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Introduction

Professional PHP6 was written for PHP developers who are interested in expanding and leveraging their
development skills by taking advantage of the features of the sixth major release. This demographic is
not set in stone, of course, because experienced .NET and Java 2 Enterprise Edition (J2EE) developers
should catch on quickly, too. However, inexperienced PHP developers (or those with no software
development experience) are highly encouraged to start with Beginning PHP6, Apache, MySQL 6 Web
Development (Wiley, 2009).

What Does This Book Cover?

The beauty of PHP is its accessibility and shallow learning curve. Virtually anyone with basic computing
knowledge can pick it up and start putting together simple, dynamic Web sites. Indeed, it is qualities like
these that have led to PHP powering more than 20 million Web sites across the globe, a figure that is
growing by the thousands every day. However, that very accessibility has led to a lack of uniformity in
development approach, and perhaps an absence of the application of industry-standard best practices.
Put simply, a lot of PHP code isn’t that great.

As a result, this book ventures beyond mere syntax and is designed to help you deliver better-quality
software in a shorter amount of time. If you've ever been told not to use PHP because it’s “not enterprise
grade,” then this book is for you, because you're about to learn how to prove such doubters wrong.
Much of what you'll learn (although written with PHP6 in mind) is not limited to the PHP language.
Many of the development techniques are directly translatable into other traditional high-level languages,

and the skills you'll learn here will follow you the rest of your career.

Who Is This Book For?

This book covers some advanced techniques in PHP, so the book assumes that you have a solid
grounding in the basics of PHP application development. You don’t necessarily have to be familiar with
PHP6 to get started, however. If you've been working in PHP5 until the recent launch of version 6, you'll
be fine. Throughout the book, the authors have carefully ensured that any differences between PHP6 and
PHP5 are highlighted prominently. If you're still plodding along with PHP4, don’t worry — you won’t
be left behind either — just be sure that you start right at the beginning.

To sum it up, the authors assume that you have what might be called a working knowledge of PHP. If you
have that and are eager to learn how you can become a true PHP professional, then this book is for you.

You might be a Web developer for a big software company. Your company may have been working in
PHP for years, or maybe it’s eager to take the first steps away from .NET, Java, and other Web
development platforms in an effort to discover the myriad of benefits associated with PHP.
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You may be a lone (or “almost lone”) Web professional in an otherwise nontechnical company, assigned
the task of implementing some huge project — perhaps a staff intranet or new corporate Web presence —
looking for an appropriate development platform.

You may just be curious. Perhaps you're a student in university or college who's eager to supplement
what you're learning in school with some professional code and project-management techniques
plucked straight from the world of commercial Web development.

You might have a background in .NET or Java, and you may have heard good things about PHP and
how its latest incarnation finally makes it a truly credible professional Web development environment.
Perhaps you're skeptical, and you want to see whether what you've heard about PHP6 is true.

Whoever you are, as long as you know the basics of PHP and are eager to learn a whole lot more from
people who not only know PHP inside and out, but also love using it and get paid for doing so, then this
book is for you.

What You Need to Use This Book

Here’s the minimum that you'll need to get the most from this book:
O  Adevelopment workstation (running Windows, Mac OS X, or Linux, with a basic text editor or
development environment of your choice) and a Web browser to try out the examples

0  Aninstallation of PHP and Apache, which needs to be configured roughly in line with the setup
detailed in Appendix D

O Most of the examples in this book also require an installation of a database compatible with PHP
Data Objects (PDO) — examples are written for MySQL or PostgreSQL
Ideally, you should also try to secure the following:
O  An Internet connection, as numerous URLs are scattered throughout this book, and you'll
undoubtedly want to go see them

O  Alot of free time, an open mind, and a willingness to try new things

How This Book Is Structured

This section outlines the structure of the book; check the table of contents for more detail. Although you
should feel free to dip in and out of the chapters to get information on a topic as and when you need it, if
you're not familiar with object-oriented programming (OOP) development, or, more important, how it is
implemented in PHP6, you should definitely start by reading Part I. The rest of the book makes use of
these techniques from cover to cover, so it’s vital for you to have the basic grounding in OOP before
trying to press on with the trickier stuff.

XXX
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Part I: Fundamentals of Professional Development

The book starts by outlining basic OOP concepts — both the theory behind them and their practical
application and implementation in PHP6. This is of vital importance, as understanding the rest of this
book is absolutely dependent on having a thorough understanding of OOP. Indeed, you'll notice that not
a single line of procedural code appears anywhere within these pages. If you have a good grounding in
.NET or J2EE, you won’t need to spend long here — just enough time to see how PHP implements
standard OOP patterns.

The book then looks at other tools made available by PHP6 (but rarely used by less-experienced
developers), including namespaces, collections, iterators, and collections, and shows their usefulness in
common design patterns.

Naturally, no professional title would be complete without a discussion of databases and their roles in
enterprise application development. By introducing PDO in Chapter 7, the discussion can also introduce
PostgreSQL, the database of choice for the examples in this book (although most of the concepts you'll
meet are entirely database-agnostic, meaning they will work perfectly with MySQL, SQL Server, and
other database platforms).

Part II: Learning Advanced Development Techniques

Because the first part of the book deals exclusively with the ins and outs of high-end PHP6 techniques,
the second section is much more philosophical, teaching you how best to approach common software
development challenges by using those techniques. This is sometimes called software architecture — the
effective design of well-built software.

Among other topics, you'll be introduced to Object Relation Mapping (ORM), event-driven
programming (EDP), logging and debugging techniques, how to communicate with users, session
management, authentication, and designing and developing Web services.

Crucially, two quite meaty chapters on the most high-level aspects of technical design are included, as
well as a discussion of the various PHP development frameworks on the market (and the pros and cons
of each), and why using a framework makes sense in the first place. This is important, as one of those
frameworks has been chosen for the examples shown in the rest of the book.

Part lll: A Real-World Case Study

There’s no substitute for trying something out yourself. Since the previous two parts of the book covered
the theory, this third section is about putting it all into practice.

Rather than dive in, you'll learn some project-management fundamentals first, as well as how the
systems and network architecture will underpin it. You will then put to use the software architecture and
advanced development techniques you learned in the first two sections by rapidly building the
application from the ground up using an MVC framework.

Having built the application, you'll learn the importance of quality assurance (QA) and testing, and how

to approach it on a medium- to large-scale project, as well as an often overlooked topic: how to actually
get your project live (otherwise known as deployment).

XXXi
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Part IV: Pushing PHP to Its Limits

The final section of the book is about providing you (as an aspiring PHP professional) with some truly
impartial advice from developers just like you — people who have been there, done that, and bought the
T-shirt.

As such, this section includes four “hot topics” that are the subject of much online and offline debate
among those who use PHP every day of their working lives. With some dispassionate analysis, you'll be
equipped with the hard facts you need to know in order to make your own decisions, as well as form
educated opinions of your own.

You'll learn about PHP-driven content management systems (CMSs) and content management
frameworks (CMFs), both off-the-shelf and home-grown. You'll be shown how PHP can play a starring
role in powering high-traffic or high-availability Web sites such as Flickr and Facebook. You’ll also learn
how to convince skeptical colleagues or clients that PHP can easily take on the might of .NET and Java,
and win hands down. Most important of all, you'll take a look at the career path that might lie ahead for
you as a PHP professional — a look, it is hoped, that will convince you to stick with the language for a
long time to come.

Appendixes

The appendixes are home to some important topics that wouldn’t neatly fit into any of the previous four
sections. In Appendix A you’ll learn about version control — why it’s important and how to implement
it on a large project using CVS or Subversion (SVN). In Appendix B you'll meet a number of PHP
development integrated development environments (IDEs), enabling you to cast aside your rusty, old
text editor in favor of a slicker, PHP-tailored solution.

Appendix C provides a discussion about how to performance-tune your PHP applications to get the
most out of them (even on slower server hardware), while Appendix D offers a simple cheat sheet for
setting up PHP and Apache on Linux, Mac OS X, and Windows.

The Bigger Picture

We sincerely hope that you'll help us, the authors, in raising the bar concerning the quality of software
found in both professional production environments and in projects found on the Internet. Professionally
and philosophically, none of us codes alone, so maybe together we can help to make our existence just a
little bit better.

Conventions

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

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

Tips, hints, tricks, and asides to the current discussion are offset and placed in italics like this.
As for styles in the text:

Q  We italicize important words when we introduce them.

Q  We show keyboard strokes like this: Ctrl+A.

O  We show filenames, URLSs, and code within the text like so: persistence.properties
Q

We present code in two different ways:
In code examples, we highlight new and important code with a gray background.

The gray highlighting is absent from code that's less important in the present
context, or has been shown before.

Source Code

As you work through the examples in this book, you may choose to enter all the code manually or use
the source code files that accompany the book. All the source code used in this book is available for
download at www.wrox.com. When you're at the site, locate the book’s title (either by using the Search
box or by using one of the title lists) and click the Download Code link on the book’s detail page to
obtain all the source code for the book.

Because many books have similar titles, you may find it easiest to search by ISBN; this book’s ISBN is
978-0-470-39509-7.

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

Errata

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

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

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

p2p.wrox.com

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

Athttp://p2p.wrox.comyou will find a number of different forums that will help you not only as you
read this book, but also as you develop your own applications. To join the forums, just follow these steps:
1. Gotop2p.wrox.comand click the Register link.
2. Read the terms of use and click Agree.

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

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

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

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

For more information about how to use the Wrox P2P, be sure to read the P2P FAQs for answers to

questions about how the forum software works, as well as many common questions specific to P2P and
Wrox books. To read the FAQs, click the FAQ link on any P2P page.
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Introduction to Object -
Oriented Programming

Object-oriented (OO) software development can be a confusing topic for developers who create
primarily procedural code, but it doesn’t need to be. In this chapter, you'll explore some of the
basic theory behind OO, and learn its (sometimes daunting) multisyllabic terminology. You'll also
learn why you should be interested in OO techniques, how they can greatly improve the speed
with which you develop complex applications, and see the ease with which you can modify those
applications.

The next few chapters expand on the ideas presented here and familiarize you with some slightly
more advanced topics. If you have already had exposure to OO development outside of PHP 6,
you can probably skip this chapter and the next. However, this material serves as a good review, so
it is recommended that you read it through.

What Is Object-Oriented Programming?

Object-oriented programming (OOP) requires a different way of thinking about how you construct
your applications. Objects enable you to more closely model in code the real-world tasks,
processes, and ideas that your application is designed to handle. Instead of thinking about an
application as a thread of control that passes chunks of data from one function to the next, an OOP
approach enables you to model the application as a set of collaborating objects that independently
handle certain activities.

As an analogy, when a house is being constructed, the plumbers deal with the pipes, and

the electricians deal with the wires. The plumbers don’t need to know whether the circuit in the
bedroom is 10 amps or 20 amps. They must concern themselves only with their own activities.

A general contractor ensures that each subcontractor is completing the work that needs to be
accomplished, but isn’t necessarily interested in the particulars of each task. An OOP approach is
similar in that each object hides from the others the details of its implementation. How it does its
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job is irrelevant to the other components of the system. All that matters is the service that the object is
able to provide.

The concepts of classes and objects, and the ways in which you can leverage these ideas in the
development of software, are the fundamental ideas behind OOP. This is, in a sense, the opposite of
procedural programming, which is programming using functions and global data structures. As you'll
see, an OO approach provides significant benefits over procedural programming and (with the new
implementation of OO support that first appeared in PHP5, and was further improved in PHP6) some
large performance boosts as well.

OOP Advantages

One of the main benefits of OOP is the ease with which you can translate individual business
requirements into individual modules of code. Because an OOP approach enables you to model your
application based on the idea of real-world objects, you can often identify a direct correlation between
people, things, and concepts, and equivalent classes. These classes have the same properties and
behaviors as the real-world concepts they represent, which helps you to quickly identify what code must
be written and how different parts of the application must interact.

A second benefit of OOP is code reuse. You frequently need the same types of data in different places in
the same application. For example, an application that enables a hospital to manage its patient records
would definitely need a class called Person. A number of people are involved in patient care — the
patient, the doctors, the nurses, hospital administrators, insurance claims people, and so on. At each step
in the care of the patient, that patient’s record requires a note about which person was performing a
given action (such as prescribing medicine, cleaning wounds, or sending a bill to an insurance carrier)
and verifying that the person is allowed to perform that action. By defining a generic class called Person
that encompasses all the properties and methods common to all these people, you get an enormous
amount of code reuse that isn't always possible in a procedural approach to programming.

What about other applications? How many applications can you think of that, at some point, handle
information about individuals? Probably quite a few. A well-written Person class could easily be copied
from one project to another with little or no change, instantly giving you all the rich functionality
required for dealing with information about people that you developed previously. This is one of the
biggest benefits of an OO approach — the opportunities for code reuse within a given application, as
well as across different projects.

Another OOP advantage comes from the modularity of classes. If you discover a bug in your Person
class, or you want to add to or change the way that class functions, you have only one place to go. All
the functionality of that class is contained in a single file. Any processes of the application that rely on
the Person class are immediately affected by changes to it. This can vastly simplify the search for bugs,
and makes the addition of features a relatively painless task.

A Real-World Example

They might seem trivial in a smaller application, but in a more complex software architecture, the
benefits of modularity can be enormous. One of the authors of this book worked on a project involving
more than 200,000 lines of procedural PHP code. Easily, 65 percent of the time spent fixing bugs was
devoted to uncovering where certain functions were located and determining which data interacted with



Chapter 1: Introduction to Object-Oriented Programming

which functions. A subsequent rewrite of that software in an OO architecture resulted in dramatically
less code. Had the application been implemented in such a manner in the first place, it would have
resulted in not only less development time from the outset, but also the discovery of fewer bugs (the
smaller the amount of code, the fewer the opportunities for problems) and a faster turnaround time on
bug fixes.

Because an OO approach easily lends itself to a system of clearly documenting the structure of an
application (see Chapter 2), learning the structure of an existing application is much easier when you are
new to the development team. In addition, you have a framework to aid you in determining the
appropriate location for new functionality you might develop.

Larger projects often have a multimember software development team, usually composed of
programmers with varying degrees of ability. Here, too, an OO approach has significant benefits over a
procedural approach. Objects hide the details of their implementation from the users of those objects.
Instead of needing to understand complex data structures and all the quirks of the business logic, junior
members of the team can (with just a little documentation) begin using objects created by more
experienced members. The objects themselves are responsible for triggering changes to data or the state
of the system.

When the large application mentioned previously was still written using procedural code, new members
of the software development team often took up to two months to learn enough about the application to
be productive. After the software was rebuilt using objects, new members of the team usually took no
more than a couple of days to begin making substantial additions to the code base. They were able to use
even the most complex objects quickly because they did not need to fully understand the particulars of
how the functionality contained within those objects was implemented.

Now that you have a good idea about why you should consider using an OO paradigm as your
programming method of choice, you should read the next few sections to gain a better understanding of
the fundamental concepts behind OO. If all goes well, through the course of the next two chapters you
will begin to see the benefits of this approach for yourself.

Understanding OOP Concepts

This section introduces the primary concepts of object-oriented programming and explores how they
interact; Chapter 3 looks at the specifics of implementing them in PHP6. This chapters covers the
following topics:

Q  Classes — The “blueprints” for an object and the actual code that defines the properties and
methods
Q  Objects — Running instances of a class that contain all the internal data and state information

needed for your application to function

Q  Inheritance — The ability to define a class of one kind as being a subtype of a different kind of
class (much the same way a square is a kind of rectangle)

Q  Polymorphism — Allows a class to be defined as being a member of more than one category of
classes (just as a car is “a thing with an engine” and “a thing with wheels”)
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Q  Interfaces — A way of specifying that an object is capable of doing something without actually
defining how it is to be done (e.g., a dog and a human are “things that walk,” but they do it very
differently)

Q  Encapsulation — The ability of an object to protect access to its internal data

If any of these terms seem difficult to understand, don’t worry. The material that follows will clarify
everything. Your newfound knowledge may even completely change the way you approach your
software development projects.

Classes

In the real world, objects have characteristics and behaviors. A car has a color, a weight, a manufacturer,
and a gas tank of a certain volume. Those are its characteristics. A car can accelerate, stop, signal for a
turn, and sound the horn. Those are its behaviors. Those characteristics and behaviors are common to all
cars. Although two particular cars in the same parking lot may have different colors, all cars have a color.
Using a construct known as a class, OOP enables you to establish the idea of a car as being something
with all those characteristics. A class is a unit of code (composed of variables and functions) that
describes the characteristics and behaviors of all the members of a set. A class called car would describe
the properties and methods common to all cars.

In OO terminology, the characteristics of a class are known as its properties. Properties have a name and a
value. Some allow their value to be changed; others do not. For example, in the car class, you would
probably have such properties as color and weight. Although the color of the car can be changed by
giving it a new paint job, the tare weight of the car (without cargo or passengers) is a fixed value.

Some properties represent the state of the object. State refers to those characteristics that change because
of certain events but are not necessarily directly modifiable on their own. In an application that simulates
vehicle performance, the Car class might have a property called velocity. The velocity of the car is not
a value that can be changed on its own, but rather is a by-product of the amount of fuel being sent to the
engine, the performance characteristics of that engine, and the terrain over which the car is traveling.

The behaviors of a class are known as its methods. Methods of classes are syntactically equivalent to
functions found in traditional procedural code. Just like functions, methods can accept any number of
parameters, each of any valid data type. Some methods act on external data passed to them as
parameters, but they can also act on the properties of their object, either using those properties to inform
actions made by the method (such as when a method called accelerate examines the remaining
amount of fuel to determine whether the car is capable of accelerating) or to change the state of the object
by modifying values such as the velocity of the car.

Objects

To begin with, you can think of a class as a blueprint for constructing an object. In much the same way
that many houses can be built from the same blueprint, you can build multiple instances of an object
from its class; but the blueprint doesn’t specify details such as the color of the walls or the type of
flooring. It merely specifies that those things will exist. Classes work much the same way. The class
specifies the behaviors and characteristics the object will have, but not necessarily the values of those
characteristics. An object is a concrete entity constructed using the blueprint provided by a class. The
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idea of a house is analogous to a class. Your house (a specific instance of the idea of a house) is analogous
to an object.

With a blueprint in hand and some building materials, you can construct a house. In OOP, when you use
the class to build an object, this process is known as instantiation. Instantiating an object requires two
things:

QO A memory location into which to load the object. This is automatically handled for you by PHP.

Q  The data that will populate the values of the properties. This data can come from a database, a
flat text file, another object, or some other source.

A class can never have property values or state. Only objects can. You must use the blueprint to build the
house before you can give it wallpaper or vinyl siding. Similarly, you must instantiate an object from

the class before you can interact with its properties or invoke its methods. Classes are manipulated at
design time when you make changes to the methods or properties. Objects are manipulated at run-time
when values are assigned to their properties, and their methods are invoked. The problem of when to
use the word class and when to use the word object is something that often confuses those new to OOP.

After an object is instantiated, it can be put to work implementing the business requirements of the
application. Let’s look at exactly how to do that in PHP.

Creating a Class
Starting with a simple example, save the following in a file called class.Demo.php:
<?php
class Demo {
}

?>

There you have it — the Demo class. Although not terribly exciting just yet, this is the basic syntax for
declaring a new class in PHP. Use the keyword class to let PHP know you're about to define a new
class. Follow that with the name of the class and braces to indicate the start and end of the code for
that class.

It’s important to have a clearly defined convention for organizing your source code files. A good rule to
follow is to put each class into its own file and to name that file class. [ClassName] . php.

You can instantiate an object of type Demo like this:
<?php
require_once ('class.Demo.php') ;
SobjDemo = new Demo () ;

?>
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To instantiate an object, first ensure that PHP knows where to find the class declaration by including the
file containing your class (class.Demo . php in this example); then invoke the new operator and supply
the name of the class, followed by opening and closing parentheses. The return value of this statement is
assigned to a new variable, objDemo in this example. Now you can invoke the $objDemo object’s
methods and examine or set the value of its properties — if it actually has any.

Even though the class you've created doesn’t do much of anything just yet, it’s still a valid class
definition.

Adding a Method

The Demo class isn’t particularly useful if it isn’t able to do anything, so let’s look at how you can create a
method. Remember, a method of a class is basically just a function. By coding a function inside the
braces of your class, you're adding a method to that class. Here’s an example:

<?php

class Demo {

function sayHello ($Sname) {
print "Hello S$name!";

}

?>

An object derived from your class is now capable of printing a greeting to anyone who invokes the
sayHello method. To invoke the method on your $objDemo object, you need to use the operator -> to
access the newly created function:

<?php
require_once('class.Demo.php');
SobjDemo = new Demo () ;
SobjDemo->sayHello ('Steve') ;

?>

The object is now capable of printing a friendly greeting. The -> operator is used to access all methods
and properties of your objects.

For readers who have had exposure to OOP in other programming languages, note that the -> operator
is always used to access the methods and properties of an object. PHP does not use the dot operator (.)
in its OO syntax at all.

Adding a Property

Adding a property to your class is just as easy as adding a method. You simply declare a variable inside
the class to hold the value of the property. In procedural code, when you want to store some value, you
assign that value to a variable. In OOP, when you want to store the value of a property, you also use a
variable. This variable is declared at the top of the class declaration, inside the braces that bracket the
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class’s code. The name of the variable is the name of the property. If the variable is called $color, you
will have a property called color.

Open the class.Demo.php file and add the following highlighted code:
<?php

class Demo {
public S$name;

function sayHello() {
print "Hello S$this->name!";
}
}

?>

This new variable, called $name, is all you have to do to create a property of the Demo class called name.
To access this property, you use the same -> operator as that of the previous example, along with the
name of the property. The rewritten sayHello method shows how to access the value of this property.

Create a new file called testdemo.php and add the following;:
<?php
require_once ('class.Demo.php') ;

SobjDemo = new Demo () ;
SobjDemo->name = 'Steve';

SobjAnotherDemo = new Demo () ;
SobjAnotherDemo->name = 'Ed';

SobjDemo->sayHello () ;
SobjAnotherDemo->sayHello () ;

?>

Save the file and then open it in your Web browser. The strings “Hello Steve!” and “Hello Ed!” print to
the screen.

The keyword public is used to let the class know that you want to have access to the following variable
from outside the class. Some member variables of the class exist only for use by the class itself and
should not be accessible to external code; these variables are declared as private or protected (more
on that later). In this example, you want to be able to set and retrieve the value of the property name.
Note that the way the sayHello method works has changed. Instead of taking a parameter, it now
fetches the name value from the property.

You use the variable $this so that the object can get information about itself. You might have multiple
objects of a class, for example, and because you don’t know in advance what the name of an object
variable will be, the $this variable enables you to refer to the current instance.
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In the previous example, the first call to sayHello prints "Steve" and the second call prints "Ed". This
is because the $this variable allows each object to access its own properties and methods without
having to know the name of the variable that represents it in the exterior application. Previously, you
learned that some properties influence the action of certain methods, such as the example in which

the accelerate method of the Car class needs to examine the amount of fuel remaining. The code
inside accelerate would use code such as $this->amountOfFuel to access this property.

When accessing properties, you need only one $. The syntax is Sobj->property, not $obj-
>$property. This fact often causes confusion for those new to PHP. The property variable is declared as
public $property and accessed using $obj->property.

In addition to the variables that store the values for the properties of the class, other variables may be
declared for use by the internal operations of the class. Both kinds of data are collectively referred to as
the class’s internal member variables. Some of these are accessible to code outside the class in the form

of properties. Others are not accessible and are strictly for internal housekeeping. For example, if the
Car class needed to get information from a database for whatever reason, it might keep a database
connection handle in an internal member variable. This database connection handle is obviously not a
property of the car, but rather something the class needs to carry out certain operations.

Protecting Access to Member Variables

10

As the previous example shows, you can set the value of the name property to just about anything you
want — including an object, an array of integers, a file handle, or any other nonsensical value.
However, you don’t get an opportunity to do any sort of data validation or update any other values
when the name property is set.

To work around this problem, always implement your properties in the form of functions called
get[ property name ] and set[ property name ].Such functions are known as accessor methods,
and are demonstrated in the following example.

Change class.Demo . php as shown here:

<?php
class Demo {
private $_name;

public function sayHello() {
print "Hello " . S$this->getName() . "!"
}

public function getName() {
return $this->_name;

}

public function setName ($name) {
if(!is_string($name) || strlen($name) == 0) {
throw new Exception("Invalid name value!");

}

Sthis->_name = S$name;

}
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Edit testdemo . php as shown here:
<?php
require_once('class.Demo.php');

SobjDemo = new Demo () ;
$objDemo->setName ('Steve') ;

SobjDemo->sayHello () ;
SobjDemo->setName (37); //would trigger an error

?>

As you can see, the member access level of name has changed from public to private and has been
prefixed with an underscore. The underscore is a recommended naming convention to indicate private
member variables and functions; however, it is merely a convention — PHP does not require it. The
keyword private protects code outside the object from modifying this value. Private internal member
variables are not accessible from outside the class. Because you can’t access these variables directly,
you're forced to use the getName () and setName () accessor methods to obtain this information,
ensuring that your class can examine the value before allowing it to be set.

In this example, an exception is thrown if an invalid value is supplied for the name property.
Additionally, the public access specifier for the functions has been added. Public is the default visibility
level for any member variables or functions that do not explicitly set one, but it is good practice to
always explicitly state the visibility of all the members of the class.

A member variable or method can have three different levels of visibility: public, private, and protected.
Public members are accessible to any and all code. Private members are accessible only to the class itself.
These are typically items used for internal housekeeping, and might include such things as a database
connection handle or configuration information. Protected members are available to the class itself and to
classes that inherit from it. (Inheritance is defined and discussed in detail later in this chapter.)

By creating accessor methods for all your properties, you make it much easier to add data validation or
new business logic, or make other changes to your objects later. Even if the current business
requirements for your application involve no data validation of a given property, you should still
implement that property with get and set functions so that you can add validation or business logic
functionality in the future.

Always use accessor methods for your properties. Changes to business logic and data validation
requirements in the future will be much easier to implement.

Initializing Objects

For many of the classes you will create, you will need to do some special setup when an object of that
class is first instantiated. You might need to fetch some information from a database or initialize some
property values, for example. By creating a special method called a constructor, implemented in PHP
using a function called _construct (), you can perform any activities required to instantiate the object.
PHP will automatically call this special function when instantiating the object.

11
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For example, you could rewrite the Demo class in the following way:

<?php
class Demo {
private S$name;

public function __ construct ($name) {
Sthis->name = $name;
}
function sayHello() {
print "Hello S$this->name!";
}
}

?>

The _construct function will be automatically invoked when you instantiate a new object of class
Demo. Note that you will need to update testdemo.php to pass the name in the constructor, rather than
in the setter method.

In PHP 4, object constructors were functions with the same name as the class. PHP version 5 changed
this to use a unified constructor scheme. For backward compatibility, PHP first looks for a function
called __ construct, but if none is found, it will still look for a function with the same name as

the class (public function Demo ()in the preceding example). While this backward compatibility
has been maintained in PHP 6, there is no guarantee it will be preserved in future versions.

If you have a class that does not require any special initialization code to be run, you don’t need to create
a constructor. As you saw in the first version of the Demo class, PHP automatically does what it needs to
do to create that object. Create a constructor function only when you need one.

Destroying Objects

12

The object variables that you create are removed from system memory when the requested page has
completed running, when the variable falls out of scope, or when it is explicitly set to null. In PHP 6, you
can trap the destruction of the object and take actions when that happens. To do so, create a function
called __destruct with no parameters. Before the object is destroyed, this function is called
automatically, if it exists.

Calling this function gives you the opportunity to perform any last-minute clean-up (such as closing file
handles or database connections that might have been opened by the class), or any other last-minute
housekeeping that might be needed before the object is destroyed.

The following example fetches the properties of an object from a database. If any properties of the object
are changed, they are automatically saved back to the database when the object is destroyed. This
eliminates the need to explicitly call a save method. The destructor also closes the open database
connection handle.

As with most of the database examples in this book, this one uses PostgreSQL as its platform. The
authors firmly believe that the advanced features, transaction support, and robust stored procedure
mechanism of PostgreSQL make it a superior alternative to MySQL and other open-source relational
database management systems (RDBMSs) for large-scale enterprise software development. If you don’t
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have a PostgreSQL environment at your disposal, or if you prefer MySQL (as many do), feel free to make
the appropriate modifications for the database platform you use.

Create a table called "widget" using the following SQL statement:

CREATE TABLE "widget" (
"widgetid" SERIAL PRIMARY KEY NOT NULL,
"name" varchar (255) NOT NULL,
"description" text

)
Insert some data:

INSERT INTO "widget" ("name", "description")
VALUES ('Foo', 'This is a footacular widget!');

Create a file called class.wWidget . php and enter the following code:
<?php
class Widget {

private $id;

private $name;

private S$description; private S$hDB;
private S$needsUpdating = false;

public function _ construct (SwidgetID) {
//The widgetID parameter is the primary key of a
//record in the database containing the information
//for this object

//Create a connection handle and store it in a private member variable
//This code assumes the DB is called "parts"
Sthis->hDB = pg_connect ('dbname=parts user=postgres');
1f(! is_resource(Sthis->hDB)) {
throw new Exception('Unable to connect to the database.');

}

$sgl = "SELECT \"name", \"description\" FROM widget WHERE widgetid =
SwidgetID";
Srs = pg_query (Sthis->hDB, $sql);
1f(! is_resource(Srs)) {
throw new Exception("An error occurred selecting from the database.");

}
if (! pg_num rows(Srs)) {

throw new Exception('The specified widget does not exist!');
}

Sdata = pg_fetch_array(Srs);
Sthis->id = SwidgetID;

13
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Sthis->name = S$datal'name'];

Sthis->description = $datal'description'];

}

public function getName() {
return $this->name;

}

public function getDescription() ({
return $this->description;

}

public function setName ($name) {
Sthis->name = Sname;
Sthis->needsUpdating = true;

public function setDescription($description) ({
Sthis->description = S$description;
Sthis->needsUpdating = true;

}

public function __destruct() {
if (Sthis->needsUpdating) {

$sgl = 'UPDATE "widget" SET ';

$sgl .= "\"name\" = '" . pg_escape_string($this->name) . "', ";
$sgl .= "\"description\" = '"
pg_escape_string($this->description) wan,

$sql .= "WHERE widgetID = " . $this->id;

Srs = pg_query (Sthis->hDB, S$sql);
}

//We're done with the database. Close the connection handle.
pg_close($Sthis->hDB) ;

}

?>

The constructor to this object opens a connection to a database called parts using the default super-user
account postgres. This connection handle is preserved in a private member variable for use later.

The ID value passed as a parameter to the constructor is used to construct a SQL statement that

fetches the information for the widget with the specified primary key in the database. The data from

the database is then assigned to private member variables for use with the get and set functions. Note
that if anything should go wrong, the constructor throws exceptions, so be sure to wrap any attempts to
construct a widget objectin try. .. catch blocks.

The two accessor methods, getName () and getDescription (), enable you to fetch the values of the
private member variables. Similarly, the setName () and setDescription () methods enable you to
assign a new value to those variables. Note that when a new value is assigned, the needsUpdating
value is set to true. If nothing changes, then nothing needs to be updated.
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To test this, create a file called testWidget .php with the following content:
<?php

require_once('class.Widget.php') ;

try {
SobjWidget = new Widget (1) ;
print "Widget Name: " . SobjWidget->getName() . "<br>\n";
print "Widget Description: " . SobjWidget->getDescription() . "<br>\n";

SobjWidget->setName ('Bar') ;
SobjWidget->setDescription('This is a bartacular widget!');

} catch (Exception $e) {
die("There was a problem: " . Se->getMessage());
}

?>

Access this file in your Web browser. The first time it runs, the output should be something like the
following:

Widget Name: Foo
Widget Description: This is a footacular widget!

Any subsequent call should display as follows:

Widget Name: Bar
Widget Description: This is a bartacular widget!

Look at how powerful this technique can be. You can fetch an object from the database, change a
property of that object, and automagically write the changed information back to the database with just a
few lines of code in testWidget . php. If nothing changes, you don’t need to go back to the database, so
you save load on the database server and improve the application’s performance.

Users of the object do not necessarily need to understand its internals. If a senior member of the software
development team wrote the Widget class, he or she could give this object to a junior member, who
perhaps doesn’t understand SQL as well, and the junior member of the team could put this object to use
without any knowledge whatsoever of where the data comes from or how to save changes to it. In fact,
you could change the data source from a PostgreSQL database to a MySQL database or even an XML file
without the junior team member ever knowing or having to touch any of the code that uses this class.

Inheritance

If you were creating an application to handle inventory at a car dealership, you would probably need
classes such as Sedan, PickupTruck, and Minivan that would correspond to the same types of
automobiles in the dealer’s inventory. Your application would need not only to show how many of these
items you have in stock, but also to report on the characteristics of these vehicles so that the salespeople
could give the information to customers.

15



Part I: Fundamentals of Professional Development

16

A sedan is a four-door car, and you would probably want to record the back-seat space and the trunk
capacity. A pickup truck doesn’t have a trunk, but does have a cargo bed with a certain capacity, and the
truck itself has a towing capacity (the maximum weight of any cargo that can be safely carried). For a
minivan, you would probably need to list the number of sliding doors (either one or two) and the
number of seats inside.

However, each of these vehicles is really just a different type of automobile, and as such would share

a number of characteristics in your application (such as color, manufacturer, model, year, vehicle
identification number, and so on). To ensure that each of the classes has these same properties, you could
just copy the code that creates those properties into each of the files containing your class definitions.

As mentioned earlier in this chapter, one of the benefits of an OOP approach is code reuse. Therefore, of
course, you don’t need to copy code, but instead can reuse the properties and methods of these classes
through a process called inheritance. Inheritance is the ability for one class to assume the methods and
properties of a parent class.

Inheritance enables you to define a base class, in this case Automobile. You can say that other classes are
also a type of Automobile, and as such have all the same properties and methods that all Automobiles
have. Because a Sedan is an Automobile, it therefore automatically inherits everything defined by the
Automobile class without your having to copy any code. That way, you need to write only the
additional properties and methods of the Sedan class that are not shared by all automobiles. In other
words, the only work left for you to do is define the differences; the similarities between the classes are
inherited from the base class.

The ability to reuse code is one benefit, but there’s a second major advantage to using inheritance.
Suppose that you have a class called Customer with a method buyAutomobile. This method would
take one parameter, an object of class Automobile, and its internal operations would print the
paperwork needed to document the sale, and decrement the car in question from the inventory system.
Because all Sedans, PickupTrucks, and MiniVans are Automobiles, you can pass objects of these
classes to a function expecting an Automobile. Because the three specific types inherit from the more
generic parent class, you know that they will all have the same base set of properties and methods. As
long as you need only the methods and properties common to all Automobiles, you can accept objects
of any class that inherits from Automobile.

Consider the example of cats. All cats share some properties. They eat, sleep, purr, and hunt. They also
have shared properties — weight, fur color, whisker length, and running speed. However, lions have a
mane of a certain length (at least, the male lions do), and they growl. Cheetahs have spots. Domesticated
cats have neither of these things, yet all three animals are cats.

In PHP you specify that a class is a subset of another by using the keyword extends, which tells PHP
that the class you are declaring should inherit all the properties and methods from its parent class, and
that you are adding functionality or providing some additional specialization to that class.

If you had to design an application to handle zoo animals, you’d probably need to have classes Cat,
Lion, and Cheetah. Before writing any code, plan your class hierarchy in Unified Markup Language
(UML) diagrams so you have something to work from when you write the code and the documentation
of those classes. (UML is examined in more detail in Chapter 2, so don’t worry if you don’t completely
understand what’s shown here.) Your class diagram should indicate a parent class Cat, with subclasses
Lion and Cheetah inheriting from it. Figure 1-1 shows that diagram.
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Cat
+wei ght
+f ur Col or
+whi sker Lengt h
+runni ngSpeed
+eat ()
+sl eep()

+purr ()
+hunt (obj Prey: Prey)

Lion Cheetah
+manelLengt h +nunber of Spot s
+roar ()

Figure 1-1: Class diagram for cats

Both the Lion and Cheetah classes inherit from Cat, but the Lion class also implements the property
maneLength and the method roar (), whereas Cheetah adds the property numberofspots.

The cat class, class.Cat.php, should be implemented as follows:
<?php

class Cat {
public $weight; //in kg
public S$furColor;
public SwhiskerLength;
public S$maxSpeed; //in km/hr
public function eat () {
//code for eating...

}

public function sleep() {
//code for sleeping...
}

public function hunt (Prey S$objPrey) {
//code for hunting objects of type Prey
//which we will not define...

}

public function purr() {
print "purrrrrrr..." . "\n";
}
}

?>

This simple class sets up all the properties and methods common to all cats. To create the Lion and
Cheetah classes, you could copy all the code from the cat class to classes called Lion and Cheetah.
However, this generates two problems.

17
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First, if you find a bug in the Ccat class, you must remember to fix it in the Lion and Cheetah classes as
well. This creates more work for you, not less (and creating less work is supposed to be one of the
primary advantages of an OO approach).

Second, imagine that you had a method of some other class (maybe CatLover) that looked like this:

public function petTheKitty (Cat S$objCat) {
$objCat->purr () ;
}

Although petting a lion or cheetah may not be a terribly safe idea, they will purr if they let you get close
enough to do so. You should be able to pass an object of class Lion or Cheetah to the petTheKitty ()
function.

Therefore, you must take the other route to create the Lion and Cheetah classes, which is to use
inheritance. By using the keyword extends and specifying the name of the class that is extended, you
can easily create two new classes that have all the same properties as a regular cat but provide some
additional features. Consider this example, which you can type into class.Lion.php:

<?php
require_once('class.Cat.php');

class Lion extends Cat {
public $maneLength; //in cm

public function roar() {
print "Roarrrrrrrrr!";
}
}

?>
That's it! With the Lion class extending Ccat, you can now do something like the following:

<?php
include('class.Lion.php') ;

$objLion = new Lion() ;

$objLion->weight = 200; //kg = \s450 lbs.

SobjLion->furColor = 'brown';

SobjLion->maneLength = 36; //cm = \sl4 inches

SobjLion->eat () ;

SobjLion->roar ()

SobjLion->sleep (
?>

) g

As shown here, you can invoke the properties and methods of the parent class cat without having to
rewrite all that code. Remember that the extends keyword tells PHP to automatically include all the
functionality of a Cat, along with any Lion-specific properties or methods. It also tells PHP that a Lion

18
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object is also a Cat object, and you can now call the petTheKitty () function with an object of class
Lion even though the function declaration uses Cat as the parameter hint:

<?php
include('class.Lion.php');

SobjLion = new Lion();

SobjPetter = new CatLover () ;

SobjPetter->petTheKitty ($SobjLion) ;
?>

In this way, any changes you make to the Cat class are automatically inherited by the Lion class. Bug
fixes, changes to function internals, or new methods and properties are all passed along to the subclasses
of a parent class. In a large, well-designed object hierarchy, this can make bug fixing and the addition of
enhancements very easy. A small change to one parent class can have a large effect on the entire

application.

In this next example, you'll see how a custom constructor can be used to extend and specialize a class.
Create a new file called class.Cheetah.php and enter the following;:

<?php
require_once('class.Cat.php');

class Cheetah extends Cat {
public $numberOfSpots;

public function _ construct() {
Sthis->maxSpeed = 100;
}
}

2>
Enter the following code into testcats . php:

<?php
require_once('class.Cheetah.php');

function petTheKitty (Cat S$objCat) {
if (SobjCat->maxSpeed < 5) {
SobjCat->purr () ;
} else {
print "Can't pet the kitty - it's moving at "
SobjCat->maxSpeed . " kilometers per hour!";
}

}
SobjCheetah = new Cheetah() ;

petTheKitty (SobjCheetah) ;
$objCat = new Cat();

petTheKitty (SobjCat) ;
?>
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The Cheetah class adds a new public member variable called numberofSpots and a constructor that
did not exist in the parent cat class. Now, when you create a new Cheetah, the maxSpeed property
(inherited from cat) is initialized to 100 kilometers per hour (roughly 60 miles per hour), which is the
approximate maximum speed of a cheetah over short distances. Note that because a default value for
the cat class isn’t specified, the maxSpeed evaluates as 0 (actually, null) in the petTheKitty () function.
As those who have ever had a house cat know, the amount of time they spend sleeping means that their
maximum speed probably is approaching 0!

By adding new functions, properties, or even constructors and destructors, the subclasses of a parent
class can easily extend their functionality and, with a minimum amount of code, add new features and
capabilities to your application.

When you can say that one class is a special type of some other class, use inheritance to maximize the
potential for code reuse and increase the flexibility of your application.

Overriding Methods

Just because a child class inherits from a parent class doesn’t mean that the child class necessarily needs
to use the parent class’s implementation of a function. For example, if you were designing an application
that needed to calculate the area of different geometric shapes, you might have classes called Rectangle
and Triangle. Both of these shapes are polygons, and as such these classes will inherit from a parent
class called Polygon.

The Polygon class will have a property called numberOfSides and a method called getarea. All
polygons have a calculable area; however, the methods for calculating that area can be different for
different types of polygons. (A generic equation exists for the area of any polygon, but it is often less
efficient than the shape-specific equations for the simple polygons being used here.) The formula for the
area of a rectangle isw * h, where w is the width of the rectangle and h is the height. The area of a
triangle is calculated as 0.5 * h * b, where h is the height of a triangle with base b. Figure 1-2 shows
the area of two types of polygon.

Area of a Triangle = (1/2 h) X b

b w
Area of a Rectangle = w X h
Figure 1-2: Area of two polygons

For each subclass of Polygon that you create, you will probably want to substitute an equation for the
default implementation of the area method with one specific to the type of polygon class. By redefining
that method for the class, you can provide your own implementation.
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In the case of the Rectangle class, you would create two new properties, height and width, and override
the Polygon class’s implementation of the getArea () method. For the Triangle class, you would
probably add properties to store information about the three angles, the height, and the length of the base
segment, and override the getArea () method. By using inheritance and overriding methods of the parent
class, you can allow the subclasses to specialize their implementations of those methods.

A function that takes a Polygon as a parameter and needs to print the area of that polygon will then
automatically call the getArea () method of the subclass of Polygon that was passed to it (that is,
Rectangle or Triangle). This capability for an OOP language to automatically determine at run-time
which getarea () method to call is known as polymorphism. Polymorphism is the ability of an
application to do different things based on the particular object it is acting on. In this case, that means
invoking a different getArea () method.

Owerride a method in a subclass when the parent class’s implementation is different from that required
by the subclass. This allows you to specialize the activities of that subclass.

Sometimes you want to retain the implementation provided by the parent class, but also perform some
additional activities in the method of the subclass. For example, if you have an application that manages
a nonprofit organization, you would probably have a class called Volunteer that would have a method
called signup () ; this method would enable the volunteer to sign up for a community service project
and add the user to the list of volunteers for that activity.

You might, however, have some users with restrictions (such as a criminal background) that should
prevent them from signing up for certain projects. In this case, polymorphism enables you to create a
class called RestrictedUser with an overridden signUp () method that first checks the restrictions
on the user account against the properties of the project, preventing users from signing up if their
restrictions do not allow them to volunteer for a particular activity. If their restrictions do not prohibit
them from participating, then you should invoke the actions of the parent class to complete their
registration.

When you override methods of the parent class, you do not necessarily need to completely rewrite the
method. You can continue to use the implementation provided by the parent, but add additional
specialization for your subclass. In this way, you can reuse code and also provide customizations as
required by the business rules.

The capability of one class to inherit the methods and properties of another class is one of the most
compelling features of an OO system, and one that enables you to gain an incredible level of efficiency
and flexibility in your applications.

In the following example, you'll create two classes — Rectangle and Square. A square is a special
kind of rectangle. Anything you can do with a rectangle you can do with a square; however, because a
rectangle has two different side lengths and a square has only one, you need to do some things
differently.
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Create a file called class.Rectangle.php and add the following code:
<?php

class Rectangle {
public S$height;
public $width;

public function _ construct (Swidth, $height) {
Sthis->width = Swidth;
Sthis->height = Sheight;

}

public function getArea() {
return Sthis->height * S$this->width;
}

}

?>

This is a fairly straightforward implementation of a class to model a rectangle. The constructor takes
parameters for the width and height, and the area function calculates the area of the rectangle by
multiplying them together.

Now, take a look at class.Square.php, shown here:

<?php
require_once('class.Rectangle.php') ;

class Square extends Rectangle {
public function __ construct ($size) {
Sthis->height = $size;
Sthis->width = $size;
}

public function getArea() {
return pow(Sthis->height, 2);
}

}

?>

This code overrides both the constructor and the getaArea () method. For a rectangle to be a square, all
four sides must be of the same length. As a result, you need only one parameter for the constructor. If
more than one parameter is passed to the function, any values after the first parameter are ignored.

PHP does not raise an error if the number of parameters passed to a user-defined function is greater
than the number of parameters established in the function declaration. In a few cases, this is actually
desired behavior. If you'd like to learn more, see the PHP documentation of the built-in
func_get_args () function.

The getArea () function also was overridden. The implementation in the Rectangle class would
have returned a perfectly correct result for the Square objects. The method was overridden to
improve application performance (although, in this case, the performance benefit is minuscule).
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It is faster for PHP to fetch one property and compute its square than to fetch two properties and
multiply them together.

By overriding constructors, destructors, and methods, you can alter aspects of how subclasses operate.

Preserving the Parent’s Functionality

Sometimes you want to preserve the functionality provided by the parent. You don’t need to completely
override the function; you just need to add something to it. You could copy all the code from the parent
method into the subclass’s method, but as you've already seen, OOP offers you better ways of doing this
than just copying lines of code.

To call the functionality provided by the parent, use the syntax parent: : [function name]. When you just
want to add additional behavior to a method, first you call parent: : [function name] and then add your
additional code. When extending a function in this way, always call the method on the parent before doing
anything else. Doing so ensures that any changes to the operation of the parent won’t break your code.

Because the parent class may be expecting the object to be in a certain state, or may alter the state of the
object, overwrite property values, or manipulate the object’s internal data, always invoke the parent
method before adding your own code when extending an inherited method.

The following example has two classes: Customer and SweepstakesCustomer. A supermarket has an
application that, from time to time, switches which class is being used in the cash register application
when certain promotions are run. Each customer who comes in has his or her own ID value (which
comes from a database), as well as a customer number (which indicates how many customers have come
to the supermarket before him or her). For these sweepstakes, the millionth customer wins a prize.

Create a file called class.Customer.php and add the following code:
<?php

class Customer {
public $id;

public $customerNumber;
public $name;

public function _ construct (ScustomerID) {
//fetch customer infomation from the database
//
//We're hard coding these values here, but in a real application
//these values would come from a database
Sdata = array();
Sdata['customerNumber'] = 1000000;
Sdata['name'] = 'Jane Johnson';

//Assign the values from the database to this object
Sthis->id = ScustomerID;

Sthis->name = $datal['name'];
Sthis->customerNumber = $datal['customerNumber'];

?>
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Now create a file called class. SweepstakesCustomer . php and enter this code:

<?php
require_once('class.Customer.php') ;

class SweepstakesCustomer extends Customer {
public function __ construct ($customerID) {
parent::_ construct (ScustomerID) ;

if (Sthis->customerNumber == 1000000) {
print "Congratulations S$this->name! You're our "
"millionth customer!"
"You win a year's supply of frozen fish sticks!

"
7

}

?>

How Inheritance Works

The Customer class initializes values from the database based on the customer ID. You would most
likely retrieve the customer ID from a loyalty program swipe card such as the type available at most
larger grocery store chains. With the customer ID, you can fetch the customer’s personal data from the
database (just hard-coded in this example), along with an integer value representing how many
customers have entered the store before that customer. Store all this information in public member
variables.

The sweepstakesCustomer class adds a bit of extra functionality to the constructor. You first invoke the
parent class’s constructor functionality by calling parent: : _construct and passing to it the
parameters it expects. You then look at the customerNumber property. If this number is the millionth,
you inform this customer that he or she has won a prize.

To see how to use this class, create a file called testCustomer.php and enter the following code:

<?php

require_once ('class.SweepstakesCustomer.php') ;
//since this file already includes class.Customer.php, there's
//no need to pull that file in, as well.

function greetCustomer (Customer S$objCust) {
print "Welcome back to the store $objCust->name!";

}
//Change this value to change the class used to create this customer object

SpromotionCurrentlyRunning = true;
if (SpromotionCurrentlyRunning) {
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SobjCust = new SweepstakesCustomer (1000000) ;
} else {

SobjCust new Customer (1000000) ;

}
greetCustomer ($objCust) ;

?>

Run testCustomer.php in your browser with the $promotionCurrentlyRunning variable set first to
false and then to true. When the value is true, the prize message is displayed.

Interfaces

Sometimes you have a group of classes that are not necessarily related through an inheritance-type
relationship. You may have totally different classes that just happen to share some behaviors in common.
For example, both a jar and a door can be opened and closed, but they are in no other way related. No
matter the kind of jar or the kind of door, they both can carry out these activities, but there is no other
common thread between them.

What Interfaces Do

You see this same concept in OOP as well. An interface enables you to specify that an object is capable of
performing a certain function, but it does not necessarily tell you how the object does so. An interface

is a contract between unrelated objects to perform a common function. An object that implements

this interface is guaranteeing to its users that it is capable of performing all the functions defined by the
interface specification. Bicycles and footballs are totally different things, but objects representing those
items in a sporting goods store inventory system must be capable of interacting with that system.

By declaring an interface and then implementing it in your objects, you can hand completely different
classes to common functions. The following example demonstrates the rather prosaic door-and-jar
analogy.

Create a file called interface.Openable.php:
<?php
interface Openable {
public function open()

public function close();

}

?>

Just as you name your class files class. [class name] .php, you should use the same convention with
interfaces and call them interface. [interface name] .php.

You declare the interface Openable using a syntax similar to that of a class, except that you substitute

the word interface for the word class. An interface does not have member variables, and it does not
specify an implementation of any of its member functions.
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Because no implementation is specified, you declare these functions to be abstract. Doing so tells PHP
that any class implementing this interface is responsible for providing an implementation of the
functions. If you fail to provide an implementation of all the abstract methods of an interface, PHP will
raise a run-time error. You may not selectively choose some of the abstract methods to implement; you
must provide implementations of them all.

How Interfaces Work

26

The Openable interface is a contract with other parts of the application that says any class implementing
this interface will provide two methods, called open () and close (), that take no parameters. With this
agreed-upon set of methods, you can allow very different objects to pass into the same function without
the need for an inherited relationship to exist between them.

Create the following file, called class.Door . php:
<?php
require_once ('interface.Openable.php') ;
class Door implements Openable {
private $_locked = false;

public function open() {
if (Sthis->_locked) {
print "Can't open the door. It's locked.";
} else {
print "creak...<br>";
}
}

public function close() {
print "Slam!!<br>";

}

public function lockDoor () {
Sthis-> locked = true;

}

public function unlockDoor () {
Sthis->_ locked = false;

}

}

?>
Now create a file called class.Jar.php:

<?
require_once ('interface.Openable.php') ;

class Jar implements Openable {
private $contents;
public function _ construct ($contents) {



Chapter 1: Introduction to Object-Oriented Programming

Sthis->contents = $contents;

}

public function open() {
print "the jar is now open<br>";

}

public function close() {
print "the jar is now closed<br>";
}
}

?>
To use these files, create a new file called testOpenable.php in the same directory:

<?php
require_once ('class.Door.php');
require_once('class.Jar.php') ;

function openSomething (Openable S$obj) {
Sobj->open () ;
}

SobjDoor = new Door () ;
SobjJar = new Jar ("jelly");

openSomething ($SobjDoor) ;
openSomething (SobjJar) ;
?>

Because both the Door class and the Jar class implement the Openable interface, you can pass both to
the openSomething () function. Because that function accepts only something that implements the
Openable interface, you know that you can call the functions open () and close () within it. However,
you should not attempt to access the contents property of the Jar class or utilize the 1ock () or
unlock () functions of the Door class within the openSomething () function, because that property and
those methods are not part of the interface. The interface contract guarantees that you have open () and
close () and nothing else.

By using interfaces in your application, you can allow completely different and unrelated objects to talk
to each other with a guarantee that they will be able to interact on the terms specified in the interface.
The interface is a contract to provide certain methods.

Encapsulation

As mentioned earlier in this chapter, objects enable you to hide the details of their implementation from
users of the object. You do not need to know whether the Volunteer class mentioned earlier stores
information in a database, a flat text file, an XML document, or another data-storage mechanism in order
to be able to invoke the signUp () method. Similarly, you do not need to know whether the information
about the volunteer contained within the object is implemented as single variables, an array, or even
other objects.
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This ability to hide the details of implementation is known as encapsulation. Generally speaking,
encapsulation refers to two concepts: protecting a class’s internal data from code outside that class, and
hiding the details of implementation.

The word encapsulate literally means to place in a capsule, or outer container. A well-designed class
provides a complete outer shell around its internals, and presents an interface to code outside the class
that is wholly separated from the particulars of those internals. By doing so, you gain two advantages:

O You can change the implementation details at any time without affecting code that uses your
class.

0  Because you know that nothing outside your class can inadvertently modify the state or
property values of an object built from your class without your knowledge, you can trust the
state of the object and the value of its properties to be valid and to make sense.

The member variables of a class and its functions have a visibility. Visibility refers to what can be seen by
code outside the class. As mentioned earlier in this chapter, private member variables and functions are
not accessible to code outside the class and are used for the class’s internal implementation. Protected
member variables and functions are visible only to the subclasses of the class. Public member variables
and functions are usable by any code, inside or outside the class.

Generally speaking, all internal member variables of a class should be declared private. Any access
needed to those variables by code outside the class should be done through an accessor method. You
don’t let someone who wants you to try a new food blindfold and force-feed you; you need to be able to
examine the item and determine whether you want to allow it into your body. Similarly, when an object
wants to allow code outside it to change properties or in some other way affect its internal data, by
encapsulating access to that data in a public function (and by keeping the internal data private), you
have the opportunity to validate the changes and accept or reject them.

For example, if you are building an application for a bank that handles details of customer accounts,
you might have an Account object with a property called totalBalance and methods called
makeDeposit ()and makeWithdrawal (). The total balance property should be read-only. The only
way to affect the balance is to make a withdrawal or a deposit. If the totalBalance property were to
be implemented as a public member variable, you could write code that would increase the value of
that variable without having to actually make a deposit. This approach, obviously, would be bad for
the bank.

Instead, you should implement this property as a private member variable and provide a public method
called getTotalBalance (), which returns the value of that private member variable. Because the
variable storing the value of the account balance is private, you can’t manipulate it directly; and because
the only public methods that affect the account balance are makewithdrawal () and makeDeposit (),
you have to actually make a deposit if you want to increase the value of your account.

By allowing you to hide the details of implementation and protect access to internal member variables,
an object-oriented software development approach gives you a flexible, stable application.

Encapsulation of internal data and method implementations enables an object-oriented software system
to protect and control access to data and hide the details of implementation.
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Changes to 00 in PHP 6

Support for objects in PHP goes all the way back to PHP 3. There was never any intention of supporting
the idea of classes or objects, but some limited support was added, almost as an afterthought, to provide
“syntactic sugar” (to use Zeev Suraski’s phrase) for associative arrays. Object support in PHP was
originally designed as a convenient way of grouping data and functions, but only a small subset of the
features traditionally associated with a full-blown object-oriented programming language was included.
As PHP grew in popularity, the use of an OO approach became increasingly common in large
applications. However, the poor internal implementation became limiting.

Most notably, there was no support for real encapsulation. You could not specify member variables or
methods to be private or protected. Everything was public — which, as you’ve seen, can be
problematic.

Additionally, there was no support for abstract interfaces or methods. Methods and member variables
could not be declared static. There were no destructors. All these concepts are familiar to anyone with a
background in another OOP language, and the lack of these features in PHP’s object model could make
the transition from a language such as Java (which does support all these ideas) to PHP difficult. For
those who have previous experience with PHP 4, Table 1-1 lists some of the new features in the PHP

Table 1-1: Object Model Evolution from PHP 4 to PHP 5 and 6

New Feature Benefit

Private, protected member Real encapsulation and data protection are now possible in

variables and methods PHP.

Improved dereferencing support Statements such as $obj->getSomething () ->doSomething ()
are now possible.

Static member variables and Methods that can be called statically are now clearly

methods identifiable. Class-level constants help control pollution of the

global namespace.

Unified constructors All class constructors are now called __construct (). This
helps with encapsulation of overridden subclass constructors,
and makes it easier to alter inheritance when multiple classes
are involved in a tree of inheritance.

Destructor support Through the __destruct () method, classes in PHP can now
have destructors. This feature allows actions to be carried out
when the object is destroyed.

Support for abstract classes and You can define required methods in a parent class while
interfaces deferring implementation to a subclass. Abstract classes can’t
be instantiated; only their non-abstract subclasses can.

Parameter type hints You can specify the class for function parameters that are
expecting an object. function foo (Bar $objBar) {...
allows you to be sure that the data type of the parameter is
what you expect.
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object model that appeared starting in PHP 5. For those already familiar with OOP in PHP 5, little has
changed in version 6.

Summary

30

In this chapter, you explored the concept of object-oriented programming (OOP). A class was shown as a
blueprint for creating objects. Objects are run-time bundles of data and functions created from a class
definition. They have characteristics, called properties, and behaviors, called methods. Properties can be
thought of as variables, and methods as functions.

Some classes share a common parent type. For example, squares (children) are a type of rectangle
(parent). When you declare a class to be a subtype of a parent class, it inherits the methods and
properties of the parent. You have the option to override inherited methods. You can completely
re-implement the method, if you so choose, or continue to use the parent’s implementation but also
add specializations particular to the subclass (or not override the method at all).

Encapsulation is an important concept to OOP. It refers to the capability of a class to protect access to its
internal member variables and shield users of that class from the particulars of its implementation.
Member methods and properties have three levels of visibility: private, protected, and public. Private
members can be used only by the class’s internal operations. Protected members are visible to subclasses.
Public members can be used by code outside the class.

Object-oriented (OO) support in PHP received a major overhaul with the introduction of PHP 5 and the
Zend Engine 2. New features and significant performance improvements since PHP version 5, and
further enhanced in PHP 6, make PHP a real OOP language.

Chapter 2 discusses the Unified Modeling Language (UML), a system for diagramming OO software
architecture that will provide you with the tools for describing and planning the architecture of even the
most complex applications.
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Unified Modeling Language
(UML)

If you're the only programmer working on a small project, drawing a small sketch of the
application on paper or keeping the design completely in your mind is often sufficient. A solo
programmer can usually complete a project without any problems this way.

Suppose, however, that you were to get a larger project requiring two developers. You're the one
who's responsible for designing the system, and the second developer is there to help you write the
code. How would you communicate the design of this system to the other person? You could describe
in words what classes were necessary, and provide a description of how the system functions both

for the end user and internally. After a while, you might end up with a lot of text describing

the system. If you imagine a larger project, it quickly becomes clear that describing a large software
system purely in words is not practical; and if you created diagrams of your own design, then you
would have the added task of explaining your system of notation to the other members of the team.

The Unified Modeling Language (UML) was designed to solve this problem. UML is primarily a
language of standardized diagrams, each of which lends itself to describing a particular area of
software design. UML gives everyone the same way of “speaking” about a system, and provides a
powerful method of visualizing it.

In this chapter, you'll work through the design and development of a hypothetical band-tracking
system called BandSpy. In the process, you'll learn about UML diagrams and where they fit into
the process.

Requirements Gathering

Here’s the hypothetical scenario for this chapter. A client from a record company has contacted
you to develop a Web-based system to track the bands that the client represents. During an initial
phone conversation, the client explains that BandSpy should enable Web users to view details
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about the different bands the company represents, and check out upcoming concerts. Someone from the
record company should be able to add new bands to the system, edit existing band information, and
book new concert performances for the bands. Although your conversation with the client is informal, it
begins a key part of the software design: the requirements-gathering phase. In this phase, you'll want to
determine exactly what the software needs to do to satisfy its users.

Interviewing the Client

Speaking on the phone, you arrange to meet with the client. After some quality get-to-know-you time,
the meeting progresses to a further discussion of the system. The attendees of the meeting are Bill (the
owner of the company), Jane (the operations manager), and Tom (the company “computer guy”).

During your initial interviews, getting a feel for the roles of the people who are involved is important.
You can infer that the people attending the meeting have some interest in how the software works. That
interest, however, may or may not always be beneficial to the outcome of the project.

The key person to identify during requirements gathering is the person who has detailed knowledge of
the domain — the area that the software will model. That could include someone who previously did
manually what the software will now automate, or it could be someone who knows how the business
works and what the software must do to correctly model it. This person is often referred to as a domain
expert.

Over the course of the interview, Jane does most of the talking. She describes what they’re hoping the
system can accomplish and how the company currently handles this process. It’s a good bet that Jane is
your domain expert. During further interviews, speaking to her directly will be useful. Bill stays quiet
most of the time; he probably has other matters to attend to. Tom mentions that he’ll be the one actually
entering the data into the system. You note that you may have to devote a little time to explaining the
use of the administration tools to him.

During the course of the meeting you take notes on what Jane says the system must do, and you come
out with the following list:

0  Users can visit the BandSpy Web site and browse information about bands. Band information
includes the type of band, musicians in the band, and what instruments they play.

0  Users can view information about upcoming performances that might include one or multiple
bands.

QO  Asite administrator can add new information about bands.

(]

A site administrator can edit existing band information.

0O  Asite administrator can add a new performance. Adding a new performance includes booking a
venue and generating tickets. Separate third-party companies handle both the venue booking
and the tickets. These companies have reservation systems that you will need to notify via the
BandSpy software.

Now that you have a list of requirements, it’s time to start putting the UML diagrams to work.
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Use Case Diagrams

Use case diagrams show the system from the task-oriented perspective of a user. One use case represents a
task the user is trying to accomplish with the system. Figure 2-1 shows a very simple use case diagram
for users visiting the BandSpy site and browsing band information.

browse band info

User
Figure 2-1: A simple use case diagram

The stick figure is called an actor, and the bubble is the use case. The line indicates that this actor can
perform the connected use case. In use case diagrams, the actor is usually a role associated with a
person, although it can represent an external system that acts upon your system.

Notice that the use case “browse band info” is rather general. A high level of detail isn’t necessary here.
You just want to be able to cover all the use cases the system should be capable of handling. If necessary,
use cases can be broken down into their separate scenarios. A scenario is the sequence of steps comprising
the use case. For example, the scenario for the previous use case is as follows:

1. The user goes to the BandSpy Web site.
2. The user navigates the site using the menu.

3.  The user examines band/musician/concert information.

Figure 2-2 shows the use case diagram for the administrative tasks.

add band info

modify band info

Administrator

book a performance

Figure 2-2: Use case diagram for the administrator
tasks
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The administrative use cases are the separate tasks that the administrator might attempt when using the
BandSpy system. The client has mentioned that he would like the administrative section of the site to
require a password-protected login. Because logging into the system can be thought of as a task itself,
you can use an include to show that this use case is part of all three other use cases. Figure 2-3 shows
the use of an include, indicated by a dashed line.

add band info

.

<<i ncl ude>>

.

<<i ncl ude>> )
-------------------- log into system

modify band info

Administrator <<i r}pl ude>>

%

book a performance)”

Figure 2-3: Indicating an include in a use case diagram

Multiple actors may appear within a use case diagram. Often, different actors may share a use case.
Figure 2-4 shows the completed use case diagram for the BandSpy system. Because both the
administrator and the regular users can look up band information, they share that use case. Additionally,
the use case shows the nonhuman actor (the venue booking system) performing the task of updating
information about an upcoming performance.
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update performance
information

Venue Booking System add band info

<<i ncl ude>>

<<i ncl ude>>

modify band info
log into system

Administrator book a performance

lookup band info

User

Figure 2-4: Showing multiple actors sharing a common task

Class Diagrams

Although the use case diagrams provide a useful way to express what capabilities the system will have
for various actors, they do little to explain the inner workings of the software. This is the point at which
you can start using the other UML diagrams, as well as your knowledge of objects, to define those inner
workings in more detail.

Modeling the Domain

After the interviews with the client are complete, and the use cases have been finalized, you can move on
to the process of designing the software to model the domain. One thing that this means is developing
the system so that its classes are closely modeled after what they represent in real life. For instance, in
this example application, users can see information about different types of musicians, so it’s probably a
good idea to have a Musician class or, even better, a Musician interface that all different types of
musicians can implement.

Class diagrams are probably the most important diagrams to use and understand. They provide a good
balance of detail and flexibility. They provide a description of the domain you're modeling, and allow a
varying level of detail — from a very high level to very specific — about the exact methods and
properties of a class. In addition, they’re useful for describing interesting object-oriented (OO) concepts
such as design patterns, which are covered in Chapter 4.
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Figure 2-5 shows the basics of a class diagram. The top box in the rectangle shows the name of the class.
The middle box shows its attributes, and the bottom box shows its operations. In PHP, the terms “attributes”
and “operations” translate to member variables and methods, respectively, in the Musician class.

Musician
—type: String
—firstNane: String
—l ast Nane: Stri ng
—bandNane: String

+getBand(): String
+get Nane(): String
+get Type(): String
+set Band()
+set Type()
+set Nane()

Figure 2-5: A class diagram

The attribute types are indicated after the colon. In this simple example, all the attribute types are
strings. The minus sign (—) says that the attributes are private members of the class. The plus sign (+) in
front of the operations indicates that they are public. If an operation returns a value, its type is shown
after the colon. Again, in this example, they are all strings.

The following is the PHP code for Musician shown in the class diagram. Type this into a file called
class.Musician.php:

class Musician {

private $last;
private $first;
private S$bandName;
private S$Stype;

function _ construct($last, $first, $SmusicianType) {
Sthis->last = $last;
Sthis->first = S$first;
Sthis->type = $musicianType;

public function getName() {
echo $this->first . Sthis->last;

public function getBand() {
echo $this->bandName;

public function getMusicanType() {
echo $this->type;

public function setName($first, $last) {
Sthis->first = S$first;
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Sthis->last = $last;
}

public function setBand($bandName) {
Sthis->bandName = $bandName;
}

public function setMusicianType (SmusicianType) {
Sthis->type = SmusicianType;
}

Relationships

If your application had only one class, it might not be particularly helpful to draw diagrams. Because the
BandSpy system requires more than one class, you must think about how the objects will interact with
one another. In the previous example, strings were used as the data type for all the member variables.
Generally, this is not a good idea. If a musician were a part of a band, then it would make sense that you
would want more than just the name of the band. For example, you might want the other members of
the band, what genre of music they play, and so on. This type of thinking will guide you during the
design phase of your software. Certain member variables will require a higher degree of complexity, and
therefore must be broken out into their own classes.

Associations

If you take a look at Figure 2-6, you can see that the bandName attribute moved over into an attribute of the
Band class. In addition, note that this diagram does not show every attribute and method in the classes.

T Band
Musician P
- —ban me
—band: Band —bandMusi ci ans
L —per f or mances
+get Band() : Band | * N
+set Band() +get Musi ci ans()

Figure 2-6: Associating the Musician and Band
classes

When using class diagrams, you need to show only what is important in the context of the diagram.
Simple accessor methods for private member variables are assumed, and hence left out. When a class
diagram is incomplete, you can use ellipses (. . .) to show that certain information is intentionally omitted.

The line connecting the two classes is a type of relationship known as an association. For this example, the
association is one-to-many — one Band may have many Musicians, or, conversely, many Musicians
can be in one Band, as denoted by the * and 1 beneath the association.

The association line can also show navigability. In this example, the line without any arrowheads shows
that you can move in both directions, also known as bi-directional navigability. In other words, each class
has an internal reference to the other one. If the association allows you to navigate in only one direction,
it is referred to as unidirectional navigability. Figure 2-7 shows the relationship between the Musician
class and the Instrument class. The Musician class has access to any Instruments in its internal
collection, but the Instrument is not aware of which Musician possesses it.
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Musician Instrument
—instrunents[*]: | nstrunment

1 *

Figure 2-7: Unidirectional navigability

Realizations and Generalizations

As mentioned previously, creating a Musician interface that all other musician type classes could
implement would be a better idea. This way, you can derive other classes (such as Guitarist and
Drummer) that follow the rules governing how Musician behaves in your system. As long as you follow
the contract of the Musician interface, you can have confidence that your derived classes will play along
correctly.

When you want to indicate an interface and the classes that implement it, you show a relationship
between them called a realization. A dashed line shows a realization, with a hollow arrowhead at the end
pointing to the interface. Interfaces in UML diagrams are similar to standard class diagrams, but are
shown using the word inferface in guillemots above the interface name. Figure 2-8 displays two classes,
Drummer and Guitarist, implementing the Musician interface.

«interface»
Musician
a
Guitarist Drummer
[ |
ClassicalGuitarist RockGuitarist

Figure 2-8: Indicating generalization and realization

When you want to indicate inheritance either from an abstract class or from another concrete one, you can
use a generalization. A generalization is identical to a realization, except that the line is not dashed. Figure 2-8
also shows the subclassing of Guitarist to create the RockGuitarist and ClassicalGuitarist classes.

Composites
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Often, the useful relationships of classes are not based on associations or inheritance, but rather on the
way classes are grouped. Consider the example of a drum set. In this example application, the
Instrument interface is implemented in a concrete class such as Guitar or Piano, as shown in Figure 2-9.
In addition, the Drumset, Drum, and Cymbal classes implement it as well. The new notation of the lines
with the black diamonds indicates that the Drumset is a composite of the Drum and Cymbal classes. One
instance of DrumSet will contain instances of the brum and Cymbal classes.
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<<interface>>
Instrument
I
r==—=========-= i B (o [ 1
I 1 I I 1
1 1 1 1 1
Guitar Piano DrumSet Drum Cymbal

Figure 2-9: Indicating composites

A composite is a strict relationship characterized by two rules. First, the parts of a composite may not be
shared elsewhere. In other words, an instance of Drum belonging to an instance of DrumSet may not
belong to any other DrumSet. The second rule is that when an instance of Drumset is deleted, its
composite parts should also be deleted.

A more general type of composite is called an aggregate. The notation for an aggregate is the same as a
composite, except that the diamond is hollow. Aggregates are allowed to share instances of other classes,
and therefore are not required to delete them when they themselves are deleted.

Implementation

Now that you've covered the basics of class diagrams, take a look at a bit of sample code based on some
of the concepts just covered. Save all of this code into a single file called test_music.php:

<?php

interface Band ({
public function getName () ;
public function getGenre() ;
public function addMusician (Musician S$Smusician) ;
public function getMusicians();

}

interface Musician {
public function addInstrument (Instrument S$instrument) ;
public function getInstruments() ;
public function assignToBand(Band $band) ;
public function getMusicianType() ;

}

interface Instrument {
public function getName () ;
public function getCategory() ;
}

class Guitarist implements Musician {
private $last;
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private $first;

private S$musicianType;
private S$Sinstruments;
private $bandReference;

function _ construct($first, S$last) {
Sthis->last = $last;
Sthis->first = $first;
Sthis->instruments = array();
Sthis->musicianType = "guitarist";

public function getName() {
return $this->first . " " . S$this->last;

public function addInstrument (Instrument $instrument)
array_push(Sthis->instruments, S$instrument) ;

public function getInstruments() {
return $this->instruments;

public function getBand() {
return S$this->bandReference;

public function assignToBand (Band S$band) {
Sthis->bandReference = $band;

public function getMusicianType() {
return $this->musicianType;

public function setMusicianType (SmusicianType) {
Sthis->musicianType = SmusicianType;

class LeadGuitarist extends Guitarist ({
function __ construct($last, $first) {
parent::__construct($last, Sfirst);
Sthis->setMusicianType ("lead guitarist");

class RockBand implements Band {
private $bandName;
private S$bandGenre;
private Smusicians;
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function _ construct ($SbandName) {
Sthis->bandName = $bandName;
Sthis->musicians = array();
Sthis->bandGenre = "rock";

public function getName() {
return $this->bandName;

public function getGenre() {
return $this->bandGenre;

public function addMusician (Musician S$musician) {
array_push(Sthis->musicians, $musician);
Smusician->assignToBand (S$this) ;

public function getMusicians() {
return Sthis->musicians;

class Guitar implements Instrument {

private S$name;
private S$category;

function __construct ($Sname) {
Sthis->name = S$name;
Sthis->category = "guitar";

public function getName() {
return $this->name;

public function getCategory () {
return S$this->category;

// Test Objects

Sband = new RockBand("The Variables") ;

SbandMemberA = new Guitarist("Jack", "Float");
SbandMemberB = new LeadGuitarist ("Jim", "Integer");

SbandMemberA->addInstrument (new Guitar ("Gibson Les Paul"));

SbandMemberB->addInstrument (new Guitar ("Fender Stratocaster"));
SbandMemberB->addInstrument (new Guitar ("Hondo H-77"));
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$band->addMusician (SbandMemberd) ;
Sband->addMusician (SbandMemberB) ;

foreach ($band->getMusicians () as Smusician) {

echo "Musician ".Smusician->getName() . "<br>";

echo "is the " . Smusician->getMusicianType() . "<br>";

echo "in the " . Smusician->getBand()->getGenre() . " band <br>";
echo "called " . Smusician->getBand()->getName() . "<br>";

foreach($musician->getInstruments () as S$instrument) {
echo "And plays the " . S$Sinstrument->getName() . " ";
echo $instrument->getCategory() . "<br>";
}
echo "<p>";
}

?>

Although this example is fairly simple, it illustrates an important aspect of object-oriented programming
(OOP). Notice how no conditional branching occurs when the objects are tested at the end. You don’t
need to find out what type of Musician or Instrument you're dealing with before calling its methods.
Because the rules of the interface were followed, you can trust that the objects will all respond
appropriately and uniquely to their implementation. As discussed in Chapter 1, this is what's referred to
as polymorphism. Anytime you need to add another type of Musician, you can just write the new class,
defining its behavior behind the standard Musician interface.

Activity Diagrams
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Jane mentioned in an earlier meeting that the BandSpy application will need to hook into two other
third-party systems — the ticketing system and the venue reservation system — when a new
performance is added. To understand the order of events necessary to accomplish this task, you can
draw an activity diagram. Activity diagrams are good in any situation when you need to understand the
flow of activities going on within a use case. In this example, the use case is the BandSpy administrator
booking a performance.

Further conversations with Jane reveal that the BandSpy system will have to not only send a message to
the venue reservation system, but also receive information back from both systems. The venue system
will send a confirmation that the venue is available, and the ticketing system will transmit ticketing
information (such as pricing). If the administrator attempts to book a venue on a date or time that is not
available, the venue system will indicate that fact to BandSpy. The administrator will be notified and
may try to book another date.

Figure 2-10 shows the activity diagram for the process described here. Activity diagrams begin with a
solid black circle called the starting point. From there, the flow of the process follows the arrows (known
as transitions) into rounded rectangles representing activities.
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BandSpy System

Add Performance

Make Venue System

Venue Reservation System

Reduce M g

Check Availability

[venue not available]

—' Alert Administrator

[venue available]

Ticket System

Send Confirmation

Generate Tickets
Send Ticket Data

[update performance informationj

.

Figure 2-10: An activity diagram
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Ablack hollow diamond indicates a decision point. As the name suggests, the flow of transitions is split,
based on some decision or condition. In the diagram, the decision is whether the venue is available on
the requested date.

After the decision, a large black bar called a fork splits the flow to two different activities. In the venue
system, a confirmation is generated and sent back to the BandSpy system, where the ticket system is
fired up to start generating tickets for the event. Information from both the ticket system and the venue
system is sent back to BandSpy, where it meets up in another black bar called a join. The join indicates
that both external systems messages must reach the join for the activity diagram to proceed to its final
step: storing and updating information about the new performance.

The three large rectangles dividing the activities particular to each system are called swimlanes. Although
swimlanes are not mandatory, they often help to clarify the diagram when multiple systems are
involved.

Sequence Diagrams
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You may have noticed that the BandSpy application has a hierarchy of classes. Band classes contain
Musicians that have Instruments that may be composites of other Instruments. During the use of the
application, messages are relayed through the object relationships. You can think of method calls as a
kind of message that one object might call on another. For example, if an instance of Band needed to
know what Instruments its Musicians were playing, it would send a message to call
getInstruments () to all its Musicians. Another way of saying this is that Band is calling

the get Instruments () method on all its Musicians.

It’s useful to visualize how messages move between different objects, and UML provides another
diagram that’s designed to represent that movement: the sequence diagram.

Sequence diagrams can usually be tied to an individual use case. The previous discussion on use cases
contained a general “browse band info” use case. To illustrate the sequence diagram, you can break the
“browse band info” use case down into more specific cases. Figure 2-11 shows some more specific use
cases for the “User” actor.

look up instruments
by band

view musicians
in band

see upcoming

User band performances

Figure 2-11: More specific use cases for
the User
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For the “lookup instruments by band” use case, the sequence diagram should show all the objects
involved and the messages passed between them to complete the tasks. Figure 2-12 shows the sequence

diagram.

System Band

vi ewl nstrunents() :

N

,—:::::>getBandBythE()

get BandMenber s()

User

L

Figure 2-12: A sequence diagram

Musician

Instrument

get I nstrunent s()

get Nane()

v

The boxes at the top show the instances of objects involved in the sequence. In general, a box with an
underlined name denotes an instance, rather than a class. The dashed line descending from the object is
the object’s lifeline. In this case, the lifeline doesn’t indicate the creation or deletion of any of your objects —
before this use case was acted upon, all the objects were already there. However, it is possible to indicate
the instantiation of an object by using a “create” message and a large X at the bottom of the object’s

lifeline to show its deletion.

The vertical rectangle shows the object’s activation — that is, the time during which the object is involved
in the execution of a particular operation. Time in this case is represented vertically, so the longer an
object’s activation (denoted by the length of the rectangle that represents it), the longer it is involved in

the operation.

Another object in the application, the System object, is introduced in this diagram. In the BandSpy
application, the System object will receive all messages from the Web GUI, rather than allow it to
interact directly with your other objects. This way, the application has a single point of entry.
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Arrows indicate messages. They're named with the corresponding method names of the objects, but it’s
okay to be less formal about it and just use a non-methodlike name for the message. Taking the messages

step by step, the sequence is as follows:

1.

o 0 ks wN

A user requests to see all instruments of a particular band by typing in the band’s name.

The System object looks up the band reference by performing a self-call on its own utility method.

The system object uses the found band reference and calls the get BandMembers method on it.

The Band object calls the get Instruments method of its assigned musicians.

The Musician object calls the getName method on each of its assigned instruments.

The Instrument names are returned to the system object for display to the user.

State Diagrams

State diagrams are handy when you want to show the changes to a single object’s state during its life
cycle. State changes can be simple differences in member variables, or more complex behavior such as

polling for a response from an external source.

In BandSpy, the Performance class has a life cycle that's worth documenting with a state diagram.
When a new Performance object is created, it must contact the venue reservation system and await a
confirmation. If the response from the venue system says the reservation is good, the performance must
be permanently stored. If the reservation is not accepted, the Per formance object should inform the
system and then be destroyed. In Figure 2-13, a state diagram shows the various states for the object.
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The solid circle shows the start of the object’s life cycle, and arrows indicate transitions from one state to
another. After the new Performance is initialized and dispatches a message to the venue system, the
awaiting confirmation state polls until it receives a message back from the venue system.

One new symbol in Figure 2-13 is a note indicating that the awaiting confirmation state should wait one
minute to receive a reply from the venue system. A note can be used in any UML diagram where you
want to add extra information such as this.

Component and Deployment Diagrams

The last diagram discussed in this chapter is the component diagram, which provides a high-level, abstract
view of your software. For the BandSpy component diagram, the majority of the code is reduced to a
single component on the Web server. Technically, elements such as the Web server are parts of another
UML diagram called a deployment diagram. Deployment diagrams show some of the physical elements of
your application’s infrastructure (such as the different servers on which your application runs).

In Figure 2-14, the large cube-shaped boxes are called nodes. Think of a node as a separate piece of physical
hardware, or, in a more conceptual sense, as a defined, separate system of software such as a Web browser.

Web browser

BandSpy GUI

http

venue reservation system

Web server EF System

tep/ip reservation application

BandSpy Application --

reservation api

\V

BandSpy Database

two-way communication between
BandSpy and third-party venue
reservation system

Figure 2-14: A deployment diagram
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The components are the smaller rectangles within the nodes. Dashed arrows are dependencies. The
BandSpy Web GUI is dependent upon the BandSpy application on the Web server. The reverse is not
true, however; another client could access the system. Solid lines show a connection between nodes —
for example, the Web browser communicating over HTTP.

The small circles are a kind of shorthand to show an interface. As mentioned earlier, this example
application has a single System interface that all clients must use. Another interface is shown within the
venue reservation system node. The company that manages the system has provided you with a list of
the public methods you can use. You don’t need to know any of the inner workings of the venue system;
you just need to know the methods of the Application Programming Interface (API) used in the
reservation system.

Summary
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UML provides you with a standardized, flexible language to design and model your software. This
chapter discussed the following UML diagrams:

QO  Use case diagrams
Class diagrams
Activity diagrams
Sequence diagrams

State diagrams

O 0 U oo

Component and deployment diagrams

You also learned some concepts about software architecture, such as domain modeling and gathering
requirements.

Remember, using every diagram is not necessary. The use case and class diagrams are almost always
useful, but the other diagrams are not worth drawing for every class or use case in your software. You
need an activity diagram only if you want to get a better idea of the processes within a single use case.
Use a state diagram if you have an object whose state changes in a complex way during one or more use
cases and you need to make clear how it will work. A few sequence diagrams are usually necessary, but
don’t try to diagram every message passed between every instance in your application.

Chapter 4 discusses software design patterns, which are a way of describing reusable object relationships
that you can use to solve various problems in software development. Because each design pattern is
described with a UML class diagram, you're in good shape to learn about them when you get to that
chapter.

Chapter 3 starts to look at how you actually implement the concepts examined in this chapter and

in Chapter 1 to make functioning PHP code. You will be using class diagrams to describe the code you
will write, so you'll start to get a sense for how they’re used and why they’re an important tool to
leverage when designing the application architecture.
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Putting Objects to W ork

Now that you have gained a good understanding of object-oriented (OO) basics from Chapter 1,
let’s push on with a slightly more complex look at how you can build a real application using OO
techniques.

The sample application in this chapter is a contact manager that is intended to manage data about
individuals and organizations, and to enable users to look up and edit contact information
associated with them. The discussion in this chapter is designed to present you with a good
grounding in the issues behind creating working OO applications. Along the way, this chapter also
demonstrates how the major principles behind the OO paradigm (such as code reuse,
encapsulation, inheritance, and, of course, abstraction) can be applied.

Creating the Contact Manager

A contact management application enables the user to track individuals and organizations, their
contact information (such as address, e-mail, and phone number), and the relationships between
them. This is basically what Microsoft Outlook’s address book does.

Here’s a quick, high-level description of what you might expect from this sort of program:

QO The application will track information about individuals and organizations in a database,
and display it on a Web page.

0O  Contacts can have zero or more addresses, e-mail addresses, and phone numbers.

O

An individual has just one employer (an organization).

0 An organization has zero or more employees (individuals).
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You can now take a look at how to begin putting together this solution using UML. One caveat, however,
should be made clear before you begin. This chapter demonstrates how, while designing an application,
your thinking might evolve as you discover new and better ways of implementing the solution. As a
result, the chapter should be read more as a progressive evolution and development of the sample
application, rather than as a straightforward listing of its code. A concrete example such as this can help
you gain a better understanding of how the principles of object-oriented programming (OOP) work.

The Contact Manager UML Diagrams

Fire up the UML diagramming application of your choice and create a new file called ContactManager.
[extension], where [extension]is the default file extension for your application (for example, .dia
for diagrams created using Dia, and so on).

First, create classes for the different kinds of contact information that you want to represent. For this
sample application, these are address, e-mail address, and phone number classes — but you could create
classes for whatever type of contact information you require. Table 3-1 shows the sample application
properties.

Table 3-1 Contact Infor mation Classes

Class Properties

Address streetl
street2
city
state

zip (zip code)

type (home, work, and so on)

Email email
type

PhoneNumber number
extension
type
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These classes just store and display data, so you don’t need to define any methods at this time, and the
third sections of the class symbols are empty. The properties are all public, so they're prefixed with a
plus sign. Figure 3-1 shows the current UML representation of these classes.

Address Email PhoneNumber
+streetl +emai | +nunber
+street 2 +type +ext ensi on
+city +type
+state

+zip

+type

Figure 3-1: Basic contact types

Next, you should map out the Individual and Organization classes. An individual has a first name, a
last name, an employer, a job title, a unique identifier (the id field from the database), and a collection
(of e-mails, addresses, and phone numbers). You must also be able to add contact types. Figure 3-2
shows the UML diagram with the Individual class.

Address Email PhoneNumber
+streetl +enai | +nunber
+street2 +type +ext ensi on
+city + ype
+state
+zip
ttype

Individual
+ i rstnane
+ ast nane
+enpl oyer: Organi zation
+Hitle
+id
+addr esses: Address[]
+emai | s: Emai | Address[]
+phonenunbers: PhoneNunber[]
+addEnai | (obj Emai |l : Emai )
+addAddr ess( obj Addr ess: Addr ess)
+addPhone( obj Phone: PhoneNunber)

Figure 3-2: The Individual class and contact
types
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An organization has a name, a unique identifier, collections of contact types (much as an individual
does), methods to add them, and a collection of employees. Figure 3-3 shows the UML diagram with the
Organization class.

Address Email PhoneNumber

+streetl +emai | +nunber

+street2 +ype +ext ensi on

+Ccity + ype

+state

+zi p

+ ype

Individual Organization

+ i rstnane +name
+ ast nanme +d
+enpl oyer: Organi zation +enpl oyees: | ndividual[]
+Hitle +addr esses: Address[]
+d +enui | s: Enmi | Address[]
+addr esses: Address[] +phonenunbers: PhoneNunber[]
+emai | s: Emai | Address|[ ] +addEmai | (obj Emai | : Emai |)
+phonenunbers: PhoneNunber[] +addAddr ess( obj Addr ess: Addr ess)
+addEnzi | (obj Emai | : Enai | ) +addPhone( obj Phone: PhoneNunber)
+addAddr ess( obj Addr ess: Addr ess)
+addPhone( obj Phone: PhoneNunber)

Figure 3-3: The Individual and Organization contact types

The diagram shows the Individual and Organization classes sharing a lot of the same properties and
methods. This is generally an indication that you could save yourself a lot of work and improve the
flexibility of your application by using inheritance. You can create another class (Entity, in this
example) in which you combine the features common to the Individual and Organization classes,
and then enable them to share the same code. In a UML diagram, you indicate properties and methods
only on the class that actually implements them. In this case, you must move all the common properties
and methods of the Individual and Organization classes to the symbol representing the Entity
class, as shown in Figure 3-4. You repeat them in the child class (child classes inherit members from their
parent classes) only if the child overrides the implementation.
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Address Email PhoneNumber
+streetl +emai | +numnber
+street 2 +ype +ext ensi on
+Ccity +t ype
+state
+zi p
+ype

Entity
+nane
+id

+addr esses: Address
+phonenunbers: PhoneNunber
+emai | s: Emai | Addr ess

+addEnai | (obj Emai | : Enai | Addr ess)
+addAddr ess( obj Addr ess: Addr ess)
+addPhone( obj Phone: PhoneNunber)

+Hitle

+enpl oyer: Organi zation

Figure 3-4: The Entity class, a common superclass of Individual and

Organization

In this case, the name property of the Entity class is overridden in the Individual class. When you

Individual Organization
+irstnane +enpl oyees: | ndi vi dual
+ ast name
+name

retrieve the name property of an Individual, you'll return “lastname, firstname”. This way, you can
hand the Organization or Individual classes to a function that will just print a name without having

to use separate functions.

UML also defines symbols to indicate relationships. In this example, you need something to show that
the Individual and Organization classes inherit from the Entity class. As you have seen, the UML
specification calls this relationship generalization, and indicates it by an open-headed arrow that points
from the child class(es) to the parent class, as shown in Figure 3-5.
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Address Email PhoneNumber
+streetl +emai | +nunber
+street2 +type +ext ensi on
+city + ype
+state
+zi p
+t ype

Entity

+nane

+id

+addresses: Address
+phonenunbers: PhoneNunber
+emai | s: Emmi | Addr ess

+addEnai | (obj Enai | : Enai | Addr ess)
+addAddr ess( obj Addr ess: Addr ess)
+addPhone( obj Phone: PhoneNunber)

Individual Organization
+ i rstnane +enpl oyees: | ndividual
+ ast nane
+enpl oyer: Organi zation
+itle

Figure 3-5: Generalization, indicated by an open-headed arrow

Now it’s clear that the Individual and Organization classes inherit from the Entity class. Using
connectors to indicate inheritance makes it easy to glance at the diagram and see how the classes relate
to one another.

There’s another type of connection you need to show — the Entity class, which uses the Address,
Email, and PhoneNumber classes. The UML specification calls this relationship a composite, and you
indicate it by using a black diamond on the end of the line attached to the user of the class, as shown in
Figure 3-6. The classes being used also have a property called multiplicity (that is, how many of them are
used). In this example, an entity may have zero, one, or more of any of the contact types, so you write
0. .* on the connector line closest to the item being used to indicate that a class may have 0 or more of
the class to which it points.

Figure 3-6 also shows that notation. By revealing this relationship in the diagram, you can clearly see
which parts of the application will be affected by a change to another part. Here, a change to the Email,
Address, or PhoneNumber classes will have an impact on the Entity, Individual, and Organization
classes.
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*
PhoneNumber 0. Address
+nunber +streetl
+ext ensi on - 0.*| +street2
+type Entity +city
+nane +state
+d +zi p
+addr esses: Address +t ype
+phonenunbers: PhoneNunber
ﬂ,_‘ +enmi | s: Enmi | Addr ess
Email = +addEnsi | (obj Emai | : Enai | Addr ess)
+remai | +addAddr ess( obj Addr ess: Addr ess)
+ ype +addPhone( obj Phczrne: PhoneNunber)
Individual Organization
+ i rstnane +enpl oyees: | ndivi dual
+l ast nane
+enpl oyer: Organi zation
Hitle

Figure 3-6: Composite, indicated by using a black diamond on the end of the line

An Entity has a PhoneNumber, an Email, and an Address; and in all three cases, it may have zero or
more of that item. Because Individual and Organization inherit from Entity, both of these also have
zero or more of the contact types.

This is the basic structure of the application as understood so far. Of course, you could make plenty of
improvements to it by thinking of how you actually begin implementing it in real life. There are a few
important points to note regarding this. In the next section, you'll work on the application. More UML is
shown a little later in this chapter to give you a clear idea of what the final product looks like.

Recall from the encapsulation discussion in Chapter 1 that it’s always a good idea to protect your data in
private member variables, and to use accessor methods to provide access to those properties. Also recall
that using __get and __set makes this process a bit easier. You can see just by looking at the class
diagrams shown earlier in this chapter that all your classes have fairly simple property requirements.
Because you know about inheritance and how to use it to your advantage in PHP, you can remove the
functionality from being tied to just the Entity class, and create a class that will enable you to reuse its
code in other classes — in effect, adding another layer of abstraction to facilitate better use of the
functions common to all the classes. This parent class will be called PropertyObject.

In the real world, you would probably also want to add a layer of abstraction when dealing with data as
a matter of good practice. To this end, creating a DataManager class is probably a good idea. One more
thing to consider is that, at present, you have no unified facility for data validation, so you need an
interface for anything that can be validated. Quickly, here’s the code for the interface:

<?php
interface Validator {
public function validate();

}

?>
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Name the file interface.validator.php. Now put it to some use with the new PropertyObject
class, which is shown in the next section.

The PropertyObject Class

The code that follows shows how to integrate the validator interface with the PropertyObject class.
Enter the code in a file called class.PropertyObject .php

<?php
require_once ('interface.Validator.php');

abstract class PropertyObject implements Validator ({

protected $propertyTable = array(); //stores name/value pairs
//that hook properties to
//database field names
protected $changedProperties = array(); //List of properties that
//have been modified

protected $data; //Actual data from
//the database

protected S$Serrors = array(); //Any validation errors
//that might have occurred
public function __ construct ($SarData) {
Sthis->data = S$arData;
}

public function _ get (SpropertyName) {
if (larray_key_ exists (SpropertyName, $this->propertyTable)) {
throw new Exception("Invalid property \"SpropertyName\"!");

if (method_exists(Sthis, 'get' . SpropertyName)) {
return call_user_func(
array ($this, 'get' . S$SpropertyName)) ;
} else {

return $Sthis->data[Sthis->propertyTable[$SpropertyName]];

}

public function __set (S$SpropertyName, S$value) {
if (!array_key exists($SpropertyName, S$this->propertyTable)) {
throw new Exception("Invalid property \"$SpropertyName\"!");
}
if (method_exists(Sthis, 'set' . $SpropertyName)) {
return call_user_func(
array($this, 'set' . S$propertyName),
Svalue) ;
} else {

//If the value of the property really has changed

//and it's not already in the changedProperties array,
//add it.
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if (sthis->propertyTable[$propertyName] != $value &&
lin_array (SpropertyName, S$this->changedProperties)) {
$this->changedProperties[] = SpropertyName;
}
//Now set the new value
Sthis->data[$this->propertyTable[SpropertyName]] = $value;

}
public function validate() {

}
}

?>

Take a closer look at what’s happening here. You've created four protected member variables. Protected
member variables are visible only to subclasses of a class; they aren’t visible to the code that uses those
objects.

$propertyTable will contain a mapping of human-readable property names to field names in your
database. A common naming convention for database fields involves the use of a prefix to indicate data
type. For example, entities.snamel might be a field in the table entities of type string, containing
the first name. However, snamel isn't a terribly friendly name for an object property, so it’s useful to
provide a mechanism to translate database field naming conventions to friendly property names.

$changedProperties is an array that stores a list of the names of the properties that have been modified.

$data will be an associative array of database field names and values. The array will be supplied to the
constructor with the data structure coming directly from pgsgl_fetch_assoc (). This approach makes
constructing a useful object directly from a database query a lot easier, as you'll see shortly.

The last member variable, $errors, will contain an array of field names and error messages in the event
that the validate method (required by the validate interface) should fail.

The class is declared abstract for two reasons. First, the PropertyObject class on its own is not very
useful. The classes that extend PropertyObject still have some work to do before you can use its
methods. Second, you have not provided an implementation of the required method validate().
Because you are still labeling that method abstract in PropertyObject, you must also label the class
itself abstract, forcing all inheriting classes to implement that function. Anything that attempts to use
classes that extend PropertyObject, but not implement the function, will cause a run-time error.

Next you see the greatly simplified constructor. The constructor merely accepts the associative array that
will most likely be populated from a database query, and assigns it to the protected member variable
$data. Most subclasses of PropertyObject will need to override the constructor and do something a
little more interesting.

Finally, note the internals of the __get ()and __set () accessor methods. Because you are storing data
in the $data member, you must be able to map property names to the actual field names in the database.

The lines containing the following code are doing just that:

Sthis->datal[$this->propertyTable[SpropertyName] ]
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By fetching and assigning values to the $data member using their database field names, rather than
their property names, you are implementing a form of data persistence.

If the workings of the $data and $propertyTable members aren’t clear to you yet, don’t worry. They
will be as soon as you see an example.

The Contact Type Classes

Now that you have the PropertyObject class, you can start putting it to some use. The files that follow
are for the Address, Email, and PhoneNumber classes.

In the code, you'll see a reference to a class called DataManager, which will be a wrapper class for all the
database functions you need to use. This wrapper enables you to have one central place for all your data-
interaction code. You'll examine that class very soon.

Enter the code that follows (the Address class) into a file called class.Address.php:

<?php
require_once('class.PropertyObject.php') ;

class Address extends PropertyObject {

function __construct ($addressid) {
SarData = DataManager::getAddressData ($Saddressid) ;

parent::__construct (SarData) ;
Sthis->propertyTable['addressid'] = 'addressid';
Sthis->propertyTable['id'] = 'addressid';
Sthis->propertyTable['entityid'] = 'entityid';
Sthis->propertyTable['addressl'] = 'saddressl';
Sthis->propertyTable['address2'] = 'saddress2';
Sthis->propertyTable['city'] = 'scity';
Sthis->propertyTable['state'] = 'cstate';
Sthis->propertyTable['zipcode'] = 'spostalcode';
Sthis->propertyTable['type'] = 'stype';

}

function validate() {

if(strlen($this->state) != 2) {

Sthis->errors|['state'] = 'Please choose a valid state.'

}

5 &&
10) {
= 'Please enter a 5- or 9-digit zip code';

if (strlen(Sthis->zipcode) !=
strlen(Sthis->zipcode) !
Sthis->errors|['zipcode'

]

(1$this->addressl) {
Sthis->errors|['addressl'] = 'Address 1 is a required field.';
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if (!$this->city) {

Sthis->errors['city'] = 'City is a required field.';

}

if (sizeof (Sthis->errors)) {
return false;
} else {
return true;
}
}

function __ toString() {
return $this->addressl . ', '
$this->address2 . ', '
Sthis->city . ', ' .
Sthis->state . ' ' . $this->zipcode;

?>

Because the PropertyObject class took care of so much of the work, only two methods in the Address

class needed to be implemented (a __toString ()implementation was thrown in just for fun). In the
constructor, you see for the first time how the $propertyTable array works. The list of properties
required in the class was specified in the Address class UML diagram created during the initial

architecture of the application (in the beginning of this chapter).

Based on the properties of this object, you can also make some decisions about the structure of the

database table. Generally, you need one field for each property; and because this class has to relate back

to the Entity class, you need to store some reference to the parent Entity. Use the following SQL

statement to create the Entity and Address tables:

CREATE TABLE "entity" (
"entityid" SERIAL PRIMARY KEY NOT NULL,
"namel" varchar (100) NOT NULL,
"name2" varchar (100) NOT NULL,
"type" char(l) NOT NULL
) 8

CREATE TABLE "entityaddress" (
"addressid" SERIAL PRIMARY KEY NOT NULL,
"entityid" int,

"saddressl" varchar (255),
"saddress2" varchar (255),
"scity" varchar (255),
"cstate" char(2),
"spostalcode" varchar(10),
"stype" varchar(50),
CONSTRAINT "fk_entityaddress_entityid"
FOREIGN KEY ("entityid") REFERENCES "entity" ("entityid")
) 8
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A properly named database field indicates its data type by using a one-character prefix, letting you know
what kind of data goes in the field. Having naming conventions is just as important for database design
as it is for your code.

The propertyTable array is set up in the Address class to map friendly property names (such as city,
state, and zip code) to the less friendly database field names (such as scity, cstate, and
spostalcode). Note that you can map multiple property names to the same database field name in
propertyTable. This mapping enables you to refer to the primary key of the address by either
SobjAddress->addressid or SobjAddress->id

What's incredibly exciting about the Address class is that the overwhelming majority of the code is
spent implementing business logic and data validation. There’s almost no extraneous code here. Its sole
responsibility is to populate itself and validate its own contents. Everything else is left up to the
DataManager class (wWhich you'll see in detail shortly) and the Propertyobject.

Following is the code for the Email class, which should look very familiar. Enter it into a file called
class.EmailAddress.php:

<?php
require_once('class.PropertyObject.php') ;
class Email extends PropertyObject {
function _ construct ($emailid) {

SarData = DataManager::getEmailData($Semailid) ;

parent::__construct (SarData) ;
Sthis->propertyTable['emailid'] = 'emailid';
Sthis->propertyTable['id'] = 'emailid';

[

[
Sthis->propertyTable['entityid'] = 'entityid';

[

[

Sthis->propertyTable['email'] = 'semail';
Sthis->propertyTable['type'] = 'stype';
}
function validate() {
(!Sthis->email) {
Sthis->errors['email'] = 'You must set an email address.'

if(sizeof (Sthis->errors)) {
return false;
} else {
return true;
}
}

function _ toString() {
return $this->email;

?>
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This file has very little ancillary code; it’s just fetching the code from the database and setting up the
propertyTable. Everything else is data validation. Again, the UML diagram was the guide to deciding
on the properties of the Email class and the structure of the corresponding database table.

The database table for the entityemail table looks like this:

CREATE TABLE "entityemail" (

"emailid" SERIAL PRIMARY KEY NOT NULL,

"entityid" int,

"semail" varchar (255),

"stype" varchar (50),

CONSTRAINT "fk_entityemail entityid"

FOREIGN KEY ("entityid") REFERENCES "entity" ("entityid")

) 7

The PhoneNumber class works very much like Address and Email. Here’s the code to enter into
class.PhoneNumber . php:

<?php
require_once ('class.PropertyObject.php') ;

class PhoneNumber extends PropertyObject ({

function _ construct ($Sphoneid) {
SarData = DataManager: :getPhoneNumberData (Sphoneid) ;

parent::__construct (SarData) ;
Sthis->propertyTable[ 'phoneid'] = 'phoneid';
Sthis->propertyTable['id'] = 'phoneid';
Sthis->propertyTable['entityid'] = 'entityid';
Sthis->propertyTable[ 'number'] = 'snumber';
Sthis->propertyTable['extension'] = 'sextension';
Sthis->propertyTable['type'] = 'stype';

}

function validate() {
if (!Sthis->number) ({

Sthis->errors|['number'] = 'You must supply a phone number.';

}

if(sizeof ($Sthis->errors)) {
return false;

} else {
return true;

}

function __ toString() {
return S$this->number .
(Sthis->extension ? ' x' . Sthis->extension : '');

2>
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And here’s the SQL statement to create the entityphone table:

CREATE TABLE "entityphone" (

"phoneid" SERIAL PRIMARY KEY NOT NULL,

"entityid" int,

"snumber" varchar (20),

"sextension" varchar(20),

"stype" varchar(50),

CONSTRAINT "fk_entityemail entityid"

FOREIGN KEY ("entityid") REFERENCES "entity" ("entityid")

) ;

The DataManager Class
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Let’s now take a look at that DataManager class. It and the other database code samples in this chapter
(and in the rest of this book) use PostgreSQL, although a class like this would work just as well with
MySQL, Oracle, or any other RDBMS. Chapter 6 examines a more sophisticated way of handling
database abstraction, but for now let’s keep it simple using the PHP PostgreSQL functions.

The primary responsibility of the DataManager class is to put all the data access code into a single
location, making it much easier to change the database type or connection parameters later. All the
class’s methods have been declared static because the class doesn’t rely on any member variables. Note
the use of the static function variable in getConnection (). This is used to ensure that only one database
connection is open during a single page request. A lot of overhead is associated with establishing a
database connection, so eliminating unnecessary connections helps to improve performance. Create a file
called class.DataManager .php and enter the following class code:

<?php

require_once('class.Entity.php'); //this will be needed later
require_once ('class.Individual.php') ;
require_once ('class.Organization.php') ;

class DataManager {

private static function _getConnection() {
static $hDB;

if (isset ($hDB)) {
return S$hDB;
}

ShDB = pg_connect ("host=localhost port=5432 "
"dbname=[your db name] user=[your user name]
password=[your password]")
or die("Failure connecting to the database!");
return $hDB;
}

public static function getAddressData ($SaddressID) {
Ssgl = "SELECT * FROM \"entityaddress\" WHERE\"addressid\" = S$addressID";
Sres = pg_query (DataManager: :_getConnection(), $sql);
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if (! (Sres && pg_num_rows (Sres))) {
die("Failed getting address data for address SaddressID");
}

return pg_fetch_assoc(Sres);

}

public static function getEmailData($SemaillID) {

$sgl = "SELECT * FROM \"entityemail\" WHERE\"emailid\" = $SemailID";
Sres = pg_query (DataManager::_getConnection(), $sql);
if (! (Sres && pg_num_rows (Sres))) {

die("Failed getting email data for email SemailID");

}

return pg_fetch_assoc(Sres);
}

public static function getPhoneNumberData (SphoneID) {

$sgl = "SELECT * FROM \"entityphone\" WHERE \'"phoneid\" = $phoneID";
Sres = pg_query (DataManager::_getConnection(), $sql);
if (! (Sres && pg_num_rows (Sres))) {

die("Failed getting phone number data for phone S$phoneID");

}
return pg_fetch_assoc(Sres) ;

}

?>

The DataManager class provides the data structures used to populate the $data member of your
PropertyObject subclasses. Separate functions return the data for each of the types. You'll be adding a
few new functions to this class a bit later in this chapter. Note that the values supplied to pg_connect
do not need the square brackets. All of the values in the square brackets (including the brackets
themselves) should be replaced with the appropriate connection details for your server.

All the methods of this class are declared to be static. Remember that static methods are those

requiring all member variables to be static, too. You don’t need to instantiate static classes to use their
methods. There are several scenarios in which this makes sense. Consider a class called Math that
exposes methods such as squareRoot (), power (), and cosine (), and has properties including the
mathematical constants e and pi. All instances of this class perform the same math. The square root of 2
doesn’t change; 4 raised to the third power will always be 64; and the two constants are, well, constant.
There’s no need to create separate instances of this class because its state and properties never change. A
class called Math implemented in this manner should allow for all its functions to be called statically.

The DataManager class is much the same. All the functions are self-contained. No nonstatic member
variables are present for the functions to interact with. The class exposes no properties. You can invoke
the methods of the class using the static method operator : : as a result. Because all the methods you've
created are static, you need never instantiate the object with $obj = new DataManager ()and then call
methods using syntax such as $obj->getEmail (). Instead, you can use the simple syntax
DataManager: :getEmail ().
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The Entity, Individual, and Organization Classes

With all the supporting classes in place, you can move on to the core of the application: the Entity class
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and its subclasses.

First, ensure that you're updating your UML diagram as you make changes to the object hierarchy so

that you keep track of what you (or the development team) are doing. You've created the
PropertyObject class and made all your classes inherit from it, with one exception — the new

DataManager class, which does not inherit from anything, but rather merely provides data abstraction
functionality. The PropertyObject implements an abstract interface called validator. Figure 3-7

shows the updated diagram.
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Figure 3-7: Updated UML diagram
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Now you can begin to develop the Entity, Individual, and Organization classes. The following
code shows the fully implemented Entity class called class.Entity.php:

<?php

'class.PropertyObject.php') ;
'class.PhoneNumber.php') ;
'class.Address.php') ;
'class.EmailAddress.php') ;

require_once (
require_once (
require_once (
require_once (
abstract class Entity extends PropertyObject {

private $_emails;

private $_addresses;

private $_phonenumbers;

public function __ construct ($SentityID) {
SarData = DataManager::getEntityData ($SentityID) ;

parent::__construct (SarData) ;
Sthis->propertyTable['entityid'] = 'entityid';
Sthis->propertyTable['id'] = 'entityid';
Sthis->propertyTable['namel'] = 'snamel';
Sthis->propertyTable['name2'] = 'sname2';

Sthis->propertyTable['type'] = 'ctype';

Sthis->_emails = DataManager: :getEmailObjectsForEntity (SentityID) ;

Sthis->_addresses = DataManager: :getAddressObjectsForEntity ($entityID) ;

Sthis->_phonenumbers = DataManager: :
getPhoneNumberObjectsForEntity (SentityID) ;

function setID($val) {
throw new Exception('You may not alter the value of the ID field!');

function setEntityID(Sval) {
Sthis->setID($val);

}
function phonenumbers ($index) {
if (!isset (Sthis->_phonenumbers[$index])) {
throw new Exception('Invalid phone number specified!');
} else {

return $this->_phonenumbers[S$index] ;

function getNumberOfPhoneNumbers () {
return sizeof ($this->_phonenumbers) ;
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function addPhoneNumber (PhoneNumber $phone) {
Sthis->_phonenumbers|[] = S$phone;
}

function addresses ($index) {

if(!isset(Sthis->_addresses[$index])) {
throw new Exception('Invalid address specified!');
} else {

return $this->_addresses[S$index];
}
}

function getNumberOfAddresses() {
return sizeof ($this->_addresses);

}

function addAddress (Address $address) {
Sthis->_addresses[] = S$address;

}

function emails ($index) {
if(!isset(Sthis->_emails[S$index])) {
throw new Exception('Invalid email specified!');
} else {
return S$this->_emails[$index];
}
}

function getNumberOfEmails () {
return sizeof (Sthis->_emails);

}

function addEmail (Email Semail) {
Sthis->_emails[] = Semail;

}

public function validate() {
//Add common validation routines
}
}

?>

By moving all the accessor method functionality to the parent PropertyoObject class, you simplify the
Entity class and ensure that it is focused only on the code required to implement an entity.

The Entity class is declared abstract because it isn’t useful on its own. All entities are either
Individuals or Organizations. You do not want to be able to instantiate objects of class Entity.
Declaring it abstract prevents the class from being instantiable.
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You've added requests to a few new functions of the DataManager::getEntityData ()and
get[x]ObjectsForEntity (). getEntityData ()returns the data required to instantiate an entity, just
as functions you've already seen do for the contact types. The following shows the code for the new
functions in class.DataManager .php:

// top of file omitted for brevity

die("Failed getting phone number data for phone S$SphonelID");
}

return pg_fetch_assoc(Sres);
}
public static function getEntityData (SentityID) {

$sgl = "SELECT * FROM \"entity\" WHERE \"entityid\" = S$entityID";
Sres pg_query (DataManager: : _getConnection (), $sql) ;

1f (! (Sres && pg_num_rows (Sres))) {
die("Failed getting entity SentityID");
}

return pg_fetch_assoc (Sres) ;

}

?>

To add the get [x]ObjectsForEntity () functions, place the following code at the end of
class.DataManager .php, just after the getEntityData function:

public static function getAddressObjectsForEntity ($entityID) {

$sgl = "SELECT \"addressid\" from \"entityaddress\" WHERE "
"\"entityid\" = $entityID";
Sres = pg_query (DataManager: :_getConnection(), S$sqgl);

if(!Sres) {
die("Failed getting address data for entity $SentityID");
}
if (pg_num_rows (Sres)) {
Sobjs = array();
while(Srec = pg_fetch_assoc($Sres)) {
Sobjs[] = new Address(Srec['addressid']);
}
return S$Sobjs;
} else {
return array();

}

public static function getEmailObjectsForEntity($entityID) {
$sgl = "SELECT \"emailid\" from \"entityemail\"
WHERE \"entityid\" = SentityID";
Sres = pg_query (DataManager: :_getConnection(), S$sql);
if(!$res) {
die("Failed getting email data for entity S$entityID");
}

if (pg_num_rows (Sres)) {
$Sobjs = array();
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while (Srec = pg_fetch_assoc($Sres)) {
Sobjs[] = new EmailAddress(Srec['emailid']);

}
return $objs;

} else {
return array();

}

}

public static function getPhoneNumberObjectsForEntity (SentityID) {

$sgl = "SELECT \"phoneid\" from \"entityphone\" "
"WHERE \"entityid\" = SentityID";
Sres = pg_query (DataManager::_getConnection(), $sql);

if(!Sres) {
die("Failed getting phone data for entity S$SentityID");

}

if (pg_num_rows ($res)) {
Sobjs = array();
while(Srec = pg_fetch_assoc(Sres)) {
Sobjs[] = new PhoneNumber (Srec|'phoneid']) ;

}
return $objs;
} else {
return array () ;

}

These functions take an entity ID value. They query the database to determine whether any e-mails,
addresses, or phone numbers exist for the entity in question. If they do, then the functions build an array
of EmailAddress, Address, or PhoneNumber objects by passing each ID to the constructor for

the appropriate object type. This array is then passed back to the Entity object, where it is stored in the
appropriate private member variable.

With the Entity class doing all the heavy lifting, the remaining work is fairly simple. You just need to
implement the Individual and Organization classes. Create a file called class.Individual.php

and enter the following:
<?php

require_once('class.Entity.php') ;
require_once ('class.Organization.php') ;

class Individual extends Entity {

public function _ construct (SuserID) ({

parent::__construct (SuserID) ;
Sthis->propertyTable['firstname'] = 'namel';
Sthis->propertyTable['lastname'] = 'name2’;

}
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public function __ toString() {
return S$this->firstname . ' ' . $Sthis->lastname;

}

public function getEmployer () {
return DataManager: :getEmployer (Sthis->id);
}

public function validate() {
parent::validate();

//add individual-specific validation

}

2>

That’s short and sweet. Inheritance makes this easy. The Individual class sets up a few new

properties that make accessing the first and last name of the individual easier, instead of having to use
the rather ugly namel and name2 properties defined in the Entity class. It also defines a new method,
getEmployer (), which requires a new function in the DataManager. You get to that function as soon as
you have your Organization class, which is shown in the following code. Create a file called
class.Organization.php and enter this code into it:

<?php

require_once('class.Entity.php');
require_once('class.Individual.php') ;

class Organization extends Entity {

public function _ construct (SuserID) {
parent::_ construct (SuserID) ;
Sthis->propertyTable['name'] = 'namel';
}

public function __ toString() {
return $this->name;

}

public function getEmployees() {
return DataManager: :getEmployees (Sthis->id) ;

}

public function validate() {
parent::validate() ;
//do organization-specific validation

?>
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Again, this is a fairly simple class, thanks to the power of inheritance. You declare a property called name
that makes it easier to obtain the one and only name that an organization has (the sname2 property goes
unused for organizations).

To add the functions getEmployer () and getEmployees () to the DataManager class, append the
following code to the end of class.DataManager.php:

public static function getEmployer ($individualID) ({
Ssgl = "SELECT \"organizationid\" FROM \"entityemployee\" "

"WHERE \"individualid\" = S$individualID";
Sres = pg_query (DataManager: :_getConnection (), $sql) ;
if (! (Sres && pgsgl_num_rows (Sres))) {
(

die("Failed getting employer info for individual $individualID");

}
Srow = pgsqgl_fetch _assoc(Sres);

i1f (Srow) {
return new Organization($Srow['organizationid']);
} else {
return null;
}
}

public static function getEmployees (SorgID) {
$sgl = "SELECT \"individualid FROM \"entityemployee\" "

"WHERE \"organizationid\" = $orgID";
Sres = pgsqgl_query (DataManager::_getConnection(), $sqgl);
if (! (Sres && pgsgl_num rows (Sres))) {

die("Failed getting employee info for org SorgID");
}
if (pgsgl_num_rows (Sres)) {

$objs = array();

while(Srow = pgsqgl_fetch_assoc(sres)) {

Sobjs[] = new Individual (Srow['individualid']) ;

}

return S$objs;
} else {

return array();

These two functions rely on the presence of a table called entityemployee, shown in the following
code. This table relates individuals to the organizations by which they are employed. For example,
employees of the same company would have different individual IDs, but the same organization IDs.

CREATE TABLE "entityemployee" (
"individualid" int NOT NULL,
"organizationid" int NOT NULL,

CONSTRAINT "fk_entityemployee_ individualid"
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FOREIGN KEY ("individualid") REFERENCES "entity" ("entityid"),
CONSTRAINT "fk_entityemployee_organizationid"

FOREIGN KEY ("organizationid") REFERENCES "entity" ("entityid")
) 8

One last function is needed to make the entire system work — the DataManager method for listing all
the entities in the database. It’s called getAl1EntitiesAsObjects ()and it finishes all the work you
need to do on your objects. Add this method to class.DataManager.php:

public static function getAllEntitiesAsObjects() {
$sgl = "SELECT \"entityid\", \"type\" from \"entity\"";
Sres = pgsqgl_query (DataManager: :_getConnection(), $sql);
if(!Sres) {
die("Failed getting all entities");
}

if (pgsgl_num_rows (Sres)) {
Sobjs = array();
while (Srow = pgsgl_fetch_assoc ($res)) {

if (Srow['type'] == 'I') {

Sobjs[] = new Individual ($Srow['entityid']);
} elseif (Srow['type']l == '0') {

Sobjs[] = new Organization(Srow['entityid']);
} else {

die("Unknown entity type {Srow['type']} encountered!");
}
}
return S$objs;
} else {
return array();

}

DataManager enables you to enumerate over all the contacts in your system. It examines the value of the
ctype field in the entity table to determine whether the entry is an Individual or an Organization,
and then instantiates an object of the appropriate type and adds it to the array that the function returns.

Making Use of the System

By now, you can see the real power of an OOP approach. The following code, called test .php, will
display a view of all the contacts in your database, including all their contact details:

<?php
require_once('class.DataManager.php'); //everything gets included by it
function println($data) {

print $data . "<br>\n";
}
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SarContacts = DataManager::getAllEntitiesAsObjects();

foreach($SarContacts as $objEntity) {

if (get_class(SobjEntity) == 'Individual') {
print "<hl>Individual - {S$SobjEntity->__ toString()}</hl>";
} else {
print "<hl>Organization - {$SobjEntity->__ toString() }</hl>";
}
if ($SobjEntity->getNumberOfEmails()) {

//We have emails! Print a header
print "<h2>Emails</h2>";

for ($x=0; S$x < SobjEntity->getNumberOfEmails (); Sx++) {
println(SobjEntity->emails (Sx)->__ toString());
}
}
if (SobjEntity->getNumberOfAddresses()) {
//We have addresses!
print "<h2>Addresses</h2>";
for($x=0; $x < $objEntity->getNumberOfAddresses(); S$x++) {

println($SobjEntity->addresses ($x)->_ toString());
}
}

if (SobjEntity->getNumberOfPhoneNumbers ()) {
//We have phone numbers!
print "<h2>Phones</h2>";

for ($x=0; S$x < SobjEntity->getNumberOfPhoneNumbers () ;
println ($SobjEntity->phonenumbers ($x)->__ toString()) ;
}
}

Sx++) {

print "<hr>\n";
} //End foreach

?>

You can enter the data into your own tables, because that will help you to figure out how everything
goes together. You may want to try to imitate the results shown in Figure 3-8 (by navigating to test.php
in your browser).
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Figure 3-8: Results of the sample application

In only 50 lines of code (including blank lines), you can display nearly everything there is to show about
the entities in your system. Employer and employees aren’t shown here; again, that is an exercise for you
to try. The line that calls the get_class function in test.php will give you some ideas for figuring out
which class you're dealing with so that you'll know whether to call getEmployer () on an Individual,
or getEmployees ()on an Organization.
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Summary

74

UML diagrams are an essential tool for planning complex (and even not so complex) applications.
Properly designed diagrams enable you to document intricate systems in a clearer way than text alone
allows. When you use class diagrams as part of your routine software development process, it is much
easier to see how your classes and database tables should be designed.

Take full advantage of the OO features in PHP6 to help you rapidly develop applications and establish a
code base that’s easier to maintain, offers a greater degree of flexibility and extensibility, and reduces the
total volume of code required to implement the business requirements.

By separating the software architecture into a business logic layer (like the Individual class) and a data
access layer (like the DataManager class), you make it easy to change the underlying data source, table
structure, or queries without disrupting the rest of the application. Objects that are responsible for
implementing business logic aren’t cluttered with the data access mechanism, the presence of which can
confuse and obscure the business rules.

Chapter 4 takes a look at a new way of thinking about software architecture that improves code
reusability and maintainability, and provides a different level of abstraction when designing classes.



Design Patterns

In previous chapters of this book, you learned that objects can descend from parent objects via
inheritance. You've also seen how objects can contain references to other objects (such as a
DrumsSet object holding Drum objects). In general, the technique of composing an object from other
objects is referred to as object composition.

Both inheritance and object composition are powerful tools in designing object-oriented (OO)
software, and allow for a wide variety of design choices. Of course, having many choices does not
always make decisions easier. How would you design your application so that it’s easy to maintain
and extend? How would you write a component that the other members of your team could use
through a simple interface? When writing software, you can solve certain problems on your own
using your experience, intelligence, luck, large doses of caffeinated beverages, or any combination
of the above.

You've probably reused existing code of your own to solve a problem. Perhaps you have a
standard script for connecting to a database. Design patterns are a bit different in that they are not
simply about reusing code; they are more abstract and generalized than that. The same design
pattern can show up in completely different types of software. Design patterns are about reusing
ideas for organization and composition, not just repurposing the same execution. After you know
a pattern, you should be able to recognize where it would be useful. Then you can go ahead and
implement it — knowing that it’s an accepted solution.

A design pattern is a specific way of solving a particular problem. In this book, it represents the
way an object or set of objects is structured, how they collaborate and communicate with other

objects in the pattern. Each pattern has a descriptive name (such as Observer or Observable),
and each pattern has a specific design that can be shown in a class diagram.

Patterns can be confusing at first. If this initial description doesn’t seem clear, don’t be concerned.
You'll be working through five different patterns in this chapter, building on some of the code you
saw in the last few chapters.
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The Composite Pattern

You've already had a little experience with one pattern — the composite — from the Instrument
interface in Chapter 2. Take a look at the class diagram again in Figure 4-1.

<<interface>>
Instrument
Guitar Piano DrumSet Drum Cymbal

Figure 4-1: Use case diagram indicating composites

Figure 4-1 shows that a DrumSet object can be composed of both Drum and Cymbal objects. Drum and
Cymbal can be thought of as children of the DrumSet object. A DrumSet can be composed of any number
of Drums and Cymbals. Notice, though, that both Drumset and its children are all of the same type —
namely, Instrument. When a client object interacts with DrumSet, it does so through the same interface
as it would to interact with its children. This relationship is known as the composite pattern.

Figure 4-2 shows the general case for the composite.

<<interface>>
Component

+add() —
+remove() 1

+get Chi I d()
+hasChi | dren()
n

Composite

—chil dren *

+add()
+renove()

+get Chi | d()
+hasChi | dren()

Figure 4-2: General case
for the composite
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The composite pattern has two parts: the Component abstract class and the Composite, which is

a concrete implementation of the Component class. All Composite objects descend from the abstract
Component class. Any Component can contain other Components. A Component containing other
components can be thought of as a Composite. A Component with no children can be thought of as an
empty Composite.

Some implementations of Composite make a distinction between Composite objects and Leaf
objects. Leaf objects are Components that can’t contain children. To simplify this example, all
Components have the ability to be a Composite.

Moving back from the general case, it will be necessary to make a change in the design and switch the
Instrument interface to an abstract class. Interfaces and abstract classes are similar because neither one
can be used directly to instantiate an object. The key difference is that an abstract class can have some
fully implemented methods, whereas interfaces just have method declarations.

Use abstract classes when you want to maintain the same methods in all your subclasses but have some
general functionality that can be shared by the subclasses. Use interfaces when the implementations will
differ across most or all of the methods in subclasses. Figure 4-3 shows the new class diagram. Note that
abstract class diagrams are indicated with italics.

Abstract | nstrunent
—nane
—cat egory
—instrunents
+add( Abstract | nstrunent) *
+renmove( Abstract | nstrunent)
+hasChi | dren(): bool ean
+get Chi | dAt (int)
+get Descri ption()

Concrete Instrument

+add( Abstract | nstrunent)
+renmove( Abstract | nstrument)
+hasChi | dren(): bool ean

+get Chi | dAt (i nt)

+get Descri ption()

Figure 4-3: New class diagram

The association line indicates that each concrete instance of AbstractInstrument may contain any
number (including zero) of other instances of AbstractInstrument.
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Implementation

The following PHP code shows the implementation of the composite pattern:

<html>

<body>

<head>

<style>

body {font : 12px verdana; font-weight:bold}
td {font : llpx verdana;}

</style>

</head>

<?php
abstract class AbstractInstrument ({

private S$name;
private S$Scategory;
private $instruments = array();

public function add(AbstractInstrument Sinstrument) {
array_push (Sthis->instruments, S$instrument) ;

}

public function remove (AbstractInstrument Sinstrument) {
array_pop ($this->instruments) ;

}

public function hasChildren() {
return (bool) (count (Sthis->instruments) > 0);

}

public function getChild($i) {
return Sinstruments[i];

}

public function getDescription() {
echo "- one " . S$this->getName() ;
if ($this->hasChildren()) {
echo " which includes:<br>";
foreach($this->instruments as $instrument) {
echo "<table cellspacing=5 border=0><tr><td>&nbsp; &nbsp;
</td><td>-";
Sinstrument->getDescription() ;
echo "</td></tr></table>";
} }
}

public function setName (Sname) {
Sthis->name = $name;

}
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public function getName() {
return $this->name;

public function setCategory($category) {
Sthis->category = Scategory;

public function getCategory () {
return Sthis->category;
}

class Guitar extends AbstractInstrument {
function __ construct ($name) {
parent: : setName (Sname) ;
parent: :setCategory("guitars") ;

class DrumSet extends AbstractInstrument {
function __ construct ($name) {
parent: : setName (Sname) ;
parent: :setCategory ("drums") ;

}

class SnareDrum extends AbstractInstrument {
function __ construct (Sname) {
parent: : setName ($name) ;
parent: :setCategory("snare drums") ;

class BaseDrum extends AbstractInstrument {
function __ construct ($name) {
parent: : setName ($name) ;
parent: :setCategory("base drums") ;

class Cymbal extends AbstractInstrument {
function __ construct ($name) {
parent: : setName ($name) ;
parent: :setCategory ("cymbals") ;

$drums = new DrumSet ("tama maple set");
Sdrums->add (new SnareDrum("snare drum")) ;
Sdrums->add (new BaseDrum("large bass drum")) ;
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Scymbals = new Cymbal ("zildjian cymbal set");
Scymbals->add (new Cymbal ("small crash"));
Scymbals->add (new Cymbal ("large high hat"));
Sdrums->add (Scymbals) ;

Sguitar = new Guitar ("gibson les paul");

echo "List of Instruments: <p>";
Sdrums->getDescription () ;
Sguitar->getDescription() ;

?>

</body>
</html>

Notice that all the concrete instruments (such as DrumSet and Guitar) descend from the
AbstractInstrument class. Also notice that all the subclasses inherit the implemented methods in
the abstract class. To implement the getDescription () method, the current instrument is checked to
see whether it has children. If it does, then the method is called recursively until it travels through the
entire tree. Figure 4-4 shows the output from composite.php.
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Figure 4-4: Output from composite.php
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This code listing exhibits several combined class definitions, code demonstrating the use of those classes,
and inline HTML. This is done strictly as a means of keeping this book from becoming excessively long.
In your code, you will want to have a separate file for each class, and separate the business logic from the
class definitions. You'll learn more about a design pattern for doing this in Chapter 13.

Historically (in PHP 4), the & symbol caused the object (in this case, of type AbstractInstrument) to be
passed by reference:

public function add(AbstractInstrument & S$instrument) {

This is important because otherwise an entirely new local copy would be used within the function.
However, because PHP 6 automatically passes objects by reference, the & is not required. For the
purposes of this discussion, this behavior is desired because you actually want to work on the original
object, rather than a copy of it. Figure 4-5 shows the object diagram for the previous code after the
instruments and their child instruments have been assembled. Object diagrams are similar to class
diagrams, except that they show instances of objects indicated with their names underlined. In addition,
they represent the object relationships in the system at a point in time.

Guitar DrumSet

Bass Drum Snare Drum Cymbal

Cymbal Cymbal

Figure 4-5: Object diagram

In this example, the concrete instrument classes don’t really differ in great detail, except for overriding the
getDescription ()method in the Guitar class. Consider, though, if you needed to add methods to contact
a manufacturer to get stocking information. If each manufacturer had a favored way to receive contact from
the system, you could specify that in a contact () method. You would first add an abstract method to
AbstractInstrument, and then you would implement it in each subclass. Adding the abstract method
ensures that you won't forget to implement it in the subclasses. If you don’t, you'll get an error.

If you were certain that no additional functionality needed to be added to your instruments, you could
just create a GenericInstrument class that inherited from AbstractInstrument. This way, when you

created, say, a cymbal, you would use the following:

Scymbals = new GenericInstrument ("zildjian cymbal set");
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The key point here is that anyone or anything accessing the Instrument interface (be it you, another
programmer, or another part of the application) doesn’t need to know how it was implemented. Calling
getDescription ()returns a description of the tree structure of an Instrument whether it has children
or not, or its children have children, and so on. The caller of the method doesn’t need to know whether it
has children.

Because the interface is the same for all instrument objects but they do not respond in the same way, the
instrument objects can be thought of as polymorphic. The basic description of polymorphism is samne
interface, different implementation or, more generally, same interface, different behavior.

Considerations
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The composite pattern described here is very flexible. There are no constraints on which instrument may
have children. Consider adding the following line:

$cymbals->add (new Cymbal ("large high hat"));
Sdrums->add (Scymbals) ;

Scymbals->add ($drums) ;

Sguitar = new Guitar ("gibson les paul");

Adding the drums to the cymbals that already belong to drums creates a circular reference. When
calling getDescription (), a line like this can crash a Web server. You might want to safeguard against
such mistakes. One strategy would be to check during the add () method to see whether the instrument
being added already contains a reference to the one calling the method. If so, you could report an error.

You also might want to experiment with groups of instruments that cannot have things added to them.
One option is to individually go to each class definition and override the add () method so that it does
nothing. Another option is to create a new abstract class from which all single instruments descend. This
abstract class could have an add () method that either does nothing or reports an error. This is more in
keeping with the composite pattern discussed previously, in which two classes descend from
Component. One is a Leaf that cannot have children, and the other is a Composite that can. The class
diagram for this is shown in Figure 4-6.

Component

Leaf Composite

@

Figure 4-6: Class diagram showing two classes descending
from Component
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One other consideration is constraining certain instruments from being added to composites. Perhaps

you don’t want to allow a Guitar object to be added to a DrumsSet. In that case, you could define certain
legal types based on the category attribute for subject-verb agreement: Implementing any or all of these

features would be worthwhile to try on your own.

The Observer Pattern

Often, you'll have data in your application that changes over time. For example, suppose you have some

GUI components that are required to show this data and then update the data when it changes. How
would you handle it? One solution might be to pass the newly updated data to a method of the GUI

component so that it could redraw the information. A problem with this approach is remembering to do
that each time the data is updated. What if it’s not clear how often the data will be updated, and whether
you want the GUI to update automatically when it does?

The observer pattern solves this problem by using two interfaces: Observer and Observable. As the
name suggests, the Observer “watches” the Observable to see whether it changes.

Keeping the theme of human senses, an Observer is sometimes called a Listener, but for this

chapter, we’ll stick with the former name.

In its most basic implementation, the Observable can add Observers. Observable is then responsible
for notifying them if anything about its state has changed, and the Observer is responsible for reacting
to the change. In this example, the data is the Observable and the GUI components are the Observers.

If the data changes, those changes will automatically be reflected in any GUI component that is an

Observer of the data. Figure 4-7 demonstrates the observer pattern.

Observable

—observers

<<i nterface>>
* Observer

+addQoser ver (Cbserver)
+noti fyObservers()

T

ConcreteObservable

—observers

Updat e( Obser vabl e)

~

ConcreteObserver

Updat e( Obser vabl e)

+addCbser ver (Cbserver)
+noti fyObservers()

Figure 4-7: Observer pattern

Observer retrieves current
information from the
passed Observable object
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Widgets

Continuing with the previous example, you'll use the observer pattern to handle displaying price
information for some of the instruments within graphical elements on a Web page. First, you must define
some simple graphical components. These components will be basic HTML table structures whose
functionality will be contained within an object. Such components are often referred to using the
all-purpose term of widgets.

The widgets must display the same instrument information. For this example, that information is just the
instrument’s name and price.

Designing the Widgets
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A graphical widget will have two responsibilities. It needs to draw its own HTML so that it can be seen
on a Web page, and it needs to update the data it displays. You may have noticed (from Figure 4-7) that
an Update method is defined in the Observer interface.

Each widget is an Observer. The item being observed is the data representing the instrument name and
price information. The data source is Observable.

All widgets, then, should implement the Observer interface. In addition, each one should descend from
an abstract class that defines some shared functionality between widget objects. This is an example of
using interfaces and abstract classes together. Because the update () method is the same for all widgets,
it can be implemented in the abstract class. The class diagram is shown in Figure 4-8.

<<interface>>
Observer

updat e( Goser vabl e)

~

Abst ract W dget
#i nt er nal Dat a

+draw()
+updat e( Qoser vabl e)

T

Concr et eW dget

+draw()

Figure 4-8: abstract class
diagram
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Now, all concrete implementations of widgets will descend from the Abstractwidget class. The
AbstractWidget class, in turn, implements the Observer interface. Notice that the update () method
in the class diagram for AbstractWidget is not shown in italics. This means that the method is actually
implemented at that point. The # symbol indicates that the internalData property is protected. That
means subclasses of Abstractiidget have access to it. If it were private, subclasses would not be able
to access it.

Take a look at the following Wwidget co