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Introduction

The Objective-C programming language continues to grow in popularity and usage. This is due to
the power and ease-of-use of the language itself, along with the numerous features that continue to
be added to the platform. Many programmers have developed a basic knowledge of the language
and now want to further their expertise. Pro Objective-C will take you to the next level.

What This Book Is

Pro Objective-C provides an in-depth, comprehensive guide to the language, its runtime, and key
APIs. It explains the key concepts of Objective-C in a clear, easy-to-understand manner, along with
detailed coverage of its more complex features. Its key topics include:

Objective-C fundamentals and key language elements
The Objective-C runtime system

Foundation Framework APIs

Objective-C advanced language features

The book also includes numerous practical examples —code excerpts and complete
applications—that demonstrate how to apply in code what you’re learning.

Each topic is covered clearly, concisely, and is packed with the details you need to develop
Objective-C code effectively. The most important features are given in-depth treatment, and each
chapter contains numerous examples that clearly demonstrate the use of Objective-C.

Who This Book Is For

This book is geared toward intermediate to advanced developers who already have some
Objective-C experience. It’s also great for developers who have not used Objective-C but have some
C programming experience and also understand object-oriented programming.
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What You Need

Before you begin writing Objective-C code for the Apple OS X and iOS platforms, you’ll need an
Intel-based Mac computer (MacBook, iMac, Mac Pro, etc.) running OS X Mountain Lion (OS X 10.6.8)
or later. You will also need Xcode, Apple’s toolset for iOS and Mac software development. Chapter 1
provides instructions for obtaining and installing Xcode.

What’s in This Book

Here’s a brief overview of the chapters of this book.

Chapter 1

This chapter introduces the Objective-C programming language and development environment.
You will also download and install Xcode and write your first Objective-C program.

Chapter 2

Chapter 2 is all about classes, the major building block for object-oriented programming. It covers
the key elements and unique features Objective-C provides for developing classes.

Chapter 3

In Chapter 2 you learned how to create classes; in this chapter you learn how to use them. Specifically,
you learn about the concepts and details around Objective-C object creation, initialization, and
messaging.

Chapter 4

Proper memory management is key to developing programs that perform both correctly and efficiently.
In this chapter you’ll learn how computer memory is allocated and released for Objective-C programs,
the Objective-C memory model, and how to write programs that perform memory management

properly.

Chapter 5

Objective-C includes a preprocessor that is used to translate source files prior to compilation. In this
chapter you will learn how the preprocessor works and how the preprocessor language is used in
Objective-C source files.

Chapter 6

As you learned earlier in this book, ARC is the recommended approach for Objective-C memory
management. In this Expert Section chapter you will learn some of the finer details surrounding
ARC memory management, as well as how to use ARC with toll-free bridged objects.
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Chapter 7

Chapter 7 begins our study of the Objective-C runtime system by providing an in-depth exploration
of the dynamic features of the Objective-C language. This includes runtime type determination,
method resolution, object introspection, dynamic code loading, and other features.

Chapter 8

In Chapter 8 you will learn about the architecture and design of the Objective-C runtime system, and
how its dynamic features are implemented. The chapter also shows how your code interacts with the
runtime, both at compile time and during program execution.

Chapter 9

In this Expert Section chapter you will enhance your knowledge of the runtime system by developing
several example programs that exercise some of its key features and APls.

Chapter 10

In Chapter 10, you will learn about Foundation Framework classes that provide common, general-
purpose functionality required by most Objective-C programs. The classes examined include root
classes, strings, value objects, collections, XML data processing, and predicates.

Chapter 11

In Chapter 11, you will explore Foundation Framework classes that provide system services. These
classes implement a variety of operating system services for networking, file management, interprocess
communication, system information retrieval, text processing, threading, and concurrency.

Chapter 12

Chapter 12 covers several Foundation Framework classes that provide specialized system services,
which implement functionality to support event-driven programming, object persistence, and
distributed programming.

Chapter 13

In this chapter you’ll learn about the Foundation Framework’s general-purpose functions, data types,
and constants, a set of APlIs that provide a variety of essential functionality for Objective-C software
development.

Chapter 14

Chapter 14 is an Expert Section dedicated to error handling. You will learn about the causes of
runtime errors, the programming options for error handling, and the Foundation Framework APIs for
handling errors and exception conditions.
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Chapter 15

In Chapter 15 you will learn how to program with blocks, a powerful extension to the Objective-C
language. It explores block syntax and semantics, block memory management, how to develop
blocks in your own code, and how to use blocks in existing APIs.

Chapter 16

Objective-C literals are a recent addition to the language. In this chapter you will learn their syntax,
associated semantics, and general guidelines for usage.

Chapter 17

The Objective-C platform provides a variety of language extensions, APIs, and operating
system services that are designed to enable you to safely and efficiently implement concurrent
programming. In Chapter 17 you will explore this technology in depth.

Chapter 18

In Chapter 18 you will learn the fundamentals of key-value programming (key-value coding,
key-value observing). The chapter includes relevant implementation details, and also shows how to
use key-value programming in your code.

Appendix A

Appendix A provides a concise summary of the basic elements of the Objective-C language.
Its scope is the Objective-C language extensions to ANSI C.

Appendix B

Appendix B presents an in-depth exploration of Xcode, including its basic concepts, major functional
elements, and how to use its key features.

Appendix C

Appendix C provides a detailed overview of LLDB, the Xcode debugger. You will learn the
architecture and design of LLDB, briefly review how it’s integrated with Xcode, and learn how to
efficiently debug programs in Xcode with LLDB.



Chapter

Getting Started

For those of you new to Objective-C, welcome on board! In this chapter, you'll receive an
introduction to the language and then dive right in by writing some code. You’ll start with an
overview of the Apple Objective-C development environment and discuss some of the reasons why
Objective-C is such a popular language for application development. Next, you begin using Xcode,
Apple’s integrated development environment (IDE), and see how it makes Objective-C programming
both enjoyable and efficient.

Introduction

Objective-C is the primary programming language for developing applications on Apple’s OS X and
iOS (iPod, iPhone, iPad) platforms. In recent years, these platforms have become some of the
most popular application development environments. A key reason for this success is due, in fact,
to features of the Objective-C language.

Apple released version 2.0 of Objective-C in 2007. It added many new features to the language,
including declared and synthesized properties, dot notation, fast enumeration, exception support,
runtime performance improvements, and 64-bit machine support.

The Objective-C language has continued to evolve and acquire features that make Objective-C
programming more powerful and expressive. Some of the more significant recent additions to the
language include automatic reference counting for Objective-C objects, improved support for data
hiding, improved type safety for enumerations, as well as new language constructs for block objects,
literals, and other features.
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Apple Objective-C Platform
Apple’s Objective-C development environment consists of several parts:
Objective-C programming language
Objective-C runtime environment
Software libraries
Software development tools

Object-oriented software development using Objective-C is the main subject of this book. As such,
Part 1 of this book covers the programming language and the way it supports object-oriented
programming.

Objective-C programs execute within the Objective-C runtime environment; it enables the dynamic
programming capabilities of the language. Part 2 of this book explores the Objective-C runtime
environment in depth and demonstrates how to use its application programming interfaces (APIs).

The software libraries include a set of frameworks, libraries, and services that provide general-purpose
functionality to simplify application development. This software provides, out-of-the-box, much of the
functionality needed to develop applications on the OS X and iOS platforms. Part 3 of this book covers
the Foundation Framework, the base APlIs that are used for any type of Objective-C program.

Part 4 focuses on advanced features of Objective-C that are of particular interest to programmers as
they develop more sophisticated applications.

The software development tools enable source code editing and compilation, user interface
development, version control, project management, testing and debugging, and other features. They
also simplify application development and enable developers to be more efficient when developing,
managing, and maintaining Objective-C software. Throughout this book, instructions are provided for
using these tools to develop programs. Appendix B offers additional tips and recommendations.

Why Objective-C?

So, what are the benefits of Objective-C compared to the many other programming languages
available today? After all, quite a few languages support object-oriented programming. Is its being
the primary programming language for developing applications on Apple’s OS X and iOS platforms
the biggest reason for its popularity? Well, Objective-C is a great programming language on its
own merits, with a variety of features that make it incredibly powerful, versatile, and easy to use for
application development:

Object-oriented programming: The Objective-C programming language provides
complete support for object-oriented programming (OOP), including capabilities
such as object messaging, encapsulation, inheritance, polymorphism, and open
recursion.

Object messaging: Object messaging enables objects to collaborate by passing
messages between themselves. In effect, Objective-C code (e.g., a class/object
method or a function) sends a message to a receiving object (the receiver)

and the receiver uses the message to invoke its corresponding method,
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returning a result if required. If the receiver does not have a corresponding
method, it can handle the message in other ways, such as forwarding it to
another object, broadcasting it to other objects, introspecting it and applying
custom logic, and so forth.

Dynamic runtime: Compared to many other languages that support OOP,
Objective-C is very dynamic. It shifts much of the responsibility for type,
message, and method resolution to the runtime, rather than compile or link time.
These capabilities can be used to facilitate developing and updating programs
both in real time, without the need to recompile and redeploy software, and over
time, with minimal or no impact to the existing software.

Memory management: Objective-C provides a memory management capability,
Automatic Reference Counting (ARC), which both simplifies application
development and improves application performance. ARC is a compile-time
technology that incorporates many of the benefits of traditional automatic
memory management mechanisms (i.e., garbage collectors). However,
compared to these traditional technologies, ARC provides better performance
(memory management code is interleaved with your program code at compile
time), however, and it doesn’t introduce memory management-induced pauses
into program execution.

Introspection and Reflection: The Objective-C language includes features that
enable a program to query an object at runtime, provide information (its type,
properties, and the methods it supports), and modify its structure and behavior.
This enables a program to be modified during its lifetime of execution.

C language support: Objective-C is primarily an object-oriented extension to the
C language. It constitutes a superset of C. This means that the raw power of C
is available and that C libraries can be accessed directly.

Apple technologies: Apple provides a wealth of software libraries and tools for
Objective-C application development. The development kits have frameworks
and libraries that include the infrastructure, enabling you to focus on developing
your application-specific logic. Xcode, Apple’s integrated development
environment, provides all the tools you’ll need to develop great applications
using Objective-C.

These are just some of the reasons why Objective-C continues to grow in popularity among
developers—and I’'m sure you’ll discover more as you continue through this book. OK, enough talk.
Now let’s use Xcode to take Objective-C out for a test drive and find out what it’s really capable of!

Developing a Simple Objective-C Program

The best way to become proficient in a programming language is to learn by doing, so now you are
going to start writing some code! But first, let’s download and install Xcode.

Xcode is a complete IDE for Objective-C software development on the Mac. It is fully integrated with
both iOS and OS X, and it includes all the tools necessary for writing and compiling source code,
developing sophisticated user interfaces, software testing and debugging, release build and

version management, project management, and a host of other features. Xcode is a free download
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for all members of the Apple iOS and Mac Developer Programs. If you are not a member of either
program, it is also available as a free download from the Mac App Store. The examples in this book
were developed using Xcode 4.5, the current release. This version of the IDE will run on any Intel
Mac computer that has OS X Lion or later installed.

Creating the Project

Once you have downloaded and installed Xcode, launch the program. The Xcode welcome window
shown in Figure 1-1 will display.

Recents

Welcome to Xcode

Version 4.5.1 (4G1004)

Create a new Xcode project No recents
Start building a new Mac, iPhone or iPad
application from one of the included templates

Connect to a repository
Use Xcode's integrated source control features to
work with your existing projects

Learn about using Xcode
Explore the Xcode development environment with
the Xcode 4 User Guide

Go to Apple's developer portal
Visit the Mac and iOS Dev Center websites at |
developer.apple.com No Selection

o= B

Open Other... | f Show this window when Xcode launches Cancel Open

Figure 1-1. Xcode welcome window

Note If you have an i0S device (e.g., iPhone/iPod/iPad) connected to your computer, you may see a
message asking whether or not you want to use that device for development. Because you will not be
developing a mobile app here, you should click the Ignore button.)
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This screen presents you with a variety of options: you can visit Apple’s developer portal,

learn more about Xcode, and so forth. Because you want to create a new application, select the
Create a new Xcode project option by selecting New » Project ... from the Xcode File menu.
The Xcode workspace window will be displayed, followed by the New Project Assistant pane on top

of that, as shown in Figure 1-2.

mos
Az

Leading

| Choose a template for your ne

[~
This template buldi a command-

Applesaript | Commansd Line Tool

Figure 1-2. Xcode New Project Assistant

The left side of the New Project Assistant is divided into iOS and OS X sections. You are going to

start by creating a command-line application, so select Application under the OS X section.

In the upper-right pane, you’ll see several icons that represent each of the project templates that
are provided as starting points for creating OS X applications. Select Command Line Tool and
click Next. The project options window will be displayed (as shown in Figure 1-3) for you to input

project-specific information.
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Figure 1-3. Xcode project options window

Specify the following:
B The Product Name for the project (for this example, Elements).

B The Organization Name (an identifier for the developer, typically a person or
organization; this name will be included in the copyright comments at the top of
your source files).

m A Company Identifier (this is a name used to provide an identifier for your
application; typically you input something like your domain name in reverse
order, but any name will suffice).

B The Type of application (Xcode supports various application types, including C,
C++, etc.; here you select Foundation for an Objective-C project that uses the
Foundation Framework).

B And finally, select the check box to specify that the project will use
Automatic Reference Counting for memory management.
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After this information has been provided, click Next to display the window for entering the name and
location of your project (see Figure 1-4).

= E < v |5 = [ ] - )| G0 Eements & =

G DataTypes
[ EBements

Saurce Control: [ | Create local git repositary for this project
Add to: | Don't add to any project or workspace

New Folder Cancel Create

Figure 1-4. Xcode Project Location window

Specify the location in your file system where you want the project to be created (if necessary,
select New Folder and enter the name and location for the folder); also be sure to uncheck the
Source Control check box. Next, click the Create button. The project (workspace) window,

as shown in Figure 1-5, is opened.
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Copyright (c) 2812 Keith Lee. ALl rights reserved.

#import <Foundation/Foundation.h>

int main{int argc, const char « argvll)
{

gautorcleasepool {

// insert code here...
NSLoglg“Helle, Wor

return 8;

= main.m
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Figure 1-5. Xcode project window

Xcode Workspace

The project window consists of a toolbar and three main areas, as illustrated in Figure 1-6.
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. Editor View
Stop Breakpoints Activity buttons buttons

button Scheme popup button Window | |

n
Run b

button

X v 4 g

Navigator
Area

i

— 1
., Area .

LA

Figure 1-6. Project window main elements

The toolbar includes controls to start and stop running your project (the Run and Stop buttons);

a pop-up menu to select the Scheme you want to run (a scheme defines information used to build
and execute one or more targets); a Breakpoints button for toggling breakpoints on/off while
debugging your program; the Activity View in the middle of the toolbar; a set of Editor buttons;

a set of View buttons; and an Organizer button.

The three areas below the toolbar comprise the navigator area, editor area, and the utility

area. The navigator area is used to view and access different resources (files, etc.) within a project.
The editor area is where you write most of your program. The utility area is used to view and access
Help and other inspectors, and to use ready-made resources in your project.

This has been a (very) high-level overview of the elements that comprise the Xcode workspace,
so don’t worry about understanding all of it right now. You will gain plenty of experience using Xcode
and its associated tools as you develop code throughout this book.

Completing Your Test Drive

You have now created an Xcode project named Elements. If you look at the navigator area of the
project window, at the top you’ll see a selector bar comprised of seven buttons and below that
the main navigator area. Click the leftmost button (a folder icon) to see the Project Navigator view.
The project navigator shows the contents (files, resources, etc.) of a project or Xcode workspace.
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Now open the Elements folder by clicking the disclosure triangle alongside the Elements folder icon.
In the folder, select the file named main.m; this file contains the main() function for your program.

If you are already familiar with Objective-C or any of the C family of languages, you know that the
main() function is the starting point for a program and that it is called when the program begins
execution. An executable Objective-C program must have a main() function. In the editor area,
observe the code shown in Listing 1-1.

Listing 1-1. Hello, World!

// insert code here...
NSLog(@"Hello, World!");

Yes, this is the ubiquitous Hello, World! greeting. When you create a command-line program with
Xcode, it creates a main.m file, which includes a main() function with this default code. Now let’s
actually write a little code for your simple program. Update the main() function as shown in Listing 1-2.

Listing 1-2. Hello, World! with Current Date

#import <Foundation/Foundation.h>

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

{
@autoreleasepool
{
NSLog(@"Hello, World!");
// Display the current date, formatted nicely
NSDate *dateTime = [NSDate date];
NSDateFormatter *dateFormat = [[NSDateFormatter alloc]init];
[dateFormat setDateFormat:@"EEE MMM d, yyyy"l;
NSString *dateString = [dateFormat stringFromDate:dateTime];
NSLog(@"Today's date is %@", dateString);
}
return 0;
}

In addition to Hello, World!, the program also displays the current day and date. You can compile
and run this program now by clicking the Run button on the toolbar (or by selecting Run from
the Xcode Product menu). The output pane (located below the editor area) displays the Hello,
World! message and the date (see Figure 1-7).
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Figure 1-7. Hello, World! example

Perfect. You have learned how to create an Xcode project and how to compile and run a simple
Objective-C program. Feel free to continue exploring the Xcode project window to become more

familiar with its contents.

Roundup

This chapter introduced Objective-C. You downloaded and installed Xcode, and used it to write an

1

Objective-C program. The Objective-C language, combined with the tools and software provided by
Apple, make this a great platform for software development. With this introduction completed,
you’re now prepared to begin learning the language in depth. When you’re ready, turn the page and

let’s start developing some classes!
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Using Classes

Classes are the building block for object-oriented programming (OOP). In fact, programs

created using OOP consist primarily of a network of interacting class instances (i.e., objects).

The Objective-C language provides full support for OOP, including language features that enable
design-time specification of classes and the runtime creation of class instances, along with multiple
mechanisms to support object interaction.

This chapter focuses on Objective-C’s key elements and unique features for developing classes.

It covers key areas such as Objective-C class structure, class design and implementation, and

some additional language features that support class development and OOP. The chapter also includes
plenty of examples (along with a program that you will develop) to reinforce your understanding of the
concepts. Sounds like fun, right? OK, so let’s get started!

Developing Your First Class

Object-oriented programming is a style of computer programming that emphasizes the creation

and use of software objects to write programs. A software object provides a representation of the
characteristics or attributes of the thing/concept being modeled (its state) along with a definition

of the things it can do (its methods). With Objective-C, you create the specification or blueprint for
an object with a class interface and a corresponding implementation. In the interface, you specify
the structure of the class (i.e., its properties and methods). In the implementation, you specify the
variables that store the classes’ internal state, and implement its logic by defining its properties and
methods. The Objective-C language also provides several additional features for developing classes,
specifically protocols and categories, which you’ll learn about later in this chapter. For now, let’s start
with the basics by adding a class to the Elements project.

Adding a Class to the Project

From Xcode, select the Elements folder in the navigator area and then create a new file by selecting
New » File...from the Xcode File menu. The New File template will be displayed. Next, select

13
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Cocoa under OS X; this reveals templates for Objective-C class elements. Select the Objective-C
class icon to create an Obijective-C class with implementation and header files, and then click
the Next button (as shown in Figure 2-1).

[ fp— ] iz sl il i)
: = B =4 DiE
1 7] Choose a template for your new file: | |7 Mty
"
o ™ : : % Covap Name | Dlements
" ‘ X | 3 h h Path | Relative to Growp
:,"’ Brrents
i Objective=C class Oejpetive-€ Objective-C class  Objective-C protool il e
categary extenyon Publishing/Apress]
Prodijectived | dev/
#inp Eerments Eements
Demany
int §
¥ Text Sestings
{ g
et Ui =
= Objective-C test a | Seac
Ba) ‘cave clany wdthy F18 2=
{ Tab o
i o Wrap lines
1
} T Objective-C elass.
An Objective-C dlass, with implementation asd heades les.
Cancel MNext
o ()@=
il Cbiect Lowary BRI
Push Button - ntercepts mouse-dawn
orny and wendh an achios mevsage 10 &
Target olject when iv's clcked or
" e 1
Auta $ Al Qutpur § Clear | 1) WX (B
2012-10-25 18:46:25.742 Elosents[43985:303] Helle, World!

Figure 2-1. Creating an Objective-C class

A window for choosing the options for your class, specifically its name and the name of its subclass,
is displayed. As shown in Figure 2-2, enter Atom for the class name, select NSObject (or type the
name of the subclass in the list) from the subclass drop-down list, and then click Next.



CHAPTER 2: Using Classes

B3 Elements. xcodepro) = main.m
!
R TR PR =3 Finished runsieg Bements Eesents
e trva
|mis @& 4 = = B e
» [y Hlements " Choose options for your new file:
& 1 rasger, 05 1500 108 1"
1 i |
- mainm of 17 —
Bements.1 " |
» [ Supparting Files "
» [ Frameworis, i
» [ Products
#inp:
int £
4
£ s [Arom
Subclass of | WSObect .
with 208 for
¥
Cancel Previous Next
(ST ——
Auta § A Cutpat §
I012-10-75 1814628, 747 Elesents[45985:200] Welle, world!
+I 085 =

ErRlaL i 0

= EETE)

1 i 8
¥ identicy
Croup Name | Dements

Pazh [ Relatree 10 Coup
EBements (i)
Full Path [Users/idee /Documents |
Publishing/ Apress |
ProObjectiveC fdev]

EBements/Blemens
Elements =]

¥ Test Seltag

Ingent Ling | Spades

Wik, 243 243
Tab Indent
o Wrap lines
D (lje =
i Otvect ibrary t) (128

Push Button - sstercepts moue-doun
events and seads an amion message 104
target cbject whan &3 clckrd o
Gradiest Button - Intercests mouse-
dowe eveats asd vends in action

MELEagE 10 A Gapel object mhes I's

Rewanded Reet Buttan - interiees
Mt doan sends an

Figure 2-2. Specifying Atom class options

Next, you’ll be prompted to specify the project target for the class and where in your file system to
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save the class files. Leave the location as the Elements folder and the project target as the Elements
project, and then click the Create button (see Figure 2-3).
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Figure 2-3. Class files folder and project target

You have created a class using Xcode! In the Xcode project navigator pane, you will see that the
Atom class is split into two files (Atom.h and Atom.m) that have been added to the project under the
Elements folder. Next, you’ll develop the Atom class in these files.

Coding the Atom Class Interface

The interface for the Atom class is specified in the Atom.h header file, and the implementation in the
Atom.m file. The names of these files reflect the Objective-C convention whereby header files are
suffixed with .h and implementation files are suffixed with .m. Let’s examine the Atom.h interface file
created by Xcode. In the project navigator pane, select Atom.h and view the Atom interface in the
editor pane (see Listing 2-1).

Listing 2-1. Atom Class Base Interface

#import <Foundation/Foundation.h>

@interface Atom : NSObject
@end
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The #import <Foundation/Foundation.h> line is an Objective-C preprocessor directive to include
the header file for the Foundation Framework in this (the Atom) header file. The preprocessor is used
to transform Objective-C code prior to compilation (you’ll learn more about the preprocessor in
Chapter 5 of this book). The Foundation Framework provides a base layer of APIs that can be used
for any type of Objective-C program (Part 3 of this book explores the Foundation Framework APlIs in
depth). The remainder of the header file declares the interface for the Atom class.

A class interface declaration begins with the @interface directive and the name of the class; it ends
with the @end directive. The formal syntax for declaring a class interface is shown in Listing 2-2.

Listing 2-2. Class Interface Syntax

@interface ClassName : SuperclassName
// Property and method declarations
@end

So, you can see from Listing 2-1 that the Atom class has a superclass named NSObject. A superclass
establishes a common interface and implementation, which specialized subclasses can inherit,
modify, and supplement. Hence, the Atom class inherits the functionality of the NSObject class.
NSObject is the root (i.e., base) class of most Foundation Framework class hierarchies and it provides
a basic interface to the Objective-C runtime. Thus, the vast majority of the classes you implement
here will descend from the NSObject class hierarchy. Now let’s declare the custom properties and
methods for the Atom class (i.e., those that aren’t inherited from NSObject). In the editor pane, update
the Atom.h file as shown in Listing 2-3 (the code updates are shown in bold).

Listing 2-3. Atom Interface

@interface Atom : NSObject

@property (readonly) NSUInteger protons;
@property (readonly) NSUInteger neutrons;
@property (readonly) NSUInteger electrons;
@property (readonly) NSString *chemicalElement;

- (NSUInteger) massNumber;
@end

This code adds several properties and an instance method to the class declaration. The property
chemicalElement is of type NSString * (i.e., a pointer to a text string) and has a readonly attribute,
meaning that you can retrieve its value but cannot set it. The properties protons, neutrons, and
electrons are each of type NSUInteger (i.e., non-negative integer values) and are read-only. The
instance method, named massNumber, returns a non-negative integer value. You’ll learn the specifics
on declaring class properties and methods later in this chapter. In the meantime, let’s complete this
example by coding the class implementation.

Coding the Atom Class Implementation

The implementation for the Atom class is provided in the Atom.m file. In the project navigator pane,
select the Atom.m file and view the base Atom implementation in the editor pane, as shown
in Listing 2-4.
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Listing 2-4. Atom Class Base Implementation

#import "Atom.h"

@implementation Atom
@end

The import directive includes the contents of the Atom.h header file (i.e., its preprocessor directives,
interface declarations, and other included header files). Now let’s define the custom properties and
methods for the Atom class that were declared in the Atom interface. In the editor pane, update the
Atom.m file as shown in Listing 2-5 (the code updates are displayed in bold).

Listing 2-5. Atom Class Implementation

@implementation Atom
- (id) init
if ((self = [super init]))

_chemicalElement = @"None";

}

return self;

}

- (NSUInteger) massNumber

return 03

}

@end

All methods declared in a class interface must be defined in its class implementation. Hence,

the Atom implementation in Listing 2-5 defines two methods: init() and atomicMass(). The
massNumber () method is declared in the Atom interface, so the actual program logic for the method
is defined here; it just returns the value 0 for the atomic mass number. The init() method is also
defined here, but why? After all, this method isn’t declared in the Atom interface. Well, the init()
method is declared in NSObject, which is a subclass (i.e., parent) of the Atom class. The NSObject
init() method is used to initialize a new object immediately after memory has been allocated for it;
hence if you have any custom initialization functionality to perform (set instance variables to known
values, etc.), it should be performed here. In this implementation, the init() method initializes the
instance variable backed by the chemicalElement property to the text string None.

Once you finish making the updates to the Atom class implementation, you should test your class.
First, go back to the main() method and edit it as shown in Listing 2-6.

Listing 2-6. Atom Project main() Method

#import <Foundation/Foundation.h>
#import "Atom.h"
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int main(int argc, const char * argv[])

{

@autoreleasepool

{

Atom *atom = [[Atom alloc] init];
NSLog(@"Atom chemical element name: %@", atom.chemicalElement);

return 0;

}

In the main() method, create an Atom object and then use the Foundation Framework NSLog function
to display the object’s chemical element name to the output pane. Save all the files of the project by
selecting Save from the Xcode File menu, and then compile and run the program by clicking the Run
button in the toolbar. (You can also simply compile and run the program, and it will automatically
save any changes to its files). The output pane (see Figure 2-4) displays the message “Atom
chemical element name: None”.
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Figure 2-4. Testing the Atom class

Great. You have just implemented and tested your first Objective-C class. With this introduction, you
are now ready to “look under the hood” to learn about classes in depth—so let’s begin!
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Instance Variables

Instance variables, sometimes referred to as ivars, are variables declared for a class that exist and
hold their value throughout the life of a corresponding class instance (i.e., object). The memory
used for instance variables is allocated when an object is first created, and freed when the object is
deallocated. Instance variables have an implicit scope and namespace corresponding to the object.
Objective-C provides features to control direct access to instance variables, as well as a convenient
mechanism for getting/setting their values.

Instance Variable Access

Access to an object’s instance variables is a function of its scope. Within an object, its instance
variables can be accessed directly from any of its instance methods. Direct access to an object’s
instance variables from an external class instance is a function of the variable’s scope. Objective-C
provides several compiler directives used to explicitly specify the scope of (i.e., control access to)
instance variables:

@private: The instance variable is only accessible within the class that declares
it and other instances of this class type.

@protected: The instance variable is accessible within the class that declares it
and the instance methods of any of its subclasses. This is the default scope if a
protection level is not specified for an instance variable.

@public: The instance variable is accessible from everywhere.

@package: The instance variable is accessible from any other class instance or
function, but outside the package, it is treated as private. This scope can be
useful for libraries or framework classes.

Declaring Instance Variables

Instance variables can be declared in a class interface or implementation; however, declaring
them in the public interface of a class would violate one of the key tenets of OOP —encapsulation.
Therefore, the recommended practice is to declare instance variables in the class implementation;
specifically, within a statement block placed immediately after the class @implementation directive.
The declaration syntax is shown in Listing 2-7.

Listing 2-7. Instance Variable Declaration Syntax

@implementation ClassName

{

// Instance variable declarations

}

@end

If the access control compiler directives are used, the syntax for declaring each instance variable
within the statement block is updated as shown in Listing 2-8.
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Listing 2-8. Instance Variable Declaration with Access Control Directives

{

protection_directive ivar_declaration_list
protection_directive ivar declaration_list

}..

An example class that declares instance variables with access control compiler directives is shown
in Listing 2-9.

Listing 2-9. Example Class with Instance Variable Declarations

@implementation MyTestClass

{
@protected
int myInta;
int myInt2;
@private
float myFloat;
@package
double myDouble;
}

@end

This class declares two protected variables named myInt1 and myInt2; a private variable named
myFloat; and a package-protected variable named myDouble.

Accessing Instance Variables

Instance variables are directly bound to and exist within the context of the corresponding object.
As a consequence, an object’s instance methods can directly access its instance variables. For
example, if the class MyTestClass shown in Listing 2-9 defines an instance method myTestMethod,
the method can directly access the instance variable myInt1 (see Listing 2-10).

Listing 2-10. Instance Variable Access Declarations

-(void) myTestMethod
myIntl = 1;
}

Although instance variables provide convenient, direct access to an object’s state, they expose
the internals of a class—and this violates the OOP principle of encapsulation. Therefore, instance
variables should only be declared when necessary, and the declaration should be in the class
implementation, not the public interface. The preferred approach for publicly exposing the internal
state of an object is through declared properties. Let’s look at those next.



22 CHAPTER 2: Using Classes

Properties

In many programming languages, methods that access an object’s internal state —often referred to
as getter/setter methods—must be manually coded. Objective-C provides declared properties to
both automate and simplify this task. A property differs from an instance variable in that it doesn’t
directly access an object’s internal state, but rather provides a convenient mechanism (i.e., getter/
setter methods) for accessing this data, and thus may include other logic. Objective-C declared
properties enable the compiler to generate these methods automatically according to your provided
specification. This reduces the amount of code you have to write and maintain, and increases
program consistency and reliability.

Property Declaration

A property is declared using the @property keyword followed by an optional set of attributes
(enclosed within parentheses), the property type, and its name.

@property (attributes) type propertyName;

For example, the Atom class you developed earlier (see Listing 2-3) declares the properties
chemicalElement, protons, neutrons, and electrons. Properties can be declared in a class interface,
a category interface, or a protocol. The declaration sets the signature for the getter/setter methods
associated with a property, but does not generate the actual method definitions.

Property Attributes

Property declaration attributes are used to specify the storage semantics and other behaviors
associated with a property. The most commonly-used property attributes are described in Table 2-1.

Table 2-1. Property Attributes

Category Attribute Description

Atomicity nonatomic Accessors are not atomic and, consequently, could provide
different results when accessed concurrently by multiple threads.
If not specified, accessors are atomic; that is, their values are
always fully set/retrieved.

Setter Semantics assign The setter method performs a simple assignment of the property
value without using copy or retain. This is the default setting.

retain On assignment, the input value will be sent a retain message and
the previous value will be sent a release message.

copy A copy of the new message will be set on assignment and the
previous value will be sent a release message.

strong This attribute (used when ARC memory management is applied
on a property) is equivalent to the retain attribute.

(continued)
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Table 2-1. (continued)
Category Attribute Description

weak This attribute (used when ARC memory management is applied
on a property) is similar to the assign attribute except that if the
affect property is released, its value is set to nil.

Read/Write readwrite The property can be read or written to. Both getter and setter
methods must be implemented. This is the default setting.

read-only The property can be read but not written to. The getter method
must be implemented.

Method names getter=getterName = Renames the getter to the specified getterName.

setter=setterName Renames the setter to the specified setterName.

Property Definition

A property definition is performed in the implementation section of a class. In most cases, a property
is backed by an instance variable; hence, the property definition includes defining getter and setter
methods for the property, declaring an instance variable, and using that variable in the getter/setter
methods. Objective-C provides several methods for defining a property: explicit definition, synthesis
via keyword, and autosynthesis.

Explicit Definition

For this method of defining a property, its methods are explicitly defined in the corresponding class
implementation. As an example, the setter method for a property named myIntProperty can be
defined as shown in Listing 2-11.

Listing 2-11. Property Setter Method Definition

-(void) setMyIntProperty:(int) value

_myIntProperty = value;
{

The name of the variable corresponding to the property is prefaced with an underscore. This name
reflects the Objective-C standard naming convention for property instance variables, whereby the
name of the variable is that of the property name, prefaced with an underscore.

Synthesis via Keyword

Through use of the @synthesize keyword, the compiler can autogenerate property definitions.
A property is synthesized in the corresponding class implementation section. The syntax for
synthesizing a property via keyword is

@synthesize propertyName [= instanceVariableName];
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If the optional instanceVariableName assignment is not provided, the compiler will automatically
generate the instance variable name following the standard naming convention for property-backed
instance variables. If an instanceVariableName value is provided, the compiler will create the
instance variable with the name provided. For a property named myIntProperty, the getter and setter
methods will be autogenerated with the statement

@synthesize myIntProperty;

The compiler will create a corresponding instance variable named myIntProperty.

Autosynthesis

The recommended Apple Objective-C compiler, Clang/LLVM (versions 4.2 and above) provides
support for autosynthesis of declared properties. This means that the compiler will automatically
synthesize declared properties that are neither: 1) synthesized by keyword (e.g., using @synthesis);
2) generated dynamically (via the @dynamic property directive); nor 3) having user-provided getter
and setter methods. Thus, there is no need to include code to synthesize a declared property
when using this feature. A declared property is automatically synthesized by the compiler, along
with the corresponding instance variable. The Atom class implemented earlier (see Listing 2-3) uses
autosynthesis of its declared properties.

Dynamic Generation

Accessor methods for a property can be delegated or dynamically created at runtime. The @dynamic
property directive can be used to prevent compiler autogeneration of accessor methods in these
cases. The compiler will not generate a warning if it cannot find implementations of accessor
methods associated with the properties whose names follow the @dynamic property. Instead,

the developer is responsible for creating these methods by either writing the accessor method
implementations directly, using some other means to derive them (such as dynamic code loading or
dynamic method resolution), or leveraging a software library (e.g., the Apple Core Data framework)
that dynamically generates these methods.

Property-Backed Instance Variables

Most properties are backed by an instance variable, hence the mechanism by which properties hide
the internal state of an object. Unless specified otherwise, the instance variable should have the
same name as the property, but with an underscore prefix. In the Atom class implementation shown
in Listing 2-5, the init method accesses the instance variable for the chemicalElement property,
which is named _chemicalElement.
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Property Access

Objective-C provides two mechanisms for accessing properties: accessor methods and dot
notation. Accessor methods synthesized by the compiler follow standard naming conventions:

The method used to access the value (the getter method) has the same name as
the property.

The method used to set the value (the setter method) starts with the word
“set” prepended to the property name, with the first letter of the property name
capitalized.

Using these conventions, the getter method for a property named color would be called color, and
its setter method would be called setColor. So, for an object named myObject, the getter and setter
accessor methods would be invoked as follows:

[myObject color];
[myObject setColor:value];

Objective-C provides a concise alternative to accessor methods: dot notation. The dot notation
syntax for getting and setting a property of an object named myObject would be

myObject.propertyName;
myObject.propertyName = propertyValue;

The first statement invokes the getter accessor method to retrieve the value of the property and the
second invokes the setter accessor method to set the property to the value of propertyValue.

In general, properties should be accessed using the two mechanisms mentioned. However, if the
object associated with a property is not (or may not be) fully constructed, these mechanisms should
not be used, and the property-backed instance variable should be used instead. This means that
within a class init method or dealloc method, the instance variable should be accessed directly, as
shown with the Atom class _chemicalElement instance variable in Listing 2-5.

Methods

Methods define the behavior exhibited by classes and class instances (objects) at runtime.

They are directly associated with either an Objective-C class (class method) or object (instance
method). Instance methods have direct access to an object’s instance variables. Methods can be
declared in a class interface, a protocol, and/or a category. Methods thus declared are defined in
a corresponding class implementation.

Syntax

A method declaration consists of a method type, a return type, and one or more method segments
that provide name, parameter, and parameter type information (see Figure 2-5).
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Return type Method segment names

Method
type 1 l

+ (id) hydrogenWithProtons: (unsigned)np neutrons: (unsigned)nn
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Figure 2-5. Method declaration syntax

The method type identifier specifies whether the method is a class or an instance method. A class
method is declared with a + (plus) sign and indicates that the method has class scope, meaning that
it operates at the class level and does not have access to the instance variables of the class (unless
they are passed as parameters to the method). An instance method is declared with a — (minus)
sign and indicates that the method has object scope. It operates at the instance level and has direct
access to the instance variables of the object and its parent objects (subject to the access controls
on the instance variables).

The return type indicates the type of the returned variable from the method, if any. The return type
is specified within parentheses, following the method type. If the method does not return anything,
the return type is declared as void. Figure 2-5. declares a class method with two parameters whose
names are np and nn, each of which takes a non-negative integer value, and returns a value of type
id, a special Objective-C type that | will discuss in the next chapter.

The method definition syntax is identical to that of the declaration syntax, but instead of a
terminating semicolon, it is followed by the implementation logic enclosed within curly braces. The
Atom class declares an instance method named massNumber; the implementation of this method is
shown in Listing 2-5.

Invoking Methods

In Objective-C, an object (the sender) interacts with another object (the receiver) by sending it a
message, thus causing the receiver to invoke a specific method. The syntax for invoking a method
on an object is

[receiver methodSegmentName:parameterValue ...];

Braces surround the message. If the method has multiple segments, its name and parameter values
are listed consecutively, each separated by a space. An example method invocation with multiple
name/parameter value pairs is

[Atom withProtons:6 neutrons:6 electrons:6];

This method invocation has three segments and thus takes three input parameters: an integer
number of protons, neutrons, and electrons.
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Protocol

You have learned about the basic elements and structure of Objective-C classes, but the language
provides several additional features for developing classes. In this section, you’ll learn about one of
these: protocols.

A protocol declares methods and properties that can be implemented by any class. A class interface
is directly associated with a specific class and, hence, a class hierarchy. On the other hand, a
protocol is not associated with any particular class, thus it can be used to capture similarities among
classes that are not hierarchically related. Protocols provide Objective-C with the capability to
support the concept of multiple inheritance of specification (i.e., of method declarations). A protocol
can also be used to define the messages that an object can send (by specifying properties that
conform to a protocol).

Syntax

A protocol declaration begins with the @protocol directive followed by the name of the protocol.
It ends with the @end directive. Protocols can have both required and optional methods; optional
methods do not require that an implementation of the protocol implement these methods. The
directives @required and @optional (followed by the method name(s)) are used to mark a method
appropriately. If neither keyword is specified, the default behavior is required. The syntax of a
protocol declaration is shown in Listing 2-12.

Listing 2-12. Protocol Declaration Syntax

@protocol ProtocolName
// Property declarations
@required

// Method declarations
@optional

// Method declarations
@end

One protocol can incorporate other protocols by specifying the name of each declared protocol
within braces; this is referred to as adopting a protocol. Commas are used to separate multiple
protocols (see Listing 2-13).

Listing 2-13. Incorporating Other Protocols

@protocol ProtocolName<ProtocolName(s)>
// Method declarations
@end

An interface can adopt other protocols using similar syntax (see Listing 2-14).

Listing 2-14. Interface Adopting a Protocol

@interface ClassName : Parent <ProtocolName(s)>
// Method declarations
@end
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To put this theory into action, you are going to add a protocol to the Atom project and have the Atom
implementation conform to (i.e., implement) the required methods of this protocol. From the Xcode
workspace window, select the Elements folder in the navigator area and then create a new file (by
selecting New » File...from the Xcode File menu) just as you did earlier. The New File template will
be displayed. As before, select Cocoa under OS X, but instead of creating an Objective-C class,
select the Objective-C protocol icon to create a protocol that conforms to the NSObject protocol.

Next, click the Next button (see Figure 2-6).

i Bios

Choose a template for your new file:

ective-C protocol

Colass | Objeciive-C protocol

Figure 2-6. Create a protocol using Xcode

In the next window that specifies options for your new file, enter Writer for the protocol name and
click the Next button. Next, you’ll be prompted to specify where in your file system to save the class
files and the project target for the class. Leave the location as the Elements folder, select Elements
as the project target (if not already selected), and click the Create button. A header file named
Writer.h has been added to the Xcode project navigator pane. Click this file to display the Writer

protocol (see Listing 2-15).

Listing 2-15. Protocol Template File

#import <Foundation/Foundation.h>
@protocol Writer <NSObject>

@end




CHAPTER 2: Using Classes 29

In the editor pane, update the Writer.h file as shown in Listing 2-16 (the code updates are shown in
bold).

Listing 2-16. Protocol Method Declarations
#import <Foundation/Foundation.h>
@protocol Writer <NSObject>

- (void)write:(NSFileHandle *)file;
@end

This protocol declares a method named write that takes a reference to an NSFileHandle as its
parameter and returns nothing. To make the Atom interface adopt this protocol, select the Atom.h
file in the navigator pane and then make the updates shown in bold (see Listing 2-17).

Listing 2-17. Adopting a Protocol

#import <Foundation/Foundation.h>
#import "Writer.h"

@interface Atom : NSObject <Writers
@property (readonly) NSUInteger protons;
@property (readonly) NSUInteger neutrons;

@property (readonly) NSUInteger electrons;
@property (readonly) NSString *chemicalElement;

- (NSUInteger) massNumber;
@end

The Atom interface has effectively been extended with methods from the Writer protocol. Select the
Atom.m implementation file and add the code shown in Listing 2-18.

Listing 2-18. Atom Class Implementation

@implementation Atom

- (void)write:(NSFileHandle *)file

NSData *data = [self.chemicalElement
dataUsingEncoding:NSUTF8StringEncoding];

[file writeData:data];

[file closeFile];

}

@end
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The Atom class now conforms to the Writer protocol, and sending a write: message to an Atom
object causes the chemical element name to be written out to a file. This is an example of how
protocols can be used to provide common behaviors between classes in different hierarchies.

Category

A category enables the addition of new functionality to an existing class without subclassing it.
The methods in a category become part of the class type (within the scope of the program) and
are inherited by all its subclasses. This means that you can send a message to any instance of the
class (or its subclasses) to invoke a method defined in the category. Typically, categories are used
1) to extend classes defined by others (even if you don’t have access to the source code); 2) as an
alternative to a subclass; or 3) to distribute the implementation of a new class into multiple source
files (this can help simplify a large class being developed by multiple programmers).

A category interface declaration begins with the @interface keyword followed by the name of the
existing class and the category name in parentheses followed by the protocols it adopts (if any). It
ends with the @end keyword. Between these statements, the method declarations are provided.
The syntax of a category declaration is shown in Listing 2-19.

Listing 2-19. Category Declaration Syntax

@interface ClassName (CategoryName)
// Method declarations
@end

Now let’s extend the Atom class by adding a category. As before, from the Xcode workspace window,
select the Elements folder in the navigator area and then create a new file (by selecting New » File...
from the Xcode File menu). Select Cocoa under OS X; this time, however, select the Objective-C
category icon to create a category with implementation and header files, and then click the Next
button.

In the next window that specifies options for your new file, enter Nuclear for the category name,
select Atom in the Category on the drop-down list, and then click the Next button. Next, you’ll be
prompted to specify where in your file system to save the class files and the project target for the
class. Leave the location as the Elements folder, select Elements as the project target (if not already
selected), and click the Create button. In the Xcode project navigator pane, two new files have been
added to the Elements folder: Atom+Nuclear.h and Atom+Nuclear.m. These files are the category
interface and implementation files. In the Atom+Nuclear.h header file, update the category interface
as shown in Listing 2-20.

Listing 2-20. Nuclear Category Interface

#import "Atom.h"
@interface Atom (Nuclear)
-(NSUInteger) atomicNumber;

@end
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This category declares a method named atomicNumber that returns a non-negative integer number.
Select the Atom+Nuclear.m source file and update the category implementation as shown

in Listing 2-21.

Listing 2-21. Nuclear Category Implementation

#import "Atom.h"
#import "Atom+Nuclear.h"

@implementation Atom (Nuclear)
-(NSUInteger) atomicNumber

return self.protons;

}

@end

This completes the implementation of the Nuclear category and thus adds the atomicNumber method
to the Atom class and any classes that descend from it. Let’s test the class now. In the main.m file,
make the updates shown in Listing 2-22 to the main() method.

Listing 2-22. Code for Testing the Nuclear Category

#import <Foundation/Foundation.h>
#import "Atom.h"
#import "Atom+Nuclear.h"

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

{
@autoreleasepool
{
Atom *atom = [[Atom alloc] init];
NSLog(@"Atomic number = %1lu", [atom atomicNumber]);
}
return 0;
}

Save all the files of the project by selecting Save from the Xcode File menu, and then compile and
run it by clicking the Run button in the toolbar. The output pane shown in Figure 2-7 displays the
message “Atom number = 0”.
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Figure 2-7. Testing the Nuclear category

And that’s it. You have created a category for the Atom class that adds an instance method that
returns the atomic number for an Atom object. Now let’s look at extensions.

Extensions

An extension is considered an anonymous (i.e., unnamed) category. The methods declared in an
extension must be implemented in the main @implementation block for the corresponding class (they
cannot be implemented in a category). The syntax of a class extension is shown in Listing 2-23.

Listing 2-23. Extension Declaration Syntax

@interface ClassName ()

{

// Instance variable declarations

}

// Property declarations
// Method declarations
@end
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As shown in Listing 2-23, an extension differs from a category in that it can declare instance
variables and properties. The compiler will verify that the methods (and properties) declared in an
extension are implemented. A class extension is commonly placed in the same file as the class
implementation file and it is used to group and declare additional required, private methods (e.g., not
part of the publicly declared API) for use solely within a class.

Roundup

Whew. This has been quite an introduction to Objective-C and developing classes! You have covered
a lot of ground in this chapter, so let’s take a moment to recap what you’ve learned:

An Objective-C class is comprised of an interface and an implementation.
The interface declares the class properties and methods.
The implementation defines the class instance variables, properties, and methods.

An interface may employ inheritance to obtain the properties and methods of
subclasses in a class hierarchy.

By convention, a class interface is stored (on disk) in a header file (suffixed with .h)
and its implementation is stored in a file suffixed with .m.

A protocol declares methods and properties that can be implemented by any
class. They are often used to provide common behaviors in classes that are not
hierarchically related.

A category enables the addition of new functionality to an existing class without
subclassing it. Typically, categories are used 1) to extend classes defined by
others (even if you don’t have access to the source code); 2) as an alternative
to a subclass; or 3) to distribute the implementation of a new class into multiple
source files. An extension can be considered an anonymous category; however,
its declarations must be implemented in the main implementation block of the
class. Extensions can also declare instance variables and properties.

Xcode provides templates for creating Objective-C classes, protocols,
categories, and extensions, thereby making it easy to get started developing
your own classes.

This has been a detailed primer on developing classes using Objective-C and Xcode, so this is
a good time to take a break and review what you’ve gone over. In the next chapter, you’ll pick up
where you left off by exploring the details of object messaging using Objective-C.



Chapter

Objects and Messaging

Now that you have a good understanding of how to create classes using Objective-C, you may
be wondering, “How do | use these classes?” That’s the focus of this chapter; specifically object
creation, initialization, and invoking methods on objects using Objective-C.

As you learned in Chapter 2, an Objective-C class is defined by its instance variables, properties,
and methods. In addition, through OOP inheritance, a class also contains the state and behavior
(i.e., methods and instance variables) of its parent class/classes. At runtime, an object-oriented
program executes its logic by creating objects and invoking the desired operations on these objects
using messaging—an OOP mechanism for invoking methods on objects and classes.

Creating Objects

A class instance (i.e., object) is created by allocating memory for it and initializing it appropriately.
Objects of the same kind are said to be members of the same class. What this means is that they
have the same methods and matching sets of instance variables. Thus, when you create objects of
the same type, you are in effect creating a set of instance variables for the object—along with a set
of pointers to the methods defined for the class.

Every class lives in its own namespace. The names assigned within a class definition don’t conflict
with names assigned anywhere outside it. This is true both of the instance variables in an object’s
data structure and of the object’s methods. Hence, the meaning of a message must be understood
relative to the particular object that receives the message. The same message sent to two different
objects can invoke two distinct methods. This is a fundamental feature of OOP and simplifies a class
interface, because the same names (corresponding to desired operations) can be reused in different
classes.

The Foundation Framework provides functionality that simplifies object creation. Specifically, the
NSObject class includes methods that are used to create class instances. The NSObject alloc class
method returns a new instance of the specified class type; its syntax is

+ (id) alloc

35
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An id is an Objective-C type used to hold a reference to any Objective-C object, regardless of its
class. The alloc method can be invoked as

id varName = [ClassName alloc];

This creates an object of type ClassName and assigns it to a variable named varName of type id. You
could also create the object as follows:

ClassName *varName = [ClassName alloc];

This would also create an object of type ClassName and assign it to a variable named varName;
however, in this case, the variable is of type ClassName * (i.e., a pointer to a class of type ClassName).
Explicitly defining the type for the variable provides static type checking, at the expense of flexibility.
We’'ll discuss this more in Part 2 of the book, which explores the Objective-C runtime. In either case,
the alloc method returns objects that are an instance of the receiving class’s type, also known as

a related result type. This means that the object returned from sending the alloc message will have
the same type as that of the receiving class. Now in Chapter 2, you developed an Atom class. You
can create an Atom object and assign it to a variable named atom using the alloc method.

Atom *atom = [Atom alloc];

As the receiving class of the alloc message is Atom, the created object will be of type Atom. Memory
is allocated for the object and its instance variables are set to default values (zero).

OK, so this is great: Objective-C (and the Foundation Framework) provides everything you need to
create objects. But what about initialization? Well, Objective-C also provides mechanisms to initialize
newly created objects. You'll look at these next.

Object Initialization

The alloc method allocates storage for an object and sets its instance variables to zero, but it
doesn’t initialize the object’s instance variables to appropriate values nor does it prepare any other
necessary objects or resources needed by the object. Therefore, your classes should implement a
method to complete the initialization process. NSObject implements an init method that provides
the foundation for object initialization, and at a minimum, your classes should override this method
to provide any custom initialization behavior required for them. The syntax for the NSObject init
method is

- (id) init

Notice that init is an instance method, and like the alloc method, it returns objects of type id that
are related result types. Remember the init method you developed in Chapter 2 for the Atom class?
It’s shown in Listing 3-1.

Listing 3-1. Atom Class init Method
- (id) init

if ((self = [super init]))
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{

// Initialization code here.
_chemicalElement = @"None";

}

return self;

}

Let’s examine this code in detail to get a better understanding for the responsibilities of the init
method. This line combines several operations in a single line of code:

if ((self = [super init]))

The expression within brackets [super init] performs initialization of the calling object using the
init method of its parent class. Since this is the first statement in an init method, it guarantees
a series of initializations for an object all the way up its inheritance chain to the root object of the
hierarchy (see Figure 3-1).

NSObject

i

MySuperClass

-(id) init
{

self = [super init];

}.,.

T
MyClass

-(id) init
{

self = [super init];

}.,,

Figure 3-1. Object initializations via init methods
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The result returned from the init method invocation is assigned to the special Objective-C self
parameter. Each method has an implicit self parameter (it's not in the method declaration), which is
a pointer to the object that received the message. So, the assignment statement

self = [super init]

invokes the superclass’s init method and assigns the result to the calling object, thereby
guaranteeing (see Figure 3-1) that any initialization required throughout the object’s class hierarchy
is performed.

Looking back at Listing 3-1, you see that the result of this assignment is surrounded (in
parentheses) by a conditional if statement (Appendix A provides a complete overview of
Objective-C conditional statements). This has the effect of performing conditional logic.

In effect, if the superclass initialization succeeds (i.e., the expression [super init] returns a
valid object), the custom initialization for the object is performed; otherwise, the init method
returns nil.

By convention, the name of an initializer always begins with init. An initializer with no input
parameters is simply named init. If the initializer requires one or more input parameters, the name
is lengthened accordingly to incorporate the input parameters. A sample declaration of an initializer
with one input parameter is

-(id)initWithNeutrons: (NSUInteger) neutrons

As object allocation is coupled with initialization, the two methods are usually performed together in
a single line of code; for example,

Atom *atom = [[Atom alloc] init];

Extending the Elements Project

Now you’re going to put into practice what you’ve learned about object allocation and initialization
by extending the Elements project. In Chapter 2, you created an Atom class. Let’s subclass this to
create different types of atomic chemical elements!

Start Xcode and reopen the Elements project by selecting Open ... from the Xcode File menu. In the
navigator area of the Xcode workspace window, select the Elements project, and then create a new
file by selecting New » File ... from the Xcode File menu. As you did when creating the Atom class,
create an Objective-C class with implementation and header files. Next, in the window where you
choose options for your class, enter Hydrogen for the class name, select Atom from the subclass
drop-down list, and then click Next (see Figure 3-2).
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Figure 3-2. Specifying the Hydrogen class options

At the next prompt, leave the location as the Elements folder and the project target as the Elements
project, and then click the Create button to create the Hydrogen class.

In the Xcode navigator pane, you see that two new files (Hydrogen.h and Hydrogen.m) have been
created. Shortly, you are going to create an init method for the class and also a factory method that
will both allocate and initialize new Hydrogen objects; but before doing that, you need to refactor the
Atom class.

Refactoring the Atom Class

Refactoring means to restructure existing code without changing its external behavior. It’s something
that you’ll do often while developing software to improve its design, facilitate the addition of new
features, and so forth. In this case, you are going to refactor the Atom class so that its subclasses
can access and update its instance variables during object initialization.

As shown in Chapter 2’s Listing 2-3, the Atom class interface declares a single property named
chemicalElement, which is defined using autosynthesis. When the compiler automatically
synthesizes a property, it creates a backing instance variable whose scope is declared as private.
A private instance variable cannot be directly accessed by its subclasses, so you need to refactor
the class to enable instance variable access from its subclasses. You’ll declare the variable in the
instance variable declaration block with protected scope. In order to connect the property method
generated using autosynthesis to the instance variable, you’ll name it according to the standard



40 CHAPTER 3: Objects and Messaging

property-backed instance variable naming conventions (e.g., the variable name will be the same as
the property name, prefaced with an underscore).

So let’s update the Atom interface accordingly. You’ll also add another read-only property

(and the corresponding instance variable). In the project navigator pane, select the Atom.h file,
and then in the editor pane, update the Atom interface as shown in Listing 3-2 (code updates are
shown in bold).

Listing 3-2. Refactored Atom Interface with Protected Variables

@interface Atom : NSObject
// Property-backed instance variables, only accessible in the class hierarchy

@protected NSUInteger _protons;
@protected NSUInteger _neutrons;
@protected NSUInteger _electrons;
@protected NSString *_chemicalElement;
@protected NSString *_atomicSymbol;

}

@property (readonly) NSUInteger protons;
@property (readonly) NSUInteger neutrons;
@property (readonly) NSUInteger electrons;
@property (readonly) NSString *chemicalElement;
@property (readonly) NSString *atomicSymbol;

- (NSUInteger) massNumber;
@end

In Listing 3-2, you now declare the property-backed instance variables with protected scope,
thereby enabling them to be directly accessed (and updated) by subclasses. You also added a new
property that retrieves the atomic symbol for an Atom object.

Next, let’s update the Atom implementation to reflect these changes. Select the Atom.m file and
then update the Atom implementation of the massNumber instance method, as shown in Listing 3-3.

Listing 3-3. Atom Implementation massNumber Method

- (NSUInteger) massNumber

return self.protons + self.neutrons;

}

As you can see, the mass number of an atom is computed as the sum of the number of protons and
neutrons it has. OK, that’s all the refactoring you’ll do on the Atom class for now. Let’s update the
Hydrogen class next.
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Creating the Hydrogen Initializer Method

Now you’ll create a new init method for the Hydrogen class. It will initialize a Hydrogen object with
the input number of neutrons, and set the chemical element name and atomic symbol appropriately.
Select the Hydrogen.h file. In the editor pane, update the interface as shown in Listing 3-4.

Listing 3-4. Hydrogen Interface
#import "Atom.h"

@interface Hydrogen : Atom
- (id) initWithNeutrons:(NSUInteger)neutrons;
@end

This interface declares a Hydrogen init method with an input parameter that specifies the number
of neutrons for the atom. Next, select the implementation file (Hydrogen.m) and update the
implementation as shown in Listing 3-5.

Listing 3-5. Hydrogen Implementation
#import "Hydrogen.h"

@implementation Hydrogen

- (id) initWithNeutrons:(NSUInteger)neutrons

{
if ((self = [super init]))
{
_chemicalElement = @"Hydrogen";
_atomicSymbol = @"H";
_protons = 1;
_neutrons = neutrons;

}

return self;

}

@end

The initWithNeutrons: method first invokes the init method for the superclass Atom and then sets
its initial values appropriately. For a Hydrogen object, this means setting the chemical element name
(Hydrogen), its atomic symbol (H), the number of protons (by definition, hydrogen has one proton),
and the number of neutrons provided as an input parameter.
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Creating a Hydrogen Factory Method

Class factory methods are convenience methods used to perform class creation and initialization.
They are class methods that are typically named following the convention

+ (id) className...

className is the name of the class and begins in lowercase. Now you're going to implement a
factory create method for the Hydrogen class. In the Hydrogen interface file, add the method shown
in Listing 3-6.

Listing 3-6. Hydrogen Interface with Factory Create Method
#import "Atom.h"

@interface Hydrogen : Atom

- (id) initWithNeutrons:(NSUInteger)neutrons;
+ (id) hydrogenWithNeutrons:(NSUInteger)neutrons;

@end

A class instance method named hydrogenWithNeutrons: was added to the interface. Notice that the
name of the factory create method name is similar to that of the init method, but it is prefixed by
the name of the class. This method creates a new Hydrogen object and initializes it using the input
parameter. Open the Hydrogen implementation file and add the method definition, as shown in
Listing 3-7.

Listing 3-7. Hydrogen Implementation with Factory Create Method

+ (id) hydrogenWithNeutrons:(NSUInteger)neutrons

return [[[self class] alloc] initWithNeutrons:neutrons];

}

Observe that the method allocates memory for a Hydrogen object, calls the initWithNeutrons:
method on this new instance, and then returns the newly created and initialized object. Also notice
the use of the expression [self class] to retrieve the current class instance. Using this expression
(as opposed to specifying the class directly), if the class is subclassed and the factory method is
invoked by a subclass, the instance returned is the same type as the subclass. Now let’s test the
new class. Select the main.m file and update the main() function as shown in Listing 3-8.

Listing 3-8. Testing the Hydrogen Class

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

{

@autoreleasepool

{
Atom *atom = [Hydrogen hydrogenWithNeutrons:0];

[atom logInfo];
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id atom1 = [[Hydrogen alloc] initWithNeutrons:1];
[atom1 logInfo];

Hydrogen *atom2 = [Hydrogen hydrogenWithNeutrons:2];
[atom2 logInfo];
}

return 0;

}

The main() function uses both the Hydrogen init method and the class factory method to create

and initialize Hydrogen objects, and then display information about the objects in the Xcode output
window. Now save all the project files, and then compile and run the program (by clicking the Run
button in the toolbar or by selecting Run from the Xcode Product menu). The output pane should

display the results shown in Figure 3-3.
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Figure 3-3. Testing the Hydrogen class

Great! You created a Hydrogen class with custom initialization and factory methods, and tested it to
verify that it works as expected. Now that you are comfortable with object creation and initialization
using Objective-C, let’s focus on object messaging.
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Message Dispatch

Messaging is a fundamental concept in OOP. It is the mechanism used to invoke a method on an
object. The receiving obiject (i.e., receiver) of a message determines at runtime which of its instance
methods to invoke. Instance methods have access to an object’s instance variables along with its
instance methods. The Objective-C syntax for sending a message to (i.e., invoking a method on)
an object is

[receiver messageNameParams ]

receiver is the object the message is sent to. The messageNameParams information identifies the
method’s actual name and parameter values (if any); and brackets enclose the message. The syntax
for the messageNameParams is

keywordi:valuel keyword2:value2 ... keywordN:valueN

A colon separates each method signature keyword and its associated parameter value. It declares
that a parameter is required. If a method has no parameters, the colon is omitted (and that method
has only one keyword). Take the following message, for example:

[orderObject addItem:burgerObject forPrice:3.50];

The message name is addItem:forPrice:; the receiver of the message is orderObject. The
message parameter values are burgerObject (for keyword addItem) and 3.50 (for keyword atPrice).
Under normal circumstances, a particular message can only be successfully invoked on a receiving
object that has a method with the corresponding message name. In addition, Objective-C supports
type polymorphism, whereby different receivers can have different implementations of the same
method. The type of receiver is determined at runtime; consequently, different receivers can do
different things in response to the same message. In sum, the result of a message can’t be calculated
from the message or method name alone; it also depends on the object that receives the message.

As you learned in Chapter 2, Objective-C provides language-level support for an alternative syntax—
dot notation, which simplifies invoking property accessor methods. The dot syntax for retrieving a
property value is

objectName.propertyName

objectName is the instance variable name and propertyName is the property name. The dot syntax for
setting a property value is

objectName.propertyName = Value

Dot syntax is merely an alternative syntax and not a mechanism for directly accessing a property-
backed instance variable. The compiler transforms these statements into the corresponding property
accessor methods.

Objective-C also provides language-level support for class methods. These are methods defined at
the class level and invoked directly on a class. The syntax for invoking a class method is

[className messageNameParams ]
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Class methods work the same way as instance methods, except that they are invoked on a class,
not an object. As a result, class methods do not have access to the instance variables and methods
defined for the class. They are commonly used to create new instances of a class (i.e., as factory
methods), or for accessing shared information associated with a class.

By separating the message (the requested behavior) from the receiver (the owner of a method
that can respond to the request), object messaging directly supports the OOP paradigm of
encapsulation.

Objective-C augments its support for object messaging with language-level features that enable you
to determine at runtime the method to be invoked, and even change the method implementation.
You'll explore these features in Part 2 of this book; but for now, let’s learn how to handle scenarios
where an object receives a message it cannot process.

Message Forwarding

Objective-C object messaging finds and executes a method on an object based on the message it
receives. The object type can either be specified in the code and statically bound at compile time
(static typing) or be unspecified with its type resolved at runtime (dynamic typing). In either case,
at runtime, the receiving object interprets the message to determine which method to invoke. This
runtime resolution of method calls makes it easy to change and/or extend programs dynamically, but
also carries with it a certain risk: it permits a program to send a message to an object that may not
have a corresponding method attached to it. Under the default scenario, if this happens, a runtime
exception is thrown. However, Objective-C provides another option: through a mechanism called
message forwarding, it is possible to configure an object to perform user-defined processing when
it receives a message not mapped to its set of methods. Message forwarding enables an object

to perform a variety of logic on any unrecognized message it receives, perhaps parceling it out to
a different receiver who can respond to the message, sending any unrecognized messages to the
same destination, or simply silently “swallowing” the message (i.e., performing no processing nor
causing a runtime error to be thrown).

Forwarding Options
Objective-C provides two types of message forwarding options that you can use.

Fast forwarding: Classes that descend from NSObject can implement fast
forwarding by overriding the NSObject forwardingTargetForSelector: method
to forward the method to another object. This technique makes it appear like the
implementations of your object and the forwarding object are combined. This
simulates the behavior of multiple inheritance of class implementations. It works
well if you have a target class that defines all the possible messages that your
object can consume.

Normal (full) forwarding: Classes that descend from NSObject can implement
normal forwarding by overriding the NSObject forwardInvocation: method. This
technique enables your object to use the full contents of the message (target,
method name, parameters).



46 CHAPTER 3: Objects and Messaging

Fast forwarding works well if you have a target class that defines all the possible messages that
your object can consume. Full fowarding should be used if you don’t have such a target class or you
would like to perform other processing on message receipt (for example, just logging and swallowing
the message).

Adding Fast Forwarding to the Hydrogen Class

To give you an idea of how message forwarding can be used, you’re going to add this capability
to the Hydrogen class you just implemented. You’ll extend the class to provide fast forwarding, and
then you’ll create a helper target class that handles the forwarded message by implementing the
corresponding method.

Message Forwarding Helper Class

First, you’ll create the helper class. In Xcode, create a new Objective-C class. Name it
HydrogenHelper and make the Elements project its target. In the Xcode navigator pane, observe
that two new files (HydrogenHelper.h and HydrogenHelper.m) have been created. Select the
HydrogenHelper.h file, and then in the editor pane, update the interface as shown in Listing 3-9.

Listing 3-9. HydrogenHelper Interface
#import <Foundation/Foundation.h>
@interface HydrogenHelper : NSObject
- (NSString *) factoid;

@end

This interface declares a single instance method, factoid, which returns a pointer to an NSString
(NSString *). Next, select the implementation file (HydrogenHelper.m) and define the factoid
method as shown in Listing 3-10.

Listing 3-10. HydrogenHelper Implementation

#import "HydrogenHelper.h"
@implementation HydrogenHelper
- (NSString *) factoid

return @"The lightest element and most abundant chemical substance.";

}

As you can see from Listing 3-10, the HydrogenHelper factoid method returns a simple fact about
the Hydrogen element. Now you are going to update the Hydrogen class to support fast forwarding.
In the Hydrogen implementation (Hydrogen.m), add the following code to overwrite the default
implementation of the forwardingTargetForSelector: method, as shown in Listing 3-11 (updates are
shown in bold).
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Listing 3-11. Hydrogen Class Message Fast Forwarding Updates

@implementation Hydrogen

{

@private HydrogenHelper *helper;

}

- (id) initWithNeutrons:(NSUInteger)neutrons
if ((self = [super init]))

// Initialization code here.
_chemicalElement = @"Hydrogen";
_atomicSymbol = @"H";

_protons = 1;

_heutrons = neutrons;

// Cxeate helper for message forwarding
helper = [[HydrogenHelper alloc] init];
}

return self;

}

- (id) forwardingTargetForSelector:(SEL)aSelector
if ([helper respondsToSelector:aSelector])
return helper;
ieturn nil;

}

@end

First, the Hydrogen class adds a HydrogenHelper* instance variable. Next, in the init method,

the HydrogenHelper object is created and initialized. This is the target object that will be used for

message forwarding. Finally, the forwardingTargetForSelector: method is implemented. The

method first checks to see if the message is one that the target (HydrogenHelper) object can process.
If it can, it returns that object; otherwise, it returns nil. Recall that the HydrogenHelper class has

a single instance method, factoid. Thus if a Hydrogen object receives a message for an instance
method named factoid, it will be redirected to send that message to its HydrogenHelper object

(see Figure 3-4).

47
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Figure 3-4. Fast forwarding the factoid method for the Hydrogen class

Great! You have implemented fast forwarding for the Hydrogen class. Now let’s test the class using
fast forwarding. Select the main.m file and update the main() function, as shown in Listing 3-12.

Listing 3-12. Testing Fast Forwarding of the Hydrogen Class

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

{
@autoreleasepool
{
Atom *atom = [Hydrogen hydrogenWithNeutrons:0];
[atom logInfo];
id atom1 = [[Hydrogen alloc] initWithNeutrons:1];
[atom1 logInfo];
// Use message forwarding to get a fact about Hydrogen
Hydrogen *atom2 = [Hydrogen hydrogenWithNeutrons:2];
NSString *fact = [atom2 factoid];
[atom2 logInfo:fact];
}
return 0;
}

On the left side of the editor pane, you’ll probably see an exclamation point in a red circle located on
the line NSString *fact = [atom2 factoid]. If you click this exclamation point, you will see an error
message (see Figure 3-5).
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Figure 3-5. Hydrogen class object messaging error

This error, “No visible @interface for ‘Hydrogen’ declares the selector ‘factoid’,” occurs because
the Hydrogen class does not have a factoid instance method declared in its interface. The
compiler needs to know the full method sighature of every message that a program can possibly
send—even those that are forwarded. The solution is to declare the unknown method, either in

a class interface or in a category. In Xcode, create a new Objective-C category, enter Helper for
the name, and select Atom in the category drop-down list. Make the Elements project its target
and the Elements folder the location where the files will be saved. In the Xcode project navigator
pane, two new files have been added to the Elements folder: Atom+Helper.h and Atom+Helper.m.
These files are the category interface and implementation files. Because you don’t need the
implementation, delete the Atom+Helper.m file by selecting it in the navigator pane and then
selecting Delete from the Xcode Edit menu. Next, in the Atom+Helper.h header file, update the
category interface as shown in Listing 3-13.

Listing 3-13. Atom Helper Category Interface
#import "Atom.h"

@interface Atom (Helper)
- (NSString *) factoid;

@end
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In Listing 3-13, the factoid method has been added to the category interface. Since the Hydrogen

class is a subclass of the Atom class, the compiler will now see the factoid method, thereby

resolving the error. The main.m file should include the Atom helper category int
imports (see Listing 3-14).

Listing 3-14. Imports for main() function

<Foundation/Foundation.h>
"Atom.h"

"Atom+Nuclear.h"
"Atom+Helper.h"
"Hydrogen.h"

#import
#import
#import
#import
#import

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

{
}

If you compile and run the project, the output should be as shown in Figure 3-
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Roundup

This chapter examined the concepts and details around Objective-C object creation, initialization,
and messaging. The following are the key takeaways:

The NSObject alloc method is used to allocate memory for an object, initializing
its instance variables to zero. The method returns objects that are an instance of
the receiving class’s type, also known as a “related result type.”

NSObject provides an init method that serves the foundation for object
initialization. Your classes should override this method to provide any custom
initialization behavior required for them. Typically, instance allocation and
initialization are performed with a single line of code: [[ClassName alloc] init].

Initializer methods should be implemented such that they perform a series of
initializations for an object all the way up its inheritance chain to the root object
of the hierarchy.

Objective-C messaging supports OOP type polymorphism, whereby different
receivers can have different implementations of the same method. In addition,
the type of the receiver is determined at runtime. Consequently, different
receivers can do different things in response to the same message.

Objective-C message forwarding enables an object to perform user-defined
processing when it receives a message not mapped to its set of methods.
Message forwarding can be used to provide many of the features typically
associated with OOP multiple inheritance.

Objective-C provides two types of message forwarding: fast forwarding and
normal (full) forwarding. Both are implemented by overriding the appropriate
NSObject instance method, along with implementing any required supporting
classes.

In the last two chapters, you learned the ins and outs of developing classes using Objective-C: class
design and implementation, object creation and initialization, and object interaction. In fact, why not
take a moment to look back over what you have covered so far. This is a great time to go over your
example programs and tinker with them to get a better feel for the language. Coming soon (in the
next chapter, to be precise), you’ll explore another key topic of Objective-C programming: memory
management.



Chapter

Memory Management

So far, you’ve learned how to develop classes and create and initialize objects. Now is a great time
to study the details of Objective-C memory management. Proper memory management is key to
developing programs that perform both correctly and efficiently. In this chapter, you’ll look into how
computer memory is allocated and released for Objective-C programs, the Objective-C memory
model, and how to write programs that perform memory management properly.

The overall quality of a program is often directly related to its management of system resources.

A computer’s operating system allocates a finite amount of main memory for program execution, and
if a program attempts to use more memory than the amount allocated by the O/S, it will not operate
correctly. Hence, a program should use only as much memory as needed, neither allocating memory
that it does not use nor trying to use memory that is no longer available. The Objective-C language
and runtime provide mechanisms to support application memory management in alignment with
these goals.

Program Memory Usage

In order to better understand the role of memory management, you need to understand how a
program is stored and used in computer memory. An executable Objective-C program is composed
of (executable) code, initialized and unitialized program data, linking information, relocation
information, local data, and dynamic data. The program data includes statically-declared variables
and program literals (e.g., constant values in the code that are set during program compilation).

The executable code and program data, along with the linking and relocation information, are
statically allocated in memory and persist for the lifetime of the program.

Local (i.e., automatic) data consists of data whose scope is delimited by the statement block

within which it is declared and is not retained after the block has been executed. Syntactically, an
Objective-C compound statement block is a collection of statements delimited by braces (as shown
in Listing 4-1).
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Listing 4-1. Example Statement Block
{

int myInt = 1;
float myFloat
NSLog(@"Float

}

5.0f;
%f, integer = %d", myFloat, myInt);

The example in Listing 4-1 includes two local variables, myInt and myFloat, which exist within this
statement block and are not retained after the block has been executed. Automatic data resides in
the program stack, a block of memory whose size is usually set prior to program/thread execution.
The stack is used to store local variables and context data for method/function invocation. This
context data consists of method input parameters, return values, and the return address where the
program should continue execution after the method completes. The operating system automatically
manages this memory; it is allocated on the stack for and subsequently deallocated at the end of the
scope where it was declared.

At runtime, an Objective-C program creates objects (via the NSObject alloc method, as discussed in
Chapter 3) stored in dynamically allocated memory referred to as the program heap. Dynamic object
creation implies the need for memory management, because objects created on the heap never go
out of scope.

A diagram depicting the allocation and usage of memory during program execution is shown in
Figure 4-1.

Program inputs

Stack

Unused memory

b

Heap

Program data

Executable binary

Figure 4-1. Objective-C program memory usage
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The memory allocated for the program code is set at compilation time and, hence, accounted for in
the overall amount of system memory used. The memory allocated on the program stack (usually)
has a maximum size determined at program startup, and is automatically managed by the O/S.

On the other hand, Objective-C objects are dynamically created during program execution and are
not automatically reclaimed by the O/S. Thus, Objective-C programs require memory management
to ensure proper utilization of system memory. Typical results of no or incorrect program memory
management include the following:

Memory leaks: These are caused when a program does not free unused objects.
If a program allocates memory that it doesn’t use, memory resources are
wasted; if it continually allocates memory without releasing it, the program will
eventually run out of memory.

Dangling pointers: These are caused when a program frees objects still being
used. This condition results in a dangling pointer; if the program attempts to
access these objects later, a program error will result.

Objective-C Memory Model

Objective-C memory management is implemented using reference counting, a technique whereby
unique references to an object are used to determine whether or not an object is still in use. If an
object’s reference count drops to zero, it is considered no longer in use and its memory will be
deallocated by the runtime system.

The Apple Objective-C development environment (for both the OS X and iOS platforms) provides
two mechanisms that can be used for memory management: Manual Retain-Release and Automatic
Reference Counting. In the next few paragraphs, you’ll learn how these work and you’ll develop a
few programs to become familiar with their usage.

Implementing Manual Retain-Release

Manual Retain-Release (MRR) is a memory-management mechanism based on the concept of object
ownership: as long as there are one or more owners of an object, it will not be deallocated by the
Objective-C runtime. You write your code to explicitly manage the life cycle of objects, obtaining

an ownership interest in objects that you create/need to use, and releasing that ownership interest
when you no longer need the object(s). To see how this is applied, first you need to understand how
objects are accessed and used, and the difference between object access and ownership.

Object Reference and Object Ownership

An Objective-C object is accessed by indirection through a variable that points to the memory
address of the Objective-C object. This variable, also called a pointer, is declared by prefixing its
name with an asterisk. The following statement

Hydrogen *atom;
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declares a pointer variable named atom that points to an object of type Hydrogen. Note that pointers
and indirection can be used for any Objective-C data type, including primitives and C data types;
however, object pointers are used specifically for interacting with Objective-C objects.

An object pointer enables access to an Objective-C object, but does not by itself manage
ownership. Look at the following code:

Hydrogen *atom = [Hydrogen init];
Hydrogen *href = atom;

The pointer href is declared and assigned to a Hydrogen object named atom, but href does not

(by assignment) claim an ownership interest in this object. Hence, if atom is deallocated, href will no
longer point to a valid object. Thus, to manage the life cycle (i.e., the existence) of an object using
MRR, your code must observe a set of memory management rules. You’ll look at these next.

Basic Memory Management Rules

To use MRR correctly, your code needs to balance ownership claims on an object with those
releasing ownership claims on the object. In order to support this requirement, you should write your
code observing the MRR basic memory-management rules, as follows:

Claim ownership interest in any object that you create. You create an
Objective-C object with a method whose name begins with alloc, new, copy,
or mutableCopy. You also dynamically create an Objective-C block object by
sending the copy message to the block.

Take ownership interest in an object (that you don’t already own) using the
retain method. NSObject implements a retain method that is used to take
ownership interest in an object. Under normal circumstances, an object

is guaranteed to remain valid both within the method it is received (as a
parameter), and as a return value. The retain method is used to take ownership
of an object that you want to use over a long period of time, typically to store it
as a property value, or to prevent it from being deallocated as a side effect of
some other operation.

You must relinquish ownership of objects you own when no longer needed.
NSObject implements the release and autorelease methods that are used to
relinquish ownership interest in an object. The autorelease method relinquishes
ownership interest of an object at the end of the current autorelease block. The
release method immediately relinquishes ownership interest in an object. Both
methods send the dealloc method on an object if its retain count equals zero.

You must not relinquish ownership of objects you do not own. This could cause
such objects to be released prematurely. If a program attempts to access an
object that has already been deallocated, it will cause an error.
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Listing 4-2 shows an example that illustrates application of the MRR basic memory-management
rules.

Listing 4-2. MRR Example Usage
Hydrogen *atom = [Hydrogen init];

Hydrogen *href = [atom retain];
[atom release];
[href release];

A Hydrogen object is created and assigned to a variable named atom. Since the object is created
with an alloc message, atom has an ownership interest in this object. Later in the code, a variable
named href takes an ownership interest in this object, thereby increasing the retain count (i.e., the
number of ownership interests) in the object. Later, a release message is sent to the atom variable.
As href still has an ownership interest in the object, it is not deallocated. Once href sends a release
message to the object, its retain count drops to zero and it can be deallocated by the runtime.

Deallocating Memory

When an object’s retain count drops to zero, the runtime frees the memory it uses via the NSObject
dealloc method. This method also provides a framework for your subclasses to relinquish ownership
of any objects it owns. Each of your classes (which nominally descend from NSObject) should
override the dealloc method, invoking the release method on each object it has an ownership
interest in, and then call the dealloc method of its superclass. This approach enables each of your
classes to properly relinquish ownership of any objects it owns throughout its class hierarchy, as
shown in Figure 4-2.
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NSObject

-(void) dealloc

{

free(BlockOfMemory);

ZP

MySuperClass

}

-(void) dealloc

{

[super dealloc];

T

MyClass

-(void) dealloc

{

}

[super dealloc];

}

Figure 4-2. A dealloc method implementation

Delayed Release via Autorelease

NSObject provides an autorelease method that is used to invoke the release method on an object
at the end of an autorelease pool block. Autorelease pool blocks provide a mechanism that enables
you to relinquish ownership of an object at some time in the future, thereby eliminating the need

to explicitly invoke the release method on the object and also avoiding the possibility of it being
deallocated immediately. Autorelease pool blocks are defined using the @autorelease directive, as
shown in Listing 4-3.

Listing 4-3. Autorelease Pool Block Syntax

@autorelease

{

// Code that creates autoreleased objects
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Autoreleased objects should always be coded within an autorelease pool block, otherwise they
will not receive release messages and would therefore leak memory. The Apple Ul frameworks
used to create iOS and Mac OS X apps (specifically AppKit and Ul Kit) provide autorelease blocks
automatically; hence, you would normally only code an autorelease block if

You are writing a program that is not based on a Ul framework, such as a
command-line tool.

Your implementation logic includes a loop that creates many temporary objects.
In order to reduce the maximum memory footprint of an application, you may
use an autorelease pool block inside a loop to dispose of those objects before
the next iteration.

Your application spawns one or more secondary threads. You must create your
own autorelease pool block as soon as a thread begins executing; otherwise,
your application will leak memory.

In the example shown in Listing 4-4, the autorelease block surrounds all the code within the main()
function, and an object is dynamically allocated with the autorelease message.

Listing 4-4. Command-Line Program with Autorelease Block

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

{

@autorelease

{

Hydrogen *atom = [[[Hydrogen alloc] init] autorelease];

}...

return 0;

}

Note that the autorelease message is sent immediately after the object has been created and
initialized, usually in a single, combined statement. This design ensures that any objects created with
autorelease will be released at the end of the autorelease block, prior to program end.

Using MRR

Now that you’ve gone over Objective-C memory management and MRR, it’s time to apply what
you’ve learned by developing an example program! This example will demonstrate the application
of the MRR basic memory-management rules, along with usage of the corresponding APIs. Briefly,
the program consists of three classes: an OrderEntry class used to record product orders, and
the dependent classes OrderItem and Address. The OrderItem class encapsulates the state and
behaviors specific to an order entry item, and the Address class consists of the state and behavior
associated with an order entry shipping address. Each OrderEntry object has a corresponding
OrderItem object and Address object (as shown in Figure 4-3).
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OrderEntry
{

NSString *orderld,;

Orderltem *item;
Address *shippingAddress;

Orderltem <—
{

NSString *name;

}

Address —_—

Figure 4-3. Order entry classes

You will develop these classes using MRR memory management, and then test them to demonstrate
proper use of this memory-management technique. In Xcode, create a new project by selecting

New » Project ... from the Xcode File menu. In the New Project Assistant pane, create a
command-line application (choose Command Line Tool from the Mac OS X Application selection)
and click Next. In the Project Options window, specify MRR Orders for the Product Name, set

the Type to Foundation, select MRR memory management by unchecking the Use Automatic
Reference Counting check box (as shown in Figure 4-4), and then click Next.
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Figure 4-4. Creating an MRR order entry project

Specify the location in your file system where you want the project to be created (if necessary, select
New Folder and enter the name and location for the folder), uncheck the Source Control check
box, and then click the Create button.

Now let’s add the OrderEntry, OrderItem, and Address classes. As you’ve done in previous chapters,
add each class to the project by selecting New » File ... from the Xcode File menu, selecting the
Objective-C class template, naming the class appropriately (each is a subclass of NSObject), then
selecting the MRR Orders folder for the files location and the MRR Orders project as the target.

Your project now has files for three classes along with the main.m file. Next, let’s implement the
Address class. You are not going to add any instance variables, properties, or methods to the class,
so you won’t be editing the Address interface. However, you will edit the Address implementation by
overriding the default init and dealloc methods provided by its superclass (NSObject). Select the
Address.m file in the navigator pane, and then add the code shown in Listing 4-5.

Listing 4-5. MRR Address Class Implementation

#import "Address.h"

@implementation Address
- (id) init

if ((self = [super init]))
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{

NSLog(@"Initializing Address object");

return self;

}

- (void)dealloc

{
NSLog(@"Deallocating Address object");

[super dealloc];
@end

As you can see in Listing 4-5, the init and dealloc methods each log a message to the console to
show method entry. When you test the program, this enables you to see when the runtime invokes
each of these methods. In addition, the dealloc method invokes dealloc on its superclass, thereby
ensuring the object’s memory is reclaimed. OK, you’re done with the Address class; now let’s
implement the OrderItem class.

Select the Orderltem.h file in the navigator pane, and then add the code shown in Listing 4-6.

Listing 4-6. MRR Orderltem Class Interface

#import <Foundation/Foundation.h>

@interface OrderItem : NSObject

{
@public NSString *name;

}

- (id) initWithName:(NSString *)itemName;
@end

The OrderItem class adds a public instance variable named name of type (NSString *), and a
custom initializer (initWithName:) that takes an input parameter also of type (NSString *). Next,
select the Orderltem.m file and implement the OrderItem class, as shown in Listing 4-7.

Listing 4-7. MRR Orderltem Class Implementation

#import "OrderItem.h"

@implementation OrderItem
- (id) initWithName:(NSString *)itemName

if ((self = [super init]))

NSLog(@"Initializing OrderItem object");
name = itemName;
[name retain];

}

return self;

}
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- (void)dealloc

{
NSLog(@"Deallocating OrderItem object");

[name release];
[super dealloc];

}
@end

The custom initializer assigns the instance variable to the input parameter. Since the OrderItem
object did not create the input parameter, it doesn’t have an ownership interest in it. However, as you
don’t want this object to be deallocated as a side effect of some other operation (and also require it
to be valid throughout the object’s lifetime), you send a retain message to the name variable, thereby
taking an ownership interest in the object. In the dealloc method, you send a release message to
the name object, then invoke dealloc on its superclass to relinquish the OrderItem object’s memory.

Now let’s implement the OrderEntry class. Select the OrderEntry.h file and code the interface
(as shown in Listing 4-8).

Listing 4-8. MRR OrderEntry Class Interface

#import <Foundation/Foundation.h>
#import "OrderItem.h"
#import "Address.h"

@interface OrderEntry : NSObject

{
@public OrderItem *item;

NSString *orderId;
Address *shippingAddress;

}

- (id) initWithId:(NSString *)oid;
@end

Listing 4-8 shows that an OrderEntry object has three instance variables and a custom initializer
(initWithId:). Next, select the OrderEntry.m file and implement the OrderEntry class, as shown
in Listing 4-9.

Listing 4-9. MRR OrderEntry Class Implementation

#import "OrderEntry.h"

@implementation OrderEntry
- (id) initWithId:(NSString *)oid

if ((self = [super init]))
NSLog(@"Initializing OrderEntry object");

orderId = oid;
[orderId retain];
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item = [[OrderItem alloc] initWithName:@"Doodle"];
shippingAddress = [[Address alloc] init];

return self;

}

- (void)dealloc
{

NSLog(@"Deallocating OrderEntry object");

[item release];
[orderId release];

[shippingAddress release];

[super dealloc];

}
@end

The custom initializer assigns the input parameter to the orderId instance variable, and then creates
and initializes OrderItem and Address objects. As the OrderEntry object has an ownership interest

in the OrderItem and Address objects, and also the orderId instance, it is responsible for releasing
them prior to it being deallocated. This is accomplished in the dealloc method, which then invokes

dealloc on its superclass to relinquish the OrderEntry object’s memory.

So you’ve implemented the order entry classes, now test the classes to validate the implementation
and also verify that you used MRR correctly. Select the main.m file in the navigator pane, and then

update the main() function as shown in Listing 4-10.

Listing 4-10. MRR main() Function Implementation

#import <Foundation/Foundation.h>

#import "OrderEntry.h"

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

{

@autoreleasepool

{

// Create an OrderEntry object for manual release

NSString *orderId =
OrderEntry *entry =

[[NSString alloc] initWithString:@"A1"];
[[OrderEntry alloc] initWithId:orderId];

// Release orderId (retained by OrderEntry, so object not deallocated!)

[orderId release];

NSLog(@"New order, ID = %@, item: %@", entry->orderId, entry->item->name);

// Must manually release OrderEntry!

[entry release];

// Create an autorelease OrderEntry object, released at the end of
// the autorelease pool block
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[[[OrderEntry alloc] initWithId:@"A2"] autorelease];
%@, item: %@", autoEntry->orderId, autoEntry->item->name);

OrderEntry *autoEntry
NSLog(@"New order, ID

return 0;

}

The main() function demonstrates MRR memory management by creating OrderEntry objects

and releasing them, along with the objects it has an ownership interest in, according to the
memory-management rules. The first OrderEntry object is manually released, while the second is
created with autorelease, and thus is released at the end of its surrounding autorelease pool block.

Now save, compile, and run the MRR Orders program and observe the messages in the output pane
(as shown in Figure 4-5).
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Figure 4-5. Testing the MRR OrderEntry project

The messages show the sequence of calls to initialize and deallocate the dynamically created
objects. It looks like all the object create/retain and release messages are correctly balanced, and
the tests you ran displayed the appropriate output, so you’re all done, right? Well, not quite. After

all, how do you know for sure that the program doesn’t have a memory leak—it could display the
correct output but still have an undetected problem. So, how do you verify that the program isn’t
leaking memory or has some other undetected problem? Xcode has a suite of tools that can be used
to analyze your program and detect potential problems. In Appendix B, you’ll learn how to use the
Xcode Instruments tool to do just that, but here you’ll use Xcode’s Build and Analyze tool to perform
an initial check of the application.
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Select Analyze from the Xcode Product menu. The tool performs an analysis of the program,
detecting, among other things, any potential memory leaks or dangling pointers. If an error(s) is
detected, it identifies the error. Now observe the Activity View in the middle of the toolbar; it should
display “Analyze Succeeded,” meaning that no memory-management errors were detected. In the
main() function, comment-out the [orderId release] statement, and then run the Build and Analyze
tool again. It should display the message shown in Figure 4-6.
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Figure 4-6. Analyzing MRR for the OrderEntry project

As shown in Figure 4-6, when a dynamically allocated object (orderId in this case) does not have a
balanced set of retain/release messages, a potential memory leak is detected. This demonstrates
that the Build and Analyze tool is great for performing an initial first-check on program memory
management. Now, go ahead and remove the comment markers from your program—you’ve proven
that it manages memory correctly using MRR. Great job!

Using Automatic Reference Counting

With MRR memory management, you are directly responsible for managing the life cycle of your
program’s objects. This enables fine-grain control of memory usage, at the cost of placing a
significant burden on the programmer. Even with the simple example you just implemented, it
requires a lot of diligence (and testing with the proper tools) to make sure that you are balancing
your retains and releases properly and in a timely manner. In general, manual reference counting is
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an error-prone task, which, if not done correctly, can cause a program to leak memory and/or crash.
In fact, this type of infrastructure is best relegated to a tool, thereby freeing programmers to focus
on the actual business logic your programs are designed to implement. Enter Automatic Reference
Counting (ARC), a memory-management enhancement that automates this task, thereby eliminating
the responsibility for the programmer. ARC employs the same reference counting model as MRR,
but utilizes the compiler to manage the object life cycle. Specifically, at program compilation,

the compiler analyzes the source code, determines the life cycle requirements for dynamically
created objects, and then automatically inserts retain and release messages where necessary in

the compiled code. ARC provides other benefits as well: application performance is (potentially)
improved and errors associated with memory management (e.g., releasing an object that is still

in use, retaining an object no longer in use) are eliminated. In addition, as opposed to garbage
collection technology, ARC is deterministic (the statements are inserted at compile time) and doesn’t
introduce pauses into program execution for garbage collection.

ARC provides automatic memory management for Objective-C objects and block objects. It is

the recommended approach for memory management in new Objective-C projects. ARC can be
used across a project or on a per-file basis if there is a need for manual reference counting in some
cases. Note that ARC does not automatically handle reference cycles, where objects have circular
references. Objective-C provides language features for declaring weak references on objects as
necessary to manually break these cycles. You'll look at these later in this chapter.

Rules and Conventions for Using ARC

As mentioned, ARC greatly simplifies memory management with respect to the MRR method. As a
result, there are different sets of rules for object memory management under ARC. These rules are
as follows:

You cannot send retain, retainCount, release, autorelease, or dealloc
messages. ARC forbids programmatic control of an object life cycle and
automatically inserts these messages where required during compilation. This
includes @selector(retain), @selector(release), and related methods. You
may implement a dealloc method if you need to manage resources other than
instance variables. ARC automatically creates a dealloc method in your classes
(if not provided) to release the objects it owns, and invokes [super dealloc] in
your implementation(s) of the dealloc method.

You can’t cast directly between id and (void *) types. ARC only manages
Objective-C objects and blocks, thus the compiler needs to know the types
of the objects it is processing. Because a pointer to void (void *)is a generic
pointer type that can be converted to any other pointer type (even those that
are not Objective-C pointer types), this restriction is necessary. This scenario
is common when casting between Foundation Framework objects and Core
Foundation types (Core Foundation is an Apple software library that provides
C-language APIs). A set of APIs is provided for ownership transfer of variables
between ARC and non-ARC environments.

Autorelease pool blocks should be used to perform ARC-managed autorelease
of objects.
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You cannot call the Foundation Framework functions NSAllocateObject and
NSDeallocateObject. These functions provide the capability to allocate and
deallocate memory for an object in a specific memory zone. Because zone-
based memory is no longer supported, these functions cannot be used.

You cannot use object pointers in C structures (structs). ARC does not perform
memory management for dynamically allocated C structures, thus the compiler
cannot determine where to insert the necessary retain and release messages.

You cannot use memory zones (NSZone). As mentioned, zone-based memory is
no longer supported.

To properly cooperate with non-ARC code, you cannot create a method or a
declared property (unless you explicitly choose a different getter) that begins
with “copy”.

By default, ARC is not exception-safe: it does not end the lifetime of __strong
variables whose scope is abnormally terminated by an exception, and it does
not perform releases of objects that would occur at the end of a full-expression
if that full-expression throws an exception. The compiler option -fobjc-arc-
exceptions can be used to enable exception handling for ARC code. ARC does
end the lifetimes of weak references when an exception terminates their scope,
unless exceptions are disabled in the compiler.

ARC Lifetime Qualifiers

There are a set of ARC-specific qualifiers that declare the object lifetime for both regular variables
and properties. The following are those for regular variables:

__strong: Any object created using alloc/init is retained for the lifetime of
its current scope. This is the default setting for regular variables. The “current
scope” usually means the braces in which the variable is declared (a method,
for loop, if block, etc.)

__weak: The object can be destroyed at anytime. This is only useful if the object
is somehow strongly referenced somewhere else. When destroyed, a variable
with __weak is set to nil.

__unsafe_unretained: This is just like _weak but the pointer is not set to nil
when the object is deallocated. Instead, the pointer is left dangling (i.e., it no
longer points to anything useful).

__autoreleasing: Not to be confused with calling autorelease on an object
before returning it from a method, this is used for passing objects by reference.

When using ARC lifetime qualifiers to declare variables for Objective-C objects, the correct syntax is

ClassName *qualifier varName;
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ClassName is name/type of the class (OrderEntry, etc.), qualifier is the ARC lifetime qualifier (as
previously listed), and varName is the name of the variable. If no qualifier is specified, the default is
__strong. The ARC-specific lifetime qualifiers for properties are as follows:

strong: The strong attribute is equivalent to the retain attribute (the complete
list of property attributes is provided in Appendix A).

weak: The weak attribute is similar to the assign attribute, except that if the
affected property instance is deallocated, its instance variable is set to nil.

Under ARC, strong is the default ownership attribute for object-type properties.

Using ARC

Now you are going to develop an example program that uses ARC. You’ll take the program you
built earlier that uses MRR memory management (OrderEntry) and create a new version that uses
ARC memory management. This will enable you to get some hands-on experience programming
with ARC and also see how it simplifies application memory management. As you may recall, the
OrderEntry program you developed earlier consists of three classes: an OrderEntry class used to
record product orders, and the dependent classes OrderItem and Address.

In Xcode, create a new project by selecting New » Project ... from the Xcode File menu. In the New
Project Assistant pane, create a command-line application (choose Command Line Tool from the
Mac OS X Application selection) and click Next. In the Project Options window, specify ARC Orders
for the Product Name and select ARC memory management by checking the Use Automatic
Reference Counting check box, and then click Next.

Specify the location in your file system where you want the project to be created (if necessary, select
New Folder and enter the name and location for the folder), uncheck the Source Control check
box, and then click the Create button.

Now let’s add the OrderEntry, OrderItem, and Address classes. As you’ve done before, add each
class to the project by selecting New » File ... from the Xcode File menu, selecting the Objective-C
class template, naming the class appropriately (each is a subclass of NSObject), and then selecting
the ARC Orders folder for the files location and the ARC Orders project as the target.

Your project now has files for three classes along with the main.m file. Next, implement the
Address class. Proceeding as you did with the MRR Orders project, you’ll edit the Address class
implementation by overriding the default init and dealloc methods provided by its superclass
(NSObject). Select the Address.m file in the navigator pane, and then add the code, as shown in
Listing 4-11.

Listing 4-11. ARC Address Class Implementation
#import "Address.h"

@implementation Address
- (id) init

if ((self = [super init]))
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{

NSLog(@"Initializing Address object");

return self;

}

- (void)dealloc

{
NSLog(@"Deallocating Address object");

@end

Listing 4-11 shows the init method is the same as that provided for MRR Address class.
The dealloc method is different; it does not invoke dealloc on its superclass because this is
automatically performed by ARC. Now let’s implement the ARC OrderItem class.

The ARC Orderltem interface is the same as that provided for the MRR OrderItem class. Select the
Orderltem.h file and copy the interface shown in Listing 4-6. Next, select the ARC Orderltem.m file
and implement the OrderItem class, as shown in Listing 4-12.

Listing 4-12. ARC Orderltem Class Implementation

#import "OrderItem.h"

@implementation OrderItem
- (id) initWithName:(NSString *)itemName

if ((self = [super init]))

NSLog(@"Initializing OrderItem object");
name = itemName;

}

return self;

}

- (void)dealloc

NSLog(@"Deallocating OrderItem object);

}
@end

The custom initializer is very similar to that provided for the MRR OrderItem class. It differs in that

it doesn’t invoke the retain method on the name instance variable, as you cannot send retain,
release, or autorelease messages with ARC. The dealloc method is also different from that
provided for the MRR OrderItem class; it merely logs a message to the output console. ARC
automatically sends a release message to all the objects that the OrderItem class has an ownership
interest in, and also invokes dealloc on its superclass.

Now you’ll implement the ARC OrderEntry class. The interface is identical to that of the MRR
OrderEntry class. Select the ARC OrderEntry interface (OrderEntry.h) and copy the interface
shown in Listing 4-8.
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Next, select the OrderEntry.m file and implement the OrderEntry class, as shown in Listing 4-13.

Listing 4-13. ARC OrderEntry Class Implementation
#import "OrderEntry.h"

@implementation OrderEntry
- (id) initWithId:(NSString *)oid

if ((self = [super init]))
{
NSLog(@"Initializing OrderEntry object");
orderId = oid;
item = [[OrderItem alloc] initWithName:@"Doodle"];
shippingAddress = [[Address alloc] init];

}

return self;

}

- (void)dealloc

{
NSLog(@"Deallocating OrderEntry object with ID %@", orderId);

}
@end

The custom initializer is very similar to that provided for the MRR OrderEntry class. It differs in that it
doesn’t invoke the retain method on the orderId instance variable; as noted previously, you cannot
send retain/release/autorelease messages with ARC. The dealloc method is also different from
that provided for the MRR OrderEntry class; it merely logs a message to the output console. ARC
automatically sends a release message to all the objects that the OrderItem class has an ownership
interest in, and also invokes dealloc on its superclass.

Now let’s implement the ARC Orders main() function. Select the main.m file in the navigator pane,
and then update the main() function, as shown in Listing 4-14.

Listing 4-14. ARC main() Function Implementation

#import <Foundation/Foundation.h>
#import "OrderEntry.h"

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

{

@autoreleasepool
{
// Create an OrderEntry object for manual release
NSString *a1 = @"A1";
NSString *orderId = [[NSString alloc] initWithString:ai1];
OrderEntry *entry = [[OrderEntry alloc] initWithId:orderId];
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// Set ID to nil to verify that value was retained by ARC!
al = nil;

// View results for new order entry, should display valid ID!
NSLog(@"New order, ID = %@, item: %@", entry->orderId, entry->item->name);

// Now set OrderEntry object to nil, it can now be deallocated by ARC!
entry = nil;

// Create another OrderEntry object
OrderEntry *autoEntry = [[OrderEntry alloc] initWithId:@"A2"];
NSLog(@"New order, ID = %@, item: %@", autoEntry->orderId,
autoEntry->item->name);
}

return 0;

}

The main() function demonstrates ARC memory management by creating OrderEntry objects.
They are automatically released by ARC when the objects are no longer in use. The function also
demonstrates that classes developed with ARC acquire ownership interest in dependent objects as
necessary, thereby preventing objects from being changed or deallocated while they are still in use.

Now save, compile, and run the ARC Orders program, and observe the messages in the output pane
(as shown in Figure 4-7).
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