Join the discussion @ p2p.wrox.com e Wrox Programmer to Programmer™
-
-t s

Beginning
Mac OS X Snow Leopard
Programming

Your guide to programming on
the Mac OS" X 10.6 Platform

Michael Trent, Drew McCormack


http://www.it-ebooks.info/

Programmer to Programmer”

Get more out of
Wrox.com

Interact

Take an active role online by participating in our
P2P forums @ p2p.wrox.com

Wrox Online Library

Hundreds of our books are available online
through Books24x7.com

Wrox Blox

Download short informational pieces and code
to keep you up to date and out of trouble!

Contact Us.

Join the Community

Sign up for our free monthly newsletter at
newsletter.wrox.com

Browse

Ready for more Wrox? We have books and
e-books available on .NET, SQL Server, Java,
XML, Visual Basic, C#/ C++, and much more!

We always like to get feedback from our readers. Have a book idea?
Need community support? Let us know by e-mailing wrox-partnerwithus@wrox.com



http://wrox.com
http://www.it-ebooks.info/

BEGINNING
MAC OS® X SNOW LEOPARD"” PROGRAMMING

INTRODUGCTION. ..ttt it i ittt titiitaeneneneensnenensensnsnenns

XV
>

PART I MAC OS X DEVELOPER RESOURCES
CHAPTER1 The Mac OS X Environment. ....... .. i 3
CHAPTER 2 Developer ToOIS. . ..o 23
CHAPTER 3 XCOAe . o e 53
CHAPTER 4 Interface Builder. ... ... .. . i 95
>

PART Il APPLICATION PROGRAMMING
CHAPTERS5 The Application ... ... e e 117
CHAPTERG6 The CLanguUage. . ..o vttt e ettt e 145
CHAPTER7 The Objective-CLanguage ..........o it 229
CHAPTER 8 IntroductiontoCocoa...... ... ... .. i,
291
CHAPTER9 Document-Based Cocoa Applications. .......................... 313
BHAPTER 10 Core Data—Based Cocoa Applications .......... .. ... .. ... .. .. 341

PART Il SCRIPT PROGRAMMING
CHAPTER 11 Overview of Scripting Languages. .. ............ oo 389
CHAPTER12 TheBashShell ... ... . 425
CHAPTER 13 AppleScript and AppleScriptObjC . ... ... ... ... . ... 487
CHAPTER 14 Javascript, Dashboard, and Dashcode .......................... 553

www.it-ebooks.info


http://www.it-ebooks.info/

www.it-ebooks.info


http://www.it-ebooks.info/

BEGINNING
Mac OS® X Snow Leopard™ Programming

Michael Trent and Drew McCormack

WILEY
Wiley Publishing, Inc.

www.it-ebooks.info


http://www.it-ebooks.info/

Beginning Mac OS® X Snow Leopard™ Programming

Published by

Wiley Publishing, Inc.
10475 Crosspoint Boulevard
Indianapolis, IN 46256
www.wiley.com

Copyright © 2010 by Wiley Publishing, Inc., Indianapolis, Indiana
Published simultaneously in Canada

ISBN: 978-0-470-57752-3

Manufactured in the United States of America

10987654321

No part of this publication may be reproduced, stored in a retrieval system or transmitted in any form or by any means,
electronic, mechanical, photocopying, recording, scanning or otherwise, except as permitted under Sections 107 or 108 of
the 1976 United States Copyright Act, without either the prior written permission of the Publisher, or authorization through
payment of the appropriate per-copy fee to the Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 01923,
(978) 750-8400, fax (978) 646-8600. Requests to the Publisher for permission should be addressed to the Permissions
Department, John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, (201) 748-6011, fax (201) 748-6008, or
online at http://www.wiley.com/go/permissions.

Limit of Liability/Disclaimer of Warranty: The publisher and the author make no representations or warranties with respect
to the accuracy or completeness of the contents of this work and specifically disclaim all warranties, including without
limitation warranties of fitness for a particular purpose. No warranty may be created or extended by sales or promotional
materials. The advice and strategies contained herein may not be suitable for every situation. This work is sold with the
understanding that the publisher is not engaged in rendering legal, accounting, or other professional services. If professional
assistance is required, the services of a competent professional person should be sought. Neither the publisher nor the author
shall be liable for damages arising herefrom. The fact that an organization or Web site is referred to in this work as a citation
and/or a potential source of further information does not mean that the author or the publisher endorses the information the
organization or Web site may provide or recommendations it may make. Further, readers should be aware that Internet Web
sites listed in this work may have changed or disappeared between when this work was written and when it is read.

For general information on our other products and services please contact our Customer Care Department within the United
States at (877) 762-2974, outside the United States at (317) 572-3993 or fax (317) 572-4002.

Wiley also publishes its books in a variety of electronic formats. Some content that appears in print may not be available in
electronic books.

Library of Congress Control Number: 2009940871

Trademarks: Wiley, the Wiley logo, Wrox, the Wrox logo, Wrox Programmer to Programmer, and related trade dress are
trademarks or registered trademarks of John Wiley & Sons, Inc. and/or its affiliates, in the United States and other countries,
and may not be used without written permission. Mac OS and Snow Leopard are trademarks or registered trademarks of
Apple, Inc. All other trademarks are the property of their respective owners. Wiley Publishing, Inc., is not associated with
any product or vendor mentioned in this book.

www.it-ebooks.info


http://www.wiley.com
http://www.wiley.com/go/permissions
http://www.it-ebooks.info/

For Angela, Katie, and Sophie
—MT
For Jennifer, Gileesa, and Rylan

—DMc

www.it-ebooks.info


http://www.it-ebooks.info/

CREDITS

EXECUTIVE EDITOR
Carol Long

PROJECT EDITOR
Tom Dinse

TECHNICAL EDITOR
Michael Morrison

PRODUCTION EDITOR
Rebecca Anderson

COPY EDITOR

Tricia Liebig
EDITORIAL DIRECTOR
Robyn B. Siesky

EDITORIAL MANAGER
Mary Beth Wakefield

ASSOCIATE DIRECTOR OF MARKETING

David Mayhew

PRODUCTION MANAGER

Tim Tate

VICE PRESIDENT AND EXECUTIVE GROUP
PUBLISHER
Richard Swadley

VICE PRESIDENT AND EXECUTIVE PUBLISHER
Barry Pruett

ASSOCIATE PUBLISHER
Jim Minatel

PROJECT COORDINATOR, COVER
Lynsey Stanford

COVER IMAGE
© Bart Coenders/istock

COVER DESIGNER
Michael E. Trent

PROOFREADERS
Kathryn Duggan
Josh Chase and Kristy Eldredge, Word One

INDEXER
Robert Swanson

www.it-ebooks.info


http://www.it-ebooks.info/

ABOUT THE AUTHORS

MICHAEL TRENT has been programming in Objective-C since 1997 and programming

Macs since well before that. He is a professional computer programmer and

engineering manager, a technical reviewer for numerous books and magazine articles,

and an occasional dabbler in Mac OS X open source projects. Currently, he is using

Objective-C and Apple Computer’s Cocoa frameworks to build professional and
consumer applications for Mac OS X. Michael holds a Bachelor of Science degree in Computer
Science and a Bachelor of Arts degree in Music from Beloit College in Beloit, Wisconsin. He lives in
Pittsburgh, Pennsylvania, with his family.

DREW McCORMACK has a Ph.D. in Chemical Physics and has worked much of his

career as a computational scientist. Recently, he founded The Mental Faculty

(www .mentalfaculty.com), an independent company developing applications for the
Mac and iPhone in the fields of science and education. (The Mental Faculty’s flagship
product is the flashcard study application Mental Case, which can be found at
www.macflashcards.com.) Drew is a board member and regular contributor to the MacResearch web
site (www.macresearch.org), and is a lead on the Core Plot project (www.code.google.com/p/
core-plot), an undertaking with the aim to develop a complete open source graphing framework

for Cocoa.

www.it-ebooks.info


http://www.it-ebooks.info/

ACKNOWLEDGMENTS

| WOULD LIKE TO THANK STEVE KOCHAN for his early help with this project. Thanks also to Brett
Halle, Pete Steinauer, Yaniv Gur, and many others for their encouragement. Most of all, I would like
to thank my wife, Angela, and my daughters, Katie and Sophie, for putting up with all the late nights.

—MIicHAEL TRENT

I WISH TO THANK MY WIFE, Jennifer, and children, Gileesa and Rylan, for suffering first hand all
of my wacky schemes. Thanks also to my brother — and mentor — Cody McCormack.

—DRrREwW McCORMACK

www.it-ebooks.info


http://www.it-ebooks.info/

CONTENTS

INTRODUCTION Xv

PART I: MAC OS X DEVELOPER RESOURCES

CHAPTER 1: THE MAC OS X ENVIRONMENT

3
Introducing the Mac OS X 4
The Core Operating System 6
The Kernel 8
The System Library 9
Unix Commands 9

2

Graphics and Media Layers 1
The Quartz Compositor 12
Quartz 2D 15
OpenGL 15
QuickTime 15
Core Animation 16

Application Frameworks and Ul 16
Cocoa 17
Carbon 17
Java JDK 18

Apple Human Interface Guidelines 19

Summary 20

CHAPTER 2: DEVELOPER TOOLS 23

Installing the Developer Software 23

Developer Applications 24
Build Tools 24
Performance Tools 24
Other Utilities 31
Command-Line Tools 36

Developer Documentation and Examples 39
Conceptual Documentation 40
API Reference 43
Examples 44
Man Pages 45

www.it-ebooks.info


http://www.it-ebooks.info/

CONTENTS

Apple Developer Connection 46
Documentation 47
Examples 48
Mailing Lists 49
Developer Tools 49
Developer Support 50

Summary 50

CHAPTER 3: XCODE 53

Starting a New Project 54

Working with Files 58

Writing Your Code 63
A Second Look at Indenting 69

Building and Running 71

Finding Problems with the Static Analyzer 75

Using the Debugger 78

Online Documentation 85

Summary 92

CHAPTER 4: INTERFACE BUILDER 95

Starting a New Interface 96

Building Menus 99

Building Windows 102

Making Windows Resizable 108

Summary 12

PART Il: APPLICATION PROGRAMMING

CHAPTER 5: THE APPLICATION 117
Basic Bundle Structure 18
Opaque Directory 18
Versioned Bundles 119
The Info.plist File 120
Executable Code 122
Global Resources 122
Localized Resources 122
Examining Application Bundles 123
Building an Application Bundle 127
Application Preferences 137
Summary 142

www.it-ebooks.info


http://www.it-ebooks.info/

CONTENTS

CHAPTER 6: THE C LANGUAGE 145
A Little History 145
Getting Started 146
Variables and Data Types 149
Operators 152
Arrays and Pointers 156
Conditional Branching 163
Loops 168
Functions and Blocks 175
Characters and Strings 179
Input/Output 184
Data Structures 193
Memory Management 196
The Preprocessor 200
Organizing Programs 206
Summary 227

CHAPTER 7: THE OBJECTIVE-C LANGUAGE 229
Object-Oriented Programming 230
Classes and Objects 231
Methods 234
Data Hiding 240
Subclassing 242
Messaging 246
Protocols and Informal Protocols 247
Naming Conventions 252
Creating and Destroying Objects 253
Memory Management 257
Accessor Methods and Properties 261
Summary 288

CHAPTER 8: INTRODUCTION TO COCOA 291
Connecting Cocoa Interfaces 292

Connecting Interfaces Manually with Outlets and Actions 292
Working with Cocoa Bindings 302
The Model/View/Controller Design Pattern 309
Summary 310

Xi

www.it-ebooks.info


http://www.it-ebooks.info/

CONTENTS

xii

CHAPTER 9: DOCUMENT-BASED COCOA APPLICATIONS 313
Working with Documents 314
Creating a New Document 315
Subclassing Controls in Interface Builder 327
Connecting Menus 330
Summary 337
CHAPTER 10: CORE DATA-BASED COCOA APPLICATIONS 341
Archiving Objective-C Objects 342
Modeling Objects with Core Data 343
Connecting User Interface to Core Data 348
Selecting Files with Open Panels 362
Creating New Documents 366
Sorting Results 370
Using Transient Objects 372
Application Preferences 376
Summary 384

PART lll: SCRIPT PROGRAMMING

CHAPTER 11: OVERVIEW OF SCRIPTING LANGUAGES 389
What Is a Script? 390
What Is a Scripting Language? 390
Bash 391

Why Bash? 391
More Information 395
AppleScript 396
Why AppleScript? 396
More Information 400
Python 400
Why Python? 401
More Information 410
Ruby 410
Why Ruby? 41
More Information 417
JavaScript 417
Why JavaScript? 417
More Information 421
Other Scripting Languages 421
Summary 422

www.it-ebooks.info


http://www.it-ebooks.info/

CONTENTS

CHAPTER 12: THE BASH SHELL 425
Getting Started 425
The Command-Line Interface 426
Interactive versus Script 426
The Terminal Application 427
Editors 427
Configuring Bash 429
Unix Basics 433
Paths 433
Locating and Learning Commands 434
Running Commands and Other Executables 436
Redirecting Input and Output 438
Navigating the File System 443
Working with Files and Directories 446
File Permissions 449
Globbing 452
Searching for Files 455
Working with Text 458
Process Control 463
Mac OS X Exclusive Commands 466
Overview of Other Commands 467
Shell Programming 468
Scripts 468
Variables 469
Quoting 473
Conditional Branching 474
Looping 478
Functions 480
Summary 484
CHAPTER 13: APPLESCRIPT AND APPLESCRIPTOBJC 487
AppleScript 488
Creating an AppleScript 488
Scriptable and Recordable Applications 490
Apple Events 490
Variables and Data Types 491
Handlers 497
Control Statements 501
Operators 51
Specifying Elements 515
Scripts and Objects 518

www.it-ebooks.info

xiii


http://www.it-ebooks.info/

CONTENTS

Classes 521
Working with Scripts 521
AppleScript Applications 531
The AppleScriptObjC Bridge 532
Using Xcode 533
Using Interface Builder 535
Summary 549
CHAPTER 14: JAVASCRIPT, DASHBOARD, AND DASHCODE 553
JavaScript 554
Dashboard 560
Dashcode 576
Summary 589
Appendix A: Answers to Exercises 591
Appendix B: Developer Resources 631
INDEX 633

xiv

www.it-ebooks.info


http://www.it-ebooks.info/

INTRODUCTION

MAC OS X REPRESENTS A UNION OF many different operating system technologies. At its core
you will find Unix, an operating system once reserved for high-end servers and workstations,

now found on common desktop systems. With Unix comes a whole history of tools, computer
languages, and runtime environments. At a higher level, you will find Cocoa, derived from the
application toolkits found on NeXTSTEP and OpenStep — a result of Apple’s merger with NeXT
in 1997. In Mac OS X you will also find Carbon, a library made from elements of the original
Macintosh operating system. The original Mac OS API remains for older projects, although Apple
is de-emphasizing its role in Mac OS X. Other technologies have found their way into Mac OS X
through the open source community, and Apple is hard at work developing new technologies unique
to Mac OS X.

Although the operating system is composed of all these separate pieces, Mac OS X still looks and
feels like a single piece of software. The Macintosh’s legendary user interface still shines brightly
today, providing a consistent look and feel for the applications on your system. When you sit down
to use your computer, it just works for you. And aside from a few cosmetic differences — say using
a command-line interface or a graphical interface — rarely are you aware of the differences between
all these operating system technologies.

Under the covers, there are fundamental differences between these operating system technologies.
For example, Carbon still provides its own special memory data types, and Cocoa requires its own
object-oriented runtime. But there are no firm boundaries between these technologies; Cocoa can
call Carbon API and vice versa. And though these technologies have their own history, strengths,
and weaknesses, they are all still part of the same Mac OS X operating system.

With the release of Mac OS X Snow Leopard, Apple has spent two years fine-tuning these pieces.
Instead of focusing on a number of new features, Apple has been working on what it has: making
things faster, using fewer resources, and smoothing out the edges. As a result, Snow Leopard feels
as though it is one operating system — the whole greater than the sum of its parts.

WHO THIS BOOK IS FOR

This book is for anyone who wants to get started writing programs that run on Mac OS X.

Every Mac OS X system comes with everything you need: a complete set of development tools and
resources. But finding the place to start can be challenging. This book provides a great starting
point for programming on Mac OS X and shows you how to find more information on your own.

This book will appeal most to the hobbyist programmer who already has some exposure to a
programming language. Experience with C or Objective-C, although helpful, is not required.
You can learn the basics of these languages, as well as concepts such as object-oriented
programming (OOP), as you go.
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If you are an experienced programmer familiar with one aspect of Mac OS X programming
(such as shell scripting or Carbon), you can use this book to explore other aspects of Mac OS X
programming. In addition, you learn how to incorporate these new techniques into your
existing programming style.

HOW THIS BOOK IS STRUCTURED

xvi

This book takes a hands-on approach to learning the material, using the Wrox “Try It Out” format.
After you learn about a particular element, you are presented with step-by-step instructions that
walk you through using that element. You are encouraged to follow along on your own system by
typing the examples, running them, and if necessary debugging them when they don’t work quite
right. A detailed explanation of the example follows the step-by-step instructions under a “How It
Works” heading.

Some examples take the form of small standalone projects, designed to illustrate one particular
concept or technique. When appropriate, examples build on material presented in earlier chapters
or examples, providing an opportunity to see the new material in a non-trivial context. Many of
the examples focused on Mac OS X application development build on an application called Slide
Master, a functional image/slideshow browser that you build piece by piece. Whenever possible,
larger tasks have been broken down into smaller examples to make them easier to digest.

Each chapter includes a few exercises at the end, again illustrating the lessons presented earlier.

You can work through these examples on your own, at your own pace. Complete answers to each
exercise are provided in the appendix, so you can check your work or get a hint if you get stuck.
Keep in mind that in programming there’s usually more than one way to do something; our solution
isn’t necessarily the only correct one.

Chapters are collected into three broad categories or parts: Mac OS X Developer Resources,
Application Programming, and Script Programming. This keeps related material together and helps
with the flow of information from topic to topic. You are encouraged to cover the material in order
so that you don’t miss anything. If you want to skip ahead for a specific topic, make a point of
coming back to the earlier material at a later time.

Here’s a brief summary of what you’ll find in each chapter:

In Chapter 1, “The Mac OS X Environment,” you learn about Mac OS X’s system architecture.
You also get a little hands-on experience using Mac OS X’s built-in command-line interface.

In Chapter 2, “Developer Tools,” you find out about the resources that come with your copy of
Mac OS X. You also learn how to find current versions of these resources on the Internet.

In Chapter 3, “Xcode,” you explore the application used to build Mac OS X programs. A few
simple examples introduce you to writing source code, building a finished product, and debugging
programs one line of code at a time.

Chapter 4, “Interface Builder,” walks you through the process of designing a graphic user interface
on Mac OS X. Examples in this chapter illustrate useful techniques for building an interface that
conforms to Apple’s guidelines.
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In Chapter 5, “The Application,” you pick apart the individual elements that make up an
application on Mac OS X. You learn how application resources are stored and how applications
work in multiple languages.

Chapter 6, “The C Language,” offers a brief introduction to the C programming language. If you
are new to C, you will want to read this chapter before continuing on to Chapters 7, 8, 9, or 10.
In addition to learning how to write programs in C, you learn how non-trivial C programs are
divided among several source files.

Chapter 7, “The Objective-C Language,” builds on Chapter 6 to teach you about Objective-C, the
object-oriented language used by the Cocoa application frameworks.

In Chapter 8, “Introduction to Cocoa,” you discover how to write your own Cocoa applications,
from designing a user interface to writing the final code. The Cocoa application frameworks do a lot
of work for you, freeing you up to concentrate on the unique aspects of your own application.

Chapter 9, “Document-Based Cocoa Applications,” explores how to use Cocoa to build a program
that works with documents of user data.

Chapter 10, “Core Data-Based Cocoa Applications” describes how to use Core Data to store
collections of Objective-C objects. It also focuses on using Cocoa Bindings for passing data between
Core Data and document UI.

In Chapter 11, “Overview of Scripting Languages,” you examine scripting languages available on
the Mac OS X system. Many of these languages extend Mac OS X’s command-line interface in one
way or another. You get a sense of what sets each language apart and what tasks each language is
best suited to perform.

Chapter 12, “The Bash Shell,” covers Mac OS X’s default command-line interpreter in detail. You
learn how to write shell scripts that interact with command-line tools installed on your system.

In Chapter 13, “AppleScript and AppleScriptObjC,” you learn about Apple’s high-level application
scripting language, AppleScript. AppleScript enables you to communicate with and automate tasks
in Mac OS X applications.

Chapter 14, “JavaScript, Dashboard, and Dashcode,” focuses on the JavaScript language, a
scripting language used to make Dashboard widgets and modern web applications. You will use the
Dashcode developer tool to write and debug JavaScript programs.

Appendix A, “Exercise Answers,” provides the solutions to the exercises that appear at the end of
each chapter throughout this book. Also be sure to check out Appendix B, “Developer Resources,”
which offers valuable information that you may find helpful as you develop applications.

WHAT YOU NEED TO USE THIS BOOK

As we mentioned earlier, your Mac OS X installation already has everything you need to get started.
You will also need an Internet connection to access Apple Computer’s developer web site. We used
the Safari web browser to access these pages, but other web browsers (Internet Explorer, Firefox,
and so on) should work fine.

xvii
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Examples and figures in this book were made using Mac OS X v10.6 Snow Leopard and Xcode 3.
Although many code examples will still work on earlier versions of Mac OS X, a few have been
updated using features new to Snow Leopard. Apple periodically makes new versions of Xcode
available for download. Earlier versions of Xcode can be obtained at no charge from Apple’s web
site. You can find more information on Apple’s developer web site, Apple Developer Connection, in
Chapter 2.

CONVENTIONS

To help you get the most from the text and keep track of what’s happening, we’ve used a number of
conventions throughout this book.

TRY IT OUT

The Try It Out is an exercise you should work through, following the text in the book.
1. It usually consists of a set of steps.
2. Each step has a number.

3. TFollow the steps through with your copy of the database.

How It Works
After each Try It Out, the code you’ve typed will be explained in detail.

WARNING Boxes such as this one hold important, not-to-be-forgotten
information that is directly relevant to the surrounding text.

NOTE Tips, hints, tricks, and asides to the current discussion are offset and
placed in italics similar to this.

The following are styles used in the text:

We highlight important words in italics when they are introduced.
We show keyboard strokes like this: Ctrl-A.

We show file and folder names, URLs, and code within the text in a special monofont typeface,
like this: persistence.properties.

xviii

www.it-ebooks.info


http://www.it-ebooks.info/

INTRODUCTION

SOURCE CODE

As you work through the examples in this book, you may choose either to type in all the code
manually or to use the source code files that accompany the book. All of the source code used in this
book is available for download at http: //www.wrox.com. Once at the site, simply locate the book’s
title (either by using the Search box or by using one of the title lists) and click the Download Code

link on the book’s detail page to obtain all the source code for the book.

NOTE Because many books have similar titles, you may find it easiest to search
by ISBN; this book’s ISBN is 978-0-470-57752-3.

Once you download the code, just decompress it with your favorite compression tool. Alternately,
you can go to the main Wrox code download page at http: //www.wrox.com/dynamic/books/
download.aspx to see the code available for this book and all other Wrox books.

ERRATA

We make every effort to ensure that there are no errors in the text or in the code. However, no one
is perfect, and mistakes do occur. If you find an error in one of our books, like a spelling mistake or
faulty piece of code, we would be very grateful for your feedback. By sending in errata you may save
another reader hours of frustration and at the same time you will be helping us provide even higher-
quality information.

To find the errata page for this book, go to http: //www.wrox.com and locate the title using the
Search box or one of the title lists. Then, on the book details page, click the book errata link. On
this page you can view all errata that has been submitted for this book and posted by Wrox editors.
A complete book list including links to each book’s errata is also available at www.wrox.com/
misc-pages/booklist.shtml.

If you don’t spot “your” error on the book errata page, go to www.wrox.com/contact/
techsupport.shtml and complete the form there to send us the error you have found. We’ll check
the information and, if appropriate, post a message to the book’s errata page and fix the problem in
subsequent editions of the book.

P2P.WROX.COM

For author and peer discussion, join the P2P forums at p2p.wrox.com. The forums are a Web-based
system for you to post messages relating to Wrox books and related technologies and interact with
other readers and technology users. The forums offer a subscription feature that e-mails you topics
of your choosing when new posts are made to the forums. Wrox authors, editors, other industry
experts, and your fellow readers are present on these forums.

XiX
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At http://p2p.wrox.com you will find a number of different forums that will help you not only as
you read this book, but also as you develop your own applications. To join the forums, just follow
these steps:

1. Go to p2p.wrox.com and click the Register link.
2. Read the terms of use and click Agree.

3. Complete the required information to join, as well as any optional information you wish to
provide, and click Submit.

4. You will receive an e-mail with information describing how to verify your account and
complete the joining process.

NOTE You can read messages in the forums without joining P2P but in order to
post your own messages, you must join.

Once you join, you can post new messages and respond to messages other users post. You can read
messages at any time on the Web. If you would like to have new messages from a particular forum
e-mailed to you, click the “Subscribe to this Forum” icon by the forum name in the forum listing.

For more information about how to use the Wrox P2P, be sure to read the P2P FAQs for answers to
questions about how the forum software works, as well as many common questions specific to P2P
and Wrox books. To read the FAQs, click the FAQ link on any P2P page.

XX
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The Mac OS X Environment

WHAT YOU WILL LEARN IN THIS CHAPTER:

» How the Mac OS X operating system is structured, including what
the major areas of the system are and how they work together

» How to use Mac OS X’s command-line interface

» How applications take advantage of the operating system services
on Mac OS X

» How Apple encourages a common look and feel for Mac OS X
applications

Welcome to the wonderful world of Mac OS X, the next-generation operating system from
Apple Computer!

The Mac OS X operating system powers modern Macintosh computers. After many long
years and a few scrapped attempts to modernize the older Mac OS operating system, Apple
released Mac OS X in April 2001. Since then, Apple has released a steady stream of upgrades
and system updates. This book was written around Mac OS X v10.6 Snow Leopard, the
latest version.

To write software for Mac OS X, you need to know your way around the system. By now
you may already be familiar with Mac OS X’s applications and user interface style. Those
things all rest on top of a number of subsystems and services that make up the Mac OS X
operating system.
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4 | CHAPTER1 THE MAC OS X ENVIRONMENT

INTRODUCING THE MAC OS X

What comes to mind when you think of Mac OS X? Is it the applications you use? Perhaps you
recall Mac OS X’s distinctive user interface? Or maybe you think of Mac OS X’s stability? In truth,
Mac OS X embodies all these things.

The Mac OS X operating system is often described as a collection of layers, as seen in Figure 1-1.

You are probably already familiar with the topmost layer: the

applications that run on Mac OS X (such as Mail, iTunes, Safari, Applications

and so on). These applications are all written against a collection

L . Frameworks and Ul
of application frameworks. These frameworks are special

libraries that provide the code and all the other resources (icons, Graphics and Media

translated strings, and so on) to perform common tasks. For
example, the Cocoa framework contains a number of resources Core Operating System

necessary to make a Cocoa application.
o _ . FIGURE 1-1
All Mac OS X applications use graphics to some extent, ranging

from simply presenting its user interface to processing graphical
data such as QuickTime movies. The system provides several specialized libraries for working with
graphics and graphics files.

These layers rest on the broad shoulders of the core operating system, which at the lowest level

is responsible for making your Macintosh run. For example, the core OS handles reading from
and writing to your hard drive and random access memory (RAM), it manages your network
connections, it powers down the computer when it falls to “sleep,” and so on. In fact, any program
that talks to your hardware in any way ultimately goes through the core OS.

Throughout this book you examine Mac OS X in detail through Slide Master, an application that
builds and displays photo slideshows. You will build Slide Master bit-by-bit as you learn more about
how the elements of Mac OS X come together. The Slide Master application and its source code can
be downloaded from Wiley’s web site; so you can check your work against our complete solution as
you go.

This is a good time to take a quick tour of Slide Master. You can download Slide Master from
Wiley’s web site, make a slideshow, and view your handiwork. In doing so, you touch on all the
major areas of the Mac OS X operating system.

ANl Slide Master

1.

Download the files for this chapter from www.wrox.com. Refer to the Introduction for instructions
on finding the files you need from the Wrox web site. You can search for the book by its ISBN
number: 978-0-470-57752-3. You are looking for a file named MacosxpProg Chapter01.zip.

Uncompress the MacOSXProg Chapter01.zip archive using your favorite decompression tool.
(Mac OS X supports uncompressing . zip files directly in the Finder.) Inside you will find the
Slide Master application, a folder of pictures called Images, and a folder of source code.
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3. Run the Slide Master application by double-clicking it in Finder. The application opens an unti-
tled document window.

4. Add the pictures in the Images folder to Slide Master by choosing Slide Show => Add Slide. You
can select all the files at once from the open panel. The images appear in a drawer to the side of
the document window and the main window displays the selected image, as shown in Figure 1-2.
You can use the arrow keys to change the selection.

FIGURE 1-2

5. Export a slideshow as a QuickTime movie by choosing File &> Export. Slide Master writes out a
QuickTime movie and opens it with QuickTime Player.

6. Save your document by choosing File = Save.

How It Works

Slide Master is a document-based application, which means that it provides a user interface for indi-
vidual documents. In this case, documents are collections of slides that you can sift through and export
as QuickTime movies. Slide Master documents can be opened, saved, and closed using the File menu.
Other document-based applications also support printing, although Slide Master does not.
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Much of the functionality you see here comes from Slide Master’s application framework: Cocoa. The
Cocoa application framework provides the implementation for the things you see on the screen: win-
dows, pictures, menus, buttons, and so on. Cocoa also provides support for managing the document:
reading and writing document files, closing the document when its window is closed, and routing menu
commands to the selected document. Finally, Cocoa provides tools for storing application data,
including working with user preferences and storing lists of items in memory.

Of course Slide Master uses QuickTime to generate movie files. You are probably already familiar
with QuickTime, both through QuickTime Player and through web browsers that support the display
of QuickTime movies. But QuickTime also makes most, if not all, of its functionality available to
applications through its framework interface.

When you save a Slide Master document, the document file contains a list of image files that are part of
your slideshow, not the actual images themselves. As a result, these documents can be relatively small.
Behind the scenes, Slide Master uses aliases to track these image files so that they can be found if the
files are moved around on your disk. These aliases are the same aliases you can create in the Finder,
although they are embedded in your document rather than saved separately to disk.

You learn more about Cocoa, QuickTime, and other technologies later in this chapter, and as you
proceed through this book.

THE CORE OPERATING SYSTEM

The heart of Mac OS X is based on the Unix operating system. Unix was developed by AT&T in the
early 1970s. In those days, computers were large and expensive, and Unix was intended as a way to

share computing resources between multiple users at once. It was likely that an organization at that

time could afford only one computer for all its members, and Unix provided a way for people to use
that computer simultaneously without getting in each other’s way.

Over the years, Unix development has split off into many distinct “flavors” of Unix, all headed

up by different groups of people, all with somewhat different goals. BSD and Linux are two such
examples. Each version of Unix shares some portion of the original vision and typically implements
a common set of libraries and commands.

Unix is regarded as a robust operating system whose scalability and innate networking capability
make it ideal for use as a server. In fact, most of the modern-day Internet is powered by Unix servers
of one version or another. It turns out that these features are also desirable in modern desktop
operating systems. So it is no surprise that when Apple was seeking to modernize the original
Macintosh operating system, it turned to Unix.

Mac OS X’s core operating system is a Unix flavor called Darwin. As with most Unix flavors,
Darwin’s source code is freely available, allowing interested parties to see exactly how the core
operating system works. Apple maintains several resources for programmers interested in Darwin,
including a way for people-at-large to contribute changes and bug fixes back to Apple.
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Although Mac OS X tries to hide Darwin from the average user, there are some places where the
Unix command line pokes through. The most obvious example is the Terminal application, found
in /Application/Utilities. You can use Terminal to work directly with Darwin’s command-line
tools. A more subtle example includes the way you describe file locations on Mac OS X: by using a
file path. A file path is a string of text that describes a file’s location.

The original Mac OS operating system abhorred file paths and tried its best to avoid them; but even
s0, it devised a convention for describing a path to a file. Mac OS file paths are composed of a disk
volume name followed by several folder names and possibly a file, all separated by colons, as in

Macintosh HD:Applications:Utilities:Terminal.app.

PROGRAM, PROCESS, APPLICATION — WHAT’S THE DIFFERENCE?

Much of the time you can use the terms program and process interchange-

ably to refer to something that’s executable. But these terms do have distinct
definitions. The word program refers to a file on disk containing a series of
computer instructions. When this file is executed (or run, launched, and so on),
the computer starts processing the instructions in the file. Process describes the
act of executing the file. To borrow an example from the kitchen, it may help to
think of a program as a recipe for baking a cake, and the process as the act of
baking that cake.

Ultimately, an application is just a program. On Mac OS X, however, programs
can take many forms: simple tools typed in a command-line interface, a program
you can double-click in the Finder, a plug-in file loaded by other programs, and
so on. To avoid some confusion, we use the term application in this book to refer
specifically to programs that appear in the Finder; we use the term program when
no distinction is necessary.

Although there are places where this old convention still exists, Mac OS X mostly uses Unix’s
method of describing file paths: a series of directories from the root directory all separated by
slashes, as in /Applications/Utilities/Terminal.app. The root directory contains all the files
and directories on a Mac OS X system and is referred to simply as /. The path /Applications
refers to a file or directory named Applications in the root directory. A path that begins with
the root slash is called an absolute (or full) path because it describes a precise file location.

If the root slash is not included, the path is called a relative path because it is relative to your
current location.
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y NOTE If you look in /Applications/Utilities in the Finder, you might notice
that there is no Terminal . app; instead there’s just a program called Terminal.
By default, Finder and other applications hide file extensions such as .app and
.txt from you. So the application at /Applications/Utilities/Terminal .app
appears simply as Terminal. The Core OS makes no attempt to hide extensions
from you; if you browse the file system using Mac OS X’s command-line inter-
face, you can see all these extensions. You learn more about Mac OS X’s
command-line interface later in this chapter.

Darwin is composed of several parts, including Command-
a kernel, a system library, and numerous line Tools

commands, as illustrated in Figure 1-3.

The heart of a Unix operating system is its kernel.

The Kernel §
The kernel is the program that loads when the :

computer is first turned on and is responsible for System Library
managing all the hardware resources available
to the computer. The kernel is also responsible Kernel

for running the other programs on the system,
scheduling process execution so that they can
share the central processing unit (CPU) and other
resources, and preventing one process from seeing what another process is doing. These last two
responsibilities are more commonly known as preemptive multitasking and protected memory,
respectively.

FIGURE 1-3

Because Unix prevents programs from accessing the computer hardware or other programs directly,
it protects against the most common forms of system crashes. If a process misbehaves in one way
or another, the system simply terminates the process and continues on its way. In other words, the
misbehaving process crashes. In some operating systems, a misbehaving process can stomp all over
other applications, or even break the operating system itself, before the system is able to terminate
the process. As a result, poorly written programs can cause the entire computer to freeze or crash.
Not so on Unix; because a process cannot modify other processes, including the kernel, there is
virtually no risk of a bad process bringing down the entire operating system.

Although the kernel is responsible for accessing hardware, much of the knowledge of specific
hardware details is delegated to device drivers. Device drivers are small programs that are loaded
directly into the kernel. Whereas the kernel might know how to talk to hard disks, a specific
device driver generally knows how to talk to specific makes and models of hard disks. This
provides a way for third parties to add support for new devices without having to build it into
Apple’s kernel. Mac OS X includes default drivers for talking to a wide variety of devices,

so much of the time you won’t need to install separate drivers when you install new third-party
hardware.
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The System Library

The kernel is responsible for critical functions such as memory management and device access, so
programs must ask the kernel to perform work on its behalf. Programs communicate with the kernel
through an application program interface (API) provided by a special library. This library defines
some common data structures for describing system operations, provides functions to request these
operations, and handles shuttling data back and forth between the kernel and other programs. This
library is simply called the system library.

As you might imagine, every program on Mac OS X links against this library, either directly or
indirectly. Without it, a program would be unable to allocate memory, access the file system, and
perform other simple tasks.

WHAT IS AN API?

All libraries and frameworks provide a collection of functions and data structures
that programs can use to perform a task. For example, the system library provides
functions for reading from files, and QuickTime provides functions for playing
back QuickTime movies. These functions and data structures are collectively
known as the library’s application program interface, or APL.

The system library takes the form of a dynamic library installed as /usr/1ib/1ibSystem.B.dylib.
Mac OS X also includes a framework called System. framework in /System/Library/Frameworks
that refers to this library. The files that define the Darwin interface live in the /usr/include
directory. By the way, neither of these directories is visible from Finder; Mac OS X actively hides
much of the complexity of Darwin from the average Mac user.

Unix Commands

Unix users interact with their systems using command-line tools. These tools typically perform

very specialized functions, such as listing files in a directory or displaying files on-screen. The
advantage of supplying many specialized tools lies in the way commands can be combined to form
more sophisticated commands. For example, a command that lists the contents of a directory can be
combined with a program that lists text in “pages” for easy reading.

As you have learned, you use the Terminal application to gain access to Darwin’s command-line
tools.

The following Try It Out looks at Darwin’s command-line interface. You start by browsing files
using the command line, looking up command information in Darwin’s online help system, and
running a command that displays its own arguments.
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ARl  Experiencing Darwin’s Command-Line Interface

1.

In the Finder, go to Applications = Utilities and launch the Terminal application. You will see a
few status lines of text ending in a command-line prompt (your lines may look slightly different
from what is shown here):

Last login: Sat May 15 23:28:46 on ttys000
Macintosh:~ sample $

When you’re using Terminal, there are commands that let you navigate the file system. The
Terminal application always keeps track of where you are, maintaining the notion of your current
directory. You can display the contents of the current directory using the 1s (list) command that
follows. As a matter of fact, the Terminal window is currently “in” your home directory. Your
results may vary from what’s printed here, but they will match what you see in the Finder when
you browse your home directory. (Throughout this book, any text you are asked to type on the
command line is indicated in bold.)

Macintosh:~ sample $ 1ls
Desktop Downloads
Documents Library

Pictures Sites

Public

Movies
Music

You can display more information about the files in your home directory by passing additional
arguments, called flags, into 1s. By using 1s -1, you can build what is often called a long list.

Again, your results may differ from what is printed here:

Macintosh:~ samples$ 1ls -1

total 0

drwx------ + 4 sample staff 136 Jul 16 01:49 Desktop
drwx------ + 10 sample staff 340 Jul 22 00:10 Documents
drwx------ + 6 sample staff 204 Jul 21 10:22 Downloads
drwx------ + 31 sample staff 1054 Jul 16 00:05 Library
drwx------ + 3 sample staff 102 Jul 15 09:19 Movies
drwx------ + 4 sample staff 136 Jul 18 23:34 Music
drwx------ + 4 sample staff 136 Jul 15 09:19 Pictures
drwxr-xr-x+ 5 sample staff 170 Jul 15 09:19 Public
drwxr-xr-x+ 5 sample staff 170 Jul 15 09:19 Sites

You can view the contents of a specific directory by specifying its name as the argument to 1s.
Note that this argument can co-exist with other flags you might want to use:

Macintosh:~ sample$ 1s -1 Library

total 0

drwx------ + 11 sample staff 374 Jul 18 23:37 Application Support
drwx------ + 2 sample staff 68 Jul 15 09:19 Assistants
drwx------ + 5 sample staff 170 Jul 15 09:19 Audio

drwx------ 4 sample staff 136 Jul 22 00:12 Autosave Information
drwx------ 23 sample staff 782 Jul 20 23:39 Caches

drwxr-xr-x 6 sample staff 204 Jul 15 15:44 Calendars
drwx------ + 2 sample staff 68 Jul 15 09:19 ColorPickers
drwx------ + 3 sample staff 102 Jul 15 09:19 Compositions
drwxr-xr-x 3 sample staff 102 Jul 21 10:35 Cookies

drwx------ + 3 sample staff 102 Jul 15 09:19 Favorites
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drwx------ + 9 sample staff 306 Jul 18 23:37 FontCollections
drwx------ + 2 sample staff 68 Jul 15 09:19 Fonts

drwxr-xr-x 2 sample staff 68 Jul 16 00:05 Fonts Disabled
drwx------ + 3 sample staff 102 Jul 15 09:19 Input Methods
drwx------ + 2 sample staff 68 Jul 15 09:19 Internet Plug-Ins
drwx------ + 2 sample staff 68 Jul 15 09:19 Keyboard Layouts
drwxr-xr-x 4 sample staff 136 Jul 18 23:35 Keychains
drwx------ 3 sample staff 102 Jul 15 12:29 Logs

5. Two new questions immediately come to mind: exactly what is 1s -1 telling you, and what other
flags can you pass into 1s? The answer to both of these questions resides in Darwin’s online help
system, which is better known as the Unix Manual. You can consult the manual by using the man
command and including the name of another command as the argument:

Macintosh:~ sample$ man ls

LS(1) BSD General Commands Manual LS(1)
NAME
1ls - list directory contents
SYNOPSIS
1ls [-ABCFGHLPRTWZabcdfghiklmnopgrstuwxl] [file ...]
DESCRIPTION

For each operand that names a file of a type other than directory, ls
displays its name as well as any requested, associated information. For
each operand that names a file of type directory, ls displays the names
of files contained within that directory, as well as any requested, asso-
ciated information.

If no operands are given, the contents of the current directory are dis-
played. If more than one operand is given, non-directory operands are
displayed first; directory and non-directory operands are sorted sepa-
rately and in lexicographical order.

The following options are available:

-A List all entries except for . and ... Always set for the super-

6. The arguments you are allowed to pass to a Unix command depend entirely on the command. As
you have seen, the 1s command accepts filenames, and the man command accepts the names of
other Unix commands. The echo command accepts arbitrary arguments and simply repeats them
on the screen. It turns out that this command is especially useful when writing shell scripts, as
you see in Chapter 11.

Macintosh:~ sample$ echo hello, my name is sample
hello, my name is sample

How It Works

In spite of appearances, Terminal doesn’t understand any of the commands you just entered. In fact,
Terminal’s only job is to read input from your keyboard and display text coming from a special
program called a shell. Terminal starts your shell for you when its window appears. The shell is a
special program that provides a command-line prompt, parses instructions into command names
and lists of arguments, runs the requested commands, and passes back the resulting text.
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When the shell has decided which command to launch, the shell starts that command and passes the
remaining flags and arguments into the command for further evaluation. That’s why 1s, man, and echo
all interpret their arguments in different ways. Flags are also interpreted by individual commands, so
it’s not uncommon to use a particular flag in more than one Unix command, although the flag might
have different meanings.

One thing to watch out for: Unix shells historically are case-sensitive, meaning that the command Ls
is not the same as 1s, the directory 1ibrary is not the same as the directory Library, and so on. Mac
OS X’s default file system, HFS+, is case-insensitive, and much of the time the shell can figure out what
you mean. But if you had some trouble with the commands in the preceding Try It Out, make sure you
entered the text exactly as it appears here.

You have only just scratched the surface of what the shell can do. You will continue to learn more
about the shell as you continue through the book.

GRAPHICS AND MEDIA LAYERS

Much of the user experience on Mac OS X is built around graphics. All the elements you see on the
screen — windows, menus, buttons, and text — are graphics. It comes as no surprise that Mac OS
X has several subsystems dedicated to graphics, as shown in Figure 1-4.

Mac OS X provides a rich graphics library for doing two-
dimensional drawings, called Quartz 2D. The Quartz 2D
library is specific to Mac OS X, although it uses industry-
standard graphic formats, such as PDF. Mac OS X also

includes OpenGL for those interested in three-dimensional Quartz 2D | OpenGL | QuickTime
drawings. Although popularized by cross-platform video
games, Mac OS X itself uses OpenGL for certain operations. Quartz Compositor

Finally, QuickTime is built into Mac OS X, providing

support for what Apple occasionally calls four-dimensional
drawing. QuickTime is also available for Microsoft Windows
operating systems, and for older versions of Mac OS. All these
programming libraries rely on the Quartz Compositor for
actually drawing their content.

FIGURE 1-4

The following sections look at these subsystems in more detail.

The Quartz Compositor

The Quartz Compositor is a private system service that oversees all graphics operations on Mac
OS X. Apple does not provide a means for developers to interact with the Quartz Compositor
directly, so we won’t look at it in detail here. The Quartz Compositor plays such an important role
in Mac OS X’s graphic strategy, however, that it pays to understand what it does.
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Among its many duties, the Quartz Compositor handles these tasks:

Manages all the windows on your screen — Although the actual look of the window may
come from an application or an application framework such as Cocoa or Carbon, the
Quartz Compositor provides most of the window’s guts: where the window sits on the
screen, how the window casts its drop shadow, and so on.

Ensures that graphics are drawn appropriately, regardless of which library or libraries an
application may be using — In fact, an application may use commands from Quartz 2D,
OpenGL, and QuickTime when drawing a given window. The Quartz Compositor ensures
that the drawing reaches the screen correctly.

Collects user events from the core operating system and dispatches them to the Application
Frameworks layer — User events such as keystrokes and mouse movements are collected
from drivers in the core operating system and sent to the Quartz Compositor. Some of
these events are passed along where they may be interpreted by the application. The Quartz
Compositor will also send its own special events to the application for responding to special
conditions, such as when the user brings the application to the foreground or when a win-
dow needs to be updated.

The Quartz Compositor was designed with modern best practices for graphics in mind. For
example, the drawing coordinate space uses floating-point values, allowing for sub-pixel precision
and image smoothing. Compositing operations can take advantage of available hardware.
Transparency is supported natively and naturally in all drawing operations.

Apple has been able to capitalize on this architecture to provide a number of exciting features,
such as Quartz Extreme and Exposé. Quartz Extreme allows graphic operations to take full
advantage of the graphics processing unit (GPU) found on modern video cards to provide
hardware-accelerated drawing. This has two benefits. The GPU is specially optimized for
common drawing operations, so drawing is much faster than when using the computer’s CPU.
Second, by offloading drawing onto the GPU in the video card, Quartz Extreme frees up the
CPU for other tasks. Although in the past, developers needed to use OpenGL to do hardware-
accelerated drawing, Quartz Extreme provides this support to Quartz 2D as well, and ultimately
to QuickTime. Exposé allows the user to quickly view all windows at once. It is a very handy
way to find a specific window that might be buried underneath a number of other windows, as
shown in Figure 1-5.

The Quartz Compositor is one of the most fundamental parts of Mac OS X. Although you will not
be working with it directly in this book, you will feel its influence in almost everything you do.
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My Rimgrone.bard

Terminal

FIGURE 1-5

WHAT ARE PDF FILES?

PDF stands for Portable Document Format. The PDF standard was invented by
Adobe as a means for describing documents that can be displayed or printed
virtually anywhere. The file specification itself is open, meaning the public-at-large
can view the format and write their own tools for reading and generating PDF
documents. Adobe continues to own and develop the standard.

Mac OS X reads and writes PDF documents as its preferred native image file
format. You can save any document in PDF format simply by “printing” it and
clicking Save as PDF in Mac OS X’s print panel. PDF files can be displayed in Mac
OS X’s Preview application.
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Quartz 2D

The Quartz 2D graphics library is Mac OS X’s native graphics library. It is responsible for all the
two-dimensional drawing performed by Mac OS X. As you might imagine, Quartz 2D provides an
interface for drawing two-dimensional shapes, such as lines and rectangles, and compositing images.
It is also capable of drawing sophisticated curves, arbitrary shapes expressed as paths or vectors, and
color gradients. Quartz 2D also includes support for generating and displaying PDF files.

The Quartz 2D programming interface is provided by CoreGraphics, which is part of the
ApplicationServices framework: /System/Library/Frameworks/ApplicationServices.framework.
The Quartz 2D API is very powerful and is best approached by an experienced programmer. In this
book, you focus more on the drawing API in the Application Frameworks layer, which is a little

easier to use.

OpenGL

OpenGL is a powerful, cross-platform graphics library for doing 2D and 3D graphics.

Although OpenGL is owned by SGI, the OpenGL specification is governed by an independent
consortium called the OpenGL Architecture Review Board — ARB for short. As a voting member
of the ARB, Apple contributes to the OpenGL community as a whole, in addition to improving the
state of OpenGL on Mac OS X.

One of OpenGL’s most compelling features is its tight integration with video card technology. Many
OpenGL commands, such as image and shape drawing, blending, and texture-mapping, can be
performed directly by the video card’s GPU. Recall that the GPU is optimized to perform these operations
very quickly, and after graphic operations have been unloaded onto the video card, the CPU is free to
perform other computational functions. The net result of this tight integration is very fast drawing.

Performance combined with its cross-platform nature makes OpenGL uniquely suited for certain
kinds of situations, including scientific research, professional video editing, and games. If you have
played a 3D video game on Mac OS X, you’ve seen OpenGL in action. For that matter, if you have
used one of Mac OS X’s built-in screen saver modules, you’ve seen OpenGL.

OpenGL’s programming interface is spread across two frameworks: core OpenGL functionality lives
in the OpenGL framework (/System/Library/Frameworks/OpenGL. framework), and a basic cross-
platform Application Framework called GLUT resides at /System/Library/Frameworks /GLUT

. framework. As with Quartz 2D, the OpenGL API is fairly advanced and better suited for more
experienced programmers.

QuickTime

Apple Computer invented QuickTime back in 1991 as a way to describe, author, and play back
video on Macintosh computers running System 6 and System 7. Since then, QuickTime has exploded
into a cross-platform library encompassing a variety of multimedia file formats and algorithms.
QuickTime provides tools for working with digital video, panoramic images, digital sound, MIDI,
and more. It has spawned entire genres of software, including CD-ROM adventure games, digital
audio/video editing suites, and desktop video conferencing.
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Mac OS X increased Apple’s commitment to QuickTime by building it directly into the operating
system. Though versions of QuickTime shipped with Mac OS releases since the earliest days of
QuickTime, Mac OS X actually relies on QuickTime in ways earlier OS versions did not. For
example, Finder uses QuickTime to allow you to preview video and audio files directly in the Finder
when using column view. Mac OS X’s Internet connectivity apps, including iChat and Safari, make
substantial use of QuickTime.

Mac OS X Snow Leopard introduces QuickTime X, integrating QuickTime more tightly into

the Mac OS X architecture than before. Although QuickTime has taken advantage of available
video hardware resources for years, QuickTime X has been redesigned around the multiple CPUs
and powerful programmable GPUs found in current Macintosh computers. QuickTime X also
reintroduces some simple editing features into QuickTime Player, so you can make and edit videos
without additional software.

The QuickTime X API is supplied by the QTKit framework: /System/Library/Frameworks/
QTKit.framework. The QuickTime programming interface has undergone nearly 20 years of
evolution, and many of its concepts are quite advanced.

Core Animation

Animations can make tasks more appealing or more understandable. When you activate Exposé,
all your windows reorganize on your screen with a sweeping animation. When you minimize a
document, it flows into the Dock. When using Cover Flow in the Finder or in iTunes, files flip
smoothly to and fro.

Mac OS X v10.5 Leopard introduced a new technology called Core Animation to manage common
animations. Core Animation takes flat, two-dimensional images called “layers” and basically pushes
them around. Layers are drawn using the GPU, freeing up the CPU to manage the actual business of
animation. You can use Core Animation to animate a number of individual parameters, such as the
layer’s position, its angle of rotation (in three-dimensional space), its size, how transparent it is, and so on.

The Core Animation API is part of the QuartzCore framework: /System/Library/Frameworks/
QuartzCore. framework.

APPLICATION FRAMEWORKS AND Ul

All applications rely on common interface elements to communicate with the user. By packaging
these elements in a library, an operating system can make sure all applications look and behave
the same way. And the more functionality the operating system provides “for free,” the less work
application developers need to do themselves.

Toward that end, Mac OS X provides a number of application frameworks, as shown in

Figure 1-6, upon which programmers can build their applications: Cocoa, Carbon, and the Java
JDK. These frameworks, described in more detail in the following sections, all provide the basic
concepts essential for application design: how events are processed by the application, how window
contents are organized and drawn, how controls are presented to the user, and so on.
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It is important that all applications present their user interface
(UI) in a consistent manner, regardless of which application
framework the program uses. In other words, all windows,
menus, buttons, text fields, and so on should look and behave
the same way on Mac OS X. These Ul elements together Cocoa Carbon | Java JDK
on Mac OS X form a distinctive user experience that Apple
calls the Aqua user interface. Consistency among apps is so
important that Apple has published guidelines enumerating
the proper way to use Aqua user interface elements; these
guidelines are called the Apple Human Interface Guidelines.

Aqua User Interface

FIGURE 1-6
Each of these application frameworks is appropriate in
different situations. In addition, these application frameworks are not mutually exclusive. An
application may draw on features from all three frameworks.

Cocoa

The Cocoa application framework provides programmers with a means of building feature-rich Mac
OS X applications quickly. The roots of Cocoa lie in NeXTSTEP, the operating system that powered
NeXT computers in the early 1990s. When Apple announced Mac OS X in 1998, the API was
re-christened Cocoa, and introduced alongside Carbon as Mac OS X’s application development strategy.

Cocoa is an object-oriented API written in Objective-C, an object-oriented language descended
from ANSI C and Smalltalk. Programmers work with Cocoa by creating objects and hooking
them together in various ways. Objects provide a convenient way for programmers to extend basic
application functionality without having to design the entire application from the ground up. Put
another way, Cocoa allows you to focus on writing the code that makes your application unique,
rather than forcing you to write the code that all applications must share.

The Cocoa API is divided between two frameworks:

>  The AppKit framework (/System/Library/Frameworks/AppKit . framework): Provides
high-level objects and services for writing applications, including Aqua Ul elements.

»  The Foundation framework (/System/Library/Frameworks/Foundation.framework):
Provides objects and services useful for all programs, such as collection data types, Unicode
string support, and so on.

These features are divided into two separate frameworks so programs can use Foundation’s utility
classes without having to bring in a full graphical user interface (GUI). For example, a command-
line tool written in Objective-C might simply use Foundation.

Carbon

What we know as Carbon today started out as the programmatic interface to the original
Macintosh operating system. Although sufficient for writing Macintosh applications, the API
had some problems that made transitioning to a new core operating system impossible. In 1998,
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Apple set out to revise the traditional Mac OS API and eliminate these problems, which would give
existing Macintosh developers an easy path for migrating their code to Mac OS X. This revised API
was called Carbon.

It used to be the case that you needed to work with Carbon to do a number of useful things in
Mac OS X. For example, programmers interested in working with aliases, customized menus, or
QuickTime all needed to use Carbon, even if they were writing a Cocoa application. Many of these
things are no longer true in Mac OS X Snow Leopard. Cocoa programmers can now access things
either through Cocoa or through specialized frameworks, such as QTKit.

If you are interested in porting a traditional Mac OS application to Mac OS X, Carbon is a good
place to start. However, Apple has begun encouraging programmers to move away from Carbon
altogether. Many Carbon technologies simply don’t play well with modern hardware such as
accelerated GPUs or modern software such as Core Animation. Apple has chosen to stop investing
in Carbon to spend time on newer, more interesting technology.

The Carbon API is built around a collection of C interfaces, spread across several frameworks,
including the Carbon framework (/System/Library/Frameworks/Carbon. framework), the

Core Services framework (/System/Library/Frameworks/CoreServices. framework), and

the ApplicationSerVices framework (/system/Library/Frameworks/ApplicationServices.
framework). The Carbon framework includes a number of interfaces for working with high-

level concepts, such as UT elements, online help, and speech recognition. CoreServices provides
interfaces for working with lower-level Carbon data structures and services. ApplicationServices fits
somewhere between the other two, building on CoreServices to provide important infrastructure
supporting the high-level interfaces in the Carbon framework, such as Apple events, font and type
services, and speech synthesis.

Java JDK

Mac OS X comes with built-in support for Java applications. Java is an object-oriented
programming language created by Sun Microsystems for developing solid applications that can
deploy on a wide variety of machines. Java itself is best thought of as three separate technologies:
an object-oriented programming language, a collection of application frameworks, and a runtime
environment, as described in the following list:

Java the programming language — Designed to make writing programs as safe as possible.
Toward that end, Java shields the programmer from certain concepts that often are a
source of trouble. For example, because programmers often make mistakes when accessing
memory directly, Java doesn’t allow programmers to access memory in that way.

Java the application framework — Provides a number of ways to develop applications using
the Java programming language. Java and Cocoa are similar in many ways; for example,
many of the objects and concepts in Cocoa also appear in Java.

Java the virtual machine — Provides the runtime environment, called a virtual machine,
in which all Java programs live. This virtual machine protects Java programs from subtle
differences one encounters when trying to deploy programs on a variety of systems. For
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example, different systems may have widely divergent hardware characteristics, supply dif-
ferent kinds of operating system services, and so on. Java Virtual Machine levels the playing
field for all Java apps, so that Java programmers do not need to worry about these issues
themselves.

Java’s greatest strength is that it enables you to easily write applications that are deployable on

a wide variety of computers and devices. In this respect, Java has no equal. On the other hand,
for the purposes of writing a Mac OS X-specific application, the Java application frameworks
have some serious drawbacks. Because Java must deploy on several different computers, Java’s
approach to application design tends to focus on commonly available technologies and concepts.
It is difficult to gain access to features unique to Mac OS X, such as the power of CoreGraphics,
through Java’s application frameworks, because those features are not available on all Java
systems. Because this book focuses on technologies specific to Mac OS X, we will not examine
Java in further detail.

APPLE HUMAN INTERFACE GUIDELINES

All Mac OS X programs share a specific look and feel that makes them instantly recognizable as
Mac OS X programs. This creates the illusion that all the applications on your system were designed
to work together — even though your applications may have been designed by different people, all
with different interests. After you learn how to use one application, you have a pretty good idea of
how to use all applications.

Apple provides a document, called the Apple Human HLON oWodew, 0

Interface Guidelines, which spells out how Mac OS OPTIONS

X applications should look and behave. Applications teets ot unte: (28 J
written against one of Mac OS X’s application [ Remember window positions
frameworks start with a bit of an advantage: all the C Create backup when saving
UI elements provided by these frameworks meet (o ) (. Cancel )

the specifications in the Apple Human Interface
Guidelines. All the controls in Figure 1-7 are drawn
using the Cocoa application framework; notice that FIGURE 1-7
they all look like Mac OS X controls.

Unfortunately, simply using the right controls isn’t enough to make an Aqua-compliant interface.
A large part of Ul design is in collecting and organizing controls so they make sense. The Apple
Human Interface Guidelines provide metrics for how far apart related controls and groups of
controls should be and where certain kinds of controls should go. The Aqua guidelines specify
specific fonts and font sizes for Ul elements. It also specifies when certain features are appropriate,
such as default buttons, hierarchical menu items, and so on. Figure 1-8 illustrates the same controls
from Figure 1-7, laid out in compliance with the Apple Human Interface Guidelines — note that it
looks much cleaner.
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The information in the Apple Human Interface ANML Wedow
Guidelines is quite extensive. It covers all the user ot
interface elements available within Mac OS X, such as Levels of undo: B8

windows, menus, controls, separators, text labels, and
icons. All Mac OS X programmers should be familiar

with the Apple Human Interface Guidelines to know
what correct Aqua user interfaces are supposed to look oo

U] Remember window positions
| Croate backup when saving

like, and how they’re supposed to behave.

FIGURE 1-8

SUMMARY

You have seen how the major elements of Mac OS X come together on your computer. The
applications you use every day are but one element. These applications are built on application
frameworks, system services, and ultimately

Mac OS X’s core operating system; all Applications (fi?]rg?for;g_

these pieces contribute to your application ;

experience. The high-level picture might look Aqua User Interface

similar to Figure 1-9.
Cocoa Carbon Java JDK '

In the next chapter, you learn about the :

developer resources bundled with Mac Quartz 2D | OpenGL | QuickTime

OS X. These include tools used during

the development process, as well as online Quartz Compositor

documentation and other resources. Before

proceeding, you can use the exercises that System Library

follow to practice some of the things you Kernel

learned in this chapter. You can find the
solutions to these exercises in Appendix A. FIGURE 1-9

EXERCISES

1. The apropos command returns a list of manual pages that match one or more keywords. Try
entering the following commands into Terminal:

Q. apropos copy
b. apropos copy file
C. apropos “copy file”
Which of these commands provides the best result?
2. You have seen how you can use man to read the online help for a specific command. Type man

man into Terminal and read about what man is capable of. For example, what does man -k "copy
file" do?
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» WHAT YOU LEARNED IN THIS CHAPTER

Kernel the heart of the Core OS, responsible for talking to hardware and
running programs

System Library API for “talking to” the Core OS

Quartz Compositor the process responsible for all application drawing and event handling

Quartz 2D API for drawing rich 2D graphics

OpenGL an open, standard API for drawing hardware accelerated 2D and 3D
graphics

QuickTime a framework for reading and creating multimedia files

CoreAnimation

Cocoa

Carbon

a framework for animating user interfaces and other application content

a collection of frameworks used for writing Mac OS X applications using

the Objective-C programming language

a collection of frameworks used for older Mac OS and Mac OS X

applications

CONFER PROGRAMMER TO PROGRAMMER ABOUT THIS TOPIC.
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Developer Tools

WHAT YOU WILL LEARN IN THIS CHAPTER:

» How to install the developer tools that came with
your copy of Mac OS X

»  Where to find the tools and documentation you just installed

» How to use the Apple Developer Connection web site

Since the earliest releases of Mac OS X, a complete set of developer tools has come bundled
with the operating system. These tools range from text editors and compilers to debuggers
and performance analyzers. Mac OS X even comes with a large collection of developer
documentation and examples to help explain how these developer tools and development
libraries should be used. Those interested in programming on Mac OS X have everything they
need to get started.

Apple Computer also has a large developer support web site called Apple Developer
Connection or ADC, found at http: //developer.apple.com/. Here Apple posts the most
updated versions of its developer tools, documentation, and examples. This site also provides
resources for small businesses interested in developing and distributing a product to the
Macintosh community. If you are an ADC member, you can even file bug reports on Apple’s
software to help resolve issues you may discover on your own.

INSTALLING THE DEVELOPER SOFTWARE

As we have said, Apple bundles development tools along with the Mac OS X operating
system. However, these tools are often an optional part of the installation process, and all the
necessary components might not yet be installed on your system. If your copy of Mac OS X
came pre-installed on a new Macintosh, these tools may be installed already. Otherwise, you
need to install the necessary pieces from your Mac OS X CDs.
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In Mac OS X Snow Leopard, the developer tools live in a package called xcode. You can

find this package on your install DVD. The Installer will ask you to customize the Xcode
installation, and you can just accept the default options. If you’re not sure, go ahead and install
everything.

DEVELOPER APPLICATIONS

The Mac OS X developer package includes several applications for your use during the
development process. You can find most of these applications in the /Developer/Applications
folder. Some of these tools are essential, such as those used for editing source code and building
programs. Other tools are more specialized, such as the performance analysis tools and graphics
utilities. In the sections that follow, you learn about many of these tools and how you can put
them to use.

Build Tools

Of the programs installed in /Developer/applications, two stand out as being indispensable in
the development process: Xcode and Interface Builder. Together they include all the functionality
required to design, build, and debug programs on Mac OS X.

Xcode is the centerpiece of the Mac OS X development environment. It includes tools for writing,
building, and debugging programs, all in a single application. Xcode also provides easy access to
much of the developer documentation on your system. Xcode scales easily from building
command-line tools and applications, to building libraries and plug-ins. You learn much more
about Xcode in Chapter 3.

Interface Builder builds Carbon and Cocoa user interfaces for use in Xcode projects. You build
interfaces by arranging windows, controls, and other elements graphically with your mouse. You
learn much more about Interface Builder in Chapter 4.

Both Xcode and Interface Builder are up to the challenge of building whatever program you might
need. In fact, Apple uses these same tools to build most of the applications and frameworks that
make up Mac OS X. And by making Xcode and Interface Builder available with Mac OS X, Apple
is giving you a great head start on building your software.

Performance Tools

Once you have dealt with the petty matters of writing some software and working out the bugs,
your thoughts may turn to the question of performance. When you run your program, you may
see the spinning wait cursor (or the rainbow wheel or spinning pizza of death, whatever you
call it). This cursor means your program has stopped processing user events and has become
temporarily unresponsive. This unresponsiveness can be caused by many factors that normally
boil down to two root causes: excess computation and memory management problems. In other
words, time vs. space.
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Mac OS X includes Instruments, an application you can use to diagnose most of your performance
problems. It helps you find common memory problems, troublesome file usage, and computation
bottlenecks. You learn more about Instruments in a little bit. Instruments resides in /Developer/
aApplications along with Xcode and Interface Builder.

Mac OS X includes several additional utilities for examining where you spend your time and how
you allocate your memory. These tools all live in /Developer/Applications/Performance Tools.
Many of these tools match functionality available in Instruments. One tool that stands apart from
the others is Shark, a sampling tool that finds performance bottlenecks and suggests ways you can
eliminate them.

ON PROGRAMS, STACKS, AND BACKTRACES

Programs are made up of a series of machine instructions gathered into functions
or routines. These functions normally call other functions to do work. Your
program can’t exit a given function until all that function’s sub-functions have
completed. You might think of these functions as a stack of plates at a cafeteria.
When your program enters a function, push a plate on the stack; when the function
completes, pop the plate off the stack. The topmost plate represents your program’s
current function.

This metaphor for describing how functions work is so natural, we refer to a
program’s list of running functions as its stack, frame stack, or call stack. The
individual function calls are sometimes called frames.

Debugging tools often show you where you are in your program by displaying the
entire stack. Traditionally, you start with the current frame and work all the way
back to the very first function. This list is called a backirace because you trace back
from the current frame.

All these utilities work by analyzing your program’s state as it runs. These kinds of tools are
generally known as profilers. Profilers normally require you to build your program in a special
way so that the utility can carefully watch your program’s execution. Mac OS X’s utilities
require no such preprocessing and can be run on any application, whether you wrote it or

not. They work by periodically (several times a second) peeking at your program’s stack and
aggregating the results.

Instruments

Instruments analyzes your programs for different kinds of performance problems. Most of the
actual work of analyzing your program is done by smaller tools called instruments, from which
the utility gets its name. Instruments provides a common user interface (UI) for configuring and
running these smaller instruments.
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These instruments are organized in a timeline similar to GarageBand. Start by dragging instruments
into the timeline from a Library, or by opening a preconfigured template. You can watch performance
statistics change in real-time as your program runs. When you see something interesting, you can go
back and look at it by scrubbing the playhead back in time.

The following table lists some of the instrument tools available to Instruments. These tools are
covered in more depth in the next several sections.

TOOL DESCRIPTION

Leaks Watches how your program allocates memory and looks for leaks; best
used in conjunction with the ObjectAlloc instrument

ObjectAlloc Watches how your program manages reference-counted objects and
detects autorelease problems

Spin Monitor Automatically samples programs when they display the wait cursor
Thread States Watches how your program creates and uses threads

Time Profiler Shows how your program’s call stack changes over time

User Interface Records user events, allowing you to replay them later

ObjectAlloc and Leaks

ObjectAlloc keeps track of when your application allocates and frees memory. It records the position
in your program’s call stack where each allocation occurs, allowing you to find places where you’re
using a lot of memory. ObjectAlloc is specifically useful for tracking reference-counted memory
objects such as Objective-C objects and CoreFoundation data structures.

Reference counting is a memory management technique where you keep track of the number of
things referring to a piece of memory. If someone is interested in the memory, they retain it, or
increase the memory’s reference count by one. When they are done with the memory, they release
it, or decrease the reference count by one. When an object’s reference count goes to 0, its memory
is freed. Foundation introduces an interesting concept called autoreleasing. Autoreleasing is a
way of marking an Objective-C object to be released later. It’s useful for hanging onto an object
temporarily without worrying about precisely when it is released.

Leaks watches memory, looking for places where your program lost its reference to a
memory allocation without freeing it. We call this situation a leak. If you aren’t quite sure
what memory allocation means or what a leak is, don’t worry; you learn more about this in

Chapter 6.

Figure 2-1 shows ObjectAlloc and Leaks in action.
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FIGURE 2-1

Time Profiler and Spin Monitor

Time Profiler shows you how a program’s call stack changes over time. Simply start your program
while using the Time Profiler instrument. When you finish recording, you can analyze the results to
find out where your program spent most of its time during the recording period.

Time Profiler works by pausing your program several times a second and recording your program’s
call stack at that point in time. It then trends the data in several ways, including measuring the
frequency of each specific frame in the call stack, and tracking the size of the call-stack changes.
For example, if a specific function call appears in half your program’s call stacks, Time Profiler
calls that out.

By default, Time Profiler shows you the most common stacks where your program was sampled,
sorted by frequency. This is useful when you're looking at very computation-intensive programs,
because this view shows you which functions you need to make faster. This view is called an
inverted call tree. Sometimes your performance problem is deeper in your backtrace, and you need
to see how your program spent its time in your code. In this situation, you can display the normal
call tree, and then drill down into the stack trace, layer by layer. Each step of the way, you can see
how much time your program spent at that stack frame. Figure 2-2 shows Time Profiler’s normal
call tree view.
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Imagine that your program has become unresponsive. It no longer responds to user events, and Mac
OS X automatically shows the spinning wait cursor. You want to sample your program to find out
what is chewing up its time, but you don’t want to have to search through a lot of instrument data
to find the trouble spots.

Spin Monitor helps you deal with these situations by automatically sampling applications that go
into the busy state (display the spinning wait cursor). Just start the Spin Monitor instrument and
wait for your app to go off and start spinning. When that happens, Spin Monitor generates a sample
report similar to the one produced by Time Profiler. Because Spin Control works passively, you can
just start it and leave it running as you go about your business.

Thread States

Every process on Mac OS X uses one or more threads to process machine instructions. A thread
basically represents the capability to do work on the system at any given time. In the same way
in which Mac OS X’s preemptive multitasking kernel can run two processes at the same time, a
process with two threads can do two activities at the same time.

Programmers often turn to threads to improve program performance. For example, on Macintosh
systems with more than one CPU, a programmer can use threads to perform work on both CPUs at
once. Also, a program such as the Finder might perform a long file-copy operation in a background
thread while responding to user events in the main thread.
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But writing multi-threaded programs can be challenging, because programmers must deal with

the fact that a program is performing two or more things at once. You can get into trouble if two
threads start competing for the same resource. For example, if you have two programs trying to
write to the same file at the same time, the file contents might get mixed up. Similarly, multiple
threads trying to write to the same data structures might instead scramble their program’s memory.
Creating additional worker threads comes at some cost, so you can actually hinder performance if
you get carried away with threads.

Thread States shows you the state of your program’s threads. Each thread is plotted in a bar
graph in the timeline clip, allowing you to see when it’s busy and when it’s idle, as shown in
Figure 2-3.
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FIGURE 2-3

User Interface

The User Interface instrument records the keyboard and mouse events coming into your application.
Each event is displayed in the results window along with a thumbnail image summarizing the
event, as shown in Figure 2-4.
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FIGURE 2-4

Using the User Interface instrument couldn’t be simpler. Simply add User Interface to your timeline,
run your program, use it normally, and then stop recording. Next time you run your program,
Instruments will play your keyboard and mouse events back for you. This is especially useful when
used in conjunction with other instruments; you can automatically replay the same set of steps
while watching your performance. As you fix problems in your application, you can rerun your test
scenarios and verify that performance has improved.

Shark

Apple provides a special set of tools called the Common Hardware Understanding Development
Tools, or CHUD Tools for short. These tools work very closely with your Mac’s hardware to
diagnose performance problems. The CHUD Tools come with the other Mac OS X developer tools.
You’ll find the CHUD tools in a folder at /Developer/Applications/Performance Tools/CHUD.

Of all the CHUD Tools from Apple, the most popular is Shark, as shown in Figure 2-5. Although
it's part of the CHUD toolset, you will find Shark in /Developer/Applications/Performance
Tools, not in the cHUD folder.

Shark is similar to the Time Profiler instrument in that it records programs’ call stacks over a period
of time and trends the results. Shark differs from Time Profiler in that it samples your entire system,
not just a single application. Shark takes your call-stack data one step further by showing your
frame’s assembly code, and even the source code, if available. So when Shark indicates that you’re
spending a suspicious amount of time in a particular function, you can actually view the source
code for that function right there. And if that isn’t enough, Shark even suggests specific ways in
which you can improve your function’s performance. The only catch is that some of Shark’s advice
is appropriate only for advanced programmers.
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You can find a complete user guide under Shark’s Help menu. Shark also comes with PowerPC, Intel,
and ARM assembly command reference guides to help you understand Shark’s assembly code view.
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Other Utilities

Mac OS X’s developer tools include other utilities that can make your life easier. Though these
utilities are not as indispensable as Xcode, Interface Builder, or Instruments, it’s worth spending
some time getting to know them. A number of the more interesting utilities appear in the following
table and are described in more depth in the next sections. All these tools live at /Developer/
Applications/Utilities, except where otherwise noted.

TOoOL DESCRIPTION

FileMerge Compares two files or directory trees, and merges the differences
Icon Composer Builds icon files (. icns) used for your application

PackageMaker Builds Installer packages

Pixie Magnifies portions of your screen to look for minute drawing problems
Property List Editor Edits property list files

Script Editor Writes and tests AppleScript programs
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FileMerge

FileMerge lets you compare two text files side by side and see how they differ. As you scroll through
the files, FileMerge highlights places where text has been added, removed, or moved within the files.
You can also use FileMerge to compare entire directories of files, as shown in Figure 2-6.
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FileMerge gets its name from its ability to merge changes between two files into a third file. You simply
scroll through both files and, for each change, pick which one you want to keep. You can then save a
new version of the file that contains all the common text with the changes you specified. This is very
useful when you're looking at two versions of the same Xcode project. You can use FileMerge to see
where the two projects differ, and select which changes you want to keep on a change-by-change basis.

Ilcon Composer

Icon Composer, shown in Figure 2-7, is a small utility for making Mac OS X icon (. icns) files. Despite
its name, you cannot draw icons in Icon Composer; you need to draw your icons in some other
program and save various sizes of the icons as separate files. You can then drag your files into Icon
Composer and save the result as a .icns file. You learn more about using . icns files in Chapter 5.
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FIGURE 2-7

PackageMaker
PackageMaker builds packages for use in Installer, Mac OS X’s built-in software installer. After
you’ve written your own programs, you might want to distribute them as packages to help simplify
the installation process for your users. You simply point PackageMaker at a directory of files, fill
out the form shown in Figure 2-8, and create your package.
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Packages can actually support a lot of custom functionality, more than can be configured using
PackageMaker’s interface. To enable a package’s advanced features, you need to get into the details
of the package format. PackageMaker’s online help contains detailed notes on the package format,
along with a few examples.

Pixie
Pixie magnifies the area of the screen under your mouse cursor, as shown in Figure 2-9. It can

also display color values for the pixels on your screen. You can find Pixie in /Developer/
Applications/Graphics Tools.

These features are very useful when designing custom Ul elements and other graphics for your
programs. Unlike other developer tools, Pixie includes some usage notes in the About box in the
Pixie menu, rather than in its Help menu. In fact, Pixie doesn’t even have a Help menu. However,
the program is easy to master.

noo [l Craphics Tools &=
| 2l EVEN o CYRE-NF 2 a

| ¥ DEVICES »| a Care Image Fun Howse ¥ Pravidw
B Openll Dirkver Mandcr

| BHom L w OpenCL Profiler

1 == A ' C L Shader Buildes

Wame Pixig
Eind Agplication
Slce B44 KE on diik

Created 5/19/09 118 AM
Mol iSied 5/ 0%/04 218 AM

1 Last opemed Todey 12336 AM
Werilen 1.8

latciw'm irifice

=)

]
Bl
ENNENENEENEENN RN nEE

FIGURE 2-9

www.it-ebooks.info


http://www.it-ebooks.info/

Developer Applications | 35

Property List Editor

Property List Editor is, as its name implies, a program that edits property lists. Property lists are
text or binary files that store structured data. Property List Editor displays property lists in an
outline view so that you can easily navigate them, as shown in Figure 2-10.

Property lists are commonly used for such things as application preferences, configuration files, and
even some document formats. You learn more about property lists and see some examples of how
they are used in Chapter 5.
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Script Editor

Script Editor is an application for writing and running AppleScripts. Strictly speaking, Script
Editor isn’t a developer tool; it’s a standard part of Mac OS X. You can find Script Editor in
/Applications/AppleScript.

Script Editor is a specialized tool for working with AppleScripts. It validates your AppleScript
syntax as you write and use colors and text styles to highlight various parts of your script. You
can also run AppleScripts from Script Editor and display the results in the main editor window,
as shown in Figure 2-11. After you’ve written an AppleScript, you can save it as a self-contained
application for future use; this lets you distribute AppleScripts without sharing your script’s code
with others. These applications are really just simple AppleScripts, not full-featured applications
such as TextEdit or Finder.

You learn more about AppleScript in Chapter 13.
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Command-Line Tools

As you learned in Chapter 1, Unix development is traditionally done through command-line tools.
Although Mac OS X includes applications for designing, building, and debugging programs on
Mac OS X, the developer packages include several powerful command-line tools as well. In fact,
many of the applications you’ve read about in this chapter have command-line equivalents.

Some of the more interesting command-line utilities appear in the following table and are described
in more detail in the next sections. You access these tools through the Terminal application.

ToOoL DESCRIPTION

cc/gcc Compiles C and other programming languages

diff Compares two files or directory trees

gdb Debugs programs written in C and other programming languages
sample Shows how your program’s call stack changes over time
sh/bash/tcsh Interprets Unix commands and runs shell scripts

top Tracks performance statistics for the entire system
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cc/gec

Since the very beginning, Unix operating systems have come with a built-in C compiler: cc. In the
old days, this compiler was necessary to install software: you would download a program’s source
code and compile it specifically for your system.

Sometime later, the Free Software Foundation created and distributed a free, multi-language compiler
called gcc. The organization’s goal was to ensure computer users would always have access to a royalty-
free compiler they could use without cost. Today, gcc has essentially replaced cc on most modern Unix
systems, and Mac OS X is no exception. Even if you type cc instead of gcc, you get the gcc compiler.

Of course, Mac OS X’s primary tool for building programs is Xcode, as you see in Chapter 3. In
reality, Xcode uses the gcc compiler for building your C, C++, and Objective-C code. But you can
still drive the gcc compiler yourself from the command-line. This is especially useful for compiling
software intended for other Unix systems on Mac OS X.

diff
diff is a command-line tool for examining two text files and showing how they differ, much like
FileMerge. The method for comparing two files is fairly straightforward. The following example shows
a method that has been added to a new version of the ImageDocument .m file. diff supports many
options for customizing its output, and you can learn a lot more about this utility from its manual
(man) page.

Macintosh:~ sample$ diff old/ImageDocument.m new/ImageDocument.m

60a6l,71

> - (BOOL)validateMenultem: (NSMenultem*)menultem
> |

> SEL action = [menultem action];

>

> if (action == @selector(saveDocument:)) {
> return NO

> }

>

> return YES;

>}

>

Macintosh:~ sample$

gdb

gdb is a source-level debugger distributed by the Free Software Foundation. You can use it to

step through your program’s call stack as it’s running, examine your program’s variables and the
contents of its memory, and so on. If your program crashes while you’re debugging it, gdb shows
you precisely where it crashed. As with the Unix shell, you interact with gdb by issuing command-
line instructions, as shown in the following example:

Macintosh:~ sample$ gdb Slide\ Master.app/Contents/MacOS/Slide\ Master
GNU gdb 5.3-20030128 (Apple version gdb-309) (Thu Dec 4 15:41:30 GMT 2003)
Copyright 2003 Free Software Foundation, Inc.

Reading symbols for shared libraries .... done
(gdb) break main
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Breakpoint 1 at 0Oxedf68: file /Projects/Slide Master/main.m, line 13.

(gdb) run

Starting program: Slide Master.app/Contents/MacOS/Slide Master

Breakpoint 1, main (argc=1, argv=0xbffffe9c) at /Projects/Slide Master/main.m:13
13 return NSApplicationMain(argc, argv);

(gdb)

You’ve learned that the primary tool for debugging programs on Mac OS X is Xcode. But just as
Xcode uses the gcc tool to compile your program’s source code, Xcode actually uses gdb to help you
debug your program. Xcode provides a nice graphical interface on top of gdb that is easy to learn
and is well-suited for most debugging tasks. Once in a while, programmers drop down to gdb’s
command line to access the debugger’s more advanced features. You can learn more about Xcode in
Chapter 3; if you’re interested in learning more about gdb, you can bring up an extensive command
reference by typing help at the (gdb) prompt.

sample

sample is a command-line tool that generates reports for Instruments’ Time Profile instrument. It’s fairly
simple to use; you just enter the name or process identifier of the program you want to sample and the
number of seconds you want to record, as shown in the following code example. A process identifier
is a unique number that identifies the process on your system. You can find a process’s identifier using
command-line tools such as ps or top, or using the Activity Monitor application.

Macintosh:/tmp sample$ sample Finder 2

Sampling process 256 each 10 msecs 200 times
Sample analysis of process 256 written to file /tmp/Finder_256.sample.txt

Macintosh:~ sample$

Output is saved to a file in the /tmp/ directory by default. Although not as user-friendly as Instruments,
you may find yourself using sample quite a bit, especially if you spend a lot of time in Terminal. It’s
often faster to type sample Finder 2 than to go and find Instruments, launch it, attach to the Finder,
and so on. You can also open sample reports in Instruments by choosing File = Import Data. You can
learn more about the options you can pass to sample from its man page.

sh/bash/tcsh

In Chapter 1, you learned how to run command-line functions from Terminal. Again, the
Terminal itself knows nothing about how to interpret your commands. Instead, it delegates all that
responsibility to the Unix shell.

The original Unix shell is called sh (for shell) and supports a fairly simple command language.

Every sh command begins with a program name. This program is responsible for parsing the

other arguments in the sh command and doing the requested work. The sh command language

also includes support for redirecting a program’s input and output to files. For example, you can
capture all the output from a command by redirecting its output to a file. Realizing the utility of sh’s
command language, its authors devised a means of processing commands from a file rather than from
user input. These files are called shell scripts, because they are scripts of shell commands.

But sh is not without limitations, and many people have sought to build a better shell to replace
sh. Individual shells come into, and subsequently out of, favor all the time. Two modern sh
replacements include bash (the “Bourne Again Shell,” a reference to one of the original sh
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authors) and tcsh, both of which come with Mac OS X. bash is a modern replacement derived (if
only in spirit) from the original sh command syntax. It is quite common on Linux and other Unix
systems and is the default shell for Mac OS X. tcsh is a modern replacement for an older shell,
csh, which featured a number of improvements over the original sh command: a history and
command aliases.

You can find shells installed with other fundamental command-line utilities in /bin. You can run a
shell simply by typing its name in the command line; the exit command quits out of the shell. You
can change your default shell with the chsh command, as shown in the following code. The change
takes effect when you open a new Terminal window.

Macintosh:~ sample$ chsh -s /bin/tcsh
chsh: netinfo domain "." updated
Macintosh:~ sample$

You learn more about the shell and shell scripting in Chapter 12. You can also learn a lot about how
individual shells work, including their command syntax and other features, by reading their man pages.

top

top displays system performance statistics such as CPU load, memory usage, and processor time
consumed per process in your Terminal window. Unlike the other performance tools you’ve learned
about so far, top updates itself automatically and displays its results live. It is the command-line
equivalent of the Activity Monitor utility found in /Applications/Utilities.

Although it’s really more of a system maintenance command than a developer tool, top is useful as
a developer tool. Because top displays its results live, you can use it to watch how your program’s
CPU load and memory requirements change while you are using your program. For example, you
should make sure your program is using 0 percent of the CPU when you aren’t actively using the
program; using CPU unnecessarily will affect the battery life on portable machines. Also make sure
your program is using a minimum of other system resources: threads, memory, and so on. You can
learn a lot more about how to use top from its man page.

DEVELOPER DOCUMENTATION AND EXAMPLES

Mac OS X includes a lot of documentation for people interested in writing Mac OS X programs.
You have already seen some examples of this documentation, such as the online help that comes
with most of the system’s developer tools. Documentation also exists for frameworks such as
Carbon and Cocoa; this includes API reference, conceptual or high-level documentation, and even
examples that illustrate how these frameworks should be used.

Much of Mac OS X’s developer documentation resides in the Apple Developer Connection
Reference Library. You can download, search, and read the Reference Library directly within
Xcode, so it is in easy reach while you are working on your programs. The Reference Library can
also be found on the Apple Developer Connection web site. You will learn more about the Apple
Developer Connection later in this chapter.

Xcode’s Developer Documentation window lets you access the Reference Library. You can open the
Developer Documentation window, shown in Figure 2-12, from Xcode’s Help menu. Type a word or
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phrase into the Search field to search through the documentation on your system. Xcode will look
through class and function references, overview documentation, and source code examples. You will
learn more about Xcode in the next chapter.
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Earlier, you learned how to use Mac OS X’s man page system to get help for command-line tools.
Although man pages aren’t strictly intended as developer documentation, they do contain a lot of
information specifically for developers. For example, most of Mac OS X’s Darwin API reference
is published through man pages rather than HTML or PDF documents. The same is true of some
third-party libraries and languages, such as OpenGL, Tcl, and Perl.

Conceptual Documentation

When you’re learning how to use a particular library or framework on Mac OS X, one of the

first places you should turn to is the framework’s conceptual documentation. The conceptual
documentation is designed to teach you the fundamentals of using that framework, such as
describing basic data structures and concepts and how the different parts of the framework interact
with each other and with other frameworks. The conceptual documentation also contains tutorials
that illustrate how the pieces come together and give you a chance to practice what you’ve learned.

The best place to find this conceptual documentation is in the Apple Developer Connection
Reference Library. You can find the library’s main index by opening Xcode’s Developer
Documentation window and choosing Mac OS X 10.6 Core Library from the Home toolbar item.
The library contains thousands of documents organized by resource type, topic, and framework.
You can also search for documents by title if you are looking for something specific. Figure 2-13
shows the Core Reference Library’s top-level page.
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The Resource Types section groups documents by how they’re written or by audience. For
example, the Resource Types section collects all the Getting Started documents into one place.
The following table describes the library resource categories.

RESOURCE TYPE DESCRIPTION

Articles Documents meant to quickly illustrate a single topic, such as using a
development tool or working with specific technologies.

Getting Started Short pages that link articles, guides, and reference documentation for a
specific topic.

Guides Conceptual documentation about a framework or technology, including
detailed discussions, tutorials, and small examples.

Reference Thorough documentation describing classes, functions, tools, and file
formats at a low level. You will read more about this documentation later.

Release Notes Lists of changes and additions to libraries and tools.

Sample Code Xcode projects, AppleScripts, and other source files that illustrate how to
use libraries or other technologies.

Technical Notes Similar to Articles, Technical Notes are short documents describing a
specific technical topic, such as debugging certain kinds of problems or
explaining common programming techniques.

Technical Q&As Short technical notes written in a question-and-answer format.
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The documents shown in the following table and explained in more detail in the following
sections describe important Mac OS X concepts that aren’t specific to individual technologies.
You have already learned about some of them in Chapter 1, but they bear repeating. You can
find these documents in the Mac OS X section of the documentation index, except where
otherwise noted.

DOCUMENT DESCRIPTION

Apple Human Interface Guidelines Describes the elements of the Aqua user interface
Mac OS X Technology Overview Describes Mac OS X’s system architecture

A Tour of Xcode Gives a brief overview of Xcode and links to more-

detailed references

Apple Human Interface Guidelines

You already learned about the role of the Apple Human Interface Guidelines in Chapter 1. To recap,
the Apple Human Interface Guidelines describe how Aqua Ul elements should look and behave,
how they should interact with each other, when to develop your own custom controls, and how to
make them “fit in” with the rest of Aqua. In other words, they define the rules that all Mac OS X
applications are supposed to follow. You can find this document in the Mac OS X section of the
documentation index.

Mac OS X Technology Overview

The Mac OS X Technology Overview describes how the various pieces of Mac OS X come together into
a complete system. It includes an overview of information you can’t find easily in other places, including
the following:

»  Mac OS X’s directory layout
»  File system issues specific to Mac OS X
>  How bundles, applications, and frameworks are packaged

»  Strategies for internationalizing Mac OS X software

Although the Technology Overview goes into a reasonable amount of detail on these topics, it stops
short of providing an API reference for working with the technologies themselves. So, for example,
you should turn to the System Overview to learn what a bundle is, what features they offer, and
conceptually how bundles are used. After you understand all this, you can turn to Carbon- or Cocoa-
specific documentation to learn about the particular API available for working with bundles directly.

The Technology Overview is available in the Mac OS X section of the documentation index.

A Tour of Xcode

The Xcode application is a complex tool. Although it’s easy to get started using Xcode to write Mac
OS X programs, there are many advanced features lurking beneath its surface. In Mac OS X Snow
Leopard, Apple divided Xcode’s User Guide into a series of detailed documents. A Tour of Xcode
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collects these user guides into a list called Recommended Reading for Xcode Developers, which is
located in the Tools section of the documentation index.

API Reference

After you understand the fundamental concepts behind a particular framework and work

through a tutorial or two, you will want to roll up your sleeves and start writing some code.

Before too long, you will have questions about how the framework’s API handles a certain problem, or
if it provides a particular feature. To find the answers, you can turn to the framework’s API reference.

As with conceptual documentation, the best place to find an API reference is in the ADC Reference
Library index. You will find API references listed under the Reference resource type or in one of the
libraries listed in the Frameworks section.

Most frameworks have a Framework Reference document that links to additional pages of class and
function documentation. For example, you will find an index of AppKit classes, protocols, and other
API references on the Application Kit Framework Reference page in the AppKit section. The exact
content of an API reference file depends on the technology. Figure 2-14 shows the Application Kit
Framework Reference for Objective-C. The top-level page links to additional pages for individual
Objective-C classes and other information. Class pages contain documentation for each of the class’s
methods.

Figure 2-15 shows one such method entry. The page defines the method signature and then
describes the function’s inputs and outputs, expected behavior, and anything else you need to
know to use the function.

Application Kit Framework Reference II
Framemok i Lswary T fiteewnd b A harrermih.

Vmader Nie direries  [Srnem Larary Framewnrio ADpiL nimewnrk  Headeny

Companion guises Cotes Furdamesials Curds
Applic ation W Belaswe Nooey (heow Leopard)

Clavs Aafararcas Protscod Referances Drhar Rafarsscasy
ke Addinass W oy A s U i
[ Beage RkTss LT — e 1 St Tepds
it B e e T A shem B Carylasty
BT oy Trari Fure it Akt =l gy
kit AdopitonDre gt
Byt i ASinenaiDea gy el
Wk rmatiolomtnst AACmgmgaipeiing v Fhy
WhAgpitcr kddnas AECabemon el g ]
[ETEsEE Ao kgt
gt v [T
WAL bt J e e —
B b L Al a st T e i L
detdetney AL bl T
b Pt T T
s Brapiragelin ST Ca A0t gatn |
ibza [ ——————— - =t
o

WS rme Ak TRaPhagin

FIGURE 2-14

www.it-ebooks.info


http://www.it-ebooks.info/

44 | CHAPTER2 DEVELOPERTOOLS

| Pt |

Class at a Glance [}

| WSDocument 8 in ABGLNCE AN a1 defites D irmerface bar doluments, olgects NN AN LERADY Sepesem dill dalped i wndows and
#at can readl dna from and wiite data oo M. Docamenty cresis snd manage one o more window costrolieey and ane in fam managed by &
docurment conralier, DOCamenry reLpand [0 fris-reLpOndEr BOTON MESRIGH 1D LIV, TR 35 R their dats,

Principal Arntributes
= Waddw tantiollen
| & Flanamey
= [Cesureisl Ppes
= Primt infarmation

Creation
=i
D asgruted N iEer loe Sww S0UTEAEE
4 10 R Bk UL o F Typaerrar:
For gxiving

Commaonly Used Methods

datoli Type: errer
Ry e Soremenss data in 3 spsified Type
[ DR | p—— ket
Lt I EOREREL O Wiy Soturment by raading fam dits of & ioscilind frpe

FIGURE 2-15

This API reference is arguably the most important piece of Mac OS X’s developer documentation.

You use it to discover what a framework is capable of and to learn how to write code that uses that
framework’s specific features. Without the API reference, you could still learn a lot about a framework’s
API definition from its header files, but you’d have to guess at what the interface does and how it’s used.
Feel free to bookmark the reference pages you visit often so that you can return to them quickly.

Examples

You will find many examples in the ADC Reference Library. These examples range from small snippets of
code that illustrate specific points to full-blown applications. Again, you can browse for these examples in
Xcode’s Developer Documentation window under the Reference Library’s Sample Code section.

You will also find a few examples in /Developer/Examples. These examples are editable by

any user with administrative privileges. If you created your user account when you installed

Mac OS X, or when you turned on your new computer for the first time, you have an

administrator account. That means you can open and build these projects right where they

are. However, it’s still a good idea to always make copies of these examples before you build

them; that way, if you accidentally edit or change something, you can always go back to the original.

You will find the complete source code to TextEdit and Sketch here in /Developer/Examples. You
may already be familiar with TextEdit, the text editor that lives in /applications. The TextEdit
source code shows you how to build a complete Cocoa application, including working with
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documents, basic scriptability, and printing. TextEdit is quite old for a Cocoa app, and it doesn’t use
some of the newer additions to Cocoa, such as Cocoa’s document abstraction. Sketch is a drawing
application written in Cocoa that’s a little more current than the TextEdit example.

Man Pages

In Chapter 1, you learned about the Unix manual and how you can use the man command to view
information about Mac OS X’s command-line programs. Even the command-line tools installed by the
developer packages have man pages. But the manual contains information beyond command-line reference.

Most of the Darwin programmer documentation lives in the manual system. This includes API
references for the C functions in the system libraries. It also contains API references for other libraries
and languages that are part of Darwin, including entries for Perl, Tcl, and OpenSSL. In addition, you
can find notes on file formats, directory layouts, and other conceptual documentation in the manual.

Man pages are gathered into different sections, with each section indexed by numbers. Historically,
these sections have special meaning, as shown in the following table.

SECTION DESCRIPTION

1 Commands

2 System Calls

3 Library Functions

4 Devices and Device Drivers
5 File Formats

6 Games

7 Miscellaneous

8 System Maintenance

Although most of the man pages available on Mac OS X still follow this old format, there are

some things to consider. Information about command-line utilities tend to live in sections 1 and 8.
Similarly, the C API reference for Darwin is spread between sections 2 and 3, but the difference
between these sections is somewhat obscure. Although section 4 includes a few man pages related
to devices and device drivers, you won’t find information about Mac OS X’s driver layer, IOKit, in
the man system. Instead, you can find IOKit information in the ADC Reference Library, along with
other Mac OS X-specific technologies.

Other projects have expanded the original section list to meet their own needs. For example,

Perl documentation lives in section 3pm, which is sort of a part of section 3. You really don’t need
to worry about these new sections (or sections in general) except when you have trouble pulling up
certain man pages.
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When you ask for a man page, the man command searches its sections for a matching page and
returns the first one it finds. So if pages in two or more sections share the same name, man displays
only one of those files. In these cases, you have to ask for the proper section number in addition

to the page name. For example, man 2 open asks the system for the open man page in the System
Calls section, not the page in the Commands section. You can use the apropos and man -k
commands you learned about in Chapter 1 to print page names and section numbers that match
specific keywords, as shown here:

Macintosh:~ sample$ man -k "copy file"

CpMac (1) - copy files preserving metadata and forks

File: :Copy (3pm) - Copy files or filehandles

cp (1) - copy files

cpio(1) - copy file archives in and out

ditto(8) - copy files and directories to a destination directory

Also, if you know that a page appears in more than one section, but you’re not sure which, you can
use man -a to print all the pages that match a specific name. For example, man -a open displays all
the open man pages, one after another.

Mac OS X’s man pages live in the /usr/share/man directory. This directory is part of the
underlying Darwin system and isn’t visible from Finder by default. You can either use Terminal

or choose Finder’s Go = Go to Folder command to examine this directory. Here you’ll find the
individual sections broken out for you, each one containing the individual man files. Most of these
files appear in an old Unix text markup language called troff that you won’t be able to read in
normal text editors, web browsers, or word processors. If you're wondering why these files are in
usr/share/man, you can find the answer in the hier man page.

APPLE DEVELOPER CONNECTION

Mac OS X is constantly evolving, and the same is true of its developer information. Apple is
constantly revising its tools, documentation, and examples to reflect the changes in Mac OS X
and the needs of its developers. You can tap into this information from the Apple Developer
Connection (ADC) web site: http://developer.apple.com/. Figure 2-16 shows the Apple
Developer Connection home page at the time this book was written. As with all things on the
Internet, it may change by the time you read this. Some of the information is available to the
public-at-large, and those pages can be viewed using any web browser. Other content is available
with an Apple Developer Connection account. You can sign up for an Online Membership to the
ADC program for free, which gives you access to most, if not all, of the material on the ADC web
site. You can learn more about the ADC membership levels at http://developer.apple.com/
products/membership.html.
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The Apple Developer Connection is split into two main areas: the Macintosh Developer Program
and the iPhone Developer Program. It turns out iPhone and Mac programmers use most of the
same tools, libraries, and techniques, so there is some overlap in developer content. But there are
some unique differences between these two areas, and Apple tracks access to these areas separately.
If you want to develop Macintosh applications, make sure you sign up for a Mac Developer
Program account.

When you’re online, you will find a treasure trove of information, ranging from software downloads
to video tutorials. For example, you can find information about licensing the QuickTime or
FireWire logo for use in your Mac OS X product. Or you might find information about debugging
Mac OS X’s kernel. Some highlights of the ADC web site follow.

Documentation

The ADC web site contains the most recent versions of Mac OS X’s developer documentation, and
many links into this documentation appear on the ADC home page. You can also find the ADC
Reference Library at the following URL: http://developer.apple.com/referencelibrary/.
This page, shown in Figure 2-17, should look familiar to you — it’s an Internet version of the
developer documentation index you saw in Xcode.
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In fact, the similarities between the ADC web site and the documentation in Xcode are not
coincidental. The documentation installed by Xcode is a snapshot of the ADC web site, ensuring
that you have complete and reasonably recent information even if you aren’t connected to the
Internet. And if you are connected, your local files contain links to resources on the ADC web site,
creating a seamless bridge between both sets of documentation.

All the documentation in the ADC Reference Library is available without an ADC membership. You
should be able to access this information quickly and easily using your favorite web browser.

Examples

The ADC web site also includes developer examples to help you learn more about how Mac OS

X’s technologies work. They are cross-referenced throughout the ADC web site, so there are many
ways to discover these examples. The most direct way is to follow the link from the Apple Developer
Connection home page to the Sample Code area at http://developer.apple.com/samplecode/.
Figure 2-18 shows the content of the Sample Code page. Again, this content mirrors what’s
available to you locally, although the samples on the ADC web site may be more current than what
you’ll find on your computer.
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FIGURE 2-18

All the examples in the ADC Source Code library are available at no cost and do not require an
ADC membership.

Mailing Lists

Apple maintains a number of mailing lists about specific developer topics. These mailing lists are
available at http://1ists.apple.com/. Here you can discuss various topics with other interested
users and developers. Apple also provides archives of older messages, so you can easily check if a
question has already appeared on a mailing list. All of Apple’s mailing lists are publicly available.
You only need an email address to subscribe to a mailing list. You can browse old mailing list
archives using your favorite web browser.

Developer Tools

Apple also provides tool updates on the Apple Developer Connect web site. Unlike the Reference
Library and Sample Code areas, the tool downloads are available only to ADC members. However,
these tools are available with the free Online Membership plan.

When you log into the ADC account with your membership, you’ll see a special members-only
section cordoned off from the rest of the ADC site. Here you have access to a Download Software
menu where you’ll find updates to developer tools such as Xcode and Web Objects, Software
Development Kits (SDKs) for other technologies, and other downloads.
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Developer Support

Another benefit of having an Apple Developer Connection account is access to a number of
developer support services. All these services are available from the ADC home page. These
services include the following:

»  The ability to report bugs against Apple software using Bug Reporter

>  Discounts on Apple hardware

>  Use of Apple’s compatibility labs by appointment only in Cupertino, Tokyo, and Beijing
>  Access to Developer Technical Support, which can help you with your programming

problems and questions, one support incident at a time

The level of service available to you depends on your membership plan. For example, Bug Reporter
and mailing lists are available to all ADC members. All member levels can purchase support
incidents for access to Developer Technical Support; paying membership levels get a few starting
support incidents with their memberships. Hardware discounts and access to compatibility labs are
available for paying memberships only. You can find a complete breakdown of the services available
at each membership level at http://developer.apple.com/products/membership.html.

SUMMARY

Apple provides a number of developer tools and information to help you write programs on
Mac OS X. Much of this information is available in Xcode for quick access. Recent information
is available at the Apple Developer Connection web site at http: //developer.apple.com/.

In this chapter, you learned
>  How to install the developer tools that came with your copy of Mac OS X
»  Where to find the tools and documentation you just installed
»  How to use the Apple Developer Connection web site

In the next chapter, you learn about the Xcode application, which provides the tools you need to
develop Mac OS X programs. Before proceeding, however, try the exercises that follow to test your
understanding of the material covered in this chapter. You can find the solutions to these exercises
in Appendix A.

EXERCISES

1.

Use the Time Profiler instrument to watch the Stickies program launch. Let the program sit idle
for a few seconds before stopping the sample process. Where did Stickies spend most of its
time? If you need some help using the Instruments application, check the documentation under
the Help menu.

Which man sections contain a page named intro on your system? Use a single man command to
read them all. Feel free to consult man’s man page for help at any time.
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WHAT YOU LEARNED IN THIS CHAPTER

Xcode Mac OS X’s development environment for writing Mac OS X applications
Interface Builder atool for building graphical user interfaces
Instruments a tool for analyzing program computation and memory performance

Shark a tool that analyzes the performance of a program or the operating system
and suggests specific improvements

Backtrace a list of stacks in the order they were called, helpful in describing what part of
a program is currently running

diff a command-line tool that shows the differences between two text files
gcc the command-line C, C++, and Objective-C compiler used by Xcode
gdb a command-line, source-level debugger used by Xcode

CONFER PROGRAMMER TO PROGRAMMER ABOUT THIS TOPIC.
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WHAT YOU WILL LEARN IN THIS CHAPTER:

» How to create new projects in Xcode

» How to organize files in an Xcode project

» How Xcode can help you write and format your code
>

How to build and run your application, and examine your project in
Xcode’s built-in debugger

» How to access online documentation through Xcode

When programming for Mac OS X, you spend most of your time in Xcode. Xcode is an
Integrated Development Environment, or IDE, meaning that Xcode provides all the tools you
need to write, build, and debug Mac OS X programs in a single application.

Xcode’s text editing tools are specifically designed for writing computer programs. Source
code is typically displayed in a small monospaced font so that programmers can tell at a
glance if their code is formatted properly. In addition, source code can be color-coded so that
specific parts of the program stand out. For example, comments that aren’t compiled into your
program may appear in a different color from the rest of the code.

Xcode also provides tools for building your source code within easy reach. You can easily
change your build settings to adapt to different situations, such as testing or deploying your
program. If for some reason your code will not compile, Xcode displays the list of errors
encountered in the build process and allows you to fix your mistakes.

After your code has compiled into the final application, you can launch the program directly
from Xcode. If the program doesn’t work right, or if it crashes, you can diagnose the problem
using Xcode’s built-in debugger. The debugger allows you to walk through your program line
by line and examine the state of your program’s variables as it runs.
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During the development process, you may find yourself checking and double-checking the developer
documentation on your system. Xcode provides a full-featured documentation browser within easy

reach, so you don’t need to fumble with a web browser or PDF viewer to review the API. A number

of shortcuts make looking up specific functions, methods, and data types very easy.

STARTING A NEW PROJECT

Every application starts out as a blank page — basically a lump of clay. You are responsible for
shaping that page or figurative lump into the application you see in your mind’s eye. This really
is a creative process very similar to writing, painting, or sculpting, except that your medium is
source code.

Xcode gives you a head start with a new project by supplying you with templates that include some
of the basic files, code, and other resources you need to get started. All these resources are bundled
together into an Xcode project, which provides a way for you to organize all the files for your
program in a single place.

Creating a Default Project

1. Launch /peveloper/aApplications/Xcode.app. A welcome screen will appear, as shown in
Figure 3-1. Options for getting started with Xcode appear along the left, and eventually a list of
recently opened projects will appear along the right.

B0

Récent Projécts

Welcome to Xcode

Version 3.2 (1610

Create a new Xoode project
S1art a mew software project for Mac O X or
|Phone O

Genting stared with Xcode
Follew Ehé Tulianal 1o leanm R 1o et prodiecive

BT owickty with Noade

¥ Appla Devalapar Cannsetian

wisiy chee Mac and (Phang Gev Centers at
developer.apple.com

|'3p¢n Dher... ';. HS—'hw this window when Xoode launches { Cancel ) Open
FIGURE 3-1
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2.

Choose the Create A New Xcode Project option. A New Project window appears, such as the one
in Figure 3-2.
RO How Project
Choase a template for your neéw project:
B scosx f\
b 7
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Application Mug-in Corea Apsileatiae Coeea-AppleSorine Dhsare Commses Command Ling
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) s Cars Daks far t20rage
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This prégect bullds a Coced-based apglication written in Objective-C.
FIGURE 3-2
Select the Command Line Tool project type from the Application list and click the Choose
button. A standard save panel will appear, giving you a chance to name your project and choose
the directory it will live in.

Name your project Hello, pick a directory in which to save your new project (use your Documents
directory if you aren’t sure), and click Save. At this point, you see Xcode’s project interface, as
shown in Figure 3-3. The project window contains a toolbar, a Groups & Files list on the left
side, a wider file list in the upper-right corner, and a file editor in the lower-right corner. The file
list on the right contains three entries: a Hello application, a Hello.1 file, and a main.c file. The
file editor simply says No Editor.
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5. Double-click main.c, and the file appears in a new window. Notice that main.c already contains
the following code. Keep this code for now:

J #include <stdio.h>

Avallablefor int main (int argc, const char * argv([]) {
Wrox.com // insert code here...

printf ("Hello, World!\n");

return 0;

code snippet MacOSXProg ch03/Hello/main.c

6. Click the Build and Run button in main. c¢’s window. Xcode flashes some status information at the
bottom of main.c’s WindOW, ending with the message: Debugging of "Hello" ended normally.

7. Choose Run = Console. A new window appears and displays the following message (your results
may not match exactly):

[Session started at 2009-08-03 23:16:36 -0400.]

GNU gdb 6.3.50-20050815 (Apple version gdb-1339) (Sat May 23 05:39:07 UTC 2009)
Copyright 2004 Free Software Foundation, Inc.

GDB is free software, covered by the GNU General Public License, and you are
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welcome to change it and/or distribute copies of it under certain conditions.
Type "show copying" to see the conditions.

There is absolutely no warranty for GDB. Type "show warranty" for details.
This GDB was configured as "x86_64-apple-darwin".tty /dev/ttys002

Loading program into debugger..

Program loaded.

run

[Switching to process 3480]

Running...

Hello, World!

Debugger stopped.
Program exited with status value:O0.

How It Works

When you create a new project, Xcode also creates simple source files for you. The content of the
source files depends on the kind of project you created, but typically the source files represent a general
placeholder so that you can get the ball rolling. Because you are creating a simple command-line tool,
Xcode creates a very basic C program shell. Normally you replace the placeholder code with something
more original.

y NOTE When describing computer programs written in languages that require
compilation, we refer to the text file containing human-readable instructions as
source code. Source files typically use special file extensions that identify the
language the source code is written in. For example, the .c extension desig-
nates code written in C, Objective-C programs end in .m, and C++ files gener-
ally use .cpp. Some source files are meant to share common data structures
and interfaces among several other files. Those files are called header files, or
simply headers. C, Objective-C, and C++ use the .h file extension to designate
header files.

After the program was built, you asked Xcode to run the program for you. This particular
workflow, first built and then run, is so common that Xcode provides a single command to perform
both functions: Build and Run.

Xcode ran the program and displayed the results in the Run Log window. When the program
finished, Xcode printed the following:

Program exited with status value:0.

This means that the program ran to completion without errors. All Mac OS X programs return a
numeric error code when they finish: By convention, 0 means the program ran correctly and any

other value means something went wrong. Notice that your program explicitly returned its error
code just before it ended:

return 0;
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WORKING WITH FILES

As with the Finder, Xcode allows you to specify how your project files are organized. Unlike the
Finder, your changes don’t necessarily reflect how the files are stored on disk. Just as it does when
creating a project, Xcode automates some of the busywork of creating new source files.

Using Xcode’s Groups and Files Viewer

1.  Create a new Command Line Tool project and name it Hello2.

2. Close the Hello2 project group; then Option-click the disclosure triangle to open it again. The
project group and all its subgroups will expand, as shown in Figure 3-4. Notice that the Products
file He1102 is drawn in red; that’s because the Hel1o2 program doesn’t exist yet.

{ Groups & Files ] [ % Code o L | @

¥ [ Source U delio2.1 “
[t main.c |r} mmainc o o
¥ ] Docormentacon
iselio2. 1
¥ ] Produms
W el
S Targen
¥ Executables
¥ L4, Find Resules
¥ [l Bockmmaris -
=
i:'::mw: y Mo Editor
(il implementarion Files
I [l imertace Builder Fibes

FIGURE 3-4
3. Click each of the groups below the Hello2 project group: Source, Documentation, and Products.
Notice the contents of the file list changes to match the contents of your selection. When the

Hello2 project group is selected, all the files in Hel1o02 appear in the list; when Source is selected,
only main.c appears in the list.
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4. If necessary, click once on Source to select it, and then click it again after a short pause. Make
sure you click to the right of the disclosure triangle. You can now rename the Source group to

My Source Files.
5. Select and then click main.c and rename your source file to Hello2.c.
6. Click Hel102.1 and drag it into your My Source Files group.

7. Select the Documentation group and press the Delete key. The group is removed from your
project.

8. Select Hello2.1 again and choose Project = Group. A new group appears containing the
Hello2.1 file, and the group is ready to be renamed. Name this new group Man Pages.

9. Drag the new Man Pages group to the same level as the My Source Files and Products groups. If
you have trouble, drag down and to the left toward the Products group’s disclosure triangle; make
sure the circle at the end of the drag indicator is to the left of the Products group folder icon.
Figure 3-5 shows what your project should look like now.
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FIGURE 3-5

10. Seclect your My Source Files group and choose File ©> New File. A New File assistant appears,
resembling Figure 3-6, and allows you to select the kind of file you want to create.
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FIGURE 3-6

11. Choose C and C++ from the Mac OS X list, select C File, and click the Next button. The assistant
changes, giving you a chance to name your file, as shown in Figure 3-7.

Rew C File
File Name: |Examplele ]
¥ Atio create “Examale h™
Location: ;r;:bmm.frhllnz E
Add to Project; | Hello? [
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FIGURE 3-7
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12. Name the file Example.c.

13. Make sure the Also Create “Example.h” checkbox is checked, as shown in Figure 3-7. Ignore the

others settings for now.

14. Click Finish. Two files, Example.c and Example.h, will appear in the My Source Files group,

and Example.h is visible in the project’s file editor. Your project should now resemble
Figure 3-8.
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FIGURE 3-8

Select the group named Implementation Files. The list of files changes to include only your
.c files.

Select the group named Project Symbols. The file list changes to a list of symbols, including the
symbol name, the kind of symbol it is, and the file where the symbol can be found, as shown in
Figure 3-9.
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17. Select the entry for the main symbol. Hello2.c appears in the file editor with the first line of the
main function selected. Double-click the entry for the main symbol, and Hello02.c will appear in
a new window.

How It Works

The Groups & Files list uses the Option key to open all the subgroups within a parent group. There
often are many ways to perform a given task in Xcode, such as selecting a command in the main menu
bar or in a contextual menu, or clicking, command-clicking, or Option-clicking text. Your toolbar
might also include an Action pop-up menu that provides quick access to some of the commands you’ll
find in the contextual menu.
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When you rename files, Xcode actually changes the name of the file on disk. In this example, the file
main.c changed to Hel1lo2.c when the file was renamed. This is often very helpful, because Xcode
tends to lose track of source files if you rename them in the Finder or in Terminal. If Xcode cannot find
a file, it will draw its name in red.

Xcode uses groups to organize your code. Although groups resemble folders similar to what you might
see in the Finder, they don’t necessarily map to real folders. Groups are just containers in which you
can organize your files. You can create them, rename them, remove them, and copy files in and out of
them, however you like, without affecting how your source files are stored on disk.

Your project has some built-in groups for organizing information you might want within easy reach.
For example, you can pull up a list of recent find results in the Find Results group, get a quick list of all
your build problems in the Errors and Warnings group, or see all the symbols defined within your proj-
ect from the Project Symbols group.

NOTE The term “symbol” refers to the names of elements within a source file
or program, including function names, variable names, class names, data
type names, structure definitions, and so on. For example, all C programs
define a function symbol named “main” representing the start of the
program.

Xcode also provides something called smart groups. Smart groups filter your source file based on a
set of rules. For example, the Implementation Files group is a smart group that displays all files that
end with .c or .m file extensions. Smart group rules are specified using regular expressions, which
is a small but sophisticated language for recognizing patterns within strings. You can select a smart
group and choose File & Get Info to see what patterns the group is filtering on.

When you created a new source file, Xcode helped out by automatically supplying a new header file
with the same name. Xcode also added a little bit of code to get you started. These templates vary
by the kind of file you are creating, so it’s a good idea to start with a file template that most closely
resembles what you need.

WRITING YOUR CODE

Most of your time in Xcode will be spent reading and writing the source files that make up your
program. Xcode’s source code editor has a number of features to make this time as productive

as possible. Some of these features are passive, such as drawing different parts of your source
code in different colors or styles. This helps you quickly recognize elements of your program at a
glance. Other features are active, such as providing commands for quickly formatting large areas
of code.
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In the following example, you write a small C program called Calculator that lets you add and
subtract numbers. The program consists of two functions: the main function, which interacts

with the user via Mac OS X’s command-line interface, and a calculate function that does some
arithmetic. The calculate function takes two numbers and an operator and returns the result of
applying the operator to the numbers. If you aren’t familiar with the C programming language,
don’t worry too much about what the code is doing; this is really just a chance to get used to
Xcode’s text editor. Alternatively, you can skip ahead to Chapter 6, where you learn about writing
programs in C.

Working in the Code Editor

=9
.

No opwN

0 00

Choose Xcode = Preferences. Xcode’s Preferences window appears.
If necessary, select the General preference pane.

If necessary, check the Open Counterparts In Same Editor button.
Select the Text Editing preference pane.

Check the Show Line Numbers button. The Show Gutter button should already be checked; if
not, you should check Show Gutter as well.

Select the Indentation preference pane and uncheck Syntax-Aware Indenting.
Click OK. Xcode’s Preferences window closes.
Create a new Command Line Tool project and name it calculator.

Select the Source group and create a new C file named calculate.c in your project. Make sure you
create the accompanying header file calculate.h. Both files will be added to your Source group,
and calculate.h will appear in your project window’s file editor, as shown in Figure 3-10. Notice
the file editor has a small button bar just above the text editing area. In particular, this small
button bar contains grayed-out left and right arrows, a pop-up menu with calculate.h already
selected, and a few other tools.

* | @ Calcalate.hid 5 B ™ . [ W] W

& Coltulateb
& Calculator

# Creabed by Micharl Trenit on 8718709,
& Copyright 399§ __Myloapanyhisse . A

FIGURE 3-10
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Add the following line of code to calculate.h:

int calculate(int a, int b, char operator);

code snippet MacOSXProg ch03/Calculator/Calculate.h

Choose View = Switch to Header/Source File. The source editor window switches to display the
contents of calculate.c. Notice that the left arrow is no longer grayed out and the pop-up menu
now says Calculate.c.

Click the left arrow. This moves you back to the last file you were working with: calculate.h.
The back button disables itself while the right forward button is enabled.

Save your changes to Calculate.h now.

Click the pop-up menu to view its contents. You will see entries for Calculate.h and
Calculate.c as well as items that clear the file history and control its size.

Select calculate.c from the file history pop-up menu. Once again, the contents of the source edi-
tor change to reflect calculate.c.

Add the following code to the end of the file, typed exactly as shown here. As you enter
the code, notice that Xcode draws different parts of your program in different colors. The
added color is called syntax coloring and helps you spot keywords, strings, and so on in
your code.

#include <stdio.h>
#include <stdlib.h>

int calculate(int a, int b, char operator)
{

int result

switch (operator) {
case '+':

result = a + b;
break;

case '-'

result = a - b;
break;

default:

printf ("unknown operator: %c\n", operator)
exit(1);

}

return result;

}

code snippet MacOSXProg ch03/Calculator/Calculate.c
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17. Select all the text within the calculate function. That corresponds to lines 17-31 in
Figure 3-11.
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|
FIGURE 3-11

18. Choose Edit &> Format = Shift Right. The selection indents four spaces to the right.

19. Select the three lines of code that comprise the first case statement. That corresponds to lines
20-22 in Figure 3-11.

20. Press Command-] to invoke the Shift Right command. The selection indents four more spaces to
the right.

21. Change the selection to the last two lines in that same case statement, lines 21 and 22 in
Figure 3-11, and indent the text four more spaces to the right.

22. Repeat steps 19-21 until the switch statement is indented as shown here:

switch (operator) ({

case '+':
result = a + b;
break;

case '-'
result = a - b;
break;

default:
printf ("unknown operator: %c\n", operator)
exit (1) ;
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Make sure your text insertion point is in the calculate function; if not, click line 19 to set the
selection. By now you may have noticed there is a second pop-up menu in the small button bar,
next to the file history pop-up menu. The menu currently says calculate().

Move the text insertion point cursor to the very top of the file. Use the mouse if you like, or
press Command-up arrow on your keyboard. The second pop-up menu changes to <No selected
symbol>.

Click this second pop-up to reveal its menu. You will see a small menu with a single item:
calculate (). This menu is showing you all the symbols in your file.

Select the calculate () item. The selection changes to highlight the calculate function’s name
and arguments.

Save your changes to Calculate.c.

Select main.c from your project’s file list on the right side of the project window. If you have
trouble finding main.c, look in your project’s Source group in the Groups & Files list.

Replace the contents of main.c with the following code. Use your Tab key to indent text as you
type. Similar to the Shift Right command, the Tab key will insert four spaces into your file; unlike
the Shift Right command, the spaces are added at the insertion point, not at the beginning of the
line. If you get into trouble, you can fix your indenting with the Shift Left and Shift Right menu
commands.

#include <stdio.h>
#include <stdlib.h>

#include "Calculate.h"

int main (int argc, const char * argvl[])
{

int a, b, count, answer;

char op;

// print the prompt
printf ("Enter an expression: ");

// get the expression
count = scanf ("%d %c %d", &a, &op, &b);

if (count != 3) {
printf ("bad expression\n");
return 1

}

// perform the computation
answer = calculate(a, b, op);

// print the answer
printf("$d %c %d = %d\n", a, op, b, answer);

return 0;

code snippet MacOSXProg ch03/Calculator/main.c
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30. Save your changes to main.c.

31. Command-double-click the word calculate in your main function. The calculate.c file
appears in the same file editor, with the calculate function name selected.

How It Works

You started by turning on line numbers in Xcode’s gutter. The gutter is the region just to the left of the
source editor’s text area. The line numbers are a handy way to keep track of precisely where you are

in a source file. You also configured Xcode to use the same source editor for viewing your source and
header files. This is a handy feature for easily switching between a header and its implementation, or
when using Command-double-click to jump to code in another file.

Xcode retains a history of files you have viewed in a given source editor. You can easily flip through
these files using the source editor’s small button bar, called a navigation bar. The navigation bar
includes forward and back buttons as you might find in a web browser. It also includes a history
pop-up from which you can select any of the files in your file history, regardless of how far forward or
back they are. The history pop-up uses darkened file icons to remind you about unsaved files.

The navigation bar also includes a pop-up button of symbols defined in your source files. In this
example, each of your files contained only one symbol, a function; normally source files contain many
symbols. The symbol pop-up menu is a helpful way to search for a specific symbol. You can jump
directly to the place where a symbol is defined by Command-double-clicking the symbol name as it
appears in your source file. This is helpful if you can’t remember exactly where a symbol is defined,
saving you the step of searching for it.

As you noticed earlier, Xcode drew different parts of your program in different colors. This helps

you distinguish between various parts of your program at a glance. For example, comments might be
drawn in green, reserved language keywords might be drawn in purple, strings might be drawn in red,
and so on. You probably also noticed Xcode drew your text in a monospaced font. Because all charac-
ters have the same width — even spaces — it’s easy to align your text vertically.

If, for whatever reason, you do not like the default colors or font settings, you can easily change them
in Xcode’s Fonts & Colors preferences panel. For each part of your program (strings, comments, and so
on), you can specify the specific color, font, size, and style (such as bold or italic) to use. For example,
you could display your source code in a nice fixed-width font, but display your comments in a hot pink
symbol font if you thought that might help.

Although C, Objective-C, and C++ languages do not require you to indent your code, code written
in these languages is indented by default. Although specific styles of indenting exist, there can be a
wide variation between individual programmers. You will probably end up using Shift Left and Shift
Right a lot.

You might be wondering why you turned off Syntax-Aware Indenting, and if that can help you indent
the code in your source files. If so, you’re right! Let’s take a second look at indenting.
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A Second Look at Indenting

In the previous example, you learned two different ways of indenting your code: using the Tab

key to insert four spaces at the text insertion point, and using the Shift Left and Shift Right menu
commands to quickly remove or insert four spaces at the beginning of a line. Xcode provides a third
way of indenting your code: indenting automatically.

A RReIAE  Indenting Automatically

1. In Xcode, open your Calculator project from the previous Try It Out.

2. Open the calculate.c file in a source editor.

3. Select all the text and press Command-[ (Shift Left) repeatedly until all the code is mashed against
the left side of the window.

4. Without changing the selection, choose Edit = Format &> Re-Indent. Xcode indents all your code
for you.

5. Save your changes to calculate.c and close the window.

6. Open Xcode’s Preferences panel.

7.  Select the Indentation toolbar item.

8. Turn on Syntax-Aware Indenting and leave the other settings alone. Your settings should match

those in Figure 3-12.
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9. Click OK to save your preference changes.
10. Openmain.c and delete all the text in the file.

11. Re-enter the code from the previous example. The code is reprinted here for your convenience.
This time, do not do any formatting yourself; do not press the Tab key or add extra spaces, and
do not use the Shift Left or Shift Right menu commands.

#include <stdio.h>
#include <stdlib.h>
Availablefor 4jnclude "Calculate.h"
Wroxcom int main (int argc, const char * argvl])
{
int a, b, count, answer;
char op;
// print the prompt
printf ("Enter an expression: ");

// get the expression
count = scanf ("%d %c %d", &a, &op, &b);

if (count != 3) {
printf ("bad expression\n");
return 1

}

// perform the computation
answer = calculate(a, b, op);

// print the answer
printf("%d %c %d = %d\n", a, op, b, answer);

return 0;

code snippet MacOSXProg ch03/Calculator/main.c

12. Save your changes to main.c.

How It Works

Xcode’s Re-Indent command looks at the selection and neighboring code and tries its best to indent the
selection appropriately. You can find the Re-Indent command in the source editor’s contextual menu as
well as on the Format menu. Unfortunately, the menu item doesn’t have a macro assigned by default.

If you find yourself using Re-Indent often, you might consider adding your own macro. You can use
Xcode’s Key Bindings preferences panel to customize Xcode’s menu macros.

By turning on Syntax-Aware Indenting, Xcode automatically formats your code as you type. You don’t
need to use the Tab key or the Shift Left and Shift Right menu commands to line up your code. Both
auto-indenting and the Re-Indent command use the same formatting algorithms, so the features play
well together. Because you won’t need to stop and format your code manually, auto-indenting can save
you a lot of time.
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However, neither indenting method is perfect. Under some rare circumstances, the Re-Indent command
might misinterpret how you want your code to be formatted. Or maybe you don’t agree with the style
in which Xcode indents your text. Perhaps you just find auto-indenting distracting. If any of these are
true, you can simply fall back to the Tab key and Shift Left and Shift Right menu items to manually
format your code.

BUILDING AND RUNNING

After you have written a reasonable amount of code, the urge to build your project may strike.
Building your project is the first step toward validating that you have entered your code correctly.
Of course, compiling does not guarantee your program actually works! Remember: computers only
understand what you said, not what you meant. After you build your project, however, you can run
your program and make sure it does what you want.

In the next Try It Out example, you actually build the calculator project you saw earlier. Along
the way, you correct a few build errors introduced during the editing process. Finally, you verify
that calculator works correctly by running the program and testing its results.

A2 hRellal  Building Your Calculator Project
1.  In Xcode, open the calculator project you created and saved earlier.

2. Click the Build and Run button. If you
entered the code exactly as it was provided
earlier, the project will fail to compile. The !
project window’s status area notes that the AB Resits (PESIETETD | T By issve | lsswes Ouy -
build failed, and you may see some error 7 K Coil it i o Cabcilton Tl g
messages in your file editor.
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3. Choose Build = Build Results. A window B Expmctod ", 7, 2. ‘wiart oe *_atieibiste._* belors ‘suitel
resembling Figure 3-13 appears and lists by ey ek embiataony
the build errors along with a toolbar, a @ Expecied  before ur
file editor, and a few other controls. This R Gl FAREVE dnd oF 1if-voud Pattion
. . . . Bulld Falled 8/10)09 8:53 Pl
window is called the Build Results window.  emors, L waming :
. . . f = W ] = | | P :
4. Sclect the first error in the list. The main.c - P REED L, AR, R f-L B
. . . 1% pount = geant ("% Ne %47, La, Eap, &b} ™
source file will appear in the file editor. A 4 el B r
7 primtf{“bad expressisnin®);
line of code is selected near where the error | 1 S
occurred, also shown in Figure 3-13. Line 5 57 partsra the cemputatism
. o . n shdwir = calculatelsa, b, opli
18 is missing a semicolon. n
F Ly D"'il'”: the aniwer
. . H grintfi™sd %e % = %dyn®, &, op, b, Bnswerl;
5. Add a semicolon to line 18: Fr S It
I return B
I b4
Foll
return 1; | Build failed {6 exrars, 1 maming) @Faded .1 06 -
6. Savemain.c. FIGURE 3-13
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7.  Try rebuilding calculator. The build will fail again, and the Build Results window will update
to show errors in Calculate.c.

8. Select the first error for calculate.c. Again, the contents of Calculate.c appear in the file
editor. This time, line 17 is missing a semicolon.

9. Add a semicolon to line 17:
int result;

10. Select the fourth error in the list. Line 24 becomes selected. The case statement on line 23 should

end with a colon.

11. Add a colon at the end of line 23:

case '-':

12. Select the last error in the list. Notice that line 27 is also missing a semicolon.

13. Add a semicolon to line 27:

printf ("unknown operator: %c\n", operator);

14. Save calculate.c.

15. Rebuild calculator again using the Build button on the Build Results window. This time, the

compile should succeed. If it doesn’t, go back and review your changes.

16. Choose Run = Run. The Build Results and project windows’ status bar will say GDB: Running.

So far, so good.

17. Choose Run = Console. The Debugger Console window will appear, as shown in Figure 3-14.

The console is asking you to enter an expression.
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FIGURE 3-14
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18. Enter 44 + 7, and press Return. The Run Log displays the results of your program. It looks as
though it’s working correctly.

Enter an expression: 44 + 7
44 + 7 = 51

Debugger stopped.
Program exited with status value:O0.

19. Run calculator again by clicking the Build and Run button on the Debugger Console window.

20. Enter 44 - 7 and press Return. The Run Log will display the following results. Again, so
far so good.

Enter an expression: 44 - 7
44 - 7 = 37

Debugger stopped.
Program exited with status value:O0.

21. Run Ccalculator again, and enter 6 * 9. This time Calculator prints an error message and quits
early. Although it’s unfortunate that calculator doesn’t know how to multiply, that doesn’t
qualify as a bug in your program. You simply haven’t taught it how to multiply yet.

Enter an expression: 6 * 9

unknown operator: *

Debugger stopped.

Program exited with status value:0.

22. Run Calculator again, and enter two plus two. Calculator prints a new error message and
gain, p g
quits. Again, this is the expected result.

Enter an expression: two plus two
bad expression

Debugger stopped.

Program exited with status value:1l.

23. Close the Debugger Console window.

24. Return to the Build Results window and choose Build > Clean. Click the Clean All button. A
warning appears, as shown in Figure 3-15, advising that you are about to delete your compiled
program.

25. Click the Clean button. Xcode does a little work, and your Build Results window notes that the
command succeeded.

26. In the Build Results window’s Overview pop-up menu, change the Active Configuration from
Debug to Release.

27. Click the Build button. The build should again succeed.

www.it-ebooks.info


http://www.it-ebooks.info/

74 | CHAPTER3 XCODE

_"! Clasn "Caleulstar” Targat

I Cleaning will remirner &8 dertved prcsiutty and fies for the
{ “Calcwlater” target and wargecs it depends on B you really

want 1o elens this prgen?

# Alsa Clean Depandencies

¥ Alxo Remove Precompiled Headers

- 1

_alw _gt:_t_!:mrt_{gl_?_g__l_rdudm* =T Te _i
| eane "a'y m
H result = & + by
| wresk;
n caie "='y
| rEsUlt = & = By
| Breaki
F| defamln:
1| printf[“wsknmun speratar: Sein®, speraterd:
1| exitlibi [
| 1]
80|
" raturn retult] "
B |} -
e .
G T 5

FIGURE 3-15

How It Works

When you ask Xcode to build your project, Xcode actually does a number of smaller tasks for you and
presents the results all at once. The first thing Xcode does is convert all your source code to machine-
friendly instructions using a tool called a compiler. The compiler’s main job is to take your instructions
written in a programming language such as C or Objective-C and convert them to instructions under-
standable by your computer’s CPU. These instructions are called object code. Object code is typically
stored in special files, called object files; these files are transitional in nature and their existence is
handled entirely by Xcode.

The second thing Xcode does while building your project is combine all your object files to form an
executable binary file. This process is called linking, and it is performed using a special tool called,
you guessed it, a linker. A linked file is self-contained and can easily be copied and used on other
computers, assuming those computers are running the same operating system and are in the same
processor family.

Either of these processes may encounter problems such as syntax errors, missing files, and the like.
Xcode reports these errors in the Errors and Warnings group and in the Build Results window. You
must address these errors before you can link and run your program. The calculator code contained
a few minor syntax errors to help you practice fixing these problems.
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Notice that Xcode actually reported more problems in your program than you fixed. A single error in
a source file may actually result in several problems within the C compiler. So the fact that adding a
semicolon to one line of code in main.c fixed all the compile errors there is not all that surprising. This
is true of Objective-C and C++ as well.

When working on fairly small projects, you might think that Xcode will simply build all the files in
your project. In reality, Xcode builds all the files in the current zarget. A target collects all the files,
resources, and settings required to build a specific program. An Xcode project can contain several tar-
gets. For example, a project that builds an application, a framework, and a plug-in would be composed
of three different targets. Although the target abstraction is a powerful feature for people working on
larger or more complicated projects, this book focuses on examples with only one target.

Xcode’s Build Styles allows you to generate your object code differently depending on what you intend
to do with your program. A specific build style contains options for the compiler, linker, and other
build tools that control the way your project builds. For example, the Debug build style tells the com-
piler to generate debugging symbols along with your code, and might tell the linker not to fully link
your program. The Release build style doesn’t generate debugging symbols, but it does enable optimiza-
tions and instructs the linker to fully link your program so you can give it to other people.

Xcode also has a command for cleaning your build results: Clean. The Clean command removes the
build results associated with the current target. Build results include temporary files such as your proj-
ect’s object files and some other information cached by Xcode; it also includes your compiled program.
You typically use this command to make sure your next project build starts from a clean state and
won’t get any leftover state from a previous build. You might also clean your project before giving the
source code to someone else because build results can add several megabytes to your source directory.

FINDING PROBLEMS WITH THE STATIC ANALYZER

In the last section, you saw how the compiler reports problems found while building your project.
Xcode presented those errors and warnings inline in your source file, and also in the Build Results
window. But you didn’t really know if your program worked properly until you ran it and put it
through its paces. Wouldn’t it be nice if Xcode could find logic errors in your program for you, and
report them as build errors?

Xcode can find logic problems in your program and report them to you before you run your
program, using a new Snow Leopard feature called the Static Analyzer. The Static Analyzer traces
through your program, watches how you use each variable, and looks for problems. It can find
problems that are sometimes tricky to find through traditional testing and debugging, although it
unfortunately doesn’t replace those activities.

In the next Try It Out, you will run the Static Analyzer on your calculator example. First though,
you’ll need to give the Static Analyzer something to find. If you aren’t comfortable enough with
programming to follow along with this section, feel free to skip ahead to Chapter 6 to learn about
the C programming language. Then come back and give the Static Analyzer a second try, it will be
here waiting for you.
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Using the Static Analyzer

In Xcode, open the calculator project you created and saved earlier.

Build your project and verify that Xcode finds no build errors or warnings. If you do see prob-

lems, look over the previous example carefully.

Choose Build = Build & Analyze. Again, Xcode should find no errors or warnings.

Open main.c and change lines 21-25 to match the following code:

// perform the computation
answer = calculate(a, b, op);
int aa;

// print the answer
printf("%d %c %d = %d\n", a, op, b, aa);

Save main.c.

Build the project again using Build & Build. Observe that the program still compiles error-free.

Choose Build = Build & Analyze again and open the Build Results window. This time, Xcode

found some problems, shown in Figure 3-16.
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8.

9.

In the Build Results window, select the first error in the list: Value stored to 'answer' is
never read. Xcode will scroll to that warning in your main.c source file. Xcode is telling you
that you never actually use the result of the calculate function, even though you went to the
trouble of storing that result in answer.

Select the second error in the list: Pass-by-value argument in function call is undefined.
This warning may not make sense to you at first glance.

10. Click the triangle next to this error, or press the right arrow on your keyboard. Xcode shows you

1.

two new details about this error.

Select the first detail: 1. variable 'aa' declared without an initial value. The Build
Results window selects the code where aa is declared and then draws a number of blue arrows,
shown in Figure 3-17. These arrows show the path through your code that the Static Analyzer took
when it found this problem.
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12. Select the second detail: 2. Pass-by-value argument in function call is undefined. An
arrow appears between where the variable aa was defined without an initial value and where you
read the value of aa. Now the problem is clear. The solution is to remove the bad aa variable and
print the value of answer before the function ends.

13. Return your code back to the way it was at the beginning of this example, as shown here:

// perform the computation
answer = calculate(a, b, op);

// print the answer
printf("%d %c %d = %d\n", a, op, b, answer);

14. Save your changes to main.c.

How It Works

The Build & Analyze command found some problems that the simple Build command missed. When
you build, Xcode will only show you errors from the compiler and the linker that interfere with the
process of putting your program together. In this case, the problem in calculator was syntactically
correct. Because Build & Analyze first builds your project, you might want to get into the habit of
using Build & Analyze instead of Build.

When the Static Analyzer examines your program, it starts by looking at every possible path through
code. calculator’s main function has two code paths: one where you enter the if statement and return
early, and one where you don’t enter the if statement and you return at the end. The Static Analyzer
checked both paths looking for problems with how you used your variables.

Two classes of problems the Static Analyzer is concerned with are situations when you read from a

variable before it is initialized, or when you write to a variable without reading it later. In the first case,
your program will get back some random result, often causing problems with unpredictable symptoms.
In the second case, only writing to a variable more often than not is a problem — maybe you are ignor-
ing an error result that you really should check, or maybe you simply forgot to use the information you

asked for.

Xcode’s Static Analyzer currently works with the C and Objective-C programming languages.
At the time of this writing, the Static Analyzer did not support C++ or non-C based languages.

USING THE DEBUGGER

Sometimes your program won’t work properly, and even after you spend hours staring at your
source code, it isn’t obvious what has gone wrong. For times such as these, Xcode has a built-in
debugger. The debugger allows you to step through your code as the program is running and watch
the state of your variables change.
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Debugging Changes to Calculator

1. In Xcode, open your Calculator project that you saved earlier.

2. Make sure the Project file’s Overview pop-up says the Active Configuration is Debug. Change it if

necessary.

3. If you changed your project’s Active Configuration, clean your build results using the Build =

Clean menu item.

4. Opencalculate.c.

5. Make a copy of the second case statement at lines 23-25, and paste them back at line 26. The
calculate function should look similar to the following code:

‘) int calculate(int a, int b,
{

Available for
download on
Wrox.com

int result;

switch (operator) {
case '+':
result = a + b;
break;
case '-':
result = a - b;
break;
case '-':
result = a - b;
break;
default:
printf ("unknown
exit(1);
}

return result;

char operator)

operator:

%c\n", operator);

code snippet MacOSXProg ch03/Calculator3/Calculate.c

6. Change case '-': atline 26 to case '*':.

N

Save Calculate.c.

8. Build and run your project.
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9. Open the Debugger Console with the Run = Console menu item and enter 4 * 5. Calculator
prints the following result. Obviously, something is wrong.

Enter an expression: 4 * 5

4 x5 = -1

Debugger stopped.

Program exited with status value:0.

10. Open main.c in your project window’s file editor.

11. Click in the gutter on the left side of the window at line 6, where the main function is defined. A

blue marker appears there, as shown in Figure 3-18. Notice also the Build and Run toolbar item
has changed to Build and Debug.
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FIGURE 3-18

12. Choose Build & Build and Debug — Breakpoints On or press the Build and Debug item in the
project window toolbar. Your program starts and then stops at the first line of code in your main
function, as shown in Figure 3-19. The current line of code is highlighted in blue and marked
with a red arrow. Notice also that a new toolbar has appeared above the file editor’s navigation
bar. These are mini debugger controls.
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13. Choose Run = Debugger. The Debugger window appears as shown in Figure 3-20. The Debugger
window has a toolbar with a number of debugger commands, a list showing your program’s
stack, a second list showing the current stack’s variables, and a file editor.
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FIGURE 3-20
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14.
15.

16.

17.

Click the debugger toolbar’s Step Over button. The selection advances to line 15.

Click the Step Over button again. The selection disappears, and the debugger’s toolbar changes so
that only the Pause and Terminate buttons are enabled.

Return to the Debugger Console menu, using Run = Console if necessary. You will find your pro-
gram is running, waiting for you to enter an expression.

Enter 4 * 5. The Debug window enables itself, and line 16 is selected. In addition, the entries

for a, b, count, and op in the Variable table change to reflect your expression. Figure 3-21 shows
what the debugger should look like.
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FIGURE 3-21

18.
19.

20.

Click the Step Over button. The selection advances to line 22.

Click the Step Into button. The debugger changes to display the contents of the calculate.c file,
where line 19 is selected. The calculate symbol appears in the stack list, just above main.

Click the Step Over button. The selection advances to line 27, as shown in Figure 3-22. And now
the problem becomes clear. You changed the calculate function to include a new * operator, but
you didn’t change the logic that computes the answer to multiply your numbers. It looks like b,
which is currently 5, will be subtracted from a, which is currently 4, to yield -1.
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21. Click the Step Over button. Sure enough, the Variable table shows result changing to -1.
22. Click the Tasks button, which currently looks like a stop sign, to quit the program.

23. Without leaving the debugger, correct Calculate.c by changing the operator at line 27
from - to *.

24. Save your changes to Calculate.c.

25. Choose Build & Build and Run - Breakpoints Off. Xcode compiles your project. Assuming that
you didn’t make any mistakes, your program will continue without stopping at the breakpoint in

main.

26. Enter 4 * 5 in the Debugger Console window. calculator prints the following result. It looks
like you’ve fixed the problem.

Enter an expression: 4 * 5

4 * 5 =20

Debugger stopped.

Program exited with status value:0.

How It Works

You started by changing your build style to Debug and cleaning any previous build results. Before you
try to debug a program, make sure you are working with a Debug build. Otherwise, the debugger will
not work properly, and you’ll see strange results.
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Xcode’s debugger has the power to pause your program, control when the program’s instructions are
fed to the processor, and examine or change the contents of the program’s memory. A paused program
is actually in a state of suspended animation: a process exists, but machine instructions are not being
processed. The debugger can also execute your program a few instructions at a time. This allows you
to watch how your program’s state changes bit-by-bit as it runs. The following table lists a number of
common debugging commands.

Restart Terminates the current debug session and starts a new one from the
beginning. This is useful if you find you’ve missed the point where a bug
occurred.

Pause Suspends your program, allowing you to see which lines of code are

currently being executed as well as your program’s variables.
Continue Resumes execution of a suspended program.

Step Over Advances the program to the next line of code. If the current line of code
is a function call, Step Over simply allows it to run normally as if it were a
single instruction. In other words, this command steps over the function.

Step Into Advances the program to the next line of code. If the current line of code is
a function call, Step Into descends into the function call. In other words, this
command steps into the function.

Step Out Advances the program until the current function ends.

Step Into Instruction Similar to Step Into except that this command runs your program one
machine instruction at a time. Note that a single line of source code may be
expanded into several machine instructions.

The marker that appeared when you clicked on the source editor’s gutter is called a breakpoint.
Breakpoints instruct the debugger to pause (break) your program when you reach that spot (point) in
the file. If you don’t set a breakpoint, the debugger simply runs your program until you click the Pause
button, your program completes normally, or your program crashes.

You may have noticed that although you set a breakpoint on line 6, the debugger actually stopped
on line 12. Xcode allows you to set breakpoints on arbitrary lines in your source file, even places
where there isn’t any code. In those cases, Xcode’s debugger stops at the first opportunity after the
breakpoint.

The debugger displays the state of your program’s variables in the Variable table. Each variable is dis-
played along with its value. If a variable changes as you step through your code, Xcode draws the vari-
able in red. The Variable table isn’t for display only; you can actually change a variable’s value simply
by double-clicking the Value cell and entering a new value.
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The debugger also displays your current stack history in the list in the Debugger window’s

upper-left corner. In other words, this list shows your program’s stack. Each entry in the stack
represents a function call or stack frame. The topmost entry represents the function your program is
currently “in”; that function was called by the second entry in the list, which was called by the third
entry, and so on. You can click a stack frame to see your program’s state at that function. The stack is
extremely useful for figuring out how your program ended up in the current function.

There often isn’t enough room in the debugger to display your program’s output, so Xcode provides a
separate window, called the Debugger Console window, for that purpose. The Debugger Console can
also read input from the keyboard.

Xcode’s Debugger window includes a source editor, so you can easily keep track of where you are in
your program. This source editor works the same as the other source editors you have seen: you
can edit code, you can use source editor’s history to switch between files, and so on. This is really
useful when you find a simple bug in your program: just correct the code in the debugger, rebuild,
and try again.

ONLINE DOCUMENTATION

As you may remember from Chapter 2, Xcode provides a ton of documentation within easy reach.
This includes API documentation for various system frameworks, conceptual documentation that
illustrates how various services should be used, and Darwin’s man page system. In the following
Try It Out example, you learn how to use the documentation tools in Xcode to access the online
Cocoa documentation. The techniques illustrated here apply to other online documentation, such as
Carbon, QuickTime, and so on.

LA EReIlAE  Searching the Online Documentation

1.  Create a new Command Line Tool project, but this time change the project type from C to
Foundation. You’ll find the type in a pop-up menu that appears after you select the Command
Line Tool option but before you click Choose, shown in Figure 3-23.
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2. Name your project Greetings.

3. Open Greetings.min your project window’s file editor, and replace its contents with the follow-
ing code:

) #import <Foundation/Foundation.h>

ﬁmﬂﬁm int main (int argc, const char *argv([])

Wrox.com  {
NSAutoreleasePool *pool = [[NSAutoreleasePool alloc] init];
NSString *user = NSFullUserName;
NSString *time = nil; // get the current time
printf ("Hello %s,\n", [user UTF8String]);
printf ("It is now %s.\n", [time UTF8String]);
[pool drain];
return 0;
}

code snippet MacOSXProg ch03/Greetings/Greetings.m
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Notice you haven’t actually initialized the time variable to something useful. You need to find
some kind of function or method call that returns the current time.

Choose Help = Developer Documentation. A window titled Xcode Quick Start appears, as shown
in Figure 3-24. The window resembles a simple web browser, with Forward, Back, Home, and
Bookmark buttons and a Search field.
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FIGURE 3-24

Choose Mac OS X Snow Leopard Core Library from the Home pop-up button. You will see the
ADC Reference Library documentation for Snow Leopard. This is the same documentation you
saw in Chapter 2.

Choose Cocoa from the list of topics, choose Frameworks from the first row of options, and
choose Foundation Framework Reference (HTML) from the list of Cocoa frameworks.

Select NsDate from the list of Foundation classes. The Developer Documentation window displays
information about NSDate. Notice a simplified navigation bar has appeared at the top of the scroll
view, with Table of Contents, Jump To, Previous, and Next buttons.

Click the Jump To pop-up in the navigation bar. You will see an entry in this menu for each
section in the document, beginning with high-level concepts and ending with method
documentation for NSDate.
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9.

Select descriptionWithCalendarFormat : timeZone:locale: from the symbol pop-up. The
Developer Documentation window jumps to the entry describing descriptionwithCalendarFormat :
timeZone:locale:, as shown in Figure 3-25.
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10.
1".

12.

13.

This method returns the current time with a particular formatting. The example provided in the
documentation looks like what you are searching for.

Close the Developer Documentation window and return to Greetings.m in your project window.

Change line 8 to match the following code and save the file:

NSString *time = [[NSDate date] descriptionWithCalendarFormat:@"%H:%M:%S %Z"
timeZone:nil
locale:nil];

Build and run the project. You will see a compile warning appear on line 7, the same line will be
selected with a grey highlight, and the window’s status bar will read GDB: Program received
signal: "EXEC_BAD_ACCESS". Looks like the program crashed on launch.

Open the Debugger window by selecting Run = Debugger. The debugger appears, displaying the
precise place where the program crashed, as noted in Figure 3-26. The assembly code displayed in
the debugger may not be that helpful to you, but don’t panic.
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FIGURE 3-26

14. Click the entry for main in the stack list. The debugger updates to match the contents of
Figure 3-27. It looks like the program has crashed trying to print the full username. It looks as
though the compile warning comes from line 7, where the full username is stored in the user
variable. That’s no coincidence.
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15.
16.

Stop debugging the program by clicking the Tasks button.

Option—double-click NSFullUserName. A small window will appear containing documentation
for NSFullUserName, as shown in Figure 3-28. This small window is called the Quick Help win-
dow. It turns out that the NSFullUserName symbol is a function call, not a constant.
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17.

18.

19.
20.

Return to main.m and change line 7 to match this code:

NSString *user = NSFullUserName() ;

Build and run the project, and then check the output in the Debugger Console. Your results
should be similar to the following:

Hello Your Name,

It is now 01:31:39 US/Pacific.
Debugger stopped.

Program exited with status value:0.

Open Xcode’s Developer Documentation window again.

Enter NSString in the search field at the top of the window. A list of symbols and documents
will appear on the left side of the window, resembling Figure 3-29. Notice that the Symbol table
automatically updates itself as you type. Eventually an entry for the Nsstring Objective-C class
should percolate near the top of the list. If not, you may need to reveal more search results before

you find it.
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21.

22.

23.

24.

25.

26.

Select the NSstring class from the API list. The Developer Documentation window displays
documentation for the NSString class.

Select UTF8String from the Jump To pop-up menu (it’s toward the very bottom of the menu). It
looks as though UTF8String returns a const char * type, which should be exactly what printf
expects.

Return to Greetings.m and Option—double-click printf. An entry for printf appears in the
Quick Help window. This confirms that printf takes a const char * type, but it doesn’t go into
much detail.

Return to the Developer Documentation window and type printf into the Search field. A large
number of results will appear in the API and file lists.

Change the search options from Contains to Exact in the small toolbar just above the API list.
Now only one entry for printf will appear in the API list.

If necessary, select print £ from the API list. The printf man page will appear in the Developer
Documentation window.
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How It Works

The code in this example looks a little different from the earlier examples because it is Objective-C.
Don’t worry about following along with the specifics of what this program is doing; you learn more
about Objective-C in Chapter 6.

In this example, you ran your program without first starting the debugger or setting a breakpoint. In
Snow Leopard, Xcode always runs the debugger to help you debug unexpected crashes such as this
one. Recall that the debugger executes your program until it hits a breakpoint, the program terminates
normally, you click the Pause button, or the program crashes. When you opened the Debugger window,
your program’s debugging information was right there waiting for you.

The Developer Documentation window displays information about many of the high-level frameworks
on the system. You can navigate the documentation in the following two main ways:

>  Browse through the documentation as you might browse through a web site, clicking through a series
of hyperlinked entries. This is a great approach if you aren’t quite sure what you are looking for.

»  Search for documentation on specific symbols, such as classes, functions, and so on, by typing the
symbol name into the Search field. This is a great approach if you are looking for more informa-
tion on a specific thing.

You can also bring up a Quick Help window by holding down the Option key while double-clicking
on symbols in your source files. The Quick Help window displays brief summary information about
a symbol. For example, Option—double-clicking Nspate displays a short abstract for Cocoa’s NsDate
class. Do not confuse this with Command-double-clicking symbols: Command-double-clicking
NSDate shows you NSDate’s definition in the NSpate.h header file.

In many cases, Darwin man pages will display in the Developer Documentation window. Recall from
Chapter 2 that manual pages are organized into separate sections. If necessary, you can specify the
section name along with the page, such as 1 printf for the printf command-line tool and 3 printf
for the printf C function. In cases where it’s hard to search for a specific page, you may have better
results using the Help & Open Man Page menu item, or by just using Terminal.

SUMMARY

The Mac OS X development workflow is built around the Xcode IDE. You used Xcode to write and
build a number of small projects. Xcode’s source editor gave you a hand by providing several tools
for arranging and navigating your source code. The integrated build system and run log turned
your code into a useful program. And when things didn’t go right, the debugger allowed you to see
what was really going on in your program. Xcode even threw in a documentation browser for good
measure.

The Developer Documentation window also includes a Tools group where you can find
documentation for most of the developer tools in Mac OS X, including Xcode. This chapter presents
enough information to help you get started with Xcode. You can learn a lot more about Xcode by
reading its online manual.
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In the next chapter, you learn how to use Interface Builder, a tool for building graphical user
interfaces. Before proceeding, however, try the exercises that follow to test your understanding of the
material covered in this chapter. You can find the solutions to these exercises in Appendix A.

EXERCISES

1. Use Xcode to look up the man page for the functions in the following table:

printf
scanf

pow

2. Thecalculator program can only perform integer math. Extend calculator to do double-
precision floating-point computations. These double-precision values will use the double data
type, rather than the int data type. For example, you need to change the calculate function
to accept and return doubles instead of ints. Feel free to skip ahead to Chapter 6 if you want to
learn more about these data types. But this is mostly an opportunity to practice using Xcode to
build and run a program.

The “3 printf” and “3 scanf” man pages tell you how to read and write double-precision numbers
to standard I/0. Make sure the decimal point is printed only when necessary:

Enter an expression: 1 + 2
1+2=23

Enter an expression: 1 + 2.1
1 +2.1=23.1

3. Common mathematical functions and operators appear in the following table. Extend your
Calculator changes in Exercise 2 to incorporate these new operators:

Divide x=y/z

Integer Divide “\” / x = (int)y / (int)z;
Modulo “%” % x = (int)y % (int)z;
Power “A” pow() X = pow(y, 2);

You need to add the following line of code near the top of calculate.c, along with the other
include statements:

#include <math.h>
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» WHAT YOU LEARNED IN THIS CHAPTER

Project
Source Files
Templates
Symbols
Targets

Navigation Bar
Syntax Aware Editing
Static Analyzer
Debugger
Breakpoint

an Xcode file representing your entire program

text files containing your program’s source code

sample project and source files with existing content

names of variables, functions, classes, etc. used by your project

an Xcode feature that represents project output: an application, a
command-line tool, a framework, etc.

editor controls that help you navigate within and between source files
automatic source code formatting

a tool that finds many programming errors at build time

a tool that lets you watch your program’s state change as you run it

a place in source code that tells the debugger to pause your program

Q' Y YOU CAN DOWNLOAD THE CODE FOUND IN THIS BOOK. VISIT WROX.COM

AND SEARCH FOR ISBN 9780470123456
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WHAT YOU WILL LEARN IN THIS CHAPTER:

» How to build menus and controls
» How to make windows resizable

» How to use Interface Builder’s Inspector to configure individual
interface elements

» How to test your interface directly in Interface Builder

Interface Builder, as its name implies, is a tool for building graphical user interfaces (GUIs).
You design interfaces by dragging windows, controls, and other elements into your interface
and arranging them with your mouse. People often refer to this kind of tool as a WYSIWYG
editor because What You See Is What You Get. Because you’re already familiar with these
techniques (moving files, sorting your e-mail, and so on), it’s easy to get started designing user
interfaces (UIs) in Interface Builder.

All your interface information is stored in a nib file. Nib files can describe an entire
interface, or they can describe only a subset of an interface, such as a menu bar or window.
As such, nib files are used by plug-ins (such as System Preferences panes) as well as
applications.

After your interface has been built, you can test the interface and make sure everything has
been laid out correctly. In this chapter, you learn the fundamentals of using Interface
Builder — you learn more about Cocoa-specific features in Chapters 8, 9, and 10.
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STARTING A NEW INTERFACE

As with Xcode, Interface Builder has templates that help you get started with a new nib file. These

templates are grouped by application framework, so you can quickly zero in on the kind of interface
you need.

AANNCeINEE  Creating a New Interface

1. Launch /Developer/Applications/Interface Builder. You should see a Choose A Template
window resembling Figure 4-1, along with two other windows which you will learn about in a
moment.

Choose a temnplate for your new document:

g A B E| [

Empty BAgin bbgna View Window

Cotod
G ;’/‘ﬁf Cocoa Application Tamplate
Carbon

dn Irgerlice Bullder document suliable Tor crvating & Codoa applivation, imckading & main

rafiu ARd windew
15& p To cetinmize this document, Chanpe OCCunTenoes of “NewADDICATION” in the: Mefu 10 your
[ 3 application’s rarme. Deig Contrits Tries e Lilivady ante e wisdim and uie B Iakpectis by

6T DrOperTiEs. bindings. and animarions.

(_ Open an Existing Docwment... -::] (_E:l E

FIGURE 4-1

2. Select Application from the list of Cocoa projects and press the Choose button. The Template
window has been replaced by three new windows. Figure 4-2 shows all five windows currently
on your screen. The Untitled window represents your nib file and contains a menu bar and
a window. The contents of the menu bar and window are displayed in detail in their own
windows. The Library window contains UI elements that you can use when building your inter-
face. The fifth window is the Inspector window. Its title and contents depend on the selected
panel and the current selection.
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Close the window representing your interface’s main window.
This window is simply named Window and has no content.

Double-click the Window (Window) icon in your nib file. The
window representing the main window reappears. Also notice
that the Inspector displays some settings for your window,
shown in Figure 4-3.

Click once on the Window (Window) icon’s label and wait a
moment. The label changes to an editable text field, allowing
you to rename the window icon in your nib file. Change its
name to My Window. Notice that the title of the window you
opened in the previous step doesn’t change.

Click the Main Menu icon in your nib file. The contents of the
Inspector window change to reflect the settings of your main
menu. This behavior is common among all inspector windows;
Inspector contents change along with the current selection.
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7.  Choose File &> Simulate Interface. Interface Builder opens your interface in a program called Cocoa
Simulator. The Cocoa Simulator displays your menu bar and window, as shown in Figure 4-4.

8. Quit Cocoa Simulator, and you are returned to Interface Builder.

® CocoaSimulator Flle Edit Farmat View Window Help
[-...

m

T
FIGURE 4-4

How It Works

When you create a new nib file in Interface Builder, it offers to initialize the file from one of a series of
templates. Interface Builder needs to know if the interface is going to be used with Carbon or Cocoa.
Even if you want to start from a blank slate, you need to specify the empty template appropriate for
your application framework.

Your nib file appears in a small window, which provides a place to store menu bars, windows, and
other Ul elements. Interface Builder refers to the elements in your interface as objects. An object is
essentially a specific item of a particular type. If your nib file contains two windows, you will find two
window objects in your nib file. In this example, you created a nib file with main menu and window
instances. Object icons in your nib can be renamed. The name is merely a label for your benefit — it
has no effect on the final user interface.

Some object contents are displayed graphically within Interface Builder using additional windows. For
example, your application’s main menu was represented within a window. And representing an applica-
tion’s main window as a window seems natural enough.

Interface Builder provides two powerful tools in the form of utility panels: the Inspector and the
Library. The Inspector displays information about the current selection. You use the Inspector to cus-
tomize the instances in your nib file. The Library contains different kinds of interface elements. The
specific contents of the Library depend on the kind of interface being edited (Carbon or Cocoa) and
sometimes on what developer tools you have installed. Normally, you use the Library window by drag-
ging interface elements into your nib file or its helper windows.

After your interface has been designed, you can quickly check your work with the Simulate Interface
command. Simulate Interface runs your interface in a special test mode, giving you the opportunity to
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try out the controls, check that your window’s keyboard focus moves properly when you press the Tab
key, verify that windows look good when they are resized, and similar tasks. You quit the simulation by
pressing Command-Q or by selecting Quit from your interface’s menu bar.

It is interesting to note at this point that Interface Builder did not generate any source code to test your
interface. The behavior of your interface is controlled entirely by the Cocoa and Carbon frameworks.

All the information necessary to rebuild your interface is stored in your nib file and is interpreted by the
Cocoa and Carbon frameworks at runtime. You learn more about how Cocoa uses nib files in Chapter 8.

BUILDING MENUS

Every Mac OS X program has a main menu bar — that familiar sight at the top of your computer’s
screen. Although every application adds its own menus and menu items, there is a fair amount of
similarity between each program. For example, most programs have File, Edit, Window, and Help
menus. The guidelines for how menus should look and behave can be found in the Apple Human
Interface Guidelines, which you learned about in Chapter 2.

In this Try It Out example, you create a menu bar for a Cocoa application. Interface Builder
provides some nice graphical tools for building menus, and it also sets up many of the common
menus for you.

ARl  Building Cocoa Menus

1.  In Interface Builder, create a new Cocoa Main Menu project. Note that you can open the Choose
A Template window with File & New, if necessary. Your nib window and a window representing
the Main Menu appear.

2. Click once on the File menu in your menu bar window. The File menu drops down, as shown in
Figure 4-5. Notice that a bunch of items have already been filled in for you. The Inspector now
shows settings for the File menu.

ication Edit Window Help
Mew AN

Oipen.... ®0
Opan Recent L
Close W
Save 13
Save Az, 1 1]
Revert to Saved

Page Setup... OHP
Print... wr

FIGURE 4-5

3. Click once on the New item in your nib’s File menu. You have now selected the New item. Notice
the Inspector has changed again, this time showing settings for the menu item.
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4. Double-click the NewApplication menu on the left side of your interface’s menu bar. You can
rename the menu to something more appropriate.

5. Name the menu cocoa Example and press Return.

6. Click Cocoa Example to reveal its menu. Note that this time the menu has a number of items,
including a Preferences menu item. Figure 4-6 shows what the Cocoa Example menu should

look like.

r @

rﬂm:m Example Edil
About NewApplication

Preferences... =,
Services *
Hide NewApplication XH
Hide Others. THH
Shaw All

Quit NewApplication ®Q

FIGURE 4-6

7. Rename the About NewApplication item to About Cocoa
Example. While you’re here, also rename the Hide

NewApplication and Quit NewApplication items to Hide Cocoa
Example and Quit Cocoa Example.

8. Remove the Format menu by selecting it in your menu bar and

pressing Command-Delete.

9. In the Library window, select Submenu Menu Item. If you have
trouble finding it, try searching for it by typing submenu into the
Search field at the bottom of the Library window. When selected,

the Library window should resemble Figure 4-7.

10. Drag the Submenu Menu Item from the Library into your

interface’s menu bar and drop it between the View and Window
menus. A new Menu menu appears, as shown in Figure 4-8. You
can re-order the menu items by dragging them with the mouse, if

necessary.
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FIGURE 4-8

11. Rename Menu to Extras.
| |g | @00

12. Select Item from the Extras menu.  tae tiwe
13. Rename the item to Empty The Trash. Notice the item’s name in :-:um. L the ot I

the Inspector window also changed to Empty The Trash.
14. Click the gray box next named Key Equiv. in the Inspector win- o .

dow. The gray box will be lit with a curious highlight. You can ] #ﬂq

now define a keyboard shortcut for this menu item. T e

Off imnage ﬂ

15. Hold down the Command and Shift keys and press E. The Miimags. [aditemitticutionn =

contents of the gray box are replaced by symbols representing s | ._m _

Command-Shift-E, shown in Figure 4-9. £ I/ =

M Enazies [ Hageen

16. Duplicate the Empty The Trash menu item with Key Eaaiv. [ o

Edit © Duplicate.

FIGURE 4-9
17. Change the new item’s name to Shred The Trash.
18. Double-click the Command-Shift-E
. . 0o Maln Manu

symbols in your menu item. A box appears .

around the key equivalent, indicating that

you can change it, as shown in Figure 4-10. |_Shred The Trash (¢ 5E |
19. Change Shred The Trash’s key equivalent to .FIGURE 4-10

Command-Option-Shift-E.
20. In the Inspector, check the Alternate checkbox for the Shred The Trash menu item.
21. Choose File & Simulate Interface. Your menu bar appears in the Cocoa Simulator.
22. Check the Cocoa Example menu to make sure your changes took effect.
23. Click once on the Extras menu to reveal the menu. Notice that there is only a single menu item:

24. Hold down the Option key. The Extras menu item changes to Shred The Trash.

Empty The Trash.

How It Works

Every application in Mac OS X has a main menu bar. This menu bar is composed of several menus,
which are in turn composed of menu items. Interface Builder normally creates a main menu bar for
you. You can add menus and menu items to your nib by dragging these items in from Interface Builder’s
Library window.
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Interface Builder’s Library contains the following objects that you will find useful when building menus:

Empty menus and menu items, such as Menu Item and Submenu Menu Item — You can drag
the Submenu Menu Item into the main menu bar to create new menus, or you can drag it into
other menus to create submenus.

Pre-built menus such as Application, File, Text, and Format — Some of these items are auto-
matically included in the main menu bar, and some can be added manually for enabling certain
kinds of operations. For example, if you’re working on a text-editing application, you might
want to add Text and Font menus to your menu bar.

A Separator Menu Item — Menu separators help group menu items into collections of related
items. They aren’t selectable; they simply separate other menu items.

An entire menu bar — As with the Submenu Menu Item, the Menu object represents an individ-
ual menu. However, this menu can’t be dragged into the menu bar or other menus; it can only
be dragged into your nib window. This is useful for defining menus that don’t live in your main
menu bar, such as contextual menus or Dock menus.

After you’ve arranged your menus the way you want them, you can edit the individual menu items.
You can do simple tasks such as naming the item and setting its key equivalent from the menu itself by
double-clicking the menu item. More complicated changes require Interface Builder’s Inspector.

Note that the Cocoa Simulator’s application menu did not change to Cocoa Example, even though you
renamed the application menu in the nib file. The system does not actually use the application menu
item’s name at runtime. Instead, it uses the application’s display name, which is stored in the applica-
tion’s bundle. You learn more about the application bundle in Chapter 5.

Mac OS X lets you create alternate or dynamic menu items that change when specific modifier keys
(usually Option) are pressed. Alternate items allow applications to provide more menu options without
cluttering the menu with lots of items. In this example, you created a menu item Empty The Trash that
changes to Shred The Trash when you hold down the Option key. The Finder’s File menu is an example
of alternate menus in action. If you tap the Option key while holding down the File menu, you see a
number of menu items change. For example, File &> Close Window changes to File @ Close All. Note
that alternate menu items must share the same menu key character but use different modifier keys to
work properly.

When you tested your interface, the new menu items were disabled. Cocoa automatically handles
enabled and disabled states for its menu items. In general, if a menu item is hooked up to something,
Cocoa enables the item; otherwise the item is disabled. You haven’t learned how to hook up menu items
yet, so these items are disabled. You learn about hooking up menu items in Chapter 8.

BUILDING WINDOWS

Applications use windows in many different ways. Document windows, such as those used by
word processors or image viewers, tend to be large, resizable windows that contain only a few Ul
elements. Utility windows and inspectors tend to have a lot of controls packed into a small area.

www.it-ebooks.info


http://www.it-ebooks.info/

Building Windows | 103

Dialog boxes, alerts, and sheets are often the simplest windows, containing only enough items to
ask a simple question and collect an answer from the user.

Interface Builder’s drag-and-drop interface should be well suited for building windows.
Theoretically, all you need to do is drag some controls into your window and you’re good to go. In
practice, you also need to make sure the controls are arranged properly in the window, accounting
for both your application’s needs and the spacing rules set forth in the Apple Human Interface
Guidelines. Fortunately for you, Interface Builder includes some useful tricks that make this easy.

In the following Try It Out, you build a window to be used as a modal dialog box or a sheet. A
modal window locks out portions of your application’s interface until you close that window. Modal
dialog boxes block the entire application, whereas sheets block access only to the window in which
they appear. The window contains a number of controls arranged in a specific layout. The window
also includes OK and Cancel buttons that allow the user to dismiss the window. As is often the case
with small dialog boxes and sheets, this window will not be resizable.

This example is the basis for the first exercise at the end of this chapter. If you want to try your hand
at that exercise, be sure to save your work.

Building a Dialog Window

1.

2.

In Interface Builder, create a new Cocoa Empty project. Your nib s sasin

window appears. Unlike the earlier examples, no other windows Classes | Wedia |

are associated with your interface yet. | I Windows 2
TN = u.....q",. 5

Select Library = Cocoa = Application = Windows from the
Library window’s topmost pop-up menu. The Library will
display only Window items in its object list, and should resemble
Figure 4-11.

windaw, cerdinating the ddply
and everm handlisg for ns

MW panel = A special kind of wisdew,
ayptcally serving an ausiliary
functiaa in Bn Enpeasion.

Textured Window - Manages. an

Drag the Window item from the Library into your nib file. An
icon named Window (Window) appears in your nib, and the
Inspector shows the window’s settings.

Uncheck the Close, Minimize, and Resize buttons. The Inspector

EE -

enscreen window, coordinasing
the dSaplay and event Randling

HUD Window - Maniges an
enacreen window, toordinasing
the Ssplay and event kandling.

Window snd Drawer = Contain
and displays wiew objects

should resemble Figure 4-12. B incsuing ksTemview.,
Double-click the Window (Window) icon. A blank window [ | Window

representing your window appears. Soon you will add controls
to this new blank window.

Select Library = Cocoa @ Views & Cells @ Inputs & Values
from the Library window’s object pop-up menu. The Library
displays items for displaying static and editable text, as well as
other controls.
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7. Drag a Label item out of the Library and into the center of your
blank window. This creates a new label in your window.

8. Double-click the label to change its text. Replace Label with

First Name:. Press Return or click once outside the label to end
the text entry process.

9. Click the label to select it. Control points appear around the text.
Note that the label is just large enough to fit its text.

10.

Drag the label toward the upper-left corner of the window.
As you approach the corner, blue guides appear about 20 pix-
els from the left and top of the window. Figure 4-13 shows
these guides in action. These guides help suggest a place for

your label that is consistent with the Apple Human Interface
Guidelines.

First Hame

FIGURE 4-13

1".

Be sure the label is selected. The Inspector displays information
about this label.

12. Change the label’s text to be right-aligned by clicking the fourth

control in the list of Alignment buttons. Figure 4-14 shows the
Inspector with right alignment selected.

13. Drag a Text Field object out of the Library and into
your window.
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14. Move the text field so that it sits to the right of the First Name: label. Guides appear, suggesting
the proper distance between the text field and its label, as shown in Figure 4-15. A guide also
aligns the label and text field’s baselines.

AN Weedew

Firsr H:'mr.-'_"

FIGURE 4-15

15. Be sure the text field is selected and choose the Size palette from the Inspector’s top button bar.
The Size palette is represented by a small yellow ruler. The Inspector displays size and layout
information for your text field, as shown in Figure 4-16.

B TeaFdsae
16. Change the text field’s frame width to 200 pixels. The text field + Gl ]® |00

immediately changes to reflect this new size. CE=mT
size | Reguiar =
17. Use the mouse to select both items and choose Edit = Duplicate. e
New items appear on top of the originals, offset a few pixels ire & Psitiom
down and to the right. e o] [reme—w
18. Drag the new items directly below the originals. The left edges LI L T
w 06 H

should line up. As you move down, Interface Builder may suggest
two positions next to each other: one when the text fields are

6 pixels away and one when the text field is 8 pixels away.
Choose the greater of these two gaps.

Autosa-rg

19. Rename the new label from First Name: to Last Name:.

Akgnmam
20. Duplicate the first two items again, and position the new items m|m|a
directly below the First Name: and Last Name: fields. e
21. Rename the new label Email:. Figure 4-17 shows the window’s | [
layout so far. Notice that the controls are aligned to the top and
left of the window, but there is a lot of unused space below and FIGURE 4-16

to the right.
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First Name:

Last Name:

Emaill:

FIGURE 4-17

22.

23.

24.
25.

26.

27.
28.

29.

30.

Make the window narrower by clicking in the window’s resize control and dragging it to the left.
As before, Interface Builder uses guides to suggest a reasonable distance between the window’s
right edge and your controls. Don’t worry about keeping your window’s height exactly the same;
you can tighten up the window’s lower edge after you’ve finished adding items to the window.

Select Library & Cocoa = Views & Cells = Buttons from the Library window’s object pop-up
menu. A variety of buttons appear in the Library.

Drag the Push button from the Library into your window.

Move the button to the right side of the window below the Email: text field. Guides appear, sug-
gesting a position about 20 pixels away from the window’s right edge and 8 pixels away from the
text field.

Press the down arrow button four times. Your button should now be about 12 pixels away from
the editable Email: text field. Don’t worry about making it precisely right — you’ll learn how to
double-check the distance between controls later.

Select the Attributes section from the Inspector’s top button bar. It’s the first icon in the bar.

Use the Inspector to change the button’s title to ok. Notice Interface Builder automatically set

the key equivalent for your button: the Inspector’s Key Equiv. field displays a symbol for the
Return key. The button will draw with a dark highlight, indicating Return can be used to choose
this button.

Drag a new push button from the Library into your window. Position this button to the left of
your OK button. Again, Interface Builder’s guides will suggest a reasonable place for this button:
about 12 pixels to the left of the OK button.

Use the Inspector to name this button cancel. Notice Interface Builder set the button’s key
equivalent to the Escape key.
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31. Now you can finish resizing the window so that it fits all L T4 Ta S . S
its controls snugly. The guides suggest the proper 20-pixel Foix blara
buffer between the controls and the window’s edges. Dt
Figure 4-18 illustrates your final window. i
32. Choose File =& Simulate Interface. Your window appears (Cancel ) (D)
on-screen, giving you a chance to test your controls. g
33. Press Command-Q to end the test.
FIGURE 4-18

How It Works

Perhaps you are wondering why your new Empty nib file started out with some objects already in

it. Cocoa nibs have three special objects in them at all times: File’s Owner, First Responder, and
Application. These special objects are defined by Cocoa, and they’re used to bind controls to the appli-
cation code. They cannot be removed or renamed. You can simply ignore these items for now.

You build window interfaces much as you would build menu interfaces: by dragging interface elements
from the Library window into your interface. When building windows, Interface Builder uses guides
to automatically suggest layouts consistent with the Apple Human Interface Guidelines. These guides
appear when you move and resize interface elements.

Even though you removed your window’s close, resize, and minimize controls, you were still able to
resize, close, and minimize that window when designing your interface. The window that Interface
Builder uses to represent the interface you’re editing can always be resized, closed, and minimized.
Think of this representation as Interface Builder’s window editor, not actually your window. After you
test the interface, you will find that your window really isn’t resizable.

The Library window contains dozens of interface elements in its list, and sometimes it can be a bit
overwhelming. You can filter the items in the Library in two ways: using the filter pop-up menu at the
top of the window and using the Filter Search field at the bottom of the window. Using the filter pop-up
is a great way to browse for items relevant to your task at hand, whether it is building a menu bar or
laying out a window.

When laying out the first text field, you used the Inspector to set its size to a specific value. You also
used the Inspector to edit button and label attributes. These values were located in different views of
the Inspector, and each view was accessible through the Inspector’s button bar. Interface Builder buries
a lot of interesting, framework-specific functionality in these Inspector views. You learn more about
some of these views in Chapter 8, but you might take some time to explore them on your own.

Interface Builder resized your text label to exactly fit its contents. When manually resizing text
labels, Interface Builder will snap to the natural border of your text for you, but you have the power to
make the label as large or as small as you want.

Interface Builder also set your button key equivalents for you, keying off of the button names.
The Inspector interface for setting a button key equivalent is the same as that for menu items. Even
when Interface Builder automatically chooses a key equivalent, you get to have the last word.
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MAKING WINDOWS RESIZABLE

When designing windows, you need to consider what will happen when the user tries to resize them.
For some windows, such as simple sheets and dialog boxes, you may choose to prohibit resizing. But
most user-friendly interfaces allow the user to resize windows as they see fit.

An interface element normally responds in two possible ways when a window is resized. The
element may remain stationary, fixed in an area of the screen, or the element may change size
along with the window. Some elements may do both: remain fixed vertically and resize themselves
horizontally. Interface Builder provides tools for defining what happens to its contents when a
window is resized.

In the following Try It Out, you build a simple, resizable Cocoa window. Figure 4-19 shows the
window in two sizes. Don’t worry too much about what this interface is supposed to represent; it’s
really just an opportunity to practice item layout.

AN Windeow AN Moo
[ Button ] { Button ) { Button N { Button
FIGURE 4-19

Building a Resizable Cocoa Window

1.  In Interface Builder, create a new Cocoa Window project. Your nib appears along with an empty
window.

2. Select the empty window and verify in the Inspector that the Minimize, Close, and Resize buttons
are all checked.

3. Drag a Push button from the Library and place it in the upper-left corner of your window. Use the
guides to place the button a comfortable distance of 20 pixels from the window edges.
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Drag a second button from the Library and place it in the upper-right corner of your window.

5. Draga Text Field from the Library and place it between the two buttons. Use the guides to make

sure that the text field lines up vertically with the buttons. Don’t worry about centering the text
field right now.

6. Make sure the text field is selected. If not, select it using the mouse.

7. Hold down the Option key and move the mouse over the window. Special red guides appear to
measure out the distance from the text field’s boundaries to those of the window. Figure 4-20
shows these guides in action. The specific horizontal distances may differ from those shown here.

AN Wi
e} _ﬂ"'_n_ﬂ £ ¢ fumom

FIGURE 4-20

8. While still holding down the Option key, tap the left or right arrow key on the keyboard. This nudges
the text field by a single pixel. Continue nudging the text field until it is centered in the window.

Drag a multi-line Text View object from the Library into your window. Position it so that it fills

the window’s remaining space, as shown in Figure 4-21. If you have trouble finding the Text View
object, try typing Text Field in the Library’s Filter Search field.

{ Buten ) { Bumen )
FIGURE 4-21
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10. Choose File =& Simulate Interface to check your work. Your win- M—_

dow is displayed in test mode. i —
11. Grab the window by its resize control and resize the window ina ~ ** b 5
¥ yem Silw

bunch of different directions. Start using small, circular motions =

and move toward progressively larger movements. You’ll find "
some of the controls are pinned to the lower-left corner of the
window, while others are pinned to the upper-left corner. If you
make the window very small, the buttons are covered by the text

Autosiaing

field. If you make the window very large, the items sit still as the
window grows underneath them.

12. Press Command-Q to quit the simulator.

13. Select the button in your window’s upper-left corner. e

14. Press Command-3 to select the Inspector’s Size view. Figure 4-22 i
shows the layout values, along with an unusual Autosizing con- iy
trol. The Autosizing control is composed of red struts and springs |
(arrows) arranged around a light-gray rectangle. This control tells
you this button is anchored to the upper-left corner of the win- FIGURE 4-22
dow and isn’t resizable.

15. Click the button in the upper-right corner of your window. ki

16. In the Autosizing control, click the left strut to deselect it, -
and click the right strut to select it. If you click on the wrong [
thing, just click it again to toggle it back to its previous state. ‘|_.
The Autosizing control should now resemble Figure 4-23.
This button is now anchored to the upper-right corner of the

window.
FIGURE 4-23
17. Select the text field at the top of the window.
18. Deselect the Autosizing control’s left strut. Autosizing
19. Click the horizontal spring running through the gray box. I
Remember the springs resemble straight red arrows. The
Autosizing control should now resemble Figure 4-24.
20. Select the text view at the bottom of your window.
21. Select both of the Autosizing control’s springs within the FIGURE 4-24
gray box. The control should look similar to the one in
Figure 4-25. Autosizing

22. Choose File = Simulate Interface to check your work. Your
window appears in test mode.

#—

—

23. Resize the window in a bunch of different directions. At
first it looks as though the interface is resizing correctly.
The buttons stay in their corners, the text field expands and

x
[

FIGURE 4-25
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contracts horizontally, and the text view fills the remaining avail-
able space. But if you make the window too small, the text field
goes away; when that happens, making the window large again

BN Wndowsee
Ao e 019 1O

° ’ ‘ Cantent Frame 156 B 2]
leaves the text field in an unusual state. The solution to this % ¥
problem is to set a minimum size for the window. a0l ][ 2ro] ]

weth Hrghe
24. Quit test mode using Command-Q. Interface Builder’s UI returns ([ ecume

25.

to normal.

Click your window’s title bar to select it. Alternatively, you can
select the Window (Window) icon in your nib file. Figure 4-26
shows the Inspector’s Size controls for your window. Some of the
values may not match exactly.

Initial Position

| Minissum Size 9 1o o
widhh

26. Select the Minimum Size checkbox. The Width and Height con- e
trols will become active. ;
27. Click the Use Current button underneath the Minimum Size oot - e
. . . . . | e Cutrecd
Width and Height fields. The Width and Height fields will _ I
update to match the dimensions of your window. et Ractes M_I
B Autender 13}
28. Choose File = Simulate Interface to check your work. Top
W outeaze | | 3]
29. Resize the window in a bunch of different directions. Baitam
The window elements will resize correctly. The window won’t
shrink beyond the dimensions specified in step 27. FIGURE 4-26
How It Works

Initially your window’s controls seemed pinned to the upper-left or lower-left corner of the window.
In Cocoa programming, graphics coordinates are normally relative to a window’s lower-left corner.
So without any additional resizing information, a control is pinned to the lower-left corner by default.
Interface Builder helps you out a little by anchoring controls near the top edge of their window to that
top edge.

You used a special Autosizing control for configuring how Cocoa interface elements resize. This
Autosizing control consists of red struts (lines), red springs (arrows), and a light-gray rectangle. The
light gray rectangle represents the interface element, or control, you are editing, and the red struts and
springs describe how your interface element responds when its parent window changes. You enable or
disable these struts and springs by clicking them with your mouse.

The four struts outside the light-gray rectangle represent the distance between your control and
the window’s border. An enabled strut means that the control’s position doesn’t change along that
edge. This has the effect of anchoring the control in a specific location. If a strut is disabled, the

distance between the interface element’s edge and the window’s edge may change when the window
is resized. Here your upper-left button had struts on the top and left side, locking the button against
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the upper-left corner of the window. The two springs within the light-gray rectangle represent the
size of your interface element. Enabled springs mean the size can change, and disabled springs mean
the size remains constant. You enabled the text field’s horizontal spring, and left the vertical

spring disabled. This allowed the text field’s width to change with the window while keeping the
height constant.

WHY SPRINGS?

You’re probably wondering why these simple red arrows are called springs instead
of, well, arrows. The reason is historical. Interface Builder’s Autosizing control
used to use straight lines called struts and springy lines called springs. A strut
inside or outside the gray box meant “this dimension doesn’t change,” and a
spring inside or outside the gray box meant “this dimension can change.” This
system confused many people who were new to Cocoa, and so it looks as though
Apple decided to make things clearer by redesigning the Autosizing control.
Interface Builder’s documentation still refers to flexible space within the gray box
as springs, even though they look similar to arrows.

Sometimes you can get into trouble when a window gets too small. This often hap-
pens when you have one or more controls that change size along with the window.

The solution to this problem is to set your window’s minimum size. Normally your
layout in Interface Builder already is the minimum size; it’s easier to design a small
interface and allow it to grow bigger than the other way around.

The resizing rules for controls and windows often aren’t obvious at a glance,
and manually checking each control’s Autosizing values can be tedious. The
Simulate Interface command again proves its value by providing a quick and
easy way to test your resize logic from Interface Builder. It also encourages
experimentation; if you’re not sure what a specific set of Autosizing values will
do, just test it out.

SUMMARY

Interface Builder is a powerful tool that’s essential for designing Uls on Mac OS X. It allows you to
design, build, and test Uls using simple editing concepts, such as drag and drop. Interface Builder
also lets you fine-tune your interfaces using its Inspector.

In the next chapter, you learn about the structure of a Mac OS X application. Before proceeding,
however, try the exercises that follow to test your understanding of the material covered in this
chapter. You can find the solutions to these exercises in Appendix A.
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EXERCISES

1.

Modify the example dialog you built in the Try It Out “Building a Dialog Window” to make it
resizable. All the controls should be pinned to the upper-left corner of the window. Allow the text
fields to expand when the window is resized.

Carbon and Cocoa both support a tab control that lets you display several sets of controls in the
same area. Unlike the examples you’ve seen so far, you can actually put controls inside a tab
control: simply switch to the tab you want and drag buttons, text fields, and the like into that tab.

Build the interface shown in Figure 4-27 using a Cocoa Window nib file. This window need not
be resizable.

AN Wedowe o i i N RS —
(G Adances L Conea —

R — oo stomuicaly

: | Respawn immediateky

fﬂr:l-i _ Unlimited ammunition
(Cancel )} (o) (Canel ) )
P A
FIGURE 4-27
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» WHAT YOU LEARNED IN THIS CHAPTER

Nib File
Library Panel
Attributes Inspector

Size Inspector

Cocoa Simulator
Guides
Struts

Springs

a file containing application Ul elements
a window containing Ul elements and other helpful objects
an inspector panel for setting object options

an inspector panel for setting object size, and for configuring how
objects resize when their window or parent object resizes

a utility for quickly testing a Ul
lines that suggest where Ul objects should go

a resizing tool showing how an object anchors itself to its window or
parent object

a resizing tool showing how an object stretches when its window or
parent object resizes
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PART Il
Application Programming

» CHAPTER 5: The Application

» CHAPTER 6: The C Language

» CHAPTER 7: The Objective-C Language

» CHAPTER 8: Introduction To Cocoa

» CHAPTER 9: Document-Based Cocoa Applications

» CHAPTER 10: Core Data—Based Cocoa Applications
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The Application

WHAT YOU WILL LEARN IN THIS CHAPTER:

» How applications and other bundles are structured
»  What kind of files you find in a bundle

» How application preferences are stored

Mac OS X applications seem simple enough. They appear with friendly icons that bounce in
the Dock when you launch them, display a window or two, and then you’re on your way. If
you want, you can move the application out of the system-wide /applications directory and
into a folder of your choosing. You can even drag some applications into Mail or iChat to send
a copy to your friends!

But in reality, Mac OS X applications are sophisticated things. They are composed of
executable code, a user interface (UI), and other resources. An application can even include
files that translate the Ul into other languages. When packaged correctly, an application
looks and feels as if it really were a single file. This packaging scheme is called a bundle, or
sometimes wrapper or package.

Bundles organize executable code and other resources by storing files in a special directory
tree. The bundle format can store resources for specific languages and countries (called
localizations) as well as resources that are language-independent. Bundles can also store
executable code for various platforms, allowing the system to pick a specific version of a
program based on the system on which it’s running. The Finder, Dock, and other Mac OS X
programs treat bundles as if they are single files, giving you the flexibility of a directory tree
with the convenience of a file.
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Although applications themselves are self-contained, they do store some data in other places on
your computer. These data normally represent things such as your application preferences — the
directory that opens by default when you bring up an Open panel — the contents of an Open Recent
menu, and the like. All these settings are stored in one of a few common locations using a common
file format.

BASIC BUNDLE STRUCTURE

Mac OS X uses bundles for a number of file formats, including applications, frameworks, plug-
ins, and certain kinds of documents. You are already familiar with applications and frameworks.
Plug-ins are bundles that can be loaded into applications or frameworks at runtime. For example,
graphics programs commonly use plug-ins to import functionality into the application. Also, the
QuickTime framework can load new codecs, importers, and other things with plug-ins. Some
applications use bundles to store document data. For example, Xcode project files are bundles. Not
all documents are bundles, however.

Bundles offer a number of different features depending on the specific kind of bundle format in
use. No one format takes advantage of all bundle features. The following table outlines the features
supported for each bundle format.

Opaque Directory
Versioned Bundles
The Info.plist File
Executable Code

Global Resources

S NG N
S N U NN
S N NN

Localized Resources

Opaque Directory

Various parts of the operating system, including the Finder, Dock, and Open/Save panels can treat a
bundle directory as if it really is a single file. This prevents people from casually viewing a bundle’s
contents and making changes to its files and directories. Because users can’t see inside these bundles,
we refer to them as opaque directories.

Opaque directories are common for applications, plug-ins, and document bundle types. When

users open one of these bundles in the Finder, they expect an application to launch (either the
selected application or an application that works with the selected plug-in or document). As a result,
these bundles are opaque. Framework bundles are not opaque because you need to look inside a
framework to see its header files, documentation, and other browsable resources.
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The system keeps track of opaque bundle directories in a number of ways. The first way is simply
by checking the file extension. All application bundles (directories that end in .app) are made
opaque automatically. The second way is by setting a piece of file metadata called a bundle bit. If
a directory’s bundle bit is set, the system knows it should treat the bundle as a file, and not as a
directory. Thirdly, an application can register a file extension for bundled document types with the
system; when the system encounters a directory with that extension, it knows it needs to be treated
as a file. This is normally also how document icons are associated with files on Mac OS X.

Versioned Bundles

Frameworks on Mac OS X actually use an older bundle format than other bundle types. This type
supports a built-in bundle versioning scheme where all the bundle’s files are separated into special
subdirectories within the bundle. This allows several versions of a framework to safely live within a
single framework bundle.

At the top level of the bundle, you will find a versions directory that stores all the version-specific
subdirectories. Normally, frameworks are versioned by a single English letter, starting with A.
However, frameworks can also use more meaningful version numbers.

Along with the versions directory, you will find symbolic links pointing to specific files and
directories in the current version. This helps people find and work with the current bundle version
without having to know which version they are actually using. When a program is first built, it
normally uses the current version of the bundle. However, the program keeps track of the version
it used at build time. If a new version of the framework is added in the future, the application
continues to look for the version it built against. The application runs only if that older framework
version is still installed.

@ NOTE A symbolic link, or symlink, is a special Unix file that refers to another file
or directory. When you open a symlink, Mac OS X opens the symlinks target file
or directory instead. You normally create symlinks using the In command in
Terminal.

Because symlinks are part of the Unix system, they use paths to refer to these
target files. There is no guarantee that a symlink points to a valid target file. For
example, the target may have been deleted, or someone might have moved or
renamed it.

Symlinks resemble alias files created by Mac OS X’s Finder. The major differ-
ence between symlinks and aliases is that aliases use a method other than a
file path to refer to their targeted files. As a result, aliases continue to point to
their target files even if the target is moved or renamed. On the other hand,
alias files do not work with traditional Unix commands, which expect full paths.
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Here is an example of a versioned bundle:

FunFramework. framework
FunFramework . framework/FunFramework
FunFramework . framework/Resources

FunFramework. framework/Versions
FunFramework . framework/Versions/A
FunFramework . framework/Versions/A/FunFramework
FunFramework. framework/Versions/A/Resources

FunFramework . framework/Versions/A/Resources/English.lproj
FunFramework . framework/Versions/A/Resources/English.lproj/InfoPlist.strings
FunFramework. framework/Versions/A/Resources/Info.plist
FunFramework. framework/Versions/Current

More modern bundles do not support versioning. Instead of gathering their files up into a versions
directory, they push their bundle contents into a contents directory at the top level, as shown in the
following code:

FunBundle.bundle

FunBundle.bundle/Contents

FunBundle.bundle/Contents/Info.plist
FunBundle.bundle/Contents/MacOS
FunBundle.bundle/Contents/MacOS/FunBundle
FunBundle.bundle/Contents/Resources
FunBundle.bundle/Contents/Resources/English. lproj
FunBundle.bundle/Contents/Resources/English.lproj/InfoPlist.strings

The Info.plist File

Most bundles contain a special file called an Info.plist, which contains special information
about the bundle: its name, a human-readable copyright string, an identifier meant to uniquely
represent the bundle, and other settings. The Info.plist file is commonly used by application,
framework, and plug-in bundles to provide specific information about their features to the system.
You will find Info.plist at the top level of the bundle’s content directory.

The Tnfo.plist is a property list. Property lists are special files that can hold an arbitrary
hierarchy of data on Mac OS X. Data can be referenced either by name (known as a key) or with a
numeric index, depending on how the data is organized. Data in the Info.plist file is most often
looked up by key. The following table provides keys commonly found in the Tnfo.plist file, along
with an explanation of their use.

CFBundleDocumentTypes A list of document types supported by an application. Each entry in
this list includes the document’s type, file extension, OS type, and a
reference to its icon, and other settings.

CFBundleExecutable The filename of the executable found within the bundle; common to
application and plug-in bundles.
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CFBundleGetInfoString

CFBundleIconFile

CFBundleIdentifier

CFBundleName

CFBundlePackageType

CFBundleSignature

CFBundleVersion

NSMainNibFile

NSPrincipalClass

Text displayed by the Finder when the user brings up the Info window
for this bundle.

The filename of this bundle’s icon. This key is used only for application
bundles.

A string representing a unique identifier for this bundle. These strings
are normally expressed in a format beginning with a company’s
reversed domain name followed by the program name; for example,
com.apple.mail Or com.wrox.Slide Master.

The name of the bundle. This key can be localized, so it takes
precedence over the bundle’s filename when determining what name
to display to the user.

A four-character code representing the bundle’s Type code. It is
normally APPL for applications and FMWK for frameworks. Plug-in
bundles might use a variety of type codes.

A four-character code representing this bundle’s Creator code used
to identify this bundle. It is typically used by Mac OS X when deciding
which application should open a document by default.

The version string for this version; for example, "1.0.3" or "4.1b3fc2".

For Cocoa applications, the name of the nib file containing the
main menu.

The name of an Objective-C class designated as the principal
class for a Cocoa application or plug-in bundle. In the case of
Cocoa applications, this must either be NSApplication or an
NSApplication subclass.

The keys shown in the preceding table represent only the most common Info.plist keys used
by the system. Other keys do exist but are appropriate only for certain situations, such as for
applications that run without appearing in the Dock. You can also define your own data keys if

you want.

Bundles with an Info.plist file often also contain one or more InfoPlist.strings files. These
files contain localized copies of human-readable values in the Info.plist. For example, the
CFBundleGetInfoString key represents text displayed when the user examines the bundle in the
Finder, and normally is translated along with other strings in the bundle. However, other values,
such as cFBundleIdentifier, are not meant to be localized. You learn more about localization in
the section “Localized Resources” later in this chapter.
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You can find more information about Tnfo.plist keys in Mac OS X’s conceptual documentation
for Runtime Configuration Guidelines: Snow Leopard Core Library @ Mac OS X © Runtime
Configuration Guidelines.

Executable Code

Bundles can contain executable code, as is the case for application, framework, and plug-in bundles.
Executable files live in a special directory named after the system for which the code is intended.
Mac OS X defines two such directories: Macos for native Mac OS X programs and MacosClassic
for programs that must run natively on Mac OS 9 or earlier. This mechanism allows one bundle to
contain code that runs natively on Mac OS X and earlier systems.

Modern Macintosh computers use Intel processors — the same processors used by Windows PCs.
Older Macintosh systems used PowerPC (PPC) processors. It’s worth mentioning that a single
native Mac OS X executable in this Macos directory can potentially run on either Intel or PPC
systems. Apple calls programs built to run on both kinds of Mac systems universal binaries. This
architectural variance was built into the binary file format, not into the bundle format, as was the
case of classic Mac OS support.

As of Snow Leopard, Apple has dropped support for PPC Macintoshes, so the era of the universal
binary may be drawing to a close. Apple dropped support for the Classic Mac OS runtime
environment in Mac OS X much earlier — around the time of the Intel transition. But the flexibility
is there in case you ever need it.

Global Resources

All bundles support global resources, which are files required by the bundle regardless of what
platform or localization the bundle is running under. For example, global resources might include
file icons, images, sounds, and other resources that don’t need to be translated. Global resources live
in a Resources directory inside the bundle’s content directory.

The system provides functions for searching a bundle’s contents for its resources. These functions
will always find global resources before returning other kinds of resources, so don’t think of global
resources as a “default” resources available when all else fails. Global resources are meant to be
truly localization independent.

Localized Resources

In contrast to global resources, localized resources are meant to contain resources that are
appropriate only for a specific language or locale. For example, localized resources might include Ul
(.nib) files, Unicode strings (.strings) files, and other resources that may need to be translated into
other languages.
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Localized resources live in Language Project directories, commonly known as Iprojs (named for
their .1proj file extension), which live in the bundle’s Resources directory. Language project
directories gather up resources for a specific language or locale into a single directory named after
that language or locale. For example, files appropriate for English speakers will be grouped together
into an English.lproj directory.

Again, the system provides functions for searching bundles for localized resources, assuming a
global version of the resource does not exist. The system searches for localizations according to the
user’s settings in the International System Preferences pane. By separating code and global resources
from resources that need to be localized, it’s easy to see how Mac OS X makes it easy to support
single applications that can seamlessly run in many languages.

Although technically any bundle can hold localized resources, document bundles normally are
not localized.

EXAMINING APPLICATION BUNDLES

Although the Finder goes out of its way to display bundles as files, it does provide some tools
for peeking into package contents. You can open the bundle directly and examine the entire
application bundle.

Unix commands make no attempt to disguise the true nature of application bundles — the very
concept of bundles is alien to a Unix system. Terminal is another good way to reveal the contents of
an application.

In the Try It Out example that follows, you use both the Finder and Terminal to examine the
contents of the Mail Application’s bundle.

Examining the Mail Application

1. In the Finder, select /Applications/Mail.
2. Control-click the Mail application’s icon. A contextual menu appears.

3. Select the Show Package Contents menu item. A new Finder window appears and contains a folder
named Contents.

4. Select the contents folder.

5. If necessary, change the window to Column mode by choosing View &> As Columns. The Finder
window displays a number of files and folders, as shown in Figure 5-1.

6. Select the Macos directory. Inside you will see a single file named Mail.

7. Select that Mail file. The Finder claims Mail is a Unix executable file.
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FIGURE 5-1

8. Scroll the Finder window to the left if necessary and select Contents/Resources. This directory

is full of all kinds of files: AppleScript files, image files saved in TIFF format, 1proj directories,
and so on. Figure 5-2 shows a few of those files.

B mailTimeMachineHelper

| Phginfo 1=} Add.iff
B Plugies = = AddMailbox_Fressecuff
BT AddMaiibos it
| wersion. plist __| alphaProsLrir
& appicns

FIGURE 5-2
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9.

FIGURE 5-3

10.
1".
12.

13.

Scroll down until you see an 1pro7j directory and select it. Figure 5-3 shows the Finder window
with da.1lproj selected. The 1proj directory contains a number of other files, primarily Interface
Builder and Strings files.

“ Arcevuiblity sirings
= Accauntinfe.nib
= ArcountPreferences.nib
= Compous_ . Fresssclifl = ArcountSet. shbistnib
* SHARLD = Compous_Action i b= Arcountismmanynib
.m ‘| CampessW. ge malbar = ACTIMERAQ. . ateView.nib
= e 7 CamporeW. srd toolbar =1 AcyivingPanednib
¥ PLACES L Campeadn,, Jerences, bl [l AchinyProgressPased.nib
=i ACThinyYiRwENITY.NiB
::‘:' Y DefaulSm..ilbowes plist |/ AddeessHistany,nik
& delete.nff [ AddresaPicker.nil
oy Acsticasens = deibvar:tif i AlsrraBdlieWindaw.nil
[ Dogumants. v Disclosure,, nhormalyf = AlmirEyiew,nik
- et POk * Disclosure, thormal it “ Alerts.strings
@Tﬂdﬂ' 5 documentng © AisiEand Sirings
@ | Download@ackground.tif = AsshEaniWindow. sibh
EJ;:::: _ Drafubuilese pag " AathmentsViewes nib h
[~ = DraftiMailboalange 11l & = CalendarBannernib Is
-*m' o o dragud w b=l CemifcaseSanner.nib __I'l_l

Close this window.

Launch /applications/Utilities/Terminal.

Change the current directory to /Applications using the cd command as follows:

Macintosh:~ sample$ cd /Applications
Macintosh:Applications sample$

Type find Mail.app. Pages of information will scroll by. You can use Terminal’s scrollbar to go
back and see the whole list. Here is a portion of the results:

Macintosh:/Applications sample$ find Mail.app

Mail
Mail
Mail

Mail

.app

.app/Contents
.app/Contents/_CodeSignature
Mail.
Mail.
Mail.
Mail.
Mail.

app/Contents/_CodeSignature/CodeResources
app/Contents/CodeResources
app/Contents/Info.plist
app/Contents/MacOS
app/Contents/MacOS/Mail

.app/Contents/MailTimeMachineHelper.app
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Mail.app/Contents/MailTimeMachineHelper.app/Contents
Mail.app/Contents/MailTimeMachineHelper.app/Contents/_CodeSignature
Mail.app/Contents/MailTimeMachineHelper.app/Contents/_CodeSignature/CodeResources
Mail.app/Contents/MailTimeMachineHelper.app/Contents/CodeResources
Mail.app/Contents/MailTimeMachineHelper.app/Contents/Info.plist
Mail.app/Contents/MailTimeMachineHelper.app/Contents/MacOS
Mail.app/Contents/MailTimeMachineHelper.app/Contents/MacOS/MailTimeMachineHelper
Mail.app/Contents/MailTimeMachineHelper.app/Contents/PkgInfo
Mail.app/Contents/MailTimeMachineHelper.app/Contents/Resources

[ . . .1

14. Quit Terminal.

How It Works

When you run an application, the Finder looks inside the application’s bundle and selects the appropri-
ate executable for your system. In the preceding case of Mail, there was only one executable file: Mail.
app/Contents/Mac0S/Mail. That executable file is the “real” Mail program.

Also, when you run an application, the system decides which language to use. This choice is driven

by your settings in the Language & Text System Preferences pane and by the 1projs available in your
application. The system goes through each language in the Language & Text preference pane’s list in
order until it finds an 1proj for that language; the system picks the first 1proj it finds. The application
then uses the files in that 1proj directory for its UL This selection process is all automatic; the applica-
tion programmer only needs to make sure localized resources are available for a given language. In the
case of Malil, the system looks for localized resources in Mail.app/Contents/Resources/English.
lproj when running in English. The system pulls resources from only one localization; it does not mix
and match resources from multiple localizations.

The other files that make up the Mail application live in the global resources directory, Mail.app/
Contents/Resources. The files stored in this directory do not contain language-specific information.
In this example, the global resource directory contains a lot of TIFF images (. tiff), icon files (.icns),
and so on. Normally, image files display the same image regardless of language, so they are commonly
treated as global resources.

The Finder provides a contextual menu command for opening up a bundle and seeing its contents. This
is useful for all kinds of bundles that masquerade as files, not just applications.

The Unix find command walks down a directory tree and performs a variety of operations on the files
and directories it finds. In this example, you told find to walk through the entire Mail.app directory
tree and print the path to each file or directory therein. People new to Unix commands are often con-
fused by find because its name suggests it scrounges through directories looking for specific files (“find
me this file!”). Although find can do that, it is capable of a whole lot more; you may discover that
even the basic way you used find in this example is extremely useful. When you have some time, read
through find’s man page entry to learn what it is capable of.
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BUILDING AN APPLICATION BUNDLE

Bundles are basically directories, and building a bundle could be as simple as just creating a folder
in the Finder. However, much of the bundle’s power is wrapped up in its specific directory tree and
Info.plist file. Xcode manages most of the complexity of building bundles for you as part of your
project build process.

In the following Try It Out, you explore this capability in Xcode by building the project and
application bundle for the Slide Master application. If you haven’t already done so, you will want
to download the Slide Master source from www.wrox.com. You can use our copy of Slide Master to
copy from if you get into trouble. You can also pull icons and other resources out from our copy.

Building the Slide Master Bundle

1. In Xcode, create a new Cocoa document-based Application project named slide Master. Make
sure the Create Document-Based Application is checked before you click the Choose button, as
shown in Figure 5-4.

Choose a template for your mew project:

ﬁ Mac 05 1
. ﬂ
Framewark & Library u

Applcation Fug-in Cocoa= Dnmrnlm Line
g Appledeript g,mnpnur
i::r'“”“ﬂ " Application Apclication
v

Options 9 Create document-based application
1] use Cone Duta for sanage
T T e n—

-:.-A Coooa Application

Thin peoject buitdh & Cocca-haved application wrflen in Objecine—C thid uwes
Ehe NSDocument arciiledture.

(Choose::)

FIGURE 5-4
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2. Build and run the new project. After a few moments of building, your new Slide Master applica-
tion appears. Right now the application just displays a window saying Your document contents
here. Slide Master appears in the Dock using a generic app icon, as shown in Figure 5-5.

@ Shide Master Fide Edt Formal Wiew Window Help O 1T+ @O O
Ao B3 Slide Master [}
osiowugixese - (- (m] Ry (| PN CETT—

._._hh Artion L Boild wod Bom  Tadiy  inle Snarrh

o & Filen 5 Fibg basrna & % Cods L] &

Your document contents here

FIGURE 5-5

3. Choose Slide Master &> About Slide Master. An About panel appears with some default credits
and the generic app icon.

4. Quit Slide Master.

5. In Terminal, type ed but don’t press return. Make sure you leave a space after the cd command.
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6. In the Finder, locate your new Slide Master program. If you’re not sure where it might be, search
for slide Master.app in your Xcode project window, select it from the list, and choose Reveal
In Finder from the Action menu in Xcode’s toolbar.

7. Drag the Slide Master icon from Finder into your Terminal window. The path to the application
appears on your Terminal command line, resembling Figure 5-6. Your results will differ depend-
ing on where your Slide Master project lives. Normally you will find your built programs in a new
directory called build inside your project directory.

Lagk lagisn: Man &ag 17 37:45:01 = ERyiBlE L]
Tarcediai~ wamples cd fUiers/sanple/Documents /S1idey Master/build/Debug/SLide), M
aster.opo I

FIGURE 5-6

8. Press Return to change the current directory to that of your application bundle.

9. Enter find. to list the entire contents of your bundle. The list should resemble the following:

./Contents

./Contents/Info.plist

./Contents/MacOS

./Contents/Mac0S/Slide Master

./Contents/PkgInfo

./Contents/Resources
./Contents/Resources/English.lproj
./Contents/Resources/English.lproj/Credits.rtf
./Contents/Resources/English.lproj/InfoPlist.strings
./Contents/Resources/English.lproj/MainMenu.nib
./Contents/Resources/English.lproj/MyDocument .nib
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10. Switch back to Xcode and select Slide Master in the Groups & Files list. The file list changes to
display the source files and other resources that make up your project.

11. Open credits.rtf. This is where the credits you saw in step 3 came from. Go ahead and make
the credits more meaningful to you. Then save and close the file.

12. Choose Project &> Add To Project. A sheet appears where you can choose files to add.

13. Navigate to the Slide Master project you downloaded from vwww.wrox.com and select
appl.icns. If you haven’t downloaded the project yet, you can borrow TextEdit’s icon from here:
/Developer/Examples/AppKit/TextEdit/Edit.icns. When you select the file, the sheet shown
in Figure 5-7 appears.

Gres. & Hiles

« [B stide Manter
= [ Clavpes.
¥ [ Cthar Saurees

| Eapy Hems into destination group's faider (if needed)
Reference Type: | Default 2]

= [ Framerwarics Text Encoding: | Unicode (UTF-8} -+
w [ Produces.
o G Side Mattes app &) Racurshvaly creats groups for any added faldars
“’M‘“""' (3 Create Folder References For any added Folders
i Mide laster Targats
w L, Find Revulti Sl 1
w8 mookmarke ol Slide Master | ENL AT
oo L dhec LS L NS
B o Symbaly
1 [l implemenaation Hiiey
& [l nterface Ruider Files

FIGURE 5-7
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14. Check the Copy Items Into Destination Group’s folder checkbox and click the Add button to dis-
miss the sheet. The file will appear in your Groups & Files list.

15. If necessary, rename the icon file to appl.icns.

16. Choose Project &> Add To Project again and then add s1im.icns to your project. Again, borrow
from TextEdit if you don’t have the Slide Master example project handy. Make sure you copy the
file into your project.

17. Drag your icon files into the Resources group. Your project should resemble the one shown in
Figure 5-8.

—

O String Matching

w [§ Credird i mji
Threaty — H L I I S | o
_ [R nglian a | = | |=slimicns £
¥] Shce_Manter=Info i
¥ 3] Intaisearings
[¥1 English
(4] MyDocumentxib
[& Engtisn

w 4] MainMenu il
[& Engtisn
= Frameworis
w [ Produeny

1A Shde Masterapn

A .-

(5 Targens
i Execuiables |
i) Hide Masver lal
¥ 54, Find Results B
FIGURE 5-8

18. Open the Targets group in the Groups & Files list.
19. Select the item representing your Slide Master application.

20. Get information for this target by choosing File &> Get Info. A Target Info window appears,
displaying settings for your target.
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21. Select the Build tab in the Target Info window. The window displays lists of build options, as
shown in Figure 5-9. Note Product Name is set to Slide Master and Wrapper Extension is
set to app.

{_Gemru i-Build Rules  Propermes | © }
Conifiguration: | Aative (Detug) g Q> Search in Build Semings 3
Show, (Misertings )

Setling = {"alue -
Framewnr Version A I
Infaglist File | icle_Master-infoplist |
=t plist Cuher Preprocessas Flags |
i, plist Cuput Encccing Lo gy - g |
Il plist Prepeocessor Definitions |
I plist Preproceise Profa Fie
Pregracess Info.plist File =]

Preserve HFS Duna =] I
Frivatn Headers Folder Path Alidde Master g | Comtenty [Frivalstieaden |
Product Mame Slide Master |
Propesty Lt Oty Encoding Sl -k - g i)
Public Headers Falder Path Slide Masver.aon | Cormems Headers |
Strings filg Qutput Encoding UTF-18 1|
Wragpar Datesdion app |

WSsareh Paths |
Abways Search Uuer Patb _D |
Framework Search Pachy |
Hewder Srarch Patha L
Library Search Pathy -

_ Rez Search Paths -

e vaom (homes 3] (@)

FIGURE 5-9

22. Select the Properties tab in the Target Info window. You will now see an area where you can enter
information about your application, as shown in Figure 5-10.
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FIGURE 5-10

23.
24.
25.
26.

27.
28.

29.

30.

31.

Change Identifier to com.wrox.Slide Master.
Change Icon File to appl.icns.

Change Creator to s1id.

Claiy

(enn bile |

Change the Version to 1.0. Your Target Info window should now resemble the one shown in

Figure 5-11.

Close the Target Info window.

Build and run the new project. After building, Slide Master should launch and your icon should

appear in the Dock.

Choose Slide Master &> About Slide Master. The About panel now uses your application icon and

your updated credits text.

Choose File = Open. An Open panel appears, allowing you to browse for files. However, all the

files will be grayed out and unselectable.

Cancel out of the Open panel and quit Slide Master.
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@

FIGURE 5-11

32. Re-open the Target Info window by double-clicking the Slide Master target; if necessary, select

the Properties tab. Notice a table named Document Types at the bottom of the window. The table
has one entry, for a document named DocumentType.

33. Change the entry for DocumentType to match the information in Figure 5-12.
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FIGURE 5-12

34. Build and run the new project. After building, Slide Master should launch.

35. Choose File & Open. An Open panel should now allow you to select files ending with a .s1im
extension. If you don’t happen to have any .s1im files, save some slideshows from the version of
Slide Master you downloaded off the Web. If you haven’t downloaded Slide Master yet, just use
TextEdit to create a text file with a . s1im extension.

36. Open a slideshow file. Again, your placeholder window appears.
37. Quit Slide Master.

38. Find and open the S1ide_Master-Info.plist file in Xcode’s Groups & Files list. If you have
trouble, select the Slide Master project group and enter Info in the toolbar’s Search field. When
you open the file, a Property List editor appears, displaying the contents of your file; it should
resemble the one shown in Figure 5-13. You will see that the results in this file match the values
you entered into your target’s Info panel shown in Figure 5-12.
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FIGURE 5-13
How It Works

Slide Master works with slideshow documents (. s11im files), so the Cocoa Document-Based Application
template is the logical choice for your project. This project template is set up to emit a complete Cocoa
application at build time. When you built the project, Xcode laid out Slide Master’s bundle directory
structure and copied default resources into it. The result is a normal application, although it doesn’t

do much yet.

Much of your program’s bundle is derived from its project files. For example, your application’s

credits file and icon are stored in files embedded in the application bundle. In fact, your entire UL

is copied into the application bundle. The bundle also includes information about what document types
your program will recognize, and what icon to use for those types. This document-binding information
is stored in the bundle’s ITnfo.plist file. Xcode stores your Info.plist as Slide_Master-Info.plist
in your project, and it renames it to Info.plist during the build process.

If necessary, you can change key details of your bundle from the Build tab in Xcode’s Target Info win-
dow. For example, you can customize your bundle’s extension or rename your Info.plist file to some-
thing else. Normally, you don’t need this kind of control for applications and frameworks, but plug-in
bundles often use custom file extensions.
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Xcode provides several ways to modify your Info.plist file. One way is to use the Properties tab in
Xcode’s Target Info window, which is convenient for projects that do not require anything special of
their Info.plist file. Alternatively, you can simply open your project’s Info.plist file in a source
editor and view its contents as a property list. This is useful for those projects that require custom
settings in their Info.plist file. Remember that the Tnfo.plist file can contain any number of data
keys, not just those shown here.

Navigating through deep directory trees can be a tedious task in Terminal, for novice and expert users
alike. Terminal and the Unix shell include a number of shortcuts that make this chore easier. One such
shortcut is the capability to drag files and folders into Terminal instead of typing their entire path. This
allows those comfortable with the Finder to save a bit of typing.

The Slide Master icons have unusual names: appl .icns, slim.icns, and so on. These files have been
named after the OS type that those icons represent. For example, appl represents the application and
slim represents slideshow documents. This is not a requirement by Xcode or the system; it is merely a
way to remember what each icon is for. You can name icons whatever you like, provided you enter the
proper filename in your program’s Info.plist.

APPLICATION PREFERENCES

Most programs provide a preferences panel that allows users to customize the application to fit
their needs. By convention, applications are supposed to store their preferences in a specific place
with a specific file format. The system also provides tools that encourage developers to enforce these
conventions.

AANNellA N Examining Preference Files

1. Launch /applications/TextEdit. TextEdit displays a new, untitled text document.
2. Choose TextEdit = Preferences. A Preferences window appears, as shown in Figure 5-14.

3. Click the Restore All Defaults button. This returns TextEdit’s preferences to what they were when
Mac OS X was first installed. If you have already customized TextEdit’s preferences, you might
write down your settings so that you can restore them later.

4. Close the Preferences window.

5. Enter some text in the text document. Anything will do; you just need enough text for TextEdit to
note that the document needs to be saved.

6. Save the document to the Desktop. Name it Document.

7.  Quit TextEdit.
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8. In the Finder go to the Library/Preferences ¥, ToTo RN, |1 - S
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exactly): FIGURE 5-14

[Zazredia:~] mtrent% defaults read com.apple.TextEdit
{

NSNavBrowserPreferedColumnContentWidth = 186;
NSNavLastRootDirectory = "~/Desktop";
NSNavPanelExpandedSizeForSaveMode = "{537, 422}";
NSNavPanelExpandedStateForSaveMode = 1;

AF

FIGURE 5-15
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14.
15.

16.
17.

18.

19.

20.

21.
22.

23.

24.

Launch TextEdit again and open the Preferences window.

Uncheck the Delete Backup File checkbox found on the Open And Save tab and close the
Preferences window.

Quit TextEdit.

In Terminal, enter defaults read com.apple.TextEdit again. The output of the defaults
command will change to resemble the following:

[Macintosh:~] sample$% defaults read com.apple.TextEdit
{
DeleteBackup = 0;
NSNavBrowserPreferedColumnContentWidth = 186;
NSNavLastRootDirectory = "~/Desktop";
NSNavPanelExpandedSizeForSaveMode = "{537, 422}";
NSNavPanelExpandedStateForSaveMode = 1;

Enter defaults write com.apple.TextEdit DeleteBackup 1. Terminal should accept this
command without comment.

Again enter defaults read com.apple.TextEdit. The results should resemble the following:

[Macintosh:~] sample% defaults write com.apple.TextEdit DeleteBackup 1
[Macintosh:~] sample% defaults read com.apple.TextEdit
{
DeleteBackup = 1;
[ ... ]

Launch TextEdit and open the Preferences window. The Delete Backup File checkbox is
selected again.

Quit TextEdit.

In Terminal, enter defaults read com.apple.screensaver. An error message appears,
Ckﬂnﬁngthatthecom.apple.screensaver(hnnaﬁldoemftexmt

Enter defaults -currentHost read com.apple.screensaver. Some Screen Saver settings
should appear. If they don’t, change your Screen Saver settings in System Preferences
and try again.

Enter 1s ~/Library/Preferences/ByHost. You will see a number of files, including one begin-
ning with com.apple.screensaver as shown here:

[Zazredia:~] mtrent% defaults -currentHost read com.apple.screensaver
{
CleanExit = YES;
PrefsVersion = 100;
moduleDict = {
moduleName = Arabesque;
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"/System/Library/Screen Savers/Arabesque.qgtz";
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How It Works

Most applications store preferences of some kind. Normally, preferences are edited in an application’s
Preferences pane. Other settings might be set more transparently, such as an application that remem-

bers its window positions. Mac OS X will even save some settings on an application’s behalf, such as

open panel settings.

Normally, your application preferences are stored in your Library/Preferences directory. By desig-
nating a place for preferences to be stored, the system makes it easy for you to manage your own pref-
erence files (for example, by removing old preferences if necessary) and discourages applications from
writing preferences in other, less appropriate, places.

Actually, Mac OS X defines a number of places in which programs can store preference files.
Consider that a Mac OS X system might have multiple user accounts. Because preferences are generally
user-specific, each user has his or her own collection of preferences. However, some preferences may
be appropriate for all users on the system. Also consider that in larger networked environments, home
directories might live on a file server, and the user might share the same home directory among several
computers. Some preferences may be appropriate only for a specific system, whereas other preferences
might be shared among all systems. The following table outlines the various Preferences directories
on a Mac OS X system.

DIRECTORY PURPOSE

~/Library/Preferences Normally, user preferences are saved into their Library/
Preferences directory. In large networked environments, these
settings are appropriate for all machines that the user might log into.
This is the most common location for preferences on a Mac OS X

system.
~/Library/Preferences/ User preferences specific to a particular machine are stored in a
ByHost ByHost subdirectory of the user’s Preferences directory. For

example, screen savers tend to make assumptions based on a
computer’s display hardware, and thus save machine-specific
preferences. Normally, these machine-specific preference files are
tagged with the computer’s primary Ethernet address as a simple
means of uniquely identifying individual computers.
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DIRECTORY PURPOSE

/Library/Preferences Preferences specific to all users on a given system are saved in
the system-wide /Library/Preferences directory. For example,
preferences related to starting up your computer or for running
Software Update are stored here. But in general, such settings

are rare.
/Network/Library/ In large networked environments, preferences intended for all
Preferences users on all machines can be written to a special file server

directory found at /Network/Library/Preferences. These
settings, too, are rare.

In addition to providing common places for saving preference files, Mac OS X provides a common file
format for saving preference data: the property list. As you saw in the Info.plist, property lists can
hold a wide variety of structured data. This makes property lists ideal for storing application prefer-
ences as well.

Preferences are meant to be created lazily. Application installers shouldn’t install preference files along
with other file data; instead, application preferences should be created by the application when the user
actually sets a preference. In addition, the application doesn’t need to write out every preference value
when it saves a file; it can write out only values that differ from the default settings. You saw this when
looking at TextEdit’s preferences: the DeleteBackup key was absent when it had nothing meaningful to
store. Of course, you were able to manually set DeleteBackup to its default value, but you could also
have simply removed the DeleteBackup key entirely.

Applications that use Mac OS X’s built-in preferences system benefit from a number of features.
One of these benefits is a convenient API for working with preferences files. In the case of Cocoa
applications, the system takes care of reading and writing your preferences automatically; the
application only needs to work with the preference values themselves. You learn more about these
APIs in Chapter 8.

Another benefit of using Mac OS X’s built-in preferences system is that a number of tools exist for work-
ing with preference files. These tools include the Property List Editor application and the defaults com-
mand-line tool you saw in this example. Property List Editor is a normal document-based application
that works with property list files in general. The defaults tool is specifically designed to work with
preference files. When using defaults, you reference settings by their preference domain rather than by
filename. An application’s preference domain is normally the same as its CFBundleIdentifier. You can
use the -currentHost flag to easily distinguish between normal and machine-specific preferences. You
can learn more about the defaults command by reading its man page.

You may have noticed that the defaults command displays preference information in an unusual
format. Normally, property list files are a binary container format. The defaults command appears
to display the same data, but in a format using square and curly brackets to designate groups of values.
It turns out that this is actually an obsolete version of the property list file, used in systems prior to
Mac OS X. In earlier Mac OS X versions, Apple used a more modern XML format for property lists,
but as of Snow Leopard, it looks as if the binary format has completely replaced the XML format.
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Both Property List Editor and defaults allow you to change the content of your preference files. This
comes with a quick word of caution. Although the property list format is common to most preference
files, the semantic meaning of the content of the property list is specific to the application that wrote
the file. Editing an application’s preference file by hand may cause that application to misbehave or
crash if you make an inappropriate change. If you get into trouble with a corrupt or damaged prefer-
ence file, just delete it; the application creates a new one.

Not all applications follow these conventions. Some applications write their own preference file format
to the Library/Preferences directory; some store their files in other places entirely. This can actually
cause problems for certain kinds of Macintosh environments. For example, many administration tools
make use of the standard preference locations and file formats to allow system administrators to easily
configure entire rooms of Macintosh computers at once. Applications that do not save preferences in
standard locations using the standard format will not play well with these tools.

SUMMARY

In this chapter, you learned that

>  Mac OS X uses bundles to wrap a collection of files into self-contained directories that
appear as files in Finder and other programs.

Bundles store resources, including those intended for specific localizations.

»  The system provides standard locations and file formats for storing preference files, and
tools for viewing and editing them.

In the next chapter, you learn about the C programming language. C is commonly used in writing
Unix programs, and it also forms the base of the Objective-C programming language used by
Cocoa. Before proceeding, however, try the exercises that follow to test your understanding of the
material covered in this chapter. You can find the solutions to these exercises in Appendix A.

EXERCISES

1. You have seen how an application’s bundle structure defines various properties for an
application. Use the techniques for examining bundles you learned in this chapter to answer the
following questions.

a. How many document types does the TextEdit application support?
b. What is the Preview application’s bundle signature?

C. Whatis Terminal’s bundle identifier?
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e.

Some document types actually are bundles rather than solitary files. Examine an Xcode
project (bundles with an .xcodeproj extension). What kind of files might you find in an
Xcode project?

What is the current bundle version of the AppKit framework?

The defaults command provides a convenient way for working with application preferences
from Terminal. You can read and write preference values without having to manually find and
edit the preference file. Use the defaults command to perform the following tasks; if necessary,
check the defaults man page for help.

a.
b.
c.
d.

List all your machine-independent preference domains.

List all your machine-specific preference domains.

Display your Terminal preferences.

Create a new preference file called MyExamplePref with a single key Autosave set to 1.

Add key colors to your MyExamplePref preferences with an array of values: red, orange,
yellow.

Delete the Autosave key from your MyExamplePref preferences.
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» WHAT YOU LEARNED IN

Bundle

Info.plist

Global Resources
Localized Resources
Property List

User Preferences

Host-Specific
Preferences

defaults

THIS CHAPTER

a directory structure containing multiple files, usually masquerading as a
single file

a file found in most bundles containing common metadata such as the
bundle’s name and copyright string

files that are appropriate for all languages and locales, usually stored at
the top level of a bundle

files appropriate only for a specific language or locale, usually stored in
an lproj directory within a bundle

files of type plist that can hold an arbitrary hierarchy of data on
Mac OS X

property list files of application settings that are specific to a user

property list files of application settings that are specific to a single
computer

a command-line utility for reading and editing preference files

CONFER PROGRAMMER TO PROGRAMMER ABOUT THIS TOPIC.
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The C Language

WHAT YOU WILL LEARN IN THIS CHAPTER:

» How to write programs in the C programming language

» How to write C programs using the structured programming style
used in the Mac OS X C frameworks, including Core Foundation,
Quartz 2D, Core Audio, and OpenGL

C is probably the most successful programming language that there has ever been. Whether
you realize it or not, most of the software you use daily has something to thank C for.
Operating systems, such as Mac OS X, are invariably written in C, and most applications
make use of one or more frameworks that are entirely written in C. Popular languages, such
as Java, also take much of their syntax from C. Let’s face it, apart from the fact that it is still
very much in use today, C is the Latin of computer languages.

C also forms the basis of Objective-C , which is a more modern variant used for most new
application development on Mac OS X. Objective-C is the core language for the Cocoa
frameworks, which you learn about in Chapter 8.

Half the battle of learning to program new applications on Mac OS X is learning to program
in Objective-C, which you learn about in Chapter 7. And more than half that battle is learning
C. Objective-C is a superset of C, meaning it has everything that C has and a bit more. If you
already know C, you are well on your way to mastering Objective-C and Cocoa development
(which you learn about in Chapter 8).

In this chapter, you learn the basics of C, which will serve you well whether or not you continue
to develop for Mac OS X. By the end, you should be able to read existing C code without too
much trouble, and you will have the prerequisites to write programs in Objective-C.

A LITTLE HISTORY

C is the mother of many popular languages, including Objective-C, Java, and C++. Even
scripting languages such as Perl owe much to this venerable old workhorse. C began its
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journey to greatness at Bell Labs in 1969, where Ken Thompson and Dennis Ritchie created it. It
was used to write the first Unix operating system, from which Mac OS X ultimately descends. Other
operating systems, such as Windows and Mac OS, also owe a lot to C.

In 1989, the American National Standards Institute (ANSI) published the first official standard for
C. C was already very popular by this time, but standardization is always an important point in the
history of a programming language. Before this, a watershed book by Brian Kernighan and Dennis
Ritchie, C Programming Language (Prentice Hall, 1978), had become the de facto standard for C.
In 1999, the International Standards Organization (ISO) published an update to the 1989 standard,
known to developers as C99.

These days, C is used as a modern assembler. C was one of the first high-level languages, but relative
to more modern programming languages such as Objective-C and Java, it is actually quite low-level.
For programmers, it has transplanted much of the functionality of assembler and is often only used
when performance is critical.

NOTE Assembler is a very low-level language that is normally used only by
computers as an intermediate step to producing object code, which can be run by
the computer’s CPU. In the early days of computers — and sometimes still today —
a programmer often had to write assembler code for high performance because
hand-written assembler code could sometimes yield more efficient code than a
compiler produces.

GETTING STARTED

Every C program begins execution in the main function. It is the first piece of code that is run, and
it’s responsible for ensuring that other parts of your code are executed appropriately. Sometimes
amain function can be a few lines, as is often the case in software written with the Cocoa
frameworks (which you learn about in Chapter 8). At other times it may constitute the whole
program. Here is a simple example to get started:

#include <stdio.h>

int main (int argc, const char * argv[]) {
printf ("Why me? Why C?");
return 0;

}
The first line in this snippet is called a preprocessor directive.
#include <stdio.h>

The preprocessor, which is explained in more detail later in this chapter, is a program that passes over
the source code, modifying it, before the compiler is called to turn the program into binary machine
code that the computer can run. This particular line tells the preprocessor to replace the directive
with all the text from the file stdio.h. The file stdio.h is part of the standard C library, and the
preprocessor automatically knows where to find it. This type of file is known as a header file, and it
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contains definitions that can be used in C programs. Header files are an important part of C, and you
generally need to write many of them to define the functions and data structures in your programs.

The main function itself begins on the next line:

int main (int argc, const char * argv[]) {

The word int at the beginning of the line is known as the return type. It is the type of number that
the main function returns to the environment in which it was started. For a main function, the return
type is a whole number or integer, which is written as int in C. Returning a value of 0 from the main
function indicates that the run was successful, and any non-zero value indicates an error occurred.

NOTE Returning 0 to indicate success may seem odd if you have worked with
other programming languages. This oddity also carries over into Unix, which is
based on C; Unix commands also return 0 to indicate success, with a non-zero
value returned if an error arises.

The main function is listed next to int, followed by a block of code in parentheses. This block

of code is known as the parameter list. The main function can be passed a number of character
strings by the environment that runs it. For example, if a program is started on the command line,
a number of filenames or options that control the program’s behavior could be passed to the main
function. The parameter list contains parameters, in this case argc and argv. Parameters in turn
are variables, which are entities in which you can store values. In this case, argc has the type int,
which means it is an integer. Its value is the number of strings being passed to the main function.
argv holds the character strings themselves. The type of argv is quite involved, so we leave that
discussion for the later section “Characters and Strings.”

The body of the main function is included between braces (thatis, {. . .}), and looks like this:

printf ("Why me? Why C?");
return 0;

The first of these two lines is a function call. A function is a separate unit of code that you can jump
to in order to carry out some task, before returning to the original point in the code. A function

has a number of parameters, executes a block of source code, and returns a value. The function in
this case is called printf, and its definition is in the header file stdio.h included earlier. This is a
popular C function that prints a character string to the program’s output. In this case, the text why
me? Why C? should appear in the output of the program when it is run.

The final line of the main function just returns the integer number 0. As explained earlier, this
indicates to the environment running the program that it succeeded. The return statement is used
to return values and exit the main function immediately.

Note that each line of code in the example main function ends in a semicolon. C does not assume
a line has ended until it sees a semicolon, whether a return has been inserted or not. So this code is
equivalent to the return statement previously used:

return
0;
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C makes no distinction between the two. Note that unlike some other languages, you do not
need any character to indicate that a line continues. C takes the opposite approach — you need a
character to indicate a line has ended.

In the next Try It Out, you compile your first C program with Xcode and run it. The program in
question is an old favorite: Hello World. Xcode inserts a Hello World program whenever it creates a
new C project.

Compiling and Running a C Program with Xcode

1.  Create a new Command Line Tool project with Xcode. You can find Command Line Tool in the
New Project panel under Application. Call the project MyFirstMain.

2. In the Groups & Files view on the left, open the Source group and click main.c so you can view
its source in the editor.

3. You should already see the following code, which is inserted by Xcode:
) #include <stdio.h>

““;ﬂmﬁm int main (int argc, const char * argv[]) {

Wrox.com // insert code here
printf ("Hello, World!\n");
return 0;
}

code snippet MacOSXProg ch06/MyFirstMain/main.c

4. Compile and run this program by clicking the Build and Go toolbar item.

5. Bring up the Debugger Console (shown in Figure 6-1) by choosing Console from the Run menu.

ann (53 wnFirstMain - Debuggar Corsole 3

[Session started ot J009-07-38 11:49:55 B288. |

GHU gdb &, 3, 50-7B0S8E1% [Apple wersbon pdb=1344) (Fri Bul 3 B1419:%8 ufC 200%)
Eopyright 3884 Free faftware Fpusdation, Tnc.

GOD i3 free software, Covered by the GMU Gereral Public License, and you are
weleeme Lo change i andfof distridule copics ef i1 under certain cesditions.
Type “shew copylng™ £e see The csadilions.

There is assalutely && warranty far GOD. Type "shew warraniy” for details.
This CO8 was confipured o3 “xBE_fd-apple-darwia®. ity Sde«/tiysBi

Loading program ints debuggrr.

Progras laaded,

run

[Switchisg Lo process 375

Hunning..

Halle, Werldl

Orbugger stapprds
Progess saited with statul valuet@,

| Dabuggeg of WMyfinidas" snded nomally, a4
R AN EEii i
FIGURE 6-1
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How It Works

This is an example of the infamous Hello World program that is the bane of every beginning program-
mer, whatever the language they are learning. It simply prints out “Hello, World!” when it is run, as
you will have seen in the Debugger Console and can also see in Figure 6-1.

NOTE Apple, with its uncanny knack for fine details, has apparently spent more
effort on punctuation than most in its Hello World program.

The details of this example are very similar to the main function discussed earlier. This main
function also uses the definitions provided in the header file stdio.h, and in particular, the function
printf. The main function generated by Xcode includes a comment line, not present in the earlier
example. The comment line looks like this:

// insert code here .

A comment is a message to the programmer, which is ignored by the compiler. The double forward
slashes tell the compiler to ignore any text that appears up to the end of the line (that is, the next
return character). The comment is telling you that the code given is disposable, and can be replaced
by your own, which hopefully does something more useful than printing out “Hello, World!”

Apart from the text destined for display, the printf statement includes two extra characters that
you may have found perplexing: \n. These two characters together in a C string indicate that a new
line character should be inserted. C does not insert new line characters automatically after printing
a string; you have control over where and when new lines appear in the output.

VARIABLES AND DATA TYPES

The main functions in the previous sections demonstrate that even the simplest of C programs
include operations on data, even if it is just writing it to the program output. Any non-trivial
program needs to represent different types of data, and reference it in a way that a programmer
can understand. C has many built-in data types, including integer, decimal, and character types. To
store and reference data, C has variables, which are labels applied to pieces of data.

You should already recognize the fundamental integer type of C: int. It appeared in the previous
sections as the type of the variable: argc. An int is a whole number that can be positive, negative,
or 0. There are also other variations on the integer, including integers that cannot take negative
values (unsigned int), integers that take up less space but have a more restricted range of values
(short int), and integers that take up more space but can take a wider range of values (long int).
The following table provides the most important integer types in C.
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INTEGER TYPE MINIMUM VALUE MAXIMUM VALUE SIZE IN BYTES
int -2147483648 2147483647 4
short int -32768 32767 2
long int -2147483648 2147483647 4
unsigned int 0 4294967295 4

There are other variations on these types, but these are by far the most important and the ones you
will encounter the most.

Now that you know what integer types are available, it would be nice to know how to use them.
You can create integer literals in your code, which are values inserted directly, but you can also
create integer variables, which can be used to store integers and change value while the program is
running. Here is a piece of code to demonstrate some of the things you can do with integers:

) #include <stdio.h>

Available for : :
downloadon 17T r.naln( int argc, const char * argv[]) {
Wrox.com int varl;

int var2, var3 = 5;

varl = 10;

var2 = varl * var3;
printf("var2 is %d\n", var2); // Should be 50

unsigned int var4d = 4294967295;
printf("vard is %u\n", var4); // Should be 4294967295

vard = vard + 1;
printf ("vard is %u\n", var4d); // Should be 0

return 0;

code snippet MacOSXProg ch06/IntegerOperations/main.c

There is quite a lot happening in this code, so we will take it one step at a time, beginning with the
variables at the start of the main function.

int varl;
int var2, var3 = 5;
varl = 10;

The first two lines are declarations: they declare the type of variable. In this case, the variables
varl, var2, and var3 are all of the int type. var3 is not only declared, it is also initialized to the
value 5, and so 5 is put in the memory associated with var3 when it is created. You can also see
from the declaration of var2 and var3 that multiple variables of the same type can be declared on
the same line if commas separate them.
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WARNING You may be wondering if the variable names chosen have any
significance. The answer is no. They can be just about anything you like, with a
few limitations: variable names can contain only alphanumeric characters and
the underscore character, and variable names cannot begin with a number.
Other than that, you are free to choose any variable names you like, but try to
make them understandable so that others reading your code can follow it easily.

The next two lines perform an arithmetic operation on the variables, and print the value of var2.

var2 = varl * var3;
printf("var2 is %$d\n", var2); // Should be 50

var?2 is first set to the value of var1 multiplied by var3, and then the printf function — which you
were introduced to previously — prints the value of var2 to the program’s output. The expected
value is 50, or 10 by 3, as indicated in the comment.

ﬂ NOTE Don’t concern yourself with the form of the string passed to the printf
function — the details are discussed later in this chapter in the section
“Input/Output.”

The next lines introduce an unsigned integer variable and demonstrate what can happen if you are
not wary of the range limitations in the preceding table:

unsigned int var4d = 4294967295;
printf("vard is %u\n", vard); // Should be 4294967295

vard = vard + 1;
printf("var4 is %u\n", vard); // Should be 0

The variable var4 is declared and set to a very particular number. If you look to the preceding table,
you will see that this is the maximum value in a range of unsigned integers. The next line prints
var4, and the value should be as expected. However, var4 is then incremented by one, which takes
it outside the range of allowed values for unsigned int. What happens? The program continues
without error, but var4 wraps around to the lower limit of its range, namely 0. This behavior can be
expected with all of C’s numerical types, and you should be on your guard not to introduce hard-to-
find bugs in this way.

NOTE The variable var4 was declared in the middle of the main function, not
at the beginning. Some programming languages, including C originally, require
that all declarations reside at the beginning of the function in which they
appear. This has recently changed in the case of C so that you are allowed to
declare variables anywhere in the code.
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You can’t get far with integers alone, so C has a variety of decimal number types. These are referred
to as floating-point numbers in C, because the decimal point is able to “float” to any position in the
number. The following table shows the most important floating-point numbers you will encounter
in C programs.

FLOATING-POINT TYPE ~ SMALLEST VALUE LARGEST VALUE SIZE IN BYTES
float 1175494e-38 3.402823e+38 4
double 2.225074e-308 1.797693e+308 8

In this case, the largest negative number has not been presented, because it has the same magnitude
as the largest value, but the smallest non-zero number has been given instead. Infinitely many
decimal numbers exist, even between two values such as 0.0 and 1.175494e-38, which are very
close together. A computer can’t represent any decimal number, so it uses the closest number it can
find whenever a floating-point number arises that it can’t represent exactly.

NOTE |If you already have experience with other programming languages, you
may be wondering when we are going to discuss Boolean types. A Boolean
value is one that can be true or false. Actually, C didn’t originally have a
Boolean type. Instead, 0 was treated as false, and any other number as true.
This is still the common approach in C programs, though C99 did introduce a
Boolean type to the language: bool.

OPERATORS

In the previous examples, you saw some simple operators in use, adding and multiplying numbers
and variables. C has a variety of different operators, some that you need to use nearly every time
you sit down to program, and others that you rarely see. The following table shows some of the
most important arithmetic and logical operators in C.

OPERATOR SYMBOL DESCRIPTION EXAMPLE
Addition + Adds two numbers 546 +72
Subtraction - Subtracts the second number from the first number 8-6
Multiplication * Multiplies two numbers 7*19.5
Division / Divides the first number by the second nhumber 10/2
Modulus % Finds the remainder after integer division 1% 2
Logical OR Il True if one or both expressions are true 1110
Logical AND && Only true if both expressions are true 1&&1
Not ! True if the expression is false, and vice versa 10
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OPERATOR SYMBOL DESCRIPTION EXAMPLE
Increment ++ Increases the integer variable by one +i
Decrement — Decreases the integer variable by one ——i
Addition += Adds the LHS to the RHS and assigns a value i+=]j
Assignment to the LHS

Subtraction -= Subtracts the LHS from the RHS and assigns a value i—=j
Assignment to the LHS

Assignment = Assigns a variable on the LHS to the RHS i=5
Equality == Tests if two values are equal 1==
Inequality 1= Tests if two values are not equal 11=1
Greater Than > Tests if the first value is greater than the second value 10>5
Less Than < Tests if the first value is less than the second value 10<5
Greater or >= Tests if the first value is greater than or equal to the 10>=5
Equal second value

Less or Equal <= Tests if the first value is less than or equal to the 15<=19

second value

LHS = Left-Hand Side
RHS = Right-Hand Side

The table begins with the usual suspects of arithmetic operators. These behave pretty much as you
would expect. The only one to be wary of is the division operator. If you divide an integer number
by another integer number, the result is always an integer, whether the numbers divide exactly or
not. For example, in the following expression, the variable var ends up taking the value 2, not 2.2:

int var = 11 / 5;
Even in the following case, the variable will be 2. 0, rather than 2.2:
11 / 5;

float var =

Integer division can lead to some very interesting bugs if you are not careful. A general rule of
thumb for avoiding integer division is to make sure that when you want the correct floating-point
number to come out of a division of two numbers, one of them has to be a floating-point number.
Here are some ways you can ensure that:

not 2.0

float varl

5; // No good! We want varl to be 2.2,
float var2 /

11 7/
11.0 5; // Fine. Now var2 is 2.2

float var3 = 11;

float vard4 = var3 / 5; // Again fine. var3 is a float, so float division is used.
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If you are now cursing C for having ever been invented, note that sometimes you may actually
want the result of an integer division. And furthermore, you may want the remainder left after the
division. You can use the modulus operator in such instances, as shown in the following example:

int anInt = 5;
int divInt = anInt / 2; // divInt will become 2
int modInt = anInt % 2; // modInt will become 1

In this example, integer division is used to get the whole number of times that 2 goes into anInt,
and the modulus gets the leftover. You could use the modInt value to test whether anint is odd or
even, for example.

Logical operators appear next in the table. These are most commonly used in tests. For example, in
the following code, a number is tested to see if it is outside a given range:

if (x <0 || x >5 ) printf("x is outside the range 0 to 5 inclusive.");
if ( x < 0 & x > 5 ) printf("Wrong! x can't be in two places at once.");
if (x < 0 && !(x < -5) ) printf("x is -5, -4, -3, -2, or -1");

if ( x < 0 & x >= -5 ) printf("x is -5, -4, -3, -2, or -1 (again)";

The if statement, which tests an expression and carries out the corresponding action in the case
of a true (non-zero) result, has been introduced here. The if statement is discussed in detail later
in this chapter, but here it shows typical uses of logical operators. Each test compares the integer
variable x with integer constants, such as 0 and 5, to see if the variable is in a given range. The first
test, for example, checks whether x is less than 0 or greater than 5. If it is, a message is printed to
indicate that x falls outside the range 0 to 5, inclusive.

The third if statement demonstrates the NOT operator. The test is whether x is less than 0 and not
less than —5. In other words, this tests if x is greater than or equal to -5, and less than 0, as indicated
by the next test. Note the brackets used with the NOT operator: these ensure that the expression

x < -5 is evaluated before the NOT operator is applied. If you don’t do this, you could get some
unexpected results. For example, if x is equal to 6, then x < -5 should be false, so ! (x < -5) will
be true. But !x < -5 will be false! That’s because the NOT operator has precedence over the less-than
operator, so the expression will be evaluated similar to this: !x is evaluated first, and has the value 0
(false), because x is 6, which corresponds to true. So now the comparison is 0 < -5, which is false.

NOTE You need to be careful to consider operator precedence in your
expressions, and use parentheses to enforce your will whenever in doubt.
Precedence of operators is discussed later in this section.

C has various operators for changing the value of a variable. The increment operator ++ is used

to increase an integer by 1. The decrement operator — reduces an integer by 1. Any of the basic
arithmetic operators can also be combined with an equals sign to produce an operator that first
evaluates the right-hand side (RHS) of the expression, performs an operation between the left and
right sides, and lastly, assigns the result to the variable on the left. Here are some examples of these
types of operators:

www.it-ebooks.info


http://www.it-ebooks.info/

Operators | 155

1++; // 1 is now 6

i--; // 1 is 5 again

i += 1; // 1 is now 6

i *= 2; // 1 is now 12, i.e., 6 * 2
int j = 2;

i-=3+1; // 1iis 9

The last two statements demonstrate clearly how these operators work. In the last expression, 1 is
set as the value of itself minus the RHS. The following would be exactly equivalent:

i=1-(3+1);
This is actually a good way to remember how these operators work. Simply imagine an expression
using the assignment operator, =, in which the LHS also appears at the beginning of the RHS.

The remaining operators are fairly self-explanatory. There are the usual comparison operators, such
as greater than, less than, greater than or equal, and less than or equal. The equality operator is

==, which you should be careful not to confuse with the assignment operator =. The following is a
common bug made by beginning C programmers:

int a =1, b = 2;
if (a = b ) printf("a was equal to b");

If you think this code will not print anything, think again. The expression a = b sets a to the value
of b, which is 2. The if statement tests the value of a after the assignment, which is non-zero, so the
result of the test is considered to be true, and the printf statement is performed, printing the text.

One thing you may be wondering about is the order in which operators are evaluated in C, or the
operator precedence. The following table gives the operators in order of precedence. Operators
appearing in a given row have the same precedence, with the level of precedence decreasing down
the table. Expressions are evaluated in order from the operator of highest precedence to that of
lowest precedence. To override operator precedence, you can always turn to parentheses, the
contents of which are evaluated before any operators.

OPERATOR PRECEDENCE
[ p—

*1 %

R

<<=>=>
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Now that you know about simple data types and operators, it’s time to move on to more advanced
data types. In the next section, you learn about arrays and closely related types known as pointers,
which enable you to store multiple data values in a single variable.

ARRAYS AND POINTERS

Integers and floating-point variables are useful to be sure, but what do you do if you need to
represent lots of numbers of the same type? Coming up with unique variable names for each one
could be quite tiresome. Take the following code, for example:

int var0 = 1
int varl = 5
int var2 = 3;
int var3 = 2

int var9 = 7;

If you had to make up variable names to represent a thousand values similar to this, you would soon
lose any interest you might have had in writing C programs.

Luckily, C provides array variables, which are variables containing many values of the same data
type. If you consider the preceding code, you will notice that each variable name starts with var and
has a number appended to make it unique. Arrays work the same way, except the number, or index,
is not part of the variable’s name. Here is an example similar to the preceding code, but using an

array instead of multiple, simple variables:

int var[10];
var[0] =
var [
[
[

0
1;
11 = 5;
2] =3
3] 2

i

var
var

var[9] = 7;

The array variable var contains 10 integers. You can see that from the way it has been declared: the
number 10 in square brackets is the size of the array. The indexes are used to access the elements of
the array range between 0 and 9, and appear in the square brackets directly after the variable name.
Array indexes in C always begin at 0; this differs from some other programming languages that
begin counting at 1.

ﬁ NOTE |If the preceding examples have you wondering what the advantage of
:: using arrays is over lots of different variables, you will have to wait until we get
to the section on loops to find out. The advantage may not be evident looking
at the examples so far, where each array element has been assigned on a
separate line of code, but it will become clearer when you have a means of
moving through the elements of an array without explicitly referring to each one
individually.
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If you don’t explicitly set the value of an array element, its value is undefined. It could have any
value, and you shouldn’t try to access its value until you have initialized it. There is a shorthand way
of initializing an array that can save you typing in the same variable name over and over. When you
declare the array, you can set its contents as this:

int var[10] = {1,5,3,2,2,3,4,5,6,7};

The numbers in the braces on the right are used to initialize the contents of the array var. Actually,
the size of the array is even optional in this case, because the compiler can see how long the array
should be from the number of entries used to initialize the array, so the following is also legal:

int var[] = {1,5,3,2,2,3,4,5,6,7};

You still need to include the square brackets to indicate that the variable is an array, but you do not
need to enter the size of the array explicitly.

An array is stored as a block of contiguous memory, meaning there are no gaps in the data. The
computer stores the numbers together, with var [1] just before var [2]1, which is just before var (31,
and so forth. The C compiler calculates where a particular array element is by calculating how far
it is offset from the beginning of the array. So the array is stored as the memory address of var (0],
and whenever another element of the array is accessed, the compiler simply calculates how far it is
from var[0], giving its address in memory. For example, var [2] is two steps from var[0], so it
must be stored two memory addresses after the address of var(0].

In C, a variable that holds a memory address is known as a pointer. You can create pointers
explicitly in your programs, and retrieve the pointer of any variable. You can also perform pointer
arithmetic, calculating new pointers from existing ones. Here is some code to demonstrate basic
properties of pointers:

int *p;

int a = 5;

p = &a;

printf ("$d\n", *p); // This should print 5

*p o= 2;
printf ("%d\n", a); // This should print 2

A pointer is declared whenever an asterisk appears before the variable’s name. In the preceding
code, int *p; declares a pointer variable called p. This pointer points to the address in memory of
an int. The value of p was not initialized, so you don’t know what it is pointing to in the beginning,
and you shouldn’t use it until it has been assigned.

After declaring and initializing an int variable called a, the next line assigns the pointer to the
address of a, similar to this:

p = &a;

The operator & is called the address-of operator. It gives the memory address of the variable it
precedes, in this case a. This address has been assigned to the pointer p, so p points to a.
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The value pointed to by p is printed next.
printf ("%d\n", *p);

It is important to recognize the distinction between the pointer’s value, which is an address in
memory, and the value it points to, which is an int in this case. To access the pointer’s value, you
simply use the pointer variable, such as when the pointer was assigned to the address of a. When
you want to access the value pointed to by the pointer, you need to dereference it by inserting an
asterisk immediately in front of the pointer variable. This asterisk tells the compiler to use the value
that the pointer points to, rather than the memory address stored in the pointer. Because p points to
a’s address, the value of a is printed, namely 5.

WARNING When you are first learning C, it is easy to confuse dereferencing

a pointer with declaring a pointer because both use the asterisk character in
the same way. You should try to make this distinction in your head early on:
inserting an asterisk when declaring a variable indicates that the variable is a
pointer to the type, and inserting an asterisk in other parts of the code indicates
that the value pointed to by the pointer will be used, not the memory address
stored in the pointer.

Pointer dereferencing is demonstrated further on the next line of code:
o= 2

In this case, the value pointed to by p is set to 2. Because p points to the same memory as a, this will
also change the value of a. When a is printed on the last line, the output should show 2 instead of
the initial value of s.

( ﬁ ’ NOTE How big is a pointer variable? The answer depends on the type of

computer and operating system you are using, and even the compiler settings
that were used to compile an application. In early versions of Mac OS X, the
size of a pointer was 32 bits, or 4 bytes. You may have heard the term 32-bit
operating system,; this refers to the size of the pointers used to store memory
addresses. Mac OS X Snow Leopard has support for both 32-bit and 64-bit
pointers, which makes it possible for an application to address much more
memory. Snow Leopard is a 64-bit operating system.

Pointers and arrays are closely related in C, as you may have gathered from the preceding
discussion. An array is represented internally as a pointer to some memory, and in C programming,
it is quite common to use the two interchangeably, as the following example shows:
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*a = 2; // Sets al0]
*(a+l) = 5; // Sets alll

*(a+2) = 10; // Sets al2]

int *p;

p = &all]l;

printf ("%d\n", *p); // Should print a[l], which is 5

printf ("%d\n", *(p-1)); // Should print a[l-1], which is a[0], which is 2

An array a has been declared, but its contents have been set as if a were a pointer. That’s because in
C, an array and a pointer are equivalent. Take the first assignment:

*a = 2;

This sets the value pointed to by an int pointer to 2. The variable a points to the first element of the
array — the element at index 0 — so setting *a sets the first element of a.

The next two lines are a little more involved:

*(a+l) = 5; // Sets alll
*(a+2) = 10; // Sets al2]

You can do arithmetic with pointers, just as you can with integers. When you add an integer to a
pointer, the result is a new pointer offset from the original by the amount added. Adding 1 to an
int pointer results in the memory address of the next int in memory. Adding 2 results in a memory
address that is 2 integers further in memory. In the example, * (a+1) is equivalent to a[0+1], which
isal1l, so the value of a[1] is set to 5. The same logic can be applied to the line for * (a+2).

The last block of code in the example introduces a new pointer, p, which is set to the address of
array element a[1], like this:

p = &all];

The right-hand side of this expression uses the address-of operator, &. It takes the address of the
array element a[1], which means p is assigned the address of a[1]. You could also write the
equivalent expression, like this:

p = a+l;

Hopefully the examples of pointer arithmetic have taught you enough to realize that these two
expressions achieve the same end result.

The last two lines of the example print the value pointed to by p, and the int in the memory address
preceding p. The latter is given by the expression * (p-1). This pointer arithmetic demonstrates that
you aren’t restricted to merely adding offsets to pointers, but you can also subtract them. You can
even use operators such as ++ and — with pointers, as well as += and -=.

In the following Try It Out, you write a program to test your knowledge of pointer arithmetic. The
program asks you questions about pointers used to access data stored in an array, and you enter
the answers in the console. When you are finished, a score is printed to tell you how many you

got right.
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Working with Pointers

1.  Create a new Command Line Tool project with Xcode and name it Pointy.

2. Open the main function in the editor by opening the Source group in the Groups & Files view and
clicking the main. c file.

3. Replace the default code provided by Xcode with the following in main.c:

’) #include <stdio.h>
Available for
dwm?ﬂﬁn /* Pointy is a program to test your pointer arithmetic.
The user is asked to answer questions about the value pointed
to by an integer pointer. */
int main (int argc, const char * argv[]) {

printf ("Pointy: A program to test your pointer arithmetic\n");

int intArray[] = {10,20,30,40,50};
printf ("The variable intArray holds these values: %d
[

%d %d %d %d\n",
intArray[0], intArray[l], intArray([2], intArrayl[3]

, intArrayl[4] );

int answer;
int score = 0;

// Question 1

int *p;

p = intArray + 3;

printf("p is set to 'intArray + 3'. What is the value of *p? ");
scanf ("%d", &answer) ;

if ( answer == *p ) {
++score;
printf ("Very good!\n");
}
else {
printf ("No, the answer is %d\n", *p);
}

// Question 2

P

printf ("After applying ++p, what is the value of *p? ");
scanf ("%d", &answer) ;

if ( answer == *p ) {
++score;
printf ("Very good!\n");
}
else {
printf ("No, the answer is %d\n", *p);
}
// Question 3
p = &intArrayl[4] - 1;
printf("p is set to &intArray([4] - 1; What is the value of *p? ");

scanf ("%d", &answer) ;
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if ( answer == *p ) {
++score;
printf ("Very good!\n");
}
else {
printf ("No, the answer is %d\n", *p);
}

printf ("You got %d out of 3.\n", score);

return 0;

code snippet MacOSXProg ch06/Pointy/main.c

4. Build and run the program by clicking the Build and Go toolbar item.

5. Open the Debugger Console by choosing Console from the Run menu. You should see some
introductory text and a question. Type the answer to the question, and the questions that
follow, into the Debugger Console. Be sure to enter only integer values in response to the
questions, or the program may behave unexpectedly.

6. You should be told after each question whether you have the answer correct, and at the end you
will be told your score. Keep rerunning the program by clicking the Restart toolbar button in the
Debugger Console window until you get all questions correct.

How It Works

The code for this example may seem complex at first, but it is very repetitive. It begins by initializing
some data, and then asks three questions. The source code for each question is virtually identical, so
only the code used to ask the first question is discussed.

( ﬂ ) NOTE Duplicating code that is the same or almost the same throughout your

program is a bad idea, because when you need to change something, you
need to track down all the different pieces of copied code and change those as
well. This is a big waste of time and effort, and can introduce bugs. A better
way is to write the code once in a function, and call the function at each point
that you need to execute the code. Functions are discussed in more detail later
in this chapter.

Before the main function even starts, there is some introductory text in the form of a comment for
the programmer. You have already seen single-line comments, which begin with a // and continue
to the end of the line, but in this case the multiple-line variety is used. Multiple-line comments
can be one or more lines, begin with the symbols /*, and end with */. Anything in between is
completely ignored by the compiler.
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After printing an introductory message, the main function begins like this:

int intArray([] = {10,20,30,40,50};
printf ("The variable intArray holds these values:

%d %d %d %d %d\n",
intArray[0], intArray[1l], intArray([2], intArray]|

3], intArrayl[4] );

int answer;
int score = 0;

This initializes the variable intarray to be an array of integers, with five entries. The print£
statement writes the values in the array to output, so that the user can see what is in the array and is
able to answer the questions. Two other variables are also declared, answer and score. The score
variable, which will be used to count how many questions are answered correctly, is initialized to 0.
The answer variable is used to store the answers typed in by the user.

The code for the first question looks like this:

// Question 1

int *p;

p = intArray + 3;

printf("p is set to 'intArray + 3'. What is the value of *p? ");
scanf ("%d", &answer) ;

if ( answer == *p ) {
++score;
printf ("Very good!\n");
}
else {
printf ("No, the answer is %d\n", *p);
}

A new pointer variable p is declared and set to be intArray+3. A printf statement then prompts
the user to enter the answer to a question about *p, the value pointed to by p.

A second function, scanf, is used to read what the user types. scanf is also from the header file
stdio.h, and reads anything entered on standard input, which in this case is what the user types
on the keyboard. Do not concern yourself too much with the call to scanf; it simply expects to read
an integer from input, and puts the value of the integer read into the int variable answer. You will
learn more about scanf in the section “Input/Output” later in this chapter.

Another new construction is introduced on the next lines: the if/else statement. You have already
seen if statements, and this is simply a variation on the theme. If the value in parentheses evaluates
to a non-zero number, it is considered true, and the code in the braces following the if is evaluated.
If the expression in the parentheses is 0, it is considered false, and the code in the braces after

the else statement is evaluated instead. The if/else construction is described in detail later in
this chapter.
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In the preceding example, the value entered by the user, which is stored in the variable answer, is
compared for equality with the value pointed to by p. If it is the same, the user was right, so the
score variable is incremented and a congratulatory message is printed. If the user was wrong, the
correct answer is printed, and the score variable is left unchanged.

After all questions have been answered, the program writes the user’s score and stops.

CONDITIONAL BRANCHING

In the previous section, you became acquainted with conditional branching, whether you realized

it or not. Branching occurs in a program when execution can jump to different parts of the code
depending on the situation. The term branching refers to the way that program execution

can follow different paths, like a monkey climbing a tree or someone rowing up a river. In the case
of the if/else construction, the program chooses between jumping to the block of code just after
the if statement or to the block of code after the else statement. The path followed depends on
whether the condition in parentheses is true or false. This explains the “conditional” in “conditional
branching”: the branch followed depends on whether a condition is true or false.

Consider the following if/else construct:

if ( everestIsHigh ) {
printf ("Everest is apparently a high mountain");
}
else {
printf ("Which world do you call home?");
}

This is the same form of i f/else used in the previous example. If the value in parentheses,
everestIsHigh, evaluates to a non-zero value, the code in the if block will be evaluated;
otherwise, the code in the else block is evaluated. Each code block is enclosed in braces, and
may consist of zero or more statements. The placement of the braces is entirely at your discretion,
because C ignores extra whitespace, including new lines. The following rewrite of the example is
also perfectly legal, but not advisable:

if ( everestIsHigh ) { printf("Everest is apparently a high mountain"); } else
{

printf ("Which world do you originate from?"); }

Common conventions for brace placement include putting the opening brace at the end of a line
and the end brace alone on a line, as in the first example in the preceding text, and putting each
brace on a separate line, such as this:

if ( everestIsHigh )
{
printf ("Everest is apparently a high mountain");

}
else

{

printf ("Which world do you originate from?");
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You may also see this variation:

if ( everestIsHigh )
{
printf ("Everest is apparently a high mountain");

}

else

{
printf ("Which world do you originate from?");

}

The point is that all these variations are legal in C. It is up to you to choose a style that makes your
code legible for yourself and other programmers who may need to read your code.

If you have only a single statement in a code block, it is even possible to leave out the braces
altogether, as in the following example:

if ( everestIsHigh )

printf ("Everest is apparently a high mountain");
else

printf ("Which world do you originate from?");

In practice, this can be a risky exercise, because if you ever need to add an extra statement to one
or other of the code blocks, chances are you will forget to add the braces. Take a look at this code,
for example:

if ( everestIsHigh )
printf ("Everest is apparently a high mountain");
else
printf ("Which world do you originate from?");
++1;

This code is equivalent to the following:

if ( everestIsHigh ) {
printf ("Everest is apparently a high mountain");
}
else {
printf ("Which world do you originate from?");
}

++1;
However, it is not equivalent to the following code, as you may have thought:

int everestIsHigh = 1;
if ( everestIsHigh ) {
printf ("Everest is apparently a high mountain");
}
else {
printf ("Which world do you originate from?");
++1;
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It is reasonable, however, to leave out the braces when you use a solitary if, without an else
branch, as shown in the following example:

if ( everestIsHigh ) ++highMountainCount;

You have already seen this form of if in many of the examples. It is fairly safe to use, because you
are unlikely to accidentally forget to add braces when you add a new statement to the if block.

Often, you don’t have only two different branches to choose from, but instead you have a whole
range of choices. You can use if/else if/else constructions in such cases, as shown here:

float mountainHeight = 6000.0; // Height in feet

if ( mountainHeight > 15000.0 ) {
printf ("A monster!");

}

else if ( mountainHeight > 10000.0 ) {
printf("I've seen bigger.");

}

else if ( mountainHeight > 5000.0 ) {
printf("You call that a mountain!");

}

else {
printf ("Mountain? Or molehill?");

}

The if/else if/else construct is basically a number of if statements chained together, with an
optional else at the end. The code following the first condition that evaluates to true is used, and all
other code is skipped. In the example, the mountainHeight variable is tested to see if it is greater than
15000.0 feet. If so, A monster! is printed, and execution continues after the last else branch — all
other branches are ignored. If the first test fails, the condition of the first else if is tested. If that is
true, I've seen bigger. is printed and execution jumps to after the else, and so on. If none of the
else if conditions evaluate to true, the code in the else block is performed.

C includes another conditional branching construction for choosing between discrete integer values:
switch/case. The if/else if/else construction is general, and can be used whenever you have
multiple branches. The switch/case construction is less general, but a bit more compact, and can
help improve the legibility of your programs. Here is an example of switch/case:

int age = 3;
switch (age) {
case 0:
printf ("Newborn\n") ;
break;
case 1:
printf ("Baby\n") ;
break;
case 2:
case 3:
printf ("Toddler\n");
break;
case 4:
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printf ("Pre-schooler\n");
break;
case 5:
printf ("School Kid\n");
break;
default:
printf ("That ain't no kid!\n");
}

switch is used to branch based on the value of an integer variable. In the preceding example, the
age of a child is represented as an integer. The switch statement tests the value of age against each
case in order. The case statement includes a single integer value, followed by a colon. If the integer
in the case equals the value of the variable in the switch, the code under the case is executed.

Despite what you might expect, after a case has been matched, all the code below that case is
executed until a break statement is encountered, even if some or all of the code appears under a
different case. The switch/case construction is different from if/else if/else in this sense,
because after an if or else if block has been evaluated, execution automatically jumps to the end.
With switch/case, you are responsible for making sure that the program jumps to the end when it
should. You do this with the break keyword.

In the preceding example, case 2: appears immediately in front of case 3:, and includes no

code of its own. If the child is two years old, execution continues from the case 2: branch to the
case 3: branch, where Toddler\n gets printed. Only after the break statement does execution
jump to the end of the switch. The other cases each have a single call to printf, followed by a
break. The optional default block is equivalent to else: it gets executed if no other case matches.

The last conditional branching construction discussed here is actually an operator: a ternary
operator. It is ternary because it has three parts. You can use the ternary operator as a shorthand
way of choosing one value or another based on the value of a condition. Here it is in action:

// Ice cream id's
const int CHOCOLATE = O0;
const int STRAWBERRY = 1;

// People id's
const int MOM
const int DAD

0;
1;

// Set person
int person = DAD;

// Dad's favorite is Chocolate
int favorite;
favorite = ( person == DAD ? CHOCOLATE : STRAWBERRY );

The ternary operator appears at the end of this example:

person == DAD ? CHOCOLATE : STRAWBERRY
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The ternary operator consists of a condition — in this case, the comparison between the variable
person and the constant DAD — followed by a question mark, and then two expressions separated
by a colon. The ternary operator is used here to set the value of the variable favorite, according to
thevahkfofperson.prersonisequalﬂ)DAD,favoriteissettothevahKiofCHOCOLATE;
otherwise, it is set to STRAWBERRY.

NOTE It is a good idea to enclose the ternary operator in parentheses when it
is used in expressions like the previous one, because they help avoid surprises
that can arise due to operator precedence.

The ternary operator’s condition appears before the question mark. If the condition evaluates to a
non-zero value, it is considered true, and the value of the expression before the colon is evaluated
and returned. If the condition evaluates to 0 (that is, false), the value of the expression after the
colon is used.

To clarify matters, the statement containing the ternary operator in the preceding code is equivalent
to the following more-verbose if/else construct:

if ( person == DAD ) {
favorite = CHOCOLATE;
}
else {
favorite = STRAWBERRY;
}

The ternary operator can be useful for writing more-compact code, when there are only two
branches and branching is being used to set a variable or to evaluate part of a larger expression, as
in the following;:

const int FEET = 0;
const int INCHES =
float height = 6.0;
int units = FEET;

float heightInInches = ( units == FEET ? 12 : 1 ) * height;

1;

In this example, the ternary operator has been embedded in a larger expression, rather than being
used to set a variable directly. The value of the variable units is compared with the value of the
variable FEET. If the value of units is in feet, the ternary operator evaluates to 12; otherwise, it

is 1. The operator thus chooses the conversion factor for multiplying by height. If the units are
already inches, the conversion factor is 1, but if the height variable is in feet, it is multiplied by 12
to convert the value into inches.

You may have noticed the keyword const used in the preceding examples. It is not strictly
necessary, but it can help prevent bugs. const tells the compiler that the value of a variable may not
change after it has been initialized. If you try to change the value of a const, you will get an error
from the compiler.
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NOTE Constant variables are often given names that are all capitalized. This is
a convention to make code more readable, but it is not a requirement of the C
language itself.

LOOPS

If there is one thing that computers are good at, it is repetitive tasks. C has various constructs for
repeating a block of code, which is known as looping. Looping is also a form of branching because
at the end of a loop, execution can either continue or return to the beginning of the loop.

The simplest form of loop in C is the while loop. while keeps looping until a condition is no longer
true. The condition is tested whenever execution returns to the beginning of the loop after each
iteration. A while loop takes this form:

while ( condition ) {
}

The order of events in a while loop goes as follows: When the while is encountered, the condition
in parentheses is tested. If it is true, the block of code between the braces after while is executed,
and execution jumps from the closing brace back to the while statement, where the condition is
tested again. This continues until the condition evaluates to 0 (false), at which point execution
jumps immediately after the last brace and continues.

Here is a concrete example of a while loop:
int 1 = 0;
while (1 <2 ) {
printf ("%d\n", 1i);
++1;
}

The execution of this example code proceeds as follows:

1.  When the while is first encountered, i is equal to 0, which is less than 2, so execution
jumps to the code in the braces.

2. The printf statement is executed, printing 0 to standard output.
3. i isthen incremented to 1.

4. At the closing brace, execution jumps back to while, and again performs the test. Because
i is 1, and this is still less than 2, the code in the braces is executed again.

5.  After execution has jumped back to while again, i is equal to 2. Because 2 is not less
than 2, the condition is not met, so the program jumps to the last brace, and continues with
the rest of the program. The code between the braces is not performed in this case.
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A disadvantage of while loops is that if you are not careful, you can end up in an infinite loop. This
arises when the condition in the while statement never evaluates to false, and no other provision for
escaping the loop is made. Here is the simplest infinite loop we can think of:

while (1) {
}

If you run this code, and wait for it to end, you could be waiting a while (pardon the pun). Because
1 never equates to 0, the loop will never finish — it will be infinite.

NOTE This concept is so important to computing that Apple named its campus
driveway after it. The street address of the Apple campus is 1 Infinite Loop.

Nevertheless, you will occasionally see a while loop with its condition equal to 1. Does that mean
such loops will never end? Not necessarily, because you can break out of a loop in other ways. The
C command break, which you encountered in the context of switch/case statements, can also be
used to escape a while loop, like this:

int i = 0;

while (1) {
if ( 1 >= 5 ) break;
printf ("%d\n", 1i);
++1;

}

This code is actually equivalent to the first while loop example given previously. It will loop until
i is greater than or equal to 5, at which point the if condition will evaluate to true, and the break
will be performed. Execution then jumps immediately to the closing brace, and continues.

Another common loop in C programming is the for loop. In theory, you can do everything a
for loop can do with a while loop, but the for loop is often easier to read and understand. The
structure of a for loop is a little more complex, but after you get used to it, it is straightforward
enough. It takes the following form:

for ( initialization; condition; update ) {
}
As you can see, the for loop has parentheses just as the while loop does, but it expects more

than just a single condition. Three entries are required, separated by semicolons. The first is an
initialization statement, which is performed only once at the beginning. The second is a condition
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that determines whether the loop should continue or not, just like the while loop has. The last
are statements that are executed at the beginning of each new iteration, which are usually used to
update indexing variables.

A for loop typically looks something like this:

int 1i;

for (1 =0; i < 2; i++ ) {
printf("$d\n", 1);

}

This code performs the same operations as the first example of while shown previously. The
program flow goes like this:

1.  When the for loop is first encountered, the initialization block is executed, setting i to 0.

2. The condition is then checked, and because i is less than 2, the code in the braces is
executed.

3. The printf statement prints the value of i, which is 0, to standard output.

4. Control jumps from the closing brace back to the for statement. The update statement is
executed first, incrementing i to 1.

5.  Next the condition is tested. Because i is still less than 2, the code in braces is executed
again, and 1 is printed.

6. When the for statement is encountered for the third time, the update operation increments
i to 2. Then the condition is checked, but this time it is false, so control jumps immediately
to the closing brace without performing the printf, and continues with the rest of the
program.

for loops are most commonly used to perform operations on arrays. Here is an example of adding
the elements of two arrays, and storing the result in a third:

int arrayll[] = {1,2,3,4,5};
int array2[] = {2,3,4,5,6};
int array3[5];
int 1;
for (1 =0; i< 5; ++1 ) {
array3[i] = arrayl[i] + array2[i];
}
for (1 =0; 1 < 5; ++1 ) printf("%d ", array3[i]);

printf ("\n");

Arrays arrayl and array? are initialized to each hold five elements. The array array3 is

given a size, but its elements are not initialized. The for loop loops over i values from 0 to 4
inclusive, executing the summation in braces, which sets the elements of array3 to the sum of the
corresponding elements of arrayl and array2. The last for loop prints the values of array3 one
after the other, separated by a space. The last printf adds a new line character to the end.
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NOTE The for loop responsible for printing array3 does not include any
braces. Braces are not necessary in this case because there is only one
statement to be performed. This is a general aspect of C that you have already
encountered for i f statements.

You should take careful notice of the form of the for loops used in the preceding code, because it is
very common. Whenever you need to iterate over the elements of an array, you generally use a for

statement with the following three characteristics:

»  The index variable is initialized to 0, corresponding to the first element in the array.

»  The condition expression requires that the index variable be less than the array length.

»  The index is incremented after each iteration.

This structure is summarized by the following form:

int 1i;
for (i = 0; 1 < array_length; ++i ) {

}

If you stick to this formula for iterating array elements, you should rarely go astray.

Q WARNING for loops often lead to what are called off-by-one or fence-post
bugs, particularly for beginner programmers. An off-by-one bug arises when
the loop iterates one too many or too few times, either not treating all the array
elements, or treating too many and going outside the bounds of the array. (The
latter can lead to program crashes known as segmentation faults, because the
segment of memory assigned to the array was exceeded.)

The best way to avoid these types of bugs is to develop a convention that
works, and always use that convention. The for loop convention shown is a
good example. If you always use i < array_length, for example, instead of
sometimes using i <= array_length - 1, you are much less likely to make a
mistake.
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Statistical Analysis of Array Data

1.  Create a new Command Line Tool project with Xcode and call it statistics.

2. Open the file main.c in the editor by clicking it in the Groups & Files view. You can find it in the

Source group.

3. Replace the default code inserted by Xcode with the following:

‘) #include <stdio.h>

#include <stdlib.h>

Available for
download on

Wroxcom int main (int argc, const char * argv[]) {
const int DATA_SIZE = 1000;
float heightData[DATA_SIZE];

// Initialize data randomly.
int i;
for (1 = 0; 1 < DATA_SIZE; ++1i ) {
float randNum = (float)rand() / RAND_MAX; // From 0.0 to 1.0

heightData[i] = 150.0 + ( randNum * 70.0 ); // 150.0 to 220.0 centimeters

}

// Calculate statistics
float maxHeight = 0.0, minHeight = 1000.0;
float sum = 0.0, average;
for (1 = 0; i < DATA_SIZE; ++i ) {
sum += heightDatali];
if ( heightData[i] > maxHeight ) maxHeight = heightDatal[il];
i]

if ( heightDatal < minHeight ) minHeight heightDatali];

}
average = sum / DATA_SIZE;

// Print results
printf ("Average Height (cm): %f\nMaximum Height (cm): %f\n"
"Minimum Height (cm): %f\n",
average, maxHeight, minHeight);
return 0;

code snippet MacOSXProg ch06/Statistics/main.c

4. Click the Build and Go toolbar item to compile and run the program.

5. Open the Debugger Console by choosing Console from the Run menu, and verify that it contains

results similar to, although not exactly the same as, what’s shown in Figure 6-2.
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FIGURE 6-2

How It Works

This program calculates a number of statistics for a data array of the heights of 1,000 people, given in
centimeters. Rather than use real data, the data is generated randomly within a realistic range of val-
ues. The statistics calculated are the average or mean, the maximum height, and the minimum height.
You will need to use the techniques in this example many times in your C programming. For example,
calculating the maximum or minimum value in an array is a very common programming task.

The declaration of the array holding the data makes use of a constant integer called DATA_STZE.

const int DATA_SIZE = 1000;
float heightData[DATA_SIZE];

Using a constant like this is good practice. If instead of using a constant, you just typed 1000 anywhere
in your program that the array size was needed, you would soon discover that changing the amount

of data can be very inconvenient. You have to find every point in the code where you typed 1000, and
change it to the new size. If you use a constant variable, as in the example, you have to change only the
value of the constant whenever you want to change the size of your array. The rest of the program is
automatically updated, because there is no reference to 1000, only to the constant variable.

The code to randomly initialize the height data looks like this:

// Initialize data randomly.
int 1i;
for (i = 0; i < DATA_SIZE; ++i ) {
float randNum = (float)rand() / RAND_MAX; // From 0.0 to 1.0
heightbData[i] = 150.0 + ( randNum * 70.0 ); // 150.0 to 220.0 centimeters
}

This loops over the elements in the array. For each element, a random number between 0.0 and 1.0 is
generated and put in the variable randNum. randNum is used to generate a value for the height between
150.0 and 220.0 centimeters, which is inserted in the heightData array.
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NOTE The function rand returns an int between O and the constant RAND_MAX.
The declarations of both rand and RAND_MAX come from the stdlib.h file that
has been included at the beginning of the program.

To generate a random float between 0.0 and 1.0, the int returned by rand is first converted to a
float, similar to this:

(float)rand()

This is called a cast. You force the compiler to convert the int from rand into a float. Putting a
data type in parentheses, as this does, tells the compiler you want to cast the number or variable
that follows to a different type.

The random float is divided by the int RAND_MaXx, so the result is a float between 0.0 and 1.0.
The floating-point number randNum is then used to generate a height between 150.0 and 220.0. You
can verify for yourself that the code given achieves this result, if randNum is between 0.0 and 1.0.

The statistics are calculated in the second loop, as shown here:

// Calculate statistics

float maxHeight = 0.0, minHeight = 1000.0;

float sum = 0.0, average;

for (1 = 0; i < DATA_SIZE; ++i ) {
sum += heightDatali];
if ( heightData[i] > maxHeight ) maxHeight
if ( heightData[i] < minHeight ) minHeight

heightDatali];
heightDatali];

}
average = sum / DATA_SIZE;

To calculate the average, the sum of all heights is first calculated and then divided by the total
number of people. The variable sum is used to accumulate the sum of heights. It is first initialized to
0.0, and has heightData[i] added to each iteration of the loop. The variable average is set to sum
divided by paTA_s1ZE after the loop.

To calculate the maximum height, the variable maxHeight is used. It is first initialized to a very
small height value, namely 0. 0. In each iteration of the loop, heightData[i] is compared with the
current value of maxHeight. If it is larger, maxHeight is set to heightData[1i], which is the new
maximum height. If not, no action is taken. When the loop completes, maxteight will hold the
largest value in the array.

Evaluating the minimum height is similar, except the variable used to accumulate it, minHeight, is
initialized to a very large value. Whenever heightData[i] is smaller than minHeight, minHeight
is updated.

The last lines of the main function simply print out the values of average, minHeight, and
maxHeight.
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FUNCTIONS AND BLOCKS

Many of the examples you have seen thus far have included the printf statement, but what is
printf exactly? printf is a function in the C standard library that prints a string to standard
output. A function is a block of code that can be executed from any other point in your program.
When you execute a function, you are said to be calling it. When you call a function, your
program performs the code in the function body, before returning to the point of the call.

WARNING The standard library is a collection of functions and constants
provided with every C compiler. It includes functions for reading and writing files,
and manipulating strings, among other things. C programmers need to use the
standard library in virtually every piece of code they write.

Here is a simple example of a function, with calling code:
#include <stdio.h>
int AddFunc (int a, int b) {

return a + b;

}

int main( const int argc, const char *argv([] ) {
printf ("%d\n", AddFunc(1,2) );
return 0;

}

This defines a function called addFunc, which adds two ints together. The function has two
parameters, which are called a and b. Parameters are variables that are initialized with values
passed to the function when it is called. The values passed are called arguments, and in the
preceding example, the arguments to AddFunc are 1 and 2, the numbers appearing in parentheses
after AddFunc in the printf statement.

When the function addFunc is called from inside the printf statement, it initializes the variables a
and b to the values of the arguments passed, which in this case are 1 and 2. It then returns the value
of a + b, which is 3, to the calling code. The return value is then used at the point in the code that
the call was instigated, so in this case, the value 3 would be printed by printf.

Functions are not required to take any arguments, nor are they required to return anything. You
can use the keyword void when there is nothing to return and/or to be passed in via the parameter
list, like this:

void DoNothingFunc( void ) {
}
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You must use void when there is no return value, but the void in the parameter list is optional, so
you could rewrite DoNothingFunc like this:

void DoNothingFunc () {
}

When a function is called, it must already be declared. You could try to keep all your functions in
order, so each has been declared before any other function needs to call it, but this is a hassle, and,
in certain cases, impossible. Instead, C allows you to declare a function without writing its body (or
implementation). These function declarations are known as signatures.

It is possible in C for two functions to call one another, and even that a function call itself.
(The latter is known as recursion.) In the case of two functions calling one another, it is not possible
to declare each function before each call without using function signatures.

Here is an example in which two functions call one another, with both functions’ signatures
declared in the beginning:

#include <stdio.h>

// Function signatures
unsigned int calcSum(unsigned int n, unsigned int sum);
unsigned int addToSum(unsigned int n, unsigned int sum) ;

/* Adds the numbers from n to 10 to sum,
and returns the result. */
unsigned int calcSum(unsigned int n, unsigned int sum) {
if ((n > 10 )
return sum;
else
return addToSum(n, sum);

// Used by calcSum
unsigned int addToSum(unsigned int n, unsigned int sum) {
return calcSum(n+l, n+sum);

}

// Main function

int main() {
printf( "%d\n", calcSum(1l, 0) );
return 0;

}

The mechanics of this example are quite involved, but the important thing for you to realize is
that calcsum calls addToSum, even though calcsum’s implementation appears first. This is possible
because addTosum has already been declared before the definition of calcsum, by means of a
function signature at the beginning. The signature is nothing more or less than the interface that
appears at the beginning of a function, which defines the function’s name, parameter list, and
return value.
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Without going into too much detail, the example demonstrates a rather obscure way of adding

the numbers from 1 to 10. calcSum is called first from main with the value 1 for the parameter

n, and 0 for sum. Because n is not greater than 10, calcSum calls addToSum, passing 1 and 0 as
arguments. addToSum calls back to calcsum, but passes the value of n+1 and n+sum as arguments.
Back in calcsum, the new value of n is 2, and sum is 1. Because n is still not greater than 10,
addTosSum is again called, this time with 2 and 1 as arguments. This merry-go-round continues until
n is greater than 10, at which point calcSum returns sum, which is the sum of numbers to that point.

This is a rather complex piece of recursion, and you should not worry yourself too much with it. It
is only important that you understand that a function can call another function before it is defined,
as long as its signature has been declared.

There is one more aspect of C functions that you should grasp before moving on, and it has to do
with the arguments passed. C follows a convention known as pass-by-value. What this means in
practice is that any argument passed to a function is copied before it is used in the function, and
any changes you make to the corresponding parameter have no effect on the argument. Here is an
example to demonstrate this important point:

void func(int param) {
param = 5;

}

int main() {
int a = 2;
func(a) ;
printf ("$d\n", a);
return 0;

}

The million-dollar question is: What will be printed? You may say 5, because when you call func,

it sets param to 5, but alas you would be wrong. Because C uses pass-by-value, the argument a
passed in main to func is copied, so that when the parameter param is modified in func, the original
argument does not change. After returning to the main function, the variable a is still 2, and this is
what gets printed.

But what if you want to change a variable passed to a function? How can you do it? The simple
answer is that you must pass a pointer to the variable, rather than the variable itself. Here is the
preceding example rewritten so that a really does get modified by func before returning to main:

void func(int *param) {
*param = 5;

}

int main() {
int a = 2;
func (&a) ;
printf ("$d\n", a);
return 0;
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If you run this version of the program, 5 will be printed for the value of a. Notice that func now
expects a pointer to an int. It sets the value pointed to by the pointer param to 5 by using the
dereferencing operator *. The call to func uses the address-of operator & to pass a pointer to a,
rather than a itself. When func sets the value pointed to by param to 5, it is actually setting a to 5,
because param is a copy of the memory address of a.

When you pass a pointer to a function, the function receives a copy of the pointer, just as with any
other type, but the data pointed to by the pointer is not copied. This means that you can allow a
function to change a variable passed to it by passing the pointer to the variable, rather than the
variable itself. The pointer will be copied, but the function will still be able to access the data
pointed to by dereferencing the pointer copy.

The only exception to the pass-by-value rule is arrays. The contents of an array that gets passed to
a function are not copied; instead, the array is passed as a pointer to its first element. This pointer
is copied, but the array data is not. If the function makes changes to the data in the array, the array
data will reflect these changes after the function returns.

Mac OS X v10.6 saw the introduction of a new construct to the C language: blocks. You can think
of blocks as being inline, anonymous functions. Blocks have a parameter list and return value, just
as functions do, but have no name.

The following example demonstrates some of the differences between functions and blocks:
#include <stdio.h>
typedef float ("OperationBlock) (float val);

float Operate( OperationBlock block, float value ) {
return block(value) ;

}

int main (int argc, const char *argv[]) {
int maxIndex = 2;
float £ = 10.0;
f = Operate(

~(float v){
int j;
for ( j = 0; j < maxIndex; ++j ) {
v o+= 3
}
return v;
Y, )
printf ("$f\n", f); // Prints out 11.0
return 0;

}
The block itself is the following piece of code:
~(float v){

int j;
for ( j = 0; j < maxIndex; ++j ) {
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v o+= J;
}

return v;

}

It looks similar to a function definition, but has a caret () in place of a name. In this case, there is
also no return type; the return type is optional for blocks, as long as the compiler can figure out what
type it should be. A float variable is returned, so the compiler knows the return type must be float.

In the previous example, the block is passed as an argument to the function operate. Blocks can
be passed between program elements, and even stored in variables or arrays. The operate function
calls the block returning the result, like this:

float Operate( OperationBlock block, float value ) {
return block(value) ;

}

The block parameter in the operate function has the type operationBlock, which is defined by a
typedef as follows:

typedef float (”“OperationBlock) (float val);

This rather convoluted form of type definition declares operationBlock as a block type that
returns a float, and takes a single float as an argument. Using typedefs such as this to declare
block signatures can make the rest of your code considerably more readable.

There is one more aspect of blocks that distinguishes them from ordinary functions: a block can
access variables defined in the scope in which it was defined. You can see this in the previous
example. The variable maxIndex is used inside the block, even though it originates outside the
block and is not passed through the argument list. This ability of blocks to “carry around” extra
data means they can be used in ways that standard functions aren’t.

NOTE Blocks are a new and advanced construct in Mac OS X, and can’t be
covered in depth here. However, they do play a very important role in Grand
Central Dispatch, a technology introduced in Mac OS X v10.6, to help
developers take full advantage of multi-core systems. If your code is
performance-intensive, you should take a closer look at blocks.

CHARACTERS AND STRINGS

Since beginning your sojourn into C, you have made use of many strings. Each main function gets
passed an array of strings, for example, and every printf call has at least one string. Discussion of
strings was put off until now because they are a bit more difficult to use than other basic data types
such as int and float.
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As you will undoubtedly have guessed, you can create a literal string by simply putting it between
double quotation marks. But how do you declare a string variable? This is trickier, because a string
variable is actually an array of characters, which have the type char in C.

char variables have a size of 1 byte. They can represent ASCII characters, which include letters
and numbers, as well as punctuation. A literal char is a single character between single quotation
marks. Here is an example of creating a char variable, and setting it to the letter A:

char cvar = 'A';

A char can also change its value, just as an int or float. You could change the value of cvar later
in the program to b, like this:

cVar = 'b';

As with any variable, if you don’t want the value of a character variable to change, you can make it
constant, as shown in this example:

const char constCharVar = 'c';

Because an array is equivalent to a pointer to the first element of the array, and strings are just
arrays of chars, strings are usually given the type char*. Here is an example of initializing a string:

char *myString = "Hello, World!";
This string can be printed like this:
printf ("%$s", myString);

To declare a string without initializing it to a literal value, you simply follow the same steps that you
would take to declare an array. For example:

char anotherString[100]; // This string has room for 100 chars

But how do you set the characters in this array when the array has been declared? The first approach
is to use the usual means of setting the elements in an array, such as this:

anotherString[0] = "H";
anotherString[1l] = "e";
anotherString[2] = "1";
anotherString[3] = "1";
anotherString([4] = "o";
anotherString[5] = "\0";

Printing anotherstring will result in Hello appearing in the output. Take careful note of the last
character entered into the string, "\0". This is known as the terminating null character. Because

C stores arrays as a simple pointer to the first element, it doesn’t actually know how long they are
after they are declared. Strings inherit this problem from arrays, so to tell the compiler where the
string ends, you have to insert the terminating null character. The terminating null character has the
special form of a backslash followed by a zero.
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( ﬂ ) NOTE You may have noticed that there was no terminating null character used
in the previous literal strings. Literal strings have a terminating null character

added automatically. The only thing you have to remember is to make enough

space in your strings to accommodate this extra character. For example, if your

literal string has 10 characters, and you want to copy its contents into a string

variable, your variable needs to be at least 11 characters long to contain the

10 characters of the literal string and the terminating null character.

Setting the characters in a string one-by-one, as in the preceding example, may only be convenient
for certain applications. It wasn’t very convenient in this particular case, for example. It would be
better if you could just copy the contents of a literal string directly into the string variable. C doesn’t
provide direct language support for such an operation. The following, for example, will #o¢ copy
the contents of a literal into a string variable, despite what you might expect:

char stringVar[10];
stringVar = "Hello";

What this code does is take the pointer corresponding to stringvar, and assign it to the address of
the first char in the literal "Hel1o0". This is probably not what you want.

Even though there is no built-in language support for copying string contents, C provides functions
to do so in its standard library. You need to include the file string.h to use these functions. Here is
an example of copying a string with a function from string.h:

#include <string.h>

char stringVar[10];
strcpy (stringVar, "Hello");

strcpy copies the contents of the second string into the first, including the terminating null
character. If there is no terminating null character in the second string, your program will likely
crash when it is run. In this example, there is a terminating null, because a literal string always has a
hidden terminating null character.

NOTE C is reasonably compact when compared to other languages. A lot of
functionality is provided in the standard library, rather than via the language
itself. Where other languages provide built-in string manipulation operations, C
provides most of this through functions in the standard library. Even printf,
which is used to print to output, is simply a function in the standard library.
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Another function from string.h is strncpy, which can be used to copy one string into another, up
to a maximum number of characters. It can be a bit safer to use than strcpy, because it will not go
on forever, looking for a terminating null character. Here is the preceding example, using strncpy
instead of strcpy:

#include <string.h>

char stringVar[10];
strncpy(stringVar, "Hello", 10):;

In this instance, a maximum length of 10 has been used, because you know that stringvar cannot
accommodate more than 10 characters.

There are many other functions in the standard library for working with strings. The following
table gives some of the more useful functions declared in the file string.h.

FUNCTION SIGNATURE DESCRIPTION

strcat char *strcat(char *first, Appends or concatenates the second string to the
const char *second) end of the first; returns the modified first string.

strncat char *strncat (char Appends or concatenates the second string to
*first, const char the end of the first, taking at most n characters;
*second, int n) returns the modified first string.

strcmp int strcmp(const char Compares the two strings. A return value less than
*first, const char 0 means that the first string precedes the second
*second) alphabetically; a value of 0 means the two strings

are equal; and a positive value means the first
string comes after the second.

strncmp int strncmp (const Compares the two strings as in strcmp, but only
char *first, const up to a maximum of n characters.
char*second, int n)

strstr char *strstr(const char Searches for the second string in the first string.
*first, const char If it is found, a pointer to the first character of the
*second) located string is returned. If it is not found, NULL
is returned.
strlen int strlen(const char Returns the length of the string passed.
*first)
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J) WARNING The table of functions for manipulating strings is fairly

:’: straightforward, but the keyword NULL may have you worried. If so, worry not.
NULL is actually just another way of saying O, and is used to indicate that a
pointer is not pointing to any useful address. In the table, it can be returned
from strstr whenever the second string is not found in the first string. You can
compare the pointer returned with NULL to see if the string was found.

Returning NULL for a pointer in C is a very common way of saying that something
didn’t go as planned. Perhaps an error occurred, or something was not found,

as is the case for strstr. Passing NULL as the value of a pointer to a function

is a common way of telling the function that the corresponding argument is not
needed for this call.

You’ve probably noticed that in many examples, though not all, the main function has two
parameters, with a signature like this:

int main( const int argc, const char* argv[] );

None of the examples up to this point in the chapter have actually made use of these parameters,

so what are they? These parameters allow arguments to be passed to a program when it is run. The
number of arguments passed is argc, or the argument count. The values of the arguments passed in
are stored in argv, the argument values. argc is a simple integer, but the declaration of argv is more
involved. argv is an array of pointers to char. A pointer to char is a string, so argv is actually an
array of strings. Each entry in the array is a different argument for the main function.

You can access these arguments like this:

int main( const int argc, const char* argv[] ) {
printf("arg0 is %s", argv[0]);
printf("argl is %s", argv[l]);
return 0;

}

The first entry in the array, argv (01, is reserved for the name of the program. The other entries,
up to index argc-1, are the arguments for the program. How these arguments are passed to the
program depends on the manner in which the program is run.

NOTE The %s in printf£ is a formatting directive, which is used to print string
variables. This is covered in the next section, along with other aspects of
formatting.

www.it-ebooks.info


http://www.it-ebooks.info/

184 | CHAPTER6 THE CLANGUAGE

Sometimes you will see a main function declared like this:
int main( const int argc, const char** argv );

In this case, the second parameter is given as a pointer to a pointer. Because an array is equivalent
to a pointer in C, this declaration is equivalent to the preceding one.

INPUT/OUTPUT

Programs aren’t very useful unless you can get data into and out of them. This aspect of computing
is known as input/output or I/0. You have already seen many examples of 1/O earlier in this
chapter. Every time a program contains printf or scanf, it is performing I/O, either printing data
to output or reading it from input. It is also common to read from or write to files. This section
covers basic aspects of I/O in C programming.

As you are now well aware, printf can be used to print strings to standard output. Variables and
other values can be embedded in the string via format characters, which are preceded by a . The
following table provides the most important format characters.

FORMAT CHARACTERS TYPES

%d, %i int, short, long
%u unsigned int
%f, %e, %g float, double
%C char

%S char* (string)
%p pointer

The format characters appear in the string passed to printf. Expressions for the values
corresponding to the format characters appear after the string, separated by commas. Here is an
example of printing a complex string containing several values:

int i = 5;
float £ = 100.6;
char *str = "This is the winter of our discontent";

printf ("Shakespeare said: \"%s\". \n\tThis, while he ate %d eggs, "
"each weighing %f grams.\n", str, i+10, f);

If you can’t fit a string on one line, you can either leave it as a single line and let it wrap around
in your editor, or you can break it in two, as in this example. Two neighboring string literals are
concatenated to form a single string, which is passed to printf.
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The use of quotations inside a string is made possible by escaping the special meaning of the
quotation marks. You do this by adding a backslash character before each quotation mark. This
principle applies to all characters with special meaning. Another example is the ¢ symbol, which
generally implies a format character. If you want to print the backslash character itself, you need to
use two backslashes together.

Non-formatting characters with a special meaning are preceded by a backslash. For example, \n
represents a new line character, and \t is the tab character. If you want to print \n or \t rather than
a new line or tab, you can again use the double-backslash trick, entering \\n or \\t in your string.

You are not restricted to simple variables and literals in calls to printf. As you can see from the
example, any expression is allowed. In this case, i+10 has been passed. Of course, this applies to
functions in general, not just printf.

( ﬂ ) NOTE |If you take the time to type in the preceding example and run it, don’t be

too surprised if the weight of each egg in the example is not printed as 100.6
grams, but something such as 100.599998 grams. This has to do with the way
the computer stores floating-point numbers. It cannot internally represent all
floating-point numbers, so it represents only some, and chooses the closest
internal representation it can find for any given value. In this case, 100.599998
is the closest float to 100.6 that the computer can represent.

When you want to read something in from standard input, you use scanf, which reads a string
with a particular format, in the same way that printf writes one. The same format characters that
apply to printf also apply to scanf. Here is an example of using scanf to read two floating-point
numbers, and one integer, from standard input (the user’s keyboard):

#include <stdio.h>

int main() {
float f1, £2;
int 1i;
printf ("Enter two floats and an int: ");
scanf ("%f%f%d", &fl, &f2, &i);
printf ("You typed: %$f, %f, and %d.\n", £f1, f2, 1i);
return 0;

}

The program is simple enough: It requests that the user type in two floats, followed by an int,
using the printf function. scanf is then used to read the numbers. The format characters in the
string passed as the first argument to scanf indicate what value types can be expected. After the
format string, a list of pointers to variables is passed. (You can tell that pointers are being passed
because each variable is preceded by an &, the dereferencing operator.) These variables contain the
values read after the call. Finally, another printf statement writes the data back out again.
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Note that scanf takes pointers to variables as arguments, and not the variables themselves, as is
the case for printf. This is because scanf must change the variables’ values inside the function.
As you learned earlier in this chapter, because C uses pass-by-value, the only way to change the
value of a variable passed to a function is to pass the address of the variable to be modified, rather
than its value.

é) NOTE |If you try this out, you will find that scanf is fairly tolerant of your input,
although results may be meaningless if you don’t type in what is requested. For
example, if you enter an int instead of a float, it works fine, because an
integer number can be easily converted to a floating-point number. But try
entering a float in place of the requested int, and you may get surprising
results, depending on the form of the f£1oat that you enter. For example,
entering 4.5 will return 4, which is not so surprising, but entering .3 returns 6,
which is a little more difficult to fathom!

Unlike printf, scanf ignores whitespace in the format string, so the following statement is
equivalent to the original:

scanf ("%f %f %d", &fl, &f2, &i);

Two functions that are not directly related to I/O, but are closely related to scanf and printf,

are sscanf and sprintf. These functions behave very similarly to scanf and printf, except that
they read and write to and from strings, respectively, rather than input and output. Here is a simple
example of using sscanf and sprintf:

char str([34];
sprintf( str, "Have a nice birthday on the %dth.", 20 );
printf ("%s\n", str);

int 1i;

float £;

char s[20];

char *readStr = "20 1.4 hey there";
sscanf ( readStr, "%$d%f%s", &i, &f, s );
printf ("%d:%$f:%s\n", i, £, s);

If you compile and run this in a main function, you will see output something like this:

Have a nice birthday on the 20th.
20:1.400000:hey
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sprintf includes the same parameters as printf, except it takes an extra one at the beginning of
the parameter list, which is the string it is to write to. In this case, the variable str is passed, which
is 34 characters long. If you count how many letters there are in the output string, you should come
to 33. So an extra char has been included in the variable str. This is by design: if you recall, a
string should include a terminating null character, and that occupies the extra place. In general, you
should make your strings at least one larger than the maximum expected number of meaningful
characters that they need to contain.

sscanf has the same parameters as scanf, but it too has an extra string at the beginning of the
parameter list. It reads out of this string, according to the format passed as the second argument.
In this case, it reads the int 20, the float 1.4, and the string hey. You will notice that it stopped
reading the string at the first whitespace rather than continuing on to read in there. The sscanf
and scanf functions assume that whitespace delineates the end of an entry.

Variations of scanf and printf also exist for reading and writing to files: fscanf and fprintf.
Not surprisingly, these functions take the same arguments as scanf and printf, with the addition
of an extra FILE pointer passed first. The following example opens two files, reading from one, and
writing to the other, using fscanf and fprintf, respectively:

#include <stdio.h>

int main() {
FILE *inpFile, *outFile;

// Open files
inpFile = fopen("/var/tmp/temp.inp", "r");
outFile = fopen("/var/tmp/temp.out", "w");

// Read from inpFile
float f1, f2, £3;
fscanf( inpFile, "%f%f%f", &fl, &f2, &f3 );

// Write to outFile
fprintf( outFile, "The three floats were: %f, %f, and %f.", f1, f2, £3 );

// Close files
fclose(inpFile) ;

fclose(outFile) ;

return 0;
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This program begins by declaring two pointers to variables of the type FTLE. The FILE type is not
as simple as a float or int. It is a struct, which you will learn about later in the chapter. In the
meantime, you can use FILE pointers without actually understanding what they contain or how
they work.

In this case, the function fopen is used to open two files, and the FILE pointers are assigned to the
return values. fopen takes two parameters: a string with the path to the file and a string indicating
the operations permitted on the file.

The second parameter tells fopen whether the file is for reading, writing, or some combination. The
following table shows strings that can be passed as the second argument to fopen.

STRING FILE OPERATION

r Read only

w Write only

a Append to the end of an existing file

r+ Read and write an existing file

w+t Read and write a new file

a+t Read and write an existing file, beginning at the end

In the example, "r" is passed for the input file, indicating it will be read, and "w" is passed for the
output file, indicating it will only be written to.

NOTE The paths chosen for the files were both in the directory /var/tmp. This
is a good directory to practice with reading and writing files because everything
there is treated as temporary and disposable, and it is less likely that you will
accidentally overwrite or change an important file.

fscanf and fprintf work as expected, taking the respective file pointers as the first argument.
After reading data from inpFile, and writing the same data to outFile, both files are closed using
the function fclose. After £close, the FILE pointers are no longer valid, and should not be used.

Many other functions are defined in the standard library for reading and writing standard input
and output, and files. The following table lists some of the more important functions, for use in
your programs.
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FUNCTION

gets

fgets

getchar

fgetc

SIGNATURE

char *gets(char
*line);

char *fgets(char
*line, int n, FILE
*file);

char getchar();

char fgetc(FILE
*file);

DESCRIPTION

Reads a string from standard input up to a new

line character, and copies the string into the 1ine
variable. It also returns the pointer to the 1ine
string. If the end of file is encountered before a line
is read, the 1ine variable is not set, and NULL is
returned.

Same as gets, except that it reads from the file
associated with the file pointer file. A maximum of n-1
characters can be read. If a new line is encountered,
or the maximum number of characters is reached,
the line is returned, including the new line and a
terminating null character.

Reads a single character from standard input.

Reads a single character from the file passed. If the
end of the file is encountered, the special value EOF
is returned.

In the following Try It Out, you write a program called Grepper, which is a simplified version of
the Unix command grep. Grepper goes through a file one line at a time, searching for a string
passed to it when run. If it finds the string in a line, the whole line is printed. In this way, you
can see whether a file contains a particular word, for example, and the lines on which the

word appears.

A RReIlAE  Searching a File

1. Create a new Command Line Tool project in Xcode and call it Grepper.

2. Open the source file main.c and replace the content with the following code:

‘) #include <stdio.h>

Available for
download on
Wrox.com

#include <string.h>

// Global constants

const int MAX_ STRING_LENGTH = 256;

// Main function

int main (int argc,

const char * argvl[])

{

// Make sure there are two arguments given, the filename
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// and the search string
if ( argc !'= 3 ) return 1; // Indicate error

// Get input file paths from standard input
const char *inpPath = argv[l];

// Get string to search for
const char *searchString = argv([2];

// Open files
FILE *inpFile;
inpFile = fopen(inpPath, "r");

// Loop over lines in the input file, until there
// are none left
char line[MAX_STRING_LENGTH] ;
while ( fgets(line, MAX_STRING_LENGTH-1, inpFile) ) {
if ( strstr(line, searchString) ) {
printf("In file %s:\t%s", inpPath, line);

}
// Close files

fclose(inpFile) ;
return 0;

code snippet MacOSXProg ch06/Grepper/main.c

Build the program by choosing Build from the Build menu.
Select the Grepper executable in the Executables group of the Groups & Files view.
Choose File = Get Info or use the key combination Command-I.

Open the Arguments tab in the Grepper Info window, and click the + button to add a new argu-
ment. Enter a path to any text file that you would like to search for a string. (This could even be
the main.c program in the Grepper project itself.)

Add a second argument, and enter the string you would like to search in the file. The Grepper Info
window should now look similar to Figure 6-3.
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8. Now run the program by choosing Run from the Run menu, and bring up the Debugger Console
to check the results (Run = Console). You should see each of the lines from the input file that con-
tains the search string.

How It Works

Grepper utilizes many of the skills that you have learned up to this point in the chapter, from string
handling to I/O, and conditional branching to loops. After the #include statements, a variable is
declared outside the main function. This variable has global scope, which means it can be accessed
from anywhere in the program, not just inside a particular function, for example. In this case, it could
also have been placed inside the main function, but there will be other cases, where the variable needs
to be accessed outside of main as well, and making it global is one way to facilitate this.

In general, global variables should be avoided, because they can make a program more difficult to
understand. You can’t see the variable being passed through to a function via the parameter list, so it
can make it difficult to follow the flow of data in a program. One case where global data is acceptable
is for constant variables that need to be accessed at many points throughout a program. The previous
example, MAX_STRING_LENGTH, is just such a case, because it stipulates the size of string variables used
throughout Grepper.
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) WARNING The scope in global scope refers to where a particular variable can be
accessed, and how long it remains in existence. Variables with global scope are
visible everywhere in a program, and exist for the runtime of the program, but for
most variables, this isn’t the case. Variables declared inside functions are created
when the function begins, and destroyed when it ends. These variables are called
local variables because they exist only locally to the function. In fact, variables
declared in any code block — a section of code enclosed in braces — exist only
while that block is executing.

The main function first checks that argce is 3, because it expects to be passed exactly three values
in argv. The first, as always, is the name of the executable itself. The next is the path to the file
that should be scanned, and the last is the string that is sought in the file. You entered these input
parameters in the Inspector window of the Grepper executable just before you ran it. Xcode passes
these parameters to Grepper when it starts.

If there are three arguments, the next action taken is to assign the last two arguments to variables,
one for the input file path (inppath), and one for the string (searchstring). The inppPath variable
is then used with fopen to open the input file for reading.

The program then begins to loop over lines, checking each one for the string.

char line[MAX_STRING_LENGTH] ;
while ( fgets(line, MAX_STRING_LENGTH-1, inpFile) ) {
if ( strstr(line, searchString) ) {
printf("In file %s:\t%s", inpPath, line);

}

Just before the loop, a string variable is created to store each line of the file. It is given the length
defined earlier at global scope. This should be adequate as long as your file does not have any very
long lines. Very long in this case is greater than 255 characters because MAX_STRING_LENGTH is 256
and you should always save one character for the terminating.

The while loop condition needs some explaining. It is a call to a function that you haven’t seen
before: fgets. fgets is declared in the file string.h, which is included at the beginning of the
program. The fgets function reads a line of text from the file passed as the third argument, up to a
maximum length given by the second argument. So it keeps reading until it either encounters a new
line character (\n) or reaches the maximum line length. In either case, it sets the value of the string
passed as the first argument to the line read, and returns the same string variable via its return
parameter. If the end of the file is reached before anything is read, it returns NULL.

You may be wondering why both the first parameter value and the return value are set to the line
string. One reason is that you can easily test if anything was read, and thus whether you should
keep reading. That is precisely how it has been used here: the while loop will continue until a zero
value is returned by fgets. NULL is a zero value, so it will keep reading lines until the end of the file
is encountered.
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The if construct in the loop uses the function strstr, which was introduced in the previous
section “Characters and Strings.” This function searches the string passed as the first argument
for the string passed second. If it finds the second string in the first, a pointer to the location of the
second string is returned. If it is not found, NULL is returned. The if tests whether the return is
non-zero, so any line for which NULL is returned by strstr is ignored, and any line containing the
search string is printed.

The last lines of main simply close the input file and return 0, indicating success.

ﬂ NOTE Grepper assumes that no line will exceed 255 characters, plus one
terminating null character. If a line is longer than this, Grepper will not operate
correctly. This type of situation is referred to as buffer overflow, and is a
common source of security breaches. For example, an unscrupulous

hacker could use buffer overflow to cause a program like FTP to crash, and run
more malicious programs in its place. If your programs are potential security
risks, you should take extra care to put checks into your code that ensure buffer
overflow can’t happen.

DATA STRUCTURES

Up to this point in the chapter, you have dealt with only simple data types such as int, float,

and char. C was one of the first languages to facilitate structured programming, part of which
entails creating more complex data relationships than you have seen so far. C provides a number of
constructions to group data, and this section introduces you to them.

Sometimes it is necessary to represent variables that can take only a few discrete values. For
example, a variable representing the type of a pet could be represented by an integer restricted to a
small range of values. Such a variable is referred to as an enumerated type. C provides the enum data
type to represent enumerated types. Consider this example:

typedef enum { DOG, CAT, BIRD } Pet;
Pet myPet = CAT;

switch (myPet) {

case DOG:
printf ("I have a dog!\n");
break;

case CAT:
printf ("I have a cat!\n");
break;

case BIRD:
printf ("I have a bird!\n");
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break;
default:
printf ("I have an undefined beast\n");
}

The keyword typedef is used in conjunction with the keyword enum to define a new type called
pet. This type can take three meaningful values: DoG, caT, and BIRD. A variable called myPet is
then declared to be of the type pet, and is initialized to CAT. A switch statement checks the type of
myPet, printing a message depending on its value.

C simply represents enumerated types as integers, so they can be used anywhere an int can be used.
For example, you can subscript an array with an enum like this:

int averagePetLifetime[3];

averagePetLifetime[DOG] = 20;
averagePetLifetime[CAT] = 15;
averagePetLifetime[BIRD] = 5;

Unless indicated otherwise, the first entry in an enum gets the value 0; the second, 1; the third, 2;
and so forth. You can override this behavior by explicitly indicating the integers corresponding to
the entries, like this:

typedef enum { DOG = 1, CAT = 2, BIRD = 3} Pet;

Whenever no integer is explicitly assigned to one of the values, it is given the value of the previous
value incremented by 1. So this example could also be written as follows:

typedef enum { DOG = 1, CAT, BIRD} Pet;

In theory, you can do without enums in your programming, but your code becomes considerably
easier to read if you use them, because the values assigned have a clear meaning. Assigning a
variable to DOG is much easier to understand than assigning it to 1, where 1 only implies a dog.

Another data structure available in C is struct. A struct allows you to group variables. Here is a
struct you might use to represent a person:

typedef enum { BLUE, GREEN, BROWN } EyeColor;

struct Person {
char *firstName, *secondName;
char *address;
float height;
float weight;
EyeColor eyeColor;
}i

The struct can include variables of any type, including other structs. To use a struct, you need
to make a variable, or instance, such as this:

struct Person me;
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You can then access the variables inside the struct using the . operator. To set them, you can
do this:

me.firstName = "Bob";
me.secondName = "Bobbs";
me.address = "1 Holy Smoke Crescent, Who Knows Where, USA";

me.height = 180.0;
me.weight = 90.0;
me.eyeColor = BLUE;

To use the variables, you can do this:
float weightInPounds = me.weight * KILOS_TO_POUNDS;

In other words, the members of a struct are just like ordinary variables in every way, except that
you have to reference them by giving the name of the struct variable, followed by a point, and then
the name of the member.

Most programmers find typing in struct Person me; annoying after a while, so they use the same
trick you saw for enums; namely, they define the struct as a new type. The following code shows
you how:

typedef struct Person_ {
char *firstName, *secondName;
char *address;
float height;
float weight;
EyeColor eyeColor;
} Person;

Person me;
me.height = 180.0;

As you can see, this saves you from having to type struct in front of every variable you declare. If
you look carefully, you will see two names ascribed to the struct: Person_ and Person. Person

is actually not the name of a struct, but a type, which in this case happens to be a struct

called Person_. The name of the struct, Person_, may be omitted, in which case you have an
anonymous struct. However, it is good practice to name a struct, even if you don’t have any
immediate reason to. That’s because you sometimes need to make reference to the struct inside its
own definition as shown here:

typedef struct ListNode_ ({
float value;
struct ListNode_ *nextNode;
} ListNode;

It is perfectly legal in C to include pointer variables to the struct you are declaring inside the
declaration itself. If you used an anonymous struct, this would not be possible, because you can’t
refer to the struct’s type, and the type name ListNode is yet to be declared.
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This example also demonstrates that, just as with any other type of variable, you can declare a

variable that is a pointer to a struct. When you want to access a member of such a variable, it
looks like this:

(*me) .address = "55 Melancholy Road, Loserville";

You first have to dereference the pointer to the struct, and then apply the . operator to get the
address. This is not very pretty, so C provides the following equivalent notation:

me->address = "55 Melancholy Road, Loserville";

The hyphen followed by a greater-than symbol is a shorthand way of accessing the members of a
pointer to a struct.

MEMORY MANAGEMENT

Up to this point, all the variables you have created have been stored in a part of memory known

as the stack. The stack is a contiguous block of memory, meaning that it forms one continuous
segment unbroken by gaps. Whenever a function is entered, the local variables declared there are
pushed onto the end of the stack. When the function returns, the variables are popped off the stack
again, effectively destroying them.

Stack variables can’t be used for every situation, so C also gives you access to another part

of memory for storing variables called the heap or free store. When you put a variable “on

the heap,” you are responsible for managing its memory yourself. In other words, you have to
request that the memory be assigned to the variable, and you are also responsible for freeing the
memory when you are finished with it. If you don’t do this, you can end up with a memory leak,
where the amount of memory used by your program rises over time, perhaps even causing your
computer to slow or crash.

Variables that have their values stored on the heap are always pointers. They point to the location in
memory where the data is stored. Here is an example of creating and freeing a heap variable:

#include <stdlib.h>
#include <stdio.h>

int main() {
float *heapvVar;

heapVar = malloc( sizeof (float) );

*heapVar = 4.0;
printf( "$f\n", *heapVar );

free (heapVvar) ;

return 0;
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The variable heapvar is declared as a pointer, and then assigned to the return value of the function
malloc, which is declared in stdlib.h. The name malloc stands for memory allocation — it takes
a single argument, which is an integer indicating how many bytes of memory are required to hold
the variable. You could enter 4 here, because you know that a f1oat has 4 bytes, but this would be
a mistake: If float were to be redefined on the Mac to have more than 4 bytes, or, if you port your
program to a platform where float has 8 bytes, your code will no longer run.

Instead of hard coding the size of float, you can use the function sizeof to find out how many
bytes are in a float. The sizeof function will work with any data type, including pointers, though
you should be careful not to confuse the size of the pointer itself with the size of what it is pointing
to. In this example the return value of sizeof (float) is passed to malloc, which allocates the
requested 4 bytes, and returns a pointer to the memory.

WARNING nmalloc returns a special kind of pointer called a void pointer. A void
pointer is a general pointer to memory, with no associated data type. You can
declare a void pointer variable with the type void*.

Rather than having to provide a different version of malloc for each pointer
type, the designers of C elected to have a single function that returns a void
pointer. A void pointer can be cast to any other type of pointer implicitly by the
compiler, so they effectively killed all birds with one stone.

After assigning the target of the heapvar pointer, the memory is destroyed or freed. free is a bit
easier to use than malloc because you don’t have to pass a size. You simply pass the pointer, and the
memory it points to on the heap will be freed for use at a later time.

malloc and free will work with any C data type, as long as you remember that you need to use it
with pointer variables. Here is an example of creating a linked list of floating-point values:

#include <stdlib.h>
#include <stdio.h>

int main() {

typedef struct ListNode_ ({
float data;
struct ListNode_ *nextNode;
} ListNode;

typedef struct List_ {
ListNode *firstNode;
} List;

// Create a list on the stack, and add a node to it
List list;

list.firstNode = malloc(sizeof (ListNode)) ;
list.firstNode->data = 2.0;
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list.firstNode->nextNode = NULL; // NULL indicates there are no more nodes

// Add a new node in front of the other one
ListNode *newNode malloc (sizeof (ListNode)) ;
newNode->data = 3.
newNode->nextNode list.firstNode;
list.firstNode = newNode;

7

n o

// Print out the values in the list

ListNode *currentNode = list.firstNode;

while ( currentNode ) {
printf ("Node value: %f\n", currentNode->data);
currentNode = currentNode->nextNode;

// Free the memory of all nodes
currentNode = list.firstNode;
while ( currentNode ) {
ListNode *next = currentNode->nextNode;
free (currentNode) ;
currentNode = next;

return 0;

NOTE A linked list is a data container, which has similarities to C’s arrays. The
primary difference is that they can grow and shrink to fit the amount of data
they need to store. C does not have any built-in linked list type, but you can cer-
tainly create linked lists in C using structs, as shown in the example. A more
advanced implementation would provide functions for adding data to the list,
and removing it again.

A linked list is made up of zero or more nodes. Each node holds a piece of data, in this case a float.
The nodes are linked in the sense that the first node in the list has a pointer to the second, which
has a pointer to the third, and so forth. The last node points to NULL, indicating that the list

is finished.

Nodes are represented by the type ListNode, which is a struct that contains a single float, and a
pointer to the next node in the list.

typedef struct ListNode_ {
float data;
struct ListNode_ *nextNode;
} ListNode;

Note that the struct, ListNode_, is referenced inside the struct itself to define a pointer to the
next node.
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The List type is a struct that holds a single pointer to the first node in the list.

typedef struct List_ {
ListNode *firstNode;
} List;

The List is declared and initialized as follows:

// Create a list on the stack, and add a node to it

List list;

list.firstNode = malloc(sizeof (ListNode)) ;

list.firstNode->data = 2.0;

list.firstNode->nextNode = NULL; // NULL indicates there are no more nodes

The firstNode member of the struct variable 1ist is assigned to the pointer returned from
malloc. When the memory for the node has been allocated, the data can be set, in this case to 2. 0.
The nextNode pointer in the ListNode struct is assigned to NULL, to reflect the fact that this is the
last node in the list at this point. The next portion of code inserts a second node at the beginning of
the list. This is slightly more complex, because the newly inserted node must point to the first node
created as shown here:

// Add a new node in front of the other one
ListNode *newNode malloc (sizeof (ListNode)) ;
newNode->data = 3.
newNode->nextNode list.firstNode;
list.firstNode = newNode;

7

I o

The primary difference is that the nextNode pointer in newNode is set to the firstNode pointer of
list. The firstNode variable is then updated to point to newNode, making it the first node in the
list. It is important that these operations are carried out in this order. If instead 1ist.firstNode
was assigned to newNode, there would be no way of assigning newNode->nextNode to the original
node in the list.

The next section of code prints the values of the list. This demonstrates how you can traverse a list
with a loop:

// Print out the values in the list

ListNode *currentNode = list.firstNode;

while ( currentNode ) {
printf ("Node value: %f\n", currentNode->data);
currentNode = currentNode->nextNode;

}

The currentNode variable is initialized to the first node. A while loop is used to move through
the list, until currentNode is NULL, which indicates that the end of the list has been reached. The
data stored in the current node is printed each time around the loop, and currentNode is updated to
point to the following node.

The final while loop is similar, although not exactly the same. Its purpose is freeing the memory
that was allocated for the nodes earlier in the program.
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// Free the memory of all nodes
currentNode = list.firstNode;
while ( currentNode ) {
ListNode *next = currentNode->nextNode;
free (currentNode) ;
currentNode = next;

}

The current node is again initialized to the first node, and the while loop continues until
currentNode is NULL. The difference lies in an extra pointer declared inside the body of the loop:
next. This is used to temporarily store the address of the next node in the list. The reason this is
necessary is that the current node is being freed, and the nextNode pointer will be freed with it.
Without the temporary pointer, you would not know the memory address of the next node in the
list, and therefore could not free the nodes in the rest of the list.

THE PREPROCESSOR

This section covers a topic that isn’t really part of the C language at all: the C preprocessor. A
preprocessor is a program that goes through a piece of code before it is passed to the compiler,
and modifies it. The C preprocessor is heavily used by C programmers, and is also used when

programming in derived variants of C such as C++ and Objective-C.

NOTE On Mac OS X, the standard C compiler is gcc, which is part of the GNU
Compiler Collection (GCC). To confuse matters, the preprocessor is part of gcc,
So you may not even realize that you are using it. Usually it automatically runs

before the compiler. If you want to use the gcc preprocessor without compiling
afterward, you can pass the - -p options.

The C preprocessor is used for a range of tasks, most of which ensure that compilation can proceed
without a hitch. Here are some ways in which the C preprocessor is used:

»  To incorporate the source code of one file in another file.
>  To include different code based on a condition, such as whether you are debugging.

»  To replace a macro label wherever it is found with a piece of code. For example, it can be
used to replace PT with a number such as 3.1415972.

In this section, you learn how you can achieve these goals with the C preprocessor.
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When you communicate with the preprocessor in your source code, you give it directives. These
are commands to do something, and they are all preceded by a # symbol. The first directive, and
probably the most widely used, is #include. Its purpose is to tell the preprocessor to include the
text of another file in the current file, at the position of the #include. Here is an example:

My birthday is on
#include "Birthday"
at

#include "Venue"

When the preprocessor sees the #include lines in a source file, it will look for the files Birthday
and venue. If the preprocessor finds the values, it will insert the text contained in these files into the
source file, replacing the #include directives. The preprocessed file might end up looking something

like this:

My birthday is on
March the 21st

at

Under the C

All this happens before the compiler itself is called, so the compiler will never see the #include,
only the text from Birthday and venue.

You will undoubtedly have noticed that the preceding example is not C. What this demonstrates is
that the C preprocessor is not part of the C language, and doesn’t care what contents are in the file
that it is processing. In fact, the C preprocessor is often used with other languages, such as Fortran,
which doesn’t have a preprocessor of its own.

The #include directive is very important in C programming. Nearly every source file will have one
or more includes, just as in the example. These includes are used to import declarations of functions
and data structures needed to compile the source code. Without the #include directive, the
programmer would have to duplicate these declarations in each source file that required them.

The #include directive can also be used to include declarations from a library or framework. In
this case, triangular parentheses are used instead of quotes:

#include <math.h>

This directive includes the file math.h from the C standard library, which defines a number of
mathematical functions and constants.

The C preprocessor also allows you to define macros. A macro is basically a label for a piece of text
that will be inserted whenever the macro is found in the file. Here is a simple example:

#define MY _AGE 21
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This defines the macro My_AGE to be 21. Note that My_AGE is not the number 21, but a string with
the value 21. Macros are just strings of characters to the preprocessor. You could instead write the
following, and the preprocessor would not complain:

#define MY_AGE twenty something

This directive would replace any instances of MY_AGE in the file with the text twenty something.
Whether that makes sense will depend on what you are using the macro for. In any case,

the preprocessor itself will not complain, but the compiler may not like what it finds in the
preprocessed file.

NOTE Although the preprocessor will generally treat macro definitions with
numbers as strings of characters, it is capable of simple arithmetic operations,
and in such cases, a number string can be handled as an integer. This is
explained further a little later.

Using a macro is very easy — you simply insert the macro’s label in your file wherever you like. Here
is a simple example:

Since turning MY_AGE a few months ago, I have had an overwhelming desire to
learn C. Perhaps mid-life is finally upon me!

The preprocessor replaces My_aGE with the string 21, giving the following preprocessed source:

Since turning 21 a few months ago, I have had an overwhelming desire to
learn C. Perhaps mid-life is finally upon me!

The only restriction on where you can place a macro is that it should not appear in a string, between
quotations. If it does, the preprocessor will treat the macro label as a literal string, and not replace
it. For example, the following will remain unchanged by the preprocessor, because MY_AGE appears
in quotations:

Since turning "MY_AGE" a few months ago, I have had an overwhelming desire to
learn C. Perhaps mid-life is finally upon me!

Interestingly, you can also define macros that define nothing at all. This is useful for conditional
branching. Yes, even the preprocessor is capable of checking for conditions, and taking different
actions accordingly. The following defines a condition for the preprocessor:

#define USE_SMALL_BUFFER

After the preprocessor sees this line, it will consider USE_SMALL_BUFFER as defined, even though it
has not been assigned a value.
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NOTE By now you will probably have realized that macros are usually named
in uppercase letters, with underscores separating words. This is a convention

only to help distinguish them from standard variables. The preprocessor does
not require you to use the convention, but it is good to do so. Otherwise, other
programmers may have trouble understanding your code.

The preprocessor can check conditions with the #ifdef and #ifndef directives like this:

#ifdef USE_SMALL_BUFFER
const int bufferSize = 1024;
#else

const int bufferSize = 2048;
#endif

An equivalent way of writing this code is as follows:

#ifndef USE_SMALL_BUFFER
const int bufferSize = 2048;
#else

const int bufferSize = 1024;
#endif

In both these cases, the #else block is optional. The #1ifdef directive checks if a macro has been
defined earlier. If it has been, the text up until the next directive is included. If the macro has not

been defined, the text following it is not included, but any text after the #else directive — if it exists —
will be included. The #ifndef directive is exactly the opposite of #ifdef — its text is included if a
macro is not defined.

#ifdef is actually a shorthand way of writing #1f defined. There is also an #e1if directive, which
stands for else if. This allows you to include many different branches, each one with a different
block of text. The first matching block is included. For example:

#if defined USE_SMALL_BUFFER
const int bufferSize = 1024;
#elif defined USE_MEDIUM_BUFFER
const int bufferSize = 2048;
#else

const int bufferSize = 4096;
#endif

The preprocessor first checks if USE_sMALL_BUFFER is defined. If it is, the line setting buffersize
to 1024 is included. If USE_SMALI_BUFFER is not defined, the #elif condition is tested; if USE_
MEDIUM_BUFFER is defined, the line setting buffersize to 2048 is included. Finally, if neither

of the conditions is met, the line in the #else block is included, setting the buffersize variable
to 4096.
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Simple arithmetic is also allowed in macro definitions. Take this reworking of the preceding
example:

#define BUFFER_BLOCK_SIZE 1024

#if defined USE_SMALIL_BUFFER

#define BUFFER_SIZE BUFFER_BLOCK_SIZE
#elif defined USE_MEDIUM_BUFFER

#define BUFFER_SIZE BUFFER_BLOCK_SIZE * 2
#else

#define BUFFER_SIZE BUFFER_BLOCK_SIZE * 4
#endif

const int bufferSize = BUFFER_SIZE;

Here you can see that it is possible to use a previously defined macro in the definition of a new one.
The macro BUFFER_BLOCK_SIZE is used to define the macro BUFFER_SIZE, and simple arithmetic is
used in the last two definitions.

The arithmetic allowed in conditionals like these is not very advanced, but it's adequate for most
purposes. You can use simple integer arithmetic, such as adding or subtracting, but arithmetic
with decimal numbers is not possible. You can compare integers and strings, testing for equality,
or for one value being greater or less than another. Here is an example demonstrating some of the
arithmetic operators available:

#define MY_AGE 21
#define MIDDLE_AGE 40
#define OLD_AGE 60

#if MY_AGE >= OLD_AGE * MIDDLE_AGE
printf ("Humans do not live that long.\n");
#elif MY_AGE > \
OLD_AGE + MIDDLE_AGE
printf ("Should you be using a computer at your age?\n");
#elif MY_AGE >= OLD_AGE
printf ("Better sit down.\n";
#elif MY_AGE == MIDDLE_AGE
printf("Life is just beginning.\n");
#elif MY_AGE > MIDDLE_AGE
printf ("Better slow down.\n");
#else
printf ("A spring chicken, eh?\n");
#endif

NOTE This example is intended to demonstrate the use of arithmetic operators
with the preprocessor and is not intended to reflect the authors’ personal
definitions of middle and/or old age, or the activities appropriate for a person of
a given age.
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Jokes aside, the preceding code includes the operators *, +, >, >=, and ==. You should also have
noticed this strange-looking construction:

#elif MY_AGE > \
OLD_AGE + MIDDLE_AGE

Apart from the strange logic used, the backslash is new. A backslash at the end of a preprocessor
line is a line continuation symbol. It indicates to the preprocessor that the next line belongs with the
current one, and should be treated as a single logical expression. The preceding is equivalent to the
following:

#elif MY_AGE > OLD_AGE + MIDDLE_AGE

The preprocessor requires that a line be explicitly continued. This is opposite from the C language
itself, which requires explicit termination of a line.

Macros are not just restricted to simple string substitution. They can actually take arguments,
assuming a role more like that of functions. Here is an example of a macro that calculates the
maximum of two different numbers:

#define MAX(a, b) (a>b ? a : b))

Consider this code:
float £ = MAX(1.0, 10.0);

It will look like this after the preprocessor is finished with it:
float £ = (1.0 > 10.0 2 1.0 : 10.0 );

Note that the preprocessor doesn’t actually evaluate the macro. It simply performs a textual
substitution of the arguments passed to it, and then inserts the result directly in the code.

Macros with arguments can be particularly useful when you have some code that can be applied for
many different types. Instead of writing a different function for each of the possible types, each with
a slightly different parameter list, you could write one macro. MAX is actually a good example of this
principle, because it works regardless of the type of number you feed to it.

float £ = MAX(1.0, 10.0);
int 1 = MAX(5, 2);

As you can see, the same macro, MAX, is used with both floating-point numbers and integers in this
example. You could not do this with a function: you would need to have one function to find the
maximum of two floats (MaxFloats), and one to find the maximum of two ints (MaxInts).

The examples you have seen up to this point in the chapter have all been concentrated in a single
file, with the code executed directly in the main function. Of course, this is practical only for the
simplest of programs. Usually, many different files are used, and then code organization becomes an
issue. The next section deals with how you should organize your C programs.
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ORGANIZING PROGRAMS

As explained in Chapter 3, C programs typically comprise many source files with the extension
.c. These files contain the definitions of the functions and variables that make up the program.
Each source file is usually accompanied by a header file, which has the extension .h. A header file
declares the parts of the source file that should be visible to the rest of the program, which may
include macros, global variables, data types, and function signatures. Any .c file can utilize the
declarations in a header file by including it with the #include preprocessor directive.

Take the following example: you have a function called DoSomething, and a struct called Monkey,
and you want to put them into a separate file from the main function. You could write a header file,
Monkey . h, which contains declarations and definitions, such as this:

#ifndef MONKEY_H
#define MONKEY_H

typedef struct {
char *name;
} Monkey;

void DoSomething (Monkey *monkey) ;
#endif

The first thing you will notice is that there are some preprocessor directives that don’t have anything
to do with the code itself. These directives are called guards. Definitions such as the struct

Monkey can only be defined once, or the compiler will report an error. To avoid this, the guard is
introduced, to ensure that the definitions in the header file get imported only once, no matter how
many times #include "Monkey.h" appears.

The first line of the guard checks if the macro MONKEY_H is defined. If not, the preprocessor includes
the definitions and declarations, and also defines MONKEY_H. The next time the header is included,
MONKEY_H is defined, and the code is excluded. In this way, the declarations and definitions in
Monkey . h are included only once per compilation.

The main.c file can use the definitions and declarations in Monkey.h by including it, like this:

#include <stdio.h>
#include "Monkey.h"

int main() {
return 0;

www.it-ebooks.info


http://www.it-ebooks.info/

Organizing Programs | 207

The struct Monkey and the function DoSomething are now accessible inside the main function, as
shown in the following:

#include <stdio.h>
#include "Monkey.h"

int main() {
Monkey monkey;

monkey.name = "Bonzo";
DoSomething (&monkey) ;
return 0;

}

The last piece of the puzzle is the Monkey . c file, which must provide a definition of DoSomething.
Here is one possibility:

#include "Monkey.h"

void DoSomething (Monkey *monkey) {
printf ("%s stands on his head.\n", monkey->name) ;

}

Because the Monkey . ¢ file also needs the definitions and declarations in Monkey . c, it also includes
the header file Monkey . h. The Monkey . c file includes a definition of the function DoSomething,
which simply prints a sentence using the name of the Monkey passed to it.

The struct Monkey does not get defined in Monkey . c because it was already defined in

Monkey . h. Monkey must be defined in Monkey . h; otherwise, the compiler doesn’t know what
member variables it includes and cannot compile files such as main.c that access the variables of
Monkey. This is not the case for the function DoSomething, because the compiler needs to know
only the signature of a function to compile the call in main.c. The implementation of DoSomething
is not needed, so it is defined in DoSomething. c.

ﬂ NOTE In general, you need to give the compiler enough details in a header file
that it can compile any file using the header, but no more than that. Every time
you make a change to a header file, any file that includes that header must be
recompiled when you click Build. If your program becomes large, you will want
to put the bare minimum in header files, so that you don’t spend your time
waiting for unnecessarily long builds for every small change you make.

To finish your exploration of C in the following sections, you are going to write a program that
spans multiple files and uses many of the aspects of C you have read about in this chapter. The
program itself is a simple address book, which allows you to add addresses, retrieve them, and save
them to disk.
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Getting Started with MyAddressBook

1.  Create a new Command Line Tool project in Xcode and call it MyaddressBook.

2.

Create a new C file called Person.c in the Source group. To do this, select the Source group in
the Groups & Files view on the left, and then choose File = New File. Under the file group C
and C++, choose C File, and click the Next button. Enter the name and make sure that the Also
Create “Person.h” checkbox is selected, as shown in Figure 6-4. When you are ready, click the
Finish button, and Xcode creates two files: Person.c and Person.h.

w
Hew C File

Fils Mams: |hr1nric |

B atuo creaie “Fersan.h®

Location, - /Deskiop/MpdddressBook Bﬂ (_ Choose... )
Add 1o Project: | MyAddressRook EI)

Targets: & [ MyAddressBook

(Cancei ) |

FIGURE 6-4

Replace the contents of the Person.h and Person.c files, as well as main.c, with the code given
in the following listing:

PERSON.H

) #ifndef PERSON_H

Available for #define PERSON_H

dslvmlnad on
rox.com
typedef struct {

char *name;
char *address;
} Person;

Person* AllocPerson() ;
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J

Available for
download on
Wrox.com

J

Available for
download on
Wrox.com

void InitPerson( Person *person, char *name, char *address );
void DeallocPerson( Person *person );

#endif

code snippet MacOSXProg ch06/MyAddressBook 1/Person.h

PERSON.C

#include "Person.h"
#include <stdio.h>
#include <stdlib.h>
#include <string.h>

Person* AllocPerson() {
return malloc( sizeof (Person) );

void InitPerson( Person *person, char *name, char *address ) {
int nameLength = strlen(name) + 1;
person->name = malloc( sizeof (char) * nameLength );
strcpy ( person->name, name ) ;

int addressLength = strlen(address) + 1;
person->address = malloc( sizeof (char) * addressLength );
strcpy ( person->address, address );

void DeallocPerson( Person *person ) {
free( person->name );
free( person->address );
free( person );

code snippet MacOSXProg ch06/MyAddressBook 1/Person.c

MAIN.C

#include <stdio.h>
#include "Person.h"

int main () {
Person *person = AllocPerson() ;
InitPerson(person, "Joe Citizen", "1 Hopalong Avenue, MediumRare, USA");

printf ("Name: %$s\nAddress: %s\n", person->name, person->address);
DeallocPerson (person) ;
return 0;

code snippet MacOSXProg ch06/MyAddressBook 1/main.c
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4. Compile and run the program by clicking the Build and Go toolbar item, and view the output in
the Debugger Console.
How It Works

The MyAddressBook program is considerably more complex than anything you have seen to this point.
It makes use of all the aspects of C that you have already encountered, and uses them in a particular
style of structured programming that is very common in C programming.

NOTE The style of programming demonstrated in this example is used, for
example, in the Mac OS X frameworks Core Foundation and Quartz 2D. Even if
you don’t end up programming in C, at some point you will inevitably need to
use one of these frameworks, or one of the other C frameworks in Mac OS X.
When that time comes, the information you have garnered from this example
will serve you very well.

In structured programming, data is arranged into structs, and functions are written to operate on
the data in each struct. Together, the struct and functions that operate on it are referred to as an
Abstract Data Type (ADT), because they represent an abstraction of something, such as a person
or an automobile. This style of programming lays the foundations for object-oriented programming
(OOP), which you learn about in Chapter 7.

You should generally begin to study a program that you are not familiar with by considering the
interfaces it declares. These are the entities in a program that are visible to other parts of the
program, and are given in the header files. From the header files, you can learn how a program is
structured and get a general idea of how it works, without knowing the finer details of how things
are implemented.

You can find the interface of the Person ADT in Person.h. The Person ADT stores two strings:
one to contain the name of the person, and another to contain the address. The only functions
declared are for constructing and destructing the person instance. Functions that allocate memory,
initialize the ADT, and deallocate memory are common to all ADTs.

Every ADT provides methods for construction and destruction. Construction is the process of
allocating memory for an ADT and initializing its data. Usually malloc is used to allocate memory.
Destruction is freeing the memory associated with an ADT, usually with the free function, as well
as any other resources it might be using, such as files.

The a11oc . . . functions allocate memory in which to store the ADT. Mostly, the
implementation of an Alloc . . . function simply calls malloc and returns the pointer to the new
memory. This is the case for AllocPerson.
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The 1nit . . . functions allocate and initialize any variables in the ADT. The Dealloc

method frees the data structures, as well as the ADT variable itself. As you can see in the preceding
code, DeallocPerson frees the memory associated with the name and address variables, and then
frees the Person struct itself.

The main function is some simple test code to create a new Person, print its data, and deallocate it
again. Writing test code in this manner as you go can be very useful, rather than leaving your testing
until the end when the whole program is written. Testing late in the game can make finding bugs
much more difficult than if you test small chunks of the program at a time.

The main function demonstrates the pattern used for constructing and destructing ADT variables
when using structured programming. Memory for the variable is first allocated by calling an
aAlloc . . . function, rather than using malloc directly.

Person *person = AllocPerson() ;

The pointer returned is assigned to the pointer variable used to represent the instance. Note that this
variable is always a pointer. After the allocation of memory, an Tnit . . . function is called.

InitPerson (person, "Joe Citizen", "1 Hopalong Avenue, MediumRare, USA");

This allocates memory for any variables in the type and initializes them. When it is no longer
needed, the variable is deallocated.

DeallocPerson (person) ;

This pattern of allocation, initialization, and deallocation is an important aspect of structured
programming and OOP, which are introduced in Chapter 7.

Having written the Person ADT, you write the AddressBook ADT in the following Try It Out,
which stores multiple Person instances and can be used to save them to a file.

Writing the AddressBook ADT

1.  Open the MyAddressBook project in Xcode, and using the approach described in the preced-
ing Try It Out for creating files for the Person ADT, add files called AddressBook.c and
AddressBook.h.

2. Insert the following code in the new files, and replace the existing main function as well:

ADDRESSBOOK.H

) #ifndef ADDRESSBOOK_H
Available for #define ADDRESSBOOK_H
ll‘l;lwnlnad on
rox.com
#include "Person.h"

#include <stdio.h>

typedef struct {
Person *persons[]; // An array of pointers to Person
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int numPersons;

int maxNumPersons;
} AddressBook;
AddressBook* CreateAddressBook( const char *pathToAddressBookFile );
AddressBook* AllocAddressBook() ;
void InitAddressBook( AddressBook *addressBook, const int maxNumPersons ) ;
void InitAddressBookWithFile( AddressBook *addressBook, FILE *file);
void DeallocAddressBook( AddressBook *addressBook );
AddressBook* AddPerson( AddressBook *addressBook, Person *person );
Person* FindPerson( AddressBook *addressBook, char *name );

void SaveToFile( AddressBook *addressBook, FILE *file);

#endif

code snippet MacOSXProg ch06/MyAddressBook 2/AddressBook.h

ADDRESSBOOK.C

‘) #include "AddressBook.h"
Available for #include <stdio.h>
downleadon #include <stdlib.h>
Wrox.com . .

#include <string.h>

void ReadLine( FILE *file, char *line, const int maxLength ) {
fgets(line, maxLength-1, file);
// This reads up to new line, and includes new line
int 1 = strlen(line);
line[1-1] = '\0';
// Replace the new line character with a null terminating char

// Create an address book. If the address book file exists, create the book

// from the file. Otherwise, create an empty address book.

AddressBook* CreateAddressBook( const char *pathToAddressBookFile ) {
AddressBook *addressBook = AllocAddressBook () ;

FILE *file;
file = fopen( pathToAddressBookFile, "r" );
if ( NULL == file ) {

// Create new address book
InitAddressBook ( addressBook, 1000 );

}

else {
// Read address book from file
InitAddressBookWithFile( addressBook, file );
fclose(file);

}

return addressBook;

AddressBook* AllocAddressBook() {
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return malloc( sizeof (AddressBook) );

void InitAddressBook( AddressBook *addressBook, const int maxNumPersons ) {
addressBook->persons = malloc( sizeof (Person*) * maxNumPersons );
addressBook->maxNumPersons = maxNumPersons;
addressBook->numPersons = 0;

void InitAddressBookWithFile( AddressBook *addressBook, FILE *file ) {
int numPersons, maxNumPersons;
fscanf (file, "%d", &numPersons);
fscanf (file, "%d", &maxNumPersons) ;
fgetc(file); // Remove the new line character

// Call the other initializer first.
InitAddressBook ( addressBook, maxNumPersons ) ;

int 1;
for (1 = 0; 1 < numPersons; ++1 ) {
int nameLength, addressLength;

// Read person's name
char name[256];
ReadLine( file, name, 255 );

// Read person's address
char address[256];
ReadLine( file, address, 255 );

// Create new person
Person *p = AllocPerson();
InitPerson( p, name, address );

// Add person to address book
AddPerson( addressBook, p );

void DeallocAddressBook( AddressBook *addressBook ) {
// Dealloc all Persons first
int 1i;
for (1 = 0; i < addressBook->numPersons; ++1i )
DeallocPerson (addressBook->persons[i]) ;

// Now free persons array
free (addressBook->persons) ;

// Free address book

free (addressBook) ;

// Adding a person passes ownership of the person to the AddressBook.
// The return value is the address book if the person was added successfully,
// NULL otherwise.
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AddressBook* AddPerson( AddressBook *addressBook, Person *person )
int n = addressBook->numPersons;

// Check that the persons array is big enough. Otherwise indicate error.

if ( ++n > addressBook->maxNumPersons ) return NULL;
// Array is big enough, so add the new person.
addressBook->numPersons = n;

addressBook->persons[n-1] = person;

return addressBook;

// Find a person in the address book according to their name. If the person

// with the name is not found, NULL is returned.
Person* FindPerson( AddressBook *addressBook, char *name ) {

int 1i;
for (1 = 0; i < addressBook->numPersons; ++1i ) {

Person *person = addressBook->persons[i];

if ( strcmp( person->name, name ) == 0 ) return person;
}

return NULL;

void SaveToFile( AddressBook *addressBook, FILE *file) {
fprintf(file, "%d\n", addressBook->numPersons) ;
fprintf (file, "%d\n", addressBook->maxNumPersons) ;

int 1i;

for (1 = 0; i < addressBook->numPersons; ++1 ) {
Person *p = addressBook->persons[i];
fprintf(file, "%s\n", p->name);
fprintf(file, "%s\n", p->address);

{

code snippet MacOSXProg ch06/MyAddressBook 2/AddressBook.c

MAIN.C

‘) #include <stdio.h>
Available for #include "Person.h"
downloadon #include "AddressBook.h"
Wrox.com
int main () {
AddressBook *addressBook = AllocAddressBook() ;
InitAddressBook (addressBook, 1000);

// Add a person to the address book
Person *person = AllocPerson();

InitPerson (person, "Joe Citizen", "1 Hopalong Avenue, MediumRare,

AddPerson (addressBook, person);

// Add another
person = AllocPerson();

InitPerson(person, "Jill Citizen", "2 Hopalong Avenue, MediumRare, USA");
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AddPerson (addressBook, person);

// Search for person in the address book

person = FindPerson (addressBook, "Joe Citizen");

printf ("Found person\nName: %s\nAddress: %s\n", person->name,
person->address) ;

DeallocAddressBook (addressBook) ;
return 0;

code snippet MacOSXProg ch06/MyAddressBook 2/main.c

3. Compile and run the program by clicking the Build and Go toolbar item, and bring up the
Debugger Console.

How It Works

The AddressBook ADT is declared in the header file AddressBook.h. The data of AddressBook is
declared in the following struct:

typedef struct {
Person *persons[]; // An array of pointers to Person
int numPersons;
int maxNumPersons;

} AddressBook;

The numpersons variable is used to store the number of entries currently in the address book, and
maxNumPersons stores the upper limit on the number allowed. The entries themselves are stored in the
variable persons, which is an array of Person pointers.

The functions declared for aAddressBook are the following:
AddressBook* CreateAddressBook( const char *pathToAddressBookFile );
AddressBook* AllocAddressBook() ;
void InitAddressBook( AddressBook *addressBook, const int maxNumPersons ) ;
void InitAddressBookWithFile( AddressBook *addressBook, FILE *file);
void DeallocAddressBook( AddressBook *addressBook );
AddressBook* AddPerson( AddressBook *addressBook, Person *person );
Person* FindPerson( AddressBook *addressBook, char *name );

void SaveToFile( AddressBook *addressBook, FILE *file);

The AllocaddressBook function is provided for allocating memory for an AddressBook. Two
different functions are provided for initializing an AddressBook after it has been allocated:
InitAddressBook and TnitaddressBookWithFile. The function CreateAddressBook allocates
and initializes an AddressBook in one call, and DeallocAddressBook is responsible for deallocating
the memory associated with an AddressBook, and all its member variables.
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The other functions declared in the AddressBook.h file are addperson, for adding a new Person;
FindPerson, for finding an existing Person; and SaveToFile, for saving the whole AddressBook to
a file. This file can be read later to initialize a new AddressBook with the same information as the
one saved, using the function TnitaddressBookWithFile.

The InitAddressBook function in AddressBook. c looks like this:

void InitAddressBook( AddressBook *addressBook, const int maxNumPersons ) {
addressBook->persons = malloc( sizeof (Person*) * maxNumPersons );
addressBook->maxNumPersons = maxNumPersons;
addressBook->numPersons = 0;

}

This function allocates an array of pointers to Persons and sets addressBook->persons with it.
The other initializer function, InitAddressBookWithFile, calls TnitAddressBook to do the initial
memory allocation before adding addresses from the file.

void InitAddressBookWithFile( AddressBook *addressBook, FILE *file ) {
int numPersons, maxNumPersons;
fscanf (file, "%d", &numPersons);
fscanf (file, "%d", &maxNumPersons) ;
fgetc(file); // Remove the new line character

// Call the other initializer first.
InitAddressBook ( addressBook, maxNumPersons ) ;

int 1;
for (1 = 0; 1 < numPersons; ++1 ) {
int nameLength, addressLength;

// Read person's name
char name[256];
ReadLine( file, name, 255 );

// Read person's address
char address[256];
ReadLine( file, address, 255 );

// Create new person
Person *p = AllocPerson();
InitPerson( p, name, address );

// Add person to address book
AddPerson( addressBook, p );

}

The loop reads one person’s information at a time from the file. The number of Persons in the file is
read first, along with the maximum number of Persons allowed in the address book. After the call
to InitAddressBook, the loop reads one name and address at a time, allocates and initializes a new
person with the information, and adds it to the AddressBook with the Addperson function.
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The order in which the data is read from the file in TnitAddressBookWithFile has to be
exactly the same as the order in which it was written. The function saveToFile is used for
writing the AddressBook to a file as follows:

void SaveToFile( AddressBook *addressBook, FILE *file) {
fprintf(file, "%d\n", addressBook->numPersons) ;
fprintf(file, "%d\n", addressBook->maxNumPersons) ;
int 1i;
for (i = 0; i < addressBook->numPersons; ++i ) {
Person *p = addressBook->persons([i];
fprintf(file, "%s\n", p->name);
fprintf(file, "%s\n", p->address);
I8

As you can see, it first prints the number of Persons, and the maximum number allowed. This is
exactly the same order that TnitAddressBookwithFile read them in. The loop prints the name and
address of each person in turn, in the same order in which they are read.

WARNING The capability to store information even after a program stops
running is known as persistence. This can entail storing data on file, but it could
also involve more advanced means such as using a database. Being able to
save your ADTs to some form of storage, and retrieve them again, is very useful,
and many ADTs will define functions for performing these actions.

The function CreateaAddressBook can be used to allocate and initialize a new addressBook in
a single function call. The function first checks to see if there is already an AddressBook stored
on file. If so, it initializes the new AddressBook with the information stored using the function
InitAddressBookWithFile, like this:

AddressBook* CreateAddressBook( const char *pathToAddressBookFile ) {
AddressBook *addressBook = AllocAddressBook () ;
FILE *file;
file = fopen( pathToAddressBookFile, "r" );
if ( NULL == file ) {
// Create new address book
InitAddressBook ( addressBook, 1000 );

}

else {
// Read address book from file
InitAddressBookWithFile( addressBook, file );
fclose(file);

}

return addressBook;
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To check if the file exists, an attempt is made to open it with fopen. If a NULL pointer is returned,
the file does not exist. If there is no file, an empty addressBook is initialized with the function
InitAddressBook.

The AddpPerson function in AddressBook.c adds a Person pointer to the end of the persons array
as shown here:

AddressBook* AddPerson( AddressBook *addressBook, Person *person ) {
int n = addressBook->numPersons;

// Check that the persons array is big enough. Otherwise indicate error.
if ( ++n > addressBook->maxNumPersons ) return NULL;

// Array is big enough, so add the new person.
addressBook->numPersons = n;
addressBook->persons[n-1] = person;

return addressBook;

}

Care is taken to check that there is room for adding the new pPerson, by comparing the new value
of addressBook->numPersons with the maximum allowed value addressBook->maxNumPersons.
The latter is used to allocate the persons array in InitAddressBook; ignoring the maximum would
cause data to be written outside the array, and either corrupt other data or crash the program.

NOTE The use of the increment operator ++ preceding the variable n, as in ++n,
causes n to be incremented before its value is returned. This is different from
n++, which returns the value of n before it has been incremented. You need to
be careful not to confuse the two operators, because they can lead to very dif-
ferent outcomes.

To find a person in the AddressBook, the FindPerson function simply loops over all the Persons in
the persons array, and checks if a match is found for the name passed.

Person* FindPerson( AddressBook *addressBook, char *name ) {

int 1i;
for (1 = 0; i < addressBook->numPersons; ++i ) {
Person *person = addressBook->persons[i];
if ( strcmp( person->name, name ) == 0 ) return person;

}
return NULL;
}

The strcmp function compares the name passed with the name of a Person in the persons array.
If they match — if 0 is returned — the Person is returned from FindPerson. If no Person matches,
NULL is returned.
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The last function you should consider is the DeallocaddressBook function, because it demonstrates
the sort of actions you must take to clean up when you destruct an ADT variable.

void DeallocAddressBook( AddressBook *addressBook ) {
// Dealloc all Persons first
int 1i;
for (1 = 0; i < addressBook->numPersons; ++i )
DeallocPerson (addressBook->persons[i]) ;

// Now free persons array
free (addressBook->persons) ;

// Free address book
free (addressBook) ;

}

You can see that a call is made to every Person in the persons array. This brings up the issue of
ownership, because by deleting a Person, the aAddressBook is assuming that no other part of the
program needs to use it anymore. The AddressBook is considered to own any Person passed to the
addpPerson function, and is thus responsible for deleting it when the time comes.

NOTE An important part of memory management when programming with this
structured form of C s to decide who owns each variable, and is thus
responsible for deleting it. Not making a clear decision about this could lead to
memory leaks, or variables being deallocated when they are still needed.

The DeallocaddressBook function continues by freeing the persons array. Note that this happens
after all the Persons contained in the array have been deallocated. If you freed the array first, you
would not have any way to access its contents. The final act of DeallocaddressBook is to deallocate
the AddressBook itself.

The main function is again used for testing purposes as follows:

int main () {
AddressBook *addressBook = AllocAddressBook() ;
InitAddressBook (addressBook, 1000);

// Add a person to the address book

Person *person = AllocPerson() ;

InitPerson(person, "Joe Citizen", "1 Hopalong Avenue, MediumRare, USA");
AddPerson (addressBook, person) ;

// Add another

person = AllocPerson() ;

InitPerson(person, "Jill Citizen", "2 Hopalong Avenue, MediumRare, USA");
AddPerson (addressBook, person);

// Search for person in the address book
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}

person = FindPerson (addressBook, "Joe Citizen");
printf ("Found person\nName: %$s\nAddress: %s\n", person->name, person->address);

DeallocAddressBook (addressBook) ;
return 0;

This creates an AddressBook instance, adds two Person instances to it with the AddPerson
function, searches for one of the Persons with the Findrerson function, and prints details of the
person found.

With basic data storage, ADTs are now defined for MyAddressBook. The next Try It Out moves on
to deal with an ADT called controller, which interacts with the user of the program and modifies

the addressBook instance according to requests from the user.

Finishing MyAddressBook

1. Using the approach described earlier for creating files for the Person and addressBook ADTs, add

ﬁkscaﬂedController.candController.htothehAyAddRSSBOOkprOkCL

2. Insert the following code into the new files and replace the existing main function:

CONTROLLER.H

‘) #ifndef CONTROLLER_H
Available for #define CONTROLLER_H
download on
Wrox.com . .

#include <stdio.h>
#include "Person.h"

#include "AddressBook.h"

typedef struct {
AddressBook *addressBook;
char *pathToAddressBookFile;
} Controller;

Controller* AllocController();
void InitController (Controller *controller);
void DeallocController (Controller *controller);

void PrintIntroductoryMessage (Controller *controller);
void PrintUserOptions (Controller *controller);

int ProcessUserChoice (Controller *controller, char c);
void ProcessNewPersonRequest (Controller *controller);
void ProcessFindPersonRequest (Controller *controller);
void ProcessSaveRequest (Controller *controller);

#endif

code snippet MacOSXProg ch06/MyAddressBook 3/Controller.h
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J

Available for
download on
Wrox.com

CONTROLLER.C

#include
#include
#include
#include
#include
#include

"Controller.h"
<stdio.h>
<stdlib.h>
<string.h>
"Person.h"
"AddressBook.h"

Controller* AllocController() {

return malloc(

sizeof (Controller) );

void InitController (Controller *controller) {

controller->pathToAddressBookFile = "/var/tmp/addressbook
controller->addressBook
CreateAddressBook (controller->pathToAddressBookFile) ;

void DeallocController (Controller *controller)

DeallocAddressBook (
free(controller);

void PrintIntroductoryMessage (Controller *controller)

controller->addressBook );

printf ("Welcome to MyAddressBook\n");

printf ("With this program, you can add addresses,

"and store them on file.\n");

}

void PrintUserOptions(Controller *controller)
printf ("\nYou can either\n"

a) Add an address\n"

f) Find an address, or\n"

s) Save your addresses\n"

g) Save and Quit\n");

printf ("Please enter your choice (a, f, s,

// Return value is 1 if the program should stop running,

// 1if it should continue.

int ProcessUserChoice(Controller *controller,
int shouldStop = 0;

ch (choice)

swit

case

case

case

ral:

ProcessNewPersonRequest (controller) ;

break;
|f|:

ProcessFindPersonRequest (controller) ;

break;
.

ProcessSaveRequest (controller) ;

break;
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case 'q':
ProcessSaveRequest (controller) ;
shouldStop = 1;
break;
default:
printf ("You entered an invalid choice. Try again.\n");
}
return shouldStop;

void ProcessNewPersonRequest (Controller *controller) {
char name[256];
printf ("You chose to add an address.\n");
printf ("Please enter the name of the person to add: ");
gets (name) ;
char address[256];
printf ("Please enter the address of the person on one line: ");
gets (address) ;
Person *p = AllocPerson() ;
InitPerson( p, name, address );

if ( ! AddPerson( controller->addressBook, p ) )
printf ("An error occurred while trying to add the new address.\n");

void ProcessFindPersonRequest (Controller *controller) {
char name[256];
printf ("You chose to find an address.\n");
printf ("Please enter the name of the person to find: ");
gets (name) ;

// Print details of person if found. Otherwise tell the user that
// the person could not be found.
Person *p = FindPerson( controller->addressBook, name ) ;
if (p)

printf ("The address of %s is\n%s\n", p->name, p->address );
else

printf ("The address of %s could not be found.\n", name );

void ProcessSaveRequest (Controller *controller) {
FILE *file = fopen(controller->pathToAddressBookFile, "w");
SaveToFile (controller->addressBook, file);
fclose(file);

code snippet MacOSXProg ch06/MyAddressBook 3/Controller.c

MAIN.C

‘) #include <stdio.h>
mailable for T 111C1ude <string.h>
ﬂm;n:gnt:n #include "Person.h"

' #include "AddressBook.h"

#include "Controller.h"
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in