The Ruby Programming Language

David Flanagan and Yukihiro Matsumoto

O’REILLY"

Beijing -+ Cambridge - Farnham - Kdln - Paris - Sebastopol - Taipei - Tokyo



The Ruby Programming Language
by David Flanagan and Yukihiro Matsumoto
with drawings by why the lucky stiff

Copyright © 2008 David Flanagan and Yukihiro Matsumoto. All rights reserved.
Printed in the United States of America.

Published by O’Reilly Media, Inc., 1005 Gravenstein Highway North, Sebastopol, CA 95472

O’Reilly books may be purchased for educational, business, or sales promotional use. Online editions
are also available for most titles (http://safari.oreilly.com). For more information, contact our corporate/
institutional sales department: (800) 998-9938 or corporate@oreilly.com.

Editor: Mike Loukides Indexer: Joe Wizda
Production Editor: Sarah Schneider Cover Designer: Karen Montgomery
Proofreader: Sarah Schneider Interior Designer: David Futato

lllustrators: Rob Romano and why the lucky stiff

Printing History:
January 2008: First Edition.

Nutshell Handbook, the Nutshell Handbook logo, and the O’Reilly logo are registered trademarks of
O’Reilly Media, Inc. The Ruby Programming Language, the image of Horned Sungem hummingbirds,
and related trade dress are trademarks of O’Reilly Media, Inc.

Java™ and all Java-based trademarks are registered trademarks of Sun Microsystems, Inc., in the United
States and other countries. O’Reilly Media, Inc. is independent of Sun Microsystems.
y p Y

Many of the designations uses by manufacturers and sellers to distinguish their products are claimed as
trademarks. Where those designations appear in this book, and O’Reilly Media, Inc. was aware of a
trademark claim, the designations have been printed in caps or initial caps.

While every precaution has been taken in the preparation of this book, the publisher and authors assume
no responsibility for errors or omissions, or for damages resulting from the use of the information con-
tained herein. The drawings on the chapter title pages were drawn by why the lucky stiff and are licensed
under the Creative Commons Attribution-ShareAlike 3.0 License. To view a copy of this license, visit
http://creativecommons.org/licenses/by-sa/3.0/legalcode or send a letter to Creative Commons, 171 2nd
Street, Suite 300, San Francisco, California, 94105, USA.

RepKover,
=== This book uses RepKover™, a durable and flexible lay-flat binding.

ISBN-10: 0-596-51617-7
ISBN-13: 978-0-596-51617-8

(M]



Preface

1.  Introduction

2. The Structure and Execution of Ruby Programs

3. Datatypes and Objects

4.  Expressions and Operators

1.1 A Tour of Ruby

1.2 Try Ruby

1.3 About This Book

1.4 A Sudoku Solver in Ruby

2.1 Lexical Structure
2.2 Syntactic Structure
2.3 File Structure

2.4 Program Encoding
2.5 Program Execution

3.1 Numbers

3.2 Text

3.3 Arrays

3.4 Hashes

3.5 Ranges

3.6 Symbols

3.7 True, False, and Nil
3.8 Objects

4.1 Literals and Keyword Literals
4.2 Variable References

4.3 Constant References

4.4 Method Invocations

4.5 Assignments

4.6 Operators

Table of Contents

.............................. 25

26
33
35
36
39

................................ 41

42
46
64
67
68
71
72
72

................................ 85

86
87
88
89
92
100




5.  Statements and Control Structures

5.1
5.2

Conditionals
Loops

5.3 Tterators and Enumerable Objects

54
5.5

Blocks
Altering Control Flow

5.6 Exceptions and Exception Handling

5.7

BEGIN and END

5.8 Threads, Fibers, and Continuations

6.  Methods, Procs, Lambdas, and Closures ..........covviiriiiiineenreneennss
6.1 Defining Simple Methods

6.2

Method Names

6.3 Methods and Parentheses

6.4
6.5
6.6
6.7

Method Arguments
Procs and Lambdas
Closures

Method Objects

6.8 Functional Programming

7. (Classes and Modules

7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9

8.  Reflection and Metaprogramming

8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8
8.9
8.10
8.11

Defining a Simple Class

Method Visibility: Public, Protected, Private
Subclassing and Inheritance
Object Creation and Initialization

Modules

Loading and Requiring Modules
Singleton Methods and the Eigenclass

Method Lookup
Constant Lookup

Types, Classes, and Modules
Evaluating Strings and Blocks

Variables and Constants

Methods

Hooks

Tracing

ObjectSpace and GC

Custom Control Structures
Missing Methods and Missing Constants
Dynamically Creating Methods

Alias Chaining

118
127
130
140
146
154
165
166

175
177
180
183
185
192
200
203
205

213
214
232
234
241
247
252
257
258
261

265
266
268
271
272
277
279
281
281
284
287
290

vi | Table of Contents



8.12 Domain-Specific Languages 296

9. TheRubyPlatform ........coiiiiiiiiiiiii ittt eiereeenns 303
9.1 Strings 304

9.2 Regular Expressions 310

9.3 Numbers and Math 321

9.4 Dates and Times 325

9.5 Collections 328

9.6 Files and Directories 350

9.7 Input/Output 356

9.8 Networking 366

9.9 Threads and Concurrency 372

10. TheRubyEnvironment ..........coiiiiiiiiiiiiii it 389
10.1 Invoking the Ruby Interpreter 390

10.2 The Top-Level Environment 394

10.3 Practical Extraction and Reporting Shortcuts 403

10.4 Calling the OS 405

10.5 Security 409

X Lo 413

Table of Contents | vii



