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Developers from around the world are using the Ruby
language. Here’s what they’re saying about
Programming Ruby. ..

“In their first landmark bookThe Pragmatic Programmebave and Andy urged us to
learn at least one new programming language every yearylfotiaw the principle of
least surprise that the authors would bring us this yearigliciate, accompanied with
a pragmatic philosophy of how to learn your new OO scriptamgluage of choice.”

» Frank Westphal , independent consultant

“Ruby is an exciting new language, worth knowing about antl werth considering
for an upcoming project. It's rare to see such a useful boiskdarly in the life of a
new language. But of course | would expect no less from thiecaisiofThe Pragmatic
Programmer Andy and Dave: Thanks!”

» Ron Jeffries, author of Extreme Programming Installed

“I have used Perl and Python for my work ... but Ruby just tunyswork into fun!”
» Clemens Hintze, programmer

“Ruby is a remarkably clean, simple, powerful, and prattigaamic OO
programming language. Ruby fully deserves this corresipghdbest-of-breed book.
This book is a “must have” wizard’s workshop for using Rubyptmst your
programming power and productivity. This book will greadiyplify the worldwide
use of Ruby, stimulate powerful Ruby extensions, and géaeiemand for second and
third editions. | look forward to telling later legions of Byusers that | was farsighted
enough to master Ruby using the classic first editioRregramming Ruby

» Conrad Schneiker

“A good book by a great pair of programmers about a languatieavjreat future.
This should be the first Ruby book anyone buys.”

» Hal Fulton

“Dave and Andy are among the western pioneers who undertanalue of this
precious gem of a language. They cleaned and polished it dadkling us all with its
depth and transparency. It's almost magical.”

» Aleksi Niemela
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Foreword

Man is driven to create; | know | really love to create thingad while I'm not good
at painting, drawing, or music, | can write software.

Shortly after | was introduced to computers, | became isterkin programming lan-
guages. | believed that an ideal programming language newsttdinable, and | wanted
to be the designer of it. Later, after gaining some expedehealized that this kind of
ideal, all-purpose language might be more difficult thand treought. But | was still
hoping to design a language that would work for most of the jodid everyday. That
was my dream as a student.

Years later | talked with colleagues about scripting lamgasa about their power and
possibility. As an object-oriented fan for more than fiftgerars, it seemed to me that
OO programming was very suitable for scripting too. | did sarmsearch on the 'net
for a while, but the candidates | found, Perl and Python, werteexactly what | was
looking for. | wanted a language more powerful than Perl, amude object-oriented
than Python.

Then, | remembered my old dream, and decided to design myamguhge. At first |
was just toying around with it at work. But gradually it gresvtie a tool good enough
to replace Perl. | named Ruby—after the precious red stone—and released it to the
public in 1995.

Since then a lot of people have become interested in Rubiev&eit or not, Ruby is
actually more popular than Python in Japan right now. | hbjpe éventually it will be
just as well received all over the world.

| believe that the purpose of life is, at least in part, to bpgyaBased on this belief,
Ruby is designed to make programming not only easy, but alsolf allows you to

concentrate on the creative side of programming, with leess. If you don't believe
me, read this book and try Ruby. I'm sure you'll find out for yseif.

I’'m very thankful to the people who have joined the Ruby comityy they have helped
me a lot. | almost feel like Ruby is one of my children, but iotfat is the result of the

combined efforts of many people. Without their help, Rubuldmever have become
what it is.

| am especially thankful to the authors of this book, Dave ke and Andy Hunt.

Ruby has never been a well-documented language. Because klveays preferred
writing programs over writing documents, the Ruby manuatsitto be less thorough
than they should be. You had to read the source to know thet &ehavior of the

language. But now Dave and Andy have done the work for you.

<« xv P
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They became interested in a lesser-known language fronethedst. They researched
it, read thousands of lines of source code, wrote uncoumtaist scripts and e-mails,
clarified the ambiguous behavior of the language, found Kaigd even fixed some of
them), and finally compiled this great book. Ruby is certainaéll documented now!

Their work on this book has not been trivial. While they wengtiwg it, | was modi-
fying the language itself. But we worked together on the tggleand this book is as
accurate as possible.

It is my hope that both Ruby and this book will serve to makerymogramming easy
and enjoyable. Have fun!

Yukihiro Matsumotpa.k.a."Matz”

Japan, October 2000

£FOHL WEVLS
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Preface

This book is a tutorial and reference for the Ruby prograngnemguage. Use Ruby,
and you'll write better code, be more productive, and enjmgpamming more.

These are bold claims, but we think that after reading thakbyou'll agree with them.
And we have the experience to back up this belief.

As Pragmatic Programmers we've tried many, many languagesri search for tools
to make our lives easier, for tools to help us do our jobs betiitatil now, though, we'd
always been frustrated by the languages we were using.

Our job is to solve problems, not spoonfeed compilers, soikeedynamic languages
that adapt to us, without arbitrary, rigid rules. We needitylaso we can communicate
using our code. We value conciseness and the ability to eg@eequirement in code
accurately and efficiently. The less code we write, the leasdan go wrong. (And our
wrists and fingers are thankful, too.)

We want to be as productive as possible, so we want our codm tihe first time; time
spentin the debugger is time stolen from the developmenkclbalso helps if we can
try out code as we edit it; if you have to wait for a 2-hour makele, you may as well
be using punch cards and submitting your work for batch ctatipn.

We want a language that works at a high level of abstractitve Aigher level the
language, the less time we spend translating our requiresnrgn code.

When we discovered Ruby, we realized that we’'d found whatveeen looking for.
More than any other language with which we have worked, Rathys out of your
way. You can concentrate on solving the problem at hand, instéatruggling with
compiler and language issues. That's how it can help yourhe@better programmer:
by giving you the chance to spend your time creating solstfon your users, not for
the compiler.

Ruby Sparkles

Take a true object-oriented language, such as Smalltatip e unfamiliar syntax and
move to more conventional, file-based source code. Now addjood measure of the
flexibility and convenience of languages such as Python anid P

You end up with Ruby.

OO0 aficionados will find much to like in Ruby: things such asepabject orientation
(everything’s an object), metaclasses, closures, itesaamd ubiquitous heterogeneous

« i P
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collections. Smalltalk users will feel right at home (and+Cand Java users will feel
jealous).

At the same time, Perl and Python wizards will find many of itli@vorite features:
full regular expression support, tight integration witle tnderlying operating system,
convenient shortcuts, and dynamic evaluation.

Ruby is easy to learn. Everyday tasks are simple to code, acelyou've done them,
they are easy to maintain and grow. Apparently difficult ¢fsroften turn out not to
have been difficult after all. Ruby follows thrinciple of Least Surprise-things work
the way you would expect them to, with very few special casesoeptions. And that
reallydoesmake a difference when you’re programming.

We call Ruby atransparentlanguage. By that we mean that Ruby doesn’t obscure
the solutions you write behind lots of syntax and the neectortout reams of sup-
port code just to get simple things done. With Ruby you writegoams close to the
problem domain. Rather than constantly mapping your idedsdasigns down to the
pedestrian level of most languages, with Ruby you'll find gan express them directly
and express them elegantly. This means you code fastesolinaans your programs
stay readable and maintainable.

Using Ruby, we are constantly amazed at how much code we denimone sitting,
code that works the first time. There are very few syntax symo type violations, and
far fewer bugs than usual. This makes sense: there’s lest tergng. No bothersome
semicolons to type mechanically at the end of each line. blabliesome type declara-
tions to keep in sync (especially in separate files). No uessary words just to keep
the compiler happy. No error-prone framework code.

So why learn Ruby? Because we think it will help you progizeatter. It will help you
to focus on the problem at hand, with fewer distractions.illtiwake your life easier.

What Kind of Language Is Ruby?

In the old days, the distinction between languages was sintipey were either com-
piled, like C or Fortran, or interpreted, like BASIC. Congalllanguages gave you speed
and low-level access; interpreted languages were higdvet-but slower.

Times change, and things aren’t that simple anymore. Songridge designers have
taken to calling their creations “scripting languages.”tBig, we guess they mean that
their languages are interpreted and can be used to replaztefbes and shell scripts,
orchestrating the behavior of other programs and the uyidgrbperating system. Perl,
TCL, and Python have all been called scripting languages.

What exactlyis a scripting language? Frankly we don’t know if it's a distina worth
making. In Ruby, you can access all the underlying operatijygiem features. You
can do the same stuff in Ruby that you can in Perl or Python,yemdcan do it
more cleanly. But Ruby is fundamentally different. It is agiprogramming language,
too, with strong theoretical roots and an elegant, lighgwesyntax. Youcould hack
together a mess of “scripts” with Ruby, but you probably wolmstead, you’ll be more
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inclined toengineera solution, to produce a program that is easy to understangles
to maintain, and a piece of cake to extend and reuse in thesfutu

Although we have used Ruby for scripting jobs, most of thestime use it as a general-
purpose programming language. We've used it to write GUliegiions and middle-
tier server processes, and we're using it to format largespdithis book. Others have
used it for managing server machines and databases. Rufryisg\Web pages, inter-
facing to databases and generating dynamic content. Paapleriting artificial intel-
ligence and machine learning programs in Ruby, and at lewsperson is using it to
investigate natural evolution. Ruby'’s finding a home as aclelfior exploratory math-
ematics. And people all over the world are using it as a wayluhg together all their
different applications. It truly is a great language for gwoing solutions in a wide
variety of problem domains.

Is Ruby for Me?

Ruby is not the universal panacea for programmers’ prohlémere will always be

times when you'll need a particular language: the envirammey dictate it, you may
have special libraries you need, performance concernsngiysan issue with training.

We haven't given up languages such as Java and C++ entitédgiigh there are times
when we wish we could).

However, Ruby is probably more applicable than you mightkhit is easy to extend,

both from within the language and by linking in third-partgraries. It is portable

across a number of platforms. It's relatively lightweigimdaconsumes only modest
system resources. And it's easy to learn; we've known peapieve put Ruby code

into production systems within a day of picking up drafts lestbook. We've used

Ruby to implement parts of an X11 window manager, a taskgmetrmally considered

severe C coding. Ruby excelled, and helped us write codelrshbat would otherwise

have taken days.

Once you get comfortable with Ruby, we think you'll keep camback to it as your
language of choice.

Why Did We Write This Book?

So we’'d just finished writing he Pragmatic Programmeour families had just started
talking to us again, and suddenly we felt the need to writett@robook. Why? We
guess it comes down to a kind of missionary zeal.

Ruby was created by Yukihiro Matsumoto (Matz) in Japan. &itf295, its popularity in
Japan has grown at an astounding rate; there are rumorstthgti®more popular than
Python in Japan. But to date, much of the detailed Ruby dontatien is in Japanese.
It probably isn’t a programming language you'd just sturrduteoss.
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We wanted to spread the word, to have more people outsiden legdiag Ruby and
enjoying the benefits, so we decided to document Ruby in Emghnd what started
out as a small project just sort of grew. . ..

Ruby Versions

This book documents Version 1.6 of Ruby, which was releas&eptember 2000.

Ruby version numbering follows the same scheme used for rathr open source
projects. Releases with even subversion numbers (1.0142and so on) are stable,
public releases. These are the releases that are prepdckadienade available on the
various Ruby Web sites.

Development versions of the software have odd subversiarbets, such as 1.1 and
1.3. These you'll have to download and build for yourselfdascribed in the box on
pagexxi.

Installing Ruby

You can get Ruby fronttp://ftp.netlab.co. jp/pub/lang/ruby, or from the
mirror sites listed on pagé42in AppendixC. There you will find the latest stable
release, as well as various development releases.

You'll always find source code releases of Ruby; you may atsbgrebuilt binaries for
Windows or other operating systems (like the binary distidn of Ruby for Windows
atwww.pragmaticprogrammer.com/ruby/downloads/ruby-install.html).

Building Ruby

In the Ruby distribution you'll find a file nameéEADME, which explains the installation
procedure in detail. To summarize, you build Ruby on POS&4dul systems using the
same four commands you use for most other open source appiisa /configure,
make, make test,andmake install.You can build Ruby under other environments
(including Windows) by using a POSIX emulation environmanth agygwin® or by
using native compilers—seatsetup.bat” in the distribution’swin32 subdirectory
as a starting point.

Running Ruby

Now that Ruby is installed, you'd probably like to run somegmams. Unlike compiled
environments, there are two ways to run Ruby—interactigaly as a program.

1. Seesourceware.cygnus.com/cygwin for details.


ftp://ftp.netlab.co.jp/pub/lang/ruby
www.pragmaticprogrammer.com/ruby/downloads/ruby-install.html
sourceware.cygnus.com/cygwin
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The Very Latest Ruby

For those who just have to be on the very latest, hot-off-the-press
and untested cutting edge (as we were while writing this book), you
can get development versions straight from the developers’ working
repository.

The Ruby developers use CVS (Concurrent Version System, freely
available from www.cvshome.com) as their revision control system.
You can check files out as an anonymous user from their archive by
executing the following CVS commands:

% cvs -d :pserver:anonymous@cvs.netlab.co.jp:/home/cvs _,
login

(Logging in to anonymous@cvs.netlab.co.jp)

CVS password: guest

% cvs -d :pserver:anonymous@cvs.netlab.co.jp:/home/cvs _,
checkout ruby

The complete source code tree, just as the developers last left it, will
now be copied to a “ruby” subdirectory on your machine, updating
your local source tree from a repository on the other side of the world.
Isn’t it a great time to be alive?

Interactive Ruby

The easiest way to run Ruby interactively is simply to typgdy” at the shell prompt.

% ruby

puts "Hello, world!"
~D

Hello, world!

Here we typed in the singlputs expression and an end of file character (which is
control-D on our system). This process works, but it's sérpainful if you make a
typo, and you can'’t really see what'’s going on as you type.

In thesample directory in the Ruby distribution you'll find a script naméglral . rb”.
It goes one step better by showing us the value of each expnessit is entered:

% cd sample

% ruby eval.rb

ruby> a = "Hello, world!"
"Hello, world!"

ruby> puts a

Hello, world!

nil

ruby> D

)

Here we can see the output framats, and then the return value froputs (which is
nil).


www.cvshome.com
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That's all fine and well, except that multiline expressionsndt work, and you can'’t
edit the line you're on, or go back and use previous lines ¢asmight with command
history in a shell).

For the next step up froraval.rb, we haveirb—Interactive Rubyirb is a Ruby

Shell, complete with command-line history, line editingahilities, and job control.
It is quite configurable and has many options, so much so thaisiits own appendix
beginning on pagé33 We recommend that you get familiar withrb so you can try
some of our examples interactively.

Ruby Programs

Finally, you can run a Ruby program from a file as you would athepshell script,
Perl program, or Python program. You can simply run Rubyngj\the script name as
an argument:

% ruby myprog.rb

Or you can use the Unix “shebang” notation as the first lindefgrogram file.

#!/usr/local/bin/ruby -w
puts "Hello, World!"

If you make this source file executable (using, for instar@@od +x myprog.rb),
Unix lets you run the file as a program:

% ./myprog.rb
Hello, World!

You can do something similar under Microsoft Windows usifgdissociations.

Resources

Visit the Ruby Web sitesyww . rubycentral.com andwww.ruby-lang.org, to see
what's new, and chat with other Ruby users on the newsgroupailing lists (see
AppendixC).

And we'd certainly appreciate hearing from you. Commentggestions, errors in the
text, and problems in the examples are all welcome. E-maitus

rubybook@pragmaticprogrammer.com
If you tell us about errors in the book, we’ll add them to theat list at:
http://www.pragmaticprogrammer.com/ruby/errata/errata.html

Finally, www.pragmaticprogrammer.com/ruby also contains the source code for
almost all the book’s examples, organized by page.

2. If your system supports it, you can avoid hard-coding thilh po Ruby in theshebandine by using
#!/usr/bin/env ruby, which will search your path faruby and then execute it.


www.rubycentral.com
www.ruby-lang.org
rubybook@pragmaticprogrammer
com
http://www.pragmaticprogrammer.com/ruby/errata/errata.html
www.pragmaticprogrammer.com/ruby
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Notation Conventions

Throughout this book, we use the following typographic tiotes.

Literal code examples are shown using a typewriter-like:fon

class SampleCode
def run
#...
end
end

Within the text,Fred#doIt is a reference to an instance methadi(t) of classFred,
while Fred.new® is a class method, arkted : : EOF is a class constant.

The book contains many snippets of Ruby code. Where possiklege tried to show
what happens when they run. In simple cases, we show the obé&xgressions on the
same line as the expression. For example:

a=1

b=2

a+b — 3
At times, we're also interested in the values of assignmetéments, in which case
we’ll show them.

a=1 — 1

b 2 — 2

a+b — 3

If the program produces more complex output, we show it bél@program code:
3.times { puts "Hello!" }

produces:

Hello!
Hello!
Hello!

In some of the library documentation, we wanted to show wkpeees appear in the
output. You'll see these spaces ag tharacters.

Command-line invocations are shown with literal text in ari@m font, and parameters
you supply in aritalic font. Optional elements are shown in large square brackets.

ruby [ flags, ... ] [ progname ] arguments [, arguments ]...

3. In some other Ruby documentation, you may see class nethiotlen asFred: :new. This is per-
fectly valid Ruby syntax; we just happen to feel tBakd.new is less distracting to read.
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Roadmap

The main text of this book has four separate parts, each wgithwn personality, and
each addressing different aspects of the Ruby language.

In Part |, Facets of Rubyyou'll find a Ruby tutorial. It starts off with a short chapte
on some of the terminology and concepts that are unique ty.Riutis chapter also
includes enough basic syntax so that the other chaptersmaie sense. The rest of the
tutorial is a top-down look at the language. There we talkualotasses and objects,
types, expressions, and all the other things that make ufatfygpiage. We even end
with a short chapter on digging yourself out when troublikes.

One of the great things about Ruby is how well it integrateth\its environment.
Part I, Ruby in Its Settinginvestigates this. Here you'll find practical information
running Ruby, and using Ruby with the Web. You'll learn howcteate GUI applica-
tions using Tk, and how to use Ruby in a Microsoft Windows smwvinent, including
wonderful things such as making native API calls, COM in&tign, and Windows
Automation. And you'll discover just how easy it is to exteRdby and to embed
Ruby within your own code.

Part Ill, Ruby Crystallizedcontains more advanced material. Here you'll find all the
gory details about the language, the metaclass modelingjméflection, and marshal-
ing. You could probably speed-read this the first time thigumyit we found ourselves
using the tables in this section even as we were writing tsieafethe book.

The Ruby Library References Part IV. It's big. We document over 800 methods in
more than 40 built-in classes and modules. On top of that, ave nother 70 pages
describing some of the more useful library modules that cwitte Ruby.

So, how should you read this book? Well, it depends on you.

Depending on your level of expertise with programming inerah and OO in partic-
ular, you may want to read just a few portions of the book tat stéth. Here are our
recommendations.

If you're a beginner, you may want to start with the tutorigterial in Part I. Keep
the library reference close at hand as you start to write rarog. Get familiar with
the basic classes suchfasray, Hash, andString. As you become more comfortable
in the environment, you may want to investigate some of theeradvanced topics in
Part I11.

« 1 >
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If you're already comfortable with Perl, Python, Java, ordfitalk, then we’'d suggest
reading the introduction in Chapt2first. From there, you may want to take the slower
approach and keep going with the tutorial that follows, ap shead to the gritty details
starting in Part lll, followed by the library reference inrPv.

Experts, gurus, and “I-don’t-need-no-stinking-tutdrtgpes can dive straight into the
language reference in Chapie3;, which begins on pagk71, skim the library reference,
then use the book as a (rather attractive) coffee coaster.

Of course, there’s nothing wrong with just starting at thgibring and working your
way through.

And don’t forget, if you run into a problem that you can't figuout, help is available.
See AppendiX beginning on pagé41for more information.
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Facets of Ruby
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Chapter 2

Ruby.new

When we originally wrote this book, we had a grand plan (weamwgunger then). We
wanted to document the language from the top down, startitigolasses and objects,
and ending with the nitty-gritty syntax details. It seemi&@ b good idea at the time.
After all, most everything in Ruby is an object, so it madesseto talk about objects
first.

Or so we thought.

Unfortunately, it turns out to be difficult to describe a laiage that way. If you haven't
covered stringsif statements, assignments, and other details, it's diffioultrite
examples of classes. Throughout our top-down descripti@enkept coming across
low-level details we needed to cover so that the example aaddd make sense.

So, we came up with another grand plan (they don’t call usrpedig for nothing).
We’'d still describe Ruby starting at the top. But before we thiat, we'd add a short
chapter that described all the common language featuresingbe examples along
with the special vocabulary used in Ruby, a kind of minitigbio bootstrap us into the
rest of the book.

Ruby Is an Object-Oriented Language

Let's say it again. Ruby is a genuine object-oriented laggu&verything you manip-

ulate is an object, and the results of those manipulatiomh@mselves objects. How-
ever, many languages make the same claim, and they ofteraldifferent interpreta-

tion of what object-oriented means and a different ternagwlfor the concepts they
employ.

So, before we get too far into the details, let’s briefly lobkhe terms and notation that
we'll be using.

When you write object-oriented code, you're normally laukio model concepts from
the real world in your code. Typically during this modelingppess you'll discover
categories of things that need to be represented in codejulkedox, the concept of
a “song” might be such a category. In Ruby, you'd defindassto represent each of
these entities. A class is a combination of state (for exantpé name of the song) and
methods that use that state (perhaps a method to play thg song

<« 5 p
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Once you have these classes, you'll typically want to createimber ofinstances
of each. For the jukebox system containing a class caltetg, you'd have separate
instances for popular hits such as “Ruby Tuesday,” “Envetbip Python,” “String of
Pearls,” “Small talk,” and so on. The wonbjectis used interchangeably with class
instance (and being lazy typists, we’ll probably be usingword “object” more fre-
quently).

In Ruby, these objects are created by calling a construegpecial method associated
with a class. The standard constructor is catled.

songl = Song.new("Ruby Tuesday")
song2 = Song.new("Enveloped in Python")
# and so on

These instances are both derived from the same class, uhéve unique charac-
teristics. First, every object has a uniqoigject identifier(abbreviated asbject id).
Second, you can definastance variablesvariables with values that are unique to
each instance. These instance variables hold an objeatés &ach of our songs, for
example, will probably have an instance variable that htiidsong title.

Within each class, you can definestance method€ach method is a chunk of func-
tionality which may be called from within the class and (degieg on accessibility
constraints) from outside. These instance methods in tave hccess to the object’s
instance variables, and hence to the object’s state.

Methods are invoked by sending a message to an object. Theagesontains the
method’s name, along with any parameters the method may.'nédten an object
receives a message, it looks into its own class for a correipg method. If found,
that method is executed. If the methisd’t found, ... well, we’'ll get to that later.

This business of methods and messages may sound complibatead practice it is
very natural. Let's look at some method calls. (Remembdrtti@arrows in the code
examples show the values returned by the corresponding&sipns.)

"gin joint".length — 9

"Rick".index("c") - 2

-1942.abs — 1942

sam.play(aSong) —  "duh dum, da dum de dum ..."

Here, the thing before the period is called theeiver and the name after the period is
the method to be invoked. The first example asks a stringddeitgth, and the second
asks a different string to find the index of the letter “c.” Tihéd line has a number
calculate its absolute value. Finally, we ask Sam to play smng.

It's worth noting here a major difference between Ruby andtother languages. In
(say) Java, you'd find the absolute value of some number inga separate function
and passing in that number. You might write

number = Math.abs (number) // Java code

1.  Thisidea of expressing method calls in the form of messagmes from Smalltalk.
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In Ruby, the ability to determine an absolute value is buitoinumbers—they take
care of the details internally. You simply send the messageo a number object and
let it do the work.

number = number.abs

The same applies to all Ruby objects: in C you'd weterlen (name), while in Ruby
it's name . 1length, and so on. This is part of what we mean when we say that Ruby is
a genuine OO language.

Some Basic Ruby

Not many people like to read heaps of boring syntax rules whey're picking up a
new language. So we're going to cheat. In this section wd'Bdme of the highlights,
the stuff you'll justhaveto know if you're going to write Ruby programs. Later, in
Chapterl8, which begins on pagé71, we'll go into all the gory details.

Let'’s start off with a simple Ruby program. We'll write a meththat returns a string,
adding to that string a person’s name. We'll then invoke thethod a couple of times.

def sayGoodnight (name)

result = "Goodnight, " + name
return result
end

# Time for bed...
puts sayGoodnight ("John-Boy")
puts sayGoodnight ("Mary-Ellen")

First, some general observations. Ruby syntax is clean.d@it need semicolons

at the ends of statements as long as you put each statemergepai@te line. Ruby
comments start with & character and run to the end of the line. Code layout is pretty
much up to you; indentation is not significant.

Methods are defined with the keywatdf, followed by the method name (in this case,
“sayGoodnight”) and the method’s parameters between parentheses. Rusn'to
use braces to delimit the bodies of compound statementsefirdtibns. Instead, you
simply finish the body with the keyworend. Our method’s body is pretty simple.
The first line concatenates the literal string “Goodnightp the parametetiame and
assigns the result to the local variable result. The next teturns that result to the
caller. Note that we didn’t have to declare the varialdeult; it sprang into existence
when we assigned to it.

Having defined the method, we call it twice. In both cases wss jthe result to the
methodputs, which simply outputs its argument followed by a newline.

Goodnight, John-Boy
Goodnight, Mary-Ellen

The line “puts sayGoodnight ("John-Boy")” contains two method calls, one to
sayGoodnight and the other tputs. Why does one call have its arguments in paren-
theses while the other doesn't? In this case it's purely @anaf taste. The following
lines are all equivalent.
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puts sayGoodnight "John-Boy"

puts sayGoodnight ("John-Boy")
puts(sayGoodnight "John-Boy")
puts (sayGoodnight (" John-Boy"))

However, life isn’t always that simple, and precedencesai@n make it difficult to
know which argument goes with which method invocation, sore@mmend using
parentheses in all but the simplest cases.

This example also shows some Ruby string objects. There any mvays to create
a string object, but probably the most common is to use stiiagls: sequences of
characters between single or double quotation marks. Tfexetice between the two
forms is the amount of processing Ruby does on the stringawbihstructing the literal.
In the single-quoted case, Ruby does very little. With a fgeeptions, what you type
into the string literal becomes the string’s value.

In the double-quoted case, Ruby does more work. First, itddor substitutions—
sequences that start with a backslash character—and esglaem with some binary
value. The most common of these i&®, which is replaced with a newline character.
When a string containing a newline is output, the™forces a line break.

puts "And Goodnight,\nGrandma"

produces:

And Goodnight,
Grandma

The second thing that Ruby does with double-quoted strsgspression interpolation.
Within the string, the sequendeexpressioh is replaced by the value @xpression
We could use this to rewrite our previous method.

def sayGoodnight (name)
result = "Goodnight, #{name}"
return result

end

When Ruby constructs this string object, it looks at the enirvalue ofname and
substitutes it into the string. Arbitrarily complex expsems are allowed in thie{. . .}
construct. As a shortcut, you don’t need to supply the bradesn the expression is
simply a global, instance, or class variable. For more imfation on strings, as well as
on the other Ruby standard types, see Chaptethich begins on pagé?.

Finally, we could simplify this method some more. The valeturned by a Ruby
method is the value of the last expression evaluated, so wgekrid of thereturn
statement altogether.

def sayGoodnight (name)
"Goodnight, #{name}"
end

We promised that this section would be brief. We've got just enore topic to cover:
Ruby names. For brevity, we'll be using some terms (such assclariable) that we
aren’t going to define here. However, by talking about thesulow, you'll be ahead of
the game when we actually come to discuss instance variabtethe like later.
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Ruby uses a convention to help it distinguish the usage ofeen¢he first characters
of a name indicate how the name is used. Local variables, adgtarameters, and
method names should all start with a lowercase letter or witlunderscore. Global
variables are prefixed with a dollar sign ($), while instamagables begin with an “at”
sign (@). Class variables start with two “at” sighs (@ @).aHiy) class names, module
names, and constants should start with an uppercase &dreples of different names
are given in Tabl€.1on the next page.

Following this initial character, a name can be any comlpmadf letters, digits, and
underscores (with the proviso that the character follovang@ sign may not be a
digit).

Arrays and Hashes

Ruby’s arrays and hashes are indexed collections. Botle sttections of objects,
accessible using a key. With arrays, the key is an integegreds hashes support any
object as a key. Both arrays and hashes grow as needed todvoklements. It's more
efficient to access array elements, but hashes provide nexibility. Any particular
array or hash can hold objects of differing types; you carelavarray containing an
integer, a string, and a floating point number, as we'll segenmnute.

You can create and initialize a new array using an arrayaliten set of elements
between square brackets. Given an array object, you cassaaudividual elements
by supplying an index between square brackets, as the naxtp® shows.

a=1[1, ’cat’, 3.14 ] # array with three elements
# access the first element

alol] — 1

# set the third element

a[2] = nil

# dump out the array

a — [1, "cat", nil]

You can create empty arrays either by using an array liteidl mo elements or by
using the array object’s constructagray . new.

emptyl = []
empty2 = Array.new

Sometimes creating arrays of words can be a pain, what withefuotes and com-
mas. Fortunately, there’s a shortciit: does just what we want.

a = %w{ ant bee cat dog elk }
a [0] N "ant"
a [3] — "dog"

Ruby hashes are similar to arrays. A hash literal uses brattesr than square brackets.
The literal must supply two objects for every entry: one foe key, the other for the
value.

For example, you might want to map musical instruments to tirehestral sections.
You could do this with a hash.
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Table 2.1. Example variable and class names

Variables Constants and

Local Global Instance  Class Class Names
name $debug @name @Qtotal  PI
fishAndChips $CUSTOMER @point_1 @@symtab FeetPerMile
x_axis $_ X Q@N String
thx1138 $plan9 e_ Q0x_pos MyClass
_26 $Global @plan9 @@SINGLE Jazz_Song
instSection = {

’cello’ => ’string’,

’clarinet’ => ’woodwind’,

’drum’ => ’percussion’,

’oboe’ => ’woodwind’,

’trumpet’ => ’brass’,

’violin’ => ’string’

}

Hashes are indexed using the same square bracket notatiorags.

instSection[’oboe’] —  "woodwind"
instSection[’cello’] —  "string"
instSection[’bassoon’] — nil

As the last example shows, a hash by default retutriswhen indexed by a key it
doesn’t contain. Normally this is convenient,aisl meansfalse when used in con-
ditional expressions. Sometimes you'll want to change tlafault. For example, if
you're using a hash to count the number of times each key scitisrconvenient to
have the default value be zero. This is easily done by spagify default value when
you create a new, empty hash.

histogram = Hash.new(0)

histogram[’keyl’] — O
histogram[’key1’] = histogram[’key1’] + 1
histogram[’keyl’] — 1

Array and hash objects have lots of useful methods: see gwmshion starting on
page33, and the reference sections starting on pagesand271, for details.

Control Structures

Ruby has all the usual control structures, suchfastatements anghile loops. Java,
C, and Perl programmers may well get caught by the lack ofdsracound the bodies
of these statements. Instead, Ruby uses the keyerardo signify the end of a body.

if count > 10
puts "Try again"
elsif tries ==
puts "You lose"
else
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puts "Enter a number"
end

Similarly, while statements are terminated wihd.

while weight < 100 and numPallets <= 30
pallet = nextPallet()
weight += pallet.weight
numPallets += 1

end

Rubystatement modifiersre a useful shortcut if the body of afi or while statement
is just a single expression. Simply write the expressiolipyiced by if or while and
the condition. For example, here’s a simplestatement.

if radiation > 3000
puts "Danger, Will Robinson"
end

Here it is again, rewritten using a statement modifier.

puts "Danger, Will Robinson" if radiation > 3000

Similarly, awhile loop such as

while square < 1000
square = squarex*square
end

becomes the more concise

square = squarexsquare while square < 1000

These statement modifiers should seem familiar to Perl progrers.

Regular Expressions

Most of Ruby'’s built-in types will be familiar to all programers. A majority of lan-
guages have strings, integers, floats, arrays, and so ore\owintil Ruby came along,
regular expression support was generally built into onky $l-called scripting lan-
guages, such as Perl, Python, and awk. This is a shame: regplassions, although
cryptic, are a powerful tool for working with text.

Entire books have been written about regular expressionsxmpleMastering Reg-
ular ExpressiongFri97]), so we won't try to cover everything in just a short section
Instead, we’'ll look at just a few examples of regular expiessin action. You'll find
full coverage of regular expressions starting on page

Aregular expression is simply a way of specifyingatternof characters to be matched
in a string. In Ruby, you typically create a regular exprasddy writing a pattern
between slash charactergdttern’). And, Ruby being Ruby, regular expressions are of
course objects and can be manipulated as such.

For example, you could write a pattern that matches a stiangaining the text “Perl”
or the text “Python” using the following regular expression
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/Perl|Python/

The forward slashes delimit the pattern, which consistbefivo things we’re match-
ing, separated by a pipe charactel"J* You can use parentheses within patterns, just
as you can in arithmetic expressions, so you could also hatemthis pattern as

/P(erl|ython)/

You can also specify repetition within patterriab+c/ matches a string containing an
“a” followed by one or more “b”s, followed by a “c”. Change tipdus to an asterisk,
and/abxc/ creates a regular expression that matches an “a”, zero @ thts, and a
“C"_

You can also match one of a group of characters within a pat&rme common exam-
ples are character classes such‘as,‘which matches a whitespace character (space,
tab, newline, and so on)\4”, which matches any digit, and\%”, which matches any
character that may appear in a typical word. The single dera” (a period) matches

any character.

We can put all this together to produce some useful regularessions.

/\d\d:\d\d:\d\d/ # a time such as 12:34:56
/Perl.*Python/ # Perl, zero or more other chars, then Python
/Per1\s+Python/ # Perl, one or more spaces, then Python

/Ruby (Perl|Python)/ # Ruby, a space, and either Perl or Python

Once you have created a pattern, it seems a shame not to Uise itnatch operator
“=""can be used to match a string against a regular expres$itre pattern is found
in the string,=" returns its starting position, otherwise it retutrnid.. This means you
can use regular expressions as the conditiarfiandwhile statements. For example,
the following code fragment writes a message if a string @iostthe text 'Perl’ or
'Python’.

if line =~ /Perl|Python/

puts "Scripting language mentioned: #{linel}"
end

The part of a string matched by a regular expression can alsediaced with different
text using one of Ruby’s substitution methods.

line.sub(/Perl/, ’Ruby’) # replace first ’Perl’ with ’Ruby’
line.gsub(/Python/, ’Ruby’) # replace every ’Python’ with ’Ruby’

We'll have a lot more to say about regular expressions as whrgagh the book.

Blocks and Iterators

This section briefly describes one of Ruby’s particulargiths. We're about to look at
code blocks: chunks of code that you can associate with rdétivocations, almost as
if they were parameters. This is an incredibly powerfuldieat You can use code blocks
to implement callbacks (but they’re simpler than Java’srgmnmous inner classes), to
pass around chunks of code (but they’re more flexible tharfiu®stion pointers), and
to implement iterators.
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Code blocks are just chunks of code between bracés.orend.

{ puts "Hello" } # this is a block

do #
club.enroll(person) # and so is this
person.socialize #

end #

Once you've created a block, you can associate it with aealmethod. That method
can then invoke the block one or more times using the Rgiwld statement. The
following example shows this in action. We define a method ¢iadls yield twice.
We then call it, putting a block on the same line, after thé(eald after any arguments
to the method¥.

def callBlock
yield
yield

end

callBlock { puts "In the block" }

produces:

In the block
In the block

See how the code in the blockuts "In the block") is executed twice, once for
each call toyield.

You can provide parameters to the calljtbeld: these will be passed to the block.
Within the block, you list the names of the arguments to recéhese parameters
between vertical bars (“|").

def callBlock
yield "hello",

=N

callBlock { |str, num| ... }

Code blocks are used throughout the Ruby library to implédriterators: methods that
return successive elements from some kind of collectioch s1$ an array.

a = %w( ant bee cat dog elk ) # create an array
a.each { |animal| puts animal } # iterate over the contents

produces:

ant
bee
cat
dog
elk

2. Some people like to think of the association of a block aitimethod as a kind of parameter passing.
This works on one level, but it isn't really the whole storpuymight be better off thinking of the block and
the method as coroutines, which transfer control back aridl fetween themselves.
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Let’s look at how we might implement therray class’seach iterator that we used
in the previous example. Theach iterator loops through every element in the array,
callingyield for each one. In pseudo code, this might look like:

# within class Array...
def each
for each element
yield(element)
end
end

You could then iterate over an array’s elements by callisgdath method and supply-
ing a block. This block would be called for each element imtur

[ >cat’, ’dog’, ’horse’ ].each do |animall|
print animal, " -- "
end
produces:
cat -- dog -- horse --

Similarly, many looping constructs that are built into laages such as C and Java are
simply method calls in Ruby, with the methods invoking thecasated block zero or
more times.

5.times { print "*" }
3.upto(6) {lil print i }

(’a’..’e’) .each {l|char| print char }
produces:
***x*xx3456abcde

Here we ask the number 5 to call a block five times, then ask tingber 3 to call a
block, passing in successive values until it reaches 6.lliginke range of characters
from “a” to “e” invokes a block using the methaghch.

Reading and 'Riting

Ruby comes with a comprehensive I/O library. However, in nodghe examples in
this book we'll stick to a few simple methods. We've alreadyne across two methods
that do outputputs writes each of its arguments, adding a newline after egpeint
also writes its arguments, but with no newline. Both can kedue write to any 1/O
object, but by default they write to the console.

Another output method we use a lotgsintf, which prints its arguments under the
control of a format string (just likerintf in C or Perl).

printf "Number: %5.2f, String: %s", 1.23, "hello"

produces:
Number: 1.23, String: hello
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In this example, the format stringNumber: %5.2f, String: %s" tellsSprintf to
substitute in a floating point number (allowing five charegie total, with two after
the decimal point) and a string.

There are many ways to read input into your program. Prokthlelynost traditional is
to use the routingets, which returns the next line from your program’s standapiiin
stream.

line = gets
print line

Thegets routine has a side effect: as well as returning the line jestly it also stores

it into the global variableés_. This variable is special, in that it is used as the default
argument in many circumstances. If you caflint with no argument, it prints the
contents of_. If you write anif or while statement with just a regular expression as
the condition, that expression is matched againsWhile viewed by some purists as a
rebarbative barbarism, these abbreviations can help yite same concise programs.
For example, the following program prints all lines in thpum stream that contain the
word “Ruby.”

while gets # assigns line to $_
if /Ruby/ # matches against $_
print # prints $_
end
end
produces:

-:2: warning: regex literal in condition

The “Ruby way” to write this would be to use an iterator.

ARGF.each { |line| print line if line =~ /Ruby/ }

This uses the predefined obje®GF, which represents the input stream that can be
read by a program.

Onward and Upward

That's it. We've finished our lightning-fast tour of some bétbasic features of Ruby.
We've had a brief look at objects, methods, strings, coetairand regular expressions,
seen some simple control structures, and looked at somer naitity iterators. Hope-
fully, this chapter has given you enough ammunition to be &httack the rest of this
book.

Time to move on, and up—up to a higher level. Next, we'll bekiog at classes and
objects, things that are at the same time both the highestdenstructs in Ruby and
the essential underpinnings of the entire language.
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Chapter 3

Classes, Objects, and
Variables

From the examples we've shown so far, you might be wondehigtour earlier asser-
tion that Ruby is an object-oriented language. Well, thipthar is where we justify that
claim. We're going to be looking at how you create classesabjdcts in Ruby, and
at some of the ways in which Ruby is more powerful than moseabjpriented lan-
guages. Along the way, we’ll be implementing part of our nakton-dollar product,
the Internet Enabled Jazz and Blue Grass jukebox.

After months of work, our highly paid Research and Developiiielks have deter-
mined that our jukebox needsngs So it seems like a good idea to start off by setting
up a Ruby class that represents things that are songs. We tkiaba& real song has a
name, an artist, and a duration, so we’ll want to make suftethiessong objects in our
program do, too.

We'll start off by creating a basic clas®ng,' which contains just a single method,
initialize.
class Song
def initialize(name, artist, duration)
@name = name
Qartist = artist
Q@duration = duration

end
end

initializeis a special method in Ruby programs. When yougaidlg . new to create
a newSong object, Ruby creates an uninitialized object and then ¢h#s object’s
initialize method, passing in any parameters that were passeeltor his gives
you a chance to write code that sets up your object’s state.

For classSong, theinitialize method takes three parameters. These parameters act
just like local variables within the method, so they folloetlocal variable naming
convention of starting with a lowercase letter.

1.  Aswe mentioned on padg class names start with an uppercase letter, while metho@satart with
a lowercase letter.

<« 17 > é
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Each object represents its own song, so we need each cfoagrobjects to carry
around its own song name, artist, and duration. This meansegd to store these
values asnstance variablesvithin the object. In Ruby, an instance variable is simply a
name preceded by an “at” sign (“@"). In our example, the pat@mame is assigned

to the instance variabléname, artist is assigned t@artist, andduration (the
length of the song in seconds) is assigneddaration.

Let’s test our spiffy new class.

aSong = Song.new("Bicylops", "Fleck", 260)
aSong.inspect —  "#<Song:0x4029bfb8 Qartist=\"Fleck\",
@name=\"Bicylops\", @duration=260>"

Well, it seems to work. By default, thinspect message, which can be sent to any
object, dumps out the object’s id and instance variablel®oks as though we have
them set up correctly.

Our experience tells us that during development we’ll batprg out the contents of
a Song object many times, antlhspect’s default formatting leaves something to be
desired. Fortunately, Ruby has a standard message, which it sends to any object
it wants to render as a string. Let’s try it on our song.

aSong = Song.new("Bicylops", "Fleck", 260)
aSong.to_s —  "#<Song:0x4029c1d4>"

That wasn’t too useful—it just reported the object id. St'sleverrideto_s in our
class. As we do this, we should also take a moment to talk dmmumtwe’re showing
the class definitions in this book.

In Ruby, classes are never closed: you can always add meth@isexisting class.
This applies to the classes you write as well as the standailthin classes. All you

have to do is open up a class definition for an existing classtlde new contents you
specify will be added to whatever’s there.

This is great for our purposes. As we go through this chaptiding features to our
classes, we'll show just the class definitions for the newhwoas; the old ones will

still be there. It saves us having to repeat redundant siigbch example. Obviously,
though, if you were creating this code from scratch, youhably just throw all the

methods into a single class definition.

Enough detail! Let's get back to adding:a_s method to ouSong class.

class Song
def to_s
"Song: #{Onamel}-#{Qartist} (#{@durationl})"
end
end
aSong = Song.new("Bicylops", "Fleck", 260)
aSong.to_s —  "Song: Bicylops-Fleck (260)"

Excellent, we're making progress. However, we've slippedomething subtle. We
said that Ruby supports _s for all objects, but we didn’t say how. The answer has to
do with inheritance, subclassing, and how Ruby determirtes wiethod to run when
you send a message to an object. This is a subject for a nelorses. . . .
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Inheritance and Messages

Inheritance allows you to create a class that is a refinentesiexialization of another
class. For example, our jukebox has the concept of songshwhé encapsulate in
classSong. Then marketing comes along and tells us that we need toqedaraoke
support. A karaoke song is just like any other (there’s naaloa it, but that doesn’t
concern us). However, it also has an associated set of J@imsg with timing informa-
tion. When our jukebox plays a karaoke song, the lyrics ghéialv across the screen
on the front of the jukebox in time with the music.

An approach to this problem is to define a new cl&ss,aokeSong, which is just like
Song, but with a lyric track.

class KaraokeSong < Song
def initialize(name, artist, duration, lyrics)
super (name, artist, duration)
Q@lyrics = lyrics
end
end

The “< Song” on the class definition line tells Ruby thatkaraokeSong is a sub-
classof Song. (Not surprisingly, this means thadng is asuperclas®f KaraokeSong.
People also talk about parent-child relationshipsk@&taokeSong’s parent would be
Song.) For now, don't worry too much about theitialize method; we’ll talk about
thatsuper call later.

Let’s create &araokeSong and check that our code worked. (In the final system, the
lyrics will be held in an object that includes the text anditigninformation. To test out
our class, though, we'll just use a string. This is anothaelfitof untyped languages—
we don’t have to define everything before we start runningecod

aSong = KaraokeSong.new("My Way", "Sinatra", 225, "And now, the...")
aSong.to_s — "Song: My Way-Sinatra (225)"

Well, it ran, but why doesn’t theo_s method show the lyric?

The answer has to do with the way Ruby determines which methodld be called
when you send a message to an object. When Ruby compiles thedniavocation
aSong.to_s, it doesn’'t actually know where to find the methiad_s. Instead, it defers
the decision until the program is run. At that time, it lookstee class okSong. If that
class implements a method with the same name as the medsagmethod is run.
Otherwise, Ruby looks for a method in the parent class, asiththe grandparent, and
so on up the ancestor chain. If it runs out of ancestors witfinding the appropriate
method, it takes a special action that normally results iaraor being raised.

So, back to our example. We sent the messagles to aSong, an object of class
KaraokeSong. Ruby looks inKaraokeSong for a method callecdto_s, but doesn'’t
find it. The interpreter then looks KaraokeSong’s parent, clasSong, and there it

2. Infact, you can intercept this error, which allows youdke out methods at runtime. This is described
underObject#method_missing on page304
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finds theto_s method that we defined on pa@8. That's why it prints out the song
details but not the lyrics—clas®ng doesn’t know anything about lyrics.

Let’s fix this by implementin&karaokeSong#to_s. There are a number of ways to do
this. Let’s start with a bad way. We'll copy the_s method fromSong and add on the
lyric.

class KaraokeSong

# ...

def to_s

"KS: #{@namel}-#{@artist} (#{@duration}) [#{@lyrics}]"

end
end
aSong = KaraokeSong.new("My Way", "Sinatra", 225, "And now, the...")
aSong.to_s — "KS: My Way-Sinatra (225) [And now, the...]"

We’re correctly displaying the value of tleayrics instance variable. To do this, the
subclass directly accesses the instance variables ofdestors. So why is this a bad
way to implemento_s?

The answer has to do with good programming style (and songtzlleddecoupling.
By poking around in our parent’s internal state, we're tymgselves tightly to its
implementation. Say we decided to chaisgag to store the duration in milliseconds.
SuddenlyKaraokeSong would start reporting ridiculous values. The idea of a kkeao
version of “My Way” that lasts for 3750 minutes is just toaghitening to consider.

We get around this problem by having each class handle itsim@mal state. When
KaraokeSong#to_s is called, we'll have it call its parent'so_s method to get the
song details. It will then append to this the lyric inforneattiand return the result. The
trick here is the Ruby keywordstiper”. When you invokesuper with no arguments,
Ruby sends a message to the current object’s parent, askiminvoke a method of
the same name as the current method, and passing it the garathat were passed to
the current method. Now we can implement our new and imprevesd.

class KaraokeSong < Song

# Format ourselves as a string by appending

# our lyrics to our parent’s #to_s value.

def to_s

super + " [#{@lyrics}] "

end
end
aSong = KaraokeSong.new("My Way", "Sinatra", 225, "And now, the...")
aSong.to_s — "Song: My Way-Sinatra (225) [And now, the...]"

We explicitly told Ruby thatkaraokeSong was a subclass dong, but we didn'’t
specify a parent class f@bng itself. If you don’t specify a parent when defining a class,
Ruby supplies clas8bject as a default. This means that all objects hawgect as

an ancestor, and th@bject’s instance methods are available to every object in Ruby.
Back on pagd 8we said thato_s is available to all objects. Now we know whtyo _s

is one of more than 35 instance methods in clisgect. The complete list begins on
page300.
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Inheritance and Mixins

Some object-oriented languages (notably C++) supportiphellinheritance, where a
class can have more than one immediate parent, inheritingtiinality from each.
Although powerful, this technique can be dangerous, asrheritance hierarchy can
become ambiguous.

Other languages, such as Java, support single inheritbllece, a class can have only
one immediate parent. Although cleaner (and easier to imgi), single inheritance
also has drawbacks—in the real world things often inhetiitattes from multiple
sources (a ball is bothlzouncing thingand aspherical thing for example).

Ruby offers an interesting and powerful compromise, giwing the simplicity of sin-
gle inheritance and the power of multiple inheritance. A Ralass can have only one
direct parent, and so Ruby is a single-inheritance langudg@ever, Ruby classes can
include the functionality of any number of mixins (a mixinlilee a partial class defini-
tion). This provides a controlled multiple-inheritandkel capability with none of the
drawbacks. We'll explore mixins more beginning on p&ge

So far in this chapter we've been looking at classes and teihods. Now it's time to
move on to the objects, such as the instances of slass.

Objects and Attributes

TheSong objects we've created so far have an internal state (sudiessong title and
artist). That state is private to those objects—no otheeailjan access an object’s
instance variables. In general, this is a Good Thing. It re¢hat the object is solely
responsible for maintaining its own consistency.

However, an object that is totally secretive is pretty useleyou can create it, but then
you can’t do anything with it. You’ll normally define methotlsat let you access and
manipulate the state of an object, allowing the outside avarinteract with the object.
These externally visible facets of an object are calledtiigbutes

For ourSong objects, the first thing we may need is the ability to find oettitle and
artist (so we can display them while the song is playing) dwdduration (so we can
display some kind of progress bar).
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class Song
def name
G@name
end
def artist
Q@artist
end
def duration
@duration
end
end
aSong = Song.new("Bicylops", "Fleck", 260)
aSong.artist —  "Fleck"
aSong.name —  "Bicylops"
aSong.duration — 260

Here we've defined three accessor methods to return thesvafute three instance
attributes. Because this is such a common idiom, Ruby peswvadconvenient shortcut:
attr_reader creates these accessor methods for you.

class Song
attr_reader :name, :artist, :duration

end

aSong = Song.new("Bicylops", "Fleck", 260)
aSong.artist —  "Fleck"

aSong.name —  "Bicylops"

aSong.duration — 260

This example has introduced something new. The consteiatist is an expression
that returns &ymbol object corresponding tartist. You can think of:artist as
meaning thenameof the variableartist, while plainartist is thevalueof the vari-
able. In this example, we named the accessor methatls, artist, andduration.
The corresponding instance variablesame, @artist, and@duration, will be cre-
ated automatically. These accessor methods are iderditiz bnes we wrote by hand
earlier.

Writable Attributes

Sometimes you need to be able to set an attribute from outsédebject. For example,
let's assume that the duration that is initially associatéith a song is an estimate
(perhaps gathered from information on a CD or in the MP3 dathg first time we
play the song, we get to find out how long it actually is, and vegesthis new value
back in theSong object.

In languages such as C++ and Java, you'd do this sétter functions

class JavaSong { // Java code
private Duration myDuration;
public void setDuration(Duration newDuration) {
myDuration = newDuration;

}

= new Song(....)

}
s
s.setDuration(length)
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In Ruby, the attributes of an object can be accessed as ifitkey any other variable.
We've seen this above with phrases such$sg . name. So, it sSeems natural to be able
to assign to these variables when you want to set the value aftabute. In keeping
with the Principle of Least Surprise, that's just what youm&uby.

class Song

def duration=(newDuration)

@duration = newDuration

end
end
aSong = Song.new("Bicylops", "Fleck", 260)
aSong.duration — 260
aSong.duration = 257 # set attribute with updated value
aSong.duration — 257

The assignmentdSong.duration = 257" invokes the methodiuration= in the
aSong object, passing i257 as an argument. In fact, defining a method name end-
ing in an equals sign makes that name eligible to appear ofethband side of an
assignment.

Again, Ruby provides a shortcut for creating these simpféate setting methods.

class Song
attr_writer :duration
end
aSong = Song.new("Bicylops", "Fleck", 260)
aSong.duration = 257

Virtual Attributes

These attribute accessing methods do not have to be justesimmpppers around an
object’s instance variables. For example, you might waattess the duration in min-
utes and fractions of a minute, rather than in seconds asviee’gn doing.

class Song
def durationInMinutes
@duration/60.0 # force floating point
end
def durationInMinutes=(value)
@duration = (value*60).to_i
end
end
aSong = Song.new("Bicylops", "Fleck", 260)
aSong.durationInMinutes —  4.33333333333333
aSong.durationInMinutes = 4.2
aSong.duration — 252

Here we've used attribute methods to create a virtual instaariable. To the outside
world,durationInMinutes seems to be an attribute like any other. Internally, though,
there is no corresponding instance variable.

This is more than a curiosity. In his landmark boDbject-Oriented Software Con-
struction[Mey97], Bertrand Meyer calls this theniform Access PrincipleBy hiding

the difference between instance variables and calculatleets, you are shielding the
rest of the world from the implementation of your class. Yeuree to change how
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things work in the future without impacting the millions afiés of code that use your
class. This is a big win.

Class Variables and Class Methods

So far, all the classes we've created have contained insteamgdables and instance

methods: variables that are associated with a particuséamce of the class, and meth-
ods that work on those variables. Sometimes classes theasseted to have their own

states. This is where class variables come in.

Class Variables

A class variable is shared among all objects of a class, asdilso accessible to the
class methods that we’ll describe later. There is only orgyaaf a particular class
variable for a given class. Class variable names start with “at” signs, such as
“@ecount”. Unlike global and instance variables, class variablestie initialized
before they are used. Often this initialization is just aerassignment in the body of
the class definition.

For example, our jukebox may want to record how many time$ @acticular song
has been played. This count would probably be an instan@blaof theSong object.
When a song is played, the value in the instance is increrdeBté say we also want
to know how many songs have been played in total. We could i$obth searching
for all the Song objects and adding up their counts, or we could risk excomoation
from the Church of Good Design and use a global variableeaustwe’ll use a class
variable.

class Song

Q@@plays = 0
def initialize(name, artist, duration)
Oname = name
Qartist = artist
Q@duration = duration
Oplays =0
end
def play
Oplays += 1
Q@@plays += 1
"This song: #Qplays plays. Total #Q@plays plays."
end
end

For debugging purposes, we've arrangedJoerig#play to return a string containing
the number of times this song has been played, along witlotaertumber of plays for
all songs. We can test this easily.
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sl = Song.new("Songl", "Artistl", 234) # test songs..

s2 = Song.new("Song2", "Artist2", 345)

sl.play — "This song: 1 plays. Total 1 plays.

s2.play — "This song: 1 plays. Total 2 plays.

sl.play — "This song: 2 plays. Total 3 plays.

sl.play — "This song: 3 plays. Total 4 plays.
Class variables are private to a class and its instancesulfwant to make them acces-
sible to the outside world, you'll need to write an accessethad. This method could
be either an instance method or, leading us neatly to theseexion, a class method.

Class Methods

Sometimes a class needs to provide methods that work witieng tied to any par-
ticular object. We've already come across one such methoelndw method creates a
newSong object but is not itself associated with a particular song.

aSong = Song.new(....)

You'll find class methods sprinkled throughout the Rubyadities. For example, objects
of classFile represent open files in the underlying file system. HowevassEile
also provides several class methods for manipulating filasdren’t open and there-
fore don’t have &1ile object. If you want to delete a file, you call the class method
File.delete, passing in the name.

File.delete("doomedFile")

Class methods are distinguished from instance methodseindéfinition. Class meth-
ods are defined by placing the class name and a period in ffdimé anethod name.

class Example

def instMeth # instance method
end
def Example.classMeth # class method
end

end

Jukeboxes charge money for each song played, not by the enifbat makes short
songs more profitable than long ones. We may want to prevegsdbat take too long
from being available on the SongList. We could define a clasthad inSongList
that checked to see if a particular song exceeded the lingtll Bét this limit using
a class constant, which is simply a constant (remember @oisst they start with an
uppercase letter) that is initialized in the class body.

class SongList
MaxTime = 5%*60 # 5 minutes

def SongList.isTooLong(aSong)
return aSong.duration > MaxTime

end
end
songl = Song.new("Bicylops", "Fleck", 260)
SonglList.isTooLong(songl) —  false
song2 = Song.new("The Calling", "Santana", 468)
SonglList.isTooLong(song2) —  true
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Singletons and Other Constructors

Sometimes you want to override the default way in which Rul@ates objects. As an
example, let’s look at our jukebox. Because we’ll have mamkgpoxes, spread all over
the country, we want to make maintenance as easy as pos$zitef the requirement
is to log everything that happens to a jukebox: the songsateplayed, the money
received, the strange fluids poured into it, and so on. Becaweswant to reserve the
network bandwidth for music, we’'ll store these logfiles lcd his means we'll need
a class that handles logging. However, we want only one taggbject per jukebox,
and we want that object to be shared among all the other slijeat use it.

Enter the Singleton pattern, documentediesign Patterng GHJV9g. We'll arrange
things so that the only way to create a logging object is tbloagger . create, and
we’'ll ensure that only one logging object is ever created.

class Logger
private_class_method :new
@Q@logger = nil
def Logger.create
@Q@logger = new unless QQ@logger
@Qlogger
end
end

By making Logger’s methodnew private, we prevent anyone from creating a log-
ging object using the conventional constructor. Insteael,pnovide a class method,
Logger.create. This uses the class variald@logger to keep a reference to a single
instance of the logger, returning that instance every tirisedalled® We can check this
by looking at the object identifiers the method returns.

Logger.create.id —  538242030\n-:10: warning: Object#id will be
deprecated; use Object#object_id
Logger.create.id — 538242030

Using class methods as pseudo-constructors can also fekadier for users of your
class. As a trivial example, let’s look at a classpe that represents a regular polygon.
Instances ofhape are created by giving the constructor the required numbsidefs
and the total perimeter.

class Shape
def initialize(numSides, perimeter)
# ...
end
end

However, a couple of years later, this class is used in ardifteapplication, where the
programmers are used to creating shapes by name, and bfyspgettie length of the
side, not the perimeter. Simply add some class methogisape.

class Shape

3. The implementation of singletons that we present hereishread-safe; if multiple threads were
running, it would be possible to create multiple logger otse Rather than add thread safety ourselves,
however, we'd probably use tisangleton mixin supplied with Ruby, which is documented on p&§e.
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def Shape.triangle(sideLength)
Shape.new(3, sideLengthx3)
end
def Shape.square(sideLength)
Shape.new(4, sideLength*4)
end
end

There are many interesting and powerful uses of class msthmd exploring them
won't get our jukebox finished any sooner, so let's move on.

Access Control

When designing a class interface, it's important to consjaet how much access to
your class you'll be exposing to the outside world. Allow taich access into your
class, and you risk increasing the coupling in your apghcet-users of your class will

be tempted to rely on details of your class’s implementatiather than on its logical
interface. The good news is that the only way to change arctbate in Ruby is by

calling one of its methods. Control access to the methodyanwe controlled access
to the object. A good rule of thumb is never to expose methbdsdould leave an

object in an invalid state. Ruby gives us three levels ofguiidn.

e Public methodscan be called by anyone—there is no access control. Methieds a
public by default (except fotnitialize, which is always private).

e Protected methodscan be invoked only by objects of the defining class and its
subclasses. Access is kept within the family.

e Private methodscannot be called with an explicit receiver. Because you cann
specify an object when using them, private methods can Hedcahly in the
defining class and by direct descendents within that sanmezbbj

The difference between “protected” and “private” is faidybtle, and is different in
Ruby than in most common OO languages. If a method is prateittmay be called
by any instance of the defining class or its subclasses. If a methadivate, it may
be called only within the context of the calling object—itrisver possible to access
another object’s private methods directly, even if the obijg of the same class as the
caller.

Ruby differs from other OO languages in another importang. wacess control is
determined dynamically, as the program runs, not stagicatu will get an access
violation only when the code attempts to execute the résttimethod.

Specifying Access Control

You specify access levels to methods within class or modefmitions using one or
more of the three functionsublic, protected, andprivate. Each function can be
used in two different ways.
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If used with no arguments, the three functions set the defaagless control of subse-
quently defined methods. This is probably familiar behaifigiou’re a C++ or Java
programmer, where you'd use keywords suchasl i c to achieve the same effect.

class MyClass
def methodl # default is ’public’

#...
end
protected # subsequent methods will be ’protected’
def method2 # will be ’protected’
#...
end
private # subsequent methods will be ’private’
def method3 # will be ’private’
#...
end
public # subsequent methods will be ’public’
def method4 # and this will be ’public’
#...
end

end

Alternatively, you can set access levels of named methodisting them as arguments
to the access control functions.

class MyClass
def methodl

end
# ... and so on
public :methodl, :method4

protected :method2
private :method3
end

A class’sinitialize method is automatically declared to be private.

It's time for some examples. Perhaps we're modeling an ataugisystem where every
debit has a corresponding credit. Because we want to erfsatrad one can break this
rule, we'll make the methods that do the debits and credivsia, and we’ll define our
external interface in terms of transactions.

class Accounts

private
def debit(account, amount)
account.balance -= amount
end

def credit(account, amount)
account.balance += amount
end

public
#.o..
def transferToSavings(amount)

debit (@checking, amount)
credit(@savings, amount)
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end
#...
end

Protected access is used when objects need to access thalistate of other objects
of the same class. For example, we may want to allow the iddaliAccount objects
to compare their raw balances, but may want to hide thosebadsrom the rest of the
world (perhaps because we present them in a different form).

class Account
attr_reader :balance # accessor method ’balance’
protected :balance # and make it protected

def greaterBalanceThan(other)
return Q@balance > other.balance
end
end

Because the attributealance is protected, it's available only withificcount objects.

Variables

Now that we've gone to the trouble to create all these objéstfs make sure we don’t
lose them. Variables are used to keep track of objects; eatable holds a reference
to an object.

Let’s confirm this with some code.

person = "Tim" —  -:2: warning: Object#id will be deprecated; use
Object#object_id

person.id — 538242350

person.class —  String

person —  "Tim"

On the first line, Ruby creates a né&wring object with the value “Tim.” A reference
to this object is placed in the local varialperson. A quick check shows that the
variable has indeed taken on the personality of a strindy &ntobject id, a class type,
and a value.

So, is a variable an object?

In Ruby, the answer is “no.” A variable is simply a referencan object. Objects float
around in a big pool somewhere (the heap, most of the time)aamgbointed to by
variables.

Let's make the example slightly more complicated.

personl = "Tim"
person2 = personl

person1[0] = °>J’

personl —  "Jim"
person2 —  "Jim"
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~
Figure 3.1. Variables hold object references
personl .
personl .
person2
personl .
person2
\. J

What happened here? We changed the first charactesmafon1, but bothperson1
andperson2 changed from “Tim” to “Jim.”

It all comes back to the fact that variables hold referenoesbjects, not the objects
themselves. The assignmentmfrson1 to person2 doesn’t create any new objects;
it simply copiesperson1’s object reference tperson2, so that bothpersoni and
person?2 refer to the same object. We show this in Fig@re

Assignmentliasesobjects, potentially giving you multiple variables thafiarence the
same object. But can't this cause problems in your code?nlf lsat not as often as
you'd think (objects in Java, for example, work exactly tlang way). For instance,
in the example in Figur&.1, you could avoid aliasing by using thip method of
String, which creates a ne@tring object with identical contents.

personl = "Tim"
person2 = personl.dup
personl[0] = "J"
personl —  "Jim"
person2 —  "Tim"

You can also prevent anyone from changing a particular objéreezing it (we talk
more about freezing objects on pagEd). Attempt to alter a frozen object, and Ruby
will raise aTypeError exception.

personl = "Tim"
person2 = personl
personl.freeze # prevent modifications to the object

person2[0] = "J"
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produces:

prog.rb:4:in "~ []=’: can’t modify frozen string (TypeError)
from prog.rb:4
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Chapter 4

Containers, Blocks,
and lterators

A jukebox with one song is unlikely to be popular (except pghin some very, very
scary bars), so pretty soon we'll have to start thinking ahwoducing a catalog of
available songs and a playlist of songs waiting to be plaBeth of these are contain-
ers: objects that hold references to one or more other abject

Both the catalog and the playlist need a similar set of methadd a song, remove
a song, return a list of songs, and so on. The playlist mayoparidditional tasks,
such as inserting advertising every so often or keeping thcumulative play time,
but we’ll worry about these things later. In the meantimsgiéms like a good idea to
develop some kind of generi»ngList class, which we can specialize into catalogs
and playlists.

Containers

Before we start implementing, we’ll need to work out how toretthe list of songs
inside aSongList object. We have three obvious choices. We could use the Ruby
Array type, use the Rub¥ash type, or create our own list structure. Being lazy, for
now we’ll look at arrays and hashes, and choose one of theseif@lass.

Arrays

The classirray holds a collection of object references. Each object ref@®ccupies
a position in the array, identified by a non-negative intégeex.

You can create arrays using literals or by explicitly cnregi@nArray object. A literal
array is simply a list of objects between square brackets.

<« 33 P
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a = [ 3.14159, "pie", 99 ]

a.class —  Array
a.length — 3

a[0] —  3.14159
a[1] N "pie"
a[2] — 99

a[3] — nil

b = Array.new

b.class —  Array

b.length — 0

b[0] = "second"

b[1] = "array"

b —  ["second", "array"]

Arrays are indexed using thel operator. As with most Ruby operators, this is actually

a method (in clasarray) and hence can be overridden in subclasses. As the example
shows, array indices start at zero. Index an array with desingeger, and it returns the
object at that position or returmsi 1 if nothing’s there. Index an array with a negative
integer, and it counts from the end. This is shown in Figufeon the next page.

a=1[1,3,5,7,9]1]
al[-1] — 9

a[-2] — 7
a[-99] — nil

You can also index arrays with a pair of numberstart, count]. This returns a
new array consisting of referencesdeunt objects starting at positiogtart.

a=1[1,3,5,7,9]1

al1, 3] —  [3, 5, 7]

al3, 11— [7]

a[-3, 21 — [5, 7]
Finally, you can index arrays using ranges, in which stadt@md positions are sepa-
rated by two or three periods. The two-period form includesand position, while the
three-period form does not.

a=1[1,3,5,7,9]1

al1..3] — [3, 5, 7]

al1...3] — [3, 5]

al3..3] —  [7]

al-3..-11 — [5, 7, 9]
The [ ] operator has a corresponding= operator, which lets you set elements in the
array. If used with a single integer index, the element at pleaition is replaced by
whatever is on the right-hand side of the assignment. Ang tfaqtt result will be filled
with nil.

a=1[1,3,5,7, 9] — [1, 3, 5, 7, 9]

a[1] = ’bat’ — [1, "bat", 5, 7, 9]

a[-3] = ’cat’ — [1, "pbat", "cat", 7, 9]

al3] = [ 9, 81 — [1, "bat", "cat", [9, 8], 9]

al6] = 99 — [1, "bat", "cat", [9, 8], 9, nil, 99]

If the index to [ 1= is two numbers (a start and a length) or a range, then those ele
ments in the original array are replaced by whatever is orritiig-hand side of the
assignment. If the length is zero, the right-hand side isriesl into the array before



Copyright 2006 Addison Wesley Longman, Inc t‘j

CONTAINERS <« 35 —P
. . )
Figure 4.1. How arrays are indexed
Positive— 0 1 2 3 4 5 6 Negative
indices -7 —6 -5 —4 -3 =2 —1 < indices
a=/[ "ant’ [ "bat’ | “cat’ | “dog” [ "elk’ | “fly’ | “gnu" |
a[2] — “cat”
al-3] — “elk”
alt1..3] — | “bat’ | “cat’ | “dog” |
a[-3..-1] — | “elk’ | “fy” | “gnu” |
al4..-2] —
\. y,

the start position; no elements are removed. If the rigiidrside is itself an array, its
elements are used in the replacement. The array size is atitalty adjusted if the
index selects a different number of elements than are &laitan the right-hand side
of the assignment.

a=1[1,3,5,7, 9] — [1, 3, 5, 7, 9]

al[2, 2] = ’cat’ — [1, 3, "cat", 9]

al2, 0] = ’dog’ — [1, 3, "dog", "cat", 9]

all1, 11 =19, 8, 71 — [1, 9, 8, 7, "dog", "cat", 9]
al0..3] = [1 —  ["dog", "cat", 9]

al[5] = 99 —  ["dog", "cat", 9, nil, nil, 99]

Arrays have a large number of other useful methods. Usingethgu can treat arrays
as stacks, sets, queues, dequeues, and fifos. A complaiedisay methods starts on
page244

Hashes

Hashes (sometimes known as associative arrays or dicéshare similar to arrays,
in that they are indexed collectives of object referencesnéver, while you index
arrays with integers, you can index a hash with objects oftgpg: strings, regular
expressions, and so on. When you store a value in a hash, yeallpasupply two
objects—the key and the value. You can subsequently rettle value by indexing
the hash with the same key. The values in a hash can be anyobfeny type. The
example that follows uses hash literals: a liskey=> valuepairs between braces.

h = { ’dog’ => ’canine’, ’cat’ => ’feline’, ’donkey’ => ’asinine’ }

h.length — 3

h[’dog’] — "canine"

h[’cow’] = ’bovine’

h[12] = ’dodecine’

h[’cat’] = 99

h —  {"cow"=>"bovine", "cat"=>99, 12=>"dodecine",
"donkey"=>"asinine", "dog"=>"canine"}
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Compared with arrays, hashes have one significant advarttexyecan use any object
as an index. However, they also have a significant disadgantaeir elements are not
ordered, so you cannot easily use a hash as a stack or a queue.

You'll find that hashes are one of the most commonly used daiatares in Ruby. A
full list of the methods implemented by clagssh starts on pagé71

Implementing a SongList Container

After that little diversion into arrays and hashes, we'revneady to implement the
jukebox'sSongList. Let's invent a basic list of methods we need in SohgList.
We'll want to add to it as we go along, but it will do for now.

append( aSong ) — list
Append the given song to the list.

deleteFirst() — aSong
Remove the first song from the list, returning that song.

deletelast () — aSong
Remove the last song from the list, returning that song.

[ anIndex ] — aSong
Return the song identified bgnindex which may be an integer index or a song
title.

This list gives us a clue to the implementation. The abilitgppend songs at the end,
and remove them from both the front and end, suggests a degtgedouble-ended
gueue—which we know we can implement usingsaray. Similarly, the ability to
return a song at an integer position in the list is supporedrbays.

However, there’s also the need to be able to retrieve songdyywhich might suggest
using a hash, with the title as a key and the song as a valuéd @ewse a hash? Well,
possibly, but there are problems. First a hash is unordspedie’d probably need to
use an ancillary array to keep track of the list. A bigger eabis that a hash does not
support multiple keys with the same value. That would be #&lera for our playlist,
where the same song might be queued up for playing multiplegi So, for now we’ll
stick with an array of songs, searching it for titles whendezk If this becomes a
performance bottleneck, we can always add some kind of haskd lookup later.

We'll start our class with a basimitialize method, which creates theray we'll
use to hold the songs and stores a reference to it in the oestamiabledsongs.

class SongList
def initialize
O@songs = Array.new
end
end

TheSongList#append method adds the given song to the end of@hengs array. It
also returnself, a reference to the curresiingList object. This is a useful convention,
as it lets us chain together multiple callsappend. We'll see an example of this later.

class SongList
def append(aSong)
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@songs . push(aSong)
self
end
end

Then we'll add thedeleteFirst anddeleteLast methods, trivially implemented
usingArray#shift andArray#pop, respectively.

class SongList
def deleteFirst
O@songs.shift
end
def deletelast
@songs .pop
end
end

At this point, a quick test might be in order. First, we’ll apml four songs to the list.
Just to show off, we’ll use the fact thappend returns thesongList object to chain
together these method calls.

list = SonglList.new

list.
append(Song.new(’titlel’, ’artistl’, 1)).
append(Song.new(’title2’, ’artist2’, 2)).
append(Song.new(’title3’, ’artist3’, 3)).
append(Song.new(’title4’, ’artist4’, 4))

Then we'll check that songs are taken from the start and ertldeolist correctly, and
thatnil is returned when the list becomes empty.

list.deleteFirst
list.deleteFirst
list.deletelast
list.deletelast
list.deletelast

Song: titlel-artistl (1)
Song: title2-artist2 (2)
Song: title4-artist4d (4)
Song: title3-artist3 (3)
nil

Ll

So far so good. Our next method[i§, which accesses elements by index. If the index
is a number (which we check usi®ject#kind_of?), we just return the element at
that position.

class SongList
def [](key)
if key.kind_of?(Integer)
@songs [key]
else
# ...
end
end
end

Again, testing this is pretty trivial.
list[0] Song: titlel-artistl (1)

N
list[2] — Song: title3-artist3 (3)
list[9] — nil
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Now we need to add the facility that lets us look up a song . tithis is going to
involve scanning through the songs in the list, checkinditteof each. To do this, we
first need to spend a couple of pages looking at one of Rubgtestfeatures: iterators.

Blocks and Iterators

So, our next problem witBongList is to implement the code in methdd that takes
a string and searches for a song with that title. This seeraggbtforward: we have an
array of songs, so we just go through it one element at a tioo&jihg for a match.

class SongList
def [](key)
if key.kind_of?(Integer)
return @songs [key]

else
for i in 0...@songs.length
return O@songs([i] if key == @songs[i].name
end
end
return nil
end

end

This works, and it looks comfortingly familiar:#or loop iterating over an array. What
could be more natural?

It turns out therds something more natural. In a way, ofsr loop is somewhat too
intimate with the array; it asks for a length, then retrievakies in turn until it finds
a match. Why not just ask the array to apply a test to each afétmbers? That’s just
what thef ind method inArray does.

class SongList
def [](key)
if key.kind_of?(Integer)
result = @songs [key]

else
result = @songs.find { |aSong| key == aSong.name }
end
return result
end

end

We could useif as a statement modifier to shorten the code even more.

class SongList
def [](key)
return Osongs[key] if key.kind_of?(Integer)
return @songs.find { |aSong| aSong.name == key }
end
end

The methodfind is an iterato—a method that invokes a block of code repéated
Iterators and code blocks are among the more interestirtgrésaof Ruby, so let's
spend a while looking into them (and in the process we’ll find exactly what that
line of code in ourl ] method actually does).
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Implementing Iterators

A Ruby iterator is simply a method that can invoke a block afie€dAt first sight, a
block in Ruby looks just like a block in C, Java, or Perl. Utiforately, in this case
looks are deceiving—a Ruby blodk a way of grouping statements, but not in the
conventional way.

First, a block may appear only in the source adjacent to a adethll; the block is
written starting on the same line as the method’s last paienm®econd, the code in
the block is not executed at the time it is encountered. &tstRuby remembers the
context in which the block appears (the local variablesctimeent object, and so on),
and then enters the method. This is where the magic starts.

Within the method, the block may be invoked, almost as if itexemethod itself, using
theyield statement. Wheneverya eld is executed, it invokes the code in the block.
When the block exits, control picks back up immediatelyrae yield.! Let's start
with a trivial example.

def threeTimes
yield
yield
yield
end
threeTimes { puts "Hello" }

produces:

Hello
Hello
Hello

The block (the code between the braces) is associated watleah to the method
threeTimes. Within this methodyield is called three times in a row. Each time,
it invokes the code in the block, and a cheery greeting ist@rinWhat makes blocks
interesting, however, is that you can pass parameters to #mel receive values back
from them. For example, we could write a simple function tlettirns members of the
Fibonacci series up to a certain vakie.

def fibUpTo (max)
i1, i2 =1, 1 # parallel assignment
while il <= max
yield il
i1, i2 = i2, i1+i2
end
end
fibUpTo(1000) { |f| print £, " " }

produces:

1. Programming-language buffs will be pleased to know thatkeywordyield was chosen to echo the
yield function in Liskov’s language CLU, a language that is ovey@ars old and yet contains features that
still haven't been widely exploited by the CLU-less.

2. The basic Fibonacci series is a sequence of integersingtarith two 1's, in which each subsequent
term is the sum of the two preceding terms. The series is so@etused in sorting algorithms and in
analyzing natural phenomena
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112358 13 21 34 55 89 144 233 377 610 987

In this example, thgield statement has a parameter. This value is passed to the asso-
ciated block. In the definition of the block, the argumerttdippears between vertical
bars. In this instance, the varialfleeceives the value passed to the1d, so the block
prints successive members of the series. (This exampleshtses parallel assignment

in action. We'll come back to this on pags.) Although it is common to pass just
one value to a block, this is not a requirement; a block ma faay number of argu-
ments. What happens if a block has a different number of patensithan are given

to the yield? By a staggering coincidence, the rules we discunder parallel assign-
ment come into play (with a slight twist: multiple paramstpassed to gield are
converted to an array if the block has just one argument).

Parameters to a block may be existing local variables; ttsonew value of the variable
will be retained after the block completes. This may leadrtexgpected behavior, but
there is also a performance gain to be had by using variaid¢siready exist.

A block may also return a value to the method. The value ofdkedxpression evalu-
ated in the block is passed back to the method as the value pf#id. This is how the
find method used by clagsrray works? Its implementation would look something
like the following.

class Array
def find
for i in 0...size
value = self[i]
return value if yield(value)
end
return nil
end
end

[1, 3, 5, 7, 9].find {|v] v¥v > 30} — 7

This passes successive elements of the array to the assbaimick. If the block
returnstrue, the method returns the corresponding element. If no elemerches,

the method returnsil. The example shows the benefit of this approach to iterators.
TheArray class does what it does best, accessing array elementsigehe applica-
tion code to concentrate on its particular requirementiigi¢ase, finding an entry that
meets some mathematical criteria).

Some iterators are common to many types of Ruby collectMed/e looked atf ind
already. Two others areach andcollect. each is probably the simplest iterator—all
it does is yield successive elements of its collection.

[ 1, 3, 5 J.each { |il puts i }

produces:

3. For more information on this and other “gotchas,” see itebleginning on pagé&13 more perfor-
mance information begins on pafj&5.

4.  Thefind method is actually defined in moduaumerable, which is mixed into clasarray.
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w

Theeach iterator has a special place in Ruby; on pageve’ll describe how it's used
as the basis of the languagésr loop, and starting on pa@® we’ll see how defining
aneach method can add a whole lot more functionality to your classriee.

Another common iterator isollect, which takes each element from the collection
and passes it to the block. The results returned by the blecksed to construct a new
array. For instance:

[lIHII’ IIAII’ "L"].Collect { |X| x.succ } N [lIIII’ IIBII’ IIMII]

Ruby Compared with C++ and Java

It's worth spending a paragraph comparing Ruby’s approadetators to that of C++

and Java. In the Ruby approach, the iterator is simply a ndeitdentical to any other,
that happens to cajlield whenever it generates a new value. The thing that uses the
iterator is simply a block of code associated with this mdthbhere is no need to
generate helper classes to carry the iterator state, awv@naral C++. In this, as in
many other ways, Ruby is a transparent language. When yde wiRuby program,
you concentrate on getting the job done, not on buildingfelihg to support the
language itself.

Iterators are not limited to accessing existing data inyareand hashes. As we saw in the
Fibonacci example, an iterator can return derived valubis dapability is used by the
Ruby input/output classes, which implement an iteratarface returning successive
lines (or bytes) in an I/O stream.

f = File.open("testfile")
f.each do |linel
print line
end
f.close

produces:

This is line one
This is line two
This is line three
And so on...

Let’s look at just one more iterator implementation. The ftal& language also sup-
ports iterators over collections. If you ask Smalltalk progmers to sum the elements
in an array, it’s likely that they'd use thim ject function.

sum0fValues "Smalltalk method"
~“self values
inject: 0O
into: [ :sum :element | sum + element value]

inject works like this. The first time the associated block is callegh is set to
inject’s parameter (zero in this case), asitkment is set to the first element in the
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array. The second and subsequent times the block is caltedis set to the value
returned by the block on the previous call. This wayn can be used to keep a running
total. The final value ofinject is the value returned by the block the last time it was
called.

Ruby does not have aimject method, but it's easy to write one. In this case we’ll
add it to theArray class, while on pag80 we’ll see how to make it more generally
available.

class Array
def inject(n)
each { |value| n = yield(n, value) }
n
end
def sum
inject(0) { In, value| n + value }
end
def product
inject(1) { In, value| n * value }

end
end
[1, 2, 3, 4, 5 ].sum — 15
[1, 2, 3, 4, 5 ].product — 120
Although blocks are often the target of an iterator, theg &lave other uses. Let'’s look

at a few.

Blocks for Transactions

Blocks can be used to define a chunk of code that must be rurr sndee kind of

transactional control. For example, you’ll often open g file something with its con-
tents, and then want to ensure that the file is closed when gishfiAlthough you can
do this using conventional code, there’s an argument forimgathe file responsible
for closing itself. We can do this with blocks. A naive implentation (ignoring error
handling) might look something like the following.

class File
def File.openAndProcess (*args)
f = File.open(*args)
yield £
f.close()
end
end

File.openAndProcess("testfile", "r") do |aFilel|
print while aFile.gets
end

produces:

This is line one
This is line two
This is line three
And so on...

This small example illustrates a number of techniques.dgeAndProcess method
is aclass method-it may be called independent of any particukdrie object. We
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want it to take the same arguments as the conventibiiad . open method, but we
don't really care what those arguments are. Instead, weifiggethe arguments as
*args, meaning “collect the actual parameters passed to the chétho an array.”
We then calFile. open, passing itkargs as a parameter. This expands the array back
into individual parameters. The net result is thpé¢nAndProcess transparently passes
whatever parameters it receivedftble . open.

Once the file has been openegenAndProcess calls yield, passing the open file
object to the block. When the block returns, the file is closedhis way, the responsi-
bility for closing an open file has been passed from the uséleobbjects back to the
files themselves.

Finally, this example use. . .end to define a block. The only difference between this
notation and using braces to define blocks is precedeice:end binds lower than
“{...}". We discuss the impact of this on pag®3

The technique of having files manage their own lifecycle isuseful that the class
File supplied with Ruby supports it directly. Hile.open has an associated block,
then that block will be invoked with a file object, and the filélvbe closed when
the block terminates. This is interesting, as it meansEhat . open has two different
behaviors: when called with a block, it executes the bloak elnses the file. When
called without a block, it returns the file object. This is regzbssible by the method
Kernel.block_given?, which returnstrue if a block is associated with the current
method. Using it, you could implemeftile.open (again, ignoring error handling)
using something like the following.

class File
def File.myOpen(*args)
aFile = File.new(*args)
# If there’s a block, pass in the file and close
# the file when it returms
if block_given?
yield aFile
aFile.close
aFile = nil
end
return aFile
end
end

Blocks Can Be Closures

Let’s get back to our jukebox for a moment (remember the jok&p. At some point
we’'ll be working on the code that handles the user interfatteebuttons that people
press to select songs and control the jukebox. We'll needssocate actions with
those buttons: presstopand the music stops. It turns out that Ruby’s blocks are a
convenient way to do this. Let’s start out by assuming thatgbople who made the
hardware implemented a Ruby extension that gives us a batimnbclass. (We talk
about extending Ruby beginning on palgks)

bStart = Button.new("Start")
bPause = Button.new("Pause")
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# ...

What happens when the user presses one of our buttons?Hatthen class, the hard-
ware folks rigged things so that a callback methag;, tonPressed, will be invoked.
The obvious way of adding functionality to these buttonsoiteate subclasses of
Button and have each subclass implement its @whtonPressed method.

class StartButton < Button
def initialize
super ("Start") # invoke Button’s initialize
end
def buttonPressed
# do start actioms...
end
end

bStart = StartButton.new

There are two problems here. First, this will lead to a largeber of subclasses. If the
interface tButton changes, this could involve us in a lot of maintenance. Seédbe
actions performed when a button is pressed are expresdeel ataong level; they are
not a feature of the button, but are a feature of the jukebakubkes the buttons. We
can fix both of these problems using blocks.

class JukeboxButton < Button
def initialize(label, &action)

super (label)
Qaction = action
end

def buttonPressed
@action.call(self)

end
end
bStart = JukeboxButton.new("Start") { songList.start }
bPause = JukeboxButton.new("Pause") { songlList.pause }

The key to all this is the second parameterdttkeboxButton#initialize. If the

last parameter in a method definition is prefixed with an asgat (such agaction),
Ruby looks for a code block whenever that method is calle@t Tode block is con-
verted to an object of clasgroc and assigned to the parameter. You can then treat
the parameter as any other variable. In our example, we ressii to the instance
variableeaction. When the callback methdshttonPressed is invoked, we use the
Proc#call method on that object to invoke the block.

So what exactly do we have when we creakeac object? The interesting thing is that
it's more than just a chunk of code. Associated with a blocid(aence &roc object)

is all the context in which the block wakefined the value ofself, and the methods,
variables, and constants in scope. Part of the magic of Ruthat the block can still
use all this original scope information even if the envir@mnin which it was defined
would otherwise have disappeared. In other languagedattilgy is called aclosure

Let’s look at a contrived example. This example uses the ouigihoc, which converts
a block to aProc object.
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def nTimes(aThing)
return proc { |n| aThing * n }
end

pl = nTimes(23)

pl.call(3) — 69

pl.call(4) — 92

p2 = nTimes("Hello ")

p2.call(3) —  "Hello Hello Hello "

The methodnTimes returns aProc object that references the method’s parameter,
aThing. Even though that parameter is out of scope by the time treklidocalled, the
parameter remains accessible to the block.
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D
Chapter 5

So far we've been having fun implementing pieces of our julkednde, but we've been
negligent. We've looked at arrays, hashes, and procs, butaven't really covered
the other basic types in Ruby: numbers, strings, ranges;egndar expressions. Let’s
spend a few pages on these basic building blocks now.
Numbers
Ruby supports integers and floating point numbers. Integerde any length (up to a
maximum determined by the amount of free memory on your systategers within a
certain range (normally-23° to 23° — 1 or —262 t0 262 — 1) are held internally in binary
form, and are objects of clagsxnum. Integers outside this range are stored in objects
of classBignum (currently implemented as a variable-length set of sheegers). This
process is transparent, and Ruby automatically managestiversion back and forth.

num = 8

7.times do

print num.class, " ", num, "\n"
num *= num

end
produces:

Fixnum 8

Fixnum 64

Fixnum 4096

Fixnum 16777216

Bignum 281474976710656

Bignum 79228162514264337593543950336

Bignum 6277101735386680763835789423207666416102355444464034512896
You write integers using an optional leading sign, an optidrase indicator for
octal, 0x for hex, orob for binary), followed by a string of digits in the appropeat
base. Underscore characters are ignored in the digit string

123456 # Fixnum

123_456 # Fixnum (underscore ignored)

-543 # Negative Fixnum

123_456_789_123_345_789  # Bignum

Oxaabb # Hexadecimal

D

<« 47 > é
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0377 # Octal
-0b101_010 # Binary (negated)

You can also get the integer value corresponding to an AS@aracter or escape
sequence by preceding it with a question mark. Control anth m@mbinations can
also be generated usirryc-x, 7\M-x, and7\M-\c-X. The control version of a value
is the same asvalue & 0x9f”. The meta version of a value isr&lue | 0x80".
Finally, the sequence\c-7 generates an ASCII delete177.

7a # character code

?\n # code for a newline (0x0Oa)
7\C-a # control a = 7A & 0x9f = 0x01
7\M-a # meta sets bit 7

7\M-\C-a # meta and control a

7\C-7 # delete character

A numeric literal with a decimal point and/or an exponentiisied into &1loat object,
corresponding to the native architecturésible data type. You must follow the deci-
mal point with a digit, ad . e3 tries to invoke the methoel3 in classFixnum.

All numbers are objects, and respond to a variety of mesdq#igeesl in full starting on
pages255 268 269, 277, and298. So, unlike (say) C++, you find the absolute value
of a number by writingaNumber . abs, Notabs (aNumber).

Integers also support several useful iterators. We've saeralready—*. times in the
code example on the preceding page. Others inalpde anddownto, for iterating up
and down between two integers, asickp, which is more like a traditionalor loop.

3.times { print "X " }

1.upto(5) { lil print i, " "
99.downto(95) { |i| print i, " "
50.step(80, 5) { lil| print i, " "

[T

produces:
XX X12345099 9897 96 95 50 55 60 65 70 75 80

Finally, a warning for Perl users. Strings that contain namskare not automatically
converted into numbers when used in expressions. This terfaite most often when
reading numbers from a file. The following code (probablyesitt do what was
intended.

DATA.each do |line|

vals = line.split # split line, storing tokens in val
print vals[0] + vals[1], " "
end

Feed it a file containing

3
5
7

0 O

and you'll get the output “34 56 78.” What happened?

The problem is that the input was read as strings, not numbbesplus operator con-
catenates strings, so that's what we see in the output. Thifixuse thtring#to_i
method to convert the string to an integer.
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DATA.each do |linel
vals = line.split
print vals[0].to_i + vals[1].to_i, " "
end
produces:

7 11 15

Strings

Ruby strings are simply sequences of 8-hit bytes. They niyinald printable charac-
ters, but that is not a requirement; a string can also holdrpidata. Strings are objects
of classString.

Strings are often created using string literals—sequeofcelsaracters between delim-
iters. Because binary data is otherwise difficult to repmeséthin program source,
you can place various escape sequences in a string litexah B replaced with the
corresponding binary value as the program is compiled. Ype of string delimiter
determines the degree of substitution performed. Withiglsi-quoted strings, two con-
secutive backslashes are replaced by a single backslabh,matkslash followed by a
single quote becomes a single quote.

’escape using "\\"’ — escape using "\"
>That\’s right’ —  That’s right

Double-quoted strings support a boatload more escape seggIieEThe most common
is probably “\n”, the newline character. Taldl8.2on pagel75gives the complete list.
In addition, you can substitute the value of any Ruby exjpoessto a string using the
sequencet{ expr}. If the expression is just a global variable, a class vagiabt an
instance variable, you can omit the braces.

"Seconds/day: #{24%60x60}" —  Seconds/day: 86400
"#{’Ho! ’*3}Merry Christmas" — Ho! Ho! Ho! Merry Christmas
"This is line #$." —  This is line 3

There are three more ways to construct string litefgds’Q, and “here documents.”

%q and%Q start delimited single- and double-quoted strings.

%q/general single-quoted string/ —  general single-quoted string
%Q!general double-quoted string! —  general double-quoted string
%Q{Seconds/day: #{24+x60x60}} —  Seconds/day: 86400

The character following the “q” or “Q” is the delimiter. If is an opening bracket,
brace, parenthesis, or less-than sign, the string is reiidhasmatching close symbol
is found. Otherwise the string is read until the next ocauresof the same delimiter.

Finally, you can construct a string usindnare document

aString = <<END_OF_STRING
The body of the string
is the input lines up to
one ending with the same
text that followed the ’<<’
END_OF _STRING
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A here document consists of lines in the source up to, butetiding, the terminating
string that you specify after the< characters. Normally, this terminator must start in
the first column. However, if you put a minus sign after the characters, you can
indent the terminator.

print <<-STRING1, <<-STRING2
Concat
STRING1
enate
STRING2

produces:

Concat
enate

Working with Strings

String is probably the largest built-in Ruby class, with over 7:drd methods. We
won'’t go through them all here; the library reference hasrapete list. Instead, we’ll
look at some common string idioms—things that are likelydp pp during day-to-day
programming.

Let's get back to our jukebox. Although it's designed to bamected to the Internet, it
also holds copies of some popular songs on a local hard drie. way, if a squirrel
chews through our 'net connection we’'ll still be able to et#i®m the customers.

For historical reasons (are there any other kind?), thefisbngs is stored as rows in

a flat file. Each row holds the name of the file containing thegstite song’s duration,

the artist, and the title, all in vertical-bar-separateltifieA typical file might start:
/jazz/j00132.mp3 | 3:45 | Fats Waller | Ain’t Misbehavin’

/jazz/j00319.mp3 | 2:58 | Louis Armstrong | Wonderful World
/bgrass/bg0732.mp3| 4:09 | Strength in Numbers | Texas Red

Looking at the data, it’s clear that we’ll be using some oésktring’s many methods
to extract and clean up the fields before we cre&ateg objects based on them. At a
minimum, we’'ll need to:

e break the line into fields,
e convert the running time from mm:ss to seconds, and
e remove those extra spaces from the artist's name.

Our first task is to split each line into fields, agtiring#split will do the job nicely.

In this case, we’'ll passplit a regular expressiori\s*\ [ \s*/, which splits the line
into tokens wherevesplit finds a vertical bar, optionally surrounded by spaces. And,
because the line read from the file has a trailing newlinellwsé String#chomp to
strip it off just before we apply the split.

songs = SonglList.new

songFile.each do |linel
file, length, name, title = line.chomp.split(/\s*\|\s*/)
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songs.append Song.new(title, name, length)
end
puts songs[1]

produces:
Song: Wonderful World--Louis Armstrong (2:58)

Unfortunately, whoever created the original file enterezldttists’ names in columns,
so some of them contain extra spaces. These will look uglywrh@h-tech, super-
twist, flat-panel Day-Glo display, so we'd better removesthextra spaces before we
go much further. There are many ways of doing this, but prb#ie simplest is
String#squeeze, Which trims runs of repeated characters. We'll usedleceze!
form of the method, which alters the string in place.

songs = SonglList.new

songFile.each do |linel
file, length, name, title = line.chomp.split(/\s*\|\s*/)
name.squeeze! (" ")
songs.append Song.new(title, name, length)

end

puts songs[1]

produces:
Song: Wonderful World--Louis Armstrong (2:58)

Finally, there’s the minor matter of the time format: the fkeys 2:58, and we want the
number of seconds, 178. We could uga it again, this time splitting the time field
around the colon character.

mins, secs = length.split(/:/)

Instead, we’'ll use a related methattring#scan is similar tosplit in that it breaks
a string into chunks based on a pattern. However, uslike t, with scan you specify

the pattern that you want the chunks to match. In this caseyave to match one or
more digits for both the minutes and seconds component. &tierp for one or more
digits is/\d+/.

songs = SongList.new
songFile.each do |linel
file, length, name, title = line.chomp.split(/\s*\|\s*/)
name.squeeze! (" ")
mins, secs = length.scan(/\d+/)
songs.append Song.new(title, name, mins.to_i*60+secs.to_i)
end
puts songs[1]

produces:
Song: Wonderful World--Louis Armstrong (178)

Our jukebox has a keyword search capability. Given a worchfeosong title or an

artist's name, it will list all matching tracks. Type in “&t and it might come back with
songs by Fats Domino, Fats Navarro, and Fats Waller, for plarive’ll implement

this by creating an indexing class. Feed it an object and strimgs, and it will index

that object under every word (of two or more characters) tleatirs in those strings.
This will illustrate a few more of clasString’s many methods.
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class WordIndex
def initialize
@index = Hash.new(nil)
end
def index(anObject, *phrases)
phrases.each do |aPhrasel
aPhrase.scan /\w[-\w’]+/ do |aWord]| # extract each word
aWord.downcase!
@index[aWord] = [] if @index[aWord].nil?
@index [aWord] . push(anObject)
end
end
end
def lookup(aWord)
@index[aWord.downcase]
end
end

TheString#scan method extracts elements from a string that match a reguataes-
sion. In this case, the patteriw'[-\w’]+" matches any character that can appear in a
word, followed by one or more of the things specified in theckeds (a hyphen, another
word character, or a single quote). We'll talk more aboutitagexpressions beginning
on pages5. To make our searches case insensitive, we map both the werdstract
and the words used as keys during the lookup to lowercase.tNetexclamation mark
at the end of the firstowncase! method name. As with thequeeze! method we
used previously, this is an indication that the method wildify the receiver in place,

in this case converting the string to lowercase.

We'll extend ourSongList class to index songs as they're added, and add a method to
look up a song given a word.

class SongList
def initialize
@songs = Array.new
@index = WordIndex.new
end
def append(aSong)
@songs . push(aSong)
Q@index.index(aSong, aSong.name, aSong.artist)
self
end
def lookup(aWord)
@index.lookup(aWord)
end
end

Finally, we'll test it all.

songs = SonglList.new

songFile.each do |linel
file, length, name, title = line.chomp.split(/\s*\|\s*/)
name.squeeze! (" ")

1.  There’'s a minor bug in this code example: the song “GoneyeG&one” would get indexed three
times. Can you come up with a fix?



Copyright 2006 Addison Wesley Longman, Inc t‘j
RANGES < 53 —P

mins, secs = length.scan(/\d+/)
songs.append Song.new(title, name, mins.to_i*60+secs.to_1i)
end
puts songs.lookup("Fats")
puts songs.lookup("ain’t")
puts songs.lookup("RED")
puts songs.lookup("WoR1D")

produces:

Song: Ain’t Misbehavin’--Fats Waller (225)
Song: Ain’t Misbehavin’--Fats Waller (225)
Song: Texas Red--Strength in Numbers (249)
Song: Wonderful World--Louis Armstrong (178)

We could spend the next 50 pages looking at all the methodassstring. However,
let's move on instead to look at a simpler datatype: ranges.

Ranges

Ranges occur everywhere: January to December, 0 to 9, raxelkaone, lines 50
through 67, and so on. If Ruby is to help us model reality, &g natural for it to
supportthese ranges. In fact, Ruby goes one better: itlyctises ranges to implement
three separate features: sequences, conditions, andailster

Ranges as Sequences

The first and perhaps most natural use of ranges is to exprE=gUENCce. Sequences
have a start point, an end point, and a way to produce suteaggues in the sequence.
In Ruby, these sequences are created using the “..” and range operators. The

two-dot form creates an inclusive range, while the threefalon creates a range that

excludes the specified high value.

1..10
’a’. .’z
0...anArray.length

In Ruby, unlike in some earlier versions of Perl, ranges ataepresented internally
as lists: the sequence 1..100000 is held Rsmze object containing references to two
Fixnumobjects. If you need to, you can convert a range to a list usiego_a method.

(1..10) .to_a — [1, 2, 3, 4, 5, 6, 7, 8, 9, 10]
(’bar’..’bat’).to_a — ["bar", "bas", "bat"]

Ranges implement methods that let you iterate over themestdheir contents in a
variety of ways.
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digits = 0..9

digits.include?(5) —  true
digits.min — 0

digits.max — 9
digits.reject {lil i <5} — [5, 6, 7, 8, 9]

digits.each do |digitl|
dial(digit)

end
So far we've shown ranges of numbers and strings. Howevguad expect from an
object-oriented language, Ruby can create ranges basdgemntothat you define. The
only constraints are that the objects must resporhta by returning the next object
in sequence and the objects must be comparable ysingthe general comparison
operator. Sometimes called the spaceship operatdicompares two values, returning
—1, 0, or +1 depending on whether the first is less than, equal to, or gréadn the
second.

Here’s a simple class that represents rows of “#” signs. \Wghinise it as a text-based
stub when testing the jukebox volume control.

class VU
include Comparable
attr :volume

def initialize(volume) # 0..9
@volume = volume

end

def inspect
#7 * @volume

end

# Support for ranges

def <=>(other)
self.volume <=> other.volume

end

def succ
raise(IndexError, "Volume too big") if Qvolume >= 9
VU.new(@volume.succ)

end

end

We can test it by creating a rangewf objects.

medium = VU.new(4)..VU.new(7)
medium.to_a — [, HHss,  HHHHHH,  HEHEEE]
medium.include?(VU.new(3)) — false

Ranges as Conditions

As well as representing sequences, ranges may also be usemdisonal expres-
sions. For example, the following code fragment prints séténes from standard
input, where the first line in each set contains the word tstand the last line the
word “end.”

while gets
print if /start/../end/
end
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Behind the scenes, the range keeps track of the state of édoh ®sts. We’'ll show
some examples of this in the description of loops that stargsager3.

Ranges as Intervals

A final use of the versatile range is as an interval test: ggésome value falls within
the interval represented by the range. This is done usiagthe case equality operator.

(1..10) === —  true
(1..10) === 15 —  false
(1..10) === 3.14159 — true
(’a’..?j’) === ¢’ —  true
(’a’>..?j’) === 2z’ —  false

The example of a case expression on pagshows this test in action, determining a
jazz style given a year.

Regular Expressions

Back on pagé0 when we were creating a song list from a file, we used a regular
expression to match the field delimiter in the input file. Weirdled that the expres-
sionline.split(/\s*\|\s*/) matched a vertical bar surrounded by optional white-
space. Let's explore regular expressions in more detaédeony this claim is true.

Regular expressions are used to match patterns agaimgjsstRuby provides built-in
support that makes pattern matching and substitution co@reand concise. In this
section we’ll work through all the main features of regulbgpreessions. There are some
details we won't cover: have a look at patjé7 for more information.

Regular expressions are objects of tiegexp. They can be created by calling the
constructor explicitly or by using the literal formgattern andyr{patterri-.

a = Regexp.new(’~\sx*[a-z]’) — /~\sx[a-z]/

/~\s*[a-2]/ — /" \s*[a-z]/

Jr{"\s*[a-z]2} —  /~\sx[a-2z]/

Once you have a regular expression object, you can matchaihstga string using
Regexp#match(aString) or the match operatoers™ (positive match) and~ (nega-
tive match). The match operators are defined for Isathing andRegexp objects. If
both operands of the match operator@teings, the one on the right will be converted

to a regular expression.

nwonon

C
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Chapter 6

More About Methods

Other languages have functions, procedures, methodsytines, but in Ruby there is
only themethod—a chunk of expressions that return a value.

So far in this book, we've been defining and using methodsawitinuch thought. Now
it's time to get into the details.

Defining a Method

As we've seen throughout this book, a method is defined udirgkeyworddef.
Method names should begin with a lowercase léttdethods that act as queries are
often named with a trailing?”, such asinstance_of?. Methods that are “danger-
ous,” or modify the receiver, might be named with a trailing.‘For instanceString
provides both ahop and achop!. The first one returns a modified string; the second
modifies the receiver in place?” and “!” are the only weird characters allowed as
method name suffixes.

Now that we've specified a name for our new method, we may neeectlare some
parameters. These are simply a list of local variable namparentheses. Some sample
method declarations are

def myNewMethod(argl, arg2, arg3) # 3 arguments
# Code for the method would go here
end

def myOtherNewMethod # No arguments
# Code for the method would go here
end

Ruby lets you specify default values for a method’s argusienalues that will be used
if the caller doesn’t pass them explicitly. This is done gdime assignment operator.

1.  Youwon't get an immediate error if you use an uppercader|diut when Ruby sees you calling the
method, it will first guess that it is a constant, not a methmcation, and as a result it may parse the call
incorrectly.

<« 57 > é
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def coolDude(argl="Miles", arg2="Coltrane", arg3="Roach")
"#{argl}, #{arg2}, #{arg3}."
end

coolDude

coolDude ("Bart")

coolDude ("Bart", "Elwood")
coolDude("Bart", "Elwood", "Linus")

"Miles, Coltrane, Roach."
"Bart, Coltrane, Roach."
"Bart, Elwood, Roach."
"Bart, Elwood, Linus."

Ll

The body of a method contains normal Ruby expressions, &xbapyou may not
define an instance method, class, or module within a methbe.ré&turn value of a
method is the value of the last expression executed, or thatia an explicitreturn
expression.

Variable-Length Argument Lists

But what if you want to pass in a variable number of argumesttsyant to capture
multiple arguments into a single parameter? Placing amisisteefore the name of the
parameter after the “normal” parameters does just that.

def varargs(argl, *rest)
"Got #{argl} and #{rest.join(’, ’)}"

end

varargs("one") —  "Got one and "
varargs("one", "two") —  "Got omne and two"
varargs "one", "two", "three" — "Got one and two, three"

In this example, the first argument is assigned to the firshoteparameter as usual.
However, the next parameter is prefixed with an asterisk] #teeremaining arguments
are bundled into a newrray, which is then assigned to that parameter.

Methods and Blocks

As we discussed in the section on blocks and iterators bawjron page38, when a
method is called, it may be associated with a block. Normgtly simply call the block
from within the method usingield.

def takeBlock(pl)
if block_given?
yield(pl)
else
pl
end
end

takeBlock("no block") —  "no block"
takeBlock("no block") { Is| s.sub(/no /, ) }  —  "block"

However, if the last parameter in a method definition is pesfiwith an ampersand,
any associated block is converted t®@moc object, and that object is assigned to the
parameter.
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class TaxCalculator
def initialize(name, &block)
@name, @block = name, block
end
def getTax(amount)
"#@name on #{amount} = #{ @block.call(amount) }"
end
end

tc = TaxCalculator.new("Sales tax") { |amt| amt * 0.075 }

tc.getTax(100) —  "Sales tax on 100 = 7.5"
tc.getTax(250) —  "Sales tax on 250 = 18.75"

Calling a Method

You call a method by specifying a receiver, the name of thenodstand optionally
some parameters and an associated block.

connection.downloadMP3("jitterbug") { |p| showProgress(p) }

In this example, the objecionnection is the receiverdownloadMP3 is the name of
the method," jitterbug" is the parameter, and the stuff between the braces is the
associated block.

For class and module methods, the receiver will be the classdule name.

File.size("testfile")
Math.sin(Math: :PI/4)

If you omit the receiver, it defaults tee1f, the current object.

self.id — -:1: warning: Object#id will be deprecated; use
Object#object_i1d\n538275070\n-:2: warning:
Object#id will be deprecated; use Object#object_id
538275070

Object

id —
self.class —
This defaulting mechanism is how Ruby implements privatéhods. Private methods
may not be called with a receiver, so they must be methods availabtba current

object.

The optional parameters follow the method name. If there iambiguity you can omit
the parentheses around the argument list when calling actiétHowever, except in
the simplest cases we don’t recommend this—there are sdntle goblems that can
trip you up? Our rule is simple: if there’s any doubt, use parentheses.

1]

a
a

obj.hash # Same as
obj.hash() # this.

2. Other Ruby documentation sometimes calls these methisdagthout parentheses “commands.”

3. In particular, younustuse parentheses on a method call that is itself a parameserotber method
call (unless it is the last parameter).
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obj.someMethod "Argl", arg2, arg3d # Same thing as
obj.someMethod("Argl", arg2, arg3) # with parentheses.

Expanding Arrays in Method Calls

Earlier we saw that if you put an asterisk in front of a formatgmeter in a method
definition, multiple arguments in the call to the method Wwélbundled up into an array.
Well, the same thing works in reverse.

When you call a method, you can explode an array, so that datsimeembers is taken
as a separate parameter. Do this by prefixing the array amg(mkich must follow all
the regular arguments) with an asterisk.

def five(a, b, c, d, e)
"I was passed #{a} #{b} #{c} #{d} #{e}"

end

five(1, 2, 3, 4, 5) — "I was passed 1 2 3 4 5"
five(l, 2, 3, *[’a’, ’b’]) — "I was passed 1 2 3 a b"
five(*(10..14) .to_a) — "I was passed 10 11 12 13 14"

Making Blocks More Dynamic

We've already seen how you can associate a block with a metilbd

listBones("aardvark") do |aBone]
# ...
end

Normally, this is perfectly good enough—you associate adfixeck of code with a
method, in the same way you'd have a chunk of code afterfaor while statement.

Sometimes, however, you'd like to be more flexible. For exiampe may be teaching
math skills* The student could ask for amplus table or am-times table. If the student
asked for a 2-times table, we'd output 2, 4, 6, 8, and so onis(ddde does not check
its inputs for errors.)

print "(t)imes or (p)lus: "
times = gets
print "number: "
number = gets.to_i
if times =" /~t/
puts((1..10).collect { |n| n*number }.join(", "))
else
puts((1..10).collect { |n| n+number }.join(", "))
end

produces:

-:2: warning: $defout is obsolete; use $stdout instead
-:7: warning: $defout is obsolete; use $stdout instead

4. Of course, Andy and Dave would haveléarn math skills first. Conrad Schneiker reminded us that
there are three kinds of people: those who can count and tiosean't.
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This works, but it's ugly, with virtually identical code oraeh branch of thaf state-
ment. If would be nice if we could factor out the block that ddlee calculation.

print "(t)imes or (p)lus: "
times = gets
print "number: "
number = gets.to_i
if times =" /~t/
calc = proc { |n| n*number }
else
calc
end
puts((1..10).collect(&calc).join(", "))

1]

proc { In| n+number }

produces:

-:2: warning: $defout is obsolete; use $stdout instead
-:7: warning: $defout is obsolete; use $stdout instead

If the last argument to a method is preceded by an ampersary, &sumes that it
is aProc object. It removes it from the parameter list, convertsithec object into a
block, and associates it with the method.

This technique can also be used to add some syntactic sulactousage. For exam-
ple, you sometimes want to take an iterator and store eaak \tajields into an array.
We'll reuse our Fibonacci number generator from page

a=1[]
fibUpTo(20) { |vall a << val } — nil
a.inspect —  "[1, 1, 2, 3, 5, 8, 131"

This works, but our intention isn’t quite as transparent asmay like. Instead, we’'ll
define a method calletinto, which returns the block that fills the array. (Notice at
the same time that the block returned really is a closureeférences the parameter
anArrayeven after methodnto has returned.)

def into(anArray)
return proc { |val| anArray << val }
end

£ibUpTo 20, &into(a = [])
a.inspect — "[1, 1, 2, 3, 5, 8, 13]"

Collecting Hash Arguments

Some languages feature “keyword arguments”—that is, alsté passing arguments
in a given order and quantity, you pass the name of the arguwitmits value, in any
order. Ruby 1.6 does not have keyword arguments (althowghate scheduled to be
implemented in Ruby 1.8).

In the meantime, people are using hashes as a way of achighérgepme effect. For
example, we might consider adding a more powerful namec:seacility to our
SongList.

class SongList

def createSearch(name, params)
# ...
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end
end
alist.createSearch("short jazz songs", {

’genre’ => "jazz",
’durationLessThan’ => 270
)

The first parameter is the search name, and the second is ktéedltontaining search
parameters. The use of a hash means that we can simulate rfisy\wank for songs
with a genre of “jazz” and a duration less th@# minutes. However, this approach is
slightly clunky, and that set of braces could easily be rkistiafor a block associated
with the method. So, Ruby has a short cut. You can plkaye=> value pairs in an
argument list, as long as they follow any normal argumendspracede any array and
block arguments. All these pairs will be collected into egirhash and passed as one
argument to the method. No braces are needed.

alist.createSearch("short jazz songs",
’genre’ => "jazz",
’durationLessThan’ => 270

)
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Chapter 7

Expressions

So far we've been fairly cavalier in our use of expressiorRiuy. After all,a=b + c
is pretty standard stuff. You could write a whole heap of Rabygle without reading
any of this chapter.

But it wouldn’t be as much fun-).

One of the first differences with Ruby is that anything that zasonably return a value
does: just about everything is an expression. What doestés in practice?

Some obvious things include the ability to chain statemegsther.

a=b=c=0 — 0
[3, 1, 7, 0 ].sort.reverse — [7, 3, 1, 0]

Perhaps less obvious, things that are normally stateme@sor Java are expressions
in Ruby. For example, thef and case statements both return the value of the last
expression executed.

songType = if song.mp3Type == MP3::Jazz
if song.written < Date.new(1935, 1, 1)
Song: :TradJazz
else
Song: :Jazz
end
else
Song: :Other
end

rating = case votesCast
when 0...10 then Rating::SkipThisOne
when 10...50 then Rating::CouldDoBetter
else Rating: :Rave
end

We'll talk more aboutif andcase starting on page&0.

Operator Expressions

Ruby has the basic set of operators (+, -, *, /, and so on) dsawel few surprises. A
complete list of the operators, and their precedences/éngn Tablel8.4on pagel89

< 63 > é
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In Ruby, many operators are actually method calls. When yote w+b + c you're
actually asking the object referenced dyo execute the methodk”, passing in the
parameteb. You then ask the object that results from that calculattoexecute +”,
passing: as a parameter. This is exactly equivalent to writing

(a.*x(b)).+(c)

Because everything is an object, and because you can redeftaace methods, you
can always redefine basic arithmetic if you don't like theveers you're getting.

class Fixnum
alias oldPlus +
def +(other)
oldPlus (other) .succ

end
end
1+ 2 — 4
a=3
at+=4 — 8

More useful is the fact that classes that you write can ppete in operator expressions
just as if they were built-in objects. For example, we mighinito be able to extract
a number of seconds of music from the middle of a song. We agsitth the indexing
operator ‘T 1" to specify the music to be extracted.

class Song
def [](fromTime, toTime)
result = Song.new(self.title + " [extract]",
self.artist,
toTime - fromTime)
result.setStartTime (fromTime)
result
end
end

This code fragment extends clagsg with the method {17, which takes two param-
eters (a start time and an end time). It returns a new sonl thétmusic clipped to the
given interval. We could then play the introduction to a swritlp code such as:

aSong[0, 0.15].play

Miscellaneous Expressions

As well as the obvious operator expressions and method eaitsthe (perhaps) less
obvious statement expressions (suchfiandcase), Ruby has a few more things that
yOou can use in expressions.

Command Expansion

If you enclose a string in backquotes, or use the delimitech forefixed byix, it will
(by default) be executed as a command by your underlyingatipgrsystem. The value
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of the expression is the standard output of that commandlifeswvill not be stripped,
soitis likely that the value you get back will have a trailirggurn or linefeed character.

“date” "Sun Nov 12 22:36:49 MSK 2006\n"
“dir” .split[34] "1ib_windows.tip"
%x{echo "Hello there"} — "Hello there\n"

.
.
You can use expression expansion and all the usual escapernses in the command
string.
for i in 0..3
status = “dbmanager status id=#{i}"

# ...
end

The exit status of the command is available in the globabidei$?.

Backquotes Are Soft

In the description of the command output expression, we thaitithe string in back-
guotes would “by default” be executed as a command. In faetstring is passed to
the method calledernel. " (a single backquote). If you want, you can override this.

alias oldBackquote ~

def " (cmd)
result = oldBackquote(cmd)
if $7 1= 0
raise "Command #{cmd} failed"
end
result
end

print “date”
print “data’

produces:

Sun Nov 12 22:36:49 MSK 2006

prog.rb:10: command not found: data

prog.rb:5:in ~7’: Command data failed (RuntimeError)
from prog.rb:10

Assignment

Just about every example we've given so far in this book hatufed assignment.
Perhaps it's about time we said something about it.

An assignment statement sets the variable or attributesolefit side (thdvalue) to
refer to the value on the right (threalue). It then returns that value as the result of the
assignment expression. This means that you can chain assigs and that you can
perform assignments in some unexpected places.
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a=b=1+2+3
a — 6
b — 6
a=(b=1+2) +3
a — 6
b — 3

File.open(name = gets.chomp)

There are two basic forms of assignment in Ruby. The firsgassin object reference
to a variable or constant. This form of assignment is haneavinto the language.

instrument = "piano"
MIDDLE_A = 440

The second form of assignment involves having an objedbaté& or element reference
on the left-hand side.

aSong.duration = 234
instrument["ano"] = "ccolo"

These forms are special, because they are implemented lixygcalethods in the
Ivalues, which means you can override them.

We've already seen how to define a writable object attribBbaply define a method
name ending in an equals sign. This method receives as asgaer the assignment’s
rvalue.

class Song
def duration=(newDuration)
Q@duration = newDuration
end
end

There is no reason that these attribute setting methods coustspond with internal
instance variables, or that there has to be an attributeerdadevery attribute writer
(or vice versa).

class Amplifier
def volume=(newVolume)
self.leftChannel = self.rightChannel = newVolume
end
# ...
end

Parallel Assignment

During your first week in a programming course (or the secamester if it was a
party school), you may have had to write code to swap the safutvo variables:

int a = 1;

int b 2;

int temp;

temp = a;
a =b;
b = temp;

You can do this much more cleanly in Ruby:
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Using Accessors Within a Class

Why did we write self.leftChannel in the example on page 667
Well, there’s a hidden gotcha with writable attributes. Normally, meth-
ods within a class can invoke other methods in the same class and
its superclasses in functional form (that is, with an implicit receiver
of self). However, this doesn’t work with attribute writers. Ruby sees
the assignment and decides that the name on the left must be a local
variable, not a method call to an attribute writer.

class BrokenAmplifier
attr_accessor :leftChannel, :rightChannel
def volume=(vol)
leftChannel = self.rightChannel = vol
end
end

ba = BrokenAmplifier.new
ba.leftChannel = ba.rightChannel = 99
ba.volume = 5

ba.leftChannel = &9
ba.rightChannel — 5

We forgot to put “self.” in front of the assignment to leftChannel,
so Ruby stored the new value in a local variable of method volume=;
the object’s attribute never got updated. This can be a tricky bug to
track down.

Ruby assignments are effectively performed in paralletheovalues assigned are not
affected by the assignment itself. The values on the riginelside are evaluated in the
order in which they appear before any assignment is maderi@bl@s or attributes on
the left. A somewhat contrived example illustrates thise Becond line assigns to the
variables, b, andc the values of the expressiorsx += 1, andx += 1, respectively.

0
o, 1, 2]

x =0 —
a, b, c = x, x+=1), x+=1) —
When an assignment has more than one Ivalue, the assignrpetsion returns an

array of the rvalues. If an assignment contains more Ivaloas rvalues, the excess
Ivalues are set tail. If a multiple assignment contains more rvalues than halue
the extra rvalues are ignored. As of Ruby 1.6.2, if an assegrirhas one Ivalue and

multiple rvalues, the rvalues are converted to an array asigaed to the Ivalue.

You can collapse and expand arrays using Ruby’s parall@rasent operator. If the

last Ivalue is preceded by an asterisk, all the remaininyegawill be collected and

assigned to that Ivalue as an array. Similarly, if the lagtu® is an array, you can prefix
it with an asterisk, which effectively expands it into itsxstituent values in place. (This
is not necessary if the rvalue is the only thing on the rigintdside—the array will be

expanded automatically.)
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a = [1: 2: 3: 4]

Nested Assignments

Parallel assignments have one more feature worth mengomnhe left-hand side of an
assignment may contain a parenthesized list of terms. Rebjstthese terms as if they
were a nested assignment statement. It extracts out thespamding rvalue, assigning
it to the parenthesized terms, before continuing with tiydéi-level assignment.

Other Forms of Assignment

In common with many other languages, Ruby has a syntactitctioa = a + 2 may
be written as += 2.

The second form is converted internally to the first. This nsgthat operators that you
have defined as methods in your own classes work as you'd expec

class Bowdlerize
def initialize(aString)
@value = aString.gsub(/[aeioul/, ’*’)
end
def +(other)
Bowdlerize.new(self.to_s + other.to_s)
end
def to_s
Qvalue
end
end

a = Bowdlerize.new("damn ") — d*mn
a += "shame" —  d*mn sh*xm*

Conditional Execution

Ruby has several different mechanisms for conditional etk of code; most of them
should feel familiar, and many have some neat twists. Bef@rget into them, though,
we need to spend a short time looking at boolean expressions.

Boolean Expressions

Ruby has a simple definition of truth. Any value that is nd1 or the constantalse
is true. You'll find that the library routines use this factnsistently. For example,
I0#gets, which returns the next line from a file, returnsl at end of file, enabling
you to write loops such as:

while line = gets

# process line
end



Copyright 2006 Addison Wesley Longman, Inc
CONDITIONAL EXECUTION < 69

However, there’s a trap here for C, C++, and Perl programmiéesnumber zero isot
interpreted as a false value. Neither is a zero-lengthgstiihis can be a tough habit to
break.

Defined?, And, Or, and Not

Ruby supports all the standard boolean operators and intesdthe new operator
defined?.

Both “and” and “&&” evaluate to true only if both operands are true. They evalua
the second operand only if the first is true (this is sometikmesvn as “short-circuit
evaluation”). The only difference in the two forms is preeede (‘and” binds lower
than ‘&&").

Similarly, both “or” and “| |” evaluate to true if either operand is true. They evalu-
ate their second operand only if the first is false. As wiilhd”, the only difference

TR 1]

between 6r” and “| | " is their precedence.

Just to make life interestingahd” and “or” have the same precedence, whid&" has
a higher precedence thah|”.

“not” and “!” return the opposite of their operand (false if the operartdie, and true
if the operand is false). And, yexyét” and “!” differ only in precedence.

All these precedence rules are summarized in TaBléon pagel89

Thedefined? operator returnsil if its argument (which can be an arbitrary expres-
sion) is not defined, otherwise it returns a description af #trgument. If the argument
is yield, defined? returns the string “yield” if a code block is associated wittle
current context.

defined? 1

defined? dummy
defined? printf
defined? String
defined? $&

defined? $_

defined? Math::PI
defined? ( ¢c,d = 1,2 )
defined? 42.abs

In addition to the boolean operators, Ruby objects supponjp@rison using the meth-
ods==, ===, <=>,=",eql?, andequal? (see Tabl&.10on the next page). All but=>

are defined in clas3bject but are often overridden by descendents to provide appro-
priate semantics. For example, classxay redefines== so that two array objects are
equal if they have the same number of elements and corresgpeléments are equal.

Both==and=" have negated forms= and! ~. However, these are converted by Ruby
when your program is read.!=b is equivalent to! (a==b), anda !~ b is the same
as!(a="b). This means that if you write a class that overrigesor =~ you get a
working !'=and!~ for free. But on the flip side, this also means that you canafind
'=and!~ independent of= and=", respectively.
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Table 7.1. Common comparison operators

Operator Meaning

== Test for equal value.

=== Used to test equality within @hen clause of acase statement.

<=> General comparison operator. Returag, 0, or +1, depending on
whether its receiver is less than, equal to, or greater tisaargument.

<, <=,>=> Comparison operators for less than, less than or equaltegréean or
equal, and greater than.

=~ Regular expression pattern match.

eql? True if the receiver and argument have both the same type quia e
values. 1 == 1.0 returnsrue, but 1.eql?(1.0) ifalse.

equal? True if the receiver and argument have the same object id.

You can use a Ruby range as a boolean expression. A rangesegpia . exp2 will
evaluate as false untlxp1 becomes true. The range will then evaluate as true until
exp2 becomes true. Once this happens, the range resets, ready agdin. We show
some examples of this on paga.

Finally, you can use a bare regular expression as a boolgmasston. Ruby expands
itto $_="/re/.

If and Unless Expressions

An if expression in Ruby is pretty similar to “if” statements iet languages.

if aSong.artist == "Gillespie" then
handle = "Dizzy"

elsif aSong.artist == "Parker" then
handle = "Bird"

else
handle = "unknown"

end

Ifyou lay out yourif statements on multiple lines, you can leave offthen keyword.

if aSong.artist == "Gillespie"
handle = "Dizzy"

elsif aSong.artist == "Parker"
handle = "Bird"

else
handle = "unknown"

end

However, if you lay your code out more tightly, th&en keyword is necessary to
separate the boolean expression from the following statésne

if aSong.artist == "Gillespie" then handle = "Dizzy"
elsif aSong.artist == "Parker" then handle = "Bird"
else handle = "unknown"

end
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You can have zero or moed sif clauses and an optionelse clause.

As we've said before f is an expression, not a statement—it returns a value. Yolt don
have to use the value of arf expression, but it can come in handy.

handle = if aSong.artist == "Gillespie" then
lIDizzyll
elsif aSong.artist == "Parker" then
llBirdll
else
"unknown"
end

Ruby also has a negated form of thestatement:

unless aSong.duration > 180 then

cost = 0.25
else

cost = 0.35
end

Finally, for the C fans out there, Ruby also supports they@stonditional expression:

cost = aSong.duration > 180 7 0.35 : 0.25

The conditional expression returns the value of either t@ression before or the
expression after the colon, depending on whether the bo@gpression before the
guestion mark evaluates taue or false. In this case, if the song duration is greater
than 3 minutes, the expression returns .35. For shorterssaingturns .25. Whatever
the result, it is then assigned ¢ost.

If and Unless Modifiers

Ruby shares a neat feature with Perl. Statement modifieyslaack conditional state-
ments onto the end of a normal statement.

mon, day, year = $1, $2, $3 if /(\d\d)-(\d\d)-(\d\d)/
puts "a = #{a}" if fDebug
print total unless total == 0

produces:

-:2: warning: regex literal in condition

For anif modifier, the preceding expression will be evaluated ontiéf condition is
true.unless works the other way around.

while gets
next if /~#/ # Skip comments
parseline unless /~$/ # Don’t parse empty lines
end
produces:

-:2: warning: regex literal in condition
-:3: warning: regex literal in condition

Because f itself is an expression, you can get really obscure wittestants such as:
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if artist == "John Coltrane"
artist = "’Trane"
end unless nicknames == "no"

This path leads to the gates of madness.

Case Expressions

The Rubycase expression is a powerful beast: a multiwafyon steroids.

case inputLine

when "debug"
dumpDebugInfo
dumpSymbols
when /p\s+(\w+)/
dumpVariable ($1)
when "quit", "exit"
exit
else
print "Illegal command: #{inputLine}"
end

As with if, case returns the value of the last expression executed, and ywounagled
athen keyword if the expression is on the same line as the condition

kind = case year

when 1850..1889 then "Blues"

when 1890..1909 then "Ragtime"

when 1910..1929 then "New Orleans Jazz"
when 1930..1939 then "Swing"

when 1940..1950 then "Bebop"

else "Jazz"

end

case operates by comparing the target (the expression afterepe@ded case) with
each of the comparison expressions afterithen keywords. This test is done using
comparisore== target As long as a class defines meaningful semantics$er(and
all the built-in classes do), objects of that class can bd irsease expressions.

For example, regular expressions defige as a simple pattern match.

case line
when /title=(.x%)/
puts "Title is #$1"
when /track=(.x%)/
puts "Track is #$1"
when /artist=(.*)/
puts "Artist is #$1"
end

Ruby classes are instances of cl@3ass, which defines=== as a test to see if the
argument is an instance of the class or one of its superslaSge(abandoning the
benefits of polymorphism and bringing the gods of refactpdawn around your ears),
you can test the class of objects:
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case shape
when Square, Rectangle
# ...
when Circle
# ...
when Triangle
# ...
else
# ...
end

Loops
Don't tell anyone, but Ruby has pretty primitive built-indping constructs.

Thewhile loop executes its body zero or more times as long as its dondg true.
For example, this common idiom reads until the input is extea

while gets
# ...
end

There’s also a negated form that executes the body untildhditon becomes true.

until playList.duration > 60
playList.add(songList.pop)
end

As with if andunless, both of the loops can also be used as statement modifiers.

a *= 2 while a < 100
a -= 10 until a < 100

On pager0in the section on boolean expressions, we said that a ramgeecased as
a kind of flip-flop, returning true when some event happensthed staying true until
a second event occurs. This facility is normally used withops. In the example that
follows, we read a text file containing the first ten ordinaimbers (“first,” “second,”
and so on) but only print the lines starting with the one thatahes “third” and ending
with the one that matches “fifth.”

file = File.open("ordinal")
while file.gets

print if /third/ .. /fifth/
end

produces:

first
second
third
fourth
fifth
sixth
seventh
eighth
ninth
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tenth

The elements of a range used in a boolean expression canelvesibe expressions.
These are evaluated each time the overall boolean expnds&waluated. For example,
the following code uses the fact that the variablecontains the current input line
number to display line numbers one through three and thdsesba a match ofeig/
and/nin/.

file = File.open("ordinal")
while file.gets

print if ($. == 1) || Jeig/ .. ($. == 3) || /nin/
end

produces:

first
second
third
fourth
fifth
sixth
seventh
eighth
ninth
tenth

There’s one wrinkle whemhile anduntil are used as statement modifiers. If the
statement they are modifying isbagin/end block, the code in the block will always
execute at least one time, regardless of the value of thehn@xpression.

print "Hello\n" while false

begin

print "Goodbye\n"

end while false
produces:

Goodbye

Iterators

If you read the beginning of the previous section, you mightenbeen discouraged.
“Ruby has pretty primitive built-in looping constructsf’ $aid. Don’t despair, gen-
tle reader, for there’s good news. Ruby doesn’t need anyisiigated built-in loops,
because all the fun stuff is implemented using Ruby itegator

For example, Ruby doesn’t have a “for” loop—at least not thelkou'd find in C,
C++, and Java. Instead, Ruby uses methods defined in vardtsiclasses to provide
equivalent, but less error-prone, functionality.

Let's look at some examples.

3.times do
print "Ho! "
end
produces:
Ho! Ho! Ho!
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It's easy to avoid fencepost and off-by-1 errors; this loofl execute three times,
period. In addition ta:imes, integers can loop over specific ranges by callingnto,
upto, andstep. For instance, a traditional “for” loop that runs from 0 tos®hething
like i=0; i < 10; i++)is written as follows.

0.upto(9) do |xl|
print x, " "
end

produces:
0123456789
A loop from 0 to 12 by 3 can be written as follows.
0.step(12, 3) {lIx| print x, " " }
produces:
0360912

Similarly, iterating over arrays and other containers isdemmaasy using theisach

method.

[1, 1, 2, 3, 5 ].each {|vall|l print val, " " }
produces:

11235

And once a class supporach, the additional methods in tfEahumerable module
(documented beginning on pagd3and summarized on pagé&-92) become avail-
able. For example, thigile class provides asach method, which returns each line of
afile in turn. Using thgrep method inEnumerable, we could iterate over only those
lines that meet a certain condition.

File.open("ordinal").grep /d$/ do |linel

print line
end

produces:

second
third

Last, and probably least, is the most basic loop of all. Ruloyides a built-in iterator
calledloop.
loop {

# block ...
}

The loop iterator calls the associated block forever (or at least yat break out of
the loop, but you'll have to read ahead to find out how to do)that

For... In

Earlier we said that the only built-in Ruby looping primiis wereshile anduntil.
What'’s this “for” thing, then? Well,for is almost a lump of syntactic sugar. When
you write
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for aSong in songList
aSong.play
end

Ruby translates it into something like:

songlist.each do |aSong]
aSong.play
end

The only difference between thior loop and theeach form is the scope of local
variables that are defined in the body. This is discussed gafa

You can usefor to iterate over any object that responds to the methwadh, such as
anArray Oor aRange.
for i in [’fee’, ’fi’, ’fo?’, ’fum’]
print i, " "
end
for i in 1..3
print i, " "
end
for i in File.open("ordinal").find_all { |1| 1 =~ /d$/}
print i.chomp, " "
end

produces:
fee fi fo fum 1 2 3 second third

As long as your class defines a sensiéadeh method, you can usefar loop to traverse
it.

class Periods
def each
yield "Classical"
yield "Jazz"
yield "Rock"
end
end

periods = Periods.new
for genre in periods
print genre, " "
end
produces:

Classical Jazz Rock

Break, Redo, and Next

The loop control constructsreak, redo, andnext let you alter the normal flow
through a loop or iterator.

break terminates the immediately enclosing loop; control ressiiaiethe statement
following the block.redo repeats the loop from the start, but without reevaluatirg th
condition or fetching the next element (in an iteratagxt skips to the end of the loop,
effectively starting the next iteration.
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while gets
next if /~\sx#/ # skip comments
break if /"END/ # stop at end
# substitute stuff in backticks and try again
redo if gsub! (/" (.*7)7/) { eval($1) }
# process line ...
end

produces:

-:2: warning: regex literal in condition
-:3: warning: regex literal in condition

These keywords can also be used with any of the iteratorddasping mechanisms:

i=0
loop do
i+=1
next if i < 3
print i
break if i > 4
end

produces:
345

Retry

Theredo statement causes a loop to repeat the current iterationet8oss, though,
you need to wind the loop right back to the very beginning. Thery statement is
just the ticketretry restarts any kind of iterator loop.

for i in 1..100
print "Now at #{i}. Restart? "
retry if gets ="~ /~y/i

end

Running this interactively, you might see

Now at 1. Restart? n
Now at 2. Restart? y
Now at 1. Restart? n

retry will reevaluate any arguments to the iterator before réatit. The online
Ruby documentation has the following example of a do-itrgetfuntil loop.

def doUntil(cond)
yield
retry unless cond

end

i=0

doUntil(i > 3) {
print i, " "
i+=1

}
produces:
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Variable Scope and Loops

Thewhile,until, andfor loops are built into the language and do not introduce new
scope; previously existing locals can be used in the loo@,any new locals created
will be available afterward.

The blocks used by iterators (suchlasmp andeach) are a little different. Normally,
the local variables created in these blocks are not acdessibside the block.
[ 1, 2, 3 ].each do [x]|
y=x+1
end
[ x, y1
produces:

prog.rb:4: undefined local variable or method "x’
for main:0Object (NameError)

However, if at the time the block executes a local variahleaaly exists with the same
name as that of a variable in the block, the existing locaikde will be used in the
block. Its value will therefore be available after the bldokishes. As the following
example shows, this applies both to normal variables in thekband to the block’s
parameters.
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Chapter 8

Exceptions,
Catch, and Throw

So far we're been developing code in Pleasantville, a wdntlplace where nothing

ever, ever goes wrong. Every library call succeeds, usees eater incorrect data, and
resources are plentiful and cheap. Well, that's about tmgbaWelcome to the real
world!

In the real world, errors happen. Good programs (and prognens) anticipate them
and arrange to handle them gracefully. This isn't alwaysesy @s it might be. Often
the code that detects an error does not have the context i@ Wwhat to do about it.

For example, attempting to open a file that doesn’t existégptable in some circum-
stances and is a fatal error at other times. What's your filedling module to do?

The traditional approach is to use return codes. dgen method returns some specific
value to say it failed. This value is then propagated bacsubh the layers of calling
routines until someone wants to take responsibility for it.

The problem with this approach is that managing all theser @ades can be a pain.

If a function callsopen, thenread, and finallyclose, and each can return an error
indication, how can the function distinguish these errate=in the value it returns to

its caller?

To a large extent, exceptions solve this problem. Exceptiehyou package up infor-
mation about an error into an object. That exception objgthén propagated back
up the calling stack automatically until the runtime systiégmds code that explicitly
declares that it knows how to handle that type of exception.

The Exception Class

The package that contains the information about an exaejgi@n object of class
Exception, or one of clas&€xception’s children. Ruby predefines a tidy hierarchy
of exceptions, shown in Figui@1on the next page. As we’ll see later, this hierarchy
makes handling exceptions considerably easier.

When you need to raise an exception, you can use one of theifb@ikception
classes, or you can create one of your own. If you create youar gou might want

< 79 > é
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-
Figure 8.1. Ruby exception hierarchy

Exception
\— fatal (used internally by Ruby)
Interrupt
NoMemoryError
SignalException
ScriptError
~— LoadError
~— NameError
M NotImplementedError
— SyntaxError
tandardError
ArgumentError
FloatDomainError
IndexError

IOError

\_ EOFError
LocalJumpError
RegexpError
RuntimeError
SecurityError
SystemCallError

__ system-dependent exceptions
SystemStackError
ThreadError
TypeError
ZeroDivisionError
— SystemExit

N—
N—
N—
N—

[

(1T

(rrrf

(1T

to make it a subclass (ftandardError or one of its children. If you don't, your
exception won't be caught by default.

EveryException has associated with it a message string and a stack backfrace
define your own exceptions, you can add additional inforomati

Handling Exceptions

Our jukebox downloads songs from the Internet using a TCRetothe basic code is
simple:

opFile = File.open(opName, "w")

while data = socket.read(512)

opFile.write(data)
end

What happens if we get a fatal error halfway through the doaa? We certainly don't
want to store an incomplete song in the song list. “I Did It Myli¢k*”.
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Let's add some exception handling code and see how it helpgntlose the code that
could raise an exception intsegin/end block and userescue clauses to tell Ruby

the types of exceptions we want to handle. In this case weterdsted in trapping

SystemCallError exceptions (and, by implication, any exceptions that abelssses

of SystemCallError), so that's what appears on tlrescue line. In the error han-

dling block, we report the error, close and delete the oufifgjtand then reraise the
exception.

opFile = File.open(opName, "w")
begin
# Exceptions raised by this code will
# be caught by the following rescue clause
while data = socket.read(512)
opFile.write(data)
end

rescue SystemCallError
$stderr.print "IO failed: " + $!
opFile.close
File.delete (opName)
raise

end

When an exception is raised, and independent of any subseexesption handling,
Ruby places a reference to tABeception object associated with the exception in the
global variable$! (the exclamation point presumably mirroring our surprisg ainy of
our code could cause errors). In the previous example, we useudathable to format
our error message.

After closing and deleting the file, we calhise with no parameters, which reraises
the exception ing!. This is a useful technique, as it allows you to write codé tha
filters exceptions, passing on those you can’t handle todmiggvels. It's almost like
implementing an inheritance hierarchy for error procegsin

You can have multipleescue clauses in egin block, and eaclrescue clause can
specify multiple exceptions to catch. At the end of eachuesdause you can give
Ruby the name of a local variable to receive the matched ¢éxeepany people find
this more readable than usigg all over the place.

begin
eval string
rescue SyntaxError, NameError => boom

print "String doesn’t compile: " + boom
rescue StandardError => bang

print "Error running script: " + bang
end

How does Ruby decide which rescue clause to execute? It twinthat the process-
ing is pretty similar to that used by thease statement. For eachescue clause in
thebegin block, Ruby compares the raised exception against eacleqidrameters
in turn. If the raised exception matches a parameter, Rubgudgs the body of the
rescue and stops looking. The match is made ustngkind_of? (parameter), and
so will succeed if the parameter has the same class as thptexcer is an ancestor
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of the exception. If you write aescue clause with no parameter list, the parameter
defaults toStandardError.

If no rescue clause matches, or if an exception is raised outsitdegan/end block,
Ruby moves up the stack and looks for an exception handlérecaller, then in the
caller’s caller, and so on.

Although the parameters to thescue clause are typically the namesEfception
classes, they can actually be arbitrary expressions @imgumethod calls) that return
anException class.

Tidying Up

Sometimes you need to guarantee that some processing isititreeend of a block of
code, regardless of whether an exception was raised. For@&ayou may have a file
open on entry to the block, and you need to make sure it getedlas the block exits.

The ensure clause does just thisnsure goes after the lastescue clause and con-
tains a chunk of code that will always be executed as the hlerckinates. It doesn’t
matter if the block exits normally, if it raises and rescue®aception, or if it is termi-
nated by an uncaught exception—#hesure block will get run.

f = File.open("testfile")

begin

# .. process
rescue

# .. handle error

ensure
f.close unless f.nil?
end

Theelse clause is a similar, although less useful, construct. I§@ng, it goes after the
rescue clauses and before aryisure. The body of arelse clause is executed only
if no exceptions are raised by the main body of code.

f = File.open("testfile")

begin

# .. process
rescue

# .. handle error
else

puts "Congratulations-- no errors!"
ensure

f.close unless f.nil?
end

Play It Again

Sometimes you may be able to correct the cause of an excepiitilose cases, you
can use theetry statement within aescue clause to repeat the entitegin/end
block. Clearly there is tremendous scope for infinite looprehso this is a feature to
use with caution (and with a finger resting lightly on the ini@t key).
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As an example of code that retries on exceptions, have a Iable #ollowing, adapted
from Minero Aoki'Snet/smtp.rb library.

Qesmtp = true

begin
# First try an extended login. If it fails because the
# server doesn’t support it, fall back to a normal login

if Qesmtp then
@command.ehlo (helodom)
else
@command .helo (helodom)
end

rescue ProtocolError
if Q@esmtp then
Q@esmtp = false
retry
else
raise
end
end

This code tries first to connect to an SMTP server usingEtiiecd command, which
is not universally supported. If the connection attemgsfahe code sets theesmtp
variable tofalse and retries the connection. If this fails again, the exceps reraised
up to the caller.

Raising Exceptions

So far we've been on the defensive, handling exceptionsddy others. It's time to
turn the tables and go on the offensive. (There are thoses#tyayour gentle authors
are always offensive, but that's a different book.)

You can raise exceptions in your code with #ernel .raise method.

raise
raise "bad mp3 encoding"
raise InterfaceException, "Keyboard failure", caller

The first form simply reraises the current exception (BnatimeError if there is no
current exception). This is used in exception handlersribatl to intercept an excep-
tion before passing it on.

The second form creates a n@uwntimeError exception, setting its message to the
given string. This exception is then raised up the call stack

The third form uses the first argumentto create an exceptidithen sets the associated
message to the second argument and the stack trace to thathirment. Typically
the first argument will be either the name of a class inRkeeption hierarchy or
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a reference to an object instance of one of these cldsBhs.stack trace is normally
produced using theernel . caller method.

Here are some typical examplesrafise in action.

raise
raise "Missing name" if name.nil?
if i >= myNames.size

raise IndexError, "#{i} >= size (#{myNames.sizel})"
end

raise ArgumentError, "Name too big", caller

In the last example, we remove the current routine from taeksbacktrace, which is
often useful in library modules. We can take this furthee tbllowing code removes
two routines from the backtrace.

raise ArgumentError, "Name too big", caller[l..-1]

Adding Information to Exceptions

You can define your own exceptions to hold any information yioa need to pass out
from the site of an error. For example, certain types of networors might be transient
depending on the circumstances. If such an error occursttendircumstances are
right, you could set a flag in the exception to tell the hanthet it might be worth
retrying the operation.

class RetryException < RuntimeError
attr :okToRetry
def initialize(okToRetry)
QokToRetry = okToRetry
end
end

Somewhere down in the depths of the code, a transient ercarec

def readData(socket)
data = socket.read(512)
if data.nil?
raise RetryException.new(true), "transient read error"
end
# .. normal processing
end

Higher up the call stack, we handle the exception.

begin
stuff = readData(socket)
# .. process stuff

rescue RetryException => detail
retry if detail.okToRetry
raise

end

1.  Technically, this argument can be any object that resptmthe messagexception by returning an
object such thadbject .kind_of? (Exception) IS true.
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Catch and Throw

While the exception mechanism péise andrescue is great for abandoning execu-
tion when things go wrong, it's sometimes nice to be able togwut of some deeply
nested construct during normal processing. This is wheteh andthrow come in
handy.

catch (:done) do
while gets
throw :done unless fields = split(/\t/)
songlList.add(Song.new(*fields))
end
songList.play
end

catch defines a block that is labeled with the given name (which meagdymbol or
asString). The block is executed normally untilthrow is encountered.

When Ruby encountersthrow, it zips back up the call stack looking for@atch
block with a matching symbol. When it finds it, Ruby unwinds 8tack to that point
and terminates the block. If thehrow is called with the optional second parameter,
that value is returned as the value of #etch. So, in the previous example, if the
input does not contain correctly formatted lines, titerow will skip to the end of
the correspondingatch, not only terminating thehile loop but also skipping the
playing of the song list.

The following example uses throw to terminate interaction with the user if “1” is
typed in response to any prompt.

def promptAndGet (prompt)
print prompt
res = readline.chomp
throw :quitRequested if res == "!"
return res
end

catch :quitRequested do
name = promptAndGet("Name: ")
age = promptAndGet("Age: ")
sex = promptAndGet("Sex: ")
# ..
# process information

end

As this example illustrates, thehrow does not have to appear within the static scope
of thecatch.
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Chapter 9

Modules

Modules are a way of grouping together methods, classegarsdants. Modules give
you two major benefits:

1. Modules provide a namespace and prevent name clashes.

2. Modules implement the mixin facility.

Namespaces

As you start to write bigger and bigger Ruby programs, yowndturally find your-
self producing chunks of reusable code—libraries of relateitines that are generally
applicable. You'll want to break this code out into sepaféés so the contents can be
shared among different Ruby programs.

Often this code will be organized into classes, so you'lljaioly stick a class (or a set
of interrelated classes) into a file.

However, there are times when you want to group things tegettat don’t naturally
form a class.

An initial approach might be to put all these things into a ditel simply load that file
into any program that needs it. This is the way the C languag&svHowever, there’s
a problem. Say you write a set of trigonometry functiais, cos, and so on. You
stuff them all into a filetrig.rb, for future generations to enjoy. Meanwhile, Sally is
working on a simulation of good and evil, and codes up a se¢obtvn useful routines,
includingbeGood andsin, and sticks them intaction.rb. Joe, who wants to write
a program to find out how many angels can dance on the head of ageds to load
bothtrig.rbandaction.rbinto his program. But both define a method calieiah.
Bad news.

The answer is the module mechanism. Modules define a nanespaandbox in
which your methods and constants can play without having @aorywabout being
stepped on by other methods and constants. The trig fursatiEmmgo into one module:

module Trig
PI = 3.141592654
def Trig.sin(x)

< 37 > é
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# ..
end
def Trig.cos(x)
# ..
end
end

and the good and bad action methods can go into another:

module Action

VERY_BAD = 0
BAD =1
def Action.sin(badness)
# ...
end
end

Module constants are named just like class constants, withiial uppercase letter.
The method definitions look similar, too: these module methare defined just like
class methods.

If a third program wants to use these modules, it can simlg lap the two files (using
the Rubyrequire statement, which we discuss on p&geand reference the qualified
names.

require "trig"
require "action"

y = Trig.sin(Trig: :PI1/4)
wrongdoing = Action.sin(Action::VERY_BAD)

As with class methods, you call a module method by precedsngaime with the mod-
ule’s name and a period, and you reference a constant ugngdkule name and two
colons.

Mixins

Modules have another, wonderful use. At a stroke, theyynatich eliminate the need
for multiple inheritance, providing a facility callednaixin.

In the previous section’s examples, we defined module msthmethods whose names
were prefixed by the module name. If this made you think ofsctasthods, your next
thought might well be “what happens if | define instance mégwithin a module?”
Good question. A module can’t have instances, because alenstlt a class. How-
ever, you carincludea module within a class definition. When this happens, all the
module’s instance methods are suddenly available as methde class as well. They
getmixed in In fact, mixed-in modules effectively behave as supesgas
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module Debug
def whoAmI?
"#{self.class.name} (\##{self.id}): #{self.to_s}"
end
end
class Phonograph
include Debug
# ...
end
class EightTrack
include Debug
# ...
end
ph = Phonograph.new("West End Blues")
et = EightTrack.new("Surrealistic Pillow")

ph.whoAmI? —  "Phonograph (#538241000): West End Blues"\n-:12:
warning: Object#id will be deprecated; use
Object#object_id

et.whoAmI? —  "EightTrack (#538240980): Surrealistic Pillow"

By including theDebug module, bothPhonograph andEightTrack gain access to
thewhoAmI? instance method.

A couple of points about thenclude statement before we go on. First, it has nothing
to do with files. C programmers use a preprocessor direcéifledz#include to insert
the contents of one file into another during compilation. Rody include statement
simply makes a reference to a named module. If that moduleassieparate file, you
must userequire to drag that file in before usinthclude. Second, a Rubynclude
does not simply copy the module’s instance methods intold®scinstead, it makes a
reference from the class to the included module. If multipdsses include that module,
they’ll all point to the same thing. If you change the defwitiof a method within a
module, even while your program is running, all classesiti@dtde that module will
exhibit the new behavidr.

Mixins give you a wonderfully controlled way of adding furartality to classes. How-
ever, their true power comes out when the code in the mixisstainteract with code

in the class that uses it. Let’s take the standard Ruby ntixitparable as an exam-
ple. TheComparable mixin can be used to add the comparison operatars<, ==,

>=, and>), as well as the methagktween?, to a class. For this to workomparable
assumes that any class that uses it defines the ope&ratoBo, as a class writer, you
define the one methodz>, includeComparable, and get six comparison functions
for free. Let’s try this with ouSong class, by making the songs comparable based on
their duration. All we have to do is include tltemparable module and implement
the comparison operatge>.

class Song
include Comparable
def <=>(other)
self.duration <=> other.duration

1.  Of course, we're speaking only of methods here. Instaadables are always per-object, for example.
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end
end

We can check that the results are sensible with a few tesssong

songl = Song.new("My Way", "Sinatra", 225)
song2 = Song.new("Bicylops", "Fleck", 260)

songl <=> song2 — -1

songl < song2 — true
songl == songl —  true
songl > song2 — false

Finally, back on pagé2 we showed an implementation of Smalltali'sject func-
tion, implementing it within clasdarray. We promised then that we'd make it more
generally applicable. What better way than making it a mmmimdule?

module Inject
def inject(n)
each do |valuel
n = yield(n, value)
end
n
end
def sum(initial = 0)
inject(initial) { |n, value| n + value }
end
def product(initial = 1)
inject(initial) { In, value| n * value }
end
end

We can then test this by mixing it into some built-in classes.

class Array
include Inject

[o})

T1

—m /0

1, 2, 3, 4, 5 ].sum — 15
1, 2, 3, 4, 5 ].product — 120

> >

class Range
include Inject

end

(1..5).sum — 15

(1..5) .product — 120

(’a’..’m’) .sum("Letters: ") — ‘"Letters: abcdefghijklm"

For a more extensive example of a mixin, have a look at the mieatation for the
Enumerable module, which starts on pag@33

Instance Variables in Mixins

People coming to Ruby from C++ often ask us, “What happenedtance variables
in a mixin? In C++, | have to jump through some hoops to corticw variables are
shared in a multiple-inheritance hierarchy. How does Rudnydte this?”
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Well, for starters, it's not really a fair question, we tdlem. Remember how instance
variables work in Ruby: the first mention of an “@"-prefixedriable creates the
instance variable the current objectself.

For a mixin, this means that the module that you mix into ydient class (the mixee?)
may create instance variables in the client object and maytsr and friends to
define accessors for these instance variables. For instance

module Notes
attr :concertA
def tuning(amt)
QconcertA = 440.0 + amt
end
end

class Trumpet
include Notes
def initialize(tune)
tuning(tune)
puts "Instance method returns #{concertA}"
puts "Instance variable is #{QconcertA}"
end
end

# The piano is a little flat, so we’ll match it
Trumpet.new(-5.3)

produces:

Instance method returns 434.7
Instance variable is 434.7

Not only do we have access to the methods defined in the mintnyé get access to
the necessary instance variables as well. There’s a rigk bércourse, that different
mixins may use an instance variable with the same name aateaeollision:

module MajorScales
def majorNum
OnumNotes = 7 if @numNotes.nil?
OnumNotes # Return 7
end
end

module PentatonicScales
def pentaNum
OnumNotes = 5 if @numNotes.nil?
OnumNotes # Return 57
end
end

class ScaleDemo
include MajorScales
include PentatonicScales
def initialize
puts majorNum # Should be 7
puts pentaNum # Should be 5
end
end

ScaleDemo.new

produces:
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7
7

The two bits of code that we mix in both use an instance vagiahmednumNotes.
Unfortunately, the result is probably not what the authéemded.

For the most part, mixin modules don't try to carry their owmstance data around—
they use accessors to retrieve data from the client objedtifB/ou need to create
a mixin that has to have its own state, ensure that the instaagables have unique
names to distinguish them from any other mixins in the syqjganhaps by using the
module’s name as part of the variable name).

lterators and the Enumerable Module

You've probably noticed that the Ruby collection classespsut a large number of
operations that do various things with the collection: érae it, sort it, and so on.
You may be thinking, “Gee, it'd sure be nicernify class could support all these neat-o
features, too!” (If you actually thought that, it's probgitime to stop watching reruns
of 1960s television shows.)

Well, your classesansupport all these neat-o features, thanks to the magic ahmix
and modul&numerable. All you have to do is write an iterator callechch, which
returns the elements of your collection in turn. MixEnumerable, and suddenly your
class supports things suchmsp, include?, andfind_all?. If the objects in your
collection implement meaningful ordering semantics usirgg=> method, you'll also
getmin, max, andsort.

Including Other Files

Because Ruby makes it easy to write good, modular code, lyaften find yourself
producing small files containing some chunk of self-corgdifunctionality—an inter-
face tox, an algorithm to dg, and so on. Typically, you'll organize these files as class
or module libraries.

Having produced these files, you'll want to incorporate theto your new programs.
Ruby has two statements that do this.

load "filename.rb"

require "filename"

The load method includes the named Ruby source file every time theadethexe-
cuted, whereasequire loads any given file only onceequire has additional func-
tionality: it can load shared binary libraries. Both roetsnaccept relative and absolute
paths. If given a relative path (or just a plain name), tHesglarch every directory in
the current load patt$(, discussed on pade26) for the file.

Files loaded usingoad andrequire can, of course, include other files, which include
other files, and so on. What mighbt be obvious is thatequire is an executable
statement—it may be inside arf statement, or it may include a string that was just
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built. The search path can be altered at runtime as wellatlasthe directory you want
to the strings$: .

Sinceload will include the source unconditionally, you can use it ttoesl a source
file that may have changed since the program began:

5.times do |il
File.open("temp.rb","w") { [£f|
f.puts "module Temp\ndef Temp.var() #{i}; end\nend"
}
load "temp.rb"
puts Temp.var
end

produces:
0

S w N e



Copyright 2006 Addison Wesley Longman, Inc



Copyright 2006 Addison Wesley Longman, Inc

Chapter 10

Basic Input and Output

Ruby provides what at first sight looks like two separate e&t# routines. The first
is the simple interface—we’ve been using it pretty much esigkely so far.

print "Enter your name: "
name = gets

There are a whole set of I/O-related methods implementedéidrnel module—
gets, open, print, printf, putc, puts, readline, readlines, and test—that
make it simple and convenient to write straightforward Rphygrams. These methods
typically do I/O to standard input and standard output, Whitakes them useful for
writing filters. You'll find them documented starting on p&f9

The second way, which gives you a lot more control, is tolsebjects.

What Is an 1O Object?

Ruby defines a single base clags, to handle input and output. This base class is
subclassed by classBsle andBasicSocket to provide more specialized behavior,
but the principles are the same throughout. Znobject is a bidirectional channel
between a Ruby program and some external resduftere may be more to arp
object than meets the eye, but in the end you still simplyentdtit and read from it.

In this chapter, we’ll be concentrating on clagsand its most commonly used subclass,
classFile. For more details on using the socket classes for netwoyrkegthe section
beginning on paga9l

Opening and Closing Files

As you might expect, you can create a new file object uBiig: . new.

1.  For those who just have to know the implementation dettiils means that a singlEd object can
sometimes be managing more than one operating system fiegtes For example, if you open a pair of
pipes, a singla0 object contains both a read pipe and a write pipe.

<« 95 P
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aFile = File.new("testfile", "r")
# ... process the file
aFile.close

You can create &ile object that is open for reading, writing, or both, accordiog
the mode string (here we openegkstfile” for reading with an t”). The full list of
allowed modes appears on patff0. You can also optionally specify file permissions
when creating a file; see the descriptionFifle .new on page?? for details. After
opening the file, we can work with it, writing and/or readirgjalas needed. Finally, as
responsible software citizens, we close the file, ensuhiagdll buffered data is written
and that all related resources are freed.

But here Ruby can make life a little bit easier for you. The meltFile.open also
opens a file. In regular use, it behaves just ikée.new. However, if there’s a block
associated with the calgpen behaves differently. Instead of returning a nBile
object, it invokes the block, passing the newly opeRg&tle as a parameter. When the
block exits, the file is automatically closed.

File.open("testfile", "r") do |aFilel|
# ... process the file

end

Reading and Writing Files

The same methods that we've been using for “simple” /O awlale for all file
objects. Sogets reads a line from standard input, aatile . gets reads a line from
the file objectaFile.

However, I/O objects enjoy an additional set of access nusthall intended to make
our lives easier.

Iterators for Reading

As well as using the usual loops to read data fromIarstream, you can also use
various Ruby iteratorslO#each_byte invokes a block with the next 8-bit byte from
theI0 object (in this case, an object of typele).

aFile = File.new("testfile")
aFile.each_byte {l|ch| putc ch; putc 7. }

produces:

T.h.i.s. .i.s. .l.i.n.e. .o.n.e.
.T.h.i.s. .i.s. .l.i.n.e. .t.w.o.
.T.h.i.s. .i.s. .l.i.n.e. .t.h.r.e.e.
A.n.d. .s.o. .0o.n.......

I0#each_line calls the block with the next line from the file. In the next eyae,
we’ll make the original newlines visible usirsgring#dump, SO you can see that we're
not cheating.



Copyright 2006 Addison Wesley Longman, Inc t‘j
READING AND WRITING FILES < 97 —P

aFile.each_line {|line| puts "Got #{line.dump}" }

produces:

Got "This is line one\n"
Got "This is line two\n"
Got "This is line three\n"
Got "And so on...\n"

You can passach_line any sequence of characters as a line separator, and it will
break up the input accordingly, returning the line endintpatend of each line of data.
That’s why you see the\h" characters in the output of the previous example. In the

next example, we'll usee” as the line separator.

aFile.each_line("e") do |line]
puts "Got #{ line.dump 1}"

end

produces:
Got "This is line"
Got " one"

Got "\nThis is line"

Got " two\nThis is line"
Got " thre"

Got n e n

Got "\nAnd so on...\n"

If you combine the idea of an iterator with the auto-closiigck feature, you get
I0.foreach. This method takes the name of an I/O source, opens it foirgacalls
the iterator once for every line in the file, and then closedfile automatically.

I0.foreach("testfile") { |line| puts line }

produces:

This is line one
This is line two
This is line three
And so on...

Or, if you prefer, you can retrieve an entire file into an améiines:

arr = I0.readlines("testfile")
arr.length — 4
arr[0] —  "This is line one\n"

Don't forget that 1/O is never certain in an uncertain worldxeeptions will be raised
on most errors, and you should be ready to catch them and pakegiate action.

Writing to Files

So far, we've been merrily callinguts andprint, passing in any old object and
trusting that Ruby will do the right thing (which, of coursedoes). But what exactly
is it doing?

The answer is pretty simple. With a couple of exceptionsyeobject you pass tputs
andprint is converted to a string by calling that object's_s method. If for some
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reason theo_s method doesn’t return a valid string, a string is createdaioing the
object’s class name and id, something @ assName : 0x123456>.

The exceptions are simple, too. Thel object will print as the string “nil,” and an
array passed tputs will be written as if each of its elements in turn were passed
separately tputs.

What if you want to write binary data and don’t want Ruby megsivith it? Well,
normally you can simply us&0#print and pass in a string containing the bytes to
be written. However, you can get at the low-level input antpatiroutines if you
really want—have a look at the documentation¥0#sysread andI0#syswrite On
page?”~.

And how do you get the binary data into a string in the first pa@he two common
ways are to poke it in byte by byte or to useray#pack.

StI‘ = un — nn
str << 1 << 2 << 3 —  "\001\002\003"

[ 4, 5, 6 ].pack("cx") —  "\004\005\006"

But | Miss My C++ lostream
Sometimes there’s just no accounting for taste. ..

However, just as you can append an object taatray using the<< operator, you can
also append an object to an outfgtstream:

endl = "\n"
$stdout << 99 << " red balloons" << endl

produces:
99 red balloons

Again, the<< method useso_s to convert its arguments to strings before sending them
on their merry way.

Talking to Networks

Ruby is fluent in most of the Internet’s protocols, both l@vel and high-level.

For those who enjoy groveling around at the network levebyRoomes with a set
of classes in the socket library (documented starting ore 88d). These classes give
you access to TCP, UDP, SOCKS, and Unix domain sockets, aasvahy additional
socket types supported on your architecture. The libray ptovides helper classes to
make writing servers easier. Here’s a simple program thigtigbormation about the
“oracle” user on our local machine using the finger protocol.

require ’socket’

client = TCPSocket.open(’localhost’, ’finger’)
client.send("oracle\n", 0) # 0 means standard packet
puts client.readlines

client.close
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At a higher level, the lib/net set of library modules prowddeandlers for a set of
application-level protocols (currently FTP, HTTP, POP, BMand telnet). These are
documented starting on pagél For example, the following program lists the images
that are displayed on the Pragmatic Programmer home page.

require ’net/http’
h = Net::HTTP.new(’www.pragmaticprogrammer.com’, 80)
resp, data = h.get(’/index.html’, nil)
if resp.message == "OK"
data.scan(/<img src="(.*7)"/) { |x| puts x }
end



Copyright 2006 Addison Wesley Longman, Inc



Copyright 2006 Addison Wesley Longman, Inc

Chapter 11

Threads and Processes

Ruby gives you two basic ways to organize your program soyiiacan run different
parts of it “at the same time.” You can split up cooperatirgksavithin the program,

using multiple threads, or you can split up tasks betweeiergiiit programs, using
multiple processes. Let’s look at each in turn.

Multithreading

Often the simplest way to do two things at once is by uditgy threadsThese
are totally in-process, implemented within the Ruby inteter. That makes the Ruby
threads completely portable—there is no reliance on theabippg system—but you
don’t get certain benefits from having native threads. Yoy eperience thread star-
vation (that's where a low-priority thread doesn't get aratgto run). If you manage to
get your threads deadlocked, the whole process may grintati.aAnd if some thread
happens to make a call to the operating system that takegaditoa to complete, all
threads will hang until the interpreter gets control bacéwidver, don't let these poten-
tial problems put you off—Ruby threads are a lightweight affitient way to achieve
parallelism in your code.

Creating Ruby Threads

Creating a new thread is pretty straightforward. Here'snaps& code fragment that
downloads a set of Web pages in parallel. For each requesfiven, the code creates
a separate thread that handles the HTTP transaction.

require ’net/http’
pages = %w( www.rubycentral.com
www.awl.com
WWW . pragmaticprogrammer . com
)
threads = []
for page in pages
threads << Thread.new(page) { |myPagel
h = Net::HTTP.new(myPage, 80)
puts "Fetching: #{myPagel}"
resp, data = h.get(’/’, nil )

<« 101 P>



Copyright 2006 Addison Wesley Longman, Inc t‘j
102 > CHAPTER 11. THREADS AND PROCESSES —P

puts "Got #{myPage}: #{resp.messagel}"
}

end

threads.each { |aThread| aThread.join }

produces:

Fetching: www.rubycentral.com
Fetching: www.awl.com

Fetching: www.pragmaticprogrammer.com
Got www.rubycentral.com: OK

Got www.pragmaticprogrammer.com: 0K
Got www.awl.com: 0K

Let’s look at this code in more detail, as there are a few stththgs going on.

New threads are created with tlieread.new call. It is given a block that contains
the code to be run in a new thread. In our case, the block uses:ttyhttp library
to fetch the top page from each of our nominated sites. Ouaintgeclearly shows that
these fetches are going on in parallel.

When we create the thread, we pass the required HTML pagearpasameter. This
parameter is passed on to the blockngBage. Why do we do this, rather than simply
using the value of the variabpage within the block?

A thread shares all global, instance, and local variablaisate in existence at the time
the thread starts. As anyone with a kid brother can tell ybariag isn’'t always a good
thing. In this case, all three threads would share the vierigdge. The first thread gets
started, angage is set towww. rubycentral . com. In the meantime, the loop creating
the threads is still running. The second time aroyrge gets set tarww. awl. com. If
the first thread has not yet finished using plage variable, it will suddenly start using
its new value. These bugs are difficult to track down.

However, local variables created within a thread’s bloektauly local to that thread—
each thread will have its own copy of these variables. In asecthe variableyPage
will be set at the time the thread is created, and each thrdbldawve its own copy of
the page address.

Manipulating Threads

Another subtlety occurs on the last line in the program. Wby call join on each
of the threads we created?

When a Ruby program terminates, all running threads aredkiltegardless of their
states. However, you can wait for a particular thread totiitig calling that thread’s
Thread#join method. The calling thread will block until the given thraadinished.
By calling join on each of the requestor threads, you can make sure thated th
requests have completed before you terminate the maingrogr

In addition tojoin, there are a few other handy routines that are used to maépul
threads. First of all, the current thread is always accessibingThread . current.
You can obtain a list of all threads usimiread.list, which returns a list of all


www.rubycentral.com
www.awl.com
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Thread objects that are runnable or stopped. To determine thesstdta particular
thread, you can uskhread#status andThread#alive?.

Also, you can adjust the priority of a thread usifiread#priority=. Higher-priority
threads will run before lower-priority threads. We'll tatkore about thread scheduling,
and stopping and starting threads, in just a bit.

Thread Variables

As we described in the previous section, a thread can noyraatiess any variables
that are in scope when the thread is created. Variablestotiaé block of a thread are
local to the thread, and are not shared.

But what if you need per-thread variables that can be acddsgether threads—
including the main threadParead features a special facility that allows thread-local
variables to be created and accessed by name. You simptythieethread object as if

it were aHash, writing to elements using] = and reading them back usirig. In this
example, each thread records the current value of the Vaiahnt in a thread-local
variable with the keynycount. (There’s a race condition in this code, but we haven't
talked about synchronization yet, so we’'ll just quietlyage it for now.)

count = 0
arr = []
10.times do |il
arr[i] = Thread.new {
sleep(rand(0)/10.0)
Thread.current ["mycount"] = count
count += 1
}
end
arr.each {l|t| t.join; print t["mycount"], ", " }
puts "count = #{count}"

produces:
7,0, 8, 6, 5,4, 1,9, 3, 2, count = 10

The main thread waits for the subthreads to finish and theigwit the value ofount
captured by each. Just to make it more interesting, we haletaeead wait a random
time before recording the value.

Threads and Exceptions

What happens if a thread raises an unhandled exceptionpénds on the setting of
theabort_on_exceptionflag, documented on pag8s7and320

If abort_on_exceptionisfalse, the default condition, an unhandled exception sim-
ply kills the current thread—all the rest continue to run.tte following example,
thread number 3 blows up and fails to produce any output. Merygou can still see
the trace from the other threads.

threads = []
6.times { [il
threads << Thread.new(i) {
raise "Boom!" if i ==


abort_on_exception
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puts i
}
}
threads.each {lt| t.join }

produces:
012

4

prog.rb:4: Boom! (RuntimeError)
from prog.rb:8:in " join’

from prog.rb:8

from prog.rb:8:in “each’

from prog.rb:8

However, setabort_on_exception to true, and an unhandled exception Kills all
running threads. Once thread 3 dies, no more output is peatuc

Thread.abort_on_exception = true
threads = []
6.times { |il
threads << Thread.new(i) {
raise "Boom!" if i ==
puts i
}
}
threads.each {[|t| t.join }

produces:
Oprog.rb:5: Boom! (RuntimeError)
from prog.rb:4:in “initialize’
from prog.rb:4:in “new’
from prog.rb:4
from prog.rb:3:in “times’
from prog.rb:3

Controlling the Thread Scheduler

In a well-designed application, you'll normally just leté&ads do their thing; building
timing dependencies into a multithreaded application reegally considered to be bad
form.

However, there are times when you need to control threadkape the jukebox has a
thread that displays a light show. We might need to stop iptarily when the music

stops. You might have two threads in a classic producertgopsrelationship, where
the consumer has to pause if the producer gets backlogged.

ClassThread provides a number of methods to control the thread schedolaking
Thread.stop Stops the current thread, whilthread#run arranges for a particular
thread to be rurThread . pass deschedules the current thread, allowing others to run,
andThread#join andThread#value suspend the calling thread until a given thread
finishes.

We can demonstrate these features in the following, topadlgtless program.
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t = Thread.new { sleep 0.1; Thread.pass; Thread.stop; }
t.status —  "sleep"

t.run

t.status — "run"

t.run

t.status — false

However, using these primitives to achieve any kind of rgathronization is, at best,
hit or miss; there will always be race conditions waiting tetyou. And when you're
working with shared data, race conditions pretty much gutaealong and frustrating
debugging sessions. Fortunately, threads have one audlifiacility—the idea of a
critical section. Using this, we can build a number of se@yrechronization schemes.

Mutual Exclusion

The lowest-level method of blocking other threads from ingruses a global “thread
critical” condition. When the condition is set taue (using theThread.critical=
method), the scheduler will not schedule any existing tthteaun. However, this does
not block new threads from being created and run. Certagathoperations (such as
stopping or killing a thread, sleeping in the current threadaising an exception) may
cause a thread to be scheduled even when in a critical section

Using Thread.critical= directly is certainly possible, but it isn’t terribly conve
ient. Fortunately, Ruby comes packaged with several atees. Of these, two of the
best, clas$lutex and clas€onditionVariable, are available in thehread library
module; see the documentation beginning on [Eife

The Mutex Class

Mutex is a class that implements a simple semaphore lock for myteatlusive access
to some shared resource. That is, only one thread may holdckeat a given time.
Other threads may choose to wait in line for the lock to becawadlable, or may
simply choose to get an immediate error indicating that dlo& s not available.

A mutex is often used when updates to shared data need torn&caay we need to
update two variables as part of a transaction. We can simthia in a trivial program
by incrementing some counters. The updates are supposedaimimic—the outside
world should never see the counters with different valueithdt any kind of mutex
control, this just doesn’t work.
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countl = count2 = 0
difference = 0
counter = Thread.new do
loop do
countl += 1
count2 += 1

end
end
spy = Thread.new do
loop do
difference += (countl - count2).abs
end
end
sleep 1
Thread.critical = 1
countl — 391911
count2 — 391910

difference — 144699

This example shows that the “spy” thread woke up a large numiti@mes and found
the values otount1 andcount2 inconsistent.

Fortunately we can fix this using a mutex.

require ’thread’
mutex = Mutex.new

countl = count2 = 0
difference = 0
counter = Thread.new do
loop do
mutex.synchronize do
countl += 1
count2 += 1
end
end
end
spy = Thread.new do
loop do
mutex.synchronize do
difference += (countl - count2).abs
end
end
end

sleep 1

mutex.lock

countl — 59589
count2 — 59589
difference — O

By placing all accesses to the shared data under control aftexywe ensure consis-
tency. Unfortunately, as you can see from the numbers, veesaifer quite a perfor-
mance penalty.
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Condition Variables

Using a mutex to protect critical data is sometimes not eho8gppose you are in a
critical section, but you need to wait for some particulaongrce. If your thread goes
to sleep waiting for this resource, it is possible that nocotthread will be able to

release the resource because it cannot enter the critic@bse-the original process
still has it locked. You need to be able to give up temporariyir exclusive use of the
critical region and simultaneously tell people that youwiating for a resource. When
the resource becomes available, you need to be able to grafiiieobtain the lock on

the critical region, all in one step.

This is where condition variables come in. A condition valgas simply a semaphore
that is associated with a resource and is used within thegtioh of a particular mutex.
When you need a resource that's unavailable, you wait on ditton variable. That
action releases the lock on the corresponding mutex. Wheie sther thread signals
that the resource is available, the original thread confabefvait and simultaneously
regains the lock on the critical region.

require ’thread’
mutex = Mutex.new
cv = ConditionVariable.new

a = Thread.new {
mutex.synchronize {
puts "A: I have critical section, but will wait for cv"
cv.wait (mutex)
puts "A: I have critical section again! I rule!"
}
}

puts "(Later, back at the ranch...)"

b = Thread.new {
mutex.synchronize {
puts "B: Now I am critical, but am done with cv"
cv.signal
puts "B: I am still critical, finishing up"
}
}
a.join
b.join

produces:

A: I have critical section, but will wait for cv(Later, back at the ranch..

B: Now I am critical, but am done with cv
B: I am still critical, finishing up
A: I have critical section again! I rule!

For alternative implementations of synchronization med$ras, se@onitor.rband
sync.rbin thelib subdirectory of the distribution.

D] |
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Running Multiple Processes

Sometimes you may want to split a task into several prodesstshunks—or perhaps
you need to run a separate process that was not written in. Rigdbya problem: Ruby
has a number of methods by which you may spawn and managesepescesses.

Spawning New Processes

There are several ways to spawn a separate process; th& ésieun some command
and wait for it to complete. You might find yourself doing thisrun some separate
command or retrieve data from the host system. Ruby doef®thisu with thesystem
and backquote methods.

system("tar xzf test.tgz") — tar: test.tgz: Cannot open: No such
file or directory\ntar: Error is
not recoverable: exiting now\ntar:
Child returned status 2\ntar: Error
exit delayed from previous
errors\nfalse

result = “date’

result —  "Sun Nov 12 22:36:54 MSK 2006\n"

The methokernel. system executes the given command in a subprocess; it returns
true if the command was found and executed propeifyl,se otherwise. In case of
failure, you'll find the subprocess’s exit code in the globaliable$~.

One problem withsystem is that the command’s output will simply go to the same
destination as your program'’s output, which may not be wbatwant. To capture the
standard output of a subprocess, you can use the backqaetesth ~date™ in the
previous example. Remember that you may need t&useng#chomp to remove the
line-ending characters from the result.

Okay, this is fine for simple cases—we can run some other psoaed get the return
status. But many times we need a bit more control than thad e to carry on a
conversation with the subprocess, possibly sending it aatbpossibly getting some
back. The method0.popen does just this. Th@open method runs a command as

a subprocess and connects that subprocess’s standarcaimpgtandard output to a
Ruby 10 object. Write to theI0 object, and the subprocess can read it on standard
input. Whatever the subprocess writes is available in thbyRarogram by reading
from theIO object.

For example, on our systems one of the more useful utilisgsig, a program that
reads words from standard input and prints them in pig Latingpay atinlay). We can
use this when our Ruby programs need to send us output thatyear-olds shouldn’t
be able to understand.

pig = I0.popen("pig", "w+")

pig.puts "ice cream after they go to bed"

pig.close_write
puts pig.gets

This example illustrates both the apparent simplicity amel teal-world complexi-
ties involved in driving subprocesses through pipes. Thaeazertainly looks simple
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enough: open the pipe, write a phrase, and read back thenssdut it turns out that
thepig program doesn't flush the output it writes. Our original e at this exam-
ple, which had @ig.puts followed by apig.gets, hung forever. Theig program
processed our input, but its response was never writtenet@ifhe. We had to insert
thepig.close_write line. This sends an end-of-file foig’s standard input, and the
output we're looking for gets flushed asg terminates.

There’s one more twist tpopen. If the command you pass it is a single minus sign
(“="), popen will fork a new Ruby interpreter. Both this and the originatérpreter
will continue running by returning from thgopen. The original process will receive
anI0 object back, while the child will receiveil.
pipe = IO0.popen("-","w+")
if pipe
pipe.puts "Get a job!"
$stderr.puts "Child says ’#{pipe.gets.chompl}’"
else
$stderr.puts "Dad says ’#{gets.chompl}’"
puts "OK"
end

produces:

Dad says ’Get a job!’

Child says ’0K’
In addition topopen, the traditional Unix callKernel.fork, Kernel.exec, and
I0.pipe are available on platforms that support them. The file-ngntionvention
of manyI0 methods an@ternel . open will also spawn subprocesses if you putld
as the first character of the filename (see the introductiateissI0 on page279 for
details). Note that youannotcreate pipes usinBile.new; it's just for files.

Independent Children

Sometimes we don’t need to be quite so hands-on: we'd likéviothe subprocess its
assignment and then go on about our business. Some timgwatércheck in with it
to see if it has finished. For instance, we might want to kidkadbng-running external
sort.

exec("sort testfile > output.txt") if fork == nil

# The sort is now running in a child process
# carry on processing in the main program

# then wait for the sort to finish
Process.wait

The call tokernel . fork returns a process id in the parent, arid in the child, so the
child process will perform theernel . exec call and run sort. Sometime later, we issue
aProcess.wait call, which waits for the sort to complete (and returns isgess id).

If you'd rather be notified when a child exits (instead of justiting around), you can
set up a signal handler usiigrnel . trap (described on pages3). Here we set up a
trap onSIGCLD, which is the signal sent on “death of child process.”

trap("CLD") {
pid = Process.wait
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puts "Child pid #{pid}: terminated"
exit
}

exec("sort testfile > output.txt") if fork == nil
# do other stuff...

produces:
Child pid 16620: terminated

Blocks and Subprocesses

I0.popen works with a block in pretty much the same wayFadS e . open does. Pass
popen a command, such @ate, and the block will be passed a0 object as a param-
eter.

I0.popen ("date") { |f| puts "Date is #{f.gets}" }
produces:

-:1: warning: don’t put space before argument parentheses
Date is Sun Nov 12 22:36:54 MSK 2006

The I0 object will be closed automatically when the code blocksjiist as it is with
File.open.

If you associate a block witkernel . fork, the code in the block will be run in a Ruby
subprocess, and the parent will continue after the block.

fork do
puts "In child, pid = #$3$"
exit 99
end
pid = Process.wait
puts "Child terminated, pid = #{pid}, exit code = #{$7? >> 8}"

produces:
In child, pid = 16629
Child terminated, pid = 16629, exit code = 99

One last thing. Why do we shift the exit codedin 8 bits to the right before displaying
it? This is a “feature” of Posix systems: the bottom 8 bits wfexit code contain the
reason the program terminated, while the higher-ordershuitd the actual exit code.
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When Trouble Strikes

Sad to say, it is possible to write buggy programs using R8byty about that.

But not to worry! Ruby has several features that will helputepour programs. We'll
look at these features, and then we’ll show some common keistgou can make in
Ruby and how to fix them.

Ruby Debugger

Ruby comes with a debugger, which is conveniently built thiovbase system. You can
run the debugger by invoking the interpreter with tlre debug option, along with any
other Ruby options and the name of your script:

ruby -r debug [ options ] [ programfile ] [ arguments ]

The debugger supports the usual range of features you'dcexpeluding the ability
to set breakpoints, to step into and step over method calist@adisplay stack frames
and variables.

It can also list the instance methods defined for a partiabgct or class, and allows
you to list and control separate threads within Ruby. TaBld on pagel 18lists all of
the commands that are available under the debugger.

If your Ruby hasreadline support enabled, you can use cursor keys to move back
and forth in command history and use line editing commandsrtend previous input.

To give you an idea of what the Ruby debugger is like, here &apse session.

% ruby -rdebug t.rb
Debug.rb

Emacs support available.
t.rb:1:def fact(n)
(rdb:1) list 1-9

[1, 10] in t.rb

=> 1 def fact(n)

2 if n <= 0

3 1

4 else

5 n * fact(n-1)
6 end

<« 111 P>
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7 end
8
9 p fact(b)
(rdb:1) b2
Set breakpoint 1 at t.rb:2
(rdb:1) cC
breakpoint 1, fact at t.rb:2
t.rb:2: if n <=0
(rdb:1) dispn
1: n=5
(rdb:1) dell
(rdb:1) watch n==1
Set watchpoint 2
(rdb:1) C
watchpoint 2, fact at t.rb:fact
t.rb:1:def fact(n)

1: n=1

(rdb:1) where

--> #1 t.rb:1:in ‘fact’
#2 t.rb:5:in ‘fact’
#3 t.rb:5:in ‘fact’
#4 t.rb:5:in ‘fact’
#5 t.rb:5:in ‘fact’
#6 t.rb:9

(rdb:1) del 2

(rdb:1) c

120

Interactive Ruby

If you want to play with Ruby, there is a facility called Inéetive Ruby—irb, for
short. irb is essentially a Ruby “shell” similar in conceptan operating system shell
(complete with job control). It provides an environment whgou can “play around”
with the language in real time. You launch irb at the commanadnpt:

irb [ irb-options ] [ ruby_script ] [ options ]
irb will display the value of each expression as you compteteor instance:

% irb

irb(main):001:0> a=1+
irb(main) :002:0% 2 * 3/
irb(main) :003:0% 4% 5
2

irb(main) : 004:0> 2+2

4

irb(main) :005:0> def test
irb(main) :006:1> puts "Hello, world!"
irb(main) :007:1> end
nil

irb(main) : 008:0> test
Hello, world!

nil

irb(main) : 009:0>
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irb also allows you to create subsessions, each one of whaghhave its own context.
For example, you can create a subsession with the samesfte)-tontext as the orig-
inal session, or create a subsession in the context of aplarticlass or instance. The
sample session shown in Figut&.1on the following page is a bit longer, but shows
how you can create subsessions and switch between them.

For a full description of all the commands that irb suppa@® the reference beginning
on paget33

As with the debugger, if your version of Ruby was built with GfReadline support,
you can use arrow keys (as with Emacs) or vi-style key binglingedit individual lines
or to go back and reexecute or edit a previous line—just likeramand shell.

irb is a great learning tool: it's very handy if you want to tyt an idea quickly and
see if it works.

Editor Support

Ruby is designed to read a program in one pass; this meansayopipe an entire
program to Ruby’s standard input and it will work just fine.

We can take advantage of this feature to run Ruby code froisaras editor. In Emacs,
for instance, you can select a region of Ruby text and use dh@randveta- | to
execute Ruby. The Ruby interpreter will use the selectenegs standard input and
output will go to a buffer named¥Shell Command Output*.” This feature has come
in quite handy for us while writing this book—just select avfénes of Ruby in the
middle of a paragraph and try it out!

You can do something similar in the vi editor using! tuby” which replaceshe pro-
gram text with its output, or fw, ! ruby”, which displays the output without affecting
the buffer. Other editors have similar features.

While we are on the subject, this would probably be a goodeglaenention that there
is a Ruby mode for Emacs included in the distributiomasc/ruby-mode . el. There
are also several syntax-highlighting modules for vim (ahated version of the vi
editor), jed, and other editors available on the net as W@kck the Ruby FAQ for
current locations and availability.

But It Doesn’t Work!

So you've read through enough of the book, you start to writerywery own Ruby
program, and it doesn’t work. Here’s a list of common gotchras other tips.

e Attribute setter not being called. Within an object, Rubyl parsesetter= as
an assignment to a local variable, not as a method call. dd3€.setter=to
indicate the method call.

e A parse error at the last line of the source often indicatessaingend keyword.

e Make sure that the type of the object you are using is what kiok it is. If in
doubt, usé@bject#class to check the type of an object.
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Figure 12.1. Sample irb session h

% irb

irb(main) :001:0> irb

irb#1(main) :001:0> jobs

#0->irb on main (#<Thread:0x401bd654>: stop)

#1->irb#1 on main (#<Thread:0x401d5a28>: running)

irb#1(main) :002:0> fg O

#<IRB::Irb:Q@scanner=#<RubyLex:0x401ca7>,0signal_status=:IN_EVAL,
Ocontext=#<IRB::Context:0x401ca86c>>

iiggﬂiiﬂ; ;gggzgi glr?gs VolumeKnob In this same irb session,

nil we'll create a new

irb(main) :004:0> irb VolumeKnob | subsession in the context

irb#2(VolumeKnob) :001:0> def initialize of classVolumeKnob.

irb#2(VolumeKnob) : 002:1> @vol=50

irb#2(VolumeKnob) :003:1> end We can use&g 0to

nil switch back to the main

irb#2(VolumeKnob) :004:0> def up session, take at look at al

irb#2 (VolumeKnob) : 005:1> @vol += 10 current jobs’ and see whdt

iI.‘b#2 (VolumeKnob) :006:1> end instance methods

I.ul / VolumeKnob defines.

irb#2(VolumeKnob) :007:0> fg O

#<IRB: :Irb:@scanner=#<RubylLex:0x401ca7>,0@signal_status=:IN_EVAL,
Qcontext=#<IRB::Context:0x401ca86c>>

irb(main) :005:0> jobs

#0->irb on main (#<Thread:0x401bd654>: running)

#1->irb#1 on main (#<Thread:0x401d5a28>: stop)

#2->irb#2 on VolumeKnob (#<Thread:0x401c400c>: stop)

irb(main) :006:0> VolumeKnob.instance_methods

[nupn] #

irb(main) :007:0> v = VolumeKnob.new Make & newWolumeKnob

#<VolumeKnob: @vol=50> ~— object, and create a new

irb(main):008:0> irbv subsession with that

irb#3 (#<VolumeKnob:0x401e7d40>) :001:0> up| Object as the context.

60

irb#3 (#<VolumeKnob:0x401e7d40>) : 002:0> up

70 Switch back to the main

irb#3 (#<VolumeKnob:0x401e7d40>) : 003:0> up session, kill the

?0 # subsessions, and exit.

irb#3(VolumeKnob) :004:0> fg O

#<IRB::Irb:Q@scanner=#<RubyLex:0x401ca7>,0signal_status=:IN_EVAL,
Q@context=#<IRB::Context:0x401ca86c>>

irb(main) :009:0> kill 1,2,3

[1, 2, 3]

irb(main) :010:0> jobs

#0->irb on main (#<Thread:0x401bd654>: running)

irb(main):011:0> exit

\. J/
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e Make sure that your methods start with a lowercase lettertaatclasses and
constants start with an uppercase letter.

e If you happen to forget a “,” in an argument list—especiallyprint—you can
produce some very odd error messages.

e Block parameters are actually local variables. If an exgstiocal of the same
name exists when the block executes, that variable will bdifieal by the call to
the block. This may or may not be a good thing.

e Watch out for precedence, especially when ugihdgnstead oflo/end.

e Make sure that the open parenthesis of a method’s paranmsttbutts up against
the end of the method name with no intervening spaces.

e Output written to a terminal may be buffered. This means yloat may not see
a message you write immediately. In addition, if you writesseges to both
$stdout and$stderr, the output may not appear in the order you were expect-
ing. Always use nonbuffered I/O (sgejnc=true) for debug messages.

e If numbers don’t come out right, perhaps they're stringst Tead from a file will
be aString, and will not be automatically converted to a number by Rébgall
to to_i will work wonders. A common mistake Perl programmers make is

while gets
numl, num2 = split /,/
# ...

end

¢ Unintended aliasing—if you are using an object as the keytafsin, make sure it
doesn’t change its hash value (or arrange toladh#rehash if it does).

e Usetrace_var to watch when a variable changes value.
e Use the debugger.

e UseObject#freeze. If you suspect that some unknown portion of code is setting
a variable to a bogus value, try freezing the variable. ThHerituwill then be
caught during the attempt to modify the variable.

There’s one major technique that makes writing Ruby codk basier and more fun.
Develop your applications incrementalirite a few lines of code, then run them.
Write a few more, then run those. One of the major benefits afrdyped language is
that things don't have to be complete before you use them.

But It's Too Slow!

Ruby is an interpreted, high-level language, and as suclaytmot perform as fast as
a lower-level language such as C. In this section, we’lld@ne basic things you can
do to improve performance; also have a look in the index uRddormanceor other
pointers.
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Create Locals Outside Blocks

Try defining the variables used in a block before the bloclcates. When iterating
over a very large set of elements, you can improve execufieacsssomewhat by pre-
declaring any iterator variables. In the first example belRuby has to create new
andy variables on each iteration, but in the second version isdbeWe’ll use the
benchmark package from the Ruby Application Archive to compare theko

require "benchmark"
include Benchmark
n = 1000000
bm(12) do |testl|
test.report("normal:") do
n.times do |x|
y=x+1
end
end
test.report("predefine:") do
x=y=0
n.times do |[xl|
y=x+1
end
end
end

produces:

user system total real
normal: 1.130000  0.000000  1.130000 ( 1.122840)
predefine: 0.950000  0.000000  0.950000 ( 0.950599)

Use the Profiler

Ruby comes with a code profiler (documentation begins on ge p@g. In and of
itself, that isn’t too surprising, but when you realize tha profiler is written in just
about 50 lines of Ruby, that makes for a pretty impressivguage.

You can add profiling to your code using the command-linearptir profile, Or
from within the code usingequire "profile".For example:

require "profile"
class Peter
def initialize(amt)
Qvalue = amt
end

def rob(amt)
@value -= amt
amt
end
end

class Paul
def initialize
Qvalue = 0
end
def pay(amt)
Qvalue += amt
amt



end

end

peter = Peter.new(1000)
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paul = Paul.new
1000.times do

paul.pay(peter.rob(10))

end

Run this, and you’ll get something like the following.

%

time

38.
26.
19.
11.

3.
.00
.00
.00
.00
.00
.00

O O O O OO

46
92
23
54
85

cumulative

seconds

o

OO OO OO OO OO

.10
.17
.22
.25
.26
.26
.26
.26
.26
.26
.26

self

seconds

o

el eolNeNeolNeNeolNeNeNeoNeol

.10
.07
.05
.03

01

.00

00

.00
.00
.00
.00

calls
1000
1
1000
1000
1000

=N R RN

self total
ms/call ms/call
0.10 0.11
70.00 260.00
0.05 0.05
0.03 0.08
0.01 0.01
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 260.00

name

Paul#pay
Integer#times
Fixnum#-
Peter#rob
Fixnum#+
Class#new
Module#method_added
Paul#initialize
Peter#initialize
Class#inherited
#toplevel

With the profiler, you can quickly identify and fix bottleneckRemember to check
the code without the profiler afterward, though—sometirhesstowdown the profiler

introduces can mask other problems.

Ruby is a wonderfully transparent and expressive languageat does not relieve the
programmer of the need to apply common sense: creating aes&(y objects, per-
forming unneeded work, and creating generally bloated ewdevasteful in any lan-
guage.
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Table 12.1. Debugger commands
b [reak] [file:]line Set breakpoint at given line iiile (default current file).
b [reak] [file:lname Set breakpoint anethodin file.
b [reak] Display breakpoints and watchpoints.
wat [ch] expr Break when expression becomes true.
del[ete] [nnn] Delete breakpointinn(default all).
disp [lay] expr Display value olhnnevery time debugger gets control.
disp [lay] Show current displays.
undisp [lay] [nnn] Remove display (default all).
c[ont] Continue execution.
s [tep] nnn=1 Execute nexhnnlines, stepping into methods.
n[ext] nnn=1 Execute nexhnnlines, stepping over methods.
fi[nish] Finish execution of the current function.
q [uit] Exit the debugger.
w [here] Display current stack frame.
f[rame] Synonym forwhere.
[ [ist] [start—end] List source lines from start to end.
up nnn=1 Move upnnnlevels in the stack frame.
down nnn=1 Move downnnnlevels in the stack frame.
v[ar] g[lobal] Display global variables.
v[ar] I [ocal] Display local variables.
v [ar] i[stance] obj Display instance variables obj.
v [ar] c [onst] Name Display constants in class or module name.
m [ethod] i[nstance] obj  Display instance methods obj.
m [ethod] Name Display instance methods of the class or module name.
th [read] I [ist] List all threads.
th [read] [c[ur[rent]]] Display status of current thread.
th [read] [c[ur[rent]]] nnn  Make threachnncurrent and stop it.
th [read] stop nnn Make threachnncurrent and stop it.
th [read] resume nnn Resume threadnn
[p] expr Evaluateexpr in the current contextexpr may include
assignment to variables and method invocations.
empty A null command repeats the last command.
—®
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Chapter 13

Ruby and Its World

It's an unfortunate fact of life that our applications haweleal with the big, bad world.
In this chapter, we'll look at how Ruby interacts with its @enment. Microsoft Win-

dows users will probably also want to look at platform-sfie@nformation beginning
on pagel39

Command-Line Arguments

“In the Beginning was the Command LineRegardless of the system in which Ruby is
deployed, whether it be a super high-end scientific graph@rkstation or an embed-
ded PDA device, you've got to start the Ruby interpreter dumae and that gives us
the opportunity to pass in command-line arguments.

A Ruby command line consists of three parts: options to thieyRuterpreter, option-
ally the name of a program to run, and optionally a set of auisifor that program.

ruby [ options ] [ -- ] [ programfile ] [ arguments ]

The Ruby options are terminated by the first word on the conthtiae that doesn’t
start with a hyphen, or by the special flag-" (two hyphens).

If no filename is present on the command line, or if the filen@aesingle hyphen-(,
Ruby reads the program source from standard input.

Arguments for the program itself follow the program name. &ample:

% ruby -w - "Hello World"

will enable warnings, read a program from standard input,Ess it the quoted string
"Hello World" as an argument.

1. Title of a marvelous essay by Neal Stephenson (availablenlineo at
http://wuw.spack.org/essays/commandline.html).

<« 121 P>
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Command-Line Options

-0[octall]
The number “0” flag specifies the record separator charadeif (ho digit fol-
lows). -00 indicates paragraph mode: records are separated by twessioe
default record separator characterd777 reads the entire file at once (as it is an
illegal character). Sets/.

-a Auto split mode when used withn or -p; equivalent to executingfF = $_.split
at the top of each loop iteration.

-C directory
Changes working directory tdirectorybefore executing.

-c Checks syntax only; does not execute the program.

--copyright
Prints the copyright notice and exits.

-d, --debug
Sets$DEBUG to true. This can be used by your programs to enable additii@ta
ing.

-e ’command’
Executesommandas one line of Ruby source. Severals are allowed, and the
commands are treated as multiple lines in the same progfaprogramfileis
omitted when-e is present, execution stops after the commands have been
run.

-F pattern
Specifies the input field separatdr;§ used as the default farplit () (affects
-a).

-h, --help
Displays a short help screen.

-1 directories
Specifies directories to be prependedsi@AD_PATH ($:). Multiple -I options
may be present, and multiple directories may appear foligweiach-I. Directo-
ries are separated by a “:” on Unix-like systems and by a “;'DddS/Windows
systems.

-i [exztension]
Edits ARGV files in place. For each file named ARGV, anything you write to
standard output will be saved back as the contents of thatfiEackup copy of
the file will be made ifextensions supplied.

% ruby -pi.bak -e "gsub(/Perl/, ’Ruby’)" *.txt

-K kcode
Specifies the code set to be used. This option is useful maimgn Ruby is used
for Japanese-language processkapdemay be one of: e, E for EUC; s, S for
SJIS; u, U for UTF-8; or a, A, n, N for ASCII.



Copyright 2006 Addison Wesley Longman, Inc t‘j
COMMAND-LINE ARGUMENTS < 123 —P

-1 Enables automatic line-ending processing; $at$o the value of$/ and chops
every input line automatically.

-n Assumesthile gets; ...; end”loop around your program. For example, a
simplegrep command might be implemented as:

% ruby -n -e "print if /wombat/" *.txt

-p Places your program code within the loofh'ile gets; ...; print; end.
% ruby -p -e "$_.downcase!" *.txt

-r library
requires the named library before executing.

-S Looks for the program file usingUBYPATH or PATH environment variable.

-s Any command line switches found after the program filenanu, before any
filename arguments or before-a, are removed fromARGV and set to a global
variable named for the switch. In the following example, ¢fiect of this would
be to set the variablgopt t0 “electric”.

% ruby -s prog -opt=electric ./mydata

-T[level]
Sets the safe level, which among other things enablesngictiecks (see page
221). Sets$SAFE.

-v, --verbose
Enables verbose mode and print the version number. In verhode, compilation
warnings are printed. If no program filename appears on thermand line, Ruby
exits.

--version
Displays the Ruby version number and exits.

-w Enables verbose mode. Unlike, reads program from standard input if no pro-
gram files are present on the command line. We recommendnwiyour Ruby
programs with-w.

-X directory
Changes working directory tirectorybefore executing. Same as directory.

-x [directory]
Strips off text beforet! ruby line and changes working directory directory if
given.

-y, --yydebug
Enables yacc debugging in the parégaaay too much information)

ARGV

Any command-line arguments after the program filename aaéadole to your Ruby
program in the global arradRGV. For instance, invoking Ruby as

% ruby -w ptest "Hello World" al 1.6180
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yields anARGV array containing{"Hello World", al, 1.6180]. There's a gotcha
here for all you C programmersaARGV [0] is the first argument to the program, not the
program name. The name of the current program is availaliteiglobal variabl&o.

Program Termination

The methodkernel#exit terminates your program, returning a status value to the
operating system. However, unlike some languagest doesn't just terminate the
program immediatel\Kernel#exit first raises @ystemExit exception, which you
may catch, and then performs a number of cleanup actiorggdimg running any reg-
isteredat_exit methods and object finalizers. See the referenc&éanel#exit
beginning on pagé44for details.

Environment Variables

You can access operating system environment variableg tistnpredefined variable
ENV. It responds to the same methodsiash.?

The values of some environment variables are read by Rubw vifiest starts. These
variables modify the behavior of the interpreter, as shawiable13.10n the next

page.

Writing to Environment Variables

A Ruby program may write to th&NV object, which on most systems changes the
values of the corresponding environment variables. Howévis change is local to the
process that makes it and to any subsequently spawned cbddgses. This inheritance
of environmentvariables is illustrated in the code thdbfek. A subprocess changes an
environment variable and this change is seen in a procesk than starts. However,
the change is not visible to the original parent. (This justgto prove that parents
never really know what their children are doing.)

puts "In parent, term = #{ENV[’TERM’]}"
fork do
puts "Start of child 1, term = #{ENV[’TERM’]}"
ENV[’TERM’] = "ansi"
fork do
puts "Start of child 2, term = #{ENV[’TERM’]}"
end
Process.wait
puts "End of child 1, term = #{ENV[’TERM’]}"
end
Process.wait
puts "Back in parent, term = #{ENV[’TERM’]}"

2. ENVis not actually a hash, but if you need to, you can convertdt &@Hash usingENV#to_hash.
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Table 13.1. Environment variables used by Ruby

Variable Name Description

RUBYOPT Additional command-line options to Ruby; examined aftal re
command-line options are parseg$ AFE must be 0).

RUBYLIB Additional search path for Ruby progran$sAFE must be 0).

RUBYPATH With -8 option, search path for Ruby programs (defaults to
PATH).

RUBYSHELL Shell to use when spawning a process; if not set, will alsakche

SHELL or COMSPEC.
DLN_LIBRARY_PATH Search path for dynamically loaded modules.
RUBYLIB_PREFIX (Windows only) Mangle the RUBYLIB search path by adding
this prefix to each component.

produces:

In parent, term = dumb
Start of child 1, term = dumb
Start of child 2, term = i
End of child 1, term = ansi
Back in parent, term = dumb

Where Ruby Finds Its Modules

You userequire or load to bring a library module into your Ruby program. Some
of these modules are supplied with Ruby, some you instalffetti® Ruby Application
Archive, and some you wrote yourself. How does Ruby find them?

When Ruby is built for your particular machine, it predefiaeset of standard directo-
ries to hold library stuff. Where these are depends on théimadn question. You can
determine this from the command line with something like:

% ruby -e ’puts $:’
On a typical Linux box, you'll probably find something such as

/usr/local/lib/ruby/site_ruby/1.6/i686-1inux
/usr/local/lib/ruby/site_ruby/1.6
/usr/local/lib/ruby/site_ruby
/usr/local/lib/ruby/1.6/i686-1inux
/usr/local/lib/ruby/1.6

The site_ruby directories are intended to hold modules and extensiorig/theve
added. The architecture-dependent directotiés§-1inux in this case) hold executa-
bles and other things specific to this particular machinkthse directories are auto-
matically included in Ruby’s search for modules.

Sometimes this isn’t enough. Perhaps you're working ongelaroject written in Ruby,
and you and your colleagues have built a substantial liboARuby code. You want
everyone on the team to have access to all of this code. Yaudeawuple of options to
accomplish this. If your program runs at a safe level of zee® (Chapte20 beginning
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on page221), you can set the environment varialBf@BYLIB to a list of one or more
directories to be searchédf your program is nosetuid you can use the command-line
parameterI to do the same thing.

Finally, the Ruby variabl@: is an array of places to search for loaded files. This vari-
able is initialized to the list of standard directories,gany additional ones you spec-
ified usingRUBYLIB and -I. You can always add additional directories to this array
from within your running program.

Build Environment

When Ruby is compiled for a particular architecture, allhef televant settings used to
build it (including the architecture of the machine on whictvas compiled, compiler
options, source code directory, and so on) are written totb@éuleConf ig within the
library file “rbconfig.rb”. After installation, any Ruby program can use this module
to get details on how Ruby was compiled.

require "rbconfig.rb"

include Config

CONFIG["host"] —  "ibB86-alt-linux-gnu"
CONFIG["LDFLAGS"] — " -rdynamic -W1,-export-dynamic"

Extension libraries use this configuration file in order tonpdle and link properly on
any given architecture. See Chapiérbeginning on pagé43, and the reference for
mkmf beginning on pag876for details.

3.  The separator between entries depends on your platfamMnadows, it's a semicolon; for Unix, a
colon.
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Ruby and the Web

Ruby is no stranger to the Internet. Not only can you writengwn SMTP server, FTP
daemon, or Web server in Ruby, but you can also use Ruby foe mnswral tasks such
as CGI programming or as a replacement for PHP.

Writing CGI Scripts

You can use Ruby to write CGI scripts quite easily. To have byRacript generate
HTML output, all you need is

#!/usr/bin/env ruby

print "HTTP/1.0 200 OK\r\n"

print "Content-type: text/html\r\n\r\n"

print "<html><body>Hello World!</body></html>\r\n"

You could use Ruby’s regular expression features to parse incomiegygstrings,
look up environment variables, check tags, substituteméatemplates, escape special
characters, format up the HTML, and print it all out.

Or, you could use classGI.

Using cgi.rb

ClassCGI provides support for writing CGI scripts. With it, you can miaulate forms,
cookies, and the environment, maintain stateful sessarsso on. It's documented in
full in the reference section beginning on patfel but we'll take a quick look at its
capabilities here.

Quoting

When dealing with URLs and HTML code, you must be careful totgicertain char-
acters. For instance, a slash character (“/”) has speciahing in a URL, so it must
be “escaped” if it's not part of the path name. That is, anyitf the query portion of
the URL will be translated to the string/2F " and must be translated back to a “/”
for you to use it. Space and ampersand are also special tdaato handle this;GI
provides the routine8GI . escape andCGI.unescape:

« 127 >
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require ’cgi’

puts CGI.escape( "Nicholas Payton/Trumpet & Flugel Horn" )
produces:

Nicholas+Payton)2FTrumpet+%26+Flugel+Horn

Similarly, you may want to escape HTML special characters:
require ’cgi’
puts CGI.escapeHTML( ’<a href="/mp3">Click Here</a>’ )
produces:
&lt;a href=&quot;/mp3&quot;&gt;Click Here&lt;/a&gt;

To get really fancy, you can decide to escape only certainehs within a string:
require ’cgi’
puts CGI.escapeElement (’<hr><a href="/mp3">Click Here</a><br>’,’A’)
produces:
<hr>&lt;a href=&quot;/mp3&quot;&gt;Click Here&lt;/a&gt;<br>

Here only the A” tag is escaped; other tags are left alone. Each of theseoaetas
an “un-" version to restore the original string.

Forms

Using clas$GI gives you access to HTML query parameters in two ways. Sugpwes
are given a URL of/cgi-bin/lookup?player=Miles’20Davis&year=1958. You
can access the parametepd 4yer” and “year” using CGI#[] directly:

require ’cgi’

cgi = CGI.new

cgil’player’] — "Miles Davis"

cgil’year’] —  "1958"

Or, you can retrieve all parameters d$ash:

require ’cgi’

cgi = CGI.new

h = cgi.params

h[’player’] — ["Miles Davis"]

Creating Forms and HTML

CGI contains a huge number of methods used to create HTML—onleatigter tag.
In order to enable these methods, you must creatéIaobject by callingCGI .new,
passing in the required level of HTML. For these exampled] wge “html3”.

To make tag nesting easier, these methods take their cageoide blocks. The code
blocks should return &tring, which will be used as the content for the tag. For this
example, we've added some gratuitous newlines to make tipeitiit on the page.

require "cgi"

cgi = CGI.new("html3") # add HTML generation methods

cgi.out{

cgi.html{
cgi.head{ "\n"+cgi.title{"This Is a Test"} } +
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cgi.body{ "\n"+
cgi.form{"\n"+
cgi.hr +
cgi.hl { "A Form: " } + "\n"+
cgi.textarea("get_text") +"\n"+
cgi.br +
cgi.submit
}
}
}
}

produces:

Content-Type: text/html
Content-Length: 302

<!DOCTYPE HTML PUBLIC "-//W3C//DTD HTML 3.2 Final//EN"><HTML><HEAD>
<TITLE>This Is a Test</TITLE></HEAD><BODY>

<FORM METHOD="post" ENCTYPE="application/x-www-form-urlencoded">
<HR><H1>A Form: </H1>

<TEXTAREA NAME="get_text" ROWS="10" COLS="70"></TEXTAREA>
<BR><INPUT TYPE="submit"></FORM></BODY></HTML>

This code will produce an HTML form titled “This Is a Test,"lfowed by a horizontal
rule, a level-one header, a test input area, and finally a gudutton. When the submit
comes back, you'll have a CGIl parameter namgelt* text” containing the text the
user entered.

Cookies

You can store all kinds of interesting stuff on an unsuspecsiurfer's machine using
cookies You can create a named cookie object and store a numberudsval it. To
send it down to the browser, set a “cookie” header in the oa@GT #out.

require "cgi"
cookie = CGI::Cookie.new("rubyweb", "CustID=123", "Part=ABC");
cgi = CGI.new("html3")
cgi.out( "cookie" => [cookie] ){

cgi.html{

"\nHTML content here"

}

}

produces:

Content-Type: text/html
Content-Length: 86
Set-Cookie: rubyweb=CustID%3D123&Part%3DABC; path=

<!DOCTYPE HTML PUBLIC "-//W3C//DTD HTML 3.2 Final//EN"><HTML>
HTML content here</HTML>

The next time the user comes back to this page, you can rethevcookie values for
CustID andPart, as shown in the HTML output.

require "cgi"
cgi = CGI.new("html3")
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cgi.out{
cgi.html{
cgi.pre{
cookie = cgi.cookies["rubyweb"]
"\nCookies are\n" + cookie.value.join("\n")
}
}
}

produces:

Content-Type: text/html
Content-Length: 111

<!DOCTYPE HTML PUBLIC "-//W3C//DTD HTML 3.2 Final//EN"><HTML><PRE>
Cookies are

CustID=123

Part=ABC</PRE></HTML>

Sessions

Cookies by themselves still need a bit of work to be usefulatVie really want is aes-
sion: a persistent state for some Web surfer. Sessions are hamithetzI : : Session

(documented beginning on pag&9, which uses cookies but provides a higher-level

abstraction.

require "cgi"
require "cgi/session"
cgi = CGI.new("html3")
sess = CGI::Session.new( cgi, "session_key" => "rubyweb",
"session_id" => "9650",
"new_session" => true,
"prefix" => "web-session.")
sess["CustID"] = 123
sess["Part"] = "ABC"
cgi.out{
cgi.html{
"\nHTML content here"
}
}

This will send a cookie to the user named “rubyweb” with a eadfi 9650. It will also
create a disk file IrBTMP/web-session.9650 with the key, valuepairs forCustID
andPart.

When the user returns, all you need is a parameter to indibatsession id. In this

example, that would beubyweb=9650. With that value in the parameters, you'll be

able to retrieve the full set of saved session data.

require "cgi"

require "cgi/session"

cgi = CGI.new("html3")

sess = CGI::Session.new( cgi, "session_key" => "rubyweb",
"prefix" => "web-session.")

cgi.out{
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cgi.html{
"\nCustomer #{sess[’CustID’]} orders an #{sess[’Part’]}"
}
}

Embedding Ruby in HTML

So far we've looked at using Ruby to create HTML output, butar turn the problem
inside out; we can actually embed Ruby in an HTML document.

There are a number of packages that allow you to embed Rutnstats in some
other sort of a document, especially in an HTML page. Gea#yicthis is known as
“eRuby.” Specifically, there are several different implenaions of eRuby, including
eruby anderb. The remainder of this section will discussuby, written by Shugo
Maeda.

Embedding Ruby in HTML is a very powerful concept—it badiggives us the equiv-
alent of a tool such as ASP, JSP, or PHP, but with the full p@#&uby.

Using eruby

eruby acts as a filter, plain and simple. Any text within the inpw i§ passed through
untouched, with the following exceptions:

Expression Description

<% ruby codey> The Ruby code between the delimiters is replaced with its
output.

<%= ruby expressioft> The Ruby expression between the delimiters is replaced with
its value.

<%# ruby code,> The Ruby code between the delimiters is ignored (useful for
testing).

You invokeeruby as:

eruby [ options ] [ document ]

If the documenis omitted,eruby will read from standard input. The command-line
options foreruby are shown in Tablé4.1on the next page.

Let’s look at some simple examples. We'll run teeuby executable on the following
input.

This text is <% a = 100; puts "#{al}) Live!" >
eruby substitutes the expression between the delimiters andipesd

This text is 100% Live!

Using the <%= form acts as if you printed the value of the esgian. For instance, the
input

<%a = 100%>This text is almost <)=a)> degrees! Cool!
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Table 14.1. Command-line options for eruby

Option Description

-d, --debug Sets $DEBUG tarue.

-Kkcode Specifies an alternate coding system (see j2¢e
-Mmode Specifies runtimenode one of:

£ filter mode

¢ CGI mode (prints errors as HTML, sets $SAFE=1)

n NPH-CGI mode (prints extra HTTP headers, sets $SAFE=1)
-n, --noheader Disables CGI header output.
-v, --verbose  Enables verbose mode.
--version Prints version information and exits.

replaces thea with the value ofa.

This text is almost 100 degrees! Cool!

And, of course, you can embed Ruby within a more complex decurtype, such as
HTML.

<!DOCTYPE HTML PUBLIC "-//W3C//DTD HTML 4.01//EN">

<html>

<head>

<title>eruby example</title>

</head>

<body>

<h1>Enumeration</hi1>

<ul>

<%(1..10) .each dolil%>
<li>number <%=i%></1i>

<%hend%>

</ul>

<h1>Environment variables</hi1>

<table>

<%ENV.keys.sort.each do |key|%>
<tr>

<th><Y=key%></th><td><}=ENV [keyl%></td>

</tr>

<%hend%>

</table>

</body>

</html>

Installing eruby in Apache

You can set up an Apache Web server to automatically parsg-Buibedded docu-
ments using eRuby, much in the same way that PHP does. Yoie ¢dkey-embedded
files with an “. rhtml” suffix and configure the Web server to run theaby executable
on these documents to produce the desired HTML output.

In order to usesruby with the Apache Web server, you need to perform the following
steps.
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e Copy theeruby binary to thecgi-bin directory.

e Add the following two lines thttpd. conf:

AddType application/x-httpd-eruby .rhtml
Action application/x-httpd-eruby /cgi-bin/eruby

e If desired, you can also add or replace the-ectoryIndex directive such that
it includesindex.rhtml. This lets you use Ruby to create directory listings for
directories that do not contain amdex.html. For instance, the following direc-
tive would cause the embedded Ruby sctifdex . rhtml to be searched for and
served if neithetindex .html nor index . shtml existed in a directory.

DirectoryIndex index.html index.shtml index.rhtml

Of course, you could also simply use a site-wide Ruby sceptell.

DirectoryIndex index.html index.shtml /cgi-bin/index.rb

And that's it! You can now write HTML documents that contaimizedded Ruby to
generate forms and content dynamically. Be sure to see laés®utbyCGI library,
which is documented beginning on page4

Improving Performance

You can use Ruby to write CGI programs for the Web, but, as mibist CGI programs,
the default configuration has to start up a new copy of Rubk witery cgi-bin page
access. That's expensive in terms of machine utilizatioth @an be painfully slow
for Web surfers. The Apache Web server solves this probleralloying loadable
modules

Typically, these modules are dynamically loaded and beqguamieof the running Web
server process—there is no need to spawn another intarpreteand over again to
service requests; the Web serigthe interpreter.

And so we come taod_ruby (available from the archives), an Apache module that
links a full Ruby interpreter into the Apache Web serveiitSéhe README file included
with mod_ruby provides details on how to compile and install it.

Once installed and configured, you can run Ruby scripts jkstylou could without
mod_ruby, except that now they will come up much faster.
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Chapter 15

Ruby Tk

The Ruby Application Archive contains several extensidreg provide Ruby with a
graphical user interface (GUI), including extensions fat/Tk, GTK, OpenGL, and
others.

The Tk extension is bundled in the main distribution and wook both Unix and
Windows systems. To use it, you need to have Tk installed am ggstem. Tk is a
large system, and entire books have been written about Weswon’t waste time or
resources by delving too deeply into Tk itself, but insteadaentrate on how to access
Tk features from Ruby. You'll need one of these referencekbamorder to use Tk with
Ruby effectively. The binding we use is closest to the Peartiltig, so you probably
want to get a copy afearning Perl/TK\Val99 or Perl/Tk Pocket Referengeid98d].

Tk works along a composition model—that is, you start off lbgating a container
widget (such as @&kFrame or TkRoot) and then create the widgets that populate it, such
as buttons or labels. When you are ready to start the GUI, jnkeTk .mainloop.
The Tk engine then takes control of the program, displayiidpets and calling your
code in response to GUI events.

Simple Tk Application

A simple Tk application in Ruby might look something likeghi

require ’tk’
root = TkRoot.new { title "Ex1" } Ex1
TkLabel.new(root) {

I
text ’Hello, World!’ ), el
pack { padx 15 ; pady 15; side ’left’ }

}

Tk.mainloop

Let’s look at the code a little more closely. After loadingtive tk extension module,
we create a root-level frame usifigRoot . new. We then make a label widget as a child
of the root frame, setting several options for the labelalfjnwe pack the root frame
and enter the main GUI event loop.

It's a good habit to specify the root explicitly, but you cduéave it out—along with
the extra options—and boil this down to a three-liner:
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require ’tk’
TkLabel.new { text ’Hello, World!’ }
Tk.mainloop

That's all there is to it! Armed with one of the Perl/Tk booke veference at the start of
this chapter, you can now produce all the sophisticated @tlisneed. But then again,
if you'd like to stick around for some more details, here theyne.

Widgets

Creating widgets is easy. Take the name of the widget as givibie Tk documentation
and add &k to the front of it. For instance, the widgets Label, Buttond &ntry
become the class&Label, TkButton, andTkEntry. You create an instance of a
widget usingnew, just as you would any other object. If you don't specify agpdifor

a given widget, it will default to the root-level frame. Weuadly want to specify the
parent of a given widget, along with many other options—gdize, and so on. We
also need to be able to get information back from our widgdidenour program is
running by setting up callbacks and sharing data.

Setting Widget Options

If you look at a Tk reference manual (the one written for Fids|for example), you'll
notice that options for widgets are usually listed with a lgp—as a command-line
option might be. In Perl/Tk, options are passed to a widgetHash. You can do that
in Ruby as well, but you can also pass options using a code&blbe name of the
option is used as a method name within the block and argunteethie option appear
as arguments to the method call. Widgets take a parent agsharfjument, followed
by an optional hash of options or the code block of optionaisTlthe following two
forms are equivalent.

TkLabel.new(parent_widget) {

text ’Hello, World!’
pack(’padx’ => 5,
’pady’ => 5,
’side’ => ’left’)
}
# or

TkLabel.new(parent_widget, text => ’Hello, World!’).pack(...)

One small caution when using the code block form: the scopaudbles is not what
you think it is. The block is actually evaluated in the contekthe widget’s object,
not the caller’s. This means that the caller’s instanceabées will not be available in
the block, but local variables from the enclosing scope daldals (not that you ever
usethosg will be. We'll show option passing using both methods in éxamples that
follow.

Distances (as in thpadx andpady options in these examples) are assumed to be in
pixels, but may be specified in different units using one efdffixes ¢” (centimeter),

“i” (inch), “m

(millimeter), or “p” (point).
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Getting Widget Data

We can get information back from widgets with callbacks apdinding variables.

Callbacks are very easy to set up. Tdvamand option (shown in th&@kButton call in
the example that follows) takesPaoc object, which will be called when the callback
fires. Here we uskernel . proc to convert the{exit} block to aProc.

TkButton.new(bottom) {
text "Ok"
command proc { p mycheck.value; exit }
pack(’side’=>’left’, ’padx’=>10, ’pady’=>10)
}

We can also bind a Ruby variable to a Tk widget’s value usiig\&ariable proxy.
We show this in the following example. Notice how tfikCheckButton is set up;
the documentation says that theriable option takes avar referenceas an argu-
ment. For this, we create a Tk variable reference uSiifariable.new. Accessing
mycheck.value will return the string 0” or “ 1” depending on whether the checkbox
is checked. You can use the same mechanism for anythinghpbgs a var reference,
such as radio buttons and text fields.

mycheck = TkVariable.new

TkCheckButton.new(top) {

variable mycheck

pack(’padx’=>5, ’pady’=>5, ’side’ => ’left’)
}

Setting/Getting Options Dynamically

In addition to setting a widget's options when it's creatgal) can reconfigure a widget
while it's running. Every widget supports thenfigure method, which takes Bash

or a code block in the same mannemnas. We can modify the first example to change
the label text in response to a button press:

1bl = TkLabel.new(top) { justify ’center’
text ’Hello, World!’;
pack(’padx’=>5, ’pady’=>5, ’side’ => ’top’) }
TkButton.new(top) {
text "Cancel"
command proc { 1lbl.configure(’text’=>"Goodbye, Cruel World!") }
pack(’side’=>’right’, ’padx’=>10, ’pady’=>10)
}

Now when theCancel button is pressed, the text in the label will change immedijat
from “Hello, World!”to “Goodbye, Cruel World!”

You can also query widgets for particular option values gisiget:
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Chapter 16

Ruby and Microsoft Windows

Ruby is written for POSIX environments, which means thaait take advantage of all
of the system calls and libraries that Unix programmersamalfar with.

But there are a number of features and extensions desigmeake Ruby more useful
in a Microsoft Windows environment, too. In this chapter,lileok at these features
and share some secrets to using Ruby effectively under \Wis.do

Ruby Ports

Windows does not provide a POSIX environment by itself, smessort of emula-
tion library is required in order to provide the necessanmyctions. There are several
ports of Ruby for Windows: the most commonly used one relieshe GNU Win32
environment, and is called the “cygwin32” port. The cygwari®ort works well with
extension libraries, and is available on the Web as a preitedipinary. Another port,
“mswin32,” does not rely on cygwin. It is currently availatds source code only. The
remainder of this chapter will refer to the cygwin32 port.

Running Ruby Under Windows

There are two executables provided with the cygwin32 Rubyridution: ruby . exe
andrubyw . exe.

ruby.exe is meant to be used at a command prompt (a DOS shell), justths ldnix
version. For applications that read and write to the stathithg@ut and output, this is fine.
But that also means that anytime you ttitby . exe, you'll get a DOS shell even if you
don’t want one—Windows will create a new command prompt winénd display it
while Ruby is running. This might not be appropriate behaifiofor example, you
double-click on a Ruby script that uses a graphical interfsach as Tk), or if you are
running a Ruby script as a background task, or from insidéhemngrogram.

In these cases, you'll want to usebyw . exe. It is the same asuby . exe except that
it does not provide standard in, standard out, or standaod, @nd does not launch a
DOS shell when run.
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You can set a file associatibso that files with the extension #b” will automatically
userubyw.exe. By doing this, you can double-click on Ruby scripts and thaly
simply run without popping up a DOS shell.

Win32API

If you plan on doing Ruby programming that needs to acces®34indows 32 API
functions directly, or to use the entry points in some othet & we've got good news
for you—theWin32API extension.

Thewin32API module is documented beginning on pad@s, but here’s a quick peek
at how it works.

You create alin32API object that represents a call to a particular DLL entry pbint
specifying the name of the function, the name of the DLL ttattains the function,
and the function signature (argument types and return tylie resulting object can
then be used to make the function call.

Many of the arguments to DLL functions are binary structufesome formiWwin32APT
handles this by using Rul8tring objects to pass the binary data back and forth. You
will need to pack and unpack these strings as necessanh@egample on page3).

Windows Automation

If groveling around in the low-level Windows API doesn't énést you, Windows
automation might—you can use Ruby as a client for WindowsoAustion thanks to
a Ruby extension calledIN320LE, written by Masaki Suketa. The examples in this
section are taken from those provided in WI&1320LE distribution.

Windows automation allows an automation controller (ant)i¢o issue commands and
gueries against an automation server, such as MicrosoélPword, PowerPoint, and
so on.

You can execute a method of an automation server by callingtaod of the same
name from aWIN320LE object. For instance, you can create a n&il320LE client
that launches a fresh copy of Internet Explorer and commiatasisit the home page.

ie = WIN320LE.new(’InternetExplorer.Application’)
ie.visible = true
ie.gohome

Methods that aren’t known WIN320LE (such asrisible or gohome) are passed on to

the WIN320LE#invoke method, which sends the proper commands to the server. The
WIN320LE reference beginning on padg€1describes the class in detail, but we'll go
over a few of its features here.

1. UsingView/Options/File types from Explorer.
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Getting and Setting Properties

You can set and gegtropertiesfrom the server using normal Ruby hash notation. For
example, to set thRotation property in an Excel chart, you might write

excel = WIN320LE.new("excel.application")
excelchart = excel.Charts.Add()

excelchart[’Rotation’] = 45
puts excelchart[’Rotation’]

An OLE object's parameters are automatically set up asbates of theWwIN320LE
object. This means that you can set a parameter by assignargdbject attribute.

excelchart.rotation = 45
r = excelchart.rotation

Because these attributes are conventional Ruby accessionaseattribute names can-
not start with a capital letter. In this example, we have te tstation instead of
Rotation.

Named Arguments

Other automation client languages such as Visual Basic tlteveoncept ohamed
argumentsSuppose you had a Visual Basic routine with the signature:

Song(artist, title, length): rem Visual Basic

Instead of calling it with all three arguments in the ordexdfied, you could use named
arguments.

Song title := ’Get It Omn’: rem Visual Basic
This is equivalent to the caffong (nil, ’Get It On’, nil).

In Ruby, you can use this feature by passing a hash with thedamguments.

Song.new( ’title’ => ’Get It On’ )

for each

Where Visual Basic has a “for each” statement to iterate avasllection of items in
a server, &IN320LE object has arach method (which takes a block) to accomplish
the same thing.

An Example

The following example, using Microsoft Excel, illustrate®st of these concepts. First,
we create a newIN320LE object attached to Excel and set some cell values. Next we
select a range of cells and create a chart. We setithe property in theexcelchart
object to make it a 3D chart. Next we'll loop through and chaitige chart rotation,0°

at a time. We'll add a few charts, and we’ll usech to step through and print them
out. Finally, we'll close down the Excel application andtexi

require ’win32ole’



Copyright 2006 Addison Wesley Longman, Inc
142 P CHAPTER 16. RUBY AND MICROSOFT WINDOWS

# -4100 is the value for the Excel constant x13DColumn.
ChartTypeVal = -4100;

# Creates OLE object to Excel
excel = WIN320LE.new("excel.application")
# Create and rotate the chart
excel[’Visible’] = TRUE;

workbook = excel.Workbooks.Add();
excel.Range("al") [’Value’] 3;
excel.Range("a2") [’Value’] = 2;
excel.Range("a3") [’Value’] 1;
excel.Range("al:a3").Select();
excelchart = workbook.Charts.Add();
excelchart[’Type’] = ChartTypeVal;

30.step(180, 10) do |rot]
excelchart[’Rotation’] = rot

end

excelchart2 = workbook.Charts.Add();
excelchart3 = workbook.Charts.Add();
charts = workbook.Charts
charts.each { |il puts i }
excel.ActiveWorkbook.Close(0);
excel.Quit();

Optimizing
As with most (if not all) high-level languages, it can be albteasy to churn out code
that is unbearably slow, but that can be easily fixed withtke lihought.

With WIN320LE, you need to be careful with unnecessary dynamic lookup&réhos-
sible, it is better to assign#IN320LE object to a variable and then reference elements

from it, rather than creating a long chain of “.” expressions

For example, instead of writing

workbook.Worksheets (1) .Range("A1") .value =
workbook.Worksheets (1) .Range("A2") .value =
workbook.Worksheets (1) .Range("A3") .value =
workbook.Worksheets (1) .Range("A4") .value =

o PN =

we can eliminate the common subexpressions by saving thedirsof the expression
to a temporary variable and then make calls from that vagiabl

worksheet = workbook.Worksheets(1)

worksheet.Range ("A1") .value = 1
worksheet.Range ("A2") .value = 2
worksheet.Range ("A3") .value = 4
worksheet.Range ("A4") .value = 8
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Extending Ruby

It is easy to extend Ruby with new features by writing code bR Once you start
adding in low-level code written in C, however, the posdiiei are endless.

Extending Ruby with C is pretty easy. For instance, suppasan building a custom
Internet-ready jukebox for the Sunset Diner and Grill. Il piay MP3 audio files from
a hard disk or audio CDs from a CD jukebox. We want to be ableirol the jukebox
hardware from a Ruby program. The hardware vendor gave usea@eh file and a
binary library to use; our job is to construct a Ruby objeeit tmakes the appropriate
C function calls.

But before we can get Ruby and C to work together, we need taveae the Ruby
world looks like from the C sidé.

Ruby Objects in C

The first thing we need to look at is how to represent and adRebyg datatypes from
within C. Everything in Ruby is an object, and all variables eeferences to objects.
In C, this means that the type of all Ruby variablegASUE, which is either a pointer
to a Ruby object or an immediate value (suchrfsnum).

This is how Ruby implements object-oriented code in C: a Raffjgct is an allocated
structure in memory that contains a table of instance viesadnd information about
the class. The class itself is another object (an allocatiedtsre in memory) that
contains a table of the methods defined for that class. Oridhigdation hangs all of
Ruby.

VALUE as a Pointer

WhenVALUE is a pointer, it is a pointer to one of the defined Ruby objecicstires—
you can't have &/ALUE that points to an arbitrary structure. The structures fahea

1. Much of the information in this chapter is taken from ®EADME.EXT file that is included in the
distribution. If you are planning on writing a Ruby extensigyou may want to refer to that file for more
details as well as the latest changes.
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built-in class are defined infiby . h” and are name#@Classnameas inRString and
RArray.

You can check to see what type of structure is used for a péaticALUE in a number

of ways. The macr@YPE (obj) will return a constant representing the C type of the
given object:T_0OBJECT, T_STRING, and so on. Constants for the built-in classes are
defined in ruby.h”". Note that thetypewe are referring to here is an implementation
detail—it is not the same as the class of an object.

If you want to ensure that a value pointer points to a paicstructure, you can use
the macraCheck_Type, which will raise aTypeError exception ifvalueis not of the
expectedype(which is one of the constants STRING, T_FLOAT, and so on):

Check_Type (VALUE walue, int type)

If speed is an issue, there are faster macros that checkispbgifor the immediate
valuesFixnum andnil.

FIXNUM_P(value) — non-zero if value is a Fixnum
NIL_P(wvalue) — non-zero if value is nil
RTEST (value) — non-zero if value is neither nil nor false

Again, note that we are talking about “type” as the C struethat represents a partic-
ular built-in type. The class of an object is a different lhesairely. The class objects
for the built-in classes are stored in C global variables eduab_cClassnaméfor
instancerb_cObject); modules are nametb_mModulename

It wouldn’t be advisable to mess with the data in these stinestdirectly, however—
you may look, but don’t touch unless you are fond of debuggérs should normally
use only the supplied C functions to manipulate Ruby datdl(ta&k more about this

in just a moment).

However, in the interests of efficiency you may need to dig ithtese structures to
obtain data. In order to dereference members of these Ctstese you have to cast
the generic/ALUE to the proper structure typeuby .h contains a number of macros
that perform the proper casting for you, allowing you to derence structure members
easily. These macros are nankzl ASSNAMEas inRSTRING or RARRAY. For example:

VALUE str, arr;

RSTRING(str)->len — length of the Ruby string
RSTRING(str)->ptr — pointer to string storage
RARRAY (arr)->len — length of the Ruby array
RARRAY (arr)->capa — capacity of the Ruby array
RARRAY (arr) ->ptr — pointer to array storage

VALUE as an Immediate Object

As we said above, immediate values are not pointeirshum, Symbol, true, false,
andnil are stored directly iWALUE.

Fixnum values are stored as 31-bit numbeiisat are formed by shifting the original

2. Or 63-bit on wider CPU architectures.
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number left 1 bit and then setting the least significant bitt@pto “1.” WhenVALUE is
used as a pointer to a specific Ruby structure, it is guardratipeays to have an LSB
of zero; the other immediate values also have LSBs of zeros;Tdsimple bit test can
tell you whether or not you haveFa xnum.

There are several useful conversion macros for numbers Bhsas®ther standard
datatypes shown in Tabler.1on pagel4?.

The other immediate valuesfue, false, andnil) are represented in C as the con-
stantsQtrue, Qfalse, andQnil, respectively. You can teStALUE variables against
these constants directly, or use the conversion macrosvd@rform the proper cast-

ing).

Writing Ruby in C

One of the joys of Ruby is that you can write Ruby programs alnairectly in C.
That is, you can use the same methods and the same logic, thuslightly different
syntax to accommodate C. For instance, here is a smally fadring test class written
in Ruby.

class Test
def initialize
Qarr = Array.new
end
def add(anObject)
Qarr.push(anObject)
end
end

The equivalent code in C should look somewhat familiar.

#include "ruby.h"

static VALUE t_init(VALUE self)
{
VALUE arr;
arr = rb_ary_new();
rb_iv_set(self, "Qarr", arr);
return self;
}
static VALUE t_add(VALUE self, VALUE anObject)
{
VALUE arr;
arr = rb_iv_get(self, "Qarr");
rb_ary_push(arr, anObject);
return arr;

}

VALUE cTest;

void Init_Test() {
cTest = rb_define_class("Test", rb_cObject);
rb_define_method(cTest, "initialize", t_init, 0);
rb_define_method(cTest, "add", t_add, 1);

}
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Let's go through this example in detail, as it illustrateswaf the important concepts
in this chapter. First off, we need to include the header fileb¥ .h” to obtain the
necessary definitions.

Now look at the last functioninit_Test. Every class or module defines a C global
function namedinit_Name This function will be called when the interpreter first
loads the extensioName(or on startup for statically linked extensions). It is used
initialize the extension and to insinuate it into the Rubyimmment. In this case, we
define a new class namé&ést, which is a subclass dibject (represented by the
external symbotb_cObject; see ‘ruby.h” for others).

Next we set uadd andinitialize as two instance methods for clagsst. The calls

to rb_define_method establish a binding between the Ruby method name and the C
function that will implement it, so a call to thedd method in Ruby will call the C
functiont_add with one argument.

Similarly, whennew is called for this class, Ruby will construct a basic objea then
call initialize, which we have defined here to call the C functiorinit with no
(Ruby) arguments.

Now go back and look at the definition bfhiitialize. Even though we said it took no
arguments, there’s a parameter here! In addition to any Rupyments, every method

is passed an initiaVALUE argument that contains the receiver for this method (the
equivalent ofself in Ruby code).

The first thing we’'ll do ininitialize is create a Ruby array and set the instance
variable@arr to point to it. Just as you would expect if you were writing Rource,
referencing an instance variable that doesn’t exist csaaite

Finally, the functiont _add gets the instance variabéarr from the current object and
calls Array#push to push the passed value onto that array. When accessirgaest
variables in this way, the-prefix is mandatory—otherwise the variable is created, but
cannot be referenced from Ruby.

Despite the extra, clunky syntax that C imposes, you'rewtiting in Ruby—you can
manipulate objects using all of the method calls you've coonlkenow and love, with
the added advantage of being able to craft tight, fast codmwieeded.

WARNING: Every C function that is callable from Rubgustreturn avALUE, even if
it's just Qnil. Otherwise, a core dump (or GPF) will be the likely result.

We can use the C version of the code in Ruby simplybyuire-ing it dynamically
at runtime (on most platforms).
require "code/ext/Test"

t = Test.new
t.add("Bill Chase")

Evaluating Ruby Expressions in C

If you are in the middle of some C code and you want to run artraryiRuby expres-
sion without writing a bunch of C, you can always use the Cigersf eval. Suppose
you have a collection of objects that need to have a flag adeare
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Table 17.1. C/Ruby datatype conversion functions and macros
C Datatypes to Ruby Objects:

INT2NUM(int) — Fixnumor Bignum
INT2FIX(int) — Fixnum(faster)
INT2NUM(longor int) — Fixnumor Bignum
INT2FIX(longor int) — Fixnum(faster)
CHR2FIX(char) — Fixnum
rb_str_new2¢har *) — String
rb_float_newgdouble — Float
Ruby Objects to C Datatypes:
int  NUM2INT(Numerig (Includes type check)
int  FIX2INT(Fixnum) (Faster)
unsigned int  NUM2UINTNumerig (Includes type check)
unsigned int  FIX2UINTEixnum (Includes type check)
long NUM2LONGNumeriQ (Includes type check)
long FIX2LONG(Fixnum (Faster)
unsigned long  NUM2ULONGY{umeriq (Includes type check)

char NUM2CHRNumericor String)  (Includes type check)
char* STR2CSTR%tring
char* rb_str2csti$tring, int *length) Returns length as well
double NUM2DBLNumerig

rb_eval_string("anObject.each{|x| x.clearFlag }");

If you just want to call a particular method (which is cheaibemeval-ing an entire
string) you can use

rb_funcall(receiver, method_id, argc, ...)

Full descriptions of these and other commonly used C funstiegin on pag&59.

Sharing Data Between Ruby and C

We've covered enough of the basics now to return to our jukelxample—interfacing
C code with Ruby and sharing data and behavior between thevtwds.

Directly Sharing Variables

Although you could maintain a C version of some variable glaith a separate Ruby
version of that variable, and struggle to keep the two in syihevould be much better
to share a variable directly between Ruby and C. You can diiat®l variables by

3. Aclear violation of theDRY-Don't Repeat Yourself—principle described in our bddie Pragmatic
Programmer{HT0Q].
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creating a Ruby object on the C side and then binding its addie a Ruby global
variable. In this case, the $ prefix is optional, but it helfgsify that this is a global
variable.

VALUE hardware_list;
hardware_list = rb_ary_new();
rb_define_variable("$hardware", &hardware_list);

rb_ary_push(hardware_list, rb_str_new2("DVD"));
rb_ary_push(hardware_list, rb_str_new2("CDPlayeri"));
rb_ary_push(hardware_list, rb_str_new2("CDPlayer2"));

The Ruby side can then access the C variabisiware_list as$hardware:
$hardware —  ["DVD", "CDPlayerl", "CDPlayer2"]

You can also creatBookedvariables that will call a specified function when the vari-
able is accessed, anittual variables that only call the hooks—no actual variable is
involved. See the API section that begins on pag&for detalils.

If you create a Ruby object from C and store it in a C globalatalgwithout export-
ing it to Ruby, you must at least tell the garbage collectardlbit, lest ye be reaped
inadvertently:

VALUE obj;
obj = rb_ary_new();
rb_global_variable(obj);

Wrapping C Structures

Now on to thereally fun stuff. We've got the vendor’s library that controls thed#
CD jukebox units, and we're ready to wire it into Ruby. The deris header file looks
like this:

typedef struct _cdjb {
int statusf;
int request;
void *data;
char pending;
int unit_id;
void *stats;
} CDJukebox;

// Allocate a new CDPlayer structure and bring it online
CDJukebox *CDPlayerNew(int unit_id);

// Deallocate when done (and take offline)
void CDPlayerDispose(CDJukebox *rec) ;

// Seek to a disc, track and notify progress
void CDPlayerSeek(CDJukebox *rec,
int disc,
int track,
void (*done) (CDJukebox *rec, int percent));
// ... others...
// Report a statistic
double CDPlayerAvgSeekTime (CDJukebox *rec);
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This vendor has its act together; while the vendor might datiait, the code is written
with an object-oriented flavor. We don’t know what all thosedds mean within the
CDJukeBox structure, but that's okay—we can treat it as an opaque pilte. The
vendor’s code knows what to do with it, we just have to cargritund.

Anytime you have a C-only structure that you would like to tieras a Ruby object,
you should wrap it in a special, internal Ruby class call&tdA (type T_DATA). There
are two macros to do this wrapping, and one to retrieve youcttre back out again.

API: C Datatype Wrapping

VALUE Data_Wrap_Struct(VALUE class, void (*mark) (),
void (*free) (), void *ptr)
Wraps the given C datatypsr, registers the two garbage collection
routines (see below), and returns a VALUE pointer to a gemRinby
object. The C type of the resulting objectTsDATA and its Ruby
class isclass

VALUE Data_Make_Struct(VALUE class, c-type, void (*mark) (),
void (*free) (), c-type *)
Allocates a structure of the indicated type first, then peoseas
Data_Wrap_Struct.c-typeis the name of the C datatype that you're
wrapping, not a variable of that type.

Data_Get_Struct (VALUE obj, c-type, c-type * )
Returns the original pointer. This macro is a type-safe weap
around the macrDATA_PTR (obj), which evaluates the pointer.

The object created lyata_Wrap_Struct is a normal Ruby object, except that it has
an additional C datatype that can’t be accessed from Rubyo@iscan see in Fig-
urel7.1on the next page, this C datatype is separate from any irestan@ables that
the object contains. But since it's a separate thing, howaloget rid of it when the
garbage collector claims this object? What if you have teasé some resource (close
some file, clean up some lock or IPC mechanism, and so on)?

In order to participate in Ruby’s mark-and-sweep garbadlectton process, you need
to define a routine to free your structure, and possibly ameub mark any references
from your structure to other structures. Both routines @keid pointer, a reference
to your structure. Thenark routine will be called by the garbage collector during its
“mark” phase. If your structure references other Ruby djeben your mark function
needs to identify these objects usinb_gc_mark (value). If the structure doesn'’t
reference other Ruby objects, you can simply gaas a function pointer.

When the object needs to be disposed of, the garbage collgitteall the free rou-
tine to free it. If you have allocated any memory yourselfr (flastance, by using
Data_Make_Struct), you'll need to pass a free function—even if it's just tharst
dard C library'sfree routine. For complex structures that you have allocatedy yo
free function may need to traverse the structure to fredalbtlocated memory.

First a simple example, without any special handling. Gisrenstructure definition
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( )
Figure 17.1. Wrapping objects around C datatypes
~|CDPIayer
C
aJukeboxl e—» .
@unit: 1 struct
~|CDPIayer
C
aJukebox2 e—» .
@unit: 2 struct
. J

typedef struct mp3info {
char *title;
char *artist;
int genre;

} MP3Info;

we can create a structure, populate it, and wrap it as antdbjec

MP3Info *p;
VALUE info;

p = ALLOC(MP3Info);
p->artist = "Maynard Ferguson";
p->title = "Chameleon";

info = Data_Wrap_Struct(cTest, 0, free, p);

info iS @aVALUE type, a genuine Ruby object of claBsst (represented in C by the
built-in typeT_DATA). You can push it onto an array, hold a reference to it in arabj
and so on. At some later point in the code, we may want to a¢héssstructure again,
given theVALUE:

VALUE doit(VALUE info)
MP3Info *p;
Data_Get_Struct(info, MP3Info, p);

p->artist — "Maynard Ferguson"
p->title — "Chameleon"

In order to follow convention, however, you may need a feweartbimgs: support for an
initialize method, and a “C-constructor.” If you were writing Ruby smiryou’d
allocate and initialize an object by callimgw. In C extensions, the corresponding call

4.  We cheat a bit in this example. OMP3Info structure has a couple @har pointers in it. In our
code we initialize them from two static strings. This medrat tve don’t have to free these strings when the
MP3Info structure is freed. If we'd allocated these strings dynaihjicwe’d have to write a free method to
dispose of them.
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isData_Make_Struct. However, although this allocates memory for the objedipés
notautomatically call arinitialize method; you need to do that yourself:

info = Data_Make_Struct(cTest, MP3Info, O, free, one);
rb_obj_call_init(info, argc, argv);

This has the benefit of allowing subclasses in Ruby to ovemidaugment the basic
initialize in your class. Withininitialize, it is allowable (but not necessar-
ily advisable) to alter the existing data pointer, which niyaccessed directly with
DATA_PTR(obj).

And finally, you may want to define a “C-constructor"—thatasglobally available C
function that will create the object in one convenient cétiu can use this function
within your own code or allow other extension libraries te s All of the built-in
classes support this idea with functions suchiasstr_new, rb_ary_new, and so on.
We can make our own:

VALUE mp3_info_new() {
VALUE info;
MP3Info *one;
info = Data_Make_Struct(cTest, MP3Info, 0O, free, one);

rb_obj_call_init(info, 0, 0);
return info;

An Example

Okay, now we're ready for a full-size example. Given our varglheader file above,
we write the following code.

#include "ruby.h"
#include "cdjukebox.h"

VALUE cCDPlayer;

static void cd_free(void *p) {
CDPlayerDispose(p) ;
}

static void progress(CDJukebox *rec, int percent)
{
if (rb_block_given_p()) {
if (percent > 100) percent = 100;
if (percent < 0) percent = 0;
rb_yield (INT2FIX(percent));
}
}

static VALUE
cd_seek (VALUE self, VALUE disc, VALUE track)
{
CDJukebox *ptr;
Data_Get_Struct(self, CDJukebox, ptr);
CDPlayerSeek(ptr,
NUM2INT(disc),
NUM2INT (track),
progress) ;
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return Qnil;

}

static VALUE
cd_seekTime (VALUE self)
{
double tm;
CDJukebox *ptr;
Data_Get_Struct(self, CDJukebox, ptr);
tm = CDPlayerAvgSeekTime (ptr) ;
return rb_float_new(tm);

}

static VALUE
cd_unit (VALUE self)
{
return rb_iv_get(self, "Qunit");

}

static VALUE

cd_init (VALUE self, VALUE unit)

{
rb_iv_set(self, "@unit", unit);
return self;

}

VALUE cd_new(VALUE class, VALUE unit)
{
VALUE argv([1];
CDJukebox *ptr = CDPlayerNew(NUM2INT (unit));
VALUE tdata = Data_Wrap_Struct(class, 0, cd_free, ptr);
argv[0] = unit;
rb_obj_call_init(tdata, 1, argv);
return tdata;

}

void Init_CDJukebox() {
cCDPlayer = rb_define_class("CDPlayer", rb_cObject);
rb_define_singleton_method(cCDPlayer, "new", cd_new, 1);
rb_define_method(cCDPlayer, "initialize", cd_init, 1);
rb_define_method(cCDPlayer, "seek", cd_seek, 2);
rb_define_method(cCDPlayer, "seekTime", cd_seekTime, 0);
rb_define_method(cCDPlayer, "unit", cd_unit, 0);

}

Now we have the ability to control our jukebox from Ruby in @eniobject-oriented

manner:

require "code/ext/CDJukebox"

p = CDPlayer.new(1)

puts "Unit is #{p.unitl}"

p.seek(3, 16) {lx| puts "#{x}) done" }
puts "Avg. time was #{p.seekTime} seconds"

produces:

Unit is 1
26% done
79% done
100% done
Avg. time was 1.2 seconds
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This example demonstrates most of what we've talked abdfatrswith one additional
neat feature. The vendor’s library provided a callbackirmit-a function pointer that
is called every so often while the hardware is grinding ity wathe next disc. We've
set that up here to run a code block passed as an argumeséitoln theprogress
function, we check to see if there is an iterator in the curoemtext and, if there is,
run it with the current percent done as an argument.

Memory Allocation

You may sometimes need to allocate memory in an extensignibit be used for
object storage—perhaps you've got a giant bitmap for a Blittem, or an image, or a
whole bunch of little structures that Ruby doesn’t use diyec

In order to work correctly with the garbage collector, yowsll use the following
memory allocation routines. These routines do a little renwork than the standard
malloc. Forinstance, iRLLOC_N determines that it cannot allocate the desired amount
of memory, it will invoke the garbage collector to try to raich some space. It will
raise aNoMemError if it can’t or if the requested amount of memory is invalid.

API: Memory Allocation

type * ALLOC_N(c-type, n)
Allocatesn c-typeobjects, where-typeis the literal name of the C
type, not a variable of that type.

type * ALLOC(c-type)
Allocates ac-typeand casts the result to a pointer of that type.

REALLOC_N(war, c-type, n)
Reallocates c-types and assigns the resultvar, a pointer to a-
type

type * ALLOCA_N(c-type, n)
Allocates memory fon objects ofc-typeon the stack—this memory
will be automatically freed when the function that involk&$.0CA_N
returns.

Creating an Extension

Having written the source code for an extension, we now neeawmpile it so Ruby
can use it. We can either do this as a shared object, whichriardigally loaded at
runtime, or statically link the extension into the main Rulgrpreter itself. The basic
procedure is the same:

e Create the C source code file(s) in a given directory.
e Createextconf.rb.
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e Runextconf.rbto create lakefile for the C files in this directory.
e Runmake.
e Runmake install.

Creating a Makefile with extconf.rb

Figurel7.2on the facing page shows the overall workflow when buildingxension.
The key to the whole process is thgtconf . rb program which you, as a developer,
create. Inextconf . rb, you write a simple program that determines what features ar
available on the user’'s system and where those features magchted. Executing
extconf . rb builds a customizeMakefile, tailored for both your application and the
system on which it's being compiled. When you run ti#ke command against this
Makefile, your extension is built and (optionally) installed.

The simplestxtconf .rb may be just two lines long, and for many extensions this is
sufficient.

require ’mkmf’
create_makefile("Test")

The first line brings in theknf library module (documented beginning on p&g&).
This contains all the commands we’ll be using. The secordieates Hakefile for
an extension called “Test.” (Note that “Test” is the namehaf éxtension; the makefile
will always be called “Makefile.”rest will be built from all the C source files in the
current directory.

Let’s say that we run thiextconf.rb program in a directory containing a single
source filemain.c. The result is akefile that will build our extension. On our
system, this contains the following commands.

gcc -fPIC -I/usr/local/lib/ruby/1.6/i686-1linux -g -02 \
-c main.c -o main.o
gcc -shared -o Test.so main.o -lc

The result of this compilation ifest.so, which may be dynamically linked into
Ruby at runtime with tequire”. See how thenkmf commands have located platform-
specific libraries and used compiler-specific options aatirally. Pretty neat, eh?

Although this basic program works for many simple extensjgrou may have to do
some more work if your extension needs header files or liesahat aren't included
in the default compilation environment, or if you conditaly compile code based on
the presence of libraries or functions.

A common requirement is to specify nonstandard directoxiesre include files and
libraries may be found. This is a two-step process. Firgiyg@tconf . rb should con-
tain one or morelir_config commands. This specifies a tag for a set of directories.
Then, when you run thextconf . rb program, you telihkmf where the corresponding
physical directories are on the current system.

If extconf.rb contains the linelir_config(name, then you give the location of
the corresponding directories with the command-line oy#tio
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Figure 17.2. Building an extension

| extconf.rb | - | mkmf

ruby extconf.rb

Produces

| Makefile |

*C | ----- - make - | libraries

Produces

| Test.so |

--with-name-include=directory
Add directoryinclude to the compile command.

--with-name-lib=directory
Add directory/1ib to the link command.

If (as is common) your include and library directories ar¢ghtsubdirectories of some
other directory, and (as is also common) they're calledlude andlib, you can take
a shortcut:

--with-name-dir=directory
Adddirectory1ib anddirectory'include to the link command and compile com-
mand, respectively.

There’s a twist here. As well as specifying all thesesith options when you run
extconf .rb, you can also use the-with options that were specified when Ruby was
built for your machine. This means you can find out the locetiof libraries that are
used by Ruby itself.

To make all this concrete, lets say you need to use librandsreclude files for the CD
jukebox we're developing. Yowxtconf . rb program might contain

require ’mkmf’
dir_config(’cdjukebox’)

# .. more stuff
create_makefile ("CDJukeBox")

You'd then runextconft . rb with something like:

% ruby extconf.rb --with-cdjukebox-dir=/usr/local/cdjb
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The generatedakefile would assume that the libraries were/imsr/local/cdjb/1ibl]
and the include files were ifusr/local/cdjb/include.

Thedir_configcommand adds to the list of places to search for librariesraoidde
files. It does not, however, link the libraries into your dpation. To do that, you'll
need to use one or mohkave_library or find_library commands.

have_library looks for a given entry point in a named library. If it finds teetry
point, it adds the library to the list of libraries to be uselden linking your extension.
find_library is similar, but allows you to specify a list of directoriesgearch for
the library.

require ’mkmf’

dir_config(’cdjukebox’)

have_library(’cdjb’, ’CDPlayerNew’)
create_makefile("CDJukeBox")

On some platforms, a popular library may be in one of sevdaags. The X Window
system, for example, is notorious for living in differentetitories on different systems.
Thefind_library command will search a list of supplied directories to findriglt
one (this is different fromhave_library, which uses only configuration information
for the search). For example, to creatdakefile that uses X Windows and a jpeg
library, extconf . rb might contain

require ’mkmf’
if have_library("jpeg","jpeg_mem_init") and
find_library("X11", "XOpenDisplay", "/usr/X11/1lib",
"/usr/X11R6/1ib", "/usr/openwin/lib")

then

create_makefile("XThing")
else

puts "No X/JPEG support available"
end

We've added some additional functionality to this prograthof the mkmf commands
returnfalse if they fail. This means that we can write artconf . rb that generates
aMakefile only if everything it needs is present. The Ruby distribatitoes this so
that it will try to compile only those extensions that are goiged on your system.

You also may want your extension code to be able to configwrddhtures it uses
depending on the target environment. For example, our CBljak may be able to use
a high-performance MP3 decoder if the end user has onelatstalle can check by
looking for its header file.

require ’mkmf’

dir_config(’cdjukebox’)

have_library(’cdjb’, ’CDPlayerNew’)

have_header (°hp_mp3.h’)

create_makefile ("CDJukeBox")

We can also check to see if the target environment has a plartitinction in any of
the libraries we’ll be using. For example, teetpriority call would be useful but
isn’'t always available. We can check for it with:

require ’mkmf’


/usr/local/cdjb/lib
/usr/local/cdjb/include
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dir_config(’cdjukebox’)
have_func(’setpriority’)
create_makefile("CDJukeBox")

Bothhave_header andhave_func define preprocessor constants if they find their tar-
gets. The names are formed by converting the target nametregse and prepending
“HAVE_". Your C code can take advantage of this using corgsuch as:

#if defined (HAVE_HP_MP3_H)
# include <hp_mp3.h>
#endif

#if defined (HAVE_SETPRIORITY)
err = setpriority(PRIOR_PROCESS, 0, -10)
#endif

If you have special requirements that can’t be met with &sdmkmf commands, your
program can directly add to the global variab$&LAGS and $LFLAGS, which are
passed to the compiler and linker, respectively.

Static Linking

Finally, if your system doesn’t support dynamic linking,ibyou have an extension
module that you want to have statically linked into Rubylftsdit the fileext /Setup
in the distribution and add your directory to the list of ext®ns in the file, then
rebuild Ruby. The extensions listed $=tup will be statically linked into the Ruby
executable. If you want to disable any dynamic linking, ain# Il extensions stati-
cally, editext/Setup to contain the following option.

option nodynamic

Embedding a Ruby Interpreter

In addition to extending Ruby by adding C code, you can alsottie problem around
and embed Ruby itself within your application. Here's anmegée.

#include "ruby.h"

main() {
/* ... our own application stuff ... */
ruby_init();
ruby_script ("embedded") ;
rb_load_file("start.rb");
while (1) {
if (need_to_do_ruby) {
ruby_run() ;
}
/* ... run our app stuff x*/
}
}

To initialize the Ruby interpreter, you need to callby_init (). But on some plat-
forms, you may need to take special steps before that:
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#if defined(NT)
NtInitialize(&argc, &argv);

#endif

#if defined(__MACOS__) && defined(__MWERKS__)
argc = ccommand (&argv) ;

#endif

Seemain. c in the Ruby distribution for any other special defines or geteeded for
your platform.

API: Embedded Ruby API

void ruby_init()
Sets up and initializes the interpreter. This function stide called
before any other Ruby-related functions.

void ruby_options(int argc, char **argv)
Gives the Ruby interpreter the command-line options.

void ruby_script(char *name)
Sets the name of the Ruby script (a$@) to name

void rb_load_file(char *file)
Loads the given file into the interpreter.

void ruby_run( )
Runs the interpreter.

You need to take some special care with exception handlimgRaby calls you make
at this top level should be protected to catch exceptionstardile them cleanly.
rb_protect,rb_rescue, and related functions are documented on gz

For an example of embedding a Ruby interpreter within amopnegram, see also
eruby, which is described beginning on pab@él

Bridging Ruby to Other Languages

So far, we've discussed extending Ruby by adding routinésanrin C. However, you
can write extensions in just about any language, as long ascgn bridge the two
languages with C. Almost anything is possible, includindgaard marriages of Ruby
and C++, Ruby and Java, and so on.

But you may be able to accomplish the same thing without tiegpto C code. For
example, you could bridge to other languages using middlewach as CORBA or
COM. See the section on Windows automation beginning on pag#&r more details.
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Ruby C Language API

Last, but by no means least, here are several C-level fursctiat you may find useful
when writing an extension.

Some functions require alD: you can obtain aaD for a string by usingb_intern
and reconstruct the name from a2l by usingrb_id2name.

As most of these C functions have Ruby equivalents that e#a@dy described in detall
elsewhere in this book, the descriptions here will be brief.

Also note that the following listing is not complete. There anany more functions
available—too many to document them all, as it turns outolf yeed a method that
you can't find here, checkruby.h” or “intern.h” for likely candidates. Also, at
or near the bottom of each source file is a set of method defisitihat describe the
binding from Ruby methods to C functions. You may be able tbtba C function
directly, or search for a wrapper function that calls thection you are looking for.
The following list, based on the list IREADME . EXT, shows the main source files in the
interpreter.

Ruby Language Core
class.c, error.c, eval.c, gc.c, object.c, parse.y, vhriab

Utility Functions
din.c, regex.c, st.c, util.c

Ruby Interpreter
dmyext.c, inits.c, keywords main.c, ruby.c, version.c

Base Library
array.c, bignum.c, compar.c, dir.c, enum.c, file.c, haskoac, marshal.c,
math.c, numeric.c, pack.c, prec.c, process.c, randonaugerc, re.c,
signal.c, sprintf.c, string.c, struct.c, time.c

API: Defining Objects

VALUE rb_define_class(char *name, VALUE superclass)
Defines a new class at the top level with the givemeandsuper-
class(for classObject, userb_cObject).

VALUE rb_define_module(char *name)
Defines a new module at the top level with the giveame

VALUE rb_define_class_under (VALUE under, char *name,
VALUE superclass)
Defines a nested class under the class or mashder.

VALUE rb_define_module_under (VALUE under, char *name)
Defines a nested module under the class or moatudier.

void rb_include_module(VALUE parent, VALUE module)
Includes the givemoduleinto the class or modulearent
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void rb_extend_object(VALUE obj, VALUE module)
Extendsobj with module

VALUE rb_require(const char *name)

Equivalent to fequire name’ ReturnsQtrue or Qfalse.

API: Defining Methods

In some of the function definitions that follow, the paranmetgc specifies how many
arguments a Ruby method takes. It may have the followingegalu

argc  Function prototype

0..17 VALUE func(VALUE self, VALUE arg...)

-1

The C function will be called with this many actual arguments

VALUE func(int argc, VALUE xargv, VALUE self)

The C function will be given a variable number of argumentssed as a C
array.

VALUE func(VALUE self, VALUE args)

The C function will be given a variable number of argumentssped as a Ruby
array.

In a function that has been given a variable number of argtsngau can use the C
functionrb_scan_args to sort things out (see below).

void rb_define_method(VALUE classmod, char *name,
VALUE (xfunc) (), int argc)
Defines an instance method in the class or modidesmodwith
the givenname implemented by the C functiduncand takingargc
arguments.

void rb_define_module_function(VALUE classmod, char *name,
VALUE (*func) (), int argc))
Defines a method in clasdassmodwith the givenname imple-
mented by the C functiofuncand takingargc arguments.

void rb_define_global_function(char *name, VALUE(*func)(),
int argc)
Defines a global function (a private method Kfrnel) with the
given name implemented by the C functiofunc and takingargc
arguments.

void rb_define_singleton_method(VALUE classmod, char *name,
VALUE (*func) (), int argc)
Defines a singleton method in clagdassmodwith the givenname
implemented by the C functidiuncand takingargc arguments.
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int rb_scan_args(int argcount, VALUE *argv, char *fmt, ...)

Scans the argument list and assigns to variables similat4af:
fmtis a string containing zero, one, or two digits followed bynso
flag characters. The first digit indicates the count of mamyatrgu-
ments; the second is the count of optional arguments. A “*anse
to pack the rest of the arguments into a Ruby array. A “&” means
that an attached code block will be taken and assigned toitea g
variable (if no code block was giveQnil will be assigned). After
thefmt string, pointers t&?/ALUE are given (as witlscanf) to which
the arguments are assigned.

VALUE name, one, two, rest;

rb_scan_args(argc, argv, "12", &name, &one, &two);
rb_scan_args(argc, argv, "1x", &name, &rest);

void rb_undef_method(VALUE classmod, const char *name)

Undefines the given methatamein the givenclassmodclass or
module.

void rb_define_alias(VALUE classmod, const char *newname,

const char *oldname)
Defines an alias fooldnamen class or modulelassmod

API: Defining Variables and Constants

void

void

void

void

rb_define_const (VALUE classmod, char *name, VALUE value)

Defines a constant in the class or modcessmodwith the given
nameandvalue

rb_define_global_const(char *name, VALUE value)

Defines a global constant with the giveameandvalue

rb_define_variable(const char *name, VALUE *object)

Exports the address of the givebjectthat was created in C to the
Ruby namespace asime From Ruby, this will be a global variable,
so nameshould start with a leading dollar sign. Be sure to honor
Ruby’s rules for allowed variable names; illegally namedaiales
will not be accessible from Ruby.

rb_define_class_variable(VALUE class, const char *name,

VALUE val)
Defines a class variableame(which must be specified with a®”
prefix) in the giverclass initialized tovalue
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void rb_define_virtual_variable(const char *name,
VALUE (xgetter) (),
void(*setter) ())
Exports a virtual variable to Ruby namespace as the glofmair®
No actual storage exists for the variable; attempts to getsah the
value will call the given functions with the prototypes:

VALUE getter(ID id, VALUE *data,
struct global_entry *entry);
void setter (VALUE value, ID id, VALUE xdata,
struct global_entry *entry);

You will likely not need to use thentry parameter and can safely
omit it from your function declarations.

void rb_define_hooked_variable(const char *name,
VALUE *variable,
VALUE (*getter) (),
void(*setter) ())
Defines functions to be called when reading or writingzésiable.
See alsab_define_virtual_variable.

void rb_define_readonly_variable(const char *name,
VALUE *value)
Same asb_define_variable, but read-only from Ruby.

void rb_define_attr(VALUE variable, const char *name,
int read, int write)
Creates accessor methods for the givamiable with the given
name If readis nonzero, create a read methodwifte is nonzero,
create a write method.

void rb_global_variable(VALUE *obj)
Registers the given address with the garbage collector.

API: Calling Methods

VALUE rb_funcall(VALUE recv, ID id, int argc, ...)
Invokes the method given big in the objectrecv with the given
number of argumentargc and the arguments themselves (possibly
none).

VALUE rb_funcall2(VALUE recv, ID id, int argc, VALUE *args)
Invokes the method given big in the objectrecv with the given
number of argumentargc and the arguments themselves given in
the C arrayargs

VALUE rb_funcall3(VALUE recv, ID id, int argc, VALUE *args)
Same asb_funcall2, but will not call private methods.
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VALUE rb_apply(VALUE recv, ID name, int argc, VALUE args)
Invokes the method given big in the objectrecv with the given
number of argumentargc and the arguments themselves given in
the RubyArray args

ID rb_intern(char *name )
Returns aniD for a givenname If the name does not exist, a symbol
table entry will be created for it.

char * rb_id2name(ID id)
Returns a name for the givéah

VALUE rb_call_super(int argc, VALUE *args)
Calls the current method in the superclass of the curreetbbj

API: Exceptions

void rb_raise(VALUE exception, const char *fmt, ...)
Raises arexception The given stringmt and remaining arguments
are interpreted as witprintf.

void rb_fatal(const char *fmt, ...)
Raises &atal exception, terminating the process. No rescue blocks
are called, but ensure blocks will be called. The given gtfint and
remaining arguments are interpreted as withntf.

void rb_bug(const char *fmt, ...)
Terminates the process immediately—no handlers of anysiblie
called. The given stringmtand remaining arguments are interpreted
as withprint£. You should call this function only if a fatal bug has
been exposed. You don’t write fatal bugs, do you?

void rb_sys_fail(const char *msg)
Raises a platform-specific exception corresponding toestekinown
system error, with the givemsg

VALUE rb_rescue(VALUE (*body) (), VALUE args, VALUE(*rescue) (),
VALUE rargs)
Executeshodywith the givenargs If a StandardError exception
is raised, then executescuewith the givenrargs.

VALUE rb_ensure(VALUE (*body) (), VALUE args, VALUE(*ensure) (),
VALUE eargs)
Executedodywith the givenargs Whether or not an exception is
raised, executensurewith the giverrargsafterbodyhas completed.

VALUE rb_protect(VALUE (*body) (), VALUE args, int *result)
Executeshbodywith the givenargs and returns nonzero iresult if
any exception was raised.
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void

void

void

void

rb_notimplement( )

Raises alot ImpError exception to indicate that the enclosed func-
tion is not implemented yet, or not available on this platior

rb_exit(int status)

Exits Ruby with the giverstatus Raises &ystemExit exception
and calls registered exit functions and finalizers.

rb_warn(const char *fmt, ...)

Unconditionally issues a warning message to standard. €Fhar
given stringfmt and remaining arguments are interpreted as with
printf.

rb_warning(const char *fmt, ...)

Conditionally issues a warning message to standard errRulify
was invoked with the-w flag. The given stringmt and remaining
arguments are interpreted as withintf.

API: lterators

void rb_iter_break()

VALUE

VALUE

int

VALUE

VALUE

void

Breaks out of the enclosing iterator block.

rb_each(VALUE obj)

Invokes thesach method of the givebj.

rb_yield(VALUE arg)

Transfers execution to the iterator block in the currentext) pass-
ing arg as an argument. Multiple values may be passed in an array.

rb_block_given_p()

Returns true iffield would execute a block in the current context—
that s, if a code block was passed to the current method aandhik
able to be called.

rb_iterate(VALUE (*method) (), VALUE args,

VALUE (xblock) (), VALUE arg2)
Invokesmethodwith argumentrgsand blockblock A yield from
that method will invokéblockwith the argument given tpield, and
a second argumentg2.

rb_catch(const char *tag, VALUE (*proc) (), VALUE value)

Equivalent to Rubyatch.

rb_throw(const char *tag , VALUE value)

Equivalent to Rubythrow.
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API: Accessing Variables

VALUE rb_iv_get(VALUE obj, char *name)

VALUE

VALUE

VALUE

VALUE

VALUE

void

VALUE

int

void

VALUE

Returns the instance variablame(which must be specified with a
“@" prefix) from the givenobj.

rb_ivar_get (VALUE obj, ID name)

Returns the instance variablamefrom the givernobj.

rb_iv_set (VALUE obj, char *name, VALUE value)

Sets the value of the instance variabéme(which must be specified
with a “@” prefix) in the givenobj to value Returnsvalue

rb_ivar_set (VALUE obj, ID name, VALUE value)

Sets the value of the instance variab&mein the givenobjto value
Returnsvalue

rb_gv_set(const char *name, VALUE value)

Sets the global variableame(the “$” prefix is optional) tovalue
Returnsvalue

rb_gv_get(const char *name)

Returns the global variableame(the “$” prefix is optional).

rb_cvar_set (VALUE class, ID name, VALUE val)

Sets the class variabifemein the givenclassto value

rb_cvar_get (VALUE class, ID name)

Returns the class variabtemefrom the giverclass

rb_cvar_defined(VALUE class, ID name)

Returnsqtrue if the given class variableamehas been defined for
class otherwise, returngfalse.

rb_cv_set (VALUE class, const char *name, VALUE val)

Sets the class variableame(which must be specified with 00"
prefix) in the giverclassto value

rb_cv_get (VALUE class, const char *name)

Returns the class variabh@me(which must be specified with 26"
prefix) from the giverclass

API: Object Status

OBJ_TAINT(VALUE obj)

Marks the giverobjas tainted.

int OBJ_TAINTED(VALUE obj)

Returns nonzero if the givenbj is tainted.
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int

int

void

void

0BJ_FREEZE(VALUE obj)
Marks the giverobjas frozen.

0BJ_FROZEN(VALUE obj)
Returns nonzero if the givesbj is frozen.

Check_SafeStr(VALUE str)
RaisessecurityError if current safe level > 0 ansir is tainted, or
aTypeError if stris not aT_STRING.

rb_safe_level()
Returns the current safe level.

rb_secure(int level)
RaisessecurityError if level<= current safe level.

rb_set_safe_level (int newlevel)
Sets the current safe leveltewlevel

API: Commonly Used Methods

VALUE

VALUE

VALUE

VALUE

void

VALUE

VALUE

VALUE

VALUE

rb_ary_new( )
Returns a newtrray with default size.

rb_ary_new2(long length)
Returns a neviirray of the givenlength

rb_ary_new3(long length, ...)
Returns a newArray of the givenlength and populated with the
remaining arguments.

rb_ary_new4(long length, VALUE *values)

Returns a newirray of the givenlengthand populated with the C
arrayvalues

rb_ary_store(VALUE self, long index, VALUE value)
Storesvalueatindexin arrayself.

rb_ary_push(VALUE self, VALUE value)
Pushewalueonto the end of arragelf Returnsvalue

rb_ary_pop(VALUE self)
Removes and returns the last element from the aseify

rb_ary_shift (VALUE self)
Removes and returns the first element from the asedy

rb_ary_unshift (VALUE self, VALUE value)
Pushewalueonto the front of arragelf Returnsvalue
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int

VALUE

VALUE

VALUE

VALUE

VALUE

VALUE

VALUE

VALUE

VALUE

VALUE

VALUE

VALUE
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rb_ary_entry(VALUE self, long index)
Returns arragelf's element atndex

rb_respond_to(VALUE self, ID method)
Returns nonzero gelf responds tanethod

rb_thread_create(VALUE (xfunc) (), void *data)
Runsfuncin a new thread, passirtataas an argument.

rb_hash_new( )
Returns a new, emptjash.

rb_hash_aref (VALUE self, VALUE key)
Returns the element correspondingéyin self

rb_hash_aset(VALUE self, VALUE key, VALUE value)
Sets the value fdkeyto valuein self Returnsvalue

rb_obj_is_instance_of (VALUE obj, VALUE klass)
Returnytrue if objis an instance dflass

rb_obj_is_kind_of (VALUE obj, VALUE klass)
Returnytrue if klassis the class 0bbjor classis one of the super-
classes of the class obj.

rb_str_new(const char *src, long length)
Returns a nev8tring initialized with lengthcharacters fronsrc.

rb_str_new2(const char *src)
Returns a nevBtring initialized with the null-terminated C string
Src.

rb_str_dup(VALUE str)
Returns a nev8tring object duplicated fronstr.

rb_str_cat (VALUE self, const char *src, long length)
Concatenatedength characters fromsrc onto the String self
Returnsself

rb_str_concat (VALUE self, VALUE other)
Concatenatestheronto theString self Returnsselt

rb_str_split (VALUE self, const char *delim)
Returns an array oftring objects created by splittingelf on
delim
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Chapter 18

The Ruby Language

This chapter is a bottom-up look at the Ruby language. Urtlilkeeprevious tutorial,

here we're concentrating on presenting facts, rather thativating some of the lan-

guage design features. We also ignore the built-in classgswwdules where possible.
These are covered in depth starting on p2de

If the content of this chapter looks familiar, it's becausstiould; we've covered just
about all of this in the earlier tutorial chapters. Consitlés chapter to be a self-
contained reference to the core Ruby language.

Source Layout

Ruby programs are written in 7-bit ASCH.

Ruby is a line-oriented language. Ruby expressions andmstatts are terminated at
the end of a line unless the statement is obviously incorepior example if the last
token on a line is an operator or comma. A semicolon can betossgparate multiple
expressions on aline. You can also put a backslash at thefarithe to continue it onto
the next. Comments start witl#'‘and run to the end of the physical line. Comments
are ignored during compilation.

a=1
b=2; c=3
d

1]

4 +5 + # no ’\’ needed
6 +7

e=8+9 \
+ 10 # °\’ needed

Physical lines between a line starting witbegin and a line starting with-end are
ignored by the compiler and may be used for embedded docatmn{see Appendix
A, which begins on pagé27).

1.  Ruby also has extensive support for Kanji, using the EUZSSor UTF-8 coding system. If a code
set other than 7-bit ASCII is used, tK60ODE option must be set appropriately, as shown on gatje

< 171 > é
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Ruby reads its program input in a single pass, so you can pigmgrams to the com-
piler's stdin.

echo ’print "Hello\n"’ | ruby

If the compiler comes across a line anywhere in the sourceoong just . _END_ _",
with no leading or trailing whitespace, it treats that lireethe end of the program—
any subsequent lines will not be compiled. However, theseslican be read into the
running program using the globz objectDATA, described on pagk37.

BEGIN and END Blocks

Every Ruby source file can declare blocks of code to be runealéhis being loaded
(theBEGIN blocks) and after the program has finished executingRtideblocks).

BEGIN {
begin code

}

END {
end code

}

A program may include multiplBEGIN andEND blocks.BEGIN blocks are executed in
the order they are encounter@&iD blocks are executed in reverse order.

General Delimited Input

There are alternative forms of literal strings, arraysutagexpressions, and shell com-
mands that are specified using a generalized delimited xyAthathese literals start
with a percent character, followed by a single characteritigntifies the literal’s type.
These characters are summarized in Tal8lg; the actual literals are described in the
corresponding sections later in this chapter.

Table 18.1. General delimited input

Type Meaning See Page
%q  Single-quoted string 174

%Q, % Double-quoted string 174
%w  Array of tokens 176
%r  Regular expression pattern 177
%x  Shell command 188

Following the type character is a delimiter, which can be @mgracter. If the delimiter
is one of the characterg™, “ [, “ {", or “<”, the literal consists of the characters up to
the matching closing delimiter, taking account of nestelthdter pairs. For all other
delimiters, the literal comprises the characters up to #x¢ occurrence of the delimiter
character.

%q/this is a string/
%q-string-
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%q(a (nested) string)

Delimited strings may continue over multiple lines.

%q{def fred(a)
a.each { |i| puts i }
end}

The Basic Types

The basic types in Ruby are numbers, strings, arrays, hasrgges, symbols, and
regular expressions.

Integer and Floating Point Numbers

Ruby integers are objects of cla&knum or Bignum. Fixnum objects hold integers that
fit within the native machine word minus 1 bit. Whenevéianum exceeds this range,

it is automatically converted tomi gnum object, whose range is effectively limited only
by available memory. If an operation wittBagnum result has a final value that will fit

in aFixnum, the result will be returned asFa xnum.

Integers are written using an optional leading sign, anooti base indicatoro(for
octal, 0x for hex, orob for binary), followed by a string of digits in the appropeat
base. Underscore characters are ignored in the digit string

You can get the integer value corresponding to an ASCII cherdy preceding that
character with a question mark. Control and meta combinatid characters can also
be generated usirgc-x, 7\M-X, and?\M-\c-x. The control version ofh is ch & 0x9f,

and the meta version ish | 0x80. You can get the integer value of a backslash char-
acter using the sequeneg\.

123456 # Fixnum

123_456 # Fixnum (underscore ignored)
-543 # Negative Fixnum
123_456_789_123_345_789 # Bignum

Oxaabb # Hexadecimal

0377 # Octal

-0b1010 # Binary (negated)

0b001_001 # Binary

7a # character code

7A # upper case

7\C-a # control a = A - 0x40

7?\C-A # case ignored for control chars
7\M-a # meta sets bit 7

7\M-\C-a # meta and control a

A numeric literal with a decimal point and/or an exponentiisied into &1oat object,
corresponding to the native architecturésible data type. You must follow the deci-
mal point with a digit, ad . e3 tries to invoke the methoel3 in classFixnum.

12.34 —  12.34

-0.1234e2 — -12.34
1234e-2 —  12.34
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Strings

Ruby provides a number of mechanisms for creating literathgs. Each generates
objects of typeString. The different mechanisms vary in terms of how a string is
delimited and how much substitution is done on the literedatent.

Single-quoted string literals §tuff> andyq/stuff/) undergo the least substitution. Both
convert the sequence into a single backslash, and the form with single quotes con-
verts\’ into a single quote.

’hello’

’a backslash \’\\\”’
%q/simple string/
%q(nesting (really) works)
%q no_blanks_here ;

hello

a backslash ’\’

simple string

nesting (really) works
no_blanks_here

Ll

Double-quoted strings'§tuff', %q/stuff/, and¥/stuff/) undergo additional substitu-
tions, shown in Tablé8.20n the facing page.

a = 123

"\123mile" Smile

"Say \"Hello\"" Say "Hello"

%Q'"I said ’nuts’," I said! "I said ’nuts’," I said

%#Q{Try #{a + 1}, not #{a - 1}}
%<Try #{a + 1}, not #{a - 1}>
"Try #{a + 1}, not #{a - 1}"

Try 124, not 122
Try 124, not 122
Try 124, not 122

Ll Ll

Strings can continue across multiple input lines, in whiabecthey will contain newline
characters. It is also possible to usere documentt express long string literals.
Whenever Ruby parses the sequegddentifier or <<quoted stringit replaces it with

a string literal built from successive logical input linéisstops building the string when

it finds a line that starts with the identifier or tlqeioted string You can put a minus
sign immediately after the< characters, in which case the terminator can be indented
from the left margin. If a quoted string was used to specifytérminator, its quoting
rules will be applied to the here document; otherwise, dexgioting rules apply.

a =123
print <<HERE
Double quoted \
here document.
Sum = #{a + 1}
HERE
print <<-’THERE’
This is single quoted.

The above used #{a + 1}
THERE

produces:

Double quoted here document.
Sum = 124
This is single quoted.
The above used #{a + 1}

Adjacent single- and double-quoted strings in the inputcanecatenated to form a
singleString object.
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Table 18.2. Substitutions in double-quoted strings

\a Bell/alert (0x07) \nnn Octalnnn

\b Backspace (0x08) \xNn Hexnn

\e Escape (0x1b) \eX Controlx

\f Formfeed (0x0c) \C-X Controlx

\n Newline (0x0a) \M-X Metax

\r Return (0x0d) \M-\C-x Meta-controlx
\s Space (0x20) \X X

\t Tab (0x09) #{expr} Value ofexpr

\v  Vertical tab (Ox0b)

’Con’ "cat" ’en’ "ate" — "Concatenate"

Strings are stored as sequences of 8-bit bytsg each byte may contain any of the
256 8-bit values, including null and newline. The subsiitaimechanisms in TablEs.2
allow nonprinting characters to be inserted convenienttygortably.

Every time a string literal is used in an assignment or as arpater, a nev@tring
object is created.
for i in 1..3
print ’hello’.id, " "
end
produces:

-:2: warning: Object#id will be deprecated; use Object#object_id

538242620 -:2: warning: Object#id will be deprecated; use Object#object_idl}
538242580 -:2: warning: Object#id will be deprecated; use Object#object_idJ}
538242540

The documentation for classring starts on pag811l

Ranges

Outside the context of a conditional expressiexyr. . exprandexpr. . . exprconstruct
Range objects. The two-dot form is an inclusive range; the one \wlitee dots is a
range that excludes its last element. See the descriptidlagdRange on page307for
details. Also see the description of conditional exprassian page 91 for other uses
of ranges.

Arrays

Literals of class\rray are created by placing a comma-separated series of object re
erences between square brackets. A trailing comma is ignore

arr = [ fred, 10, 3.14, "This is a string", barney("pebbles"), ]

2. Foruse in Japan, thizode library supports a set of operations of strings written viitdC, SJIS, or
UTF-8 encoding. The underlying string, however, is stitegsed as a series of bytes.
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Arrays of strings can be constructed using a shortcut rmotatiz, which extracts space-
separated tokens into successive elements of the arrayade gan be escaped with a
backslash. This is a form of general delimited input, désttion page$72-173

arr = }w( fred wilma barney betty great\ gazoo )
arr — ["fred", "wilma", "barney", "betty", "great gazoo"]

Hashes

A literal RubyHash is created by placing a list of key/value pairs between waeéh
either a comma or the sequercebetween the key and the value. A trailing comma is
ignored.

colors = { "red" => 0xf00,
"green" => 0x0f0,
"blue" => 0x00f

}

There is no requirement for the keys and/or values in a paatihiash to have the same
type.

Requirements for a Hash Key

The only restriction for a hash key is that it must respondornessageash with a
hash value, and the hash value for a given key must not ch@ihgeameans that certain
classes (such @sray andHash, as of this writing) can’t conveniently be used as keys,
because their hash values can change based on their contents

If you keep an external reference to an object that is usetteyg and use that reference
to alter the object and change its hash value, the hash |dudsgd on that key may not
work.

Because strings are the most frequently used keys, anddeessiing contents are often
changed, Ruby treats string keys specially. If you uSering object as a hash key, the
hash will duplicate the string internally and will use thapg as its key. Any changes
subsequently made to the original string will not affect fiash.

If you write your own classes and use instances of them as keysd) you need to

make sure that either (a) the hashes of the key objects doarige once the objects
have been created or (b) you remember to calliish#rehash method to reindex the

hash whenever a key hashchanged.

Symbols

A Ruby symbol is the internal representation of a name. Yostract the symbol for a
name by preceding the name with a colon. A particular namlealwiays generate the
same symbol, regardless of how that name is used within tgram.

:Object
:myVariable

Other languages call this process “interning,” and calllsgis “atoms.”
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Regular Expressions

Regular expression literals are objects of tRegexp. They can be created by explic-
itly calling the Regexp.new constructor, or by using the literal formgpattern and
%r{patternt. Ther construct is a form of general delimited input (describeghages
172-173).

/pattern/

/pattern/options

f%r{pattern}

%r{pattern}options

Regexp.new( ’pattern’ [ , options ] )

Regular Expression Options

A regular expression may include one or more options thatifytte way the pattern
matches strings. If you're using literals to create Regexp object, then the options
comprise one or more characters placed immediately afeetetminator. If you're

usingRegexp .new, the options are constants used as the second parameteraairth

structor.

i Case InsensitiveThe pattern match will ignore the case of letters in thegpatt
and string. Matches are also case-insensitive if the ghedoédble$= is set.

o Substitute OnceAny #. .. substitutions in a particular regular expression literal
will be performed just once, the first time it is evaluatedh@tvise, the substitu-
tions will be performed every time the literal generat@egexp object.

m Multiline Mode Normally, “.” matches any character except a newline. Wit
/m option, “.” matches any character.

x Extended ModeComplex regular expressions can be difficult to read. The ‘x
option allows you to insert spaces, newlines, and commeariteei pattern to make
it more readable.

Regular Expression Patterns

regular characters
All characters except ., |, (,), [\, {, +, $, *, and ? matbkemselves.
To match one of these characters, precede it with a backslash

- Matches the beginning of a line.

$ Matches the end of a line.

\A Matches the beginning of the string.

\z Matches the end of the string.

\Z Matches the end of the stringnlessthe string ends with a “\n”, in

which case it matches just before the “\n”.
\b, \B Match word boundaries and nonword boundaries respectively

[character§ A character class matches any single character betweerrdhkebs.
The characters, (, ), [, ~, $, *, and?, which have special
meanings elsewhere in patterns, lose their special signifeebetween
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brackets. The sequencesnn \xnn, \cX, \C-X, \M-X, and\M-\C-x
have the meanings shown in Talll8.2on pagel75 The sequences
\d, \D, \s, \S, \w, and\W are abbreviations for groups of characters,
as shown in Tabl®? on page?? The sequence;-c; represents all
the characters between andc,, inclusive. Literal]l or - characters
must appear immediately after the opening bracket. An opa(f)
immediately following the opening bracket negates the saishe
match—the pattern matches any character that isn’t in tlagacter
class.

\d, \s, \w Are abbreviations for character classes that match digh#tespace,
and word characters, respectively. \D, \S, and \W matchecitars that
are not digits, whitespace, or word characters. These waialions are
summarized in Tablé?on page??.

. (period) Appearing outside brackets, matches any charagtept a newline.
(With the /m option, it matches newline, t00).

rex Matches zero or more occurrencesaf

re+ Matches one or more occurrenceseaf

re{m,n} Matches at least “m” and at most “n” occurrencesef

re? Matches zero or one occurrenceref The*, +, and{m,n} modifiers

are greedy by default. Append a question mark to make thenmrain
rellre2 Matches eitherelorre2. | has a low precedence.

... Parentheses are used to group regular expressions. Foplexahe
pattern/abc+/ matches a string containing an “a,” a “b,” and one
or more “c’s./(abc)+/ matches one or more sequences of “abc”.
Parentheses are also used to collect the results of pattamimg. For
each opening parenthesis, Ruby stores the result of thialpaetch
between it and the corresponding closing parenthesis aessive
groups. Within the same patterni refers to the match of the first
group,\2 the second group, and so on. Outside the pattern, the special
variables$1, $2, and so on, serve the same purpose.

Substitutions

#{...} Performs an expression substitution, as with strings. Byude the
substitution is performed each time a regular expressieraliis eval-
uated. With the/o option, it is performed just the first time.

N0, \1, \2, ... \9, \&, \, \7, \+
Substitutes the value matched by titke grouped subexpression, or by
the entire match, pre- or postmatch, or the highest group.

Extensions

In common with Perl and Python, Ruby regular expressiores sfime extensions over
traditional Unix regular expressions. All the extensions entered between the char-
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acters(? and). The parentheses that bracket these extensions are ghutpsey do
not generate backreferences: they do not set the valuesarid$1 etc.

(?# comment)
Inserts a comment into the pattern. The content is ignorechglpat-
tern matching.

(7:7re) Makesre into a group without generating backreferences. This &oft
useful when you need to group a set of constructs but don't ten
group to set the value d@f1 or whatever. In the example that follows,
both patterns match a date with either colons or spaces batie
month, day, and year. The first form stores the separatoactarin
$2 and$4, while the second pattern doesn't store the separator in an
external variable.

date = "12/25/01"

date =" %r{(\d+) (/I1:) (\da+) (/|:) (\d+)}
[$1,$2,83,84,851 —  ["12m", /v, 25", /", "01"]
date =" %4r{(\d+) (?:/1:) (\d+) (?:/1:) (\d+)}
[$1,$2,$3] —  ["12", 25", "01"]

(7=re) Matchesre at this point, but does not consume it (also known charm-
ingly as “zero-width positive lookahead”). This lets yowkoforward
for the context of a match without affectirg. In this example, the
scan method matches words followed by a comma, but the commas
are not included in the result.

str = "red, white, and blue"
str.scan(/[a-z]+(?=,)/) — ["red", "white"]

(?1re) Matches ifre does not match at this point. Does not consume the match
(zero-width negative lookahead). For exampleet (7!dog) (\w+) /
matches any word that contains the letters “hot” that arfetiowed
by “dog”, returning the end of the word .

(?>re) Nests an independent regular expression within the firsiaegxpres-
sion. This expression is anchored at the current matchiposif it
consumes characters, these will no longer be availableetditiher-
level regular expression. This construct therefore iribibacktrack-
ing, which can be a performance enhancement. For exampl@ath
tern/a.*b.*a/ takes exponential time when matched against a string
containing an “a” followed by a number of “b”s, but with no itiag
“a.” However, this can be avoided by using a nested regulpresx
sion /a(?>.#*b) .*a/. In this form, the nested expression consumes
all the the input string up to the last possible “b” characdtéhen the
check for a trailing “a” then fails, there is no need to baakk, and the
pattern match fails promptly.

require "benchmark"

include Benchmark

str = "a" + ("b" * 5000)

bm(8) do |testl|
test.report("Normal:") { str =~ /a.*b.*a/ }
test.report("Nested:") { str =~ /a(?>.%b).*a/ }
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end
produces:
user system total real

Normal: 1.300000  0.000000 1.300000 ( 1.301448)
Nested: 0.000000  0.000000  0.000000 ( 0.000551)

(?7imx) Turns on the corresponding “i,” “m,” or “x” option. If used side a
group, the effect is limited to that group.

(?7-imx) Turns off the “i,” “m,” or “X” option.
(7imx:re)  Turnson the “i,” “m,” or “x” option forre.

(?7-imx:7e) Turns off the “i,” “m,” or “X” option for re.

Names

Ruby names are used to refer to constants, variables, ngtbladses, and modules.
The first character of a name helps Ruby to distinguish ienicéd use. Certain names,
listed in Table1l8.30on the next page, are reserved words and should not be used as
variable, method, class, or module names.

In these descriptiongpwercase lettermeans the characters “a” though “z”, as well
as “ ", the underscordJppercase lettemeans “A’ though “Z,” anddigit means “0”

through “9.”Name charactermmeans any combination of upper- and lowercase letters
and digits.

A local variable name consists of a lowercase letter folldlvg name characters.

fred anObject _x three_two_one

An instance variable name starts with an “at” sig@”j‘followed by an upper- or low-
ercase letter, optionally followed by name characters.

Oname @ @Size

A class variable name starts with two “at” sign®¢”) followed by an upper- or low-
ercase letter, optionally followed by name characters.

@Oname ©@_ @@Size

A constant name starts with an uppercase letter followedamencharacters. Class
names and module names are constants, and follow the conataing conventions.
By convention, constant variables are normally spelleshqisippercase letters and
underscores throughout.

module Math

PI = 3.1415926
end
class BigBlob

Global variables, and some special system variables,\gitdra dollar sign ($”) fol-
lowed by name characters. In addition, there is a set of twaracter variable names in
which the second character is a punctuation charactereTpreslefined variables are
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Table 18.3. Reserved words

__FILE__ and def end in or self unless
__LINE__ begin defined? ensure module redo super until
BEGIN break do false next rescue then when

END case else for nil retry true while
alias class elsif if not return undef yield

listed starting on pag&84. Finally, a global variable name can be formed usifg™
followed byanysingle character.

$params $PROGRAM $! $_ $-a $-.

Method names are described in the section beginning onjizge

Variable/Method Ambiguity

When Ruby sees a name such as “a” in an expression, it neeeletone if it is a local
variable reference or a call to a method with no parameterdetide which is the case,
Ruby uses a heuristic. As Ruby reads a source file, it keegls tifssymbols that have
been assigned to. It assumes that these symbols are varis¥iten it subsequently
comes across a symbol that might be either a variable or aothetdl, it checks to see
if it has seen a prior assignment to that symbol. If so, itti¢lae symbol as a variable;
otherwise it treats it as a method call. As a somewhat patiicdbcase of this, consider
the following code fragment, submitted by Clemens Hintze.

def a
print "Function ’a’ called\n"
99
end
for i in 1..2
if i == 2
print "a=", a, "\n"
else
a=1
print "a=", a, "\n"
end
end

produces:

a=1
Function ’a’ called
a=99

During the parse, Ruby sees the use of “a” in the first prinestent and, as it hasn’t
yet seen any assignment to “a,” assumes that it is a methbdgahe time it gets to
the second print statement, thoughh#sseen an assignment, and so treats “a” as a
variable.

Note that the assignment does not have to be executed—Rsitlygs to have seen it.
This program does not raise an error.

a =1 if false; a
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Variables and Constants

Ruby variables and constants hold references to objectablas themselves do not
have an intrinsic type. Instead, the type of a variable imeéefisolely by the messages
to which the object referenced by the variable respdnds.

A Ruby constantis also a reference to an object. Constants are created Wwagmate

first assigned to (normally in a class or module definition)biR unlike less flexible
languages, lets you alter the value of a constant, althdugwill generate a warning
message.

MY_CONST = 1
MY_CONST = 2  # generates a warning

produces:

prog.rb:2: warning: already initialized constant MY_CONST

Note that although constants should not be changed, youlteairtee internal states of
the objects they reference.

MY_CONST = "Tim"
MY_CONST[0] = "J" # alter string referenced by constant
MY_CONST — "Jim"

Assignment potentiallgliasesobjects, giving the same object different names.

Scope of Constants and Variables

Constants defined within a class or module may be accessatbumeal anywhere
within the class or module. Outside the class or module, thay be accessed using
the scope operator,:*” prefixed by an expression that returns the appropriatesclas
or module object. Constants defined outside any class or imaday be accessed
unadorned or by using the scope operator™with no prefix. Constants may not be
defined in methods.

OUTER_CONST = 99
class Const
def getConst

CONST
end
CONST = OUTER_CONST + 1
end
Const.new.getConst — 100
Const: :CONST — 100
: :OUTER_CONST — 99

Global variables are available throughout a program. Evefgrence to a particu-
lar global name returns the same object. Referencing aritiatized global variable
returnsnil.

3. When we say that a variable is not typed, we mean that aepngiariable can at different times hold
references to objects of many different types.
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Class variables are available throughout a class or modidg. IClass variables must
be initialized before use. A class variable is shared amdrigstances of a class and
is available within the class itself.

class Song
@Qcount = 0
def initialize
Q@Qcount += 1
end
def Song.getCount
Q@Q@count
end
end

Class variables belong to the innermost enclosing clas®dufe. Class variables used
at the top level are defined ibject, and behave like global variables. Class variables
defined within singleton methods belong to the receiverefrtbceiver is a class or a
module; otherwise, they belong to the class of the receiver.

class Holder
@Qvar = 99
def Holder.var=(val)
@Qvar = val
end
end

a = Holder.new

def a.var
@Qvar

end

Holder.var = 123
a.var

Instance variables are available within instance methodsighout a class body. Ref-
erencing an uninitialized instance variable retuiths. Each instance of a class has a
unigue set of instance variables. Instance variables draadable to class methods.

Local variables are unique in that their scopes are stitidatermined but their exis-
tence is established dynamically.

A local variable is created dynamically when it is first aggid a value during program
execution. However, the scope of a local variable is stiyicketermined to be: the
immediately enclosing block, method definition, class dédin, module definition, or
top-level program. Referencing a local variable that isiope but that has not yet been
created generatelameError exception.

Local variables with the same name are different varialfléisely appear in disjoint
scopes.

Method parameters are considered to be variables locahtartathod.

Block parameters are assigned values when the block iséavok

=[1,2,3]1]

.each { |il puts i } # i local to block

.each { [$i| puts $i } # assigns to global $i

.each { |@i| puts @i } # assigns to instance variable Q@i

O
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a.each { |I| puts I } # generates warning assigning to constant

a.each { |b.meth| } # invokes meth= in object b
sum = O
var = nil

a.each { |var| sum += var } # uses sum and var from enclosing scope

If a local variable (including a block parameter) is firstigagd in a block, it is local to
the block. If instead a variable of the same name is alreapkshed at the time the
block executes, the block will inherit that variable.

A block takes on the set of local variables in existence atithe that it is created.
This forms part of its binding. Note that although the birglof the variables is fixed
at this point, the block will have access to tharentvalues of these variables when it
executes. The binding preserves these variables evenadfifieal enclosing scope is
destroyed.

The bodies ofihile, until, andfor loops are part of the scope that contains them;
previously existing locals can be used in the loop, and amyloeals created will be
available outside the bodies afterward.

Predefined Variables

The following variables are predefined in the Ruby intemardn these descriptions,
the notationr/o] indicates that the variables are read-only; an error wilidised if a
program attempts to modify a read-only variable. Afterydly probably don’t want to
change the meaning afrue halfway through your program (except perhaps if you're
a politician). Entries markeghread] are thread local.

Many global variables look something like Snoopy swearihg:$!, $&, and so on.
This is for “historical” reasons, as most of these varialdenes come from Perl. If
you find memorizing all this punctuation difficult, you migliéint to have a look at the
library file called “English,” documented on page&0, which gives the commonly used
global variables more descriptive names.

In the tables of variables and constants that follow, we sth@wariable name, the type
of the referenced object, and a description.

Exception Information

$! Exception The exception object passed4dse. [thread]

$0@ Array The stack backtrace generated by the last exceptie@k&nel#caller
on page341for details.[thread]

Pattern Matching Variables
These variables (except) are set tmil after an unsuccessful pattern match.

$& String The string matched by the last successful patterrchmdthis variable is
local to the current scop§/o, thread]

$+ String The contents of the highest-numbered group matahéukilast successful
pattern match. Thus, ifcat" =~/(cla) (t|z)/, $+ will be setto “t". This
variable is local to the current scogg, thread]
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$¢ String The string preceding the match in the last succegsftiern match. This
variable is local to the current scoggo, thread]

$’ String The string following the match in the last succesgfaitern match. This
variable is local to the current scoggbo, thread]

$= Object If set to any value apart fronil or false, all pattern matches will be case
insensitive, string comparisons will ignore case, anagthash values will
be case insensitive.

$1 to $9 String The contents of successive groups matched in theslestessful pattern
match. In"cat" =~/(cla) (t|z)/, $1 will be set to “a” and$2 to “t".
This variable is local to the current scofeo, thread]

$~ MatchData An object that encapsulates the results of a ssftdepattern match. The
variables$&, $¢, $2, and$1 to $9 are all derived fron$~. Assigning to$~
changes the values of these derived variables. This varialibcal to the
current scopdthread]

Input/Output Variables

$/ String The input record separator (newline by default).sTigithe value that rou-
tines such agernel#gets use to determine record boundaries. If set to
nil, gets will read the entire file.

$-0 String Synonym fos/.

$\ String The string appended to the output of every call to weshsuch as
Kernel#print andI0#write. The default value iail.

$, String The separator string output between the parametersethods such as
Kernel#print andArray#join. Defaults tonil, which adds no text.

$. Fixnum The number of the last line read from the current irfjeit

$; String The default separator pattern usedbying#split. May be set from the
command line using theF flag.

$< Object An object that provides access to the concatenafiagheocontents of all
the files given as command-line argumentsgstdin (in the case where
there are no argumentsy< supports methods similar to Bile object:
binmode, close, closed?, each, each_byte, each_line, eof, eof?,
file, filename, fileno, getc, gets, lineno, lineno=, pos, pos=,
read, readchar, readline, readlines, rewind, seek, skip, tell,
to_a, to_i, to_io, to_s, along with the methods iBnumerable. The
methodfile returns aFile object for the file currently being read. This
may change a$< reads through the files on the command lijné]

$> 10 The destination of output fokernel#print and Kernel#printf. The
default value ispstdout.

$_ String The last line read bfernel#gets or Kernel#readline. Many string-
related functions in th&ernel module operate ofi_ by default. The vari-
able is local to the current scodéread]

$defout 10 Synonym forg>.

$-F String Synonym fos ;.

$stderr 10 The current standard error output.

$stdin 10 The current standard input.

$stdout 10 The current standard output.
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Execution Environment Variables

$0

$x

$II
$3
$7

$-a

$-d
$DEBUG
_FILE__

$F

$FILENAME

$-i

$-I

$-K

$-1
__LINE__
$LOAD_PATH
$-p

$SAFE

$VERBOSE

String

Array

Array
Fixnum
Fixnum

Array

Object
Object
Object
String

Array

String

String

Array

String

Object

String
Array

Object

Fixnum

Object

The name of the top-level Ruby program being exectiggically this will

be the program’s filename. On some operating systems, assigmthis
variable will change the name of the process reported (famgte) by the
ps (1) command.

An array of strings containing the command-line opsidrom the invoca-
tion of the program. Options used by the Ruby interpretel hiéle been
removed/r/o]

An array containing the filenames of modules loadeddxyuire. [r/0]
The process number of the program being exec{iedl.
The exit status of the last child process to termirfate thread]

An array of strings, where each string specifies a thrgdo be searched for
Ruby scripts and binary extensions used bylibed andrequire methods.
The initial value is the value of the arguments passed via theommand-
line option, followed by an installation-defined standaipddry location, fol-
lowed by the current directory (“."). This variable may be sem within a
program to alter the default search path; typically, prograise$: << dir
to appendiir to the path][r/o]

True if the-a option is specified on the command lirfgo]
Synonym fo8DEBUG.

Set tacrue if the -d command-line option is specified.
The name of the current source f[l#o]

The array that receives the split input line if the command-line option is
used.

The name of the current input file. Equivalentta filename. [r/0]

If in-place edit mode is enabled (perhaps using thecommand-line

option), $-1i holds the extension used when creating the backup file. If you
set a value int@-1i, enables in-place edit mode. See page

Synonym for$:. [r/0]
Sets the multibyte coding system for strings andleegxpressions. Equiv-
alent to the-K command-line option. See pagg2

Set tacrue if the -1 option (which enables line-end processing) is present
on the command line. See pag@3 [r/o]

The current line number in the source fjéo]
A synonym for$:. [r/o]

Set totrue if the -p option (which puts an implicithile gets ... end
loop around your program) is present on the command linep8gel23
[r/o]

The current safe level (see pad?). This variable’'s value may never be
reduced by assignmerjthread)]

Settatrue if the -v, --version, or -w option is specified on the command
line. Setting this option tarue causes the interpreter and some library rou-
tines to report additional information.



Copyright 2006 Addison Wesley Longman, Inc t‘j

VARIABLES AND CONSTANTS <« 187 _@
$-v Object Synonym fosVERBOSE.
$-w Object Synonym fosVERBOSE.
Standard Objects
ARGF Object A synonym fos<.
ARGV Array A synonym for$x.
ENV Object A hash-like object containing the program’s envinemt variables. An

instance of clas®bject, ENV implements the full set oflash meth-
ods. Used to query and set the value of an environment variad in
ENV["PATH"] andENV[’term’]="ansi".

false FalseClass Singleton instance of cl&sdseClass. [r/0]

nil NilClass  The singleton instance of clailClass. The value of uninitialized
instance and global variablgs/o]

self Object The receiver (object) of the current methfofh]

true TrueClass Singleton instance of cl@ssieClass. [r/0]

Global Constants

The following constants are defined by the Ruby interpreter.

DATA 10 If the the main program file contains the directiveEND__, then
the constanDATA will be initialized so that reading from it will
return lines following__END__ from the source file.

FALSE FalseClass Synonym fdialse.
NIL NilClass ~ Synonym fonil.
RUBY_PLATFORM String The identifier of the platform running this progranhi§ string

is in the same form as the platform identifier used by the GNU
configure utility (which is not a coincidence).

RUBY_RELEASE_DATE String The date of this release.
RUBY_VERSION String The version number of the interpreter.

STDERR 10 The actual standard error stream for the program. Th&linit
value of$stderr.

STDIN 10 The actual standard input stream for the program. Thélnit
value of$stdin.

STDOUT 10 The actual standard output stream for the program. Thialini
value of$stdout.

TOPLEVEL_BINDING Binding A Binding object representing the binding at Ruby’'s top
level—the level where programs are initially executed.

TRUE TrueClass  Synonym fdfrue.
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Expressions

Single Terms
Single terms in an expression may be any of the following.

e Literal . Ruby literals are numbers, strings, arrays, hashes, sasgmbols, and
regular expressions. There are described starting onpédje

e Shell Command A shell command is a string enclosed in backquotes, or in a
general delimited string (pade’ 2 starting with%x. The value of the string is the
standard output of running the command represented byrihg sinder the host
operating system’s standard shell. The execution alsdlse$s variable with the
command’s exit status.

filter = "*x.c"
files “1s #{filter}"
files = %x{1ls #{filter}}

nwon

e Symbol Generator. A Symbol object is created by prefixing an operator, variable,
constant, method, class, or module name with a colon. Théslaibject will be
unique for each different name but does not refer to a pdatiéastance of the
name, so the symbol for (say¥red will be the same regardless of context. A
symbol is similar to the concept of atoms in other high-léaatjuages.

e Variable Referenceor Constant Reference A variable is referenced by citing
its name. Depending on scope (see pa88, a constant is referenced either by
citing its name or by qualifying the name, using the name efdlass or module
containing the constant and the scope operator”j:

barney # variable reference
APP_NAMR # constant reference
Math::PI # qualified constant reference

e Method Invocation. The various ways of invoking a method are described startin
on pageloa

Operator Expressions

Expressions may be combined using operators. Tabléon the facing page lists the
Ruby operators in precedence order. The operators witlinethe methodcolumn are
implemented as methods, and may be overridden.

More on Assignment

The assignment operator assigns one or meaakliesto one or mordvalues What is
meant by assignment depends on each individual lvalue.

If an Ivalue is a variable or constant name, that variableoastant receives a reference
to the corresponding rvalue.

a, b, c =1, "cat", [ 3, 4, 51
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Table 18.4. Ruby operators (high to low precedence)

Method Operator Description
0 [1T[1= Element reference, element set
O *ok Exponentiation
O LIS S Not, complement, unary plus and minus
(method names for the last two are and
-0)
O * /% Multiply, divide, and modulo
O + - Plus and minus
O >> << Right and left shift
O & Bitwise ‘and’
O ~ Bitwise exclusive ‘or’ and regular ‘or’
0 <= < > >= Comparison operators
O <=> == === I= =" I~ Equality and pattern match operatons=(
and!~ may not be defined as methods)
&& Logical ‘and’
[ Logical ‘or’
e e Range (inclusive and exclusive)
7 Ternary if-then-else
=%="=/=-=+=|= Assignment
&= >>= <<= *= &&= | |=
kx=
defined? Check if symbol defined
not Logical negation
or and Logical composition
if unless while until Expression modifiers
begin/end Block expression

If the Ivalue is an object attribute, the correspondinglaite setting method will be
called in the receiver, passing as a parameter the rvalue.

anObj = A.new
an0bj.value = "hello" # equivalent to anObj.value=("hello")

If the Ivalue is an array element reference, Ruby calls tameht assignment operator
(“[1=") in the receiver, passing as parameters any indices thad¢aapbetween the
brackets followed by the rvalue. This is illustrated in Tab8.50n the next page.

Parallel Assignment

An assignment expression may have one or more Ivalues andromere rvalues.
This section explains how Ruby handles assignment witlewfft combinations of
arguments.

1. If the last rvalue is prefixed with an asterisk and is an cijé classArray, the
rvalue is replaced with the elements of the array, with edement forming its
own rvalue.
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Table 18.5. Mapping from element reference to method call

Element Reference Actual Method Call
an0Obj[] = "one" an0bj. [1=("one")
anObj[1] = "two" anObj. [1=(1, "two")

anObj["a", /~cat/] = "three" anObj.[]=("a", /~cat/, "three")

N

. If the assignment contains multiple lvalues and one e/ahe rvalue is converted
into anArray, and this array is expanded into a set of rvalues as desdriliégl

3. Successive rvalues are assigned to the Ivalues. Thignassnt effectively hap-
pens in parallel, so that (for exampke)b=b, a swaps the values in “a” and “b.”

4. If there are more Ivalues than rvalues, the excess wikkhav assigned to them.
5. If there are more rvalues that Ivalues, the excess wilgheried.

6. These rules are modified slightly if the last Ivalue is piad with an asterisk. This
Ivalue will always receive an array during the assignmehe @rray will consist
of whatever rvalue would normally have been assigned tdvhise, followed by
the excess rvalues (if any).

7. If an Ivalue is a parenthesized list, it is treated as agueassignment statement,
and the list is assigned from the corresponding rvalue awithes by these rules.

The tutorial has examples starting on p&ge

Block Expressions
begin
body

end

Expressions may be grouped betw@egin andend. The value of the block expres-
sion is the value of the last expression executed.

Block expressions also play a role in exception handlingctwvis discussed starting
on page203

Boolean Expressions

Boolean expressions evaluate to a truth value. Some Rubstroeis (particularly
ranges) behave differently when evaluated in a boolearessjn.

Truth Values

Ruby predefines the globatalse andnil. Both of these values are treated as being
false in a boolean context. All other values are treated amgtirie.
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And, Or, Not, and Defined?

The and and&& operators evaluate their first operand. If false, the exgwaseturns
false; otherwise, the expression returns the value of tberskoperand.

exprl and expr2
exprl  && expr2

Theor and| | operators evaluate their first operand. If true, the expyassturns true;
otherwise, the expression returns the value of the secoaicng.

exprl or expr2
exprl || expr2

Thenot and! operators evaluate their operand. If true, the expressitmns false. If
false, the expression returns true.

The word forms of these operatoemg, or, andnot) have a lower precedence than the
corresponding symbol formgg, | |, and!). See Table.8.4on pagel89for details.

Thedefined? operator returngil if its argument, which can be an arbitrary expres-
sion, is not defined. Otherwise, it returns a descriptioraf argument. For examples,
see pagé&9in the tutorial.

Comparison Operators

The Ruby syntax defines the comparison operaters==, <=>, <, <=, >, >=, =", and

the standard methodg1? andequal? (see Table’.1on pager0). All of these oper-
ators are implemented as methods. Although the operatoesihtaiitive meaning, it

is up to the classes that implement them to produce meanicgfoparison semantics.
The library reference starting on pagél describes the comparison semantics for the
built-in classes. The modu®mparable provides support for implementing the oper-
ators==, <, <=, >, >=, and the methodetween? in terms of<=>. The operator== is
used incase expressions, described on pd@s

Both == and =" have negated formd,= and ! ~. Ruby converts these during syntax
analysis:a !'=b is mapped to! (a==b), anda !~ b is mapped to! (a ="b). There
are no methods corresponding!teand! ~.

Ranges in Boolean Expressions

if exprl .. expr2
while exprl ... expr2

A range used in a boolean expression acts as a flip-flop. liWwstates, set and unset,
and is initially unset. On each call, the range cycles thhoilg state machine shown
in Figure18.10on pagel93 The range returnsrue if it is in the set state at the end of
the call, andfalse otherwise.

The two-dot form of a range behaves slightly differentlyrttiae three-dot form. When
the two-dot form first makes the transition from unset to géthmediately evaluates
the end condition and makes the transition accordinglys fiéans that iéxprland
expr2both evaluate tarue on the same call, the two-dot form will finish the call in
the unset state. However, it still returtisue for this call.
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The difference is illustrated by the following code:

(11..20) .collect {lil (i%4 == 0)..(i%3 == 0) ? i : nil}
a — [nil, 12, nil, nil, nil, 16, 17, 18, nil, 20]

»
1]

[
1]

(11..20) .collect {lil (i%4 == 0)...(i%3 == 0) 7 i : nil}
a — [ni1l, 12, 13, 14, 15, 16, 17, 18, nil, 20]

Regular Expressions in Boolean Expressions

If a single regular expression appears as a boolean expness matched against the
current value of the variable_.

if /re/ ...
is equivalent to

if §_ =" /re/ ...

If and Unless Expressions

if boolean-expression [ then |
body

elsif boolean-expression [ then |
body

else
body

end

unless boolean-expression [ then |
body
else

body
end

Thethen keyword separates the body from the condition. It is not ireglif the body
starts on a new line. The value of aft or unless expression is the value of the last
expression evaluated in whichever body is executed.

If and Unless Modifiers

expression if boolean-expression
expression unless boolean-expression

evaluategxpressioronly if boolean-expressios true (false for unless).

Ternary Operator

boolean-expression 7 exprl : expr2

returnsexprlif boolean expressiois true andexpr2otherwise.
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~
Figure 18.1. State transitions for boolean range
exprl is true
start
. expr2 is true _
exprl is false P expr2 is false
\. y,

Case Expressions

case target
when comparison [, comparison ]... [ then ]
body
when comparison [, comparison ]... [ then ]
body

[ else
body ]
end

A case expression searches for a match by starting at thétéipsteft) comparison,
performingcomparison=== target When a comparison returns true, the search stops,
and the body associated with the comparison is executag then returns the value

of the last expression executed. If comparisormatches: if ar1se clause is present,

its body will be executed; otherwisease silently returnsil.

Thethen keyword separates théen comparisons from the bodies, and is not needed
if the body starts on a new line.

Loops

while boolean-expression [ do ]
body
end

executedodyzero or more times as long Bsolean-expressios true.

until boolean-expression [ do ]
body
end

executedodyzero or more times as long Bsolean-expressios false.

In both forms, thelo separateboolean-expressidinom thebody, and may be omitted
when the body starts on a new line.

for name [, name ]... in expression [ do ]
body
end
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Thefor loop is executed as if it were the followirgich loop, except that local vari-
ables defined in the body of tHer loop will be available outside the loop, while those
defined within an iterator block will not.

expression.each do | name [, name ]... |
body
end

loop, Which iterates its associated block, is not a languagetamis—it is a method in
moduleKernel.

While and Until Modifiers

expression while boolean-expression
expression until boolean-expression

If expressions anything other than Begin/end block, executegxpressiorzero or
more times whildoolean-expressios true (false for until).

If expressionis abegin/end block, the block will always be executed at least one time.

Break, Redo, Next, and Retry

break, redo, next, andretry alter the normal flow throughw@hile, until, for, or
iterator controlled loop.

break terminates the immediately enclosing loop—control resuiaiethe statement
following the block.redo repeats the loop from the start, but without reevaluatirg th
condition or fetching the next element (in an iteratargxt skips to the end of the
loop, effectively starting the next iterationetry restarts the loop, reevaluating the
condition.

Method Definition

def defname [ ( [arg [ =val ], ... ][, *vararg ] [ , &blockarg ] ) ]
body
end

defname is both the name of the method and optionally the context iichvit is valid.

defname <« methodname
expr. methodname

A methodname is either a redefinable operator (see Tal#eton pagel89 or a name.
If methodname is a name, it should start with a lowercase letter (or unadeeg®ption-
ally followed by upper- and lowercase letters, underscaed digits. Amethodname
may optionally end with a question marke(), exclamation point ("), or equals sign
(“="). The question mark and exclamation point are simply p&tti® name. The equals
sign is also part of the name but additionally signals thiatrtrethod is an attribute set-
ter (described on pag).

A method definition using an unadorned method name withiassabr module defini-
tion creates an instance method. An instance method maybksd only by sending
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its name to a receiver that is an instance of the class thaiedkifi (or one of that class’s
subclasses).

Outside a class or module definition, a definition with an wmadd method name is
added as a private method to clagsject, and hence may be called in any context
without an explicit receiver.

A definition using a method name of the foexpr.methodname creates a method asso-
ciated with the object that is the value of the expressioa;niethod will be callable
only by supplying the object referenced by the expressioa gsceiver. Other Ruby
documentation calls these meth@ilsgleton methods

class MyClass

def MyClass.method # definition
end
end
MyClass.method # call
anObject = Object.new
def anObject.method # definition
end
anObject.method # call
def (1.class).fred # receiver may be an expression
end
Fixnum.fred # call

Method definitions may not contain class, module, or insgtanethod definitions. They
may contain nested singleton method definitions. The body wiethod acts as if it
were abegin/end block, in that it may contain exception handling statemérdscue,
else, andensure).

Method Arguments

A method definition may have zero or more regular argumentepéional array argu-
ment, and an optional block argument. Arguments are segghlgt commas, and the
argument list may be enclosed in parentheses.

A regular argument is a local variable name, optionallydiettd by an equals sign and
an expression giving a default value. The expression isiatad at the time the method
is called. The expressions are evaluated from left to rightexpression may reference
a parameter that precedes it in the argument list.

def options(a=99, b=a+l)

[a, b]
end
options —  [99, 100]
options 1 —  [1, 2]

options 2, 4 — [2, 4]

The optional array argument must follow any regular argusi@amd may not have

a default. When the method is invoked, Ruby sets the arraynaegt to reference a
new object of clasdrray. If the method call specifies any parameters in excess of
the regular argument count, all these extra parameterdeitollected into this newly
created array.
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def varargs(a, *b)

[a, bl
end
varargs 1 — [1, 01
varargs 1, 2 — [1, [21]

varargs 1, 2, 3 — [1, [2, 3]1]

If an array argument follows arguments with default valymsameters will first be
used to override the defaults. The remainder will then bd tis@opulate the array.

def mixed(a, b=99, *c)

[ a, b, c]
end
mixed 1 —  [1, 99, [1]
mixed 1, 2 — [1, 2, [1]
mixed 1, 2, 3 —  [1, 2, [3]]
mixed 1, 2, 3, 4 — [1, 2, [3, 4]1]

The optional block argument must be the lastin the list. Vventhe method is called,
Ruby checks for an associated block. If a block is preser#,dbnverted to an object
of classProc and assigned to the block argument. If no block is preseatatbument
is set tonil.

Invoking a Method

[ receiver. ] name [ parameters ] [ block ]
[ receiver:: ] name [ parameters ] [ block ]

parameters <« ( [ param, ... ] [ , hashlist ] [ *array ] [ &aProc ] )

block «— { blockbody }
do blockbody end

Initial parameters are assigned to the actual argumenkteohethod. Following these
parameters may be a list kéy=> valuepairs. These pairs are collected into a single
newHash object and passed as a single parameter.

Following these parameters may be a single parameter paefiie an asterisk. If this
parameter is an array, Ruby replaces it with zero or morenpetexs corresponding to
the elements of the array.

def regular(a, b, *c)
# ..

end

regular 1, 2, 3, 4

regular(l, 2, 3, 4)

regular(l, *[2, 3, 41)

A block may be associated with a method call using eithereadlitblock (which must
start on the same source line as the last line of the methddocad parameter con-
taining a reference to Broc or Method object prefixed with an ampersand character.
Regardless of the presence of a block argument, Ruby asdngé¢he value of the
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global functionKernel.block_given? to reflect the availability of a block associ-
ated with the call.

aProc = proc { 99 }
anArray = [ 98, 97, 96 ]

def block
yield
end
block { }
block do
end
block(&aProc)

def all(a, b, c, *d, &e)
puts "a = #{a}"
puts "b = #{b}"
puts "c = #{c}"
puts "d = #{d}"
puts "block = #{yield(e)}"
end

1]

all(’test’, 1 => ’cat’, 2 => ’dog’, *anArray, &aProc)

produces:

= test

{1=>"cat", 2=>"dog"}
= 98

[97, 96]

block = 99

a0 oe
1

1]

A method is called by passing its name to a receiver. If noivecés specifiedself

is assumed. The receiver checks for the method definitiotsiovin class and then

sequentially in its ancestor classes. The instance metbhfodsluded modules act as

if they were in anonymous superclasses of the class thatdaslthem. If the method

is not found, Ruby invokes the metha@dthod_missing in the receiver. The default

behavior defined ifkernel .method_missing is to report an error and terminate the
program.

When areceiver is explicitly specified in a method invoaatibmay be separated from
the method name using either a period br two colons “ :”. The only difference
between these two forms occurs if the method name startsamithppercase letter.
In this case, Ruby will assume thatraceiver: :Thing method call is actually an
attempt to access a constant calfedng in the receiveunlessthe method invocation
has a parameter list between parentheses.

Foo.Bar() # method call
Foo.Bar # method call
Foo: :Bar() # method call
Foo::Bar # constant access

The return value of a method is the value of the last expressiecuted.

return [ expr, ... |
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A return expression immediately exits a method. The valuexd@urnisnil ifitis
called with no parameters, the value of its parameter if éalked with one parameter,
or an array containing all of its parameters if it is calledhwnore than one parameter.

super
super [ ([ param, ... ][ *array ] ) ] [ block ]

Within the body of a method, a call tmper acts just like a call to that original method,
except that the search for a method body starts in the s@ssrof the object that was
found to contain the original method. If no parameters (amgarentheses) are passed
to super, the original method’s parameters will be passed; othenviie parameters
to super will be passed.

Operator Methods

exprl operator
operator exprl
exprl operator expr2

If the operator in an operator expression corresponds tdefirable method (see the
Table18.40n pagel89), Ruby will execute the operator expression as if it had been
written

(exprl) . operator (expr2)

Attribute Assignment

receiver.attrname = rvalue

When the formreceiver.attrname appears as an Ivalue, Ruby invokes a method named
attrname= in the receiver, passingalue as a single parameter.

Element Reference Operator

receiver[ expr [, expr ]... ]
receiver[ expr [, expr ]... 1 = rvalue

When used as an rvalue, element reference invokes the méthau the receiver,
passing as parameters the expressions between the brackets

When used as an Ivalue, element reference invokes the méthedh the receiver,
passing as parameters the expressions between the brdoKetsed by thervalue
being assigned.

Aliasing

alias newName oldName
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creates a new name that refers to an existing method, opggltbal variable, or reg-
ular expression backreferend®($°, $’, and$+). Local variables, instance variables,
class variables, and constants may not be aliased. The gtm@ntoalias may be
names or symbols.

class Fixnum
alias plus +
end
1.plus(3) — 4

alias $prematch $~
"string" =~ /i/ — 3
$prematch —  "str"

alias :cmd :
cmd "date" —  "Sun Nov 12 22:37:00 MSK 2006\n"

When a method is aliased, the new name refers to a copy ofitfieamethod’s body.
If the method is subsequently redefined, the aliased nanhstilliinvoke the original
implementation.

def meth
"original method"

end

alias original meth

def meth
"new and improved"
end
meth —  "new and improved"
original — "original method"

Class Definition

class classname [ < superexpr ]
body
end

class << anObject
body
end

A Ruby class definition creates or extends an object of ctasss by executing the
code inbody. In the first form, a named class is created or extended. Tdtireg
Class object is assigned to a global constant namlaesname. This name should
start with an uppercase letter. In the second form, an anoagr(singleton) class is
associated with the specific object.

If present superexpr should be an expression that evaluatestaass object that will
be installed as the superclass of the class being definenhitfedl, it defaults to class
Object.
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Within body, most Ruby expressions are simply executed as the defimstiead. How-
ever:

e Method definitions will register the methods in a table in ¢haess object.

e Nested class and module definitions will be stored in cotstaithin the class,
not as global constants. These nested classes and modnlbs eacessed from
outside the defining class using:” to qualify their names.

module NameSpace
class Example
CONST = 123
end
end
obj = NameSpace::Example.new
a = NameSpace::Example: :CONST

e TheModule#include method will add the named modules as anonymous super-
classes of the class being defined.

Itis worth emphasizing that a class definition is executabtie. Many of the directives
used in class definition (such astr andinclude) are actually simply private instance
methods of clasBodule (documented starting on pagé?).

Chapterl9, which begins on pag207, describes in more detail ho@lass objects
interact with the rest of the environment.

Creating Objects from Classes
obj = classexpr.new [ ( [args, ... 1) ]
ClassClass defines the instance methOtlass#new, which:
e Creates an object of the class of the receivlséexpr in the syntax example).
e Sets that object’s type to be the receiver.

e Invokes the instance methaditialize in the newly created object, passing it
any arguments originally passedrew.

If a class definition overrides the class methear without callingsuper, no objects
of that class can be created.

Class Attribute Declarations

Class attribute declarations are technically not part ef Ruby language: they are
simply methods defined in claBsdule that create accessor methods automatically.

class name

attr attribute [ , writable ]
attr_reader attribute [, attribute ]...
attr_writer attribute [, attribute ]...

attr_accessor  attribute [, attribute ]...
end
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Module Definitions

module name
body
end

A module is basically a class that cannot be instantiatekle la class, its body is
executed during definition and the resultitgdule object is stored in a constant. A
module may contain class and instance methods and may defiis¢aats and class
variables. As with classes, module methods are invokedjubigModule object as a
receiver, and constants are accessed using:tHestope resolution operator.

module Mod
CONST = 1
def Mod.methodl # module method
CONST + 1
end
end

Mod: : CONST — 1
Mod.methodl — 2

Mixins—Including Modules

class|module name
include expr
end

A module may be included within the definition of another miedor class using the
include method. The module or class definition containingithelude gains access
to the constants, class variables, and instance methole afa@dule it includes.

If a module is included within a class definition, the modsilgnstants, class variables,
and instance methods are effectively bundled into an anongnfand inaccessible)
superclass for that class. In particular, objects of thesciaill respond to messages
sent to the module’s instance methods.

A module may also be included at the top level, in which caseribdule’s constants,
class variables, and instance methods become availalble & level.

Module Functions

Althoughinclude is useful for providing mixin functionality, it is also a wajf bring-
ing the constants, class variables, and instance meth@dsotiule into another name-
space. However, functionality defined in an instance methitidhot be available as a
module method.

module Math
def sin(x)
#
end
end

# Only way to access Math.sin is...
include Math
sin(1)
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The methodModule#module_function solves this problem by taking one or more
module instance methods and copying their definitions imiwesponding module
methods.

module Math
def sin(x)
#
end
module_function :sin
end

Math.sin(1)
include Math
sin(1)

The instance method and module method are two differentadsthihe method defi-
nition is copied bynodule_function, not aliased.

Access Control

Ruby defines three levels of protection for module and classtants and methods:
e Public. Accessible to anyone.
e Protected Can be invoked only by objects of the defining class and lislaisses.

e Private. Can be called only in functional form (that is, with an ingitisel1f as
the receiver). Private methods therefore can be called iontlye defining class
and by direct descendents within the same object.

private [ aSymbol, ... ]
protected [ aSymbol, ... ]
public [ aSymbol, ... ]

Each function can be used in two different ways.

1. If used with no arguments, the three functions set theulted@cess control of
subsequently defined methods.

2. With arguments, the functions set the access controlehtmed methods and
constants.

Access control is enforced when a method is invoked.

Blocks, Closures, and Proc Objects

A code block is a set of Ruby statements and expressions éetlraces or do/end
pair. The block may start with an argument list between gattbars. A code block
may appear only immediately after a method invocation. Tae ef the block must be
on the same logical line as the end of the invocation.

invocation do | al, a2, ... |
end
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invocation { | a1, a2, ...

}

Braces have a high precedenée;has a low precedence. If the method invocation has
parameters that are not enclosed in parentheses, the brateffa block will bind to
the last parameter, not to the overall invocation. &héorm will bind to the invocation.

Within the body of the invoked method, the code block may Bledaising theyield
method. Parameters passed to yheld will be assigned to arguments in the block
using the rules of parallel assignment described startingamel89. The return value
of theyield is the value of the last expression evaluated in the block.

A code block remembers the environment in which it was defim@d it uses that
environment whenever it is called.

Proc Objects

Code blocks are converted into objects of classc using the methodBroc .new and
Kernel#proc, or by associating the block with a method’s block argument.

The Proc constructor takes an associated block and wraps it with gin@ontext
to be able to re-create the block’s environment when it issegbently called. The
Proc#call instance method then allows you to invoke the original bjagiionally
passing in parameters. The code in the block (and the assdci@sure) remains avail-
able for the lifetime of th@roc object.

If the last argument in a method’s argument list is prefixethwain ampersand &),
any block associated with calls to that method will be coteetto aProc object and
assigned to that parameter.

Exceptions

Ruby exceptions are objects of cla&s:eption and its descendents (a full list of the
built-in exceptions is given in Figurg2.1on page264).

Raising Exceptions
TheKernel .raise method raises an exception.

raise
raise aString
raise thing [ , aString [ aStackTrace ] ]

The first form reraises the exceptiondim or a newRuntimeError if $! isnil. The
second form creates a néwntimeError exception, setting its message to the given
string. The third form creates an exception object by inmgkhe metho@xception

on its first argument. It then sets this exception’s messadeéacktrace to its second
and third arguments. ClaBgception and objects of clagsxception contain factory
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methods calledxception, SO an exception class name or instance can be used as the
first parameter teaise.

When an exception is raised, Ruby places a reference tBxit¥ption object in the
global variables!.

Handling Exceptions

Exceptions may be handled within the scope bégin/end block.

begin
code...
code...
[ rescue [ parm, ... ][ => var ] [ then ]
error handling code... , ... ]
[ else
no exception code... ]
[ ensure
always executed code... ]
end

A block may have multipleescue clauses, and eaatescue clause may specify zero
or more parameters. Aescue clause with no parameter is treated as if it had a param-
eter ofStandardError.

When an exception is raised, Ruby scans up the call stackiufitids an enclosing
begin/end block. For eaclhrescue clause in that block, Ruby compares the raised
exception against each of the rescue clause’s parametéusnineach parameter is
tested usings! .kind_of?(parameter). If the raised exception matchesrascue
parameter, Ruby executes the body of #acue and stops looking. If a matching
rescue clause ends witk> and a variable name, the variable is se$ to

Although the parameters to thescue clause are typically the namesEfception
classes, they can actually be arbitrary expressions @imaumethod calls) that return
an appropriate class.

If no rescue clause matches the raised exception, Ruby nupvtbe stack frame look-
ing for a higher-levebegin/end block that matches. If an exception propagates to the
top level without being rescued, the program terminatel ainessage.

If an else clause is present, its body is executed if no exceptions vegsed ininitial
code Exceptions raised during the execution of #iee clause are not captured by
rescue clauses in the same block as #iese.

If an ensure clause is present, its body is always executed as the blaolted (even
if an uncaught exception is in the process of being propayate
Retrying a Block

The retry statement can be used withinrascue clause to restart the enclosing
begin/end block from the beginning.
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Catch and Throw

The methoKernel . catch executes its associated block.

catch ( aSymbol | aString ) do
block...
end

The methoernel . throw interrupts the normal processing of statements.

throw( aSymbol | aString [ , anObject ] )

When athrow is executed, Ruby searches up the call stack for thedirsth block
with a matching symbol or string. If it is found, the searabpst, and execution resumes
past the end of theatch’s block. If the throw was passed a second parameter, that
value is returned as the value of thetch. Ruby honors thensure clauses of any
block expressions it traverses while looking for a corr@sfiogcatch.

If no catch block matches thehrow, Ruby raises dlameError exception at the loca-
tion of thethrow.
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Chapter 19

Classes and Objects

Classes and objects are obviously central to Ruby, but asiiist they can seem a little
confusing. There seem to be a lot of concepts: classes,tepfass objects, instance
methods, class methods, and singleton classes. In readityever, Ruby has just a
single underlying class and object structure, which wedtdss in this chapter. In fact,
the basic model is so simple, we can describe it in a singlagvaph.

A Ruby object has three components: a set of flags, some gestariables, and an
associated class. A Ruby class is an object of @asss, which contains all the object
things plus a list of methods and a reference to a superaldssh(is itself another
class). All method calls in Ruby nominate a receiver (whigtby defaultself, the
current object). Ruby finds the method to invoke by lookinghat list of methods in
the receiver’s class. If it doesn’t find the method theregdkis in the superclass, and
then in the superclass’s superclass, and so on. If the metwabt be found in the
receiver’s class or any of its ancestors, Ruby invokes thiotethod_missingon
the original receiver.

And that's it—the entire explanation. On to the next chapter

“But wait,” you cry, “I spent good money on this chapter. Wiadiout all this other
stuff—singleton classes, class methods, and so on. Howeyorbrk?”

Good question.

How Classes and Objects Interact

All class/object interactions are explained using the $nnpodel given above: objects
reference classes, and classes reference zero or morelaspes. However, the imple-
mentation details can get a tad tricky.

We've found that the simplest way of visualizing all this ésdraw the actual objects
that Ruby implements. So, in the following pages we’ll lodlkatthe possible combi-
nations of classes and objects. Note that these are notitagams in the UML sense;
we’re showing structures in memory and pointers betweemthe

<« 207 P>
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Your Basic, Everyday Object

Let’s start by looking at an object created from a simplesl&gyurel9.1on the facing
page shows an object referenced by a variableille, the object’s classGuitar,
and that class’s superclasgject. Notice how the object’s class reference (called
klass for historical reasons that really bug Andy) points to thesslobject, and how
the super pointer from that class references the parent class.

If we invoke the methoducille.play(), Ruby goes to the receivarucille, and
follows theklass reference to the class object feuitar. It searches the method
table, findsplay, and invokes it.

If instead we calllucille.display (), Ruby starts off the same way, but cannot find
display in the method table in clagaitar. It then follows thesuper reference to
Guitar’s superclasg)bject, where it finds and executes the method.

What's the Meta?

Astute readers (yup, that's all of you) will have noticedtttiee k1ass members of
Class objects point to nothing meaningful in Figui®.1 We now have all the infor-
mation we need to work out what theliouldreference.

When you saylucille.play(), Ruby followslucille’s klass pointer to find a
class object in which to search for methods. So what happbes wou invoke a class
method, such aSuitar.strings(...)? Here the receiver is the class object itself,
Guitar. So, to be consistent, we need to stick the methods in sonee dss, refer-
enced fronGuitar’s klass pointer. This new class will contain all 6aitar’s class
methods. It's called anetaclassWe'll denote the metaclass Ghitar asGuitar’.
But that's not the whole story. Becauseitar is a subclass ofbject, its meta-
classGuitar’ will be a subclass ofibject’s metaclasspbject’. In Figure19.2on
page210 we show these additional metaclasses.

When Ruby executeSuitar.strings(), it follows the same process as before: it
goes to the receiver, clasaitar, follows theklass reference to clasguitar’, and
finds the method.

Finally, note that an “S” has crept into the flags in classtar’. The classes that Ruby
creates automatically are marked internallysamyleton classesSingleton classes are
treated slightly differently within Ruby. The most obviodisference from the outside
is that they are effectively invisible: they will never apén a list of objects returned
from methods such a&dule#ancestors or ObjectSpace.each_object.

Object-Specific Classes

Ruby allows you to create a class tied to a particular objedhe following example,
we create tw@tring objects. We then associate an anonymous class with onemof the
overriding one of the methods in the object’s base class ddithg a new method.
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e ™
Figure 19.1. A basic object, with its class and superclass

class Guitar
def play()

end

end

lucille = Guitar.new

lucille

Class
Object

Class
Guitar

flags: ... flags:
super: o » super: e
iv_tbl: e iv_tbl: e
klass: o klass: o
methods: methods:
- play - clone
- display
- dup
\ J
a = "hello"
b = a.dup
class <<a
def to_s
"The value is ’#{self}’"
end
def twoTimes
self + self
end
end
a.to_s — "The value is ’hello’"
a.twoTimes —  "hellohello"
b.to_s — "hello"

This example uses thelass <<obj” notation, which basically says “build me a new
class just for objeabbj.” We could also have written it as:

a = "hello"
b = a.dup
def a.to_s
"The value is ’#{self}’"
end
def a.twoTimes
self + self
end

a.to_s —  "The value is ’hello’"
a.twoTimes — "hellohello"
b.to_s — "hello"
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. . )
Figure 19.2. Adding a metaclass to Guitar
class Guitar
def Guitar.strings()
return 6
end
def play()
end
lucille em‘i‘
lucille = Guitar.new
Class Class
Guitar Object
flags: ... flags: ...
Guit super: e - super: e
uitare®™ it e v tbl: e
klass: e klass: o
methods: methods:
- play - clone
- display
- dup
Class Class
Guitar’ Object’
lag—
flags: S flags: S
super: e = super: e
iv_tbl: e iv_tbl: e
klass: e klass: o
methods: methods:
- strings
4 J

The effect is the same in both cases: a class is added to theté&j. This gives us

a strong hint about the Ruby implementation: a singletosscia created and inserted
asa’s direct classa’s original classString, is made this singleton’s superclass. The
before and after pictures are shown in Figlife3on the facing page.

Ruby performs a slight optimization with these singletaassks. If an object’slass
reference already points to a singleton class, a new onaatilbe created. This means
that the first of the two method definitions in the previousregbe will create a single-
ton class, but the second will simply add a method to it.

Mixin Modules

When a class includes a module, that module’s instance methecome available as
instance methods of the class. It's almost as if the moduternes a superclass of
the class that uses it. Not surprisingly, that's about howatks. When you include
a module, Ruby creates an anonymous proxy class that regs¢hat module, and
inserts that proxy as the direct superclass of the classlitiélie including. The proxy
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e ™
Figure 19.3. Adding a singleton class to an object

a = ’hello’

Class Class
String Object

flags: ... flags: ...
super: e - super: e
iv_tbl: e iv_tbl: e
klass: o klass: o

methods: methods:
-1 - clone
-to_s - display
-1 - dup

class <<a

def to_s
**The value is ’#{self}’”’
end
def twoTimes
a self + self
end
end
singleton Class Class
String Object
flags: S flags: ... flags: ...
super: e - super: e - super: e
iv_tbl: e iv_tbl: e iv_thl: e
klass: o klass: o klass: e
methods: methods: methods:
-to_s - - clone
- twoTimes -to_s - display
- - dup
\_ J

class contains references to the instance variables arftbdseof the module. This is
important: the same module may be included in many differkasises, and will appear
in many different inheritance chains. However, thanks ptoxy class, there is still
only one underlying module: change a method definition int thadule, and it will
change in all classes that include that module, both pasfLance.
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module SillyModule
def hello
"Hello."
end
end
class SillyClass
include SillyModule
end
s = SillyClass.new
s.hello — "Hello."

module SillyModule
def hello
"Hi, there!"
end
end
s.hello —  "Hi, there!"

The relationship between classes and the modules theylmidishown in Figur&9.4onj
the next page. If multiple modules are included, they aresddd the chain in order.

If a module itself includes other modules, a chain of proxassks will be added to any
class that includes that module, one proxy for each modalagtdirectly or indirectly
included.

Extending Objects

Just as you can define an anonymous class for an object usings <<obj”, you
can mix a module into an object usiogject#extend. For example:

module Humor
def tickle
"hee, hee!"
end
end

a = "Grouchy"
a.extend Humor
a.tickle —  "hee, hee!"

There is an interesting trick withxtend. If you use it within a class definition, the
module’s methods become class methods.

module Humor
def tickle
"hee, hee!"
end
end

class Grouchy
include Humor
extend Humor
end

Grouchy.tickle —  "hee, hee!"
a = Grouchy.new
a.tickle — "hee, hee!"
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(.
Figure 19.4.

An included module and its proxy class

lucille

Class
Guitar

class Guitar
include Enumerable

def play()
en(i o

lucille = Guitar.new

[y

Class
Object

flags: ... flags: ... flags: ...
super: e »- super: e super: e
iv_tbl: e iv_tbl: e--f-----. iv_tbl: e
klass: o klass: o klass: e
methods: methods: ---t---- - methods:
- play - clone
- display
- dup
R
Enum...
flags: ...
super: e
iv_thl: e 4e--:-:
klass: o :
methods: <& ---
- collect
- detect
4 J

This is because callingxtend is equivalent toself.extend, SO the methods are
added taself, which in a class definition is the class itself.

Class and Module Definitions

Having exhausted the combinations of classes and objeetsam(thankfully) get back
to programming by looking at the nuts and bolts of class anduteodefinitions.

In languages such as C++ and Java, class definitions aresgastat compile time: the
compiler loads up symbol tables, works out how much storagdldcate, constructs
dispatch tables, and does all those other obscure thingkratier not think too hard
about.

Ruby is different. In Ruby, class and module definitions aexatable code. Although
parsed at compile time, the classes and modules are creatattine, when the def-
inition is encountered. (The same is also true of method itiefiis.) This allows you
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to structure your programs far more dynamically than in necostventional languages.
You can make decisions once, when the class is being defiatdrithan each time
that objects of the class are used. The class in the folloexagnple decides as it is
being defined what version of a decryption routine to create.

class MediaPlayer
include Tracing if $DEBUGGING

if ::EXPORT_VERSION
def decrypt(stream)
raise "Decryption not available"
end
else
def decrypt(stream)
# ...
end
end

end

If class definitions are executable code, this implies they execute in the context of
some objectself must referenceomethingLet’s find out what it is.

class Test
puts "Type of self = #{self.class}"
puts "Name of self = #{self.namel}"
end

produces:

Type of self = Class
Name of self = Test

This means that a class definition is executed with that dasthe current object.
Referring back to the section about metaclasses on2z@&e can see that this means
that methods in the metaclass and its superclasses wilHilalle during the execution
of the method definition. We can check this out.

class Test
def Test.sayHello
puts "Hello from #{name}"
end

sayHello
end

produces:

Hello from Test

In this example we define a class methdest . sayHello, and then call it in the body
of the class definition. WithisayHello, we callname, an instance method of class
Module. Becauselodule is an ancestor oflass, its instance methods can be called
without an explicit receiver within a class definition.

In fact, many of the directives that you use when defining asclar module, things
such aslias_method, attr, andpublic, are simply methods in clas®dule. This
opens up some interesting possibilities—you can extenéutingtionality of class and
module definitions by writing Ruby code. Let’s look at a caupf examples.
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As a first example, let’s look at adding a basic documentdtoitity to modules and
classes. This would allow us to associate a string with mesiahd classes that we
write, a string that is accessible as the program is runiifeg! choose a simple syntax.

class Example
doc "This is a sample documentation string"
# .. rest of class

end

We need to makeoc available to any module or class, so we need to make it an
instance method of clag®dule.

class Module
@@docs = Hash.new(nil)
def doc(str)
@@docs [self.name] = str
end
def Module::doc(aClass)
# If we’re passed a class or module, convert to string
# (°<=’ for classes checks for same class or subtype)
aClass = aClass.name if aClass.class <= Module
@@docs[aClass] || "No documentation for #{aClassl}"
end
end
class Example
doc "This is a sample documentation string"
# .. rest of class
end
module Another
doc <<-edoc
And this is a documentation string
in a module
edoc
# rest of module
end
puts Module: :doc(Example)
puts Module: :doc("Another")

produces:

This is a sample documentation string
And this is a documentation string
in a module

The second example is a performance enhancement basedayo$hoFunaba'date
module (described beginning on paggh). Say we have a class that represents some
underlying quantity (in this case, a date). The class may lmany attributes that
present the same underlying date in different ways: as anJdky number, as a string,
as a [year, month, day] triple, and so on. Each value reptesiem same date and may
involve a fairly complex calculation to derive. We therefavould like to calculate each
attribute only once, when it is first accessed.

The manual way would be to add a test to each accessor:

class ExampleDate
def initialize(dayNumber)
@dayNumber = dayNumber
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end

def asDayNumber
@dayNumber
end
def asString
unless Q@string
# complex calculation
@string = result
end
@string
end
def asYMD
unless Qymd
# another calculation
Qymd = [y, m, d ]
end
Qymd
end
# ...
end

This is a clunky technique—Ilet’s see if we can come up withsibring sexier.

What we're aiming for is a directive that indicates that tloelypof a particular method
should be invoked only once. The value returned by that faitshiould be cached.
Thereafter, calling that same method should return theathehlue without reevaluat-
ing the method body again. This is similar to Eiffebsce modifier for routines. We'd

like to be able to write something like:

class ExampleDate
def asDayNumber
@dayNumber
end

def asString
# complex calculation
end

def asYMD
# another calculation
[y, m, d]

end

once :asString, :asYMD
end

We can useonce as a directive by writing it as a class methodEabmpleDate, but
what should it look like internally? The trick is to have itwete the methods whose
names it is passed. For each method, it creates an aliasdarrifjiinal code, then
creates a new method with the same name. This new methodwoedkings. First,
it invokes the original method (using the alias) and stohesresulting value in an
instance variable. Second, it redefines itself, so that beesuent calls it simply returns
the value of the instance variable directly. Here’'s Taday®&sinaba’s code, slightly
reformatted.

def ExampleDate.once (*ids)
for id in ids
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module_eval <<-"end_eval"
alias_method :__#{id.to_i}__, #{id.inspect}
def #{id.id2name}(*args, &block)
def self.#{id.id2name} (*args, &block)
@__#{id.to_i}__
end
O__#{id.to_i}__ = __#{id.to_i}__(*args, &block)
end
end_eval
end
end

This code usesodule_eval to execute a block of code in the context of the calling
module (or, in this case, the calling class). The originathuod is renamed nnn_,
where thennnpart is the integer representation of the method name’s syidbThe
code uses the same name for the caching instance varial@édoulk of the code is a
method that dynamically redefines itself. Note that thisefeition uses the fact that
methods may contain nested singleton method definitiorisyarctrick.

Understand this code, and you'll be well on the way to trueyRulastery.

However, we can take it further. Look in tdete module, and you’'ll see methaetice
written slightly differently.

class Date
class << self
def once(*ids)
# ...
end
end
# ...
end

The interesting thing here is the inner class definitianass << self”. This defines
a class based on the objeetlf, andself happens to be the class objectbate. The
result? Every method within the inner class definition ioadtically a class method
of Date.

The once feature is generally applicable—it should work for any sla$ you took
once and made it a private instance method of cléss$ule, it would be available for
use in any Ruby class.

Class Names Are Constants

We've said that when you invoke a class method, all you'redg@ sending a message
to theClass object itself. When you say something suctBaging.new ("gumby"),
you're sending the messagew to the object that is clastring. But how does Ruby
know to do this? After all, the receiver of a message shouldrbebject reference,
which implies that there must be a constant called “Strirghewhere containing a
reference to thetring object! And in fact, that's exactly what happens. All the built-

1. It will be a constant, not a variable, because “Stringftstevith an uppercase letter.
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in classes, along with the classes you define, have a corrdspglobal constant with
the same name as the class. This is both straightforwarddotieé sThe subtlety comes
from the fact that there are actually two things named (faneple)String in the
system. There’s aonstantthat references an object of cladsring, and there’s the
object itself.

The fact that class hames are just constants means that gdveea classes just like
any other Ruby object: you can copy them, pass them to metlaodsuse them in
expressions.

def factory(klass, *args)
klass.new(*args)

end

factory(String, "Hello") —  "Hello"
factory(Dir, " —  #<Dir:0x4029d3e0>
flag = true

(flag 7 Array : Hash)[1, 2, 3, 41 — [1, 2, 3, 4]
flag = false
(flag 7 Array : Hash)[1, 2, 3, 41 — {1=>2, 3=>4}

Top-Level Execution Environment

Many times in this book we've claimed that everything in Rudwn object. However,
there’s one thing that we've used time and time again tha¢arsgto contradict this—
the top-level Ruby execution environment.

puts "Hello, World"

Not an object in sight. We may as well be writing some varidtartran or QW-Basic.
But dig deeper, and you'll come across objects and classdaduin even the simplest
code.

We know that the literal'Hello, World" generates a Rub§tring, so there's one
object. We also know that the bare method callptcs is effectively the same as
self.puts. But whatis “self"?

self.class — Object

At the top level, we're executing code in the context of somedlpfined object. When
we define methods, we're actually creating (private) sitaglenethods for this object.
Instance variables belong to this object. And because virtige context o0bject,
we can use all ofbject’s methods (including those mixed-in frokernel) in func-
tion form. This explains why we can c&lérnel methods such gsuts at the top level
(and indeed throughout Ruby): these methods are part of ebéect.

Inheritance and Visibility

There’s one last wrinkle to class inheritance, and it'dyasbscure.
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Within a class definition, you can change the visibility of athod in an ancestor class.
For example, you can do something like:

class Base
def aMethod
puts "Got here"
end
private :aMethod
end

class Derivedl < Base
public :aMethod
end

class Derived2 < Base
end

In this example, you would be able to invokigethod in instances of clasBerivedi,
but not via instances dase or Derived?2.

So how does Ruby pull off this feat of having one method witb tifferent visibilities?
Simply put, it cheats.

If a subclass changes the visibility of a method in a parenbyReffectively inserts a
hidden proxy method in the subclass that invokes the origiedhod usingsuper. It
then sets the visibility of that proxy to whatever you redads This means that the
code:

class Derivedl < Base
public :aMethod
end

is effectively the same as:

class Derivedl < Base
def aMethod(*args)
super
end
public :aMethod
end

The call tosuper can access the parent’s method regardless of its visjbdidythe
rewrite allows the subclass to override its parent’s visibiules. Pretty scary, eh?

Freezing Objects

There are times when you've worked hard to make your objettéxright, and you'll
be damned if you'll let anyone just change it. Perhaps youl teg@ass some kind of
opaque object between two of your classes via some thiry-phject, and you want
to make sure it arrives unmodified. Perhaps you want to usépgattoas a hash key,
and need to make sure that no one modifies it while it's beireg uBerhaps something
is corrupting one of your objects, and you'd like Ruby to esés exception as soon as
the change occurs.
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Ruby provides a very simple mechanism to help with this. Abject can bdrozenby
invokingObject#freeze. A frozen object may not be modified: you can’t change its
instance variables (directly or indirectly), you can't@sisite singleton methods with
it, and, if it is a class or module, you can’t add, delete, odifyoits methods. Once
frozen, an object stays frozen: there isObg ect#thaw. You can test to see if an object
is frozen usin@bject#frozen?.

What happens when you copy a frozen object? That dependsandthod you use.

If you call an object'sclone method, the entire object state (including whether it is
frozen) is copied to the new object. On the other hang, typically copies only the
object’s contents—the new copy will not inherit the frozésmtss.

strl = "hello"

strl.freeze — "hello"
strl.frozen? — true
str2 = strl.clone
str2.frozen? — true
str3 = stril.dup
str3.frozen? — false

Although freezing objects may initially seem like a goodaggou might want to hold
off doing it until you come across a real need. Freezing isafrirose ideas that looks
essential on paper but isn’t used much in practice.
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Locking Ruby in the Safe

Walter Webcoder has a great idea for a portal site: The Wethigtic Page. Sur-
rounded by all sorts of cool mathematical links and bannsttlaalt will make him rich
is a simple central frame, containing a text field and a butttsers type an arithmetic
expression into the field, press the button, and the ansvadéspgayed. All the world’s
calculators become obsolete overnight, and Walter cashasd retires to devote his
life to his collection of car license plate numbers.

Implementing the calculator is easy, thinks Walter. He ases the contents of the form
field using Ruby’s CGl library, and uses theal method to evaluate the string as an
expression.

require ’cgi’
cgi = CGI::new("html4")

# Fetch the value of the form field "expression"
expr = cgi["expression"].to_s

begin
result = eval(expr)
rescue Exception => detail
# handle bad expressions
end

# display result back to user...

Roughly seven seconds after Walter puts the applicatian®rd twelve-year-old from
Waxahachie with glandular problems and no real life typegstem("rm *")” into
the form and, like his application, Walter's dreams cometfiling down.

Walter learned an important lessaxit external data is dangerous. Don't let it close to
interfaces that can modify your systeim this case, the content of the form field was
the external data, and the calldoal was the security breach.

Fortunately, Ruby provides support for reducing this ri&k.information from the

outside world can be marked &sinted When running in a safe mode, potentially
dangerous methods will raisesacurityError if passed a tainted object.

< 221 > é



Copyright 2006 Addison Wesley Longman, Inc t‘j
222 P CHAPTER 20. LOCKING RUBY IN THE SAFE —P

Safe Levels

The variable§SAFE determines Ruby’s level of paranoia. TaBl&1on page224gives
details of the checks performed at each safe level.

$SAFE Constraints

0 No checking of the use of externally supplied (taintedpdatperformed.
This is Ruby’s default mode.

>1 Ruby disallows the use of tainted data by potentially demggoperations.
>2 Ruby prohibits the loading of program files from globallyitable locations.
3 All newly created objects are considered tainted.

Ruby effectively partitions the running program in two.t@inted objects
may not be modified. Typically, this will be used to createraddmx: the pro-
gram sets up an environment using a IoWBAFE level, then reset$SAFE
to 4 to prevent subsequent changes to that environment.

The default value o SAFE is zero under most circumstances. However, if a Ruby script
is runsetuidor setgid* its safe level is automatically set to 1. The safe level mag bk

set using the T command-line option, and by assigningd®AFE within the program.
Itis not possible to lower the value $8AFE by assignment.

The current value o§ SAFE is inherited when new threads are created. However, within
each thread, the value $EAFE may be changed without affecting the value in other
threads. This facility may be used to implement secure “sareés,” areas where exter-
nal code may run safely without risking the rest of your agadion or system. Do this
by wrapping code that you load from a file in its own, anonymaaslule. This will
protect your program’s namespace from any unintendedhsitber.

f=open(fileName, "w")

f.print ... # write untrusted program into file.
f.close
Thread.start {

$SAFE = 4

load(fileName, true)

}

With a $SAFE level of 4, you can loadnly wrapped files. Se®&ernel.load on
page346for details.

Tainted Objects

Any Ruby object derived from some external source (for eXamgstring read from
a file, or an environment variable) is automatically markedaing tainted. If your

1. A Unix script may be flagged to be run under a different usegroup id than the person running it.
This allows the script to have privileges that the user da¢save; the script can access resources that the
user would otherwise be prohibited from using. These scape calledsetuidor setgid
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program uses a tainted object to derive a new object, themévaobject will also be
tainted, as shown in the code below. Any object with extedah somewhere in its
past will be tainted. This tainting process is performedardtgss of the current safe
level. You can inspect the tainted status of an object uBinjgct#tainted?.

# internal data # external data

# ============= # =============

x1 = "a string" y1 = ENV["HOME"]
x1.tainted? —  false yl.tainted? —  true
x2 = x1[2, 4] y2 = yi[2, 4]

x2.tainted? —  false y2.tainted? —  true
x1 =~ /([a-2z])/ — O yl1 =" /([a-2])/ — 1
$1.tainted? —  false $1.tainted? —  true

You can force any object to become tainted by invoking#$nt method. If the safe
level is less than 3, you can remove the taint from an objedhbgking untaint.?
This is clearly not something to do lightly.

Clearly, Walter should have run his CGI script at a safe l@fel. This would have
raised an exception when the program tried to pass form dataafl. Once this had
happened, Walter would have had a number of choices. He bauklchosen to imple-
ment a proper expression parser, bypassing the risks imtiaresingeval. However,
being lazy, it's more likely he'd have performed some singaaity check on the form
data, and untaint it if it looked innocuous.

require ’cgi’;
$SAFE = 1
cgi = CGI::new("html4")
expr = cgi["field"].to_s
if expr =7 Yr{~[-+*/\d\seE. O]1*3$}
expr.untaint
result = eval(expr)
# display result back to user...
else
# display error message...
end

Personally, we think Walter’s still taking undue risks. \d/grobably prefer to see a real
parser here, but implementing one here has nothing to teaabaut tainting, so we’ll
move on.

And remember—it's a dangerous world out there. Be careful.

2. There are also some devious ways of doing this withoutgusirtaint. We'll leave it up to your
darker side to find them.
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$SAFE>=1
°

$SAFE >=

2
°
°
°
°

$SAFE >=3
°
°

$SAFE >=4
°

Table 20.1. Definition of the safe levels

The environment variable&UBYLIB andRUBYOPT are not processed, and the current directory
is not added to the path.

The command-line optionse, -i, -I, -r, -s, -S, and-x are not allowed.

Can't start processes froffPATH if any directory in it is world-writable.

Can’t manipulate or chroot to a directory whose name is agdistring.

Can't glob tainted strings.

Can't eval tainted strings.

Can'’t load or require a file whose name is a tainted string.

Can't manipulate or query the status of a file or pipe whoseeniam tainted string.
Can'’t execute a system command or exec a program from adastriag.

Can't passrap a tainted string.

Can't change, make, or remove directories, or use chroot.

Can't load a file from a world-writable directory.

Can't load a file from a tainted filename starting with ~.

Can't useFilet#tchmod, File#tchown, File#flstat, File.stat, File#truncate,
File.umask, File#flock, I0#ioctl, I0#stat, Kernel#fork, Kernel#syscall,
Kernel#trap. Process. setpgid, Process.setsid, Process.setpriority, Or
Process.egid=.

Can't handle signals usingrap.

All objects are created tainted.
Can't untaint objects.

Can’t modify a nontainted array, hash, or string.

Can't modify a global variable.

Can't access instance variables of nontainted objects.

Can'’t change an environment variable.

Can't close or reopen nontainted files.

Can't freeze nontainted objects.

Can'’t change visibility of methods (private/public/proted).

Can't make an alias in a nontainted class or module.

Can'’t get meta information (such as method or variable)lists

Can't define, redefine, remove, or undef a method in a noethiclass or module.
Can’'t modify0Object.

Can’t remove instance variables or constants from nomtdinbjects.
Can’t manipulate threads, terminate a thread other thaautrent, or set
abort_on_exception.

Can'’t have thread local variables.

Can't raise an exception in a thread with a lo$8AFE value.

Can't move threads between ThreadGroups.

Can'tinvokeexit, exit!, orabort.

Can load only wrapped files, and can't include modules inaiated classes and modules.
Can't convert symbol identifiers to object references.

Can'’t write to files or pipes.

Can't useautoload.

Can't taint objects.
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Reflection,
ObjectSpace, and
Distributed Ruby

One of the many advantages of dynamic languages such as Rthigyability tointro-
spect—to examine aspects of the program from within the prograeffitJava, for one,
calls this featureeflection

The word “reflection” conjures up an image of looking at oniesethe mirror—
perhaps investigating the relentless spread of that bald@pthe top of one’s head.
That's a pretty apt analogy: we use reflection to examinespafrour programs that
aren’t normally visible from where we stand.

In this deeply introspective mood, while we are contemptatiur navels and burning
incense (being careful not to swap the two tasks), what cdeava about our program?
We might discover:

what objects it contains,

the current class hierarchy,

the contents and behaviors of objects, and
information on methods.

Armed with this information, we can look at particular olifeand decide which of their
methods to call at runtime—even if the class of the objech'tlieixist when we first
wrote the code. We can also start doing clever things, psriraqalifying the program
as it's running.

Sound scary? It needn’t be. In fact, these reflection caitiabilet us do some very
useful things. Later in this chapter we’ll look at distribdtRuby and marshaling, two
reflection-based technologies that let us send objectsndrthe world and through
time.

<« 225 P
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Looking at Objects

Have you ever craved the ability to traveedkthe living objects in your program? We
have! Ruby lets you perform this trick wittb jectSpace.each_object. We can use
it to do all sorts of neat tricks.

For example, to iterate over all objects of tyjpeneric, you'd write the following.

a = 102.7
b =095.1
ObjectSpace.each_object (Numeric) {|x| p x }

produces:

95.1

102.7
2.71828182845905
3.14159265358979
18446744073709551615
18446744073709551615
18446744073709551615
2.22044604925031e-16
1.79769313486232e+308
2.2250738585072e-308

Hey, where did those last two numbers come from? We didn’hddfiem in our pro-
gram. If you look on pag8&56 you'll see that thélath module defines constants fer
andr; since we are examinirgl living objects in the system, these turn up as well.

However, there is a catch. Let’s try the same example wifleidiht numbers.

a = 102
b =95
ObjectSpace.each_object (Numeric) {l|x| p x }

produces:

2.71828182845905
3.14159265358979
18446744073709551615
18446744073709551615
18446744073709551615
2.22044604925031e-16
1.79769313486232e+308
2.2250738585072e-308

Neither of theFixnum objects we created showed up. That's becallsgctSpace
doesn’t know about objects with immediate valugstnum, true, false, andnil.

Looking Inside Objects

Once you've found an interesting object, you may be tempidihtl out just what it
can do. Unlike static languages, where a variable’s typerdenes its class, and hence
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the methods it supports, Ruby supports liberated objecisr&ally cannot tell exactly
what an object can do until you look under its hdod.

For instance, we can get a list of all the methods to which gacblwill respond.

r = 1..10 # Create a Range object

list = r.methods

list.length — 68

list[0..3] —  ["collect", "inspect", "send", "all?"]

Or, we can check to see if an object supports a particularadeth

r.respond_to?("frozen?") — true
r.respond_to?("hasKey") —  false
"me".respond_to?("==") —  true

We can determine our object’s class and its unique objearid test its relationship to
other classes.

num = 1 —  -:2: warning: Object#id will be
deprecated; use Object#object_id

num.id — 3

num.class —  Fixnum

num.kind_of? Fixnum —  true

num.kind_of? Numeric —  true

num.instance_of? Fixnum —  true

num.instance_of? Numeric —  false

Looking at Classes

Knowing about objects is one part of reflection, but to getvilwele picture, you also
need to be able to look at classes—the methods and congtanthey contain.

Looking at the class hierarchy is easy. You can get the pafeaty particular class
usingClass#superclass. For classe&nd modulesModule#ancestors lists both
superclasses and mixed-in modules.

klass = Fixnum

begin
print klass
klass = klass.superclass
print " < " if klass

end while klass

puts

p Fixnum.ancestors

produces:
Fixnum < Integer < Numeric < Object

[Fixnum, Integer, Precision, Numeric, Comparable, Object, Kermel]

If you want to build a complete class hierarchy, just run tiaate for every class in the
system. We can ugtbjectSpace to iterate over alClass objects:

1. Orunder its bonnet, for objects created to the east of tramtic.
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ObjectSpace.each_object(Class) do |aClass]|
# ...

end

Looking Inside Classes

We can find out a bit more about the methods and constants imtiaybar object.
Instead of just checking to see whether the object resparalgiven message, we can

ask for methods by access level, we can ask for just singlethods, and we can
have a look at the object’s constants.
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class Demo

private
def privMethod
end

protected
def protMethod
end

public
def pubMethod
end

def Demo.classMethod
end

CONST = 1.23
end

Demo.private_instance_methods

Demo.protected_instance_methods
Demo.public_instance_methods

1l
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["binding", "gets",
"throw",
"singleton_method_added" i
n‘n’ "exec",
"getc", "raise",
"warn", "gsub!",
"trace_var",
"autoload?",
"block_given?",
"String", "split",
"putc", "at_exit",
llloopll . n chopll .

llpll , n sprintf n ,
"privMethod",
"sleep", "printf",

"exit",
"remove_instance_variable" ,H
"Integer", "sub",

"autoload",
"callcc", "proc",
"readline",
"global_variables",
"singleton_method_removed",|j
"chop!", "syscall",
"fail",
"untrace_var",
"1oad", "srand",
"Array", "puts",
"catch", "sub!",
"chomp",
"iterator?",
"format",
"initialize_copy",
"scan", "Float",
"abort", "print",
"fork", "gsub“,
"test", "trap“,
"exit!",
"method_missing",
"singleton_method_undefined",|j
"local_variables",

"select",

"readlines", EB
"lambda",

"initialize",

"caller", "chomp!",
"open", "system",
"set_trace_func",
"eval", "rand“,
"require"]
["protMethod"]
["instance_of?",
"inetance variablecs" . B
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Module.constants returnsall the constants available via a module, including con-
stants from the module’s superclasses. We're not intaté@sthose just at the moment,
so we'll subtract them from our list.

Given a list of method names, we might now be tempted to trincathem. Fortu-
nately, that's easy with Ruby.

Calling Methods Dynamically

C and Java programmers often find themselves writing son ddirdispatch table:
functions which are invoked based on a command. Think of &d&y|€ idiom where
you have to translate a string to a function pointer:

typedef struct {
char *name;
void (xfptr)();

} Tuple;
Tuple list[I= {
{ "play", fptr_play },
{ "stop", fptr_stop I},
{ "record", fptr_record },
{0,017,
};

void dispatch(char *cmd) {
int i = 0;
for (; list[i].name; i++) {
if (strncmp(list([i].name,cmd,strlen(cmd)) == 0) {
list[i].fptr();
return;
}
}
/* not found */

}

In Ruby, you can do all this in one line. Stick all your commadumidctions into a class,
create an instance of that class (we callesbitmands), and ask that object to execute
a method called the same name as the command string.

commands . send (commandString)

Oh, and by the way, it does much more than the C version—it®dyc. The Ruby
version will find new methods added at runtime just as easily.

You don’t have to write special command classesskatd: it works on any object.

"John Coltrane".send(:length) — 13
"Miles Davis".send("sub", /iles/, ’.°’) — "M. Davis"

Another way of invoking methods dynamically usgsthod objects. AMethod object
is like aProc object: it represents a chunk of code and a context in whieketutes. In
this case, the code is the body of the method, and the costéx iobject that created
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the method. Once we have oMéthod object, we can execute it sometime later by
sending it the messagall.

trane = "John Coltrane".method(:length)

miles = "Miles Davis".method("sub")
trane.call — 13
miles.call(/iles/, 2.°) — "M. Davis"

You can pass thBethod object around as you would any other object, and when you
invoke Method#call, the method is run just as if you had invoked it on the original
object. It's like having a C-style function pointer but inwly object-oriented style.

You can also usEethod objects with iterators.
def double(a)
2%a
end
m0bj = method(:double)

[1, 3, 5, 7 ].collect(&mObj) — [2, 6, 10, 14]

As good things come in threes, here’s yet another way to ivokthods dynami-
cally. Theeval method (and its variations such @kass_eval, module_eval, and
instance_eval) will parse and execute an arbitrary string of legal Rubyreewode.

trane = %q{"John Coltrane".length}
miles = %q{"Miles Davis".sub(/iles/, ’.°)}

eval trane — 13
eval miles —  "M. Davis"

When usingeval, it can be helpful to state explicitly the context in whicle texpres-
sion should be evaluated, rather than using the currenéxbMou can obtain a context
by callingKernel#binding at the desired point.

class CoinSlot
def initialize(amt=Cents.new(25))
Qamt = amt
$here = binding
end
end

a = CoinSlot.new
eval "puts Qamt", $here
eval "puts Qamt"

produces:

$0.25USD
nil

The firsteval evaluatesamt in the context of the instance of claSsinSlot. The
secondeval evaluatestamt in the context ofdbject, where the instance variable
@amt is not defined.
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Performance Considerations

As we've seen in this section, there are several ways to eeokarbitrary method of
some objectObject#send, Method#call, and the various flavors efval.

You may prefer to use any one of these techniques dependiggumeeds, but be
aware thatval is significantly slower than the others (or, for optimiseéaderssend
andcall are significantly faster thagwal).

require "benchmark" # from the Ruby Application Archive
include Benchmark

test = "Stormy Weather"
m = test.method(:length)
n = 100000

bm(12) {lx]|
x.report("call") { n.times { m.call } }
x.report("send") { n.times { test.send(:length) } }
x.report("eval") { n.times { eval "test.length" } }

}
produces:
user system total real
call 0.080000  0.000000  0.080000 ( 0.084179)
send 0.100000  0.000000  0.100000 ( 0.093530)
eval 0.740000  0.000000  0.740000 ( 0.741538)

System Hooks

A hookis a technique that lets you trap some Ruby event, such astabgation.

The simplest hook technique in Ruby is to intercept calls &thods in system classes.
Perhaps you want to log all the operating system commandsprogram executes.

Simply rename the methatkrnel . system? and substitute it with one of your own
that both logs the command and calls the origiteatnel method.

module Kernel
alias_method :o0ld_system, :system
def system(*args)
result = old_system(*args)
puts "system(#{args.join(’, ’)3}) returned #{resultl}"
result
end
end

system("date")
system("kangaroo", "-hop 10", "skippy")

produces:

2.  This Eiffel-inspired idiom of renaming a feature and rf@dag a new one is very useful, but be aware
that it can cause problems. If a subclass does the same @mdgenames the methods using the same names,
you'll end up with an infinite loop. You can avoid this by ali@g your methods to a unique symbol name or
by using a consistent naming convention.
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Sun Nov 12 22:37:01 MSK 2006
system(date) returned true
system(kangaroo, -hop 10, skippy) returned false

A more powerful hook is catching objects as they are credfgehu can be present
when every object is born, you can do all sorts of interestiriggs: you can wrap
them, add methods to them, remove methods from them, add tin@ontainers to
implement persistence, you name it. We'll show a simple edarhere: we’ll add a
timestamp to every object as it's created.

One way to hook object creation is to do our method renamiokyén Class#new, the
method that’s called to allocate space for a new object. €blertique isn't perfect—
some built-in objects, such as literal strings, are coestdiwithout callingnew—but
it'll work just fine for objects we write.

class Class
alias_method :0ld_new, :new
def new(*args)
result = old_new(*args)
result.timestamp = Time.now
return result
end
end

We'll also need to add a timestamp attribute to every objethé system. We can do
this by hacking clas8bject itself.

class Object
def timestamp
return Q@timestamp
end
def timestamp=(aTime)
Otimestamp = aTime
end
end

Finally, we can run a test. We'll create a couple of objectew $§econds apart and
check their timestamps.

class Test
end

objl = Test.new
sleep 2
obj2 = Test.new

objl.timestamp —  Sun Nov 12 22:37:01 +0300 2006
obj2.timestamp —  Sun Nov 12 22:37:03 +0300 2006

All this method renaming is fine, and it really does work. Hues there are other,
more refined ways to get inside a running program. Ruby pesvigkveral callback
methods that let you trap certain events in a controlled way.

Runtime Callbacks

You can be notified whenever one of the following events a&cur
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Event Callback Method

Adding an instance methodModule#method_added

Adding a singleton method Kernel.singleton_method_added
Subclassing a class Class#inherited

Mixing in a module Module#extend_object

These techniques are all illustrated in the library desionys for each callback method.
At runtime, these methods will be called by the system whersgecified event occurs.
By default, these methods do nothing. If you want to be natifidnen one of these
events happens, just define the callback method, and you're i

Keeping track of method creation and class and module uséggdu build an accurate
picture of the dynamic state of your program. This can be itgm. For example, you

may have written code that wraps all the methods in a claslsaps to add transactional
support or to implement some form of delegation. This is dwallf the job: the dynamic

nature of Ruby means that users of this class could add nelhoaieto it at any time.

Using these callbacks, you can write code that wraps thesenmethods as they are
created.

Tracing Your Program’s Execution

While we're having fun reflecting on all the objects and abesss our programs, let's
not forget about the humble statements that make our codalbctio things. It turns
out that Ruby lets us look at these statements, too.

First, you can watch the interpreter as it executes cede. trace_func executes
a Proc with all sorts of juicy debugging information whenever a nsource line is
executed, methods are called, objects are created, and $bem’s a full description
on page350, but here’s a taste.

class Test

def test
a=1
b =2
end
end

set_trace_func proc { |event, file, line, id, binding, classname]
printf "Y8s %s:%-2d %10s %8s\n", event, file, line, id, classname
}

t = Test.new

t.test
produces:
line prog.rb:11 false
c-call prog.rb:11 new Class

c-call prog.rb:11 initialize Object
c-return prog.rb:11 initialize Object

c-return prog.rb:11 new Class
line prog.rb:12 false
call prog.rb:2 test Test

line prog.rb:3 test Test
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line prog.rb:4 test Test
return prog.rb:3 test Test

There’s also a methotirace_var (described on pagés3 that lets you add a hook to
a global variable; whenever an assignment is made to thalylpburProc object is
invoked.

How Did We Get Here?

A fair question, and one we ask ourselves regularly. Memria$és aside, in Ruby at
least you can find out exactly “how you got there” by using thettdcaller, which
returns amrray of String objects representing the current call stack.

def catA
puts caller.join("\n")
end
def catB
catA
end
def catC
catB
end
catC

produces:
prog.rb:5:in “catB’
prog.rb:8:in "catC’
prog.rb:10

Once you've figured out how you got there, where you go nexpigwou.

Marshaling and Distributed Ruby

Java features the ability teerialize objects, letting you store them somewhere and
reconstitute them when needed. You might use this fadiitynstance, to save a tree of
objects that represent some portion of application statdeeament, a CAD drawing,

a piece of music, and so on.

Ruby calls this kind of serializatiomarshaling® Saving an object and some or all of
its components is done using the metiiagtshal . dump. Typically, you will dump an
entire object tree starting with some given object. Lateryamu can reconstitute the
object usingtarshal . load.

Here’s a short example. We have a cléssrd that holds a collection of musical notes.
We'd like to save away a particularly wonderful chord so orargichildren can load it
into Ruby Version 23.5 and savor it, too. Let’s start off wikie classes foote and
Chord.

3. Think of railroad marshaling yards where individual cars assembled in sequence into a complete
train, which is then dispatched somewhere.
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class Note
attr :value
def initialize(val)
Q@value = val
end
def to_s
Q@value.to_s
end
end

class Chord
def initialize(arr)
Qarr = arr
end
def play
Qarr.join(’-?)
end
end

Now we’ll create our masterpiece, and Wleershal . dump to save a serialized version
of it to disk.

¢ = Chord.new( [ Note.new("G"), Note.new("Bb"),
Note.new("Db"), Note.new("E") ] )

File.open("posterity", "w+") do |f|
Marshal.dump(c, f)
end

Finally, our grandchildren read it in, and are transportgdlr creation’s beauty.

File.open("posterity") do |fl
chord = Marshal.load(f)
end

chord.play —  "G-Bb-Db-E"

Custom Serialization Strategy

Not all objects can be dumped: bindings, procedure objétssances of classo,
and singleton objects cannot be saved outside of the rurRirmy environment (a
TypeError will be raised if you try). Even if your object doesn’t corriaine of these
problematic objects, you may want to take control of objeciadization yourself.

Marshal provides the hooks you need. In the objects that requir@ouserialization,
simply implement two methods: an instance method calléahnp, which writes the
object out to a string, and a class method calledad, which reads a string that you'd
previously created and converts it into a new object.

For instance, here is a sample class that defines its owrlizatian. For whatever
reasonsSpecial doesn’t want to save one of its internal data membe@rsyYatile”.

class Special
def initialize(valuable)
@valuable = valuable
@volatile = "Goodbye"
end
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def _dump(depth)
@valuable.to_str
end

def Special._load(str)
result = Special.new(str);
end

def to_s
"#{@valuable} and #{@volatilel}"
end
end

a = Special.new("Hello, World")
data = Marshal.dump(a)

obj = Marshal.load(data)

puts obj

produces:
Hello, World and Goodbye

For more details, see the reference sectioMaxshal beginning on pagé5s5

Distributed Ruby

Since we can serialize an object or a set of objects into a faritable for out-of-
process storage, we can use this capability fortthesmissionof objects from one
process to another. Couple this capability with the powerativorking, androila: you
have a distributed object system. To save you the troublawafhl to write the code, we
suggest downloading Masatoshi Seki's Distributed Rubmalifp (drb) from the RAA.

Using drb, a Ruby process may act as a server, as a clientpotiasA drb server acts
as a source of objects, while a client is a user of those ahj&otthe client, it appears
that the objects are local, but in reality the code is stilhgeexecuted remotely.

A server starts a service by associating an object with angieet. Threads are created
internally to handle incoming requests on that port, so raber to join the drb thread
before exiting your program.

require ’drb’
class TestServer
def doit
"Hello, Distributed World"
end
end

aServerObject = TestServer.new
DRb.start_service(’druby://localhost:9000’, aServerObject)
DRb.thread.join # Don’t exit just yet!

A simple drb client simply creates a local drb object and aisges it with the object
on the remote server; the local object is a proxy.

require ’drb’

DRb.start_service()

obj = DRbObject.new(nil, ’druby://localhost:9000’)
# Now use obj

p obj.doit
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The client connects to the server and calls the mettwdd, which returns a string that
the client prints out:

"Hello, Distributed World"

The initialnil argument tdRb0Object indicates that we want to attach to a new dis-
tributed object. We could also use an existing object.

Ho hum, you say. This sounds like Java’s RMI, or CORBA, or \&hat. Yes, it is a

functional distributed object mechanism—»but it is writt@njust 200 lines of Ruby

code. No C, nothing fancy, just plain old Ruby code. Of coutkere’s no naming

service or trader service, or anything like you'd see in C@RBut it is simple and

reasonably fast. On the 233MHz test system, this samplercogeat about 50 remote
message calls per second.

And, if you like the look of Sun’s JavaSpaces, the basis af thBll architecture, you'll
be interested to know that drb is distributed with a short ulethat does the same kind
of thing. JavaSpaces is based on a technology called Lirtdprdve that its Japanese
author has a sense of humor, Ruby’s version of Linda is knesniada.”

Compile Time? Runtime? Anytime!

The important thing to remember about Ruby is that there éshig difference between
“compile time” and “runtime.” It's all the same. You can adolde to a running process.
You can redefine methods on the fly, change their scope rughic to private, and
so on. You can even alter basic types, suchilags and0bject.

Once you get used to this flexibility, it is hard to go back tdatis language such as
C++, or even to a half-static language such as Java.

But then, why would you want to?
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Chapter 22

Built-in Classes

This chapter documents the classes built into the standaby Ringuage. They are
available to every Ruby program automatically; require required. This section

does not contain the various predefined variables and gussthese are listed starting
on pagel84

In the descriptions that follow, we show sample invocatifamgach method.

new String.new(@String) — aNewsString

This description shows a class method that is calle&tkasng . new. The italic param-
eter indicates that a singdering object is passed, and the arrow indicates that another
String object is returned from the method. Because this returneviahis a different
name than that of the parameter, it represents a differgatob

When we illustrate instance methods, we show a sample ctil avdummy object
name in italics as the receiver:

each str.each@String=$/) {| rec| block} — str

The parameter t8tring#each is shown to have a default value; calich with no
parameter, and the value $f will be used. This method is an iterator, so the call is
followed by a blockString#each returns its receiver, so the receiver’s nars in
this case) appears again after the arrow.

Some methods have optional parameters. We show these pararbhetween angle
brackets, ( xxx). (Additionally, we use the notatioy xxx)* to indicate zero or more
occurrences afxx and ( xxx )T to indicate one or more occurrences@k )

index selfindex(aString ( , aFixnum) ) — aFixnumornil

Finally, for methods that can be called in several diffefenins, we list each form on
a separate line.

« 241 P
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Alphabetical Listing

Standard classes are listed alphabetically, followedémidxt chapter by the standard
modules. Within each, we list the class (or module) methfudiewed by the instance
methods.

Array (page 244): Class: [], new. Instance: &, *, +, —, <<, <=>, ==, ===, [], [ ]=, |, assoc, at,
clear, collect, collect!, compact, compact!, concat, delete, delete_at, delete_if, each, each_index,
empty?, eql?, fill, first, flatten, flatten!, include?, index, indexes, indices, join, last, length, map!,
nitems, pack, pop, push, rassoc, reject!, replace, reverse, reverse!, reverse_each, rindex, shift,
size, slice, slice!, sort, sort!, to_a, to_ary, to_s, uniqg, uniq!, unshift.

Bignum (page 255): Instance: Arithmetic operations, Bit operations, <=>, [], size, to_f, to_i,
to_s.

Binding (page 256)
Class(page 257): Class: inherited, new. Instance: new, superclass.
Continuation (page 258): Instance: call.

Dir (page 259): Class: [], chdir, chroot, delete, entries, foreach, getwd, glob, mkdir, new, open,
pwd, rmdir, unlink. Instance: close, each, read, rewind, seek, tell.

Exception (page 263): Class: exception. Instance: backtrace, exception, message,
set_backtrace.

FalseClasgpage 264): Instance: &, *, |.

File (page 265): Class: atime, basename, chmod, chown, ctime, delete, dirname, expand_path,
ftype, join, link, Istat, mtime, new, open, readlink, rename, size, split, stat, symlink, truncate,
umask, unlink, utime. Instance: atime, chmod, chown, ctime, flock, Istat, mtime, path, truncate.

File::Stat (page 267): Instance: <=>, atime, blksize, blockdev?, blocks, chardev?, ctime, dev,
directory?, executable?, executable_real?, file?, ftype, gid, grpowned?, ino, mode, mtime, nlink,
owned?, pipe?, rdev, readable?, readable_real?, setgid?, setuid?, size, size?, socket?, sticky?,
symlink?, uid, writable?, writable_real?, zero?.

Fixnum (page 268): Instance: Arithmetic operations, Bit operations, <=>, [ ], id2name, size,
to_f, to_i, to_s.

Float (page 269): Instance: Arithmetic operations, <=>, ceil, finite?, floor, infinite?, nan?, round,
to_f, to_i, to_s.

Hash (page 271): Class: [], new. Instance: ==, [], [ =, clear, default, default=, delete, delete_if,
each, each_key, each_pair, each_value, empty?, fetch, has_key?, has_value?, include?, index,
indexes, indices, invert, key?, keys, length, member?, rehash, reject, reject!, replace, shift, size,
sort, store, to_a, to_s, update, value?, values.

Integer (page 277): Instance: chr, downto, integer?, next, step, succ, times, upto.

IO (page 279): Class: foreach, new, pipe, popen, readlines, select. Instance: <<, binmode, clone,
close, close_read, close_write, closed?, each, each_byte, each_line, eof, eof?, fcntl, fileno, flush,
getc, gets, ioctl, isatty, lineno, lineno=, pid, pos, pos=, print, printf, putc, puts, read, readchar,
readline, readlines, reopen, rewind, seek, stat, sync, sync=, sysread, syswrite, tell, to_i, to_io, tty?,
ungetc, write.

MatchData (page 285): Instance: [ ], begin, end, length, offset, post_match, pre_match, size,
string, to_a, to_s.

Method (page 287): Instance: [], arity, call, to_proc.

Module (page 288): Class: constants, nesting, new. Instance: <, <=, >, >=, <=>, ===,
ancestors, class_eval, class_variables, clone, const_defined?, const_get, const_set, constants,
included_modules, instance_methods, method_defined?, module_eval, name,
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private_class_method, private_instance_methods, protected_instance_methods,
public_class_method, public_instance_methods. Private: alias_method, append_features, attr,
attr_accessor, attr_reader, attr_writer, extend_object, include, method_added, module_function,
private, protected, public, remove_const, remove_method, undef_method.

NilClass (page 297): Instance: &, *, |, nil?, to_a, to_i, to_s.

Numeric (page 298): Instance: +@, -@, abs, coerce, divmod, eql?, integer?, modulo,
nonzero?, remainder, zero?.

Object (page 300): Instance: ==, ===, =~, __id__, __send__, class, clone, display, dup, eql?,
equal?, extend, freeze, frozen?, hash, id, inspect, instance_eval, instance_of?, instance_variables,
is_a?, kind_of?, method, method_missing, methods, nil?, private_methods, protected_methods,
public_methods, respond_to?, send, singleton_methods, taint, tainted?, to_a, to_s, class, untaint.

Proc (page 306): Class: new. Instance: [ ], arity, call.
Range(page 307): Class: new. Instance: ===, begin, each, end, exclude_end?, first, last.

Regexp(page 309): Class: compile, escape, last_match, new, quote. Instance: ==, ===, =~, ~,
casefold?, kcode, match, source.

String (page 311): Class: new. Instance: *, +, <<, <=>, ==, ===, =~, [ ], [ ]=, ~, capitalize,
capitalize!, center, chomp, chomp!, chop, chop!, concat, count, crypt, delete, delete!, downcase,
downcase!, dump, each, each_byte, each_line, empty?, gsub, gsub!, hash, hex, include?, index,
intern, length, ljust, next, next!, oct, replace, reverse, reverse!, rindex, rjust, scan, size, slice, slice!,
split, squeeze, squeeze!, strip, strip!, sub, sub!, succ, succ!, sum, swapcase, swapcase!, to_f, to_i,
to_s, to_str, tr, tr!, tr_s, tr_s!, unpack, upcase, upcase!, upto.

Struct (page 313): Class: new, new, members. Instance: ==, [ ], [ ]=, each, length, members,
size, to_a, values.

Struct::Tms (page 316)
Symbol (page 316): Instance: id2name, inspect, to_i, to_s.

Thread (page 317): Class: abort_on_exception, abort_on_exception=, critical, critical=, current,
exit, fork, kill, list, main, new, pass, start, stop. Instance: [], [ ]=, abort_on_exception,
abort_on_exception=, alive?, exit, join, key?, kill, priority, priority=, raise, run, safe_level, status,
stop?, value, wakeup.

ThreadGroup (page 323): Class: new. Instance: add, list.

Time (page 324): Class: at, gm, local, mktime, new, now, utc. Instance: +, —, <=>, asctime,
ctime, day, gmt?, gmtime, hour, isdst, localtime, mday, min, mon, month, sec, strftime, to_a, to_f,
to_i, to_s, tv_sec, tv_usec, usec, utc, utc?, wday, yday, year, zone.

TrueClass (page 330): Instance: &, *, |.
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Class

Array < Object

Arrays are ordered, integer-indexed collections of angadbjArray indexing starts at
0, as in C or Java. A negative index is assumed relative to th@ethe array—that is,
an index of—1 indicates the last element of the array? is the next to last element in
the array, and so on.

Mixes in

Enumerable:
collect, detect, each_with_index, entries, find, find_all, grep,
include?, map, max, member?, min, reject, select, sort, to_a

Class methods

[1 Array[ (anObjech* ] — anArray
Returns a new array populated with the given objects. Etgrivdo the operator form
Array.[1(...).

Array.[]1( 1, ’a’, /~A/ ) — [1, "a", /~A/]
Array[ 1, ’a’, /~A/ ] — [1, "a", /~A/]
[1, ’a’, /7A/ ] — [1, "a", /~A/]
new Array.new(aninteger=Q anObject=nil) — anArray

Returns a new array, optionally with a size and initial valthat is,anIntegerrefer-
ences to the samanObjec].

Array.new — 0
Array.new(2) —  [nil, nil]
Array'new(s’ "A") — [IIAII’ "A", "A", "A", "A"]
Array.new(2, Hash.new) — [{}, {}]
Instance methods
& arr & anOtherArray— anArray

Set Intersection—Returns a hew array containing elememtsroon to the two arrays,
with no duplicates.

(1,1,3,51&0[1,2,3]1 — I[1,3]

* arr * anlnteger— anArray
arr * aString— anOtherString

Repetition—With eéstring argument, equivalentterr. join (aString).Otherwise,
returns a new array built by concatenating #imntegercopies ofarr.

(1,2, 31*«3 — I[1,2,3,1,2,3,1,2,3]

+ arr + anOtherArray— anArray

Concatenation—Returns a new array built by concatendtiadwo arrays together to
produce a third array.
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[1,2,31+[4,5]1 — [1, 2, 3, 4, 5]

arr - anOtherArray— anArray

Set Difference—Returns a new array that is a copy of the maigirray, removing any
items that also appear anOtherArrayand duplicated items.

(1,1,2,2,3,3,3,4,5]1-101,2,4]1 — [3,3,3,5]

<< arr << anObject— arr
Append—Pushes the given object on to the end of this arrag. 8tpression returns
the array itself, so several appends may be chained togedeeralsdrray#push.
[ 1’ 2 ] << "C" << lldll << [ 3, 4 ] — [1’ 2’ "C", "d", [3’ 4]]

<=> arr <=>anOtherArray— —1, 0, +1

Comparison—Returns an integet, 0, or +1 if this array is less than, equal to, or
greater thamnOtherArray Each object in each array is compared (usirg). If any
value isn’t equal, then that inequality is the return valiiall the values found are
equal, then the return is based on a comparison of the amgyhle. Thus, two arrays
are “equal” according tarray#<=> if and only if they have the same length and the
value of each element is equal to the value of the correspgrelement in the other
array.

[ nan’ nan’ nen ] <=> [ ||a||, "b", nen ]
[1,2,3,4,5,6]<=>1[1,2]

-1
1

—
—

arr == anOtherArray— true or false

Equality—Two arrays are equal if they contain the same nurobelements and if
each element is equal to (accordingteject#==) the corresponding element in the
other array.

[ "a", "c" ] == [ "a", "c", 7] — false
[ "a", "¢", 71 ==1["a", "c", 71 —  true
[ "a", "¢", 71 == [ "a", "d", "f" ] — false

arr ===anOtherArray— true or false

Case Equality—Equality as evaluateddnse expressions. For arrays, this is the same
asArray#==.

[]

arr[aninteget — anObjectornil
arr[start, lengtq — aSubArrayornil
arr[aRangé — aSubArrayornil

Element Reference—Returns the element at irsshdteger or returns a subarray start-
ing at indexstartand continuing fotengthelements, or returns a subarray specified by
aRange Negative indices count backward from the end of the array i§ the last
element). Returnsil if any indices are out of range.
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a = [ llall’ llbll’ IICII’ lldll’ llell ]
al[2] + af[0] + a[1] — "cab"
a[6] — nil
a[l, 2] — [Ilbll, Ilcll]
a[13] — ["b", "C", "d"]
al4..7] —  ["e"]
al[6..10] — nil
a[_s’ 3] — ["C", "d", nen]
[]= arr[aninteget = anObject— anObject
arr[start, lengti = aSubArray— aSubArray
arr[aRangé= aSubArray— aSubArray
Element Assignment—Sets the element at ingleiateger or replaces a subarray start-
ing at indexstartand continuing fotengthelements, or replaces a subarray specified by
aRangelf anintegeris greater than the current capacity of the array, the amaywsg
automatically. A negativanintegerwill count backward from the end of the array.
Inserts elements iengthis zero. If subArrayis nil, deletes elements fromrr. An
IndexError is raised if a negative index points past the beginning ofafiay. See
alsoArray#push, Array#unshift.
a = Array.new — 0
al4] = "4"; a — [nil, nil, nil, nil, "4"]
a[o’ 3] = [ 7a7, 7b7, r¢? ]; a N [llall’ "b", "C", Ilil, ||4||]
alt..21 = [ 1, 21; a — ["a", 1, 2, nil, "4"]
a[o’ 2] = n?n; a — [ll‘?ll’ 2’ Ilil, ||4||]
a[o 2] = "A"; a — [IIAII’ n4n]
a[_l] = IIZII; a — [lIAII’ IIZII]
all1..-1] = nil; a — ["A"]
arr | anOtherArray— anArray
Set Union—Returns a new array by joining this array watiOtherArray removing
duplicates.
[ nan’ "b", "C" ] | [ "C", "d", llall ] — [nan’ "b", "C", "d"]
assoc arr.assoc@nObject) — anArrayornil
Searches through an array whose elements are also arrapaignganObjectwith the
first element of each contained array usangDbject == . Returns the first contained
array that matches (that is, the fiestsoéated array), onil if no match is found. See
alsoArray#rassoc.
sl = [ "colors", "red", "blue", "green" ]
s2 = [ "letterS", Iiali, I|b||, I|cll ]
s3 = "foo"
a =1[s1, s2, s31]
a.assoc("letters") — ["letters", "a", "b", "c"]
a.assoc("foo") —  nil
at arr.at(aninteger) — anObjectornil
Returns the element at indexlinteger A negative index counts from the end arfr.
Returnsnil if the index is out of range. See alderay#[]. (Array#at is slightly
faster thamrray#[1, as it does not accept ranges and so on.)
D
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a = [ llall llbll n C" lldll llell ]
a.at(0) —  "a"
a.at(-1) — "e"

clear arr.clear— arr
Removes all elements froatr.

a = [ ||a||’ "b", "C", "d", gt ]
a.clear — []

collect arr.collect {| obj| block} — anArray

Returns a new array by invokirmjockonce for every element, passing each element as
a parameter tblock The result oblockis used as the given element in the new array.
See als@\rray#collect!.

a=1["a", "b", "c", "d" ]

a.collect {Ix| x + "!" } — ["al", "pl", "cim, n"din]

a —  ["a", "b", "c", "d"]

collect! arr.collect! {| obj| block} — arr

Invokesblock once for each element dfrr, replacing the element with the value
returned byblock See alsdrray#collect.

a = [ ngn npn nen ngn ]

a.collect! {le x + "v } — ["a!", "b!", "C!", "d!"]
a — [lla!H’ "b!", "C!", "d!"]
compact arr.compact— anArray

Returns a new array based on #re with all nil elements removed.

[ nan, nil, "b", nil, "C", nil ] .compact N [nan’ "b", "C"]

compact! arr.compact!— arr ornil
Same adrray#compact, but modifies the receiver in place. Retunid if no changes
were made.
[ nan’ Ilil, "b", Ilil, "C" ] .compact! — [llall’ "b", "C"]
[ "a", "b", "c" ].compact! —  nil

concat arr.concat@nOtherArray) — arr

Appends the elements anOtherArrayto arr.

[ nan’ npn ].concat( [IICII, "d"] ) — [llall’ "b", "C", "d"]

delete arr.delete@nObject) — anObjector nil
arr.delete@nObject) { block} — anObjectornil

Deletes items from the self that are equaht®bject If the item is not found, returns
nil. If the optional code block is given, returns the resulbtgck if the item is not
found.
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a = [ llall llbll llbll llbll "C" ]
a.delete("b") —  "b"
a — [nan’ "C"]
a.delete("z") — nil
a.delete("z") { "not found" } — "not found"
delete_at arr.delete_aténindex) — anObjectornil

Deletes the element at the specified index, returning teateht, omil if the index is
out of range. See aldrray#slice!.

= %w( ant bat cat dog )
.delete_at(2) —  "cat"
— [llantll’ "bat", "dOg"]

a
a
a
a.delete_at(99) — nil

delete_if arr.delete_if {block} — arr

Deletes every element afr for which blockevaluates tarue.

a = [ llall llbll "C" ]
a.delete_if {Ix| x >= "b" } — ["a"]

each arr.each {item| block} — arr
Callsblockonce for each element arr, passing that element as a parameter.
a = [ ||a||’ "b", nen ]
a.each {|x| print x, " -- " }
produces:
a--b--c¢c--

each_index arr.each_indexfanindex| block — arr
Same adrray#each, but passes the index of the element instead of the elensetit it
a = [ llall’ llbll’ IICII ]
a.each_index {|x| print x, " -- " }
produces:
0 --1--2--

empty? arr.empty?— true or false
Returnstrue if arr array contains no elements.
[1.empty? — true

eql? arr.egl?(anOtherArray) — true or false

An array is equal to another array if the lengths are equaleauh corresponding
element is equal (according @bject#eql?). See alsdrray#<=>. eql? is used for
Hash comparison.

[ nan, "b", nen ] .eql?(["a", "b", "C"]) N true
[ nan’ "b", "C" ] .eql?(["a", "b"]) — false
[ nan’ "b", "C" ] .eql?(["b", "C", "d"]) — false
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fill arr fill( anObject) — arr
arr fill( anObjectstart (, length) ) — arr
arr.fill( anObjectaRange — arr
Sets the selected elementsaof (which may be the entire array) emObject A start
of nil is equivalent to zero. Aengthof nil is equivalent taarr.length.
a = [ llall’ llbll’ IICII’ lldll ]
a.fill("x") — [IIXII’ "X", "X", "X"]
a'fill(llzll’ 2, 2) — [lIXII’ IIXII, Ilzli, Iizli]
a.fill("y", 01) — [llyll’ nyn’ nzn’ nzu]
first arr.first — anObjectornil
Returns the first element of the array. If the array is emptyirnsnil.
a = [ ||q||’ "I‘", "S", ngn ]
a.first — "q"
flatten arr.flatten— anArray
Returns a new array that is a one-dimensional flattening®#tinay (recursively). That
is, for every element that is an array, extract its elemertsthe new array.
s=10[1, 2, 3] — [1, 2, 3]
t=1[4,56,6, [7,8 1 — [4, 5,6, [7, 8]]
a=1[s,t,9, 10] — [[1, 2, 3], [4, 5, 6, [7, 811, 9, 10]
a.flatten — [1, 2, 8, 4, 5,6, 7,8, 9, 10]
flatten! arr.flatten!— arr ornil
Same adrray#flatten, but modifies the receiver in place. Retums if no modi-
fications were made (i.eayr contains no subarrays.)
a=10[1,2,[3 [4,58]1]
a.flatten! — [1, 2, 3, 4, 5]
a.flatten! — nil
a — [1, 2, 3, 4, 5]
include? arr.include?@nObject) — true or false
Returnstrue if the given object is present iarr (that is, if any object= anObjec},
false otherwise.
a = [ llall’ llbll’ IICII ]
a.include?("b") — true
a.include?("z") — false
index arr.index(anObject) — anintegerornil

Returns the index of the first object arr such that the object= anObject Returns
nil if no match is found.

a = [ llall , llbll , IICII ]

a.index("b") — 1

a.index("z") — il
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Table 22.1. Template characters for Array#pack

Directive

Meaning

NX X< <cCowwoUs5Z3IZ—rr——sIae@®O—-~omMmaoOoc @y >

Moves to absolute position

ASCII string (space padded, count is width)
ASCII string (null padded, count is width)

Bit string (descending bit order)

Bit string (ascending bit order)

Unsigned char

Char

Double-precision float, native format
Double-precision float, little-endian byte order
Single-precision float, little-endian byte order
Single-precision float, native format
Double-precision float, network (big-endian) byte order
Single-precision float, network (big-endian) byte order
Hex string (high nibble first)

Hex string (low nibble first)

Unsigned integer

Integer

Unsigned long

Long

Quoted printable, MIME encoding (see RFC2045)
Base64 encoded string

Long, network (big-endian) byte order

Short, network (big-endian) byte-order
Pointer to a structure (fixed-length string)
Pointer to a null-terminated string

Unsigned short

Short

UTF-8

UU-encoded string

Long, little-endian byte order

Short, little-endian byte order

Back up a byte

Null byte

Same as ‘A’
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indexes

arr.indexes(l1, i2, ... iN) — anArray

i rray

Returns a new array consisting of elements at the givenésdi®lay inseriil for
indices out of range.

a=1["a", "b", "c", "d", "e", "f", "g" ]l — -:2: warning:
Array#indexes is
deprecated; use
Array#values_at

a.indexes(0, 2, 4) —  ["a", "c",
"e"]\n-:3: warning:
Array#indexes is
deprecated; use
Array#values_at

a.indexes(0, 2, 4, 12) —  ["a", "c", "e", nil]

indices

arr.indices(il, i2, ... iN) — anArray

Synonym forArray#indexes.

join arr.join( aSepsString$, ) — aString
Returns a string created by converting each element of tlag & a string, separated
by aSepString
[ Ilall, Ilbll, Ilcli ] .JOin — "abC"
[ nan’ "b", nen ] .join(ll_ll) — "g-b-c"

last arr.last— anObjectornil
Returns the last element afr. If the array is empty, returnsil.
[ IIWII, IIXII, Ilyli, Iizli ] .1aSt — llzll

length arr.length— aninteger
Returns the number of elementsarr. May be zero.
[1, 2, 3, 4, 5 ].1length — 5

map! arr.map! {] obj| block} — arr
Synonym forArray#collect!.

nitems arr.nitems— aninteger
Returns the number of nami1 elements irarr. May be zero.
[ 1, nil, 3, nil, 5 ].nitems — 3

pack arr.pack (aTemplateString — aBinaryString

Packs the contents @it into a binary sequence according to the directiveaTiam-
plateString(see Table22.10n the preceding page). Directives “A,” “a,” and “Z" may
be followed by a count, which gives the width of the resultiigdd. The remaining
directives also may take a count, indicating the numbermafyaglements to convert. If
the count is an asteriskX"), all remaining array elements will be converted. Any of
the directives §3iI1L" may be followed by an underscore () to use the underlying
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platform’s native size for the specified type; otherwiseythse a platform-independent
size. Spaces are ignored in the template string. SeeSalsimg#unpack on page??.

a=["a", "b", "c" ]

n=1[ 65, 66, 67 ]

a.pack("A3A3A3") —  "abuucuy"

a.pack("a3a3a3") —  "a\000\000b\000\000c\000\000"
n.pack("ccc") —  "ABC"

pop arr.pop— anObjectornil
Removes the last element fraamr and returns it, onil if the array is empty (as with
a stack).
a = [ llall , llmll , llzll ]
a.pop — "z"
a — [llall s ||m||]

push arr.push( ( anObject)™ ) — arr
Appends the given argument(s) to the enduwof(as with a stack).
a = [ llall’ llbll’ IICII ]
a.'p.ush.(lld.ll’ Iieli, Iifli) — [Ilall, llbll’ IICII’ lldll’ llell’ llfll]

rassoc arr.rassockey) — anArrayornil
Searches through the array whose elements are also arraygateskey with the
second element of each contained array usiadReturns the first contained array that
matches. See alsssoc.
a = [ [ 1’ "one"], [2, "tWO"] s [3, "three"] s ["ii", "tWO"] ]
a.rassoc("two") —  [2, "two"]
a.rassoc("four") — nil

reject! arr.reject! { block} — arr ornil
Equivalent toArray#delete_if, but returnail if no changes were made.

replace arr.replace@nOtherArray) — arr
Replaces the contents affr with the contents odnOtherArray truncating or expand-
ing if necessary.
a = [ llall’ llbll’ IICII’ lldll’ llell ]
a.replace( [ "X", " u, "Z" ] ) — [IIXII’ nyn’ nzn]
a — [llxll’ Ilyll, Ilzli]

reverse arr.reverse— anArray
Returns a new array usirggr’s elements in reverse order.
[ Ilall, Ilbll, Ich| ] .reverse — [lICII’ llbll’ Ilall]
[ 1 ].reverse —  [1]

reverse! arr.reversel— arr ornil

Same ageverse, but returnail if arr is unchangeddfr . length is zero or one).
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a = [ nau ubu "C" ]

a.reverse! —  ["c", "p", "a"]

a — ["C", "b", nan]
—

[ 1 ].reverse! [1]

reverse_each arr.reverse_eachllock}

Same adrray#each, but traversearr in reverse order.
a = [ ||a||’ "b", nen ]
a.reverse_each {|x| print x, " " }

produces:

cba

rindex

arr.rindex(anObject) — anintegerornil

Returns the index of the last objectamr such that the object= anObject Returns
nil if no match is found.

a = [ llall , llbll , llbll , llbll , IICII ]

a.rindex("b") — 3

a.rindex("z") — nil

shift arr.shift — anObjectornil
Returns the first element @frr and removes it (shifting all other elements down by
one). Returnail if the array is empty.
args = [ "—IIl", n_qn’ ":filename" ]
args.shift — "-m"
args —  ["-q", "filename"]
size arr.size— anlinteger
Synonym forArray#length.
slice arr.slice(aninteger) — anObject
arr.slice(start, length) — aSubArray
arr.slice(aRange — aSubArray
Synonym forArray#[ 1].
a = [ llall’ llbll’ IICII’ lldll’ llell ]
a.slice(2) + a.slice(0) + a.slice(1) — '"cab"
a.slice(6) — nil
a.slice(1l, 2) —  ["p", "]
a.slice(1..3) N [llbll’ nen, "q"]
a.slice(4..7) —  ["e"]
a.slice(6..10) —  nil
a.slice(—3, 3) s ["C", "d", ueu]
slice! arr.slice!(aninteger) — anObjectornil

arr.slice!(start, length) — aSubArrayornil
arr.slice!/(aRange — aSubArrayornil

Deletes the element(s) given by an index (optionally witremagth) or by a range.
Returns the deleted object, subarrayndt if the index is out of range. Equivalent to:
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def slice!(*args)
result = self [*args]
self [*args] = nil

result
end
a = [ llall s llbll s "C" ]
a.slice! (1) —  upn
a — [nan’ "C"]
a.slice!(-1) N L
a — ["a"]
a.slice!(100) — nil
a — ["a"]

sort arr.sort— anArray
arr.sort{|a,b| block} — anArray
Returns a new array created by sortarg. Comparisons for the sort will be done using
the<=> operator or using an optional code block. The block impleimiarcomparison
betweera andb, returning—1, 0, or +1.
a = [ "d", ||a||’ ||e||’ "C", llbll ]
a.SOI‘t — [llall’ llbll’ IICII’ lldll’ llell]
a.sort {lX,yl y <=> x } N [nen’ "d", "C", "b", uau]
sort! arr.sort! — arr
arr.sort! {|a,b| block} — arr
Same adrray#sort, but modifies the receiver in placar is effectively frozen while
a sortis in progress.
a = [ lldll’ llall’ llell’ IICII’ llbll ]
a.SOI‘t! — [llall’ Ilbll, Iicli, Iidli, Iiell]
a — [llall’ "b", "C", "d", ueu]
to_a arr.to_a— arr
Returnsarr.
to_ary arr.to_ary— arr
Synonym forArray#to_a.
to_s arr.to_s— aString
Returnsarr . join.
[ nan’ nen’ "i", "0" ] .tO_S — "aeio"
uniq arr.unig— anArray

Returns a new array by removing duplicate valuesrin

a=["a", "a", "b", "b", "c" ]
a.uniq — ["a", "b", "c"]



Copyright 2006 Addison Wesley Longman, Inc t‘j
BicNum <« 255 —P

uniq! arr.unig! — arr ornil

Same adrray#uniq, but modifies the receiver in place. Retusrid if no changes are
made (that is, no duplicates are found).

a = [ ||a||’ ||a||’ "b", "b", nen ]

a.uniq! — ["a", "b", "c"]
b = [ nan’ "b", nen ]
b.uniq! — nil

unshift arr.unshift(anObject) — arr

PrependanObijectto the front ofarr, and shifts all other elements up one.

a = [ "b", "C", ngn ]
a.unshift("a") N [nan npn nen "d"]

Class

Bignum < Integer

Bignum objects hold integers outside the rangé& dfnum. Bignum objects are created
automatically when integer calculations would otherwigerfiow aFixnum. When a
calculation involvingBignum objects returns a result that will fit infi xnum, the result
is automatically converted.

For the purposes of the bitwise operations &idaBignun is treated as if it were an
infinite-length bitstring with 2's complement represeitat

While Fixnum values are immediat8ignum objects are not—assignment and param-
eter passing work with references to objects, not the objbeimselves.

Instance methods
Arithmetic operations

Performs various arithmetic operationstug.

big + aNumeric Addition

big — aNumeric Subtraction
big * aNumeric Multiplication
big / aNumeric Division

big % aNumeric Modulo

big ** aNumeric Exponentiation

Bit operations

Performs various operations on the binary representatibiie Bignum.

~ big Invert bits

big | aNumeric Bitwise OR

big & aNumeric Bitwise AND

big ~ aNumeric Bitwise EXCLUSIVE OR

big << aNumeric Left-shiftaNumericbits

big >> aNumeric Right-shiftaNumerichits (with sign extension)
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<=>

!inding

big <=>aNumeric— —1, 0, +1

Comparison—Returns1, 0, or +1 depending on whethdig is less than, equal to, or
greater tharaNumeric This is the basis for the tests@mparable.

[]

bigin] — 0,1

Bit Reference—Returns theh bit in the (assumed) binary representatiobigf where
big[0] is the least significant bit.

a = 9%x15

50.downto(0) do |nl
print a[n]

end

produces:

000101110110100000111000011110010100111100010111001

size

big.size— anlinteger

Returns the number of bytes in the machine representatibigof

(256**%10 - 1).size — 12
(256*%*%20 - 1).size — 20
(256*%*%40 - 1).size — 40

to_f

big.to_f— aFloat

Convertshig to aFloat. If big doesn'tfitin aFloat, the result is infinity.

to_i

big.to_i— big

Returnsbig.

to_s

Class

big.to_s— aString

Returns a string containing the decimal representatidmigof

Binding < Object

Objects of clas8inding encapsulate the execution context at some particular place
the code and retain this context for future use. The varigiethods, value afelf,
and possibly an iterator block that can be accessed in thitexbare all retained.
Binding objects can be created usikgrnel#binding, and are made available to the
callback ofkernel#set_trace_func.

These binding objects can be passed as the second argumtbiet Kifrnel#eval
method, establishing an environment for the evaluation.
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class Demo
def initialize(n)
@secret = n
end
def getBinding
return binding()
end
end

k1 = Demo.new(99)

bl = kl.getBinding
k2 = Demo.new(-3)
b2 = k2.getBinding

eval("@secret", bl) — 99
eval("@secret", b2) — -3
eval ("@secret") —  nil

Binding objects have no class-specific methods.

Class

Class < Module
Classes in Ruby are first-class objects—each is an instdrot@ssClass.

When a new class is created (typically usiighss Name ... end), an object of type
Class is created and assigned to a global consténié in this case). WheName . new
is called to create a new object, thew method inClass is run by default. This can be
demonstrated by overridingsw in Class:
class Class
alias oldNew new
def new(*args)
print "Creating a new ", self.name, "\n"
oldNew (*args)
end
end

class Name
end

n = Name.new

produces:

Creating a new Name

Class methods
inherited aClassinherited(@SubClas$

This is a singleton method (per class) invoked by Ruby whembalass ofaClassis
created. The new subclass is passed as a parameter.

class Top
def Top.inherited(sub)
print "New subclass: ", sub, "\n"
end
end
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class Middle < Top
end

class Bottom < Middle
end
produces:

New subclass: Middle
New subclass: Bottom

new Class.newéSuperClassObject ) — aClass

Creates a new anonymous (unnamed) class with the givenctape(object if no
parameter is given).

Instance methods
new aClassnew( ( args)* ) — anObject

Creates a new object afClasss class, then invokes that objeci’sitialize method,
passing itargs

superclass aClasssuperclass— aSuperClassrnil

Returns the superclassaflass ornil.

Class.superclass —  Module
Object.superclass — nil

Class

Continuation < Object

Continuation objects are generated Bgrnel#callcc. They hold a return address
and execution context, allowing a nonlocal return to the @rtie callcc block from
anywhere within a program. Continuations are somewhabgoals to a structured ver-
sion of C’'sset jmp/longjmp (although they contain more state, so you might consider
them closer to threads).

For instance:

arr = [ "Freddie", "Herbie", "Ron", "Max", "Ringo" ]
callcc{l$ccl}

puts(message = arr.shift)

$cc.call unless message =~ /Max/

produces:

Freddie
Herbie
Ron
Max

This (somewhat contrived) example allows the inner loo@nalon processing early:

callcc {|cont|
for i in 0..4
print "\n#{i}: "
for j in i*5...(i+1)*5
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cont.call() if j == 17
printf "%3d", j
end
end
}

print "\n"

produces:

0 0 1 2 3
1 5 6 7 8
2: 10 11 12 13
3 15 16

4
9
14

Instance methods
call contcall( ( args)*)

Invokes the continuation. The program continues from the @frthe callcc block.
If no arguments are given, the originadllcc returnsnil. If one argument is given,
callcc returns it. Otherwise, an array containiagsis returned.

callcc {lcont| cont.call } —  nil
callcc {lcont| cont.call 1 } — 1
callcc {lcont| cont.call 1, 2, 3} — [1, 2, 3]

Class

Dir < Object

Objects of clas®ir are directory streams representing directories in the nyidg
file system. They provide a variety of ways to list directerand their contents. See
alsoFile, page265.

The directory used in these examples contains the two refjlda (config.h and
main.rb), the parent directory.(.), and the directory itself.().

Mixes in

Enumerable:
collect, detect, each_with_index, entries, find, find_all, grep,
include?, map, max, member?, min, reject, select, sort, to_a

Class methods
[] Dir[ aString] — anArray

ReturnsanArray of filenames found by expanding the pattern givem8tring Note
that this pattern is not a regexp (it's closer to a shell ghoizy may contain the following
metacharacters:
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ok Matches subdirectories recursively

* Matches zero or more characters

? Matches any single character

[ charSet ] Matches any character from the given set of characters. A

range of characters is written aharFrom-charTa The set
may be negated with an initial uparrow)(

{ opt, opt, ... } Matches any one of the optional strings
Dir["config.?"] —  ["config.h"]
Dir["*.[a-z] [a-z]"] — ["main.rb"]
Dir["*.[~r]*"] —  ["config.h"]
Dir["x.{rb,h}"] —  ["main.rb", "config.h"]
Dir["*"] —  ["main.rb", "config.h"]
chdir Dir.chdir( ( aString)) — 0

Changes the current working directory of the process to Wengtring. When called
without an argument, changes the directory to the value ®@fthivironment variable
HOME, or LOGDIR. Raises 8ystemCallError (probablyErrno: : ENOENT)if the target
directory does not exist.

Dir.chdir("/var/spool/mail") — O
Dir.pwd —  "/var/spool/mail"

chroot Dir.chroot(aString) — 0

Changes this process’s idea of the file system root. Onlyégged process may make
this call. Not available on all platforms. On Unix systemse shroot (2) for more
information.

Dir.chdir("/production/secure/root")
Dir.chroot("/production/secure/root") — 0

Dir.pwd —

delete Dir.delete(@String) — 0
Deletes the named directory. Raises a subclasyetemCallError if the directory
isn't empty.

entries Dir.entries(@String) — anArray

Returns an array containing all of the filenames in the givieectbry. Will raise a
SystemCallError if the named directory doesn'’t exist.

Dir.entries("testdir") — [".", "..", "main.rb", "config.h"]

foreach Dir.foreach(aString) {|filename| block — nil

Calls the block once for each entry in the named directoissipg the filename of each
entry as a parameter to the block.

Dir.foreach("testdir") {lx| puts("Got " + x) }

produces:
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Got .
Got ..
Got main.rb
Got config.h

ir

getwd Dir.getwd— aString
Returns the path to the current working directory of thisgeiss as a string.
Dir.chdir("/tmp") — O
Dir.getwd —  "/tmp"

glob Dir.glob(aString) — anArray
Synonym forDir. []J.

mkdir Dir.mkdir(aString (, aninteger) ) — 0
Makes a new directory named lastring with permissions specified by the optional
parameteaninteger The permissions may be modified by the valu&dfe . umask,
and are ignored on NT. RaiseSgstemCallError if the directory cannot be created.
See also the discussion of permissions on [2fje

new Dir.new(aString) — aDir
Returns a new directory object for the named directory.

open Dir.open(aString) — aDir

Dir.open(aString) {| aDir| block} — nil

With no block,open is a synonym fobir .new. If a block is present, it is passedir
as a parameter. The directory is closed at the end of the oD ir . open returns
nil.

pwd Dir.pwd — aString
Synonym foDir . getwd.

rmdir Dir.rmdir(aString) — true
Synonym foiDir.delete.

unlink Dir.unlink( aString) — true

Synonym foDir.delete.

Instance methods

close dir.close— nil
Closes the directory stream. Any further attempts to acdiessill raise anIOError.
d = Dir.new("testdir")
d.close — nil

each dir.each {block} — dir

Calls the block once for each entry in this directory, pagsire filename of each entry
as a parameter to the block.
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d = Dir.new("testdir")
d.each {lx| puts ("Got " + x) }

produces:

-:2: warning: don’t put space before argument parentheses
Got .

Got ..

Got main.rb

Got config.h

read dir.read— aStringornil
Reads the next entry frogtir and returns it as a string. Returnsl at the end of the
Stream.
d = Dir.new("testdir")
d.read — "o
d.read — ".."
d.read — "main.rb"
rewind dir.rewind— dir
Repositionglir to the first entry.
d = Dir.new("testdir")
d.read — wn
d.rewind —  #<Dir:0x4029d9£f8>
d.read — "o
seek dir.seek(@nlinteger) — dir
Seeks to a particular location dir. anintegemmust be a value returned Dy r#tell.
d = Dir.new("testdir")
d.read — "o
i = d.tell
d.read — "o
d.seek(i) —  #<Dir:0x4029d82c>
d.read — "o
tell dir.tell — aninteger

Returns the current position @fir. See als®ir#seek.

d = Dir.new("testdir")
d.tell — O

d.read — "."
d.tell — 1
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Class

Exception < Object

Descendents of clagkception are used to communicate betweexise methods
andrescue statements iegin/end blocks.Exception oObjects carry information
about the exception—its type (the exception’s class namre)pptional descriptive
string, and optional traceback information.

The standard library defines the exceptions shown in Figireon the following page.

Class methods
exception Exception.exception( aString) ) — anException

Creates and returns a new exception object, optionallingdtie message @String

Instance methods
backtrace excbacktrace— anArray

Returns any backtrace associated with the exception. Thktraae is an array of
strings, each containing either “filename:lineNo: in ‘et or “filename:lineNo.”

def a
raise "boom"
end
def b
aQ)
end
begin
b()
rescue => detail
print detail.backtrace.join("\n")
end

produces:
prog.rb:2:in "a’
prog.rb:6:in b’
prog.rb:10

exception excexception(( aString) ) — anExceptioror exc

With no argument, returns the receiver. Otherwise, cremtesw exception object of
the same class as the receiver, but with a different message.

message excmessage- aString

Returns the message associated with this exception.

set_backtrace excset_backtracegnArray) — anArray

Sets the backtrace information associated wikb The argument must be an array of
String objects in the format describedBxception#backtrace.

ixception
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(
Figure 22.1. Standard exception hierarchy

Exception
\— fatal (used internally by Ruby)
M Interrupt
~— NoMemoryError
~— SignalException
M ScriptError
~— LoadError
~— NameError
M NotImplementedError
— SyntaxError
M StandardError
ArgumentError
FloatDomainError
IndexError

IOError

\_ EOFError
LocalJumpError
RegexpError
RuntimeError
SecurityError
SystemCallError

__ system-dependent exceptions
SystemStackError
ThreadError
TypeError
ZeroDivisionError
— SystemExit

(1T

(rrrf

(1T

FalseClass < Object

The global valu&alse is the only instance of claga1seClass and represents a log-
ically false value in boolean expressions. The class pesvigherators allowingalse
to participate correctly in logical expressions.

Instance methods

&

false & anObject— false

And—Returnsfalse. anObjectis always evaluated as it is the argument to a method
call—there is no short-circuit evaluation in this case.

false " anObject— true Or false

Exclusive Or—IfanObjectisnil or false, returnsfalse; otherwise, returnsrue.

false |anObject— true or false

Or—Returngtalse if anObjectisnil or false; true otherwise.
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File < 10

A File is an abstraction of any file object accessible by the progaachis closely
associated with clasg), page279 File includes the methods of modufeleTest
as class methods, allowing you to write (for example)e . exist?("foo").

In this sectionpermission bitare a platform-specific set of bits that indicate permis-
sions of a file. On Unix-based systems, permissions are d@sea set of three octets,
for the owner, the group, and the rest of the world. For eadhede entities, permis-
sions may be set to read, write, or execute (or search, ifegtdiry) the file:

iie

Owner Group Other
rw xX|r w X|r w X
4 2 1|14 2 1|4 2 1

The permission bit§644 (in octal) would thus be interpreted as read/write for owner
and read-only for group and other. Higher-order bits mag bk used to indicate the
type of file (plain, directory, pipe, socket, and so on) andoes other special features.

On non-Posix operating systems, there may be only the yabilimake a file read-
only or not. In this case, the remaining permission bits ballsynthesized to resemble
typical values. For instance, on Windows NT the default pssion bits aren644,
which means read/write for owner, read-only for all othditse only change that can
be made is to make the file read-only, which is reporteidd.

Mixes in

FileTest:
blockdev?, chardev?, directory?, executable?, executable_real?,
exist?, exists?, file?, grpowned?, owned?, pipe?, readable?,
readable_real?, setgid?, setuid?, size, size?, socket?, sticky?,

symlink?, writable?, writable_real?, zero?

Class methods

atime

File.atime(fileName) — aTime

Returns the last access time for the named file.

File.atime("testfile") —  Sun Nov 12 22:36:54 +0300 2006

basename File.basenaméileName ( , aSuffix) ) — aNewString

Returns the last component of the filename givefil@Name which must be formed
using forward slashes (") regardless of the separator used on the local file system. |
aSuffixis given and present at the endfildName it is removed.

File.basename ("/home/gumby/work/ruby.rb") —  "ruby.rb"
File.basename ("/home/gumby/work/ruby.rb", ".rb") —  ‘"ruby"

chmod

File.chmod@Modeint ( , fileName)* ) — aninteger

Changes permission bits on the named file(s) to the bit patégpresented bgMode-
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Int. Actual effects are operating system dependent (see therfieg of this section).
On Unix systems, seehmod (2) for details. Returns the number of files processed.

File.chmod (0644, "testfile", "out") — 2

chown

File.chown(@nOwnerinfaGrouplnt (, fileName)* ) — aninteger

Changes the owner and group of the named file(s) to the givereric owner and
group id’s. Only a process with superuser privileges maygbahe owner of a file.
The current owner of a file may change the file’s group to anygrm which the
owner belongs. Ail or —1 owner or group id is ignored. Returns the number of files
processed.

File.chown(nil, 100, "testfile")

ctime

File.ctime(fileName) — aTime

Returns the change time for the named file (the time at whickcthiry information
about the file was changed, not the file itself).

File.ctime("testfile") —  Sun Nov 12 22:37:07 +0300 2006

delete

File.delete({ fileName)™ ) — aFixnum

Deletes the named file(s). Returns the number of files predeSge alsDir.rmdir.

File.new("testrm", "w+").close — nil
File.delete("testrm") — 1

dirname

File.dirnamefileName) — fileName

Returns all components of the filename givenfilaNameexcept the last one. The
filename must be formed using forward slashe8)(tfegardless of the separator used
on the local file system.

File.dirname("/home/gumby/work/ruby.rb") — " /home/gumby/work"

expand_path File.expand_pathi{leName ( , aDirString ) ) — fileName

Converts a pathname to an absolute pathname. Relative grathsferenced from the
current working directory of the process unled3irString is given, in which case it
will be used as the starting point. The given pathname may with a “~”, which
expands to the process owner’s home directory (the envieohrariableHOME must
be set correctly).“user’ expands to the named user’s home directory.

File.expand_path("~oracle/bin")
File.expand_path("../../bin", "/tmp/x")

ftype

File.ftype(fileName) — fileType

Identifies the type of the named file; the return string is oiefale”, “directory”,
“characterSpecial”, “blockSpecial”, “fifo”, “1ink”, Or “socket”.
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Class . .
File::Stat < Object
Objects of clasBile: : Stat encapsulate common status informationffbi e objects.
The information is recorded at the moment fide: : Stat object is created; changes
made to the file after that point will not be reflect€dle: : Stat objects are returned
by I0#stat, File.stat, File#lstat, andFile.lstat. Many of these methods
return platform-specific values, and not all values are rimggial on all systems. See
alsoKernel#test on page3s3

Mixes in
Comparable:

<, <=, ==, >=, >, between?

Instance methods
<=> statfile<=>anOtherStat—- —1, 0, 1

Compare§ile: : Stat objects by comparing their respective modification times.

f1l = File.new("f1", "w")
sleep 1

f2 = File.new("f2", "w")
fil.stat <=> f2.stat — -1

atime statfileatime— aTime

Returns the last access time for this file as an object of Glass.

File.stat("testfile").atime —  Sun Nov 12 22:36:54 +0300 2006

blksize statfileblksize— aninteger

Returns the native file system’s block size. Will return 0 tatfprms that don’t support
this information.

File.stat("testfile").blksize — 4096

blockdev? statfileblockdev?— true or false

Returnstrue if the file is a block devicefalse if it isn’t or if the operating system
doesn’t support this feature.

File.stat("testfile") .blockdev? — false

blocks statfileblocks— anlInteger

Returns the number of native file system blocks allocatethfisrfile, or O if the oper-
ating system doesn’t support this feature.

File.stat("testfile").blocks — 8

chardev? statfilechardev?— true or false

Returnstrue if the file is a character devicéalse if it isn't or if the operating system
doesn’t support this feature.
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Class

Fixnum < Integer

A Fixnum holds Integer values that can be represented in a native machine word
(minus 1 bit). If any operation on Eixnum exceeds this range, the value is automati-
cally converted to &ignum.

Fixnum objects have immediate value. This means that when they ssigred or
passed as parameters, the actual object is passed, rather tbference to that object.
Assignment does not ali@d xnum objects. There is effectively only oifé xnum object
instance for any given integer value, so, for example, yomosadd a singleton method
to aFixnum.

Instance methods
Arithmetic operations

Performs various arithmetic operationsfon

fix + aNumeric Addition

fix aNumeric Subtraction
fix * aNumeric Multiplication
fix / aNumeric Division

fix % aNumeric Modulo

fix ** aNumeric Exponentiation

Bit operations

Performs various operations on the binary representatibting F i xnum.

~ fix Invert bits

fix | aNumeric Bitwise OR

fix & aNumeric Bitwise AND

fix ~ aNumeric Bitwise EXCLUSIVE OR

fix << aNumeric Left-shiftaNumericbits

fix >> aNumeric Right-shiftaNumericbits (with sign extension)

<=> fix <=>aNumeric— —1, 0, +1

Comparison—Returns1, 0, or +1 depending on whethéix is less than, equal to, or
greater tharaNumeric This is the basis for the tests@mparable.

[ fixtn] —0,1

Bit Reference—Returns thah bit in the binary representation 6%, wherefix[0] is
the least significant bit.

a = 0b11001100101010
30.downto(0) do |n| print a[n] end

produces:
0000000000000000011001100101010
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id2name fix.id2name— aStringornil

Returns the name of the object whose symbol id is the valdie.df there is no sym-
bol in the symbol table with this value, return$l. id2name has nothing to do with
the Object.id method. See alsBtring#intern on page??and classSymbol on

page316
symbol = :@inst_var —  :@inst_var
id = symbol.to_i — 10418
id.id2name — "Q@inst_var"
size fix.size— aFixnum

Returns the number difytesin the machine representation of fxnum.

to_f fixto_f— aFloat

Convertdixto aFloat.

to_i fix.to_i— fix

Returnsfix.

to_s fix.to_s— aString

Returns a string containing the decimal representatioelbf s

Class

Float < Numeric

Float objects represent real numbers using the native architgstiouble-precision
floating point representation.

Instance methods
Arithmetic operations

Performs various arithmetic operationsftin

flt  + aNumeric Addition

ft  — aNumeric Subtraction
flt  * aNumeric Multiplication
flt  / aNumeric Division

ft % aNumeric Modulo

flt  ** aNumeric Exponentiation

<=> flt <=>aNumeric— —1, 0, +1

Returns—1, 0, or +1 depending on whethédtlt is less than, equal to, or greater than
aNumeric This is the basis for the tests@mparable.

ceil flt.ceil — aninteger

Returns the smallesthteger greater than or equal fti.
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1.2.ceil — 2
2.0.ceil — 2
(-1.2).ceil — -1
(-2.0).ceil — -2

finite?

flt.finite? — true or false

Returnstrue if flt is a valid IEEE floating point number (it is not infinite, andn? is
false).

floor flt.floor — aninteger
Returns the largest integer less than or equét.to
1.2.floor — 1
2.0.floor — 2
(-1.2).floor — -2
(-2.0) .floor — -2
infinite? flt.infinite?— nil, —1, +1
Returnsil, —1, or +1 depending on whethélt is finite, —oo, or +oc.
(0.0) .infinite? — nil
(-1.0/0.0) .infinite? — -1
(+1.0/0.0) .infinite? — 1
nan? flt.nan?— true or false
Returnstrue if flt is an invalid IEEE floating point number.
a=-1.0
a.nan?
a = Math.log(a)
a.nan?
round flt.round— aninteger
Rounddlt to the nearest integer. Equivalent to:
def round
return floor(self+0.5) if self > 0.0
return ceil(self-0.5) if self < 0.0
return 0.0
end
1.5.round — 2
(-1.5).round — -2
to_f flt.to_f— flt
Returndit.
to_i flt.to_i — aninteger

Returndlt truncated to alnteger.
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to_s flt.to_s— aString

Returns a string containing a representation of self. A3 ageh fixed or exponential

form of the number, the call may returiaN”, “ Infinity”, and “-Infinity”.

Class .
Hash < Object
A Hash is a collection of key-value pairs. Itis similar to anray, except that indexing
is done via arbitrary keys of any object type, not an integdek. The order in which <
you traverse a hash by either key or value may seem arbiaadywill generally not T
be in the insertion order.
Hashes have default valuethat is returned when accessing keys that do not exist in
the hash. By default, that valueris1.
Mixes in

Enumerable:
collect, detect, each_with_index, entries, find, find_all, grep,

include?, map, max, member?, min, reject, select, sort, to_a

Class methods

[1 Hash[ ( key=>value)* ] — aHash
Creates a new hash populated with the given objects. Eguitd the literall key,
value, ... Y. Keys and values occur in pairs, so there must be an even mwhbe
arguments.

Hash["a", 100, "b", 200] —  {"a"=>100, "b"=>200}
Hash["a" => 100, "b" => 200] — {"a"=>100, "b"=>200}
{ "a" => 100, "b" => 200 } —  {"a"=>100, "b"=>200}
new Hash.new@nObjectnil ) — aHash

Returns a new, empty hashaiObjectis specified, it will be used as thikefault value

h = Hash.new("Go Fish")
h["a"] = 100

h["b"] = 200

hi"a"] — 100
h["¢c"] — "Go Fish"

Instance methods
== hsh==anOtherHash— true or false

Equality—Two hashes are equal if they each contain the samwer of keys and if
each key-value pair is equal to (accordindtgject#==) the corresponding elements
in the other hash.
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hi ={ "a" => 1, "c¢" => 2 }
h2 = { "a" => 1, "¢" =>2, 7 => 35}
h3 = { "a" => 1, "¢" =>2, 7 => 35}
h4 = { "a" => 1, "d" => 2, "f" => 35 }
hl == h2 — false
h2 == h3 — true
h3 == h4d — false
[1 hsH aKeyObjeci] — aValueObject

Element Reference—Retrieves tA¥alueObjecstored foraKeyObijectIf not found,
returns thedefault value

h={"a" => 100, "b" => 200 }
hi"a"] — 100
h["c¢c"] — nil

[= hsH aKeyObjeci = aValueObject— aValueObject

Element Assignment—Associates the value givem¥glueObjectvith the key given
by aKeyObjectaKeyObjecshould not have its value changed while it is in use as a key
(astring passed as a key will be duplicated and frozen).

h ={ "a" => 100, "b" => 200 }
h["a"] =9

h["C"] =4

h — {nan=>9’ "b"=>200, "C"=>4}

clear hshclear— hsh
Removes all key-value pairs frohsh

h = { "a" => 100, "b" => 200 } — {"a"=>100, "b"=>200}
h.clear —  {}

default hshdefault— anObject

Returns the default valué—that is, the value returned for a key that does not exist in
the hash. Defaults toil. See alsélash#default=.

default= hshdefault =anObject— hsh

Sets the Hefault value—that is, the value returned for a key that does not exishe t
hash. Defaults tail.

h =4 "a" => 100, "b" => 200 }
h.default = "Go fish"

h("a"] — 100

h["z"] — "Go fish"

delete hshdelete@KeyObjec) — aValueObject
hshdelete(@KeyObjec) {| aKeyObject| block — aValueObject

Deletes and returns a key-value pair frashwhose key is equal taKeyObijectlf the
key is not found, returns théefault valuelf the optional code block is given and the
key is not found, pass in the key and return the resutiock
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h = { "a" => 100, "b" => 200 }
h.delete("a" — 100
h.delete("z") —  nil
h.delete("z") { |el|l "#{el} not found" } — "z not found"
delete _if hshdelete_if { key, value | block — hsh

Deletes every key-value pair fronshfor which blockevaluates tarue.

h = { "a" => 100, "b" => 200, "c" => 300 }
h.delete_if {lkey, value| key >= "b" } — {"a"=>100}

each hsheach { key, value | block — hsh

Iash

Callsblockonce for each key ihsh passing the key and value as parameters.

h={"a" => 100, "b" => 200 }
h.each {lkey, value| print key, " is ", value, "\n" }
produces:

a is 100
b is 200

each_key hsheach_key fkey| block} — hsh

Callsblockonce for each key ihsh passing the key as a parameter.

h = { "a" => 100, "b" => 200 }
h.each_key {lkey| puts key }
produces:

a
b

each_pair hsheach_pair[key, value | block — hsh

Synonym forHash#each.

each_value hsheach_valuelvalue | block} — hsh

Callsblockonce for each key ihsh passing the value as a parameter.
h = { "a" => 100, "b" => 200 }

h.each_value {|value| puts value }

produces:

100
200

empty? hshempty?— true or false

Returnstrue if hshcontains no key-value pairs.

{}.empty? — true

fetch hshfetch(aKeyObiject( , aDefObject) ) — anObject
hshfetch(aKeyObjec) {| aKeyObiject| block — anObject

Returns a value from the hash for the given key. If the keytdam'found, there are
several options: With no other arguments, it will raiseIadexError exception; if
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aDefObjectis given, then that will be returned; if the optional codedids specified,
then that will be run and its result returned.

h = { "a" => 100, "b" => 200 }

h.fetch("a" — 100
h.fetch("z", "go fish") —  "go fish"
h.fetch("z") { lell "go fish, #{el}"} — "go fish, z"

The following example shows that an exception is raiseddfkéy is not found and a
default value is not supplied.

h={"a" => 100, "b" => 200 }
h.fetch("z")

produces:

prog.rb:2:in “fetch’: key not found (IndexError)
from prog.rb:2

has_key? hshhas_key?&KeyObjec) — true or false

Returnstrue if the given key is present ihsh

h={"a" => 100, "b" => 200 }
h.has_key?7("a" —  true
h.has_key?("z") — false

has_value? hshhas_value?§ValueObjec) — true or false

Returnstrue if the given value is present for some keyhish

h={"a" => 100, "b" => 200 }
h.has_value?(100) — true
h.has_value?(999) — false

include? hshinclude?@KeyObjec) — true or false

Synonym forHash#has_key?.

index hshindex(aValueObjec) — aKeyObject

Returns the key for a given value. If not found, returnsdkéault value

h={"a" => 100, "b" => 200 }
h.index (200) — "b"
h.index(999) — nil

indexes hshindexes(( key)* ) — anArray

Returns a new array consisting of values for the given keW#l) insert thedefault
valuefor keys that are not found.
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h={ "a" => 100, "b" => 200, "c" => 300 } — -:2: warning:
Hash#indexes is
deprecated; use
Hash#values_at

h.indexes("a", "c") —  [100, 300]\n-:3:
warning:
Hash#indexes is
deprecated; use
Hash#values_at

h.indexes("a", "c", "z") —  [100, 300, nil]

indices

hshindices( ( key)* ) — anArray

Synonym forHash#indexes.

invert hshinvert— aHash
Returns a new hash created by udirsiis values as keys, and the keys as values.
h = { "p" o=> 100’ "m" => 100, Ilyll => 300, ngnr => 200, "a" => 0 }
h.invert — {0=>"a", 100=>"n", 200=>"d", 300=>"y"}

key? hshkey?(aKeyObjec) — true or false
Synonym folHash#has_key?.

keys hshkeys— anArray
Returns a new array populated with the keys from this hashaSeHash#values.
h = { "a" => 100, "b" => 200, "c" => 300, "d" => 400 }
h.keys — [nan’ "b", "C", "d"]

length hshlength— aFixnum
Returns the number of key-value pairs in the hash.
h = { "d" => 100, "a" => 200, "v" => 300, "e" => 400 }
h.length — 4
h.delete("a") — 200
h.length — 3

member? hshmember?éKeyObjec) — true or false
Synonym folHash#has_key?.

rehash hshrehash— hsh

Rebuilds the hash based on the current hash values for eadhdadues of key objects
have changed since they were inserted, this method willlexihsh If Hash#rehash
is called while an iterator is traversing the hash IafiexError will be raised in the
iterator.
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a = [ llall’ llbll ]
c=1["c

= ||’ ngn ]

h={a=>100, ¢ => 300 }
h(la] — 100
a[o] = lWgn
hlal —  nil
h.rehash — {["z", "b"]=>100, ["c", "d"]1=>300%}
hlal — 100

reject hshreject { key, value | block — aHash
Same aflash#delete_if, but works on (and returns) a copy of theh Equivalent to
hsh.dup.delete_if.

reject! hshreject! {| key, value | block — hshornil
Equivalent tdHash#delete_if, but returnail if no changes were made.

replace hshreplace@nOtherHash — hsh
Replaces the contents lhwith the contents ocAnOtherHash
h = { "a" => 100, "b" => 200 }
h.replace({ "c" => 300, "d" => 400 }) — {"c"=>300, "d"=>400}

shift hshshift — anArrayornil
Removes a key-value pair fronshand returns it as the two-item arrd@ykey, valuel,
ornil if the hash is empty.
h = { 1 => ||a||’ 2 => "b", 3 => "¢" }
h.shift — [1, "a"]
h — {2=>"b", 3=>"C"}

size hshsize— aFixnum
Synonym folHash#length.

sort hshsort— anArray

hshsort {|a, b | block} — anArray

Convertshshto a nested array df key, valuel arrays and sorts it, usingrray#sort.
h = { g o=> 20’ "o o=> 30, e => 10 }
h.sort —  [["a", 20], ["b", 301, ["c", 10]]
h.sort {la,bl al[1]l<=>b[1]} — [["c¢", 101, ["a", 201, ["b", 30]]

store hshstore(aKeyObject, aValueObjet— aValueObject
Synonym for Element Assignmeriigsh#[]=).

to_a hshto_a— anArray

Convertshshto a nested array df key, valu€l arrays.

h = { "c" => 300, "a" => 100, "d" => 400, "c" => 300 }
h.to.a — [["a", 100], ["c", 3001, ["d", 400]]
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to_s hshto_s— aString

Convertshshto a string by converting the hash to an arrayfdfey, value] pairs and
then converting that array to a string usikigray#join with the default separator.

h = { "c" => 300, "a" => 100, "d" => 400, "c" => 300 }
h.to_s — "al00c300d400"

update hshupdate@nOtherHash — hsh

Adds the contents ainOtherHastio hsh overwriting entries with duplicate keys with
those fromanOtherHash
hi = { "a" => 100, "b" => 200 }

h2 = { "b" => 254, "c" => 300 }
hl.update(h2) — {"a"=>100, "b"=>254, "c"=>300}

value? hshvalue?@ValueObjec) — true or false

Synonym folHash#has_value?.

values hshvalues— anArray

Returns a new array populated with the values fieh See alsélash#keys.

h = { "a" => 100, "b" => 200, "c" => 300 }
h.values — [100, 200, 300]

Class

Integer < Numeric
Subclasses: Bignum, Fixnum

Integer is the basis for the two concrete classes that hold whole etsyibi gnum
andFixnum.

Instance methods
chr int.chr— aString

Returns a string containing the ASCII character represdnyehe receiver’s value.

65.chr —  "A"
7a.chr —  "a"
230.chr —  "\346"

downto int.downto(aninteger) {|i| block} — int

Iteratesblock passing decreasing values frémhdown to and includingninteger

5.downto(1) { In| print n, ".. " }
print " Liftoff!\n"

produces:

5.. 4.. 3.. 2.. 1.. Liftoff!
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integer? int.integer?— true

Always returnstrue.

next int.next— aninteger
Returns thenteger equal toint + 1.
1.next - 2
(-1).next — O

step int.step(endNumstep) {|i| block} — int
Invokesblockwith the sequence of numbers startingtincremented bgtepon each
call. The loop finishes when the value to be passed to the idapleater thaendNum
(if stepis positive) or less thaandNumn(if stepis negative).
1.step(10, 2) { |il print i, " " }
produces:
13579

succ int.succ— anlinteger
Synonym forInteger#next.

times int.times {i| block} — int
Iterates blocknt times, passing in values from zeroitd —1.
5.times do |il

print i, " "

end
print "\n"
produces:
01234

upto int.upto(aninteger) {|i| block} — int

Iteratesblock passing in integer values fromt up to and including@ninteger
5.upto(10) { |il print i, " " }

produces:

56789 10
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=10 < Obiject

Subclasses: File

ClassIO is the basis for all input and output in Ruby. An I/O stream rhaguplexed
(that is, bidirectional), and so may use more than one nafiegating system stream.

Many of the examples in this section use clBs%e, the only standard subclass1if.
The two classes are closely associated.

As used in this sectiomPortnamemay take any of the following forms.

e A plain string represents a filename suitable for the undwglgperating system.

e A string starting with 1" indicates a subprocess. The remainder of the string h

following the “|” is invoked as a process with appropriate input/output cleén
connected to it.

e Astring equal to ‘| -” will create another Ruby instance as a subprocess.

Ruby will convert pathnames between different operatirsjesy conventions if possi-
ble. For instance, on a Windows system the filenamguthby/ruby/test . rb” will

be opened as\gumby\ruby\test.rb". When specifying a Windows-style filename
in a Ruby string, remember to escape the backslashes:

"c:\\gumby\\ruby\\test.rb"

Our examples here will use the Unix-style forward slasfe3g : : SEPARATOR can be
used to get the platform-specific separator character.

I/O ports may be opened in any one of several different modki&h are shown in
this section asaModeString This mode string must be one of the values listed in
Table22.20n the following page.

Mixes in

Enumerable:
collect, detect, each_with_index, entries, find, find_all, grep,

include?, map, max, member?, min, reject, select, sort, to_a

Class methods
foreach 10.foreach@PortNameaSepString$/ ) {|line| block} — nil

Executes the block for every line in the named 1/O port, whieies are separated by
aSepsString

I0.foreach("testfile") {lx| print "GOT ", x }

produces:

GOT This is line one
GOT This is line two
GOT This is line three
GOT And so on...
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Table 22.2. Mode strings

Mode Meaning

“r Read-only, starts at beginning of file (default mode).

“r+” Read-write, starts at beginning of file.

“w” Write-only, truncates existing file to zero length or ates a new file for writ-
ing.

“w+”  Read-write, truncates existing file to zero length ceates a new file for read-
ing and writing.

“a” Write-only, starts at end of file if file exists, otherwiseeates a new file for
writing.

“at” Read-write, starts at end of file if file exists, other&visreates a new file for

reading and writing.
“b” (DOS/Windows only) Binary file mode (may appear with arfyttee key letters
listed above).

new

10.new(anintegeraModeString — aFile

Returns a newile object (a stream) for the given integer file descriptor andieno
string. See alsa0#fileno.

a = I0.new(2,"w" # ’2° is standard error

$stderr.puts "Hello"

a.puts "World"

produces:

Hello
World

pipe

10.pipe— anArray

Creates a pair of pipe endpoints (connected to each othénedmrns them as a two-
element array of 0 objects:[ readFile writeFile 1. Not available on all platforms.

In the example below, the two processes close the ends ofiplketimat they are not
using. This is not just a cosmetic nicety. The read end of a pifl not generate an
end of file condition if there are any writers with the pipél stpen. In the case of the
parent process, thed. read will never return if it does not first issuewa . close.

rd, wr = I0.pipe
if fork
wr.close
puts "Parent got: <#{rd.read}>"
rd.close
Process.wait
else
rd.close
puts "Sending message to parent"
wr.write "Hi Dad"
wr.close
end

produces:
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Sending message to parent
Parent got: <Hi Dad>

popen

10.popen@CmdsStringaModeString"r") — anlO
I0.popen@CmdsStringaModeString"r") { |anlO| block} — nil

Runs the specified command string as a subprocess; the sebpiostandard input
and output will be connected to the returrigdobject. IfaCmdStringstarts with a =",
then a new instance of Ruby is started as the subprocessefdndtdnode for the new

file object is “r", butaModeStringnay be set to any of the modes in TaB&2on the

preceding page.

If a block is given, Ruby will run the command as a child conteddo Ruby with a

pipe. Ruby’s end of the pipe will be passed as a parameteetbltitk. o

If a block is given with aaCmdStringof “-”, the block will be run in two separate _

processes: once in the parent, and once in a child. The gan@ress will be passed the
pipe object as a parameter to the block, the child versioh@biock will be passed

nil, and the child’s standard in and standard out will be corettctthe parent through
the pipe. Not available on all platforms.

f = I0.popen("uname")

p f.readlines

puts "Parent is #{Process.pidl}"

I0.popen ("date") { |f| puts f.gets }

I0.popen("-") {l|f| $stderr.puts "#{Process.pid} is here, f is #{f}"}

produces:

-:4: warning: don’t put space before argument parentheses
["Linux\n"]

Parent is 18357

Sun Nov 12 22:37:09 MSK 2006

18360 is here, f is

18357 is here, f is #<I0:0x4029d7a0>

readlines 10.readlines@PortNameaSepString$/ ) — anArray

Reads the entire file specified bifortNameas individual lines, and returns those lines
in an array. Lines are separateddfyepString

a = I0.readlines("testfile")
al[0] — "This is line one\n"

select

IO.select(eadArray ( , writeArray (, errorArray (, timeout) ) ) ) — anArray
ornil

SeeKernel#select on page349
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Instance methods

<< ios << anObject— ios
String Output—WritesanObjectto ios. anObjectwill be converted to a string using
to_s.
$stdout << "Hello " << "world!\n"
produces:
Hello world!

binmode ios.binmode— ios
Putsios into binary mode. This is useful only in MS-DOS/Windows epwiments.
Once a stream is in binary mode, it cannot be reset to nonpinade.

clone ios.clone— anlO
Creates a new I/O stream, copying all the attributemafThe file position is shared
as well, so reading from the clone will alter the file positmfrthe original, and vice-
versa.

close ios.close— nil
Closesios and flushes any pending writes to the operating system. Tkarstis
unavailable for any further data operations; HError is raised if such an attempt
is made. 1/O streams are automatically closed when theylaimaed by the garbage
collector.

close_read ios.close_read- nil
Closes the read end of a duplex I/O stream (i.e., one thattmnboth a read and a
write stream, such as a pipe). Will raise B3Error if the stream is not duplexed.
f = I0.popen("/bin/sh","r+")
f.close_read
f.readlines
produces:
prog.rb:3:in “readlines’: not opened for reading (IOError)
from prog.rb:3

close_write ios.close_write— nil

Closes the write end of a duplex 1/0O stream (i.e., one thatados both a read and a
write stream, such as a pipe). Will raise B3Error if the stream is not duplexed.

f = I0.popen("/bin/sh","r+")

f.close_write
f.print "nowhere"

produces:

prog.rb:3:in “write’: not opened for writing (IOError)
from prog.rb:3:in “print’
from prog.rb:3
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closed?

ios.closed?— true or false

Returnstrue if iosis completely closed (for duplex streams, both reader aritem)yr
false otherwise.

= File.new("testfile")
.close — nil
.closed? —  true

= I0.popen("/bin/sh","r+")
.close_write nil
.closed? false
.close_read nil

f
f
f
f
f
f
f
f.closed? true

L

each

ios.each@SepString$/ ) {|line| block} — ios o

Executes the block for every line ins, where lines are separated &gepStringios _
must be opened for reading or &berror will be raised.

f = File.new("testfile")
f.each {|line| puts "#{f.lineno}: #{linel}" }

produces:

1: This is line one
2: This is line two
3: This is line three
4: And so on...

each_byte ios.each_bytefbyte| blockk — nil

Calls the given block once for each byte.255) in ios, passing the byte as an argument.
The stream must be opened for reading oL@error will be raised.

f = File.new("testfile")

checksum = 0

f.each_byte {|x| checksum "= x } — #<File:testfile>
checksum — 12

each_line ios.each_line@SepString$/ ) {|line| block} — ios

Synonym forIO#each.

eof

ios.eof — true or false

Returns true ifios is at end of file. The stream must be opened for reading or an
I0Error will be raised.
f = File.new("testfile")

dummy = f.readlines
f.eof — true

eof?

i0s.eof?— true or false

Synonym forIO#eof.

fentl

ios.fentl(anintegerCmgdanArg) — aninteger

Provides a mechanism for issuing low-level commands torobot query file-oriented
I/O streams. Arguments and results are platform depentfemArgis a number, its
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value is passed directly. If it is a string, it is interpreteda binary sequence of bytes.
On Unix platforms, seécntl (2) for details. Not implemented on all platforms.

fileno

ios.fileno— aFixnum

Returns an integer representing the numeric file descriptdos.

$stdin.fileno — 0
$stdout.fileno — 1

flush

ios.flush— ios

Flushes any buffered data withios to the underlying operating system (note that this
is Ruby internal buffering only; the OS may buffer the datavadl).

$stdout.print "no newline"
$stdout.flush

produces:

no newline

getc

ios.getc— aFixnumornil

Gets the next 8-bit byté)(.255) from ios. Returnsnil if called at end of file.

= File.new("testfile")
getc — 84
.getc — 104

gets

ios.gets(@SepString$/ ) — aStringornil

Reads the next “line” from the I/O stream; lines are sepdrhteaSepStringA sep-
arator ofnil reads the entire contents, and a zero-length separat®s teadnput a
paragraph at a time (two successive newlines in the inpwragp paragraphs). The
stream must be opened for reading orf@error will be raised. The line read in will
be returned and also assignedto Returnsnil if called at end of file.

File.new("testfile").gets —  "This is line one\n"
$_ —  "This is line one\n"

ioctl

ios.ioctl( anintegerCmganArg) — aninteger

Provides a mechanism for issuing low-level commands torobot query I/O devices.
Arguments and results are platform dependeraniirgis a number, its value is passed
directly. If it is a string, it is interpreted as a binary seqae of bytes. On Unix plat-
forms, seeioctl1(2) for details. Not implemented on all platforms.

isatty

ios.isatty— true or false

Returnstrue if iosis associated with a terminal device (tt§j1se otherwise.
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MatchData < Object

MatchData is the type of the special variab$e, and is the type of the object returned
byRegexp#matchandRegexp#last_match. It encapsulates all the results of a pattern

match, results normally accessed through the specialblesi$&, $°, $¢, $1, $2, and
S0 on.

Instance methods

[]

mtcHi] — anObject
mtcHstart, lengti — anArray
mtcHaRangé¢ — anArray

Match Reference#atchData acts as an array, and may be accessed using the normal
array indexing techniquemtcHO] is equivalent to the special varial#&, and returns
the entire matched stringitci{1], mtcl2], and so on return the values of the matched

backreferences (portions of the pattern between parezghes

m = /(.)(.)(\d+) (\d)/.match("THX1138.")
m[0] —  "HX1138"

m[l, 2] — [an, uxu]

m[13] — [an’ "X", ||113||]

m[_g’ 2] — [nxn, ||113||]

begin

mtchbegin(n) — aninteger

Returns the offset of the start of theéh element of the match array in the string.

m = /() ()A\d+) (\d)/.match("THX1138.")
m.begin(0) — 1
m.begin(2) — 2

end

mtchend(n) — aninteger

Returns the offset of the character immediately following ¢nd of thaith element of
the match array in the string.
m=/C)(C)ANd+) (\d)/.match("THX1138.")

m.end(0) — 7
m.end(2) — 3

length

mtchlength— aninteger

Returns the number of elements in the match array.

m = /(.)(.)(\d+) (\d)/.match("THX1138.")
m.length — 5
m.size — b

offset

mtchoffset(n) — anArray

Returns a two-element array containing the beginning antihgnoffsets of thenth
match.
m=/C)(C)ANd+) (\d)/.match("THX1138.")

m.offset(0) — [1, 7]
m.offset(4) — [6, 7]

Watch Data
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post_match

mtchpost_match- aString

Returns the portion of the original string after the currergtch. Equivalent to the

special variable .

m=/C.)(.)(\d+)(\d)/.match("THX1138: The Movie")

m.post_match — ": The Movie"

pre_match

mtchpre_match— aString

Returns the portion of the original string before the curmatch. Equivalent to the

special variable ¢.

m = /(.)()Ad+) (\d)/.match("THX1138.")
m.pre_match — "T"

size mtchsize— aninteger
A synonym forMatchData#length.

string mtchstring— aString
Returns a frozen copy of the string passed indech.
m=/C)C)ANd+) (\d)/.match("THX1138.")
m.string —  "THX1138."

to_a mtchto_a— anArray
Returns the array of matches.
m=/C)C)ANd+) (\d)/.match("THX1138.")
m.tO_a — [IIHX1138|I’ I|HI|, I|XI|, |I113|I’ ll8ll]

to_s mtchto_s— aString

Returns the entire matched string.

m=/C)(C)ANd+) (\d)/.match("THX1138.")
m.to_s —  "HX1138"
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Method < Object

Method objects are created oy ject#method, and are associated with a particular
object (not just with a class). They may be used to invoke tathod within the object,
and as a block associated with an iterator.

class Thing
def square(n)
n*n
end
end
aThing = Thing.new
aMethod = aThing.method("square")

aMethod.call(9) — 81
[ 1, 2, 3 ].collect(&aMethod) — [1, 4, 9]

Instance methods

[]

meth (args)*] — anObject

Synonym forMethod. call.

Wethod

arity metharity — aFixnum
Returns an indication of the number of arguments acceptedigthod. Returns a non-
negative integer for methods that take a fixed number of aegisn For Ruby methods
that take a variable number of arguments, returms— 1, wheren is the number of
required arguments. For methods written in C, returisif the call takes a variable
number of arguments.

call methcall( { args)* ) — anObject
Invokes themethwith the specified arguments, returning the method'’s retalue.
m = 12.method("+")
m.call(3) — 15
m.call(20) — 32

to_proc methto_proc— aProc

Returns @roc object corresponding to this method.
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Module < Object

Subclasses: Class

A Module is a collection of methods and constants. The methods in alleaday be
instance methods or module methods. Instance methodsragepezethods in a class
when the module is included, module methods do not. Conlyems@dule methods
may be called without creating an encapsulating objectlenihstance methods may
not. Seélodule#module_functionon page29s

In the descriptions that follow, the paramet&®ymbolrefers to a symbol, which is
either a quoted string or@ymbol (such as:name).

module Mod

include Math

CONST = 1

def meth

#

end
end
Mod.class —  Module
Mod.constants — ["coONsT", "E", "PI"]
Mod.instance_methods — ["meth"]

Class methods

constants Module.constants- anArray

Returns an array of the names of all constants defined in stersy This list includes
the names of all modules and classes.

p Module.constants.sort[1..5]

produces:

["ARGV", "ArgumentError", "Array", "Bignum", "Binding"]

nesting

Module.nesting— anArray

Returns the list ofiodules nested at the point of call.

module M1
module M2
$a = Module.nesting
end
end
$a —  [M1::M2, M1]

$a[0] .name —  "M1::M2"

new

Module.new— aModule

Creates a new anonymous module.
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Instance methods

<, <=, >, >= modrelop aModule— true or false

Hierarchy Query—One module is consideigrgater thananother if it is included in
(or is a parent class of) the other module. The other operaterdefined accordingly.
If there is no relationship between the modules, returrsefldr all operators.

module Mixin
end

module Parent
include Mixin

end

module Unrelated

end

Parent > Mixin —  false

Parent < Mixin —  true )

Parent <= Parent —  true g

Parent < Unrelated — nil O

Parent > Unrelated — nil

<=> mod<=>aModule— —1, 0, +1
Comparison—Returns1 if modincludesaModule 0 if modis the same aaModule
and+1 if modis included byaModuleor if modhas no relationship witaModule
=== mod===anObject— true or false
Case Equality—Returnsrue if anObjects an instance ahodor one ofmods descen-
dents. Of limited use for modules, but can be usechige statements to classify objects
by class.
ancestors modancestors— anArray
Returns a list of modules includedinod (includingmoditself).
module Mod
include Math
include Comparable
end
Mod.ancestors —  [Mod, Comparable, Math]
Math.ancestors —  [Mathl]
class_eval modclass_evalaString) — anObject
modclass_eval block} — anObject
Synonym fonModule .module_eval.
class_variables modclass_variables» anArray

Returns an array of the names of class variablesadand the ancestors afod
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class One
@Qvarl = 1
end
class Two < One
@Qvar2 = 2
end
One.class_variables — ["@@varl"]
Two.class_variables — ["@@var2", "@@varl"]

clone modclone— aModule

Creates a new copy of a module.

m = Math.clone —  #<Module:0x4029da70>
m.constants — ["E", "PI"]
m == Math —  false
const_defined? modconst_definedZSymbo) — true or false

Returnstrue if a constant with the given name is definedrogd

Math.const_defined? "PI" —  true

const_get modconst_get&@Symbo) — anObject

Returns the value of the named constamiod

Math.const_get :PI —  3.14159265358979

const_set modconst_set@SymbalanObject) — anObject

Sets the named constant to the given object, returning tijato Creates a new con-
stant if no constant with the given name previously existed.

Math.const_set ("HIGH_SCHOOL_PI", 22.0/7.0) —  3.14285714285714
Math: :HIGH_SCHOOL_PI - Math::PI — 0.00126448926734968

constants modconstants— anArray

Returns an array of the names of the constants accessib@dnThis includes the
names of constants in any included modules (example atostsettion).

included_modules modincluded_modules» anArray

Returns the list of modules includednimod

module Mixin
end

module QOuter
include Mixin
end

Mixin.included_modules —  []
Outer.included_modules —  [Mixin]

instance_methods modinstance_methodg{cludeSuperfalse ) — anArray

Returns an array containing the names of public instanckadstin the receiver. For a
module, these are the public methods; for a class, they ar@stance (not singleton)
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methods. With no argument, or with an argument thétisse, the instance methods in
modare returned, otherwise the methodsrindandmods superclasses are returned.

module A
def methodi1()
end
class B
def method2()
end
class C < B
def method3()
end

end

end

end

A.instance_methods
B.instance_methods

C.instance_methods

C.instance_methods (true) .length

—

["method1"]
["instance_of?",
"instance_variables",

"method2", "method", "to_s",

"dup", "private_methods",

"object_id", "__id__", n=~n

"send", "class", "tainted?",

"singleton_methods", "eql?", -%
"untaint", "kind_of?", "id", B
"instance_variable_get",

"inspect", "nil?", "taint",
"frozen?", "public_methods",

"extend", "instance_eval",

"to_a", "__send__“, “display“,

"clone", "protected_methods",

"hash", "freeze", "is_a?",

[[p—]
2

"instance_variable_set",
"type", "respond_to?", "===",
"equal?", "methods"]
["instance_of?",
"instance_variables",

"method2", "method", "to_s",
"dup", "private_methods",
"object_id", "__id__", u=~n,
"send", "class", "tainted?",
"singleton_methods", "eql?",
"untaint", "kind_of?", "id",
"instance_variable_get",
"inspect", "nil?", "frozen?",
"taint", "public_methods",
"extend", "instance_eval",
llto_all, "__Send__", I|disp1ayl|,
"clone", "protected_methods",
"hash", "freeze", "is_a?",

(]
s

"instance_variable_set",
"type", "respond_to?", "===",
"equal?", "methods",
"method3"]

42

method_defined?

modmethod_defined&Symbo) — true or false

Returnstrue if the named method is defined Inyod (or its included modules and, if

modis a class, its ancestors).
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module A

def method1() end
end
class B

def method2() end
end
class C < B

include A

def method3() end

end
A .method_defined? :methodl —  true
C.method_defined? "methodl" —  true
C.method_defined? "method2" —  true
C.method_defined? "method3" —  true
C.method_defined? "method4" — false
module_eval modmodule_eval&String) — anObject

modmodule_eval {plock} — anObject

Evaluates the string or block in the contexineéd This can be used to add methods to
a classmodule_eval returns the result of evaluating its argument.

class Thing

end

a = %q{def hello() "Hello there!" end}
Thing.module_eval(a) — mnil

Thing.new.hello() —  "Hello there!"

name modname— aString
Returns the name of the moduted

private_class_method modprivate_class_method(aSymbo}™ ) — nil

Makes existing class methods private. Often used to hiddefeult constructotiew.

class SimpleSingleton # Not thread safe
private_class_method :new
def SimpleSingleton.create(*args, &block)
O@me = new(*args, &block) if ! @me
Cme
end
end

private_instance_methods

modprivate_instance_methode€ludeSuperfalse ) — anArray

Returns a list of the private instance methods definedad If the optional parameter
is notfalse, the methods of any ancestors are included.

module Mod
def method1() end
private :methodl
def method2() end
end
Mod.instance_methods —  ["method2"]
Mod.private_instance_methods —  ["methodl1"]
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protected_instance_methods
modprotected_instance_methodsfludeSuperfalse ) — anArray

Returns a list of the protected instance methods definebith If the optional param-
eter is notfalse, the methods of any ancestors are included.

public_class_method modpublic_class_method(aSymbo}* ) — nil

Makes a list of existing class methods public.

public_instance_methods
modpublic_instance_methodsicludeSuperfalse ) — anArray

Returns a list of the public instance methods definemda If the optional parameter
is notfalse, the methods of any ancestors are included.

The following methods are used mainly during the definitibnlasses and modules.

Private instance methods
alias_method alias_methodfiewID, oldID) — mod

MakesnewlID a new copy of the methodldID. This can be used to retain access to
methods that are overridden.

module Mod
alias_method :origExit, :exit
def exit(code=0)
print "Exiting with code #{code}\n"
origExit (code)
end
end
include Mod
exit (99)

produces:
Exiting with code 99

append_features append_featuresModule) — mod

When this module is included in another, Ruby calfgpend_features in this mod-
ule, passing it the receiving module aModule Ruby’s default implementation is
to add the constants, methods, and module variables of tbdula toaModuleif
this module has not already been adde@loduleor one of its ancestors. See also
Module#include on the following page.

attr attr(aSymbalwritable=false ) — nil

Defines a named attribute for this module, where the nara&ysnbold2name, cre-
ating an instance variabl@f{ame) and a corresponding access method to read it. If
the optionalwritable argument istrue, also creates a method calledme= to set the
attribute.

module Mod
attr :size, true
end
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is equivalent to:

module Mod
def size
@size
end
def size=(val)
@size = val
end
end

attr_accessor attr_accessor( aSymbo)™ ) — nil

Equivalent to calling 4&ttr aSymboJ true” on eachaSymboln turn.

module Mod
attr_accessor(:one, :two)
end
Mod.instance_methods.sort — ["one", "one=", "two", "two="]
attr_reader attr_reader(( aSymbo)* ) — nil

Creates instance variables and corresponding methodsettuah the value of each
instance variable. Equivalent to callingttr :namé on each name in turn.

attr_writer attr_writer( { aSymbo)* ) — nil

Creates an accessor method to allow assignment to theuétai®ymbolid2name.

extend_object extend_objecténObject) — anObject

Extends the specified object by adding this module’s cotstard methods (which are
added as singleton methods). This is the callback methatllus@éb ject#extend.

module Picky
def Picky.extend_object (o)

if String ===
print "Can’t add Picky to a String\n"
else
print "Picky added to ", o.class, "\n"
super
end
end
end
(s = Array.new) .extend Picky # Call Object.extend
(s = "quick brown fox").extend Picky
produces:

Picky added to Array
Can’t add Picky to a String

include include( ( aModule)* ) — mod
InvokesModule. append_features (documented on the page before) on each param-
eter in turn.

method_added method_added{Symbo)

Invoked as a callback whenever a method is added to the szceiv
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module Chatty
def Chatty.method_added(id)

print "Adding ", id.id2name, "\n"

end

def one() end
end
module Chatty

def two() end
end

produces:

Adding one
Adding two

MobDULE < 295

module_function

module_function({ aSymbo)* ) — mod

Creates module functions for the named methods. Theseidusanay be called with
the module as a receiver, and also become available as destaethods to classes
that mix in the module. Module functions are copies of theiodl, and so may be
changed independently. The instance-method versions ade private. If used with

no arguments, subsequently defined methods become modateofus.

module Mod
def one
"This is one"
end
module_function :one
end
class Cls
include Mod
def callOne
one

end
end
Mod.one —  "This is one"
c = Cls.new
c.callOne — "This is one"
module Mod

def one

"This is the new one"

end
end
Mod.one — "This is one"
c.callOne — "This is the new one"

private

private( ( aSymbo)* ) — mod

With no arguments, sets the default visibility for subsetlyedefined methods to pri-
vate. With arguments, sets the named methods to have priigidity. See Access

Control starting on pag&02

Wodule
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module Mod
def a() end
def b() end
private
def c() end
private :a

end
Mod.private_instance_methods — ["a", "c"]
protected protected({ aSymbo)* ) — mod

With no arguments, sets the default visibility for subsetlyedefined methods to pro-
tected. With arguments, sets the named methods to havemodigsibility. SeeAccess
Control starting on page02.

public public( { aSymbo)* ) — mod

With no arguments, sets the default visibility for subsetlyedefined methods to pub-
lic. With arguments, sets the named methods to have pulsiiciNdy. SeeAccess Con-
trol starting on pag@02

remove_const remove_cons@Symbo) — anObject

Removes the definition of the given constant, returningdbastant’s value. Predefined
classes and singleton objects (suclras) cannot be removed.

remove_method remove_method{Symbo) — mod

Removes the method identified B$ymbofrom the current class. For an example, see
Module.undef_method.

undef_method undef_methodéSymbo) — mod

Prevents the current class from responding to calls to theedanethod. Contrast this
with remove_method, which deletes the method from the particular class; Rubly wi
still search superclasses and mixed-in modules for a jdessibeiver.

class Parent
def hello
print "In parent\n"
end
end
class Child < Parent
def hello
print "In child\n"
end
end
c = Child.new
c.hello
class Child
remove_method :hello # remove from child, still in parent
end
c.hello
class Child
undef_method :hello # prevent any calls to ’hello’
end
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c.hello
produces:

In child
In parent
prog.rb:23: undefined method “hello’ for #<Child:0x4029d5fc> (NoMethodError)Hl

% NilClass < Object

The class of the singleton objecil.

Instance methods
& nil & anObject— false

And—Returnstalse. As anObjectis an argument to a method call, it is always eval-
uated; there is no short-circuit evaluation in this case.

nil && puts("logical and")

nil & puts("and") §

produces: 0

o
A nil N anObject— true or false

Exclusive Or—Returnsalse if anObjectisnil or false, true otherwise.

nil | anObject— true or false

Or—Returnsfalse if anObjectisnil or false, true otherwise.

nil? nil.nil? — true

Always returnstrue.

to_a nil.to_a— ]

Always returns an empty array.

to_i nil.to i— 0

Always returns zero.

to_s nil.to_s—

Always returns the empty string.
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Class . .
Numeric < Object
Subclasses: Float, Integer
Numeric is the fundamental base type for the concrete nuniasse&F1loat, Fixnum,
andBignum.
Mixes in
Comparable:
<, <=, ==, >=, >, between?

Instance methods
+@ +num— num

Unary Plus—Returns the receiver’s value.

-@ —num— aNumeric

Unary Minus—Returns the receiver’s value, negated.

abs numabs— aNumeric
Returns the absolute value mfim
12.abs — 12
(-34.56).abs — 34.56
-34.56.abs —  34.56
coerce numcoerce@Numeric) — anArray

If aNumericis the same type asum returns an array containirgNumericandnum
Otherwise, returns an array with bahlumericandnumrepresented &l oat objects.
1.coerce(2.5) — [2.5, 1.0]

1.2.coerce(3) — [3.0, 1.2]
1.coerce(2) - [2, 1]

divmod numdivmod(aNumeric) — anArray

Returns an array containing the quotient and modulus osdaly dividingnum by
aNumericlf q, r = x.divmod(y),

floor(float(x)/ float(y))
gxXy+r

<
|

8
|

The quotient is rounded towardoo. See Tabl€2.30n the next page.

11.divmod (3) —  [3, 2]
11.divmod(-3) —  [-4, -1]
11.divmod(3.5) — [3, 0.5]
(-11) .divmod (3.5) — [-4, 3.0]
(11.5) .divmod(3.5) — [3, 1.0]
eql? numegl?(@Numeric) — true or false

Returnstrue if numandaNumericare the same type and have equal values.



Copyright 2006 Addison Wesley Longman, Inc t‘j
NUMERIC < 299 —P

Table 22.3. Difference between modulo and remainder. The modulo operator (“%”)
always has the sign of the divisor, whereas remainder has the sign of the dividend.

a b | adivmod(b) | a/b | a.modulo(b) | a.remainder(b)
13 4 3, 1 3 1 1
13 —4 —4, -3 —4 -3 1
—13 4 —4, 3 —4 3 -1
—13 —4 3, —1 3 -1 -1
11.5 4 2, 3.5 2.875 3.5 3.5
11.5 —4 -3, —0.5 —2.875 —-0.5 3.5
—11.5 4 -3, 0.5 —2.875 0.5 —-3.5
—11.5 —4 2, =3.5 2.875 —-3.5 —-3.5
1==1.0 —  true
1.eql?7(1.0) — false

(1.0).eql?(1.0) — true

integer? numinteger?— true or false

Returnstrue if numis anInteger (includingFixnum andBignum).

modulo nummodulo(aNumeric) — aNumeric

Equivalent tonumdivmod (aNumerio [1].

nonzero? numnonzero?— numornil

Returnsnumif numis not zeronil otherwise. This behavior is useful when chaining
comparisons:

= %w( z Bb bB bb BB a aA Aa AA A )
= a.sort {la,b| (a.downcase <=> b.downcase).nonzero? || a <=> b }

a
b
b s [nAn ngn WAAM "pag" "aA" "BB" "Bp" "pB" "pp" nzn]

remainder numremainder@Numeric) — aNumeric

If numandaNumerichave different signs, returmsod—aNumeri¢ otherwise, returns
mod In both casemodis the valusmummodulo (aNumerio . The differences between
remainder and modulo %) are shown in Tablg2.3

zero? numzero?— true or false

Returnstrue if numhas a zero value.
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Subclasses: Array, Binding, Continuation, Data, Dir, Eptamn, FalseClass, File::Stat,
Hash, 10, MatchingData, Method, Module, NilClass, NumgRmc, Range, Regexp,
String, Struct, Symbol, Thread, Time, TrueClass

Object is the parent class of all classes in Ruby. Its methods areftire available to
all objects unless explicitly overridden.

Object mixes in theKernel module, making the built-in kernel functions globally
accessible. Although the instance method8tgfect are defined by th&ernel mod-
ule, we have chosen to document them here for clarity.

In the descriptions that follow, the parames®ymbolrefers to a symbol, which is
either a quoted string or@ymbol (such as:name).

Instance methods

obj==anObject— true or false

Equality—At theObject level,== returnstrue only if objandanObjectare the same
object. Typically, this method is overridden in descenddasses to provide class-
specific meaning.

obj===anObject— true or false

Case Equality—A synonym faibject#==, but typically overridden by descendents
to provide meaningful semantics éase statements.

obj=~anObject— false

Pattern Match—Overridden by descendents (notabpexp andString) to provide
meaningful pattern-match semantics.

__id__ obj.__id__— aFixnum
Synonym for0bject#id.

__send_ obj.__send__&Symbol(, args)™ ) — anObject
Synonym forObject#send.

class obj.class— aClass
Returns the class abj (synonym forObject#type).

clone obj.clone— anObject

Produces a shallow copy obj—the instance variables afbj are copied, but not the
objects they reference. Copies the frozen and taintedaftats. See also the discussion
underObject#dup.



Copyright 2006 Addison Wesley Longman, Inc
OBJECT <« 301

class Klass
attr_accessor :str
end
sl = Klass.new
sl.str = "Hello"
s2 = sl.clone
s2.str[1,4] = "i"
sl.inspect
s2.inspect

#<Klass:0x4029d480>

"Hello"

#<Klass:0x4029d3e0 Q@str="Hello">
Ilill

"#<Klass:0x4029d480 @str=\"Hi\">"
"#<Klass:0x4029d3e0 @str=\"Hi\">"

Ll Ll

display

obj.display(port=$>) — nil

Printsobj on the given port (defauft>). Equivalent to:

def display(port=$>)
port.write self
end

dup

obj.dup— anObject

Produces a shallow copy obj—the instance variables albj are copied, but not the
objects they referencéup copies the tainted state obj. See also the discussion under
Object#clone. In generalclone anddup may have different semantics in descendent
classes. Whileclone is used to duplicate an object, including its internal state
typically uses the class of the descendent object to createdw instance.

eql?

obj.eqgl?(anObject) — true or false

Returnstrue if obj andanObjecthave the same value. Used Iysh to test members
for equality. For objects of clasbject, eql? is synonymous withs=. Subclasses
normally continue this tradition, but there are excepti®inseric types, for example,
perform type conversion across, but not acroseql?, so:

1==1.0 —  true
l.eql? 1.0 — false

equal?

obj.equal?@nObject) — true or false

Returnstrue if objandanObjecthave the same object ID. This method should not be
overridden by subclasses.

1]

a=1[ ’cat’, ’dog’ 1]

b =1[ ’cat’, ’dog’ ]

a == —  true\n-:4: warning: Object#id will be deprecated;
use Object#object_id\n-:4: warning: Object#id
will be deprecated; use Object#object_id

false

true

false

a.id == b.id
.eql?(b)
a.equal?(b)

»
I

extend

obj.extend(({ aModule)™ ) — obj

Adds toobj the instance methods from each module given as a parameter.

ibject
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module Mod
def hello
"Hello from Mod.\n"
end
end
class Klass
def hello
"Hello from Klass.\n"
end
end
k = Klass.new
k.hello —  "Hello from Klass.\n"
k.extend(Mod) —  #<Klass:0x4029d610>
k.hello —  "Hello from Mod.\n"
freeze obj.freeze— obj
Prevents further modifications tbj. A TypeError will be raised if modification is
attempted. There is no way to unfreeze a frozen object. Se@@ject#frozen?.
a = [ llall , llbll , IICII ]
a.freeze
a << Ilzll
produces:
prog.rb:3:in "<<’: can’t modify frozen array (TypeError)
from prog.rb:3
frozen? obj.frozen?— true or false
Returns the freeze status aj.
a = [ ngn s npn s nen ]
a.freeze N [nan, "b", "C"]
a.frozen? —  true
hash obj.hash— aFixnum

Generates &@ixnum hash value for this object. This function must have the prtype
thata.eql?(b) impliesa.hash == b.hash. The hash value is used by clagssh.
Any hash value that exceeds the capacity &fianum will be truncated before being
used.

id obj.id — aFixnum
Returns an integer identifier fobj. The same number will be returned on all calls éo
for a given object, and no two active objects will share aigdiect#id is a different
concept from the name notation, which returns the symbol id néme.

inspect obj.inspect— aString

Returns a string containing a human-readable representattobj. If not overridden,
uses theco_s method to generate the string.
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[ 1, 2, 3..4, °five’ ].inspect — "[1, 2, 3..4, \"five\"]"

Time.new.inspect —  "Sun Nov 12 22:37:10 +0300
2006"
instance_eval obj.instance_eva#(String (, file (, line))) — anObject

obj.instance_eval plock} — anObject

Evaluates a string containing Ruby source code, or the dilaok, within the context

of the receiverd@bj). In order to set the context, the variablkel £ is set toobjwhile the
code is executing, giving the code accesslijis instance variables. In the version of
instance_eval that takes &tring, the optional second and third parameters supply
a filename and starting line number that are used when regartimpilation errors.

class Klass
def initialize
O@secret = 99
end
end
k = Klass.new
k.instance_eval { @secret } — 99

instance_of? obj.instance_of?4Class) — true or false

Returnstrue if objis an instance of the given class. See @lsgect#kind_of?.

ibject

instance_variables obj.instance_variables> anArray

Returns an array of instance variable names for the receiver

is_a? obj.is_a?@Class) — true or false
Synonym for0bject#kind_of?.
kind_of? obj.kind_of?(@Class) — true or false
Returnstrue if aClassis the class obbj, or if aClassis one of the superclassesatij
or modules included iobj.
a=1
a.instance_of? Numeric —  false
a.instance_of? Integer —  false
a.instance_of? Fixnum —  true
a.instance_of? Comparable —  false
a.kind_of? Numeric —  true
a.kind_of? Integer —  true
a.kind_of? Fixnum —  true
a.kind_of? Comparable —  true
method obj.method@Symbo) — aMethod

Looks up the named method as a receiveshi returning alethod object (or raising
NameError). TheMethod object acts as a closure @bj's object instance, so instance
variables and the value et1f remain available.
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class Demo
def initialize(n)
Q@iv = n
end
def hello()
"Hello, @iv = #{@iv}"
end
end

k = Demo.new(99)
k.method(:hello)
m.call —  "Hello, @iv = 99"

8
1]

1 = Demo.new(’Fred’)
1.method("hello")
m.call —  "Hello, @iv = Fred"

=]
1]

method_missing obj.method_missinggSymbol( , *args ) ) — anObject

Invoked by Ruby wheiobj is sent a message it cannot han@d®ymbois the symbol

for the method called, arargsare any arguments that were passed to it. The example
below creates a clasoman, which responds to methods with names consisting of
roman numerals, returning the corresponding integer galue

class Roman
def romanTolInt(str)
# ...
end
def method_missing(methId)
str = methId.id2name
romanToInt (str)

end
end
r = Roman.new
r.iv — 4
r.xxiii — 23
r.mm — 2000
methods obj.methods— anArray

Returns a list of the names of methods publicly accessibddjnThis will include all
the methods accessibledj's ancestors.

class Klass
def kMethod()

end
end
k = Klass.new
k.methods[0..9] —  ["instance_of?", "instance_variables",
"method", "to_s", "dup", "private_methods",
llobject_idll s ll__id__ll, ll="‘ll, ”Send"]

k.methods.length — 41

nil?

0bj.nil? — true or false

All objects excephil returnfalse.
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private_methods obj.private_methods» anArray

Returns a list of private methods accessible withinj. This will include the private
methods imbj's ancestors, along with any mixed-in module functions.

protected _methods obj.protected_methods anArray

Returns the list of protected methods accessibtabjo

public_methods obj.public_methods~ anArray

Synonym forObject#methods.

respond_to? obj.respond_to?4SymbalincludePriv=false ) — true or false

Returnstrue if objresponds to the given method. Private methods are includinbi
search only if the optional second parameter evaluatesis.

send obj.send@Symbol( , args)* ) — anObject

Invokes the method identified @Symbalpassing it any arguments specified. You can
use__send__ if the namesend clashes with an existing methodaj.

class Klass
def hello(xargs)
"Hello " + args.join(’ ?)

end
end
k = Klass.new
k.send :hello, "gentle", "readers" — "Hello gentle readers"
singleton_methods obj.singleton_methods> anArray

Returns an array of the names of singleton methodslipr

class Klass
def Klass.classMethod
end
end
k = Klass.new
def k.sm()
end
Klass.singleton_methods —  ["classMethod"]
k.singleton_methods —  ["sm"]

taint obj.taint— obj

Marksobj as tainted (see Chapt2®, which begins on page21).

tainted? obj.tainted?— true or false

Returnstrue if the object is tainted.

to_a obj.to_a— anArray

Returns an array representationaddj. For objects of clasSbject and others that
don't explicitly override the method, the return value iseairay containingelf. This
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method is deprecated in Ruby 1.7 and later because onlytshijdich really behave
asArray are permitted to respond to this message.

self.to_a — -:1: warning: default “to_a’ will be
obsolete\n[main]

"hello".to_a —  ["hello"]

Time.new.to_a — [10, 37, 22, 12, 11, 2006, 0, 316, false, "MSK"]

to_s obj.to_s— aString

Returns a string representimdpj. The defaultto_s prints the object’s class and an
encoding of the object id. As a special case, the top-leviglabithat is the initial exe-
cution context of Ruby programs returns “main.”

class obj.class— aClass

Returns the class afj.

untaint obj.untaint— obj

Removes the taint frorabj.

Class

Proc < Object

Proc objects are blocks of code that have been bound to a set dfMagables. Once
bound, the code may be called in different contexts andastdess those variables.
def genTimes(factor)

return Proc.new {|n| n*factor }
end

times3 = genTimes(3)
times5 = genTimes(5)

times3.call(12) — 36
times5.call(5) — 25
times3.call(times5.call(4)) — 60

Class methods
new Proc.new( { block} ) — aProc

Creates a newroc object, bound to the current context. It may be called witheu
block only within a method with an attached block, in whictsedhat block is con-
verted to thebroc object.

def procFrom
Proc.new
end
aProc = procFrom { "hello" }
aProc.call —  "hello"
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Instance methods
[ prc[ ( params)* ] — anObject
Synonym forProc.call.
arity prc.arity — aninteger

Returns the number of arguments required by the block. Ifblbek takes no argu-
ments, returns-1. If it takes one argument, returrs2. Otherwise, returns a positive
argument count unless the last argument is prefixed withwhith case the argument
count is negated. The number of required argumerasiategerfor positive values,
and (aninteger1) . abs otherwise.

Proc.new {||}.arity
Proc.new {lal}.arity
Proc.new {la,bl|}.arity
Proc.new {la,b,c|}.arity
Proc.new {|*al}.arity
Proc.new {la,*bl|}.arity

Ll Ll

call prc.call( ( params)* ) — anObject

Invokes the block, setting the block’s parameters to theaginparamsusing the same
rules as used by parallel assignment. Returns the value ddishexpression evaluated
in the block.

iange

aProc = Proc.new {la, *b| b.collect {lil i*a }}
aProc.call(9, 1, 2, 3) — [9, 18, 27]
aProc[9, 1, 2, 3] — [9, 18, 27]

Class

Range < Object

A Range represents an interval—a set of values with a start and arRamjes may be
constructed using the .eands. . . eliterals, or withRange . new. Ranges constructed
using. . run from the start to the end inclusively. Those createdgisin exclude the
end value. When used as an iterator, ranges return eachindghesequence.

(-1..-5).to_a — 0

(-5..-1) .to_a — [-5, -4, -3, -2, -1]
(’a’..’e’).to a — [nan’ "b", "C", "d", ||e||]
(’a’...’e’).to_a — [nan, "b", "C", "d"]

Ranges can be constructed using objects of any type, as btigeaobjects can be
compared using thei=> operator and they support tkecc method to return the next
object in sequence.
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class Xs # represent a string of ’x’s
include Comparable
attr :length
def initialize(n)

@length = n
end
def succ
Xs.new(@length + 1)
end

def <=>(other)
raise TypeError unless other.kind_of? Xs
Q@length <=> other.length

end

def inspect
’x? * Qlength

end

end

r = Xs.new(3)..Xs.new(6) —  XXX..XXXXXX

r.to_a —  [xxx, XXXX, XXXXX, XXXXXX]
r.member? (Xs.new(5)) —  true

Mixes in
Enumerable:

collect, detect, each_with_index, entries, find, find_all, grep,

include?, map, max, member?, min, reject, select, sort, to_a

Class methods

new Range.newstart, end exclusivefalse ) — aRange

Constructs a range using the givaartandend If the third parameter is omitted or is
false, the range will include the end object; otherwise, it willdecluded.

Instance methods
=== rng ===anObject— true or false

Returnstrue if anObjectis an element ofng, false otherwise. Conveniently==is
the comparison operator used &yyse statements.

case 79

when 1..50 then  print "low\n"

when 51..75 then  print "medium\n"

when 76..100 then  print "high\n"
end

produces:
high

begin rng.begin— anObject

Returns the first object ofg.
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each rng.each {i| block} — rng

Iterates over the elementsg, passing each in turn to the block.

(10..15) .each do |[n]|

print n, 7’

end

produces:

10 11 12 13 14 15
end rng.end— anObject

Returns the object that defines the endrgf. See als®ange#length.

(1..10) .end — 10
(1...10).end — 10

exclude_end? rng.exclude_end?» true or false

Returnstrue if rng excludes its end value.

first rng.first — anObject

Returns the first object img.

last rng.last— anObject

Synonym forRange#end.

Class

Regexp < Object

A Regexp holds a regular expression, used to match a pattern ag#insfss Regexps
are created using the . ./ and¥r. . . literals, and by th&egexp .new constructor.

Class constants

EXTENDED Ignore spaces and newlines in regexp.
IGNORECASE Matches are case insensitive.
MULTILINE Newlines treated as any other character.

Class methods
compile Regexp.compilepattern ( , options (, lang) ) ) — aRegexp

Synonym forRegexp . new.

escape Regexp.escapeString) — aNewString

Escapes any characters that would have special meaningeguar expression. For
any stringRegexp . escape (str)="str will be true.

Regexp.escape C\\[1*?{}.”) — \\\[\I\=\?\{\}\.
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last_match Regexp.last_match- aMatchData

Returns thedatchData object generated by the last successful pattern matchva&qui
lent to reading the global variab$e'. MatchData is described on pagess

new Regexp.newpattern (, options (, lang) ) ) — aRegexp

Constructs a new regular expression frpattern which can be either &tring or a
Regexp (in which case that regexp’s options are not propagatedptlbnsis aFixnum,

it should be one or more of the constaRégexp : : EXTENDED, Regexp: : IGNORECASE,
andRegexp: : POSIXLINE, or-ed together. Otherwise, @fptionsis notnil, the regexp
will be case insensitive. THang parameter enables multibyte support for the regexp:
‘n’, ‘N’ =none, ‘e, ‘E' = EUC, 's’, ‘'S’ = SJIS, ‘v, ‘U = UTF-8.

rl = Regexp.new(’~[a-z]+:\\s+\w+’) — /" [a-z]+:\st\w+/\n-:2:
warning: flags ignored
r2 = Regexp.new(rl, true) — /"~ [a-z]+:\s+\w+/\n-:3:

warning: flags ignored
r3 = Regexp.new(r2, Regexp::EXTENDED) — /~[a-z]l+:\s+\w+/

quote Regexp.quotedString) — aNewString

Synonym forRegexp . escape.

Instance methods
== rxp == aRegexp— true or false

Equality—Two regexps are equal if their patterns are idahtithey have the same
character set code, and the#rsefold? values are the same.

/abc/ == /abc/x — false
/abc/ == /abc/i — false
/abc/u == /abc/n — false

=== rxp === aString— true or false

Case Equality—Synonym f@egexp#="used in case statements.

a = "HELLO"

case a

when /~[a-z]*$/; print "Lower case\n"
when /~[A-Z]*$/; print "Upper case\n"
else; print "Mixed case\n"
end

produces:

Upper case

= rxp =~ aString— anlintegerornil

Match—Matchesxp againstaString returning the offset of the start of the match or
nil if the match failed.

/SIT/ =" "insemsitive" — nil
/SIT/i =~ "insensitive" — 5
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~ ~IxXp — anintegerornil

Match—Matchesxp against the contents @f.. Equivalenttorzp =~ $_.
$_ = "input data"
~ Jat/ — 7
casefold? rxp.casefold?— true or false

Returns the value of the case-insensitive flag.

kcode rxp.kcode— aString

Returns the character set code for the regexp.

match rxp.match@String — aMatchDataornil

Returns alatchData object (see page85) describing the match, aril if there was
no match. This is equivalent to retrieving the value of thecsp variables™ following
a normal match.

/()(C)(.)/.match("abc")[2] — "b"

source rxp.source— asString

Returns the original string of the pattern.

/ab+c/ix.source —  "ab+c"

Class . .
String < Object
A String object holds and manipulates an arbitrary sequence of yfasally repre-
senting characters. String objects may be created Gsingng . new or as literals (see
pagel74).
Because of aliasing issues, users of strings should be aidre methods that modify
the contents of &tring object. Typically, methods with nhames ending in “!I” mod-
ify their receiver, while those without a “!I” return a neString. However, there are
exceptions, such &t ring#[]1=.

Mixes in
Comparable:

<, <=, ==, >=, >, between?

Enumerable:

collect, detect, each_with_index, entries, find, find_all, grep,

include?, map, max, member?, min, reject, select, sort, to_a
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Class methods
new String.new(@String) — aNewsString

Returns a new string object containing a copwa8tring

Instance methods
% str % arg — aString

Format—Usestr as a format specification, and returns the result of appligitearg.
If the format specification contains more than one subdiituthenarg must be an
Array containing the values to be substituted. eenel.sprintf on page351for
details of the format string.

"%05d" % 123 —  "00123"\n-:2: warning: Object#id will be deprecated; use Object
"%-5s: %08x" % [ "ID", self.id ] — "ID :20156cfe"

* str* aninteger— aString

Copy—Returns a newtring containinganintegercopies of the receiver.

"Ho! " * 3 —  "Ho! Ho! Ho! "

+ str + aString— aNewsString

Concatenation—Returns a néwring containingaStringconcatenated tstr.

"Hello from " + self.to_s — "Hello from main"

<< str << aFixnum— str
str << anObject— str

!tring

Append—Concatenates the given objedtioIf the object is & ixnum between 0 and
255, it is converted to a character before concatenation.

a = "hello "
a << "world" — "hello world"
a << 33 —  "hello world!"
a — "hello world!"
<=> str<=>aString— —1,0, +1

Comparison—Returns1 if stris less than( if stris equal to, and-1 if stris greater
than aString If the strings are of different lengths, and the strings egeal when
compared up to the shortest length, then the longer strimgrisidered greater than
the shorter one. If the variabs is false, the comparison is based on comparing the
binary values of each character in the stringg4fis notfalse, then the comparison is
case insensitive.

<=> is the basis for the methods <=, >, >=, andbetween?, included from module
Comparable. The methodtring#== does not us€omparable#==.

1.  The locale is ignored when case-insensitive compariammgerformed, so “6” will not match “O”.
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"abcdef" <=> "abcde" — 1

"abcdef" <=> "abcdef" — 0

"abcdef" <=> "abcdefg" — -1

"abcdef" <=> "ABCDEF" —  1\n-:5: warning: modifying $= is
deprecated

$= = true

"abcdef" <=> "ABCDEF" — 0

str == anObject— true Or false

Equality—If anObjectis not aString, returnsfalse. Otherwise, returnsrue if str
<=> anObjectreturns zero.

str === anObject— true or false

Case Equality—Synonym f@tring#==.

Class

str =~ anObject— aFixnumornil

Match—If anObjectis aRegexp or aString, uses it as a pattern to match agastst
Returns the position the match startspat if there is no match. Otherwise, invokes
anObject.=~ passingstr as an argument. The defaslt in Object returnsfalse.

Struct < Object
Subclasses: Struct::Tms

A Struct is a convenient way to bundle a number of attributes togetisarg accessor
methods, without having to write an explicit class.

itruct

The Struct class is a generator of specific classes, each one of whicéfiized to
hold a set of variables and their accessors. In these exanvpdl call the generated
class ‘Customey’ and we’'ll show an example instance of that classjas.”

In the descriptions that follow, the paramet&®ymbolrefers to a symbol, which is
either a quoted string or@ymbol (such as:name).

Mixes in

Enumerable:
collect, detect, each_with_index, entries, find, find_all, grep,

include?, map, max, member?, min, reject, select, sort, to_a

Class methods

new

Struct.new({ aString) (,aSym)* ) — Customer

Creates a new class, namedd8tring containing accessor methods for the given sym-
bols. If the nameaStringis omitted, an anonymous structure class will be creatda- Ot
erwise, the name of this struct will appear as a constanissstruct, so it must be
unique for allStructs in the system and should start with a capital letter.
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Struct.new returns a newlass object, which can then be used to create specific
instances of the new structure. The remaining methodsllistow (class and instance)
are defined for this generated class. See the descriptibfotioavs for an example.

new Customemew( ( anObject)™ ) — joe
Creates a new instance. The number of actual parameterdmlests than or equal to
the number of attributes defined for this class; unset parsidefault tmil. Passing
too many parameters will raise &egumentError.
Customer = Struct.new( "Customer", :name, :address, :zip )
joe = Customer.new( "Joe Smith", "123 Maple, Anytown NC", 12345 )
joe.name —  "Joe Smith"
joe.zip — 12345

members Customemembers— anArray

Returns an array of strings representing the names of ttemices variables.

Customer = Struct.new( "Customer", :name, :address, :zip )
Customer.members —  ["name", "address", "zip"]

Instance methods

joe ==anOtherStruct— true or false

Equality—Returnsrue if anOtherStructs equal to this one: they must be of the same
class as generated I$¢ruct.new, and the values of all instance variables must be
equal (according t@bject#==).

Customer = Struct.new( "Customer", :name, :address, :zip )

joe = Customer.new( "Joe Smith", "123 Maple, Anytown NC", 12345 )
joejr = Customer.new( "Joe Smith", "123 Maple, Anytown NC", 12345 )
jane = Customer.new( "Jane Doe", "456 Elm, Anytown NC", 12345 )
joe == joejr — true

joe == jane —  false

[]

jogl aSymbo] — anObject
jog[ aninteger] — anObject

Attribute Reference—Returns the value of the instanceabéginamed bpSymbalor
indexed ()..length — 1) by aninteger Will raise NameError if the named variable does
not exist, orindexError if the index is out of range.

Customer = Struct.new( "Customer", :name, :address, :zip )
joe = Customer.new( "Joe Smith", "123 Maple, Anytown NC", 12345 )

joe["name"] — "Joe Smith"
joe[:name] —  "Joe Smith"
joel[0] —  "Joe Smith"

[]

jog aSymbo] = anObject— anObject
jog[ aninteger] = anObject— anObject

Attribute Assignment—Assigns to the instance variable edimyaSymbobr aninte-
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ger the valueanObjectand returns it. Will raise &lameError if the named variable
does not exist, or alndexError if the index is out of range.

Customer = Struct.new( "Customer", :name, :address, :zip )
joe = Customer.new( "Joe Smith", "123 Maple, Anytown NC", 12345 )

n Luke n
"90210"

joe["name"]
joel:zip]

1]

joe.name —  "Luke"
joe.zip —  "90210"

each joe.each {anObject| blockk — joe
Callsblockonce for each instance variable, passing the value as a pam
Customer = Struct.new( "Customer", :name, :address, :zip )
joe = Customer.new( "Joe Smith", "123 Maple, Anytown NC", 12345 )
joe.each {l|x| puts(x) }
produces:
Joe Smith
123 Maple, Anytown NC
12345

length joe.length— anlinteger
Returns the number of instance variables.
Customer = Struct.new( "Customer", :name, :address, :zip )
joe = Customer.new( "Joe Smith", "123 Maple, Anytown NC", 12345 )
joe.length — 3

members joe.members— anArray
Returns an array of strings representing the names of ttemices variables.
Customer = Struct.new( "Customer", :name, :address, :zip )
joe = Customer.new( "Joe Smith", "123 Maple, Anytown NC", 12345 )
joe.members —  ["name", "address", "zip"]

size joe.size— anlinteger
Synonym forStruct#length.

to_a joetto_a— anArray
Returns the values for this instance as an array.
Customer = Struct.new( "Customer", :name, :address, :zip )
joe = Customer.new( "Joe Smith", "123 Maple, Anytown NC", 12345 )
joe.to_a[1] —  "123 Maple, Anytown NC"

values joe.values— anArray

Synonym forto_a.
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Struct::Tms <  Struct

This structure is returned Brocess. times. It holds information on process times
on those platforms that support it. Not all values are vaficab platforms.

This structure contains the following instance variabled the corresponding acces-

Amount of User CPU time, in seconds
Amount of System CPU time, in seconds

cutime Completed child processes’ User CPU time, in seconds (aWayn Win-

dows NT)

cstime Completed child processes’ System CPU time, in secondsyal®@on Win-

dows NT)

See als@truct on page313andProcess.times On page36l

Process.times
utime, t.stime] — [0.0, 0.0]
cutime, t.cstime ] — [0.0, 0.0]

Class
SOrs.
utime
stime
t =
[t.
[t.

Class

Symbol < Object

A Symbol object represents a Ruby name and is generated automatisatly the
:name literal syntax. The sam@ymbol object will be created for a given name string

!ymbol

for the duration of a program'’s execution, regardless otthrgext or meaning of that
name. Thus ifred is a constant in one context, a method in another, and a class i
third, theSymbol :Fred will be the same object in all three contexts.

module One —  -:13: warning: Object#id will be deprecated; use

Object#object_id

class Fred

end
$f1 = :Fred
end
module Two
Fred = 1
$f2 = :Fred
end
def Fred()
end
$£3 = :Fred
$f1.1id —  104218\n-:14: warning: Object#id will be
deprecated; use Object#object_id
$£2.1d —  104218\n-:15: warning: Object#id will be
deprecated; use Object#object_id
$£3.1id — 104218



Copyright 2006 Addison Wesley Longman, Inc qﬁ

THREAD <« 317 —P
Instance methods
id2name symid2name— aString
Returns the name correspondingsian
:fred.id2name —  "fred"
inspect syminspect— aString
Returns the representationgfmas a symbol literal.
:fred.inspect —  ":fred"
to_i symto_i— aFixnum
Returns an integer that is unique for each symbol within déiqdar execution of a
program.
to_s symto_s— aString

Synonym forSymbol#id2name.

Class

Thread < Object

Thread encapsulates the behavior of a thread of execution, inufuiiie main thread
of the Ruby script. See the tutorial in Chapiéy beginning on pag&0L

In the descriptions that follow, the parame&®ymbolrefers to a symbol, which is
either a quoted string or@ymbol (such as:name).

Class methods
abort_on_exception Thread.abort_on_exceptien true or false

Ihread

Returns the status of the global “abort on exception” coolitThe default ifalse.
When set totrue, will cause all threads to abort (the process willit (0)) if an
exception is raised in any thread. See alBpead . abort_on_exception=.

abort_on_exception= Thread.abort_on_exceptioaBoolean— true or false

When set tcrue, all threads will abort if an exception is raised. Returresribw state.

Thread.abort_on_exception = true
t1l = Thread.new do
puts "In second thread"
raise "Raise exception"
end
tl.join
print "not reached\n"

produces:

In second thread
prog.rb:4: Raise exception (RuntimeError)
from prog.rb:2:in “initialize’
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from prog.rb:2:in “new’
from prog.rb:2

critical Thread.critical> true or false
Returns the status of the global “thread critical” conditio

critical= Thread.critical=aBoolean— true or false

Sets the status of the global “thread critical” conditiod agturns it. When set torue,
prohibits scheduling of any existing thread. Does not blnel threads from being
created and run. Certain thread operations (such as stpppkilling a thread, sleeping
in the current thread, and raising an exception) may causead to be scheduled even
when in a critical section.

count=0

Thread.new { while true; sleep(l); print "a "; count+=1; end }
while count < 3 do end # no-op wait

Thread.critical = true

puts "no more a’s will come out."

produces:

a a a no more a’s will come out.

current Thread.current> aThread
Returns the currently executing thread.

Thread.current —  #<Thread:0x402aa7d4 run>

exit Thread.exit

Terminates the currently running thread and schedulehantiread to be run. If this
thread is already marked to be Killeeisit returns theThread. If this is the main
thread, or the last thread, exit the process.

fork Thread.fork {block} — aThread
Synonym forThread . new.

kill Thread.kill(@aThread)
Causes the given thread to exit (S8gread. exit).
count = 0
a = Thread.new { while true do count += 1 end }
sleep(1) — 1
Thread.kill(a) —  #<Thread:0x4029d7b4 dead>
count — 2436099
a.alive? —  false
list Thread.list— anArray

Returns an array dfhread objects for all threads that are either runnable or stopped.
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Thread.new { sleep(200) }

Thread.new { 1000000.times {|i| i*i } }

Thread.new { Thread.stop }

1 = Thread.list

1 — [#<Thread:0x4029d8a4 sleep>, #<Thread:0x4029d930 run>,
#<Thread:0x4029d994 sleep>, #<Thread:0x402aa7d4 run>]

main Thread.main— aThread
Returns the main thread for the process.
Thread.main —  #<Thread:0x402aa7d4 run>
new Thread.new(( arg )* ) {|args | block} — aThread
Creates a new thread to execute the instructions giveioick and begins running it.
Any arguments passed Taread .new are passed into the block.
x = Thread.new { sleep 0.1; print "x"; print "y"; print "z" }
a = Thread.new { print "a"; print "b"; sleep 0.2; print "c" }
x.join # Let the threads finish before
a.join # main thread exits...
produces:
abxyzc
pass Thread.pass
Invokes the thread scheduler to pass execution to anotteadh
a = Thread.new { print "a"; Thread.pass;
print "b"; Thread.pass;
print "c" } -
b = Thread.new { print "x"; Thread.pass; 8
print "y"; Thread.pass; =
a.join =
b.join
produces:
axbycz
start Thread.start(( args)* ) {| args | block} — aThread
Basically the same a&read.new. However, if clas§hread is subclassed, then call-
ing start in that subclass will not invoke the subclasiisitialize method.
stop Thread.stop

Stops execution of the current thread, putting it into aéplestate, and schedules
execution of another thread. Resets the “critical” conditofalse.

a = Thread.new { print "a"; Thread.stop; print "c" }
Thread.pass

print "b"

a.run

a.join

produces:
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abc

Instance methods

[]

thr[ aSymbo] — anObjectornil

Attribute Reference—Returns the value of a thread-load@bte, using either a symbol
or a string name. If the specified variable does not exiaynehil.

a = Thread.new { Thread.current["name"] = "A"; Thread.stop }
b = Thread.new { Thread.current[:name] = "B"; Thread.stop }
¢ = Thread.new { Thread.current["name"] = "C"; Thread.stop }
Thread.list.each {|x| print x.inspect, x[:name], "\n" }
produces:

#<Thread:0x4029d624 sleep>C
#<Thread:0x4029d69c sleep>B
#<Thread:0x4029d728 sleep>A
#<Thread:0x402aa7d4 run>nil

[1=

thr[ aSymbo] = anObject— anObject

Attribute Assignment—Sets or creates the value of a thteealvariable, using either
a symbol or a string. See alSaread#[].

abort_on_exception thr.abort_on_exception> true or false

Returns the status of the “abort on exception” conditiortifior The default isfalse.
See als@hread. abort_on_exception=.

abort_on_exception= thr.abort_on_exceptiontrue or false— true Or false

When set tcrue, causes all threads (including the main program) to abart gxcep-
tion is raised irthr. The process will effectivelgxit (0).

alive? thr.alive?— true or false
Returnstrue if thr is running or sleeping.
Thread.current.alive? —  true

exit thr.exit — thr ornil
Terminateghr and schedules another thread to be run. If this thread isdmmarked
to be killed,exit returns theThread. If this is the main thread, or the last thread, exits
the process.

join thr.join — thr

The calling thread will suspend execution and thin Does not return untihr exits.
Any threads not joined will be killed when the main prograntex
a = Thread.new { print "a"; sleep(10); print "b"; print "c" }

x = Thread.new { print "x"; Thread.pass; print "y"; print "z" }
x.join # Let x thread finish, a will be killed on exit.

produces:

1]

axyz
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key? thr.key?(@Symbo) — true or false

Returnstrue if the given string (or symbol) exists as a thread-localafale.

me = Thread.current
me[:oliver] = "a"
me.key?(:oliver) —  true
me.key?(:stanley) — false

kill thr.kill
Synonym foIThread#exit.

priority thr.priority — aninteger

Returns the priority ofhr. Defaultis zero; higher-priority threads will run befooser-
priority threads.

Thread.current.priority — O

priority= thr.priority= aninteger— thr

Sets the priority ofthr to aninteger Higher-priority threads will run before lower-
priority threads.

countl = count2 = 0
a = Thread.new do
loop { countl += 1 }
end
a.priority = -1

b = Thread.new do
loop { count2 += 1 }

end
b.priority = -2
sleep1 — 1
Thread.critical = 1
countl — 1368774
count?2 — 14788

raise thr.raise(@nException

Raises an exception (séernel.raise on page348for details) fromthr. The caller
does not have to bir.

Thread.abort_on_exception = true
a = Thread.new { sleep(200) }
a.raise("Gotcha")

produces:

prog.rb:3: Gotcha (RuntimeError)
from prog.rb:2:in “initialize’
from prog.rb:2:in “new’

from prog.rb:2

run thr.run— thr

Wakes ughr, making it eligible for scheduling. If not in a critical sémt, then invokes
the scheduler.
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a = Thread.new { puts "a"; Thread.stop; puts "c" }
Thread.pass

puts "Got here"

a.run

a.join

produces:

aGot here

C

safe_level thr.safe_level- aninteger

Returns the safe level in effect fdr.

Thread.current.safe_level — 0

status

thr.status— aString false ornil

Returns the status dfir: “sleep” if thr is sleeping or waiting on 1/0,#un” if thr is
executingfalse if thr terminated normally, andil if thr terminated with an excep-
tion.

= Thread.new { raise("die now") }
Thread.new { Thread.stop }
Thread.new { Thread.exit }
.status — nil
.status —  "sleep"
c.status — false
Thread.current.status —  "run"

oM o oe
1]

stop?

thr.stop?— true or false

Returnstrue if thr is dead or sleeping.

a = Thread.new { Thread.stop }
b = Thread.current
a.stop? —  true
b.stop? — false

value

thr.value— anObject

Waits forthr to complete (vieThread#join) and returns its value.

a = Thread.new { 2+2 }
a.value — 4

wakeup

thr.wakeup— thr

Marksthr as eligible for scheduling (it may still remain blocked 0@ Jhowever). Does
not invoke the scheduler (s&aread#run).

¢ = Thread.new { Thread.stop; puts "hey!" }
c.wakeup

produces:
hey!
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ThreadGroup < Object

ThreadGroup provides a means of keeping track of a number of threads asupgr
A Thread can belong to only onghreadGroup at a time; adding a thread to a new
group will remove it from any previous group.

Newly created threads belong to the same group as the thremdwhich they were
created.

ThreadGroup constants

Default Default thread group.

Class methods

new

ThreadGroup.new- thgrp

Returns a newly creatéthreadGroup. The group is initially empty.

Instance methods

add

thgrp.add(aThread) — thgrp

Adds the given thread to this group, removing it from any otireup to which it may
have previously belonged.

puts "Initial group is #{ThreadGroup::Default.listl}"
tg = ThreadGroup.new

tl = Thread.new { sleep 10 }

t2 = Thread.new { sleep 10 }

puts "t1 is #{t1}"

puts "t2 is #{t2}"

tg.add( t1 )

puts "Initial group now #{ThreadGroup::Default.list}"
puts "tg group now #{tg.listl}"

produces:

Initial group is #<Thread:0x402aa7d4>

t1l is #<Thread:0x4029d69c>

t2 is #<Thread:0x4029d638>

Initial group now #<Thread:0x4029d638>#<Thread:0x402aa7d4>
tg group now #<Thread:0x4029d69c>

IhreadGroup

list

thgrp.list — anArray

Returns an array of all existirithread objects that belong to this group.

ThreadGroup: :Default.list —  [#<Thread:0x402aa7d4 run>]
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Class . .
Time < Object

Time is an abstraction of dates and times. Time is stored intigraalthe number of
seconds and microseconds sinceapech January 1, 1970 00:00 UTC. Also see the
library moduleate andParseDate, documented beginning on pag#dsand377,
respectively.

TheTime class treats GMT (Greenwich Mean Time) and UTC (Coordinbteigtersal
Timey as equivalent. GMT is the older way of referring to these liasdimes but
persists in the names of calls on Posix systems.

All times are stored with some number of microseconds. Ber@whthis fact when
comparing times with each other—times that are appareqtlglevhen displayed may
be different when compared.

Mixes in

Comparable:

<=, ==, >=, >, between?

Class methods

at Time.at(aTime) — aTime
Time.at(seconds( , microsecond$ ) — aTime

Creates a new time object with the value giveredyme or the given number cfec-
onds(and optionamicrosecondsfrom epoch.

Time.at (0) —  Thu Jan 01 03:00:00 +0300 1970
Time.at(946702800) — Sat Jan 01 08:00:00 +0300 2000

gm Time.gm(year (, month, day, hour, min, sec, useg— aTime
Time.gm(sec, min, hour, day, month, year, wday, yday, isdgt-tzaTime

Creates a time based on given values, interpreted as UTC JGME year must be
specified. Other values default to the minimum value for fleddl (and may benil
or omitted). Months may be specified by numbers from 1 to 12bythe three-
letter English month names. Hours are specified on a 24-Hoak €0..23). Raises
anArgumentError if any values are out of range. Will also accept ten argumients
the order output bffime#to_a.

Time.gm(2000,"jan",1,20,15,1) — Sat Jan 01 20:15:01 UTC 2000

local Time.local(year (, month, day, hour, min, sec, useg— aTime
Time.local(sec, min, hour, day, month, year, wday, yday, isd9t;-tzaTime

Same aSime.gm, but interprets the values in the local time zone.

Time.local(2000,"jan",1,20,15,1) — Sat Jan 01 20:15:01 +0300
2000

2. Yes, UTC really does stand for Coordinated Universal Tiftere was a committee involved.
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mktime

Time.mktime(year, month, day, hour, min, sec, ugee aTime

Synonym forTime.local.

new Time.new— aTime
Returns arime object initialized to the current system timéote: The object created
will be created using the resolution available on your systéck, and so may include
fractional seconds.
a = Time.new —  Sun Nov 12 22:37:17 +0300 2006
b = Time.new —  Sun Nov 12 22:37:17 +0300 2006
a==> — false
"%.6£" % a.to_f — "1163360237.482299"
"%.6f" % b.to_f — "1163360237.482506"

now Time.now— aTime
Synonym forTime . new.

utc Time.utc(year (, month, day, hour, min, sec, useg— aTime

Time.utc(sec, min, hour, day, month, year, wday, yday, isd9t;-tzaTime

Synonym forTime . gm.

Time.utc(2000,"jan",1,20,15,1) — Sat Jan 01 20:15:01 UTC 2000

Instance methods

+ time+ aNumeric— aTime
Addition—Adds some number of seconds (possibly fractipteafime and returns that
value as a new time.

t = Time.now —  Sun Nov 12 22:37:17 +0300 2006
t + (60 * 60 * 24) — Mon Nov 13 22:37:17 +0300 2006
- time - aTime— aFloat
time - aNumeric— aTime
Difference—Returns a new time that represents the diffe¥dretween two times, or
subtracts the given number of secondalumericfrom time
t = Time.now —  Sun Nov 12 22:37:17 +0300 2006
t2 = t + 2592000 — Tue Dec 12 22:37:17 +0300 2006
t2 -t —  2592000.0
t2 - 2592000 —  Sun Nov 12 22:37:17 +0300 2006
<=> time<=>anOtherTime— —1, 0, +1

time<=>aNumeric— —1, 0, +1

Comparison—Compargsne with anOtherTimeor with aNumeri¢ which is the num-
ber of seconds (possibly fractional) since epoch.

t = Time.now —  Sun Nov 12 22:37:17 +0300 2006
t2 = t + 2592000 — Tue Dec 12 22:37:17 +0300 2006
t <=> t2 N

t2 <=> t — 1

t <=>1t — 0
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asctime

timeasctime— aString

Returns a canonical string representatiotirok

Time.now.asctime —  "Sun Nov 12 22:37:17 2006"

ctime time.ctime— aString
Synonym forTime#asctime.
day timeday— aFixnum
Returns the day of the month.(n) for time.
t = Time.now —  Sun Nov 12 22:37:17 +0300 2006
t.day — 12
gmt? timegmt?— true or false
Returnstrue if timerepresents a time in UTC (GMT).
t = Time.now —  Sun Nov 12 22:37:17 +0300
2006
t.gmt? —  false
t = Time.gm(2000,"jan",1,20,15,1) — Sat Jan 01 20:15:01 UTC 2000
t.gmt? —  true
gmtime timegmtime— time
Convertgimeto UTC (GMT), modifying the receiver.
t = Time.now — Sun Nov 12 22:37:17 +0300 2006
t.gmt? —  false
t.gmtime —  Sun Nov 12 19:37:17 UTC 2006
t.gmt? —  true
hour timehour— aFixnum
Returns the hour of the dag.(23) for time
t = Time.now — Sun Nov 12 22:37:17 +0300 2006
t.hour — 22
isdst timeisdst— true or false
Returnstrue if timeoccurs during Daylight Saving Time in its time zone.
t = Time.local(2000, 7, 1) — Sat Jul 01 00:00:00 +0400 2000
t.isdst —  true
t2 = Time.local(2000, 1, 1) — Sat Jan 01 00:00:00 +0300 2000
t2.isdst —  false
localtime timelocaltime— time

Convertgimeto local time (using the local time zone in effect for this pess) modi-
fying the receiver.

t = Time.gm(2000, "jan", 1, 20, 15, 1)

t.gmt? —  true
t.localtime — Sat Jan 01 23:15:01 +0300 2000
t.gmt? — false
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mday timemday— aFixnum
Synonym forTime#day.

min timemin — aFixnum
Returns the minute of the houi.(59) for time.
t = Time.now —  Sun Nov 12 22:37:17 +0300 2006
t.min — 37

mon timemon— aFixnum
Returns the month of the year.(12) for time,
t = Time.now —  Sun Nov 12 22:37:17 +0300 2006
t.mon — 11

month timemonth— aFixnum
Synonym forTime#mon.

sec timesec— aFixnum
Returns the second of the minute.¢0)* for time.
t = Time.now —  Sun Nov 12 22:37:17 +0300 2006
t.sec — 17

strftime timestrftime(aString) — aString
Formatstime according to the directives in the given format string. Sebld22.40n
the following page for the available values. Any text notdis as a directive will be
passed through to the output string.
t = Time.now
t.strftime("Printed on %m/%d/%Y") —  "Printed on 11/12/2006"
t.strftime("at %I:%M/p") —  "at 10:37PM"

to_a timeto_a— anArray
Returns a ten-elememanArray of values fortime [ sec, min, hour, day, month,
year, wday, yday, isdst, zone ]. See the individual methods for an explanation of
the valid ranges of each value. The ten elements can be pdissetlly toTime.utc or
Time.local to create a neWime.
now = Time.now —  Sun Nov 12 22:37:17 +0300 2006
t = now.to_a — [17, 37, 22, 12, 11, 2006, O, 316, false,

"MSK"]
to_f timeto_f— aFloat

Returns the value dfimeas a floating point number of seconds since epoch.

3. Yes, seconds really can range from zero to 60. This allbesystem to inject leap seconds every now
and then to correct for the fact that years are not really aeruant number of hours long.
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Table 22.4. Time#strftime directives

Format Meaning

%a The abbreviated weekday name (“Sun”)

%A The full weekday name (“Sunday”)

%b The abbreviated month name (“Jan”)

%B The full month name (“January”)

%c The preferred local date and time representation

%d Day of the month((1..31)

%H Hour of the day, 24-hour clock(..23)

%l Hour of the day, 12-hour clock{..12)

%] Day of the year@1..366)

%m Month of the year((1..12)

%M Minute of the hour ({0..59)

%p Meridian indicator (“AM” or “PM”)

%S Second of the minut®(..60)

%U Week number of the current year, starting with the firstdgynas the first
day of the first week@0..53)

%W Week number of the current year, starting with the first Mmnas the first
day of the first week@0..53)

%w Day of the week (Sunday is 0,.6)

%X Preferred representation for the date alone, no time

%X Preferred representation for the time alone, no date

%y Year without a century0Q..99)

%Y Year with century

%Z Time zone name

%% Literal “%” character

t = Time.now
"%10.5f" % t.to_f —  "1163360237.67449"

t.to_i — 1163360237

to_i timeto_i— aninteger
Returns the value dfmeas an integer number of seconds since epoch.
t = Time.now
"%10.5f" % t.to_f — "1163360237.68551"
t.to_i — 1163360237

to_s timeto_s— aString
Returns a string representitie. Equivalent to callin@ime#strftime with a format
string of “%a %b %d %H: %M: %S %hZ %Y.
Time.now.to_s — "Sun Nov 12 22:37:17 +0300 2006"

tv_sec timetv_sec— aninteger

Synonym forTime#to_i.
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tv_usec timetv_usec— aninteger
Synonym foITime#usec.
usec timeusec— anlinteger
Returns just the number of microsecondstfore
t = Time.now —  Sun Nov 12 22:37:17 +0300 2006
"%10.6f" % t.to_f —  "1163360237.707337"
t.usec — 707337
utc timeutc — time
Synonym foITime#gmtime.
t = Time.now —  Sun Nov 12 22:37:17 +0300 2006
t.utc? —  false
t.utc —  Sun Nov 12 19:37:17 UTC 2006
t.utc? —  true
utc? timeutc?— true or false
Returnstrue if timerepresents a time in UTC (GMT).
t = Time.now —  Sun Nov 12 22:37:17 +0300
2006
t.utc? —  false
t = Time.gm(2000,"jan",1,20,15,1) — Sat Jan 01 20:15:01 UTC 2000
t.utc? —  true
wday timewday— aFixnum

Returns an integer representing the day of the week, with Sunday== 0.

t = Time.now —  Sun Nov 12 22:37:17 +0300 2006
t.wday — 0

Ime

yday timeyday— aFixnum

Returns an integer representing the day of the yle&66.

t = Time.now —  Sun Nov 12 22:37:17 +0300 2006
t.yday — 316

year timeyear— aFixnum

Returns the year fdime (including the century).

t = Time.now —  Sun Nov 12 22:37:17 +0300 2006
t.year — 2006

zone timezone— aString

Returns the name of the time zone usedtiime.

t = Time.gm(2000, "jan", 1, 20, 15, 1)
t.zone —  "UTC"

t = Time.local(2000, "jan", 1, 20, 15, 1)
t.zone —  "MSK"
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Class

TrueClass < Object

The global valuerue is the only instance of clas&ueClass and represents a logi-
cally true value in boolean expressions. The class provagesators allowingrue to
be used in logical expressions.

Instance methods
& true & anObject— anObject

And—Returnstalse if anObjectisnil or false, true otherwise.

A true ® anObject— !'anObject

Exclusive Or—Returnsrue if anObjectisnil or false, false otherwise.

true | anObject— true

Or—Returngrue. AsanObjectis an argument to a method call, it is always evaluated;
there is no short-circuit evaluation in this case.

true | puts("or")
true || puts("logical or")
produces:

or
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Built-in Modules

This chapter lists the modules built in to the Ruby system.

Alphabetical Listing

Comparable (page 332): Instance: Comparisons, between?.

Enumerable (page 333): Instance: collect, detect, each_with_index, entries, find, find_all, grep,
include?, map, max, member?, min, reject, select, sort, to_a.

Erro (page 336)

FileTest (page 336): Instance: blockdev?, chardev?, directory?, executable?, executable_real?,
exist?, exists?, file?, grpowned?, owned?, pipe?, readable?, readable_real?, setgid?, setuid?,
size, size?, socket?, sticky?, symlink?, writable?, writable_real?, zero?.

GC (page 339): Class: disable, enable, start. Instance: garbage_collect.

Kernel (page 339): Class: Array, Float, Integer, String, * (backquote), abort, at_exit, autoload,
binding, block_given?, callcc, caller, catch, chomp, chomp!, chop, chop!, eval, exec, exit, exit!, falil,
fork, format, gets, global_variables, gsub, gsub!, iterator?, lambda, load, local_variables, loop,
open, p, print, printf, proc, putc, puts, raise, rand, readline, readlines, require, scan, select,
set_trace_func, singleton_method_added, sleep, split, sprintf, srand, sub, sub!, syscall, system,
test, throw, trace_var, trap, untrace_var.

Marshal (page 355): Class: dump, load, restore.
Math (page 356): Class: atan2, cos, exp, frexp, Idexp, log, log10, sin, sgrt, tan.

ObjectSpace(page 357): Class: _id2ref, define_finalizer, each_object, garbage_collect,
undefine_finalizer.

Procesqpage 359): Class: egid, egid=, euid, euid=, exit!, fork, getpgid, getpgrp, getpriority, gid,
gid=, kill, pid, ppid, setpgid, setpgrp, setpriority, setsid, times, uid, uid=, wait, wait2, waitpid,
waitpid2.

<« 331
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Mol Comparable

Relies onx=>

The Comparable mixin is used by classes whose objects may be ordered. The cla
must define the<=> operator, which compares the receiver against anothectpbje
returning—1, 0, or +1 depending on whether the receiver is less than, equal to, or
greater than the other obje@omparable uses<=> to implement the conventional
comparison operators (<=, ==, >=, and>) and the methodetween?.

class SizeMatters
include Comparable
attr :str
def <=>(anOther)
str.size <=> anOther.str.size

end
def initialize(str)
@str = str
end
def inspect
@str
end
end
sl = SizeMatters.new("Z")

s2 = SizeMatters.new("YY")

s3 = SizeMatters.new("XXX")

s4 = SizeMatters.new("WWWW")

sb = SizeMatters.new("VVVVV")

sl < s2 —  true

s4.between?(s1, s3) —  false

s4.between?(s3, sb) —  true

[ 83, s2, s5, s4, s1 J.sort — [Z, YY, XXX, WWWW, VVVVV]

Instance methods

Comparisons anObject< otherObject— true or false
anObjectk<= otherObject— true or false
anObject== otherObject— true or false
anObject>= otherObject— true or false

anObject> otherObject— true or false

Compares two objects based on the receiver’smethod.

between? anObjectbetween?(in, max) — true or false

Returnsfalse if anObject<=> minis less than zero or #inObject<=> maxis greater
than zerotrue otherwise.

3.between?(1, 5) —  true
6.between?(1, 5) —  false
’cat’.between?(’ant’, ’dog’) — true
’gnu’ .between?(’ant’, ’dog’) — false
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Modde Enumerable

Relies on: each, <=>

TheEnumerable mixin provides collection classes with several traversdlsearching
methods, and with the ability to sort. The class must proagdeethodeach, which
yields successive members of the collectiorEdfimerable#max, #min, Or #sort is
used, the objects in the collection must also implement anmgéul <=> operator, as
these methods rely on an ordering between members of trectioh.

Instance methods

collect

enumObjcollect {| obj| block} — anArray

Returns a new array with the results of runnbigck once for every element ianum-
Obj.

(1..4) .collect {lil i*xi } — [1, 4, 9, 16]
(1..4).collect { "cat" } — ["cat", "cat", "cat", "cat"]

detect

enumOhbjdetect { obj| block} — anObjectornil

Passes each entry @mumObjto block Returns the first for whicblockis notfalse.
Returnsnil if no object matches.

(1..10) .detect {lil i %4 5==0and i %7 ==02} — nil
(1..100) .detect {lil i %4 5==0and i % 7==0} — 35
each_with_index enumObjeach_with_index{obj, i| block} — nil

Callsblockwith two arguments, the item and its index, for each iterannmOb)j

hash = Hash.new

%w(cat dog wombat).each_with_index {|item, index|
hash[item] = index

}

hash — {"cat"=>0, "wombat"=>2, "dog"=>1}

entries

enumObjentries— anArray

Synonym folEnumerable#to_a.

find enumObiffind {] obj| block} — anObjectornil
Synonym forEnumerable#detect.

find_all enumObffind_all {| obj| block} — anArray
Returns an array containing all elementgnfimObfor which blockis notfalse (see
alsoEnumerable#reject).
(1..10) .find_all {lil i % 3==02} — [3, 6, 9]

grep enumObjgrep(pattern) — anArray

enumOhjgrep(pattern) {| obj| block} — anArray

Returns an array of every elementéanumObjfor which Pattern === element. If

inumerabe
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the optionablockis supplied, each matching element is passed to it, and tok’bl
result is stored in the output array.

(1..100) .grep 38..44 — [38, 39, 40, 41, 42, 43, 44]
c = I0.constants

c.grep(/SEEK/) —  ["SEEK_END", "SEEK_CUR", "SEEK_SET"]
res = c.grep(/SEEK/) {lv| I0.const_get(v) }
res - [2, 1, 0]
include? enumOhbijinclude?@nObject) — true or false

Returnstrue if any member oeEnumObgqualsanObject Equality is tested using=.

I0.constants.include? "SEEK_SET" —  true
I0.constants.include? "SEEK_NO_FURTHER" —  false

map enumOhbjmap { obj| block} — anArray

Synonym folEnumerable#collect.

max enumOhbjmax— anObject
enumObjmax {| a,b | block} — anObject

Returns the object ienumObjwith the maximum value. The first form assumes all
objects implementomparable; the second uses the block to retars=> b .

a = jw(albatross dog horse)
a.max — "horse"
a.max {la,b|l a.length <=> b.length } — "albatross"

member? enumObjmember?anObject) — true or false

Synonym forEnumerable#include?.

min enumOhbjmin — anObject
enumOhbjmin {] a,b| block} — anObject

Returns the object irnumObjwith the minimum value. The first form assumes all
objects implementomparable; the second uses the block to retare=>Db.

a = jw(albatross dog horse)
a.min —  "albatross"
a.min {|a,b| a.length <=> b.length } — "dog"

reject enumObjreject { obj| block} — anArray

Returns an array for all elementsafiumObfor which blockis false (see als@&nu-
merable#find_all).

(1..10) .reject {lil i %3==0} — [1, 2, 4,5, 7, 8, 10]

select enumObjselect { obj| block} — anArray

Synonym folEnumerable#find_all.
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sort

enumObjsort— anArray
enumObjsort {|a, b | block} — anArray

Returns an array containing the itemsimumObjorted, either according to their own
<=>method, or by using the results of the supplied block. Thelb&hould return-1,
0, or +1 depending on the comparison betwaamdb.

Yw(rhea kea flea).sort —  ["flea", "kea", "rhea"]
(1..10).sort {la,b|] b <=> a} — [10, 9, 8, 7, 6, 5, 4, 3, 2, 1]

The following code sorts some files on modification time.

files = Dir["x"]
sorted = files.sort {la,b| File.new(a).mtime <=> File.new(b) .mtime}
sorted — ["mon", "tues", "wed", "thurs"]

This sort is inefficient: it generates two né&wle objects during every comparison. A
slightly better technique is to use thernel#test method to generate the modifica-
tion times directly.
files = Dir["*"]
sorted = files.sort { la,bl

test(?M, a) <=> test(?M, b)
}

sorted — ["mon", "tues", "wed", "thurs"]

This still generates many unnecess@iyie objects. A more efficient technique is to
cache the sort keys (modification times in this case) befugesort. Perl users often
call this approach a Schwartzian Transform, after Randbalv@ctz. We construct a

temporary array, where each element is an array containingast key along with the

filename. We sort this array, and then extract the filenanra the result.

sorted = Dir["*"].collect { [f]
[test(?M, f), f]
}.sort.collect { |f| f[1] }
sorted — ["mon", "tues", "wed", "thurs"]

to_a

enumObjto_a— anArray

Returns an array containing the itemseimumObj

(1..7).to_a — [1, 2, 3, 4, 5, 6, 7]
{ )a7=>1’ ’b’=>2, ’C’=>3 }.to_a — [[llall’ 1]’ ["b", 2]’ ["C", 3]]

inumerabe
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Module El’mo

Ruby exception objects are subclasseBsxafeption. However, operating systems typ-
ically report errors using plain integers. Mod@erno is created dynamically to map
these operating system errors to Ruby classes, with eachrarmber generating its
own subclass ofystemCallError. As the subclass is created in modBlerno, its
name will starErrno: :.

Exception
StandardError
SystemCallError
Errno::zzx

The names of thBrrno: : classes depend on the environmentin which Ruby runs. On
a typical Unix or Windows platform, there aFerno classes such & rno: : EACCES,
Errno: :EAGAIN, Errno: :EINTR, and so on.

The integer operating system error number correspondiaggrticular error is avail-
able as the class const@itrno: :error: :Errno.

Errno: :EACCES: :Errno — 13
Errno: :EAGAIN: :Errno — 11
Errno: :EINTR: :Errno — 4

The full list of operating system errors on your particult@tform are available as the
constants ofrrno.

Errno.constants — E2BIG, EACCES, EADDRINUSE, EADDRNOTAVAIL,
EADV, EAFNOSUPPORT, EAGAIN,

Modlle FileTest

FileTest implements file test operations similar to those usefliite: : Stat.

Instance methods
blockdev? FileTest.blockdev?4String) — true or false

Returnstrue if the named file is a block devic&alse if it isn't or if the operating
system doesn't support this feature.

FileTest.blockdev?( "testfile" ) — false

chardev? FileTest.chardevString) — true or false

Returnstrue if the named file is a character devidelse if it isn't or if the operating
system doesn’t support this feature.

FileTest.chardev?( "/dev/tty" ) — false

directory? FileTest.directory?4String) — true or false

Returnstrue if this named file is a directorf,alse otherwise.
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FileTest.directory?( "." ) — true

executable? FileTest.executableaString) — true or false

Returnstrue if the named file is executable. The tests are made using fletigeé
owner of the process.

FileTest.executable?( "testfile" ) — false

executable real? FileTest.executable_real@Gtring) — true or false

Same aFileTest#executable?, but tests using the real owner of the process.

exist? FileTest.exist? &String) — true or false

Returnstrue if the named file exists.

FileTest.exist?( "testfile" ) — true

exists? FileTest.exists? String) — true or false

Synonym forFileTest.exist?.

file? FileTest.file?@String) — true or false

Returnstrue if the named file is a regular file (not a device file, pipe, sboét.).

FileTest.file?( "testfile" ) — true

grpowned? FileTest.grpownedString) — true or false

Returnstrue if the effective group id of the process is the same as themjidof the
named file. On Windows NT, returialse.

FileTest.grpowned?( "/etc/passwd" ) — false

owned? FileTest.owned?4String) — true or false

Returnstrue if the effective user id of the process is the same as the onhtre
named file.

FileTest.owned?( "/etc/passwd" ) — false

pipe? FileTest.pipe?éString) — true or false

Returnstrue if the operating system supports pipes and the named fileipeaffalse
otherwise.

FileTest.pipe?( "testfile" ) — false

readable? FileTest.readable®String) — true or false

Returnstrue if the named file is readable by the effective user id of thacpss.

FileTest.readable?( "testfile" ) — true

readable_real? FileTest.readable_real2Gtring) — true or false

Returnstrue if the named file is readable by the real user id of this pracess
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FileTest.readable_real?( "testfile" ) — true

setgid? FileTest.setgid?4String) — true or false

Returnstrue if the named file's set-group-id permission bit is set, @atlse if it isn’t
or if the operating system doesn’t support this feature.

FileTest.setgid?( "/usr/sbin/lpc" ) — false

setuid? FileTest.setuid?4String) — true or false

Returnstrue if the named file's set-user-id permission bit is set, aatlse if it isn’t
or if the operating system doesn’t support this feature.

FileTest.setuid?( "/bin/su" ) — false

size FileTest.size@String) — aninteger

Returns the size of the named file in bytes.

FileTest.size( "testfile" ) — 66

size? FileTest.size?&String) — aFixnumornil

Returnanil if the named file is of zero length; otherwise, returns a noma&ixnum

FileTest.size?( "testfile" ) — 66
FileTest.size?( "/dev/zero" ) — nil

socket? FileTest.socket?4String) — true or false

Returnstrue if the named file is a socketalse if it isn’t or if the operating system
doesn’t support this feature.

sticky? FileTest.sticky?@String) — true or false

Returnstrue if the named file has its sticky bit seftalse if it doesn’t or if the operat-
ing system doesn’t support this feature.

symlink? FileTest.symlink?@String) — true or false

Returnstrue if the named file is a symbolic linkialse if it isn't or if the operating
system doesn't support this feature.

writable? FileTest.writable?&String) — true or false

Returnstrue if the named file is writable by the effective user id of thisgess.

writable_real? FileTest.writable_realdString) — true or false

Returnstrue if the named file is writable by the real user id of this process

zero? FileTest.zero?4String) — true or false

Returnstrue if the named file is of zero lengtlialse otherwise.
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The GC module provides an interface to Ruby’s mark and sweep garbaltijection
mechanism. Some of the underlying methods are also availédlthe0bjectSpace
module, described beginning on patfer.

Module methods
disable GC.disable— true or false
Disables garbage collection, returnitiue if garbage collection was already disabled.

GC.disable — false
GC.disable —  true

enable GC.enable— true or false
Enables garbage collection, returnitigue if garbage collection was disabled.

ierne

GC.disable — false
GC.enable —  true
GC.enable —  false

start GC.start— nil
Initiates garbage collection, unless manually disabled.

GC.start — nil

Instance methods
garbage_collect garbage_collect> nil

Equivalent toGC. start.

include GC
garbage_collect — nil

Moddle i ernel

TheKernel module is included by clagibject, so its methods are available in every
Ruby object. Th&ernel instance methods are documented in clasi:ct beginning
on page300 This section documents the module methods. These methedsked
without a receiver and thus can be called in functional form.

Module methods
Array Array(arg) — anArray

Returnsarg.to_a.

Array(1..5) — [1, 2, 3, 4, 5]
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Float Float(arg) — aFloat
Returnsarg converted to a float. Numeric types are converted direeily,is converted
t0 0.0, and the rest are converted useng.to_f.

Float(1) — 1.0\nprog.rb:2:in “Float’: can’t convert nil into
Float (TypeError)\n from prog.rb:2

Float(nil)

Float("123.456")

Integer Integer(arg ) — aninteger
Convertsarg to aFixnum or Bignum. Numeric types are converted directly (with float-
ing point numbers being truncated)alfg is aString, leading radix indicatorsy Ob,
andox) are honored. This behavior is different from thaBeting#to_i.

Integer (123.999) — 123
Integer("Oxla") — 26
Integer(Time.new) — 1163360238

String String(arg ) — aString

Convertsarg to aString by calling itsto_s method.
String(self) —  "main"
String(self.class) — "Object"

String(123456) —  "123456"

* (backquote) ‘cmd” — aString
Returns the standard output of runnitrgdin a subshell. The built-in syntdé{. . . }
described on pag@4 uses this method.

“date” —  "Sun Nov 12 22:37:18 MSK 2006\n"
“1s testdir”.split[1] — "main.rb"

abort abort
Terminate execution immediately, effectively by callidgrnel . exit (1).

at_exit at_exit {block} — aProc

Convertdblockto aProc object (and therefore binds it at the point of call) and regis
it for execution when the program exits. If multiple handlare registered, they are
executed in reverse order of registration.

def do_at_exit(strl)
at_exit { print strl }
end
at_exit { puts "cruel world" }
do_at_exit("goodbye ")
exit

produces:

goodbye cruel world
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autoload autoload@Module aFile) — nil

RegistersaFile to be loaded (usin@ernel.require) the first time thataModule
(which may be &tring or a symbol) is accessed.

autoload :MyModule, "/usr/local/lib/modules/my_module.rb"

binding

binding— aBinding

Returns 8inding object, describing the variable and method bindings at thet pf
call. This object can be used when calliegal to execute the evaluated command in
this environment. Also see the descriptiorBahding beginning on paga56.

def getBinding(param)
return binding
end
b = getBinding("hello")
eval "param", b —  "hello"

block given? block_given?— true or false

Returnstrue if yield would execute a block in the current context.

def try
if block_given?
yield
else
"no block"
end
end
try —  "no block"
try { "hello" } —  "hello"
try do
"hello"
end

callcc

callcc {| cont| block} — anObject

Generates @ontinuation object, which it passes to the associated block. Perform-
ing acont.call will cause thecallcc to return (as will falling through the end of
the block). The value returned by theallcc is the value of the block, or the value
passed tacont.call. SeeContinuation on page258 for more details. Also see
Kernel.throw for an alternative mechanism for unwinding a call stack.

caller

caller( ( aninteger) ) — anArray

Returns the current execution stack—an array containnmgstin the form file:line”
or “file:line: in ‘method™. The optionalanintegemparameter determines the number of
initial stack entries to omit from the result.



!ernel

Copyright 2006 Addison Wesley Longman, Inc t‘j
342 B CHAPTER 23. BUILT-IN MODULES —p

def a(skip)
caller(skip)
end
def b(skip)
a(skip)
end
def c(skip)
b(skip)
end
c(0) — ["prog:2:in “a’", "prog:5:in “b’", "prog:8:in “c’",
"prog:10"]
c(1) — ["prog:5:in “b’", "prog:8:in “c’", "prog:11"]
c(2) — ["prog:8:in “c’", "prog:12"]
c(3 — ["prog:13"]

catch catch(symbol) { block} — anObject
catch executes its block. If ahrow is executed, Ruby searches up its stack for a
catch block with a tag corresponding to théarow’s symbol If found, that block is
terminated, andatch returns the value given tehrow. If throw is not called, the
block terminates normally, and the valueftch is the value of the last expression
evaluatedcatch expressions may be nested, andtheow call need not be in lexical
scope.
def routine(n)
puts n
throw :done if n <=0
routine(n-1)
end
catch(:done) { routine(3) }
produces:
3
2
1
0
chomp chomp( ( aString) ) — $_ oraString
Equivalentta$_ = $_.chomp(aString). SeeString#chomp 0N page’?
$_ = "IIOW\D"
chomp —  "now"
$_ N "IlOW"
Chomp "OW" — llnll
$_ N llnll
Chomp "XXX" — llnll
$_ — llnll
chomp! chomp!( (aString) ) — $_ornil

Equivalent ta$_. chomp! (aString). SeeString#chomp!

$_ = Ilnow\nll

chomp! —  "now"
$_ — Ilnow n
chomp! "x" — nil
$_ — "now"
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chop chop— aString
Equivalent to($_.dup) . chop!, exceptil is never returned. S&ring#chop! on
page??.
a = '"now\r\n"
$_=a
chop —  "now"
$_ — "IlOW"
chop — "no"
ChOp — llnll
ChOp — nn
ChOp — nn
a —  "now\r\n"
chop! chop!— $_ornil
Equivalent to$_ . chop!. E
()
$_=a
chop! —  '"now"
chop! — "no"
chop! — "n"
ChOp! — nn
chop! — nil
$_ — nn
a — nn
eval eval(aString ( , aBinding (, file {, line) ) )) — anObject
Evaluates the Ruby expression(s)astring If aBindingis given, the evaluation is
performed in its context. The binding may bBinding object or @roc object. If the
optionalfile andline parameters are present, they will be used when reportingusyn
errors.
def getBinding(str)
return binding
end
str = "hello"
eval "str + ’ Fred’" —  "hello Fred"
eval "str + ’ Fred’", getBinding("bye") — "bye Fred"
exec exec(command(, args))

Replaces the current process by running the given exteonatnand. Ifexec is given

a single argument, that argument is taken as a line that jecuto shell expansion
before being executed. If multiple arguments are given,smond and subsequent
arguments are passed as parametec®tomandwith no shell expansion. If the first
argument is a two-element array, the first element is the camanto be executed, and
the second argument is used as #gv [0] value, which may show up in process
listings. In MSDOS environments, the command is executedsabshell; otherwise,
one of theexec (2) system calls is used, so the running command may inherit sbme
the environment of the original program (including open diéscriptors).

exec "echo *" # echoes list of files in current directory
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# never get here

exec "echo", "x" # echoes an asterisk
# never get here

exit exit(aninteger0)
Initiates the termination of the Ruby script by raising fy&temExit exception. This
exception may be caught. The optional parameter is usedumre status code to the
invoking environment.
begin
exit
puts "never get here"
rescue SystemExit
puts "rescued a SystemExit exception"
end
puts "after begin block"
produces:
rescued a SystemExit exception
after begin block
Just prior to termination, Ruby executes atty exit functions and runs any object
finalizers (se@®bjectSpace beginning on pagé57).
at_exit { puts "at_exit function" }
ObjectSpace.define_finalizer(self, proc { puts "in finalizer" })
exit
produces:
at_exit function
exit! exit!( aninteger-1)
Similar to Kernel.exit, but exception handlingat _exit functions, and finalizers
are bypassed.
fail fail
fail( aString)
fail( anException(, aString (, anArray) ))
Synonym forKernel .raise
fork fork ({ block} ) — aFixnumornil

Creates a subshell. If a block is specified, that block is nuhé subshell, and the sub-
shell terminates with a status of zero. Otherwise,ftbek call returns twice, once in
the parent, returning the process id of the child, and ondkdrchild, returningnil.
The child process can exit usii@rnel .exit! to avoid running anyt_exit func-
tions. The parent process should Bgecess . wait to collect the termination statuses
of its children; otherwise, the operating system may acdatazombie processes.

fork do

3.times {li| puts "Child: #{i}" }
end
3.times {|i| puts "Parent: #{i}" }
Process.wait



Copyright 2006 Addison Wesley Longman, Inc t‘j
KERNEL < 345 —P

produces:

Child: O
Parent: O
Parent: 1
Child: 1
Parent: 2
Child: 2

format

format(aString ( , anObject)* ) — aString

Synonym folKernel . sprintf.

gets gets(aString=$/ ) — aStringornil
Returns (and assigns ) the next line from the list of files iIARGV (or $x), or from
standard input if no files are present on the command linaurRgehil at end of file.
The optional argument specifies the record separator. ega®r is included with the
contents of each record. A separatonoi reads the entire contents, and a zero-length
separator reads the input one paragraph at a time, whergrpphes are divided by two
consecutive newlines. If multiple filenames are preseRi&V, gets (nil) will read
the contents one file at a time.
ARGV << "testfile"
print while gets
produces:
This is line one
This is line two
This is line three
And so on...

global_variables global_variables— anArray
Returns an array of the names of global variables.
global_variables.grep /std/ —  ["$stderr", "$stdout", "$stdin"]

gsub gsub(pattern replacemenj — aString

gsub(pattern) { block} — aString

Equivalentta$_.gsub. . ., except that_ receives the modified result.
$_ = "quick brown fox"
gsub /[aeioul/, ’%’ —  "gikck briwn fix"
$_ —  "gx*ck brxwn fxx"

gsub! gsub!(pattern replacemenj — aStringornil

gsub!(pattern) { block} — aStringornil

Equivalent takernel . gsub, exceptil is returned if§_ is not modified.

$_ = "quick brown fox"
gsub! /cat/, ’*> — nil
$_ —  "quick brown fox"
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iterator? iterator?— true or false
Synonym forKernel.block_given?. The iterator? method will be removed in
Ruby 1.8.

lambda lambda {block} — aProc

Synonym folKernel . proc

load load(aFileNamewrap=false ) — true

Loads and executes the Ruby program in thedf@éeName If the filename does not
resolve to an absolute path, the file is searched for in tharljidirectories listed in
$:. If the optionalwrap parameter ixrue, the loaded script will be executed under
an anonymous module, protecting the calling program’sajloamespace. Any local
variables in the loaded file will not be propagated to the llog@nvironment.

local_variables local_variables— anArray

Returns the names of the current local variables.

fred = 1
for i in 1..10
# ...
end
local_variables — ["fred", "i"]
loop loop { block}
Repeatedly executes the block.
loop {
print "Input: "
break if !gets or $_ =~ /~[qQ1/
# ...
}
open open(aString (, aMode (, perm))) — anlOornil

open(asString (, aMode (, perm) )){|anlO]|block} — nil

Creates a0 object connected to the given stream, file, or subprocess.

If aStringdoes not start with a pipe charactef ([}, treat it as the name of a file to open
using the specified mode defaulting tg’{see the table of valid modes on paZg0).

If afile is being created, its initial permissions may be s@tgthe integer third param-
eter.

If a block is specified, it will be invoked with thEile object as a parameter, and the
file will be automatically closed when the block terminat€ke call always returns
nil in this case.

If aStringstarts with a pipe character, a subprocess is created, ceute the caller
by a pair of pipes. The returndgd object may be used to write to the standard input
and read from the standard output of this subprocess. Ifdhewand following the 1"

is a single minus sign, Ruby forks, and this subprocess isetted to the parent. In
the subprocess, thepen call returnsnil. If the command is not-", the subprocess
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runs the command. If a block is associated withbaan (" | -") call, that block will be

run twice—once in the parent and once in the child. The blarkmeter will be ano
object in the parent amali1 in the child. The parent’s0 object will be connected to
the child’'s$stdin and$stdout. The subprocess will be terminated at the end of the
block.

open("testfile") do |f]
print f.gets
end

produces:

This is line one

Open a subprocess and read its output:

cmd = open("|date")
print cmd.gets
cmd.close

produces:
Sun Nov 12 22:37:18 MSK 2006

Open a subprocess running the same Ruby program:

f = open("|-", "wt+")
if £ == nil
puts "in Child"
exit
else
puts "Got: #{f.getsl}"
end
produces:

Got: in Child

Open a subprocess using a block to receive the 1/0 object:

open("|-") do |fl
if £ == nil
puts "in Child"
else
puts "Got: #{f.gets}"
end
end

produces:
Got: in Child

p( (anObject)™ ) — nil

For each object, directly writegn0bject.inspect followed by the current output
record separator to the program'’s standard ougphypasses the Ruby /O libraries.

p self
produces:

main
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print print( ( anObject)* ) — nil
Prints each object in turn tBdefout. If the output field separato() is notnil, its
contents will appear between each field. If the output resemhrator§\) is notnil,
it will be appended to the output. If no arguments are givemtp$_. Objects that
aren’t strings will be converted by calling theis_s method.
print "cat", [1,2,3], 99, "\n"
$’ = n s "
$\ = n\nu
print "cat", [1,2,3], 99
produces:
cat12399
cat, 1, 2, 3, 99

printf printf( anlO, aString ( , anObject)* ) — nil

printf( aString ( , anObject)* ) — nil
Equivalent to:
anlOwrite sprintf (aString, anObject. . .)
or
$defout.write sprintf (aString, anObject. . .)

proc proc { block} — aProc
Creates a new procedure object from the given block. EqeiNdbProc . new.
aProc = proc { "hello" }
aProc.call —  "hello"

putc putc(aninteger) — aninteger
Equivalent tafdefout . putc (aninteged .

puts puts( ( args)* ) — nil
Equivalent tofdefout . puts(args).

raise raise

raise(aString)
raise(anException(, aString (, anArray) ))

With no arguments, raises the exceptior$inor raises &untimeError if $! isnil.
With a singleString argument, raisesRuntimeError with the string as a message.
Otherwise, the first parameter should be the name @kaerption class (or an object
that returns arException when sentexception). The optional second parameter
sets the message associated with the exception, and tbeptrameter is an array of
callback information. Exceptions are caught by #e&cue clause ofvegin. . .end
blocks.

raise "Failed to create socket"
raise ArgumentError, "No parameters", caller
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rand

rand(max=0 ) — aNumber

Convertamaxto an integer usingnax; = max .to_i.abs. Ifthe resultis zero, returns

a pseudorandom floating point number greater than or equabtand less than 1.0.
Otherwise, returns a pseudorandom integer greater thaguait ® zero and less than
max,.Kernel.srand may be used to ensure repeatable sequences of random numbers
between different runs of the program.

srand 1234 — 0

[ rand, rand ] — [0.191519450378892,
0.622108771039832]

[ rand(10), rand(1000) 1 — [4, 664]

srand 1234 — 1234

[ rand, rand ] — [0.191519450378892,
0.622108771039832]

readline readline(( aString=$/ ) ) — aString

Equivalent tckernel . gets, exceptreadline raisesEQFError at end of file.

ierne

readlines readlines(({ aString=$/ ) ) — anArray

Returns an array containing the lines returned by caliagnel.gets(aString)
until the end of file.

require

require(astring) — true or false

Ruby tries to load the library namexbtring returningtrue if successful. If the file-
name does not resolve to an absolute path, it will be seafohatthe directories listed

in $:. If the file has the extension “.rb”, it is loaded as a soureg fflthe extension is
“.s0”, “.0”, or “.dlIlI”, * Ruby loads the shared library as a Ruby extension. Otherwise
Ruby tries adding “.rb”, “.s0”, and so on to the name. The nafthe loaded feature

is added to the array ify". A feature will not be loaded if it already appears$in.
require returnstrue if the feature was successfully loaded.

require "my-library.rb"

require "db-driver"

scan

scan(pattern) — anArray
scan(pattern) { block} — $_

Equivalent to callings_ . scan. SeeString#scan on page?’?.

select

select(readArray ( , writeArray (, errorArray (, timeout) ) ) ) — anArrayornil

Performs a low-levekelect call, which waits for data to become available from
input/output devices. The first three parameters are aoh¥8 objects omil. The
last is a timeout in seconds, which should belameger or aFloat. The call waits
for data to become available for any of the objects inreadArray; for buffers to have
cleared sufficiently to enable writing to any of the deviaewiiteArray, or for an error
to occur on the devices iarrorArray. If one or more of these conditions are met, the

1.  Orwhatever the default shared library extension is orctieent platform.
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call returns a three-element array containing arrays ofithebjects that were ready.
Otherwise, if there is no change in status fioneoutseconds, the call returmsi 1. If
all parameters areil, the current thread sleeps forever.

select( [$stdin], nil, nil, 1.5 ) —  [[#<I0:0x402a4050>], [1, [1]

set_trace_func set_trace_funcgProc) — aProc

set_trace_funafil) — nil

EstablishesProcas the handler for tracing, or disables tracing if the patamsnil.
aProctakes up to six parameters: an event name, a filename, a Imbaruan object
id, a binding, and the name of a clasfrocis invoked whenever an event occurs.
Events arec-call (call a C-language routine}-return (return from a C-language
routine),call (call a Ruby method)¢lass (start a class or module definitiorend
(finish a class or module definition)jine (execute code on a new linekxise (raise

an exception), andeturn (return from a Ruby method). Tracing is disabled within the
context ofaProc

See the example starting on p&tfifor more information.

singleton_method_added singleton_method_addeaFixnum) — nil

Invoked with a symbol id whenever a singleton method is addedmodule or a class.
The default implementation ikernel ignores this, but subclasses may override the
method to provide specialized functionality.

class Test

def Test.singleton_method_added(id)
puts "Added #{id.id2name} to Test"

end

def a() end

def Test.b() end
end
def Test.c() end
produces:

Added singleton_method_added to Test
Added b to Test
Added c to Test

sleep sleep(( aNumeric) ) — aFixnum
Suspends the current thread Eidumberseconds (which may beRloat with frac-
tional seconds). Returns the actual number of seconds(steptided), which may be
less than that asked for if the thread was interrupted ®§GALRM, or if another thread
callsThread#run. An argument of zero causeseep to sleep forever.
Time.new —  Sun Nov 12 22:37:19 +0300 2006
sleep 1.2 — 1
Time.new —  Sun Nov 12 22:37:20 +0300 2006
sleep 1.9 — 2
Time.new —  Sun Nov 12 22:37:22 +0300 2006

split split( ( pattern (, limit) ) ) — anArray

Equivalentto$_.split(pattern, limit).SeeString#split on page’?.
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sprintf

sprintf(aFormatString ( , arguments* ) — aString

Returns the string resulting from applyiraformatStringo any additional arguments.
Within the format string, any characters other than forneguences are copied to the
result. A format sequence consists of a percent sign, feltblay optional flags, width,
and precision indicators, then terminated with a field typaracter. The field type
controls how the correspondirgrintf argumentis to be interpreted, while the flags
modify that interpretation. The flag characters are shovilabie23.10n the next page,
and the field type characters are listed in Tat8e2

The field width is an optional integer, followed optionally & period and a precision.
The width specifies the minimum number of characters thatwilvritten to the result
for this field. For numeric fields, the precision controls thenber of decimal places
displayed. For string fields, the precision determines tlagimum number of char-
acters to be copied from the string. (Thus, the format secpi$t0 . 10s will always
contribute exactly ten characters to the result.)

ierne

sprintf ("%d %04x", 123, 123) "123,,007p"
sprintf ("%08b ’%4s’", 123, 123) "01111011,,°,123°"
sprintf ("%*2$1$s %2%d", "hello", 10) " uuuohello 10"

sprintf ("%*2$1$s %2$d", "hello", -10)
sprintf ("%+g:% g:h-g", 1.23, 1.23, 1.23)

"helloy,uuuu-10"
"+1.23:,1.23:1.23"

Ll

srand

srand( ( aNumber) ) — oldSeed

Seeds the pseudorandom number generator to the valadlwhberto_i.abs. If
aNumberis omitted or zero, seeds the generator using a combinatithedime, the
process id, and a sequence number. (This is also the belifakéamel . rand is called
without previously callingsrand, but without the sequence.) By setting the seed to a
known value, scripts can be made deterministic duringrtgsfihe previous seed value
is returned. Also sekernel . rand on page349,

sub

sub(pattern replacemenj — $_
sub(pattern) { block} — $

Equivalent ta$_. sub(args), except that_ will be updated if substitution occurs.

sub!

sub!(pattern replacemenj — $_ornil
sub!(pattern) { block} —$_ornil

Equivalent to$_. sub! (args).

syscall

syscall(aFixnum (, args)* ) — aninteger

Calls the operating system function identified dfixnum passing in the arguments,
which must be eithegtring objects, orInteger objects that ultimately fit within a
nativelong. Up to nine parameters may be passed (14 on the Atari-ST)furtetion
identified byFixnumis system dependent. On some Unix systems, the numbers may
be obtained from a header file callegscall .h.

syscall 4, 1, "hello\n", 6 # ’4° is write(2) on our box

produces:
hello
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Table 23.1. sprintf flag characters

Flag Applies to Meaning

L (space) bdeEfgGioxXu Leave a space at the start of positivgers.

# beEfgGoxX Use an alternative format. For the conversiohsxg
‘X', and ‘b’, prefix the result with “0”, “0x”, “0X”, and
“0Ob”, respectively. For ‘e’, ‘E’, 'f’, ‘g’, and 'G’, force a
decimal point to be added, even if no digits follow. For
‘g’ and 'G’, do not remove trailing zeros.

+ bdeEfgGioxXu Add a leading plus sign to positive numbers.

- all Left-justify the result of this conversion.

0 (zero) all Pad with zeros, not spaces.

* all Use the next argument as the field width. If negative,
left-justify the result. If the asterisk is followed by a
number and a dollar sign, use the indicated argument as
the width. You cannot mix unnumbered arguments with
numbered ones, only one style should be used in one
format sequence.

Table 23.2. sprintf field types

Field Conversion

b Convert argument as a binary number.

o Argument is the numeric code for a single character.

d Convert argument as a decimal number.

E Equivalentto ‘e’, but uses an uppercase E to indicate therant.

e Convert floating point argument into exponential notatiith one digit before
the decimal point. The precision determines the numberaidtimnal digits
(defaulting to six).

f Convert floating point argument ds,-1ddd . ddd, where the precision deter-
mines the number of digits after the decimal point.

G Equivalentto ‘g’, but use an uppercase ‘E’ in exponent form

g Convert a floating point number using exponential form & #xponent is less
than—4 or greater than or equal to the precision, od irlddd form otherwise.

[ Identical to ‘d’.

o] Convert argument as an octal number.

S Argument is a string to be substituted. If the format seqa@ontains a preci-
sion, at most that many characters will be copied.

u Treat argument as an unsigned decimal number.

X Convert argument as a hexadecimal number using upperedses|

X Convert argument as a hexadecimal number.
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system

system@Cmd (, args)* ) — true or false

ExecutesaCmdin a subshell, returningrue if the command was found and ran suc-
cessfully,false otherwise. A detailed error code is availablesin The arguments are
processed in the same way asKefrnel . exec on page343

system("echo *")

system("echo", "*")

produces:

config.h main.rb
*

test

test@Cmd filel (,file2)) — anObject

Uses the integeaCmdto perform various tests diilel (Table23.30on the following
page) or orfilel andfile2 (Table23.4).

throw

throw(aSymbol( , anObject) )

Transfers control to the end of the actiwvetch block waiting foraSymbal Raises
NameError if there is nocatch block for the symbol. The optional second parame-
ter supplies a return value for thketch block, which otherwise defaults toil. For
examples, sekernel . catch on page342

trace_var trace_var@SymbglaCmd) — nil

trace_var@Symbo) {|val| block} — nil

Controls tracing of assignments to global variables. ThampateraSymbolidenti-
fies the variable (as either a string name or a symbol identifiend (which may
be a string or @roc object) or block is executed whenever the variable is assign
The block orProc object receives the variable’s new value as a parameten. gde
Kernel .untrace_var.

trace_var :$_, proc {|vl| puts "$_ is now ’#{v}’" }
$_ = "hello"
$_ = ? there’

produces:

$_ is now ’hello’
$_ is now ’ there’

trap

trap(signal cmd) — anObject
trap(signal) { block} — anObject

Specifies the handling of signals. The first parameter is masigame (a string such
as “SIGALRM”, “SIGUSR1”, and so on) or a signal number. Thadcters “SIG”
may be omitted from the signal name. The command or blockifsgecode to be run
when the signal is raised. If the command is the string “IGNEDBr “SIG_IGN”, the
signal will be ignored. If the command is “DEFAULT” or “SIG_H", the operating
system’s default handler will be invoked. If the commandeXtT”, the script will be
terminated by the signal. Otherwise, the given commandauiblill be run.

The special signal name “EXIT” or signal number zero will nedked just prior to
program termination.
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Table 23.3. File tests with a single argument

Integer Description Returns

?A Last access time fdilel Time

?b True iffilelis a block device true Orfalse

?c True iffilelis a character device true Orfalse

?C Last change time fdile1 Time

2d True iffilel exists and is a directory true Or false

?e True iffilel exists true Orfalse

?f True iffilelexists and is a regular file true Or false

?29 True iffilel has thesetgid bit set (false under NT) true Or false

?2G True iffilel exists and has a group ownership equal to therue or false
caller’s group

?k True iffilel exists and has the sticky bit set true Or false

?l True iffilelexists and is a symbolic link true Or false

?M Last modification time fofile1 Time

?0 True iffilel exists and is owned by the caller’s effectivecrue or false
uid

?0 True iffilel exists and is owned by the caller’s real uid true orfalse

?p True iffilelexists and is a fifo true Or false

2r True if file is readable by the effective uid/gid of the eall true orfalse

?R True if file is readable by the real uid/gid of the caller true orfalse

?s Iffilel has nonzero size, return the size, otherwise retuimteger omil
nil

?S True iffilel exists and is a socket true Orfalse

?2u True iffilel has the setuid bit set true Orfalse

2w True iffilel exists and is writable by the effective uid/gidtrue or false

W True iffilel exists and is writable by the real uid/gid true Or false

?X True if filel exists and is executable by the effectiverue or false
uid/gid

?X True iffilelexists and is executable by the real uid/gid true orfalse

?z True iffilel exists and has a zero length true Or false

Table 23.4. File tests with two arguments

Integer Description

?- True iffilelis a hard link tdfile2

?= True if the modification times dile1 andfile2 are equal

?< True if the modification time dflelis prior to that offile2

?> True if the modification time dflelis after that offile2
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trap returns the previous handler for the given signal.

trap 0, proc { puts "Terminating: #{$$}" }
trap("CLD") { puts "Child died" }
fork && Process.wait

produces:

Terminating: 19192
Child died
Terminating: 19191

untrace_var untrace_var@Symbol(,aCmd) ) — anArrayornil

Moddle “Marshal

Removes tracing for the specified command on the given ghdorédble and returns
nil. If no command is specified, removes all tracing for thatataleé and returns an
array containing the commands actually removed.

The marshaling library converts collections of Ruby olgénto a byte stream, allow-
ing them to be stored outside the currently active scripts Tata may subsequently
be read and the original objects reconstituted. Marshabkndescribed starting on
page235

Some objects cannot be dumped: if the objects to be dumpkdiabindings, proce-
dure objects, instances of cla&s or singleton objects, BypeError will be raised.

If your class has special serialization needs (for exampigu want to serialize in
some specific format), or if it contains objects that wouldestvise not be serializable,
you can implement your own serialization strategy by defjrtino methods, dump

and_load:

Method Type Signature Returns

Instance _dump(aDepth) ReturnString

Class _load(aString)  Returns a reconstituigglect

The instance methoddump should return &tring object containing all the informa-
tion necessary to reconstitute objects of this class ancefdtenced objects up to a
maximum depth oDepth(a value of—1 should disable depth checking). The class
method_load should take &tring and return an object of this class.

Module methods

dump

dump(anObject (, anlO) , limit=—1 ) — anlO

SerializesanObjectand all descendent objects alfilOis specified, the serialized data
will be written to it, otherwise the data will be returned e&aing. If limit is specified,
the traversal of subobjects will be limited to that depthinhit is negative, no checking
of depth will be performed.
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class Klass
def initialize(str)

@str = str
end
def sayHello
@str
end
end

o = Klass.new("hello\n")
data = Marshal.dump (o)

obj = Marshal.load(data)
obj.sayHello —  "hello\n"

load load(from (, aProc) ) — anObject

Returns the result of converting the serialized dafaam into a Ruby object (possibly
with associated subordinate objects)m may be either an instance of or an object
that responds tao_str. If procis specified, it will be passed each object as it is
deserialized.

restore restorefrom (, aProc) ) — anObject

A synonym forMarshal . load.

TheMath module contains module functions for basic trigonometnid tsianscendental
functions.

Module constants

E  Value ofe (base of natural logarithms)
PI Value ofr

Module methods
atan2 Math.atan2, x) — aFloat

Computes the arc tangent givgandx. Returns—m...

cos Math.cos@Numeric) — aFloat

Computes the cosine aNumeric(expressed in radians). Returns..1.

exp Math.exp(@Numeric) — aFloat

Returnse raised to the power aciNumeric

frexp Math.frexp(@Numeric) — anArray

Returns a two-element arrayafloat, aFixnunj) containing the normalized fraction
and exponent ciNumeric
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[dexp Math.ldexp(@aFloat, aninteger) — aFloat

Returns the value afFloat x 2aninteger

log Math.log(aNumeric) — aFloat

Returns the natural logarithm aNumeric

log10 Math.log10(@Numeric) — aFloat

Returns the base 10 logarithmailumeric

sin Math.sin(aNumeric) — aFloat

Computes the sine @Numeric(expressed in radians). Returns..1.

sqrt Math.sqrt@Numeric) — aFloat

Returns the non-negative square rooadfumeric RaisesArgError if aNumericis
less than zero.

tan Math.tan(@Numeric) — aFloat

Returns the tangent @aMNumeric(expressed in radians).

Mol ObjectSpace

TheObjectSpace module contains a number of routines that interact with trbage
collection facility and allow you to traverse all living agts with an iterator.

ObjectSpace also provides support for object finalizers, procs thatélcalled when
a specific object is about to be destroyed by garbage callecti

include ObjectSpace

a = "A"
b = "B"
c = "g"

define_finalizer(a, proc {|id| puts "Finalizer one on #{id}" })
define_finalizer(a, proc {|id| puts "Finalizer two on #{id}" })
define_finalizer(b, proc {|id| puts "Finalizer three on #{id}" })

produces:

Finalizer three on 538241970
Finalizer one on 538241980
Finalizer two on 538241980

Module methods
_id2ref ObjectSpace._id2refnld) — anObject

Converts an object id to a reference to the object. May notdliecct on an object id
passed as a parameter to a finalizer.

ibjectSpace
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s = "I am a string" — "I am a string"\n-:2: warning:

Object#id will be deprecated;
use Object#object_id

r = ObjectSpace._id2ref(s.id) — "I am a string"
== s —  true
define_finalizer ObjectSpace.define_finalizeniObject aProc=proc() )

AddsaProcas a finalizer, to be called whemObjectis about to be destroyed.

each_object  ObjectSpace.each_objedt(aClassOrMod) ) {| anObj| block} — aFixnum

Calls the block once for each living, nonimmediate objecthis Ruby process. If
aClassOrMods specified, calls the block for only those classes or madthlat match
(or are a subclass of)ClassOrModReturns the number of objects found.

a = 102.7

b =95

ObjectSpace.each_object (Numeric) {l|x| p x }

print "Total count: ", ObjectSpace.each_object {} ,"\n"

produces:

102.7
2.71828182845905
3.14159265358979
18446744073709551615
18446744073709551615
18446744073709551615
2.22044604925031e-16
1.79769313486232e+308
2.2250738585072e-308
Total count: 411

garbage_collect ObjectSpace.garbage_colleetnil
Initiates garbage collection (see modatzon page339).

undefine_finalizer ObjectSpace.undefine_finalizar{Object)

Removes all finalizers faanObject
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dul
Modle Brocess

TheProcess module is a collection of methods used to manipulate presess

Module constants

PRIO_PGRP Process Group priority.

PRIO_PROCESS Process priority.

PRIO_USER User priority.

WNOHANG Do not block if no child has exited. Not available on all plat-
forms.

WUNTRACED Return stopped children as well. Not available on all plat-
forms.

Module methods
egid Process.egig- aFixnum

Returns the effective group id for this process.

Process.egid — 603

egid= Process.egidaFixnum— aFixnum

Sets the effective group id for this process.

iI’OCGSS

euid Process.euig> aFixnum
Returns the effective user id for this process.

Process.euid — 603

euid= Process.euidaFixnum
Sets the effective user id for this process. Not availablalbplatforms.

exit! Process.exitlaFixnuny—1)

Exits the process immediately. No exit handlers are mlixnumis returned to the
underlying system as the exit status.

Process.exit! (0)

fork Process.fork( { block} ) — aFixnumornil

SeeKernel . fork on page344

getpgid Process.getpgid{ninteger) — aninteger

Returns the process group id for the given process id. Natadba on all platforms.

Process.getpgid(Process.ppid()) — 14486

getpgrp Process.getpgrp> aninteger

Returns the process group id for this process. Not availabi@l platforms.
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Process.getpgid(0) — 14486
Process.getpgrp — 14486

getpriority Process.getprioritygKind, aninteger) — aFixnum

Gets the scheduling priority for specified process, progessp, or useraKind indi-
cates the kind of entity to find: one Bfocess: : PRIO_PGRP,Process: : PRIO_USER,
orProcess: : PRIO_PROCESS. anintegeris an id indicating the particular process, pro-
cess group, or user (an id @fmeanscurreni). Lower priorities are more favorable for
scheduling. Not available on all platforms.

Process.getpriority(Process: :PRIO_USER, 0)
Process.getpriority(Process: :PRIO_PROCESS, 0)

gid Process.gid- aFixnum
Returns the group id for this process.
Process.gid — 603

gid= Process.gidaFixnum— aFixnum
Sets the group id for this process.

kill Process.kill@Signal ( aPid)™ ) — aFixnum
Sends the given signal to the specified process id(s), oretaurrent process #Pid
is zero.aSignalmay be an integer signal number or a POSIX signal name (eithler
or without aSIG prefix). If aSignalis negative (or starts with a" sign), kills process
groups instead of processes. Not all signals are availab# platforms.
trap("SIGHUP") { close_then_exit }
Process.kill("SIGHUP", 0)

pid Process.pid- aFixnum
Returns the process id of this process. Not available oratfiggms.
Process.pid — 19237

ppid Process.ppid- aFixnum
Returns the process id of the parent of this process. Alwetysits 0 on NT. Not avail-
able on all platforms.
print "I am ", Process.pid, "\n"
Process.fork { print "Dad is ", Process.ppid, "\n" }
produces:
I am 19239
Dad is 19239

setpgid Process.setpgi@Pid, aninteger) — 0

Sets the process group id @Pid (0 indicates this process) smInteger Not available
on all platforms.



Copyright 2006 Addison Wesley Longman, Inc qﬁ
PrRocEss <« 361 —P

setpgrp

Process.setpgrp: 0

Equivalent tosetpgid (0,0). Not available on all platforms.

setpriority Process.setpriorityind, aninteger anintPriority) — O

SeeProcess#getpriority.

Process.setpriority(Process: :PRIO_USER, 0, 19)
Process.setpriority(Process::PRIO_PROCESS, 0, 19)
Process.getpriority(Process: :PRIO_USER, 0)
Process.getpriority(Process: :PRIO_PROCESS, 0)

setsid

Process.setsid> aFixnum

Establishes this process as a new session and process gaaolgp, with no controlling
tty. Returns the session id. Not available on all platforms.

Process.setsid — 19242

times

Process.times» aStructTms

Returns arms structure (se@truct: : Tms on page316) that contains user and system
CPU times for this process.

t = Process.times
[ t.utime, t.stime ] — [0.0, 0.0]

uid

Process.uid- aFixnum

iI‘OCGSS

Returns the user id of this process.

Process.uid — 603

uid=

Process.uidaninteger— aNumeric

Sets the (integer) user id for this process. Not availablalioplatforms.

wait

Process.wait-» aFixnum

Waits for any child process to exit and returns the process ithat child. Raises a
SystemError if there are no child processes. Not available on all platfr

Process.fork { exit 1; } — 19249
Process.wait — 19249

wait2

Process.wait2- anArray

Waits for any child process to exit and returns an array déoimg the process id and
the exit status of that child. RaiseSgstemError if there are no child processes.

Process.fork { exit 1 } — 19252
Process.wait?2 — [19252, #<Process::Status:
pid=19252,exited(1)>]

waitpid

Process.waitpiddPid, aninteger0 ) — aPid

Waits for the given child process to exiinintegermay be a logical or of the flag value
Process: :WNOHANG (do not block if no child available) oProcess: : WUNTRACED
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(return stopped children that haven't been reported). Ndlags are available on all
platforms, but a flag value of zero will work on all platforms.

include Process

pid = fork { sleep 3 } — 19255

Time.now —  Sun Nov 12 22:37:22 +0300 2006

waitpid(pid, Process::WNOHANG) — nil

Time.now —  Sun Nov 12 22:37:22 +0300 2006

waitpid(pid, 0) — 19255

Time.now —  Sun Nov 12 22:37:25 +0300 2006
waitpid2 Process.waitpid2{Pid, aninteger0 ) — anArray

Waits for the given child process to exit, returning thata’kiprocess id and exit status.
anintegemay be a logical or of the flag valrerocess: : WNOHANG (do not block if no
child available) oProcess: : WUNTRACED (return stopped children that haven't been
reported). Not all flags are available on all platforms, bflidg value of zero will work
on all platforms.
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Chapter 24

Ruby comes “out of the box” with a large and useful library adduales and classes.
This chapter contains a sampling of the more useful of these.
Interestingly, and unlike some of the code in later chapt@if these libraries are
written in Ruby. You'll find the source in theib subdirectory of the standard Ruby
distribution.

Class . require
Complex < Numeric e "complex”
require "complex"
vl = Complex(2,3) — Complex(2, 3)
v2 = 2.im —  Complex(0, 2)
vl + v2 —  Complex(2, 5)
vl * v2 —  Complex (-6, 4)
V2%*2 —  Complex(-4, 0)
Math.sin(v1) —  Complex(9.15449914691143, -4.16890695996656)
vl < v2 —  false
V2%k%2 == - —  true

Class constants
Complex::I 0+ 1;

Class methods

new Complex.newg, b)) — aComplex
Returnsa + b;.
In addition to theComplex.new constructor, th&€omplex library defines the method
Numeric.im, such tha@Numeric im returnsO + aNumerig. Complex numbers are
also constructed using the global metltathplex, which takes one or two arguments.
The value it returns depends on the type of its arguments:

D
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a b Result

Number  Number a+b;

Complex 0 a

Complex Complex Complex( a.real - b.image, a.image + b.real )
Number Complex Complex( a - b.image, b.real )

Instance methods

Arithmetic operations

Performs various arithmetic operationsamplx

cmplx + aNumeric— aComplex Addition

cmplx - aNumeric— aComplex Subtraction

cmplx *  aNumeric— aComplex Multiplication

cmplx /  aNumeric— aComplex Division

cmplx % aNumeric— aComplex Remainder

cmplx **  aNumeric— aComplex Exponentiation (real and complex power)

<=> cmplx<=>other— —1, 0, +1
Returncmplxabs<=> other.abs.

== cmplx==anObject— true or false
If anObjectis a complex number, returns-ue if its real and imaginary parts match
cmplx If anObjectis a simple number, returntsrue if cmplxreal equalsanObject
andcmplximage is zero. Otherwise, attempts to coeegebjectto a complex number
and compares the result.

abs cmplxabs— aFloat
Absolute value.

abs2 cmplxabs2— aFloat
Square of absolute value.

arg cmplxarg— aFloat
Argument (angle from (1,0)).

conjugate cmplxconjugate— aComplex
Complex conjugate.

image cmplximage— aNumeric
The imaginary part o€Emplx

polar cmplxpolar— anArray

Returns the two-element arrayg:§bs,c.arg].
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real cmplxreal— aNumeric
The real part oEmplx

to_f cmplxto_f— aComplex
ReturnsComplex(real.to_f, image.to_f).

to_i cmplxto_i— aComplex
ReturnsComplex(real.to_i, image.to_1i).

to r cmplxto_r— aComplex
ReturnsComplex(real.to_r, image.to_r), converting both parts of the complex
to a rational number.

to_s cmplxto_s— aString
String representation aimplx
In addition, theMath functionssqrt, exp, cos, sin, tan, log, log10, andatan2 are
extended to support@mplex argument.

Class require

Date < Object

require ’date’

d = Date.new(2000, 3, 31)
[d.year, d.yday, d.wday]
[d.month, d.mday]

[d.cwyear, d.cweek, d.cwday]
[d.jd, d.mjd]

(d << 1).to_s

d.succ.to_s

(d + 100).to_s

d.leap?

Date.new(2000, 3, -10).to_s
dl = Date.neww(2000, 13, 7)
dl.to_s

[d1.cwday, dl.wday]

I

lldatell

#<Date: 4903269/2,0,2299161>
[2000, 91, 5]

[3, 31]

[2000, 13, 5]

[2451635, 51634]
"2000-02-29"

"2000-04-01"

"2000-07-09"

true

"2000-03-22"

#<Date: 4903273/2,0,2299161>
"2000-04-02"

[7, 0]

Thedate library implements clasBate, which provides a comprehensive set of facil-
ities for storing, manipulating, and converting dates. doument its options, we need
to take a brief historical detour to establish some vocabula

Internally a date is stored as a Julian day number, the nuoflagalys since midday,
January 1st, 4713 BCEThe rules for converting a Julian day number to a calendar
date are complicated because the Romans estimated the tdragyear incorrectly. In

1. Inthe code, you may find references to the yedf12. As astronomical dates include a year zero,

4713 BCE is the same year asl712.
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the Julian calendar (often called Old Style, or O.S.), eyewr divisible by 4 is a leap
year. TheDate class has options to convert dates using this as an assumptio

By the sixteenth century, the inaccuracies in this measen¢fmad become apparent.
An edict from Pope Gregory Xlll in 1582 created the New StyeS.) or Gregorian
calendar, where years divisible by 100 were no longer leapsyanless they were also
divisible by 400. This system was adopted by most Catholimtrges immediately, but
religious differences held up a wider adoption. Englandli(several other countries)
switched in 1752, with some countries following later. Thee class allows you to
determine whether to implement the cutover in 1582 [ : : ITALY option), 1752
(Date: : ENGLAND), or another date of your choosing.

The Date class also provides conversions to Modified Julian Day (Mdmbers.
MJD values count from midnight, November 17, 1858. Becahssd values count
from midnight, not midday, there is a half-day added to theveosion factor.

The descriptions that follow use the abbreviations listedable24.1 on the facing
page.

ClassDate exports the constant arrapate: : MONTHNAMES andDate: : DAYNAMES,
which can be indexed bgnonandwday values to return the corresponding English
names.

TheDate class also provides low-level date-conversion methods:

ecivil_to_jd e jd_to_civil

e commercial_to_jd e jd_to_commercial
e ordinal_to_jd e jd_to_ordinal

e jd_to_mjd emjd_to_jd

These methods perform limited error checking of their pai@ns, and are not docu-
mented here. The somewhat confusingly nareetlst . . 7 routines perform conver-
sions from different formats into a Julian day number wittoechecking. These rou-
tines also automatically normalize their parameters.

Mixes in

Comparable:

<=, ==, >=, >, between?

Class methods

exist2?

Date.exist2?¢ear, yday, sg=Date: : ITALY) — jd

Converts gyearandydayinto a Julian day number, returnimgl1 on error.

exist?

Date.exist?{ear, mon mday sg=Date: : ITALY) — jd

Converts gyear, mon andmdayinto a Julian day number, aril if the parameters are
invalid.

existw?

Date.existw?¢year, cweekcwday sg=Date: : ITALY) — jd

Converts ayear, cweek andcwdayinto a Julian day number.
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Table 24.1. Abbreviations used describing dates
Field Meaning

cwday AnISO 8601 calendar weekday. 1 is Monday, 7 is Sunday.

cweek  An SO 8601 calendar week. Week 1 is the week contathmdjrst Thurs-
day (or equivalently the week that contains January 4th).

cwyear An ISO 8601 calendar-week-based year. May be diffdrem year, as it
rolls forward only on a Monday.

i ate

jd The Julian day number—the number of days since January1%8 BCE.
mday  The day of the month (1..31).

mjd A modified Julian day number.

mon The month of the year (1..12).

sg The start of the Gregorian correcti@ate: : ITALY (the default) for 1582,

Date: :ENGLAND for 1752, orJULIAN, meaning no correction. You may also
provide an arbitrary Julian day number for this parametewhich case the
correction will start from this date.

wday The day of the week (0 is Sunday).

week The week number into a year (1..53).

yday The day into the year (1..366).

year A year (1966, 2001, and the like).

gregorian_leap? Date.gregorian_leapyéar) — true or false

If yeardoes not end with “00”, returnsrue if yearis divisible by 4, otherwise returns
true if yearis divisible by 400.

julian_leap? Date.julian_leapfear) — true or false

Returnstrue if yearis divisible by 4.

leap? Date.leap?year) — true or false
Synonym foDate . gregorian_leap?.

new Date.newfear=—4712,morr1, mday-1, sg-Date: : ITALY) — aNewDate
Returns aDate for the givenyear, mon andmday If monis negative, it counts back
from the end of the year. thdayis negative, it counts back from the end of the month.

newl Date.newl(d, sg=Date: : ITALY) — aNewDate
Creates @ate corresponding to the given Julian day number.

new?2 Date.new2fear=—4712,yday=1,sg=Date: : ITALY) — aNewDate
Returns @ate for the givenyearandyday: If ydayis negative, it counts back from the
end of the year.

new3 Date.new3fear=—4712,morr1l, mday-1,sg-Date: : ITALY) — aNewDate

Synonym foiDate . new.
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neww Date.neww(year1582,cweek41,cwday5, sg-Date: : ITALY) — aNewDate

Returns aDate for the givencyear, cweek andcwday If cweekis negative, it counts
back from the end of the year. ¢fvdayis negative, it counts back from the end of the
week.

today Date.today6g=Date: : ITALY) — aNewDate

Returns @ate for today.

Instance methods

Accessors aDateyear— year
aDateyday— yday
aDatemjd — mjd
aDatemon— mon
aDatemonth— mon
aDatemday— mday
aDateday— mday
aDatecwyear— cwyear
aDatecweek— cweek
aDatecwday— cwday
aDatewday— wday

Returns the given componentabateas a number.

+ aDate+ aninteger— aNewDate

Returns a newate anlntegerdays fromaDate

- aDate- aninteger— aNewDate
aDate- anOtherDate— aninteger

The first form returns a newate anintegerdays beforeaDate The second form
returns the number of days betwesDateandanOtherDate

<< aDate<< aninteger— aNewDate

Returns a newate formed by subtractingnintegermonths toaDate adjusting the
mdayvalue back to the last day of the month if it otherwise excéeds

<=> aDate<=>anOther— —1, 0, +1

anOthermust be alumeric, in which case it is treated as a Julian day number, or a

Date. Returns—1, 0, +1 if aDateis less than, equal to, or greater themOther See
moduleComparable on page332

=== aDate===anOther— true or false

anOthermust be alumeric, in which case it is treated as a Julian day number, or a

Date. Returnstrue if the Julian day number anOtheris the same aaDate

>> aDate>> aninteger— aNewDate

Returns a newate formed by addin@nintegermonths tcaDate adjusting thenday
value back to the last day of the month if it otherwise excéeds
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downto aDatedownto(aDateMin) {| date | blockt — aDate
Invokes block with dates frormaDatedown toaDateMin

england aDateengland— aDate
Equivalent tcaDate. newsg(Date: : ENGLAND).

gregorian aDategregorian— aDate
Equivalent tcaDate. newsg (Date: : GREGORIAN).

italy aDateitaly — aDate
Equivalent tcaDate. newsg (Date: : ITALY).

jd aDatejd — jd
Returns the Julian day number fabate

julian aDatejulian — aDate
Equivalent toaDate. newsg (Date: : JULIAN).

leap? aDateleap?— true or false
Returnstrue if aDatefalls within a leap year.

mjd aDatemjd — mjd
Returns the Julian day numberaateconverted to a modified Julian day number.

newsg aDatenewsg(sg-Date: : ITALY ) — aNewDate
Returns a newate.

next aDatenext— aNewDate
Synonym foraDatesucc.

ns? aDatens?— true or false
Returnstrue if aDatefalls in the period of New Style dates.

0s? aDate0os?— true or false
Returnstrue if aDatefalls in the period of Old Style dates.

sg aDatesg— aninteger
Returns the Julian day number of the start of New Style datesDate

step aDatestep(aDateLimit step) {| date | blockt — aDate
Invokes block with dates starting aDate incrementing bystepdays, ending at the
first date greater thamDateLimit(less than for a negative step).

succ aDatesucc— aNewDate

Returns the date @Dateplus one day.
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to_s

aDateto_s— aString

Returnsself as “year-mon-mday.”

upto

aDateupto(aDateMax) { | date | block} — aDate

Library

English

require "English"
$0UTPUT_FIELD_SEPARATOR = ’> -- 2
"waterbuffalo" =~ /buff/

print $LOADED_FEATURES, $POSTMATCH, $PID, "\n"
print $", $’, $$, "\n"

produces:

English.rb -- alo -- 19282 --
English.rb -- alo -- 19282 --

Invokes block with dates fromDateto aDateMax

require

"English"

Include the English library file in a Ruby script, and you caference the global vari-
ables such a$_ using less cryptic names, listed in the following table.

$x
$?
$<
$>
$!
$e
$;
$.

L3
I~

$ARGV $"
$CHILD_STATUS $&
$DEFAULT_INPUT $.
$DEFAULT_OUTPUT $,
$ERROR_INFO $\
$ERROR_POSITION $\
$FIELD_SEPARATOR $,
$FS $$
$IGNORECASE $?
$INPUT_LINE_NUMBER $¢
$INPUT_RECORD_SEPARATOR $$
$LAST_MATCH_INFO $0
$LAST_PAREN_MATCH $/

$LAST_READ_LINE

$LOADED_FEATURES
$MATCH

$NR

$OFS

$ORS
$OUTPUT_RECORD_SEPARATOR
$OUTPUT_FIELD_SEPARATOR
$PID

$POSTMATCH

$PREMATCH

$PROCESS_ID
$PROGRAM_NAME

$RS
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Module

Find e nfing"

require "find"

Find.find("/etc/passwd", "/var/spool/lpi", ".") do |f]|
Find.prune if f == "."
puts £

end

produces:

/etc/passwd
/var/spool/lpl

TheFind module supports the top-down traversal of a set of file paths.

Module methods
find Find.find( ( aName)* ) {| aFileName | block

Calls the associated block with the name of every file ancttbirg listed as arguments,
then recursively on their subdirectories, and so on.

prune Find.prune

Skips the current file or directory, restarting the loop vifte next entry. If the current
file is a directory, that directory will not be recursivelytered. Meaningful only within
the block associated withind . find.

Class require

File < 10 "ftools"

require ’ftools’

File.copy ’testfile’, ’testfilel’ —  true
File.compare ’testfile’, ’testfilel’ —  true

TheFTools library adds several methods to the builFiti e class. These methods are
particularly useful to programs that move and copy fileshaginstallers.

Class methods
cmp File.cmp(namelname2verbosefalse ) — true Or false

Synonym forFile. compare.

compare File.comparefamel name2verbosefalse ) — true or false

Returnstrue only if the contents of fileeamelandnameZ2are identical.

copy File.copy(fromNametoNameverbosefalse ) — true Or false
Equivalentto calling'ile. syscopy, but logs the attempt thstderr if verbosds not
false.

cp File.cp(fromNametoNameverbosefalse ) — true Or false

Synonym forFile. copy.
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install File.install(fromNametoName aModernil, verbosefalse)

Copies filefromNameto file toNameusingFile.syscopy, unlesstoNamealready
exists and has the same contenfrasnName Sets the mode of the resulting file to
aModeunlessaModeis nil.

makedirs File.makedirs(({ dirName)* (, aBoolean) )

Creates the given directories, logging each attempstalerr if the last parameter is
true. Creates any missing parent directories as required.

mkpath File.mkpath(( dirName)* (, aBoolean) )

Synonym forFile .makedirs.

move File.move(fromNametoNameverbosefalse ) — true Or false

Effectively renameffomNameo toNamelogging to$stderr if verbosds notfalse.

mv File.mv(fromNametoNameverbosefalse ) — true or false

Synonym forFile.move.

rm_f File.rm_f( ( fileName)* (, aBoolean) ) — aninteger

Synonym folFile.safe_unlink (the name refers to the Unba -f command).

safe_unlink File.safe_unlink(( fileName)* (, aBoolean) ) — anintegerornil

Unlinks (deletes) the given files, logging$etderr if the last parameter isrue. The
method attempts to make all files writable before unlinkingm, so no errors will
occur deleting read-only files. Returns the number of fildstdd, omil on error.

syscopy File.syscopyfromNametoName) — true or false

Efficiently copies the file nameflomNameto toName If toNamenames a directory,
the destination will be a file in that directory with the sansséname akomName
After the copy, the file mode dbNamewill be the same as that domNameReturns
true ON SUCCESS.
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require

"getoptlong"

GetoptLong < Object

# Call using "ruby example.rb --size 10k -v -q a.txt b.doc"
require ’getoptlong’

# specify the options we accept and initialize
# the option parser

opts = GetoptLong.new(

ietoptlong

[ "--size", "_g", GetoptLong: :REQUIRED_ARGUMENT ],
[ "--verbose", "-v", GetoptLong: : NO_ARGUMENT 1],

[ "--query", "-q", GetoptLong: :NO_ARGUMENT 1],

[ "--check", "--valid", "-c", GetoptLong::NO_ARGUMENT ]

)
# process the parsed options

opts.each do |opt, argl
puts "Option: #{opt}, arg #{arg.inspect}"
end

puts "Remaining args: #{ARGV.join(’, ’)}"
produces:

Option: --size, arg "10k"
Option: --verbose, arg ""
Option: --query, arg ""
Remaining args: a.txt, b.doc

ClassGetoptLong supports GNU-style command-line option parsing. Optioay ive
a minus sign (‘-") followed by a single character, or two nsrsigns (‘- -) followed by
aname (along option). Long options may be abbreviated ipghertest unambiguous
lengths.

A single internal option may have multiple external repreagons. For example, the
option to control verbose output could be any-of --verbose, or --details. Some
options may also take an associated value.

Each internal option is passed tetoptLong as an array, containing strings repre-
senting the option’s external forms and a flag. The flig@ ARGUMENT, REQUIRED_
ARGUMENT, or OPTIONAL_ARGUMENT) specifies howGetoptLong is to associate an
argument with the option.

If the environment variablBOSIXLY_CORRECT is set, all options must precede nonop-
tions on the command line. Otherwise, the default beha¥ieetoptLong is to reorga-
nize the command line to put the options at the front. ThisalElr may be changed by
settingGetoptLong#ordering=to one of the constanBERMUTE, REQUIRE_ORDER,

or RETURN_IN_ORDER. POSIXLY_CORRECT may not be overridden.

Class constants
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Per-option constants

NO_ARGUMENT Flags an option that takes no argument.

OPTIONAL_ARGUMENT A nonoption following this option will be used as this
option’s argument.

REQUIRED_ARGUMENT This option must be followed by an argument.

Overall constants

PERMUTE Options and their arguments will be shuffled to the front of
the command line.

REQUIRE_ORDER Options and their arguments must appear at the start of the
command line. The first nonoption terminates option pro-
cessing.

RETURN_IN_ORDER Return options in the order in which they occur on the com-
mand line.

Class methods

new GetoptLong.new(( options)* ) — getopt

Returns a new option parser. Anptionsare passed tgetoptset_options.

Instance methods
each getopteach {anOption, anArgument| blogk

Loops callingGetoptLong#get, passing the returned option and argument to the asso-
ciated block. The loop ends wheget returnsnil for anOption

error? getopterror?— anException

Returns arException object documenting any error that has occurredyidrif there
has not been an error.

error_message getopterror_message> aString

Returns the text of the last error message.

get getoptget— [ anOption anArgument

Returns the next option, along with any associated argunfeahere is no argument,
nil is returned foranArgumentlf there are no remaining unprocessed options, or if
there is an error in option processing apdiet has been sehil is returned foran-
Option Otherwise, if there is an error, a message is writte$stoderr and an excep-

tion (a subclass @tandardError) is raised.

The option string returned is the first option that was givethie corresponding array
passed tget_options.

get_option getoptget_option— [ anOption anArgument

Synonym forGetoptLong#get.
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ordering getoptordering— aFixnum
Returns the current ordering.
ordering= getoptordering =aFixnum

Sets the ordering to one BERMUTE, REQUIRE_ORDER, or RETURN_IN_ORDER. Quietly
ignored if the environment variabROSIXLY_CORRECT is set. Ordering may not be
changed once option processing has been started.

quiet getoptquiet— true or false

Returns the current value of thgiet attribute.

ietoptlong

quiet= getoptquiet =true or false

Sets the current value of theniet attribute. If false, any errors encountered are
reported tofstderr.

quiet? getoptquiet?— true or false

Synonym forGetoptLong#quiet.

set_options getoptset_options(( anOptArray)* ) — getopt

Each parameter is an array specifying a single internabopiihe array contains one
or more strings specifying the external form(s) of the aptiand one of the flags
NO_ARGUMENT, OPTIONAL_ARGUMENT, or REQUIRED_ARGUMENT. See the sample code
on page373for examples of use.

terminate getoptterminate— getopt

Terminates option processing. Any remaining arguments/eten back toARGV. This
may be called from within &etoptLong#each or on its own. For example, calling
the following program usingruby example.rb -size 10k -v -term -q a.txt
b.doc” will leave the -q and filenames iARGV.

require ’getoptlong’
opts = GetoptLong.new(

[ "--size", "_g", GetoptLong: :REQUIRED_ARGUMENT ],
[ "--verbose", "-v", GetoptLong: : NO_ARGUMENT 1],

[ "--term", "ot GetoptLong: :NO_ARGUMENT 1],

[ "--query", "-q", GetoptLong: :NO_ARGUMENT 1],

[ "--check", "--valid", "-c", GetoptLong::NO_ARGUMENT ]

)

opts.each do |opt, arg]
puts "Option: #{opt}, arg #{arg.inspect}"
opts.terminate if (opt == ’--term’)

end

puts "Remaining args: #{ARGV.join(’, ’)}"

produces:

Option: --size, arg "10k"
Option: --verbose, arg ""
Option: --term, arg ""

Remaining args: -q, a.txt, b.doc
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terminated? getoptterminated?- true or false

Returnstrue if option processing has been terminated.

Module require

mkmf "mkmf"

Themknf library is used by Ruby extension modules to help crdatefiles. When
writing an extension, you create a program namegt¢onf . rb”, which may be as
simple as:

require ’mkmf’
create_makefile("Test")

When run, this script will produceMdakefile suited to the target platformkmf con-
tains several methods you can use to find libraries and iediles and to set compiler
flags.

For more information on creating extension modules, se@t@ha7, which begins on
pagel43

Module constants

PLATFORM A constant string that describes the platform on which Ruby
is running, such as “mswin32” or “i686-linux.”

$CFLAGS  Global variable for compiler flags.

$LDFLAGS Global variable for linker flags.

Instance methods
create_makefile create_makefilgarget)

Creates alakefile for an extension nametrget If this method is not called, no
Makefileis created.

dir_config dir_config(name)

Looks for directory configuration options famamegiven as arguments to this program
or to the original build of Ruby. These arguments may be one of

--with-namedir=directory
--with-name include=directory
--with-name lib=directory

The given directories will be added to the appropriate $epaths (include or link) in
theMakefile.

find_library find_library(name function ( path)™ ) — true or false

Same akave_library, but will also search in the given directory paths.

have_func have_funcfunction) — true or false

If the named function exists in the standard compile envirent, adds the directive
-DHAVE_FUNCTIONTto the compile command in theakefile and returnsrue.
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have_header have_headelfeader) — true or false

If the given header file can be found in the standard seardh pdtds the directive
-DHAVE_HEADERto the compile command in theakefile and returngrue.

have_library have_library(ibrary, function) — true or false

If the given function exists in the named library, which mesist in the standard search
path or in a directory added withir _config, adds the library to the link command in
theMakefile and returngrue.

Module require

ParseDate "parsedate”

TheParseDate module defines a single meth@rseDate . parsedate, which con-
verts a date and/or time string into its constituents. Isusauristics that handle a wide
variety of date and time formats, including a subset of ISO18&nixctime, and most
common written variants. The following table shows someamgxas.

String Guess? yy mm dd hh min sec zone wd

1999-09-05 23:55:21+0900 F 1999 9 5 23 55 21 +0900 -

1983-12-25 F 1983 12 25 - - - - - 2

1965-11-10 T13:45 F 1965 11 10 13 45 - - - g

10/9/75 1:30pm F 75 10 9 13 30 - - - 5

10/9/75 1:30pm T 1975 10 9 13 30 - - - _
Mon Feb 28 17:15:49 CST 2000 F 2000 2 28 17 15 49 CST 1

Tue, 02-Mar-99 11:20:32 GMT F 99 3 2 11 20 32 GMT 2
Tue, 02-Mar-99 11:20:32 GMT T 1999 3 2 11 20 32 GMT 2

12-January-1990, 04:00 WET F 1990 1 12 4 0 - WET -
4/3/99 F 929 4 3 - - - - -
4/3/99 T 1999 4 3 - - - - -
10th February, 1976 F 1976 2 10 - - - - -
March 1st, 84 T 1984 3 1 - - - - -
Friday F - - - - - - - 5

Module methods

parsedate ParseDate.parsedasebtring guessYearfalse )
— [ year, mon mday hour, min, se¢ zone wday]

Parses a string containing a date and/or a time, returnirggray ofFixnum objects
containing the various componentsil is returned for fields that cannot be parsed
from aString If the result contains a year that is less than 100 guneksYears true,
parsedate will return a year value equal tgearplus 2000 ifyearis less than 69ear
plus 1900 otherwise.
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Library require

profile "profile”

The profile library prints to$stderr a summary of the number of calls to, and
the time spent in, each method in a Ruby program. The outpadried by the total
time spent in each method. Profiling can be enabled from thewand line using the
-rprofile option, or from within a source program by requiring th®file module.

require ’profile’
def ackerman(m, n)
if m == 0 then n+1

elsif n == 0 and m > O then ackerman(m-1, 1)
else ackerman(m-1, ackerman(m, n-1))
end

end

ackerman(3,3)

produces:
% cumulative self self total
time seconds seconds calls ms/call ms/call name
72.73 0.64 0.64 2432 0.26 11.03 Object#ackerman
11.36 0.74 0.10 3676 0.03 0.03 Fixnum#==
9.09 0.82 0.08 2431 0.03 0.03 Fixnum#-
6.82 0.88 0.06 1188 0.05 0.05 Fixnum#+
0.00 0.88 0.00 57 0.00 0.00 Fixnum#>
0.00 0.88 0.00 1 0.00 0.00 Module#tmethod_added
0.00 0.88 0.00 1 0.00 880.00 #toplevel

Class require

PStore < Object

"pstore”

ThePStore class provides transactional, file-based persistentgtarBRuby objects.
The following example stores two hierarchies in a PStore fliist, identified by the

W

key “names”, is an array of Strings. The second, identified Iyrée”, is a simple
binary tree.

require "pstore"

class T
def initialize(val, left=nil, right=nil)
Q@val, @left, Q@right = val, left, right
end
def to_a
[ @val, @left.to_a, @right.to_a ]
end
end

store = PStore.new("/tmp/store")
store.transaction do
store[’names’] = [ ’Douglas’, ’Barenberg’, ’Meyer’ ]
store[’tree’] = T.new(’top’,
T.new(’A’, T.new(’B’)),
T.new(’C’, T.new(’D’, nil, T.new(’E’))))
end

# now read it back in
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store.transaction do
puts "Roots: #{store.roots.join(’, ’)}"
puts store[’names’].join(’, ?)
puts store[’tree’].to_a.inspect

end

produces:

Roots: names, tree
Douglas, Barenberg, Meyer

("top", ["A*, ['8B", (I, 011, (11, C('cv, (D", 01, ['E", (1, (111, [11]

EachPStore can store several object hierarchies. Each hierarchy hast gdentified

by a key (often a string). At the start oP&tore transaction, these hierarchies are read
from a disk file and made available to the Ruby program. At titea the transaction,
the hierarchies are written back to the file. Any changes n@aadéjects in these hier-
archies are therefore saved on disk, to be read at the sttré ofext transaction that
uses that file.

In normal use, &Store object is created and then is used one or more times to control
a transaction. Within the body of the transaction, any dbjéerarchies that had pre-
viously been saved are made available, and any changesact bigrarchies, and any
new hierarchies, are written back to the file at the end.

Class methods
new PStore.new@Filename) — aPStore

Returns a newStore object associated with the givenfile. If the file exists, datents
must have been previously written Bgtore.

Instance methods
[] pStoré anObjeci] — anOtherObject

Root Access—Returns the root of an object hierarchy idexitlliyanObject An excep-
tion is raised ifanObjectdoes not identify a root.

[= pStorg anObject] = anOtherObject— anOtherObject

Root Creation—SetanOtherObjechs the base of the object hierarchy to be identified
usinganObject

abort pStoreabort

Terminates this transaction, losing any changes made tbjeet hierarchies.

commit pStorecommit

Terminates the current transaction, saving the objecattbies into the store’s file.

path pStorepath— aString

Returns the name of the file associated with this store.
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root? pStoreroot?(anObject) — true or false

Returnstrue if anObjectis the key of a root in this store.

roots pStoreroots— anArray

Returns an array containing the keys of the root objectdaaiin this store.

transaction pStoretransaction [pStorg block} — anObject

If the file associated witlpStoreexists, reads in the object hierarchies from it. It then
executes the associated block, passingSiore The block may use this parameter to
access the roots of the hierarchies and hence access timgrgrsbjects. If the block
callsPStore#abort, or if it raises an exception, no data is saved back to thecasd
file. Otherwise, if it invoke®Store#commit, or if it terminates normally, the object
hierarchies are written back to the file. The value retursetié value returned by the
block.

Class require

Tempfile < [IO] "tempfile”

require "tempfile"

tf = Tempfile.new("afile")

tf.path —  "/usr/src/tmp/afile.19335.0"
tf.puts("Cosi Fan Tutte") — nil

tf.close — nil

tf.open —  #<File:/usr/src/tmp/afile.19335.0>
tf.gets —  "Cosi Fan Tutte\n"

tf.close(true) —  #<File:/usr/src/tmp/afile.19335.0

(closed)>

ClassTempfile creates managed temporary files. Although they behave the aa
any otherI0 objects, temporary files are automatically deleted wherRhby pro-
gram terminates. OnceTemp£ ile object has been created, the underlying file may be
opened and closed a number of times in succession.

Tempfile does not directly inherit frorn0. Instead, it delegates calls t&ale object.
From the programmer’s perspective, apart from the unuse@l open, and close
semantics, &empfile object behaves as if it were aa object.

Class methods
new Tempfile.newpasenamgmpdir=<see below> )}~ aTempfile

Constructs a temporary file in the given directory. The filmeas built by concatenat-
ing basenamgthe current process id and (as an extension) a unique segnember.

If the tmpdir parameter is not supplied, it defaults to the value of one®&nvironment
variablesTMPDIR, TMP, or TEMP, or to the directory tmp.

The file is then opened using mode “w+”, which allows readingd ariting and deletes
any existing content (see Tat#1&€.2on page280).
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open Tempfile.openpasenamgmpdir) — aTempfile
Synonym forTempfile.new.
Instance methods
close aTempfileclose(final=false)

ClosesaTempfile If final is true, deletes the underlying real file. fihal is false,
aTempfilemay be subsequently reopened. In all cases, the underlyings fieleted
when the program terminates.

open aTempfileopen

ReopensaTempfileusing mode “r+”, which allows reading and writing but doeg no
delete existing content.

path aTempfilepath— aString

Returns the full path of the underlying file.

require

"thread"

Mutex < Object

require ’thread’
semad4d = Mutex.new

a = Thread.new {
sema4.synchronize {
# access shared resource

}
}

b = Thread.new {
sema4.synchronize {
# access shared resource
}
}

Mutex implements a simple semaphore that can be used to coordiczdss to shared
data from multiple concurrent threads.

Instance methods
lock aMutexlock — aMutex

Attempts to grab the lock and waits if it isn't available.

locked? aMutexlocked?— true or false
Returnstrue if this lock is currently held by some thread.

synchronize aMutexsynchronize {plock} — aMutex

Obtains a lock (usingiutex#lock), runs the block, and releases the lock when the
block completes.
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try_lock aMutextry_lock— true or false

Attempts to obtain the lock and returns immediately. Returiue if the lock was
granted.

unlock

aMutexunlock— aMutexornil
Releases the lock. Returasl if aMutexwasn't locked.

require

ConditionVariable < Object

"thread"

Ihread

require ’thread’
mutex = Mutex.new
resource = ConditionVariable.new

a = Thread.new {
mutex.synchronize {
# Thread ’a’ now needs the resource
resource.wait (mutex)
# ’a’ can now have the resource
}
}
b = Thread.new {
mutex.synchronize {
# Thread ’b’ has finished using the resource
resource.signal
}
}

ConditionVariable objects augment claséitex. Using condition variables, it is
possible to suspend while in the middle of a critical sectiatil a resource becomes
available (see the discussion on pa@8).

Instance methods

broadcast aCondbroadcast

Wakes up all threads waiting for this lock.

signal

aCondsignal

Wakes up the first thread in line waiting for this lock.

wait

aCondwait(aMutex) — aMutex

Releases the lock held aMutexand waits; reacquires the lock on wakeup.



Copyright 2006 Addison Wesley Longman, Inc t‘j
TIMEOUT < 383 —P

Library require

"timeout"

timeout

require "timeout"

for snooze in 1..2
puts "About to sleep for #{snoozel}"
timeout(1.5) do
sleep(snooze)
end
puts "That was refreshing"
end

produces:

About to sleep for 1

That was refreshing

About to sleep for 2

/usr/share/ruby/1.8/timeout.rb:54: execution expired (Timeout::Error)
from /usr/share/ruby/1.8/timeout.rb:56:in ~timeout’

from /usr/share/ruby/1.8/timeout.rb:76:in ~timeout’

from prog.rb:5

from prog.rb:3:in “each’

from prog.rb:3

The timeout method takes a single parameter, representing a timeoigdparsec-
onds, and a block. The block is executed, and a timer is runwoently. If the block
terminates before the timeoutimeout returnstrue. Otherwise, @&limeoutError

exception is raised.

require

€% \WeakRef < Delegator ‘weakref"

require "weakref"

ref = "fol de rol"

puts "Initial object is #{ref}"
ref = WeakRef.new(ref)

puts "Weak reference is #{ref}"
ObjectSpace.garbage_collect
puts "But then it is #{ref}"

weakref

produces:

Initial object is fol de rol
Weak reference is fol de rol
But then it is fol de rol

In Ruby, objects are not eligible for garbage collectiorhiére are still references to
them. Normally, this is a Good Thing—it would be disconamgtio have an object
simply evaporate while you were using it. However, somesityeu may need more
flexibility. For example, you might want to implement an iremory cache of com-
monly used file contents. As you read more files, the cachegyrAixvsome point, you

may run low on memory. The garbage collector will be invokadt,the objects in the

cache are all referenced by the cache data structures, amitl sot be deleted.

A weak reference behaves exactly as any normal object referwith one important
exception—the referenced object may be garbage colleeteh, while references to
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it exist. In the cache example, if the cached files were aedassing weak references,
once memory runs low they will be garbage collected, fre@iggnory for the rest of
the application.

Weak references introduce a slight complexity. As the dbgferenced can be deleted
by garbage collection at any time, code that accesses tlgsetomust take care to
ensure that the references are valid. Two techniques casdik Eirst, the code can
reference the objects normally. Any attempt to referenazogect that has been garbage
collected will raise a&eakRef : :RefError exception.

An alternative approach is to use tiakRef#weakref_alive? method to check that
a reference is valid before using it. Garbage collectiontrhaglisabled during the test
and subsequent reference to the object. In a single-thdgadgram, you could use
something like:

ref = WeakRef.new(someObject)
#
# .. some time later
#
gcWasDisabled = GC.disable
if ref.weakref_alive?
# do stuff with ’ref’
end
GC.enable unless gcWasDisabled

Class methods

new

WeakRef.newénObject) — ref

Creates and returns a weak referencari®bject All future references t@nObject
should be made usingf.

Instance methods

weakref_alive? ref.weakref alive?— true or false

Returnsfalse if the object referenced bef has been garbage collected.
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Chapter 25

Object-Oriented Design
Libraries

One of the interesting things about Ruby is the way it bluesdistinction between
design and implementation. Ideas that have to be exprestieel design level in other
languages can be implemented directly in Ruby.

To help in this process, Ruby has support for some desigel-$¢rategies.

e The Visitor pattern (Design Patterns({HJV91) is a way of traversing a collec-
tion without having to know the internal organization oftthallection.

e Delegationis a way of composing classes more flexibly and dynamicaéiy ttan
be done using standard inheritance.

e The Singleton patternis a way of ensuring that only one instantiation of a par-
ticular class exists at a time.

e The Observer patternimplements a protocol allowing one object to notify a set
of interested objects when certain changes have occurred.

Normally, all four of these strategies require explicit eoghch time they’re imple-
mented. With Ruby, they can be abstracted into a library anded freely and trans-
parently.

Before we get into the proper library descriptions, let'sthe simplest strategy out of
the way.

The Visitor Pattern

It's the methodkach.

<« 385 P
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require

Y delegate "delegate”

Object delegation is a way abmposingbjects—extending an object with the capabil-
ities of another—at runtime. This promotes writing flexibdecoupled code, as there
are no compile-time dependencies between the users of dralbelass and the dele-
gates.

The RubyDelegator class implements a simple but powerful delegation scheme,
where requests are automatically forwarded from a maséssdb delegates or their
ancestors, and where the delegate can be changed at ruritmeesingle method call.

Thedelegate.rb library provides two mechanisms for allowing an object towfard
messages to a delegate.

1. For simple cases where the class of the delegate is fixethge for the master
class to be a subclass bélegateClass, passing the name of the class to be
delegated as a parameter (Example 1). Then, in your classtsialize method,
you'd call the superclass, passing in the object to be detdg&or example, to
declare a clas8red that also supports all the methodsEbintstone, you'd
write

class Fred < DelegateClass(Flintstone)
def initialize
#o...
super (Flintstone.new(...))
end
# ...
end

This is subtly different from using subclassing. With sassling, there is only one
object, which has the methods and the defined class, itstparehtheir ancestors.
With delegation there are two objects, linked so that callsrte may be delegated
to the other.

2. For cases where the delegate needs to be dynamic, makeasgterrolass a sub-
class ofSimpleDelegator (Example 2). You can also add delegation capabilities
to an existing object usingimpleDelegator (Example 3). In these cases, you
can call the_ _setobj _ _ method inSimpleDelegator to change the object
being delegated at runtime.

Example 1.Use theDelegateClass method and subclass the result when you need
a class with its own behavior that also delegates to an objemtother class. In this
example, we assume that tbeizeInInches array is large, So we want only one copy
of it. We then define a class that accesses it, convertingatues to feet.

require ’delegate’
sizeInInches = [ 10, 15, 22, 120 ]

class Feet < DelegateClass(Array)
def initialize(arr)
super (arr)
end
def [](*n)
val = super (*n)
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case val.class
when Numeric; val/12.0
else; val.collect {lil| i1/12.0}
end
end
end

sizeInFeet = Feet.new(sizeInInches)

sizeInInches[0..3] — [10, 15, 22, 120]

sizeInFeet[0..3] — [0.833333333333333, 1.25, 1.83333333333333,
10.0]

Example 2.Use subclasSimpleDelegator when you want an object that both has its
own behavioand delegates to different objects during its lifetime. Thiaisexample
of the State patteriafHJV99. Objects of clas§icket0ffice sell tickets if a seller is
available, or tell you to come back tomorrow if there is ndesel

require ’delegate’

class TicketSeller
def sellTicket()
return ’Here is a ticket’
end
end

class NoTicketSeller
def sellTicket()
"Sorry-come back tomorrow"
end
end

class TicketOffice < SimpleDelegator
def initialize
@seller = TicketSeller.new
Onoseller = NoTicketSeller.new
super (@seller)
end
def allowSales(allow = true)
__setobj__(allow 7 @seller : @noseller)
allow
end
end

to = TicketOffice.new

to.sellTicket —  "Here is a ticket"
to.allowSales(false) — false
to.sellTicket —  "Sorry-come back tomorrow"
to.allowSales(true) —  true

—

to.sellTicket "Here is a ticket"

Example 3.CreateSimpleDelegator objects when you want a single object to dele-
gate all its methods to two or more other objects.
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# Example 3 - delegate from existing object
seller = TicketSeller.new

noseller = NoTicketSeller.new

to = SimpleDelegator.new(seller)
to.sellTicket — "Here’s a ticket"
to.sellTicket —  "Here’s a ticket"
to.__setobj__(noseller)

to.sellTicket —  "Sorry-come back tomorrow"
to.__setobj__(seller)
to.sellTicket —  "Here’s a ticket"
Library require n
observer observer

The Observer patteri[HJV99, also known as Publish/Subscribe, provides a simple
mechanism for one object to inform a set of interested thay objects when its state
changes.

In the Ruby implementation, the notifying class mixes in uservable module,
which provides the methods for managing the associated\arsgbjects.

add_observedpj) Add objas an observer on this objeobj will now receive
notifications.

delete_observenpj) Deleteobj as an observer on this object. It will no longer
receive notifications.

delete_observers Delete all observers associated witloliect.

count_observers Return the count of observers associdtiethig object.

changedtewStatetrue) Set the changed state of this object. Notifications will be
sent only if the changed statetisue.

changed? Query the changed state of this object.

notify _observergargs) If this object’s changed state is true, invoke thglate
method in each currently associated observer in turn, pass-
ing it the given arguments. The changed state is then set to
false.

The observers must implement tigdate method to receive notifications.

require "observer"

class Ticker # Periodically fetch a stock price
include Observable

def initialize(symbol)
@symbol = symbol
end
def run
lastPrice = nil
loop do
price = Price.fetch(@symbol)
print "Current price: #{price}\n"
if price != lastPrice
changed # notify observers
lastPrice = price
notify_observers(Time.now, price)
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end
end
end
end

class Warner
def initialize(ticker, limit)

Q@limit = limit
ticker.add_observer (self)
end

end

class WarnLow < Warner
def update(time, price)
if price < @limit
print "--- #{time.to_s}:
end
end
end

class WarnHigh < Warner
def update(time, price)
if price > @limit
print "+++ #{time.to_s}:
end
end
end
ticker = Ticker.new("MSFT")
WarnLow.new(ticker, 80)
WarnHigh.new(ticker, 120)
ticker.run

produces:

Current price: 83
Current price: 75
--- Sun Nov 12
Current price: 90
Current price: 134
+++ Sun Nov 12
Current price: 134
Current price: 112
Current price: 79
--- Sun Nov 12

22:37:30 +0300 2006: Price above 120:

OBSERVER

# all warners are observers

# callback for observer

Price below #@limit: #{price}\n"

# callback for observer

Price above #@limit: #{price}\n"

22:37:30 +0300 2006: Price below 80: 75

134

22:37:30 +0300 2006: Price below 80: 79

<« 389
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require

singleton "singleton”

The Singleton design patteraHJV/99 ensures that only one instance of a particular
class may be created.

Thesingleton library makes this simple to implement. Mix ti$éngleton module
into each class that is to be a singleton, and that classismethod will be made
private. In its place, users of the class call the methagtance, which returns a
singleton instance of that class.

In this example, the two instancesfClass are the same object.

require ’singleton’

class MyClass
include Singleton
end

[V
|

= MyClass.instance —  #<MyClass:0x402966£8>
MyClass.instance —  #<MyClass:0x402966f8>
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Chapter 26

Network and Web Libraries

Ruby provides two levels of access to network services. Analével, you can access
the basic socket supportin the underlying operating systérich allows you to imple-
ment clients and servers for both connection-oriented amh@ctionless protocols.
These are documented in the next section.

Ruby also has libraries that provide higher-level accessptxific application-level
network protocols, such as FTP, HTTP, and so on. These arerdoted starting on
page40L

Finally, the CGI libraries, documented beginning on pad/e4, provide server-side
developers with a convenient interface for developing Wetlieations.

Socket-Level Access

Sockets are the endpoints of a bidirectional communicatirannel. Sockets may
communicate within a process, between processes on thersagtene, or between
processes on different continents. Sockets may be impletdever a number of dif-
ferent channel types: Unix domain sockets, TCP, UDP, andhsdloe socket library
provides specific classes for handling the common transpsrivell as a generic inter-
face for handling the rest. All functionality in the sockietrairy is accessible through a
single extension library. Access it using

require ’socket’
Sockets have their own vocabulary:

domain The family of protocols that will be used as the transport ina@ism. These
values are constants suchr¥s INET, PF_UNIX, PF_X25, and so on.

type The type of communications between the two endpoints, &iyiS0CK_STREAM
for connection-oriented protocols aBdCK_DGRAM for connectionless protocols.

protocol Typically zero, this may be used to identify a variant of atpool within a
domain and type.

hostName The identifier of a network interface:

<« 391 P
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e astring, which can be a host name, a dotted-quad address|RY6é address
in colon (and possibly dot) notation,

e the string “<broadcast>", which specifies 20MADDR_BROADCAST address,
e a zero-length string, which specifiESADDR_ANY, or
e anInteger, interpreted as a binary address in host byte order.

port (sometimes calledervice) Each server listens for clients calling on one or more
ports. A port may be &ixnum port number, a string containing a port number, or
the name of a service.

Sockets are children of clag8. Once a socket has been successfully opened, the con-
ventional I/O methods may be used. However, greater effigisnsometimes obtained

by using socket-specific methods. As with other I/O classesket 1/0 blocks by
default. The hierarchy of the socket classes is shown inrEigL.1on the facing page.

For more information on the use of sockets, see your operafstem documenta-
tion. You'll also find a comprehensive treatment in W. Rich&tevensinix Network
Programming, Volumes 1 and[2te983Ste98]).

Class require

BasicSocket < 10 "socket"
BasicSocket is an abstract base class for all other socket classes.

This class and its subclasses often manipulate addresses amnething called a
struct sockaddr, which is effectively an opaque binary strihg.

Class methods
do_not_reverse_lookup BasicSocket.do_not_reverse_lookuptrue or false

Returns the value of the global reverse lookup flag. If setrtioe, queries on remote
addresses will return the numeric address but not the host na

do_not_reverse_lookup= BasicSocket.do_not_reverse_lookuprue or false

Sets the global reverse lookup flag.

lookup_order BasicSocket.lookup_ordes aFixnum

Returns the global address lookup order, one of:

Order Families Searched

LOOKUP_UNSP AF_UNSPEC
LOOKUP_INET AF_INET, AF_INET6, AF_UNSPEC
LOOKUP_INET6 AF_INET6, AF_INET, AF_UNSPEC

1.  Inreality, it maps onto the underlying C-languagieruct sockaddr set of structures, documented
in the man pages and in the books by Stevens.
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i ) )
Figure 26.1. Socket class hierarchy
BasicSocket
N IPSocket
TCPSocket
SOCKSSocket
TCPServer
UDPSocket
M UNIXSocket
— UNIXServer
— Socket
. J
lookup_order= BasicSocket.lookup_orderaFixnum
Sets the global address lookup order.
Instance methods
close_read sockclose_read- nil
Closes the readable connection on this socket.
close_write sockclose write— nil

Closes the writable connection on this socket.

getpeername sockgetpeername- aString
Returns thestruct sockaddr structure associated with the other end of this socket
connection.

getsockname sockgetsockname- aString

Returns thestruct sockaddr structure associated witock

getsockopt sockgetsockopt(evel optnamé — aString

Returns the value of the specified option.

recv sockrecv(len, (, flags) ) — aString

Receives up tten bytes fromsock

send socksend(@String flags (,to) ) — aFixnum

SendsaStringoversock If specifiedfois astruct sockaddr specifying the recipient
addressflagsare the sum or one or more of tiNgG_ options (listed on pag@99).
Returns the number of characters sent.

setsockopt socksetsockoptlevel optnameoptval) — 0

Sets a socket optiotevelis one of the socket-level options (listed on pd@€). opt-
nameandoptvalare protocol specific—see your system documentation faildet
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shutdown sockshutdownhow=2) — 0

Shuts down the receivéa¢w== 0), or sendlfow== 1), or both fiow== 2), parts of
this socket.

Class require

IPSocket < BasicSocket 'socket"

ClassIPSocket is a base class for sockets using IP as their transpé®Bocket and
UDPSocket are based on this class.

Class methods
getaddress IPSocket.getaddresBfstNamg — aString
Returns the dotted-quad IP addrestio$tName

a = IPSocket.getaddress(’www.ruby-lang.org’)
a

Instance methods
addr sockaddr— anArray

Returns the domain, port, name, and IP addressookas a four-element array. The
name will be returned as an address if foenot_reverse_lookup flag istrue.

u = UDPSocket.new

u.bind(’localhost’, 8765)

u.addr — ["AF_INET", 8765, "localhost.localdomain", "127.0.0.1"]
BasicSocket.do_not_reverse_lookup = true

u.addr — ["AF_INET", 8765, "127.0.0.1", "127.0.0.1"]

peeraddr sockpeeraddr— anArray

Returns the domain, port, name, and IP address of the peer.

require

Cl n "
** TCPSocket < IPSocket socket
t = TCPSocket.new(’localhost’, ’ftp’)
t.gets
t.close
Class methods
gethostbyname TCPSocket.gethostbynantegstNameg — anArray

Looks uphostNamend returns its canonical name, an array containing anyesjahe
address typeAF_INET), and the dotted-quad IP address.

a = TCPSocket.gethostbyname (’ns.pragprog.com’)
a — ["mike.pragprog.com", [], 2, "198.145.243.54"]
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new TCPSocket.newfostNameport ) — sock
Opens a TCP connection bmstNamen theport.
open TCPSocket.opertf{ostNameport ) — sock
Synonym forTCPSocket . new.
Instance methods
recvfrom sockrecvfrom(len (, flags) ) — anArray

Receives up téen bytes on the connectioflagsis zero or more of th&SG_ options
(listed on pag&99). Returns a two-element array. The first element is thevedalata,
the second is an array containing information about the. peer

t = TCPSocket.new(’localhost’, ’ftp’)

data = t.recvfrom(30)
data

require

“*°  SOCKSSocket < TCPSocket "socket"

ClassSO0CKSSocket supports connections based on the SOCKS protocol.

Class methods
new SOCKSSocket.newfostNameport ) — sock

Opens a SOCKS connectiongort on hostName

open SOCKSSocket.opefostNameport ) — sock

Synonym forSO0CKSSocket . new.

Instance methods
close sockclose— nil
Closes this SOCKS connection.
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Class require

TCPServer < TCPSocket 'socket"

A TCPServer accepts incoming TCP connections. Here is a Web serveristens on
a given port and returns the time.

require ’socket’

port = (ARGV[O] || 80).to_i

server = TCPServer.new(’localhost’, port)

while (session = server.accept)
puts "Request: #{session.getsl}"
session.print "HTTP/1.1 200/0K\r\nContent-type: text/html\r\n\r\n"
session.print "<html><body><h1>#{Time.now}</h1></body></html>\r\n"
session.close

end

Class methods
new TCPServer.new( hostName) port) — sock

Creates a new socket on the given interface (identifieddsfNameand port). Ifhost-
Nameis omitted, the server will listen on all interfaces on thereat host (equivalent
to an address of 0.0.0.0).

open TCPServer.open( hostName) port) — sock

Synonym forTCPServer . new.

Instance methods
accept sockaccept— aTCPSocket

Waits for a connection osock and returns a nelCPSocket connected to the caller.
See the example on this page.

require

“es  UDPSocket < IPSocket "socket"

UDP sockets send and receive datagrams. In order to recafae @ socket must be
bound to a particular port. You have two choices when sendatg: you can connect
to a remote UDP socket and thereafter send datagrams todttabpyou can specify
a host and port for use with every packet you send. This examp@ UDP server that
prints the message it receives. It is called by both conoeletss and connection-based
clients.

require ’socket’

$port = 4321

sThread = Thread.start do # run server in a thread
server = UDPSocket.open
server.bind(nil, $port)
2.times { p server.recvfrom(64) }

end

# Ad-hoc client
UDPSocket.open.send("ad hoc", 0, ’localhost’, $port)



Copyright 2006 Addison Wesley Longman, Inc t‘j
SOCKET < 397 —P

# Connection based client

sock = UDPSocket.open
sock.connect (’localhost’, $port)
sock.send("connection-based", 0)
sThread. join

produces:

["ad hoc", ["AF_INET", 33035, "localhost.localdomain", "127.0.0.1"]]
["connection-based", ["AF_INET", 33036, "localhost.localdomain", "127.0.0.1"11H

Class methods

new UDPSocket.newfamily = AF_INET ) — sock
Creates an endpoint for UDP communications, optionallgi$pieg the address fam-
ily.

open UDPSocket.operfamily = AF_INET ) — sock

Synonym forUDPSocket . new.

Instance methods

bind sockbind(hostNameport) — 0

Associates the local end of the UDP connection with a gh@stNamendport. Must
be used by servers to establish an accessible endpoint.

connect sockconnecthostNameport) — 0

Creates a connection to the giveastNameandport. SubsequeriiDPSocket#send
requests that don’t override the recipient will use thisrextion. Multipleconnect
requests may be issued sock the most recent will be used gnd.

iocket

recvfrom sockrecvfrom(len (, flags) ) — anArray

Receives up tten bytes fromsock flagsis zero or more of th&#SG_ options (listed on
page399. The result is a two-element array containing the receilatd and informa-
tion on the sender. See the example on the facing page.

send socksend(@String flags) — aFixnum
socksend(@String flags hostNameport ) — aFixnum

The two-parameter form sendStringon an existing connection. The four-parameter
form sendsStringto port on hostName
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Class require

UNIXSocket < BasicSocket 'socket"

ClassUNIXSocket supports interprocess communications using the Unix dioiprai-
tocol. Although the underlying protocol supports both daéan and stream connec-
tions, the Ruby library provides only a stream-based catimrec

require ’socket’
$path = "/tmp/sample"

sThread = Thread.start do # run server in a thread
sock = UNIXServer.open($path)
sl = sock.accept
p sl.recvfrom(124)

end

client = UNIXSocket.open($path)
client.send("hello", 0)
client.close

sThread. join
produces:
[llhelloll s [lIAF_UNIXII s n ll]]

Class methods
new UNIXSocket.newfath) — sock

Opens a new domain socket path, which must be a pathname.

open UNIXSocket.openpath) — sock

Synonym forUNIXSocket .new.

Instance methods
addr sockaddr— anArray

Returns the address family and path of this socket.

path sockpath— aString

Returns the path of this domain socket.

peeraddr sockpeeraddr— anArray

Returns the address family and path of the server end of theextion.

recvfrom sockrecvfrom(len (, flags) ) — anArray

Receives up tden bytes fromsock flagsis zero or more of theSG_ options (listed
on the next page). The first element of the returned arrayeisebeived data, and the
second contains (minimal) information on the sender.
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Class require

UNIXServer < UNIXSocket 'socket"

ClassUNIXServer provides a simple Unix domain socket server. BgEXSocket for
example code.

Class methods

new UNIXServer.newfath) — sock
Creates a server on the givpath The corresponding file must not exist at the time of
the call.

open UNIXServer.openpath) — sock

Synonym forUNIXServer .new.

Instance methods
accept sockaccept— aUnixSocket

Waits for a connection on the server socket and returns a nelesobject for that
connection. See the example ftfIXSocket on the facing page.

Class require

Socket < BasicSocket 'socket"

ClassSocket provides access to the underlying operating system soci@émenta-
tion. It can be used to provide more operating system-specifictionality than the
protocol-specific socket classes, but at the expense ofegreamplexity. In particu-
lar, the class handles addresses usitiguct sockaddr structures packed into Ruby
strings, which can be a joy to manipulate.

Class constants

Classsocket defines constants for use throughout the socket libraryibheal con-
stants are available only on architectures that supporetaeed facility.

Types:
SOCK_DGRAM, SOCK_PACKET, SOCK_RAW, SOCK_RDM, SOCK_SEQPACKET, SOCK_STREAM.

Protocol families:
PF_APPLETALK, PF_AX25, PF_INET6, PF_INET, PF_IPX, PF_UNIX, PF_UNSPEC.

Address families:
AF_APPLETALK, AF_AX25, AF_INET6, AF_INET, AF_IPX, AF_UNIX, AF_UNSPEC.

Lookup-order options:
LOOKUP_INET6, LOOKUP_INET, LOOKUP_UNSPEC.

Send/receive options:
MSG_DONTROUTE, MSG_00B, MSG_PEEK.
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Socket-level options:
SOL_ATALK, SOL_AX25, SOL_IPX, SOL_IP, SOL_SOCKET, SOL_TCP, SOL_UDP.

Socket options:
SO_BROADCAST, SO_DEBUG, SO_DONTROUTE, SO_ERROR, SO_KEEPALIVE, SO_LINGER,
SO_NO_CHECK, SO_OOBINLINE, SO_PRIORITY, SO_RCVBUF, SO_REUSEADDR,
SO_SNDBUF, SO_TYPE.

QOS options:
SOPRI_BACKGROUND, SOPRI_INTERACTIVE, SOPRI_NORMAL.

Multicast options:
IP_ADD_MEMBERSHIP, IP_DEFAULT_MULTICAST_LOOP, IP_DEFAULT_MULTICAST_TTL,
IP_MAX_MEMBERSHIPS, IP_MULTICAST_IF, IP_MULTICAST_LOOP,
IP_MULTICAST_TTL.

TCP options:
TCP_MAXSEG, TCP_NODELAY.

getaddrinfo error codes:
EAT_ADDRFAMILY, EAT_AGAIN, EAT_BADFLAGS, EAT_BADHINTS, EAT_FAIL,
EAT_FAMILY, EAT_MAX, EAT_MEMORY, EAT_NODATA, EAT_NONAME, EAT_PROTOCOL,
EAT_SERVICE, EAT_SOCKTYPE, EAT_SYSTEM.

ai_flags values:
ATI_ALL, AT_CANONNAME, AI_MASK, AI_NUMERICHOST, AI_PASSIVE,
AI_V4MAPPED_CFG.

Class methods
for_fd Socket.for_fd@nFD) — sock
Wraps an already open file descriptor into a socket object.

getaddrinfo Socket.getaddrinfd{ostNameport,
(family (, socktype(, protocol (, flags))))) — anArray

Returns an array of arrays describing the given host and(pptionally qualified as
shown). Each subarray contains the address family, porteurhost name, host IP
address, protocol family, socket type, and protocol.

for line in Socket.getaddrinfo(’www.microsoft.com’, ’http’)
puts line.join(", ")
end
gethostbyaddr Socket.gethostbyaddafldr, type=AF_INET ) — anArray

Returns the host name, address family, anckaddr component for the given address.
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Higher-Level Access

Ruby provides a set of classes to facilitate writing clidots

e File Transfer Protocol (FTP)

HyperText Transfer Protocol (HTTP)
e Post Office Protocol (POP)
Simple Mail Transfer Protocol (SMTP)

e Telnet

HTTP, POP, and SMTP are layered on top of a helper clbSs/net/protocol.
Although we don’t document therotocol class here, you should probably study
it if you are considering writing your own network client.

€% Net::FTP < Object e mnet/ftp"

require ’net/ftp’

ftp = Net::FTP.new(’ftp.netlab.co.jp’)

ftp.login

files = ftp.chdir(’pub/lang/ruby/contrib’)

files = ftp.list(’nx*’)
ftp.getbinaryfile(’nif.rb-0.91.gz’, ’nif.gz’, 1024)
ftp.close

Thenet/ftp library implements a File Transfer Protocol (FTP) client.

Class constants

FTP_PORT Default port for FTP connections (21).

Class methods
new FTP.new(hostnil, usernil, passwénil, acctnil) — ftp

Creates and returns a n@&@P object. If the host parameter is noil, a connection is
made to that host. Additionally, if theserparameter is naiil, the given user name,
password, and (optionally) account are used to log in. Seddhcription 0FTP#login
on paget03

open FTP.openfost usernil, passwenil, acctnil) — ftp

A synonym forFTP . new, but with a mandatoriiostparameter.
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Instance methods

ftp.acct(account)
ftp.chdir(dir )
ftp.delete(emoteFile)
ftp.mdtm(remoteFile) — aString
ftp.mkdir(dir )
ftp.nIst(dir=nil ) — anArray
ftp.renamefromnametoname)
ftp.rmdir(dir )
ftp.pwd — aString
ftp.size(remoteFile) — aninteger
ftp.status— aString
ftp.system— aString

Server commands

Issues the corresponding server command and returns thie res

close ftp.close
Closes the current connection.
closed? ftp.closed?— true or false
Returnstrue if the current connection is closed.
connect ftp.connecthost port=FTP_PORT )
Establishes an FTP connectiontiost optionally overriding the default port. If the
environment variabl80CKS_SERVER is set, sets up the connection through a SOCKS
proxy. Raises an exception (typicallyrno : : ECONNREFUSED) if the connection can-
not be established.
debug_mode ftp.debug_mode- true or false
Returns the current debug mode.
debug_mode= ftp.debug_mode srue or false
If the debug mode isrue, all traffic to and from the server is written $stdout.
dir ftp.dir( ( pattern)* ) — anArray
ftp.dir( ( pattern)* ) {|line | block}
Synonym forFTP#list.
getbinaryfile ftp.getbinaryfilefemotefilg localfile, blocksizecallback=nil)

ftp.getbinaryfile femotefile localfile, blocksize) {| data | block}

Retrievesremotefilein binary mode, storing the result incalfile. If callback or an
associated block is supplied, calls it, passing in theeedd data irblocksizechunks.
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gettextfile ftp.gettextfile(remotefile localfile, callback-nil)
ftp.gettextfile(remotefile localfile) {| data | block}

Retrievegemotefilein ASCII (text) mode, storing the result lncalfile. If callbackor
an associated block is supplied, calls it, passing in thieeketd data one line at a time.

lastresp ftp.lastresp— aString

Returns the host’s last response.

list ftp.list( ( pattern)* ) — anArray
ftp.list( ( pattern)* ) {|line | block}

Fetches a directory listing of files matching the given pat®. If a block is associated
with the call, invokes it with each line of the result. Othés®y returns the result as an
array of strings.

login ftp.login(user"anonymous"passwenil, acctnil ) — aString

Logs into the remote hodtp must have been previously connectedidéris the string
“anonymous” and the passwordrs1, a password ofiser@hosts synthesized. If the
acct parameter is nohil, an FTPACCT command is sent following the successful
login. Raises an exception on error (typicallyt : : FTPPermError).

i et/ftp

Is ftp.Is( ( pattern)* ) — anArray
ftp.Is( ( pattern)* ) {|line | block}
Synonym forFTP#1list.
mtime ftp.mtime(remoteFile local=false ) — aTime

Returns the last-modified time oémoteFile interpreting the server’s response as a
GMT time if local is false, or as a local time otherwise.

passive ftp.passive— true or false

Returns the state of theassive flag.

passive= ftp.passive =true or false

Puts the connection into passive modexdte.

putbinaryfile ftp.putbinaryfile(ocalfile, remotefile blocksizecallback=nil)
ftp.putbinaryfile(ocalfile, remotefile blocksize) {| data | block}

Transferdocalfile to the server in binary mode, storing the resultamotefile If call-
backor an associated block is supplied, calls it, passing inrtresmitted data iblock-
sizechunks.

puttextfile ftp.puttextfile(localfile, remotefile callback=nil)
ftp.puttextfile(localfile, remotefile blocksizé) { | data | block}

Transferdocalfile to the server in ASCII (text) mode, storing the resultémotefile
If callbackor an associated block is supplied, calls it, passing in ridresimitted data
one line at a time.
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ftp.resume— true or false

resume
Returns the status of thesumeflag (see&TP#resume=). Default isfalse.
ftp.resumeaBoolean

resume=
Sets the status of thesumeflag. Whenresumeis true, partially received files will

resume where they left off, instead of starting from the beijig again. This is done

by sending &EST commandXESTart incomplete transfer) to the server.
ftp.retrbinary(cmd blocksize) {| data | block}

retrbinary

Puts the connection into binary (image) mode, issues trengiemmand, and fetches
the data returned, passing it to the associated block inkshofblocksizecharacters.

Note thatcmdis a server command (such as “RETR myfile”).
ftp.retrlines(cmd) {line | block}

retrlines
Puts the connection into ASCII (text) mode, issues the gbeanmand, and passes the

resulting data, one line at a time, to the associated bléck. block is given, prints the

lines. Note thatmdis a server command (such as “RETR myfile”).
ftp.return_code— aFixnum

return_code
Returns the return code from the last operation.
ftp.storbinary(cmd fileName blocksizecallback=nil)

ftp.storbinary(cmd fileNameblocksize) {| data | block}

[\ et/ftp

storbinary
Puts the connection into binary (image) mode, issues thengéerver-side command
(such as “STOR myfile"), and sends the contents of the file wlfifteNameto the
server. If the optional block is given, or if tlwallBackparameter is @roc, also passes

it the data, in chunks dflocksizecharacters.
ftp.storlines(cmd fileName callback-nil)
ftp.storlines(cmd fileName) {| data | block}

storlines

Puts the connection into ASCII (text) mode, issues the gsemwer-side command
(such as “STOR myfile"), and sends the contents of the file wlfifteNameto the
server, one line at a time. If the optional block is given,fahe callBackparameter is

aProc, also passes it the lines.
ftp.welcome— aString

welcome
Returns the host’s welcome message.
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Net::HTTP < Net:Protocol e mnet/http”

require ’net/http’

h = Net::HTTP.new(’www.pragmaticprogrammer.com’, 80)

resp, data = h.get(’/index.html’, nil )

puts "Code = #{resp.codel}"

puts "Message = #{resp.messagel}"

resp.each {|key, vall| printf "%-14s = %-40.40s\n", key, val }
p datal0..55]

Thenet/http library provides a simple client to fetch headers and Welegagptents
using the HTTP protocol.

Theget, post, andhead requests raise exceptions on any error, including some HTTP
status responses that would normally be considered reaioleehere are two ways of
handling these.

1. Each method has a corresponding vergiet2, post2, or head2 that does not
raise an exception. These versions are documented in thessou

2. Recoverable errors rais@lat : : ProtoRetriableError exception. This excep-
tion contains alata attribute containing the response returned by the server.

i et/http

The code below illustrates the handling of an HTTP status, @0dedirect. It uses
Tomoyuki Kosimizu’s URI package, available in the RAA.

h = Net::HTTP.new(ARGV[O] || ’www.ruby-lang.org’, 80)
url = ARGV[1] [| */°
begin

resp, data = h.get(url, nil) { lal }
rescue Net::ProtoRetriableError => detail
head = detail.data

if head.code == "301"
uri = URI.create(head[’location’])

host = uri[’host’]

url uri[’path’]

port = uri[’port’]

h.finish

h = Net::HTTP.new(host, port)

retry
end
end

Class methods

new Net::HTTP.new(ost"localhost’,port=80, proxy=nil, proxy_portnil ) — http
Creates and returns a néiwTP object. No connection is made unliTTP#start is
called.

port Net::HTTP.port— aFixnum

Returns the default HTTP port (80).
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start

Net::HTTP.starthostnil, port=80)
Net::HTTP.starthostnil, port=80 ) {| http| block}

Equivalent taNet : :HTTP.new (host, port).start.

Instance methods

get

http.get(path, headersnil, dest™ ) — anArray
http.get(path headersnil) {|result| block} — anArray

Retrieves headers and content from the specffattion the host specified whéritp
was created. If specified, tireadergparameter is #ash containing additional header
names and values to be sent with the request. The methodsetiwo-element array.
The first element is aHTTPResponse object (documented in the next section). The
second element is the page’s content. The page’s contetddspassed to the <
method of thedestparameter, or to the block if specified. This result is buditwork
block by network block, not line by line. An exception is rikif an error is encoun-
tered. Multipleget calls may be made dnttp. UnlessProtocol#finishis explicitly
called, the connection will use the HTTP/1.1 keep-alivetgeol, and will not close

between requests.

head

http.head(ath headersnil ) — aHash

Retrieves headers from the speciffgth on the host specified whéritp was created.

If specified, theheadersparameter is a hash containing additional header names and
values to be sent with the request. The method returns a liashaived headers. An
exceptionis raised if an error is encountered. Multipled calls may be made dnttp.

post

http.post(path, data, headersnil, dest™) — anArray
http.post(path, data headersnil ) {|result| block} — anArray

Sendgdatato pathusing an HTTP POST requesieaderss a hash containing addi-
tional headers. Assigns the resultdata or to the block, as folNet: : HTTP#get.
Returns a two-element array containing an HTTPRespongeitdiyd the reply body.

start

http.start
http.start {] http| block}

Establishes a connection to the host associatedih (start is actually a method
in Net: :Protocol, butits use is required in HTTP objects.) In the block forfoses

the session at the end of the block.



Copyright 2006 Addison Wesley Longman, Inc
NET/POP < 407

require

"net/http"

€@ Net::HTTPResponse

Represents an HTTP response to a GET or POST request.

Instance methods
[] resd aKey] — aString

Returns the header corresponding to the case-insenséiuebr example, a key of
“Content-type” might return “text/html”.

[1= resq aKey] = aString

Sets the header corresponding to the case-insensitive key.

code respcode— aString

Returns the result code from the request (for example, ‘$04”

each respeach { key, val | block

Iterates over all the header key-value pairs.

key? respkey?(aKey) — true or false

Returnstrue only if a header with the given key exists.

message respmessage- aString

Returns the result message from the request (for examptd,find”).

require

"net/pop"

Net::POP < Net:Protocol

require ’net/pop’
pop = Net::POP3.new(’server.ruby-stuff.com’)
pop.start(’user’, ’secret’) do |popl

msg = pop.mails[0]

# Print the ’From:’ header line

puts msg.header.split("\r\n").grep(/~From: /)

# Put message to $stdout (by calling <<)
puts "\nFull message:\n"
msg.all($stdout)

end

produces:

From: dummy msg for Andy
Full message:

From: dummy msg for Andy

looks-better: on dave’s box

That’s all folks!
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Thenet/pop library provides a simple client to fetch and delete mail dPost Office
Protocol (POP) server.

The clasdlet: : POP3is used to access a POP server, returning a liseof : POPMail
objects, one per message stored on the server. Po@sail objects are then used to
fetch and/or delete individual messages. The library atswiges an alternative to the
POP3 class that performsP0P authentication.

Class methods

new

HTTP.new(host="localhost’,port=110 ) — pop

Creates and returns a n@®@P3 object. No connection is made unbP3#start is
called.

Instance methods

each pop.each { popmail | block}
Calls the associated block once for each e-mail stored omseheer, passing in the
correspondin@0PMail object.

finish pop.finish— true or false
Closes the pop connection. Some servers require that a ctiomes closed before they
honor actions such as deleting mail. Retufasse if the connection was never used.

mails pop.mails— anArray
Returns an array a¢f0PMail objects, where each object corresponds to an e-mail mes-
sage stored on the server.

start pop.start(user, password)

pop.start(user, password) {| pop | block}

Establishes a connection to the pop server, using the subpsername and password.
Fetches a list of mail held on the server, which may be acdassiag theP0P3#mails
andP0OP3#each methods. In block form, passespto the block, and closes the con-
nection using inish when the block terminates.
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require

€% Net::APOP < Net:POP3 "net/pop"

Instance methods
start apopstart(user, password)

Establishes a connection to the APOP server.

require

€% Net:POPMail < Object "net/pop"

Instance methods
all mail.all — aString
mail.all( dest)
mail.all {| aString | block}

Fetches the corresponding e-mail from the server. With igoiraent or associated
block, returns the e-mail as a string. With an argument bublock, appends the e-
mail to destby invokingdesk < for each line in the e-mail. With an associated block,
invokes the block once for each line in the e-mail.

iet/pop

delete mail.delete

Deletes the e-mail from the server.

delete! mail.delete!

Synonym forPOPMail#delete.

header mail.header— aString

Returns the header lines for the corresponding e-mail gessa

size mail.size— aFixnum

Returns the size in bytes of the corresponding e-mail.

top mail.top(lines) — aString
Returns the header lines, pllises message lines for the corresponding e-mail mes-
sage.

uidl mail.uidl — aString

Returns the server-specific unique identifier for the c@uesing e-mail.
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require

"net/smtp"

Net::SMTP < Net::Protocol

require ’net/smtp’

# --- Send using class methods
msg = [ "Subject: Test\n", "\n", "Now is the time\n" ]
Net::SMTP.start do |smtpl

smtp.sendmail( msg, ’dave@localhost’, [’dave’] )
end

# --- Send using SMTP object and an adaptor
smtp = Net::SMTP.new
smtp.start (’pragprog.com’)
smtp.ready(’dave@localhost’, ’dave’) do |al
a.write "Subject: Testi\r\n"
a.write "\r\n"
a.write "And so is this"
end

Thenet/smtp library provides a simple client to send electronic maihgshe Simple
Mail Transfer Protocol (SMTP).

Class methods

new Net::SMTP.newgerver’localhost’,port=25 ) — smtp
Returns a nev8MTP object connected to the given server and port.
start Net::SMTP.startéerver’localhost’, port=25,domairrENV['HOSTNAME],

acctnil, passwdnil, authtype:cram_md5 )— smtp
Net::SMTP.startéerver’localhost’,port=25,domairFENV['[HOSTNAME],
acctnil, passwénil, authtype:cram_md5) {smtp| block

Equivalenttdliet: : SMTP.new(server, port).start(...).Foran explanation of
the remainder of the parameters, see the instance ma#iod SMTP#start. Creates
a newSMTP object. Thedomainparameter will be used in the initi®lELO or EHLO
transaction with the SMTP server. In the block form, sihepobject is passed into the
block. When the block terminates, the session is closed.

Instance methods

ready

smtpready(from, to) {| anAdaptor | block

Equivalent tosendmail (from, to) { ...}. Sends header and body lines to the
sendmail server. Thigom parameter is used as the sender’s name imMai@ FROM:
command, and thto is either a string or an array of strings containing the recifs
for theRCPT TO: command. The block is passed an adaptor object. Lines arécsen
the server by calling the adaptowsite method. The terminating '’ an@QUIT are sent
automatically.

sendmail smtpsendmailrc, from, to)

Sends header and body lines to the sendmail serverfroheparameter is used as
the sender’s name in the&l.IL FROM: command, ando is either a string or an array



Copyright 2006 Addison Wesley Longman, Inc t‘j
NET/TELNET < 411 —P

of strings containing the recipients for tREPT TO: command. Lines to be sent are
fetched by invokingsrc. each. The terminating . andUIT are sent automatically.

start

smtpstart(domairrENV['HOSTNAME'], acctnil, passwénil,
authtypes:cram_md>5 )— true or false
smtpstart(domairrENV['HOSTNAME'], acctnil, passwénil,
authtype:cram_md5) {smtp | blockk — true or false

Starts an SMTP session by connecting to the given domain)(libacctandpasswd
are given, authentication will be attempted using the gaugthentication type:fplain
or : cram_md5). If a block is supplied, it will be invoked witemtpas a parameter. The
connection will be closed when the block terminates.

require

"net/telnet"

Net::Telnet < [Socket]

Connect to docalhost, run the “date” command, and disconnect.
require ’net/telnet’
tn = Net::Telnet.new({})

tn.login "guest", "secret"
tn.cmd "date"

i et/telnet

Monitor output as it occurs. We associate a block with eactheflibrary calls; this
block is called whenever data becomes available from the hos

require ’net/telnet’

tn = Net::Telnet.new({}) { Istr| print str }
tn.login("guest", "secret") { [|str| print str }
tn.cmd("date") { |str| print str }

Get the time from an NTP server.

require ’net/telnet’

tn = Net::Telnet.new(’Host’ => ’time.nonexistent.org’,
’Port’ => ’time’,
’>Timeout’ => 60,

’Telnetmode’ => false)
atomicTime = tn.recv(4).unpack(’N’) [0]
puts "Atomic time: " + Time.at(atomicTime - 2208988800).to_s
puts "Local time: " + Time.now.to_s

Thenet/telnet library provides a complete implementation of a telnetrdliand
includes features that make it a convenient mechanism feranting with non-telnet
services.

Although the class description that follows indicates that : : Telnet is a subclass
of classSocket, this is a lie. In reality, the class delegatesstzket. The net effect
is the same: the methods Bbcket and its parent, class0, are available through
Net: :Telnet Objects.

The methodsiew, cmd, login, andwaitfor take an optional block. If present, the
block is passed output from the server as it is received byah#ne. This can be used



letltelnet

Copyright 2006 Addison Wesley Longman, Inc t‘j
412 P CHAPTER 26. NETWORK AND WEB LIBRARIES —P

to provide realtime output, rather than waiting for (for exzle) a login to complete
before displaying the server’s response.

Class methods

new

Net::Telnet.newpptions) — tn
Net::Telnet.newpptions) {| str| block} — tn

Connects to a serverptionsis aHash with zero or more of the following:

Option Default Meaning

Binmode false If true, no end-of-line processing will be performed.

Host localhost  Name or address of server’s host.

Port 23 Name or number of service to call.

Prompt /[$%#>]1/ Pattern that matches the host’s prompt.

Telnetmode true If false, ignore the majority of telnet embedded escape
sequences. Used when talking with a non-telnet server.

Timeout 10 Time in seconds to wait for a server response (both during
connection and during regular data transmission).

Waittime 0 Time to wait for prompt to appear in received data stream.

Instance methods

binmode tn.binmode— true or false

Returns the current value of tBenmode flag.

binmode= tn.binmode =true or false

Sets theBinmode flag, returning the new value.

cmd

tn.cmd(options) — aString
tn.cmd(options) {| str| block} — aString

Sends a string to the server and waits (using a timeout) farirgsthat matches a
pattern to be returned by the server. If the parameter is Hagh, it is sent as a string
to the server, and the pattern to match and the timeout areribigpt andTimeout
options given wheitn was created. lbptionsis aHash, thenoptions['String’] is sent

to the serveroptions['Match’] may be used to override the cla&sompt parameter,
andoptions[' Timeout’]the timeout. The method returns the complete server respons

login

tn.login( options passwordnil ) — aString
tn.login(options passworénil ) { | str| block} — aString

If optionsis aHash, a username is taken froaptions['Name’land a password from
options['Password’] otherwise optionsis assumed to be the username, padsword

the password. The method waits for the server to send theystratching the pattern
/login[:_]*\z/ and sends the username. If a password is given, it then weaitsd
server to sendPassword[: ] *\z/ and sends the password. The method returns the
full server response.
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print tn.print(aString)

SendsaStringto the server, honorinGelnetmode, Binarymode, and any additional
modes negotiated with the server.

telnetmode tn.telnetmode— true or false
Returns the current value of thelnetmode flag.

telnetmode= tn.telnetmode=true or false
Sets theTelnetmode flag, returning the new value.

waitfor tn.waitfor(options) — aString
tn.waitfor(options) {| str| block} — aString

Waits for the server to respond with a string that matchesgragsdr pattern. Ifoptions
is not aHash, it is compared against the cumulative server output asdbtgut is

received usingptions===. It is likely that you will want to use a regular expression

in this case.

If optionsis aHash, thenoptions[’Match’], options['Prompt’], or options['String’]
provides the match. In the latter case, the string will beredied to a regular expression
before being usedptionsmay also include the keys “Timeout” and “Waittime” to
override the class options of the same names.

write tn.write(aString)
WritesaStringto the server with no translation.

i et/telnet
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CGI Development

Class CGI = Object require ..Cgi..

require "cgi"
cgi = CGI.new("html3") # add HTML generation methods
cgi.out {
CGI.pretty (
cgi.html {
cgi.head { cgi.title{"TITLE"} } +
cgi.body {
cgi.form {
cgi.textarea("get_text") +
cgi.br +
cgi.submit
} o+
cgi.hl { "This is big!" } +
cgi.center { "Jazz Greats of the 20" +
cgi.small {"th"} + " century" + cgi.hr
} + cgi.p + cgi.table (’BORDER’ => ’5°) {
cgi.tr { cgi.td {"Artist"} + cgi.td {"Album"} } +
cgi.tr { cgi.td {"Davis, Miles"} +
cgi.td {"Kind of Blue"} }
}
}
}
) # CGI.pretty is a method call, not a block
}

(The output of this script is shown in Figué.2on paget16)

The CGI class provides support for programs used as a Web server C@hrfion
Gateway Interface) script. It contains several methodsatmessing fields in a CGl
form, manipulating “cookies” and the environment, and ottipg formatted HTML.

Since environment variables contain a lot of useful infaforafor a CGI script,CGI
makes accessing them very easy—environment variableseessible as attributes of
CGI objects. For instancegi . auth_type returns the value dNV ["AUTH_TYPE"].
To create the method name, the environment variable namanislated to all lower-
case, and theHTTP_" prefix is stripped off. ThusiTTP_USER_AGENT would be avail-
able as the methogser_agent.

Cookies are represented using a separate object of@ass Cookie, containing the
following accessors:
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Accessor Description

name Name of this cookie
value Array of values
path Path (optional)

domain Domain (optional)
expires Time of expiry, defaults t@ime.now (optional)
secure true for a secure cookie

You create a cookie object usif@iI: : Cookie.new, Which takes as arguments the
accessors listed above, 0GI::Cookie.parse, which takes an encoded string and
returns a cookie object.

Class methods

escape CGl.escapeéString) — aNewString
Returns a URL-encoded string made from the given argumémgrewunsafe characters
(not alphanumeric, “_", “-", or “.”) are encoded using ‘4" escapes.

escapeElement CGl.escapeElemenaString ( , elements* ) — aNewString

Returns a string made from the given argument with certaiMbdBpecial characters
escaped. The HTML elements giverglementsvill be escaped; other HTML elements
will not be affected.

print CGI::escapeElement (’<BR><A HREF="url"></A><P>’, "A", "IMG")

produces:

<BR>&1t;A HREF=&quot;url&quot;&gt;&lt;/Akgt;<P>

escapeHTML CGl.escapeHTML@String) — aNewString
Returns a string made from the given argument with HTML-gdeharacters (such as
“g”, 7, <" M >") quoted using &amp;”, “ &quot;”, “&1t;”, “&gt;”, and so on.

new CGl.new( { aString)* ) — aCaqi

Returns a newGI object. If HTML output is required, the desired standardslenust
be given inaString (otherwise, no output routines will be created). The levayrbe

one of:
String Standards Level String Standards Level
“htmI3” HTML 3.2 “html4” HTML 4.0 Strict
“html4Tr"  HTML 4.0 Transitional “html4Fr"  HTML 4.0 Framede
parse CGl.parse@String) — aHash

Parses a query string and returns a hash dejsvaluepairs.

pretty CGl.pretty(anHTMLString aLeaderString" ") — aCgi

Formats the giveanHTMLStringin a nice, readable format, optionally prefixing each
line with aLeaderString
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rfc1123_date CGl.rfc1123_date§Time) — aString

Returns a string representing the given time according ©© RE23 (for instancefon,
1 Jan 2001 00:00:00 GMT).

unescape CGl.unescapeqString) — aNewString

Returns a string containing “unsafe” characters made filoengiven URL-encoded
argument, where unsafe characters were encoded using ‘©apes.

unescapeElement CGl.unescapeElemeratring ( , elements* ) — aNewString
Returns a string with the selected escaped HTML elementarsiqn to the actual
characters.

unescapeHTML CGl.unescapeHTML&String) — aNewString

Returns a string made from the given argument with HTML-sgdeuoted characters
expanded to the actual characters.

Instance methods
[ aCgi (aString)* ] — anArray

Returns the values of the given field names from the CGlI formnarray. See the
note on multipart forms on pagel.8

cookies aCgi.cookies— aHash

Returns a nevilash object containindkey-valugoairs of cookie keys and values.

has_key? aCgihas_key@String) — true or false

Returnstrue if the form contains a field namebstring

header aCgi.header@ContentType"text/html") — aString
aCgiheader@Hash) — aString

Returns a string containing the given headers (inite RUBY environment, the result-
ing header is sent immediately instead). If a hash is giveanaargument, then the
key-valugpairs will be used to generate headers.

keys aCgikeys— anArray

Returns an array of all existing field names for the form.
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out aCgi.out(aContentType"text/html") { block} — nil
aCgiout(aHash) { block} — nil
Generates HTML output using the results of the block as the#er. Headers are
generated as witbGI#header. See the example at the start of this section.
params aCgi.params— aHash

Returns a neviiash object containingey-valuepairs of field names and values from
the form.

HTML Output Methods

In addition,CGI supports the following HTML output methods. Each of thes¢hods

is named after the corresponding HTML feature (or close)td liose tags that require
content (such aslockquote) take an optional block; the block should returditaring
that will be used as the content for the feature. These methmay take arguments as
indicated, or as a hash with the given names as keys.

a(url)
a( HREF = )

base(url)
base( HREF =)

blockquote( cite="") { aString}
blockquote( CITE = ) { aString}

caption( align=nil ) { aString}
caption( ALIGN =) { aString}

checkbox( hamenil, value=nil, checkednil )
checkbox( NAME =, VALUE =, CHECKED =~ )

checkbox_group( namenil, (items)*)

checkbox_group( NAME =, VALUES = )
Iltems may be individuadtring names, or any of: an array ohpme checked, an array

of [ value name], or an array of [value name checked. The value for the hash key
VALUES should be an array of these items.

file_field( name", size=20,maxlengthnil )
file_field( NAME =, SIZE =, MAXLENGTH = )

form( method"post", actiorFnil, enctype"application/x-www-form-urlencoded" ) &Str}
form( METHOD =, ACTION =, ENCTYPE = ) { aStr}

hidden( name"", value=nil )
hidden( NAME =, VALUE =)

html( ) { aString}
html( PRETTY =, DOCTYPE = ) { aString}

img_button( Src="", namemnil, alt=nil)
img_button( SRC =, NAME =, ALT =)

img( sr="", alt="", width=nil, heightnil )
img( SRC =, ALT =, WIDTH =, HEIGHT = )
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multipart_form( actionFnil, enctype"multipart/form-data" ) {aString}
multipart_form( METHOD =, ACTION =, ENCTYPE = ) { aString}

password_field( name"', value=nil, size=40, maxlengthnil )
password_field( NAME =, VALUE =, SIZE =, MAXLENGTH = )

popup_menu( name="", items)

popup_menu( NAME =, SIZE =, MULTIPLE =, VALUES = (array of items))
Items may be individuadtring names, or any of: an array ohpme selected, an array

of [ value name], or an array of [value name selected. The value for the hash key
VALUES should be an array of these items.

radio_button( name"", value=nil, checkeenil )
radio_button( NAME =, VALUE =, CHECKED = )

"

radio_group( name"", items)

radio_group( NAME =, VALUES = (array of items))
Items may be individuadtring names, or any of: an array ohpme selected, an array

of [ value name], or an array of [value name selected. The value for the hash key
VALUES should be an array of these items.

reset(valueenil, namenil )
reset( VALUE =, NAME =)

scrolling_list( alias for popup_menu )

submit( value=nil, namenil )
submit( VALUE =, NAME =)

text_field( name"", valueenil, size=40,maxlengthnil )
text_field( NAME =, VALUE =, SIZE =, MAXLENGTH )

textarea( name"", cols=70,rows=10)
textarea( NAME =, COLS =, ROWS =)

In addition, all HTML tags are supported as methods, inclgdiitle, head, body,
br, pre, and so on. The block given to the method must retu8tzaing, which will be
used as the content for that tag type. Not all tags requireecdrxP>, for example, does
not. The available tags vary according to the supported HTéel—Table26.10n
the facing page lists the complete set. For these methods;am pass in a hash with
attributes for the given tag. For instance, you might passBBRDER’=>’5" to the
table method to set the border width of the table.

Multipart Form Values

When dealing with a multipart form, the array returnedd®z#[] is composed of
objects of clasTempfile, with the following dynamically added methods:

Method Description

read Body

local_path Path to local file containing the content
original_filename Original filename of the content
content_type Content type
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Table 26.1. HTML tags available as methods

HTML 3

a address applet area b base basefont big blockquote body br caption
center cite code dd dfn dir div dl dt em font form hl h2 h3 h4 h5 h6 head
hr html i img input isindex kbd 1i link listing map menu meta ol option p
param plaintext pre samp script select small strike strong style sub sup
table td textarea th title tr tt u ul var xmp

HTML 4

igi/sesson

a abbr acronym address area b base bdo big blockquote body br button
caption cite code col colgroup dd del dfn div dl dt em fieldset form hil
h2 h3 h4 h5 h6 head hr html i img input ins kbd label legend 1li link map
meta noscript object ol optgroup option p param pre q samp script select
small span strong style sub sup table tbody td textarea tfoot th thead
title tr tt ul var

HTML 4 Transitional

a abbr acronym address applet area b base basefont bdo big blockquote
body br button caption center cite code col colgroup dd del dfn dir div
dl dt em fieldset font form hl h2 h3 h4 h5 h6 head hr html i iframe img
input ins isindex kbd label legend 1li link map menu meta noframes
noscript object ol optgroup option p param pre q s samp script select
small span strike strong style sub sup table tbody td textarea tfoot th
thead title tr tt u ul var

HTML 4 Frameset Same as HTMLATR, plus:

frame frameset

require

CGl::Session <  Object

"cgi/session”

A CGI::Session maintains a persistent state for web users in a CGIl enviraohme
Sessions may be memory-resident or may be stored on diskth8ediscussion on
pagel30for details.

Class methods
new CGl::Session.newgCgi, ( aHash)* ) — aSession

Returns a new session object for &L query. Options that may be given &@Hash
include:
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Option

Description

session_key
session_id
new_session

database_manager

Name of CGlI key for session identification.

Value of session id.

If true, create a new session id for this sessiorfaise, use
an existing session identified l¢ssion_id. If omitted, use
an existing session if available, otherwise create a new one
Class to use to save sessions; mag®e: : Session: :File-
Store Or CGI: :Session: :MemoryStore (or user defined if
you're brave). Default iFileStore.

tmpdir
prefix

ForFileStore, directory for session files.
ForFileStore, prefix of session filenames.

Instance methods

[]

aSessiohaKey] — aValue

Returns the value for the given key.

[1=

aSessiohaKey] = aValue— aValue

Sets the value for the given key.

delete

aSessiomlelete

Calls thedelete method of the underlying database managerFiaeStore, deletes
the physical file containing the session. FemoryStore, removes the session from

memory.

update

aSessionupdate

Calls theupdate method of the underlying database manager¥iaeStore, writes
the session data out to disk. Has no effect WighoryStore.
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Microsoft Windows Support

The three libraries documented in this chapter turn Rulyyargowerful and convenient
Windows scripting language. Now you have the power to cogtror applications, but
in a controlled, object-oriented environment.

€% WIN320LE < Object eaure  mpin320le”

require ’win32ole’

ie = WIN320LE.new(’InternetExplorer.Application’)
ie.visible = true

ie.gohome

WIN320LE provides a client interface to Windows 32 OLE Automatiorvees. See the
tutorial description on page40for more information.

Class constants

WIN320LE: :VERSION Current version number

Class methods
connect WIN320LE.connectéString) — ole

Returns a new OLE automation client connected to an exigtistance of the named
automation server.

const_load WIN320LE.const_loadfle, ( aClass=WIN320LE ) — nil

Defines the constants from the specified automation sernatassconstants imClass

new WIN320LE.new(@aString) — ole

Returns a new OLE automation client connected to a new instahthe automation
server named bgString

« 421 >
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Instance methods

[]

olg[ aString] — anObject

Returns the named property from the OLE automation object.

[1=

olg[ aString] = aValue— nil

Sets the named property in the OLE automation object.

each ole.each {anObj| block} — nil
Iterates over each item of this OLE server that support§HaemVARIANT interface.
invoke ole.invoke (aCmdString ( args)* ) — anObject

Invokes the command given aCmdStringwith the givenargs argsmay be éash of
named parameters and values. You don’t need taiaakbke explicitly; this class uses
method_missing to forward calls throughnvoke, so you can simply use the OLE
methods as methods of this class.

WIN320LE_EVENT < Object e mwin32ole”

This (slightly modified) example from the Win320LE 0.1.1tdisution shows the use
of an event sink.

require ’win32ole’
$urls = []

def navigate(url)
$urls << url
end

def stop_msg_loop
puts "IE has exited..."
throw :done

end

def default_handler(event, *args)
case event
when "BeforeNavigate"
puts "Now Navigating to #{args[0]}..."
end
end

ie = WIN320LE.new(’InternetExplorer.Application’)
ie.visible = TRUE

ie.gohome

ev = WIN320LE_EVENT.new(ie, ’DWebBrowserEvents?’)

ev.on_event {|*args| default_handler(xargs)}
ev.on_event ("NavigateComplete") {|url| navigate(url)}
ev.on_event ("Quit") {l|*args| stop_msg_loop}
catch(:done) {

loop {

WIN320LE_EVENT .message_loop

}

}
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puts "You Navigated to the following URLs: "
$urls.each_with_index do |url, il

puts "(#{i+1}) #{urll}"
end

WIN320LE_EVENT is used in conjunction with théIN320LE class to add callbacks for
Windows 32 events.

Class methods

message_loop WIN320LE_EVENT.message loep nil

Executes the Windows event loop, translating and dispadgosvents.

new

WIN320LE_EVENT.new @nOlg aName) — oleEvent

Returns a neWIN320LE_EVENT (an event sink) for the giveWIN320LE object and
named event source.dNameisnil, it will attempt to use the default source and will
raise aRuntimeError if it cannot find one.

Instance methods

on_event oleEvenion_event (( anEvent) ) {| args| block} — nil

Class

Defines a callback for the nameshEvent If anEventis nil, then this callback is
associated with all events. The block will be given any argnts appropriate for this
event.

Win32API < Object e mAin32API"

This example is from the Ruby distribution, éxt/Win32APTI:;

require ’Win32API’
getCursorPos = Win32API.new("user32", "GetCursorPos", [’P’], ’V’)

lpPoint = " " % 8 # store two LONGs
getCursorPos.Call(1pPoint)
X, y = lpPoint.unpack("LL") # get the actual values

wn32API

print "x: ", x, "\n"

print lly: n , y’ ll\n"

ods = Win32API.new("kernel32", "OutputDebugString", [’P’], ’V’)
ods.Call("Hello, World\n")

GetDesktopWindow = Win32API.new("user32", "GetDesktopWindow", [], ’L’)
GetActiveWindow = Win32API.new("user32", "GetActiveWindow", [], ’L’)
SendMessage = Win32API.new("user32", "SendMessage", [’L’] x* 4, °L’)
SendMessage .Call(GetDesktopWindow.Call, 274, 0xf140, 0)

Thewin32API module allows access to any arbitrary Windows 32 functioanilof
these functions take or returrPainter datatype—a region of memory corresponding
to a C string or structure type.

In Ruby, these pointers are represented using slessng, which contains a sequence
of 8-bit bytes. It is up to you to pack and unpack the bits in sheing. See the
reference section for unpack on pag&and pack on page5s1for details.
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Class methods

new Win32API.new(dliname procnameimportArray, export) — wapi

Returns a new object representing a Windows 32 API functtbinameis the name of
the DLL containing the function, such as “user32” or “keB&f procnamas the name

of the desired functionmportArray is an array of strings representing the types of
arguments to the functioexportis a string representing the return type of the function.
Strings “n” and “I” represent numbers, “i” represent integ€p” represents pointers
to data stored in a string, and “v” represents a void typeddse export parameters
only). These strings are case-insensitive.

Instance methods

call wapi.call( ( args)*) — anObject

Calls this API function with the given arguments, which musttch the signature spec-
ified tonew.

Call wapi.Call( ( args)* ) — anObject

Synonym forwin32API#call.
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D
Appendix A
So you've written a masterpiece, a class in a class of its awd you'd like to share it
with the world. But, being a responsible developer, you fieelneed to document your
creation. What do you do? The simplest solution is to use Ruhyilt-in documenta-
tion format, RD, and-dtool, a Ruby utility suite that converts this documentation into
a variety of output formats.
rdtool scans a file forbegin and=end pairs, and extracts the text between them
all. This text is assumed to be documentation in RD formag Bt is then processed
according to a simple set of rules:
e Lines of text flush to the left margin are converted to parpigsa
e Lines starting with one to four equals signs are headingsis‘a first-level head-
ing, “==" a second-level heading, and so on. “+” and “++” caused to signal
fifth- and sixth-level headings if you really want to go thaegp.
= Top Level Heading
== Second Level Heading
e Lines in which the first nonspace is an asterisk indicate #wrimings of bullet
lists. Continuation lines for each bullet item should ling with the text on the
first line. Lists may be nested.
This is normal text
* start of a
multiline bullet item
* and another
* nested item
* second nested
* third item at top level
e Lines where the first nonspace characters are digits betpaemtheses indicate
numbered lists. The actual digits used are ignored. Agais, inay be nested.
(1) A numbered item
* subitem in a bulleted list
* subitem
(2) Second numbered item
(9) This will actually be labeled ’3.°
D

<« 427 > é
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e ™
Figure A.1. rd source file

=begin

= Synopsis , .

B bR S Cratinen)

tf.path

tf.puts("Cosi Fan Tutte")

tf.close

tf.open

tf.gets
_ th.close(true)
Claggcfie¥éﬁgfile})) creates managed temporary files. Although they
behave like any other (({I0})) object, temporary files are automatically
deleted when the Ruby program terminates. Once a (({Tempfile})) object
has been created, the underlying file may be opened and closed a number

LLhinesi18)59°9888788¢ qirectly inherit from (({I0})). Instead, it
delegates calls to a (({File})) object. From the programmer’s
perspective, apart from the unusual ((<(({new}))|Tempfile.new>)),
((<(({open})) | Tempfile#fopen>)), and ((<(({close}))|Tempfile#tclose>))
semantics, a (({Tempfile})) object behaves as if it were an (({I0}))
object.
:—énggp¥§ig?ggw( basename, tmpdir=see below )
Constructs a temporary file in the given directory. The filename
is built by concatenating ((|basenamel|)), the current process id,
and (as an extension) a unique sequence number. If the ((ltmpdirl))
parameter is not supplied, it defaults to the value of one of the
environment variables (({TMPDIR})), (({TMP})), or (({TEMP})), or to
the directory (({/tmp})). The file is then opened using mode
“Tw+’?, which allows reading and writing and deletes any
- éég%%?g.gggg?ngésename, tmpdir )
_ Inigégggyﬁﬁgﬁgdé(<Tempfile.new>)).
--= pfile#open
Reopens ((|aTempfilel)) using mode ~“r+’’, which allows reading and
- FEABHET 20k dpletg gisting content.
Closes ((laTempfilel)). If ((lfinall)) is true, deletes the
underlying real file. If ((|finall)) is false, ((laTempfilel|)) may
be subsequently reopened. In all cases, the underlying file is
- ?g%g%g?eyggghthe program terminates.

HiRet%rns the full path of the underlying file.
gEg:ytempfile.rd,v 1.1 2001/01/23 22:01:02 dave Exp $

=end

\. J

e Lines starting with a colon indicate labeled lists. The @xthe colon line is the
label. The immediately following text (which may not be imded less than the
label) is the descriptive text. Again, each type of list maynested.

: red
when the light is red, you
must stop
amber
the amber light means that things are about to change. Either:
* step on the gas, or
* slam on the brakes
: green
green means GO

e Lines starting with three minus signs are a special kind loéled list, when the
labels are method names and signatures. The source in Fidusaows a handful
of these in action.
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s S : N\
. S . -
Figure A.2. BILRBU{Sfrom source in Figure A.1

require—temptite!

tf = Tempfile.new("afile")

tf.path

tf.puts("Cosi Fan Tutte")

tf.close

tf.open

tf.gets

tf.close(true)

Description

Class Tempfile creates managed temporary files. Although they behave like

any other I0 object, temporary files are automatically deleted when the Ruby

program terminates. Once a Tempfile object has been created, the underlying

file may be opened and closed a number of times in succession.

Tempfile does not directly inherit from IO. Instead, it delegates calls to

a File object. From the programmer’s perspective, apart from the unusual

new, open, and close semantics, a Tempfile object behaves as if it were an I0

object.

Class Methods

Tempfile.new( basename, tmpdir=see below )
Constructs a temporary file in the given directory. The filename is built
by concatenating basename, the current process id, and (as an extension)
a unique sequence number. If the tmpdir parameter is not supplied, it
defaults to the value of one of the environment variables TMPDIR, TMP, or
TEMP, or to the directory /tmp. The file is then opened using mode “w+",
which allows reading and writing and deletes any existing content.

Tempfile.open( basename, tmpdir )
Synonym for Tempfile.new.

Instance Methods

Tempfile#open
Reopens aTempfile using mode “r+”, which allows reading and writing
but does not delete existing content.

Tempfile#close( final=false )
Closes aTempfile. If final is true, deletes the underlying real file. If fi-
nal is false, aTempfile may be subsequently reopened. In all cases, the
underlying file is deleted when the program terminates.

Tempfile#path
Returns the full path of the underlying file.

History

$Id: tempfile.rd,v 1.1 2001/01/23 22:01:02 dave Exp $

\ J
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Indented text that isn’t part of a list is set verbatim (sushhe stuff under “Synopsis
in FiguresA.1 andA.2).

Inline Formatting

Within blocks of text and headings, you can use spegliale sequence® control text
formatting. All sequences are nested within a set of douaitemtheses.

Sequence Example Intended Use

((*emphasis*)) emphasis Emphasis (normally italic)
(({code stuff})) code stuff Code

((Jvariablel)) variable Variable name

((%type me%)) type me Keyboard input

(GCindex term:)) index term Something to be indexed
((<reference>)) reference Hyperlink reference

((-footnote-)) text! Footnote text. A reference is placed inline, and the
text of the footnote appears at the bottom of the
page.

((verb)) verb Verbatim text

Cross References

The content of headings, the labels of labeled lists, anddnees of methods are auto-
matically made into potential cross reference targets. iMalee links to these targets
from elsewhere in the document by citing their contents é(tfx . . .>)) construct.

= Synopsis
See ((<Return Codes>)) for details.

== Instance Methods

--- Tempfile.open( filename )
Opens the file...

== Return Codes
The method ((<Tempfile.open>)) raises an (({IOException}))...
If areference starts with “URL:;dtool attempts to format it as an external hyperlink.

The referenceé (<display part|label>)) generates a link tbabel but places the
text “display part” in the output document. This is used ia tlescription section of the
example in Figuré\.1 on paget28to generate references to the method names:

perspective, apart from the unusual ((<(({new}))|Tempfile.new>)),

This construct displays the word “new” in code font but udessia hyperlink to the
methodTempfile.new.
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Method Names

rdtool makes certain assumptions about the format of method n&teess or module
methods should appear @%ass.method, instance methods @l ass#method, and
class or module constants@kass: : Const.

--- Tempfile::IOWRITE
Open the file write-only.

--- Tempfile.new( filename )
Constructs a temporary file in the given directory. The file

--- Tempfile#open
Reopens ((|aTempfile|)) using mode ~“r+’’, which allows reading

Including Other Files

The contents ofilenamewill be inserted wherever the document contains

<<< filename

If the file is specified with anrd or . rb extension, it will be interpreted as RD docu-
mentation.

If the filename has no extensiordtool will look for a file with an extension that
matches the type of output being producelltfnl for HTML files, .man for man files,
and so on) and interpolate that file’s contents indheput stream. Thus, a line such
as:

<<< header

could be used to add an output-dependent header to a document

Using rdtool

RD documentation can be included directly in a Ruby sourogam or written into
a separate file (which by convention will have the extensied). These files are pro-
cessed using thed2 command to produce appropriately formatted output.

rd2 [ options ] inputfle [ >outputfile ]
Some common options include:

-rformat Select an output formatrrd/rd2html-1ib.rb produces HTML output
(the default)-rrd/rd2man-1ib.rb produces Unix man page output.

-oname  Set the base part of the output filename.

-help List the full set of options.
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Mandatory Disclaimer

As we are writing this, RD anddtool are undergoing continuous development. It is
likely that some of the details we give here will be out of datejust plain wrong) by
the time you read this.

Included with therdtool distribution is the fil(README . rd. We suggest you do so, as
it will give you the current scoop on producing Ruby docunaénh.
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Appendix B

Interactive Ruby Shell

Back on pagéd.12we introduced irb, a Ruby module that lets you enter Ruby iznog
interactively and see the results immediately. This appegaes into more detail on
using and customizing irb.

Command Line

irbis run from the command line.
irb [ irb-options ] [ ruby_script ] [ options ]

The command-line options for irb are listed in TaBl& on the following page. Typ-
ically, you'll run irb with no options, but if you want to run script and watch the
blow-by-blow description as it runs, you can provide the pahthe Ruby script and
any options for that script.

Initialization File

irb uses an initialization file in which you can set commonsgd options or execute
any required Ruby statements. When irb is run, it will try@ad an initialization file
from one of the following sources in order/ . irbre, . irbrc, irb.rc, _irbrc, and
$irbre.

Within the initialization file you may run any arbitrary Rulopde. You can also set
any of the configuration values that correspond to commamearguments as shown
in TableB.2 on the next page.

As an interesting twist on configuring irb, you can SBB. conf [ : IRB_RC] to aProc
object. This proc will be invoked whenever the irb contexdlisnged, and will receive
that new context as a parameter. You can use this facilithémge the configuration
dynamically based on the context.

<« 433 P
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Table B.1. irb command-line options

Option Description

-f Suppress readinty/ . irbrc.

-m Math mode (fraction and matrix support is avail-
able).

-d Set$DEBUG to true (same asr'uby -d”).

-r load-module Same ast'uby -r”.

--inspect Use “inspect” for output (the default, unless in math
mode).

--noinspect Do not use inspect for output.

--readline UseReadline extension module.

--noreadline Do not useReadline extension module.

--prompt prompt-mode

--prompt-mode prompt-mode
--inf-ruby-mode

--simple-prompt
--noprompt

--tracer
--back-trace-limit n

Switch prompt mode. Predefined prompt modes are
“default”, “simple”, “xmp”, and “inf-ruby”.

Same as -prompt.

Sets up irb to run irinf -ruby-mode under Emacs.
Changes the prompt and suppresseseadline.
Simple prompt mode.

Do not display a prompt.

Display trace for execution of commands.

Display backtrace information using the tapand

lastn entries. The default value is 16.

--irb_debug n Set internal debug level ta (only for irb develop-
ment).

-v, --version Print the version of irb.

Table B.2. irb configuration values
IRB.conf[:IRB_NAME] = "irb" IRB.conf [:MATH_MODE] = false
IRB.conf [:USE_TRACER] = false IRB.conf [:USE_LOADER] = false
IRB.conf [:IGNORE_SIGINT] true IRB.conf [:IGNORE_EOF] = false
IRB.conf [: INSPECT_MODE] = nil IRB.conf[:IRB_RC] = nil
IRB.conf [:BACK_TRACE_LIMIT] = 16 IRB.conf [:USE_LOADER] = false
IRB.conf [:USE_READLINE] = nil IRB.conf [:USE_TRACER] = false
IRB.conf [:IGNORE_SIGINT] true IRB.conf [:IGNORE_EOF] = false
IRB.conf [:PROMPT_MODE] = :DEFAULT IRB.conf [:PROMPT] = { ... }

IRB.conf [:DEBUG_LEVEL] = 0

IRB.conf [:VERBOSE] = true




Copyright 2006 Addison Wesley Longman, Inc t‘j
CoMMANDS <« 435 —P

Commands

At the irb prompt, you can enter any valid Ruby expressionsa®dithe results. You can
also use any of the following commands to control the irbisess

exit, quit, irb_exit
Quits this irb session or subsession. If you've usedo change bindings (see
below), exits from this binding mode.

conf, irb_context
Displays current configuration. Modifying the configuratie achieved by invok-
ing methods otonf.

conf.back_trace_limit n
Sets display lines of backtrace as topnd tailn. The default value is 16.

conf.debug_level = N
Sets debug level of irb.

conf.ignore_eof = true/false
Specifies the behavior of an end of file received on inputuk tit will be ignored;
otherwise, it will quit irb.

conf.ignore_sigint= true/false
Specifies the behavior of ~C (control-c). If false, ~C willigjub. If true, ~C during
input will cancel input and return to the top level; duringeention, ~C will abort
the current operation.

conf.inf_ruby_mode = true/false
If true, changes the prompt and disables readline support, alipininto work
with inf-ruby-mode.! The default value is false.

conf.inspect_mode = true/false/nil
Specifies inspect mode according to the following values:

true  Display inspect (default).
false Displayto_s.
nil Inspect mode in non-math mode, non-inspect mode in math mode

conf.irb_level
Displays the current binding level (se®).

conf .math_mode
Displays whether or not Ruby is in math mode.

conf.use_loader = true/false
Specifies whether or not irb’s own file reader method is uséidiviad/require.

conf .prompt_c
The prompt for a continuing statement (for example, immetijeafter an “if").

1. inf-ruby-mode allows Emacs users to interact with Ruby while editing pangs. See the file
inf_ruby.el in themisc directory of the distribution for more details.
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conf .prompt_i
The standard, top-level prompt.

conf .prompt_s
The prompt for a continuing string.

conf.rc = true/false
Specifies whether or not to use the initialization file. irbrc.

conf.use_prompt = true/false
Specifies whether or not to display prompts.

conf.use_readline = true/false/nil
Specifies whether or not to use Readline according to theviolg values:

true  Use Readline.
false Do notuse Readline.
nil Use Readline except fdmf -ruby-mode (default).

conf.verbose=true/false
Specifies whether or not verbose messages are displayed.

cb, irb_change_binding ( obj )
Creates and enters a new binding that has its own scope finladables. Ifobj
is given, it will be used as self in the new binding.

irb ( obj )
Starts an irb subsession.dbjis given, it will be used as self.
jobs, irb_jobs
Lists irb subsessions.
fg n, irb_fg n
Switches into the specified irb subsessiomay be any of the following values:
irb subsession number
thread id

irb object
self (theobjthat launched a particular subsession)

kill n, irb_kill n
Kills an irb subsessiom may be any of the values as describedifes_fg.

Configuring the Prompt

You have a lot of flexibility in configuring the prompts thab iuses. Sets of prompts
are stored in the prompt hash:

IRB.conf [: PROMPT]

For example, to establish a new prompt mode called “MY_PROM{u might enter
the following (either directly at an irb prompt or in therbrc file):

IRB.conf [:PROMPT] [:MY_PROMPT] = { # name of prompt mode
:PROMPT_I => "...", # normal prompt
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:PROMPT_S => "...", # prompt for continuing strings
:PROMPT_C => "...", # prompt for continuing statement
:RETURN => " ==>%s\n" # format to return value

}

Then, invoke irb with the prompt mode above by
% irb --prompt my-prompt

Or set the following configuration value:

IRB.conf [:PROMPT_MODE] = :MY_PROMPT

The constantBROMPT _I, PROMPT_S, andPROMPT_C specify the format for each of the
prompt strings. Within the prompt format, the following fiagre available and will
expand to the given text:

Flag Description

WN Current command.

%m to_s of the main object (self).

%M inspect of the main object (self).

yal Delimiter type. In strings that are continued across a lireak,%1 will display
the type of delimiter used to begin the string, so you'll kntmow to end it. The
delimiter will be one of", *, /,1, or ¢.

%ni  Indent level. The optional numberis used as a width specification to printf,
asprintf ("%nd").

%nn  Currentline numbern{ used as with the indent level).

% A literal percent sign.

For instance, the default prompt mode is defined as follows:

IRB.conf [ :PROMPT_MODE] [:DEFAULT] = {
:PROMPT_I => "%N(%m):%03n:%i> ",
:PROMPT_S => "YN(%m):%03n:%i%1 ",
:PROMPT_C => "%N(%m):%03n:%ix* ",
:RETURN => "%s\n"

Restrictions

Because of the way irb works, there is a minor incompatibitietween it and the
standard Ruby interpreter. The problem lies in the deteatiun of local variables.

Normally, Ruby looks for an assignment statement to detegnifi something is a
variable—if a name hasn’t been assigned to, then Ruby asstiraename is a method
call.

eval "a = 0"
a

produces:

prog.rb:2: undefined local variable or method "a’
for main:0Object (NameError)



Copyright 2006 Addison Wesley Longman, Inc
438 P APPENDIX B. INTERACTIVE RUBY SHELL

In this case, the assignment is there, but it's within a girio Ruby doesn’t take it into
account.

irb, on the other hand, executes statements as they areénter

irb(main) :001:0> eval "a = Q0"
0

irb(main) :002:0> a

0

In irb, the assignment was executed before the second liseeneountered, so “a” is
correctly identified as a local variable.

If you need to match the Ruby behavior more closely, you canethese statements
within abegin/end pair.

irb(main) :001:0> begin

irb(main) :002:1*% eval "a = O"

irb(main) :003:1> a

irb(main) :004:1> end

NameError: undefined local variable or method ‘a’

(irb):3:in ‘irb_binding’

rtags, xmp, and the Frame Class

The base version of irb is installed along with Ruby itselfit Bhere is an extended
version of irb in the archives containing a few extra goodliag need mentioning.

rtags

rtags IS a command used to createTAGS file for use with either the emacs or vi
editor.

rtags [ -vi ] [ files ]...

By default, rtags makes BAGS file suitable for emacs (see etags.el). e option
makes a TAGS file for use with vi.

rtags needs to be installed in the same manner as irb (thatusieed to install irb in
the library path and make a link frotrb/rtags.rbtobin/rtags).

xmp

irb’s xmp is an “example printer"—that is, a pretty-printbat shows the value of each
expression as it is run (much like the script we wrote to fdrtha examples in this
book). There is also another stand-alone xmp in the archives

xmp can be used as follows:

require "irb/xmp"
xmp <<END
artist = "Doc Severinsen"

artist
END

produces:
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artist = "Doc Severinsen"

artist = "Doc Severinsen"
==>"Doc Severinsen"

artist

artist

==>"Doc Severinsen"

Or, it can be used as an object instance. Used in this fastiienpbject maintains
context between invocations:

require "irb/xmp"

x = XMP.new

x.puts <<END

artist = "Louis Prima"

END

x.puts <<END

artist

END

produces:

artist = "Louis Prima"

artist = "Louis Prima"
==>"Louis Prima"

artist

artist

==>"Louis Prima"

You can explicitly provide a binding with either form; otlwése, xmp uses the caller’s
environment.

xmp code_string, abinding
XMP.new(abinding)

Note that xmp does not work with multithreading.

The Frame Class

TheIRB: :Frame class represents the interpreter’s stack and allows eaggsito the
Binding environment in effect at different stack levels.

IRB: :Frame.top(n = 0) Returns &inding for thenth context from the top.
The0th context is topmost, most recent frame.

IRB: :Frame.bottom(n = 0) Returns aBinding for the nth context from the
bottom. TheOth context is the bottommost, initial
frame.

IRB: :Frame.sender Returns the object (the sender) that invoked the cur-
rent method.

You can use this facility, for instance, to examine locaiafles from the method that
called the current method:

require ’irb/frame’
def outie
b = IRB::Frame.top(1)
eval "p my_local", b
end
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def innie
my_local = 102.7
outie

end

innie
produces:
102.7

Note that this doesn’t work with multithreaded programs.
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Support

One of the major features of Open Source projects is the teglsupport. Articles in
the mass media often criticize open source efforts for neinigethe same tech support
that a commercial product has. And boy is that a good thingtelad of dialing up
some overworked and understaffed help desk and beingdreatdusic On Hold for
an hour or savithoutever getting the answer you need, we have a better solukien: t
Ruby community. The author of Ruby, the authors of this b@woki many other Ruby
users are willing and able to lend you a hand, should you rteed i

The syntax of Ruby remains fairly stable, but as with all giraj software, new fea-
tures are added every now and again. As a result, both pridekls and the online
documentation can fall behind. All software has bugs, anbyRsino exception. There
aren’t many, but they do crop up. See the bug reporting secticthe following page
for details.

If you experience a problem with Ruby, feel free to ask in thalimg lists or on the
newsgroup (more on those in just a minute). Generally ygetltimely answers from
Matz himself, the author of the language, from other guras, fiom those who've
solved problems similar to your own.

There might be similar questions in the mailing lists or aanlewsgroup, and it is good
“netiquette” to read through recent postings before askingu can't find the answer

you need, ask, and a correct answer will usually show up witharkable speed and
precision.

Web Sites

The official Ruby Home Page isttp: //www.ruby-lang.org,

You can also find Ruby information atttp://www.rubycentral.com. In partic-
ular, you'll find complete online references to Ruby’s biiltclasses and modules at
www.rubycentral.com/ref/, andto the Ruby FAQ atww.rubycentral.com/faq/ |

While you're surfing, drop in oittp://www.pragmaticprogrammer .comand see
what we're up to.
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Download Sites

The latest version of Ruby can be downloaded frantp: //www . ruby-lang. org/en/download. html.J]
Mirror sites are:

e ftp://ftp.TokyoNet.AD.JP/pub/misc/ruby

e ftp://ftp.iij.ad.jp/pub/lang/ruby

e ftp://blade.nagaokaut.ac.jp/pub/lang/ruby
e ftp://ftp.krnet.ne. jp/pub/ruby

e ftp://mirror.nucba.ac.jp/mirror/ruby

e http://mirror.nucba.ac. jp/mirror/ruby

Precompiled Windows binaries (using cygwin) are inpl¢ subdirectory.

Usenet Newsgroup

Ruby has its own newsgroupemp . lang . ruby. Traffic on this group is archived and
mirrored to theruby-talk mailing list.

Mailing Lists

There are five mailing lists now talking about Ruby. The fisshi English, the last four
in Japanese:

ruby-talk@netlab.co.jp English language discussion of Ruby (mirrored to
comp.lang.ruby).

ruby-list@netlab.co.jp Japanese language discussion of Ruby.

ruby-dev@netlab.co.jp  Listfor Ruby developers.

ruby-ext@netlab.co.jp  Listfor people writing extensions for or with Ruby.

ruby-math@netlab.co.jp Rubyin mathematics.

Seehttp://www.ruby-lang.org/en/ml.html for details on joining a mailing list.

The mailing lists are archived, and can be searched tisitiy: //blade .nagaokaut.ac. jp/ruby/ruby-talk/inde:

Bug Reporting

If you think you've spotted a bug in Ruby, you may want to brewse bug database at
http://wuw.ruby-lang.org/cgi-bin/ruby-bugs. You may also want to check
to see if a new version of Ruby is available—perhaps the bugrgdound has already

been fixed.

You can submit a bug report either by using the Web page mesdi@bove or by
sending an e-mail touby-bugs@ruby-lang.org.
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When reporting a suspected bug, it would be a good idea taidecthe output of
“ruby -v” along with any problematic source code. People will alsechto know
the operating system you're running. If you compiled youmoversion of Ruby, it
might be a good idea to attach yaticonfig.rb file as well.

If you have a problem using irb, be aware of its limitationsg(¢he reference section
beginning on pagé33. See what happens using just Ruby itself.
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Index

Every built-in and library method described in this bookndexed at least twice, once under the
method’s name and again under the name of the class or mddhiledntains it. These entries
have the method and class/module names/pewriter font, and have the word method, class,
or module appended. If you want to know what methods dassng contains, you can look up
“String class” in the index. If instead you want to know which classed modules support a
method calledndex, look under index method.” A bold page number for these method listings
shows the reference section entry.

When a class or method name corresponds with a broader ¢qeaep as String), we've indexed
the class separately from the concept.

Symbols are sorted using ASCII collation. The table on tghtrimight help those who haven't

yet memorized the positions of the punctuation characters.

! (logical not) 69, 191
= (not equal) 69
1~ (does not match)55, 69
# (comment) 171
#! (shebang)xxii
#{...}
substitute in patterril78
substitute in string49, 175
$ (global variable prefix) 181
$ (in pattern) 177
$ variables
English namesl184, 370
% method
classBignum 255
classFixnum 268
classFloat 269
classString 312
ha{l...}, %Q{...} (string
literal) 49,174
%r{...} (regexp) 55, 177
%w{...} (array of words) 9,
176
%x{. ..} (command expansion)
64, 188, 340
%{...} (string literal) 49,174
& (block parameter to method)
44, 58, 196
& method
classArray 244

classBignum 255
classFalseClass 264
classFixnum 268
classNilClass 297
classTrueClass 330

&& (logical and) 69, 191

(...) (in pattern) 178

(7...) (regexp extensions)

179

* (array argument)195

* (in pattern) 178

* method
classArray 244
classBignum 255
classFixnum 268
classFloat 269
classString 312

** method
classBignum 255
classFixnum 268
classFloat 269

+ (in pattern) 178

+ method
classArray 244
classBignum 255
classDate 368
classFixnum 268
classFloat 269
classString 312
classTime 325
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+@ method
classNumeric 298
- method
classArray 245
classBignum 255
classDate 368
classFixnum 268
classFloat 269
classTime 325
-@ method
classNumeric 298
. (in pattern) 178
..and... (range) 53
/ method
classBignum 255
classFixnum 268
classFloat 269
/.../ (regexp) 55, 177
: (symbol creation)176, 188
:: (scope resolution)L82, 188
200, 201
vs.“" 197
; (line separator)171
< (superclass)199
< method
moduleComparable 332
<=, >, >=method
classModule 289
<= method
moduleComparable 332

<

3

>-—a/-—-@.\)\/

2

| ~ — ~
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<=> (comparison operator}p4,
70,332 333

<=> method
classArray 245
classBignum 256
classComplex 364
classDate 368
classFile: :Stat 267
classFixnum 268
classFloat 269
classModule 289
classString 312
classTime 325

<<
here documen#9, 174
singleton object199, 208

<< method
classArray 245
classBignum 255
classDate 368
classFixnum 268
classI0 98, 282
classString 312

= (assignment)65, 188

== (equals) 70

== method
classArray 245
classComplex 364
classHash 271
classObject 300
classRegexp 310
classString 313
classStruct 314
moduleComparable 332

=== (case equalsyO0, 72, 193

=== method
classArray 245
classDate 368
classModule 289
classObject 300
classRange 308
classRegexp 310
classString 313

=>
hash creation35, 176
in argument list62, 196
rescue clausesl, 204

=begin...=end 171,427

=~ (match) 55, 70

=~ method
classObject 300
classRegexp 310
classString 313

> method
moduleComparable 332

>= method
moduleComparable 332

>> method
classBignum 255

-

classDate 368
classFixnum 268
? (in pattern) 178
@ (instance variable prefix)180
Qe (class variable prefix)L80
[ 1 method
classArray 34,244,245
classBignum 256
classCGI: :Session 420
classCGI 416
classbir 259
classFixnum 268
classHash 271, 272
classMatchData 285
classMethod 287
classNet : : HTTPResponse
407
classProc 307
classPStore 379
classStruct 314
classThread 320
classWwIN320LE 422
[ 1= method
classArray 34,246
classCGI: :Session 420
classHash 272
classNet : : HTTPResponse
407
classPStore 379
classStruct 314
classThread 320
classWIN320LE 422
[...]
array literal 9, 176
character class.77
\ (line continuation) 171
\1...\9
in pattern 178
\A (in pattern) 177
\B (in pattern) 177
\Z (in pattern) 177
\b (in pattern) 177
\d (in pattern) 178
\n (newline) 8, 175
\s (in pattern) 178
\w (in pattern) 178
\z (in pattern) 177
~ (in pattern) 177
~ method
classBignum 255
classFalseClass 264
classFixnum 268
classNilClass 297
classTrueClass 330
__id_ _ method
classObject 300
_send_ _ method
classObject 300
_id2ref method
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moduleObjectSpace 357

(backquote) method

moduleKernel 64, 65, 108,
340

{...}

hash literal 10, 176

in pattern 178

in file name 109
in pattern 178
| method
classArray 246
classBignum 255
classFalseClass 264
classFixnum 268
classNilClass 297
classTrueClass 330
| | (logical or) 69, 191
~ method
classBignum 255
classFixnum 268
classRegexp 311
-0[octal] (Ruby option) 122

A

-a (Ruby option) 122, 186
abort method
classPStore 379
moduleKernel 340
abort_on_exception method
classThread 103 317,320
abort_on_exception=
method
classThread 317, 320
abs method
classComplex 364
classNumeric 298
abs2 method
classComplex 364
accept method
classTCPServer 396
classUNIXServer 399
Access control27, 202
method 292, 293 295, 296
overriding in subclas218
Accessor metho?1, 67
Accessors method
classDate 368
add method
classThreadGroup 323
add_observer method
moduleObservable 388
addr method
classIPSocket 394
classUNIXSocket 398
Alias 30, 182
alias 198
alias_method method
classModule 293
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moduleKernel 232
alive? method
classThread 320
all method
classNet: :POPMail 409
Ancestor 19
ancestors method
classModule 208, 227, 289
and (logical and) 69, 191
Anonymous class208, 258
Aoki, Minero 83
Apache Web servefl32
mod_ruby 133
API
Microsoft Windows 140
APOP authentification407
append_features method
classModule 293
arg method
classComplex 364
Arithmetic operations
method
classBignum 255
classComplex 364
classFixnum 268
classFloat 269
arity method
classMethod 287
classProc 307
Array
creating 33
expanding as method
parameter60, 196
indexing 34
literal 9,175
method argumenil95
Array class 244
& 244
* 244
+ 244
- 245
<=> 245
<< 245
== 245
=== 245
[ 1 34,244,245
[ 1= 34,246
| 246
assoc 246
at 246
clear 247
collect 247
collect! 247
compact 247
compact! 247
concat 247
delete 247
delete_at 248
delete_if 248

-

each 248

each_index 248

empty? 248

eql? 248

£ill 249

first 249

flatten 249

flatten! 249

include? 249

index 249

indexes 251

indices 251

join 251

last 251

length 251

map! 251

new 244

nitems 251

pack 251

pop 252

push 252

rassoc 252

reject! 252

replace 252

reverse 252

reverse! 252

reverse_each 253

rindex 253

shift 253

size 253

slice 253

slice! 253

sort 254

sort! 254

to_a 254

to_ary 254

to_s 254

uniq 254

uniq! 255

unshift 255
Array method

moduleKernel 339
ASCII

character literal48, 173

convert integer to277
asctime method

classTime 326
Assignment65, 188

attribute 198

parallel 66, 189
assoc method

classArray 246
at method

classArray 246

classTime 324
at_exit method

moduleKernel 340
atan2 method

moduleMath 356 365
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atime method
classFile::Stat 267
classFile 265

attr method 200
classModule 293

attr_accessor method 200
classModule 294

attr_reader method 200
classModule 294

attr_writer method 200
classModule 294

Attribute
assignmentl13 198
virtual 23

autoload method
moduleKernel 341

Automation, Windows140

Autosplit mode 122

B

backtrace method
classException 263
Backup files, creatingl22
basename method
classFile 265
BasicSocket class 392
close_read 393
close_write 393
do_not_reverse_lookup
392
do_not_reverse_lookup=
392
getpeername 393
getsockname 393
getsockopt 393
lookup_order 392
lookup_order= 393
recv 393
send 393
setsockopt 393
shutdown 394
BEGIN {...} 172
begin method
classMatchData 285
classRange 308
=begin...=end 171, 427
begin...end 74,81, 190 204
Benchmark module 116, 232
between? method
moduleComparable 332
Bignum class 255
% 255
& 255
* 255
*x 255
+ 255
- 255
/ 255
<=> 256
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<< 255
>> 255
[ 1 256
~ 255
| 255
~ 255
Arithmetic operations
255
Bit operations 255
literal 47,173
size 256
to_f 256
to_i 256
to_s 256
Binary data98, 175 251
Binary notation47, 173
bind method
classuDPSocket 397
Binding
in block 184
Binding class 187, 256, 439
binding method
moduleKernel 231, 256,
341
binmode method
class1io 282
classNet: :Telnet 412
binmode= method
classNet: :Telnet 412
Bit operations method
classBignum 255
classFixnum 268
blksize method
classFile: :Stat 267
Block 39, 202
as closure43
and files 96
fork, popen, and subprocess
110 281, 346
with method 231
as parameter to metho8i,
196
parametersl3, 40
performancell6
as transaction2
variable scope78, 102 183
block_given? method
moduleKernel 43,197, 341
blockdev? method
classFile: :Stat 267
moduleFileTest 336
blocks method
classFile: :Stat 267
Boolean expression$90
break 76,194
broadcast method
classConditionVariable
382
Buffering problems115

-

Bug reporting 442

C

-c (Ruby option) 122
-C directory (Ruby option)
122
Calendar366
Call method
classWin32API 424
call method
classContinuation 259
classMethod 231, 287
classProc 307
classWwin32API 424
Callback
from GUI widget 137
Ruby runtime 233
windows event423
callcc method
moduleKernel 258 341
caller method
moduleKernel 84, 235 341
case expression72, 193
Case insensitive (regexp)77
casefold? method
classRegexp 311
catch method
moduleKernel 85, 205, 342
ceil method
classFloat 269
CGI class 127,414
[ 1416
cookies 416
escape 415
escapeElement 415
escapeHTML 415
has_key? 416
header 416
keys 416
new 415
out 417
params 417
parse 415
pretty 415
rfc1123_date 416
unescape 416
unescapeElement 416
unescapeHTML 416
CGl programming127-133
414-420
cookies 129, 414
embedding Rubyeruby)
131
forms 128 418
HTML tags 419
mod_ruby 133
session130, 419
CGI::Session class419
[ 1420
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[ 1= 420
delete 420
new 419
update 420
changed method
moduleObservable 388
changed? method
moduleObservable 388
Character
convert integer to277
literal 48,173
chardev? method
classFile::Stat 267
moduleFileTest 336
chdir method
classbir 260
chmod method
classFile 265
chomp method
moduleKernel 342
chomp! method
moduleKernel 342
chop method
moduleKernel 343
chop! method
moduleKernel 343
chown method
classFile 266
chr method
classInteger 277
chroot method
classDir 260
Class
anonymous208 258
attribute 21, 200
defining 199, 213
extending 18
generator313
hierarchy 289
instance 6, 200
listing hierarchy 227
metaclass208
method 25, 212
mixing in module 201
naming 9, 217
object specific208
singleton 208
variable 24
Class class 207, 257
inherited 234 257
new 200, 258
superclass 227,258
class method
classObject 300, 306
class_eval method
classModule 289
class_variables method
classModule 289
Classes
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list of methods242
Array 244
BasicSocket 392
Bignum 255
Binding 187, 256 439
CGI 127,414
CGI::Session 419
Class 207,257
Complex 363
ConditionVariable 107,
382
Continuation 258
Date 365
Delegator 386
Dir 259
Exception 79,263
FalseClass 264
File 95, 265 371
File::Stat 267
Fixnum 268
Float 269
GetoptLong 373
Hash 271
Integer 277
10 95,279
IPSocket 394
IRB: :Frame 439
MatchData 285 310, 311
Method 230, 287
Module 288
Mutex 105 381
Net: :APOP 409
Net::FTP 401
Net: :HTTP 405
Net: :HTTPResponse 407
Net: :POP 407
Net::POPMail 409
Net::SMTP 410
Net::Telnet 411
NilClass 297
Numeric 298
Object 20, 300
Proc 44,58, 203 287, 306
Protocol 401
PStore 378
Range 175 307
Regexp 309
Socket 399
S0CKSSocket 395
String 49,174 311
Struct 313
Struct::Tms 316
Symbol 22,188 316
TCPServer 396
TCPSocket 394
Tempfile 380
Thread 317
ThreadGroup 323
Time 324

-

TrueClass 330
UDPSocket 396
UNIXServer 399
UNIXSocket 398
WeakRef 383
Win32API 140,423
WIN320LE 140,421
WIN320LE_EVENT 422
clear method
classArray 247
classHash 272
clone method
classI0 282
classModule 290
classObject 300
close method
classDir 261
classI0 282
classNet: :FTP 402
classS0CKSSocket 395
classTempfile 381
close_read method
classBasicSocket 393
classI0 282
close_write method
classBasicSocket 393
classI0 282
closed? method
classI0 283
classNet: :FTP 402
cmd method
classNet: :Telnet 412
cmp method
classFile 371
Code profiler116
code method
classNet: :HTTPResponse
407
Coding system (ASCII, EUC,
SJIS, UTF-8) 122 171n,
175n
coerce method
classNumeric 298
Coffee coaster
attractive 2
collect method
classArray 247
moduleEnumerable 333
collect! method
classArray 247
Command (type of method) 59r}
Command expansios4
Command line121
options 122-123
parsing 373
Comment171
regular expressiori79
commit method

ley Longman, Inc

classPStore 379

INDEX < 451

compact method

classArray 247
compact! method

classArray 247
Comparable module 332

< 332

<= 332

== 332

> 332

>= 332

between? 332

Comparisons 332
compare method

classFile 371
Comparison operator§91
Comparisons method

moduleComparable 332
compile method

classRegexp 309
Complex class 363

<=> 364

== 364

abs 364

abs2 364

arg 364

Arithmetic operations

364

conjugate 364

image 364

new 363

polar 364

real 365

to_f 365

to_i 365

to_r 365

to_s 365
COMSPEC 125
concat method

classArray 247
Conditional expressiory1, 192
ConditionVariable class

107, 382

broadcast 382

signal 382

wait 382
Config module 126
conjugate method

classComplex 364
connect method

classNet: :FTP 402

classuDPSocket 397

classwIN320LE 421
const_defined? method

classModule 290
const_get method

classModule 290
const_load method

classWwIN320LE 421
const_set method
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classModule 290
Constant182
class name217
listing in module 228
scope 182
Constants
DATA 172,187
FALSE 187
false 68,187 190
NIL 187
nil 68,187,190
RUBY_PLATFORM 187
RUBY_RELEASE_DATE 187
RUBY_VERSION 187
STDERR 187
STDIN 187
STDOUT 187
TOPLEVEL_BINDING 187
TRUE 187
true 68, 187
constants method
classModule 288 290
Constructor6, 17
private 26
Contact, authors’ e-maikxii
Continuation class 258
call 259
Control character
\n etc. 48,173 175
Conventions, typographiaxiv
cookies method
classCGI 416
Coordinated Universal Time
324
copy method
classFile 371
--copyright (Ruby option)
122
cos method
moduleMath 356, 365
count_observers method
moduleObservable 388
cp method
classFile 371
CPU times 316
create_makefile method
modulemkmf 154, 376
critical method
classThread 318
critical= method
classThread 105,318
ctime method
classFile 266
classTime 326
Current directory261
current method
classThread 318
CVS access to Rubyxi
cwday method

-

classDate 368
cweek method

classDate 368
cwyear method

classDate 368
cygwin32 139

D

-d (Ruby option) 186
-d, --debug (Ruby option)
122

DATA constant172, 187

Date class 365
+ 368
- 368
<=> 368
<< 368
=== 368
>> 368
Accessors 368
cwday 368
cweek 368
cuyear 368
day 368
downto 369
england 369
exist2? 366
exist? 366
existw? 366
gregorian 369
gregorian_leap? 367
italy 369
ja 369
julian 369
julian_leap? 367
leap? 367,369
mday 368
mjd 369
mon 368
month 368
new 367
newl 367
new2 367
new3 367
newsg 369
neww 368
next 369
ns? 369
os? 369
parsing 377
sg 369
step 369
succ 369
to_s 370
today 368
upto 370
wday 368
yday 368
year 368
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Date module 324
day method

classDate 368

classTime 326
Debug model22
debug_mode method

classNet: :FTP 402
debug_mode= method

classNet: :FTP 402
Debugger111

commands 118f
def (method definition)57
Default parameter$7, 195
default method

classHash 272
default= method

classHash 272
define_finalizer method

moduleObjectSpace 358
defined? operator69, 191
Delegation 386
Delegator class 386
delete method

classArray 247

classCGI: :Session 420

classbir 260

classFile 266

classHash 272

classNet: :POPMail 409
delete! method

classNet: :POPMail 409
delete_at method

classArray 248
delete_if method

classArray 248

classHash 273
delete_observer method

moduleObservable 388
delete_observers method

moduleObservable 388
Delimited string 172
detect method

moduleEnumerable 333
Dir class 259

[ 1259

chdir 260

chroot 260

close 261

delete 260

each 261

entries 260

foreach 260

getwd 261

glob 261

mkdir 261

new 261

open 261

pwd 261

read 262
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rewind 262

rmdir 261

seek 262

tell 262

unlink 261
dir method

classNet: :FTP 402
dir_config method

modulemkmf 154, 376
Directories

search pathl54

searched125
directory? method

moduleFileTest 336
dirname method

classFile 266
disable method

moduleGC 339
Dispatch table230
display method

classObject 301
divmod method

classNumeric 298
DLL, accessing API140
DLN_LIBRARY_PATH 125
do_not_reverse_lookup

method

classBasicSocket 392

do_not_reverse_lookup=
method

classBasicSocket 392
Documentation

doc string example215

embeddedl71, 427
Double-quoted stringt9, 174
Download Rubyxx

sites 442
downto method

classDate 369

classInteger 277
_dump 236, 355
dump method

moduleMarshal 235 355
dup method

classObject 301
Dynamic

compilation 343

definitions 213

linking 157

method invocation230

E

-e ’command’ (Ruby option)
122
each method
classArray 248
classdir 261
classGetoptLong 374
classHash 273

-

class1o 283
classNet : : HTTPResponse
407

classNet: :POP 408
classRange 309
classStruct 315
classWIN320LE 422
moduleEnumerable 41,
333
each_byte method
classi0o 283
each_index method
classArray 248
each_key method
classHash 273
each_line method
classio 283
each_object method
moduleObjectSpace 208
226,227,358
each_pair method
classHash 273
each_value method
classHash 273
each_with_index method
moduleEnumerable 333
Editor
run Ruby in 113
egid method
moduleProcess 359
egid= method
moduleProcess 359
Eiffel
feature renaming 232n
once modifer 216
Element reference ([ ])198
else (exceptions)82, 204
Emacs113
with irb 435n
tag file 438
E-mail
address for feedbackxii
fetching with POP407
sending with SMTP410
Embed Ruby
interpreter in applicationl57
Embedded documentatioh71,
427
empty? method
classArray 248
classHash 273
enable method
moduleGC 339

__END__ 172187
END {...} 172
end method

classMatchData 285
classRange 309
england method
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classDate 369
English names fo$ variables
184, 370
ensure (exceptions)82, 204
entries method
classDir 260
moduleEnumerable 333
Enumerable module 92, 333
collect 333
detect 333
each 41, 333
each_with_index 333
entries 333
find 333
find_all 333
grep 333
include? 334
map 334
max 334
member? 334
min 334
reject 334
select 334
sort 335
to_a 335
Environment variablesl 24
COMSPEC 125
DLN_LIBRARY_PATH 125
HOME 260, 266
LOGDIR 260
PATH 123
POSIXLY_CORRECT 373
RUBYLIB 125 224
RUBYLIB_PREFIX 125
RUBYOPT 125 224
RUBYPATH 123 125
RUBYSHELL 125
SHELL 125
SOCKS_SERVER 402
TMPDIR 380
eof method
classi0o 283
eof? method
classi0o 283
Epoch 324
eql? method 70
classArray 248
classNumeric 298
classObject 301
equal? method 70
classObject 301
Errno module 336
error? method
classGetoptLong 374
error_message method
classGetoptLong 374
Errors in book, reportingxxii
eruby 131-133
in Apache 132
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see alsaCGl programming
escape method
classCGI 415
classRegexp 309
escapeElement method
classCGI 415
escapeHTML method
classCGI 415
euid method
moduleProcess 359
euid= method
moduleProcess 359
eval method
moduleKernel 231, 256,
343
Example printer438
Excel, automating Microsoft
141
Exception 79-85, 203
in extensions163
handling 81
hierarchy 80f
NameError 183 205
raising 83, 348
RuntimeError 83, 203
SecurityError 221
StandardError 80, 82, 204
stored ing! 184
SystemCallError 336
SystemExit 124 344
in thread 103 317
TypeError 30, 236
Exception class 79, 263
backtrace 263
exception 263
message 263
set_backtrace 263
exception method
classException 263
exclude_end? method
classRange 309
exec method
moduleKernel 343
executable? method
moduleFileTest 337
executable_real? method
moduleFileTest 337
Execution
environment218
profiler 116
tracing 234
exist27? method
classhate 366
exist? method
classDate 366
moduleFileTest 337
exists? method
moduleFileTest 337
existw? method

-

classDate 366
exit method
classThread 318 320
moduleKernel 124, 344
exit! method
moduleKernel 344
moduleProcess 359
exp method
moduleMath 356, 365
expand_path method
classFile 266
Expression63-78, 188-194
boolean 68, 190
case 72,193
if 70,192
range as boolea70
substitution in string175
ternary 71, 192
extconf.rb 154
see alsankmf module
Extend Ruby143-167
building extensions153
C-constructor151
call method AP1162
create objectl46
datatype conversion AP147
datatype wrapping APIL49
define methods APIL60
define objects API159
embedded Ruby APIL58
embedding157
example codel51
exception API163
garbage collection149
initialize 146
internal types143
iterator API 164
linking 157
memory allocation API153
object status API165
variable API 161, 165
variables 147
extend method
classObject 212, 301
extend_object method
classModule 234, 294
Extended mode (regexp77
Extending classed 8

F

-F pattern (Ruby option)
122 185
Factory method26
fail method
moduleKernel 344
FALSE constant187
false constant68, 187, 190
FalseClass class 264
& 264
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~ 264
| 264
fcntl method
class10 283
Feedback, e-mail addressii
fetch method
classHash 273
Fibonacci seriesfibUpTo) 39
File
associations under Windows
140
and blocks96
directory traversal371
expanding name&59, 266
including source92, 122,
125
installing files 371
modes 280f
opening 95
owner 266
pathname279
permission265
reading 96
temporary 380
tests 353
writing 97
File class 95, 265 371
atime 265
basename 265
chmod 265
chown 266
cmp 371
compare 371
copy 371
cp 371
ctime 266
delete 266
dirname 266
expand_path 266
ftype 266
install 372
makedirs 372
mkpath 372
move 372
mv 372
new 95
open 96
rm_f 372
safe_unlink 372
syscopy 372
File::Stat class 267
<=> 267
atime 267
blksize 267
blockdev? 267
blocks 267
chardev? 267
file? method
moduleFileTest 337



fileno method
classio 284
FileTest module 336
blockdev? 336
chardev? 336
directory? 336
executable? 337
executable_real? 337
exist? 337
exists? 337
file? 337
grpowned? 337
owned? 337
pipe? 337
readable? 337
readable_real? 337
setgid? 338
setuid? 338
size 338
size? 338
socket? 338
sticky? 338
symlink? 338
writable? 338
writable_real? 338
zero? 338
£i11 method
classArray 249
Find module 371
find 371
prune 371
find method
moduleEnumerable 333
moduleFind 371
find_all method
moduleEnumerable 333
find_library method
modulemkmf 156 376
finish method
classNet: :POP 408
finite? method
classFloat 270
first method
classArray 249
classRange 309
Fixnum class 268
% 268
& 268
* 268
** 268
+ 268
- 268
/ 268
<=> 268
<< 268
>> 268
[ 1268
~ 268
| 268

-
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~ 268
Arithmetic operations
268

Bit operations 268

id2name 269

literal 47,173

range of 47

size 269

to_f 269

to_i 269

to_s 269
flatten method

classArray 249
flatten! method

classArray 249
Float class 269

% 269

* 269

** 269

+ 269

- 269

/ 269

<=> 269

Arithmetic operations

269

ceil 269

finite? 270

floor 270

infinite? 270

literal 48,173

nan? 270

round 270

to_f 270

to_i 270

to_s 271
Float method

moduleKernel 340
floor method

classFloat 270
f1lush method

classIio 284
for...in loop 75,194
for_fd method

classSocket 400
foreach method

classbir 260

class1io 279
fork method

classThread 318

moduleKernel 344

moduleProcess 359
format method

moduleKernel 345
freeze method

classObject 115 220, 302
frexp method

moduleMath 356
frozen? method

classObject 302
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FTools library 371

ftp site for Ruby xx

ftw 371

ftype method
classFile 266

Funaba, Tadayosh215

Function pointer231

G

Garbage collectior339, 357,
383

internals 149
garbage_collect method

moduleGC 339

moduleObjectSpace 358
GC module 339

disable 339

enable 339

garbage_collect 339

start 339
General delimited strindL72
get method

classGetoptLong 374

classNet: :HTTP 406
get_option method

classGetoptLong 374
getaddress method

classIPSocket 394
getaddrinfo method

classSocket 400
getbinaryfile method

classNet: :FTP 402
getc method

classio 284
gethostbyaddr method

classSocket 400
gethostbyname method

classTCPSocket 394
GetoptLong class 373

each 374

error? 374

error_message 374

get 374

get_option 374

new 374

ordering 375

ordering= 375

quiet 375

quiet= 375

quiet? 375

set_options 375

terminate 375

terminated? 376
getpeername method

classBasicSocket 393
getpgid method

moduleProcess 359
getpgrp method

moduleProcess 359
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getpriority method
moduleProcess 360
gets method
classIio 284
moduleKernel 185, 345
getsockname method
classBasicSocket 393
getsockopt method
classBasicSocket 393
Getter method21
gettextfile method
classNet: :FTP 403
getwd method
classdir 261
gid method
moduleProcess 360
gid= method
moduleProcess 360
glob method
classdir 261
global_variables method
moduleKernel 345
gm method
classTime 324
GMT 324
gmt? method
classTime 326
gmtime method
classTime 326
GNU Win32 139
Greenwich Mean Time324
gregorian method
classDate 369
gregorian_leap? method
classbate 367
grep method
moduleEnumerable 333
grpowned? method
moduleFileTest 337
gsub method
moduleKernel 345
gsub! method
moduleKernel 345
GUI programming 135
callback from widget137
widgets 136

H

-h, --help (Ruby option) 122
has_key? method

classCGI 416

classHash 274
has_value? method

classHash 274
Hash 35

creating 35

default value 10

indexing 35

key requirementsl76

-

literal 10,176

as method parameter96

as method parametefl
Hash class 271

== 271

[ 1 271,272

[ 1= 272

=> 35

clear 272

default 272

default= 272

delete 272

delete_if 273

each 273

each_key 273

each_pair 273

each_value 273

empty? 273

fetch 273

has_key? 274

has_value? 274

include? 274

index 274

indexes 274

indices 275

invert 275

key? 275

keys 275

length 275

member? 275

new 271

rehash 176 275

reject 276

reject! 276

replace 276

shift 276

size 276

sort 276

store 276

to_a 276

to_s 277

update 277

value? 277

values 277
hash method

classObject 302
have_func method

modulemkmf 156, 376
have_header method

modulemkmf 156, 377
have_library method

modulemkmf 156, 377
head method

classNet: :HTTP 406
header method

classCGI 416

classNet: :POPMail 409
Here document49, 174
Hex notation47, 173
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Hintze, Clemensl81

HOME 260, 266

hour method
classTime 326

/i regexp option177
-i [eztension] (Ruby
option) 122 186
-1 directories (Ruby
option) 122 186
id method
classObject 302
id2name method
classFixnum 269
classSymbol 317
Identifier
object id 6, 227
IEEE floating point269
-Idirectories (Ruby option)
126
if expression70, 192
as modifier71, 192
im method
classNumeric 363
image method
classComplex 364
Imaginary numbers363
In-place edit model22
include method 89
classModule 201, 294
include? method
classArray 249
classHash 274
moduleEnumerable 334
included_modules method
classModule 290
Incremental developmeni15
index method
classArray 249
classHash 274
indexes method
classArray 251
classHash 274
Indexing
array 34
hash 35
indices method
classArray 251
classHash 275
infinite? method
classFloat 270
Inheritance 19, 199
and access contrat18
method lookup197, 208
singleversusmultiple 21
inherited method
classClass 234 257
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initialize method 17, 28,
200

inject method

Ruby 42, 90

Smalltalk 41
inspect method

classObject 302

classSymbol 317
install method

classFile 372
Installing files 371
Installing Ruby xx
instance_eval method

classObject 303
instance_methods method

classModule 290
instance_of? method

classObject 303
instance_variables method

classObject 303
Integer class 277

chr 277

downto 277

integer? 278

next 278

step 278

succ 278

times 278

upto 278
Integer method

moduleKernel 340
integer? method

classInteger 278

classNumeric 299
invert method

classHash 275
invoke method

classWIN320LE 422
10 class 95, 279

<< 98,282

binmode 282

clone 282

close 282

close_read 282

close_write 282

closed? 283

each 283

each_byte 283

each_line 283

eof 283

eof? 283

fcntl 283

fileno 284

flush 284

foreach 279

getc 284

gets 284

ioctl 284

isatty 284

-

new 280
pipe 280
popen 108 281
readlines 281
select 281
/0 9599
binary data98
buffering problems115
ioctl method
classI0 284
IPSocket class 394
addr 394
getaddress 394
peeraddr 394
irb 112, 433-438
IRB: :Frame class 439
is_a? method
classObject 303
isatty method
classI0 284
isdst method
classTime 326
ISO 8601 date366, 377
italy method
classbate 369
Iterator 39, 74
in extension164
for reading files96
iterator? method
moduleKernel 346

J

jd method
classDate 369
join method
classArray 251
classThread 102, 320
Jukebox examplel 7-25, 43-45,
148-153
julian method
classDate 369
julian_leap? method
classDate 367

K

-K kcode (Ruby option) 122,
186
kcode method
classRegexp 311
Kernel module 339
(backquote) 64, 65,
108 340
abort 340
alias_method 232
Array 339
at_exit 340
autoload 341
binding 231, 256 341

ley Longman, Inc t‘j

INDEX < 457

block_given? 43 197, 341

callcc 258 341

caller 84, 235 341

catch 85, 205, 342

chomp 342

chomp! 342

chop 343

chop! 343

eval 231, 256, 343

exec 343

exit 124 344

exit! 344

fail 344

Float 340

fork 344

format 345

gets 185 345

global_variables 345

gsub 345

gsub! 345

Integer 340

iterator? 346

lambda 346

load 125 186, 346

local_variables 346

loop 346

method_missing 197, 207

open 346

p 347

print 185 348

printf 185 348

proc 44,348

putc 348

puts 348

raise 83 203 348

rand 349

readline 185 349

readlines 349

require 125 186, 349

scan 349

select 349

set_trace_func 234, 256,
350

singleton_method_added
234, 350

sleep 350

split 122 350

sprintf 351

srand 351

String 340

sub 351

sub! 351

syscall 351

system 108 353

test 353

throw 85, 205, 353

trace_var 353

trap 109 353

untrace_var 355
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key? method profile 378 M
classlash 275 pstore 378 /m regexp option177
classNet : :HTTPResponse singleton 390 Maeda, Shugal31
407 socke‘t 391 Mailing lists 442
classThread 321 tempfile 380 mails method
keys method thread 381 classNet: :POP 408
classcer 416 timeout 383 Main program218
classHash 275 weakref 383 main method
Keyword argument61 WIn32API 423 classThread 319
Keywords 181 win32ole 421, 422 makedirs method
kill method Line continuation171 classFile 372
classThread 318 321 1ist method map method
.mOduleProcess 360 classNet: :FTP 403 moduleEnumerable 334
kind_of? method classThreadGroup 323 map! method
classobject 303 classThread 318 classArray 251
Kosimizu, Tomoyuki405 Literal Marshal module 235-237,
array 175 355-356
| ASCII 48,173 dump 235 355
-1 (Ruby option) 123 186 Bignum 47,173 limitations 355
lambda method Fixnum 47,173 load 235 356
moduleKernel 346 Float 48,173 restore 356
last method range 53,175 match method
classArray 251 regular expressiorb5, 177 classRegexp 55, 311
classRange 309 String 49, 174 MatchData class 285 310, 311
last_match method symbol 176 [ 1285
classRegexp 310 -load 236 355 begin 285
lastresp method load method 92 end 285
classNet: :FTP 403 moduleKernel 125 186, length 285
Layout, source codé. 71 346 offset 285
1dexp method moduleMarshal 235 356 post_match 286
moduleMath 357 local method pre_match 286
Leap seconds 327n classTime 324 size 286
leap? method local_variables method string 286
classDate 367,369 moduleKernel 346 to_a 286
Least Surprise localtime method to_s 286
principle xviii classTime 326 Math module 356
length method lock method atan2 356 365
classArray 251 classMutex 381 cos 356, 365
classHash 275 locked? method exp 356 365
classMatchData 285 classMutex 381 frexp 356
classStruct 315 log method ldexp 357
Library moduleMath 357, 365 log 357, 365
cgi 414 Llog10 method logl0 357 365
cgi/session419 moduleMath 357, 365 sin 357,365
complex 363 LOGDIR 260 sqrt 357,365
date 365 login method tan 357, 365
delegate386 classNet: :FTP 403 Matsumoto, Yukihiro (Matz)
English 370 classNet: :Telnet 412 XiX
find 371 lookup_order method max method
ftools 371 classBasicSocket 392 moduleEnumerable 334
getoptlong 373 lookup_order= method mday method
mkmf 376 classBasicSocket 393 classDate 368
net/ftp 401 Loop 277,278 classTime 327
net/http 405 loop method 75, 194 member? method
net/pop 407 loop method classHash 275
net/smtp 410 moduleKernel 346 moduleEnumerable 334
net/telnet411 1s method members method
observer388 classNet: :FTP 403 classStruct 314, 315
parsedate377 Lvalue 65 Message
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receiver 6
sending 6, 19
message method
classException 263
classNet : : HTTPResponse
407
message_loop method
classWIN320LE_EVENT 423
Meta character48, 173
Metaclass208
Method 5762
access controR7, 292, 293
295 296
aliasing 198
arguments195
block as parameteb8
call, in extension162
calling 59, 196
calling dynamically 230
class 25, 212
defining 57, 194
in extension160
getter 21
instance 6
with iterator 231
keyword arguments1
module 88
naming 9, 57, 194
nested method definitiod 95
as operator63
parameterss7
private 59
renaming 232
return value58, 197
setter 22, 67
vs.variable namel81
Method class 230, 287
[ 1287
arity 287
call 231,287
to_proc 287
method method
classObject 287,303
method_added method
classModule 234, 295
method_defined? method
classModule 291
method_missing method
classObject 304
moduleKernel 197,207
methods method
classObject 227,304
Meyer, Bertrand23
Microsoft Windows 139-142,
421424
accessing API140
automation 140
event sink422
file associations140

-

running Ruby 139
min method
classTime 327
moduleEnumerable 334
mjd method
classDate 369
mkdir method
classhir 261
mkmf module 376
building extensions with153
create_makefile 154,
376
dir_config 154 376
find_library 156, 376
have_func 156, 376
have_header 156, 377
have_library 156 377
mkpath method
classFile 372
mktime method
classTime 325
mod_ruby 133
Module 87-93
constant88
defining 201
function 201
include 89
instance variable90
as mixin 88, 201, 210
as namespac87
naming 9
require 89
wrap 222
Module class 288
<, <=, >, >= 289
<=> 289
=== 289
alias_method 293
ancestors 208 227, 289
append_features 293
attr 293
attr_accessor 294
attr_reader 294
attr_writer 294
class_eval 289
class_variables 289
clone 290
const_defined? 290
const_get 290
const_set 290
constants 288 290
extend_object 234 294
include 201, 294
included_modules 290
instance_methods 290
method_added 234, 295
method_defined? 291
module_eval 292
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module_function 202
295
name 292
nesting 288
new 288
private 295
private_class_method
26,292
private_instance_
methods
292
protected 296
protected_instance_
methods
293
public 296
public_class_method
293
public_instance_
methods
293
remove_const 296
remove_method 296
undef_method 296

module_eval method

classModule 292

module_function method

classModule 202, 295

Modules

list of methods331
Benchmark 116, 232
Comparable 332
Config 126

Date 324
Enumerable 92, 333
Errno 336
FileTest 336
Find 371

GC 339

Kernel 339
Marshal 355

Math 356

mkmf 376
ObjectSpace 357
ParseDate 324, 377
Process 359

modulo method

classNumeric 299

mon method

classDate 368
classTime 327

month method

classbate 368
classTime 327

move method

classFile 372

mswin32 139
mtime method

classNet: :FTP 403
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Multiline mode (regexp)177
Multipart forms 418
Multiple inheritance 21
Music on hold 441
Mutex class 105, 381
lock 381
locked? 381
synchronize 381
try_lock 382
unlock 382
mv method
classFile 372
“My Way” 19
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-n (Ruby option) 123
name method
classModule 292
Naming conventions9, 180
file path names279
method names$7
nan? method
classFloat 270
Nested assignmer8
nesting method
classModule 288
Net: : APOP class 409
start 409
Net::FTP class 401
close 402
closed? 402
connect 402
debug_mode 402
debug_mode= 402
dir 402
getbinaryfile 402
gettextfile 403
lastresp 403
list 403
login 403
1s 403
mtime 403
new 401
open 401
passive 403
passive= 403
putbinaryfile 403
puttextfile 403
resume 404
resume= 404
retrbinary 404
retrlines 404
return_code 404
Server commands 402
storbinary 404
storlines 404
welcome 404
Net: :HTTP class 405
get 406

-

head 406
new 405
port 405
post 406
start 406
Net: :HTTPResponse class
407
[ 1407
[ 1= 407
code 407
each 407
key? 407
message 407
Net: :POP class 407
each 408
finish 408
mails 408
new 408
start 408
Net: :POPMail class 409
all 409
delete 409
delete! 409
header 409
size 409
top 409
uidl 409
Net: : SMTP class 410
new 410
ready 410
sendmail 410
start 410, 411
Net::Telnet class411
binmode 412
binmode= 412
cmd 412
login 412
new 412
print 413
telnetmode 413
telnetmode= 413
waitfor 413
write 413
Network protocols391-420
class hierarchy393
domain 391
domain socket398
ftp 401
hostName391
HTTP 405
IP 394
POP 407
port 392
protocol 391
server 396, 399
SMTP 410
socket 392, 399
SOCKS 395
TCP 394
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telnet 411
type 391
UDP 396

new method
classArray 244
classCGI: :Session 419
classCGI 415
classClass 200, 258
classComplex 363
classDate 367
classbir 261
classFile 95
classGetoptLong 374
classHash 271
classi0 280
classModule 288
classNet: :FTP 401
classNet: :HTTP 405
classNet: :POP 408
classNet: : SMTP 410
classNet: :Telnet 412
classProc 306
classPStore 379
classRange 308
classRegexp 310
classS0CKSSocket 395
classString 312
classStruct 313, 314
classTCPServer 396
classTCPSocket 395
classTempfile 380
classThreadGroup 323
classThread 319
classTime 325
classuDPSocket 397
classuNIXServer 399
classUNIXSocket 398
classWeakRef 384
classWin32API 424
classWIN320LE_EVENT 423
classWIN320LE 421

newl method
classbate 367

new2 method
classbate 367

new3 method
classDate 367

Newline (\n) 8, 175

newsg method
classDate 369

Newsgroup442

neww method
classDate 368

next 76,194

next method
classDate 369
classInteger 278

NIL constant187

nil constant68, 187, 190
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nil? method
classNilClass 297
classObject 304
NilClass class 297
& 297
~ 297
| 297
nil? 297
to_a 297
to_i 297
to_s 297
nitems method
classArray 251
nonzero? method
classNumeric 299
not (logical not) 69, 191
Notation xxiv
binary, hex, octal47, 173
notify_observers method
moduleObservable 388
now method
classTime 325
ns? method
classDate 369
NTP (Network Time Protocol)
411
Numeric class 298
+@ 298
-@ 298
abs 298
coerce 298
divmod 298
eql? 298
im 363
integer? 299
modulo 299
nonzero? 299
remainder 299
zero? 299

Q

/o regexp option177

Object 6
aliasing 30, 182
creation 17, 200, 233
extending 208 212
finalizer 357
freezing 219
id 6,227,357
immediate 144, 226, 268
listing active 226
listing methods in227
persistence378
tainting 222

Object class 20, 300
== 300
=== 300
=~ 300

id__ 300

-

__send_ _ 300
class 300 306
clone 300
display 301
dup 301
eql? 301
equal? 301
extend 212, 301
freeze 115 220, 302
frozen? 302
hash 302
id 302
inspect 302
instance_eval 303
instance_of? 303
instance_variables 303
is_a? 303
kind_of? 303
method 287, 303
method_missing 304
methods 227, 304
nil? 304
private_methods 305
protected_methods 305
public_methods 305
respond_to? 227, 305
send 305
singleton_methods 305
taint 305
tainted? 305
to_a 305
to_s 18, 306
untaint 306
Object-oriented terminologys
ObjectSpace module 357
_id2ref 357
define_finalizer 358
each_object 208 226,
227,358
garbage_collect 358
undefine_finalizer 358
Observable module
add_observer 388
changed 388
changed? 388
count_observers 388
delete_observer 388
delete_observers 388
notify_observers 388
Observer patterr388
Octal notation47, 173
offset method
classMatchData 285
on_event method
classWIN320LE_EVENT 423
once example 216
Once option (regexp)lL77
open method
classDir 261
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classFile 96
classNet: :FTP 401
classS0CKSSocket 395
classTCPServer 396
classTCPSocket 395
classTempfile 381
classuDPSocket 397
classUNIXServer 399
classUNIXSocket 398
moduleKernel 346
Operating system error336
Operator
as method call63, 198
precedencel89
or (logical or) 69, 191
ordering method
classGetoptLong 375
ordering= method
classGetoptLong 375
os? method
classbate 369
out method
classCGI 417
owned? method
moduleFileTest 337

P

-p (Ruby option) 123 186
p method
moduleKernel 347
pack method
classArray 251
Paragraph modé 22
Parallel assignmen66, 189
Parameter
default 57
to block 13
params method
classCGI 417
Parent-child 19
Parse errorl13
parse method
classCGI 415
ParseDate module 324, 377
parsedate 377
parsedate method
moduleParseDate 377
pass method
classThread 319
passive method
classNet: :FTP 403
passive= method
classNet: :FTP 403
PATH 123
path method
classPStore 379
classTempfile 381
classUNIXSocket 398
Patterns
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factory 26
observer388
singleton 26, 390
state 387
visitor 385
peeraddr method
classIPSocket 394
classUNIXSocket 398
Performance40, 115
caching method valueg15
CGI 133
dynamic method invocation
232
profiling 116 378
and thread synchronization
106
windows automation142
Persistent object storagé78
pid method
moduleProcess 360
Pig Latin 108
pipe method
classio 280
pipe? method
moduleFileTest 337
polar method
classComplex 364
pop method
classArray 252
popen method
classio 108 281
port method
classNet: :HTTP 405
POSIXLY_CORRECT 373
post method
classNet: :HTTP 406
post_match method
classMatchData 286
ppid method
moduleProcess 360
Pragmatic Programmer
e-mail address«xii
pre_match method
classMatchData 286
Precedence
do...end vsS{} 202
of operators189
pretty method
classCGI 415
Principle of Least Surprise
Xvii
print method
classNet: :Telnet 413
moduleKernel 185 348
printf method
moduleKernel 185 348
priority method
classThread 321

priority= method

-

classThread 321
private method
classModule 295
private_class_method
method
classModule 26,292
private_instance_methods
method
classModule 292
private_methods method
classObject 305
Proc class 44, 58, 203 287,
306
[ 1307
arity 307
call 307
new 306
proc method
moduleKernel 44, 348
Process108-110
block 110
creating 108 279, 281, 346
exec 343
priority 360, 361
Ruby subproces409, 110,
279 281
setting namel86
termination 109, 124, 340,
359 361
times 316
Process class
times 316
Process module 359
egid 359
egid= 359
euid 359
euid= 359
exit! 359
fork 359
getpgid 359
getpgrp 359
getpriority 360
gid 360
gid= 360
kill 360
pid 360
ppid 360
setpgid 360
setpgrp 361
setpriority 361
setsid 361
times 361
uid 361
uid= 361
wait 361
wait2 361
waitpid 361
waitpid2 362
Profiler 116, 378
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protected method
classModule 296
protected_instance_
methods
method
classModule 293
protected_methods method
classObject 305
Protocol class 401
prune method
moduleFind 371
PStore class 378
(1379
[ 1=379
abort 379
commit 379
new 379
path 379
root? 380
roots 380
transaction 380
public method
classModule 296
public_class_method
method
classModule 293
public_instance_methods
method
classModule 293
public_methods method
classObject 305
Publish/subscribe388
push method
classArray 252
putbinaryfile method
classNet: :FTP 403
putc method
moduleKernel 348
puts method
moduleKernel 348
puttextfile method
classNet: :FTP 403
pwd method
classbir 261

Q

qu;et method
classGetoptLong 375
quiet= method
classGetoptLong 375
quiet? method
classGetoptLong 375
quote method
classRegexp 310
Quoting
characters in regex309
URLs and HTML 127
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