead,
andsyswri t e functionsin perlfunc (1) and in Chapter 3 of Programming Per|
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9.4. Recognizing Two Names for the Same File

Problem

Y ou want to identify if two filenamesin alist correspond to the same file on disk (because of hard and
soft links, two filenames can refer to asingle file). Y ou might do this to make sure that you don't change
afile you've already worked with.

Solution

Maintain a hash, keyed by the device and inode number of the files you've seen. The values are the
names of the files:

%seen = ();

sub do_ny_thing {
ny $filename = shift;
ny ($dev, $ino) = stat $fil enane;

unl ess ($seen{$dev, $ino}++) {
# do sonmething with $fil enane because we haven't
# seen it before

}
Discussion

A key in %seen is made by combining the device number ($dev) and inode number ($i no) of each
file. Filesthat are the same will have the same device and inode numbers, so they will have the same key.

If you want to maintain alist of all files of the same name, instead of counting the number of times seen,
save the name of the file in an anonymous array.

foreach $filename (@iles) {
($dev, $ino) = stat $fil enane;
push( @ $seen{s$dev, $ino} }, $filenane);
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foreach $devino (sort keys %een) {
($dev, $ino) = split(/$;/0, $devino);
i f (@ $seen{$devino}} > 1) {
# @ $seen{$devino}} is a list of filenames for the sane file
}

}

The $; variable contains the separator string using the old multidimensional associative array emulation
syntax, $hash{ $x, $y, $z} . It's«till aone-dimensional hash, but it has composite keys. Thekey is
really j oi n($; =>$x, By, $z).Thespl i t separatesthem again. Although you'd normally just use
areal multilevel hash directly, here there's no need, and it's cheaper not to.

See Also

The $; variablein perlvar (1), and in the "Special Variables' section of Chapter 2 of Programming Perl;
thest at function in perlfunc (1) and in Chapter 3 of Programming Perl; Chapter 5, Hashes
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Matching a Pattern

9.5. Processing All Files in a Directory

Problem

Y ou want to do something to each file in a particular directory.

Solution

Useopendi r to openthedirectory and thenr eaddi r to retrieve every filename:

opendir (DI R, $dirnane) or die "can't opendir $dirname: $!'";
while (defined($file = readdir(DIR))) {

# do sonething with "$dirnane/ $file"
}

cl osedir (D R);

Discussion

Theopendi r,readdi r,andcl osedi r functions operate on directoriesasopen, <>, and cl ose
operate on files. Both use handles, but the directory handles used by opendi r and friends are different
from the file handles used by open and friends. In particular, you can't use < > on adirectory handle.

In scalar context, r eaddi r returns the next filename in the directory until it reaches the end of the
directory when it returnsundef . In list context it returns the rest of the filenames in the directory or an
empty list if there were no filesleft. As explained in the Introduction, the filenames returned by

r eaddi r do not include the directory name. When you work with the filenames returned by r eaddi r,
you must either move to the right directory first or prepend the directory to the filename.

This shows one way of prepending:

$dir = "/usr/local/bin";
print "Text files in $dir are:\n";
opendir(BIN, $dir) or die "Can't open $dir: $!";
whil e( defined ($file = readdir BIN) ) {
print "$file\n" if -T "$dir/$file";
}

cl osedir(BIN);
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Wetest $f i | e withdef i ned because simply sayingwhi | e ($fi | e =readdi r Bl N) would only
be testing truth and not definedness. Although the loop would end whenr eaddi r ran out of filesto
return, it would also end prematurely if afile had the name"0" .

Ther eaddi r function will return the special directories” . " (the directory itself) and™ . . " (the parent
of the directory). Most people skip the files with code like:

while ( defined ($file = readdir BIN ) {
next if $file =~ /"\.\.?2%/; # skip . and ..
# ...

}

Like filehandles, directory handles are per-package constructs. Further, you have two ways of getting a
local directory handle: usel ocal * DI RHANDLE or use an object module (see Recipe 7.16). The

appropriate module in thiscaseis Di r Handl e. The following code uses DirHandle and produces a
sorted list of plain files that aren't dotfiles (that is, whose names don't begin witha" . "):

use D rHandl e;

sub plainfiles {
ny $dir = shift;
ny $dh = Dir Handl e- >new $di r) or die "can't opendir $dir: $!'";
return sort # sort pat hnanes
grep { - f } # choose only "plain" files
mp { "$dir/$_" } # create full paths
grep { !'/"™M\.]/ } # filter out dot files
$dh->read(); # read all entries

}

DirHandle'sr ead method behavesjust liker eaddi r, returning the rest of the filenames. The bottom
gr ep only returns those that don't begin with a period. The map turns the filenames returned by r ead
into fully qualified filenames, and the top gr ep filters out directories, links, etc. The resulting list isthen
sor t ed and returned.

In addition tor eaddi r, there'salsor ew nddi r (to move the directory handle back to the start of the
filenamelist), seekdi r (to moveto aspecific offsetinthelist), andt el | di r (to find out how far
from the start of the list you are).

See Also

Thecl osedi r,opendi r,readdi r,rew nddi r,seekdi r,andtel | di r functionsin perlfunc
(1) and in Chapter 3 of Programming Perl; documentation for the standard DirHandle module (also in

Chapter 7 of Programming Perl)
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9.6. Globbing, or Getting a List of Filenames
Matching a Pattern

Problem

Y ou want to get alist of filenames similar to MS-DOS's*. * and Unix's*. h (thisis called globbing).

Solution

Perl provides globbing with the semantics of the Unix C shell through the gl ob keyword and < >:
@ist = <*.c>;
@ist = glob("*.c");

You can also user eaddi r to extract the filenames manually:
opendir (DI R, $path);

@iles = grep { /\.c$/ } readdir(D R);

cl osedir (D R);

The CPAN module File::KGlob does globbing without length limits:
use Fil e:: Kd ob;

@iles = glob("*.c");
Discussion

Perl's built-in gl ob and <WILDCARD> notation (not to be confused with <FILEHANDLE>) currently
use an external program to get the list of filenames on most platforms. This program is csh on Unix,[2]

and a program called dosglob.exe on Windows. On VMS and the Macintosh, file globs are done
internally without an external program. Globs are supposed to give C shell semantics on non-Unix
systems to encourage portability. The use of the shell on Unix also makes this inappropriate for setuid
scripts.

[2] Usually. If tcshisinstalled, Perl uses that because it's safer. If neither isinstalled, /bin/sh
IS used.
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To get around this, you can either roll your own selection mechanism using the built-in opendi r or
CPAN's File::KGlob, neither of which uses external programs. File::KGlob provides Unix shell-like
globbing semantics, whereas opendi r lets you select files with Perl's regular expressions.

At itssimplest, an opendi r solution usesgr ep to filter thelist returned by r eaddi r :
@iles = grep { /\.[ch]$/i } readdir(DH);

Y ou could also do this with the DirHandle module:
use D rHandl e;

$dh = Dir Handl e- >new $pat h) or die "Can't open $path : $'\n";
@iles = grep { /\.[ch]$/i } $dh->read();

As aways, the filenames returned don't include the directory. When you use the filename, you'll need to
prepend the directory name:

opendi r (DH, $dir) or die "Couldn't open $dir for reading: $'";

@iles = ();
whil e( defined ($file = readdir(DH)) ) {
next unless /\.[ch]$/i;

ny $filename = "$dir/ $file";
push(@iles, $filenane) if -T $file;
}

The following example combines directory reading and filtering with the Schwartzian Transform from
Chapter 4, Arrays, for efficiency. It sets @li r s to asorted list of the subdirectories in a directory whose
names are all numeric:

@irs =map { $_->[1] } # extract pathnanes
sort { $a->[0] <=> $b->[0] } # sort nanmes nuneric
grep { -d $ ->[1] } # path is a dir
mp { [ $_, "$path/$_" ] } # form (nane, path)
grep { /™M\d+$/ } # just nunerics
readdir (DI R); # all files

Recipe 4.15 explains how to read these strange-looking constructs. As always, formatting and
documenting your code can make it much easier to read and understand.

See Also

Theopendi r,readdi r,cl osedi r, grep, map,andsort functionsin perlfunc (1) and in Chapter
3 of Programming Perl; documentation for the standard DirHandle module (also in Chapter 7 of
Programming Perl); the "I/O Operators' section of perlop (1), and the "Filename Globbing Operator”
section of Chapter 2 of Programming Perl; we talk more about globbing in Recipe 6.9; Recipe 9.7
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9.7. Processing All Files in a Directory Recursively

Problem

Y ou want to do something to each file and subdirectory in a particular directory.

Solution

Use the standard File::Find module.
use File::Find;
sub process file {
# do what ever;
}

find(\&rocess file, @l RLIST);

Discussion

File::Find provides a convenient way to process a directory recursively. It does the directory scans and
recursion for you. All you doispassf i nd acode reference and alist of directories. For each file in those
directories, recursively, f i nd calls your function.

Before calling your function, f i nd changes to the directory being visited, whose path relative to the
starting directory isstored inthe $Fi | e: : Fi nd: : di r variable. $_ is set to the basename of thefile
being visited, and the full path of that file can be found in $Fi | e: : Fi nd: : nane. Your code can set
$Fi | e:: Find:: prunetotruetotel f i nd not to descend into the directory just seen.

This simple example demonstrates File::Find. We givef i nd an anonymous subroutine that prints the
name of each file visited and adds a/ to the names of directories:

@GARGY = gqWM .) unl ess @ARGV,

use File::Find;

find sub { print $File::Find::nane, -d & '/', "\n" }, @RGY,

Thisprintsa/ after directory names using the -d file test operator, which returns the empty string* ' if it
fails.

The following program prints the sum of everything in adirectory. It givesf i nd an anonymous
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subroutine to keep a running sum of the sizes of each fileit visits. That includes all inode types, including
the sizes of directories and symbolic links, not just regular files. Oncethef i nd function returns, the
accumulated sum is displayed.

use File:: Find;

@ARGVY = ('.') unless @RGV,

ny $sum = O;

find sub { $sum += -s }, @ARGY,

print "@\RGV contains $sum bytes\n";

This code finds the largest single file within a set of directories:
use File::Find;
@GARGV = ('.') unless @QARGY,;
ny ($saved si ze, $saved nane) = (-1, '');
sub bi ggest {
return unless -f & -s _ > $saved_si ze;
$saved size = -s _;
$saved nane = $Fil e:: Fi nd:: namne;
}
find(\&bi ggest, @GARGV);
print "Biggest file $saved nane in @RGV is $saved size bytes long.\n";

Weuse $saved_si ze and $saved_nane to keep track of the name and the size of the largest file
visited. If we find afile bigger than the largest seen so far, we replace the saved name and size with the
current ones. When thef i nd is done running, the largest file and its size are printed out, rather
verbosely. A more general tool would probably just print the filename, its size, or both. This time we used
anamed function rather than an anonymous one because the function was getting big.

It's ssmple to change this to find the most recently changed file:

use File::Find;

@GARGVY = ('.') unless @ARGY,

ny ($age, $nane);

sub youngest {
return if defined $age && $age > (stat($ ))[9];
$age = (stat(_))[9];
$nanme = $Fil e:: Fi nd: : nane;

}

find(\ &oungest, @GARGV);

print "$nanme " scal ar(localtine($age)) . "\n";

The File::Find module doesn't export its $nane variable, so alwaysrefer to it by itsfully qualified name.
The example in Example 9.2 is more a demonstration of namespace munging than of recursive directory
traversal, although it does find all the directories. It makes $nane in our current package an alias for the
onein File::Find, which is essentially how Exporter works. Then it declaresits own version of f i nd with
aprototype that letsit be called like gr ep or map.

Example 9.2: fdirs



#!/usr/bin/perl -lw

# fdirs - find all directories
@ARGY = gqW .) unl ess @ARGV,

use File::Find ();

sub find(&Q { &File::Find::find }
*name = *Fil e:: Find::nane;

find { print $nane if -d } @ARGY,

Our f i nd only callsthef i nd in File::Find, which we were careful not to import by specifying an ()
empty list in the use statement. Rather than write this:

find sub { print $File::Find::nane if -d }, @RGY

we can write the more pleasant:
find { print $nanme if -d } @RGVY,

See Also

The documentation for the standard File::Find and Exporter modules (also in Chapter 7 of Programming
Perl); your system's find (1) manpage; Recipe 9.6
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Files in a Directory Directories
Recursively

9.8. Removing a Directory and Its Contents

Problem

Y ou want to remove a directory tree recursively without usingr m-r .

Solution
Usethef i nddept h function from File::Find, shown in Example 9.3.

Example 9.3: rmtreel

#! [ usr/ bi n/ perl
# rntreel - renove whole directory trees like rm-r
use File::Find gw(finddepth);
die "usage: $0 dir ..\n" unless @RGY,
*nane = *File:: Find::nang;
fi nddepth \ &ap, @ARGVY,
sub zap {
if (-1 && -d ) {
print "rndir $nane\n";
rodir($nane) or warn "couldn't rndir $name: $!";
} else {
print "unlink $name";
unl i nk($nanme) or warn "couldn't unlink $nane: $!'";

}
Or user nt r ee from File::Path, as shown in Example 9.4.

Example 9.4: rmtree2

#! [ usr/ bi n/ perl
# rnmree2 - renove whole directory trees like rm-r
use File:: Path;
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die "usage: $0 dir ..\n" unless @RGY,

foreach $dir (@RGY) {
rntree($dir);

WARNING: These programs remove an entire directory tree. Use with extreme caution!

Discussion

The File::Find module exports both af i nd function, which traverses atree in the (essentially random)
order the files occur in the directory, aswell asaf i nddept h function, which is guaranteed to visit all
the files underneath a directory before visiting the directory itself. Thisis exactly what we need to
remove adirectory and its contents.

We have to use two different functions, r ndi r and unl i nk. Theunl i nk function deletes only files,
and r ndi r only deletes empty directories. We need to usef i nddept h to make sure that we've first
removed the directory's contents before wer ndi r the directory itself.

Check first that the fileisn't a symbolic link before determining if it's adirectory. - d returnstrue for both
adirectory and asymbol link to adirectory. st at , | st at , and thefile test operatorslike - d all usethe
operating system call stat (2), which returns all the information kept about afilein aninode. These
functions and operators retain that information and let you do more tests on the same file with the special
underscore (_ ) filehandle. This avoids redundant system calls that would return the same information,
slowly.

See Also

Theunlink ,rndir,|stat,andst at functionsin perlfunc (1) and in Chapter 3 of Programming
Perl; the documentation for the standard File::Find module; your system'srm (1) and stat (2) manpages;
the - X section of perlfunc (1), and the "Named Unary and File Test Operators' section of Chapter 2 of

Programming Per|
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9.9. Renaming Files

Problem

Y ou have alot of files whose names you want to change.

Solution

Useaf or each loop and ther enane function:

foreach $file (@NAMES) {
my $newnane = $fil e;
# change $newnane
renane($file, $newnane) or
warn "Coul dn't renane $file to $newnanme: $!'\n";

}
Discussion

Thisis straightforward. r enanme takes two arguments. The first is the filename to change, and the
second isits new name. Perl'sr enane isafront end to the operating system's rename system call, which
typicaly won't let you rename files across filesystem boundaries.

A small change turnsthisinto ageneric r enane script, such as the one by Larry Wall shown in
Example 9.5.

Example 9.5: rename

#! /usr/bin/perl -w
# renane - Larry's filenane fixer
$op = shift or die "Usage: renanme expr [files]\n";
chomp( @GARGV = <STDI N>) unl ess @\RGV,
for (@RGY) {
$was = $_;
eval $op;
die $@if $@
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renane($was, $ ) unless $was eq $_;

}

This script's first argument is Perl code that alters the filename (stored in $_ ) to reflect how you want
the file renamed. It can do this because it usesan eval to do the hard work. It also skipsr enane calls
when the filename is untouched. This lets you ssmply use wildcardsliker enanme EXPR* instead of
making long lists of filenames.

Here are five examples of calling the rename program from your shell:

%renanme "s/\.orig$//" *.orig

% renanme 'tr/A-Z/ a-z/ unless /"~Make/' *
%renanme '$ .= ".bad"' *.f

%rename "print "$ : "; s/fool/bar/ if <STDIN> =~ /" y/i' *
%find /tnp -name '*~' -print | renanme 's/"(.+)~$/.#$1/"

Thefirst shell command removes atrailing” . ori g" from each filename.

The second converts uppercase to lowercase. Because atrandation is used rather than the | ¢ function,
this conversion won't be locale-aware. To fix that, you'd have to write:

% renane 'use locale; $ =1c($ ) unless /"Make/' *

The third appends” . bad" to each Fortran fileendingin" . f ", something alot of us have wanted to do
for along time.

The fourth prompts the user for the change. Each file's name is printed to standard output and a response
Isread from standard input. If the user types something starting witha" y" or" Y",any " f 00" inthe
filenameischangedto " bar " .

Thefifth usesfind to locate filesin / t np that end with atilde. It renames these so that instead of ending
with atilde, they start with adot and a pound sign. In effect, this switches between two common
conventions for backup files.

The rename script exemplifies the powerful Unix tool-and-filter philosophy. Even though we could have
created a dedicated command to do the lowercase conversion, it's nearly as easy to write aflexible,
reusable tool by embedding an eval . By allowing the filenames to be read from standard input, we don't
have to build in the recursive directory walk. Instead, we just use find, which performs this function well.
There's no reason to recreate the wheel, although using File::Find we could have.

See Also

Ther enane function in perlfunc (1) and in Chapter 3 of Programming Perl; your system's mv (1) and
rename (2) manpages; the documentation for the standard File::Find module (also in Chapter 7 of
Programming Perl)
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Files Directories

9.10. Splitting a Filename into Its Component Parts

Problem

Y ou want to extract afilename, its enclosing directory, or the extension(s) from a string that contains a full
pathname.

Solution

Use routines from the standard File::Basename modul e.
use Fil e:: Basenane;

$base = basenane($path);

$dir = dirnanme($path);

($base, $dir, $ext) = fil eparse(S$path);

Discussion

The standard File::Basename module contains routines to split up afilename. di r nane and basenane
supply the directory and filename portions respectively:

$path = "/usr/lib/libc.a";
$file = basenane($pat h);
$dir = dirnanme($path);

print "dir is $dir, file is $file\n";
# dir is /fusr/lib, fileis libc.a

Thef i | epar se function can be used to extract the extension. To do so, passf i | epar se the path to
decipher and aregular expression that matches the extension. You must givef i | epar se this pattern
because an extension isn't necessarily dot-separated. Consider " . t ar . gz" - - istheextenson” . t ar ",
".gz",or".tar.gz" ?By specifying the pattern, you control which of these you get.

$path = "Jusr/lib/libc.a';
($name, $dir, $ext) = fileparse($path,'\..*");

print "dir is $dir, nane is $nane, extension is $ext\n";
# dir is fusr/lib/, nane is libc, extension is .a
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By default, these routines parse pathnames using your operating system's normal conventions for directory
separators by looking at the $” Ovariable, which holds a string identifying the system you're running on.
That value was determined when Perl was built and installed. Y ou can change the default by calling the
fileparse_set fstype routine Thisaltersthe behavior of subsequent calls to the File::Basename
functions:

fileparse set fstype("MacOS");

$pat h = "Har d%20Dri ve: Syst ent@20Fol der : READVE. t xt " ;

($nane, $dir, $ext) = fileparse($path,'\..*");

print "dir is $dir, name is $nane, extension is $ext\n";
# dir is Hard%0Drive: Syst en?20Fol der, nane is READVE, extension is .txt

To pull out just the extension, you might use this:
sub extension {
ny $path = shift;
ny $ext = (fileparse($path,'\..*"))[2];
$ext =~ s/™MN.//;
return $ext;

}

When called on afile like source.c.bak, this returns an extension of " ¢. bak" , not just " bak" . If you
wanted just " . bak" returned, use' \ . . *?' asthe second argumenttofi | epar se.

When passed a pathname with atrailing directory separator, suchasl i b/, fi | epar se considersthe
directory nametobe™ | i b/ ", whereasdi r nane considersittobe™. ™.

See Also

The documentation for the standard File::Basename module (also in Chapter 7 of Programming Perl); the
entry for $" Oin perlvar (1), and in the "Special Variables' section of Chapter 2 of Programming Per|
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9.11. Program: symirror

The program in Example 9.6 recursively duplicates a directory tree, making a shadow forest full of
symlinks pointing back at the real files.

Example 9.6: symirror

#! [ usr/bin/perl -w

# symrror - build spectral forest of syminks
use strict;

use Fil e:: Find;

use Owd;

ny ($srcdir, $dstdir);
ny $cwd = getcwd();
die "usage: $0 realdir mrrordir" unless @G\RGV == 2;

for (($srcdir, $dstdir) = @RGQV) {
ny $is dir = -d;
next if $is dir; # cool
if (defined ($is_dir)) {
die "$0: $ is not a directory\n";
} else { # be forgiving
nkdir ($dstdir, 07777) or die "can't nkdir $dstdir: $!";

}
} continue {
S#N(?! ) #Scwd/ #; # fix relative paths
}
chdir $srcdir;
find(\&anted, '.');

sub want ed {
ny($dev, $ino, $node) = Istat($);
my $nane = $Fil e:: Find: : nane;
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$node &= 07777; # preserve directory perm ssions
$nane =~ s!™M\ . /1], # correct nane
it (-d ) { # then make a real directory
mkdi r (" $dstdi r/ $nanme", $node)
or die "can't nkdir $dstdir/$nanme: $!'";
} else { # shadow everything el se
sym i nk(" $srcdir/ $name", "$dstdir/ $nanme")
or die "can't symink $srcdir/$nane to $dstdir/$nane: $!'";

}
}
Previous: 9.10. Splitting a Perl Next: 9.12.
Filename into Its Component Cookbook Program: Ist
Parts
9.10. Splitting a Filename into Book 9.12. Program: Ist
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symirror Directories Subroutines

9.12. Program: Ist

Have you ever wondered what the newest or biggest files within a directory are? The standard |s program
has options for listing out directories sorted in time order (the -t flag) and for recursing into
subdirectories (the -R flag). However, it pauses at each directory to display the sorted contents of just
that directory. It doesn't descend through all the subdirectories first and then sort everything it finds.

The following Ist program does that. Here's an example using its - flag to get along listing:
%lst -1 /etc

12695 0600 1 r oot wheel 512 Fri May 29 10:42:41 1998
/ etc/ ssh_random seed

12640 0644 1 r oot wheel 10104 Mon May 25 7:39:19 1998
/etc/ld.so.cache

12626 0664 1 r oot wheel 12288 Sun May 24 19:23:08 1998
/ et c/ psdevt ab

12304 0644 1 r oot r oot 237 Sun May 24 13:59:33 1998
/ etcl/exports

12309 0644 1 r oot r oot 3386 Sun May 24 13:24:33 1998
/etc/inetd. conf

12399 0644 1 r oot r oot 30205 Sun May 24 10:08:37 1998
/ etc/sendmai | . cf

18774 0644 1 gnat perldoc 2199 Sun May 24 9:35:57 1998
[ etc/ X11/ XMetroconfig

12636 0644 1 r oot wheel 290 Sun May 24 9:05:40 1998
/etc/ntab

12627 0640 1 r oot r oot 0O Sun May 24 8:24:31 1998
/ et ¢/ wt npl ock

12310 0644 1 root tchrist 65 Sun May 24 8:23:04 1998

[etcl/issue

/etc/X11/XMetroconfig showed up in the middle of the listing for /etc because it wasn't just for /etc, but
for everything within that directory, recursively.

Other supported options include sorting on read time instead of write time using -u and sorting on size
rather than time with -s. The -i flag takes the list of filenames from standard input instead of recursing
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withf i nd. That way, if you aready had alist of filenames, you could feed them to Ist for sorting.
The program is shown in Example 9.7.

Example 9.7: Ist

#! [ usr/ bi n/ perl
# Ilst - list sorted directory contents (depth first)

use CGetopt:: Std;
use File::Find,
use File::stat;
use User:: pwent;
use User::grent;

getopts('lusrcm"') or di e <<DEATH;
Usage: $0 [-nucsril] [dirs ...]
or $0 -i [-mucsrl] < filelist

| nput format:
-i read pathnanmes from stdin
Qut put fornat:
-1 long listing
Sort on:
-m use nmine (nodify tinme) [DEFAULT]
-Uu use atine (access tine)
-c use ctine (inode change tine)
-S use size for sorting
Orderi ng:
-r reverse sort
NB: You may only use select one sorting option at a tine.
DEATH

unl ess ($opt i || @RGY) { @RGV = ('.') }

if ($opt_c + $opt_u + $opt_s + $opt_m> 1) {
die "can only sort on one tine or size",;

}

$IDX = "ntinme';

$IDX = "atinme' if $opt _u;
$IDX = "ctime' if $opt_c;
$IDX = "size' if $opt_s;

$TIME IDX = $opt_s ? 'nmtinme' : $IDX;



*nane = *File::Find::name; # forcibly inport that variable

# the $opt i flag tricks wanted into taking
# its filenanes from ARGV i nstead of being
# called fromfind.

if ($opt_i) {

*nane = *_; # $nanme now alias for $_

while (<>) { chonp; &wanted; } # ok, not stdin really
} else {

find(\&wanted, @\RGQV);
}

# sort the files by their cached tines, youngest first
@keys = sort { $time{$b} <=> $tinme{$a} } keys % i ne;

# but flip the order if -r was supplied on command |ine
@ keys = reverse @keys if $opt r;

for (@keys) {

unl ess ($opt _I) # emulate Is -1, except for perm ssions
print "$ \n";
next ;

}

$now = localtine $stat{$ }->3TIME | DX();
printf "%d %940 %d ¥Bs ¥Bs ¥8d ¥%s ¥%s\n",
$stat{$_}->i no(),
$stat{$_}->npde() & 07777,
$stat{$_}->nlink(),
user($stat{$_}->uid()),
group($stat{$_}->gid()),
$stat{$_}->si ze(),
$now, $ ;

# get stat info on the file, saving the desired

# sort criterion (ntine, atinme, ctine, or size)

#in the %ine hash indexed by fil enane.

# if they want a long list, we have to save the

# entire stat object in %stat. vyes, this is a

# hash of objects

sub want ed {
ny $sb = stat($ ); # XXX should be stat or Istat?
return unl ess $sb;
$ti me{$nane} $sb->$I1DX(); # indirect nethod call
$st at { Snane} $sb i f $opt _I|;



}

# cache user nunber to name conversions
sub user {
ny $uid = shift;
$user { $ui d} = get pwui d($ui d)->nane || "#$uid"
unl ess defined $user{$uid};
return $user{$uid};

}
# cache group nunber to nane conversions
sub group {

ny $gid = shift;

$group{$gi d} = getgrgi d($gid)->nanme || "#$gid"

unl ess defined $group{$gi d};

return $group{$gi d};
}
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10. Subroutines
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Nesting Subroutines

Program: Sorting Y our Mail

Composing mortals with immortal fire.

- W. H. Auden "Three Songs for St Cecilia's Day"

10.0. Introduction

To avoid the dangerous practice of copying and pasting code throughout a program, your larger programs will
probably reuse chunks of code with subroutines. We'll use the terms subroutine and function interchangeably,

because Perl doesn't distinguish between the two any more than C does. Even object-oriented methods are just
subroutines that are called using a special syntax, described in Chapter 13, Classes, Objects, and Ties.

A subroutine is declared with the sub keyword. Here's a simple subroutine definition:

sub hello {
$gr eet ed++; # gl obal variable
print "hi therel\n";
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}

The typical way of calling that subroutineis:
hel 1 o(); # call subroutine hello wth no argunents/paraneters

Because Perl compiles your program before executing it, it doesn't matter where your subroutines are declared.
These definitions don't have to be in the same file as your main program. They can be pulled in from other files
using thedo, r equi r e, or use operators, as described in Chapter 12, Packages, Libraries, and Modules. They

can even be created on the fly using eval or the AUTOLOAD mechanism, or generated using closures, which can
be used as function templates.

If you are familiar with other programming languages, several characteristics of Perl's functions may surprise you
if you're not prepared. Most of the recipesin this chapter illustrate how to take advantage of - and be aware of -
these properties.

« Perl functions have no formal, named parameters, but thisis not necessarily a bad thing. See Recipes 10.1
and 10.7.

« All variables are global unless declared otherwise. See Recipes 10.2, 10.3, and 10.13 for details.

« Passing or returning more than one array or hash normally causes them to lose their separate identities. See
Recipes 10.5, 10.8, 10.9, and 10.11 to avoid this.

« A function can know whether it was called in list or scalar context, how many arguments it was called with,
and even the name of the function that called it. See Recipes 10.4 and 10.6 to find out how.

« Perl'sundef value can be used to indicate an error condition since no valid string or number ever has that
value. 10.10 covers subtle pitfallswith undef you should avoid, and 10.12 shows how to deal with other
catastrophic conditions.

« Perl supportsinteresting operations on functions you might not see in other languages, like anonymous
functions, creating functions on the fly, and calling them indirectly using function pointers. See Recipes
10.14 and 10.16 for these esoteric topics.

Calling afunction as $x = &f unc; does not supply any arguments, but rather provides direct accessto its caller's
@ array! If you omit the ampersand and use either f unc() or f unc, then anew and empty @ isprovided
instead.
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10.1. Accessing Subroutine Arguments

Problem

Y ou have written afunction and want to use the arguments supplied by its caller.

Solution

All values passed as arguments to a function are in the special array @ . Thus, the first argument to the
functionisin$ [ 0] ,thesecondisin$ [ 1], and so on. The number of argumentsis therefore

scalar(@) .

For example:

sub hypot enuse {
return sgrt( ($.[0] ** 2) + ($_ [1] ** 2) );
}

$di ag = hypotenuse(3,4); # $diag is 5

Y our subroutines will almost always start by copying arguments into named private variables for safer
and more convenient access:

sub hypot enuse {

ny ($sidel, $side2) = @;

return sqrt( ($sidel ** 2) + ($side2 ** 2) );
}

Discussion

It's been said that programming has only three nice numbers: zero, one, and however many you please.
Perl's subroutine mechanism was designed to facilitate writing functions with asmany - or asfew -
elements in the parameter and return lists as you wish. All incoming parameters appear as separate scalar
valuesin the specia array @ , which isautomatically local to each function (see Recipe 10.13). To

return avalue from a subroutine, use ther et ur n statement with an argument. If thereisnor et urn
statement, the return value is the result of the last evaluated expression.

Here are some sample callsto the hypot enuse function defined in the Solution:
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print hypotenuse(3, 4), "\n"; # prints 5

@ = (3, 4);
print hypotenuse(@), "\n"; # prints 5

If you look at the arguments used in the second call to hypot enuse, it might appear that only one
argument was passed: the array @. Thisisn't what happens - the elements of @ are copied into the @
array separately. Similarly, if we called afunction with ( @, @) , we'd be giving it all the argumentsin
both arrays. Thisis the same principle of flattened lists at work as when we say:

@oth = (@ren, @wnen);

Thescalarsin @ areimplicit aliases for the ones passed in, not copies. That means changing the
elements of @ in a subroutine changes the values in the subroutine's caller. Thisis a holdover from
before Perl had proper references.

So, we can write functions that leave their arguments intact, by copying the argumentsto private
variableslike this:
@uns = (1.4, 3.5, 6.7);
@nts = int_all (@wuns); # @wuns unchanged
sub int_all {
ny @etlist = @; # make safe copy for return
for my $n (@etlist) { $n = int($n) }
return @etlist;

}

We can also write functions that change their caller's variables:
@uns = (1.4, 3.5, 6.7);

trunc_en( @wuns) ; # @uns now (1, 3, 6)
sub trunc_em {

for (@) { $_ =int($) } # truncate each argunent
}

Don't pass constants to this kind of function, asintrunc_en( 1. 4, 3.5, 6. 7). If youtry, you'll get
arun-time exception saying Modi fi cati on of aread-onlyvalueattenptedat .. ..

The built-in functions chop and chonp work like this, modifying their caller's variables and returning
the character(s) removed. People are used to such functions returning the changed values, so they often
write things like:

$line = chonp(<>); # WRONG

until they get the hang of how it works. Given this vast potential for confusion, you might want to think
twice before modifying @ in your subroutines.



See Also

The section on "Subroutines” in Chapter 2 of Programming Perl and perlsub (1)
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10.2. Making Variables Private to a Function

Problem

Y our subroutine needs temporary variables. Y ou shouldn't use global variables, because another subroutine might
also use the same variables.

Solution

Use ny to declare avariable private to aregion of your program:
sub somefunc {

ny $vari abl e; # $variable is invisible outside sonmefunc()
ny ($another, @n_array, % hash); # decl aring many vari abl es at once
#o...

}

Discussion

The my operator confines a variable to a particular region of code in which it can be used and accessed. Outside
that region, it can't be accessed. Thisregion is called its scope.

Variables declared with my have lexical scope, which means that they exist only within a particular textual area of
code. For instance, the scope of $var i abl e inthe Solution isthe function it was defined in, sonef unc. When a
call to sonef unc ismade, the variableis created. The variable is destroyed when the function call ends. The
variable can be accessed within the function, but not outside of it.

A lexical scopeisusually ablock of code with a set of braces around it, such as those defining the body of the
sonmef unc subroutine or those marking the code blocksof i f ,whi | e, f or,f oreach, andeval statements.
Lexical scopes may aso be an entirefile or strings givento eval . Since alexical scopeisusually ablock, well
sometimes talk about lexical variables (variables with lexical scope) being only visiblein their block when we
mean that they're only visible in their scope. Forgive us. Otherwise, we'll be using the words "scope” and " sub™
more than aWW!II| Navy movie.

Because the parts of code that can see any variable are determined at compile time and don't change after that,
lexical scoping is sometimes misleadingly referred to as static scoping. Lexical scoping isin contrast to dynamic
scoping, which we'll cover in Recipe 10.13.

Y ou can combine any declaration with an assignment. Use parentheses when defining more than one variable:
my ($name, $age) = @GARGV;
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ny $start = fetch_tinme();

These lexical variables behave as you would expect alocal variable to. Nested blocks can see lexicals declared in
outer blocks, but not in unrelated blocks:

ny ($a, $b) = @air;
ny $c = fetch time();

sub check_x {
nmy $x = $_[0];
ny $y = "whatever";
run_check();
if ($condition) {
print "got $x\n";
}

}

In the preceding code, thei f block inside the function can access the private $x variable. However, the

r un_check function called from within that scope cannot access $x or $y becauser un_check was
presumably defined in another scope. However, check _x could access $a, $b, or $¢ from the outer scope
because the function was defined in the same scope as those three variables.

Don't nest the declaration of named subroutines within the declarations of other named subroutines. Such
subroutines, unlike proper closures, will not get the right bindings of the lexical variables. Recipe 10.16 shows how

to cope with this restriction.

When alexical goes out of scope, its storage is freed unless areference to its value's storage space still exists, as
with @r gunrent s in the following code:
sub save_array {

nmy @rgunents = @;
push( @ obal Array, \ @rgunents);

}

Perl's garbage collection system knows not to deallocate things until they're no longer used. Thisiswhy we can
return areference to a private variable without leaking memory.

See Also

The section on " Scoped Declarations' in Chapter 2 of Programming Perl and the section on "Private Variables via
my( )" in perlsub (1)
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10.3. Creating Persistent Private Variables

Problem

Y ou want avariable to retain its value between calls to a subroutine but not be visible outside that
routine. For instance, you'd like your function to keep track of how many timesit was called.

Solution

Wrap the function in another block, and declare ny variablesin that block's scope rather than the
function's:

{
ny $vari abl e;
sub nysub {
# ... accessing S$variable
}
}

If the variables require initialization, make that block a BEGIN so the variable is guaranteed to be set
before the main program starts running:

BEG N {
ny $variable = 1; # initial value
sub ot hersub { # ... accessing $variable
}

}

Discussion

Unlike local variablesin C or C++, Perl'slexical variables don't necessarily get recycled just because
their scope has exited. If something more permanent is still aware of the lexical, it will stick around. In
this case, nysub uses$var i abl e, so Perl doesn't reclaim the variable when the block around the
definition of mysub ends.

Here's how to write a counter:
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my $counter;
sub next _counter { return ++$counter }

}

Eachtimenext count er iscalled, it increments and returnsthe $count er variable. Thefirst time
next _count er iscaled, $count er isundefined, so it behaves as though it were O for the ++. The
variableisnot part of next _count er 'sscope, but rather part of the block surrounding it. No code from
outside can change $count er except by calling next _count er.

Generally, you should use aBEGIN for the extra scope. Otherwise, you could call the function before its
variable were initialized.

BEA N {
ny $counter = 42;
sub next counter { return ++$counter }
sub prev_counter { return --$counter }

}

This technique creates the Perl equivalent of C's static variables. Actually, it's alittle better. Rather than
being limited to just one function, both functions share their private variable.

See Also

The section on "Closures' in Chapter 4and on "Package Constructors and Destructors: BEGIN and END"
in Chapter 5 of Programming Perl; the section on "Private Variables viamy( )" in perlsub (1); the section
on "Package Constructors and Destructors' in perlmod (1); Recipe 11.4
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10.4. Determining Current Function Name

Problem

Y ou want to determine the name of the currently running function. Thisis useful for creating error
messages that don't need to be changed if you copy and paste the subroutine code.

Solution

Usethecal | er function:
$this function = (caller(0))][3];

Discussion

Code can always find the current line number in the special symbol LI NE__ , the current filein
__FILE__ ,andthecurrent packagein _ PACKAGE . But there's no such symbol for the current
subroutine name, let alone the name of the one that called this subroutine.

The built-in function cal | er handles all of these. In scalar context it returns the calling function's package
name. But in list context, it returns awealth of information. Y ou can aso passit a number indicating how
many frames (nested subroutine calls) back you'd like information about: O is your own function, 1 isyour
caller, and so on.
Here's the full syntax, where $i ishow far back you're interested in:
($package, $filenane, $line, $subr, $has_args, $wantarray )= caller($i);
# 0 1 2 3 4 5
Here's what each of those return values means:
$package

The package that the code was compiled in.
$fil enanme

The name of the file the code was compiled in, reporting - e if launched from the command-line
switch of the same name, or - if the script was read from STDIN.

$li ne
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The line number that frame was called from.

$subr
The name of that frame's function, including its package. Closures return names like
mai n: : __ANON __ ,whicharenot callable. Ineval itreturns” (eval )".
$has_args

Whether the function was called with arguments.
$want ar r ay

The valuethewant ar r ay function would return for that stack frame; either true, false but defined,
or else undefined (respectively). Thistells you whether the function was called in list, scalar, or void
context.

Rather than using cal | er directly asin the solution, you might want to write functions instead:

$ne whoami () ;
$hi m = whowasi () ;

sub whoam { (caller(1))[3] }
sub whowasi { (caller(2))[3] }

These use arguments 1 and 2 for parent and grandparent functions because the call to whoam or
whowasi would be number O.

See Also

Thewant array andcal | er functionsin Chapter 3 of Programming Perl and in perlfunc (1); Recipe
10.6
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10.5. Passing Arrays and Hashes by Reference

Problem

Y ou want to pass a function more than one array or hash and have each remain distinct. For example,
you want to put the "Find elements in one array but not in another" algorithm from Recipe4.7ina
subroutine. This subroutine must then be called with two arrays that remain distinct.

Solution

Pass arrays and hashes by reference, using the backslash operator:
array diff( \@rrayl, \@rray2 );

Discussion

See Chapter 11, References and Records, for more about manipulation of references. Here's a subroutine
that takes array references and a subroutine call that generates them:

@ = (1, 2);
@ = (5, 8);
@ = add _vecpair( \@, \@® );
print "@\n";
6 10
sub add vecpair { # assunes both vectors the sane | ength
ny ($x, $y) = @; # copy in the array references
ny @esult;
for (ny $i=0; $i < @x; $i++) {
Sresul t[$i] = $x->[$i] + $y->[$i];
}
return @esult;
}

A potential difficulty with thisfunction isthat it doesn't check to make sure it got exactly two arguments
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that were both array references. Y ou could check explicitly thisway:

unless (@ == 2 && ref($x) eq ' ARRAY' && ref(3y) eq ' ARRAY') {
di e "usage: add vecpair ARRAYREF1 ARRAYREF2";
}

If all you planto doisdi e on error (see Recipe 10.12), you can usually omit this check, since
dereferencing the wrong kind of reference triggers an exception anyway.

See Also

The section on "Passing References' in Chapter 2 of Programming Perl and on "Pass by Reference” in
perlsub (1); the section on "Prototypes’ in Chapter 2 of Programming Perl or in perlsub (1); Recipe
10.11; Chapter 11; Chapter 4 of Programming Perl.
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Previous: 10.5. Passing Chaj tq 10 Next: 10.7. Passing by
Arrays and Hashes by Subroutines Named Parameter
Reference

10.6. Detecting Return Context

Problem

Y ou want to know whether your function was called in scalar context or list context. This lets you have
one function that does different things, like most of Perl's built-in functions.

Solution

Usethewant ar r ay() function, which has three possible return values depending on how the current
function was called:

I f (wantarray()) {
# |ist context
}

el sif (defined wantarray()) {
# scal ar cont ext
}

el se {
# voi d cont ext
}

Discussion

Many built-in functions act differently when called in scalar context than in list context. A user-defined
function can learn the context it was called in by examining the return value from thewant ar r ay
built-in. List context isindicated by atrue return value. If it returns avalue that is false but defined, then
the function's return value will be used in scalar context. If it returnsundef , it isn't being asked to
provide avaue at all.

I f (wantarray()) {
print "In list context\n";
return @many_t hi ngs;

} elsif (defined wantarray()) {
print "In scalar context\n";
return $one_t hi ng;
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} else {
print "In void context\n";
return; # nothing

}

mysub() ; # voi d context
$a = nysub(); # scal ar cont ext
i f (nysub()) { } # scal ar cont ext
@ = nysub(); # list context
print nysub(); # |ist context
See Also

Ther et ur n and want ar r ay functionsin Chapter 3 of Programming Perl and perlfunc (1)
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Previous: 10.6. Detecting Chapter 10 Next: 10.8. Skipping Selected
Return Context Subroutines Return Values

10.7. Passing by Named Parameter

Problem

Y ou want to make a function with many parameters easy to invoke so that programmers remember what
the arguments do, rather than having to memorize their order.

Solution

Name each parameter in the call:

t hef unc(1 NCREVMENT => "20s", START => "+5nf, FIN SH => "+30ni);
t hef unc( START => "+5nm', FINI SH => "+30ni');

t hef unc(FI NI SH => "+30nt');

t hef unc( START => "+5ni', | NCREMENT => "15s");

Then in the subroutine, create a hash loaded up with default values plus the array of named pairs.
sub thefunc {

ny %args = (
| NCREMENT  => ' 10s',
FI NI SH => 0,
START => 0,
@, # argunent pair list goes here
);
if ($args{I NCREMENT} =~ /n®/ ) { ..... }
}
Discussion

Functions whose arguments require a particular order work well for short argument lists, but as the
number of parametersincreases, it's awkward to make some of them optional or have default values. Y ou
can only leave out trailing arguments, never initial ones.

Having the caller supply value pairsis amore flexible approach. The first element of the pair isthe
argument name, and the second isits value. This makes for self-documenting code, because you can see
the parameters' intended meanings without having to read the full function definition. Even better,
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programmers using your function no longer have to remember the order of the arguments and can omit
any arguments,

Thisworks by having the function declare a private hash variable to hold the default parameter values.
Put the current arguments, @ , after the default values, so the actual arguments will override the defaults
because of the order of the values in the assignment.

See Also

Chapter 4, Arrays
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Previous: 10.7. Passing by Chaj ter 10 Next: 10.9. Returning More
Named Parameter Subroutines Than One Array or Hash

10.8. Skipping Selected Return Values

Problem

Y ou have afunction that returns many values, but you only care about some of them. The st at function
isaclassic example: often you only want one value from its long return list (mode, for instance).

Solution

Either assignto alist with undef in some of the dlots:

($a, undef, $c) = func();

or else take adlice of the return list, selecting only what you want:

($a, $c) = (func())[0,2];

Discussion

Using dummy temporary variables is wasteful :

($dev, $i no, SDUMWY, $SDUMWY, $ui d) = stat ($fil enane);

Useundef instead of dummy variablesto discard a value:
($dev, $i no, undef, undef, $ui d) = stat ($fil enane);

Or take adlice, selecting just the values you care about:
($dev, $i no, $ui d, $gi d) = (stat($filenane))[0, 1, 4,5];

If you want to put an expression into list context and discard all its return values (calling it ssmply for
side effects), as of version 5.004 you can assign to the empty list:

() = sone_function();

See Also

Thediscussionon sl i ces in Chapter 2 of Programming Perl and perlsub (1); Recipe 3.1
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Previous: 10.8. Skipping Chaj tq 10 Next: 10.10. Returning
Selected Return Values Subroutines Failure

10.9. Returning More Than One Array or Hash

Problem

Y ou want a function to return more than one array or hash, but the return list flattens into just one long
list of scalars.

Solution

Return references to the hashes or arrays:
($array_ref, $hash ref) = sonefunc();

sub somefunc {

ny @rray;

ny %hash;

#o...

return ( \@rray, \%ash );
}
Discussion

Just as all arguments collapse into oneflat list of scalars, return values do, too. Functions that want to
return separate arrays of hashes need to return those by reference, and the caller must be prepared to
receive references. If afunction wantsto return three separate hashes, for example, it should use one of
the following:

sub fn {
return (\%, \%, \%); # or
return \ (%, %, % ); # sane thing

}

The caller must expect alist of hash references returned out of the function. It cannot just assign to three
hashes.
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(%0, 1, 9h2) = fn(); # WRONG
@rray_of hashes = fn(); # eg: $array_of hashes[ 2] ->{"keystring"}
($r0, $r1, $r2) =1n(); # eg: $r2->{"keystring"}

See Also

The general discussions on references in Chapter 11, and in Chapter 4 of Programming Perl; Recipe 10.5
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Previous: 10.9. Returning Chaj ter 10 Next: 10.11. Prototyping
More Than One Array or Subroutines Functions
Hash

10.10. Returning Failure

Problem

Y ou want to return a value indicating that your function failed.

Solution

Useabarer et ur n statement without any argument, which returnsundef in scalar context and the
empty list () inlist context.

return;

Discussion

A r et ur n without an argument means:

sub enmpty retval {
return ( wantarray ? () : undef );
}

Youcan'tusejustr et ur n undef becausein list context you will get alist of one value: undef . If
your caller says:

if (@ = yourfunc()) { ... }

Then the "error" condition will be perceived as true, because @ will be assigned (undef ) and then
evaluated in scalar context. Thisyields 1, the number of elementsin @, which istrue. Y ou could use the
want ar r ay function to see what context you were called in, but abarer et ur n isaclear and tidy
solution that always works:

unl ess ($a = sfunc()) { die "sfunc failed" }
unless (@ afunc()) { die "afunc failed" }
unl ess (% hfunc()) { die "hfunc failed" }

Some of Perl's built-in functions have a peculiar return value. Bothf cnt | andi oct | havethe curious
habit of returning the string " 0 but t r ue" in some circumstances. (This magic string is conveniently
exempt from the -w flag's incessant numerical conversion warnings.) This has the advantage of letting
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you write code like this:
ioctl(....) or die "can't ioctl: $!'";

That way, code doesn't have to check for a defined zero as distinct from the undefined value, as it would
for ther ead or gl ob functions. " 0 but true" iszerowhen used numerically. It's rare that this kind
of return value is needed. A more common (and spectacular) way to indicate failure in afunction isto
raise an exception, as described in Recipe 10.12.

See Also

Theundef , want arr ay, andr et ur n functions in Chapter 3 of Programming Perl and perlfunc (1);
Recipe 10.12
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Previous: 10.10. Returning Chaj ter 10 Next: 10.12. Handling
Failure Subroutines Exceptions

10.11. Prototyping Functions

Problem

Y ou want to use function prototypes so the compiler can check your argument types.

Solution

Perl has something of a prototype facility, but it isn't what you're thinking. Perl's function prototypes are
more like a context coercion used to write functions that behave like some of Perl's built-ins, such as
push and pop.

Discussion

Manually checking the validity of afunction's arguments can't happen until run-time. If you make sure
the function is declared before it is used, you can tickle the compiler into using avery limited form of
prototype checking to help you here. Don't confuse Perl's function prototypes with those found in any
other language. Perl prototypes serve only to emulate the behavior of built-in functions.

A Perl function prototype is zero or more spaces, backslashes, or type characters enclosed in parentheses
after the subroutine definition or name. A backslashed type symbol means that the argument is passed by
reference, and the argument in that position must start with that type character.

A prototype forces context on the arguments to the prototyped function call. Thisis done when Perl
compiles your program, and in most cases this does not necessarily mean that Perl checks the number or
type of the arguments to your function. If Perl seesf unc( 3, 5) for afunction prototyped assub
func ($), it will stop with acompile-time error. But if it seesf unc( @r r ay) with the same
prototype, it will merely put @r r ay into scalar context instead of saying "you can't passan array - I'm
expecting ascalar.”

Thisis so important that it bears repeating: don't use Perl prototypes expecting the compiler to check type
and number of arguments for you.

So what use are they? They have two main uses, although as you experiment with them you may find
others. Thefirst useisto tell Perl how many arguments your subroutine has, so you can leave off
parentheses when you call the function. The second is to create a subroutine that has the same calling
syntax as abuilt-in.


file:///D|/Cool Stuff/old/ftp/perl/arbeit/search/csrch.htm

Omitting parentheses

Ordinarily your subroutines take a list of arguments, and you can omit parentheses on the function call if
you like:

@esults = nyfunc 3, 5;

Without prototypes, thisisthe same as:
@esults = nyfunc(3, 5);

In the absence of parentheses, Perl will put the right hand side of the subroutine call into list context. Y ou
can use prototypes to change this behavior:

sub nyfunc($);
@esults = nyfunc 3, 5;

Now thisisthe same as:
@esults = ( nyfunc(3), 5 );

Y ou can also provide an empty prototype to indicate the function takes no arguments, like the built-in
functiont i me. Thisis how Fcntl providesthe LOCK _SH, LOCK_EX, and LOCK _UN constants. They
are exported functions defined to have an empty prototype:

sub LOCK SH () { 1}
sub LOCK_EX () { 2}
sub LOCK_UN () { 4}

Mimicking built-ins

The other common use of prototypesisto give the convenient pass-without-flattening behavior of
built-in functions like push and shi ft . When you call push aspush( @rray, 1, 2, 3) the
function gets areferenceto @r r ay instead of the actual array. Thisis accomplished by backslashing
the @character in the prototype:

sub nypush (\@@ {
my $array_ref
ny @ emai nder

shift:
@;

# o
}

The\ @in the prototype says "require the first argument to begin with an @character, and passit by
reference."” The second @says "the rest of the arguments are a (possibly empty) list." A backslashin a
prototype requires that the argument actually begin with the literal type character, which can sometimes
be annoying. Y ou can't even use the conditional ?: construct to pick which array to pass:

nypush( $x > 10? @ : @ , 3, 5); # VWRONG

Instead, you must play games with references:
nypush( @ $x >10? \@a : \@® }, 3, 5); # RI GHT



Here's an hpush function that works like push, but on hashes. It appends alist of key/value pairsto an
existing hash, overwriting previous contents for those keys.

sub hpush(\ %@ {
ny $href = shift;
while ( my ($k, $v) = splice(@, 0, 2) ) {
$href ->{$k} = $v;
}
}

hpush( %i eces, "queen" => 9, "rook" => 5);
See Also

The pr ot ot ype function in perlfunc (1); the section on "Prototypes’ in Chapter 2 of Programming Perl

and in perlsub (1); Recipe 10.5
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Previous: 10.11. Prototyping Chaj ter 10 Next: 10.13. Saving Global
Functions Subroutines Values

10.12. Handling Exceptions

Problem

How do you safely call afunction that might raise an exception? How do you create a function that raises
an exception?

Solution

Sometimes you encounter a problem so exceptional that merely returning an error isn't strong enough,
because the caller could ignore the error. Use di e STRI NGfrom your function to trigger an exception:

di e "sone nessage"; # rai se exception

The caller can wrap the function call in an eval to intercept that exception, and then consult the special
variable $@to see what happened:

eval { func() };

it (3@ {

warn "func rai sed an exception: $@;
}

Discussion

Raising exceptions is not afacility to be used lightly. Most functions should return an error using a bare
r et ur n statement. Wrapping every call in atrap is tedious and unsightly, removing the appeal of using
exceptions in the first place.

But on rare occasion, failure in afunction should cause the entire program to abort. Rather than calling
theirrecoverable exi t function, you should call di e instead, which at least gives the programmer the
chance to cope. If no exception handler has been installed viaeval , then the program aborts at that
point.

To detect such afailure program, wrap the call to the function with ablock eval . The $@variable will
be set to the offending exception if one occurred; otherwise, it will be false.

eval { $val = func() };
warn "func blew up: $@ if $@
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Any eval catchesall exceptions, not just specific ones. Usually you should propagate unexpected
exceptions to an enclosing hander. For example, suppose your function raised an exception containing
thestring” Ful | noon! " . You could safely trap that exception while letting the others through by
inspecting the $@variable. Calling di e without an argument uses the contents of $@and the current
context to construct a new exception string.

eval { $val = func() };
if ($@&& $@!'~ /Full moon!/) {

di e; # re-rai se unknown errors
}

If the function is part of amodule, consider using the Carp module and call cr oak or conf ess instead
of di e. Theonly difference between di e and cr oak isthat with cr oak, the error appearsto be from
the caller's perspective, not the modul€e's. The conf ess function, on the other hand, creates afull stack
backtrace of who called whom and with what arguments.

Another intriguing possibility isfor the function to detect that its return value is being completely
ignored; that is, it isbeing called in avoid context. In that case, returning an error indication would be
useless, so raise an exception instead.

Of course, just because it's not voided doesn't mean the return value is being dealt with appropriately. But
if itisvoided, it's certainly not being checked.

I f (defined wantarray()) {
return;
} else {
die "pay attention to ny error!";
}

See Also

The $@variable in Chapter 2 of Programming Perl and perlvar (1); thedi e and eval functionsin
Chapter 3 of Programming Perl and perlfunc (1); Recipe 10.15; Recipe 12.2; Recipe 16.21
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