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You know you don’t want to reinvent the wheel (or worse, a flat tire), so
you look to design patterns—the lessons learned by those who've faced
the same software design problems. With design patterns, you get to take
advantage of the best practices and experience of others, so that you

can spend your time on...something else. Something more challenging.

Something more complex. Something more fun. You want to learn:
e The patterns that maltler

e When to use them, and why

*  How to apply them to your own designs, right now

e When not to use them (how to avoid pattern fever)

* OO design principles on which patterns are based

Most importantly, you want to learn design patterns in a way that won't put
you to sleep. If you've read a Head First book, you know what to expect—
a visually rich format designed for the way your brain works. Using the latest
research in neurobiology, cognitive science, and learning theory, Head
First Design Patterns will load patterns into your brain in a way that sticks.
In a way that makes you better at solving software design problems, and
better at speaking the language of patterns with others on your team.

Eric Freeman and Elisabeth Freeman are authors, educators, and tech-
nology innovators. After four years leading digital media and Internet
efforts at the Walt Disney Company, they're applying some of that

pixie dust to their own media, including this book. Eric and Elisabeth
both hold computer science degrees from Yale

University: Elisabeth holds an M.S. degree and
Eric a Ph.D.

Kathy Sierra (founder of javaranch.com) and

Bert Bates are the creators of the best-selling 1

Head First series and developers of Sun \

Microsystems Java developer certification

exams. r
/
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Praise for Head First Design Patterns

“I received the book yesterday and started to read it on the way home... and I couldn’t stop. I took it to the
gym and I expect people saw me smiling a lot while I was exercising and reading. This is tres ‘cool’. It is
fun but they cover a lot of ground and they are right to the point. I'm really impressed.”

— Erich Gamma, IBM Distinguished Engineer,
and co-author of Design Patterns

““Head First Design Patterns’ manages to mix fun, belly-laughs, insight, technical depth and great practical
advice in one entertaining and thought provoking read. Whether you are new to design patterns, or have
been using them for years, you are sure to get something from visiting Objectville.”

— Richard Helm, coauthor of “Design Patterns® with rest of the
Gang of Four - Erich Gamma, Ralph Johnson and John Vlissides

“I feel like a thousand pounds of books have just been lifted off of my head.”

— Ward Cunningham, inventor of the Wiki
and founder of the Hillside Group

“This book is close to perfect, because of the way it combines expertise and readability. It speaks with
authority and it reads beautifully. It’s one of the very few software books I've ever read that strikes me as
indispensable. (I'd put maybe 10 books in this category, at the outside.)”

— David Gelernter, Professor of Computer Science,
Yale University and author of “Mirror Worlds” and “Machine Beauty”

“A Nose Dive into the realm of patterns, a land where complex things become simple, but where simple
things can also become complex. I can think of no better tour guides than the Freemans.”

— Miko Matsumura, Industry Analyst, The Middleware Company
Former Chief Java Evangelist, Sun Microsystems

“I' laughed, I cried, it moved me.”

— Daniel Steinberg, Editor-in-Chief, java.net

“My first reaction was to roll on the floor laughing. After I picked myself up, I realized that not only is the
book technically accurate, it is the easiest to understand introduction to design patterns that I have seen.”

— Dr. Timothy A. Budd, Associate Professor of Computer Science at
Oregon State University and author of more than a dozen books,
including “C++ for Java Programmers”

“Jerry Rice runs patterns better than any receiver in the NFL, but the Freemans have out run him.
Seriously...this is one of the funniest and smartest books on software design I've ever read.”

— Aaron LaBerge, VP Technology, ESPN.com



More Praise for Head First Design Patterns

“Great code design is, first and foremost, great information design. A code designer is teaching a com-
puter how to do something, and it is no surprise that a great teacher of computers should turn out to be
a great teacher of programmers. This book’s admirable clarity, humor and substantial doses of clever
make it the sort of book that helps even non-programmers think well about problem-solving.”

— Cory Doctorow, co-editor of Boing Boing
and author of “Down and Out in the Magic Kingdom”
and “Someone Comes to Town, Someone Leaves Town”

“There’s an old saying in the computer and videogame business — well, it can’t be that old because the
discipline is not all that old — and it goes something like this: Design is Life. What'’s particularly curious
about this phrase is that even today almost no one who works at the craft of creating electronic games
can agree on what it means to “design” a game. Is the designer a software engineer? An art director?
A storyteller? An architect or a builder? A pitch person or a visionary? Can an individual indeed be in
part all of these? And most importantly, who the %$!#&* cares?

It has been said that the “designed by” credit in interactive entertainment is akin to the “directed by”
credit in filmmaking, which in fact allows it to share DNA with perhaps the single most controversial,
overstated, and too often entirely lacking in humility credit grab ever propagated on commercial art.
Good company, eh? Yet if Design is Life, then perhaps it is time we spent some quality cycles thinking
about what it is.

Eric and Elisabeth Freeman have intrepidly volunteered to look behind the code curtain for us in
“Head First Design Patterns.” I'm not sure either of them cares all that much about the PlayStation
or X-Box, nor should they. Yet they do address the notion of design at a significantly honest level such
that anyone looking for ego reinforcement of his or her own brilliant auteurship is best advised not to
go digging here where truth is stunningly revealed. Sophists and circus barkers need not apply. Next
generation literati please come equipped with a pencil.”

— Ken Goldstein, Executive Vice President & Managing Director,
Disney Online

“Just the right tone for the geeked-out, casual-cool guru coder in all of us. The right reference for

practical development strategies—gets my brain going without having to slog through a bunch of tired,
stale professor-speak.”

— Travis Kalanick, Founder of Scour and Red Swoosh
Member of the MIT TR100

“This book combines good humors, great examples, and in-depth knowledge of Design Patterns in
such a way that makes learning fun. Being in the entertainment technology industry, I am intrigued
by the Hollywood Principle and the home theater Facade Pattern, to name a few. The understanding
of Design Patterns not only helps us create reusable and maintainable quality software, but also helps
sharpen our problem-solving skills across all problem domains. This book is a must read for all com-
puter professionals and students.”

— Newton Lee, Founder and Editor-in-Chief, Association for Computing
Machinery’s (ACM) Computers in Entertainment (acmcie.org)



Praise for the Head First approach

“Java technology is everywhere—in mobile phones, cars, cameras, printers, games, PDAs, ATMs, smart
cards, gas pumps, sports stadiums, medical devices, Web cams, servers, you name it. If you develop
software and haven’t learned Java, it’s definitely time to dive in—Head First.”

— Scott McNealy, Sun Microsystems Chairman, President and CEO

“It’s fast, irreverent, fun, and engaging, Be careful—you might actually learn something!”

— Ken Arnold, former Senior Engineer at Sun Microsystems
Co-author (with James Gosling, creator of Java),
“The Java Programming Language”

“Head First Java is like Monty Python meets the gang of four... the text is broken up so well by puzzles and
stories, quizzes and examples, that you cover ground like no computer book before.”

— Douglas Rowe, Columbia Java Users Group

“ ‘Head First Java’... gives new meaning to their marketing phrase “"There’s an O Reilly for that.” I picked
this up because several others I respect had described it in terms like ‘revolutionary’ and a described a
radically different approach to the textbook. They were (are) right... In typical O’Reilly fashion, they’ve
taken a scientific and well considered approach. The result is funny, irreverent, topical, interactive, and
brilliant...Reading this book is like sitting in the speakers lounge at a view conference, learning from

— and laughing with — peers... If you want to UNDERSTAND Java, go buy this book.”

— Andrew Pollack, www.thenorth.com

“If you want to learn Java, look no further: welcome to the first GUI-based technical book! This perfectly-
executed, ground-breaking format delivers benefits other Java texts simply can’t... Prepare yourself for a
truly remarkable ride through Java land.”

— Neil R. Bauman, Captain & CEO, Geek Cruises (www.GeekCruises.com)

What a fantastic way to learn!!! I CAN NOT PUT THIS BOOK DOWN!!! My 3 year old woke up at
1:40 a.m. this morning, and I put him back to bed with book in hand and a flashlight so I could continue
to read for about another hour.

— Ross Goldberg

“This stuff 1s so fricking good it makes me wanna WEEP! I'm stunned.”

— Floyd Jones, Senior Technical Writer/Poolboy, BEA



Other related books from O’Reilly

Head First Java

Head First EJB

Head First Servlets & JSP
Learning Java

Java in a Nutshell

Java Enterprise in a Nutshell
Java Examples in a Nutshell
Java Cookbook

J2EE Design Patterns

Be watching for more books in the Head First series!
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To the Gang of Four, whose insight and expertise in capturing
and communicating Design Patterns has changed the face of

software design forever, and bettered the lives of developers
throughout the world.

But seriously, when are we going to see a second edition? After all,
it’s been only ten years!
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Elisabeth is an author, software developer and
digital artist. She’s been involved with the Internet
since the early days, having co-founded The Ada
Project (TAP), an award winning web site for women
in computing now adopted by the ACM. More
recently Elisabeth lead research and development
efforts in digital media at the Walt Disney Company
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efforts at Disney — and is now back to writing, creating cool
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Remember, knowing
concepts like abstraction,

inheritance, and polymorphism do
not make you a good object oriented
desigher. A design guru thinks
about how to create flexible
designs that are maintainable

and that can cope with
change.

intro to Design Patterns

Welcome to Design Patterns

Someone has already solved your problems. In this chapter,
you'’ll learn why (and how) you can exploit the wisdom and lessons learned by
other developers who've been down the same design problem road and survived
the trip. Before we’re done, we’ll look at the use and benefits of design patterns,
look at some key OO design principles, and walk through an example of how one
pattern works. The best way to use patterns is to load your brain with them and
then recognize places in your designs and existing applications where you can

apply them. Instead of code reuse, with patterns you get experience reuse.
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How about an interface?
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Separating what changes from what stays the same

Designing the Duck Behaviors

Testing the Duck code

Setting behavior dynamically
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How do I use Design Patterns?
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table of contents

the Observer Pattern

Keeping your Objects in the Know

Don’t miss out when something interesting happens!
We've got a pattern that keeps your objects in the know when something they
might care about happens. Objects can even decide at runtime whether they
want to be kept informed. The Observer Pattern is one of the most heavily used
patterns in the JDK, and it’s incredibly useful. Before we’re done, we’ll also look
at one to many relationships and loose coupling (yeah, that’s right, we said

coupling). With Observer, you'll be the life of the Patterns Party.

The Weather Monitoring application

Meet the Observer Pattern
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the Decorator Pattern

Decorating Objects

Just call this chapter “Design Eye for the Inheritance
Guy.” We’'ll re-examine the typical overuse of inheritance and you’ll learn how
to decorate your classes at runtime using a form of object composition. Why?
Once you know the techniques of decorating, you'll be able to give your (or
someone else’s) objects new responsibilities without making any code changes

to the underlying classes.

Welcome to Starbuzz Coffee

The Open-Closed Principle

T used to think real men
subclassed everything. That was until
T learned the power of extension

at runtime, rather than at compile
time. Now look at me!

Meet the Decorator Pattern

Constructing a Drink Order with Decorators
The Decorator Pattern Defined
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the Factory Pattern
Baking with OO Goodness

Get ready to cook some loosely coupled OO designs.
There is more to making objects than just using the new operator. You'll learn
that instantiation is an activity that shouldn’t always be done in public and can
often lead to coupling problems. And you don’t want that, do you? Find out how

Factory Patterns can help save you from embarrasing dependencies.

When you see “new”, think “concrete” 110
Objectville Pizza 112
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the Singleton Pattern
One of a Kind Objects

The Singleton Pattern: your ticket to creating one-of-a-
kind objects, for which there is only one instance. You
might be happy to know that of all patterns, the Singleton is the simplest in terms
of its class diagram; in fact the diagram holds just a single class! But don’t get
too comfortable; despite its simplicity from a class design perspective, we'll
encounter quite a few bumps and potholes in its implementation. So buckle

up—this one’s not as simple as it seems...

One and only one object

The Little Singleton

Dissecting the classic Singleton Pattern
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the Command Pattern

Encapsulating Invocation

In this chapter we take encapsulation to a whole new
level: we’re going to encapsulate method invocation.
That's right, by encapsulating invocation we can crystallize pieces of computation
so that the object invoking the computation doesn’t need to worry about how to do
things; it just uses our crystallized method to get it done. We can also do some
wickedly smart things with these encapsulated method invocations, like save

them away for logging or reuse them to implement undo in our code.

Home Automation or Bust
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European Wall Outlet

the Adapter and Facade Patterns
Being Adaptive

In this chapter we’re going to attempt such impossible
feats as putting a square peg in a round hole. Sound impossible?
Not when we have Design Patterns. Remember the Decorator Pattern? We
wrapped objects to give them new responsibilities. Now we’re going to wrap some
objects with a different purpose: to make their interfaces look like something they’re
not. Why would we do that? So we can adapt a design expecting one interface to a
class that implements a different interface. That's not all, while we're at it we’re going

to look at another pattern that wraps objects to simplify their interface.
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We’ve encapsulated object creation, method invocation,
complex interfaces, ducks, pizzas... what could be next?
We’re going to get down to encapsulating pieces of algorithms so that subclasses can
hook themselves right into a computation anytime they want. We’re even going to

learn about a design principle inspired by Hollywood.
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the Iterator and Composite Patterns

Well-Managed Collections

There are lots of ways to stuff objects into a collection.
Put them in an Array, a Stack, a List, a Map, take your pick. Each has its own
advantages and tradeoffs. But when your client wants to iterate over your objects,
are you going to show him your implementation? We certainly hope not! That just
wouldn’t be professional. Don’t worry—in this chapter you’ll see how you can let
your clients iterate through your objects without ever seeing how you store your
objects. You'’re also going to learn how to create some super collections of objects
that can leap over some impressive data structures in a single bound. You’re also

going to learn a thing or two about object responsibility.
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The State of Things

A little known fact: the Strategy and State Patterns were
twins separated at birth. As you know, the Strategy Pattern went on

to create a wildly successful business around interchangeable algorithms. State,
however, took the perhaps more noble path of helping objects learn to control their
behavior by changing their internal state. He’s often overheard telling his object

clients, “just repeat after me, I'm good enough, I'm smart enough, and doggonit...”
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the Proxy Pattern

Controlling Object Access

Ever play good cop, bad cop? You're the good cop and you provide
all your services in a nice and friendly manner, but you don’t want everyone
asking you for services, so you have the bad cop control access to you. That’s
what proxies do: control and manage access. As you're going to see there are
lots of ways in which proxies stand in for the objects they proxy. Proxies have
been known to haul entire method calls over the Internet for their proxied objects;

they’ve also been known to patiently stand in the place for some pretty lazy

objects.
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Better Living with Patterns

Patterns in the Real World

Ahhhh, now you’re ready for a bright new world filled with
Design Patterns. But, before you go opening all those new doors of opportunity
we need to cover a few details that you'll encounter out in the real world—things get a
little more complex out there than they are here in Objectville. Come along, we've got

a nice guide to help you through the transition...
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how to use this book

Who is this book for?

If you can answer “yes” to all of these:

, kay i
@ Do you know Java? (You don’t need to be a guru.) \\5:: \\\(:::bé;\:\,::t:ad-\{

@ Do you want to learn, understand, remember, and
apply design patterns, including the OO design
principles upon which design patterns are based?

@ Do you prefer stimulating dinner party conversation
to dry, dull, academic lectures?

this book is for you.

Who should probably back away from this book?

If you can answer “yes” to any one of these:

@ Are you completely new to Java?

(You don’t need to be advanced, and even if you
don’t know Java, but you know C#, you’ll probably
understand at least 80% of the code examples. You
also might be okay with just a C++ background.)

@ Are you a kick-butt OO designer/developer looking
for a reference book?

@ Are you an architect looking for enterprise design
patterns?

@ Are you afraid to try something different?
Would you rather have a root canal than mix
stripes with plaid? Do you believe that a technical
book can’t be serious if Java components are
anthropomorphized?

this book 1s not for you.

Cnote from markc{:ingr this book is
or anyone with a evedit card.]
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the intro

We know what you'e thinking.

“How can this be a serious programming book?”
“What’s with all the graphics?”

“Can I actually learn it this way?”

And we know what your brainis thinking. \(

Your brain craves novelty. It’s always searching, scanning, waiting for
something unusual. It was built that way, and it helps you stay alive.

Today, you're less likely to be a tiger snack. But your brain’s still looking. You
just never know.

So what does your brain do with all the routine, ordinary, normal things
you encounter? Everything it can to stop them from interfering with the
brain’s real job—recording things that matter. It doesn’t bother saving the
boring things; they never make it past the “this is obviously not important”
filter.

How does your brain know what’s important? Suppose you’re out for a day
hike and a tiger jumps in front of you, what happens inside your head and

body?

Great. Only
637 more dull, dry,
boring pages.

Neurons fire. Emotions crank up. Chemicals surge.

And that’s how your brain knows...

This must be important! Don’t forget it! your B . S
o o . RIS ton & WO gl
But imagine you're at home, or in a library. It’s a safe, warm, tiger-free zone. oy

You're studying, Getting ready for an exam. Or trying to learn some tough
technical topic your boss thinks will take a week, ten days at the most.

Just one problem. Your brain’s trying to do you a big favor. It’s trying to
make sure that this obviwously non-important content doesn’t clutter up
scarce resources. Resources that are better spent storing the really big
things. Like tigers. Like the danger of fire. Like how you should never

again snowboard in shorts.

And there’s no simple way to tell your brain, “Hey brain, thank you
very much, but no matter how dull this book is, and how little 'm
registering on the emotional Richter scale right now, I really do want
you to keep this stuft’ around.”

you are here »  XXVii
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how to use this book

We think of a “Head First’ reader as a learner.

So what does it take to learn something? First, you have to getit, then make sure
you don’t forgetit. It's not about pushing facts into your head. Based on the
|atest research in cognitive science, neurobiology, and educational psychology,
learning takes a lot more than texton a page. We know what turns your brain on.

some of the Head First learning principles:

needs 1o ¢3))
mC‘U’\od on .H:

server

Make it visual. Images are far more memorable than words alone, and

make learning much more effective (up to 89% improvement in recall and

transfer studies). It also makes things more understandable. Put the
words within or near the graphics they relate to, rather than on

doCalc()

the bottom or on another page, and learners will be up to twice as likely

return value
to solve problems related to the content.

Use a conversational and personalized style. In recent studies, students

performed up to 40% better on post-learning tests if the content spoke directly t0

Tt really sucks fo be an the reader, using a first-person, conversational style rather than taking a formal

abstract method. You
don't have a body.

tone. Tell stories instead of lecturing. Use casual language. Don't take yourself

too seriously. Which would you pay more attention to: a stimulating dinner party

companion, or a lecture?

Get the learner to think more deeply. In other words, unless

o
)
— you actively flex your neurons, nothing much happens in your head. A

reader has to be motivated, engaged, curious, and inspired to solve

problems, draw conclusions, and generate new knowledge. And

for that, you need challenges, exercises, and thought-provoking

questions, and activities that involve both sides of the brain,

roam() ; and multiple senses.

\ ,
00N
Vo «‘f)"\“"é\o 4 7\ Get—and keep—the reader’s attention. We've \

(’»‘5 KW all had the“I really want to learn this but | can’t stay awake past
u..'\t,o\°"' page one” experience. Your brain pays attention to things that
s . . Xy
are out of the ordinary, interesting, strange, eye-catching, unexpected. /
ik

Learning a new, tough, technical topic doesn't have to be poring. Your brain will

learn much more quickly if it's not.

Touch their emotions. We now Kknow that your ability to remember something is largely

dependent on its emotional content. You remember what you care about. You remember

when you feel something. No, we're not talking heart-wrenching stories about a boy and

dog. We'e talking emotions like surprise, curiosity, fun, “what the..?”, and the feeling of “I

Rule!” that comes when you solve a puzzle, learn something everybody else thinks is hard, or

realize you know something that“I'm more technical than thou” Bob from engineering doesn’t.

Does it make sense o
say Tub IS-A Bathroom?
Bathroom IS-A Tub? Oris
it a HAS-A relationship?

RM| vemote

sevvite
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Metacognition: thinking about thinking

If you really want to learn, and you want to learn more quickly and more deeply,
pay attention to how you pay attention. Think about how you think. Learn how you
learn.

T wonder how T
can trick my brain
into remembering
this stuff...

growing up. We were expected to learn, but rarely taught to learn. S

Most of us did not take courses on metacognition or learning theory when we were

But we assume that if you’re holding this book, you really want to learn design
patterns. And you probably don’t want to spend a lot of time. And you want
to remember what you read, and be able to apply it. And for that, you’ve got to
understand it. To get the most from this book, or any book or learning experience, take
responsibility for your brain. Your brain on #hs content.

The trick is to get your brain to see the new material you’re learning as
Really Important. Crucial to your well-being. As important as a tiger.

Otherwise, you're in for a constant battle, with your brain doing its best to
keep the new content from sticking.

So how DO you get your brain to think Design
Patterns are as important as a tiger?

There’s the slow, tedious way, or the faster, more effective way. The slow
way 1s about sheer repetition. You obviously know that you are able

to learn and remember even the dullest of topics, if you keep pounding on the
same thing. With enough repetition, your brain says, “This doesn’t fee/ important to him,
but he keeps looking at the same thing over and over and over, so 1 suppose it must be.”

The faster way is to do anything that increases brain activity, cspecially different
types of brain activity. The things on the previous page are a big part of the solution,
and they’re all things that have been proven to help your brain work in your favor. For
example, studies show that putting words within the pictures they describe (as opposed to
somewhere else in the page, like a caption or in the body text) causes your brain to try to
makes sense of how the words and picture relate, and this causes more neurons to fire.
More neurons firing = more chances for your brain to get that this is something worth
paying attention to, and possibly recording;

A conversational style helps because people tend to pay more attention when they
perceive that they’re in a conversation, since they’re expected to follow along and hold up
their end. The amazing thing is, your brain doesn’t necessarily care that the “conversation”
is between you and a book! On the other hand, if the writing style is formal and dry, your
brain perceives it the same way you experience being lectured to while sitting in a roomful
of passive attendees. No need to stay awake.

But pictures and conversational style are just the beginning.

XXix



how to use this book

Here’s what WE did:

We used pictures, because your brain is tuned for visuals, not text. As far as your brain’s

ONE To MANY RELATIONSHIP

concerned, a picture really zs worth 1024 words. And when text and pictures work together, we
embedded the text i the pictures because your brain works more effectively when the text is
within the thing the text refers to, as opposed to in a caption or buried in the text somewhere.

We used redundancy, saying the same thing in different ways and with different media types,
and multiple senses, to increase the chance that the content gets coded into more than one area of
your brain.

We used concepts and pictures in unexpected ways because your brain is tuned for novelty,
and we used pictures and ideas with at least some emotional content, because your brain is
tuned to pay attention to the biochemistry of emotions. That which causes you to_fee/ something
is more likely to be remembered, even if that feeling is nothing more than a little Aumor,

surprise, or interest.

We used a personalized, conversational style, because your brain is tuned to pay more %{,
attention when it believes you’re in a conversation than if it thinks you’re passively listening to a :
presentation. Your brain does this even when you’re reading. The Patterns Guru

We included more than 40 activities, because your brain is tuned to learn and remember
more when you do things than when you read about things. And we made the exercises
challenging-yet-do-able, because that’s what most people prefer.

We used mudldtiple learning styles, because you might prefer step-by-step procedures, while Q
someone else wants to understand the big picture first, while someone else just wants to see a
sP y BULLET POINTS

code example. But regardless of your own learning preference, everyone benefits from seeing the
same content represented in multiple ways.

We include content for both sides of your brain, because the more of your brain you

engage, the more likely you are to learn and remember, and the longer you can stay focused.

Since working one side of the brain often means giving the other side a chance to rest, you can

be more productive at learning for a longer period of time. PLIZZ]_eS

And we included stories and exercises that present more than one point of view, because
your brain is tuned to learn more deeply when it’s forced to make evaluations and judgements.

We included challenges, with exercises, and by asking questions that don’t always have

a straight answer, because your brain is tuned to learn and remember when it has to work at
something. Think about it—you can’t get your body in shape just by watching people at the gym.
But we did our best to make sure that when you’re working hard, it’s on the #ght things. That
you’re not spending one extra dendrite processing a hard-to-understand example, or
parsing difficult, jargon-laden, or overly terse text.

We used people. In stories, examples, pictures, etc., because, well, because you’re a person. And
your brain pays more attention to pesple than it does to things.

We used an 80/20 approach. We assume that if you’re going for a PhD in software design, this
won'’t be your only book. So we don’t talk about everything. Just the stuff you’ll actually need.

XXX



eut this out and stiek it

on Your rcﬁrigcra{-m..

Slow down. The more you understand,
the less you have to memorize.

Don’t just read. Stop and think. When the
book asks you a question, don’t just skip to the
answer. Imagine that someone really is asking
the question. The more deeply you force your
brain to think, the better chance you have of
learning and remembering,

Do the exercises. Write your own notes.
We put them in, but if we did them for you,
that would be like having someone else do

your workouts for you. And don’t just look at

the exercises. Use a pencil. There’s plenty of
evidence that physical activity while learning
can increase the learning.

Read the “There are No Dumb Questions”
That means all of them. They’re not optional
side-bars—they’re part of the core content!
Don’t skip them.

Make this the last thing you read before

bed. Or at least the last challenging thing.

Part of the learning (especially the transfer to
long-term memory) happens after you put the
book down. Your brain needs time on its own, to
do more processing. If you put in something new
during that processing-time, some of what you
just learned will be lost.

Drink water. Lots of it.

Your brain works best in a nice bath of fluid. De-
hydration (which can happen before you ever feel
thirsty) decreases cognitive function.

®

the

Here’s what YOU can do to bend
your brain into submission

So, we did our part. The rest is up to you. These tips are a
starting point; listen to your brain and figure out what works
for you and what doesn’t. Try new things.

Talk about it. Out loud.

Speaking activates a different part of the brain.
If you’re trying to understand something, or
increase your chance of remembering it later, say
it out loud. Better still, try to explain it out loud
to someone else. You’ll learn more quickly, and
you might uncover ideas you hadn’t known were
there when you were reading about it.

Listen to your brain.

Pay attention to whether your brain is getting
overloaded. If you find yourself starting to skim the
surface or forget what you just read, it’s time for a
break. Once you go past a certain point, you won’t
learn faster by trying to shove more in, and you
might even hurt the process.

Feel something!

Your brain needs to know that this matters. Get
involved with the stories. Make up your own cap-
tions for the photos. Groaning over a bad joke is stz//
better than feeling nothing at all.

Design something!

Apply this to something new you’re designing, or
refactor an older project. Just do something to get
some experience beyond the exercises and activities
in this book. All you need is a pencil and a problem
to solve... a problem that might benefit from one or
more design patterns.
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how to use this book

Read Me

This is a learning experience, not a reference book. We deliberately stripped out
everything that might get in the way of learning whatever it is we’re working on at that

point in the book. And the first ime through, you need to begin at the beginning, becauseyye, use

mod\;\cd Qaw/«\AML 2

the book makes assumptions about what you've already seen and learned.

We use simple UML-like diagrams.

Although there’s a good chance you’ve run across UML, it’s not covered in the book, and
it’s not a prerequisite for the book. If you’ve never seen UML before, don’t worry, we’ll
give you a few pointers along the way. So in other words, you won’t have to worry about
Design Patterns and UML at the same time. Our diagrams are “UML-/ike” -- while we
try to be true to UML there are times we bend the rules a bit, usually for our own selfish
artistic reasons.

We don’t cover every single Design Pattern ever created.

There are a lot of Design Patterns: The original foundational patterns (known as the GoI
patterns), Sun’s J2EE patterns, JSP patterns, architectural patterns, game design patterns
and a /o more. But our goal was to make sure the book weighed less than the person
reading it, so we don’t cover them all here. Our focus is on the core patterns that matter
from the original GoF patterns, and making sure that you really, truly, deeply understand
how and when to use them. You will find a brief look at some of the other patterns (the
ones you're far less likely to use) in the appendix. In any case, once you’re done with Head
First Design Patterns, you’ll be able to pick up any pattern catalog and get up to speed
quickly.

The activities are NOT optional.

The exercises and activities are not add-ons; they’re part of the core content of the book.
Some of them are to help with memory, some for understanding, and some to help you
apply what you've learned. Don’t skip the exercises. The crossword puzzles are the
only things you don’t ave to do, but they’re good for giving your brain a chance to think
about the words from a different context.

We use the word “composition” in the general OO sense, which is
more flexible than the strict UML use of “composition”.

When we say “one object is composed with another object” we mean that they are related
by a HAS-A relationship. Our use reflects the traditional use of the term and is the one
used in the GoF text (you’ll learn what that is later). More recently, UML has refined

this term into several types of composition. If you are an UML expert, you'll still be able
to read the book and you should be able to easily map the use of composition to more
refined terms as you read.

XXXii
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The redundancy is intentional and important.

One distinct difference in a Head First book is that we want you to really get it. And we want
you to finish the book remembering what you've learned. Most reference books don’t have
retention and recall as a goal, but this book is about learning, so you’ll see some of the same
concepts come up more than once.

The code examples are as lean as possible.

Our readers tell us that it’s frustrating to wade through 200 lines of code looking for the two
lines they need to understand. Most examples in this book are shown within the smallest
possible context, so that the part you’re trying to learn is clear and simple. Don’t expect

all of the code to be robust, or even complete—the examples are written specifically for
learning, and aren’t always fully-functional.

In some cases, we haven’t included all of the import statements needed, but we assume that
if you’re a Java programmer, you know that ArrayList is in java.util, for example. If the
imports were not part of the normal core J2SE API, we mention it. We’ve also placed all
the source code on the web so you can download it. You’ll find it at
http://www.wickedlysmart.com/headfirstdesignpatterns/code.html

Also, for the sake of focusing on the learning side of the code, we did not put our classes
into packages (in other words, they’re all in the Java default package). We don’t recommend
this in the real world, and when you download the code examples from this book, you’ll find
that all classes are in packages.

The ‘Brain Power’ exercises don’t have answers.

For some of them, there is no right answer, and for others, part of the learning experience
of the Brain Power activities is for you to decide if and when your answers are right. In
some of the Brain Power exercises you will find hints to point you in the right direction.
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1 Intro to Design Patterns

Welcome to
Design Patterns

Now that we're living
in Objectville, we've just got
to get into Design Patterns...
everyone is doing them. Soon
we'll be the hit of Jim and
Betty's Wedhesday night
patterns group!

Someone has already solved your problems. In this chapter, you'll learn
why (and how) you can exploit the wisdom and lessons learned by other developers who've
been down the same design problem road and survived the trip. Before we're done, we’'ll
look at the use and benefits of design patterns, look at some key OO design principles, and
walk through an example of how one pattern works. The best way to use patterns is to load
your brain with them and then recognize places in your designs and existing applications

where you can apply them. Instead of code reuse, with patterns you get experience reuse.

this is a new chapter 1



SimUDuck

It started with a simple SimUDuck app

Joe works for a company that makes a highly successful duck pond
simulation game, SimUDuck. The game can show a large variety of

duck species swimming and making quacking sounds. The initial
designers of the system used standard OO techniques and created
one Duck superclass from which all other duck types inherit.

Duck

All dueks quack and swim, the Lack
superclass takes care of the ~— |1 0

implementation tode. swim()

The display0) method is

sbstract, since al duek
subtypes look diffevent.

. /
e Y(L < of dutks

display()
/I OTHER duck-like methods...

w OV
?“Mo“s\b_\c%_\b o MallardDuck RedheadDuck Lots of okhcvj-c \t‘ﬁgm ass
S i | dispay) display() { nherit from
\! (4
aR 3ji\oop on ¥ I'looks like a mallard } Ilooks like a redhead }
o !
stee®

In the last year, the company has been under increasing pressure
from competitors. After a week long off-site brainstorming
session over golf, the company executives think it’s time for a big
mnnovation. They need something really impressive to show at the
upcoming shareholders meeting in Maui next week.
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But now we need the ducks to FLY

The executives decided that flying ducks is just what the
simulator needs to blow away the other duck sim competitors.
And of course Joe’s manager told them it’ll be no problem

for Joe to just whip something up in a week. “After all”, said
Joe’s boss, “he’s an OO programmer... how hard can it be?”

What we want. «

Duck
quack()
swim()
display()
N R 2|0 <
R oo JI OTHER duck-like methods...
W
MallardDuck RedheadDuck
display() { display() {

Il'ooks like a mallard }

Il'looks like a redhead }

R Joe

dded-

What Joe 3

Oher Dutk BYPES™

T just need to add a fly()
method in the Duck class and

then all the ducks will inherit it.
Now's my time to really show my
true OO genius.

intro to Design Patterns




something went

But something went horribly wrong...

Joe, I'm at the
shareholder’'s meeting.
They just gave a demo and there
were rubber duckies flying around
the screen. Was this your idea of
a joke? You might want to spend
some time on Monster.com...

What happened?

Joe failed to notice that not all
subclasses of Duck should fly. When
Joe added new behavior to the
Duck superclass, he was also adding
behavior that was not appropriate
for some Duck subclasses. He now
has flying inanimate objects in the

OK, so there's a slight
flaw in my design. I
don't see why they can't
Jjust call it a *feature”.
It's kind of cute...

: (&)
SimUDuck program. o Wllat lle tllou gllt
A localized update to the code caused a non- A
local side effect (flying rubber ducks)! )

was a great use
of inheritance

Duck
quack() ‘[OI' tlle PUPPOSQ
0w Xn® N swim() { 1‘ ’ N
Q1m0 e B display() Ot reuse hasn
pt
Vle LB > |0 turned out so well
S“‘d\\‘)d ko ot X3 /I OTHER duck-like methods... ]
°“b\“<x\v~‘§)c when it comes to
NI .
= maintenance.
MallardDuck RedheadDuck RubberDuck Rubber ducks don' L a\uac\i>
display() { display() { quack() { < o\uac\c() is
Il'ooks like a mallard II'looks like a redhead Il overridden to Squeak ko “ga\\,ca\("~
} } }

display() {
//'looks like a rubberduck

}




Joe thinks about inheritance...

T could always just
override the fly() method in
rubber duck, the way T am with
the quack() method...

RubberDuck

quack() {// squeak}
display() { // rubber duck }
fly() {

Il override to do nothing

}

intro to Design Patterns

But then what happens when
we add wooden decoy ducks
to the program? They aren't

supposed to fly or quack...

DecoyDuck

quack() {
/I override to do nothing
}

display() { // decoy duck}
fiy() {

/I override to do nothing
}

@s.oharpen vour pencil
i’ your p

Which of the following are disadvantages of using inheritance to
provide Duck behavior? (Choose all that apply.)

(1 A. Code is duplicated across subclasses.
(1 B. Runtime behavior changes are difficult.

[ C. We can’t make ducks dance.

(d D. Hard to gain knowledge of all duck behaviors.
(A E. Ducks can’t fly and quack at the same time.

[ F Changes can unintentionally affect other ducks.



inheritance is the answer

How about an interface?

Joe realized that inheritance probably wasn’t the
answer, because he just got a memo that says that

the executives now want to update the product every
six months (in ways they haven’t yet decided on). Joe
knows the spec will keep changing and he’ll be forced
to look at and possibly override fly() and quack() for
every new Duck subclass that’s ever added to the
program... forever.

So, he needs a cleaner way to have only some (but not
all) of the duck types fly or quack.

T could take the fly() out of the
Duck superclass, and make a
Flyable() interface with a fly()
method. That way, only the ducks that
are supposed to fly will implement that
interface and have a fly() method... and
T might as well make a Quackable, oo,
since not all ducks can quack.

Duck

Quackable swim()
Flyable quack() display()
fiy()

s,

/I OTHER duck-like methods...

MallardDuck RedheadDuck

RubberDuck

DecoyDuck
display() display() display() display()
fiy() fly() quack()
quack() quack()

What do YOU think about this design?



o)
O
4h€'

That is, like, the dumbest idea
you've come up with. Can you say,
“duplicate code”? If you thought
having to override a few methods was bad,
how are you gonna feel when you need
to make a little change to the flying
behavior... in all 48 of the flying
Duck subclasses?!

intro to Design Patterns

What would you do if you were Joe?

We know that not al/ of the subclasses should have flying or quacking
behavior, so inheritance isn’t the right answer. But while having

the subclasses implement Flyable and/or Quackable solves part of

the problem (no inappropriately flying rubber ducks), it completely
destroys code reuse for those behaviors, so it just creates a different
maintenance nightmare. And of course there might be more than one
kind of flying behavior even among the ducks that do fly...

At this point you might be waiting for a Design Pattern to come riding
in on a white horse and save the day. But what fun would that be? No,
we’re going to figure out a solution the old-fashioned way — by applying
good OO software design principles.

Wouldn't it be dreamy

if there were a way to build
software so that when we need to
change it, we could do so with the least
possible impact on the existing code?
We could spend less time reworking
code and more making the program
do cooler things...




change is constant

The one constant in software development

Okay, what’s the one thing you can always count on in software development?

No matter where you work, what you’re building, or what language you are programming in, what’s
the one true constant that will be with you always?

JOVAHD

use a mirror to see the answer

No matter how well you design an application, over time an
application must grow and change or it will die.

@%lﬁrpen our pencl
& Lots of things can drive change. List some reasons
you've had to change code in your applications (we put

in a couple of our own to get you started).

My tustomers or users decide they want something else, or they want new ‘Func‘{:ionalif\/»

My tompany detided it is going with another database vendor and it is also purchasing
its data from another suppliev that uses a different data format. Avgh!




Zeroing in on the problew...

So we know using inheritance hasn’t worked out very well, since
the duck behavior keeps changing across the subclasses, and it’s
not appropriate for all subclasses to have those behaviors. The
Flyable and Quackable interface sounded promising at first — only
ducks that really do fly will be Flyable, etc — except Java interfaces
have no implementation code, so no code reuse. And that means
that whenever you need to modify a behavior, you’re forced to
track down and change it in all the different subclasses where that
behavior is defined, probably introducing new bugs along the way!

Luckily, there’s a design principle for just this situation.

Design Principle

Identify the aspects of your
application that vary and separate
them from what stays the same.

¢

In other words, if you’ve got some aspect of your code that is
changing, say with every new requirement, then you know you’ve
got a behavior that needs to be pulled out and separated from all
the stuff that doesn’t change.

Here’s another way to think about this principle: take the parts
that vary and encapsulate them, so that later you can
alter or extend the parts that vary without affecting
those that don’t.

As simple as this concept is, it forms the basis for almost every
design pattern. All patterns provide a way to let some part of a system
vary independently of all other parts.

Okay, time to pull the duck behavior out of the Duck classes!

intro to Design Patterns

Take what varies and
"encapsulate” it so it won't
affect the rest of your code.

The result? Fewer

unintended consequences
from code changes and more
{lexilaility in your systems!



pull out what

Separating what changes from what stays the same

Where do we start? As far as we can tell, other than the problems with fly() and quack(), the Duck
class 1s working well and there are no other parts of it that appear to vary or change frequently.
So, other than a few slight changes, we’re going to pretty much leave the Duck class alone.

Now, to separate the “parts that change from those that stay the same”, we are going to create two
sets of classes (totally apart from Duck), one for fly and one for quack. Each set of classes will hold
all the implementations of their respective behavior. For instance, we might have one class that
implements quacking, another that implements squeaking, and another that implements silence.

We know that fly() and quack() are the parts of the
Duck class that vary across ducks.

To separate these behaviors from the Duck class, we’ll
pull both methods out of the Duck class and create a
new set of classes to represent each behavior.

The Duck elass is kil the supevelass

of all dutks, but we ave \m“'mg out

the fly and quatk behaviors and

vu{:’dng them into another tlass . g\lin& y U\“aCkin?) i Sdz

structuee. {heir own set of classes.

\ /

Vavious behavior -
imv\cmcn{:abons ave going
4o live heve.

ot

e
Ouck clot® lying Benc?®
5

)
QUQCklng Be‘(\oﬂ\

Duck Behaviors
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Pesigning the Puck Behaviors

So how are we going to design the set of classes that
implement the fly and quack behaviors?

We’d like to keep things flexible; after all, it was the inflexibility in
the duck behaviors that got us into trouble in the first place. And we
know that we want to assign behaviors to the instances of Duck. For
example, we might want to instantiate a new MallardDuck instance
and 1initialize it with a specific #ype of flying behavior. And while
we’re there, why not make sure that we can change the behavior of a
duck dynamically? In other words, we should include behavior setter
methods in the Duck classes so that we can change the MallardDuck’s
flying behavior at runtime.

Given these goals, let’s look at our second design principle:

Design Principle

Program to an interface, not an
implementation.

We’ll use an interface to represent each behavior — for instance,
FlyBehavior and QuackBehavior — and each implementation of a
behavior will implement one of those interfaces.

So this time it won’t be the Duck classes that will implement the
flying and quacking interfaces. Instead, we’ll make a set of classes
whose entire reason for living is to represent a behavior (for example,
“squeaking”), and it’s the behavior class, rather than the Duck class,
that will implement the behavior interface.

This is in contrast to the way we were doing things before, where

a behavior either came from a concrete implementation in the
superclass Duck, or by providing a specialized implementation in the
subclass itself. In both cases we were relying on an implementation. We
were locked into using that specific implementation and there was no
room for changing the behavior (other than writing more code).

With our new design, the Duck subclasses will use a behavior
represented by an mterface (FlyBehavior and QuackBehavior), so that
the actual implementation of the behavior (in other words, the specific
concrete behavior coded in the class that implements the FlyBehavior
or QuackBehavior) won’t be locked into the Duck subclass.

intro to Design Patterns

From now on, the Duck
hehaviors will live in a
separate class—a class that
implements a particular
hehavior interface.

That way, the Duck classes

won't need to know any of
the implementation details
for their own behaviors.

<<interface>>
FlyBehavior
fiy()
FlyWithWings FlyNoWay
fiy() { fiy() {
/l'implements duck flying /I do nothing - can’t fly!
} }

11



I don't see why you have fo
use an interface for FlyBehavior.
You can do the same thing with an
abstract superclass. Isn't the
whole point to use polymorphism?

program interface
absfka e
Su e
Ifz n abst, Lgi)l'Pe (eoulq
CHCJ Ce) dss OR
Animal
makeSound()
LonLYCJ('C )
'\m\’\emcnhaj"f“’“s
Dog Cat
makeSound() { makeSound() {
bark(); meow();
} 1
bark() { // bark sound } meow() { // meow sound }

12

“Program to an interface” really means
“Program to a supertype.”

The word wnterface 1s overloaded here. There’s the concept of
interface, but there’s also the Java construct interface. You

can program lo an wnterface, without having to actually use a

Java interface. The point is to exploit polymorphism by
programming to a supertype so that the actual runtime object
1sn’t locked into the code. And we could rephrase “program to

a supertype” as “the declared type of the variables should be a
supertype, usually an abstract class or interface, so that the objects
assigned to those variables can be of any concrete implementation
of the supertype, which means the class declaring them doesn’t
have to know about the actual object types!”

This 1s probably old news to you, but just to make sure we’re

all saying the same thing, here’s a simple example of using a
polymorphic type — imagine an abstract class Animal, with two
concrete implementations, Dog and Cat.

Programming to an implementation would be:

Dog d = new Dog();
d.bark();

Dcclaving the vaviable “d” as 4
Dog (a conerete im\?lcmcn{:avzior? i:c

_Anim&l) ortes us to tode +o 3 tontrete
lmPIcmcn'f:a‘(:ion.

But programming to an interface/supertype would be:
We know it’s 3 Dog, but

Animal animal = new Dog () ; We an now use the animal

animal .makeSound () ; refevente ?""/"‘O‘rl’hiﬁ“y

Even better, rather than hard-coding the mnstantiation of the
subtype (like new Dog()) into the code, assign the concrete
implementation object at runtime:

We don't know WHAT +Lhe actual

animal subtype is... all we care about
is that it k h o
makcsound(;ows ow to vespond to

a = getAnimal () ;
a.makeSound () ;



Implementing the Duck Behaviors

Here we have the two interfaces, FlyBehavior and QuackBehavior along with
the corresponding classes that implement each concrete behavior:

intro to Design Patterns

eve for the u\“ack

Came k\\m(b h . X
fate gt behavior; we have an "‘JCC"(;’ ¢
. wter A\ b neludes 3 O\uatk
navo ' 3" ent R that \)‘*5{3 inC tob
\ % i 5 \asscs ! Y v\CCd ‘bo mC‘H\Od 'H"a{: Y‘CCdS ¢
A\ S(\\E\tl t\asse J nod- \m\:\gmcn{:cd
new e
f '\"‘Y\cm
<<interface>> <<inten‘ace>>'
FlyBehavior QuackBehavior
fiy() quack()
FlyWithWings FlyNoWay Quack Squeak MuteQuack
fy() { fly() { quack(){ quack(){ quack() {
Il implements duck flying

/l'do nothing - can't fiy! Il implements duck quacking

}

/I rubber duckie squeak

I/ do nothing - can't quack!

}

Gy, |
And bt {:/K Feal), i;f/)df
Here’, all dye 4 he implemenfaf,' “
of Hyi”j ) P/e'hchfa & at can’t Q)’ on for-
that have Al dyey
S.

With this design, other types of objects can
reuse our fly and quack behaviors because

these behaviors are no longer hidden away

in our Duck classes!

And we can add new behaviors without
modifying any of our existing behavior
classes or touching any of the Duck classes
that use flying behaviors.

Quatks that squeak.

T

Q\A&Cks that make
no sound at all.
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behavior in a

therefare no
Dumb Questions

. Dol always have to implement my application first, see
where things are changing, and then go back and separate &
encapsulate those things?

A: Not always; often when you are designing an application,
you anticipate those areas that are going to vary and then go ahead
and build the flexibility to deal with it into your code. You'll find

that the principles and patterns can be applied at any stage of the
development lifecycle.

. Should we make Duck an interface too?

A: Not in this case. As you'll see once we've got everything
hooked together, we do benefit by having Duck not be an interface,
and having specific ducks, like MallardDuck, inherit common
properties and methods. Now that we’ve removed what varies from
the Duck inheritance, we get the benefits of this structure without
the problems.

Q: It feels a little weird to have a class that’s just a
behavior. Aren’t classes supposed to represent things? Aren’t
classes supposed to have both state AND behavior?

A: Inan OO system, yes, classes represent things that
generally have both state (instance variables) and methods. And in
this case, the thing happens to be a behavior. But even a behavior
can still have state and methods; a flying behavior might have
instance variables representing the attributes for the flying (wing
beats per minute, max altitude and speed, etc.) behavior.

@dharpen vour pencil
i’ your p

behavior that isn’t a duck?

Using our new design, what would you do if you needed to
add rocket-powered flying to the SimUDuck app?

Can you think of a class that might want to use the Quack

“(Spunos yonp soyew 1yl 91AP
®) [red yonp e Ordurexs ouQ) (g

*90BJI91UL
JOTARTRAT,] o1 syuawuarduut yer)
SSB[D POTOMOJIINIOYAL] & dear)) (]
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Integrating the Duck Behavior

The key is that a Duck will now delegate its flying
and quacking behavior, instead of using quacking and
flying methods defined in the Duck class (or subclass).

Here’s how:

0 First we’ll add two instance variables to the Duck class called flyBehavior and
quackBehavior, that are declared as the interface type (not a concrete class implementation
type). Each duck object will set these variables polymorphically to reference the specific
behavior type it would like at runtime (FlyWithWings, Squeak, etc.).

We’ll also remove the fly() and quack() methods from the Duck class (and any subclasses)
because we’ve moved this behavior out into the FlyBehavior and QuackBehavior classes.

We’ll replace fly() and quack() in the Duck class with two similar methods, called
performFly() and performQuack(); you’ll see how they work next.

[nstance vaviables hold a vefecente to

The behavior variables are a speti Lie behavior 3t vuntime.

detlared as the behavior
INTERFACE type. Duck
\) FlyBehavior flyBehavior ~

QuackBehavior quackBehavior

These methods veplace P—
k0. performQuac
fy0 and a\uai/ pcior
\ display()
performFly()

/I OTHER duck-like methods...

Duck Behaviors

N impl t perf k(): ino, that
e ow we implement performQuack() (fevente to something

.
has 2 suior inkerkate:

public class Duck { Each Duck the &uac\ch\\

QuackBehavior quackBehavior; {/ \mv\cmm{-; |
e ino the v\uack behavior
h \'\and\mg
R{f‘\? {'i\:a 'l\)uc,k ob)cd', dc\cga‘ccs that
wselt)

public void performQuack() { N dorett "£¢v¢nccd by
quackBehavior.quack () ; behavios Jm,lc © o
} v\uacch\\av“’“‘

}

Pretty simple, huh? To perform the quack, a Duck just allows the object that
1s referenced by quackBehavior to quack for it.

In this part of the code we don’t care what kind of object it is, all we care
about is that it knows how to quack()!

15



integrating duck behavior

More Integration...

e Okay, time to worry about how the flyBehavior and
quackBehavior instance variables are set. Let’s take a look at

the MallardDuck class:
public class MallardDuck extends Duck { A Ma\\avdD““k uses the Quacz L\as&S‘j:k
hen pev orm
public MallardDuck () { handle iks "\“a(’k’ = :b»‘\»\:; for the "\“af‘k '
quackBehavior = new Quack(); s talled, the rc$?°(3 ack o\))Cc{-, and we oet
flyBehavior = new FlyWithWings(); dc\cga{:cd 4o the Qu
} a ved qack its Flybenavior
Remember, MallardDuck inherits the 4 ik uses FIyWithWings 35 1
quackBehavior and fyBehavior instance Pin
ype

vaviables from class Duck.

public void display() {
System.out.println(“I'm a real Mallard duck”);

}

So MallardDuck’s quack is a real live duck quack, not a squeak and
not a mute quack. So what happens here? When a MallardDuck

is instantiated, its constructor initializes the MallardDuck’s inherited
quackBehavior instance variable to a new instance of type Quack (a
QuackBehavior concrete implementation class).

And the same is true for the duck’s flying behavior — the MallardDuck’s
constructor initializes the flyBehavior instance variable with an instance
of type FlyWithWings (a FlyBehavior concrete implementation class).
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Wait a second, didn't you
say we should NOT program to an
implementation? But what are we doing
in that constructor? We're making a
new instance of a concrete Quack
implementation class!

Good catch, that’s exactly what we’re doing,..
Jor now.

Later in the book we’ll have more patterns in
our toolbox that can help us fix it.

Still, notice that while we are setting the
behaviors to concrete classes (by instantiating
a behavior class like Quack or FlyWithWings
and assigning it to our behavior reference
variable), we could easily change that at
runtime.

So, we still have a lot of flexibility here,

but we’re doing a poor job of initializing

the instance variables in a flexible way. But
think about it, since the quackBehavior
instance variable is an interface type, we
could (through the magic of polymorphism)
dynamically assign a different QuackBehavior
implementation class at runtime.

Take a moment and think about how you
would implement a duck so that its behavior
could change at runtime. (You’ll see the code
that does this a few pages from now.)

17



testing behaviors

Testing the Puck code

18

Q Type and compile the Duck class below (Duck.java), and the
MallardDuck class from two pages back (MallardDuck.java).

ublic abstract class Duck |
p | Declare two vekevente vaviables

. . es.
FlyBehavior flyBehavior; 6/ $or the behavior ‘“*’«"‘ca“ JC\/\’
QuackBehavior quackBehavior; A“ dutk subtlasses (in the same
public Duck() { \786\(353) inhevit these.

}
public abstract void display();

public void performFly () {

flyBehavior.fly () ; %\ Dclcga{:c 1o the behavior tlass.
}

public void performQuack() {
quackBehavior.quack() ;

}

public void swim() {
System.out.println (“All ducks float, even decoys!”);

}

e Type and compile the FlyBehavior interface (FlyBehavior.java) and
the two behavior implementation classes (FlyWithWings.java and
FlyNoWay.java).

The interface that all ﬂrng

public interface FlyBehavior { behavior tlasses implemen
public void fly();
}

public class FlyWithWings implements FlyBehavior ({
public void fly () { F\\["“b behavi 0
System.out.println (“I’'m flying!!”); $or dueks that DO Ay

ov \mv\cmc“ta{jon

}

public class FlyNoWay implements FlyBehavior ({ F’ying behavi
Vior im

public void fly () { Plementat;
System.out.println(“I can’t fly”); V:;bd:':ks that do NoT ﬂy (7;(6
) er dueks and de,;oy dueks).
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Testing the Puck code continved...

6 Type and compile the QuackBehavior interface
(QuackBehavior.java) and the three behavior implementation
classes (Quack.java, MuteQuack.java, and Squeak.java).

public interface QuackBehavior {
public void quack();
}

public class Quack implements QuackBehavior ({
public void quack() {
System.out.println (“Quack”) ;
}

public class MuteQuack implements QuackBehavior {
public void quack() {
System.out.println (V<< Silence >>");

}

public class Squeak implements QuackBehavior ({
public void quack() {
System.out.println (“Squeak”) ;
}
}

Q Type and compile the test class
(MiniDuckSimulator.java).

public class MiniDuckSimulator {
public static void main (String[] args) { 0
) . . watk
Duck mallard = new MallardDuck() ; This ealls the Ma\\avdDuCkS inhevited :}crﬁzr:&
mallard.performQuack () ; T ,.ethod, whith then dc\cga{:cs to the objet ;
mallard.performFly () ; m (e ealls uadd)onfhtducs
QuatkBehavior (e b\

| inhevited quacch\\avior veferente):

e do the same thing with Mall
thod

acdDuek’s

Y Then w
e Run the code! hevited Ymcomﬂ\,() me

File Edit Window Help Yadayadayada
%java MiniDuckSimulator

Quack

I'm flying!!

you are here » 19



ducks with behavior

Setting behavior dynawically

What a shame to have all this dynamic talent built into our ducks and not be using
it! Imagine you want to set the duck’s behavior type through a setter method on the
duck subclass, rather than by instantiating it in the duck’s constructor.

Q Add two new methods to the Duck class:

public void setFlyBehavior (FlyBehavior fb) {
flyBehavior = fb;

} Duck
FlyBehavior flyBehavior;
public void setQuackBehavior (QuackBehavior gb) { QuackBehavior quackBehavior;

quackBehavior = gb; swim()

display()

performQuack()

performFly()

setFlyBehavior()
setQuackBehavior()

/I OTHER duck-like methods...

}

We can call these methods anytime we want to change the

behavior of a duc

e Make a new Duck type (ModelDuck.java).

public class ModelDuck extends Duck { | dutk
public ModelDuck () { Our mode

flyBehavior = new FlyNoWay(); €—— ithout 3 WY
quackBehavior = new Quack() ;

bcg'ms \‘&c tyovmdcd---
1o By

public void display () {
System.out.println(“I’'m a model duck”);

}

s okay, we've treating a
Make a new FlyBehavior type That's okay, weve 9

e votket powered flying behavior.
(FlyRocketPowered.java). /‘

public class FlyRocketPowered implements FlyBehavior {
public void fly () {
System.out.println(“I’'m flying with a rocket!”);
}

20




Change the test class (MiniDuckSimulator.java), add the
ModelDuck, and make the ModelDuck rocket-enabled.

public class MiniDuckSimulator {

public static void main(String[] args) {

Duck mallard = new MallardDuck() ;
mallard.performQuack() ;

mallard.performFly () ;

Duck model = new ModelDuck () ;

model .performFly () ; -

I£ it worked, the model
.tthang,cd its ‘QYihS behavi
if the implementation liv

duck dynamically
or! You tan't do THAT
es inside the duck ¢ljss.

ModC\D\AC\‘,S torn
model.performFly () ; é"’\—/ F\\INOWQ\I instante:

model.setFlyBehavior (new FlyRocketPowered()); — This invokes the model

File Edit Window Help Yabadabadoo

%java MiniDuckSimulator

Quack

I'm flying!!

I can’t fly
I'm flying with a rocket!

intro to Design Patterns

before

eall to YCY‘COYMF\\[O dc\cga’c,cs

oc dojett set the
s{vuc{’ph whith is 3

T\\c ‘C\Y'S‘h )
ko the Aybenav

s inherited
d, and...voilal The
cket-powered

behavior setter metho
model suddcn'\/ has vo
Aying capability!

To change a dudk’s
hehavior at runtime, just

call the duck’s setter
method for that behavior.

you are here » 21



the

The Big Picture on encapsulated behaviors

Okay, now that we’ve done the deep dive on the
duck simulator design, it’s time to come back up

for air and take a look at the big picture.

Below is the entire reworked class structure. We have everything you’d expect:

ducks extending Duck, fly behaviors implementing FlyBehavior and quack

behaviors implementing QuackBehavior.

Notice also that we’ve started to describe things a little differently. Instead
of thinking of the duck behaviors as a set of behaviors, we’ll start thinking of
them as a famaly of algorithms. Think about it: in the StmUDuck design, the
algorithms represent things a duck would do (different ways of quacking or

flying), but we could just as easily use the same techniques for a set of classes

that implement the ways to compute state sales tax by different states.

Pay careful attention to the relationships between the classes. In fact, grab
your pen and write the appropriate relationship (IS-A, HAS-A and

IMPLEMENTS) on each arrow in the class diagram.

Client makes use of an
entapsulated family of algorithms
for both -Q\/'mg and -’\macking~

Client

FlyBehavior flyBehavior

QuackBehavior quackBehavior

swim()
display()

performQuack()

performFly()

setFlyBehavior()
setQuackBehavior()

/I OTHER duck-like methods...

MallardDuck

RedheadDuck RubberDuck DecoyDuck

display() {
Il'ooks like a redhead }

display() {
Iooks like a mallard }

display() {
I'looks like a rubberduck }

display() {
Iooks like a decoy duck }

Encapsulated fly behavior

<<interface>>
FlyBehavior

/

FlyNoWay

fiy) {
Il do nothing - can’t fly!

FlyWithWings
iy {
Ilimplements duck flying

} }

Encapsulated quack behavior
<<interface>>
QuackBehavior

quack()

Quack

Squeak

MuteQuack

quack) {

}

Ilimplements duck quacking

quack() {
I/ rubber duckie squeak

quack() {

}

11 do nothing - can't quack!

22



HAS-A can be better than IS-A

The HAS-A relationship is an interesting one: each duck
has a FlyBehavior and a QuackBehavior to which it
delegates flying and quacking.

When you put two classes together like this you’re using
composition. Instead of inheriting their behavior, the
ducks get their behavior by being composed with the right
behavior object.

This 1s an important technique; in fact, we’ve been using
our third design principle:

Design Principle

Favor composition over inheritance.

As you've seen, creating systems using composition gives you
a lot more flexibility. Not only does it let you encapsulate

a family of algorithms into their own set of classes, but it
also lets you change behavior at runtime as long as

the object you’re composing with implements the correct
behavior interface.

Composition is used in_ many design patterns and you’ll
see a lot more about its advantages and disadvantages
throughout the book.

A duck call is a device that hunters use to mimic the
calls (quacks) of ducks. How would you implement your
own duck call that does not inherit from the Duck class?

intro to Design Patterns

Master and Student...

%8~ Master: Grasshopper,
> g tell me what you have
}( learned of the Object-
Oriented ways.

~
>

Student: Master, | have learned that
the promise of the object-oriented way
is reuse.

Master: Grasshopper, continue...

Student: Master, through inheritance
all good things may be reused and
so we will come to drastically cut
development time like we swiftly cut
bamboo in the woods.

Master: Grasshopper, is more
time spent on code before or after
development is complete?

Student: The answer is after,
Master. We always spend more time
maintaining and changing software
than on initial development.

Master: So Grasshopper, should effort
go into reuse above maintainability and :
extensibility? :

Student: Master, | believe that there is
truth in this.

Master: | can see that you still have
much to learn. | would like for you to
go and meditate on inheritance further.
As you've seen, inheritance has its
problems, and there are other ways of
achieving reuse.

23



the

pattern

Speaking of Design Patterns...

24

Congratulations on
your first pattern!

You just applied your first des.gn pattern—the
STRATEGY pattern. That’s right, you used the
Strategy Pattern to rework the SimUDuck app.
Thanks to this pattern, the simulator is ready for any
changes those execs might cook up on their next
business trip to Maui.

Now that we’ve made you take the long road to apply it,
here’s the formal definition of this pattern:

The Strategy Pattern defines a family of algorithms,
encapsulates each one, and makes them interchangeable.

Strategy lets the algorithm vary independently from
clients that use it.




intro to Design Patterns

% Design Puzzle

Below you’ll find a mess of classes and interfaces for an action adventure game. You’ll
find classes for game characters along with classes for weapon behaviors the characters
can use in the game. Each character can make use of one weapon at a time, but can
change weapons at any time during the game. Your job is to sort it all out...

(Answers are at the end of the chapter.)

Your task:

o Arrange the classes.

e Identify one abstract class, one interface and eight classes.

e Draw arrows between classes.
a. Draw this kind of arrow for inheritance (“extends”). —
b. Draw this kind of arrow for interface (“implements”). .......... o~
c. Draw this kind of arrow for “HAS-A’. ———

e Put the method setWeapon() into the right class.

Character h
WeaponBehavior weapon; I
fight(); KnifeBehavior BowAndArrowBehavior
useWeapon() { // implements cutting useWeapon() { // implements shoot-
with a knife } <<interface>> : Tow with a bow }
ﬁ Queen interface>>
‘ fight) (..} WeaponBehavior b
‘ King useWeapon(); l
fight() { ... } Troll ™ AxeBehavior
fight() { ... } u_seWe_apon()(l/ implements chop-
ping with an axe }
‘ - Knight SwordBehavior
‘ fight() { ... } useWeapon() { // implements swing-
ing a sword }

setWeapon (WeaponBehavior w) {
this.weapon = w;

you are here » 25



diner

Overheard at the local diner...

Alice

I need a Cream cheese
with jelly on white bread, a
chocolate soda with vanilla ice cream, a
grilled cheese sandwich with bacon, a funa
fish salad on toast, a banana split with

ice cream & sliced bananas and a coffee
with a cream and two sugars, ... oh,

and put a hamburger on the grilll

Flo

Give mea CJ.

White, a black & white, a
Jack Benny, a radio, a house
boat, a coffee regular and
burn onel!

:\'E‘I‘.

{
LY

ARy

I

What’s the difference between these two orders? Not a thing! They’re both
the same order, except Alice 1s using twice the number of words and trying the
patience of a grumpy short order cook.

What'’s Flo got that Alice doesn’t? A shared vocabulary with the short order
cook. Not only is it easier to communicate with the cook, but it gives the cook less
to remember because he’s got all the diner patterns in his head.

Design Patterns give you a shared vocabulary with other developers. Once you've
got the vocabulary you can more easily communicate with other developers and
inspire those who don’t know patterns to start learning them. It also elevates your
thinking about architectures by letting you think at the pattern level, not the
nitty gritty object level.

26



intro to Design Patterns

Overheard in the next cubicle...

So I created this broadcast
class. It keeps track of all
the objects listening to it and anytime
a new piece of data comes along it sends a
message to each listener. What's cool is that
the listeners can join the broadcast at any
time or they can even remove themselves.
It is really dynamic and loosely-coupled!

RANN
PQWERWR

Can you think of other shared vocabularies
that are used beyond OO design and diner
talk? (Hint: how about auto mechanics,
carpenters, gourmet chefs, air traffic control).
What qualities are communicated along with
the lingo?

Can you think of aspects of OO design
that get communicated along with pattern
names? What qualities get communicated
along with the name “Strategy Pattern”?

Exactly. If you
communicate in patterns,
then other developers know
immediately and precisely the
design you're describing. Just don't
get Pattern Fever... you'll know
you have it when you start using
patterns for Hello
World...

Rick, why
didn't you just say
you were using the
Observer Pattern?

27



shared

The power of a shared pattern vocabulary

When you communicate using patterns you
are doing more than just sharing LINGO.

Shared pattern vocabularies are POWERFUL.

When you communicate with another developer or your the dorates] Ya&j&,cvﬂg i
team using patterns, you are communicating not just a seve vsd (avious aviors ;c\na ior
pattern name but a whole set of qualities, characteristics mplemen Jc\nl s Yoo Lhe & ek .
and constraints that the pattern represents. cks” Tws e aked ¥ o 42
as beer c“wf;\ Ve €\ *Ya“i:cd.
. elasses a‘c uV\‘E‘ e X ne
Patterns allow you to say more with less. When changeds
you use a pattern in a description, other developers quickly
know precisely the design you have in mind.
Ne \lov o
0 o' et
Talking at the pattern level allows you to stay “in 2y deso" ,,\c::dc WP s
the design” longer. Talking about software systems using ~ \to¥ w’c R aed
patterns allows you to keep the discussion at the design w )"\f\a NS
level, without having to dive down to the nitty gritty details xaton
of implementing objects and classes.
As your Leam begins 4o shave design

Shared vocabularies can turbo charge your
development team. A team well versed in design
patterns can move more quickly with less room for

ideas and experiente in Lerms o

Y&H’,CYV\S, You will build 3 Commumi{:\l

28

misunderstanding;

Shared vocabularies encourage more junior
developers to get up to speed. Junior developers look
up to experienced developers. When senior developers
make use of design patterns, junior developers also become
motivated to learn them. Build a community of pattern
users at your organization.

of patterns users:

Think about s{',ar{:ing a ?aH‘,cvns s{',ud\/
group at Your organiza{‘,ion, ma\/bc You
tan even 3:{', yaid while \/ou,rc learning...



intro to Design Patterns

How do | use Pesign Patterns?

We've all used off-the-shelf libraries and frameworks. We take them, write some code against their APIs,
compile them into our programs, and benefit from a lot of code someone else has written. Think about
the Java APIs and all the functionality they give you: network, GUI, IO, etc. Libraries and frameworks go
a long way towards a development model where we can just pick and choose components and plug them
right in. But... they don’t help us structure our own applications in ways that are easier to understand, more
maintainable and flexible. That’s where Design Patterns come in.

Design patterns don’t go directly into your code, they first go into your BRAIN. Once you’ve loaded your
brain with a good working knowledge of patterns, you can then start to apply them to your new designs,
and rework your old code when you find it’s degrading into an inflexible mess of jungle spaghetti code.

\E
S
& E e e 3 ‘"3:‘.::: |
; e )|
3 & : S
é 8
<< / $
Avtomatic update/notification \/ow. CO d e now :;\w
/ and improved "
desion pattevns.
therejare no
Dumb Questions
Q,: If design patterns are so great, < Aren’t libraries and frameworks understand APIs that are structured
why can’t someone build a library of also design patterns? around design patterns.
them so | don’t have to?
A. A: Frameworks and libraries are not 3 So, there are no libraries of
- Design patterns are higher level design patterns; they provide specific design patterns?
than libraries. Design patterns tell us implementations that we link into our
how to structure classes and objects to code. Sometimes, however, libraries and
solve certain problems and it is ourjob to  frameworks make use of design patterns « No, but you will learn later about
adapt those designs to fit our particular in their implementations. That's great, pattern catalogs with lists of patterns that
application. because once you understand design you can apply to your applications.

patterns, you'll more quickly

29



why

Skeptical Peveloper

30

patterns?

Patterns are
nothing more than using
OO design principles...

A common misconception,
Grasshopper, but it's more
subtle than that. You have
much to learn...

L
Friendly
Patterns Guru

Developer: Okay, hmm, but isn't this all just good object-oriented design; I mean
as long as T follow encapsulation and I know about abstraction, inheritance, and
polymorphism, do I really need to think about Design Patterns? Isn't it pretfty
straightforward? Isn't this why I took all those OO courses? I think Design
Patterns are useful for people who don't know good OO design.

Guru: Ah, this is one of the true misunderstandings of object-oriented
development: that by knowing the OO basics we are automatically going to be good at
building flexible, reusable, and maintainable systems.

Developer: No?

Guru: No. As it turns out, constructing OO systems that have these properties is
not always obvious and has been discovered only through hard work.

Developer: I think I'm starting to get it. These, sometimes non-obvious, ways of
constructing object-oriented systems have been collected...

Guru: ..yes, into a set of patterns called Design Patterns.

Developer: So, by knowing patterns, I can skip the hard work and jump straight to
designs that always work?

Guru: Yes, to an extent, but remember, design is an art. There will always be
tradeoffs. But, if you follow well thought-out and time-tested design patterns, you'll
be way ahead.

Developer: What do I do if I can't find a pattern?



intro to Design Patterns

Remember, knowing
concepfts like abstraction,
inheritance, and polymorphism do
not make you a good object oriented
designer. A design guru thinks about
how to create flexible designs that
are maintainable and that can
cope with change.

Guru: There are some object oriented-principles that
underlie the patterns, and knowing these will help you
to cope when you can't find a pattern that matches your
problem.

Developer: Principles? You mean beyond abstraction,
encapsulation, and...

Guru: Yes, one of the secrets to creating maintainable

OO systems is thinking about how they might change in the
future and these principles address those issues.

you are here » 31



your design

32

Tools for your Design Toolbox

You’ve nearly made it through the first
chapter! You’ve already put a few tools
in your OO toolbox; let’s make a list of
them before we move on to Chapter 2.

w W ¢ 00 Xaixcs
no \’)
o We assume you W\“ca
OO BaS\LS ok v o Y\s\{\i dCS\S"{-‘\j
4 oW \vx\\cjc ent Ys“\a o
Postrattion — w“*xac , o )
sulation - orks o\,\avc o o e
Eneay heser pull © I o e
Polymor phism \)“ava - ol
|whevitance o e o
00 Peintiples -
| \osev look at
o || lbe taking 3 ¢
EhLaYSu\a{-_g w\na‘c V::csc s s .’ aza:t:;
FaVo\‘ Lomvos'r\:'\on over b & e 1
hevitante:
“‘; am ‘\'p \w\',ev"cat,CS, nO'\’,
(TN
'\vnY\va\Ch‘ba‘\’,\on

Th'roughou{ the
book think about
how patterns vely
on 00 basits and
printiples.

00 Patterr

defines 3 ‘Qad .\Ya\i es them

Ghrateoy -

ath one 3™ algorithm
entapsw \ates 2 ble. Str ate \f leks ‘i\:ﬁ asc it
mﬂ*“\‘a“scadc\n’c\‘l feom "\‘"‘b

One down, many to 50!

- BULLET POIN& —

= Knowing the OO basics
does not make you a good
00 designer.

= Good OO designs are
reusable, extensible and
maintainable.

= Patterns show you how to
build systems with good
00 design qualities.

= Patterns are proven object-
oriented experience.

= Patterns don't give you
code, they give you
general solutions to design
problems. You apply them
to your specific application.

= Patterns aren’t invented,
they are discovered.

= Most patterns and
principles address issues of
change in software.

= Most patterns allow some
part of a system to vary
independently of all other
parts.

= We often try to take what
varies in a system and
encapsulate it.

= Patterns provide a
shared language that can
maximize the value of your
communication with other
developers.




intro to Design Patterns

Let’s give your right brain something to do.

It’s your standard crossword, all of the solution words

are from this chapter.

1
2 3
4 5
6 7 8
9
10 11 12
13
14
15
16 17
18 19
20
Across Down
2 what varies 1. Patterns in many applications

4. Design patterns
6. Java 10, Networking, Sound

9. Rubberducks make a

13. Bartender thought they were called

15. Program to this, not an implementation
17. Patterns go into your

18. Learn from the other guy's

19. Development constant

20. Patterns give us a shared

3. Favor over inheritance

5. Dan was thrilled with this pattern
7. Most patterns follow from OO

8. Not your own

10. High level libraries

11. Joe's favorite drink

12. Pattern that fixed the simulator
13. Duck that can't quack

14. Grilled cheese with bacon

16. Duck demo was located where

33



design puzzle solution

% Design Puzzle Solution

Character is the abstract class for all the other characters (King, Queen,
Knight and Troll) while WeaponBehavior is an interface that all weapon
behaviors implement. So all actual characters and weapons are concrete

classes.

To switch weapons, each character calls the setWeapon() method, which
1s defined in the Character superclass. During a fight the useWeapon()
method is called on the current weapon set for a given character to inflict

great bodily damage on another character.

abstract
Character
WeaponBehavior weapon;

.

fight();

setWeapon(WeaponBehavior w) {
this.weapon = w;

A Character

King

\ Knight

fight() {...}

‘ fight(){ ...}

Queen

Troll |

fight() { ... }

I fight() { ..}

34 Chapter 1

HAS-A

WeaponBehavior-

<<interface>>
WeaponBehavior

useWeapon();

T

V..

SwordBehavior

BowAndArrowBehavior

ing asword }

useWeapon() { // implements swing-

useWeapon() { // implements shoot-

KnifeBehavior

with a

AxeBehavior

: &
\d wpleme
o\o;)cc\: tow a
Note H\akv\mi;(a \o¢ '\v\‘hcvﬁaccg-\fii ;
the chvoa b of tothe?
ey

useWeapon() { // implements cutting
with a knife }

useWeapon() { // implements chop-
ping with an axe }




intro to Design Patterns

Solutions

@ Sharpen your pencil
narpen four p

Which of the following are disadvantages of using subclassing to provide specific
Duck behavior? (Choose all that apply.)

o A Codeis duplicated across subclasses. E/DA Hard to gain knowledge of all duck behaviors.
B. Runtime behavior changes are difficult. [ E. Ducks can’t fly and quack at the same time.
A C. We can’t make duck’s dance. &E Changes can unintentionally affect other ducks.
1
R
2 3
ENCAPSULATE
c o ‘"0 ¢ «
u M ‘AP Is B °F
9
R P R S QU E A K
10 11 12
) I F M S E I
13
DESIGNERPATTETRNS L
E I C A R R v U
c T I M T A E T R
o I P E INTERFACE
Y o L w N E c S
D N E o I G K
16 17
U M S R Y B R ATIN
c A K E
18 19
K S UCCESsSs s E s C HANGE
I N
20
VOoCABULARY
1 What are some factors that drive change in your applications? You might
% haifen your Penﬁﬂ have a very different list, but here’s a few of ours. Look familiar?

My tustomers or users decide they want something else, or they want new ‘cunc{:ionali‘t\f

M\/ tompany detided it is 90ing with another database vendor and it is also purthasing its data
from another supplier that uses a diffevent data format. Avgh/

Well, technology thanges and we've 9ot to update our code to make use of prototols.
We've learned enough building our system that we'd like to g0 back and do things a little better.
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2 the Observer Pattern

Keeping yours’6 +
* Objects in the know

Hey Jerry, T'm
notifying everyone that the
Patterns Group meeting moved to
Saturday night. We're going to be
talking about the Observer Pattern.
That pattern is the best! It's the
BEST, Jerry!

Don’t miss out when something interesting happens! we've got a
pattern that keeps your objects in the know when something they might care about happens.
Objects can even decide at runtime whether they want to be kept informed. The Observer
Pattern is one of the most heavily used patterns in the JDK, and it’s incredibly useful. Before
we’re done, we'll also look at one to many relationships and loose coupling (yeah, that’s right,

we said coupling). With Observer, you'll be the life of the Patterns Party.

this is a new chapter 37
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we
ather monitoring

Congratulations!

Your tea
m has j
V\’eai:her_o_Ras ni“st won the cont
i a, Inc.’s next genraCt to build
eration
H)

Internet
bas -
ed Weather Monitoring S
tation

Weather- -O-! _Rama, In¢:
100 Main Street
Tornado Alley, OK 45021

sratement of Work
Congratu\aﬁo g on being selected 10 build our next generaﬁor\
Internet-base ed Weather Momtormg Station!

The weather station will be based on our patent pending
Wea therData object’ which tracks current W eather conditions

the customers are hoo ¢ intend 10 harge them for eac
display they use Now for the best part are going t0 pay
you In stock options

Johnny Hurricane, CEO

nighting the WeatherData source file



the observer pattern

The Weather Monitoring application overview

The three players in the system are the weather station (the physical device that
acquires the actual weather data), the WeatherData object (that tracks the data coming
from the Weather Station and updates the displays), and the display that shows users
the current weather conditions.

o of
Condi Lions is one
L Con d\S\’\ ays. The

+ weather sta

Curven

‘{:\\‘(CC d\‘(: ‘c CV'C"{"

user tan also 8¢

and 3 fovetast Xt

displays

Humidity
sensor device

Oi

Temperature L

Current
Conditions
Temp: 72°
Humidity: 60

pulls data

Pressure: ¢

WeatherData
object

sensor device

Weather Station i )
Display device

Pressure
sensor device

Weather-O-Rama provides What we implement

The WeatherData object knows how to talk to the physical Weather Station, to get
updated data. The WeatherData object then updates its displays for the three different
display elements: Current Conditions (shows temperature, humidity, and pressure),
Weather Statistics, and a simple forecast.

Our job, if we choose to accept it, is to create an app that

uses the WeatherData object to update three displays for
current conditions, weather stats, and a forecast.
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weather data class

Unpacking the WeatherData class

As promised, the next morning the WeatherData source files arrive.
Peeking inside the code, things look pretty straightforward:

X
.h vetenw
Lhe moS Jdit
mekhods vebver per3te 07
WeatherData These Lhee for te 1 N
measueer e
getTemperature() / weathet melnt vessuee Yc. \es ave sek; the
gettumidity) (] and 03¢0 pnese WO T L odaked
getPressure() e dork 837 \*OWJc s how 0
e \ett F .
measurementsChanged() — waakthDat:‘covxibeakhcv ghation
\V\£° vor
// other methods
J /*

* This method gets called

* whenever the weather measurements

* have been updated

.ha *

The developers of the Wca\:hc;z:awc */
etk leftus d elue about W public void measurementsChanged() {

objet y // Your code goes here

need to add-- }

Remember, this Current Conditi
) Thi onditions i just
ONE of three diffevent display scrc:y\.)su.‘
l

WeatherData.java

' gg:girt‘itons Our job is to implement measurementsChanged()

Temp: 72° so that it updates the three displays for current
Humidity: 60 J conditions, weather stats, and forecast.

Pressure: ¢

Display device
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the observer pattern

What do we know so far?

The spec from Weather-O-Rama wasn’t all that clear, but we have to
figure out what we need to do. So, what do we know so far?

etTemperature
{¥ The WeatherData class has getter methods for three g P 0

measurement values: temperature, humidity and getHumidity ()
barometric pressure. getPressure ()

{¥ The measurementsChanged() method is called any
time new weather measurement data is available. (We measurementsChanged ()
don’t know or care how this method is called; we just
know that it is.)

Current %@:&

Conditions |

¥ We need to implement three display elements that Li':'..'?éﬁso
use the weather data: a current conditions display, a J
statistics display and a forecast display. These displays
must be updated each time WeatherData has new
measurements.

Display One

Display Three

{x The system must be expandable—other developers
can create new custom display elements and users
can add or remove as many display elements as they
want to the application. Currently, we know about
only the initial three display types (current conditions,
statistics and forecast).

U

Future displays

41



first try

Taking a first, misquided SWAG at
the Weather Station

Here’s a first implementation possibility—we’ll take the hint from the Weather-O-
Rama developers and add our code to the measurementsChanged() method:

public class WeatherData ({
// instance variable declarations

public void measurementsChanged() {
Grab the most vetent measuremets by

float temp = getTemperature () ; calling the WeatherData's getter meth—
float humidity = getHumidity () ; ods (alveady implemented).
float pressure = getPressure() ;
currentConditionsDisplay.update (temp, humidity, pressure) ; Now uydaﬁc
statisticsDisplay.update (temp, humidity, pressure) ; the disyla\/s...
forecastDisplay.update (temp, humidity, pressure);
}
. ‘a c\cmcn‘h b
// other WeatherData methods here Call eath d‘s‘_’ 1 ssing) ik the
} spdate its displ2Y P2
mos‘h rcCCV\{: measurements:
—eharpen your peci
Based on our first implementation, which of the following apply?
(Choose all that apply.)
(A A. We are coding to concrete (A D. The display elements don’t implement a
implementations, not interfaces. common interface.

([ B. For every new display element we need [ E. We haven’t encapsulated the part that

to alter code. changes.
(A C. We have no way to add (or remove) (A F We are violating encapsulation of the
display elements at run time. WeatherData class.

Definition of SWAG: Scientific Wild A** Guess

42



the observer pattern

What's wrong with our implementation?

Think back to all those Chapter 1 concepts and principles...

public void measurementsChanged() {

float temp = getTemperature() ; Avea of thange, we need
float humidity = getHumidity() ; 4o encapsulate this
float pressure = getPressure() ; P )

statisticsDisplay.update (temp, humidity, pressure);
forecastDisplay/update (temp, humidity, pressure);
W

urrentConditignsDisplay.update (temp, humidity, pressure) ; i /

At least we seem to be using 3
tommon in’ccvfacc to +alk to the
display elements... they all have an

By toding to tontrete implementations update() method takes the temp,
we have no way 4o add or vemove humidity, and pressure values.
other disyla\/ elements without making

thanges to the program.

Umm, I know I'm new

here, but given that we are in
the Observer Pattern chapter,
maybe we should start using it?

We’ll take a look at
Observer, then come
back and figure out how

to apply it to the weather
monitoring app.
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meet the observer pattern

Meet the QObserver Pattern

You know how newspaper or magazine
subscriptions work:

€@ A newspaper publisher goes into business and begins
publishing newspapers.

e You subscribe to a particular publisher, and every time
there’s a new edition it gets delivered to you. As long as
you remain a subscriber, you get new newspapers.

© You unsubscribe when you don’t want papers anymore,
and they stop being delivered.

e While the publisher remains in business, people, hotels,
airlines and other businesses constantly subscribe and
unsubscribe to the newspaper.

Miss what's going on
in Objectville? No way, of
course we subscribel
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the observer pattern

Publishers + Subscribers = Observer Pattern

If you understand newspaper subscriptions, you pretty much
understand the Observer Pattern, only we call the publisher
the SUBJECT and the subscribers the OBSERVERS.

Let’s take a closer look:

The observers have subsevibed to
(vegistered with) the Sub\')cc{:
to veteive u\?da{xs when the
Lhe Subject changes Subject’s data changes.
e Subj )

otified.

When data in

the observers ave n

Subjeet dojett manddes
some bit @ da&a.\ . 2

New data values are h
tommunitated to the

obsevvers in some form

when ‘H\c\/ thange.

This Jbiett isnt an ,
&\ ob‘scrvé)v, so it doesn t
o 5&, nokified when the

Ouck 0o¥ Subject's data changes:

<&
Mouse 0%
| Observer Objects

|

you are here » 45



a day in the life of the

A day in the life of the Observer Pattern

46

A Duck object comes along
and tells the Subject that
it wants to become an
observer.

Duck really wants in on the
action; those ints Subject is
sending out whenever its state
changes look pretty interesting...

_Observer's

The Duck object is now an
official observer.

Duck is psyched... he's on the
list and is waiting with great
anticipation for the next
notification so he can get an int.

Observers

The Subject gets a new
data value!

Now Duck and all the rest of the
observers get a notification that
the Subject has changed.

I
’%use 0050



The Mouse object asks to be
removed as an observer.

The Mouse object has been
getting ints for ages and is tired
of it, so it decides it's time to
stop being an observer.

the observer pattern

Mouse is outta herel

The Subject acknowledges the
Mouse's request and removes it
from the set of observers.

S o
Bject 00
Oa_
'%use 0050

Observers

The Subject has another
new int.

All the observers get another
notification, except for the
Mouse who is no longer included.
Don't tell anyone, but the Mouse
secretly misses those ints...
maybe it'll ask to be an observer
again some day.

you are here » 47



five minute

encounter a real live head hunter...

This is
Ron, I'm looking for a
Java development position, I've
got five years experience and...

Software
Developer #1

Hi, I'm Jill, T've
written a lot of EJB
systems, I'm interested

in any job you've got with
Java development.

Software
Developer #2

48

Uh, yeah,
you and everybody
else, baby. I'm putting
you on my list of Java
developers, don't call me,

Five minute drama: a subject for observation

In today's skit, two post-bubble software developers

Headhunter/Subject

T'll add you to the list,
you'll know along with
everyone else.

Subject



the observer pattern

Meanwhile for Ron and Jill life goes on;
if a Java job comes along, they'll get
notified. After all, they are observers.

Thanks, T'll
send my resume
right over.

This guy is a real jerk,
who needs him. I'm
looking for my own job.

Hey
observers,
there's a Java opening
down at JavaBeans-R-

Us, jump on itl Don't
blow it!

Bwahaha, money
in the bank, baby!

Observer

Observer

Arghhhlll Mark my
words Jill, you'll never work
in this fown again if T have

anything to do with it. You're
of f my call list!l!

You can take me
off your call list, T
found my own job!

Observer e Subject

49



the observer pattern

Two weeks later...

~

e

Jill's loving life, and no longer an observer.
She's also enjoying the nice fat signing
bonus that she got because the company
didn't have to pay a headhunter.

But what has become of our dear Ron? We hear
he's beating the headhunter at his own game.

He's not only still an observer, he's got his own
call list now, and he is notifying his own observers.
Ron's a subject and an observer all in one.
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The Observer Pattern defined

When you're trying to picture the Observer Pattern, a newspaper
subscription service with its publisher and subscribers is a good
way to visualize the pattern.

In the real world however, you'll typically see the Observer Pattern
defined like this:

The Observer Pattern defines a one-to-many
dependency between objects so that when one
object changes state, all of its dependents are
notified and updated automatically.

Let’s relate this definition to how we've been talking about the
pattern:

ONE TO MANY RELATIONSHIP

ObJCC‘E that
holds state

The subject and observers define the one-to-many relationship.
The observers are dependent on the subject such that when the
subject’s state changes, the observers get notified. Depending on
the style of notification, the observer may also be updated with
new values.

As you'll discover, there are a few different ways to implement
the Observer Pattern but most revolve around a class design that
includes Subject and Observer interfaces.

Let’s take a look...

the observer pattern

The Observer Pattern

defines a one—to—many
relations]nip hetween a set
of ol)jects.

When the state of one

ol)ject clnanges, all of its
Jependents are notilied.
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loose coupling

The Observer Pattern defined:

the class diagram

intertate: 0
. ‘\,’“Qaw' - kex Each subjeé‘ﬁ . s one method, “Yda{—’c '
et W ko e \)us‘t ha h H\C
1. ke WYy Kate ¢an have many hat aets called when
es \V\k ove 5 3
\rex s uSe s o yp O - obsevvevs. va\.)cc{_"s state thanges-
. oS
Ob)c‘t)sc\"‘as and \oed dosee™ {
as @ o
newst ves - b
\_’% <<gtebrf.acet>> observers <<oirgerface>>
ubjec . server
registerObserver() update()
removeObserver()
notifyObservers() A
= '
ConcreteSubject subject Concretebbserver i
registerObserver() {...} update()
. < removeObserver() {...} Il other Observer specific
A Lont,v‘c{'x S“b‘)egt’{;)a\::\l notifyObservers() {...} methods
(4
implements the Suoy
-m.{‘;r‘(:acc. In add\boh to getState()
‘kev and vemove setState()
the ‘rt‘ys'h t b etk X
methods, the tontre ; J 0
. evrvers
im?\mcn{:s a no{:\(:\[O s ote bietk may also Contrete observers tan be
method that is used to P The contrete subie

all the current observers
whenever state thanges-

. What does this have to do with :

All potential Josevvers need

1o im lement the Obsevver

This inkerkace

have methods Lor setting and

3 ething its skate (
Pis later)-

there

move ab OM{:

arene
Dumb Questions

any tlass that implements the
Obsevver interface. Each observer
vegisters with a contrete subject
to veteive updates.

How does dependence come
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one-to-many relationships?

A- With the Observer pattern, the
Subject is the object that contains the
state and controls it. So, there is ONE
subject with state. The observers, on
the other hand, use the state, even

if they don’t own it. There are many
observers and they rely on the Subject
to tell them when its state changes.
So there is a relationship between the
ONE Subject to the MANY Observers.

into this?

A- Because the subject is the sole
owner of that data, the observers are
dependent on the subject to update
them when the data changes. This
leads to a cleaner OO design than
allowing many objects to control the
same data.



the observer pattern

The power of Loose Coupling

When two objects are loosely coupled, they can interact,
but have very little knowledge of each other.

The Observer Pattern provides an object design where
subjects and observers are loosely coupled.

Why?

The only thing the subject knows about an observer is that it
implements a certain interface (the Observer interface). It doesn’t need to
know the concrete class of the observer, what it does, or anything else about it.

We can add new observers at any time. Because the only thing the subject
depends on is a list of objects that implement the Observer interface, we can add new

observers whenever we want. In fact, we can replace any observer at runtime with How man
another observer and the subject will keep purring along. Likewise, we can remove di (L(:Cvcyl kinds
observers at any time. 4— of chahgc tan You

say we have a new concrete class come along that needs to be an observer. We don’t
need to make any changes to the subject to accommodate the new class type, all

we have to do is implement the Observer interface in the new class and register as
an observer. The subject doesn’t care; it will deliver notifications to any object that
implements the Observer interface.

. . , d ‘t‘ \\CY'C?
We never need to modify the subject to add new types of observers. Let’s Z\) dentity

We can reuse subjects or observers independently of each other. If we
have another use for a subject or an observer, we can easily reuse them because the
two aren’t tightly coupled.

Changes to either the subject or an observer will not affect the other.
Because the two are loosely coupled, we are free to make changes to either, as long as
the objects still meet their obligations to implement the subject or observer interfaces.

Design Principle

Strive for loosely coupled designs
between objects that interact.

Loosely coupled designs allow us to build flexible OO
systems that can handle change because they minimize
the interdependency between objects.
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planning the

~@=9harpen vour pencil
narpen o

Before moving on, try sketching out the classes you'll need to implement the
Weather Station, including the WeatherData class and its display elements.

Make sure your diagram shows how all the pieces fit together and also how
another developer might implement her own display element.

If you need a little help, read the next page; your teammates are already
talking about how to design the Weather Station.
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the observer pattern

Cubicle conversation

Back to the Weather Station project, your teammates have
already started thinking through the problem...

So, how are we
going to build this thing?

Mary: Well, it helps to know we’re using the Observer Pattern.
Sue: Right... but how do we apply it?

Mary: Hmm. Let’s look at the definition again:

The Observer Pattern defines a one-to-many dependency between objects so that when one
object changes state, all its dependents are notified and updated automatically.

Mary: That actually makes some sense when you think about it. Our WeatherData
class is the “one” and our “many” is the various display elements that use the weather
measurements.

Sue: That’s right. The WeatherData class certainly has state... that’s the temperature,
humidity and barometric pressure, and those definitely change.

Mary: Yup, and when those measurements change, we have to notify all the display
elements so they can do whatever it is they are going to do with the measurements.

Sue: Cool, I now think I see how the Observer Pattern can be applied to our Weather
Station problem.

Mary: There are still a few things to consider that 'm not sure I understand yet.
Sue: Like what?
Mary: For one thing, how do we get the weather measurements to the display elements?

Sue: Well, looking back at the picture of the Observer Pattern, if we make the
WeatherData object the subject, and the display elements the observers, then the
displays will register themselves with the WeatherData object in order to get the
information they want, right?

Mary: Yes... and once the Weather Station knows about a display element, then it can
just call a method to tell it about the measurements.

Sue: We gotta remember that every display element can be different... so I think that’s
where having a common interface comes in. Even though every component has a
different type, they should all implement the same interface so that the WeatherData
object will know how to send them the measurements.

Mary: I sce what you mean. So every display will have, say, an update() method that
WeatherData will call.

Sue: And update() is defined in a common interface that all the elements implement...
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designing the weather station

Pesigning the Weather Station

How does this diagram compare with yours?

we a‘thev- LomYOhCV\‘ts

Leb's also eveate an interface
for all display elements

. ;wﬁaw A“ T:v:cn{ the Obsevver to im?lcvn'cn{:- The diS?la\/
5‘*\’3"& m. oY ‘.m\) Lace This 5’\ch the elements Jus{', need to
\(\C‘(C)s O"Kd \OO\L Qam\\‘a ‘g{";v :‘t a Lommon 'm‘l',c‘f‘(:acc {'P 'm\?lc"\ch‘{; a dls"la\lo mc'ﬂv\od.
s o wo)e

£alk to when it comes time to
update the observers:

)

<<interface>> observers <<interface>> <<interface>>
Subject g Observer DisplayElement
registerObserver() update() display()
removeObserver()
notifyObservers()
S I ST
b%q ......................
CurrentConditionsDisplay i
updatef) g
: display() { // display current Ui epa)
WeatherData measurements } update()
registerObserver() display() { // display
removeObserver() something else based on
notifyObservers() - _5 measurements }
This displ. StatisticsDisplay
]
getTemperature() shows {:E v C’c»mh{; update()
getHumidity() ¢ {—W'V'Chf display() { // display the aver- |
measu ) DCVC opers
getPressure() ements From ﬂ,c age, min and max measure- ean i lemen
n im
measurementsChanged() W“?JC""DaJca ob\)'ecf. ments } the OES evver
and Display
- i c\r(:atcs to
This one keeps track ForecastDisplay ::ia{-,c their own
WeatherData now t of the min/ava/max | el display element.
im\"emcn{'ﬁ the S“b)cc measurements and dopiay) {l isplay the !
forecast }
inkecfate. displays them.
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i hev
This displa shows the weat
‘(:o;ccas{: b\;scd on the bavometer-

These three display elements should have a pointer to
WeatherData labeled “subject” too, but boy would
this diagram start 4o look like spaghetti if they did.



the observer pattern

Implementing the Weather Station

We’re going to start our implementation using the class diagram and following Mary
and Sue’s lead (from a few pages back). You’ll see later in this chapter that Java
provides some built-in support for the Observer pattern, however, we’re going to get
our hands dirty and roll our own for now. While in some cases you can make use of
Java’s built-in support, in a lot of cases it’s more flexible to build your own (and it’s
not all that hard). So, let’s get started with the interfaces:

Both of these methods take an
public interface Subject { /. Observer as an argument; that is, the
public void registerObserver (Observer o) ;} Obsevrver +o be vegistered or removed.
public void removeObserver (Observer o) ;
: public void notifyObservers(); This method is ¢alled & no{i«cy ll observers
P when the Subjeet’s state has changed.

ver intevfate is
public interface Observer { Thj Obsc{\:;bm | observers
public void update (float temp, float humidity, float pressure); 'mplemente y all e ’

} A T 1 so they all have to implement
These are the state values the Observers get From the update() method. Here
the Subjeet when a weather measurement ¢hanges we've following Mary and

Sue’s lead and passing the

measurements to the observers.
public interface DisplayElement {

public void display(); 6_\
} The DisplayElement interface Just intludes one
method, dis‘?hy(), that we will all when the
display element needs to be displayed.

—@y RANN
Mary and Sue thought that passing the measurements directly to the
observers was the most straightforward method of updating state. Do
you think this is wise? Hint: is this an area of the application that

might change in the future? If it did change, would the change be well
encapsulated, or would it require changes in many parts of the code?

Can you think of other ways to approach the problem of passing the
updated state to the observers?

Don’t worry, we’ll come back to this design decision after we finish the
initial implementation.
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implementing the weather station

Implementing the Subject interface in REMEMBER: we don't provide

import and package statements in

Weafhel’va‘ra the tode listings. Get the complete

sourte tode from the wickedlysmart
Remember our first attempt at implementing the WeatherData class at the web site. You'll find the URL on

beginning of the chapter? You might want to refresh your memory. Now page xxxiii in the Intro.
it’s time to go back and do things with the Observer Pattern in mind...

public class WeatherData implements Subject { & WeatherData now implements

private ArrayList observers; the Subject intevface.

private float temperature;

private float humidity; We've added an AvcayList to

private float pressure; hold the Observers, and we
eveate it in the construttor-

public WeatherData () {
observers = new ArrayList();

}
When an observer vegisters, we ")us{:

public void registerObserver (Observer o) { & add it to the end of the list
observers.add (o) ;

} Likewise, when an obsevver wants +o un—vegister,

E we Just take it off the list.

public void removeObserver (Observer o) {
int i = observers.indexOf (o) ;
e Heve's the fun part; this is where we
observers.remove (i) £ell all £he observers about the state.
Betause they are all Observers, we
know ﬂ\c\/ all im?lc"«Ch{: u?da{',c(), so
we know how 1o no{:i‘(:\/ them.

}

public void notifyObservers () {
for (int i = 0; 1 < observers.size(); i++) {
Observer observer = (Observer)observers.get (i);
observer.update (temperature, humidity, pressure);

the O servers when

Heve we implement the Sub\')cc't Intevface.

W
} A—/-\ Yj: ;:t‘u;lda’ccd MCBS\AY‘:M:
public void measurementsChanged() { ‘c(om N Weaﬁ\“ uene

notifyObservers () ;

}

public void setMeasurements (float temperature, float humidity, float pressure) {
this.temperature = temperature;

this. humidity = humidity: Okay, while we wanted 4o ship a nice little
this.pressure = pressure; " weather station with eath book, the publisher
measurementsChanged () ; wouldn't g0 for it. So, vather than reading

) attual weather data off a device, we've 9oing

to use this method to test our display elements.
Or, for ‘Fum, You tould write tode {o 3\rab
measurements off the web.

// other WeatherData methods here
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the observer pattern

Now, let’s build those display elements

Now that we’ve got our WeatherData class straightened out, it’s time to build the
Display Elements. Weather-O-Rama ordered three: the current conditions display, the
statistics display and the forecast display. Let’s take a look at the current conditions
display; once you have a good feel for this display element, check out the statistics and
forecast displays in the head first code directory. You'll see they are very similar.

vev
play implEmE” Obsci,\\c
This displdy hanges Leom

“D ata doyett d

public class CurrentConditionsDisplay implements Observer,

private float temperature;

private float humidity;

private Subject weatherData;

public CurrentConditionsDisplay(Subject weatherData) {
this.weatherData = weatherData;
weatherData.registerObserver (this) ;

}

DisplayElement {

The tonstruetor is passed the
weatherData object (the Subjeet)
and we use it to vegister the
display as an observer.

public void update (float temperature, float humidity, float pressure) {
this.temperature = temperature;

this.humidity = humidity;

display();
}

public void display () {

System.out.println (“Current conditions:

N When update() is ¢alled, we

save the ‘tem\? and \'\um'ldi{:\l

and call displayQ-

+ “F degrees and “ + humidity + “% humidity”);

just prints out the m.os.{',
k J:CCCW{', temp and \wmdl‘t\[

“ + temperature

The d]s‘;\axl() method

Q: Is update() the best place to
call display?

A- In this simple example it made
sense to call display() when the values
changed. However, you are right,

there are much better ways to design

th o
Duenrlelgre uestions

the way the data gets displayed. We
are going to see this when we get to
the model-view-controller pattern.

: Why did you store a reference
to the Subject? It doesn’t look
like you use it again after the
constructor?

A- True, but in the future we
may want to un-register ourselves as
an observer and it would be handy
to already have a reference to the
subject.
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testing the weather station

Power up the Weather Station

o First, let’s create a test harness

The Weather Station is ready to go, all we need is some code to glue
everything together. Here’s our first attempt. We’ll come back later in
the book and make sure all the components are easily pluggable via a
configuration file. For now here’s how it all works:

Fiest) ereate the
Wca{:\\c"Da{"a

/ °b)CL£'

public class WeatherStation ({

public static void main(String[] args) {
WeatherData weatherData = new WeatherData();

1€ you dont
want to download CurrentConditionsDisplay currentDisplay =
the tode, You new CurrentConditionsDisplay (weatherData);

tan commcn{z ou StatisticsDisplay statisticsDisplay = new StatisticsDisplay (weatherData);

these £wo lines ForecastDisplay forecastDisplay = new ForecastDisplay (weatherData) ;

and vun it. Create the three
weatherData.setMeasurements (80, 65, 30.4f); disylays and
weatherData.setMeasurements (82, 70, 29.2f); pass them the

weatherData.setMeasurements (78, 90, 29.2f); .
} Simulate new weather WeatherData object.

} measurements.

© Run the code and let the Observer Pattern do its magic

File Edit Window Help StormyWeather

%$java WeatherStation

Current conditions: 80.0F degrees and 65.0% humidity
Avg/Max/Min temperature = 80.0/80.0/80.0

Forecast: Improving weather on the way!

Current conditions: 82.0F degrees and 70.0% humidity
Avg/Max/Min temperature = 81.0/82.0/80.0

Forecast: Watch out for cooler, rainy weather
Current conditions: 78.0F degrees and 90.0% humidity
Avg/Max/Min temperature = 80.0/82.0/78.0

Forecast: More of the same

%

60 Chapter 2



the observer pattern

@ oharpen vour pencil
napn yor p

Johnny Hurricane, Weather-O-Rama’s CEO just called, they can’t possibly ship without a Heat Index
display element. Here are the details:

The heat index is an index that combines temperature and humidity to determine the apparent
temperature (how hot is actually feels). To compute the heat index, you take the temperature, T, and the
relative humidity, RH, and use this formula:

heatindex =

16.923 + 1.85212 * 10* * T + 5.37941 * RH - 1.00254 * 10* * T
* RH + 9.41695 * 102 * T2 + 7.28898 * 10 * RH®* + 3.45372 * 10
* T2 *x RH - 8.14971 * 10 * T * RH®> + 1.02102 * 10 * T2 * RH*? -
3.8646 * 10> * T 4+ 2.91583 * 10 * RH® + 1.42721 * 10°° * T® * RH
+ 1.97483 * 1077 * T * RH® - 2.18429 * 10® * T3 * RH®> + 8.43296 *
1071 * T2 * RH® - 4.81975 * 10 * T3 * RH?

So get typing!

Just kidding. Don’t worry, you won'’t have to type that formula in; just create your own HeatlndexDisplay.
java file and copy the formula from heatindex.txt into it.

R~ You tan 3:{: heatindex.txt from wickcdl\/smar‘{:-«‘,om

How does it work? You’d have to refer to Head First Meteorology, or try asking someone at the National
Weather Service (or try a Google search).

When you finish, your output should look like this:

File Edit Window Help OverdaRainbow
%$java WeatherStation
Current conditions: 80.0F degrees and 65.0% humidity
Avg/Max/Min temperature = 80.0/80.0/80.0
“D)& /-\ Forecast: Improving weather on the way!
x5

Heat index is 82.95535
PR Current conditions: 82.0F degrees and 70.0% humidity
Neee o\,)(R
e Avg/Max/Min temperature = 81.0/82.0/80.0

Forecast: Watch out for cooler, rainy weather
Heat index is 86.90124

Current conditions: 78.0F degrees and 90.0% humidity
Avg/Max/Min temperature = 80.0/82.0/78.0

Forecast: More of the same

Heat index is 83.64967
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fireside chat: and

Fireside Chats
@ \
L=
| d

Subject

I'm glad we’re finally getting a chance to chat in
person.

Well, I do my job, don’t I? I always tell you what’s

going on... Just because I don’t really know who

you are doesn’t mean I don’t care. And besides, 1

do know the most important thing about you—
you implement the Observer interface.

Oh yeah, like what?

Well excuuuse me. I have to send my state with my

notifications so all you lazy Observers will know
what happened!

Well... I guess that might work. I'd have to open

myself up even more though to let all you Observers
come in and get the state that you need. That might
be kind of dangerous. I can’t let you come in and

just snoop around looking at everything I've got.
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Tonight’s talk: A Subject and Observer spar over the right
way to get state information to the Observer,

Observer

Really? I thought you didn’t care much about
us Observers.

Well yeah, but that’s just a small part of who I
am. Anyway, I know a lot more about you...

Well, you’re always passing your state around
to us Observers so we can see what’s going
on inside you. Which gets a little annoying at
times...

Ok, wait just a minute here; first, we’re not lazy,
we just have other stuff to do in between your
oh-so-important notifications, Mr. Subject, and
second, why don’t you let us come to you for
the state we want rather than pushing it out to
just everyone?



Subject

Yes, I could let you pull my state. But won’t that be
less convenient for you? If you have to come to me
every time you want something, you might have to
make multiple method calls to get all the state you
want. That’s why I like push better... then you have
everything you need in one notification.

Well, I can see the advantages to doing it both ways.
I have noticed that there is a built-in Java Observer
Pattern that allows you to use either push or pull.

Great... maybe I'll get to see a good example of
pull and change my mind.

the observer pattern

Observer

Why don’t you just write some public getter
methods that will let us pull out the state we
need?

Don’t be so pushy! There’s so many different
kinds of us Observers, there’s no way you can
anticipate everything we need. Justlet us come
to you to get the state we need. That way, if
some of us only need a little bit of state, we
aren’t forced to get it all. It also makes things
easier to modify later. Say, for example, you
expand yourself and add some more state, well
if you use pull, you don’t have to go around
and change the update calls on every observer,
you just need to change yourself to allow more
getter methods to access our additional state.

Oh really? I think we’re going to look at that
next....

What, us agree on something? I guess there’s
always hope.
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java’s built-in observer pattern

Using Java’s built-in
Observer Pattern

So far we’ve rolled

our own code for the

Observer Pattern, but Java has built-in support
in several of its APIs. The most general is the

Observer interface

and the Observable class in

the java.util package. These are quite similar

to our Subject and

Observer interface, but give

you a lot of functionality out of the box. You
can also implement either a push or pull style of
update to your observers, as you will see.

To get a high level feel for java.util. Observer and
java.util. Observable, check out this reworked
OO design for the WeatherStation:

The Obser
fratk ok alyo

Jable tlass keets
Ly observers

and nokifies Lhem for yow

Observable is a
CLASS not an
inJccrfac:, so

WeatherData

extends OBscy

Y \QO\L

e 0Thad
Lo\ ot

S;a"(\\'\aY .
)(;“5\‘*" seb
s w
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\

| observers

With Javd's built-in
support, all you have to do is

extend Observable and tell it
when to notify the Observers.
The API does the rest for you.

d \ook Samiliar- In
¢tly the same a

our previous ¢lass diagyam. 2

This shoul
fatk, it's exd

<<interface>>

Observable
addObserver()
deleteObserver()
notifyObservers()
setChanged()

2

subject

WeatherData
getTemperature()
getHumidity()
getPressure()

! Subieet) whith we tan
e ;\:: :.a\r{:,)hc Observable. We

now

't need the vegjster
(::3 n:{:i{:\fObscwcrs() me{:\\ods.
anymore; we inhevit £hat behavior

from the S“Ycrt'\ass'

> Observer ‘
update() '

CANE

We left out the
Disyla\/Eluncn{:
intevface, but all
the displays still
implement it too.

/

GeneralDisplay

i StatisticsDispla:

0, vemove()

update()
display()

Theve will be a few thang
method in the tontrete Observers,

ForecastDispla:

khe same idea.. we have 3 tommon

wpdate() method that's called by the Subject.

with an

update() update()
display() display()
es 1o make to the update()

but basically it's

Obsevver interfate,



the observer pattern

How Java’s built-in Observer Pattern works

The built in Observer Pattern works a bit differently than the implementation that we used
on the Weather Station. The most obvious difference is that WeatherData (our subject)
now extends the Observable class and inherits the add, delete and notify Observer methods
(among a few others). Here’s how we use Java’s version:

For an Object to become an observer...

As usual, implement the Observer interface (this time the java.util. Observer
interface) and call addObserver() on any Observable object. Likewise, to remove
yourself as an observer just call deleteObserver().

For the Observable to send notifications...

First of all you need to be Observable by extending the java.util. Observable
superclass. IFrom there it is a two step process:

0 You first must call the setChanged() method to signify

that the state has changed in your object ) Kes an

This version ¥y C\;- et
acbitracy data ; :

Q Then, call one of two notifyObservers() methods: nat 5&,5 passe

eath Observer when ¥

- . 'E\cd-
either notifyObservers() OF notifyObservers (Object arg) \S V\OJC‘

For an Observer to receive notifications...

It implements the update method, as before, but the signature of the -
method is a bit different: ata object
update (Observable o, Object ar;)
A

The Subject that sent

%he noﬁ)ﬁica{jon is passed This will be the data objcdt that was
in as this arqument. passed to no{i«cyOBscrvcrsO, o null if

a data ob\)ct‘f‘, wasn'£ chdi«Cied-

If you want to “push” data to the observers you can pass the data as a data object
to the notifyObservers(arg) method. If not, then the Observer has to “pull” the data

it wants from the Observable object passed to it. How? Let’s rework the Weather
Station and you’ll see.
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behind the

66

Wait, before we get
to that, why do we need this
setChanged() method? We didn't

need that before.

The setChanged() method is used to signify that the state has changed and that notifyObservers(),
when it is called, should update its observers. If notifyObservers() is called without first calling
setChanged(), the observers will NOT be notified. Let’s take a look behind the scenes of
Observable to see how this works:

— Behind

the Scenes
setChanged() { The sc{:Chahgcd() method sets
changed = true | athanged flag to true
} W
o i i - 0 onl
o¢ notifyObservers(Object arg) { - ,\o{;.(f\IObscvvcrs Y
¢ Qs if (changed) { LT | ibies its observers if the

for every observer on the list { ¢hanoed fag is TRUE-
call update (this, arg)

hanged = fals And after it notifies the
} crenee e M_/ / observers, it sets the
} thanged flag back to false.
notifyObservers() {
notifyObservers(null)
}

Why is this necessary? The setChanged() method is meant to give you more flexibility in how
you update observers by allowing you to optimize the notifications. For example, in our weather
station, imagine if our measurements were so sensitive that the temperature readings were
constantly fluctuating by a few tenths of a degree. That might cause the WeatherData object
to send out notifications constantly. Instead, we might want to send out notifications only if the
temperature changes more than half a degree and we could call setChanged() only after that
happened.

You might not use this functionality very often, but it’s there if you need it. In either case, you
need to call setChanged() for notifications to work. If this functionality is something that is useful
to you, you may also want to use the clearChanged() method, which sets the changed state back to
false, and the hasChanged() method, which tells you the current state of the changed flag.



the observer pattern

Reworking the Weather Station with the buil{-in support

First, let’s rework WeatherData to use

java.util.Observable

Make sure we ave importing the
vight Observer/Obsevvable.

o 2]

We are now

subclassing Obsevvable.

import java.util.Observable;

import java.util.Observer;

public class WeatherData extends Observable ({
private float temperature;
private float humidity;
private float pressure;

public WeatherData () { }

public void measurementsChanged() {
setChanged() ; *
notifyObservers () ;

}

public void setMeasurements (float temperature,

this.temperature = temperature;
this.humidity = humidity;
this.pressure = pressure;
measurementsChanged() ;

}

public float getTemperature () {
return temperature;

}

public float getHumidity ()

{
return humidity;
: V\e
{ &

public float getPressure ()
return pressure;

}

/

() We don't need to keep track of
our observers anymove, or manage
their vegistration and removal,
(the superelass will handle that)
so we've vemoved the tode for

vegister, add and noJciF\/.

Our tonstruttor no longer
needs o treate a data
shrueture to hold Obsevvers.

¥ Notice we aven't sending a data ob\)ec{: with
the noﬁif\/Obscrvers() eall. That means we've
using the PULL model.

float/humidity, float pressure) {

We now fivst eall sc{:Chahgcd() to
indicate the state has thanged
before calling no{:i(:\/Obscrvcvs().

These methods aren't new, but
because we ave going to use “pull”
we ‘{:hough{‘, we'd vemind you
they are heve. The Observers
will use them to get at the
WeatherData ob\')cc{:'s state.
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current conditions rework

Now, let’s rework the CurrentConditionsDisplay

o Again, make sure we are importing
the vight Observer/Observable.

(2) We now are implementing the Observer inteface from javautil

import java.util.Observable;
import java.util.Observer;

public class CurrentConditionsDisplay implements Observer, DisplayElement {

68

Observable observable;
Our consfruL{or now {akcs an

i te float t t ;
privare oar temperature f 9 Observable and we use this to

private float humidity; +
add the curvent tonditions

public CurrentConditionsDisplay (Observable observable) { d@cttasah Obsevver.
this.observable = observable;
observable.addObserver (this) ;

We've thanged the
public void update (Observable obs, Object arg) { uPda{eO method
if (obs instanceof WeatherData) { fo{ﬁkcbofhah

WeatherData weatherData = (WeatherData)obs; Obsc\rvablc and the
this.temperature = weatherData. getTemperature( ° fbhald ta
this.humidity = weatherData.getHumidity () P ata argqument.
display();
}
}
public void display() { ln u?da{:c() we ‘('\nrs-[:
System.out.println (“Current conditions: “ + temperature make sure the observable
} + “F degrees and “ + humidity + “% humidity”); is of {:yyc WeatherData
and then we use its

getter methods to
obtain the temperature
and humidity
measurements. After
that we eall display0).

Chapter 2



the observer pattern
Code Magnets

The ForecastDisplay class is all scrambled up on the fridge. Can you
reconstruct the code snippets to make it work? Some of the curly
braces fell on the floor and they were too small to pick up, so feel
free to add as many of those as you need!

public class ForecastDisplay implements
Observer, DisplayElement {

lic void display() {

Ie}
- // display code here

WeatherDatga weatherDatg
(WeatherData)observable'

Publlc VOld Update (Observable Obser"ablel

Object arg) 1

import java.util.Observable;
import java.util.Observer;
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test drive

Running the new code

Just to be sure, let’s run the new code...

File Edit Window Help TryTihisAtHome

%java WeatherStation

Forecast: Improving weather on the way!

Avg/Max/Min temperature = 80.0/80.0/80.0

Current conditions: 80.0F degrees and 65.0% humidity
Forecast: Watch out for cooler, rainy weather
Avg/Max/Min temperature = 81.0/82.0/80.0

Current conditions: 82.0F degrees and 70.0% humidity

Forecast: More of the same

Avg/Max/Min temperature = 80.0/82.0/78.0
Current conditions: 78.0F degrees and 90.0% humidity

%

Hmm, do you notice anything different? Look again...

You'll see all the same calculations, but mysteriously, the order of the text output is
different. Why might this happen? Think for a minute before reading on...

Never depend on order of evaluation of the
Observer notifications

The java.util. Observable has implemented its notifyObservers() method such that the
Observers are notified in a different order than our own implementation. Who’s right?
Neither; we just chose to implement things in different ways.

What would be incorrect, however, is if we wrote our code to depend on a specific
notification order. Why? Because if you need to change Observable/Observer
implementations, the order of notification could change and your application would
produce incorrect results. Now that’s definitely not what we’d consider loosely coupled.
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the observer pattern

Doesn't
java.util.Observable
violate our OO design principle
of programming to interfaces
not implementations?

The dark side of java.util.Observable

Yes, good catch. As you've noticed, Observable is a class, not an wterface, and worse,

it doesn’t even implement an interface. Unfortunately, the java.util. Observable
implementation has a number of problems that limit its usefulness and reuse. That’s not
to say it doesn’t provide some utility, but there are some large potholes to watch out for.

Observable is a class

You already know from our principles this is a bad idea, but what harm does it really
cause?

First, because Observable is a class, you have to subclass it. That means you can’t add
on the Observable behavior to an existing class that already extends another superclass.
This limits its reuse potential (and isn’t that why we are using patterns in the first place?).

Second, because there isn’t an Observable interface, you can’t even create your own
implementation that plays well with Java’s built-in Observer API. Nor do you have
the option of swapping out the java.util implementation for another (say, a new, multi-
threaded implementation).

Observable protects crucial methods

If you look at the Observable API, the setChanged() method is protected. So what? Well,
this means you can’t call setChanged() unless you’ve subclassed Observable. This means
you can’t even create an instance of the Observable class and compose it with your own
objects, you fave to subclass. The design violates a second design principle here.. . favor
compostition over inheritance.

What to do?

Observable may serve your needs if you can extend java.util. Observable. On the other
hand, you may need to roll your own implementation as we did at the beginning of the
chapter. In either case, you know the Observer Pattern well and you’re in a good position
to work with any API that makes use of the pattern.
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observer and swing

Other places you'll find the Observer Pattern
in the JOK

The java.util implementation of Observer/Observable is not the only place you’ll
find the Observer Pattern in the JDK; both JavaBeans and Swing also provide their
own implementations of the pattern. At this point you understand enough about
observer to explore these APIs on your own; however, let’s do a quick, simple Swing
example just for the fun of it.

A little background...

Let’s take a look at a simple part of the Swing AP, the JButton. If you look under
the hood at JButton’s superclass, AbstractButton, you’ll see that it has a lot of add/
remove listener methods. These methods allow you to add and remove observers,
or as they are called in Swing, listeners, to listen for various types of events that
occur on the Swing component. For instance, an ActionListener lets you “listen in”
on any types of actions that might occur on a button, like a button press. You'll find
various types of listeners all over the Swing APL.

A little life-changing application

Okay, our application is pretty simple. You’ve got a button that says “Should I do
1t?”” and when you click on that button the listeners (observers) get to answer the
question in any way they want. We’re implementing two such listeners, called the
AngelListener and the DevilListener. Here’s how the application behaves:

[ te.
Heve's our faney nterfa

Should | do it?

) . 't
‘(: ou e Lurious abou :
l‘h\\z Observer Pattern in
JavaBeans theek out the
Pro\vcvb[C\nanch\s{xncr

mterfate.

And heve's the ou{:?v{ when
we elick on the buH:on.

%java SwingObserverExample
Devil answer

Come on, do it!

P‘“‘b“ PR ] Don’t do it, you might regret it!

%
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the observer pattern

And the code...

This life-changing application requires very little code. All we need to do is
create a JButton object, add it to a JFrame and set up our listeners. We’re going
to use inner classes for the listeners, which is a common technique in Swing
programming. If you aren’t up on inner classes or Swing you might want to
review the “Getting GUI” chapter of Head First Java.

. . ‘t
Simple Swing application tha
st eveates d frame and
public class SwingObserverExample { \)\AS b 3 X
e Lhrows 3 bV

public static void main(Stringl[] args) {
SwingObserverExample example = new SwingObserverExample () ;
example.go () ;

public void go() {
frame = new JFrame () ;

Makes the devil and angel
objeets listeners (observ—
JButton button = new JButton (“Should I do it?”),; ﬂ1)°£ the button.
button.addActionListener (new AngellListener());

button.addActionListener (new DevilListener()):;
frame.getContentPane () .add (BorderLayout.CENTER, button);

// Set frame properties here

class Angellistener implements ActionListener {
public void actionPerformed (ActionEvent event) {
System.out.println(“Don’t do it, you might regret it!”);
}

Her,
€ ary
) - s; the ¢lass deg, fions £
Vers d 3 or
class Devillistener implements ActionListener { daSSCS (bu'(i '(:;, C‘pmc"j s inney-
public void actionPerformed(ActionEvent event) { 4 do"f have 4o be)

System.out.println(“Come on, do it!”);

}
Rather than update(), the
actionPerformed() method
gets called when the state
in the sub\')ct‘[: (in this case
ﬂ\c bu‘H:on) Lhangcs.
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your design

Tools for your Design Toolbox

Welcome to the end of Chapter 2.
You’ve added a few new things to your
00 toolbox...

00 Basits

Postraction

00 Peintiples
Encavsu\a‘cc what vavies:

L .
Fa\Iov LomYoS\J(,\ov\ ove

inhevitante: L
nkeckates ™

Program o . Heve's Your “cw::\tcn
\MY\CmCV\'ba o printifle R\c'; designs ave
loosely Lol loosely eoutied 5,
Shyive for 10 biet muth more Qexible
desions belween °0) cesilient ko £handc
wkevact

] dc?thde“l’\l
nker hen one o \)C
vary dCYC“d

aujm,,\a{\ca\\‘f
—

A new patteen for communicating state to a

V set of objects in a |oosc|\/ coupled manner. We
haven't seen the last of the Observer Pattern —
jus{: wait until we talk about M\/C,
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— BULLET POINTS —

The Observer Pattern defines
a one-to-many relationship
between objects.

Subjects, or as we also know
them, Observables, update
Observers using a common
interface.

Observers are loosely coupled
in that the Observable knows
nothing about them, other
than that they implement the
Observer Interface.

You can push or pull data from
the Observable when using
the pattern (pull is considered
more “correct”).

Don’t depend on a specific
order of notification for your
Observers.

Java has several
implementations of the
Observer Pattern, including
the general purpose java.util.
Observable.

Watch out for issues with
the java.util.Observable
implementation.

Don’t be afraid to create
your own Observable
implementation if needed.

Swing makes heavy use of the
Observer Pattern, as do many
GUI frameworks.

You'll also find the pattern in
many other places, including
JavaBeans and RMI.




the observer pattern

Design Principle Challenge

For each design principle, describe how the Observer Pattern
makes use of the principle.

Design Principle

Identify the aspects of your application that vary
and separate them from what stays the same.

Design Principle

Program to an interface, not an implementation.

This is a hard one, hint: think about how observers
and sub\)cd{:s work together-.

Design Principle

Favor composition over inheritance.
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crossword puzzle

Time to give your right brain something to do again!
This time all of the solution words are from chapter 2.

dNEEEEEEE

Across

1. Observable is a not an interface
3. Devil and Angel are to the button
4. Implement this method to get notified

5. Jill got one of her own

6. CurrentConditionsDisplay implements this
interface

8. How to get yourself off the Observer list

12. You forgot this if you're not getting notified
when you think you should be

15. One Subject likes to talk to observers
18. Don't count on this for notification

19. Temperature, humidity and

20. Observers are on the Subject
21. Program to an not an
implementation

22. A Subject is similar to a

Chapter 2

Down

2. Ron was both an Observer and a

3. You want to keep your coupling

7. He says you should go for it

9. can manage your observers for you
10. Java framework with lots of Observers
11. Weather-O-Rama's CEO named after this
kind of storm

13. Observers like to be when
something new happens
14. The WeatherData class the

Subject interface

16. He didn't want any more ints, so he removed
himself

17. CEO almost forgot the index display
19. Subject initially wanted to _____ all the data
to Observer




Exercise
solutions

Design
rinciple

Challenge

the observer pattern

@ Sharpen your pencil
i your p

Based on our first implementation, which of the following apply?
(Choose all that apply.)

implementations, not interfaces. common interface.
to alter code.

clements at run time. WeatherData class.

M C. We have no way to add display [ F We are violating encapsulation of the

M A Weare coding to concrete [ D. The display elements don’t implement a

@ B. For every new display element we need ™ E. We haven't encapsulated what changes.

The thing that varies in the Observer Pattern
is the state of the Subjeet and the number and

Design Principle

Identify the aspects of your application that
vary and separate them from what stays the
same.

types of Observers.  With this pattern, you tan

vary the objetts that ave dependent on the state

of the Subject, without having to thange that

Sub\')cd:. That's ealled Flannin5 ahead_’

Both the Subject and Observer use interfates.

The Subject keeps track of objeets implement—

Design Principle

Program to an interface, not an implementation.

ing the Observer interfate, while the observers

vegister with, and get notified by, the Subjeet

interface. As we've seen, this keeps things nice

and |oos:|\/ toupled.

The Obsevver Pattern uses tomposition to tom—

Design Principle

Favor composition over inheritance.

pose any number of Obsevrvers with their Subjeets.

These velationships aven't set up by some kind of

inhevitance hievarchy. No, they are set up at vun—

time b\/ LomFosi{ion!

you are here »
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exercise solutions

78

Code Magnets

Exercise

import javaAUtil.Observable;
import java.util.observer;

so]utions

public class ForecastDisplay implements
Observer, DisplayElement {

Private ﬂ

i rrentp.
bPrivate flogt laStPresgsssure = 29.92¢,
re; 4

(Observable

public ForecastDisplay
observable) {

gfatherData WeatherData =
eatherDataJobservable-
;

observable.addobserver(this)'

ble observable,

public void update(Observa
Object arg) {

if (observable instanceof WeatherData) {
lastPressure = currentPressure;
currentPressure = weatherData.getPressure();

gisplay O {
lay code here

public wvoid
// disp

oL AlsTs

S E
KALAUAYSEARE 1)
a ols 0 B S E/RVIER

n
ﬂﬂmgnununnmmnm |
W

il
v
i3
i3
il
o
A
N
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3 the DecoratorPattern

*
+ Decorating Objects *

T used to think real men
subclassed everything. That was
until T learned the power of
extension at runtime, rather than
at compile time. Now look at me!

Just call this chapter “Design Eye for the Inheritance Guy.”
We’'ll re-examine the typical overuse of inheritance and you'll learn how to decorate

your classes at runtime using a form of object composition. Why? Once you know the
techniques of decorating, you'll be able to give your (or someone else’s) objects new

responsibilities without making any code changes to the underlying classes.

this is a new chapter 79



the starbuzz story

Welcome to Starbuzz Coffee

Starbuzz Coffee has made a name for itself as the

fastest growing coffee shop around. If you’ve seen one
on your local corner, look across the street; you’ll see

another one.

Because they’ve grown so quickly, they’re scrambling

to update their ordering systems to match their

beverage offerings.

When they first went into business they designed their

classes like this...

J0e is an abstr
?:\::\;?Cd by all beverages
offeced in the cokfee shop:

The tost() method is

abs{rac{:; subelassses N

need to define their

own im?ltmcn{‘,a on.

act elass,

-

Beverage

description

b

getDescription()
cost()

/I Other useful methods...

The deseription instance variable

L s set in eath subelass and holds a

deseription of the bcvcragc,"hkc
“Most Excellent Davk Roast”-

The getDestription) method
veturns the destription

HouseBlend

DarkRoast

Decaf

Espresso

cost()

cost()

cost()

cost()
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Each subtlass implements tost() to veturn the cost of the beverage.



the decorator pattern

In addition to your coffee, you can also ask for several condiments like
steamed milk, soy, and mocha (otherwise known as chocolate), and have
it all topped off with whipped milk. Starbuzz charges a bit for each of
these, so they really need to get them built into their order system.

Here’s their first attempt...

Beverage

description

getDescription()
cost()

11 Other useful methods...

1 Wi iMilk
HouseBlendWithSteamedMilk DarkRoastWithSteamedM . " andMocha
andMocha andMocha DecafWith dMilk
HouseBlel andMocha
= ocost() cost() cost)
cost() s Y A A EspressoWithSteamedMilk
W andCaramel
DarkRoastWithSteamedMilk SIS - ——
Gasl) andCaramel andCaramel cost()| Esp WithWhipandMocha
Hou! .
i DecafWithV
HouseBle| <0 DarkRoastWith sl
dg cost() DarkRoastWil cost) cost()
cost() cost | cost( P—— . DecafWithSoy
. : ecafWithSteamedMil L
HouseBlendWith: L DarkRoastWithSteamedMilk cost()
e o0 andSoy I e Espi Niths
HouseBlendWithWhip—} - m S
M i DecafWithSteamedMilk | |
S oost) D il M DarkRoas ] 0 DecafWithSoyandMocha
HouseB| cost() cost) Dec:
cost() E cost)
D
HouseBlendWithWhi D ] cost() cost()

cost() EspressoWithSteamedMilk

cost()
andWhip

cost()

DarkRoastWithSteamedMilk DecaﬂN;thSteame

DecafWitk

DarkRoastWithWhipandSoy

Whoa!
Can you say
“class explosion?”

the
he SJ(', mc{:\'\od Lom\’u{x?

E::{: of the cofbee along with the
other tondiments in the order-
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i @?x RALN
PQWEWR
It's pretty obvious that Starbuzz has created a maintenance nightmare for

themselves. What happens when the price of milk goes up? What do they do
when they add a new caramel topping?

Thinking beyond the maintenance problem, which of the design principles that
we’ve covered so far are they violating?

iAem BIq e ul wayj Jo om) bunejoin al.fay) JuiH

This is stupid; why do we need
all these classes? Can't we just use

instance variables and inheritance in
the superclass to keep track of the
condiments?

Well, let's give it a try. Let's start with the Beverage base
class and add instance variables to represent whether or
not each beverage has milk, soy, mocha and whip...

82

Beverage
description New boolean values ‘For
milk iment.
oy k/%/ each condiment
mo.cha
Gl Now we'll implement. eost() in Beverage (instead of
getDescription() E— kcc\?ing it abstraet), so that it can caleulate the
cost() @—/ tosts assotiated with the condiments for a particular
hasMik() beverage instance. Subelasses will still override
setMilk() eost(), but they will also invoke the super version so
hasSoy() that they can taleulate the total cost of the basie
setSoy() beverage plus the eosts of the added tondiments.
hasMocha()
Ezts'\x:ige(l)o \ These et and set the boolean
setWhip() ) values 2“- the Cond'\mcwts.
I/ Other useful methods..




the decorator pattern

Beverage
. . desario
Now let's add in the subclasses, one mﬁﬁ(c”p fon
for each beverage on the menu: soy
mocha
whip

i he
ch() will ca\cu\a{c {:
The suw z:cg\sso;"{hc condiments, while seDescrplon)

i:gtsovcw'\ddm cost() in the subtlasses > cost()
w'.\c\ extend that -(:unc{:'lona\'\%\[ to hasMilk()
tivie Milk
intlude Lof,s for that speci E:ts S|0 y(())
beverage type setSoy()
e needs to compute hasMocha()

Eath tost() method

the tost of the beverage and.ﬂ\c{;‘h ;:g\xﬁihé(‘)()
add in the tondiments by 63“"‘5{: ¢ setWhipp()
velass imY\Cmcn{:aJdOV‘ Lost
supe! \5\\ /I Other useful methods..
L
HouseBlend DarkRoast Decaf i Espresso i

cost() cost() cost() l cost() l

—~ @ dharpen your pencil
i’ your p

Write the cost() methods for the following classes (pseudo-Java is okay):

public class Beverage { public class DarkRoast extends Beverage {

public double cost() {
public DarkRoast() {

description = "Most Excellent Dark Roast";

}
public double cost() {
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impact of

See, five
classes total. This is
definitely the way to go.

I'm not so sure; I can
see some potential problems
with this approach by thinking
about how the desigh might need
to change in the future.

e dharpen your penci
What requirements or other factors might change that will impact this design?

Price changes for tondiments will foree us to alter existing tode.

New condiments will foree us to add new methods and alter the cost method in the superelass.

. )
N ' )c\;\s ©

?\S \Nc){’c( \1 '\6"3\'
We may have new beverages. For some of these beverages (iced tea?), the tondiments OeX \\\03‘5
may not be appropriate, yet the Tea subtlass will still inherit methods like haswhip(). 2 V¢

What if a customer wants a double motha?

\(ow Roer
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the decorator pattern

Master and Student...

Master: Grasshopper, it has been some time since our last
meeting. Have you been deep in meditation on inheritance?

Student: Yes, Master. While inheritance is powerful, | have
learned that it doesn’t always lead to the most flexible or
maintainable designs.

Master: Ah yes, you have made some progress. So, tell me my student, how
then will you achieve reuse if not through inheritance?

Student: Master, | have learned there are ways of “inheriting” behavior at
runtime through composition and delegation.

Master: Please, go on...

Student: When | inherit behavior by subclassing, that behavior is set statically
at compile time. In addition, all subclasses must inherit the same behavior. If
however, | can extend an object’s behavior through composition, then | can do
this dynamically at runtime.

Master: Very good, Grasshopper, you are beginning to see the power of
composition.

Student: Yes, it is possible for me to add multiple new responsibilities to objects
through this technique, including responsibilities that were not even thought of
by the designer of the superclass. And, | don’t have to touch their code!

Master: What have you learned about the effect of composition on maintaining
your code?

Student: Well, that is what | was getting at. By dynamically composing objects,
| can add new functionality by writing new code rather than altering existing
code. Because I'm not changing existing code, the chances of introducing bugs
or causing unintended side effects in pre-existing code are much reduced.

Master: Very good. Enough for today, Grasshopper. | would like for you to
go and meditate further on this topic... Remember, code should be closed (to
change) like the lotus flower in the evening, yet open (to extension) like the
lotus flower in the morning.
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the open-closed

The Open-Closed Principle

Grasshopper is on to one of the most important design principles:

Design Principle

Classes should be open
for extension, but closed for
modification.

Come on in e CLOSED

open. Feel free to extend BUSINESS Houygs.
our classes with any new behavior you von [N 1o [

like. If your needs or requirements change (and we e

know they will), just go ahead and make your own

extensions.

to
0

s I«
R - to
Fri - t

Sorry, we’re closed.
That’s right, we
spent a lot of time getting

this code correct and bug free, so we can’t let you
alter the existing code. It must remain closed to
modification. If you don’t like it, you can speak to
the manager.

Our goal is to allow classes to be easily extended to
incorporate new behavior without modifying existing code.
What do we get if we accomplish this? Designs that are
resilient to change and flexible enough to take on new
functionality to meet changing requirements.
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Open for extension and closed
for modification? That sounds very
contradictory. How can a design be
both?

That's a very good question. It
certainly sounds contradictory at first.
After all, the less modifiable something
is, the harder it is to extend, right?

As it turns out, though, there are some
clever OO techniques for allowing
systems to be extended, even if we can't
change the underlying code. Think
about the Observer Pattern (in Chapter
2)... by adding new Observers, we can
extend the Subject at any time, without
adding code to the Subject. You'll see
quite a few more ways of extending
behavior with other OO design
techniques.

Q: Okay, | understand Observable,
but how do | generally design
something to be extensible, yet closed
for modification?

A: Many of the patterns give us
time tested designs that protect your

code from being modified by supplying
a means of extension. In this chapter
you'll see a good example of using the
Decorator pattern to follow the Open-
Closed principle.

.

+ How can I make every part of
my design follow the Open-Closed
Principle?

the decorator pattern

A: Usually, you can’t. Making OO
design flexible and open to extension

without the modification of existing
code takes time and effort. In general,
we don’t have the luxury of tying down
every part of our designs (and it would
probably be wasteful). Following

the Open-Closed Principle usually
introduces new levels of abstraction,
which adds complexity to our code. You
want to concentrate on those areas that
are most likely to change in your designs
and apply the principles there.

+ How do | know which areas of
change are more important?

A: That is partly a matter of
experience in designing OO systems and

also a matter of knowing the domain
you are working in. Looking at other
examples will help you learn to identify
areas of change in your own designs.

While 1t may seem like a contradiction,
there are teclmic[ues for allowing code to he
extended without direct moditication.

Be careful when clwosing the areas of code
that need to be extended; ap]olying the
Open-Closec[ principle EVERYWHERE

is wasteful, unnecessary, and can lead to
complex, hard to understand code.
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Okay, enough of the "Object
Oriented Design Club." We have real
problems here! Remember us? Starbuzz
Coffee? Do you think you could use
some of those design principles to
actually help us?

Meet the Pecorator Pattern

Okay, we’ve seen that representing our beverage plus condiment pricing
scheme with inheritance has not worked out very well — we get class
explosions, rigid designs, or we add functionality to the base class that isn’t
appropriate for some of the subclasses.

So, here’s what we’ll do instead: we’ll start with a beverage and “decorate”
it with the condiments at runtime. For example, if the customer wants a
Dark Roast with Mocha and Whip, then we’ll:

© Take a DarkRoast object

© Decorate it with a Mocha object
© Decorate it with a Whip object

Q Call the cost() method and rely on
delegation to add on the condiment costs

Okay, but how do you “decorate” an object, and how does delegation
come into this? A hint: think of decorator objects as “wrappers.” Let’s
see how this works...
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the decorator pattern

Constructing a drink order with Pecorators

© We start with our DarkRoast object. ackRodst

6 The customer wants Mocha, so we create a Mocha

object and wrap it around the DarkRoast. Its
The Mothd ob)cc{', isa dcco_va‘cor. .

C vors the ob\')ct,{: it s eef,o i

[\ R Peveraoe: (B\I ivror )

. . a
in This tase iy
we mean it s Lhe same JC\[Y

hod t00:
Co, Motha has 2 cotl) methe an tred

morphism
’K and Ehrough poly O‘r\7d \; Motha 3s
any Beverade wri;\’\’c use Motha is F)
a %cvcvagc, 4oo (betd

oype of Bererase)

Q The customer also wants Whip, so we create a
Whip decorator and wrap Mocha with it.

Whip is a detorator, so it also
mirvors DavrkRoast’s '{:\/?c and
intludes a tost() method.

So, a DarkRoast wrapped in Motha and Whip is still
a Bcvcragc and we ¢tan do an\/‘[')\ing with it we tan do
with a DavkRoast, im‘.ludin5 eall its cost() method.
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Q Now it’s time to compute the cost for the customer. We do this
by calling cost() on the outermost decorator, Whip, and Whip is
going to delegate computing the cost to the objects it decorates.

Once it gets a cost, it will add on the cost of the Whip. _
(ool see how "

)
e Whip calls cost() on Mocha. é//[- a few pages

First, we call cost() on the Mocha calls cost() on
outmost decorator, Whip. DarkRoast.

o DarkRoast
returns its cost,

99 cents.
Whip adds its total, 10 cents,
to the result from Mocha, and Mocha adds its cost, 20
returns the final result—$1.29. e cents, to the result from
DarkRoast, and returns
the new total, $1.19.
Okay, here’s what we know so far..
= Decorators have the same supertype as the objects they decorate.
= You can use one or more decorators to wrap an object.
= Given that the decorator has the same supertype as the object it decorates, we can pass
around a decorated object in place of the original (wrapped) object. l
¥ey Point:

= The decorator adds its own behavior either before and/or after delegating to the object it
decorates to do the rest of the job.

= Objects can be decorated at any time, so we can decorate objects dynamically at runtime
with as many decorators as we like.

Now let’s see how this all really works by looking at the
Pecorator Pattern definition and writing some code.
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the decorator pattern

The Decorator Pattern defined

Lets first take a look at the Decorator Pattern description:

The Decorator Pattern attaches additional
responsibilities to an object dynamically.
Decorators provide a flexible alternative to
subclassing for extending functionality.

While that describes the role of the Decorator Pattern, it doesn’t give us a lot
of insight into how we’d apply the pattern to our own implementation. Let’s
take a look at the class diagram, which is a little more revealing (on the next
page we’ll look at the same structure applied to the beverage problem).

Each Com?oncw{: tan be used on its

own, or wrapped by a decorator.
Component h

The ContreteComponent

is the ob\')cc{: we've 9oing

to dynamically add new
behavior to. [t extends \,

component

methodA()
methodB()
Il other methods

Eacth detorator HAS-A
(wva?s) a com\?oncn{:, whith
means the detorator has an

instance vaviable that holds
CO"‘YO“C“{:' ConcreteComponent h Decorator a rc(:crcm.c to a Lom?oncn‘b
methodA() methodA()
methodB() methodB()
Il other methods I/ other methods | \cmcv\'h the
atovrs imp
\ Dccor absb‘ac{"

The Coner:chtoraJcor has.an
instante vaviable for the thing

same imtevkate o0

he
tlass as the com\’°"°€‘1° they
ave going Lo deCorate
ConcreteDecoratorA ConcreteDecoratorB
A Component wrappedObj Component wrappedObj
methodA() Object newState G/_/—\ h
methodB() methodh) Detorators tan evd:end{f, e
newBehavior() methodB() sta{:c o{: the tomponent.
If ther methods Il other methods

it decorates (the Component
the Detorator wraps)-

—

Detorators tan add new methods; however, new
behavior is 'l:\/PiLa”\/ added b\/ do'mg Com\?u{:a{:ion
before or after an existing method in the component.
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Pecorating our Beverages

Okay, let’s work our Starbuzz beverages into this framework...

Beverage acts as o \
abstract tomponent €1ass:

Beverage
description

getDescription()
cost()
I/ other useful methods

component

HouseBlend DarkRoast i CondimentDecorator
cost() cost() getDescription()
/ 1
Espresso Decaf
cost() cost()
ke Milk Mocha Soy Whip
S; wo f'c"fxc " Beverage beverage Beverage beverage Beverage beverage Beverage beverage
0 (A
(2 (]
T\\ ohCV‘b’ on ¥ cost() cost() cost() cost()
bo:izcc ‘bRC getDescription() getDescription() getDescription() getDescription()
t

NV 724

And here are our tondiment decorators; notice
{:th need to implement not only eost() but also
getDeseription)). We'll see why in @ moment...

RANN
PQWEWR

Before going further, think about how you’d implement the cost() method of
the coffees and the condiments. Also think about how you’'d implement the
getDescription() method of the condiments.
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Cubicle Conversation

Some confusion over Inheritance versus Composition

going to use inheritance in this

Okay, I'm a little
confused...I thought we weren't

pattern, but rather we were going
to rely on composition instead.

Sue: What do you mean?

Mary: Look at the class diagram. The CondimentDecorator is extending the Beverage class.
That’s inheritance, right?

Sue: True. I think the point is that it’s vital that the decorators have the same type as the
objects they are going to decorate. So here we’re using inheritance to achieve the type matching,
but we aren’t using inheritance to get behavior.

Mary: Okay, I can see how decorators need the same “interface” as the components they wrap
because they need to stand in place of the component. But where does the behavior come in?

Sue: When we compose a decorator with a component, we are adding new behavior. We
are acquiring new behavior not by inheriting it from a superclass, but by composing objects
together.

Mary: Okay, so we’re subclassing the abstract class Beverage in order to have the correct type,
not to inherit its behavior. The behavior comes in through the composition of decorators with
the base components as well as other decorators.

Sue: That’s right.

Mary: Ooooh, I see. And because we are using object composition, we get a whole lot more
flexibility about how to mix and match condiments and beverages. Very smooth.

Sue: Yes, if we rely on inheritance, then our behavior can only be determined statically at
compile time. In other words, we get only whatever behavior the superclass gives us or that we
override. With composition, we can mix and match decorators any way we like... at runtime.

Mary: And as I understand it, we can implement new decorators at any time to add new
behavior. If we relied on inheritance, we’d have to go in and change existing code any time we
wanted new behavior.

Sue: Exactly.

Mary: Ijust have one more question. If all we need to inherit is the type of the component,
how come we didn’t use an interface instead of an abstract class for the Beverage class?

Sue: Well, remember, when we got this code, Starbuzz already sad an abstract Beverage class.
Traditionally the Decorator Pattern does specify an abstract component, but in Java, obviously,
we could use an interface. But we always try to avoid altering existing code, so don’t “fix” it if
the abstract class will work just fine.
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Okay, I need for you to
make me a double mocha,
soy latte with whip.

New barista training

Make a picture for what happens when the order is for a
“double mocha soy latte with whip” beverage. Use the menu
to get the correct prices, and draw your picture using the
same format we used earlier (from a few pages back):
©)

© whip calls cost() on Mocha.
Mocha calls cost() on

. . ol as ‘Qo‘f
This Y\L{'Mc ‘; S oha

e/ a “davk 0aS
" \peverade:

First, we call cost() on .the
outmost decorator, Whip.

$1.29 w\“v
DarkRoast
returns its cost,
99 cents.
© Whip adds its total, 10 cents,
e e e, © Mokt S
DarkRoast, and returns
the new total, $1.19.
g i Starbuzz
L arpen your Pen(}l Draw your picture here. uzz “Coﬁ‘g .
- Coffees
House Blend .89
Dark Roast .99
Decat 1.05
Espresso 1.99
Condiments
Steamed Milk .10
Mocha 20
Soy .15
Whip .10
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the decorator pattern
Writing the Starbuzz code

It’s time to whip this design into some real code.

Let’s start with the Beverage class, which doesn’t need to
change from Starbuzz’s original design. Let’s take a look:

public abstract class Beverage { ‘sahabﬂyabh
String description = “Unknown Beverage”; Beverade the two methods

L\aSS w\‘k’,\\ N () a“d COS{:()
public String getDescription () { 5¢£DCSCY‘\7{‘°“

return description;

} \ getDestription is alveady

i but we
blic abstract doubl t(); implemented for us,
} public shetract dombie cost( need to implement cost()
in the subelasses.

Beverage is simple enough. Let’s implement the abstract
class for the Condiments (Decorator) as well:

Fiest, we need to i:\ a Deveraoe

i thanoeable Wt |
/ m{’»:‘c c;’?cnd fhe Beverase class
SO

public abstract class CondimentDecorator extends Beverage {

public abstract String getDescription(); <>-\\\
}

We've also 9oing to vequire

that the condiment

detovators all veimplement the
gc{:Dcsc\riy{ion() method. Aaain,

we'll see why in 3 set...
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Coding beverages

Now that we’ve got our base classes out of the way, let’s
implement some beverages. We’ll start with Espresso.
Remember, we need to set a description for the specific
beverage and also implement the cost() method.

e
Fiest we exkend the Bcvc;as,
¢lass, sinte Lhis is a beverdd
public class Espresso extends Beverage ({

public Espresso () { K of the destription, we
< To take tare e P
description = “Espresso”; °

set this in the tonstruttor for {'jhc
| tlass. Remember the destription instante
public double cost() { vaviable is inhevited from Beverage.

return 1.99;

}

dont

£ an Espresso- We :

| L Finlly,ve need b0 Comtits t-\"ccf,:i:m i s class, we it
nally, o in |

£ addi | |
"“3 Jj; \:‘:;,:;Inat:: price 02 an Espresso £1.99
nee

public class HouseBlend extends Beverage {
public HouseBlend() {

description = “House Blend Coffee”;

}

grorbuzz Goffet |
public double cost() { coffees .89
return .89; House plend 99
J park Roast 05
: pecaf 1.99
Okay, heve's another Beverage. All we Espress®
do is set the appropriate deseription, e
“House Blend C (:cc,"l and then veturn (W‘::m x 10
the corveet tost: 89¢. S};‘:;“a 21%
soy 10
Whip

You ean treate the other two Beverage classses
(DavkRoast and Decaf) in exattly the same way.
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Coding condiments

If you look back at the Decorator Pattern class diagram, you’ll
see we’ve now written our abstract component (Beverage), we
have our concrete components (HouseBlend), and we have our
abstract decorator (CondimentDecorator). Now it’s time to
implement the concrete decorators. Here’s Mocha:

ov
. ok etord
Motha is a detorator, so we Condime" " . tantiate Motha with

beo
extend CondimentDetorator. ‘iiu“ 4 Deverdd \gfcrzzc?:m o e 1
l L (1) An instance vaviable to hold the

public class Mocha extends CondimentDecorator ({ beverage we ave wr&\’?"‘ﬁ'
Beverage beverage; o) A way to set this '\ns{',AnL: -
. 1 ko dhe dojett we ave Wrar?
public Mocha (Beverage beverage) { Vawab\c - i’p pass the beverage
this.beverage = beverage; Heve wc,YC ‘50‘“5 s
} wc'v; weapping to the detorato
) ) . ) conS‘b'“f'br'
public String getDescription() {

return beverage.getDescription() + “, Mocha”;

}

public double cost() /&/ We want our destription to not only

. W
return .20 + beverage.cost () ; intlude the beverage — say “Dark

} Roast” — but also to intlude each
} 7 item decorating the beverage, for
ute the tost of our beverage instante, “Dark Roast, Motha". So

Now we need to tomP ¢ deleote the ¢all to the we fivst delegate to the object we ave

with Motha. Fiest, w < that it ean tompute the decorating to get its deseription, then

Zb.sf-‘i:::ewie:;;at:? 'Los£ of Motha to the vesult. append “, Motha” to that deseription.
osT) 4

On the next page we'll actually instantiate the beverage and
wrap it with all its condiments (decorators), but fiest...

L0 harpen your Penci] Write and compile the code for the other Soy and Whip
\\ condiments. You'll need them to finish and test the application.
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Serving some coffees

Congratulations. It’s time to sit back, order a few coffees and marvel at

the flexible design you created with the Decorator Pattern.

Here’s some test code to make orders:

public class StarbuzzCoffee ({ ow“d'\mci—}
S0)
n espYes nd LoSv
public static void main(String args[]) { > Ovder V‘Y{: s dest'? on
Beverage beverage = new Espresso(); nd PO
System.out.println (beverage.getDescription ()
+ N $” + beverage.cost()); . )
Make 3 Dav\(Roas{’, o\)\)ct{',

Beverage beverage2 = new DarkRoast (); ¢ Wrap it with 8 Motha.
beverage2 = new Mocha (beverage2) ;
beverage2 = new Mocha (beverage?2) ; V——— Wrap it ina setond Motha.
beverage2 = new Whip (beverage2); &——— Wray itina Whi\?.
System.out.println (beverage2.getDescription ()

+ N $” + beverage2.cost());

Beverage beverage3 = new HouseBlend() ; h
beverage3 = new Soy (beverage3) ; ‘F'man\/, 5'wc us d HouscBlcnd
beverage3 = new Mocha (beverage3) ; with Soy, Motha, and Whip-

beverage3 = new Whip (beverage3) ;
System.out.println (beverage3.getDescription ()
+ “ $” + beverage3.cost());

* We've going to see a muth better way of ereating
detovrated ob\)cd:s when we tover the FaC{:or\/ and
Builder Design Patterns. Please note that the Builder

Now, let’s get those orders In: Pattern is covered in the Appendix.
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% java StarbuzzCoffee
Espresso $1.99
Dark Roast Coffee, Mocha, Mocha, Whip $1.49

House Blend Coffee, Soy, Mocha, Whip $1.34

%
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Dum uestions

Q: I’'m a little worried about code
that might test for a specific concrete
component — say, HouseBlend - and

do something, like issue a discount.
Once I've wrapped the HouseBlend
with decorators, this isn’t going to work
anymore,

A: That is exactly right. If you have
code that relies on the concrete component’s

type, decorators will break that code.

As long as you only write code against

the abstract component type, the use of
decorators will remain transparent to your
code. However, once you start writing code
against concrete components, you'll want to
rethink your application design and your use
of decorators.

© Wouldn't it be easy for some
client of a beverage to end up with
a decorator that isn’t the outermost
decorator? Like if | had a DarkRoast with
Mocha, Soy, and Whip, it would be easy
to write code that somehow ended up
with a reference to Soy instead of Whip,
which means it would not include Whip in
the order.

A: You could certainly argue that

you have to manage more objects with

the Decorator Pattern and so there is

an increased chance that coding errors
will introduce the kinds of problems you
suggest. However, decorators are typically
created by using other patterns like Factory
and Builder. Once we've covered these
patterns, you'll see that the creation of the
concrete component with its decorator is
“well encapsulated” and doesn’t lead to
these kinds of problems.

the decorator pattern

.

- Can decorators know about the
other decorations in the chain? Say, |
wanted my getDescription() method to
print “Whip, Double Mocha” instead of
“Mocha, Whip, Mocha”? That would
require that my outermost decorator
know all the decorators it is wrapping.

A: Decorators are meant to add
behavior to the object they wrap. When
you need to peek at multiple layers into
the decorator chain, you are starting to
push the decorator beyond its true intent.
Nevertheless, such things are possible.
Imagine a CondimentPrettyPrint decorator
that parses the final decription and can print
“Mocha, Whip, Mocha” as “Whip, Double
Mocha.” Note that getDescription() could
return an ArrayList of descriptions to make
this easier.

— s oharpen your pencil
i’ your p

Our friends at Starbuzz have introduced sizes to their menu. You can now order
a coffee 1n tall, grande, and vent sizes (translation: small, medium, and large).
Starbuzz saw this as an intrinsic part of the coffee class, so they’ve added two
methods to the Beverage class: setSize() and getSize(). They’d also like for the
condiments to be charged according to size, so for instance, Soy costs 10¢, 15¢
and 20¢ respectively for tall, grande, and venti coffees.

How would you alter the decorator classes to handle this change in requirements?
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decorators in java i/o

Real World Pecorators: Java 170

The large number of classes in the java.io package is... overwhelming. Don’t feel alone
if you said “whoa” the first (and second and third) time you looked at this API. But
now that you know the Decorator Pattern, the I/O classes should make more sense
since the java.io package is largely based on Decorator. Here’s a typical set of
objects that use decorators to add functionality to reading data from a file:

LineNumber[nputStream is

also a eontrete decorator.
[t adds the ability fo
tount the line numbers as

it veads data.

A text file for veading.

J

F\\C\'\Y“J‘Sj{'xca"‘
L that's bc'm
i the LB o /O TR
dcco‘ra‘tc . N h‘\',S, \V\L\udmg ,

' Buﬁcr\n?“*'ggc :\’
othevs:
enk xrom
Bu“cvcdln\?u{;g{:rcav;p Al of Lhese gve uS

is a tontrete detorator:
BubferednputStream adds
behavior in two ways: i

buffers input to improve
pevformante, and also augments
the intecface with a new .
method readLine() for veading
thavatter—based input, a line

at a time.

BufferedInputStream and LineNumberInputStream both extend
FilterInputStream, which acts as the abstract decorator class.
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the decorator pattern
Pecorating the java.io classes

ent
s our a\)s{:‘fad'f tompor
C

InputStream d-tcr[y\\m{;g{:rcam
/\ is an abstract
detorator.

‘ FilelnputStream StnngBufferInputStream N ByteArrayInputStream FilterlnputStream
‘ PushbackinputStream H BufferedinputStream N DatalnputStream M LineNumberinputStream ‘
These InputStreams act as 7 Z /
%he contrete components that
we will wrap with detorators.

Theve ave a few more we didn 't
show, like Ochc{',ln?u‘{;S{:rcam

And finally, heve ave all our contrete detovators.

You can see that this isn’t so different from the Starbuzz design. You should
now be in a good position to look over the java.io API docs and compose
decorators on the various mput streams.

You'll see that the output streams have the same design. And you’ve probably
already found that the Reader/Writer streams (for character-based data)
closely mirror the design of the streams classes (with a few differences and
inconsistencies, but close enough to figure out what’s going on).

Java I70 also points out one of the downsides of the Decorator Pattern:
designs using this pattern often result in a large number of small classes

that can be overwhelming to a developer trying to use the Decorator-based
API. But now that you know how Decorator works, you can keep things in
perspective and when you’re using someone else’s Decorator-heavy API, you
can work through how their classes are organized so that you can easily use
wrapping to get the behavior you're after.
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write your own

Writing your own Java 170 Decorator

Okay, you know the Pecorator Pattern, you've
seen the 170 class diagram. You should be ready to
write your own input decorator.

No problem. T just have to
extend the FilterInputStream class

How about this: write a decorator that converts and override the read() methods.

all uppercase characters to lowercase in the
input stream. In other words, if we read in “1
know the Pecorator Pattern therefore | RULE!”
then your decorator converts this to “i know the
decorator pattern therefore i rule!”

L o mport Fiest, extend the FilterlnputStream, the
Dont I;o{%:t dhown) abstract decovator for all [nputStreams.
. AN

5ava-\°~' l

public class LowerCaselnputStream extends FilterInputStream {

public LowerCaselInputStream(InputStream in) {
super (in) ;

}

public int read() throws IOException {
int ¢ = super.read();
return (¢ == -1 ? ¢ : Character.tolLowerCase ((char)c));

}

public int read(byte[] b, int offset, int len) throws IOException {
int result = super.read(b, offset, len);

for (int 1 = offset; 1 < offset+result; i++) { Now we need {:oimylmcn{: fwo
b[i] = (byte)Character.toLowerCase ((char)b[i]); vead mc{hods'They{akca

: byte (or an array of bytes)

e e and tonvert eath byte (that

vepresents a tharatter) to
lowevease if it's an upperease
thavatter.

REMEMBER: we don't provide import and patkage

statements in the tode listings. Get the complete

sourte tode from the wickedlysmart web site. You'll

find the URL. on page xxxiii in the Intro.
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the decorator pattern

Test out your new Java 170 Decorator

Write some quick code to test the 1/0 decorator:

public class InputTest {

public static void main(String[] args) throws IOException {

int c;
try { . {—/S{'xcam
npw
InputStream in = KJ_\ Qet wp he F\\i YI}'\VSJC with
new LowerCaseInputStream ( nd dccofa{'vc ! ‘{—,S&,Yca"‘
new BufferedInputStream 3 B\,ﬂcﬂd\"\"‘ 4 new
. w ” . AN
new FileInputStream(“test.txt”))); and Lhnen owr L Shream filker-
LowevCaselnt¥
while((c = in.read()) >= 0) {
System.out.print ( (char)c);
}
in.close () ; I know the Decorator Pattern therefore I RULE!

} catch (IOException e) {
e.printStackTrace();

}

} Just use the stream to vead
J tharacters until the end of test xt file
file and print as we go. -
ced o
Y;’Zki his Kl

Give it a spin:

File Edit Window Help DecoratorsRule
% java InputTest
i know the decorator pattern therefore i rule!

%
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104

Patterns Exposed

This week’s interview:
Confessions of a Decorator

HeadFirst: Welcome Decorator Pattern. We've heard that you’ve been a bit
down on yourself lately?

Decorator: Yes, I know the world sees me as the glamorous design pattern, but
you know, I've got my share of problems just like everyone.

HeadFirst: Can you perhaps share some of your troubles with us?

Decorator: Sure. Well, you know I've got the power to add flexibility to
designs, that much is for sure, but I also have a dark side. You see, I can sometimes
add a lot of small classes to a design and this occasionally results in a design
that’s less than straightforward for others to understand.

HeadFirst: Can you give us an example?

Decorator: Take the Java I/O libraries. These are notoriously difficult for
people to understand at first. But if they just saw the classes as a set of wrappers
around an InputStream, life would be much easier.

HeadFirst: That doesn’t sound so bad. You're still a great pattern, and
improving this is just a matter of public education, right?

Decorator: There’s more, I'm afraid. I've got typing problems: you see,
people sometimes take a piece of client code that relies on specific types and
introduce decorators without thinking through everything. Now, one great thing
about me is that you can usually insert decorators transparently and
the client never has to know it’s dealing with a decorator. But like |
said, some code is dependent on specific types and when you start introducing
decorators, boom! Bad things happen.

HeadFirst: Well, I think everyone understands that you have to be careful
when inserting decorators, I don’t think this is a reason to be too down on
yourself.

Decorator: I know, I try not to be. T also have the problem that introducing
decorators can increase the complexity of the code needed to instantiate the
component. Once you’ve got decorators, you've got to not only instantiate the
component, but also wrap it with who knows how many decorators.

HeadFirst: I'll be interviewing the Factory and Builder patterns next week — I
hear they can be very helpful with this?

Decorator: That’s true; I should talk to those guys more often.

HeadFirst: Well, we all think you’re a great pattern for creating flexible designs
and staying true to the Open-Closed Principle, so keep your chin up and think
positively!

Decorator: I’ll do my best, thank you.



Tools for your Design Toolbox

You’ve got another chapter under
your belt and a new principle and
pattern in the toolbox.
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the decorator pattern

—— BULLET POINTS

= |nheritance is one form of
extension, but not necessarily
the best way to achieve flexibility
in our designs.

= |n our designs we should allow
behavior to be extended without
the need to modify existing code.

= Composition and delegation
can often be used to add new
behaviors at runtime.

= The Decorator Pattern provides
an alternative to subclassing for
extending behavior.

=  The Decorator Pattern involves
a set of decorator classes that
are used to wrap concrete
components.

= Decorator classes mirror the
type of the components they
decorate. (In fact, they are the
same type as the components
they decorate, either through
inheritance or interface
implementation.)

= Decorators change the behavior
of their components by adding
new functionality before and/or
after (or even in place of) method
calls to the component.

= You can wrap a component with
any number of decorators.

= Decorators are typically
transparent to the client of the
component; that is, unless
the client is relying on the
component’s concrete type.

= Decorators can result in many
small objects in our design, and
overuse can be complex.
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exercise solutions

Exercise sojutions

public class Beverage {

// declare instance variables for milkCost,
// soyCost, mochaCost, and whipCost, and
// getters and setters for milk, soy, mocha public class DarkRoast extends Beverage {

// and whip.
public DarkRoast() {
public double cost() { description = "Most Excellent Dark Roast";
float condimentCost = 0.0; )
if (hasMilk()) { public double cost() {
condimentCost += milkCost;
} return 1.99 + super.cost();
if (hasSoy()) {
condimentCost += soyCost; } }
}

if (hasMocha()) {
condimentCost += mochaCost;
}
if (hasWhip()) {
condimentCost += whipCost;
}

return condimentCost;

New barista trainin
! “double mocha soy latte with whip”

e Whip calls cost() on Mocha
e Mocha calls cost() on another Mocha.

° P e dec cots t()\:l;it: © e Next, Mocha calls cost() on Soy.
outmost decorator, .

Last topping! Soy calls
cost() on HouseBlend.

e HouseBlend’s cost()
method returns .89
cents and pops off
the stack.

Soy’s cost() method

adds .15 and returns
the result, and pops
off the stack.

The second Mocha’s

cost() method adds .20
and returns the result,
and pops off the stack.

@ Finally, the result returns to
Whip’s cost(), which adds .10 and
we have a final cost of $1.54.

Q The first Mocha’s cost() method
adds .20 and returns the result,
and pops off the stack.
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the decorator pattern

Exercise soutions

Our friends at Starbuzz have introduced sizes to their menu. You can now order a coffee in
tall, grande, and venti sizes (for us normal folk: small, medium, and large). Starbuzz saw this
as an intrinsic part of the coffee class, so they’ve added two methods to the Beverage class:
setSize() and getSize(). They’d also like for the condiments to be charged according to size, so
for instance, Soy costs 10¢, 15¢, and 20¢ respectively for tall, grande, and venti coffees.

How would you alter the decorator classes to handle this change in requirements?

public class Soy extends CondimentDecorator ({
Beverage beverage;

aaate the
Now we “c;i{;oo(‘;vg E\nc wra\’ch.

public Soy(Beverage beverage) { N 5&'5"740 hould also move his
this.beverage = beverage; beverage: We s L elass sinte
} ethod {o the abstrat L dccova{pvs
. i
it's used n all condimen

public int getSize () {
return beverage.getSize();

}

public String getDescription() {
return beverage.getDescription() + %, Soy”;

}

public double cost() {

double cost = beverage.cost();

if (getSize() == Beverage.TALL) ({ £ Heve we get the size (which
cost += .10; Pyoyasa{;es all the way to the

} else if (getSize() == Beverage.GRANDE) ({ tontrete bcvc\ragc) and then
cost += .15; add the appropriate cost.

} else if (getSize() == Beverage.VENTI) {

cost += .20;
}

return cost;
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4 the Factory Pattern

+ Baking with 00 GoodnesgK

Get ready to bake some loosely coupled OO designs. There is more to
making objects than just using the new operator. You'll learn that instantiation is an activity that
shouldn’t always be done in public and can often lead to coupling problems. And you don’t want

that, do you? Find out how Factory Patterns can help save you from embarrassing dependencies.

this is a new chapter 109



thinking about

Okay, it's been three chapters
and you still haven't answered my
question about new. We aren't supposed
to program to an implementation but

every time I use new, that's exactly
what I'm doing, right?

When you see “new”, think “concrete”.

Yes, when you use new you are certainly instantiating a concrete
class, so that’s definitely an implementation, not an interface. And
it’s a good question; you've learned that tying your code to a
concrete class can make it more fragile and less flexible.

Duck duck = new MallardDuck() ;

We want 4o use interfaces But we have to treate an |
to keep code Pexible. inskante of tontrete lass:

When you have a whole set of related concrete classes, often you're
forced to write code like this:

Duck duck;

if (picnic) { m

duck = new MallardDuck();

} else if (hunting) ({ We have a bunth of d&{cvcnjc
duck = new DecoyDuck () ; dutk tlasses, and we don't \i\r\ov:i

} else if (inBathTub) { wnkil vuntime whith one we nee
duck = new RubberDuck() ; Jw\ns{:ahflajﬁb

Here we’ve got several concrete classes being instantiated, and the
decision of which to instantiate is made at runtime depending on
some set of conditions.

When you see code like this, you know that when it comes time for
changes or extensions, you’ll have to reopen this code and examine
what needs to be added (or deleted). Often this kind of code ends
up in several parts of the application making maintenance and
updates more difficult and error-prone.
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the factory pattern

But you have fo create
an object at some point and
Java only gives us one way to
create an object, right? So
what gives?

What’s wrong with “new”?

Technically there’s nothing wrong with new, after all, it’s a
fundamental part of Java. The real culpritis our old friend
CHANGE and how change impacts our use of new.

By coding to an interface, you know you can insulate yourself
from a lot of changes that might happen to a system down
the road. Why? If your code is written to an interface, then
1t will work with any new classes implementing that interface
through polymorphism. However, when you have code

that makes use of lots of concrete classes, you’re looking for

trouble because that code may have to be changed as new Rememb
concrete classes are added. So, in other words, your code /\ be “OPene; that d“iﬁ"s should
will not be “closed for modification.” To extend it with new tlosed £, - e’f{?mion but
concrete types, you’ll have to reopen it. see Chapte :‘gdfrca{:iohn B

or g V‘Cvicw.

So what can you do? It’s times like these that you can fall back
on OO Design Principles to look for clues. Remember, our
first principle deals with change and guides us to deniify the
aspects that vary and separate them from what stays the same.

L O BRANN
reawew

How might you take all the parts of your application that instantiate concrete classes and
separate or encapsulate them from the rest of your application?
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identify what varies

ldentifying the aspects that vary

Let’s say you have a pizza shop, and as a cutting-edge pizza store
owner in Objectville you might end up writing some code like this:

Pizza orderPizza () {

Pizza pizza = new Pizzal();

pizza.prepare () ; For ﬂcxibili{:y, we \rea”y want
pizza.bake(); jﬂ'is to be an abs{:rad: elass or
bizza.cut () 'mjg%“) bu.t we tan't divectly
pizza.box () ; instantiate either of those.
return pizza;
}
But you need more than one type of pizza...
So then you’d add some code that determines the appropriate type of pizza
and then goes about making the pizza:
Pizza orderPizza (String type) { MkycnowyaSM5in
Pizza pizza; '\_/ the type of pizza to
orderPizza.

if (type.equals (“cheese”)) {

pizza = new CheesePizzal();
} else if (type.equals (“greek”) {

pizza = new GreekPizzal(); A
} else if (type.equals (“pepperoni”) { .BaSCd on the type of Pizza, we
instantiate the eorvect contrete elass
and assign it to Lhe Piz2a instance

variable. Note that each Pizza heve
has to implement the Pizzy interface.

pizza = new PepperoniPizzal();

pizza.prepare() ;

pizza.bake(); Onte we have a Pizza, we prepare it

pizza.cut(); (\/ou know, voll the dough, ?u{: on the
pizza.box(); saute and add the toppings ¢ cheese),
return pizza; then we bake it, eut it and box it!

J Eath Pizza subtype (CheesePizza,

VeggiePizza, ete.) knows how to
prepare itself.
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the factory pattern

But the pressure is on to add more pizza types

You realize that all of your competitors have added a couple of trendy pizzas to
their menus: the Clam Pizza and the Veggie Pizza. Obviously you need to keep
up with the competition, so you’ll add these items to your menu. And you haven’t
been selling many Greek Pizzas lately, so you decide to take that off the menu:

Pizza orderPizza (String type) {

Pizza pizza;
c\aSCd
. Lodc \S
T featon
for ot hoR thandt® if (type.equals (“cheese”)) {
e Pizzd OQQCX""%S’ we pizza = new CheesePizzal(); . 1 what vavies:
228 s This
s Y‘Jw 5&-\.&0 Y } etseif (typerequatsigreek— Ps the rizz3
have mo(x&\' v pizgza—= new—GcreekPizza (), selettion thandes
Lode 204 e, youll
} else if (type.equals (“pepperoni”) { over fime, \Q‘c this
od\
pizza = new PepperoniPizzal(); \\Lao\:c{’:l; ahd\lovcr

} else if (type.equals (“clam”) {
pizza = new ClamPizza();
} else if (type.equals (“veggie”) {

pizza = new VeggiePizza () ;

This is what we expeet to stay

pizza.prepare () ; the same. For the most Yarb
pizza.bake(); preparing, ¢ooking, and packaging
pizza.cut(); a pizzd has vemained the same
pizza.box () ; for yeavrs and yeavs: So, we

don't expect this code 4o ¢hange,
Jus{ the pizzas it operates on.

return pizza;

Clearly, dealing with w/ich concrete class 1s instantiated is really messing up our
orderPizza() method and preventing it from being closed for modification. But now
that we know what is varying and what isn’t, it’s probably time to encapsulate it.
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encapsulate object creation

Encapsulating object creation

So now we know we’d be better off moving the object creation
out of the orderPizza() method. But how? Well, what

we’re going to do 1s take the creation code and move it out
into another object that is only going to be concerned with
creating pizzas.

Pizza orderPizza (String type) {

Pizza pizza;

First we pull the ob'%cc’c
——— tveation tode out o

if (type.equals (“cheese”)) {
pizza = new CheesePizzal();
} else if (type.equals (“pepperoni”) {
pizza = new PepperoniPizza();
} else if (type.equals(“clam”) {
pizza = new ClamPizza();
} else if (type.equals (“veggie”) {

pizza = new VeggiePizza();

the

ovdexPizza Method

pizza.prepare();
pizza.bake();
pizza.cut();
pizza.box();

return pizza; Wha )

We’ve got a name for this new object: we
call it a Factory.

Factories handle the details of object creation. Once we have
a SimplePizzaFactory, our orderPizza() method just becomes a
client of that object. Any time it needs a pizza it asks the pizza
factory to make one. Gone are the days when the orderPizza()
method needs to know about Greek versus Clam pizzas. Now
the orderPizza() method just cares that it gets a pizza, which
implements the Pizza interface so that it can call prepare(),
bake(), cut(), and box().

We've still got a few details to fill in here; for instance, what does
the orderPizza() method replace its creation code with? Let’s
implement a simple factory for the pizza store and find out...
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the factory pattern

Building a simple pizza factory

We’ll start with the factory itself. What we’re going to do is define a class that encapsulates the object

creation for all pizzas. Here it is...

Heve's our new ¢lass,

onc)ob

public class SimplePizzaFactory {

the Simy\cPizzaFachor\/. |t has
in life: eveating pizzas

6(&'\“6 :,}(,\@6 w

Qor its clients. « At

public Pizza createPizza (String type) {

Pizza pizza =

null;

if (type.equals (“cheese”)) {
pizza = new CheesePizzal(); Heve's the tode we
} else if (type.equals (“pepperoni”)) { ﬂudndOWt°£{hc
pizza = new PepperoniPizzal(); ordch'llzaO method.
} else if (type.equals(“clam”)) {
pizza = new ClamPizza();
} else if (type.equals (“veggie”)) {
pizza = new VeggiePizzal();

}

return pizza;

* What's the advantage of this?
It looks like we are just pushing the
problem off to another object.

A: One thing to remember is that the
SimplePizzaFactory may have many clients.
We've only seen the orderPizza() method;
however, there may be a PizzaShopMenu
class that uses the factory to get pizzas

for their current description and price. We
might also have a HomeDelivery class that
handles pizzas in a different way than our

)

This tode is still ?aramc{cviud by
the type of the pizza) just like our
original orderPizza() method was.

DB Uestions

PizzaShop class but is also a client of the
factory.

So, by encapsulating the pizza creating
in one class, we now have only one
place to make modifications when the
implementation changes.

Don't forget, we are also just about to
remove the concrete instantiations from our
client code!

Q: I've seen a similar design where
a factory like this is defined as a static
method. What is the difference?

A: Defining a simple factory as a
static method is a common technique and

is often called a static factory. Why use a
static method? Because you don’t need

to instantiate an object to make use of the
create method. But remember it also has the
disadvantage that you can’t subclass and
change the behavior of the create method.
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simple factory

Reworking the PizzaStore class

Now it’s time to fix up our client code. What we want to do is rely on the
factory to create the pizzas for us. Here are the changes:

Now we give PizzaStore a veferente
toa SimplcPiuaFac{or\/.

public class PizzaStore { (
SimplePizzaFactory factory; (\

public PizzaStore (SimplePizzaFactory factory) { _P'fzagfo'rc gets the ‘Facfo\r\/ passed +o
this.factory = factory; it in the tonstruetor.
}

public Pizza orderPizza (String type) {
Pizza pizza;

pizza = factory.createPizza (type);

pizza.prepare () ; And the orderPizzal) method uses the
pizza.bake(); (fac{-pr\/ to eveate its pizzas b\/ simyl\/
pizza.cut(); passing on the type of the order.

pizza.box();

return pizza;

J Notite that we've veplated the new
operator with a treate method on the
// other methods here -cac{:or\/ ob")ct{:. No move Lonércfc
} instantiations heve!

_ BRANN
PQweEWw

We know that object composition allows us to change behavior dynamically at runtime (among
other things) because we can swap in and out implementations. How might we be able to use
that in the PizzaStore? What factory implementations might we be able to swap in and out?

(00) ‘uaneH maN 10610y 10U
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the factory pattern

The Simple Factory defined Pattern

Honorahle
Mentijon

The Simple Factory isn’t actually a Design Pattern; it’s more of a programming idiom.
But it is commonly used, so we’ll give it a Head First Pattern Honorable Mention.
Some developers do mistake this idiom for the “Factory Pattern,” so the next time
there is an awkward silence between you and another developer, you’ve got a nice
topic to break the ice.

Just because Simple Factory isn’t a REAL pattern doesn’t mean we shouldn’t check out
how it’s put together. Let’s take a look at the class diagram of our new Pizza Store:

This is the fac’cor\/ wheve we treate

pizzas; it should be the only part This is the product of
of our application that vekers to the fackory B 223l
tontrete Pizza tlasses..
[ We've defined Piz22
PizzaStore ‘—) SimplePizzaFactory '—> Pizza as an abs{:rad: tlass
e oreatefzzal prepare() [ with some \\6\\’(: l t
bake() \m?\t"‘c“&a‘t‘o;sd {',\\a
cut() b ovevviaaen
C " ( dis often box() can be
This is the elient of the The eveate wmethod is
$ackory- PizzaStore detlaved statically
aow goes khrough H\c&p £
" (3
S‘mY\CP‘ﬂAFa'&MY ’ CheesePizza ‘ PepperoniPizza
instances 0‘(: Y‘ua‘ l

VeggiePizza ClamPizza ‘

These are our Contrete products. Each
.Produd: needs to implement the Pizza
interface ¥ (whith in +his tase means

“extend the abstract Pizza ¢lass”) and

.be tontrete. As long as that’s the tase,
it ¢an be ereated by the factory and
handed batk to the tlient.

Think of Simple Factory as a warm up. Next, we’ll explore two heavy duty patterns
that are both factories. But don’t worry, there’s more pizza to come!

#*Just another veminder: in design patterns, the phrase “implement an interface” does NOT always mean
“write a ¢lass that implements a Java intevface, by using the “implements” keyword in the ¢lass declavation.”
In the general use of the phrase, a tontrete tlass implementing a method from a supertype (which could be a
tlass OR interfate) is still considered to be “implementing the interface” of that supertype.
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pizza franchise

Franchising the pizza store

Your Objectville PizzaStore has done so well that you've trounced
the competition and now everyone wants a PizzaStore in their
own neighborhood. As the franchiser, you want to ensure the
quality of the franchise operations and so you want them to use
your time-tested code.

But what about regional differences? Each franchise might
want to offer different styles of pizzas (New York, Chicago, and
California, to name a few), depending on where the franchise
store 1s located and the tastes of the local pizza connoisseurs.

v

One franthise wants a Factory
that makes NY style pizzas:
+hin cvust, {as{:\/ saute and
\)us% a little cheese.

You want all the franthise pizza stores
1o leverage your PizzaStore tode, so the
pizzas are prepaved in the same way.-

QO

'O"ZZGST o

&£ Another Lranthise
wants a factory that
makes Chicago style
piz2as; theiv Customers
like pizzas with thick
evust, vich sauce, and

tons of theese.

We've seen one approach...

If we take out SimplePizzaFactory and create three different
factories, NYPizzaFactory, ChicagoPizzaFactory and
CaliforniaPizzaFactory, then we can just compose the PizzaStore
with the appropriate factory and a franchise is good to go. That’s
one approach.

Let’s see what that would look like...
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the factory pattern

Heve we eveate a factory
or making NY style pizzas.

NYPizzaFactory nyFactory = new NYPizzaFactory();
PizzaStore nyStore = new PizzaStore (nyFactory); (_\

nyStore.orderPizza (“Weggie”) ; Then we ereate a PizzaStore and pass it
k\ a vefevente 1o the NY (:acbor\/.

~and when we make pizzas, we

get N‘/——s{:\/led pizzas.

ChicagoPizzaFactory chicagoFactory = new ChicagoPizzaFactory();
PizzaStore chicagoStore = new PizzaStore(chicagoFactory);
chicagoStore.orderPizza (“Weggie”) ;

Likewise for the Chicago pizza stores: we treate
a fad:ory for Chicago pizzas and eveate a store
that is composed with a Chitago factory. When
we make pizzas, we get the Chicago flavoved
ones

But you'd like a little wmore quality control...

So you test marketed the SimpleFactory idea, and what you
found was that the franchises were using your factory to
create pizzas, but starting to employ their own home grown
procedures for the rest of the process: they’d bake things a
little differently, they’d forget to cut the pizza and they’d use
third-party boxes.

T've been making pizza for
years so I thought T'd add my
own “improvements” to the
PizzaStore procedures...

Rethinking the problem a bit, you see that what you’d really
like to do is create a framework that ties the store and the
pizza creation together, yet still allows things to remain
flexible.

In our early code, before the SimplePizzaFactory, we had
the pizza-making code tied to the PizzaStore, but it wasn’t
flexible. So, how can we have our pizza and eat it too?

i d
Not what you want in 3 9oo
Q:andh'lsc- You do NOT want +o know

what he puts on his pizzas-
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let the subclasses decide

A framework for the pizza store

There s a way to localize all the pizza making activities to the PizzaStore
class, and yet give the franchises freedom to have their own regional style.

What we’re going to do is put the createPizza() method back into PizzaStore,
but this time as an abstract method, and then create a PizzaStore
subclass for each regional style.

First, let’s look at the changes to the PizzaStore:

PizzaStore is now abstract (see why below).

[

public abstract class PizzaStore ({

public Pizza orderPizza (String type) {
Pizza pizza;

Now eveatePizza is batk to being a

pizza = createPizza (type); eall +o a method in the PizzaStove
vather than on a factory ob\')cd:-

pizza.prepare();

pizza.bake();

pizza.cut();
pizza.box(); \’ Al this looks just the same..

return pizza;

¢

abstract Pizza createPizza (String type); Now we've moved our ‘(facto,.

} ochC‘E to this method.

Our “Facfory method” is now
abstract in PizzaStove.

Now we’ve got a store waiting for subclasses; we’re going to have a

subclass for each regional type (NYPizzaStore, ChicagoPizzaStore,
CaliforniaPizzaStore) and each subclass 1s going to make the decision about
what makes up a pizza. Let’s take a look at how this is going to work.
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the factory pattern

Allowing the subclasses to decide

Remember, the PizzaStore already has a well-honed order system in the orderPizza()

method and you want to ensure that it’s consistent across all franchises.

What varies among the regional PizzaStores is the style of pizzas they make — New York
Pizza has thin crust, Chicago Pizza has thick, and so on — and we are going to push all
these variations into the createPizza() method and make it responsible for creating the
right kind of pizza. The way we do this is by letting each subclass of PizzaStore define
what the createPizza() method looks like. So, we will have a number of concrete subclasses
of PizzaStore, each with its own pizza variations, all fitting within the PizzaStore
framework and still making use of the well-tuned orderPizza() method.

>
[£ a franchise wants NY style
piz2as for its customers, it
uses the NY subtlass, whith has
its own ereatePizza() method,
eveating NY style pizzas:

\

public Pizza createPizza (type)
if (type.equals (“cheese”)

Each subelass overvides the eveatePizzal)
method, while all subelasses make use

PizzaStore i of the orderPizza() method defined

createPizza()
orderPizza()

n P'lzzaS{;o‘rc‘ We tould make the
orderPizza() method final if we veally
wanted to enforee this.

NYStylePizzaStore

!

createPizza()

Remember: eveatePizzal) is

ChicagoStylePizzaStore i Similarly: b\/ using the
createPizza() CHC85° subtlass, we gc{: an

im\?lmcn{:&{:’non of eveatePizzal)
with Chitago ingrcdicn{:s-

abstratt in PizzaStove, so all
piz2a stove subtypes MUST
implement the method.

{
{

pizza = new NYStyleCheesePizza();

} else if (type.equals (“pepperoni”) {

pizza = new NYStylePepperoniPizza() ;

} else if (type.equals(“clam”) {

pizza = new NYStyleClamPizza () ;

} else if (type.equals (“veggie”) {

pizza = new NYStyleVeggiePizza() ;

public Pizza createPizza (type) {
if (type.equals (“cheese”)) {
pizza = new ChicagoStyleCheesePizza();
} else if (type.equals (“pepperoni”) {
pizza = new ChicagoStylePepperoniPizza () ;
} else if (type.equals(“clam”) {
pizza = new ChicagoStyleClamPizza () ;
} else if (type.equals (“veggie”) {

pizza = new ChicagoStyleVeggiePizza () ;
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decide?

how do

I don't get it. The

PizzaStore subclasses are just
subclasses. How are they deciding
anything? I don't see any logical decision-
making code in NYStylePizzaStore....

PizzaStore

createPizza()
orderPizza()

&

PizzaStore

createPizza()
orderPizza()

orderPizzal) calls eveateP
a pizza objett- B

derPizzal)
{2 The order ,‘go who dots detide?

56

doesn

Well, think about it from the point of view of the PizzaStore’s orderPizza() method: it is
defined in the abstract PizzaStore, but concrete types are only created in the subclasses.

Lined in the abstract

"‘C{hod ‘Ias no |dca Wil‘ch sw C\aSS \s ac‘hﬁa“1

vunning the tode and making the pizzas.

ocderPizzal) is de

Now, to take this a little further, the orderPizza() method does a lot of things with a
Pizza object (like prepare, bake, cut, box), but because Pizza 1s abstract, orderPizza() has
no idea what real concrete classes are involved. In other words, it’s decoupled!

pizza = createPizza();
pizza.prepare();
pizza.bake();
pizza.cut();
pizza.box();

'L know how

2230) 4o ackually get
ot whith kind of pizza will .JF
method eant detide; it

When orderPizza() calls createPizza(), one of your subclasses will be called into action to
create a pizza. Which kind of pizza will be made? Well, that’s decided by the choice of
pizza store you order from, NYStylePizzaStore or ChicagoStylePizzaStore.

/_/

NYStylePizzaStore

createPizza()

/

ChicagoStylePizzaStore

createPizza()

So, is there a real-time decision that subclasses make? No, but from the perspective of
orderPizza(), if you chose a NYStylePizzaStore, that subclass gets to determine which
pizza is made. So the subclasses aren’t really “deciding” — it was you who decided by
choosing which store you wanted — but they do determine which kind of pizza gets made.
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the factory pattern

Let’s make a PizzaStore

Being a franchise has its benefits. You get all the PizzaStore
functionality for free. All the regional stores need to do is subclass
PizzaStore and supply a createPizza() method that implements
their style of Pizza. We’ll take care of the big three pizza styles for
the franchisees.

Here’s the New York regional style:

tveatePizzal) veturns a Pizz2, ah.d the The NYPizzaStore extends
sublass is fully vesponsible for which PizzaStore, so it inheviks the
contrete Pizza it instantiates orderPizza() method (among others).

public class NYPizzaStore extends PizzaStore ({

e~ We've got 1o implement
Pizza createPizza (String item) { 01ﬂkazaO,ﬁnui£E

if (item.equals (“cheese”)) { . abstract in PizzaStove.
return new NYStyleCheesePizzal();
} else if (item.equals (“veggie”)) {

return new NYStyleVeggiePizzal();
Y 99 07 e Here's wheve we ereate our

} else if (item.equals (“clam”)) { . fe el >
return new NYStyleClamPizza () ; ozhu.rc e tlasses. For each b/?‘
} else if (item.equals (“pepperoni”)) { Pizza we eveate the NY s{:\/lc.

return new NYStylePepperoniPizza () ;
} else return null;

% Note that the orderPizza() method in the
supevtlass has no ¢lue whith Pizza we ave treating; it
)us{ knows it tan prepare, bake, eut, and box it!

Once we've got our PizzaStore subclasses built, it will be time
to see about ordering up a pizza or two. But before we do that,
why don’t you take a crack at building the Chicago Style and
California Style pizza stores on the next page.
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factory

@s.oharpen your pencil
i’ your p

We’ve knocked out the NYPizzaStore, just two more to go and we’ll be ready to franchise!
Write the Chicago and California PizzaStore implementations here:
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the factory pattern

Peclaring a factory method

With just a couple of transformations to the PizzaStore we’ve gone from
having an object handle the instantiation of our concrete classes to a set of
subclasses that are now taking on that responsibility. Let’s take a closer look:

of

The s belasses .

P‘\;:Shorc handle o\')‘)cd:

\v\s{:an{:'\ajc'\on Lor us in the
cha{e?\u.ao method-

public abstract class PizzaStore {

public Pizza orderPizza (String type) {
Pizza pizza;

NYStylePizzaStore i

createPizza()

pizza = createPizza (type);

pizza.prepare () ;
pizza.bake();
pizza.cut();
pizza.box () ;

ChicagoStylePizzaStore h

createPizza()

return pizza;

}
Al the rcsyonsibili{:\/ for
inskantiating Pizzas has been

// other methods here moved into 3 method that
} aeks as a factory.

protected abstract Pizza createPizza (String type);

Code Up Close

A factory method handles object creation and encapsulates it in

a subclass. This decouples the client code in the superclass from A factory method may be
the object creation code in the subclass. aramt{"“"ud (or not)
4o select amond sevecd)

dutt

vaviations ok apre

abstract Product factoryMethod (String type)

A fac{-,ory method is /(\ &\

. ient (£h
abstraet s th A factory method veturns A factory method isolates the d‘\;-n:;_a 5 )C
are Coun{;c; € subelasses a Produet that is typically tode in the supertlass like order |£
object 'iv'eafi:n o bandle used within methods defined from knowing what kind of contvete
" in the su?crclass. Product is actually eveated:
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ordering a pizza

Let’s see how it works: ordering pizzas with
the pizza factory method

I like NY Style pizza... you
know, thin, crispy crust
with a little cheese and
really good sauce.

I like Chicago style deep dish
pizza with thick crust and
tons of cheese.

/>

Ethan needs to order

his Pizza from a Ny Joel needs to order his

Pizza stove. pizza feom a Chicago
pizza store. Same pizza
ordering method, but
diffevent kind of pizzal

So how do they order?

126

o First, Joel and Ethan need an instance of a PizzaStore. Joel needs to instantiate a

ChicagoPizzaStore and Ethan needs a NYPizzaStore.

6 With a PizzaStore in hand, both Ethan and Joel call the orderPizza() method and pass

in the type of pizza they want (cheese, veggie, and so on).

e To create the pizzas, the createPizza() method is called, which is defined in the

two subclasses NYPizzaStore and ChicagoPizzaStore. As we defined them, the
NYPizzaStore instantiates a NY style pizza, and the ChicagoPizzaStore instantiates
Chicago style pizza. In either case, the Pizza is returned to the orderPizza() method.

e The orderPizza() method has no idea what kind of pizza was created, but it knows it is

a pizza and it prepares, bakes, cuts, and boxes it for Ethan and Joel.

Chapter 4



the factory pattern

Let’s check out how these pizzas are Behind
really made to order... the Scenes

o Let’s follow Ethan’s order: first we need a NY PizzaStore:

= new NYPizzaStore();

PizzaStore nyPizzaStore =
\ Creates 3 instante of

NYPizzaStore. — — 5

e Now that we have a store, we can take an order: / L
VPizz0S%®

nyPizzaStore.orderPizza (“cheese”) ; /
\ The ordePizzal) mekhod is called on

the nyPizzaS{:orc instance (the method

defined inside PizzaStore vuns)-

[
9]
[0}
(0]
s}
O
o]
N
N
-~
y
O
i)
[}
0]
S
]

e The orderPizza() method then calls the createPizza()
method:

= createPizza (“cheese”);

\

Pizza pizza

Remember, treatePizza(), the faetory
method, is implemented in the subtlass. [n

this case it veturns a NY Cheese Pizza. S

e Finally we have the unprepared pizza in hand and the
orderPizza() method finishes preparing it:

pizza.prepare () ;
giiiz . Si];e( )()‘ ; All of these methods are dc(:;v\cd
pizza.box () N~ in the sycc\(:‘uc pizza veturne
‘(:rom 'H\c (:acbory mCJ(',\'\od
eveatePizzal), defined in the
The ocderPizzal) method gets N\/P»‘mg{.prc_
batk a Pizza, without knowing

exattly what eontrete tlass it is-
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the pizza classes

We're just missing one thing: PIZZA!

Our PizzaStore isn’t going fo be very popular
without some pizzas, so let’s implement them:

a type of dough, 3
type of saute, and 3 set of toppings.

public abstract class Pizza { Eath Pizza has 3 name,

String name;
String dough; <5_////////
String sauce;

ArrayList toppings = new ArrayList();

void prepare() { The abstraet ¢lass \wovidcs.
System.out.println (“Preparing “ + name); mmcbadtd&hdksﬂw\mkmy
System.out.println(“Tossing dough...”); cutting and boxing:

System.out.println (“Adding sauce...”);
System.out.println (“Adding toppings: “);
for (int i = 0; 1 < toppings.size(); i++) {

System.out.println (% “ + toppings.get(i));
} Preparation Lollows a
pumber of steps in @

yav’c’uculav sequente:

}

void bake () {
System.out.println (“Bake for 25 minutes at 3507);
}

void cut () {
System.out.println (“Cutting the pizza into diagonal slices”);

}

void box () {
System.out.println (“Place pizza in official PizzaStore box”);

}

public String getName () {
return name;

}

REMEMBER: we don't provide import and package statements in the
tode listings. Get the complete sourte tode from the wickedlysmart
web site. You'll find the URL on page xxxiii in the [ntro.
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the factory pattern

Now we just need some concrete subclasses... how about defining
New York and Chicago style cheese pizzas?

Pizza has its own
The NY Pi Lhin evust.

public class NYStyleCheesePizza extends Pizza { maﬁnaﬁ<¢$€5a¢¢a“d
public NYStyleCheesePizza () {
name = “NY Style Sauce and Cheese Pizza”;
dough = “Thin Crust Dough”;

sauce = “Marinara Sauce”;

toppings.add (“Grated Reggiano Cheese”);

| And one 'l:oPPing, reqgiano cheese!

The Chicago Pizza uses plum
{omatoes as a saute along

public class ChicagoStyleCheesePizza extends Pizza { é}/ w%hc*&raﬁﬁékﬁrwk

public ChicagoStyleCheesePizza () {
name = “Chicago Style Deep Dish Cheese Pizza”;
dough = “Extra Thick Crust Dough”;
sauce = “Plum Tomato Sauce”;

& — The Chicago style deep
toppings.add (“Shredded Mozzarella Cheese”); dthkzahasb{5°§

} mozzavella theese!

void cut () {
System.out.println (“Cutting the pizza into square slices”);

}

| "
The Chicago style pizza also overvides the eut()
method so that the pietes are tut into squares.
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make some pizzas

You've waited long enough, time for some pizzas!

public class PizzaTestDrive ({

Fiest we preate b
different stoves:

public static void main(String[] args) {

PizzaStore nyStore = new NYPizzaStore();

PizzaStore chicagoStore = new ChicagoPizzaStore();

Then use one one store
+o make Ethan's order.

Pizza pizza = nyStore.orderPizza (“cheese”);

System.out.println (“Ethan ordered a “ + pizza.getName() + “\n”);

pizza = chicagoStore.orderPizza (“cheese”);

System.out.println (“Joel ordered a “ + pizza.getName() + “\n”);

And the other Lor Joel’s.
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File Edit Window Help YouWantMootzOnThatPizza?

%java PizzaTestDrive

Preparing NY Style Sauce and Cheese Pizza
Tossing dough. ..
Adding sauce. ..
Adding toppings:
Grated Reggiano cheese
Bake for 25 minutes at 350
Cutting the pizza into diagonal slices
Place pizza in official PizzaStore box
Ethan ordered a NY Style Sauce and Cheese Pizza

Preparing Chicago Style Deep Dish Cheese Pizza
Tossing dough. ..

Adding sauce...
Adding toppings:

Shredded Mozzarella Cheese
Bake for 25 minutes at 350
Cutting the pizza into square slices
Place pizza in official PizzaStore box
Joel ordered a Chicago Style Deep Dish Cheese Pizza

Chapter 4

okh pizzas get prepaved:
E\\c {-,:yving,s added, and the
pizzas baked, eut and boxed.
Our supertlass never had to
know the details, the subtlass
handled all that just by
inskantiating the vight pizza



the factory pattern

It’s finally time to meet the Factory Method Pattern

All factory patterns encapsulate object creation. The Factory Method Pattern encapsulates
object creation by letting subclasses decide what objects to create. Let’s check out these class
diagrams to see who the players are in this pattern:

The Creator classes

This is our abstraet eveator /\ ‘/—\ Often the eveator tontains code that

‘E ;i:o i defves an abstract depends on an abstract Produb{:, whith

rY method that the PizzaStore i is produted by a subtlass. The eveator
e i"‘F'Cmcn{; to createPizza() never rea|l\/ knows whith tontrete
Produce products orderPizza() I produtt was produted.

/ \/?'mcc eath franthise gets its
own subtlass of PizzaStore,

NYPizzaStore ) ChicagoPizzaStore | 0 .
createPizza() I createPizzal) it's ‘(“:"cc‘ bﬁ&;ﬂ:ﬁ: :’;
Th own style o \
is o:::‘e a&PiQaO meth / implementing eveatePizzal).
ae: e od
Produces Plrozlaczéhod' It Classes that produce

8 o duf’{'as ave C,3“Cd

YY‘
tontreke ereators

The Product classes

/—\ Factories produce produtts,

Pizza . and in the PizzaStore, our
product is a Pizza.
These ave the tontrete
?vodut‘{:s — all the pizzas that
are ?\roduétd b\/ our stores NYStyleCheesePizza ! ChicagoSterCheesePizza!
\% | NYStylePepperoniPiza | |ChicagoStylePepperoniPizza |
NYStyleClamPizza ) ChicagoStyleClamPizza |

NYStyleVeggiePizza ChicagoStyleVeggiePizza |
— — I
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creators and products

Another perspective: parallel class hierarchies

We've seen that the factory method provides a framework by supplying an
orderPizza() method that is combined with a factory method. Another way to look
at this pattern as a framework is in the way it encapsulates product knowledge into
each creator.

Let’s look at the two parallel class hierarchies and see how they relate:

Notice how these

¢lass hievarthies are
parallel: both have /\
abstracet classes that

a tended b
The Product classes conieete ehseed wien The Creator classes

know about s?ecific
imF|CmCh{;a‘f‘,ions for N\/
Pizza i and Chicago. PizzaStore i

createPizza()
orderPizza()

NYStyleCheesePizza ! ChicagoSterCheesePizza! NYPizzaStore i ChicagoPizzaStore i
‘ NYStylePepperoniPizza ! ‘ChicagoSterPepperoniPizza! createPizza() I createPizza()
NYStyleClamPizza ! ChicagoStyleClamPizza !
NYStyleVeggiePizza ChicagoStyleVeggiePizza ( " 7\
- - a?""\a Xp Xt

\S {')lc kC1 k',O ent Y ‘t 5 {')\\S kV\O\NlCd6C
d a S\Ala N

The fatkory methe
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% Design Puzzle

We need another kind of pizza for those crazy Californians (crazy in a good way
of course). Draw another parallel set of classes that you’d need to add a new
California region to our PizzaStore.

PizzaStore ‘

createPizza()
orderPizza()

the factory pattern

R AN
L)
/I \(ov" dvd

NYPizzaStore

ChicagoPizzaStore

createPizza()

createPizza()

NYStyleCheesePizza h

1

ChicagoSterCheesePizzai

NYStylePepperoniPizza |
|

NYStyleClamPizza | |

—

NYStyleVeggiePizza h

—

ChicagoStylePepperoniPizza h
| 58

B

ChicagoStyleClamPizza i

ChicagoStyleVeggiePizza i

1

Okay, now write the five most bizarre things you can think of to put on a pizza.
Then, you’ll be ready to go into business making pizza in California!
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factory method defined

Factory Method Pattern defined

It’s time to roll out the official definition of the Factory Method Pattern:

The Factory Method Pattern defines an interface
for creating an object, but lets subclasses decide which

class to instantiate. Factory Method lets a class defer
instantiation to subclasses.

As with every factory, the Factory Method Pattern gives us a way to encapsulate the
instantiations of concrete types. Looking at the class diagram below, you can see that the
abstract Creator gives you an interface with a method for creating objects, also known as the
“factory method.” Any other methods implemented in the abstract Creator are written to

operate on products produced by the factory method. Only subclasses actually implement " ot
the factory method and create products.

. . .. 5 o N e WS
As in the official definition, you’ll often hear developers say that the Factory Method lets «qetides Ty ckan ’c\\\\
subclasses decide which class to instantiate. They say “decide” not because the pattern o no¥ ":‘3“ ey do
allows subclasses themselves to decide at runtime, but because the creator class is written ekt Y

without knowledge of the actual products that will be created, which is decided purely by
the choice of the subclass that is used.

The (Creator is 3 class that tonkains

th ‘\mv\cmcn{:alc'wns for all of ;:\ne
:ﬂ\ods to mah\Yu\a{c Yrod;: d,
:‘*ccv{: for the fackory meTho™

Creator i

/45 Product

st '\mY\Cvnch‘t factoryMethod() The abstract ‘catbr\/MCH‘OdO
Al Y*"dud—’:: ‘1; ste 50 that the anOperation() is what all Creator subelasses
Lhe same ntev 4 ks must im?l:mcn{}
th use the prodv
l’,\asscsC &:‘L ihc . “Jwﬁace,
tan ¥

not the contrete tlass-

LN

The ContveteCreator
\\> ConcreteProduct i‘_ ConcreteCreator

implements the
feonttetiod) (:ad:or\/Mc{hod(), which is
the method that actually
\ produces products.

The ConeveteCreator is vesponsible for
ereating one or move tontrete products. [t

is the onl\/ ¢lass that has the knowledge of
how to ereate these produets.
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OHiHBGestions

. What's the advantage of the Factory Method
Pattern when you only have one ConcreteCreator?

A: The Factory Method Pattern is useful if

you've only got one concrete creator because you are
decoupling the implementation of the product from

its use. If you add additional products or change a
product’s implementation, it will not affect your Creator
(because the Creator is not tightly coupled to any
ConcreteProduct).

. Would it be correct to say that our NY and
Chicago stores are implemented using Simple
Factory? They look just like it.

A: They're similar, but used in different ways. Even
though the implementation of each concrete store looks
a lot like the SimplePizzaFactory, remember that the
concrete stores are extending a class which has defined
createPizza() as an abstract method. Itis up to each
store to define the behavior of the createPizza() method.
In Simple Factory, the factory is another object that is
composed with the PizzaStore.

. Arethe factory method and the Creator
always abstract?

A: No, you can define a default factory method

to produce some concrete product. Then you always
have a means of creating products even if there are no
subclasses of the Creator.

< Each store can make four different kinds
of pizzas based on the type passed in. Do all
concrete creators make multiple products, or do they
sometimes just make one?

the factory pattern

A: We implemented what is known as the
parameterized factory method. It can make more than
one object based on a parameter passed in, as you
noticed. Often, however, a factory just produces one
object and is not parameterized. Both are valid forms
of the pattern.

+ Your parameterized types don’t seem “type-
safe.” I’'m just passing in a String! What if | asked for
a “CalmPizza"”?

- Youare certainly correct and that would cause,
what we call in the business, a “runtime error.” There
are several other more sophisticated techniques that
can be used to make parameters more “type safe”, or,
in other words, to ensure errors in parameters can be
caught at compile time. For instance, you can create
objects that represent the parameter types, use static
constants, or, in Java 5, you can use enums.

Q,: I'm still a bit confused about the difference
between Simple Factory and Factory Method. They
look very similar, except that in Factory Method, the
class that returns the pizza is a subclass. Can you
explain?

A: You're right that the subclasses do look a lot
like Simple Factory, however think of Simple Factory
as a one shot deal, while with Factory Method you are
creating a framework that lets the subclasses decide
which implementation will be used. For example, the
orderPizza() method in the Factory Method provides a
general framework for creating pizzas that relies on a
factory method to actually create the concrete classes
that go into making a pizza. By subclassing the
PizzaStore class, you decide what concrete products
go into making the pizza that orderPizza() returns.
Compare that with SimpleFactory, which gives you a
way to encapsulate object creation, but doesn’t give
you the flexibility of the Factory Method because there
is no way to vary the products you're creating.
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master student

Master and Student...

Master: Grasshopper, tell me how your training is going?

¥ g

.

: Student: Master, | have taken my study of “encapsulate what
varies” further.

Master: Go on...

Student: | have learned that one can encapsulate the code that
creates objects. When you have code that instantiates concrete
classes, this is an area of frequent change. I've learned a
technique called “factories” that allows you to encapsulate this
behavior of instantiation.

Master: And these “factories,” of what benefit are they?

Student: There are many. By placing all my creation code in one
object or method, | avoid duplication in my code and provide one
place to perform maintenance. That also means clients depend
only upon interfaces rather than the concrete classes required to
instantiate objects. As | have learned in my studies, this allows me
to program to an interface, not an implementation, and that makes
my code more flexible and extensible in the future.

Master: Yes Grasshopper, your OO instincts are growing. Do
you have any questions for your master today?

Student: Master, | know that by encapsulating object creation
| am coding to abstractions and decoupling my client code from
actual implementations. But my factory code must still use
concrete classes to instantiate real objects. Am | not pulling the
wool over my own eyes?

Master: Grasshopper, object creation is a reality of life; we must
create objects or we will never create a single Java program. But,
with knowledge of this reality, we can design our code so that we
have corralled this creation code like the sheep whose wool you
would pull over your eyes. Once corralled, we can protect and
care for the creation code. If we let our creation code run wild,
then we will never collect its “wool.”

Student: Master, | see the truth in this.

Master: As | knew you would. Now, please go and meditate on
object dependencies.
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the factory pattern

A very dependent PizzaStore

%arpen your pencl

Let’s pretend you’ve never heard of an OO factory. Here’s a version of the PizzaStore that
doesn’t use a factory; make a count of the number of concrete pizza objects this class is
dependent on. If you added California style pizzas to this PizzaStore, how many objects would it
be dependent on then?

public class DependentPizzaStore {

public Pizza createPizza(String style, String type) {

Pizza pizza = null;
if (style.equals (“NY”)) {
if (type.equals (“cheese”)) {
pizza = new NYStyleCheesePizzal();
} elsg if (type.equals(“veggief)) { Hmdksa"{hCNY
: elg;zi? ?tnew NYStyleYegglfPlzza(), ¢$thzas
ype.equals (“clam”)) {
pizza = new NYStyleClamPizza();
} else if (type.equals (“pepperoni”)) {
pizza = new NYStylePepperoniPizza();
}
} else if (style.equals(“Chicago”)) {
if (type.equals (“cheese”)) {
pizza = new ChlcagoStyleCheesePlzza Hmdksaﬂkhc
} else if (type.equals (“veggie”)) é(//—- Chmay>ﬂwk
pizza = new ChlcagoStyleVegglePlzza
} else if (type.equals(“clam”)) { pizzas
pizza = new ChicagoStyleClamPizza() ;
} else if (type.equals (“pepperoni”)) {
pizza = new ChicagoStylePepperoniPizzal() ;
}
} else {

System.out.println (“Error: invalid type of pizza”);
return null;

}

pizza.prepare() ;

pizza.bake();

pizza.cut();

pizza.box();

return pizza;

\/ou ¢tan write
Your answevs heve: number

number with California +oo
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object dependencies

Looking at object dependencies

When you directly instantiate an object, you are depending on its
concrete class. Take a look at our very dependent PizzaStore one
page back. It creates all the pizza objects right in the PizzaStore class
mstead of delegating to a factory.

If we draw a diagram representing that version of the PizzaStore
and all the objects it depends on, here’s what it looks like:

This version of the
PizzaStore depends on all
those pizza ob\')cc{:s, bectause

it's eveating them divectly.
I£ the implem

entat Betause any thanges to the contrete
s Chahgc' {:hc"':\corfaﬁcsc ) im\?lcmcn{:a{ions of pizzas au"cc‘{:s the
have {o modhcy in PizzaS{;Z PizzaStore, we say that the PizzaStore
&}) - “dc\?cnds Oh" the yizza im?lc"\cn{:a{iohs.

Evcr\/ new kind of pizza
we add treates another j

dependenty for PizzaStore.
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the factory pattern

The Dependency Inversion Principle

It should be pretty clear that reducing dependencies to
concrete classes in our code 1s a “good thing.” In fact, we’ve
got an OO design principle that formalizes this notion; it even

. e wease You 63"

has a big, formal name: Dependency Inversion Principle. Vet a""_{h\::ci I',\\C exets
L . .
Here’s the general principle: wse to | Vour vaise wil

the voom. \!EI(‘ cet the 605‘\'7

move than )
of this Yook
khe admivation

Design Principle Cellow developer

Depend upon abstractions. Do
not depend upon concrete classes.

At first, this principle sounds a lot like “Program to an

interface, not an implementation,” right? It is similar;

however, the Dependency Inversion Principle makes an even

stronger statement about abstraction. It suggests that our

high-level components should not depend on our low-level A “high—level” component is a tlass
components; rather, they should both depend on abstractions. 4// with behavior defined in terms of
other, “low level” com\?onen{:s-

For example, PizzaStore is a
high-level tomponent because

its behavior is defined in terms
of pizzas — it eveates all the
diffevent pizza objects, prepares,
bakes, tuts, and boxes them, while
Now, this principle tells us we should instead write our code the pizzas it uses ave low—level
so that we are depending on abstractions, not concrete tomponents.

classes. That goes for both our high level modules and our

low-level modules.

But what the heck does that mean?

Well, let’s start by looking again at the pizza store diagram
on the previous page. PizzaStore is our “high-level
component” and the pizza implementations are our “low-
level components,” and clearly the PizzaStore is dependent
on the concrete pizza classes.

But how do we do this? Let’s think about how we’d
apply this principle to our Very Dependent PizzaStore
implementation...
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dependency inversion principle
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Applying the Principle

Now, the main problem with the Very Dependent PizzaStore is that it depends

on every type of pizza because it actually instantiates concrete types in its
orderPizza() method.

While we’ve created an abstraction, Pizza, we’re nevertheless creating concrete
Pizzas in this code, so we don’t get a lot of leverage out of this abstraction.

How can we get those instantiations out of the orderPizza() method? Well, as
we know, the Factory Method allows us to do just that.

So, after we’ve applied the Factory Method, our diagram looks like this:

—

PizzaStore now depends only
= on Pizza, the abskract elass.

Pizza is an BBS‘E\rac{; S/

) d
c,ass...ah abs{rac{:ion. \_l /\ The conc\’c{'«t \’lu_a ¢lasses dq?Cn on

i {:\\c\l
i\ bstrattion too betause
et ui, i)\sc Pizza inteckate (vemember,
teckace” in the 5cncra\
223 abstract elass

'm\‘;\cmcn

LW
we've using i

\ \ scnsc) in the P
O

Pizza

After applying the Factory Method, you’ll notice that our high-level component,
the PizzaStore, and our low-level components, the pizzas, both depend on Pizza,
the abstraction. Factory Method is not the only technique for adhering to the
Dependency Inversion Principle, but it is one of the more powerful ones.
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the factory pattern

Okay, I get the dependency
part, but why is it called
dependency inversion?

Where’s the “inversion” in Dependency
Inversion Principle?

The “inversion” in the name Dependency Inversion

{ | Principle is there because it inverts the way you
z typically might think about your OO design. Look
- ‘ at the diagram on the previous page, notice that the

low-level components now depend on a higher level
abstraction. Likewise, the high-level component

1s also tied to the same abstraction. So, the top-to-
bottom dependency chart we drew a couple of pages
\ back has inverted itself, with both high-level and low-
level modules now depending on the abstraction.

9 Let’s also walk through the thinking behind the typical
h design process and see how introducing the principle
can invert the way we think about the design...
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invert your

Inverting your thinking...

142

Hmmm, Pizza Stores prepare, bake and
box pizzas. So, my store needs fo be
able to make a bunch of different
pizzas: CheesePizza, VeggiePizza,
ClamPizza, and so on...

Well, a CheesePizza and a
VeggiePizza and a ClamPizza

are all just Pizzas, so they

should share a Pizza interface.

Since T now have a Pizza
abstraction, I can design my

Pizza Store and not worry about
the concrete pizza classes.

Okay, so you need to implement a PizzaStore.
What’s the first thought that pops into your head?

Right, you start at top and follow things down to
the concrete classes. But, as you've seen, you don’t
want your store to know about the concrete pizza
types, because then it’ll be dependent on all those
concrete classes!

Now, let’s “invert” your thinking... instead of
starting at the top, start at the Pizzas and think
about what you can abstract.

Right! You are thinking about the abstraction
Pizza. So now, go back and think about the design
of the Pizza Store again.

Close. But to do that you’ll have to rely on a
factory to get those concrete classes out of

your Pizza Store. Once you’ve done that, your
different concrete pizza types depend only on an
abstraction and so does your store. We've taken
a design where the store depended on concrete
classes and inverted those dependencies (along
with your thinking).



A few guidelines to help you follow the
Principle...

The following guidelines can help you avoid OO designs that violate
the Dependency Inversion Principle:

®  No variable should hold a reference to a concrete class.

®  No class should derive from a concrete class. 4/

®=  No method should override an implemented method of
any of its base classes.

You're exactly right! Like many of our principles, this is a guideline
you should strive for, rather than a rule you should follow all the time.
Clearly, every single Java program ever written violates these guidelines!

But, if you internalize these guidelines and have them in the back of
your mind when you design, you’ll know when you are violating the
principle and you’ll have a good reason for doing so. For instance, if you
have a class that isn’t likely to change, and you know it, then it’s not the
end of the world if you instantiate a concrete class in your code. Think
about it; we instantiate String objects all the time without thinking twice.
Does that violate the principle? Yes. Is that okay? Yes. Why? Because
String is very unlikely to change.

If, on the other hand, a class you write is likely to change, you have some
good techniques like Factory Method to encapsulate that change.

But wait, aren't these
guidelines impossible to follow?
If I follow these, I'll never be

able to write a single program!

|£ \lou use new,

the factory pattern

‘I°“,“ be holding

3 rc@cvcncc toa cov\crc{:c elass.

|€ you devive from a ton

|
A/_— Use a fattory fo et avound that!

evete class,

\/ou'\rc depending on 3 tontvete tlass.
Devive from an abstraction, like an
inkerface or an abstract ¢lass.

1€ You overvid
then Your base

€ an implementeqd method
tlass wasp’t reall I
S‘{:ak{: with. Tho:

ented in the base ¢)ass are

Y an

se
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families of ingredients

Meanwhile, back at the PizzaStore...

The design for the PizzaStore is really shaping up: it’s got
a flexible framework and it does a good job of adhering to Douoh
design principles.

Now, the key to Objectville Pizza’s success has always been Pepperoni

fresh, quality ingredients, and what you’ve discovered is that
with the new framework your franchises have been following
your procedures, but a few franchises have been substituting
inferior ingredients in their pies to lower costs and increase
their margins. You know you’ve got to do something,
because in the long term this is going to hurt the Objectville
brand!

Ensuring consistency in your
ingredients

So how are you going to ensure each franchise is using quality ingredients? Sauee
You’re going to build a factory that produces them and ships them to your
franchises!

Cheese

Now there is only one problem with this plan: the franchises are located in
different regions and what is red sauce in New York is not red sauce in Chicago.
So, you have one set of ingredients that needs to be shipped to New York and a
different set that needs to be shipped to Chicago. Let’s take a closer look:

Ckicag 0 Welve got the Vew Yok

same ?roduc{:

Pizza Wenu fanilcs el PizzaMenu

Cheese Pizza veggies, meats) )
Plum Tomato Sauce, Mozzarella, Parmesan, but di £ {: t Cheese Pizza
Oregano ut divreren Marinara Sauce, Reggiano, Garlic
implementations L
Veggie Pizza f . Veggie Pizza
Plum Tomato Sauce, Mozzarella, Parmesan, based on region. Marinara Sauce, Reggiano, Mushrooms,
Eggplant, Spinach, Black Olives Onions, Red Peppers
Clam Pizza 2 > Clam Pizza
Plum Tomato Sauce, Mozzarella, Parmesan, Clams Marinara Sauce, Reggiano, Fresh Clams
Pepperoni Pizza Pepperoni Pizza
Plum Tomato Sauce, Mozzarella, Parmesan, Marinara Sauce, Reggiano, Mushrooms,

Onions, Red Peppers, Pepperoni

Eggplant, Spinach, Black Olives, Pepperoni
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the factory pattern

Fawilies of ingredients...

New York uses one set of chlcago
ingredients and Chicago another.

Given the popularity of Objectville FrozenClams
Pizza it won’t be long before you

also need to ship another set of

regional ingredients to California, PlumTomatoSauce ThickCrustDough
and what’s next? Seattle?

For this to work, you are going to MozzarellaCheese

have to figure out how to handle

families of ingredients.

New York { o
K\ s Pizzas ave made feom the
Al Ob)CC‘tV‘\\C s gion has 3 d\ﬁic‘(cnlc

ve
rresticians ' C°"‘"\7°“C“Jcs, . zai; LovnYOnCh{’,S-

. Lion © ose

\mY\cmC'\Jf/a g
MarinaraSauce ThinCrustDough
California
ReggianoCheese
Calamari |

BruschettaSauce ' VeryThinCrust '
GoatCheese
Eath (:amil\/ tonsists of a type of dough,
a type of sauce, a type of theese, and a

seafood topping (along with a few move we J
haven't shown, like veagies and spices).

. . ilies, with
1otal, these three vegions make up ‘“yCd:(':&;fic ;\\::: {;N

Inach rc:guon implementing 3 complete Lamily 9

e
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ingredient

Building the ingredient factories

Now we’re going to build a factory to create our ingredients; the
factory will be responsible for creating each ingredient in the
ingredient family. In other words, the factory will need to create
dough, sauce, cheese, and so on... You’ll see how we are going to
handle the regional differences shortly.

Let’s start by defining an interface for the factory that is going to
create all our ingredients:

public interface PizzalngredientFactory {

public Dough createDough () ; /\ . dient we define 3
public Sauce createSauce(); For eath ngre e -‘,\Jccrﬁau-
public Cheese createCheese(); cvcajc,c "\C{'fmd o
public Veggies|[] createVeggies();

public Pepperoni createPepperoni () ;

public Clams createClam() ;

| )
Lots of new tlasses here,
one pev ingrcdicn{:.

|€ we'd had some common “machiv\cr\/"
to im\vlmanc in eath instante o‘(.:
fattory, we tould have made this an
abstract elass instead...

Here’s what we’re going to do:

0 Build a factory for each region. To do this, you’ll create a subclass of
PizzalngredientFactory that implements each create method

6 Implement a set of ingredient classes to be used with the factory, like
ReggianoCheese, RedPeppers, and ThickCrustDough. These classes can be
shared among regions where appropriate.

e Then we still need to hook all this up by working our new ingredient
factories into our old PizzaStore code.
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the factory pattern

Building the New York ingredient factory

Okay, here’s the implementation for
the New York ingredient factory. This
factory specializes in Marinara sauce,

- ient factory implements
Reggiano Cheese, Fresh Clams... The NY ingredien v

the interkace for all ingredient
faetories

public class NYPizzalIngredientFactory implements PizzalngredientFactory {

public Dough createDough () {
return new ThinCrustDough () ; )

: o For cath ngredient th:u

X . e tre

) 2 - "“Srcd\ch{: ‘Cam\\\[:‘“

public Sauce createSauce() { the New \{ovk version
return new MarinaraSauce () ; /

}

public Cheese createCheese() {
return new ReggianoCheese () ;

}

public Veggies|[] createVeggies () {

Veggies veggies[] = { new Garlic(), new Onion(), new Mushroom(), new RedPepper () };
return veggies; . .
) For veggjies, we veturn an array o
Veggies. Heve we've hardeoded the
public Pepperoni createPepperoni () { veagjes. We could make this w:orc
return new SlicedPepperoni(); sophisticated, but that doesn't veally
} add anything to learning the faetory

pattern, so we'll keep it simple.

public Clams createClam() {
return new FreshClams () ;

}
} j The best sliced peppevoni. This
Lt is shaved between New York
New York is on the ¢oast; i and Chicago. Make sure you
gets Lresh tlams. Chicago has woe it on the nexk page when
1o settle for frozen. Jou g £ £o implement the
Chicago ‘:at,{‘,or\/ \/owsclf
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build a factory

@%arpen your pencl
rite the Ghicagolizzalngredientlactory. You can

Write the ChicagoPizzalngredientlactory. Y
reference the classes below in your implementation:

EggPlant 5
Spinach .
ThickCrustDough
BlackOlives SlicedPepperoni
' PlumTomatoSauce
FrozenClam

MozzarellaCheese h

e
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the factory pattern

Reworking the pizzas...

We’ve got our factories all fired up and ready to produce quality ingredients; now we
just need to rework our Pizzas so they only use factory-produced ingredients. We’ll
start with our abstract Pizza class:

public abstract class Pizza { .
String name; Eath pizza holds a set of ingredients
that ave used in its preparation.
Dough dough;
Sauce sauce;
Veggies veggies|[];

Cheese cheese: We've now made the prepare method abstract.
Pepperoni pepperoni; K\ This is where we ave going to collect the
Clams clam; ingredients needed for the Pizza, whith of

course will come from the i i
abstract void prepare(); m.ﬁc'hytdmntﬁhd”ry

void bake () {
System.out.println (“Bake for 25 minutes at 350”);

void cut () {
System.out.println (“Cutting the pizza into diagonal slices”);

void box () {
System.out.println(“Place pizza in official PizzaStore box”);

void setName (String name) { F‘
this.name = name;

i ith
| é_(_\ Our other methods vemam the same, wit

L the exteption of the prepare method:
String getName () {
return name;

public String toString() {
// code to print pizza here
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decoupling ingredients

Reworking the pizzas, continued...

Now that you’ve got an abstract Pizza to work from, it’s time to create
the New York and Chicago style Pizzas — only this time around they will
get their ingredients straight from the factory. The franchisees’ days of
skimping on ingredients are over!

When we wrote the Factory Method code, we had a NYCheesePizza and
a ChicagoCheesePizza class. If you look at the two classes, the only thing
that differs is the use of regional ingredients. The pizzas are made just

the same (dough + sauce + cheese). The same goes for the other pizzas:

Veggie, Clam, and so on. They all follow the same preparation steps; they
just have different ingredients.

So, what you’ll see is that we really don’t need two classes for each pizza;

the ingredient factory is going to handle the regional differences for us.
Here’s the Cheese Pizza:

public class CheesePizza extends Pizza {

150

To make 3 V\zza now, we need

PizzaIngredientFactory ingredientFactory; a ﬁa&,or\{ to \’Y'o‘“d: {g‘;—a
ingVCd"C'\'hs‘ So eath I )
public CheesePizza (PizzalngredientFactory ingredientFactory) { class 5&‘,5 a ﬁac{or\l ?assc.y
this.ingredientFactory = ingredientFactory; ko its t,ov\s{'xuéjcoh and.l s
} stoved in an instante variable-

void prepare () {
System.out.println (“Preparing” + name) ;
dough = ingredientFactory.createDough () ;
sauce = ingredientFactory.createSauce(); < Heve's where the magic ha?ycns!
cheese = ingredientFactory.createCheese();

The \wc?avc() method steps through eveating
a theese pizza, and cach time it needs an

ing,vcdimh it asks the factory to produce it
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the factory pattern

/@ Code Up Close

The Pizza code uses the factory it has been composed with to produce the ingredients used in the
pizza. The ingredients produced depend on which factory we’re using. The Pizza class doesn’t care;
it knows how to make pizzas. Now, it’s decoupled from the differences in regional ingredients and
can be easily reused when there are factories for the Rockies, the Pacific Northwest, and beyond.

/-7 sauce = ingredientFactory.createSauce() ;

F\\

We've Sc{:{ins the method veturns the saute

P22 instance This is owe ingredient. factory. The ereateSaucel) mehel i L Ny
variable 4o vefey to The Pizza doesn't tave which that is used n its vegon eb mavinara saute:
the specific e fatkory is used, as long as it s 1y\5rcdich£ £attory, then we &

used in this pizzy, an ingredient factory.

Let’s check out the ClamPizza as well:

public class ClamPizza extends Pizza {
PizzalngredientFactory ingredientFactory;

public ClamPizza (PizzalngredientFactory ingredientFactory) {
this.ingredientFactory = ingredientFactory; ClamPizza also stashes an
}

ingrchCh{ Fac{ory~

void prepare() {

System.out.println (“Preparing” + name);

dough = ingredientFactory.createDough() ;

sauce = ingredientFactory.createSauce();

cheese = ingredientFactory.createCheese(); N To make a tlam pizza, the .

clam = ingredientFactory.createClam(); < prepare method colleets the rngh{:
} ing\'cdicn{:s Lrom its local (:ac{'pv\/'

[§ it’s a New York faetory, )
the elams will be Lresh; if it's
Chicago, {‘)\cy’ll be frozen.
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use the right

Revisiting our pizza stores

We’re almost there; we just need to make a quick trip to our
franchise stores to make sure they are using the correct
Pizzas. We also need to give them a reference to their local
ingredient factories:

Shove is Lo will
public class NYPizzaStore extends PizzaStore { T“‘NY ok fattory: This

ute
protected Pizza createPizza (String item) { be use M::\c Y\u—as-
Pizza pizza = null; Qm-d\NY sty

PizzalngredientFactory ingredientFactory =
new NYPizzalIngredientFactory();

if (item.equals (“cheese”)) { i
) We now pass eath pizza the
pizza = new CheesePizza (ingredientFactory); ‘Cac{-pr\l that shou!d be used to
pizza.setName (“"New York Style Cheese Pizza”); Wwdmcibinytwcﬂj

} else if (item.equals(“veggie”)) {

Look batk one page and make sure
you understand how the pizz3 and
the factory work tooether!

pizza = new VeggiePizza (ingredientFactory);
pizza.setName (“New York Style Veggie Pizza”);

} else if (item.equals (“clam”)) {

pizza = new ClamPizza (ingredientFactory); <_ \
pizza.setName (“New York Style Clam Pizza”); a— F
or eath type of Pizzj
) we

} else if (item.equals (“pepperoni”)) { %ﬂﬁh{ﬂ{tarmV/szaandgwc
it the ‘bt{oryif needs to get
pizza = new PepperoniPizza (ingredientFactory); fhihytdkw&.

pizza.setName (“New York Style Pepperoni Pizza”);

}

return pizza;

RANVN

PQwWwWEWwR

Compare this version of the createPizza() method
to the one in the Factory Method implementation
earlier in the chapter.
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the factory pattern

What have we done?

That was quite a series of

code changes; what exactly An Abstract Factory provides an interface for

did we do? a family of products. What's a family? In our
case it’s all the things we need to make a pizza:
We provided a means dough, sauce, cheese, meats and veggies.

of creating a family of
ingredients for pizzas by
introducing a new type of
factory called an Abstract
Factory.

An Abstract Factory gives
us an interface for creating
a family of products. By
writing code that uses this
interface, we decouple our
code from the actual factory
that creates the products.
That allows us to implement
a variety of factories that
produce products meant for Z
different contexts - such as PNew York C}”C‘W’
different regions, different
operating systems, or
different look and feels.

From the abstract factory, we
derive one or more concrete
factories that produce the same
products, but with different

Because our code is implementations.

decoupled from the actual

products, we can substitute Przza made W\Jc;\“ud W
different factories to get ~m5rcd\c“’°5£ \wl:o o
different behaviors (like contreke ¥3€

getting marinara instead of '0/'2205*0&
plum tomatoes).
We then write our code so that it uses the
factory to create products. By passing in
a variety of factories, we get a variety of
implementations of those products. But
our client code stays the same.
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order some more

More pizza for Ethan and Joel...

Behind
Ethan and Joel can’t get enough Objectville Pizza! What they the Scenes

don’t know is that now their orders are making use of the
I'm stickin’
with Chicago.

new ingredient factories. So now when they order...

I'm still lovin' NY Style.

The first part of the order process hasn’t changed at
all. Let’s follow Ethan’s order again:

o First we need a NY PizzaStore:

PizzaStore nyPizzaStore = new NYPizzaStore();

N—

Creates an instance of
NYPizzaStore, ~ —>

/7}’/0[2205‘\0(@
e Now that we have a store, we can take an order:

nyPizzaStore.orderPizza (“cheese”); /

\ the orderPizzal) mekhod is called on
the n\/PizzaS{',ovc instance.

"
X wcheese )
createPlzza (

The orderPizza() method first calls the cre-
atePizza() method:

Pizza pizza = createPizza (“cheese”);
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the factory pattern

From here things change, because we

are using an ingredient factory Behind
the Scenes

e When the createPizza() method is called, that’s

when our ingredient factory gets involved:
osen and

ent Sattory is €h
the PizzaSto _
nstruttor of each piz2d

The ingredi
\ns{ah{'«.‘a{xd in
‘aasscd into the to

/

Pizza pizza = new CheesePizza (nyIngredientFactory);

\ Creates 3 instance of P
Eiua that is Composed ] ;‘6
with the New York ——> [ Doredier&®

ingredient Fa(_{-‘ov.y.

e Next we need to prepare the pizza. Once the
prepare() method is called, the factory is asked

to prepare ingredients:

Preépare ()

T st

void prepare () {
dough i factory.createDough(),: _/_aMarinara
sauce = factory.createSauce();

cheese = factory.createCheese(); x
} Reagiano

Edhan's pizza the New York

used, and so we

For .
ingred'lth{'« factory is

get the NY ingredients.

Finally we have the prepared pizza in hand and the
orderPizza() method bakes, cuts, and boxes the pizza.
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abstract factory defined

Abstract Factory Pattern defined

We’re adding yet another factory pattern to our pattern family, one that lets us create families
of products. Let’s check out the official definition for this pattern:

The Abstract Factory Pattern provides an interface
for creating families of related or dependent objects
without specifying their concrete classes.

We’ve certainly seen that Abstract Factory allows a client to use an abstract interface to
create a set of related products without knowing (or caring) about the concrete products that
are actually produced. In this way, the client is decoupled from any of the specifics of the
concrete products. Let’s look at the class diagram to see how this all holds together:

The AbstractFactory defines the

The Client is written against the
abstract factory and then composed at
vuntime with an actual factory.

J

. Client F
intevfate that all Conevete factories I
must im?lcmcn{:, whith tonsists of aset
of methods for produting VroduLJcs' This is the ?"°d“‘5{3

family. Each contvete
‘Faé{:or\/ ¢an produte an
<<interface>> entive set of products. <<interface>>
AbstractFactory AbstractProductA
CreateProductA() w
CreateProductB()
I =
E ProductA2 ProductA1
— ___ ConcreteFactory1 i ConcreteFactory2 h—
CreateProductA() CreateProductA()
CreateProductB() CreateProductB()
<<interface>>
AbstractProductB

C The contrete factories implement {hc\
different product Lamilies. To eveate a
product, the tlient uses one of these factories,
so it never has to instantiate a yrodud: ob\')cd:.

N 2

ProductB2 3 ProductB1 Je—

156 Chapter 4



the factory pattern

That’s a fairly complicated class
diagram; let’s look at it all in terms of
our PizzaStore:

The clients of the Abstract
Fattory ave the two
instantes of our PizzaStore,
NYPizzaStore and
ChicagoS{:\/hPiuaSJcom

NYPizzaStore i—

createPizza() I

The abstract Pizzalngrcdicn{'fad:or\/
is the interface that defines how to
make a family of velated products

— everything we need to make a pizza.

<<interface>>
Dough

> ThickCrustDough i ThinCrustDough i‘—

<<interface>>
PizzalngredientFactory

createDough()
createSauce()
createCheese()
createVeggies()
createPepperoni()
createClam()

<<interface>>
Sauce

—>| PlumTomatoSauce i

MarinaraSauce i(—

N>

The job of the tonevete
pizza Faetovies is to
make pizza ingrcdicw{-,s.
Eath Fad:ory knows

how 4o tveate the vight
objects for £heir vegion.

Clams

FrozenClams

NYPizzalngredientFactory ChicagoPizzalngredientFactory <<interface>>
createDough() createDough() Cheese
createSauce() createSauce()
createCheese() createCheese() .
createVeggies() createVeggies() Mozzarella Cheese i ReggianoCheese i‘—
createPepperoni() createPepperoni() I
createClam() createClam()

<<interface>>

i FreshClams

i(_

Each fattory produces a diffevent ZS
implementation for the (—‘amily of products.
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interview factory patterns

T noticed that each method in the
Abstract Factory actually looks like a Factory
Method (createDough(), createSauce(), etfc.).
Each method is declared abstract and the
subclasses override it to create some

object. Isn't that Factory Method?

Is that a Factory Method lurking inside the
Abstract Factory?

Good catch! Yes, often the methods of an Abstract Factory are
implemented as factory methods. It makes sense, right? The job of an
Abstract Factory is to define an interface for creating a set of products.
Each method in that interface is responsible for creating a concrete
product, and we implement a subclass of the Abstract Factory to

L supply those implementations. So, factory methods are a natural way to
“ implement your product methods in your abstract factories.

Patterns Exposed

This week’s interview:
Factory Method and Abstract Factory, on each other

HeadFirst: Wow, an interview with two patterns at once! This is a first for us.

Factory Method: Yeah, I'm not so sure I like being lumped in with Abstract Factory,

you know. Just because we’re both factory patterns doesn’t mean we shouldn’t get our own
interviews.

HeadFirst: Don’t be miffed, we wanted to interview you together so we could help clear up
any confusion about who’s who for the readers. You do have similarities, and I've heard that
people sometimes get you confused.

Abstract Factory: It is true, there have been times I've been mistaken for Factory Method,
and I know you’ve had similar issues, Factory Method. We’re both really good at decoupling
applications from specific implementations; we just do it in different ways. So I can see why
people might sometimes get us confused.

Factory Method: Well, it still ticks me off. After all, I use classes to create and you use
objects; that’s totally different!
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HeadFirst: Can you explain more about that, Factory
Method?

Factory Method: Sure. Both Abstract Factory and
I create objects — that’s our jobs. But I do it through
inheritance...

Abstract Factory: ...and I do it through object
composition.

Factory Method: Right. So that means, to create
objects using Factory Method, you need to extend a class
and override a factory method.

HeadFirst: And that factory method does what?

Factory Method: It creates objects, of course! I mean,
the whole point of the Factory Method Pattern 1s that
you’re using a subclass to do your creation for you. In
that way, clients only need to know the abstract type they
are using, the subclass worries about the concrete type.
So, in other words, I keep clients decoupled from the
concrete types.

Abstract Factory: AndIdo too, only I doitina
different way.

HeadFirst: Go on, Abstract Factory... you said
something about object composition?

Abstract Factory: 1 provide an abstract type for
creating a family of products. Subclasses of this type
define how those products are produced. To use the
factory, you instantiate one and pass it into some code
that is written against the abstract type. So, like Factory
Method, my clients are decoupled from the actual
concrete products they use.

HeadFirst: Oh, I sce, so another advantage is that you
group together a set of related products.

Abstract Factory: That’s right.

HeadFirst: What happens if you need to extend that
set of related products, to say add another one? Doesn’t
that require changing your interface?

Abstract Factory: That’s true; my interface has to
change if new products are added, which I know people
don’t like to do....

Factory Method: <snicker>

Abstract Factory: What are you snickering at,
Factory Method?

the factory pattern

Factory Method: Oh, come on, that’s a big deal!
Changing your interface means you have to go in and
change the interface of every subclass! That sounds like a
lot of work.

Abstract Factory: Ycah, but I need a big interface
because I am used to creating entire families of products.
You're only creating one product, so you don’t really need
a big interface, you just need one method.

HeadFirst: Abstract Factory, I heard that you often use
factory methods to implement your concrete factories?

Abstract Factory: Yes, I'll admit it, my concrete
factories often implement a factory method to create
their products. In my case, they are used purely to create
products...

Factory Method: ..while in my case I usually
implement code in the abstract creator that makes use of
the concrete types the subclasses create.

HeadFirst: It sounds like you both are good at what
you do. I'm sure people like having a choice; after all,
factories are so useful, they’ll want to use them in all
kinds of different situations. You both encapsulate
object creation to keep applications loosely coupled

and less dependent on implementations, which is really
great, whether you’re using Factory Method or Abstract
Factory. May I allow you each a parting word?

Abstract Factory: Thanks. Remember me, Abstract
Factory, and use me whenever you have families of
products you need to create and you want to make sure
your clients create products that belong together.

Factory Method: And I'm Factory Method; use me to
decouple your client code from the concrete classes you
need to instantiate, or if you don’t know ahead of time
all the concrete classes you are going to need. To use me,
just subclass me and implement my factory method!
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patterns compared

Factory Method and Abstract Factory compared

Provides an abs’cvatjc
inkevface for

eveating O’V\M ’_L

detides whith

contrete tlass to instantiate:

Eath subtlass

\[\

PizzaStore ‘

createPizza()

Ve
New \{ovk Store NYPizzaStore h
/ createPizza()
The Faetory Method

The NYPizzaStore subtlass only
instantiates NY s{:\/le pizzas.

PizzaStore is implemented as Facetory
Method betause we want to be able to
tveate a product that varies by V‘cg'l.on-
Wikh the Factory Method, eath vegion
gets its own contrete factory that
knows how to make pizzas which are
appropriate for the area.

ChicagoPizzaStore h E_\

7

The Factory Method

This is the product of the

PizzaStore. Clients only
vely on this abstract type:

Vi

createPizza() Chicago Stove

The ChicagaoPizzaStore
subtlass instantiates only

Chicago style pizzas.
Pizza '
NYStyleCheesePizza ! nskantiated ChicagoSterCheesePizza!
‘ NYStylePepperoniPizza h S“bi:t’ss; “:: mM 1):3 d: ‘ChicagoSterPepperoniPizza‘
= ethods. i
| NYStyleClamPizza | by the Factory [ ChicagoStyleClamPizza |
NYStyleVeggiePizza ﬁ ‘ ChicagoStyleVeggiePizza i
(e New York Cica

The eveatePizza() method is parameterized by pizza
type, so we ean vetuen many types of pizza products.
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the factory pattern

mCh‘th as an

. is impl
Piualng\'cdlcn{‘fadcov\/ is imple i o ereate

Aostract Fattory betause we ne

. : Each
- he in rcdlCh‘{'})'
_ <interface>> Families of Ymducb - i Sd'eh{:s using its own
PizzalngredientFactory wbelass im\?\cmCV\{'} the ingreay
createDough() . \ lievs.
al sw
Provides an abstract /_2 createSauce() vegional supy
no 3

'm{;erﬁacc ‘(:or c\'ca{',mﬁ —\9, createCheelse()
Samil of vodutts- createVeggies()
-——"\'l—" . createPepperoni()

createClam() Eath tontrete subtlass

eveates a family of products.

N =
A SN
New York * -
NYPizzalngredientFactory ChicagoPizzalngredientFactory Chicago
createDough() createDough()
createSauce() createSauce()
createCheese() createCheese()
voduets
createVeggies() createVeggies() Md—“wds +'° ch;{:c {;?o
createPepperoni() createPepperoni() in an Absb'ad'« ac Y are
createClam() createClam() o(:{:cn im‘?ltmcn{xd W‘*')\ a

Faetory Method...

...‘(:or instance, the subtlass ... or the {:\/YC 0‘(: tlams.

detides the type oiiough.. \

<<interface>>
Dough

<<interface>>
Clams

ThickCrustDough ThinCrustDough i FrozenClams FreshClams

Each ’mg‘rtdltn{

<<interface>> represen a{: <<interface>>
interface I3 interface
Sauce \W‘Odvc‘{'« {ha ! Cheese
voduted b‘[ a
PlumTomatoSauce MarinaraSauce in ‘H\C Abs‘braﬂ‘{: Mozzarella Cheese ReggianoCheese

Factory:

The product subtlasses ereate pavallel sets of produet families.
Heve we have a New York ingredient family and a Chicago family.
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your design

Tools for your Pesign Toolbox

’ In this chapter, we added two more tools to your
toolbox: Factory Method and Abstract Factory. Both
patterns encapsulate object creation and allow you to
decouple your code from concrete types.

00 Printiples

es:
Encapsulate what vavie

osikion oVe” 'm\\errba

Favor tor¥
v\o{',

A {-,cvﬁat,cs,
Prooyam +o n
'\v:\?‘\imcn-\;ak\ons. ¥ .

|y coupled A€t

e fr o s
’ .
c \d be ofen for extension
" d‘&icak'\on.

We have a new printiple that
guides us to keep things
Classes =0 abstract whenever possible.

but elose

or O

strat
?:g::: :: Lonfxc-bc tlasses:
e

—

\ Poth of these new Ya’c{crns

ate ob)cd: ¢reation
00 Patterns =

C,‘La‘:su\
ay\d \Cad ‘ho mov

Dexible designs:

e dtco“Y\Cd'

‘ A _ Provide an
"
Al """“Ea“ ‘:c ndent ob:)ccjc,s withow
By ; e Yc ke tlasses
& gpeeikyind Lheiv Lot ‘
S
| _ Define 30
. Fad‘fﬂ, Mc:\c\aiig an o\::)cck, "
| O { \ass
) ~— ‘(tc:u:&\asscs detide w\uf.: \:d :
‘ .cghahﬁ s wa' Lion to the
5 tlass defer inskantiation l
3

svu\a“‘s'/
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BULLET POINT&Q

All factories encapsulate object
creation.

Simple Factory, while not a bona
fide design pattern, is a simple
way to decouple your clients
from concrete classes.

Factory Method relies on
inheritance: object creation is
delegated to subclasses which
implement the factory method to
create objects.

Abstract Factory relies on object
composition: object creation

is implemented in methods
exposed in the factory interface.

All factory patterns promote
loose coupling by reducing the
dependency of your application
on concrete classes.

The intent of Factory Method
is to allow a class to defer
instantiation to its subclasses.

The intent of Abstract Factory

is to create families of related
objects without having to depend
on their concrete classes.

The Dependency Inversion
Principle guides us to avoid
dependencies on concrete types
and to strive for abstractions.

Factories are a powerful
technique for coding to
abstractions, not concrete
classes




the factory pattern

It’s been a long chapter. Grab a slice of Pizza and relax while doing
this crossword; all of the solution words are from this chapter.

ANEEN

" |

AlEEEEEEEEEEES
dlEEEEEEEEEE BN

|
ANEEEENE

EEEEEEEE

Across
1. In Factory Method, each franchise is a

4. In Factory Method, who decides which class
to instantiate?

6. Role of PizzaStore in Factory Method Pattern
7. All New York Style Pizzas use this kind of
cheese

8. In Abstract Factory, each ingredient factory is
a

9. When you use new, you are programming to
an

11. createPizza() is a (two
words)

12. Joel likes this kind of pizza

13. In Factory Method, the PizzaStore and the
concrete Pizzas all depend on this abstraction
14. When a class instantiates an object from a
concrete class, it's on that object
15. All factory patterns allow us to

object creation

Down

2. We used in Simple Factory
and Abstract Factory and inheritance in Factory
Method

3. Abstract Factory creates a of
products

5. Not a REAL factory pattern, but handy
nonetheless

10. Ethan likes this kind of pizza

you are here »
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exercise solutions

@a.oharpen vour pencil
i’ your p

Exercise solutions

We’ve knocked out the NYPizzaStore; just two more to go and we’ll be ready to franchise!
Write the Chicago and California PizzaStore implementations here:

ese stoves ave almost exactly like the New York

oth ot th )
C Both of ¢ levent kinds of pizzas

stove... they \')us{: ereate di

public class ChicagoPizzaStore extends PizzaStore {
protected Pizza createPizza (String item) {

if (item.equals(“cheese”)) { )
return new ChicagoStyleCheesePizza (); F%r{thMmay>Y“13
} else if (item.equals (“veggie”)) { ¢m1,w¢yskhwc
return new ChicagoStyleVeggiePizza () ; "@kcﬂwcwcuwﬁx
} else if (item.equals (“clam”)) { o Chicago s{:\[\c pizzas-
return new ChicagoStyleClamPizza();
} else if (item.equals (“pepperoni”)) {
return new ChicagoStylePepperoniPizza () ;
} else return null;
}
}
public class CaliforniaPizzaStore extends PizzaStore ({
protected Pizza createPizza (String item) {
if (item.equals (“cheese”)) { Ca\\ilorvﬁa

return new CaliforniaStyleCheesePizzal(); - a“dﬁm-ﬂm

} else if (item.equals (“veggie”)) { wZzasbmt,WCCXCﬁx
return new CaliforniaStyleVeggiePizza(); r'e Cﬂ&MMGSbﬂcwzzas
} else if (item.equals (“clam”)) { g/
return new CaliforniaStyleClamPizza(); /,
} else if (item.equals (“pepperoni”)) {

return new CaliforniaStylePepperoniPizzal();
} else return null;
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Design Puzz]e Solution

We need another kind of pizza for those crazy Californians (crazy in a GOOD way of
course). Draw another parallel set of classes that you’d need to add a new California

region to our PizzaStore.

PizzaStore ‘

createPizza()
orderPizza()

the factory pattern

NYPizzaStore

CaliforniaPizzaStore i

createPizza()

i ChicagoPizzaStore
V createPizza()

createPizza()

NYStyleCheesePizza i

NYStylePepperoniPizza |
|
NYStyleClamPizza |

]

ChicagoSterCheesePizzai

1

NYStyleVeggiePizza h

]

ChicagoStylePepperoniPizza h
| 58

- ChicagoStyleClamPizza h

- ChicagoStyleVeggiePizza h

e

CaliforniaStyleCheesePizza i
=

CaliforniaStylePepperoniPizza h
|

- CaliforniaStyleClamPizza i

—

CaliforniaStyleVeggiePizza i
- I

Okay, now write the five silliest things you can think of to put on a pizza. Then, you’ll
be ready to go into business making pizza in California!

Heve are ow

svage

Nions... _Mashed Potatoes with Roasted Garlie

BBQ Sauce

Avtichoke Hearts

MEM's

Peanuts

you are here »

y to
Heve's cvcrz{:\\mg you need

ormia pizZ3 store,

Calv
i,:‘: :onlxc{:c pizzd stove c\:::s
/ and the California s{:\[\c 1
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exercise

A very dependent PizzaStore

%arpen your pencl

Let’s pretend you've never heard of an OO factory. Here’s a version of the PizzaStore

that doesn’t use a factory; make a count of the number of concrete pizza objects this

class is dependent on. If you added California style pizzas to this PizzaStore, how many

objects would it be dependent on then?

public class DependentPizzaStore {

public Pizza createPizza (String style, String type)

Pizza pizza =

n

ull;

if (style.equals (“NY”)) {

if (type.equals (™

pizza
} else if
pizza
} else if
pizza
} else if
pizza

}

new

type.

new

o

=

o)
0}

cheese”)) {
NYStyleCheesePizzal() ;
equals (“veggie”)) {
NYStyleVeggiePizza () ;

.equals (“clam”)) {

NYStyleClamPizza () ;

.equals (“pepperoni”)) {

NYStylePepperoniPizza () ;

} else if (style.equals(“Chicago”)) {

if (type.equals (™

pizza
} else if
pizza
} else if
pizza
} else if
pizza
}
} else {

System.out.println (“Error:

new

type.
new

o

=

o)
0}

return null;

}

pizza.prepare();

pizza.bake();
pizza.cut();
pizza.box();
return pizza;

\/ou ¢tan write
Your answevs heve:
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cheese”)) {
ChlcagostyleCheesePlzza

{

Handles all the NY
¢$c?ﬂ1¥

Handles all the

equals (“veggie”)) /‘ Chitago style

ChlcagostyleVegglePlzza

.equals (“clam”)) {

ChicagoStyleClamPizza () ;

.equals (“pepperoni”)) {

ChicagoStylePepperoniPizzal() ;

6 “um\) ev

12

szas

invalid type of pizza”);

number with California +oo




the factory pattern

@ dharpen vour pencil
darpen yor

Go ahead and write the ChicagoPizzalngredientFactory; you can reference the
classes below in your implementation:

public class ChicagoPizzalngredientFactory
implements PizzaIngredientFactory

public Dough createDough () {
return new ThickCrustDough() ;

public Sauce createSauce () {
return new PlumTomatoSauce();

public Cheese createCheese() {
return new MozzarellaCheese () ;

public Veggies|[] createVeggies () {
Veggies veggies[] = { new BlackOlives(),
new Spinach(),
new Eggplant () 1};
return veggies;

public Pepperoni createPepperoni () {
return new SlicedPepperoni () ;

public Clams createClam() {
return new FrozenClams () ;

EggPlant
Spinach .
ThickCrustDough
BlackOlives SlicedPepperoni
l PlumTomatoSauce
FrozenClams h

MozzarellaCheese

you are here » 167



crossword puzzle solution

% Puzz]e Solution

ia
‘s ulalclilals]s]

HEAHNN
L
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5 the Singleton Pattern

*
+ One of a Kind Objects

I tell ya she's ONE OF A
KIND. Look at the lines,
the curves, the body,

the headlights!

You talkin' to me or the car? Oh,
and when can I get my oven mitt
back?

Our next stop is the Singleton Pattern, our ticket to creating one-
of-a-kind objects for which there is only one instance. You might be
happy to know that of all patterns, the Singleton is the simplest in terms of its class diagram;
in fact, the diagram holds just a single class! But don’t get too comfortable; despite its
simplicity from a class design perspective, we are going to encounter quite a few bumps and

potholes in its implementation. So buckle up.

this is a new chapter 169



one and only

What is this? An
entire chapter about how to

instantiate just
ONE OBJECT!

That's one and ONLY
ONE object.

Developer: What use is that?

Guru: There are many objects we only need one of: thread pools, caches, dialog boxes, objects that handle
preferences and registry settings, objects used for logging, and objects that act as device drivers to devices
like printers and graphics cards. In fact, for many of these types of objects, if we were to instantiate

more than one we'd run into all sorts of problems like incorrect program behavior, overuse of resources, or
inconsistent results.

Developer: Okay, so maybe there are classes that should only be instantiated once, but do I need a whole
chapter for this? Can't I just do this by convention or by global variables? You know, like in Java, I could do it
with a static variable.

Guru: In many ways, the Singleton Pattern is a convention for ensuring one and only one object is instantiated
for a given class. If you've got abetter one, the world would like to hear about it; but remember, like all
patterns, the Singleton Pattern is a time-tested method for ensuring only one object gets created. The
Singleton Pattern also gives us a global point of access, just like a global variable, but without the downsides.

Developer: What downsides?

Guru: Well, here's one example: if you assigh an object to a global variable, then that object might be created
when your application begins. Right? What if this object is resource intensive and your application never ends
up using it? As you will see, with the Singleton Pattern, we can create our objects only when they are needed.
Developer: This still doesn't seem like it should be so difficult.

Guru: If you've got agood handle on static class variables and methods as well as access modifiers, it's not.
But, in either case, it is interesting to see how a Singleton works, and, as simple as it sounds, Singleton code is

hard to get right. Just ask yourself: how do I prevent more than one object from being instantiated? It's not
so obvious, is it?
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The Little Singleton

the singleton pattern

A swall Socratic exercise in the style of The Little Lisper

How would you create a single object?

new MyObject () ;

And, what if another object wanted to create a
MyObject? Could it call new on MyObject again?

Yes, of course.

So as long as we have a class, can we always
instantiate it one or more times?

Yes. Well, only if it’s a public class.

And if not?

Well, if it’s not a public class, only classes in the same
package can instantiate it. But they can still instantiate
it more than once.

Hmm, interesting.

Did you know you could do this?

public MyClass {

private MyClass () {}

No, I'd never thought of it, but I guess it makes
sense because it is a legal definition.

What does it mean?

I'suppose it is a class that can’t be instantiated
because it has a private constructor.

Well, is there ANY object that could use
the private constructor?

Hmm, I think the code in MyClass is the only
code that could call it. But that doesn’t make
much sense.
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creating a singleton

Why not ? Because I'd have to have an instance of the
class to call it, but I can’t have an instance
because no other class can instantiate it. It’s
a chicken and egg problem: I can use the
constructor from an object of type MyClass,
but I can never instantiate that object because
no other object can use “new MyClass()”.

Okay. It was just a thought. MyClass is a class with a static method. We can

What does this mean? call the static method like this:

MyClass.getInstance () ;

public MyClass {

public static MyClass getInstance() {
}

Why did you use MyClass, instead of Well, getInstance() 1s a static method; in other
some object name? words, it is a CLASS method. You need to use
the class name to reference a static method.

Very interesting. What if we put things together. Wow, you sure can.

Now can I instantiate a MyClass?

public MyClass {
private MyClass() {}

public static MyClass getInstance() {
return new MyClass();

So, now can you think of a second way to instantiate MyClass.getInstance();
an object?
Can you finish the code so that only ONE instance Yes, I think so...

of MyClass is ever created?
(You’ll find the code on the next page.)
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the singleton pattern

Dissecting the classic Singleton
Pattern implementation

. Watch it!
Let's vename MyClass e stat
. We P37\ a0 o
4o Singleton. Jole ¥ e If you're just
var pckante flipping through
public class Singleton { e °"Css g‘,\.b\c\'ﬂ"‘ the book, do'n’t .
private static Singleton uniqueInstance; 0 blindly type in this
code, you'll see it
// other useful instance variables here has a few issues
— " Ow tonsbruttor is later in the chapter.
private Singleton() {} detlaved Yriva’u}
- ly Singleton tan
public st . oy =" < class!
if (uniqueInstance == null) instantiate this '
uniquelnstance = new Singleton
. The 3cﬂns{:ancc()
urn uniquelnstance; .
method gives us a way
o instantiate the ¢lass
and also to veturn an
instance of it.
of Course, Sihﬂ'tﬁon s
a normal class; it has
other usefy) instance
variables and methods.
/@ Code Up Close
1€ un’l"\udns{:ahée is vull, then wc{‘.
wriquelnstance h olds our ONE haver't eveated the instante yet--
instante; vemember, it is @ .and, if it doesn't exist, we
statie variable. instantiate Singleton through its
private construetor and assign
\ it 4o uniquelnstante. Note that
' ; if we never need the instance, it
if (uniquelInstance == null) { ' T
uniquelInstance = new MyClass(); never gets created; this is lazy
! Y ’ instantiation.

}

return uniquelnstance;

&~ N

I‘C unia\udns{:ancc wasn't null,
then it was previously eveated.
We just £all through to the
By the time we hit this code, we  veturn statement.

have an instante and we veturn it
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interview with

Patterns Exposed

This week’s interview:
Confessions of a Singleton

HeadFirst: Today we are pleased to bring you an interview with a Singleton object. Why don’t
you begin by telling us a bit about yourself.

Singleton: Well, I'm totally unique; there is just one of me!
HeadFirst: One?

Singleton: Yes, one. I'm based on the Singleton Pattern, which assures that at any one time
there is only one instance of me.

HeadFirst: Isn’t that sort of a waste? Someone took the time to develop a full-blown class and
now all we can get is one object out of it?

Singleton: Not at all! There is power in ONE. Let’s say you have an object that contains
registry settings. You don’t want multiple copies of that object and its values running around
— that would lead to chaos. By using an object like me you can assure that every object in your
application is making use of the same global resource.

HeadFirst: Tell us more...

Singleton: Oh, I’'m good for all kinds of things. Being single sometimes has its advantages you
know. I'm often used to manage pools of resources, like connection or thread pools.

HeadFirst: Sill, only one of your kind? That sounds lonely.

Singleton: Because there’s only one of me, I do keep busy, but it would be nice if more
developers knew me — many developers run into bugs because they have multiple copies of
objects floating around they’re not even aware of.

HeadFirst: So, if we may ask, how do you know there is only one of you? Can’t anyone with a
new operator create a “new you’?

Singleton: Nope! I'm truly unique.
HeadFirst: Well, do developers swear an oath not to instantiate you more than once?

Singleton: Of course not. The truth be told... well, this is getting kind of personal but... I
have no public constructor.

HeadFirst: NO PUBLIC CONSTRUCTOR! Oh, sorry, no public constructor?
Singleton: That’s right. My constructor is declared private.
HeadFirst: How does that work? How do you EVER get instantiated?

Singleton: You see, to get a hold of a Singleton object, you don’t instantiate one, you just ask
for an instance. So my class has a static method called getInstance(). Call that, and I'll show up
at once, ready to work. In fact, I may already be helping other objects when you request me.

HeadFirst: Well, Mr. Singleton, there seems to be a lot under your covers to make all this work.
Thanks for revealing yourself and we hope to speak with you again soon!
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The Chocolate Factory

Everyone knows that all modern chocolate factories have computer controlled
chocolate boilers. The job of the boiler is to take in chocolate and milk, bring them
to a boil, and then pass them on to the next phase of making chocolate bars.

Here’s the controller class for Choc-O-Holic, Inc.’s industrial strength Chocolate
Boiler. Check out the code; you’ll notice they’ve tried to be very careful to ensure
that bad things don’t happen, like draining 500 gallons of unboiled mixture, or
filling the boiler when it’s already full, or boiling an empty boiler!

public class ChocolateBoiler {
private boolean empty;
private boolean boiled;

the singleton pattern

public ChocolateBoiler () { This tode is only started
empty = true; ¢"////§ whﬂx{hcbdkviscmy{ﬂ

boiled = false;
}

public void fill () {
if (isEmpty()) |
empty = false;
boiled = false;

<~/\

ilev i be
il b boiler it must
-Ic—‘:nﬁ{\:\\[, a:d, onte it's £ull, we set
Lhe empty and boiled fags:

// fill the boiler with a milk/chocolate mixture

}

public void drain() {
if (!isEmpty() && isBoiled()) {

// drain the boiled milk and chocolate

empty = true;

public void boil () {
if (lisEmpty() && !isBoiled()) {
// bring the contents to a boil
boiled = true;

}

public boolean isEmpty () {
return empty;

}

public boolean isBoiled() {
return boiled;

}

/\ To dvain the boiler, it must be ‘cu"

(non empty) and also boiled. Once it is
dvained we set empty back to true.

To boil the mixture, the boiler
has to be full and not alvcady
boiled. Once it’s boiled we set
the boiled flag to true.

you are here »



chocolate singleton

@?v:xnu
POAWEW®R

Choc-O-Holic has done a decent job of ensuring bad things don’t happen, don’t ya think? Then
again, you probably suspect that if two ChocolateBoiler instances get loose, some very bad
things can happen.

How might things go wrong if more than one instance of ChocolateBoiler is created in an
application?

by turning it into a singleton?

G gharpen your Pencil Can you help Choc-O-Holic improve their ChocolateBoiler class
2N

public class ChocolateBoiler {
private boolean empty;
private boolean boiled;

[::::::]ChocolateBoiler() {

empty = true;
boiled = false;

public void fill () {
if (isEmpty()) A
empty = false;
boiled = false;
// fill the boiler with a milk/chocolate mixture
}
}

// rest of ChocolateBoiler code...
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the singleton pattern

Singleton Pattern defined

Now that you’ve got the classic implementation of Singleton
in your head, it’s time to sit back, enjoy a bar of chocolate,
and check out the finer points of the Singleton Pattern.

Let’s start with the concise definition of the pattern:

The Singleton Pattern ensures a class has only one
instance, and provides a global point of access to it.

No big surprises there. But, let’s break it down a bit more:

® What’s really going on here? We’re taking a class and letting it manage a
single instance of itself. We’re also preventing any other class from creating a

new instance on its own. To get an instance, you’ve got to go through the class
itself.

® We’re also providing a global access point to the instance: whenever you
need an instance, just query the class and it will hand you back the single
instance. As you’ve seen, we can implement this so that the Singleton 1s created
in a lazy manner, which is especially important for resource intensive objects.

Okay, let’s check out the class diagram:

Lhod 1S skatit: The uniﬂ\uclns{;ancc
c{:\"s{—’a“uo "\T s mekhods 50 1o ¢lass vaviable holds our
Th?c‘\b\ weans wsat 3; this mekho one and onl\/ instante
w (,on“C“\c“ aeee v codC using o£ Singlcjoon-
za“ an\’w\\cﬂ . Ls ;)“5‘\" 2 Singleton
vom ceL/- . .
S “%\cl(p“.gc‘\:\'_‘s*’ag \o\,a\ \‘a‘(‘a\’\;\,a‘\;o'\ static uniquelnstance
easy 3 at Cs;m?’\‘ \azy instan /I Other useful Singleton data...
bene!
3 ek . . .
‘E‘,?m Lhe Smg)\c{’ﬂ“ w static getinstance()
/I Other useful Singleton methods...

[ \ Sin leton
elass m\v\cmcn{:mg the Singleton
APa{:{:crn is move than 3 gmg\c{?n, it
isa 5&\6?‘8\ purpose tlass with i
own sek of data and methods.
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threads are a

fersney. Ph
—Housten-we have a problew...

It looks like the Chocolate Boiler has let us down; despite
the fact we improved the code using Classic Singleton,
somehow the ChocolateBoiler’s fill() method was able

to start filling the boiler even though a batch of milk and
chocolate was already boiling! That’s 500 gallons of spilled
milk (and chocolate)! What happened!?

We don't know what happened! The
new Singleton code was running fine. The only
thing we can think of is that we just added some
optimizations to the Chocolate Boiler Controller
that makes use of multiple threads.

Could the addition of threads have caused
this? Isn’t it the case that once we’ve set
the uniquelnstance variable to the sole
instance of ChocolateBoiler, all calls to
getinstance() should return the same
instance? Right?

Pounc

WpieH
ot o8O
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the singleton pattern

BE the JVM

~ We have two threads, each executing this code. Your job is to play the JVM
- and determine whether there is a case in which two threads might get ahold
_ of different boiler objects. Hint:

you I’eaﬂy JuSt need tO IOOk at ﬂle ChocolateBoiler boiler =
Sequence 0{, oPeI’atlonS ChocolateBoiler.getInstance () ;
in the getInstance() poer i
oiler.boi ;

method and the value of SRS

unjqueInstance to see

how they might over]ap.
Use the code Magnets to help

you study how the code might interleave to create two hoiler ohjects.

public static ChocolateBoiler
getInstance () {

Make sure you check your answer on
page 188 before turning the page!

{

(unigqueInstance == null)

uniqueInstance =
new ChocolateBoiler(); mead Tlﬂ’ead Value of

One Two || uniqueInstance
|return uniqueInstance;.
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multithreading singleton

Pealing with multithreading

Our multithreading woes are almost trivially fixed by making
getinstance() a synchronized method:

public class Singleton { o khe s nchroh\ud kc\,wo\rd{'ﬁ
private static Singleton uniquelnstance; B‘I adi;“g ()C \l‘(:oru every thread to
tel), we
SC{JnS " it tan enter the
// other useful instance variables here wait its tuen before it ds may
method That is, o buo hredCh
e.
private Singleton () {} enter the method at the same Tim
public static synchronized Singleton getInstance() {
if (uniquelInstance == null) {
uniquelInstance = new Singleton();

}
return uniquelnstance;

}

// other useful methods here

T agree this
fixes the problem.
But synchronization
is expensive; is this an
issue?

Good point, and it’s actually a little worse than you make out: the only
time synchronization is relevant is the first time through this method. In
other words, once we’ve set the uniquelnstance variable to an instance
of Singleton, we have no further need to synchronize this method. After
the first time through, synchronization is totally unneeded overhead!
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the singleton pattern

Can we improve multithreading?

For most Java applications, we obviously need to ensure that the Singleton works in the presence
of multiple threads. But, it looks fairly expensive to synchronize the getInstance() method, so what
do we do?

Well, we have a few options...

1. Do nothing if the performance of getlnstancel) isn’t eritical to
your application

That’s right; if’ calling the getInstance() method 1sn’t causing substantial overhead for your
application, forget about it. Synchronizing getInstance() is straightforward and effective. Just keep

in mind that synchronizing a method can decrease performance by a factor of 100, so if a high
traffic part of your code begins using getInstance(), you may have to reconsider.

2. Move to an eagerly created instance rather than a lazily
created one

If your application always creates and uses an instance of the Singleton or the overhead of
creation and runtime aspects of the Singleton are not onerous, you may want to create your
Singleton eagerly, like this:

public class Singleton { m

o ahead and er.
private static Singleton uniquelnstance = new Singleton(); eate an

instance of Singlc{on in

private Singleton() {} a Sﬁa’.bc initializer. This
tode is quavanteed 4o be
public static Singleton getInstance() { thread sa‘("e!
return uniquelnstance;
} S Wevealveady a0t 2 it
} instante, so )usjc vetun it

Using this approach, we rely on the JVM to create the unique instance of the Singleton when
the class is loaded. The JVM guarantees that the instance will be created before any thread
accesses the static uniquelnstance variable.
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double-checked

3. Use ‘double-checked locking” to reduce the use of
synchronization in getlnstance()

With double-checked locking, we first check to see if an instance is created, and if not, THEN we
synchronize. This way, we only synchronize the first ime through, just what we want.

Let’s check out the code:

public class Singleton {
private *static Singleton uniquelInstance;

private Singleton() {}

Chetk for an instante and
public static Singleton getlInstance() { - £ theve it one, enter 3
if (uniqueInstance == null) { chronized blotk.
synchronized (Singleton.class) { (\ syn
if (uniquelnstance == null) { Note we only s\/nchroniu
: uniquelInstance = new Singleton(); the Givst time {:hrough_’
}
}
return uniquelnstance; Onte in the block, theek a93in and

it still null, eveate an instance.

* The volatile keyword ensures that multiple threads
handle the uniquelnstance variable corvettly when it
is being initialized to the Singleton instance.

If performance is an issue in your use of the getInstance() method then this method of
implementing the Singleton can drastically reduce the overhead.

B Double-checked Iocking_ dc:esn’t
Kk in Java 1.4 or earlier!
Watch it! W°"
Unfortunately, in Java version 1.4 and earlier, many

JVMs contain implementations of the volatile keywor;(j y
that allow improper synchronization forhdoufle:gec e
i ther than Java o,
king. If you mustuse a JVM other | '
Icoc:;nsio‘(lger ot}ll'ier methods of implementing your Singleton.
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the singleton pattern

Meanwhile, back at the Chocolate Factory...

While we’ve been off diagnosing the multithreading problems, the chocolate boiler @
has been cleaned up and is ready to go. But first, we have to fix the multithreading )
problems. We have a few solutions at hand, each with different tradeoffs, so which
solution are we going to employ?

&

7 harpen our pencil
S y

For each solution, describe its applicability to the problem of fixing the Chocolate
Boiler code:

Synchronize the getinstance() method:

Use eager instantiation:

Double-checked locking:

Congratulations!

At this point, the Chocolate Factory is a happy customer and Choc-O-Holic was glad to have some
expertise applied to their boiler code. No matter which multithreading solution you applied, the boiler
should be in good shape with no more mishaps. Congratulations. You’ve not only managed to escape
5001Ibs of hot chocolate in this chapter, but you’ve been through all the potential problems of the Singleton.
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q&a about

- For such a simple pattern
consisting of only one class,
Singletons sure seem to have some
problems.

A: Well, we warned you up
front! But don't let the problems

discourage you; while implementing
Singletons correctly can be tricky,
after reading this chapter you are now
well informed on the techniques for
creating Singletons and should use
them wherever you need to control
the number of instances you are
creating.

DB Oliestions

- Can’tljust create a classin
which all methods and variables are
defined as static? Wouldn’t that be
the same as a Singleton?

A: Yes, if your class is self-
contained and doesn’t depend on

complex initialization. However,
because of the way static
initializations are handled in Java,
this can get very messy, especially if
multiple classes are involved. Often
this scenario can result in subtle,
hard to find bugs involving order

of initialization. Unless thereis a
compelling need to implement your
“singleton” this way, it is far better to
stay in the object world.

* What about class loaders?
I heard there is a chance that two
class loaders could each end up with
their own instance of Singleton.

A: Yes, that is true as each class
loader defines a namespace. If you
have two or more classloaders, you
can load the same class multiple times
(once in each classloader). Now, if
that class happens to be a Singleton,
then since we have more than one
version of the class, we also have more
than one instance of the Singleton. So,
if you are using multiple classloaders
and Singletons, be careful. One way
around this problem is to specify the
classloader yourself.

Relax Rumors of Singletons being eaten by the garbage
A collectors are greatly exaggerated

Prior to Java 1.2, a bug in the garbage collector allowed Singletons
to be prematurely collected if there was no global reference to them. In other
words, you could create a Singleton and if the only reference to the Singleton
was in the Singleton itself, it would be collected and destroyed by the garbage
collector. This leads to confusing bugs because after the Singleton is

“collected,” the next call to getinstance() produced a shiny new Singleton. In
many applications, this can cause confusing behavior as state is mysteriously
reset to initial values or things like network connections are reset.

Since Java 1.2 this bug has been fixed and a global reference is no longer
required. If you are, for some reason, still using a pre-Java 1.2 JVM, then be
aware of this issue, otherwise, you can sleep well knowing your Singletons
won’t be prematurely collected.
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Q: I've always been taught that
a class should do one thing and one
thing only. For a class to do two
things is considered bad 00 design.
Isn’t a Singleton violating this?

. You would be referring to
the “One Class, One Responsibility”
principle, and yes, you are correct, the
Singleton is not only responsible for
managing its one instance (and pro-
viding global access), it is also respon-
sible for whatever its main role is in
your application. So, certainly it can
be argued it is taking on two respon-
sibilities. Nevertheless, it isn't hard to
see that there is utility in a class man-
aging its own instance; it certainly
makes the overall design simpler. In
addition, many developers are familiar
with the Singleton pattern as it is in
wide use. That said, some developers
do feel the need to abstract out the
Singleton functionality.

Q: | wanted to subclass my
Singleton code, but | ran into
problems. Is it okay to subclass a
Singleton?

A: One problem with subclassing
Singleton is that the constructor

is private. You can't extend a class
with a private constructor. So, the
first thing you'll have to do is change
your constructor so that it's public

or protected. But then, it's not really
a Singleton anymore, because other
classes can instantiate it.

If you do change your constructor,
there’s another issue. The
implementation of Singleton is based
on a static variable, so if you do a
straightforward subclass, all of your
derived classes will share the same
instance variable. This is probably
not what you had in mind. So, for
subclassing to work, implementing
registry of sorts is required in the base
class.

Before implementing such a scheme,
you should ask yourself what you

are really gaining from subclassing

a Singleton. Like most patterns, the
Singleton is not necessarily meant to
be a solution that can fit into a library.
In addition, the Singleton code is
trivial to add to any existing class.
Last, if you are using a large number
of Singletons in your application,
you should take a hard look at your
design. Singletons are meant to be
used sparingly.

the singleton pattern

Q: I still don’t totally understand
why global variables are worse than
a Singleton.

A: In Java, global variables are
basically static references to objects.
There are a couple of disadvantages
to using global variables in this
manner. We've already mentioned
one: the issue of lazy versus eager
instantiation. But we need to keep

in mind the intent of the pattern: to
ensure only one instance of a class
exists and to provide global access. A
global variable can provide the latter,
but not the former. Global variables
also tend to encourage developers
to pollute the namespace with lots
of global references to small objects.
Singletons don’t encourage this in
the same way, but can be abused
nonetheless.
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your design toolbox

Tools for your Design Toolbox

You’ve now added another pattern to your
toolbox. Singleton gives you another method
of creating objects - in this case, unique
objects.
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BULLET POIN&

The Singleton Pattern ensures
you have at most one instance
of a class in your application.

The Singleton Pattern also
provides a global access point
to that instance.

Java’s implementation of the
Singleton Pattern makes use
of a private constructor, a static
method combined with a static
variable.

Examine your performance

and resource constraints and
carefully choose an appropriate
Singleton implementation for
multithreaded applications

(and we should consider all
applications multithreaded!).

Beware of the double-checked
locking implementation; it is not
thread-safe in versions before
Java 2, version 5.

Be careful if you are using
multiple class loaders; this
could defeat the Singleton
implementation and result in
multiple instances.

If you are using a JVM earlier
than 1.2, you'll need to create a
registry of Singletons to defeat
the garbage collector.
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the singleton pattern

Sit back, open that case of chocolate that you were sent for solving
the multithreading problem, and have some downtime working on
this little crossword puzzle; all of the solution words are from this

EWEIIHIIIII

ANEEEEE

Across

1. It was "one of a kind"

2. Added to chocolate in the boiler

8. An incorrect implementation caused this to
overflow

10. Singleton provides a single instance and
(three words)

12. Flawed multithreading approach if not using
Java 1.5

13. Chocolate capital of the US

14. One advantage over global variables:
_______ creation

15. Company that produces boilers

16. To totally defeat the new constructor, we
have to declare the constructor

Down

1. Multiple can cause problems
3. A Singleton is a class that manages an
instance of

4. If you don't need to worry about lazy
instantiation, you can create your instance

5. Prior to 1.2, this can eat your Singletons (two
words)

6. The Singleton was embarassed it had no
public

7. The classic implementation doesn't handle
this

9. Singleton ensures only one of these exist
11. The Singleton Pattern has one

you are here » 187



exercise solutions

Exercise

BE the JVM.
solutions
Thead Thead Value of
One Two || uniqueInstance
public static ChocolateBoiler null
getInstance() {
public static ChocolateBoiler null

getInstance() {

(uniquelInstance == null) {

if (uniqueInstance

uniqueInstance =
new ChocolateBoiler();

uniquelnstance =

new ChocolateBoiler();

return uniquelInstance;

<objectl>
<objectl> c_
<object2f

<object2>

Uh oh, this doesnt
\ook SOOd!

Rl Two different

objcd:s are
veturned! We have

G harPen your Pencﬂ Can you help Choc-O-Holic improve their ChocolateBoiler class
by turning it into a singleton?
N

public class ChocolateBoiler {
private boolean empty;
private boolean boiled;

private static ChocolateBoiler uniquelInstance;

ChocolateBoiler () {
empty = true;
boiled = false;

public static ChocolateBoiler getInstance() {
if (uniquelInstance == null) {
uniquelInstance = new ChocolateBoiler();

}

return uniquelnstance;

}

public void fill() {
if (isEmpty()) {
empty = false;
boiled = false;
// fill the boiler with a milk/chocolate mixture

}

// rest of ChocolateBoiler code...
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the singleton pattern

Exercise so]utions

@@en Your pencil

For each solution, describe its applicability to the problem of fixing the Chocolate
Boiler code:

Synchronize the getinstance() method:

A straightforward Lechnique that is quaranteed fo work. We don't seem fo have any

Pehcorman(‘,c tonterns with the thotolate boiler, so this would be a 500d thoite.

Use eager instantiation:

We are always going to instantiate the hotolate boiler in our ode, so statically initializing the

instante would tause no tontevns. This solution would work as well as the synthronized method,

although perhaps be less obvious 4o a developer familar with the standard pattern.

Double checked locking:

Given we have no Fchconam:c tonterns, double—checked lotking seems like overkill. [n addition, we'd

have to ensure that we are vunning at least Java 5.
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crossword puzzle solution
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6 the Command Pattern *
+ Encapsulating Invocation *

O gl e

These fop secret drop
boxes have revolutionized the spy
industry. I justdrop inmy request
and people disappear, governments

change overnight and my dry cleaning
gets done. I don't have to worry
about when, where, or how; it
just happens!

i Yo G
e e

In this chapter, we take encapsulation to a whole new level:
we’re going to encapsulate method invocation. That's right, by
encapsulating method invocation, we can crystallize pieces of computation so that the
object invoking the computation doesn’t need to worry about how to do things, it just uses
our crystallized method to get it done. We can also do some wickedly smart things with
these encapsulated method invocations, like save them away for logging or reuse them to

implement undo in our code.

this is a new chapter 191



home automation or bust

192

Home Futomation or Bust. inc.
1221 industrial Zvenue, Suite 2000

Chapter 6

Future City, L 62914

Greetings!

I recently received a demo and briefing from Johnny
Hurricane, CEO of Weather-O-Rama, on their new
expandable weather station. I have to say, I was so
impressed with the software architecture that I'd like to
ask you to design the API for our new Home Automation
Remote Control. In return for your services we’d be happy
to handsomely reward you with stock options in Home
Automation or Bust, Inc.

T'm enclosing a prototype of our ground-breaking remote
control for your perusal. The remote control features seven
programmable slots (each can be assigned to a different
nhousehold device) along with corresponding on/off buttons
for each. The remote also has a global undo button.

T'm also enclosing a set of Java classes on CD-R that were
created by various vendors to control home automation
devices such as lights, fans, hot tubs, audio equipment, and
other similar controllable appliances.

We’d like you to create an API for programming the remote
so that each slot can be assigned to control a device or set of
devices. Note that it is important that we be able to control
the current devices on the disc, and also any future devices
that the vendors may supply.

Given the work you did on the Weather-O-Rama weather
station, we know you'll do a great job on our remote control!

We look forward to seeing your design.

Sincerely,

Bullly [ hampan

Bill “X-10” Thompson, CEO




the command pattern

Free hardware! Let’s check out the Remote Gontrol...

There are “on” and “off”
buttons for each of the

seven slots.

‘)

am- WC

seven slots 1o Prod° o slot

£Levent device in €
& via the buttons

WC,VC go‘h
¢an put 3 di
a“d coy\‘{',Y'O\

These two buttons are
used {o tontio| {he
household devite stored in

5'0'(: one...

=+ and these {yo tontrol
the household deviee

Sforcd in slot two...

ahd so on.

Get your Sharpie out and
write your devite names here:

Heve's the global “undo” button that
undoes the last button pressed.

you are here » 193



vendor classes from home automation

Taking a look at the vendor classes

Check out the vendor classes on the CD-R. These should give
you some idea of the interfaces of the objects we need to control
from the remote.

ApplianceControl

on()
off()
Stereo r
on()
CeilingLight I off()
setCd()
onl) l setDvd()
off() setRadio()
dim() v
setVolume()
OutdoorLight on) FaucetControl
on() off() openValue()
off() setinputChannel() closeValue()
setVolume()
—————
CeilingFan Hottub
high() circulate()
GardenLight medium() GarageDoor jetsOng)
- low() up() jetsOff()
setDuskTime() off() down) setTemperaturet()
setDawnTime() getSpeed() stop()
manualon() Lghion() Thermostat
ightOn
manualOff() I lightOf() setTemperature()
Sprinkler SecurityControl
waterOn() . am()
waterOff() Light I disarm()
on()
off()

It looks like we have quite a set of classes here, and not a lot of
industry effort to come up with a set of common interfaces. Not
only that, it sounds like we can expect more of these classes in the
future. Designing a remote control API is going to be interesting.
Let’s get on to the design.

194 Chapter 6



the command pattern

Cubicle Conversation

Your teammates are already discussing how to design the remote control API...

Well, we've got another design to do.
My first observation is that we've got a

simple remote with on and of f buttons but
a set of vendor classes that are quite

Mary: Yes, I thought we’d see a bunch of classes with on()
and off() methods, but here we’ve got methods like dim(),
set Temperature(), setVolume(), setDirection().

Sue: Not only that, it sounds like we can expect more vendor
classes in the future with just as diverse methods.

Mary: I think it’s important we view this as a separation of
concerns: the remote should know how to interpret button presses
and make requests, but it shouldn’t know a lot about home
automation or how to turn on a hot tub.

Sue: Sounds like good design. But if the remote 1s dumb and
just knows how to make generic requests, how do we design the
remote so that it can invoke an action that, say, turns on a light or
opens a garage door?

Mary: I'm not sure, but we don’t want the remote to have to
know the specifics of the vendor classes.

Sue: What do you mean?

Mary: We don’t want the remote to consist of a set of if
statements, like “if slot] == Light, then light.on(), else if slotl =
Hottub then hottub.jetsOn()”. We know that is a bad design.

Sue: I agree. Whenever a new vendor class comes out, we’d have
to go in and modify the code, potentially creating bugs and more
work for ourselves!
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Hey, I couldn't help
overhearing. Since Chapter 1
T've been boning up on Design

Patterns. There's a pattern
called "Command Pattern” I think
might help.

Mary: Yeah? Tell us more.

Joe: The Command Pattern allows you to decouple the requester of an action
from the object that actually performs the action. So, here the requester would be
the remote control and the object that performs the action would be an instance
of one of your vendor classes.

Sue: How is that possible? How can we decouple them? After all, when I press a
button, the remote has to turn on a light.

Joe: You can do that by introducing “command objects” into your design. A
command object encapsulates a request to do something (like turn on a light) on
a specific object (say, the living room light object). So, if we store a command
object for each button, when the button is pressed we ask the command object to
do some work. The remote doesn’t have any idea what the work is, it just has a
command object that knows how to talk to the right object to get the work done.
So, you see, the remote is decoupled from the light object!

Sue: This certainly sounds like it’s going in the right direction.
Mary: Still, I'm having a hard time wrapping my head around the pattern.

Joe: Given that the objects are so decoupled, it’s a little difficult to picture how the
pattern actually works.

Mary: Let me see if I at least have the right idea: using this pattern we, could
create an API in which these command objects can be loaded into button

slots, allowing the remote code to stay very simple. And, the command objects
encapsulate how to do a home automation task along with the object that needs
to do it.

Joe: Yes, I think so. I also think this pattern can help you with that Undo button,
but I haven’t studied that part yet.

Mary: This sounds really encouraging, but I think I have a bit of work to do to
really “get” the pattern.

Sue: Me too.
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Meanwhile, back at the Diner...,
or, . .
A brief introduction to the Command Pattern

As Joe said, it is a little hard to understand the Command Pattern by just hearing
its description. But don’t fear, we have some friends ready to help:
remember our friendly diner from Chapter 1? It’s been a while since we

. < %
visited Alice, Flo, and the short-order cook, but we’ve got good reason O[ ,'ect\)tlle cbuw‘“l
for returning (well, beyond the food and great conversation): the diner is ) °

. e = -
going to help us understand the Command Pattern. T

So, let’s take a short detour back to the diner and study the interactions
between the customers, the waitress, the orders and the short-order e 8
cook. Through these interactions, you’re going to understand the
objects involved in the Command Pattern and also get a feel for how
the decoupling works. After that, we’re going to knock out that remote
control APIL

Checking in at the Objectville Diner...

T L L L

Wi w0 hewe -
1\‘\“i5’1 you Wete

Okay, we all know how the Diner operates:

e The Waitress
takes the Order,

You, the Customer, places it on the

give the Waitress order counter

your Order. and says “Order
up!”

6 The Short-Order Cook prepares your meal
from the Order.
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Let’s study the interaction in a little more detail...

..and given this Diner is in Objectville, let’s think
about the object and method calls involved, too!

The Ovder consists o(:, an ovder
slip and khe tustomer s mcm.;t
iLems that ave weitten on 1T

T'll have a Burger
with Cheese and a
Malt Shake.

The tustomer knows
what he wants and
tveates an order.

The Waitress Lakes the Order,

gets around +o it, she ealls its
ﬁ method to begin

and when she

orderldp()
the Ovder’s PVCParafion.
£
’g*;&»
ox WS A 4 The Short Oy dev
The (_)"SU\,L’C\M\S .Cook follows the
e w \o ch?a" : 4 "‘S'b"w‘-{:ions O‘F
ded
nee ca\‘ T\\C :‘;‘ 'H’\c Ordcr and
ke 6\"“’*} - 4 Produces the mej.
Ovoes Ooer Coo\L
A .
g\f‘:: mc&\\oda\‘\“ /f
WV .
a\LC%““%CT / X
/&
o\)
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The Objectville Diner roles and responsibilities

An Order Slip encapsulates a request to prepare a meal.

Think of the Order Slip as an object, an object that acts_/
as a request to prepare a meal. Like any object, it can be

passed around — from the Waitress to the order counter, or to the
next Waitress taking over her shift. It has an interface that consists
of only one method, orderUp(), that encapsulates the actions
needed to prepare the meal. It also has a reference to the object
that needs to prepare it (in our case, the Cook). It’s encapsulated
in that the Waitress doesn’t have to know what’s in the order

or even who prepares the meal; she only needs to pass the slip
through the order window and call “Order up!”

The Waitress’s job is to take Order Slips and
invoke the orderUp() method on them.

The Waitress has it easy: take an order from the customer,
continue helping customers until she makes it back to the
order counter, then invoke the orderUp() method to have
the meal prepared. As we've already discussed, in Objectville, the
Waitress really 1sn’t worried about what’s on the order or who is going to
prepare it; she just knows order slips have an orderUp() method she can
call to get the job done.

Don't ask me to cook,
T just take orders and
yell “Order up!"

Now, throughout the day, the Waitress’s takeOrder() method gets
parameterized with different order slips from different customers, but
that doesn’t phase her; she knows all Order slips support the orderUp()
method and she can call orderUp() any time she needs a meal prepared.

The Short Order Cook has the knowledge
required to prepare the meal.

You
can definitely say
the waitress and I are
decoupled. She's not
even my typel

The Short Order Cook is the object that really knows
how to prepare meals. Once the Waitress has invoked

the orderUp() method; the Short Order Cook takes over and
implements all the methods that are needed to create meals.
Notice the Waitress and the Cook are totally decoupled: the
Waitress has Order Slips that encapsulate the details of the
meal; she just calls a method on each order to get it prepared. |
Likewise, the Cook gets his instructions from the Order Slip; he ~
never needs to directly communicate with the Waitress. ’
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Okay, we have a

Diner with a Waitress who is
decoupled from the Cook by an
Order Slip, so what? Get to
the point!

RAVN
PQWwWEWR

W

Before we move on, spend some time studying
the diagram two pages back along with Diner
roles and responsibilities until you think you've
got a handle on the Objectville Diner objects and
relationships. Once you’ve done that, get ready
to nail the Command Pattern!

command pattern

Patience, we're getting there...

Think of the Diner as a model for an OO design pattern that allows
us to separate an object making a request from the objects that
receive and execute those requests. For instance, in our remote
control API, we need to separate the code that gets invoked when
we press a button from the objects of the vendor-specific classes

that carry out those requests. What if each slot of the remote held
an object like the Diner’s order slip object? Then, when a button is
pressed, we could just call the equivalent of the “orderUp()” method
on this object and have the lights turn on without the remote
knowing the details of how to make those things happen or what
objects are making them happen.

Now, let’s switch gears a bit and map all this Diner talk to the
Command Pattern...
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From the Diner to the Command Pattern

Okay, we’ve spent enough time in the Objectville Diner that we know all the
personalities and their responsibilities quite well. Now we’re going rework the
Diner diagram to reflect the Command Pattern. You’ll see that all the players
are the same; only the names have changed.

The aetions and the
Receiver are bound together

in the tommand obj
. ect.
The command objett pamsic 128 NN )
vvov'\dcs one method, L T iver.action2 ()
es
ha%: C“Lavsu\a )
exetute(), ¥

be talled

the attions and tan o

o invoke the attions on

Reteiver-

The ctlient is rcs\?onsiblc for treating
the ommand ob")cc{:- The tommand
ob\')ed: consists of a set of actions

on a veteiver-

' create
Command
Object ()

The client ealls setCommand() on

an [nvoker °b\)€‘:‘£ and passes it the Cher\'\'

tommand ob\jcc{:, where it gets stored
until it is needed.

Loading the Invoker

o The client creates a
command object.

e The client does a
setCommand() to store
the command object in
the invoker.

e Later... the client asks
the invoker to execute

.which vesults the command. Note:

. : as you'll see later in

in the actions the chapter, once the

command is loaded into

the invoker, it may be

used and discarded, or

tion1(), action2() it may remain and be
o ' Qece.\VZ( used many times.

;' actionl ()

| being invoked on
f action2 ()

the Receiver:
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who what?

S

*
WHQ DQES wHHaT™

Match the diner objects and methods with the corresponding names from the
Command Pattern.

Diner Command Pattern
Waitress Command

Short Order Cook execute()

orderUp() Client

Order Invoker

Customer Receiver
takeOrder() setCommand()
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Our first command object

Isn’t it about time we build our first command object? Let’s go ahead and write
some code for the remote control. While we haven’t figured out how to design the
remote control API yet, building a few things from the bottom up may help us...

Implementing the Command interface

First things first: all command objects implement the same interface, which
consists of one method. In the Diner we called this method orderUp(); however,
we typically just use the name execute().

Here’s the Command interface:

public interface Command {

Simple. All .
public void execute () ; f Ple- All we need is one method called exetute().
}

Implementing a Command to turn a light on

Now, let’s say you want to implement a command for turning a light on. /) Light
Referring to our set of vendor classes, the Light class has two methods: on()
and off{). Here’s how you can implement this as a command:

on()
off()

This is @ tommand, so we need +o
implement the Command intevface.

public class LightOnCommand implements Command {

Light light; The tonstruttor is passed the SPCCi‘cit‘

. : s aoina o
public LightOnCommand (Light light) { (_/_\ 1'5\"{ that this command is 3oy

i i = 1i ; tontrol — say the living voom light
} e - and s{:ashcs\/i{: in the ?igh{: instance
vaviable. When exetute gets called, this
public void execute() f is the light object that is going to be
tight.on ) (-\ the Receiver of the vequest.
} } The exetute method calls the

on) method on the veteiving
ob)cd:, which is the \15\\{: we
are controlling:

Now that you’ve got a LightOnCommand class, let’s see if we can put it to use...
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Using the command object

Okay, let’s make things simple: say we’ve got a remote control with only one
button and corresponding slot to hold a device to control:

our Lommahdl

We have one <ot 4o hold

public class SimpleRemoteControl { vach will control one devite
Command slot; w

We have a method for setting
public SimpleRemoteControl () {} /\ 4he tommand the slot is 9oing
public void setCommand (Command command) { to “_’"Jcml" T‘_“S tould Abc L‘Z‘L‘d

slot = command; multiple times if the tlient
} this tode wanted to thange the
behavior of the vemote button.
public void buttonWasPressed()

{
slot.execute () ; DN This method is ¢alled when the

button is pressed. All we do is take
the turvent tommand bound to the
slot and eall its exetute() method.

}

Creating a simple test o use the Remote Control

Here’s just a bit of code to test out the simple remote control. Let’s take a look and
we’ll point out how the pieces match the Command Pattern diagram:

] Client in Command Pa{:{:cvn—s\’cak‘ .
This is our &€ The vemote is oW Invokers
il be pasel 1\\ t ca
. a n
public class RemoteControlTest { Lommahd 0\’\)‘&' esks.
public static void main(String[] args) { be used to make vean
SimpleRemoteControl remote = new SimpleRemoteControl () ; Liaht
Light light = new Light () ; Now we L\r.ca{:.c"ab 'Eh
LightOnCommand lightOn = new LightOnCommand (light) ; ob)ccﬁ, +his will be the
Reteiver of the vequest.
remote.setCommand (1ightOn) ; k Heve, treate a tommand and
remote.buttonWasPressed() ; D pass the Reteiver to it.
}
} HCTC) PaSS ‘éhc C°mmand
to the [nvoker-. File Edit Window Help DinerFoodYum
%java RemoteControlTest
And then we simulate the . _
button being pressed. Light is On
Heve's the output o - E
! is test tode!
Y\AY\NV\S ‘{')\ls est tode.
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@ dharpen vour pencil
i your p

Okay, it’s time for you to implement the

GarageDoorOpenCommand class. First, supply the code for

GarageDoor

the class below. You’ll need the GarageDoor class diagram. ——

up()
down()

stop()
public class GarageDoorOpenCommand lightOn(

)
: lightOf
implements Command { o

<<———~\\~\\\ our tode heve

Now that you’ve got your class, what is the output of the following
code? (Hint: the GarageDoor up() method prints out “Garage Door is
Open” when it is complete.)

public class RemoteControlTest ({
public static void main(String[] args) {

SimpleRemoteControl remote = new SimpleRemoteControl () ;
Light light = new Light();
GarageDoor garageDoor = new GarageDoor () ;
LightOnCommand lightOn = new LightOnCommand (light) ;
GarageDoorOpenCommand garageOpen =

new GarageDoorOpenCommand (garageDoor) ;

remote.setCommand (1ightOn) ;
remote.buttonWasPressed() ;
remote.setCommand (garageOpen) ;
remote.buttonWasPressed() ;

tjava RemoteControlTest

you are here »
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The Command Pattern defined

You’ve done your time in the Objectville Diner, you’ve partly
implemented the remote control API, and in the process you’ve
got a fairly good picture of how the classes and objects interact in
the Command Pattern. Now we’re going to define the Command
Pattern and nail down all the details.

Let’s start with its official definition:

The Command Pattern encapsulates a request as an
object, thereby letting you parameterize other objects
with different requests, queue or log requests, and support
undoable operations.

Let’s step through this. We know that a command object
encapsulates a request by binding together a set of actions on a
specific receiver. To achieve this, it packages the actions and the
receiver up into an object that exposes just one method, execute().
When called, execute() causes the actions to be invoked on the
receiver. From the outside, no other objects really know what
actions get performed on what receiver; they just know that if they
call the execute() method, their request will be serviced.

We’ve also seen a couple examples of parameterizing an object with

a command. Back at the diner, the Waitress was parameterized
with multiple orders throughout the day. In the simple remote
control, we first loaded the button slot with a “light on” command
and then later replaced it with a “garage door open” command.
Like the Waitress, your remote slot didn’t care what command
object it had, as long as it implemented the Command interface.

What we haven’t encountered yet is using commands to
implement queues and logs and support undo operations. Don’t worry,
those are pretty straightforward extensions of the basic Command
Pattern and we will get to them soon. We can also easily support
what’s known as the Meta Command Pattern once we have the
basics in place. The Meta Command Pattern allows you to create
macros of commands so that you can execute multiple commands
at once.

206 Chapter 6

An entapsulated vequest.

Regeives

execute () {
receiver.action();

R
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An invoker — (:or ms{',ancc one

slot of the vemote — can be
?aramcﬁcwud with diffecent

vequests.



The Client is rcs\?onsib\c for
eveating 3 Contve
setting its Receiver-

The Command Pattern defined:
the class diagram

The [nvoker holds
a tommand and at
some point asks the
tommand to earry
ou{: a rcl\ucs{ b\/
ealling its execute()

L method.

{',cCommahd and

Client

the command pattern

claves an intevface Lor all commands. As you
(a:\t’:;:i?inii:, 3 tommand is invoked through its f)«ccu{c()
method, whith asks a veceiver to \wmcorm an attion.
You'll also notice his inteckace has an undo() method,
which we'll cover a bit later in the ehapter.

/

Invoker i—» <22';;a1r';?;§;>
satCommand( s)rszgl;)te() The exetute
method invokes
the attion(s)
: on the veteiver
: needed to fulkill
> Receiver F— ConcreteCommand the rco\ucs{;
action() BXBCULE() -+ vee e P .
> undo() [
public void execute() {
The Rcwm knows how to - } receiver.action()
the work needed to tarry out the

vequest. Any ¢lass ean att as a
Reteiver.

La\\'mg one or move at

The Conch{:cCommand defines a
i k

a Reteiver. The |nvol st b
ac:icukc() and the ConLYcJ(',CCommand tavvies i

b'mding between an attion

makes a vequest by calling
e e ! t out b\/

Lions on the Receiver:

@wnuw
TQAWwWE®wR

How does the design of the Command Pattern support the decoupling of the invoker of a

request and the receiver of the request?
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Okay, I think I've got a good feel
for the Command Pattern now. Great
tip Joe, I think we are going to look like
superstars after finishing of f the
Remote Control API.

Mary: Me too. So where do we begin?

Sue: Like we did in the SimpleRemote, we need to provide a way
to assign commands to slots. In our case we have seven slots, each
with an “on” and “off” button. So we might assign commands to
the remote something like this:

onCommands[0] = onCommand;

offCommands[0] = offCommand;

and so on for each of the seven command slots.

Mary: That makes sense, except for the Light objects. How does
the remote know the living room from the kitchen light?

Sue: Ah, that’s just it, it doesn’t! The remote doesn’t know
anything but how to call execute() on the corresponding
command object when a button is pressed.

Mary: Yeah, I sorta got that, but in the implementation, how do
we make sure the right objects are turning on and off the right
devices?

Sue: When we create the commands to be loaded into the
remote, we create one LightCommand that is bound to the living
room light object and another that is bound to the kitchen light
object. Remember, the receiver of the request gets bound to

the command it’s encapsulated in. So, by the time the button

1s pressed, no one cares which light is which, the right thing just
happens when the execute() method is called.

Mary: I think I've gotit. Let’s implement the remote and I think
this will get clearer!

Sue: Sounds good. Let’s give it a shot...
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Assigning Commands to slots

So we have a plan: We’re going to assign each slot to a command in
the remote control. This makes the remote control our invoker. When
a button is pressed the execute() method is going to be called on the
corresponding command, which results in actions being invoked on the
recetver (like lights, ceiling fans, stereos).

(1) Each slot gets a tommand.

(2) When the button is pressed, the exeeute()
method is called on the torvesponding command.

(@67‘Onc
& [SF
%/,hg o feo®
& ©;
%rug,wp ‘%Offcw&g
) O.
Fered ngFat

we'll worry about the
remaining slots in a bit.

are invoked on the veteiver.

The [nvoker \\l/

Stereo

7L (3) [n the exeeute)) method actions
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Implementing the Remote Control

L d the vemote is 9oing to
public class RemoteControl ({ This e a"’°“: and OFf commands, whith

) handle seven O
commandl] onCommands; U we'll hold in eovvesponding arvays:

Command[] offCommands;

public RemoteControl () { [n the eonstructor all we need to do is
onCommands = new Command[7]; & instantiate and initialize the on and off
offCommands = new Command[7]; / arvays.

Command noCommand = new NoCommand () ;

for (int i = 0; 1 < 7; 1i++) {
onCommands [i] = noCommand;
offCommands[i] = noCommand;

public void setCommand (int slot, Command onCommand, Command offCommand) {

onCommands [slot] = onCommand; /L_ The sc{CommandO mcﬂ\od ‘(:akcs a slo{‘, ?osijc'lon

offCommands[slot] = offCommand; \ and an On and O-C‘F tommand +p be S{:o\rcd in tha{:
slot. [t puts these commands in the on and off

public void onButtonWasPushed (int slot) { arrays for later use.

onCommands [slot] .execute () ;
} When an On or O£f button is
R_ pressed, the hardware takes
public void offButtonWasPushed (int slot) { —= cave of Ca”ing the Lorrcsyonding
offCommands [slot] .execute () ; methods onBuH:onWasPushcd() o
: offButtonWasPushed().

public String toString() {
StringBuffer stringBuff = new StringBuffer();

stringBuff.append ("\n------ Remote Control ------- \n”) ;
for (int 1 = 0; i < onCommands.length; i++) {
stringBuff.append (“[slot ™ + i + “] “ + onCommands[i].getClass () .getName ()
+ Y + offCommands[i].getClass () .getName () + “\n”);

}
return stringBuff.toString();

} We've overwritten ‘f;og'bring() to print out eath slot and its

} torresponding command. You'll see us use +his when we test the
remote tontrol.
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Implementing the Commands

Well, we’ve already gotten our feet wet implementing the LightOnCommand for
the SimpleRemoteControl. We can plug that same code in here and everything

works beautifully. Off commands are no different; in fact the LightOffCommand
looks like this:

public class LightOffCommand implements Command {
Light light;

public LightOffCommand (Light light) {
this.light = light;

} The Ligh{O‘C‘FCommand works exactly

the same way as the LightOnCommand,

public void execute() {

- hat we ave binding the veceiver
light.off () ; - extept ¢ d
) tght.off () o a diffevent attion: the off0) method.
}
Stereo
Let’s try something a little more challenging; how about writing on and off onl)
commands for the Stereo? Okay; off is easy, we just bind the Stereo to the off() off)
method in the StereoOffCommand. On is a little more complicated; let’s say we setCd()
want to write a StereoOnWithCDCommand... setDvd()
setRadio()
setVolume()

public class StereoOnWithCDCommand implements Command {
Stereo stereo;

public StereoOnWithCDCommand (Stereo stereo) { Dusk like the Ligh{:OnComma"dl we 55{"

: this.stereo = stereo; f Yas“d the mstante of the skeveo ch ar.c
going o be controlling and we store it in
public void execute () { a lotal instante vaviable.

stereo.on () ;

stereo.setCD(); (/\

stereo.setVolume (11) ;

To earry out this vequest, we need o call three
methods on the stereo: ‘F'nrs{:, fuen it on, then set
it to play the CD, and £inally set the volume 4o I].
Why 112 Well, it's better than 10, vight?

Not too bad. Take a look at the rest of the vendor classes; by now, you can definitely
knock out the rest of the Command classes we need for those.
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Putting the Remote Control through its paces

Our job with the remote is pretty much done; all we need to do is run some tests and
get some documentation together to describe the API. Home Automation or Bust,
Inc. sure is going to be impressed, don’t ya think? We’ve managed to come up with
a design that 1s going to allow them to produce a remote that is easy to maintain

and they’re going to have no trouble convincing the vendors to write some simple
command classes in the future since they are so easy to write.

Let’s get to testing this code!

public class RemotelLoader {

public static void main(String[] args) {
RemoteControl remoteControl = new RemoteControl ();

Light livingRoomLight = new Light (“Living Room”) ; Create all the devices
Light kitchenLight = new Light (“Kitchen”); Lheiv proper \otations:
CeilingFan ceilingFan= new CeilingFan (“Living Room”) ;

GarageDoor garageDoor = new GarageDoor (“”);

Stereo stereo = new Stereo(“Living Room”) ;

LightOnCommand livingRoomLightOn =
new LightOnCommand (livingRoomLight) ; .
LightOffCommand livingRoomLightOff = Create all the Light Command
new LightOffCommand (livingRoomLight) ; °hyd}
LightOnCommand kitchenLightOn =
new LightOnCommand (kitchenLight) ;
LightOffCommand kitchenLightOff =
new LightOffCommand (kitchenLight) ;

CeilingFanOnCommand ceilingFanOn = Create the On and 0“
new CeilingFanOnCommand (ceilingFan) ; (:ov the Lc'\\'mﬁ an-
CeilingFanOffCommand ceilingFanOff =
new CeilingFanOffCommand (ceilingFan);

GarageDoorUpCommand garageDoorUp =
new GarageDoorUpCommand (garageDoor) ; Create the Up and Down
GarageDoorDownCommand garageDoorDown = tommands £or the éaragc-
new GarageDoorDownCommand (garageDoor) ;

StereoOnWithCDCommand stereoOnWithCD =
new StereoOnWithCDCommand (stereo) ; Create the steveo On
StereoOffCommand stereoOff = and 0££ commands.
new StereoOffCommand (stereo);
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remoteControl.setCommand (0, livingRoomLightOn, livingRoomLightOff) ;
remoteControl.setCommand (1, kitchenLightOn, kitchenLightOff);
remoteControl.setCommand (2, ceilingFanOn, ceilingFanOff); wa{ﬁaﬁwcwc50£
remoteControl.setCommand (3, stereoOnWithCD, stereoOff); MIOUVdommamk,wc

System.out.println (remoteControl) ;

remoteControl.
remoteControl.
remoteControl.
remoteControl.
remoteControl
remoteControl.
remoteControl.
remoteControl.

)
0
)
1
.onButtonWasPushed (2)
2
)
3

¢an load them into
the vemote slots.

BN

) ; Heve's where we use our ‘EoS{:rinsO
method to print eath vemote slot and
the ommand that it is assigned o.

onButtonWasPushed (0
offButtonWasPushed (
onButtonWasPushed (1) ;
offButtonWasPushed (1) ;
offButtonWasPushed (2) ;
onButtonWasPushed (3) ;
offButtonWasPushed (3) ; vg\\

All vight, we are veady to voll/

Now, we S’ECP {:h\rough each slot

and push its On and OFF button.

Now, let’s check out the execution of our remote control test...

File Edit Window Help CommandsGetThingsDone

% java RemotelLoader

o

[slot
[slot
[slot
[slot
[slot
[slot

o Ul W N

Living Room light
Living Room light

Remote

Control
headfirst.
headfirst.
headfirst.
headfirst.
headfirst.
headfirst.
headfirst.

is on

command.
command.
command.
command.
command.
command.
command.

is off

headfirst. remote.LightOffCommand
remote.LightOffCommand
remote.CeilingFanOffCommand
remote.StereoOffCommand
remote.NoCommand
remote.NoCommand

remote.NoCommand

command.
command.
command.
command.
command.
command.
command.

remote.
remote.
remote.
remote.
remote.
remote.
remote.

LightOnCommand
LightOnCommand headfirst.
CeilingFanOnCommand headfirst.
StereoOnWithCDCommand headfirst.
NoCommand headfirst.
NoCommand headfirst.
NoCommand headfirst.

0

Onslots 0L Glots

Kitchen light is on
Kitchen light is off

Living
Living
Living
Living
Living
Living

Room
Room
Room
Room
Room
Room

ceiling fan is on high
ceiling fan is off

stereo is on

stereo is set for CD input
Stereo volume set to 11
stereo is off

<E——_ Our Lommands in attion/ Remember, the ou{yu{:
Lrom each device tomes from the vendor elasses.
For instante, when a light ochC{: is turned on it
?v-in‘[:s “Living Room ligh‘{: is on.”
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null

Wait a second, what
is with that NoCommand that
is loaded in slots four through six?
Trying to pull a fast one?

Good catch. We did sneak a little something in there. In the remote
control, we didn’t want to check to see if a command was loaded every
time we referenced a slot. For instance, in the onButtonWasPushed()
method, we would need code like this:

public void onButtonWasPushed (int slot) {
if (onCommands[slot] != null) {
onCommands [slot] .execute () ;

}
So, how do we get around that? Implement a command that does nothing!

public class NoCommand implements Command {
public void execute() { }

Then, in our RemoteControl constructor, we assign every slot a
NoCommand object by default and we know we’ll always have some
command to call in each slot.

Command noCommand = new NoCommand () ;

for (int i = 0; 1 < 7; i++) {
onCommands [i] = noCommand;
offCommands[i] = noCommand;

So in the output of our test run, you are seeing slots that haven’t been
assigned to a command, other than the default NoCommand object
which we assigned when we created the RemoteControl.

Honorah]e
Mention

The NoCommand object is an example of a null object. A null object is useful
when you don’t have a meaningful object to return, and yet you want to remove
the responsibility for handling null from the client. For instance, in our remote
control we didn’t have a meaningful object to assign to each slot out of the box,
so we provided a NoCommand object that acts as a surrogate and does nothing
when its execute method is called.

You'll find uses for Null Objects in conjunction with many Design Patterns and
sometimes you’'ll even see Null Object listed as a Design Pattern.
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the command pattern

Time to write that documentation...

Remote Control APl Design for Home Automation or Bust, Inc.,

We are pleased to present you with the following design and application programming interface for your Home
Automation Remote Control. Our primary design goal was to keep the remote control code as simple as possible so that
it doesn’t require changes as new vendor classes are produced. To this end we have employed the Command Pattern to
logically decouple the RemoteControl class from the Vendor Classes. We believe this will reduce the cost of producing
the remote as well as drastically reduce your ongoing maintenance costs.

The following class diagram provides an overview of our design:

The RemoteControl manages a set of Command
objects, one per button. When a button is
pressed, the corresponding ButtonWasPushed()
method is called, which invokes the execute()
method on the command. That is the full extent
of the remote’s knowledge of the classesit’s
invoking as the Command object decouples the
remote from the classes doing the actual home-
automation work.

command object encapsulates
a request of a home
automation device.

RemoteControl
onCommands
offCommands

setCommand()

onButtonWasPushed()
offButtonWasPushed()

The RemotelLoader creates a
number of Command Objects
that are loaded into the slots
of the Remote Control. Each

All RemoteControl commands
implement the Command
interface, which consists of one
method: execute(). Commands
encapsulate a set of actions

on a specific vendor class. The
remote invokes these actions by
calling the execute() method.

RemoteLoader

L =

LightOnComniand
LightoffCommand | g

execute() e

public void ex:ecute() {
light.on():

public void execute () {
light.off ()
}

The Vendor Classes are used to perform
the actual home-automation work of
controlling devices. Here, we are using
the Light class as an example.

Using the Command Interface, each action that can be
invoked by pressing a button on the remote is implemented
with a simple Command object. The Command Object
holds a reference to an object that is an instance of a Vendor
Class and implements an execute method that calls one

or more methods on that object. Here we show two such
classes that turn a light on and off, respectively.

-
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don’t forget

Great job; it looks like
you've come up with a terrific design,
but aren't you forgetting one little thing
the customer asked for?

LIKE THE UNDO BUTTON?!

Whoops! We almost forgot... luckily, once we
have our basic Command classes, undo is easy
to add. Let’s step through adding undo to our
commands and to the remote control...

What are we doing?

Okay, we need to add functionality to support the undo button on the remote. It works like
this: say the Living Room Light is off and you press the on button on the remote. Obviously
the light turns on. Now if you press the undo button then the last action will be reversed — in

this case the light will turn off. Before we get into more complex examples, let’s get the light
working with the undo button:

6 When commands support undo, they have an undo() method that mirrors the execute()
method. Whatever execute() last did, undo() reverses. So, before we can add undo to our
commands, we need to add an undo() method to the Command interface:

public interface Command ({
public void execute();
public void undo () ;

} r~\/ Here's the new undol) method.

That was simple enough.

Now, let’s dive into the Light command and implement the undo() method.
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the command pattern

Let’s start with the LightOnCommand: if the LightOnCommand’s execute() method
was called, then the on() method was last called. We know that undo() needs to do the
opposite of this by calling the off{) method.

public class LightOnCommand implements Command {
Light light;

public LightOnCommand (Light light) {
this.light = light;

}

public void execute() {
light.on();
}
o0
public void undo() { eretud e light om
light.off () ; urns the fuens
: ’ nd) swply T

} ofk-
) T e g btk

Piece of cake! Now for the LightOffCommand. Here the undo() method just
needs to call the Light’s on() method.

public class LightOffCommand implements Command {
Light light;

public LightOffCommand (Light light) {
this.light = light;
}

public void execute () {
light.off ();
}

\mdoo

public void undo() { And heve \-\5\,\{; batk

light.on(); hmmS&hc
} A—

on.

Could this be any easier? Okay, we aren’t done yet; we need to work a little
support into the Remote Control to handle tracking the last button pressed
and the undo button press.
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implementing undo

218

o

To add support for the undo button we only have to make a few small changes to the Remote
Control class. Here’s how we’re going to do 1t: we’ll add a new instance variable to track the
last command invoked; then, whenever the undo button is pressed, we retrieve that command

and

publ

Chapter 6

nvoke its undo() method.

ic class RemoteControlWithUndo ({
command (] onCommands; This is wheve we'll stash fhe last command

Command[] offCommands;
P ——————— J exetuted for the undo button.

public RemoteControlWithUndo () {
onCommands = new Command[7];
offCommands = new Command[7];

Command noCommand = new NoCommand () ;
for (int i=0;i<7;i++)

onCommands [i] = noCommand Just like the other slots, undo

offCommands [i] = noCommand; starts off with a NoCommand, so
} pressing undo before any other
undoCommand = noCommand; button won't do Any'l:hmg at all.

public void setCommand (int slot, Command onCommand, Command offCommand) {
onCommands [slot] = onCommand;
offCommands[slot] = offCommand;

is pressed, we take
public void onButtonWasPushed(int slot) When a button is ‘}: ) A\
onCommands [slot] .execute () the tommand and fivst exetute
undoCommand = onCommands [slot] 8 it; then we save a rc(:crcncc to
it in the undoCommand instante
vaviable. We do this for both “on
public void offButtonWasPushed (int slot) { tommands and L tommands.

of fCommands[slot] .execute();
undoCommand = offCommands[slot];

»n

When the undo button is pressed, we

public void undoButtonWasPushed () invoke the undo() method of the
undoCommand. undo () ; tommand stored in undoCommand.
} This veverses the operation of the
last command exetuted.
public String toString() {
// toString code here...
}



Time to QA that Undo button!

Okay, let’s rework the test harness a bit to test the undo button:

public class RemotelLoader {

public static void main(String[] args) {
RemoteControlWithUndo remoteControl =

Light livingRoomLight =
LightOnCommand livingRoomLightOn =

new LightOnCommand (livingRoomLight) ;
LightOffCommand livingRoomLightOff =

new LightOffCommand (livingRoomLight) ;

remoteControl.setCommand (0,

remoteControl.onButtonWasPushed (0) ;
remoteControl.offButtonWasPushed (0) ;
System.out.println (remoteControl) ;
remoteControl.undoButtonWasPushed () ;
remoteControl.offButtonWasPushed (0
remoteControl.onButtonWasPushed (0) ;
System.out.println (remoteControl) ;
remoteControl.undoButtonWasPushed () ;

And here’s the test results...

new Light (“Living Room”) ;

livingRoomLightOn,

the command pattern

new RemoteControlWithUndo () ;

livingRoomLightOff) ;

C Add the |i3h{: Commands
to the vemote in slot O.

\ Turn the light on, then

OFF and {hcn undo.

)i
\ Then, turn the llgH: off, back on and undo.

File Edit Window Help UndoCommandsDefyEntropy
% java RemoteLoader

Light

Light

mmand

Undo was Frcsscd the LightOffCommand
« undo() turns the light back on.

@&~ Then we turn the light off then batk on.

Light

Light off
Light on

ommar
and

Undo was pressed, {hc light is back off.

Light is off

Heve's the Light commands.

Of fCommand

mand . un NoCommand
Now undo holds the
Liﬁh{O‘p'FCommahd, the last
tommand invoked.

htOffComm:

Now undo holds the LightOnCommand, the last
tommand invoked.

you are here »

do()
Create a LAghk,and our new un
cnab\cd Light On and O£§ Commands.
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we need to keep some state for undo

Using state to implement Undo

Okay, implementing undo on the Light was instructive but a little too easy. Typically, CeilingFan

highi)
medium()
low()

off()
getSpeed()

we need to manage a bit of state to implement undo. Let’s try something a little more
interesting, like the CeilingFan from the vendor classes. The ceiling fan allows a
number of speeds to be set along with an off method.

Here’s the source code for the CeilingFan:

¢tlass holds lotal
d of the teiling ¥an

public class CeilingFan { linoFan
public static final int HIGH = 3; Notiee that ’dng C‘:\:Svcc
public static final int MEDIUM = sﬁﬁgvtw1““h“5
public static final int LOW = 1;
public static final int OFF = O0;
String location;
int speed;

2;

public CeilingFan (String location) {
this.location = location;
speed = OFF;

Hmm, so to properly
implement undo, I'd have
to take the previous speed of
the ceiling fan into account...

}

public void high() {
speed = HIGH;
// code to set fan to high

}

public void medium() {
speed = MEDIUM;
// code to set fan to medium / «\‘ “'/
; «_ These methods set the .AN
public void low() { speed of the ceiling fan. /4
speed = LOW; e
// code to set fan to low J

}

public void off () { *
speed = OFF; ‘
// code to turn fan off

}

L the ¢uvvcn£

public int getSpeed() { We tan 9¢ Ao Ban
return speed; SY“d ok the Cz\)\""ﬁ
} _ using SC{;QYCCA .
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the command pattern

Adding Undo to the ceiling fan commands

Now let’s tackle adding undo to the various CeilingFan commands. To
do so, we need to track the last speed setting of the fan and, if the undo()
method is called, restore the fan to its previous setting. Here’s the code for
the CeilingFanHighCommand:

public class CeilingFanHighCommand implements Command { We've added lotal state
CeilingFan ceilingFan; Lo keep Lratk of the
int prevSpeed; / 4 of khe fan.

\;rcv'\ous SYCC

public CeilingFanHighCommand (CeilingFan ceilingFan) {
this.ceilingFan = ceilingFan;

}

In exetute, before we thange
public void execute() { f the speed of the fan, we
prevSpeed = ceilingFan.getSpeed() ; need to first vetord its
ceilingFan.high () ;

} previous state, just in tase we
need to undo our actions.
public void undo () {

if (prevSpeed == CeilingFan.HIGH) {
ceilingFan.high () ;

} else if (prevSpeed == CeilingFan.MEDIUM) {
ceilingFan.medium() ; To undo, we set the speed
} else if (prevSpeed == CeilingFan.LOW) { S of the fan back to its

ceilingFan.low() ;
} else if (prevSpeed == CeilingFan.OFF) ({
ceilingFan.off () ;

Previous speed.

}

RANVN
PQwWEWwR

We’ve got three more ceiling fan commands to write: low, medium, and off. Can you see
how these are implemented?
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test the ceiling fan

Get ready to test the ceiling fan

Time to load up our remote control with the ceiling fan /———s

commands. We’re going to load slot zero’s on button with
the medium setting for the fan and slot one with the high
setting. Both corresponding off buttons will hold the ceiling
fan off command.

Here’s our test script:

public class RemotelLoader {

public static void main(String[] args) {
RemoteControlWithUndo remoteControl = new RemoteControlWithUndo () ;

CeilingFan ceilingFan = new CeilingFan (“Living Room”) ;

CeilingFanMediumCommand ceilingFanMedium = Here we instankiate three
new CeilingFanMediumCommand (ceilingFan) ; / ds: hiah, medium, and off.
CeilingFanHighCommand ceilingFanHigh = Commands: hi3h

new CeilingFanHighCommand (ceilingFan) ;

CeilingFanOffCommand ceilingFanOff = Heve we put medium in
new CeilingFanOffCommand (ceilingFan) ; M\ slot zevo, and high in

slo{; one. WC alSO ‘Oad

remoteControl.setCommand (0, ceilingFanMedium, ceilingFanOff); wp the oﬂ: tommands.

remoteControl.setCommand (1, ceilingFanHigh, ceilingFanOff);
3 edium.
remoteControl.onButtonWasPushed (0); =<t——— Fiest, turn the £ah onm
remoteControl.offButtonWasPushed (0) ; = Then turn it oﬂ:
System.out.println (remoteControl) ; )
remoteControl.undoButtonWasPushed () ; «— Mndo? [£ should 90 back to medium...

remoteControl.onButtonWasPushed (1) ; ?'\ Turn it on to high this time.

System.out.println (remoteControl) ; it should 90 back 4o medium.

ne movre undo;
remoteControl .undoButtonWasPushed () ; &— Ahd' ¢
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the command pattern

Testing the ceiling fan...

Okay, let’s fire up the remote, load it with commands, and push some buttons!

File Edit Window Help UndoThis!

% java RemotelLoader

s
Living Room ceiling fan is on medium Tuen the Lcilins £an on Heve ave the tommand
Living Room ceiling fan is off < medium, then turn it off in the vemote tontrol.-

Remote Control [
[slot 0] headfirst.command. .CeilingFanMediumCommand headfirst.command.ufido.CeilingFanOff-
Command
headfirst.command. .CeilingFanHighCommand headfirst.command.undo.CeilingFanOffCom-

headfirst.command.undo.NoCommand headfirst.command.undo.NoCommand
headfirst.command.undo.NoCommand headfirst.command.undo.NoCommand
headfirst.command.undo.NoCommand headfirst.command.undo.NoCommand ~~and undo has the last
headfirst.command.undo.NoCommand headfirst.command.undo.NoCommand tommand executed, the
headfirst.command.undo.NoCommand headfirst.command.undo.NoCommand Gl
eili
eadfirst.command.undo.CeilingFanOffCommand ~Z~Z—————mo—— "aFahO-C‘FCommand.

Living Room ceiling fan is on medium g&— Undo the last command, and it 9oes back to medium.
Living Room ceiling fan is on high © Now furn it h'sh
) on high.

Remote Control
[slot 0] headfirst.command. .CeilingFanMediumCommand headfirst.command.undo.CeilingFanOff-
Command
[slot 1] headfirst.command. .CeilingFanHighCommand headfirst.command.undo.CeilingFanOffCom-
mand
slot headfirst.command.undo.NoCommand headfirst.command.undo.NoCommand
slot headfirst.command.undo.NoCommand headfirst.command.undo.NoCommand
slot headfirst.command.undo.NoCommand headfirst.command.undo.NoCommand
slot headfirst.command.undo.NoCommand headfirst.command.undo.NoCommand
slot ¢ he;dﬁrst.command.undo.No;ommandl headfirst.command.undo.NoCommand wa;hﬂhis{he last
undo] headfirst.command.undo.CeilingFanHighCommand

[
[
[
[
[
[

tommand C‘AcCu‘Ecd-

Living Room ceiling fan is on medium One more undo, and the Ccilin3 fan

L 9oes back to medium chcd.
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macro

Every remote needs a Party Mode!

on()
off()

setCd() v
What’s the point of having a remote if you can’t o) 0
off()
- - setVolume|
push one button and have the lights dimmed, the 0 ey
stereo and TV turned on and set to a DVD and the °38 —_—
hot tub fired up? s o
jetsOn() o
jetsoﬂ() d\f::\)()
setTemperature()
:

Hmm, our remote
control would need a
button for each device, I
don't think we can do this.

remote at alll

0O Hold on Sue, don't be
) so sure. I think we can
,)L do this without changing the

Mary's idea is to make a new
kind of Command that can A]
exetute other Commands...

and move than one of them/

P\rc*H:y good idea, huh?

public class MacroCommand implements Command {
Command[] commands;

public MacroCommand (Command|[] commands) {
this.commands = commands;

) NG Take an avray of

Commands and store them in the MaevoCommand.
public void execute () {
for (int 1 = 0; i < commands.length; i++) {
commands [1] .execute () ;

} & When the matro gets exetuted by the remote,
exetute those tommands one at 3 fime.
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the command pattern

Using a macro command

Let’s step through how we use a macro command:

o First we create the set of commands we want to go into the macro:

Create all the devices, a
Light light = new Light (“Living Room”) ; / light, tv, steveo, and hot +ub.
TV tv = new TV (“Living Room”);
Stereo stereo = new Stereo (“Living Room”);
Hottub hottub = new Hottub () ; Now ¢veate all the On
é/\ tommands to tontrol them.
LightOnCommand lightOn = new LightOnCommand (light);
StereoOnCommand stereoOn = new StereoOnCommand (stereo) ;
TVOnCommand tvOn = new TVOnCommand (tv) ;
HottubOnCommand hottubOn = new HottubOnCommand (hottub) ;

write the code to create those here:

@ harPen your Pen(:[l We will also need commands for the off buttons,
AN

Create an avvay for On

Next we create two arrays, one for the On commands and one for the Off com- and an avvay or 0
mands, and load them with the corresponding commands: \ C tommands.
Command[] partyOn = { lightOn, stereoOn, tvOn, hottubOn};
Command[] partyOff = { lightOff, stereoOff, tvOff, hottubOff};
MacroCommand partyOnMacro = new MacroCommand (partyOn) ; ~-and C"#‘C two
MacroCommand partyOffMacro = new MacroCommand (partyOff) ; torvesponding macros
to hold them.

e Then we assign MacroCommand to a button like we always do: o Assion the matro

tommand ‘{',o a bu‘f:{:on as

remoteControl.setCommand (0, partyOnMacro, partyOffMacro);
we would any tommand.
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macro command exercise

@ [Finally, we just need to push some buttons and see if this works.

System.out.println (remoteControl) ;

System.out.println(“--- Pushing Macro On---");
remoteControl.onButtonWasPushed (0) ; Heve’s the out +
System.out.println(“--- Pushing Macro Off---"); ¢ output

remoteControl.offButtonWasPushed (0) ;

File Edit Window Help You Can'tBeatABabka

java Remotel.oader

Remote Control

headfirst.command. .MacroCommand headfirst.command.party.MacroCommand
headfirst.command. .NoCommand headfirst.command.party.NoCommand
headfirst.command. .NoCommand headfirst.command.party.NoCommand
headfirst.command. .NoCommand headfirst.command.party.NoCommand
headfirst.command. .NoCommand headfirst.command.party.NoCommand
headfirst.command. .NoCommand headfirst.command.party.NoCommand
headfirst.command. NoCommand headfirst.command.party.NoCommand

undo] headfirst.command.party.NoCommand

Hcrc are {')\c ‘{:wo matro Lommands.

-—- Pushing Macro On---

Light is on

Living Room stereo is on

Living Room TV is on All the Commands in the macvo
Living Room TV channel is set for DVD ave exetuted when we invoke
Hottub is heating to a steaming 104 degrees the on matro...

Hottub is bubbling!

—-—— Pushing Macro Off---

Light is off )

Living Room stereo is off and when we invoke the off
Living Room TV is off mactro. Looks like it works.
Hottub is cooling to 98 degrees
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the command pattern

Command [
public M

this
}

public v
for

public v

The only thing our MacroCommand is missing its undo functionality. When the
undo button is pressed after a macro command, all the commands that were invoked
in the macro must undo their previous actions. Here’s the code for MacroCommand,
go ahead and implement the undo() method:

public class MacroCommand implements Command {

] commands;

acroCommand (Command [ ]
. commands commands ;

commands)

oid execute() {
(int 1 = 0;
commands [1] .execute () ;

oid undo () {

i < commands.length;

{

i++) {

* Dol always need a receiver?
Why can’t the command object
implement the details of the
execute() method?

A: In general, we strive for “dumb”
command objects that just invoke
an action on a receiver; however,
there are many examples of “smart”
command objects that implement
most, if not all, of the logic needed
to carry out a request. Certainly
you can do this; just keep in mind
you'll no longer have the same level
of decoupling between the invoker
and receiver, nor will you be able to
parameterize your commands with
receivers.

OB estions

.

+ How can | implement a history
of undo operations? In other words,
I want to be able to press the undo
button multiple times.

A: Great question! It's pretty
easy actually; instead of keeping just

a reference to the last Command
executed, you keep a stack of previous
commands. Then, whenever undo is
pressed, your invoker pops the first
item off the stack and calls its undo()
method.

* Couldl have just implemented
Party Mode as a Command by
creating a PartyCommand and
putting the calls to execute the other
Commands in the PartyCommand'’s
execute() method?

A: You could; however, you'd
essentially be “hardcoding” the
party mode into the PartyCommand.
Why go to the trouble? With the
MacroCommand, you can decide
dynamically which Commands you
want to go into the PartyCommand,
so you have more flexibility using
MacroCommands. In general, the
MacroCommand is a more elegant
solution and requires less new code.
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queuing requests

More uses of the Command Pattern: queving requests

Commands give us a way to package a piece of
computation (a receiver and a set of actions) and pass it
around as a first-class object. Now, the computation itself
may be invoked long after some client application creates
the command object. In fact, it may even be invoked by a
different thread. We can take this scenario and apply it to
many useful applications such as schedulers, thread pools
and job queues, to name a few.

Imagine a job queue: you add commands to the queue

on one end, and on the other end sit a group of threads.
Threads run the following script: they remove a command
from the queue, call its execute() method, wait for the call
to finish, then discard the command object and retrieve a
new one.

Threads vemove tommands

From the queue one b\/ one Oy
and ¢all their exetute() ’_\ i
method. Once tomplete,

they 9o back for a new

Objects 1mplementm

comin

added to the queue.

Commands

g the

Pieds
¥
are <)
and interface 'l St

Q
\0“ o

This gjves us an effective way
{o lanc Com‘?u{‘,a{:lon +;o a
fixed number of threads.

7'hr'ead
tommand ob \)CC{: T @ 37
r‘ead q*mloa?‘&
Threads computing Thread
jobs

Note that the job queue classes are totally decoupled from the ob-
jects that are doing the computation. One minute a thread may be
computing a financial computation, and the next it may be retrieving
something from the network. The job queue objects don’t care; they
just retrieve commands and call execute(). Likewise, as long as you
put objects into the queue that implement the Command Pattern,
your execute() method will be invoked when a thread is available.
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the command pattern

More uses of the Command Pattern: logging requests

The semantics of some applications require that we log all actions and be able to
recover after a crash by reinvoking those actions. The Command Pattern can support
these semantics with the addition of two methods: store() and load(). In Java we could
use object serialization to implement these methods, but the normal caveats for using
serialization for persistence apply.

<<interfacess

—Commang
€xecute()

undo()
store()
load()

How does this work? As we execute commands, we store a history of them on disk.
When a crash occurs, we reload the command objects and invoke their execute()
methods in batch and in order.

Now, this kind of logging wouldn’t make sense for a remote control; however, there
are many applications that invoke actions on large data structures that can’t be quickly
saved each time a change is made. By using logging, we can save all the operations
since the last check point, and if there is a system failure, apply those operations to our
checkpoint. Take, for example, a spreadsheet application: we might want to implement
our failure recovery by logging the actions on the spreadsheet rather than writing a copy

of the spreadsheet to disk every time a change occurs. In more advanced applications, We add two methods

these techniques can be extended to apply to sets of operations in a transactional $or looai
X or loggng:
manner so that all of the operations complete, or none of them do.

execute Sto, ‘
store () *‘ 8
. yo doad ()
N et v
. @I\ d‘z : /77'710

R execute()

Zhvoker

store ()

%loadli (y
Mnand Restore
As eath tommand ’—w
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stoved on disk. s fﬁ;if.“
|= \?
’@o
Ioad execute
store) | g 2 _e>.<ecu|e()
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Tools for your Design Toolbox

/cur toolbox is starting to get heavy! In this chapter
we’ve added a pattern that allows us to encapsulate

methods into Command objects: store them, pass them
around, and invoke them when you need them.

00 Pv\nc\\’\cs

Encapsulate what, vaxies:
N

o lance
¥ Lom‘aos'\’c'\on over whexitan
avovr
Program ko wkeckates
\mY\Cmcn&,a‘ﬂons. |
osely tovpled dcsfv\s
A ALt
Yekween © )ctb that nker

for
ould e oFe
ELA‘:,::\SS\:V\ ot t\osed for

mod'\ﬂ'\ca‘\';w"'

t
a\:s{'xac’(j\ons. Do no
Lontrc’c,c elasses:

Gheive for 1o

When you need 1o decouple an

[ from
reet making vequests
1\\)\3: t;b")cc{',s that know how o

YCY‘(:OY‘M the rc0\ucs£5: use the
\ Commahd PB{:{',CW\-

Degend on
degend on
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The Command Pattern
decouples an object making
a request from the one that
knows how to perform it.

A Command object is at the

center of this decoupling and
encapsulates a receiver with
an action (or set of actions) .

An invoker makes a request of
a Command object by calling
its execute() method, which
invokes those actions on the
receiver.

Invokers can be parameterized
with Commands, even
dynamically at runtime.

Commands may support undo
by implementing an undo
method that restores the object
to its previous state before

the execute() method was last
called.

Macro Commands are a simple
extension of Command that
allow multiple commands to

be invoked. Likewise, Macro
Commands can easily support
undo().

In practice, it is not uncommon
for “smart” Command objects
to implement the request
themselves rather than
delegating to a receiver.

Commands may also be used
to implement logging and
transactional systems.




the command pattern

Time to take a breather and let it all sink in.
It’s another crossword; all of the solution words are from

this chapter.

AEEEEEEEEEEaE

AEEEEEE |
o NN

dEEEEEEE

Across Down

3. The Waitress was one 1. Role of customer in the command pattern

4. Acommand ____ a set of actions and a 2. Our first command object controlled this
receiver 5. Invoker and receiver are

7. Dr. Seuss diner food 6. Company that got us word of mouth business
8. Our favorite city 10. All commands provide this

9. Act as the receivers in the remote control 11. The cook and this person were definitely

13. Object that knows the actions and the decoupled

receiver 12. Carries out a request

14. Another thing Command can do 16. Waitress didn't do this

15. Object that knows how to get things done
17. A command encapsulates this
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Exercise
soJutions

wWw+a DQ. WH AT ?

Match the diner objects and methods with the corresponding names from the
Command Pattern

Diner Command Pattern
Waitress Command

Short Order Coo execute()
orderUpQ) Client

Order Invoker

Customer Receiver
takeQOrder() setCommand()

wdharpen your pencil
S y

public class GarageDoorOpenCommand implements Command {

GarageDoor garageDoor;

this.garageDoor = garageDoor;

}

public void execute() {
garageDoor.up () ;

public GarageDoorOpenCommand (GarageDoor garageDoor) {

tjava RemoteControlTest

Light is on

arage Door is Open

%

Chapter 6




Exercise
soJutions

the command pattern

Write the undo() method for MacroCommand

public class MacroCommand implements Command {
Command[] commands;
public MacroCommand (Command[] commands) {
this.commands = commands;

}

public void execute() {
for (int i = 0; i < commands.length; i++) {
commands [1] .execute () ;
}
}

public void undo() {
for (int i = commands.length - 1; i > = 0; i--) {
commands [1] .undo () ;

}

Write the code to create those here:

(¢ harPen your Penm' We will also need commands for the off button.
N

LightOffCommand lightOff = new LightOffCommand(light) ;
StereoOffCommand stereoOff = new StereoOffCommand (stereo);
TVOffCommand tvOff = new TVOffCommand (tv) ;
HottubOffCommand hottubOff = new HottubOffCommand (hottub) ;

6
ans

H
|
- |
-
|

i!l

HNMENEN

H
EMEEEEEEEHEI
T

NHHHEEEEHEH

Rlelqlulels T
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7 the Adapter and Facade Patterns

+ Being Adapi‘ives‘6

*

Do you think the readers are
really getting the impression we're
watching a horse race rather than
sitting in a photo studio?

That's the
beauty of our profession,

we can make things look
like something they're not!

You

mean it's not
supposed to be a
football match?

Wrapped in
this coat, I'ma
different man!

In this chapter we’re going to attempt such impossible feats as
putting a square peg in a round hole. Sound impossible? Not when we have
Design Patterns. Remember the Decorator Pattern? We wrapped objects to give them new
responsibilities. Now we’re going to wrap some objects with a different purpose: to make their
interfaces look like something they’re not. Why would we do that? So we can adapt a design
expecting one interface to a class that implements a different interface. That's not all; while
we're at it, we're going to look at another pattern that wraps objects to simplify their interface.

this is a new chapter 235



adapters

Adapters all around us

You’ll have no trouble understanding what an OO adapter is
because the real world is full of them. How’s this for an example:
Have you ever needed to use a US-made laptop in a European
country? Then you’ve probably needed an AC power adapter...

European Wall OQutlet

AC Power Adapter
Standard AC Plug

P B

The US laptop expects
another interfate.

YoSC
\ ou‘\',\c‘\" eF
The f’/WOYQ \Ea kg ¥° ower

er /
ont w
\ The adapter converts one

interface into another.

You know what the adapter does: it sits in between the plug of your laptop and the

o\
European AC outlet; its job is to adapt the European outlet so that you can plug your Lnee e ¥ &
laptop into it and receive power. Or look at it this way: the adapter changes the interface o SRR e ©
of the outlet into one that your laptop expects. d’c\‘?)(‘ ecs b

Some AC adapters are simple — they only change the shape of the outlet so that it matches
your plug, and they pass the AC current straight through — but other adapters are more
complex internally and may need to step the power up or down to match your devices’
needs.

Okay, that’s the real world, what about object oriented adapters? Well, our OO adapters
play the same role as their real world counterparts: they take an interface and adapt it to
one that a client is expecting
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the adapter pattern

Object oriented adapters

Say you’ve got an existing software system that you need to work a new vendor class library
into, but the new vendor designed their interfaces differently than the last vendor:

Your Vendor
Existing fond
System
've wr'\U(,CV\
fate doesnt matth {?\\c ::cw\iiu!
o .m::raga'msh This 1sn £ 909
\’ow to

Okay, you don’t want to solve the problem by changing your existing code (and you can’t
change the vendor’s code). So what do you do? Well, you can write a class that adapts the
new vendor interface into the one you’re expecting,

Your Adapter Vendor

Existing Class
System > > >

. (: L
The adapter implements the And Lalks 1o the vendor intertate

in'(:cr\cacc Your ¢lasses cx?ct,{;. to sevvite \Iow requests:

The adapter acts as the middleman by receiving requests from the client and converting
them into requests that make sense on the vendor classes.

ink O‘Q a SO\“‘E‘OV\

w W
Your Adapter |  Vendor it;gjiocsn’ t veauive YOU ¥

Existing Class ' ANy additiond! tode
SYS‘l'QWl > > w‘(\‘\?ﬂkh v a‘hﬂ {:\\c new “C'tdov{:\\
+o ntedy a\:o\f\? making e
Lev tlass:

2 Yow
¢lassest
vendor WP the 2027

No eode Zh\anacs. Ncw@dc No/Xdc changcs.
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turkey

If it walks like a duck and quacks like a duck,
then it wwst might be a-duek turkey wrapped
with a duck adapter...

It’s time to see an adapter in action. Remember our
ducks from Chapter 1? Let’s review a slightly simplified
version of the Duck interfaces and classes:

¢ N\

me 3‘f°“"d’ oue

public interface Duck ({ TNS£{ lement uek
public void quack(); dud“‘mvkhﬁ:dhws
public void fly () ; nkerbace a Qy

Here’s a subclass of Duck, the MallardDuck.

public class MallardDuck implements Duck {
public void quack() {
System.out.println (“Quack”) ;

Simple | e ik is doindy
} K/ ot YY'\V"\'«S ou{: w\\a{? v
\)\A

public void fly () {
System.out.println (“I'm flying”);
}

Now it’s time to meet the newest fowl on the block:

’htvadg{hefgﬁuc

T\AY'\(CYS dOV\
public interface Turkey {
public void gobble();

public void fly();
} \_ Tu!rkc\/s tan ‘ﬂ\/, aH')\ough *{:hcy
tan only ﬂ\/ short distantes.
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the adapter pattern

) Le \CmCh{a{'«w"
public class WildTurkey implements Turkey { Reves 3 t,on?\:c Duck? i{-,\')us{:
public void gobble() { of Turkeys _\‘ e . :
System.out.println (“Gobble gobble”) ; Yr'm{-,s out its actions:
}

public void fly () {
System.out.println(“I’'m flying a short distance”);

}

Now, let’s say you’re short on Duck objects and you’d like to
use some Turkey objects in their place. Obviously we can’t
use the turkeys outright because they have a different interface.

So, let’s write an Adapter:

p Oéde UP OI@SG Firs{, You need to imylcn\cn‘{: the infcr‘(:aCc

of the type you've adapting to. This is the
intevface your elient expects to see.

public class TurkeyAdapter implements Duck {

Turkey turkey;
Next, we need to get a veferente to the

public TurkeyAdapter (Turkey turkey) { o ob\)cc{: that we are adapting; here we do
this.turkey = turkey; that H\rough the ctonstruetor.
}

public void quack() { Now we need to im\?l:mth{: all the methods in
turkey.gobble () ; the interface; the quack() translation between
} elasses is easy: jus{: call the gobble() method.

public void fly () {
for (int i=0; i < 5; i++) {
turkey.ily () ; < N Even though both interfates have a Ay
J method, Turkeys ﬂ\/ in short spurts — they
: tan't do long—distance {lying like dueks. To
: map between a Dutk’s ﬂ\/() method and a
Turkey's, we need to eall the Turkey's flyO
method five times 4o make up for it.

you are here »
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test the adapter

Test drive the adapter

Now we just need some code to test drive our adapter:

3 W
public class DuckTestDrive { l,c‘h’s Ufca‘\"c

e

public static void main(String[] args) { f daTw\Lc‘{-
an

MallardDuck duck = new MallardDuck() ;

And then wrap the chlfc\/
in a TurkeyAdapter, which
makes it look like 3 Dutk.

WildTurkey turkey = new WildTurkey(); [-\
Duck turkeyAdapter = new TurkeyAdapter (turkey);

System.out.println (“The Turkey says...”);

Eiiig'ﬁ;}?}fe v G Then, let’s test the Turkey: make
R it gobble, make it Ay.

System.out.println (“\nThe Duck says...”);

testDuck (duck) ; Now let’s test the duek
' . ) by calling the testDuek()
System.out.println ( \nTl}e TurkeyAdapter says...”); mc{hod, which c%?cé{:s a
: testDuck (turkeyAdapter) ; Dw‘,k objcd‘,-
SN Moy,
off 1€ big ¢
static void testDuck (Duck duck) { ﬂ,e fkf‘i est: ve 4,
duck.quack () ; Heve’ e Y
S T AL A
} and ¢ealls its
: and Y0 methogs - 12kO
Test vun XN

240

File Edit Window Help Don'tForgetToDuck
%java DuckTestDrive

The Turkey says. . . Thc Turkc\/ 3obblcs ahd
4 flies a short distance.
Gobble gobble

I'm flying a short distance
The Duck says The Duck o\‘:acks and fles
Quack = ¢ just like you d expect

I'm flying

The TurkeyAdapter says...

Gobble gobble And the adapter sobb‘FS th," L
I'm flying a short distance (\ ,\.,a(_k() s ealled and flies a tew Times
I'm flying short distance when g\l() is ealled. The {-,cs‘cDuLk()
I'm flying a short distance thod never knows it has a turkey
I'm flying a short distance methe W
I'm flying short distance dis‘_’)“'“d as a dutk.

a
a
a
a
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the adapter pattern

The Adapter Pattern explained

Now that we have an idea of what an Adapter is, let’s step back
and look at all the pieces again.

The Client is implemented
against the target interface.

/ .a daptee
. te‘-iace Interfae e ﬁ

The Adapter implements the kac\/ was the
target interface and holds an aday{:cc in{:cv‘(:acc
instance of the Adaptee.

cn‘\:ﬂd
Dutke

wmplem
Lev ¥
TJ:\:\(?QQX wkeckate
e

Here’s how the Client uses the Adapter

Q The client makes a request to the
adapter by calling a method on it using

the target interface. Noke that the Client and pdaptee

— neither knows
detoupled = ne!
6 The adapter translates the request into i\;u{ the other:
one or more calls on the adaptee using
the adaptee interface.

© The client receives the results of the

call and never knows there is an adapter
doing the translation.
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pattern defined

- S harpen our pencil
S y

Let's say we also need an Adapter that converts a Duck to a Turkey.
Let’s call it DuckAdapter. Write that class:

How did you handle the fly method (after all we know ducks fly longer than turkeys)? Check the answers at
the end of the chapter for our solution. Did you think of a better way?

- How much “adapting” does
an adapter need to do? It seems like
if | need to implement a large target
interface, | could have a LOT of work on
my hands.

A: You certainly could. The job

of implementing an adapter really is
proportional to the size of the interface you
need to support as your target interface.
Think about your options, however. You
could rework all your client-side calls to
the interface, which would result in a lot

of investigative work and code changes.
Or, you can cleanly provide one class that
encapsulates all the changes in one class.

242
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Dumb Questions

.

- Does an adapter always wrap one
and only one class?

A: The Adapter Pattern’s role is to
convert one interface into another. While
most examples of the adapter pattern show
an adapter wrapping one adaptee, we both
know the world is often a bit more messy.
So, you may well have situations where an
adapter holds two or more adaptees that are
needed to implement the target interface.

This relates to another pattern called the
Facade Pattern; people often confuse the
two. Remind us to revisit this point when we
talk about facades later in this chapter.

< What if | have old and new parts
of my system, the old parts expect the
old vendor interface, but we've already
written the new parts to use the new
vendor interface? It is going to get
confusing using an adapter here and the
unwrapped interface there. Wouldn't | be
better off just writing my older code and
forgetting the adapter?

A: Not necessarily. One thing you
can do is create a Two Way Adapter that

supports both interfaces. To create a Two
Way Adapter, just implement both interfaces
involved, so the adapter can act as an old
interface or a new interface.




the adapter pattern

Adapter Pattern defined

Enough ducks, turkeys and AC power adapters; let’s get real and look at the official
definition of the Adapter Pattern:

The Adapter Pattern converts the interface of a class
into another interface the clients expect. Adapter lets
classes work together that couldn’t otherwise because of
incompatible interfaces.

Now, we know this pattern allows us to use a client with an incompatible interface by
creating an Adapter that does the conversion. This acts to decouple the client from
the implemented interface, and if we expect the interface to change over time, the
adapter encapsulates that change so that the client doesn’t have to be modified each
time it needs to operate against a different interface.

We've taken a look at the runtime behavior of the pattern; let’s take a look at its class
diagram as well:

<<in1t.::face>> ~ The Ada?{cr im\?\cmcw{:s
get the Tavget intertate.

Client

Y

request()

*
The client sees only the ; /
Target interfate. :

Ada.pter > Adaptee
request() specificRequest()
Al veqests aet
Adapter is tomposed 't/ delegated to the
with the Adaptee. Adaptee.

The Adapter Pattern is full of good OO design principles: check out the use of object
composition to wrap the adaptee with an altered interface. This approach has the
added advantage that we can use an adapter with any subclass of the adaptee.

Also check out how the pattern binds the client to an interface, not an
implementation; we could use several adapters, each converting a different backend
set of classes. Or, we could add new implementations after the fact, as long as they
adhere to the Target interface.
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object class adapters

Object and class adapters

Now despite having defined the pattern, we haven’t told you the whole story yet.
There are actually fwo kinds of adapters: object adapters and class adapters. This
chapter has covered object adapters and the class diagram on the previous page is a
diagram of an object adapter.

So what’s a class adapter and why haven’t we told you about it? Because you need
multiple inheritance to implement it, which isn’t possible in Java. But, that doesn’t
mean you might not encounter a need for class adapters down the road when using
your favorite multiple inheritance language! Let’s look at the class diagram for
multiple inheritance.

Client i > Target ‘ Adaptee

request() I

Adapter
request()

Instead of using tomposition
4o adapt the Adaptee, the
Adapter now subtlasses the
Adaptee and the Target

tlasses.

specificRequest()

Look familiar? That’s right — the only difference is that with class adapter we
subclass the Target and the Adaptee, while with object adapter we use composition
to pass requests to an Adaptee.

- BRAVN
, PQWEWR

Object adapters and class adapters use two different means of
adapting the adaptee (composition versus inheritance). How do these
implementation differences affect the flexibility of the adapter?
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the adapter pattern

Duck Magnets

Your job is to take the duck and turkey magnets and
drag them over the part of the diagram that describes
the role played by that bird, in our earlier example. (Try
not to flip back through the pages.) Then add your own
annotations to describe how it works.

Class Adapter
Client > Target Adaptee
request() specificRequest()
Adapter
request()
Object Adapter
Client - <<interface>>
o Target
request()
R
Ada.pter > Adaptee
request() specificRequest()
s
D 39 these onto the elass g;

show which part of 1 o
he 4
represents the Duck apng :h?;ﬂkam

represents the Turk ey.
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exercise answers

No'(;c: the tlass

adaP‘l:cr uses

"‘UH:iPlc inhevita
tan't do it in'Ja'\\/gﬁ’. Yo
Duek elass
Class Adapter
Client
request() specificRequest() o{_’
Client thinks w e ¢\ass does ™
. Turke
fa“‘i"ﬂ toa Dc::li The Taraet :\S'\:S 1\:;; ;c';\c same m€ \nog;a:a
Dutk tlass Sen Dutk & ke Adat s
s what H\i\\ods o Adapter ’c:\‘ c, b method Ld invoxe
'mvo\ics me request() a“d Luen avoj\:;d '?{v\“ ‘f
ds on e
Z;hc /:zjl’tﬂ’ lets the Turkey vespond o e
s (2 Duels by extending BoTH
tlasses (Duek and Turkev). )
Duck intevface.
Object Adapter
: The Turkey ¢ )
Client in ‘Eer«Facc Zs {:"9:: g:zls("'f ha{\:/e the same
Client th; , Turkeys don’t have qua k?)o rer word,
. hinks he’s quac "\Cﬂlods, ete.
talking £0 3 Dyl pdapkec
Just 33 with Clas* Dutk
e Torget t:;’c e tliert Turkey
tlass- This 18 4o on : ob:)cCJC-
invokes mekho Adapter _ Adaptee
request() “| specificRequest()
key
Th . {3 ) he Tur .
i ‘ Ada?{" implements {he Duck Thanks %o J('\\.C hooe C\\s that the e
ntecface, but hen i ) will oet ¢2 ¥
method call it phen i€ gets a (hdapiee’ ™ Lhe Dutk interrate
ol it turns around and ent makes o"
elegates the ealls 4o 4 Turkey.
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the adapter pattern

Fireside Chats Tonight’s talk: The Object Adapter and Class Adapter

| —
Z X_\/a meet face to face.
)
o
BV X
Object Adapter Class Adapter

Because I use composition I've got a leg up. I can
not only adapt an adaptee class, but any of its

subclasses. )
That’s true, I do have trouble with that because

I am committed to one specific adaptee class,
but I have a huge advantage because I don’t
have to reimplement my entire adaptee. I can
also override the behavior of my adaptee if 1
need to because I'm just subclassing.

In my part of the world, we like to use

composition over inheritance; you may be

saving a few lines of code, but all I'm doing is

writing a little code to delegate to the adaptee.

We like to keep things flexible.
Flexible maybe, efficient? No. Using a class
adapter there is just one of me, not an adapter
and an adaptee.

You’re worried about one little object? You
might be able to quickly override a method,
but any behavior I add to my adapter code
works with my adaptee class and all its
subclasses.

Yeah, but what if a subclass of adaptee adds

. 1 ?
Hey, come on, cut me a break, I just need to some new behavior. Then what?

compose with the subclass to make that work.

Sounds messy...

You wanna see messy? Look in the mirror!
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real world adapters

Real world adapters

Let’s take a look at the use of a simple Adapter in the real world
(something more serious than Ducks at least)...

0ld world Enumerators | e wkeckate
. \has

If you’ve been around Java for a while Em"‘“abo“

you probably remember that the early ' £ Lheve ave any move

collections types (Vector, Stack, Hashtable, <<interface>> Tells you i i‘:z ol\cd:'lo\{*

and a few others) implement a method

Enumeration / C‘CMCV\‘{',S n

hasMoreElements()

elements(), which returns an Enumeration. nextElement)

The Enumeration interface allows you to w

step through the elements of a collection ves You the next element:
without knowing the specifics of how they in the collection.

are managed in the collection.

Analogous to hasMoveElements0)

in the Enumeration intevfate.

This method 3u5£ Lells you i .
ou ve looked at all the items in

New world lterators

When Sun released their more recent

Collections classes they began using an “erator J the collection.

Iterator interface that, like Enumeration, hasNext) ‘

allows you to iterate through a set of items 7:;;0%0 <« Gives You the next

in a collection, but also adds the ability to element in the collection.

remove items.

Removes an item ‘FV'om
the collection.

And today...

We are often faced with legacy code that exposes the
Enumerator interface, yet we’d like for our new code to use
only Iterators. It looks like we need to build an adapter.
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the adapter pattern

Adapting an Enumeration to an lterator

First we’ll look at the two interfaces to figure out how the methods map from
one to the other. In other words, we’ll figure out what to call on the adaptee

when the client invokes a method on the target.
These two methods look easy,
they map straight 4o hasNext()

Target inkevlace and next() in [tevator.
<<interface>> <<interface>> I
Iterator Enumeration
hasNext() F hasMoreElements() I
next() ~ > | nextElement()
remove()

U Adaptee intecface

But what about this method
vemove() in [terator? Theve's
hoﬂ\ing like £hat in Enumevation.

Pesigning the Adapter

Here’s what the classes should look like: we need an adapter that implements
the Target interface and that is composed with an adaptee. The hasNext() and
next() methods are going to be straightforward to map from target to adaptee:
we just pass them right through. But what do you do about remove()? Think
about it for a moment (and we’ll deal with it on the next page). For now, here’s
the class diagram:

Your new code still gets N <<interface>> We've making the Enumerations

to use [terators, even Iterator in your old code look like

if there's ‘rca"y an hasNext() [tevators for your new tode.

Enumevation underneath. next() A class
remove() .m\,\mm I no

the Enumeration

( inkerfate is the
I adaptee:

EnumcraJcionH:cvaJwr —~ Enumerationlterator » <E<n"1]tr$1g?a(i?:n>
is the adapter.
hasNext() hasMoreElements)
next() nextElement()
remove()
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enumeration iterator adapter

Pealing with the remove() method

Well, we know Enumeration just doesn’t support remove. It’s a “read only” interface.
There’s no way to implement a fully functioning remove() method on the adapter. The
best we can do is throw a runtime exception. Luckily, the designers of the Iterator
interface foresaw this need and defined the remove() method so that it supports an
UnsupportedOperationException.

This is a case where the adapter isn’t perfect; clients will have to watch out for potential
exceptions, but as long as the client is careful and the adapter is well documented this is
a perfectly reasonable solution.

Writing the Enumerationlterator adapter

Here’s simple but effective code for all those legacy classes still producing Enumerations:

m Since we've ada?ﬁng Enumeration
4o |[terator, our Adapter

public class EnumerationIterator implements Iterator im\?l:mcn{zs the [terator i“{?CV(:a"C"'
{ it has to look like an [tevator.
Enumeration enum;
The Enumeration we've adapting,
public EnumerationIterator (Enumeration eﬁu’m)\ We've using Lom?osi{:ion so we stash
this.enum = enum; it in an instante vaviable.
} The [tevator’s hasNext() method
public boolean hasNext () { e s dclcga{:cd 4o the Enumeration’s
return enum.hasMoreElements () ; hasMoveElements() method...
} . and the [terabor’s next0) method
public Object next () { / is delegated to the Enumerations’s
return enum.nextElement () ; nextElement() method.
}
public void remove () { e———_ Unfortunately, we can't support
throw new UnsupportedOperationException(); H:cra‘['pY)S vemove() method, so

} we have to punt (in other words,

we give uwp)). Here we ")ust throw
an exteption.
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the adapter pattern

While Java has gone in the direction of the Iterator, there is nevertheless a lot of
legacy client code that depends on the Enumeration interface, so an Adapter
that converts an Iterator to an Enumeration is also quite useful.

Write an Adapter that adapts an Iterator to an Enumeration. You can test your
code by adapting an ArrayList. The ArrayList class supports the Iterator interface
but doesn’t support Enumerations (well, not yet anyway).

-@RA\N
VPawew

Some AC adapters do more than just change the interface — they add other features like surge
protection, indicator lights and other bells and whistles.

If you were going to implement these kinds of features, what pattern would you use?
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fireside chats:

Fireside Chats
@ \
&
| d

: u//( \.

Decorator

I’'m important. My job is all about responsibility —
you know that when a Decorator is involved there’s
going to be some new responsibilities or behaviors
added to your design.

That may be true, but don’t think we don’t
work hard. When we have to decorate a big
interface, whoa, that can take a lot of code.

Cute. Don’t think we get all the glory; sometimes
I'm just one decorator that is being wrapped by
who knows how many other decorators. When a
method call gets delegated to you, you have no
idea how many other decorators have already dealt
with it and you don’t know that you’ll ever get
noticed for your efforts servicing the request.

252

Tonight's talk: The Decorator Pattern and the Adapter
Pattern discuss their differences.

Adapter

You guys want all the glory while us adapters
are down in the trenches doing the dirty work:
converting interfaces. Our jobs may not be
glamorous, but our clients sure do appreciate
us making their lives simpler.

Try being an adapter when you’ve got to bring
several classes together to provide the interface
your client is expecting. Now that’s tough. But
we have a saying: “an uncoupled client is a
happy client.”

Hey, if adapters are doing their job, our clients
never even know we’re there. It can be a thank-
less job.



Decorator

Well us decorators do that as well, only we allow

new behavior to be added to classes without altering
existing code. I still say that adapters are just fancy
decorators — I mean, just like us, you wrap an object.

Uh, no. Our job in life is to extend the
behaviors or responsibilities of the objects we
wrap, we aren’t a sumple pass through.

Maybe we should agree to disagree. We seem
to look somewhat similar on paper, but clearly
we are miles apart in our intent.

the adapter pattern

Adapter

But, the great thing about us adapters is that we
allow clients to make use of new libraries and
subsets without changing any code, they just rely
on us to do the conversion for them. Hey, it’s a
niche, but we’re good at it.

No, no, no, not at all. We always convert the
interface of what we wrap, you never do. I'd
say a decorator is like an adapter; it is just that
you don’t change the interface!

Hey, who are you calling a simple pass
through? Come on down and we’ll see how
long you last converting a few interfaces!

Oh yeah, I’'m with you there.
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who does

And now for something different...

There’s another pattern in this chapter.

You've seen how the Adapter Pattern converts the interface of a class into
one that a client is expecting. You also know we achieve this in Java by
wrapping the object that has an incompatible interface with an object that
implements the correct one.

We’re going to look at a pattern now that alters an interface, but for a
different reason: to simplify the interface. It’s aptly named the Facade
Pattern because this pattern hides all the complexity of one or more
classes behind a clean, well-lit facade.

NS |

*
WHQ DQES wWHaAaAT™

Match each pattern with its intent:

Pattern Intent

Converts one interface to
Decorator another

AdaPteY DQesn’ta}te‘[‘tLe‘interﬁace, but
adds responsibility

Facade
Makes an interface simpler

254



the adapter pattern

Home Sweet Howme Theater

Before we dive into the details of the Facade Pattern, let’s take a look
at a growing national obsession: building your own home theater.

You've done your research and you've assembled a killer system
complete with a DVD player, a projection video system, an
automated screen, surround sound and even a popcorn popper.

Check out all the components you’ve put together:

3 Amplifier
tuner
dvdPlayer
cdPlayer
on()
Y of()
Tuner setCd()
amplifier setDvd() > DvdPlayer
setStereoSound() amplifier
::f:; setSurroundSoud() o Tha{:'s a l O'E o{'\
setTuner()
:::ﬁ::g setVolume() Zjﬂe(it() ClaSSCS, a lo't
setFrequency() pause() O‘F IY\{:CV'GC‘[',IOV\S;
play) and a big set
play() of % b
o setSurroundAudio() IY\'{:CY' aces
“1 CdPlayer setTwoChannelAudio() lcarn a“d use
amplifier stop()
| s o)
00 oft)
down() eject()
pause()
play()
play()
stop() Projector
T — L—| dvdPlayer

PopcornPopper ‘ on()

off)
on)

tvMode()
off) TheaterLights h wideScreenMode()
pop()

on() T ——
off()

dim()

You've spent weeks running wire, mounting the projector, making all
the connections and fine tuning. Now it’s time to put it all in motion
and enjoy a movie...
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tasks to watch a

Watching a movie (the hard way)

Pick out a DVD, relax, and get ready for movie magic. Oh,
there’s just one thing - to watch the movie, you need to
perform a few tasks:

© Turn on the popcorn popper

© Start the popper popping

O DVim the lights

© Put the sereen down

O Turn the projector on

O Set the projector input to VD

©@ Put the projector on wide-screen mode
O Turn the sound amplifier on

© Set the amplifier to PVD input

© Set the amplifier to surround sound

® Set the amplifier volume to medivm (5)
® Torn the DVD Player on

® Start the PVD Player playing

I'm already exhausted
and all T've done is turn
everything on!
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Let’s check out those same tasks in terms of the classes and the
method calls needed to perform them:

Siv d'\ﬂ:crm{: tlasses
'mVo\vcd',

,
N

But there’s more...

Turn on the poptorn popper and start

/ poping--
popper.on();

popper.pop () ; Dim the |'|5H’—5 to 10%...

lights.dim(10) ; /
screen.down () ; v:\—/ Put the streen down...

projector.on() ;

projector.setInput (dvd) ; Tuen on the ?rojct{'ﬁv and yu{: it in

projector.wideScreenMode () ~___ ide seveen mode for £he movie...
w

amp.on () ;

amp.setDvd (dvd) ; N\ . t
amp.setSurroundSound () ; Tuen on the amp, set it to DXD){;?::M
amp.setVolume (5) ; it in swvoumd sound mode and s¢

volume to ©...
dvd.on () ;

dvd.play (movie) ;

Tuen on the DVD yla\/cv... and

FINALLY, play the movie!

®  When the movie is over, how do you turn everything off?
Wouldn’t you have to do all of this over again, in reverse?

" Wouldn’t it be as complex to listen to a CD or the radio?

If you decide to upgrade your system, you’re probably going

to have to learn a slightly different procedure.

So what to do? The complexity of using your home theater is becoming apparent!

Let’s see how the Facade Pattern can get us out of this mess so we can enjoy the movie...
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lights camera facade

Lights, Camera, Facade!

A Facade 1s just what you need: with the Facade Pattern you can take a complex
subsystem and make it easier to use by implementing a Facade class that
provides one, more reasonable interface. Don’t worry; if you need the power

of the complex subsystem, it’s still there for you to use, but if all you need is a
straightforward interface, the Facade is there for you.

Let’s take a look at how the Facade operates:

Okay, time to create a
Facade for the home
theater system. To do
this we create a new class The Facade
HomeTheaterFacade,
which exposes a few ’\/
simple methods such as
WatChMOVie(). R R EEEETRPPRR LR HomeTheaterFacade ‘
: watchMovie()
endMovie()
listenToCd()
endCd()
listenToRadio()
endRadio()

e The Facade class treats
the home theater
components as a
subsystem, and calls
on the subsystem

to implement jts
watchMovie() method.

Amplifier

tuner
/ dudPlayer
ooPlayer
onf)
/ off)
setCd()

setDvd()
setStereoSound()

N

\ DvdPlayer

amplfier

on)
off)
eject)
pause()
play()
play()
sefSuroundAudiof)

‘setTwoChannelAudio()
sopl)

amplifier

on()
off)
setAm()
setFm()
setFrequency()

setSurroundSoud()
setTuner()

setVolume()

CdPlayer

amplifier

Screen

The subsystem the 2
Facadc is s\mv\'\‘c\,mg.

Projector

dvdPlayer

on()
off)
Whlode()
wideScreenhode()

PopcornPopper

onf)
off)
Pop()

TheaterLights
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A client of the

Vig
\() . [— Mc_'_"_ ‘c actade

e Your client code now calls
methods on the home theater

Facade, not on the subsystem.
So now to watch a movie we just
call one method, watchMovie(),
and it communicates with the
lights, DVD player, projector,
amplifier, screen, and popcorn
maker for us.

I've got to have my
low-level access!

e The Facade still |
' eaves the subsyste
accessible to be used directly. I)ll‘yo:h|

ne
Formerly president of of te:et?ebadVanCed functionality
+he Rushmore H’iﬁ\'\ Sehool aVailablu system classes, they are
M/V Stiente Club. e for your use.
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facade adapter

Dum

Q,: If the Facade encapsulates the
subsystem classes, how does a client
that needs lower-level functionality gain
access to them?

A: Facades don't “encapsulate” the
subsystem classes; they merely provide a
simplified interface to their functionality. The
subsystem classes still remain available

for direct use by clients that need to use
more specific interfaces. This is a nice
property of the Facade Pattern: it provides

a simplified interface while still exposing the
full functionality of the system to those who
may need it.

. Does the facade add any
functionality or does it just pass through
each request to the subsystem?

A: Afacade is free to add its own
“smarts” in addition to making use of the
subsystem. For instance, while our home
theater facade doesn’t implement any new
behavior, it is smart enough to know that the
popcorn popper has to be turned on before it
can pop (as well as the details of how to turn
on and stage a movie showing).

- Does each subsystem have only
one facade?

Not necessarily. The pattern
certainly allows for any number of facades to
be created for a given subsystem.

260

thererare no
1b Questions

. What is the benefit of the facade
other than the fact that | now have a
simpler interface?

The Facade Pattern also allows
you to decouple your client implementation
from any one subsystem. Let’s say for
instance that you get a big raise and decide
to upgrade your home theater to all new
components that have different interfaces.
Well, if you coded your client to the facade
rather than the subsystem, your client code
doesn’t need to change, just the facade
(and hopefully the manufacturer is supplying
that!).

. Sothe way to tell the difference
between the Adapter Pattern and the
Facade Pattern is that the adapter wraps
one class and the facade may represent
many classes?

No! Remember, the Adapter Pattern
changes the interface of one or more
classes into one interface that a client is
expecting. While most textbook examples
show the adapter adapting one class, you
may need to adapt many classes to provide
the interface a client is coded to. Likewise,
a Facade may provide a simplified interface
to a single class with a very complex
interface.

The difference between the two is not in
terms of how many classes they “wrap,” it
is in their intent. The intent of the Adapter
Pattern is to alter an interface so that it
matches one a client is expecting. The
intent of the Facade Pattern is to provide a
simplified interface to a subsystem.

A facade not
only simpli@es
an interface, it
Jecouples a client
from a su]osystem
of components.

Facades and

aJapters may
wrap multiple
classes, but a
facade's intent is
to simplify, while
an aJapter’s

is to convert

the interface

to somet]uing

different.
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Constructing your home theater facade

Let’s step through the construction of the HomeTheaterFacade: The
first step is to use composition so that the facade has access to all the
components of the subsystem:

public class HomeTheaterFacade { chns the (,om\?oS'l{f'O"i these
Amplifier amp;

Tuner tuner; ave all the Lovn?oncn.{',s of the
DvdPlayer dvd; J\ subsys{xm we are 9oing +o use.
CdPlayer cd;

Projector projector;

TheaterLights lights;

Screen screen;

PopcornPopper popper;

public HomeTheaterFacade (Amplifier amp,
Tuner tuner,
DvdPlayer dvd,
CdPlayer cd,

Projector projector, The £acadc is ?asscd a
Screen screen, rc«ccrcndc to eath Lomyonm{:
TheaterLights lights, of the subs\/s{:cm in its
PopcornPopper popper) { cons{‘,rucjco\”- The £acadc

then assigns each 4o the

this.amp = amp; tovvesponding instance vaviable.

this.tuner = tuner;
this.dvd = dvd;

this.cd = cd;
this.projector = projector;
this.screen = screen;
this.lights lights;
this.popper = popper;

// other methods here ZZ—\\\\

We've Just about o £l these ;
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Implementing the simplified inferface

Now it’s time to bring the components of the subsystem together into a unified interface.
Let’s implement the watchMovie() and endMovie() methods:

public void watchMovie (String movie) {
System.out.println (“Get ready to watch a movie...”);
popper.on () ;

popper.pop () ; . ows the same sequente
Lights.din (G0) 7 Waﬂth'c‘:) ﬁon\r\and before, but wraps
screen.down () ; /\ we had o by that does al
projector.on () ; it up in 3 \'\and\l method tha ek e
projector.wideScreenMode () ; +he wovrk. Notice that (:o-r .C.aC o L\
amp.on () ; ave dclcgaﬁh‘_’, the \rcs?onflbll‘{"‘/ y i
amp . setbvd (dvd) ; torresponding tomponent in the subsystem-

amp.setSurroundSound () ;
amp.setVolume (5) ;
dvd.on() ;
dvd.play (movie) ;

}

public void endMovie () {
System.out.println (“Shutting movie theater down...”);
popper.off();
lights.on();

screen.up () ; K—\ .
projector.off () ; And endMovie() takes eare

amp.off () ; E‘c Shu'{:{ihs .CVCY‘\/{')\.Ihs down
dvd.stop () ; or us. Aﬁa'h: each task is
dvd.eject () ; delegated to the appropriate
dvd.off () ; Com\?oncn{: in the subsys{:m.

—@?RA\N
PaweEw

Think about the facades you’ve encountered in the Java API.
Where would you like to have a few new ones?
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Time to watch a movie (the easy way)

It's SHOWTIME!

Here we've eveating the components
public class HomeTheaterTestDrive { vigh‘{: in the test dvive. NOYM&H‘/) the
public static void main(String[] args) { tlient is given a facadc, it doesn't have
// instantiate components here to tonstrutt one i'l:scl(:.

HomeTheaterFacade homeTheater =
new HomeTheaterFacade (amp, tuner, dvd, cd, <= Firs{: You insl‘,ah{:ia{:c
projector, screen, lights, popper); the Facade with all the
Lom?oncn{;s in the subs\ls{tcm

homeTheater.watchMovie ("Raiders of the Lost Ark”);
homeTheater.endMovie () ; Use ﬂ\c SimFli\cicd ih‘f:cv-‘(:acc 'Eo

} &/ fiest start the movie up, and

then shut it down.

File Edit Window Help SnakesWhy ditHaveToBesnakes?
%java HomeTheaterTestDrive

Here's the output.

Ca||m5 the Facad‘)s Get ready to watch a movie...
watehMovie() does all Popcorn Popper on
this work ‘Fo!r us... Popcorn Popper popping popcorn!
Theater Ceiling Lights dimming to 10%
L/7 Theater Screen going down
Top-O-Line Projector on
Top-O-Line Projector in widescreen mode (16x9 aspect ratio)
Top-O-Line Amplifier on
Top-O-Line Amplifier setting DVD player to Top-O-Line DVD Player
Top-O-Line Amplifier surround sound on (5 speakers, 1 subwoofer)
Top-O-Line Amplifier setting volume to 5

Top-O-Line DVD Player on
Top-O-Line DVD Player playing “Raiders of the Lost Ark”
Shutting movie theater down...

-.and hcrc, wc’rc done 27 Popcorn Popper off

Wa“‘«éhihg the movie, so Theater Ceiling Lights on

La“ing endMovie() turns Theater Screen going up

Top-O-Line Projector off
—7 Top-O-Line Amplifier off
Top-O-Line DVD Player stopped “Raiders of the Lost Ark”
Top-O-Line DVD Player eject
Top-O-Line DVD Player off
%

everything off.
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Facade Pattern defined

To use the Facade Pattern, we create a class that simplifies and unifies a set of more

complex classes that belong to some subsystem. Unlike a lot of patterns, Facade is fairly
straightforward; there are no mind bending abstractions to get your head around. But that
doesn’t make it any less powerful: the Facade Pattern allows us to avoid tight coupling between
clients and subsystems, and, as you will see shortly, also helps us adhere to a new object
oriented principle.

Before we introduce that new principle, let’s take a look at the official definition of the pattern:

The Facade Pattern provides a unified interface to a
set of interfaces in a subsytem. Facade defines a higher-
level interface that makes the subsystem easier to use.

There isn’t a lot here that you don’t already know, but one of the most important things

to remember about a pattern is its intent. This definition tells us loud and clear that the
purpose of the facade it to make a subsystem easier to use through a simplified interface.
You can see this in the pattern’s class diagram:

Unified interface
that is easier to use.

Facade

Rappy client W‘\m Client
10b just beeame

aS\cr betause of
fne facade:

\ 4

‘subsystem classes

/

tompler 5"\’5\15&"\'

Move

That’s it; you've got another pattern under your belt! Now, it’s time for that new OO principle.
Watch out, this one can challenge some assumptions!
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The Principle of Least Knowledge

The Principle of Least Knowledge guides us to reduce the
interactions between objects to just a few close “friends.”
The principle is usually stated as:

Design Principle

Principle of Least Knowledge
- talk only to your immediate
friends.

But what does this mean in real terms? It means when you
are designing a system, for any object, be careful of the
number of classes it interacts with and also how it comes to
interact with those classes.

This principle prevents us from creating designs that have

a large number of classes coupled together so that changes
in one part of the system cascade to other parts. When you
build a lot of dependencies between many classes, you are
building a fragile system that will be costly to maintain and
complex for others to understand.

RBRRANVN

the adapter pattern

) Qw E v How many classes is this code coupled to?

public float getTemp() {
return station.getThermometer () .getTemperature () ;

}
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principle of least knowledge

How NOT to Win Friends and Influence Objects

Okay, but how do you keep from doing this? The principle
provides some guidelines: take any object; now from any

method in that object, the principle tells us that we should 1delines kell s 7
. . bnat Lhese O Lhnat weve
only invoke methods that belong to: Nokiee Y ot on o\,\-)cd',s th ad!
. gall methol® 71 akher methom
®  The object itself f *;oclcwncd feom ¢alling ©
®  Objects passed in as a parameter to the method . s
. . . s of “Lomvoncn{{, as any Obbcc{ Ehat
®  Any object the method creates or instantiates Think ot 3 . cbante vaviable. In other
, cefevented by an ™ WASA velationship
®  Any components of the object wovrds think of this as d
This sounds kind of stringent doesn’t it? What’s the harm in
calling the method of an object we get back from another
call? Well, if we were to do that, then we’d be making a
request of another object’s subpart (and increasing the
number of objects we directly know). In such cases, the
principle forces us to ask the object to make the request for us;
that way we don’t have to know about its component objects
(and we keep our circle of friends small). For example:
public float getTemp() {
w the Thermometer thermometer = station.getThermometer () ;
Principle return thermometer.getTemperature () ;
}
Heve we get the thermometer object
£rom the station and then call the
getTemperature() method ourselves.
M,".t.‘l_““ public float getTemp () {
Principle return station.getTemperature () ;
}

When we apply the principle, we add a method
4o the Station tlass that makes the vequest
4o the thermometer for us. This vedutes the
pumber of ¢lasses we've dependent on.
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Keeping your method calls in bounds...

Here’s a Car class that demonstrates all the ways you can call methods and still

adhere to the Principle of Least Knowledge:

public class Car {
Engine engine;

um\vov\c"JC ot

Wece's 3

Lhis tlass: We tan call
ks mt‘\’,\\ods,

// other instance variables

public Car() {

// initialize engine,

}

public void start (Key key)

Doors doors

boolean authorized = |key.turns();

if (authorized) {

the adapter pattern

Here we've ereating a new

etc.

{

new Doors();

engine.start () ;|

/

updateDashboardDisplay () ;] <T—

doors.lock();b(\___,,————\\\\\\\
}

}

objcc{, its methods are legal.

You tan tall a method
on an ob)ctf passed as

/‘ a parameter.

You tan eall
Lom?ontht ©

a mc‘h\'\"d ond
£ the object-

You tan call a lotal method
within the ob\')ct{:-

You ean eall a method on an

ob‘)ct{: You treate or ihs{;an{:ia{:c.

public void updateDashboardDisplay () {
// update display

}

.

« There is another principle called
the Law of Demeter; how are they
related?

A: The two are one and the same

and you'll encounter these terms being
intermixed. We prefer to use the Principle of
Least Knowledge for a couple of reasons: (1)
the name is more intuitive and (2) the use of
the word “Law” implies we always have to

therejare no

Dumb Questions

apply this principle. In fact, no principle is a
law, all principles should be used when and
where they are helpful. All design involves
tradeoffs (abstractions versus speed, space
versus time, and so on) and while principles
provide guidance, all factors should be taken
into account before applying them.

< Are there any disadvantages
to applying the Principle of Least
Knowledge?

A: Yes; while the principle reduces
the dependencies between objects and
studies have shown this reduces software
maintenance, it is also the case that
applying this principle results in more
“wrapper” classes being written to handle
method calls to other components. This
can result in increased complexity and
development time as well as decreased
runtime performance.
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violating the

@%ﬁrpen your pencl
A Do either of these classes violate the Principle of Least Knowledge?
Why or why not?

public House {
WeatherStation station;

// other methods and constructor

public float getTemp () {
return station.getThermometer () .getTemperature () ;

}

public House {
WeatherStation station;

// other methods and constructor

public float getTemp () {

Thermometer thermometer = station.getThermometer();
return getTempHelper (thermometer) ;

public float getTempHelper (Thermometer thermometer) {

return thermometer.getTemperature () ; <f\\\\
}

)

HARD HAT ARER, WATCH OUT
FOR FALLING ASSUMPTIONS

B RAaNN

PQWEWR

Can you think of a common use of Java that violates the Principle of Least Knowledge?

Should you care?

¢(upund-no walsAg 1noge MOH :lamsuy
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the adapter pattern

The Facade and the Principle of Least Knowledge

£ N

iend;
This client only has one fvien

the \'\ochhca{:chacadc. In

. \y one
- o having on Y
N 00 Yrog‘(ammmg) Y
Client Ceiend 15 3 6OOD thino,

The HomeTheaterFacade /_'5

manages all those subsystem h
Lom?oncn{',s for the tlient. S H:hTeTheafETFacade
[£ keeps the client simple ; watchMovie()

. : endMovie()
and flexible. ; listenToCdl()

endCd()
listenToRadio()
endRadio()

Amplifier
adc £hc homc / tuner
Wc tan “Y%Y i hOU / dvdPlayer \
ents W
Lheater comfr i \
ting Ehe clien /
a‘u:d' \“5 ™ DvdPlayer
amplifier

‘setSurroundSoud() \
‘setTuner onl)
S =

pause()

play()

play()
setSuroundAudio()
sefTwoChannelAudiol)
stop()

CdPlayer

amplifier

/—>

keep sbsystems adheving o
\/hv:ci\:;liv:\?\c :Q Least Know\cdgcdasb )
ol 1€ this gets too LO.MY\AC* an e |
w Leiends ave inkevmingling wE -
:\a':,odutc additional facades 4o form

layers of subsystens

Projector

dvdPlayer

on()
off)
thlode()

‘wideScreentode()

PopcornPopper

TheaterLights
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your

Tools for your Pesign Toolbox

/ Your toolbox is starting to get heavy! In this
P chapter we’ve added a couple of patterns that

allow us to alter interfaces and reduce coupling
between clients and the systems they use.

00 Pv\nc\\’\cs

Enca\asu\a&,c what vavies -
Favor tomposition over nher?
Progrd to nkeckates not
Yolb ™
\mY\cmcm’c,aj(,\ons -
N \Cd es\!
e for \oosc\\f touwp i
we ' :
S\i::wcm ob:)cc’(,s Lnat, nberd | )
NnSION )
J\d be ofer for exters . e Vc
s sho! . . ’ \ \C
Classe £ Jdification s o
: e e “ mam‘ n OWr designs:
abs{'xacﬁons o . Co“\’\m . 0'\\\’ -
(vewemoe"
Liends
.and TWO new ?a{;{x‘.hs.
\ Eath changes an interfate,
to tonvert
S the 3da\>{cr 4
OO Pa‘bhev“ : and the £acade to um-ﬁ
" N n R E n ; .. . ahd Si"‘?h‘c\l
SO e e
| P“F H’o\r\l Metho e /
n (; v w Aé:,n\.-l-pu ﬁ.A,.;, «— - Yco\ues‘h
T n )

270

BULLET POINT?Q

When you need to use an
existing class and its interface
is not the one you need, use an
adapter.

When you need to simplify

and unify a large interface or
complex set of interfaces, use a
facade.

An adapter changes an
interface into one a client
expects.

Afacade decouples a client
from a complex subsystem.

Implementing an adapter may
require little work or a great deal
of work depending on the size
and complexity of the target
interface.

Implementing a facade requires
that we compose the facade
with its subsystem and use
delegation to perform the work
of the facade.

There are two forms of the
Adapter Pattern: object and
class adapters. Class adapters
require multiple inheritance.

You can implement more than
one facade for a subsystem.

An adapter wraps an object to
change its interface, a decorator
wraps an object to add new
behaviors and responsibilities,
and a facade “wraps” a set of
objects to simplify.




Across

1. True or false, Adapters can only wrap one
object

5. An Adapter an interface

6. Movie we watched (5 words)

10. If in Europe you might need one of these
(two words)

11. Adapter with two roles (two words)

14. Facade still low level access

15. Ducks do it better than Turkeys

16. Disadvantage of the Principle of Least
Knowledge: too many

17. A simplifies an interface

19. New American dream (two words)

the adapter pattern

% Yes, it’s another crossword. All of the solution words are from this chapter.

Down

2. Decorator called Adapter this (3 words)

3. One advantage of Facade

4. Principle that wasn't as easy as it sounded
(two words)

7.A adds new behavior

8. Masquerading as a Duck

9. Example that violates the Principle of Least
Knowledge: System.out.

12. No movie is complete without this

13. Adapter client uses the interface
18. An Adapter and a Decorator can be said to

_______an object

you are here »
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exercise solutions

e dharpen your pencil

@%imen your pencil

Exercise
solutions

} Lurkeys) we detided o onl

Let’s say we also need an adapter that converts a Duck to a Turkey.
Let’s call it DuckAdapter. Write that class:

. \eys
e adaptrd Tl

v
Now we @ m\;\gmcn

Lo Dutks, s0 ¢ !
v Turkey intechace

public class DuckAdapter implements Turkey {
Duck duck;
Random rand;

ce to the Duck we ave adapting.
public DuckAdapter (Duck duck) { We stash 3 vefevence to the Duck w pLny

this.duck = duck; —

rand =

new Random() ;
} \ We also veeveate a vandom abjccf;

public void gobble() { take a look at the Ay0) method

duck.quack () ; N see how it is used.
} A gobble just becomes a quack.

public void fly () {
if (rand.nextInt(5) == 0) {
duck.fly () ;

. o

Ginte dutks Ay a lot \ongcry%\:v\{hc

dutk on average onc of five times.

public House ({
WeatherStation station;

// other methods and constructor

public float getTemp () {

return station.getThermometer ().getTemperature();

} —_— OO

} Yonowl doe!

edog!
oy ok Least FroY L
Prmtivle of an doyet
olates e hob
Viel2 e talling the o ota\\,
public House { You 2 4 krom another

WeatherStation station;
// other methods and constructor

public float getTemp () {
Thermometer thermometer =
return getTempHelper (thermometer) ;

}

public float getTempHelper (Thermometer thermometer) {

return thermometer.getTemperature ();

}

YrinLiy\z-

Do either of these classes violate the Principle of Least Knowledge?
For each, why or why not?

station.getThermometer () ;

Doesn't violate Printiple
i ms like hacking our w \
i SH‘a: anyth’u?g veally thanged sinte we

:)us{, moved out the call 4o another me

veburne

of Least ¥nowledae!
ay avound the

thod?
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the adapter pattern

Exercise solutions

You've seen how to implement an adapter that adapts an Enumeration to an
Iterator; now write an adapter that adapts an Iterator to an Enumeration.

public class IteratorEnumeration implements Enumeration {
Iterator iterator;

public IteratorEnumeration (Iterator iterator) {
this.iterator = iterator;

}

public boolean hasMoreElements () {
return iterator.hasNext () ;

}

public Object nextElement () {
return iterator.next ();

}

* >~ 4 ¥

Match ecach pattern with its intent:

Pattern Intent

Decorator Convert one interface to
another

Adapter Don'’t alter interface, but add
responsibility

Facade
——_—N Make interface simpler

you are here »
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crossword puzzle solution

K

N

@)
o

|
B
=
| <
w
E
=
-
=
o]
=

Chapter 7
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8 the Template Method Pattern

Encapsulating *
* Algorithms *

Yeah, he's a great boss until

it comes to getting down in this
hole, then it ALL becomes MY job.
See what I mean? He's nowhere

in sight!

We’re on an encapsulation roll; we’ve encapsulated object
creation, method invocation, complex interfaces, ducks,

pizzas... what could be next? we're going to get down to encapsulating
pieces of algorithms so that subclasses can hook themselves right into a computation
anytime they want. We’re even going to learn about a design principle inspired by

Hollywood.

this is a new chapter 275



coffee tea

l

SOm
¢ peOple C D
a 1 .
p€0ple can’t liv n t.hVC without their
ingredi e without thei coffee; some
ent’r) C . elr tea T
? Calfleine of course! . The common
c.

But th
ere’s more:
similar wa ore; tea and coffee
ys. Let’s check it o are made in very
ut:

StorbuZZ Coffex Doariste Training Manuaﬂ
parist2 please followW thes recipes
precisely whe prep ing gtarbuz beverages

StarbuzZ Coffee Reclpt

(1) Boil gome water

2) Brevw coffee in bo 1ing water

3) pour coffee in cup

(4) add sugar ar milk

StarbuZZ Teo Recipt
1) Boil some water
2) steeP tea 1D poilingd water
(3) pour ted in cup
(4) pdd lemon
all recipes are starbuz? coffee grade secrets and should pe kept
strictly conﬁdential.

276

N
The vetipe for
cotfee looks a lot
like the vectipe for
tea, doesn't it?



Whipping up some coffee and tea classes
(in Java)

Let’s play “coding barista” and write
some code for creating coffee and tea.

Here’s the coffee:

Heve's owr Coffee tlass £or making toffee.

\’\crc's our vetire £

the template method pattern

or cokkee, Sjﬂa‘?’\\t

ok of the Lraining manval:

public class Coffee {

void prepareRecipe () { Eath of the step

boilWater() ; . a sc‘,ava{:c method-
brewCoffeeGrinds () ;
pourInCup () ;

addSugarAndMilk () ;
}

public void boilWater () {
System.out.println (“Boiling water”);

}

public void brewCoffeeGrinds () {

System.out.println (“Dripping Coffee through filter”);
}

public void pourInCup () {
System.out.println (“Pouring into cup”);

}

public void addSugarAndMilk () {
System.out.println (“Adding Sugar and Milk”);
}

as
s 1S '\vtn"\c"‘"\‘\;Cd

~—
—
/

Eath of these methods
implements one step of
the algorithm. Theve's
a3 method to boil water,
brew the tokfee, pour
khe toffee in a tup and
add sugar and milk.

you are here » 277



tea implementation

and now the Tea...

278

This looks very similar to the

, one we just implemented in
public class Tea { Coffee; the setond and fourth
void prepareRecipe() steps are diffevent, but it's
boilWater () ; basica”\/ ‘“\C same YCLiFC-

steepTeaBag () ;
pourInCup () ;
addLemon () ;

}

public void boilWater () {
System.out.println (“Boiling water”);
}

public void steepTeaBag () {

System.out intln (“St ing the t ")p hese e

y . .pri i ;

: stem.o p eeping € tea methods are
syccia\iud to

public void addLemon () { Tea.

System.out.println (“Adding Lemon”) ; é/
}

public void pourInCup () {
System.out.println (“Pouring into cup”);

When we've got code
duplication, that's a good sign
we need to clean up the design. It
seems like here we should abstract
the commonality into a base class
since coffee and tea are so
similar?

Chapter 8

Nokice that
Lhese two
methods are
exattly the
same as Jd\c\/ are
in Coffee! So
we dcﬁ’m'l{',c‘\/
have some tode
duyhca{:ion 9oing

on heve.

} -



the template method pattern

éé% Design Puzzle

You've seen that the Coffee and Tea classes have a fair bit of code duplication. Take
another look at the Coffee and Tea classes and draw a class diagram showing how you’d
redesign the classes to remove redundancy:
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first cut af abstraction

Sir, may | abstract your Coffee, Tea?

It looks like we’ve got a pretty straightforward design
exercise on our hands with the Coffee and Tea classes.
Your first cut might have looked something like this:

The prepa i
1("('? PareRectipe() method K\)

ditters in each subtlass, so it is
defined as abstraet.

Eath subelass
implements its

own vetipe.

E

Did we do a good job on the redesign? Hmmmm, take another look. Are we overlooking some other
commonality? What are other ways that Coffee and Tea are similar?

CaffeineBeverage

prepareRecipe()
boilWater()
pourinCup()

The boilWater() an
methods ave shave
so {',\nc\/ are define

/\ Coffee
prepareRecipe()

brewCoffeeGrinds()
addSugarAndMilk()

Tea

prepareRecipe()
steepTeaBag()
addLemon()

The meth ]
and Ted stay in th

ods spetifit 4o Coffee

e subtlasses:

d YowlnCu\?O

d by both subtlasses,

d in the supevelass

Eath subtlass overrides
the prepareRecipe()
method and imylemcy\{;s
its own recipe.

RANN
QWEWw
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the template method pattern
Taking the design further...

So what else do Coffee and Tea have in common? Let’s start with
the recipes.

water

gfee
rew ©© in CU
23)) Sour coffee Tinmcili
((4) agd sugar 2® Starbuzz Tea Recipe

/ (1) Boil some water
(2) Steep tea in boiling water

(3) Pour tea in cup
(4) Add lemon

Notice that both recipes follow the same algorithm:

€ Poil some water.

v O These aven't These two are
© Use the hot water to extract the coffee Stracted, bt v aivendy sbsbracked
the same, Jd\CY Jus n base tlass.
or tea. av;\va’w et 1o the base
beverages-

© Pour the resulting beverage into a cup.

O Add the appropriate condiments to the
beverage.

So, can we find a way to abstract prepareRecipe() too? Yes, let’s find out...
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abstract the

Abstracting prepareRecipel)

Let’s step through abstracting prepareRecipe()
from each subclass (that is, the Coffee and Tea
classes)...

o

282

The first problem we have is that Coffee uses brewCoffeeGrinds() and
addSugarAndMilk() methods while Tea uses steepTeaBag() and addLemony()
methods.

Coffee Tea
void prepareRecipe () { void prepareRecipe () {
boilWater () ; boilWater () ;
brewCoffeeGrinds () ; e ‘\Y > steepTeaBag () ;
pourInCup () ; pourInCup () ;

addSugarAndMilk(); &———~———> addLemon();
} }

Let’s think through this: steeping and brewing aren’t so different; they’re pretty analogous.
So let’s make a new method name, say, brew(), and we’ll use the same name whether
we’re brewing coffee or steeping tea.

Likewise, adding sugar and milk is pretty much the same as adding a lemon: both
are adding condiments to the beverage. Let’s also make up a new method name,
addCondiments(), to handle this. So, our new prepareRecipe() method will look like this:

void prepareRecipe () {
boilWater () ;
brew () ;
pourInCup () ;
addCondiments () ;

Now we have a new prepareRecipe() method, but we need to fit it into the COC]\C.—/
To do this we are going to start with the CaffeineBeverage superclass:



the template method pattern

CaffeineBeverage is abstract, )us{:

e et Now, the same Vrc\?arcRct,ivc() method will .bc(\)us.cd
to n:akc both Tea and Cobfee. prepaveRetipel/ is

detlaved final because we don't want our vaﬁ‘ai::s
¢ %o be able to overvide 4his method and change (C)
final void prepareRecipe () { ] We've gcncra\'lud steps 2ad & +o brew
boilWater () ; vetipe iC dimen{',so
brew () ; £he beverage and addCon
pourInCup() ;
addCondiments () ;

public abstract class CaffeineBeverage ({

}
Because Coffee and Tea handle +hese methods
abstract void brew () 2 in diffecent ways, they've going 4o have to be

S—— detlaved as abstract. Let the subtlasses worry

abstract void addCondiments () ;

about that shubf!
void boilWater () {
: System.out.println(“Boiling water”); \ Remember, we moved these into
the CaffeineBeverage elass (back
void pourInCup() { / in our ¢lass diagram).

System.out.println (“Pouring into cup”);
}
}

e Finally we need to deal with the Coffee and Tea classes. They now rely on
CaffeineBeverage to handle the recipe, so they just need to handle brewing and

condiments:
K\As in our dcsign, Tea and Coﬁfce now

(fei eBeverage.
public class Tea extends CaffeineBeverage ({ extend Catrein e
public void brew() {

System.out.println (“Steeping the tea”);
}

public void addCondiments () { R Tea needs 4o define brew() and
System.out.println (“Adding Lemon”) ; addCond'lmcn{ZSO — the two abstract
) } methods from Beverage.

Came for Coffee, extept Coffee deals

with eoffee, and sugar and milk instead
of tea bags and lemon.
public class Coffee extends CaffeineBeverage ({

public void brew() {

System.out.println (“Dripping Coffee through filter”);
}
public void addCondiments () {

System.out.println (“Adding Sugar and Milk”);
}

you are here » 283



class diagram for

@ harpen your pencil
\\& Draw the new class diagram now that we’ve moved the
implementation of prepareRecipe() into the CaffeineBeverage class:
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What have we done?

We've vetognized that
the two vetipes ave
essentially the same,

aH:hough some of the
steps vequire different
e  mplementations. So
we've generalized the
Tca vetipe and placed it in

(1) Boil some water the base ¢lass.

© Steep the teabag in the water

@ lour teainacup J/
O A lewon
Caffeine Beverage
generalize

© PBoil some water

© brew

relies on © Pour beverage in a cup

O Add condiments

subclass for

. su\,c\ass some steps

v’
© Steep the teabag in the water T
Cafkeme Beveraoe knows

and tonkrols the steps of
fhe vetipe, and pevforms

i \Q but
teps | and 3 itselts
Svc\'\cs on Tea or Coftfee to
do steps L and &

the template method pattern

Coffe,

O© Eoil 5o, Water

(2] Brew the ¢offep Irindg

© Pur oty ina eyp

© Adg SUgar apg ilk

generalize

relies on
subclass for
some steps

© Prew the coffee grinds
@ Add sugar and wilk
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meet the template method pattern

Meet the Template Method

We've basically just implemented the Template Method Pattern. What'’s that? Let’s look
at the structure of the CaffeineBeverage class; it contains the actual “template method:”

prepareRetipe() is our template method.
Why?

public abstract class CaffeineBeverdge {
Because:

(1) |t is a method, after all

void final prepareRecipe () { é

| (2) [+ sevves as a template for an
algovi{hm, in this tase, an algo\ri{hm for
making caffeinated beverages.

boilWater () ;

brew () ;
pourInCup () ; x

addCondiments () ;

K__ In the template, cach step of
——  the algorithm is represented

5 b\/ a method.

| Some methods are handled
L b\/ this ¢lass...

|
M N\

..and some are handled
b\/ the subelass.

abstract void brew() ; The methods that need +o

[ be supplied by a subelass ave
detlared abstract.

)

abstract void addCondiments() ;

void boilWater() {
// implementation
}

void pourInCup () {
// implementation
}

The Template Method de®@nes the steps of an algorithm and allows

subclasses to provic[e the implementation for one or more steps.
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Let’s make some tea...

Let’s step through making a tea and trace through
how the template method works. You’ll see that
the template method controls the algorithm; at
certain points in the algorithm, it lets the subclass
supply the implementation of the steps...

o Okay, first we need a Tea object...

Tea myTea = new Teal();

e Then we call the template method:

myTea.prepareRecipe () ;

which follows the algorithm for making caffeine
beverages...

e First we boil water:

boilWater () ;

the template method pattern

Behind
the Scenes

which happens in CaffeineBeverage.

e Next we need to brew the tea, which only the subclass knows
how to do:

brew() ; ///\
Tea

e Now we pour the tea in the cup; this is the same for all beverages so it brew()

happens in CaffeineBeverage:

pourInCup () ;

e Finally, we add the condiments, which are specific to each beverage, so

the subclass implements this:

addCondiments () ;

ﬁ prepareRecipe()
boilWater()

boilWater () ;
brew () ;

pourInCup () ;
addCondiments () ;

The prepaveRetipe()
method tontrols the
algori{hm, no one £an
thange this, and it
tounts on subtlasses to
provide some or all of
the im?lcmcn{;&{‘jon.

CaffeineBeverage

pourinCup()

addCondiments();
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what did

What did the Template Method get us?

288

getus?

&

Underpowered Tea & Coffee
implementation

New, hip CaffeineBeverage
powered by Template Method

Coffee and Tea are running the show;
they control the algorithm.

Code is duplicated across Coffee and
Tea.

Code changes to the algorithm
require opening the subclasses and
making multiple changes.

Classes are organized in a structure
that requires a lot of work to add a
new caffeine beverage.

Knowledge of the algorithm and how
to implement it is distributed over
many classes.

The CaffeineBeverage class runs
the show; it has the algorithm, and
protects it.

The CaffeineBeverage class
maximizes reuse among the
subclasses.

The algorithm lives in one place and
code changes only need to be made
there.

The Template Method version provides
a framework that other caffeine
beverages can be plugged into. New
caffeine beverages only need to
implement a couple of methods.

The CaffeineBeverage class
concentrates knowledge about the
algorithm and relies on subclasses to
provide complete implementations.



the template method pattern
Template Method Pattern defined

You've seen how the Template Method Pattern works in our Tea and Coffee example;
now, check out the official definition and nail down all the details:

The Template Method Pattern defines the skeleton
of an algorithm in a method, deferring some steps to
subclasses. Template Method lets subclasses redefine

certain steps of an algorithm without changing the
algorithm’s structure.

This pattern is all about creating a template for an algorithm. What’s a template?
As you’ve seen it’s just a method; more specifically, it’s a method that defines an
algorithm as a set of steps. One or more of these steps is defined to be abstract and
implemented by a subclass. This ensures the algorithm’s structure stays unchanged,
while subclasses provide some part of the implementation.

Let’s check out the class diagram:
The template method makes use of the
primitiveOperations o implement an

algovithm. [t is decoupled from the actual
implementation of these operations.

The AbstraetClass /\/

tontains the template
method. AbstractClass - .
primitiveOperation1();
.and abskrae £ vevsions templateMethod() =+« e v eeereneeefieeeiiieiiind orimitiveOperation2() '
+i sed primitiveOperation1()
0‘(: the operations u E primitiveOperation2()
in the {:em\’la{x method.
ConcreteClass ‘
ﬂ primitiveOperation1() m . "
\’\)C mar \l primitiveOperation2() The ContxeicClass lm?ltmth
There ™2 eath _
Classe® o the abstract operations,
CO“"")(’C e Qv\\ “ i lled when the
: \cvv\ﬁ"‘J(“"‘(5 by the whith are called w
¥ ations vc°\“‘ ve '{',Cm?la‘(:cMC‘{:\'\odo needs them.
gt m
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template method pattern up close

/@ Cadle Up Close

Let’s take a closer look at how the AbstractClass is defined, including the template method
and primitive operations.

Heve we have our abstract elass; it

s declaved abstract and meant bo

be subelassed by ¢lasses that V?rowdc |

implementations of the operations. R .
detlaved final to yrcvm{: subtlasses
Frrom veworking the sequente

steps in the algorithm.

abstract class AbstractClass {
final void templateMethod() { The template method
primitiveOperationl () ; defines the sequence of
primitiveOperation2 () ; / SfCFS, eath represented
concreteOperation () ; by a method.
}
abstract void primitiveOperationl () ;5

abstract void primitiveOperation2 () In 4hi
n this c"a"‘FlCJ two of

void concreteOperation() { the primitive operations
// implementation here must be implemented by
} (,onc‘rc'l:c subclaxcs.

We also have a tonevete operation defined
in the abstract class. Move about these
kinds of methods in a bit...
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the template method pattern

Code Way Up Close

Now we’re going to look even closer at the types of method that can go in the abstract class:

We've thanged the .
Jc:vn\?\a{cMc{\'\od() +o intlude

3 new method ¢all

abstract class AbstractClass {

final void templateMethod() ({
primitiveOperationl () ;
primitiveOperation2() ; We still have our primitive

concreteOperation () ; methods; these are
} hook () ; abstract and implemented

by onevete subelasses.
abstract void primitiveOperationl () ;

abstract void primitiveOperation2 () ; A contvete ovﬂaﬁon is defined n the

abstract elass. This one is detlaved

final void concreteOperation() { . belasses tant overvide it
// implementation here / ﬁ'{:‘al :\‘I’ ::a.t:: in the Lemplate method
} m

divectly, or used by subtlasses.
void hook() {}

A
A tontrete method, but We ¢tan also have tontrete methods that do nothing by
I{', does no{hine! K/ dC‘CaMH;; we Ca“ 'H\CSC “hOOkS." Subtlasses are ‘FY'CC .{-p

overvide these but don't have 0. We've going to see
how these are useful on the next page.
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implement a hook

Hooked on
Template Method...

A hook is a method that is declared in the
abstract class, but only given an empty

or default implementation. This gives
subclasses the ability to “hook into” the
algorithm at various points, if they wish; a
subclass is also free to ignore the hook.

There are several uses of hooks; let’s take
a look at one now. We’ll talk about a few
other uses later:

With a hook, I can override

the method, or not. It's my choice.
If I don't, the abstract class

provides a default implementation.

public abstract class CaffeineBeverageWithHook {

void prepareRecipe () {
boilWater () ;
brew () ;
pourInCup () ;

if (customerWantsCondiments())

addCondiments () ;
}
}

abstract void brew();

abstract void addCondiments () ;

void boilWater () {

System.out.println (“Boiling water”);

}

ditional skatement
ttle con ‘O:MYCJ“  ethod:

ondiments(). £ the
Condime only then do

We've added 3 li
that bases ks suttess on 3 &
Cus{pmcvWan{'; ot
tustomer WANTS tondiments

we eall addCOhd\mChJ(',S().

Heve weve defined 3 method

fault
void pourInCup () { with 3 (mOS{?‘\I) c"'[\‘\:fz ::th:d ")VSJC
System.out.println (“Pouring into cup”); WY\C"‘C“{"Q o nothing else:

}

boolean customerWantsCondiments ()

return true;

}

292 Chapter 8
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O Thisis a hook betause the

subtlass ean override this
method, but doesn't have to.



the template method pattern

Using the hook

To use the hook, we override it in our subclass. Here, the hook controls whether
the CaffeineBeverage evaluates a certain part of the algorithm; that is, whether
it adds a condiment to the beverage.

How do we know whether the customer wants the condiment? Just ask !

public class CoffeeWithHook extends CaffeineBeverageWithHook ({

public void brew() {
System.out.println (“Dripping Coffee through filter”);

public void addCondiments () {

Hrere's where you overvie
System.out.println (“Adding Sugar and Milk”);

fhe hook and provide Your

own (:und:\ona\'\‘bf-
public boolean customerWantsCondiments () {

String answer = getUserInput () ;
if (answer.toLowerCase () .startsWith (“y”

(return R 0 Gy o Get the user’s input on
PoelEe | ’ the tondiment detision

cetuEn falses <S———  and veturn true or false.
} dq?cnding on the in?u{:.

private String getUserInput () {
String answer = null;

System.out.print (“Would you like milk and sugar with your coffee (y/n)? “);

BufferedReader in = new BufferedReader (new InputStreamReader (System.in)) ;
try {
answer = in.readLine () ;
} catch (IOException ioe) {
System.err.println (VIO error trying to read your answer”);
} 4
if (answer == null) { G he d like milk an 4
EEIELLE e /K_’ This tode asks ‘U\C V t feom the Lovnmavxd line-
} sugav and 5&’5 his wnpY

return answer;
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test drive

Let’s run the Testlrive

Okay, the water’s boiling... Here’s the test code where
we create a hot tea and a hot coffee

public class BeverageTestDrive {
public static void main(String[] args) {

TeaWithHook teaHook = new TeaWithHook () ; - C“a{‘a{ca'
CoffeeWithHook coffeeHook = new CoffeeWithHook () ; - ACO‘(:‘(:CC'
System.out.println (“\nMaking tea...”);
teaHook.prepareRecipe () ; &~ And eall ‘,“‘,aycf(cciyc() on both!
System.out.println (“\nMaking coffee...”); é/
coffeeHook.prepareRecipe () ;

And let’s give it a run...

File Edit Window Help send-more-honesttea

%$java BeverageTestDrive

Making tea... .
Boiling water A steaming eup of tea, and yes of

Steeping the tea tourse we want that lemon!

Pouring into cup
Would you like lemon with your tea (y/n)? y

Adding Lemon

‘\Ot CVY 04‘: CO‘C‘GCC)

aistline

Making coffee. .. And 3 "\“"C .
Boiling water but we'll pass O.V\ o
Dripping Coffee through filter expanding tondiments:
Pouring into cup

Would you like milk and sugar with your coffee (y/n)? n

%
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Now, I would have thought
that functionality like asking the
customer could have been used by
all subclasses?

the template method pattern

You know what? We agree with you. But you
have to admit before you thought of that it was a
pretty cool example of how a hook can be used
to conditionally control the flow of the algorithm

in the abstract class. Right?

We’re sure you can think of many other more

realistic scenarios where you could use the

template method and hooks in your own code.

Q,: When I'm creating a template
method, how do | know when to use
abstract methods and when to use
hooks?

. Use abstract methods when your
subclass MUST provide an implementation
of the method or step in the algorithm.

Use hooks when that part of the algorithm

is optional. With hooks, a subclass may
choose to implement that hook, but it doesn’t
have to.

. What are hooks really supposed
to be used for?

A: There are a few uses of hooks. As
we just said, a hook may provide a way for
a subclass to implement an optional part

therejare no

Dum @uesﬂ@ns
of an algorithm, or if it isn’t important to
the subclass’ implementation, it can skip
it. Another use is to give the subclass
a chance to react to some step in the
template method that is about to happen,
or just happened. For instance, a hook
method like justReOrderedList() allows the
subclass to perform some activity (such as
redisplaying an onscreen representation)
after an internal list is reordered. As you've
seen a hook can also provide a subclass
with the ability to make a decision for the
abstract class.

. Does a subclass have to
implement all the abstract methods in the
AbstractClass?

A: Yes, each concrete subclass defines
the entire set of abstract methods and

provides a complete implementation of the
undefined steps of the template method’s
algorithm.

Q: It seems like | should keep my
abstract methods small in number,
otherwise it will be a big job to implement
them in the subclass.

A: That's a good thing to keep in

mind when you write template methods.
Sometimes this can be done by not making
the steps of your algorithm too granular. But
it's obviously a trade off: the less granularity,
the less flexibility.

Remember, too, that some steps will be
optional; so you can implement these as
hooks rather than abstract methods, easing
the burden on the subclasses of your
abstract class.
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the

You've heard me say it
before, and T'll say it again:
don't call me, I'll call you!

The Hollywood Principle

We’ve got another design principle for you; it’s called the
Hollywood Principle:

The Hollywood Principle

Don’t call us, we'll call you.

Easy to remember, right? But what has it got to do with OO )
design?

The Hollywood principle gives us a way to prevent ’ \‘
“dependency rot.” Dependency rot happens when you have

high-level components depending on low-level components
depending on high-level components depending on sideways
components depending on low-level components, and so on.
When rot sets in, no one can easily understand the way a
system 1s designed.

With the Hollywood Principle, we allow low-level components
to hook themselves into a system, but the high-level
components determine when they are needed, and how. In
other words, the high-level components give the low-level
components a “don’t call us, we’ll call you” treatment.

)

Buk the high-leve!
comvoncnhs tontrol

when and how:

High-Level Component

Low»\cve\ comvov\m&,s

tan Yav‘\','\C\Ya‘hc n the /\ m
com\’v‘ca‘c;\on. '\_7 Low-Level rvother
A low-level Component never

Component Low-Level
Component

ealls 5 high—leve] ¢om
dircd_’,y' el Lo Foncnf
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the template method pattern

The Hollywood Principle and Template Method

The connection between the Hollywood Principle and the Template Method Pattern is probably somewhat
apparent: when we design with the Template Method Pattern, we’re telling subclasses, “don’t call us, we’ll call
you.” How? Let’s take another look at our CaffeineBeverage design:

CaffeineBeverage is our hig,h—levc\

the .
component. [t has t',on’cm:i :;c:alls " the Clients of bevers

; es wi
algorithm for the vetive, coded for x-' on the Ca#ti"Cster‘;w’i depend
subtlasses only when theyre » d / abstraction vathey 1£ha3
an im\alcmcn{,a{:\on of a method- Contrete Teg of Coff " e .
CaffeineBeverage veduces dependenciy ree, which
prepareRecipe() overgl| system. S in the
boilWater()
pourlnCup()
brew()
addCondiments()

Coffee h Tea ‘
brew() brew()
addCondiments()

addCondiments()
Tea and Cokfee never
The subelasses are us call the abstract elass

Provide ‘"‘P’cmen{:afi:f ;:Z’iﬁ" ‘gj\ &/ divectly without bein)

alled” fiest

—@wtuv«
TAWEWR

What other patterns make use of the Hollywood Principle?

¢slayo Aue ‘JensesqQ ‘poyisy Aiojoe eyl

you are here » 297



who what

th o
Dum arﬁuesh@ns

Q,r How does the Hollywood Principle
relate to the Dependency Inversion
Principle that we learned a few chapters
back?

A: The Dependency Inversion
Principle teaches us to avoid the use of
concrete classes and instead work as
much as possible with abstractions. The
Hollywood Principle is a technique for
building frameworks or components so that
lower-level components can be hooked

*
*W“Q DQES WHaAT™

Pattern

into the computation, but without creating
dependencies between the lower-level
components and the higher-level layers. So,
they both have the goal of decoupling, but
the Dependency Inversion Principle makes a
much stronger and general statement about
how to avoid dependencies in design.

The Hollywood Principle gives us a
technique for creating designs that allow
low-level structures to interoperate while
preventing other classes from becoming too
dependent on them.

+ O

Match each pattern with its description:

Description

Q,: Is a low-level component
disallowed from calling a method in a
higher-level component?

A: Not really. In fact, a low level
component will often end up calling a method
defined above it in the inheritance hierarchy
purely through inheritance. But we want to
avoid creating explicit circular dependencies
between the low-level component and the
high-level ones.

Strategy

Template Method

Factory Method

Encapsulate interchangeable
behaviorsand use delegationto
decide which behavior to use

Subelasses decide how
to implement steps in an

algorithm

Subelasses decide which
concrete classes to instantiate
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Template Methods in the Wild

The Template Method Pattern is a very common pattern and
you’re going to find lots of it in the wild. You’ve got to have
a keen eye, though, because there are many implementations
of the template methods that don’t quite look like the
textbook design of the pattern.

This pattern shows up so often because it’s a great design tool
for creating frameworks, where the framework controls how
something gets done, but leaves you (the person using the
framework) to specify your own details about what is actually
happening at each step of the framework’s algorithm.

Let’s take a little safari through a few uses in the wild (well,
okay, in the Java API)...

the template method pattern

In fraining, we study the
classic patterns. However,
when we are out in the real world, we
must learn to recognize the patterns
out of context. We must also learn
to recognize variations of patterns,

because in the real world a square
hole is not always truly square.
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sorting with template method

Sorting with Template Method

What’s something we often need to do with arrays?

Sort them! .
We've pared down this
Recognizing that, the designers of the Java Arrays class tode a little to make it
have provided us with a handy template method for /\ easier to explain. 1€ you’d
sorting. Let’s take a look at how this method operates: ' like 4o see it all, grab
H’\C sourte ‘C\'om Sun and
We aciuall‘/ have two methods heve and {')\c‘/ act bgtﬂ\cr to theek it out..

provide the sort ﬁund:ionali{:y

2 helper method

The fivst method: sortD), s ot asses it alond

that cveates 3 £oF
as the destimation arvay

e also £ {it"?a& the fiest element-

the soct to s

public static void sort (Object[] a) {

Object aux[] = (Object[])a.clone();

mergeSort (aux, a, 0, a.length, 0);
The mergeSort() method tontains the sort algorithm, and velies
on an implementation of the tompareTol) method to complete the
algoriﬂ\m. £ you’rc intevested in the nijc{:\/ grijc{:\/ of how the
sorting happens, you'll want to theck out the Sun source tode.

Think of £his as the

private static void mergeSort (Object src[], Object destl[], 'l:‘”‘l’la'l"c method.

{

300

int low, int high, int off)

for (int i=low; i<high; i++) {
for (int j=i; j>low &&
((Comparable)dest[j-1]) .compareTo ( (Comparable)dest[j])>0; j--)

{
swap (dest, J, j-1);
} \ t,om?arcToO is the method we need

Thif is @ tonerete method, alveady 4o implement o “fil out” the
return; defined in the Areays elass. template method.

Chapter 8



the template method pattern

We've got some ducks to sort...

Let’s say you have an array of ducks that you’d like to sort. How

do you do it? Well, the sort template method in Arrays gives us the
algorithm, but you need to tell it how to compare ducks, which you do by
implementing the compareTo() method... Make sense?

S

No, it doesn't. Aren't
we supposed fo be
subclassing something? I thought

that was the point of Template
Method. An array doesn't subclass
anything, so I don't get how we'd
use sort().

X:VC'VC got an arvay of

Dutks we need to sort.

Good point. Here’s the deal: the designers of sort() wanted it
to be useful across all arrays, so they had to make sort() a static
method that could be used from anywhere. But that’s okay,

it works almost the same as if it were in a superclass. Now;,
here 1s one more detail: because sort() really isn’t defined in

our superclass, the sort() method needs to know that you’ve
implemented the compareTo() method, or else you don’t have
the piece needed to complete the sort algorithm.

To handle this, the designers made use of the Comparable
interface. All you have to do is implement this interface, which
has one method (surprise): compareTo().

What is compareTo()?

The compareTo() method compares two objects and returns whether one is less than, greater than,
or equal to the other. sort() uses this as the basis of its comparison of objects in the array.

I don't know,
that's what
compareTo() tells us.

Am I greater
than you?
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implementing comparable

Comparing Ducks and Ducks

Okay, so you know that if you want to sort Ducks,
you’re going to have to implement this compareTo()
method; by doing that you’ll give the Arrays class
what it needs to complete the algorithm and sort your

ducks.

Here’s the duck implementation:

Remember, we need to implement 4he Comparable
‘[\ interface since we aren't veally subelassing,

public class Duck implements Comparable {
String name;

int weight; A/—\ Our Dutks have a name and a weight

public Duck(String name, int weight) {
this.name = name;
this.weight = weight;

| We've keepin' it simple; all Dutks do

. : iaht!
public String toString() { € is print their name and weioht:
return name + “ weighs “ + weight;

/\ Okay, heve's what sort needs...

public int compareTo (Object object) {
\ tompareTo() takes another Duek 4o tompare THIS Duck to.
Duck otherDuck = (Duck)object; «——

}

if (this.weight < otherDuck.weight) {

return -1; —— Heve's wheve we sycti-(:\/ how Ducks

} else if (this.weight == otherDuck.weight) { tompare. [£ THIS Duek weighs less
return 07 , , than otherDuck then we vetuwrn —I;

} else { // this.weight > otherDuck.weight £ {:hcy ave c'\uaL we veburn O; and if
return 1;

} THIS Duck weighs more, we veturn |.
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Let’s sort some Pucks

Here’s the test drive for sorting Ducks...

public class DuckSortTestDrive {

public static void main(Stringl]

Duck[] ducks = {
new Duck
new Duck
new Duck
new Duck
new Duck
new Duck
Notice that we }i
eall Arrays' statie
method sort, and
FaSSif our Ducks.

\‘_’,/77 Arrays.sort (ducks) ;

display (ducks) ;

args) |

System.out.println (“Before sorting:”);

the template method pattern

of
an avvdy
“Daffy”, 8), e Véc :\::d{-,\\csc \ook good-
Dewey”, 2), uet=
“Howard”, 7),
Louie”, 2),
“Donald”, 10),

“Huey", 2 )

Let's print them to see
£heir names and wcigh{:s-

[s sort time!

Let’s print them (again) 1o see

System.out.println (“\nAfter sorting:”);s thei acs&ded®*$
eir nam

display (ducks) ;

public static void display (Duck[]

ducks) {

for (int 1 = 0; i < ducks.length; i++) {
System.out.println(ducks[i]);

}
Let the sorting commence!

%java DuckSortTestDrive

Before sorting:
Daffy weighs 8
Dewey weighs 2
Howard weighs 7
Louie weighs 2
Donald weighs 10
Huey weighs 2

After sorting:
Dewey weighs 2
Louie weighs 2
Huey weighs 2
Howard weighs 7
Daffy weighs 8
Donald weighs 10
%

The unsorted Dutks

The sorted Dueks
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behind the scenes:

The making of the sorting duck machine

Let’s trace through how the Arrays sort() template
method works. We’ll check out how the template
method controls the algorithm, and at certain
points in the algorithm, how it asks our Ducks to

Behind
the Scenes

supply the implementation of a step... for (int i=low; i<high; i++)(
. compareTo ()
. swap ()
o First, we need an array of Ducks: }
Duck[] ducks = {new Duck(“Daffy”, 8), ... }; 'j
The sort() method tontrols
e Then we call the sort() template method in the Array the algorithm, no ¢lass can
class and pass it our ducks: change this. sort( counts

Arrays.sort (ducks) ;

The sort() method (and its helper mergeSort()) control
the sort procedure.

e To sort an array, you need to compare two items one
by one until the entire list is in sorted order.

When it comes to comparing two ducks, the sort
method relies on the Duck’s compareTo() method
to know how to do this. The compareTo() method
is called on the first duck and passed the duck to be
compared to:

ducks[0] .compareTo (ducks[1l]); M

Fiest Duck Duck to tompare it to

e If the Ducks are not in sorted order, they’re swapped with
the concrete swap() method in Arrays:

swap () //_\

e The sort method continues comparing and swapping Ducks
until the array is in the correct order!
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on a Comparable tlass to
provide the implementation of
compareTo()

Duck

compareTo()
toString()

No inheritante, unlike
a typical template
mC‘H\od

Arrays

sort()
swap()




therejare no

DumbQuestions

Q: Is this really the Template
Method Pattern, or are you trying too

hard?

A: The pattern calls for implementing
an algorithm and letting subclasses supply
the implementation of the steps — and the
Arrays sort is clearly not doing that! But,

as we know, patterns in the wild aren’t
always just like the textbook patterns. They
have to be modified to fit the context and
implementation constraints.

The designers of the Arrays sort() method
had a few constraints. In general, you can’t
subclass a Java array and they wanted the
sort to be used on all arrays (and each array
is a different class). So they defined a static
method and deferred the comparison part of

the algorithm to the items being sorted.

So, while it's not a textbook template
method, this implementation is still in the
spirit of the Template Method Pattern. Also,
by eliminating the requirement that you have
to subclass Arrays to use this algorithm,
they’ve made sorting in some ways more
flexible and useful.

< This implementation of sorting
actually seems more like the Strategy
Pattern than the Template Method
Pattern. Why do we consider it
Template Method?

A: You're probably thinking that
because the Strategy Pattern uses object

composition. You're right in a way — we're

the template method pattern

using the Arrays object to sort our array, so
that's similar to Strategy. But remember,
in Strategy, the class that you compose
with implements the entire algorithm. The
algorithm that Arrays implements for sort

is incomplete; it needs a class to fill in the
missing compareTo() method. So, in that
way, it's more like Template Method.

< Are there other examples of
template methods in the Java API?

A: Yes, you'll find them in a few
places. For example, java.io has a read()
method in InputStream that subclasses
must implement and is used by the template
method read(byte b[], int off, int len).

-.@?\?A\N
POWEWR

We know that we should favor composition over inheritance, right? Well, the implementers of the
sort() template method decided not to use inheritance and instead to implement sort() as a static
method that is composed with a Comparable at runtime. How is this better? How is it worse? How
would you approach this problem? Do Java arrays make this particularly tricky?

- 2
—@?vnnn
TaweEw

Think of another pattern that is a specialization of the template method. In this specialization, primitive
operations are used to create and return objects. What pattern is this?
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the paint hook

Swingin’ with Frames

Up next on our Template Method safari... keep your eye out for swinging JFrames!

If you haven’t encountered JFrame, it’s the most basic Swing container and inherits
a paint() method. By default, paint() does nothing because it’s a rok! By overriding
paint(), you can insert yourself into JFrame’s algorithm for displaying its area of the
screen and have your own graphic output incorporated into the JFrame. Here’s
an embarrassingly simple example of using a JFrame to override the paint() hook
method: We've extending JFrame, which tontains
a method update() that tontrols the
slgorithm for updating the streen
We tan hook into that algorithm by
overviding the paint() hook method-

ublic class MyFrame extends JFrame {
p y (/‘—/—/—,—_\ Don't look behind the
public MyFrame (String title) { t,mr{:ain! sk some

super (title); inibialization heve...
this.setDefaultCloseOperation (JFrame.EXIT ON CLOSE) ;

this.setSize (300,300);
this.setVisible (true);
}

AT TN Feame's update aloorithm calls paint0. By

. ina... it’s @ hook.
public void paint (Graphics graphics) { default, Va'“{-’o do.cs veo{')\mg{ziu. khe
super.paint (graphics) ; We've overviding paint ), am.i elling
String msg = “I rule!!”; JFrame to dvaw a message in the window-

graphics.drawString(msg, 100, 100);
}

public static void main(String[] args) {
MyFrame myFrame = new MyFrame (“Head First Design Patterns”);

}

® O © Head First Design Patterns

Here's the message that gets ,
painted in the frame because weve
hooked into the \>a'ch0 method.
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the template method pattern

Applets

Our final stop on the safari: the applet.

You probably know an applet is a small program that runs in a web page. Any
applet must subclass Applet, and this class provides several hooks. Let’s take a look

at a few of them:

The init. hook allows the applet to do wha{:c.vcr
it wants 4o initialize the applet the fiest time.
public class MyApplet extends Applet ({

String message;

vepaint() is a tontrete method in the Applet

ublic void init () {
P nessage = “Hello World, I'm alivel”; tlass that lets upper—level tomponents know
repaint () ; £he applet needs to be vedrawn.
}
i ot strtl) C_/\ The start hook allows the applet 4o do

. something when the applet is just about
= “N I’ tart N J
Ti;zjgi 0 o LM Sharhing up 1o be displayed on the web page.

}

public void stop () {
message = “Oh, now I'm being stopped...”; &-/_\u; the user goes 4o another page; H\cd
repaint () ; stop hook is used, and the a\’\’“# tan ;

/ whatever it needs to do fo stop its actions.

public void destroy () {

// applet is going away...
J \  And the dcs‘f‘xo\/ hook is used when the applet

is going to be destroyed, say, when the browser
pane is tlosed. We could try to display
somcfhing here, but what would be the Poin{:.?

Vk_{ Well looky heve! Our old Friend the
paint() method! Applet also makes

use of this method as a hook.

public void paint (Graphics g) {
g.drawString (message, 5, 15);
}

Concrete applets make extensive use of hooks to supply their
own behaviors. Because these methods are implementec[ as
hooks, the applet isn't rec[uirec[ to implement them.
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fireside chats:

Fireside Chats

&

Template Method

Hey Strategy, what are you doing in my
chapter? I figured I’d get stuck with someone
boring like Factory Method.

I 'was just kidding! But seriously, what are you
doing here? We haven’t heard from you in eight
chapters!

You might want to remind the reader what
you’re all about, since it’s been so long.

Hey, that does sound a lot like what I do. But
my intent’s a little different from yours; my job
is to define the outline of an algorithm, but

let my subclasses do some of the work. That
way, I can have different implementations of an
algorithm’s individual steps, but keep control
over the algorithm’s structure. Seems like you
have to give up control of your algorithms.

308

Tonight's talk: Template Method and Strategy
compare methods.

Fattory Method
Strategy e

Hey, I heard
that!

Nope, it’s me, although be careful — you and
Factory Method are related, aren’t you?

I’'d heard you were on the final draft of your
chapter and I thought I'd swing by to see how
it was going. We have a lot in common, so I
thought I might be able to help...

I don’t know, since Chapter 1, people have
been stopping me in the street saying, “Aren’t
you that pattern...” So I think they know who
I'am. But for your sake: I define a family of
algorithms and make them interchangeable.
Since each algorithm is encapsulated, the client
can use different algorithms easily.

I'm not sure I'd put it quite like #at... and
anyway, I'm not stuck using inheritance for
algorithm implementations. I offer clients a
choice of algorithm implementation through
object composition.



Template Method

I remember that. But I have more control over
my algorithm and I don’t duplicate code. In fact,
if every part of my algorithm is the same except
for, say, one line, then my classes are much more
efficient than yours. All my duplicated code
gets put into the superclass, so all the subclasses
can share it.

Yeah, well, I'm real happy for ya, but don’t
forget I'm the most used pattern around.
Why? Because I provide a fundamental
method for code reuse that allows subclasses to
specify behavior. I'm sure you can see that this
1s perfect for creating frameworks.

How’s that? My superclass is abstract.

Like I said Strategy, I'm real happy for you.
Thanks for stopping by, but I've got to get the
rest of this chapter done.

Gotit. Don’t call us, we’ll call you...

the template method pattern

Strategy

You might be a little more efficient (just a little)
and require fewer objects. And you might also
be a little less complicated in comparison to
my delegation model, but I'm more flexible
because I use object composition. With me,
clients can change their algorithms at runtime
simply by using a different strategy object.
Come on, they didn’t choose me for Chapter 1
for nothing!

Yeah, I guess... but, what about dependency?
You’re way more dependent than me.

But you have to depend on methods
implemented in your superclass, which are part
of your algorithm. I don’t depend on anyone;
I can do the entire algorithm myself!

Okay, okay, don’t get touchy. T'll let you
work, but let me know if you need my special
techniques anyway, I'm always glad to help.
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crossword puzzle

% It's that time again....

H JlEEEEEEE
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Across
1. Strategy uses
inheritance
4. Type of sort used in Arrays
5. The JFrame hook method that we overrode to
print "I Rule"
6. The Template Method Pattern uses
to defer implementation to other

rather than

classes

8. Coffee and

9. Don't call us, we'll call you is known as the
Principle

12. A template method defines the steps of an

13. In this chapter we gave you more

14. The template method is usually defined in an method as a

class

16. Class that likes web pages

Chapter 8

|
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Down

2. algorithm steps are implemented
by hook methods

3. Factory Method is a of

Template Method
7. The steps in the algorithm that must be
supplied by the subclasses are usually declared

8. Huey, Louie and Dewey all weigh

pounds

9. A method in the abstract superclass that does

nothing or provides default behavior is called a
method

10. Big headed pattern

11. Our favorite coffee shop in Objectville
15. The Arrays class implements its template
method



Tools for your Design Toolbox

/ We’ve added Template Method to your toolbox. With
‘ Template Method you can reuse code like a pro while
keeping control of your algorithms.
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the template method pattern

= A“template method” defines
the steps of an algorithm,
deferring to subclasses for the
implementation of those steps.

= The Template Method
Pattern gives us an important
technique for code reuse.

= The template method’s
abstract class may define
concrete methods, abstract
methods and hooks.

= Abstract methods are
implemented by subclasses.

= Hooks are methods that do
nothing or default behavior in
the abstract class, but may be
overridden in the subclass.

= To prevent subclasses from
changing the algorithm in the
template method, declare the
template method as final.

= The Hollywood Principle guides
us to put decision-making in
high-level modules that can
decide how and when to call
low level modules.

= You'll see lots of uses of the
Template Method Pattern in
real world code, but don’t
expect it all (like any pattern) to
be designed “by the book.”

= The Strategy and Template
Method Patterns both
encapsulate algorithms, one
by inheritance and one by
composition.

= The Factory Method is a
specialization of Template
Method.

311



exercise

Exercise
So]'utions i

312

G harpen our pencil
N !

CaffeineBeverage

pourinCup()
brew()
addCondiments()

Draw the new class diagram now that we’ve moved
prepareRecipe() into the CaffeineBeverage class:

Coffee Tea

brew() brew()
addCondiments() addCondiments()

.+ C

*
WHQ DQES wWHAT™?

Match each pattern with its description:

Pattern Description

Encapsulate interchangable
Template Method behaviorsand use delegationto
decide which behavior to use

Subelasses decide how
o implement steps in an
algorithm

Strategy

Factory Method Subclasses decide which

concrete classes to create




the template method pattern

j& R |7

7

E
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9 the Iterator and Composite Patterns

+ Well-Managed +
Collections *

You
bet I keep my
collections well
encapsulated!

There are lots of ways to stuff objects into a collection. put them
in an Array, a Stack, a List, a Hashtable, take your pick. Each has its own advantages and
tradeoffs. But at some point your client is going to want to iterate over those objects, and
when he does, are you going to show him your implementation? We certainly hope not!
That just wouldn’t be professional. Well, you don’t have to risk your career; you're going

to see how you can allow your clients to iterate through your objects without ever getting

a peek at how you store your objects. You're also going to learn how to create some
super collections of objects that can leap over some impressive data structures in a single
bound. And if that's not enough, you’re also going to learn a thing or two about object

responsibility.

this is a new chapter 315



big

Breaking News: Objectville Diner and
Objectville Pancake House Merge

That’s great news! Now we can get those delicious pancake breakfasts at the
Pancake House and those yummy lunches at the Diner all in one place. But,
there seems to be a slight problem...

... but we can't agree on
how to implement our menus.
That joker over there used an
ArrayList to hold his menu items, and

T used an Array. Neither one of us is

willing to change our implementations...
we just have too much code written
that depends on them.

They want to use
my Pancake House
menu as the breakfast menu
and the Diner's menu as the
lunch menu. We've agreed on
an implementation for the
menu items...

Lo
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Check out the Menu ltems

At least Lou and Mel agree on the
implementation of the Menultems.
Let’s check out the items on each
menu, and also take a look at the

implementation.
- aside of poy,
The Diner menu has lots of lunth l{:c:z;, Hot Dog Pt siled ek e "
while the Pancakc House covms{:s Ahordog, With saurkra Regu o
b k(:as{; items Ech‘I menu item has 3 Ste;OPP;defh oo %ngjiancakesreakfa“
. ‘ %P €s With frj
vea name, 3 dcst,ri?{‘.ion, and 3 price e - medeggs,saumge N
)
Mﬁ?eﬂy&mam&
ancakes made wit, 74
pan b/uebe”y o ulph fresh b/ueberries,
\_%__7 Waffes
Wa i
ffles, with Your choijce of, b/ueberries %

public class Menultem {

String name;

String description;

boolean vegetarian;

double price;

public Menultem(String name,
String description,
boolean vegetarian,

double price)

name = name;

this.
this.description = description;
this.vegetarian = vegetarian;
this.price = price;

public String getName () {

return name;

public String getDescription() {

return description;

public double getPrice() {

return price;

public boolean isVegetarian() {

return vegetarian;

the iterator and composite patterns

Oéjectw'//e Dines

WMPMﬁmuur

Ipofth K&B’s Pancake Breakfqst

Or strawberrjeg

< N ?L/;chzloffm .Consis{:s of 3 name, a desevipti
. 83F -Clndl?& if the item is vcgefavi';n -

rice. Vou Pass all th i ]
eonstruetor 1o initialize fhecxlc:a:'l‘z:»:hﬁo e

These getter methods
let you actess the fields

of the menu item.

you are here »
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two menus

Lou and Mel’s Menu implementations

" I used an ArrayList
so I can easily
expand my menu.

Now let’s take a look at what Lou and Mel are
arguing about. They both have lots of time and
code invested in the way they store their menu
items in a menu, and lots of other code that
depends on it.

{zﬁonoﬁfht

Heve's Lou's implemen
Pantake House menu.

public class PancakeHouseMenu {
ArrayList menultems;

Lou’s using an AvecayList to store

public PancakeHouseMenu () { <;__————”///’—___H5mﬂmi{ﬂﬁ

menultems = new ArrayList();

addItem (“K&B’s Pancake Breakfast”,
“Pancakes with scrambled eggs, and toast”, Eau\mawifcmisaddCd{o{hc

= Arra\/Lis{: here, in the tonstruttor

2.99); 4\

addItem(“Regular Pancake Breakfast”,
“Pancakes with fried eggs, sausage”,
false,
2.99);

Each MCV\UH',CM has @ name,

dcscvi\?{:ion, whether or no{:’ its a
vegetavian item, and the price

addItem (“Blueberry Pancakes”,
“Pancakes made with fresh blueberries”,
true,
3.49);

addItem (“Waffles”,
“Waffles, with your choice of blueberries or strawberries”,

. ew
. es a N
3.59); 4d a3 menv ke, Lov cjrca{:d\ ars‘mm{,
} I It ob)cch, passing i €3 o
e i ke PrvayLs
public void addItem(String name, String description, ) o " 0

boolean vegetarian, double price)

MenulItem menultem = new Menultem(name, description, vegetarian, price);
menultems.add (menultem) ;

} The 5C{MemH:cms() mekhod veturns £he list of menu items
a

public ArraylList getMenultems () {
Fetumn menuttenss Louhasabmﬁhog
} / the Awa\/Lis{: im?lmcn{:a{:iow f
have 4o vewrite all that code!

other menu code that depends on
e doesn't want to

// other menu methods here

}
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the iterator and composite patterns

Haah! An Arraylist... T
used a REAL Array so I can
control the maximum size of my menu
and get my MenuItems without
having to use a cast.

ion of the Diner menw

rc'S MC\,S \m?\cvncn“’,a

Mnd he

R

public class DinerMenu { Mel takes a diffecent ayyroach; he's using an Awa\/ so he

static final int MAX ITEMS = 6;

tan tontrol the max size of the menu and vetrieve menu

int numberOfItems = 0; ikems out without having o tast his ob\')cc{:s.
Menultem[] menultems;

public DinerMenu () { Like Low, Mel eveates his menu items in the
menultems = new Menultem[MAX ITEMS]; / consbruthor, using the addl’ccmo hch’cr method.

addItem(“Vegetarian BLT”,

“(Fakin’) Bacon with lettuce & tomato on whole wheat”, true, 2.99);
addItem (“BLT”,

“Bacon with lettuce & tomato on whole wheat”, false, 2.99);
addItem(“Soup of the day”,

“Soup of the day, with a side of potato salad”, false, 3.29);
addItem (“Hotdog”,

“A hot dog, with saurkraut, relish, onions, topped with cheese”,

false, 3.05);
// a couple of other Diner Menu items added here

) addltemO) takes all the pavameters
P netessary to ereate a Menultem E:d .
. . hetks to make
public void addItem(String name, String description, instantiates °,"C' _H" also ¢ v limik.
boolean vegetarian, double price)  sure we haven't hit the menu si
{ /
Menultem menultem = new Menultem(name, description, vegetarian, price);
if (numberOfItems >= MAX ITEMS) {

System.err.println(“Sorry, menu is full! Can’t add item to menu”);
} else { M 0
el specific i
menultems [numberOfItems] = menultem; {a? '. ' al(ly wants to kccy his "‘C)"“ under a
numberOfItems = numberOfItems + 1; tevtain size Prcsumabl\/ so he doesn't have to
} remember oo many vecipes).

N

public Menultem[] getMenultems () { gc{‘,McnuH:cmso veturns the array of menu items.
return menultems;
}
Like Low, Mel has a bunth of code that depends on the im?ltmcn{a{ion of
// other menu methods here é/_ his menu bcin5 an Arra\/. He's too bus\/ Cookihg 4o vewrite all O‘C £his.
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java enabled waitress

What’s the problem with having two different

wmenu representations?

To see why having two different menu representations complicates
things, let’s try implementing a client that uses the two menus.
Imagine you have been hired by the new company formed by the
merger of the Diner and the Pancake House to create a Java-enabled
waitress (this zs Objectville, after all). The spec for the Java-enabled
waitress specifies that she can print a custom menu for customers on
demand, and even tell you if a menu item is vegetarian without having
to ask the cook — now that’s an innovation!

Let’s check out the spec, and then step through what it might take to
implement her...

The Java-Enabled Waitress Specification

“Alice”

code—-name

led Waitress :

Java-Enab

i ntMenu () .
prlntpr;’mts every item on the me

printBreakfastMenu Q]

£s just pbreakfast items

- prin

printLunchMenu ()

- prints just lunch items

printVegetarianMenu ()

i i tems
nts all vegetarian menu 1

- pri

name)
me of an item,
arian,

isItemVegetarian(
i he na

- given t :

if the items 18 veget

returns false

returns true
otherwise,

320 Chapter 9

The Waikress s \ed.

<; gﬁkm%da

va—end®
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the iterator and composite patterns

Let’s start by stepping through how we’d implement the printMenu() method:

o To print all the items on each menu, you’ll need to call the getMenultems()

method on the PancakeHouseMenu and the DinerMenu to retrieve their
respective menu items. Note that each returns a different type:

The method looks

the same, but the

¢alls ave veturnind

d\“crcn{: ypes:

’

PancakeHouseMenu pancakeHouseMenu = new PancakeHouseMenu (
ArrayList breakfastItems = pancakeHouseMenu.getMenultems (

)
)

’

DinerMenu dinerMenu = new DinerMenu () ;
MenuItem[] lunchItems = dinerMenu.getMenultems () ;

The implementation
is showing ‘f:hrough,
breakfast items are
in an ArrayLis{:, lunth
items are in an Avvay.

Now, to print out the items from the PancakeHouseMenu, we’ll loop through the

items on the breakfastltems ArrayList. And to print out the Diner items we’ll

loop through the Array. Now, we have to

& ]m\?lCmCh+, two diffevent

for (int i = 0; i < breakfastItems.size(); i++) { loovs{oS{'»C\’ through the
Menultem menultem = (Menultem)breakfastItems.get (i) ; two imylcmChha{fw"s
System.out.print (menultem.getName () + “ ”); Jd\c ment i{cmsm

System.out.println (menultem.getPrice() + “ ”);
System.out.println (menultem.getDescription());

} ..one loop for the
K Arra\/Lis{:...

for (int 1 = 0; i < lunchItems.length; i++) {
Menultem menultem = lunchItems[i]; andanoﬂmr-ﬁw
System.out.print (menultem.getName () + “ ”); A</’—~£hcArra
System.out.println (menultem.getPrice() + “ ”); T
System.out.println (menultem.getDescription());

e Implementing every other method in the Waitress is going to be a variation of

this theme. We’re always going to need to get both menus and use two loops to
iterate through their items. If another restaurant with a different implementation
is acquired then we’ll have three loops.

you are here »
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what’s the

@ harpen Your pencil

N

Based on our implementation of printMenu(), which of the following apply?

(A A. We are coding to the (A D. The Waitress needs to know how each
PancakeHouseMenu and DinerMenu menu represents its internal collection of
concrete implementations, not to an menu items; this violates encapsulation.
interface. (1 E. We have duplicate code: the printMenu()

(A B. The Waitress doesn’t implement the method needs two separate loops to

Java Waitress API and so she isn’t iterate over the two different kinds of
adhering to a standard. menus. And if we added a third menu,

(1 C. If we decided to switch from using we'd have yet another loop.

DinerMenu to another type of menu (d F The implementation isn’t based on
that implemented its list of menu items MXML (Menu XML) and so isn’t as
with a Hashtable, we’d have to modify interoperable as it should be.

a lot of code in the Waitress.

What now?

322

Mel and Lou are putting us in a difficult position. They don’t want to change their
implementations because it would mean rewriting a lot of code that is in each respective menu
class. But if one of them doesn’t give in, then we’re going to have the job of implementing a
Waitress that is going to be hard to maintain and extend.

It would really be nice if we could find a way to allow them to implement the same interface for
their menus (they’re already close, except for the return type of the getMenultems() method).
That way we can minimize the concrete references in the Waitress code and also hopefully get
rid of the multiple loops required to iterate over both menus.

Sound good? Well, how are we going to do that?




the iterator and composite patterns

Can we encapsulate the iteration?

If we’ve learned one thing in this book, it’s encapsulate what varies. It’s obvious
what is changing here: the iteration caused by different collections of objects
being returned from the menus. But can we encapsulate this? Let’s work
through the idea...

Q To iterate through the breakfast items we use the size() and get()
methods on the ArrayList:

for (int i = 0; i < breakfastItems.size(); i++) {
MenuItem menulItem = (Menultem)breakfastItems.get(i) ;

get(1) get(2) get(3) ¢\ act() helps us step

gét(O) * \ through eath item.
\A\A Arraylist

<N An Ar\ra\/Lis{:
°1C Mcm"ECms

| Yengpre | Mengmre® | Hemizre® | Mengre® |
1 2 3 4

© And to iterate through the lunch items we use the Array length field and
the array subscript notation on the MenuItem Array.

lunchitems|[O0]

for (int i = 0; i < lunchItems.length; W
u

Menultem menulItem = lunchlItems[i]; f\"ch’tems[y
}

We use the avvay

substripts to step T~

through items.
An Aecay of 1
MChu’ ‘f:ans.
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encapsulating iteration

e Now what if we create an object, let's call it an Iterator,
that encapsulates the way we iterate through a We ask the breakfastMenu
collection of objects? Let's try this on the ArrayList

(_\ for an itevator of its

Menu|tems.
breakfastMenu.createlterator () ;

Iterator iterator =

And while there are more items left.
while (iterator.hasNext()) { = ore fhems left.
MenuItem menultem = (Menultem)iterator.next();
}

next() We get the next item.

\
get(2)

Arraylist v
The client just calls hasNext() and get(0) \>\* \
next(); behind the stenes the iterator
ealls 9et() on the AvcayList.

| Yengres | Mempre® | Penizres | Mengre® |
1 2 3 4

@ Lef's try that on the Array too:

324

Iterator iterator = lunchMenu.createlIterator()

while (iterator.hasNext()) {
MenulItem menultem =

= (Menultem)iterator.next();
} /_,
Wow, this t;;\dc /\ next()
‘:aiic?%%f / lunchltems[0]
ToreakfastMenu
tode.

Same situation heve: the elient Jus{: ealls
hasNext() and next(); behind the stenes,
the iterator indexes into the Avray.

Chapter 9



Meet the [terator Pattern

Well, it looks like our plan of encapsulating iteration just might
actually work; and as you’ve probably already guessed, it is a
Design Pattern called the Iterator Pattern.

The first thing you need to know about the Iterator Pattern is
that it relies on an interface called Iterator. Here’s one possible
Iterator interface:

The hasNext( method

Lells us if £heve ave

move elements in the

<<interface>> 355r¢33{¢ 1o itevate
Iterator H\rough
hasNext() I

"~

S The next() method

veturns the next object
in the agaregate.

next()

Now, once we have this interface, we can implement Iterators for
any kind of collection of objects: arrays, lists, hashtables, ...pick
your favorite collection of objects. Let’s say we wanted to
implement the Iterator for the Array used in the DinerMenu. It
would look like this:

<<interface>>
Iterator

hasNext() I

next()

m DinerMenulterator is an
DinerMenulterator h im‘?ltmcv\{:aflon of |.{:cra{:€r
hasNexi() I that knows how 4o iterate

next() over an arvay of Menultems.

Let’s go ahead and implement this Iterator and hook it into the
DinerMenu to see how this works...

the iterator and composite patterns

When we say
COLLECTION we just
mean a group of objects. They
might be stored in very different
data structures like lists, arrays,
hashtables, but they're
still collections. We also
sometimes call these
AGGREGATES.
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make an iterator

Adding an lterator to DinerMenu

To add an Iterator to the DinerMenu we first need to define the
Iterator Interface:

Heve's our two methods:

The hasNext() methed veturns a boolean
indicating whether or not there are move

public interface Iterator |{ / clements ko itevate over..

boolean hasNext () ;
Object next();
} T~ +and the next() method

returns Lhe next element.

And now we need to implement a concrete Iterator that works

for the Diner menu: We implement the

[_\ |{cra{;or in&,crﬁacc-

public class DinerMenulterator implements Iterator ({ Lains the
Menultem[] items; 1o of dhe
int position = 0; & gurvent Yos\‘bo'\h aveay:
evation over the

Yos\Jc\O'\ main

public DinerMenulterator (Menultem[] items) {
this.items = items;

K_/ The tonstruttor takes the
} arvay of menu items we ave

public Object next() { é\ 90ing to iterate over.
MemIlI‘.cem menuI‘.cerTl = items[position]; The next() method veturns the
position = position + 1; £ item in th d
return menuItem; next 1tem In e arra\/ an

) intrements the position.

public boolean hasNext () {
if (position >= items.length || items[position] == null) {
return false;

} else {
return true; /j
}

} Betause the diner thef went ahead and
} ThclhasN‘cxﬂ) method cheeks o allocated a max sized arvay, we need to
see if we've seen all the elements theek not only if we are at the end of

of the array and veturns true if the array, but also if the next item is
there are move to iterate through. null, which indicates there are no move
items.
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Reworking the Diner Menu with lterator

Okay, we’ve got the iterator. Time to work it into the
DinerMenu; all we need to do is add one method to create a
DinerMenulterator and return it to the client:

public class DinerMenu f{
static final int MAX ITEMS = 6;
int numberOfItems = 0;
Menultem[] menultems;

// constructor here 0
We'e vok, gin o need the getMensltens
// addItem here /\ method amymore and in faet, we don € want it

betause it exposes our internal imylmcn’ca{:ion!

pristie MenuTtemgetMeruitenst—

R e e e )
F
public Iterator createlterator() {

return new DinerMenulterator (menultems); Heve's the eveatelterator() method.
} [t eveates a DinerMenulterator
// oth hods h £eom the menultems arvay and

other menu methods here . .
u vetuens it to the client.

We've veturning the [tevator intecfate. The client

doesn't need to know how the menultems are maintained

in the DinerMenu, nor does it need 4o know how the
DinerMenultevator is implemented. [t just needs to use the
itevators o step through the items in the menu.

Go ahead and implement the PancakeHouselterator yourself and make the changes
needed to incorporate it into the PancakeHouseMenu.
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the waitress iferates

Fixing up the Waitress code

Now we need to integrate the iterator code
into the Waitress. We should be able to get
rid of some of the redundancy in the process.
Integration is pretty straightforward: first we
create a printMenu() method that takes an

/'
Iterator, then we use the createlterator() method New and improved
on each menu to retrieve the Iterator and pass it with [terator.
to the new method.
public class Waitress { [n the construttor the Waitress

328

PancakeH Men ncakeH Menu;

§ cake ous§ enu pancakeHouseMenu fakes the fwo menus.

DinerMenu dinerMenu; f

public Waitress (PancakeHouseMenu pancakeHouseMenu, DinerMenu dinerMenu) {
this.pancakeHouseMenu = pancakeHouseMenu; The \arin{:MCnuO
this.dinerMenu = dinerMenu; method now

ereates two
itevators, one Yo¥

public void printMenu () {
Iterator pancakelterator = pancakeHouseMenu.createlterator(); eath menw
Iterator dinerIterator = dinerMenu.createlterator(); &
And then calls the
System.out.println (“"MENU\n----\nBREAKFAST") ;

= — overloaded Yrin{Mcnu()
L~ with eath iterator.

printMenu (pancakelterator) ;
System.out.println (“\nLUNCH"”) ;
printMenu (dinerIterator);

Test if theve ave

 more tems The overloaded
any mo! mS.

printMenu()
private void printMenu(Iterator iterator) e Get the method uses the
while (iterator.hasNext ()) { next item. [£evator to step
Menultem menultem = (Menultem)iterator.next (); {hrough the menu
System.out.print (menultem.getName () + “, “); items and it
System.out.print (menultem.getPrice() + “ -- V); e ¥
System.out.println (menultem.getDescription()); them.
} Use the item to
) Note that we've down get name, price
// other methods here to one loop: and dcstri\?{:ion
_— and print them.

Chapter 9



the iterator and composite patterns

Testing our code

It’s time to put everything to a test. Let’s write some
test drive code and see how the Waitress works...

Fiest we treate the new menus.

public class MenuTestDrive { V//
public static void main(String args([]) {
PancakeHouseMenu pancakeHouseMenu = new PancakeHouseMenu() ;
DinerMenu dinerMenu = new DinerMenu () ;

Waitress waitress = new Waitress (pancakeHouseMenu, dinerMenu); &~ Then we create a

Waitress and pass her
waitress.printMenu () ; the menus.

} Then we print them.

Here’s the test run...

File Edit Window Help GreenEggs&Ham

% java DinerMenuTestDrive Fivst we iterate

MENU through the pancake
f men
BREAKFAST And then

K&B’'s Pancake Breakfast, 2.99 -- Pancakes with scrambled eggs, and toast the lunch
Regular Pancake Breakfast, 2.99 -- Pancakes with fried eggs, sausage menu, all
Blueberry Pancakes, 3.49 -- Pancakes made with fresh blueberries with the
Waffles, 3.59 -- Waffles, with your choice of blueberries or strawberries

same
LUNCH ( iteration

Vegetarian BLT, 2.99 -- (Fakin’) Bacon with lettuce & tomato on whole wheat tode
BLT, 2.99 -- Bacon with lettuce & tomato on whole wheat

Soup of the day, 3.29 -- Soup of the day, with a side of potato salad

Hotdog, 3.05 -- A hot dog, with saurkraut, relish, onions, topped with cheese
Steamed Veggies and Brown Rice, 3.99 -- Steamed vegetables over brown rice

Pasta, 3.89 -- Spaghetti with Marinara Sauce, and a slice of sourdough bread

%
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iterator

What have we done so far?

For starters, we’ve made our Objectville cooks
very happy. They settled their differences and
kept their own implementations. Once we

gave them a PancakeHouseMenulterator and a
DinerMenulterator, all they had to do was add a
createlterator() method and they were finished.

We’ve also helped ourselves in the process. The
Waitress will be much easier to maintain and

extend down the road. Let’s go through exactly
what we did and think about the consequences:

Hard to Maintain
Waitress lmplementation

createIterator() method.

Woohoo! No
code changes other
than adding the

Veggie bw{l

New, Hip
Waitress Powered by lterator

The Menus are not well
encapsulated; we can see the

Diner is using an ArrayList and the

Pancake House an Array.

We need two loops to iterate through

the Menultems.

The Waitress is bound to concrete

330

classes (Menultem[] and ArrayList).

The Waitress is bound to two different
concrete Menu classes, despite their
interfaces being almost identical.

The Menu implementations are now
encapsulated. The Waitress has
no idea how the Menus hold their
collection of menu items.

All we need is a loop that
polymorphically handles any
collection of items as long as it
implements Iterator.

The Waitress now uses an interface
(Iterator).

The Menu interfaces are now exactly
the same and, uh oh, we still don’t
have a common interface, which
means the Waitress is still bound to
two concrete Menu classes. We'd
better fix that.



the iterator and composite patterns

What we have so far...

Before we clean things up, let’s get a bird’s eye view of our current design.

se two menus imy\cmcn{ the
_[s-:v:c exatt set of methods, but
they avent implementing Jd(\:c s::c
[ntevface: We've going to +ix This
and free the Waitress Lrom any
dependenties on tontrete Menus.

A

PancakeHouseMenu

menultems

createlterator()

N DinerMenu

x menultems

createlterator()

The [erator allows the Waitress to be decoupled from
the actual im‘?ICmcw{:a{:ion of the tontrete ctlasses. She
doesn't need to know if @ Menu is implemented with
an Avvay, an AvrayList, or with Postlt notes. All

she caves is that she ¢an get an [tevator to do her
iterating,

/N

We've now
"Sihg a Lommon
[tevator
interface

and we've
implemented
two tontrete
¢lasses.

Waitress

Iterator

printMenu()

<<interface>>

hasNext()
next()

> PancakeHouseMenulterator

DinerMenulterator

hasNext()
next()

/

/

hasNext()
next()

Note that the iterator

9ive us 3 way to s{:cp throuah
the elements of an aggregate without forcing the ”
aggreqate to clutter its own intevface with a bunch

N

Pantake
.thc new by
ch‘)ov\s]b\ e

and DinerMen
Hou::ﬁ?;ra'{;w() method; they are
for treating the i

enu items .‘"‘\7\‘"‘6

of methods o support traversal of its elements. |4
also allows the implementation of the iterator to
live outside of the aggreqate;
encapsulated the intevation.

in other words, we've

vespective m

" ]mv\cmcn{:

tevator for their
ntations.

331
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improve the

Making some improvements...

Okay, we know the interfaces of PancakeHouseMenu and DinerMenu are exactly the same
and yet we haven’t defined a common interface for them. So, we’re going to do that and

clean up the Waitress a little more.

You may be wondering why we’re not using the Java Iterator interface — we did that so you

could see how to build an iterator from scratch. Now that we’ve done that, we’re going to

switch to using the Java Iterator interface, because we’ll get a lot of leverage by implementing

that instead of our home grown Iterator interface. What kind of leverage? You'’ll soon see.

First, let’s check out the java.util.Iterator interface:

<<interface>>
Iterator

next()

hasNext()

remove()

o> This looks just like our previous definition.

Exeept we have an additional method that
allows us to remove the last item veturned b\/

the next() method from the aggreqate.

This 1s going to be a piece of cake: We just need to change the interface that both
PancakeHouseMenulterator and DinerMenulterator extend, right? Almost... actually, it’s
even easler than that. Not only does java.util have its own Iterator interface, but ArrayList has

an iterator() method that returns an iterator. In other words, we never needed to implement

our own iterator for ArrayList. However, we’ll still need our implementation for the

DinerMenu because it relies on an Array, which doesn’t support the iterator() method (or any

other way to create an array iterator).

. What if | don’t want to provide
the ability to remove something from the
underlying collection of objects?

A: The remove() method is considered
optional. You don’t have to provide remove
functionality. But, obviously you do need to
provide the method because it's part of the
Iterator interface. If you're not going to allow
remove() in your iterator you'll want to throw
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Dunib Questions

the runtime exception
java.lang.UnsupportedOperationException.
The Iterator API documentation specifies that
this exception may be thrown from remove()
and any client that is a good citizen will
check for this exception when calling the
remove() method.

+ How does remove() behave
under multiple threads that may be
using different iterators over the same
collection of objects?

- The behavior of the remove() is
unspecified if the collection changes while
you are iterating over it. So you should be
careful in designing your own multithreaded
code when accessing a collection
concurrently.
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Cleaning things up with java.util.lterator

Let’s start with the PancakeHouseMenu, changing it over to java.util.Iterator is
going to be easy. We just delete the PancakeHouseMenulterator class, add an
import java.util.Iterator to the top of PancakeHouseMenu and change one line
of the PancakeHouseMenu:

public Iterator createlterator() | L/_\ Instead of ereating our own iterator

return monT e i terncon ()1 now, we just eall the iterator() method
: on the menul[tems Arra\/Lis{:.

And that’s it, PancakeHouseMenu is done.

Now we need to make the changes to allow the DinerMenu to work with java.util.Iterator.

k’_\ First we import java.util [evator,

interface we've 90ing to implement.

import java.util.Iterator; the
public class DinerMenulterator implements Iterator ({

Menultem[] list;

int position = 0;

public DinerMenulterator (Menultem[] list)
this.list = list;

{

None of our eurvent

| im\?ltmtn{:a{:ion thanges..-

public Object next() {

//implementation here
J Jout we do need to implement vemove().
Heve, because the thef is using a fixed
sized Avray, we Jus{ shift all the

elements up one when vemove() is called.

public boolean hasNext () {
//implementation here

}

public void remove () {
if (position <= 0) {
throw new IllegalStateException
(“You can’t remove an item until you’ve done at least one next()”);

}
if (list[position-1] != null) {
for (int i = position-1; i < (list.length-1); i++) {
list[i] = list[i+1];
}
list[list.length-1] = null;
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decouple the waitress from the menus

We are almost there...

We just need to give the Menus a common interface and rework the Waitress

a little. The Menu interface is quite simple: we might want to add a few more
methods to it eventually, like addItem(), but for now we will let the chefs control
their menus by keeping that method out of the public interface:

This is a simple i .
public interface Menu ({ l/\ mple m{:evrfacc tha{)us‘t

lets elients aet an i
public Iterator createlterator(); the ibems i sjch " '{-’"a{-‘or ‘For
In The menu.

Now we need to add an implements Menu to both the
PancakeHouseMenu and the DinerMenu class definitions and
update the Waitress:

YN Now the Waitress uses the Jjavautil-[terator as well.

import java.util.Iterator;

public class Waitress {
Menu pancakeHouseMenu; We need to rc?lacc the
Menu dinerMenu; tontrete Menu elasses
with the Menu fn{:crl:acc,
public Waitress (Menu pancakeHouseMenu, Menu dinerMenu) {

this.pancakeHouseMenu = pancakeHouseMenu;
this.dinerMenu = dinerMenu;

public void printMenu () {
Iterator pancakelterator = pancakeHouseMenu.createlterator():;
Iterator dinerIterator = dinerMenu.createlterator();

System.out.println ("MENU\n----\nBREAKFAST”) ;
printMenu (pancakelterator) ; No":hing chanaes
System.out.println (“\nLUNCH") ; heve 9

printMenu (dinerIterator);

private void printMenu (Iterator iterator) {

while (iterator.hasNext ()) {
MenulItem menultem = (Menultem)iterator.next();
System.out.print (menultem.getName () + %, “);
System.out.print (menultem.getPrice() + “ —-=- “);
System.out.println (menultem.getDescription());

// other methods here
}
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What does this get us?

The PancakeHouseMenu and DinerMenu classes implement an interface,

the iterator and composite patterns

N

Menu. Waitress can refer to each menu object using the interface rather than
the concrete class. So, we’re reducing the dependency between the Waitress and
the concrete classes by “programming to an interface, not an implementation.”

The new Menu interface has one method, createlterator(), that is implemented
by PancakeHouseMenu and DinerMenu. Each menu class assumes the

2

responsibility of creating a concrete Iterator that is appropriate for its internal
implementation of the menu items.

)
Here's our new Menu intevface.

[ specifies the new method,

Now, Waitress
only needs to
be tonterned
with Menus and

We'e detout
“mY\cmCV\‘kfa‘t“"‘
we tan vse an

over an\l \\5{

This solves the problem of
the Waitress depending on
Lhe tontrete Menus:

This solves the problem of
the Waitress depending on

the implementation of the
MCnu"f‘,cms.

led Waitress Leom the
of the menus, so noW
|tevator to ikevate

enw kems wi{hou{:

how the list
eveateltevator(). [terators. having to know a\mu"chc :
of items is implemented
<<interface>> i Waitress h—) <<interface>>
Menu ) Iterator
printMenu()
createlterator() hasNext()
next()
remove()
PancakeHouseMenu h DinerMenu h PancakeHouseMenulterator ‘ DinerMenulterator h
menultems menultems
hasNext() hasNext()
createlterator() createlterator()

Q PancakeHouseMeny and Din
the Menu interface,
implement the new ¢

erMenu now implement
which means ‘l:hc\/ need to
veatelterator() method.

\

next()

remove()

next()

remove()

We've now using the AvraylList
itevator supplied by java.util
We don't need this anymore.

Eath tontrete Menu is vesponsible
for eveating the appropriate

tontrete [terator tlass.

DinerMenu veturns

an DinerMenulterator
‘C\rom its
eveateltevator()
method because that's
the kind of itevator
vequived to iterate
over its Avvay of

menu items.

you are here »
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iterator pattern

Iterator Pattern defined

You've already seen how to implement the Iterator
Pattern with your very own iterator. You've also seen
how Java supports iterators in some of its collection
oriented classes (the ArrayList). Now it’s time to check
out the official definition of the pattern:

The Iterator Pattern provides a way to
access the elements of an aggregate object
sequentially without exposing its underlying
representation.

This makes a lot of sense: the pattern gives you a way
to step through the elements of an aggregate without
having to know how things are represented under the
covers. You've seen that with the two implementations
of Menus. But the effect of using iterators in your
design is just as important: once you have a uniform way
of accessing the elements of all your aggregate objects,
you can write polymorphic code that works with any
of these aggregates — just like the printMenu() method,
which doesn’t care if the menu items are held in an
Array or ArrayList (or anything else that can create an
Iterator), as long as it can get hold of an Iterator.

The other important impact on your design is that the
Iterator Pattern takes the responsibility of traversing
elements and gives that responsibility to the iterator
object, not the aggregate object. This not only keeps
the aggregate interface and implementation simpler,

it removes the responsibility for iteration from the
aggregate and keeps the aggregate focused on the
things it should be focused on (managing a collection of
objects), not on iteration.

Let’s check out the class diagram to put all the pieces in
context...
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The [terator Pattern allows
traversal of the elements

of an aggregate without
exposing the unJerlying

implementation.

It also places the task of

traversal on the iterator
object, not on the aggregate,
which simpli@es the
aggregate interface and
implementation, and places

the responsil)ility where it
should be.
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The [tevator intecface
provides the intevface
that all itevators
must implement, and

a set of methods

for traversing over

Having a common interface for Your
aggregates is handy for your client;

it decouples your ¢lient from the
imPlcmcu{:a'Eion of Your colleetion of ob\)cc{:s-

/

( ~ <<interface>> rf Client h—> <<interface>> elements of a tollection.
Aggregate Iterator Heve we're usin 9 the
createlterator() hasNext() \‘)avavu +,||| {CY 3 {',ov" I £ Y o
next() ) )
don't want to use Java’s
remove()
[tevator interfate, you
T tan always eveate Yyour
§ own.
ConcreteAggregate = > Concretelterator
createlterator() hasNext()
next()
\ Each Concre{:cAggvcga{c remove()
is vesponsible for —
instantiating a
The Contretefggregate Coneretelterator that

has a tollection of
objects and implements
the method that

YC{:Wns an H:craﬁo!r ‘For
its colleetion.

@wtnv«
v

QWEWR

The class diagram for the Iterator Pattern looks very similar to another Pattern you've studied; can you
think of what it is? Hint: A subclass decides which object to create.

tan iterate over its
eolleetion of ob\)cc{:s.

The Conevetelterator is
vesponsible for managing
the eurrent position of
the itevation.

you are here » 337



q&a about

Q,: I've seen other books show the
Iterator class diagram with the methods
first(), next(), isDone() and currentltem().
Why are these methods different?

AI Those are the “classic” method
names that have been used. These names
have changed over time and we now have
next(), hasNext() and even remove() in
java.util.lterator.

Let’s look at the classic methods. The
next() and currentltem() have been merged
into one method in java.util. The isDone()
method has obviously become hasNext();
but we have no method corresponding to
first(). That's because in Java we tend to
just get a new iterator whenever we need to
start the traversal over. Nevertheless, you
can see there is very little difference in these
interfaces. In fact, there is a whole range
of behaviors you can give your iterators.
The remove() method is an example of an
extension in java.util.lterator.

Q: I've heard about “internal”
iterators and “external” iterators. What
are they? Which kind did we implement
in the example?

A: We implemented an external iterator,
which means that the client controls the
iteration by calling next() to get the next
element. An internal iterator is controlled
by the iterator itself. In that case, because
it's the iterator that's stepping through the
elements, you have to tell the iterator what
to do with those elements as it goes through
them. That means you need a way to pass
an operation to an iterator. Internal iterators
are less flexible that external iterators
because the client doesn’t have control of
the iteration. However, some might argue
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there are no o
Dum @uesﬁ@ns
that they are easier to use because you just

hand them an operation and tell them to
iterate, and they do all the work for you.

* CouldI implement an Iterator that
can go backwards as well as forwards?

A: Definitely. In that case, you'd
probably want to add two methods, one to

get to the previous element, and one to tell
you when you're at the beginning of the
collection of elements. Java’s Collection
Framework provides another type of iterator
interface called Listlterator. This iterator
adds previous() and a few other methods

to the standard Iterator interface. Itis
supported by any Collection that implements
the List interface.

< Who defines the ordering of the
iteration in a collection like Hashtable,
which are inherently unordered?

A: Iterators imply no ordering. The
underlying collections may be unordered as
in a hashtable or in a bag; they may even
contain duplicates. So ordering is related
to both the properties of the underlying
collection and to the implementation. In
general, you should make no assumptions
about ordering unless the Collection
documentation indicates otherwise.

- You said we can write
“polymorphic code” using an iterator;
can you explain that more?

A: When we write methods that take
Iterators as parameters, we are using
polymorphic iteration. That means we are
creating code that can iterate over any

collection as long as it supports Iterator.
We don't care about how the collection
is implemented, we can still write code to
iterate over it.

Q: If I'm using Java, won’t | always
want to use the java.util.lterator
interface so | can use my own iterator
implementations with classes that are
already using the Java iterators?

A: Probably. If you have a common
Iterator interface, it will certainly make it
easier for you to mix and match your own
aggregates with Java aggregates like
ArrayList and Vector. But remember, if you
need to add functionality to your Iterator
interface for your aggregates, you can
always extend the lterator interface.

Q; I've seen an Enumeration
interface in Java; does that implement
the lterator Pattern?

A: We talked about this in the Adapter
Chapter. Remember? The java.util.
Enumeration is an older implementation

of Iterator that has since been replaced

by java.util.lterator. Enumeration has

two methods, hasMoreElements(),
corresponding to hasNext(), and
nextElement(), corresponding to next().
However, you'll probably want to use Iterator
over Enumeration as more Java classes
support it. If you need to convert from one
to another, review the Adapter Chapter
again where you implemented the adapter
for Enumeration and Iterator.



Single Responsibility

What if we allowed our aggregates to
implement their internal collections and
related operations AND the iteration
methods? Well, we already know that
would expand the number of methods in
the aggregate, but so what? Why is that
so bad?

Well, to see why, you first need to recognize that when we allow
a class to not only take care of its own business (managing
some kind of aggregate) but also take on more responsibilities
(like iteration) then we’ve given the class two reasons to change.
Two? Yup, two: it can change if the collection changes in
some way, and it can change if the way we iterate changes. So
once again our friend CHANGLE is at the center of another
design principle:

Design Principle

A class should have only one
reason to change.

We know we want to avoid change in a class like the plague
— modifying code provides all sorts of opportunities for
problems to creep in. Having two ways to change increases
the probability the class will change in the future, and when
it does, it’s going to affect two aspects of your design.

The solution? The principle guides us to assign each
responsibility to one class, and only one class.

That’s right, it’s as easy as that, and then again it’s not:
separating responsibility in design is one of the most
difficult things to do. Our brains are just too good at seeing
a set of behaviors and grouping them together even when
there are actually two or more responsibilities. The only
way to succeed is to be diligent in examining your designs
and to watch out for signals that a class is changing in more
than one way as your system grows.

the iterator and composite patterns

Every responsil)ility of a
class is an area of potential
cliange. More than one
responsil)ility means more
than one area of cliange.

This principle guides us to
keep each class to a single

responsil)ility.

A Cohesion is a term you'll
hear used as a measure of

ﬂ | how closely a class or a

@j@ | module supports a single

| purpose or responsibility.

|

) We say that a module or
class has high cohesion

when it is designed around a set of
related functions, and we say it has low
cohesion when it is designed around a
set of unrelated functions.

Cohesion is a more general concept
than the Single Responsibility Principle,
but the two are closely related.

Classes that adhere to the principle
tend to have high cohesion and are
more maintainable than classes that
take on multiple responsibilities and
have low cohesion.
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multiple responsibilities

RANN
PQWwWEWwR

Examine these classes and determine which ones have multiple responsibilities.
Person GumballMachine
setName getCount()
Game setAddre(s)s() Phone getState()
It?gin() setPhoneNumber() dial() getlocation)
signup() save() hangUp()
rvae() load() talk()
fire() sendData()
rest() flash()
lterator
DeckOfCards - hasNext()
hasNex() ShoppingCart next()
next() add) remove()
remove() remove()
addCard() checkOut()
removeCard() saveForLater() .
shuffle()
C
=
HARD HAT AREA, WATCH OUT
FOR FALLING ASSUMPTIONS
wawn?®
P QW E w Determine if these classes have low or high cohesion.
Game PlayerActions i
login() GameSession i move() Player h
signup() - fire() getHighScore()
move() Iolgln() rest() getName()
fire() signup()
rest()
getHighScore()
getName()
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the iterator and composite patterns

Good thing you're learning
about the Iterator pattern
because I just heard that Objectville
Mergers and Acquisitions has done
another deal... we're merging with
Objectville Café and adopting their
dinner menu.

Wow, and we thought things
were already complicated.
Now what are we going to do?

Come on,
think positively, I'm
sure we can find a way to
work them into the
Iterator Pattern.
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a new menu

Taking a look at the Café Menu

Here’s the Café Menu. It doesn’t look like too much trouble to integrate the
Cafe Menu into our framework... let’s check it out.

CafeMenu doesnt \m\"tmcn‘h _ow new Menw

nteckate but this is easily fived. ' o i 3 Hoshtable.

nerteEn The Cafe is storing their menu i ems in |
public class CafeMenu { Does that support [tevator? Well see shortly.

Hashtable menultems = new Hashtable(); &
Like the other Menus, the menu items are
public CafeMenu() { C_\ inibialized in the tonstruttor.
addItem(“Veggie Burger and Air Fries”,
“Weggie burger on a whole wheat bun, lettuce, tomato, and fries”,
true, 3.99);
addItem (“Soup of the day”,
“A cup of the soup of the day, with a side salad”,
false, 3.69);
addItem (“Burrito”,
“A large burrito, with whole pinto beans, salsa, guacamole”,
true, 4.29);

Heve's wheve we treate a new Menultem
and add it 4o the menultems hashtable.

public void addItem(String name, String description,
boolean vegetarian, double price)
{
Menultem menultem = new Menultem(name, description, vegetarian, price);
menultems.put (menultem.getName (), menultem);

} . .
Q the key is the item ha} the value is £he menu/tem Ob\)et‘l‘,
public Hashtable getItems() {
return menultems;
} \ We've not 5oin3 4o need this anymove.

@ oharpen your pencil
napen o

Before looking at the next page, quickly jot down the three things
we have to do to this code to fit it into our framework:
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the iterator and composite patterns
Reworking the Café Menu code

Integrating the Cafe Menu into our framework is easy. Why? Because
Hashtable is one of those Java collections that supports Iterator. But it’s not
quite the same as ArrayList...
CafeMenu implements the Menu
intevfate, so the Waitvess ean use it
. . S.
public class CafeMenu implements Menu { \)"S{“ like the other two Menw
Hashtable menultems = new Hashtable(); .
-~ We've using Hashtable because it's a
public CafeMenu () { tommon data strutture for storing values;

// constructor code here You tould also use the newer RashMap.
}

public void addItem(String name, String description,
boolean vegetarian, double price)

{

MenulItem menultem = new Menultem(name, description, vegetarian, price);
menultems.put (menultem.getName (), menultem);

1 ™. () so we don’{‘,
like befove, we ean et vid of getltems .
B e et & \i‘:fosL i‘)\: i:\ylcmcn{:a{ion of menultems {o the Waitvress.

_}_
i L=\ And here's where we implement the eveatelterator()
A -() { method. Notice that we've not getting an [+evator
: return menultems.values () .iterator(); Cor the whole Machbable, :)us{ £ the values.

) ~

p O@de UP O]@SG Hashtable is a little more complex than the ArrayList because it

supports both keys and values, but we can still get an Iterator
for the values (which are the Menultems).

public Iterator createlterator() {
return menultems.values () .iterator () ;

}
First we get the values of the Hashtable, _’—“"—kil‘/ that collection supports the
which is just colleetion of all the 'tc."'a'b"‘r() method, which veturns a
objects in the hashtable. object of tybe javautil [tevator.
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test drive the new menu

Adding the Café Menu to the Waitress

That was easy; how about modifying the Waitress to support our new Menu?
Now that the Waitress expects Iterators, that should be easy too.

The Cafe menu is passed into the Waitress in
public class haitrese | khe construttor with the other menus, and we
Menu pancakeHouseMenu;

it instante vaviable.
Menu dinerMenu; ﬂﬁﬂ\ilnanln{a

Menu cafeMenu; §/

public Waitress (Menu pancakeHouseMenu, Menu dinerMenu, Menu cafeMenu) ({
this.pancakeHouseMenu = pancakeHouseMenu;
this.dinerMenu = dinerMenu;
this.cafeMenu = cafeMenu;

public void printMenu () {
Iterator pancakelterator = pancakeHouseMenu.createlterator():;
Iterator dinerIterator = dinerMenu.createlterator();

Iterator cafelterator = cafeMenu.createlterator(); e We've using the Cake's
menu for our dinner menu.

System.out.println ("MENU\n----\nBREAKFAST") ; All we have to do to print

printMenu (pancakelIterator) ; it is eveate the itevator,

System.out.println (“\nLUNCH") ; . .

£ p () ) and pass it to PrmecnuO.
printMenu (dinerIterator) ; s itl
System.out.println (“"\nDINNER") ; That's it!
printMenu (cafelterator);

privatg voi@ printMenu(Iterator iterator) { — No{mnschmﬁcshﬂt
while (iterator.hasNext()) {
Menultem menultem = (Menultem)iterator.next();
System.out.print (menultem.getName () + %, “);
System.out.print (menultem.getPrice() + “ —-=- “);
System.out.println (menultem.getDescription());
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Breakfast, lunch AND dinner

Let’s update our test drive to make sure this all works.

public class MenuTestDrive {
public static void main(String args[]) { Create a Ca(:cMcnu-n

PancakeHouseMenu pancakeHouseMenu = new PancakeHouseMenu() ;
DinerMenu dinerMenu = new DinerMenu () ; <__’_/—/
CafeMenu cafeMenu = new CafeMenu() ; .. and pass it 4o the waitress.

Waitress waitress = new Waitress (pancakeHouseMenu, dinerMenu, cafeMenu) ; Q’—>

waitress.printMenu() ;

< Now, when we print we should see all three menus.

Here’s the test run: check out the new dinner menu from the Café!

File Edit Window Help

% java DinerMenuTestDrive Fivst we iterate

MENU through the pancake
—_——— meénu.
BREAKFAST

K&B’'s Pancake Breakfast, 2.99 -- Pancakes with scrambled eggs, and toast

Regular Pancake Breakfast, 2.99 -- Pancakes with fried eggs, sausage

Blueberry Pancakes, 3.49 -- Pancakes made with fresh blueberries And then
Waffles, 3.59 -- Waffles, with your choice of blueberries or strawberries the diner

Kathy&BertLikePancakes

menu.

LUNCH

Vegetarian BLT, 2.99 -- (Fakin’) Bacon with lettuce & tomato on whole wheat
BLT, 2.99 -- Bacon with lettuce & tomato on whole wheat

Soup of the day, 3.29 -- Soup of the day, with a side of potato salad

Hotdog, 3.05 -- A hot dog, with saurkraut, relish, onions, topped with cheese
Steamed Veggies and Brown Rice, 3.99 -- Steamed vegetables over brown rice
Pasta, 3.89 -- Spaghetti with Marinara Sauce, and a slice of sourdough bread

DINNER (\And ‘("ihall\/ ‘H’\C
Soup of the day, 3.69 -- A cup of the soup of the day, with a side salad new cafe menw,
Burrito, 4.29 -- A large burrito, with whole pinto beans, salsa, guacamole all with the
Veggie Burger and Air Fries, 3.99 -- Veggie burger on a whole wheat bun, same itevation
lettuce, tomato, and fries tode.

%
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what did we do?

What did we do?

e

.

Arraylist

We wanted to give the

Waitress an easy way to /7

. e Our menu kems had two
diffevent '\m\?\c-ncn{:a’c\ons
and two d'\“crcﬂ:
inteckates for ikecating:

Ny

| enzre® | Menire® | Hemptes | Memme® |

=4

. and we didn't want her to
know about how the menu
items ave implemented.

We decoupled the Waitress....

So we gave the Waitress an
[tevator for each kind of
group of objcc{-,s she needed to
iterate over...

... on€ ‘COY

Avvaylist has 3
built in iberator-

Y

Arraylist

x} Arra\/LiS‘E-n

| Yenmre® | Menzre® | Memizred | Mengzse®
1 2 3 4

- Pevay doesn't
) / Lterat® have a built in Al’l’ay
\ " and one for I‘EfYGJCOV so we Sh
Array. bull‘t our own.
—next() - O
f Pt /\

$ Now she doesn’t have to worry about which

.|m\>|emcn‘f‘,a+,ion we used; she always uses the same

interface — [tevator — to iterate over menu items.

She’s been decoupled from the implementation.

P
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... ahd we made the Waitress more extensible

By giving her an [tevator We easily added another
Y slVlY\

impleme tation 0‘(: menu
we have decoupled her from 'l {;E:s' a‘:\ 4 sinte we
{;he .‘m"lcmch{aiion 0‘(: -thc YV‘O‘AdCd an H,C‘ra{'p\r;
m::‘ itm/;]' * wi- can CESiJlC\/ the Waitress knew what
M add new Menus it we want.

, Hashtable + do
J

r ____—next() \
\

Which is better Lo her, Irer‘(“&
€tause now she ¢g,, use the
same code 4, itevate ovey

& .
Vs :E'jY Evour of objects. Ang values.itevator()
ﬂ ; s better for o because

. 'l: an
hc '”‘P’cmCh{‘,af . you 56
aren’t €XPposed. o detal fterator

Making an [terator
for the Hashtable
values was €asy; when
you eall

But there’s more!

Java 9ives You a lot of

“eollection” ¢lasses that allow

You to j,‘orc and vetrieve

9roups ot objects. For example, . i
Veetor and L)inkchirE- i Ll"kedLISt

Most have diffevent Vec‘l'OI’

intecfaces.

Hengre®  Menme®  Yempre®  Meprie®

But almost all of I "enu;w“ I “Em;w'“ I"enu;w'“ I "'enufe‘“ |
Lhem support 3 waY
Lo obtain an [terator:

and wore!

And if ‘Ehcy don't support
[tevator, that's ok, betause now
You know how to build Yyour own.
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iterators and collections

lterators and Collections

We’ve been using a couple of classes that are part of the Java Collections Framework.
This “framework” is just a set of classes and interfaces, including ArrayList, which we’ve
been using, and many others like Vector, LinkedList, Stack, and PriorityQueue. Each
of these classes implements the java.util.Collection interface, which contains a bunch of
useful methods for manipulating groups of objects.

Let’s take a quick look at the interface:

<<interface>> ) . d N
c";;ecm As you ean se&, theve's all kw‘;ds of Vgcoo
dd and remo —
add) - £ubf heve. You tan add and Y€ .
addAll() &7 Sg\:mcn{'ﬁ from your tolleetion without even Watch lt!
clear() . H's implemented.
contains() knoving hov sy Hashtable is one of a few
containsAll() classes that indirectly
equals() supports lterator. As you saw
hashCode() , ) ) when we implemented the
isEmpty() S Heve's our old friend, the itevator() CafeMenu, you could get an
torator) €| method. With this method, you ean get Iterator from it, but only by
remove() an [tevator for any ¢lass that implements first retrieving its Collection
removeAl() the Collection interface. called values. If you think
retainAl() about it, this makes sense:
size() p—— the Hashtable holds two

toArray()

sets of objects: keys and
values. If we want to iterate
over its values, we first need

Other handy methods include size(),
to get the number of elements,

a"ﬁ ‘bo.Aw.ay() to turn your to retrieve them from the
collection into an arvay. Hashtable, and then obtain
the iterator.

The nice thing about Collections and
Iterator is that each Collection object
knows how to create its own Iterator.
Calling iterator() on an ArrayList returns a
concrete Iterator made for ArrayLists, but
you never need to see or worry about the
concrete class it uses; you just use the
Iterator interface.

0063
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the iterator and composite patterns

Iterators and Collections
indava §

Check this out, in
Java 5 they've added
support for iterating
over Collections so that
you don't even have to
ask for an iterator.

Java 5 includes a new form of the for statement, called
for/in, that lets you iterate over a collection or an array
without creating an iterator explicitly.

To use for/in, you use a for statement that looks like:

obj is assigncd to the next

)

element in the eollettion each
4ime through the loop.

H:cra{:cs over
eath obJ'cL{: in
the colleetion.

\

for (Object obj: collection) {

}
Load up an
s . . . . AV‘V‘JYLiS‘{: o-(:
Here’s how you iterate over an ArrayList using for/in: Menultems.
ArraylList items = new ArrayList(); \2

items.add (new Menultem (“Pancakes”, “delicious pancakes”, true, 1.59);
items.add (new Menultem (“Waffles”, “yummy waffles”, true, 1.99);
items.add (new Menultem (“Toast”, “perfect toast”, true, 0.59);

for (Menultem item: items) {
System.out.println (“Breakfast item: “ + item);

}

[terate over the list and print
each item.

Watch it!

You need to use Java 5’s new
generics feature to ensure for/
in type safety. Make sure you
read up on the details before
using generics and for/in.
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code magnets

Code Magnets

The Chefs have decided that they want to be able to alternate their lunch menu items; in other words,
they will offer some items on Monday, Wednesday, Friday and Sunday, and other items on Tuesday,
Thursday, and Saturday. Someone already wrote the code for a new “Alternating” DinerMenu Iterator
so that it alternates the menu items, but they scrambled it up and put it on the fridge in the Diner as a

joke. Can you put it back together? Some of the curly braces fell on the floor and they were too small
to pick up, so feel free to add as many of those as you need.

MenulItem menultem = items|[position];
position = position + 2;
return menultem;

import java.util.Iterator;
import java.util.Calendar;

I Public Object next () {i K:)

public AlternatianinerMenuIterator(MenuItem[] items)

this.items = items;

Calendar rightNow

nc : Calendar.getlnstance();
position = rightNow.get (Calendar.DAY OF WEEK)

public void remove () {
1mplements IteratOr

3 2;

Menultem[] items;
int position;

[:] [Bublic class AlternatingDinerMenuIteratof]

[public boolean hasNext () {

throw new UnsupportedOperationException (

if (position >= items.length || items [position] == null) {
return false;
} else {

return true;
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the iterator and composite patterns

Is the Waitress ready for prime time?

The Waitress has come a long way, but you’ve gotta admit
those three calls to printMenu() are looking kind of ugly.

Let’s be real, every time we add a new menu we are going to
have to open up the Waitress implementation and add more
code. Can you say “violating the Open Closed Principle?”

Three eveatelterator() ealls.

public void printMenu() {
Iterator pancakelterator = pancakeHouseMenu.createlterator();
Iterator dinerIterator = dinerMenu.createlterator();
Iterator cafelterator = cafeMenu.createlterator();

System.out.println (“"MENU\n----\nBREAKFAST") ;
printMenu (pancakelterator) ;

System.out.println (“\nLUNCH") ; “\ )

printMenu (dinerIterator); Three talls to \’V"‘{"Mc""'
&

System.out.println (“\nDINNER”) ; z,/

printMenu (cafelterator);

Everytime we add or vemove 3 menu we're 9oing
4o have to open this tode up for thanges.

It’s not the Waitress’ fault. We have done a great job of decoupling the menu implementation and
extracting the iteration into an iterator. But we still are handling the menus with separate, independent
objects — we need a way to manage them together.

RANVN
PQWEWR

The Waitress still needs to make three calls to printMenu(), one for each menu. Can you think of a
way to combine the menus so that only one call needs to be made? Or perhaps so that one lterator is
passed to the Waitress to iterate over all the menus?
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a new

This isn't so bad, all we
need to do is package
the menus up into an ArrayList
and then get its iterator to iterate
through each Menu. The code in the
Waitress is going to be simple
and it will handle any number of
menus.

£
i

Sounds like the chef is on to something. Let’s give it a try:

public class Waitress { /_\ Now wei‘)us{ take an
ArrayList menus; Arra\/Lls{ of menus.
public Waitress (ArrayList menus) {
this.menus = menus;
} And we itevate

through the

public void printMenu () { menus, passing each

Iterator menulterator = menus.iterator(); K menu's i{:e\ra{:or
while (menulterator.hasNext ()) {
Menu menu = (Menu)menulterator.next (); {'p- the overloaded
printMenu (menu.createlterator()); Prlh{iMcnu() method.

void printMenu(Iterator iterator) { 4\
while (iterator.hasNext()) { No tode
Menultem menultem = (Menultem)iterator.next();
System.out.print (menultem.getName () + %, “);
System.out.print (menultem.getPrice() + “ —-=- “);
System.out.println (menultem.getDescription());

thanges heve.

This looks pretty good, although we’ve lost the names of the menus,
but we could add the names to each menu.
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the iterator and composite patterns

Just when we thought it was safe...

Now they want to add a dessert submenu.

T just heard the
Diner is going to be
creating a dessert menu that
is going to be an insert into
their regular menu.

Okay, now what? Now we have to support not only multiple
menus, but menus within menus.

It would be nice if we could just make the dessert menu an
element of the DinerMenu collection, but that won’t work as
it is now implemented.

Oa -
What we want (something like this): .4 ‘

All Menus

3

\}

!

Heve's our Avvaylist
that holds the menus
of eath vestauwrant.

| ok | Orermers | Cremens |

1 2 8

Café Menu

Pancake Menu
Piner Menu

Q009

Avrcay

| e m“‘ |4'nun‘“ |4’nun“‘ |44nuﬁ“‘ |

Hashtable
NS—

heayList  Vessert Menu

We need for Diner Menu +o hold a submenu, but

we tan't ad;ually assign a menu f0 a Menultem
/ arvay because the types ave diffevent, so this

isn't going to work.
\S 1 We can’t assign a dessert menu to
PR AL Tl 9
a\ro“st\“'o a Menultem array.

Time for a change!
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time to refactor

What do we need?

The time has come to make an executive decision to
rework the chef’s implementation into something that
is general enough to work over all the menus (and now
sub menus). That’s right, we’re going to tell the chefs
that the time has come for us to reimplement their
menus.

The reality is that we’ve reached a level of complexity
such that if we don’t rework the design now, we’re
never going to have a design that can accommodate
further acquisitions or submenus.

So, what is it we really need out of our new design?

®  We need some kind of a tree shaped structure that

will accommodate menus, submenus and menu
items.

We need to make sure we maintain a way to
traverse the items in each menu that is at least
as convenient as what we are doing now with
iterators.

We may need to be able traverse the items in a
more flexible manner. Tor instance, we might
need to iterate over only the Diner’s dessert menu,
or we might need to iterate over the Diner’s entire
menu, including the dessert submenu.

There comes a time
when we must refactor
our code in order for it to grow.
To not do so would leave us with
rigid, inflexible code that has
no hope of ever sprouting
new life.
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Betause we need 4o vepresent

menus, ncs{:ed sub menus And ‘c{:
menu items, we £an naturally *
them in 3 Lree-like sbrutture. s

O We need +0 > C>\‘ O
2 modate Menus--
2 & attomo :‘ O,-,,er N\e&

.
OA—eIO‘gJ\ / \ o and s menue e N\e\
Henzre Yemre®  Hengres Henpress Yengre®  Henrre™ P Henrrer enrrer
eSSer\ N\

"Q Henurre Henzre®  Menprer ?3//

We still need 1o be able
+o traverse the all the

‘// \\ \:&d /M/n u/%cm&

Yemzre™

iLems in the tree Ve also need 4, b able 4,

ms’(:am:c OoVer one meénu

v
averse more ﬂcxib!y, for

@wauv«
vaweEw

How would you handle this new wrinkle to our design requirements? Think about it before turning the page.

you are here »
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composite pattern

The Composite Pattern defined

That’s right, we’re going to introduce another pattern
to solve this problem. We didn’t give up on Iterator — it
will still be part of our solution — however, the problem
of managing menus has taken on a new dimension that
Iterator doesn’t solve. So, we’re going to step back and
solve it with the Composite Pattern.

We’re not going to beat around the bush on this pattern,
we’re going to go ahead and roll out the official definition
now:

The Composite Pattern allows you to
compose objects into tree structures to
represent part-whole hierarchies. Composite
lets clients treat individual objects and
compositions of objects uniformly.

Let’s think about this in terms of our menus: this pattern
gives us a way to create a tree structure that can handle

a nested group of menus and menu items in the same
structure. By putting menus and items in the same
structure we create a part-whole hierarchy; that is, a tree of
objects that is made of parts (menus and menu items) but
that can be treated as a whole, like one big iiber menu.

Once we have our tiber menu, we can use this pattern

to treat “individual objects and compositions uniformly.”
What does that mean? It means if we have a tree structure
of menus, submenus, and perhaps subsubmenus along with
menu items, then any menu is a “composition” because

it can contain both other menus and menu items. The
individual objects are just the menu items — they don’t hold
other objects. As you’'ll see, using a design that follows the
Composite Pattern is going to allow us to write some simple
code that can apply the same operation (like printing!) over
the entire menu structure.
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complex trees.
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é/

Submenu
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O Menus
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Subm
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the iterator and composite patterns

The Composite Pattern
allows us to build structures
of olajects in the form of
trees that contain both
compositions of olajects and
individual oLjects as nodes.

Using a composite structure,
we can apply the same
o])erations over both
composites and individual
ol)jects. In other wosz, in
most cases we can ignore
the differences hetween

compositions of olajects and

individual objects.

Ov the Ya\’*}.
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composite pattern class diagram

The Client uses the

Lines an
The Com?onth{: de : :
inteckate for all ob\)cd',S in
the comvos'\{:\on? both the

4he leak nodes-

The Com?ohen'l: may im |
dcfauH: behavior £°7r' Plement a

1 ‘caCC {'9 oSﬂ',C and . addo} V‘cumove()
C omYo“c"{" inter : ] tomyp SC'EChl,dO and its . ’
manipulate the dojects in the 'Ts operations.
(,om?os\‘bo"' \/
Client s Component
operation()
add(Component)
remove(Component)
.No'(:c. that the Leaf also getChid/int)
lh"ICV‘I{‘,s mc{:hods 'ikc add(),
'C'h'ovco and 9etChild(), whieh
don’t necessarily make g lot of /—\
sense for 3 leaf node. We've
9oing toe b. .
ome back {o +this issue. Leaf h Composite
operation() I add(Component)
remove(Component) ke also
A Leaf has no getChild(int) The Comtsud\c Leak-
¢hildren. operation() implemen akions:
velated oFe’ ¢ of
No‘\"c J(’\\ak 50: make
A Leaf defines the behavior for 4he these ™2 “é 0S\Te)
elements in the tomposition. [t does , ) I nse on 3 omp! .
this by implementing the operations The Composite’s vole is to detine . that céscj{lb
the C omposite suppor-ts. behavior of the Lom\?ontn{:s . . *t,c\’{w" wigh
having thildvren and to stove thild nevate

- Component, Composite, Trees?
I’'m confused.

A: A composite contains components.

Components come in two flavors:
composites and leaf elements. Sound
recursive? Itis. A composite holds a set
of children, those children may be other
composites or leaf elements.
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Lom\?oncn{}

therejare nio
Dunib Questions
When you organize data in this way you end
up with a tree structure (actually an upside
down tree structure) with a composite at the
root and branches of composites growing up
to leaf nodes.

. How does this relate to iterators?

A: Remember, we're taking a new
approach. We're going to re-implement the
menus with a new solution: the Composite
Pattern. So don't look for some magical
transformation from an iterator to a
composite. That said, the two work very
nicely together. You'll soon see that we
can use iterators in a couple of ways in the
composite implementation.



Pesigning Menus with Composite

the iterator and composite patterns

So, how do we apply the Composite Pattern to our menus? To start with, we need to create a
component interface; this acts as the common interface for both menus and menu items and allows
us to treat them uniformly. In other words we can call the same method on menus or menu items.

Now, it may not make sense to call some of the methods on a menu item or a menu, but we can deal
with that, and we will in just a moment. But for now, let’s take a look at a sketch of how the menus
are going to fit into a Composite Pattern structure:

{',O use {\\C
ess 15 99 ss
The - onent W eY“caLC 4o acte
McmC°"‘\7 d Mcnu\*&ms

Waitress

Heve are the methods for /_%
manipulating the components.

The Com\?onth‘(‘,s are
Menultem and Menu.

Both Menultem and Menus
override print().

S~

Menultem overrides the methods fza; make

sense, and uses the def,
in McnuComPoncnf for
sense (like add() _
add a tomponent

add Components {5 3 Menw).

MenuComponent vepresents the interface for

both Menultem and Menu. We've used an abstract
tlass heve because we want to provide default
implementations for these methods.

MenuComponent

getName()
getDescription()
getPrice()
isVegetarian()

print()
add(Component)
remove(Component)
getChild(int)

/

/M72havc some of the same

methods you'll vemember
Feom our previous versions
0‘(: McnuH:Cm and Menw,
and we've added print(),
add0), vemove() and
gchChild(). we'll desevibe
these soon, when we
implement our new Menu
and Menultem classes.

Menultem Menu
getName() menuComponents
getDescription() getName()
getPrice() getDescription()
isVegetarian() print()
print() add(Component)

getChild(int)

remove(Component)

It imPlcmcn'l:a‘l:ions
those that don't make
it doesn't make sense 1o
'bo ] Mcnul'l:c»\..

- We £an only

Menu also over
sense,
(ov other mcnus!)

vides the methods +hat make

like a way o add and vremove menu items
F\'om its menuCom\?onCn{',s.

! m 0 and
addition, we'll use the getName
l;d:Dclvai\?{:ion() methods to retuen the name
and destription of the menu.
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implementing composite

Implementing the Menu Component [T SES——

the MenuComponent interface;
however, because leaves and
nodes have different roles we

Okay, we're going to start with the
MenuComponent abstract class; remember, the
role of the menu component is to provide an

can’t always define a default
implementation for each
method that makes sense.
Sometimes the best you can do
is throw a runtime exception.

interface for the leaf nodes and the composite
nodes. Now you might be asking, “Isn’t the
MenuComponent playing two roles?” It might
well be and we’ll come back to that point.
However, for now we’re going to provide a default
implementation of the methods so that if the
Menultem (the leaf) or the Menu (the composite)
doesn’t want to implement some of the methods
(like getChild() for a leaf node) they can fall back
on some basic behavior:

Betause some of these methods only make sense
for Menultems, and some only make sense for

MenuComponent provides default Menus, the default implementation is
-‘m?\mcy\ﬁa{jons for every method- UnsupportedOperationException. That way,
l, if Menultem or Menu doesn't support an
operation, {hc\/ don’t have to do any{‘.hing,
public abstract class MenuComponent ({ H‘C‘/ Ca“j“‘£ inherit the

dC‘FauH: im?|¢mcn{:a“:ion.

public void add (MenuComponent menuComponent) {
throw new UnsupportedOperationException () ;

}

public void remove (MenuComponent menuComponent) {
throw new UnsupportedOperationException () ; We've 9rouped ‘f:ogc{:hcvr the
} . . . . “tom\?osi‘l:c" methods — that is,
public MenuComponent getChild (int i) { methods o add, vemove and :
throw new UnsupportedOperationException(); MemComp {:’ nd 9e
mpPonents.
}
public String getName () {
) .
throw new UnsupportedOperationException () ; Heve are the “oycra{iOh’ methods;
/ Lhese ave used by the Menultems.

public String getDescription() {

: i It tuens out we ¢an also use 3
throw new UnsupportedOperationException() ;

cou\ﬂc of them in Menu to0, as

} of pages when

) .

public double getPrice() { you Il see in a couple .
throw new UnsupportedOperationException () ; we show the Menu tode.

}

public boolean isVegetarian() {

throw new UnsupportedOperationException () ;

} print() is an “operation” method

public void print () { ﬂ'a‘[ﬁ both our Menus and Menultems
throw new UnsupportedOperationException () ; will '"‘Flcmtht but we provide a
} default operation heve.
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Implementing the Menu ltem

Okay, let’s give the Menultem class a shot. Remember,
this 1s the leaf class in the Composite diagram and it
implements the behavior of the elements of the composite.

public class Menultem extends MenuComponent {
String name;
String description; (‘\M_/
boolean vegetarian;
double price;

public Menultem(String name,
String description,
boolean vegetarian,
double price)

o

this.name = name;
this.description = description;
this.vegetarian = vegetarian;
this.price = price;

public String getName () {
return name;

First we need to extend
the McmCom\?oncw{:

the iterator and composite patterns

I'm glad we're going in
this direction, I'm thinking this is
going to give me the flexibility I need
to implement that crépe menu I've
always wanted.

interfate.

The construetor just takes the
name, deseription, ete. and
keeps a veferente to them all.
This is pretty muth like our old

menu item im‘>|cvncn{‘,a{i0h.

} Here's our getter methods — \‘)us{:

like
public String getDescription() {
return description;

}

public double getPrice() {
return price;

}

public boolean isVegetarian() {
return vegetarian;

}

public void print () {
System.out.print (Y Y + getName());
if (isVegetarian()) {
System.out.print (M (v)”);
}
System.out.println (%,
System.out.println ("

“ + getPrice());

our previous imylcmcn{;a{:ion.

This is different from the previous implementation.
Here we've overriding the print() method in the
McmCom?oncn‘{: tlass. For Menultem this method
prints the complete menu entry: name, destription,
price and whether or not it's veagie.

/

-- “ + getDescription());
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composite structure

Implementing the Composite Menu

Now that we have the Menultem, we just need the composite class, which we’re
calling Menu. Remember, the composite class can hold Menultems or other Menus.
There’s a couple of methods from MenuComponent this class doesn’t implement:
getPrice() and isVegetarian(), because those don’t make a lot of sense for a Menu.

Menu is also a MenuComponent, |

‘.)M{ ke Menlten Menu tan have any number 0‘? thildven
o(: {:\Ivc McmCom\?oncv\{:, we || use an
internal AwayLis{: 1o hold these

public class Menu extends MenuComponent {
ArrayList menuComponents = new ArrayList();
String name;

String description; This is different than our old implementation:
we've going to give eath Menu a name and a
public Menu (String name, String description) { dcsérip{:ion. Bcforc, we ‘)us{: velied on hav'mg
this.name = name; diffevent ¢lasses for each menu.

this.description = description;

public void add (MenuComponent menuComponent) {

menuComponents.add (menuComponent) ; Here's how you add McnuH:cvns o
} ¢ other Menus to a Menu. Betause
both Menultems and Menus ave
public void remove (MenuComponent menuComponent) { MCnuCom‘?onCn{:s, we ")us{ reed one
menuComponents.remove (menuComponent) ; ethod b do bk,

You tan also vemove 3 McnuCom\?ovan{:
public MenuComponent getChild(int 1) ({ orget a MenuComponent.
return (MenuComponent)menuComponents.get (i) ;

Heve are the getter methods for getting the name and

public String getName () { Z,/_\ deseription.

return name;

} Notice, we aren't overriding aetPrice() or isVegetarian()
because those methods don’t make sense for a Menu
public String getDescription() (although you could argue that isVegetarian() might make
return description; sense). £ someone Lries to call those methods on a Menu,
} {:hc\/'” 56‘(: an MhsuWo\r‘{:cdOPc\rafionExcePfion.

public void print () {
System.out.print (“\n” + getName ()) ;
System.out.println (Y, “ + getDescription());
System.out.println (“=-----=—==----——————- ") To print. the Menu, we print the

} | ‘\—L/ Menu's name and deseviption.
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the iterator and composite patterns

Wait a sec, I don't understand the
implementation of print(). I thought I was
supposed to be able to apply the same operations to a
composite that I could to a leaf. If I apply print() toa
composite with this implementation, all T get is a
simple menu name and description. I don't get a
printout of the COMPOSITE.

Excellent catch. Because menu is a composite and contains
both Menu Items and other Menus, its print() method should
print everything it contains. If it didn’t we’d have to iterate
through the entire composite and print each item ourselves.
That kind of defeats the purpose of having a composite
structure.

As you’re going to see, implementing print() correctly is easy
because we can rely on each component to be able to print
itself. It’s all wonderfully recursive and groovy. Check it out:

Fixing the print() method

public class Menu extends MenuComponent {
ArrayList menuComponents = new ArrayList();
String name;
String description;

// constructor code here All we need 4o do is thange {:\r{\:c wiic() m;{:h:d{’;:
o Iy the information aoow
ake it print not only . okher
[/ other methods here l'/;‘4@,\\, b:{ all of this Menv's ¢omponents othe
)
public void print () { Menus and Menultems.
System.out.print (“\n” + getName ()) ;
System.out.println (Y, “ + getDescription());
System.out.println(V--=-=-——-—-———————m———— "y
It?ratO]lf iterator = menuComponents.iterator () ; & Look! We 55{ 4o use an [terator. We
while (iterator.hasNext ()) { use it to iterate {hrough all the Menv's

MenuComponent menuC?mponent = com\aoncn{:s--- those tould be other Menus, or
(MenuComponent) iterator.next () ;

i . 'U\cy tould be Menultems. Since both Menus
) menuComponent .print (); and Menultems implement print(), we just
} eall ?Yin‘u) and the vest is up {0 them.

NOTE: |£, during this iteration, we entounter another Menu
object, its print() method will start another iteration, and so on.
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test drive the menu composite

Getting ready for a test drive...

It’s about time we took this code for a test drive, but we need to update the Waitress code before
we do — after all she’s the main client of this code:

Yup! The Waitress tode veally is this simple.
public class Waitress { NO‘*.I we just hand her the top level mjcv;‘u
S e tomponent, the one hat contains all the
called that allMenus.
public Waitress (MenuComponent allMenus) { other menus. We've

this.allMenus = allMenus;

}
All she has to do to print the entire menu

public void printMenu () { L’\/’_/ hiecarchy — all the menus, and all the menu

allMenus.print () ; items — is call printQ) on the top level menu.
}
We've 9onna have one happy Waitress.

Okay, one last thing before we write our test drive. Let’s get an idea of what the menu
composite is going to look like at runtime:

Every Menu and I:: top 'e‘fe’ menu holds g
McnuH:Cm imylc»\cn{s {:hc us and "tCMS-
MenuComponent intevface. Composite - A/
C 'l: AUl e
Omposite

‘K \
O§ holds items... P - ComYoS\‘tC =

e Hou .or items and Oiner N\e“’

N N
Q0O Q90

Hengrre™ Yenizre™

Hengre™ Henzrer Henzre Yenire™
1 essﬂ« N
IA / \\
Z LC&‘F R 1 7’
A
Lca Leaf
HepTre® Henirre Hengzre Hengzre®
<A
& Leaf
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Now for the test drive...

the iterator and composite patterns

Okay, now we just need a test drive. Unlike our previous version, we’re going to
handle all the menu creation in the test drive. We could ask each chef to give us

his new menu, but let’s get it all tested first. Here’s the code:

public class MenuTestDrive {

public static void main(String args([]) {
MenuComponent pancakeHouseMenu =

new Menu (V“PANCAKE HOUSE MENU”,

MenuComponent dinerMenu =

new Menu (“DINER MENU”,
MenuComponent cafeMenu =

new Menu (“CAFE MENU”, “Dinner”);

MenuComponent dessertMenu =

new Menu (“DESSERT MENU”,

“Breakfast”) ;

“Lunch”) ;

MenuComponent allMenus = new Menu (“ALL MENUS”,
allMenus.add (pancakeHouseMenu) ;
allMenus.add (dinerMenu) ;
allMenus.add (cafeMenu) ;

&_/

// add menu items here

dinerMenu.add (new MenulItem (
“Pasta”,
“Spaghetti with Marinara Sauce,
true,
3.89));

and a slice

/

dinerMenu.add (dessertMenu) ;

é/_/

Let's fivst eveate all
the menu ob\')CC‘{'.S-

-

We also need a top level
menu ‘H\a{‘, we'll name
allMenus.

“Dessert of course!”);

“All menus combined”);

We've using the Composite add() method to add
eath menu to the {0P|CVd meny, allMenus.

Now we need to add all

the menu items, heve's one
example, Lor the vest, look at
the tomplete souree tode.

of sourdough bread”,

And we've also addihg a3 menu toa

menw. All dinerMenu caves about is that
everything it holds, whether it's a menu

item or @ meny, is @ McmComYonCn{‘

dessertMenu.add (new Menultem(
“Apple Pie”,
“Apple pie with a flakey crust,
true,
1.59));

// add more menu items here
Waitress waitress =

waitress.printMenu() ;

} k\
} N

topped with vanilla ice cream”,

Add some apple pie to the

dessert menu...

new Waitress(allMenus); é\ Onte we've tonstrutted our entive

menu hievarchy, we hand the whole
thing to the Waitvess, and as you've
seen, it's easy as apple pie for her

to P\rin{: it out.
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composite responsibilities

Getting ready for a test drive...

NOTE: this output is based on the complete souree.

File Edit Window Help GreenEggs&Spam
% java MenuTestDrive

ALL MENUS, All menus combined

& Heve’s all our menus... we printed all this

\')us{: b\/ ca”ing yrin{:() on the 'bo? level menu

K&B’s Pancake Breakfast(v), 2.99

-- Pancakes with scrambled eggs, and toast
Regular Pancake Breakfast, 2.99

-- Pancakes with fried eggs, sausage
Blueberry Pancakes(v), 3.49

-- Pancakes made with fresh blueberries, and blueberry syrup
Waffles (v), 3.59

-- Waffles, with your choice of blueberries or strawberries

DINER MENU, Lunch

Vegetarian BLT(v), 2.99

-- (Fakin’) Bacon with lettuce & tomato on whole wheat
BLT, 2.99

-- Bacon with lettuce & tomato on whole wheat
Soup of the day, 3.29

-- A bowl of the soup of the day, with a side of potato salad
Hotdog, 3.05

-- A hot dog, with saurkraut, relish, onions, topped with cheese
Steamed Veggies and Brown Rice(v), 3.99

-- Steamed vegetables over brown rice
Pasta(v), 3.89

-- Spaghetti with Marinara Sauce, and a slice of sourdough bread

DESSERT MENU, Dessert of course! The new dessert

L—" menuis printed

Apple Pie(v), 1.59 when we ave

-- Apple pie with a flakey crust, topped with vanilla icecream .
Cheesecake(v), 1.99 printing all the

-- Creamy New York cheesecake, with a chocolate graham crust Diner menu
Sorbet(v), 1.89 Com‘?oncn{:s

-- A scoop of raspberry and a scoop of lime

CAFE MENU, Dinner

Veggie Burger and Air Fries(v), 3.99

-- Veggie burger on a whole wheat bun, lettuce, tomato, and fries
Soup of the day, 3.69

-- A cup of the soup of the day, with a side salad
Burrito(v), 4.29

-- A large burrito, with whole pinto beans, salsa, guacamole
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What's the story? First you tell us
One Class, One Responsibility, and now you
are giving us a pattern with two responsibilities
in one class. The Composite Pattern manages

a hierarchy AND it performs operations
related o Menus.

There is some truth to that observation. We could say that the
Composite Pattern takes the Single Responsibility design principle and
trades it for transparency. What’s transparency? Well, by allowing the
Component interface to contain the child management operations and
the leaf operations, a client can treat both composites and leaf nodes
uniformly; so whether an element is a composite or leaf node becomes
transparent to the client.

Now given we have both types of operations in the Component

class, we lose a bit of safety because a client might try to do something
inappropriate or meaningless on an element (like try to add a menu

to a menu item). This is a design decision; we could take the design in
the other direction and separate out the responsibilities into interfaces.
This would make our design safe, in the sense that any inappropriate
calls on elements would be caught at compile time or runtime, but we’d
lose transparency and our code would have to use conditionals and the
instanceof operator.

So, to return to your question, this is a classic case of tradeoff. We are
guided by design principles, but we always need to observe the effect
they have on our designs. Sometimes we purposely do things in a way
that seems to violate the principle. In some cases, however, this is a
matter of perspective; for instance, it might seem incorrect to have
child management operations in the leaf nodes (like add(), remove() and
getChild()), but then again you can always shift your perspective and see
aleaf as a node with zero children.
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flashback to iterator

Flashback to Iterator

We promised you a few pages back that we’d show you how to use Iterator
with a Composite. You know that we are already using Iterator in our internal
implementation of the print() method, but we can also allow the Waitress to
iterate over an entire composite if she needs to, for instance, if she wants to go
through the entire menu and pull out vegetarian items.

To implement a Composite iterator, let’s add a createlterator() method in every
component. We’ll start with the abstract MenuComponent class:

MenuComponent
We've added a eveatelterator() method
getName()
getDescription() to the McnuComFoncv\{:- This means
getPrice() that eath Menu and Menultem will
isVegetarian() need to implement this method. [t also
print) means that ealling eveatelterator() on a

add(Component)

composite should apply to all childven of
the Lomyosi{e-

remove(Component)
getChild(int)
createlterator()

Now we need to implement this method in the Menu and Menultem classes:

) .
public class Menu extends MenuComponent { Here we ¥€ using a new iterator ealled
C°”‘P°5-'+«c’t"a{'»°’f‘» [t knows how to
// other code here doesn’t change itevate over any tomposite. We pass it
/ the turrent Com?osi{;c‘s iterator.
public Iterator createlterator() {
return new Compositelterator (menuComponents.iterator());

public class Menultem extends MenuComponent {

// other code here doesn’t change Now for the Menultem...

Whoa! s thi
public Tterator createlterator() { \/h,ol‘:' W.ha{:s this Nulllterator?
return new NullIterator(); oull see in two pages.
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The Composite lterator

The Compositelterator is a SERIOUS iterator. It’s got the job of iterating
over the Menultems in the component, and of making sure all the child
Menus (and child child Menus, and so on) are included.

Here’s the code. Watch out, this isn’t a lot of code, but it can be a little mind

bending. Just repeat to yourself as you go through it “recursion is my friend,

recursion is my friend.” )
Like all iterators, weve WATCH Qur:

! implementing the \')ava-vf'l-H‘«C‘”ab" SO
import java.util.*; inteckace. .I“"'l_l“h"_"\‘

ZONE AHEAD
The itevator of the top level

K tomposite we've going to iterate over

public class Compositelterator implements Iterator {
Stack stack = new Stack();

public Compositelterator (Iterator iterator) { : passed in. We throw that in a stack
) ata structuve.
stack.push (iterator);
} Okay, when the client wants
public Object next () { K E:_%d {:\c next CIC”‘CA"{: we
if (hasNext()) { s m.a e sure there is one
Iterator iterator = (Iterator) stack.peek(); b\/ La”'"5 hasNext()...
MenuComponent component = (MenuComponent) iterator.next();
if (component instanceof Menu) {
: stack.push (component.createlterator()); & H_- theve is 3 next lement, we Sd:
return component; the turvent iterator off the stack
} else { and get its next element.
return null;
} [€ that element is @ menu, we have
} another tomposite that needs to
be intluded in the iteration, so we
public boolean hasNext () { throw it on the stack. |n either

if (stack.empty()) {

tase, we veturn the component.
return false;

To see if there is a next element,
S 1o see if the stack is
Iterator iterator = (Iterator) stack.peek(); we chcc.k see it € c's i
if (!iterator.hasNext ()) { Cmy{:\/,' if so, there isn't.
stack.pop () ; K Otherwise, we get the iterator ofk
return hashext ()7 the top of the stack and see if it
boetee | h has a next element. £ it doesn't
} rernEn b Obherwise theve is a next element  we pop it off the stack and call
} and we veturn true. hasNext() vecursively.
}
public void remove () { é‘_\ e + suovorkin
throw new UnsupportedOperationException () ; ere "o‘ upporting
} vemove, just traversal
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370

external

be

That is serious code... I'm frying
to understand why iterating over
a composite like this is more difficult
than the iteration code we wrote for
print() in the MenuComponent class?

When we wrote the print() method in the
MenuComponent class we used an iterator to
step through each item in the component and if
that item was a Menu (rather than a Menultem),
then we recursively called the print() method to
handle it. In other words, the MenuComponent
handled the iteration itself, internally.

With this code we are implementing an external
iterator so there is a lot more to keep track of.

For starters, an external iterator must maintain its
position in the iteration so that an outside client
can drive the iteration by calling hasNext() and
next(). But in this case, our code also needs to
maintain that position over a composite, recursive
structure. That’s why we use stacks to maintain
our position as we move up and down the
composite hierarchy.
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RANVN
PQWEWR

Draw a diagram of the Menus and Menultems. Then pretend you are the Compositelterator, and your job is
to handle calls to hasNext() and next(). Trace the way the Compositelterator traverses the structure as this

code is executed:

public void testCompositelterator (MenuComponent component) {
Compositelterator iterator new Compositelterator (component.iterator);

while (iterator.hasNext ()) {

MenuComponent component = iterator.next();
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The Null lterator

Okay, now what is this Null Iterator all about? Think about it this way: a
Menultem has nothing to iterate over, right? So how do we handle the le of the
implementation of its createlterator() method? Well, we have two choices: NOTE: Another C*a"\;‘;ttcvw"

Null Ob)CC‘h “Desion
Choice one:
Return null

We could return null from createlterator(), but then we’d
need conditional code in the client to see if null was
returned or not.

Choice two:

Return an iterator that always returns
false when hasNext() is called

This seems like a better plan. We can still return an iterator, but
the client doesn’t have to worry about whether or not null is ever
returned. In effect, we’re creating an iterator that is a “no op”.

The second choice certainly seems better. Let’s call it Nulllterator and
implement it.

This is the laziest [fevator You've
ever seen, at every step of the
import java.util.Iterator; way it punts.

public class Nulllterator implements Iterator {

public Object next () {

return null; E——_ When next( is called, we veturn null.

}

public boolean hasNext () { K_\ Most i'“?°r£a“{:l7 when hasNext() is
return false; called we always vetuen false.

}

public void remove () { ldn't think
throw new UnsupportedOperationException(); &— Aind the N.TIIH:crabo\r wouian

} o(: suy\?or{mg remove.
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Give me the vegetarian menu

Now we’ve got a way to iterate over every item of the Menu. Let’s
take that and give our Waitress a method that can tell us exactly
which items are vegetarian.

public class Waitress {
MenuComponent allMenus;

public Waitress (MenuComponent allMenus) {
this.allMenus = allMenus;

: The printVegetarianMenu() method
takes the a"MCnu's Lom?osi{c and

public void prirlltMenu O A gets its itevator. That will be our
: allMenus.print () ; Comyosi‘{‘,cH‘,cra{:OY»

public void printVegetarianMenu () {

Iterator iterator = allMenus.createlterator(); [tevate through
every element of the
System.out.println (“"\nVEGETARIAN MENU\n----") t,om‘?oSi‘{',C-

while (iterator.hasNext ()) ({
MenuComponent menuComponent =

Call eath clement’s
(MenuComponent) iterator.next () ; . . method
try : 2 isVegetarian) metho

- e, we tall its
if (menuComponent.isVegetarian()) { anfi ‘l(:){:w{;,hod
menuComponent .print () ; \mn{: me
}
} catch (UnsupportedOperationException e) {} r\
printQ) is onl

called on Menultems,
never Composites.

Can you see why?
We implemented isVegetarian() on the

Menus to always throw an exteption. [£

that happens we cateh the exteption, but
tontinue with our iteration.
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magic of iterator and composite

The magic of lterator & Composite together..

Whooo! It’s been quite a development effort to get our code to this point. Now we’ve got a general
menu structure that should last the growing Diner empire for some time. Now it’s time to sit back and
order up some veggie food:

File Edit Window Help HaveUhuggedYurlteratorToday?

[}

% java MenuTestDrive

VEGETARIAN MENU The Vegetarian Menu tonsists of the
—— vegetarian items from every menu.

K&B’'s Pancake Breakfast(v), 2.99

-- Pancakes with scrambled eggs, and toast
Blueberry Pancakes(v), 3.49

-- Pancakes made with fresh blueberries, and blueberry syrup
Waffles(v), 3.59

-- Waffles, with your choice of blueberries or strawberries
Vegetarian BLT(v), 2.99

-- (Fakin’) Bacon with lettuce & tomato on whole wheat
Steamed Veggies and Brown Rice(v), 3.99

-- Steamed vegetables over brown rice
Pasta(v), 3.89

-- Spaghetti with Marinara Sauce, and a slice of sourdough bread
Apple Pie(v), 1.59

-- Apple pie with a flakey crust, topped with vanilla ice cream
Cheesecake(v), 1.99

-- Creamy New York cheesecake, with a chocolate graham crust
Sorbet(v), 1.89

-- A scoop of raspberry and a scoop of lime
Apple Pie(v), 1.59

-- Apple pie with a flakey crust, topped with vanilla ice cream
Cheesecake(v), 1.99

-- Creamy New York cheesecake, with a chocolate graham crust
Sorbet(v), 1.89

-- A scoop of raspberry and a scoop of lime
Veggie Burger and Air Fries(v), 3.99

-- Veggie burger on a whole wheat bun, lettuce, tomato, and fries
Burrito(v), 4.29

-- A large burrito, with whole pinto beans, salsa, guacamole
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T noticed in your
printVegetarianMenu() method that you

used the try/catch to handle the logic of the
Menus not supporting the isVegetarian() method.
T've always heard that isn't good programming
form.

| ¥
| )
‘ “ Let’s take a look at what you're talking about:
We eall \chgcJ(,ahanO on all
—_ /\ McnuCom\"’“chb’ bu‘t Mmusa\c\’
; tause
if (menuComponent.isVegetarian()) { throw an c%LC\?Jc,\on :ra o
menuComponent .print () ; dont s.,\avor‘h the op

}
} catch (UnsupportedOperationException) {}

H: {:hc meénu COV'\YOV\CW(', docsn'f su??or{: 'l:hc

operation, we Jjust throw away the exteption and
ignore it

In general we agree; try/catch is meant for error handling,
not program logic. What are our other options? We could
have checked the runtime type of the menu component with
instanceof to make sure it’s a Menultem before making the
call to isVegetarian(). But in the process we’d lose transparency
because we wouldn’t be treating Menus and Menultems
uniformly.

We could also change isVegetarian() in the Menus so that it
returns false. This provides a simple solution and we keep our
transparency.

In our solution we are going for clarity: we really want to
communicate that this is an unsupported operation on the
Menu (which is different than saying isVegetarian() is false). It
also allows for someone to come along and actually implement
a reasonable isVegetarian() method for Menu and have it work
with the existing code.

That’s our story and we’re stickin’ to it.
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interview with

Patterns Exposed

This week’s interview:

HeadFirst: We’re here tonight speaking with the
Composite Pattern. Why don’t you tell us a little about
yourself, Composite?

Composite: Sure... I'm the pattern to use when you
have collections of objects with whole-part relationships
and you want to be able to treat those objects uniformly.

HeadFirst: Okay, let’s dive right in here... what do you
mean by whole-part relationships?

Composite: Imagine a graphical user interface; there
you’ll often find a top level component like a Frame or
a Panel, containing other components, like menus, text
panes, scrollbars and buttons. So your GUI consists

of several parts, but when you display it, you generally
think of it as a whole. You tell the top level component
to display, and count on that component to display all
its parts. We call the components that contain other
components, composite objects, and components that
don’t contain other components, leaf objects.

HeadFirst: Is that what you mean by treating the
objects uniformly? Having common methods you can
call on composites and leaves?

Composite: Right. I can tell a composite object to
display or a leaf object to display and they will do the
right thing. The composite object will display by telling
all its components to display.

HeadFirst: That implies that every object has the same
interface. What if you have objects in your composite
that do different things?

Composite: Well, in order for the composite to work
transparently to the client, you must implement the same
interface for all objects in the composite, otherwise, the
client has to worry about which interface each object

1s implementing, which kind of defeats the purpose.
Obviously that means that at times you’ll have objects for
which some of the method calls don’t make sense.

HeadFirst: So how do you handle that?

376

The Composite Pattern, on Implementation issues

Composite: Well there’s a couple of ways to handle

it; sometimes you can just do nothing, or return null or
false — whatever makes sense in your application. Other
times you’ll want to be more proactive and throw an
exception. Of course, then the client has to be willing to
do a little work and make sure that the method call didn’t
do something unexpected.

HeadFirst: But if the client doesn’t know which kind
of object they’re dealing with, how would they ever know
which calls to make without checking the type?

Composite: If you're a little creative you can structure
your methods so that the default implementations do
something that does make sense. Tor instance, if the
client is calling getChild(), on the composite this makes
sense. And it makes sense on a leaf too, if you think of
the leaf as an object with no children.

HeadFirst: Ah... smart. But, I've heard some clients
are so worried about this issue, that they require separate
interfaces for different objects so they aren’t allowed

to make nonsensical method calls. Is that still the
Composite Pattern?

Composite: Yes. It’s a much safer version of the
Composite Pattern, but it requires the client to check the
type of every object before making a call so the object
can be cast correctly.

HeadFirst: Tell us a little more about how these
composite and leaf objects are structured.

Composite: Usually it’s a tree structure, some kind of
hierarchy. The root is the top level composite, and all its
children are either composites or leaf nodes.

HeadFirst: Do children ever point back up to their
parents?

Composite: Yes, a component can have a pointer to a
parent to make traversal of the structure easier. And, if
you have a reference to a child, and you need to delete it,
you’ll need to get the parent to remove the child. Having
the parent reference makes that easier too.



HeadFirst: There’s really quite a lot to consider in your
implementation. Are there other issues we should think
about when implementing the Composite Pattern?

Composite: Actually there are... one is the ordering

of children. What if you have a composite that needs to
keep its children in a particular order? Then you’ll need
a more sophisticated management scheme for adding and
removing children, and you’ll have to be careful about
how you traverse the hierarchy.

HeadFirst: A good point I hadn’t thought of.
Composite: And did you think about caching?
HeadFirst: Caching?

Composite: Yeah, caching. Sometimes, if the
composite structure is complex or expensive to traverse,
it’s helpful to implement caching of the composite nodes.
For instance, if you are constantly traversing a composite
and all its children to compute some result, you could
implement a cache that stores the result temporarily to
save traversals.

HeadFirst: Well, there’s a lot more to the Composite
Patterns than I ever would have guessed. Before we
wrap this up, one more question: What do you consider
your greatest strength?

Composite: 1 think I'd definitely have to say
simplifying life for my clients. My clients don’t have to
worry about whether they’re dealing with a composite
object or a leaf object, so they don’t have to write if
statements everywhere to make sure they’re calling the
right methods on the right objects. Often, they can make
one method call and execute an operation over an entire
structure.

HeadFirst: That does sound like an important benefit.
There’s no doubt you’re a useful pattern to have around
for collecting and managing objects. And, with that,
we’re out of time... Thanks so much for joining us and
come back soon for another Patterns Exposed.

the iterator and composite patterns
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crossword puzzle

% It’s that time again....

378

1

Across

1. User interface packages often use this pattern

for their components.

3. Collection and lterator are in this package
5. We encapsulated this.

6. A separate object that can traverse a
collection.

10. Merged with the Diner.

12. Has no children.

13. Name of principle that states only one
responsibility per class.

14. Third company acquired.

15. A class should have only one reason to do
this.

16. This class indirectly supports Iterator.

17. This menu caused us to change our entire
implementation.

Chapter 9

Down

1. A composite holds this.

2. We java-enabled her.

4. We deleted PancakeHouseMenulterator
because this class already provides an iterator.
5. The lterator Pattern decouples the client from
the aggregates
7. Compositelterator used a Iot of this.

8. Iterators are usually created using this
pattern.

9. A component can be a composite or this.

11. Hashtable and ArrayList both implement this
interface.
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NS

*
WHQ DQES wHaAT™

Match each pattern with its description:

Pattern Description

Clients treat collections of
Strategy objects and individual objects
uniformly

Provides a Way to traverse a

Adapter collection of objects Without
exposing the collection’s
implementation

Herator Simplifies the interface of a
group of classes

Facade Changes the interface of one
or more classes

c . Allows a group of objects to

ompostte be notified when some state
changes

Observer Encapsulates interchangeable

behaviors and uses delegation to
decide which one to use
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An lterator allows access to an
aggregate’s elements without
exposing its internal structure.

An lterator takes the job of
iterating over an aggregate
and encapsulates it in another
object.

When using an lterator, we
relieve the aggregate of the
responsibility of supporting
operations for traversing its
data.

An lterator provides a common
interface for traversing the
items of an aggregate, allowing
you to use polymorphism when
writing code that makes use of
the items of the aggregate.

We should strive to assign
only one responsibility to each
class.

The Composite Pattern
provides a structure to hold
both individual objects and
composites.

The Composite Pattern allows
clients to treat composites and
individual objects uniformly.

A Component is any object
in a Composite structure.
Components may be other
composites or leaf nodes.

There are many design
tradeoffs in implementing
Composite. You need to
balance transparency and
safety with your needs.
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% Exercise so]utions

7 harpen our pencil
S y

Based on our implementation of printMenu(), which of the following apply?

[47A. We are coding to the W™ D. The Waitress needs to know how each
PancakeHouseMenu and DinerMenu menu represents its internal collection of
concrete implementations, not to an menu items is implemented, this violates
interface. encapsulation.

1 B. The Waitress doesn’t implement the E/F ‘We have duplicate code: the printMenu()
Java Waitress API and so isn’t adhering method needs two separate loop
to a standard. implementations to iterate over the two

different kinds of menus. And if we

B/ C. If we decided to switch from using added a third menu, we might have to

DinerMenu to another type of menu
. .o . add yet another loop.

that implemented its list of menu items

with a Hashtable, we’d have to modify [ F The implementation isn’t based on

alot of code in the Waitress. MXML (Menu XML) and so isn’t as

interoperable as it should be.

@%?rpen your pencl
k Before turning the page, quickly jot down the three things we have

to do to this code to fit it into our framework:

| implement the Menu intevface

2. 9et vid of getitems()

3. add eveate[terator() and veturn an [terator that can step through the Hashtable values
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exercise solutions

Code Magnets Solution

The unscrambled “Alternating” DinerMenu Iterator

import java.util.Iterator;
import java.util.Calendar;

[Public class AlternatingDinerMenuIteratof] implements Tt
€rator

MenulItem[] items;
int position;

public AlternatingDinerMenuIterator (MenuIteml[] items)'

this.items = items;
Calendar rightNow =

=nC Calendar.getlnstance();
position =

rightNow.get(Calendar.DAY_OF WEEK)

S 2;

[public boolean hasNext () {

return false;
} else {
return true;

if (position >= items.length || items [position]

== null) {

0

bublic Object next ()

MenulItem menultem = items[position];

position = position + 2;
return menultem;

public void remove () {

v

Notice that this [terator
imylcmcnjca{iov\ does not

support vemove()

throw new UnsupportedOperationException (
“Alternating Diner Menu Iterator does

not support remove()”);

L)

Chapter 9

L)

38




the iterator and composite patterns

. O

*
WHQ DQES WHHAT™?

Match each pattern with its description:

Pattern Description

Clients treat collections of
objects and individual objects
uniformly

State

Provides a way to traverse a
collection of objects Without
exposing the collection’s
implementation

Adapter

Iterator
Simplifies the interface of a

group of classes

Facade Changes the interface of one
or more classes

Allows a group of objects to
be notified when some state
changes

Composite

Observer OAHQWS an object to change
#s behavior when some state
changes
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crossword puzzle solution

% Exercise solutions
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10 the State Pattern

*
+ The State of Things *

I thought things in Objectville
were going to be so easy, but now
every fime I furn around there's
another change request coming in.
I'm to the breaking point! Oh, maybe
I should have been going to Betty's
Wednesday night patterns group all
along. I'm in such a statel

A little known fact: the Strategy and State Patterns were twins
separated at birth. As you know, the Strategy Pattern went on to create a wildly
successful business around interchangeable algorithms. State, however, took the perhaps
more noble path of helping objects to control their behavior by changing their internal
state. He’s often overheard telling his object clients, “Just repeat after me: I'm good

enough, I'm smart enough, and doggonit...”

this is a new chapter 385



meet mighty gumball

va
Jaw Breakers

Java toasters are so ‘90s. Today people are building Java into
real devices, like gumball machines. That’s right, gumball
machines have gone high tech; the major manufacturers have
found that by putting CPUs into their machines, they can
increase sales, monitor inventory over the network and measure
customer satisfaction more accurately.

But these manufacturers are gumball machine experts, not
software developers, and they’ve asked for your help:

i |
’s the way we think the 5l.mba\
rc}:r:losrk. ;V::v\cl ho\ﬂn{\/ou tan implemen

ghﬁ)’ Gumball, T may be adding more
Mi a], Inc.

Where the Gumball Machine
is Never Half Empty

386 Chapter 10
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the state pattern

Cubicle Conversation

Let's take a look
at this diagram and see

what the Mighty Gumball
guys want...

Anne: This diagram looks like a state diagram.
Joe: Right, each of those circles is a state...
Anne: ... and each of the arrows is a state transition.

Frank: Slow down, you two, it’s been too long since I studied state diagrams.
Can you remind me what they’re all about?

: Anne: Sure, Frank. Look at the circles; those are states. “No Quarter” is
} probably the starting state for the gumball machine because it’s just sitting
Arne ) there waiting for you to put your quarter in. All states are just different

Joe Frank configurations of the machine that behave in a certain way and need some

action to take them to another state.

Joe: Right. See, to go to another state, you need to do something like put a quarter in the machine. See the arrow
from “No Quarter” to “Has Quarter?”

Frank: Yes...

Joe: That just means that if the gumball machine is in the “No Quarter” state and you put a quarter in, it will
change to the “Has Quarter” state. That’s the state transition.

Frank: Oh, Isee! Andif I'm in the “Has Quarter” state, I can turn the crank and change to the “Gumball Sold”
state, or eject the quarter and change back to the “No Quarter” state.

Anne: You got it!

Frank: This doesn’t look too bad then. We’ve obviously got four states, and I think we also have four actions: “inserts
quarter,” “ejects quarter,” “turns crank” and “dispense.” But... when we dispense, we test for zero or more gumballs
in the “Gumball Sold” state, and then either go to the “Out of Gumballs” state or the “No Quarter” state. So we
actually have five transitions from one state to another.

9 <

Anne: That test for zero or more gumballs also implies weve got to keep track of the number of gumballs too. Any
time the machine gives you a gumball, it might be the last one, and if it is, we need to transition to the “Out of
Gumballs” state.

Joe: Also, don’t forget that you could do nonsensical things, like try to ¢ject the quarter when the gumball machine
is in the “No Quarter” state, or insert two quarters.

Frank: Oh, I didn’t think of that; we’ll have to take care of those too.

Joe: For every possible action we’ll just have to check to see which state we’re in and act appropriately. We can do
this! Let’s start mapping the state diagram to code...
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review of state machines

State machines 101

How are we going to get from that state diagram to actual code? Here’s a quick
introduction to implementing state machines:

0 First, gather up your states:
Ao Heve ave the states - Lour in total:

e Next, create an instance variable to hold the current state, and define values for each of the states:

é‘w\\,a\\
So
y ok
Gpoas

Lebs just call “Out of Gumballs”
“Sold Out” £or short. \

final static int SOLD OUT = 0;
final static int NO_ QUARTER = 1;
final static int HAS QUARTER = 2;
final static int SOLD = 3;

Heve's eath state vepresented
as a unique integer--

<

..and here’s an instante vaviable that holds the

int state = SOLD OUT; &’\ eurvent state. We'll go ahead and set it to

“Sold Out” sinte the machine will be unfilled when
it's first taken out of its box and turned on.

e Now we gather up all the actions that can happen in the system:

These attions are

. 4he qumball mathine’s
inserts quarter turns erank (/ ihh? e e s

e)cd:s quarter you ean do with it.

dispense
ﬁ Dispense is more of an internal
Looking at the diagram invoking any of these attion the machine invokes on itself.
ooKin !

atkions tauses a state Lransition.
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the state pattern

e Now we create a class that acts as the state machine. For each action,
we create a method that uses conditional statements to determine
what behavior 1s appropriate in each state. TFor instance, for the insert
quarter action, we might write a method like this:

public void insertQuarter () {

if (state == HAS QUARTER) {
S Eath possible
System.out.println (“You can’t insert another quarter”); state is thecked
wr{',h a tonditional
} else if (state == SOLD OUT) ({ s{a{Cmcn{:

System.out.println(“You can’t insert a quarter, the macilnej/sold out”)
} else if (state == SOLD) {

System.out.println (“Please wait, we’re already giving you a gumball”);
} else if (state == NO QUARTER) ({

state = HAS QUARTER;
System.out.println (“You inserted a quarter”);

viate
d exhibi s the approp
| bac:\avwr for eath \Joss&)\c skate

“but tan also transition to other
states, Jus{ as depicted in the diagram.

Here we're talking
about a common fechnique:
modeling state within an object
by creating an instance variable to hold
the state values and writing conditional
code within our methods to handle
the various states.

With that quick veview, let’s go implement the Gumball Machine!
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implement the gumball machine

Writing the code

It’s ime to implement the Gumball Machine. We know we’re going to have an instance
variable that holds the current state. From there, we just need to handle all the actions,
behaviors and state transitions that can happen. For actions, we need to implement inserting
a quarter, removing a quarter, turning the crank and dispensing a gumball; we also have the
empty gumball condition to implement as well.

four states; they mateh the

Heve ave the o Gumball’s skate diagram-

skates in Migh

public class GumballMachine { Heve's the instante vaviable that is 5}0"\5 o
keep track of the curvent state weve in
final static int SOLD OUT = 0; We start in the SOLD_OUT state.
final static int NO _QUARTER = 1;
final static int HAS_QUARTER = 2;

final static int SOLD = 3;

We have a setond instance variable that

keeps track of the number of gumballs in

int state = SOLD OUT; the machine.

int count = 0;

The construttor takes an initial inventory
public GumballMachine (int count) { of qumballs. [£ the inventory isn't zevo,
this.count = count; the machine entevs state NO_QUARTER,
if (count > 0) { meaning it is waiting for someone to
state = NO_QUARTER; insert a quarter, otherwise it stays in

the SOLD_OUT state.

Now we start im\?\ema\bng

. hods..
the attions as methods When a quarter is insevted, if ...

' id i / a quarter is alveady insevted
PIE lotate o= HAS, QUARTER) we tell the customer;

if (state == HAS QUARTER) {
System.out.println(“You can’t insert another quarter”); ,iherwise we actcy{: the
} else if (state == NO QUARTER) { warter and transition to the

state = HAS QUARTER;
System.out.println (“You inserted a quarter”);

HAS_QMARTER state.

} else if (state == SOLD OUT) {
System.out.println(“You can’t insert a quarter, the machine is sold out”);
} else if (state == SOLD) {

System.out.println (“Please wait, we’re already giving you a gumball”);
}
) N | r
) t and if the mathine is so
[€ the tustomer \)us{: bought a : e el
gumba" he needs to wait until the out, we reje 9
Lransaction is complete before
inserting another quarter.
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the state pattern

@ NOW; i‘(: H\c Lusjcomcr {;ries ‘{:O vemove 'H\C ﬂUBVJCCY‘...
[€ theve is a v\uartcv, we

public void ejectQuarter () { vetuwen it and 90 back to the
if (state == HAS QUARTER) ({ & NO QUARTER state.
System.out.println (“Quarter returned”); - ,
state = NO QUARTER; @ Othervise, if there isn't
} else if (state == NO QUARTER) { one we tan't give it back.
System.out.println(“You haven’t inserted a quarter”);
} else if (state == SOLD) {
System.out.println (“Sorry, you already turned the crank”);
} else if (state == SOLD OUT) {
System.out.println(“You can’t eject, you haven’t inserted a quarter yet”);
} You ean't eject if the machine is sold £ the eustomer just
} out, it doesn't aceept quarters! Lurned {:Ec erank, we ean't
ive a retund; he alvead
The eustomer £ries to turn the evank.. aas the 3umb; Il Y

F Someone’s trying to theat the mathine.

public void turnCrank() {

if (state == SOLD) {
System.out.println(“Turning twice doesn’t get you another gumball!”); We need a

} else if (state == NO_QUARTER) { v\uar{‘,cv Livst.
System.out.println(“You turned but there’s no quarter”);

} else if (state f= SOLD OUT) { We can"c deliver
System.out.println (“You turned, but there are no gumballs”);

} else if (state == HAS QUARTER) { qumballs; there
System.out.println(“You turned...”); are none
state = SOLD; K

Suceess! They get a gumball. Change
the state to SOLD and eall the

dispense () ;

} F Called to dispense a gumball.

} mathine’s dispense() method.

We've in the .
public void dispense () { Y soLD state; give
if (state == SOLD) { ‘waswba\i

System.out.println (“A gumball comes rolling out the slot”);
count = count - 1; ¢ handle the

Heve's wheve W

if (count == 0) { Cout of ‘,..\ba\\S" f,ond\{:\ovxi |
System.out.println (“Oops, out of gumballs!”); - 5{;\\: \ast one, we €
state = SOLD OUT; this was The L JCOSOLD,_
- athine s state
} else { the m - we've batk o
state = NO_QUARTER; OUT; otherwise: Lo
} ot having 3 quarter
} else if (state == NO_QUARTER) ({
System.out.println(“You need to pay first”); ~ None of £hese should
} else if (state == SOLD_OUT) { . ) €T ever happen, but if they
Sys?em.out.prlntln( No gumball dispensed”); / do, we give ‘em a3n evvor,
} else if (state == HAS QUARTER) {

ta :
System.out.println (“No gumball dispensed”); ne gumball

// other methods here like toString() and refill ()
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test the gumball machine

In-house testing

That feels like a nice solid design using a well-thought out methodology, doesn’t
it? Let’s do a little in-house testing before we hand it off to Mighty Gumball to
be loaded into their actual gumball machines. Here’s our test harness:

public class GumballMachineTestDrive {

392

GumballMachine gumballMachine

Load it up with
-Fivc Sumbans {'p*‘,a‘

[

= new GumballMachine (5);

& Print out the state of the machine.

public static void main (String[] args) {

\_/

System.out.println (gumballMachine) ;

gumballMachine.insertQuarter () ;
gumballMachine.

turnCrank () ;

@— Throwa a\uachcr n...

\ Turn the evank; we should get our gumball.

_——

System.out.println (gumballMachine) ; <§————\\\ Fﬁn{owhfhcﬂﬁ£COC{hc"@£Hngagmw ~____’,//’///

gumballMachine.insertQuarter () ;
gumballMachine.
gumballMachine.

System.out.println (gumballMachine) ;

gumballMachine.
gumballMachine.
gumballMachine.
gumballMachine.
gumballMachine.

System.out.println (gumballMachine) ; k, Print out the state of the mathine, again.

gumballMachine.
gumballMachine.
gumballMachine.
gumballMachine.
gumballMachine.
gumballMachine.
gumballMachine.

ejectQuarter () ;
turnCrank () ;

insertQuarter ()
turnCrank () ;
insertQuarter ()
turnCrank () ;
ejectQuarter () ;

insertQuarter ()
insertQuarter ()
turnCrank () ;
insertQuarter ()
turnCrank () ;
insertQuarter ()
turnCrank () ;

@Qmw a quarter in... _
Ask for it back.

Turn the evank; we shouldn't aet our gumball.
\— Print out the state of the mathine, again.

= .
/ - T b o uld sk ou bl
Throw a a\uar{:cr n...
; S~

Turn the erank; we should get our gumball

E——_  Askfora quarter back we didn't put in.

T~~~ Throw TWO quarters in..

i N Turn the erank; we should get our gumball.

; -
///’__—”’
& Now for the stress testing... ®

' Print that mathine state one more time. /

’

’

System.out.println (gumballMachine) ;
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the state pattern

File Edit Window Help mightygumball.com
%java GumballMachineTestDrive

Mighty Gumball, Inc.

Java-enabled Standing Gumball Model #2004
Inventory: 5 gumballs

Machine 1s waiting for quarter

You inserted a quarter
You turned...
A gumball comes rolling out the slot

Mighty Gumball, Inc.

Java-enabled Standing Gumball Model #2004
Inventory: 4 gumballs

Machine 1s waiting for quarter

You inserted a guarter
Quarter returne
You turned but there’s no quarter

Mighty Gumball, Inc.

Java-enabled Standing Gumball Model #2004
Inventory: 4 gumballs

Machine 1s waiting for quarter

You inserted a quarter

You turned...

A gumball comes rolling out the slot
You inserted a quarter

You turned...

A gumball comes rolling out the slot
You haven’t inserted a quarter

Mighty Gumball, Inc.

Java-enabled Standing Gumball Model #2004
Inventory: 2 gumballs

Machine 1is waiting for quarter

You inserted a quarter

You can’t insert another quarter

You turned...

A gumball comes rolling out the slot

You inserted a quarter

You turned...

A gumball comes rolling out the slot

Oops, out of gumballs!

You can’t insert a quarter, the machine is sold out
You turned, but there are no gumballs

Mighty Gumball, Inc.

Java-enabled Standing Gumball Model #2004
Inventory: 0 gumballs

Machine 1s sold out

you are here »
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gumball buying

You knew it was coming... a change request!

Mighty Gumball, Inc. has loaded your code into their new-
est machine and their quality assurance experts are putting

it through its paces. So far, everything’s looking great from
their perspective.

In fact, things have gone so smoothly they’d like to take
things to the next level...

We think that by turning
“gumball buying"” into a game we
can significantly increase our
sales. We're going to put one of
these stickers on every machine.
We're so glad we've got Java
in the machines because this is
going to be easy, right?

lo% 0‘(: the time,

When the erank

is turneds he
tustomer '55{’} e
Sum\,a“s 'ms{:cad

of one.

CEO, Mighty
éumba“) Ine-

J awBYcakC‘f or
éumdm\’?'

éw\oa\\s \9*
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Design Puzzle

Draw a state diagram for a Gumball Machine that handles the 1 in 10
contest. In this contest, 10% of the time the Sold state leads to two
balls being released, not one. Check your answer with ours (at the
end of the chapter) to make sure we agree before you go further...

Use Mighty Gumball's stationary to draw Your state diagram.
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things get messy

The messy STATE of things...

Just because you’ve written your gumball machine using a well-thought out methodology doesn’t

mean it’s going to be easy to extend. In fact, when you go back and look at your code and think

about what you’ll have to do to modify it, well...

final static int SOLD OUT = 0;
final static int NO QUARTER = 1;
final static int HAS QUARTER = 2;
final static int SOLD = 3;

public void insertQuarter () {
// insert quarter code here

public void ejectQuarter () {
// eject quarter code here

public void turnCrank() {
// turn crank code here

| U

public void dispense () {
// dispense code here

Fiest, \/ou’d have to add a new WINNER state heve.
That isnt too bad--

| 2

' itional in
V\ ... but then, You d have to add a new tonditiona
&— every single mekhod to handle the WINNER state;

that’s a lot of tode to modi(:y.

+urnCrank() will 5:{‘. cs‘?cciall\/ messY) betause
you'd have to add code 4o theck to see whether
\/ou'vc got a WINNER and then switeh to either
the WINNER state or the SOLD state.

@ harpen our pencil
S Y

(Choose all that apply.)

(A A. This code certainly isn’t adhering to the
Open Closed Principle.

[ B. This code would make a FORTRAN
programmer proud.

(A C. This design isn’t even very object
oriented.

d D

4

E.

E

Which of the following describe the state of our implementation?

State transitions aren’t explicit; they
are buried in the middle of a bunch of
conditional statements.

We haven’t encapsulated anything that
varies here.

Further additions are likely to cause bugs
in working code.
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Okay, this isn't good. I think
our first version was great, but
it isn't going to hold up over time as Mighty
Gumball keeps asking for new behavior. The
rate of bugs is just going to make us look
bad, not o mention that CEO will drive
us crazy.

Joe: You're right about that! We need to refactor this code so that it’s easy
to maintain and modify.

Anne: We really should try to localize the behavior for each state so that if
we make changes to one state, we don’t run the risk of messing up the other
code.

Joe: Right; in other words, follow that o’ “encapsulate what varies”
principle.
Anne: Exactly.

Joe: If we put each state’s behavior in its own class, then every state just
implements its own actions.

Anne: Right. And maybe the Gumball Machine can just delegate to the
state object that represents the current state.

Joe: Ah, you’re good: favor composition... more principles at work.

Anne: Cute. Well, I'm not 100% sure how this is going to work, but I think
we’re on to something.

Joe: I wonder if this will make it easier to add new states?

Anne: I think so... We’ll still have to change code, but the changes will be
much more limited in scope because adding a new state will mean we just
have to add a new class and maybe change a few transitions here and there.

Joe: Tlike the sound of that. Let’s start hashing out this new design!
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a new design

The new design

It looks like we’ve got a new plan: instead of maintaining our existing code, we’re going to
rework it to encapsulate state objects in their own classes and then delegate to the current
state when an action occurs.

We’re following our design principles here, so we should end up with a design that is easier to
maintain down the road. Here’s how we’re going to do it:

0 First, we’re going to define a State interface that
contains a method for every action in the Gumball
Machine.

e Then we’re going to implement a State class for
every state of the machine. These classes will be
responsible for the behavior of the machine when it
is in the corresponding state.

Q Finally, we’re going to get rid of all of our conditional
code and instead delegate to the state class to do
the work for us.

Not only are we following design principles, as you’ll see, we’re actually implementing the
State Pattern. But we’ll get to all the official State Pattern stuff after we rework our code...

Now we're going to
put all the behavior of a
state into one class. That way,
we're localizing the behavior and
making things a lot easier to
change and understand.
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Pefining the State interfaces and classes

First let’s create an interface for State, which all our states implement:

Heve's the interface Lo

v all skates. The methods map divectly to

stkions that could happen 4o the Gumball Machine (these ave the
same methods as in the previous tode).

. . <<interface>>
Then take each state in our design State
and encapsulate it in a class that ’dseguifeg)
. . ejectQuarter
implements the State interface. amCrank()
dispense()
To (:igwc out what states
we need, we look at our SoldState SoldOutState NoQuarterState HasQuarterState
chvious tode... insertQuarter() insertQuarter() insertQuarter() insertQuarter()
ejectQuarter() ejectQuarter() ejectQuarter() ejectQuarter()
turnCrank() turnCrank() turnCrank() turnCrank()
dispense() dispense() dispense() dispense()

public class GumballMachine {

final
final
final
final

static
static
static
static

int SOLD OUT =
int NO_QUARTER
int HAS QUARTER
int SOLD = 3;

w7~

.. and we map each state
divectly to ¢lass.

int state = SOLD OUT;

int count = 0;

Don't ‘corgc{:, we need 3 new “winner” s{:a,{‘,c too
that implements the state intevkace. We'll come
back 4o this after we veimplement the fiest
vevsion of the Qumball Mathine.

WinnerState

insertQuarter()
ejectQuarter()
turnCrank()
dispense()

you are here »
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what are all the states?

7 harpen Your pencil
A To implement our states, we first need to specify the behavior of the classes
when each action is called. Annotate the diagram below with the behavior of

each action in each class; we’ve already filled in a few for you.

Go to HasQuarterState
« ) . NoQuarterStat
Tell the customer, “You haven't insevted a quarter.” insem;?t:;) b

ejectQuarter()
turnCrank()
dispense()

HasQuarterState
insertQuarter()
ejectQuarter()

60 ‘bo SoldS{:a{:e "% turnCrank()

dispense()
T ——

Tell the customer, “Please wait, we've alveady giving You a gumball.”

\5 SoldState

insertQuarter()
ejectQuarter()
turnCrank()

DiSPChSC one gumba”. Chctk humbﬂ' 0‘('\ gumballs' i‘c >0 50 i 0
. ! ’ M T ——
‘{‘,O NOQUBV“{ZCYS‘E&{ZC, O'H\CV‘WISC, 30 {:o SoldOu{:S{:a{:e

SoldOutState

. insertQuarter()
Tell {:hc Cus{:omcr, ‘Thcvc are no gumba”s." ejectQuarter()

\\——5 turnCrank()

dispense()

WinnerState
insertQuarter()
ejectQuarter()
turnCrank()
dispense()

Qo ahead and fill this out even though we've implementing it later.
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Implementing our State classes

Time to implement a state: we know what behaviors we want; we just need to get it down in code. We’re going to
closely follow the state machine code we wrote, but this time everything is broken out into different classes.

Let’s start with the NoQuarterState:

mplement the State inbevkate.
First we need &0 plemer We get passed a veferente to

the Qumball Machine through the
tonstruttor. We've just going to

stash this in an instante vaviable.

public class NoQuarterState implements State ({
GumballMachine gumballMachine;

£ someone inserts a quarter,
public NoQuarterState (GumballMachine gumballMachine) { we yrin*{: 3 message saying the

this.gumballMachine = gumballMachine; quarter was aceepted and then
| thange the machine’s state to
public void insertQuarter() { £ ihe RasQuarterState

System.out.println (“You inserted a quarter”);
gumballMachine.setState (gumballMachine.getHasQuarterState()); You'“ see how th
ese

} T workiin just a see..

public void ejectQuarter () {
System.out.println (“You haven’t inserted a quarter”);

= VOu cant SCJC money
back if You never 9ave

i |
public void turnCrank() { it to us!
System.out.println (“You turned, but there’s no quarter”);

,l And, You tan't 56“‘, a 5umba”

H )
public void dispense() { if You don't Pay us.
System.out.println (“You need to pay first”); ) )
} V\ We can’t be dispensing

| gumballs without payment.

}

}

What we're doing is
implementing the behaviors
that are appropriate for the
state we're in. In some cases, this
behavior includes moving the
Gumball Machine to a new state.
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state objects in the gumball machine

Reworking the Gumball Machine

Before we finish the State classes, we're going to rework the Gumball Machine - that way
you can see how it all fits together. We'll start with the state-related instance variables
and switch the code from using integers to using state objects:

public class GumballMachine {

final static int SOLD OUT = O0;
final static int NO_QUARTER = 1;
final static int HAS QUARTER = 2;
final static int SOLD = 3;

i te the

ballMathine, we upda
l: ::Cjcf :':c Lhe new tlasses ra{:.hcr J.c:an
{‘;c statie integers- The Lo?e \swa\:nhzvc

i tlass
imilavr cﬁccvt ﬁhatln one - ¢

o S ?\‘n"‘;cgc,rs and in the other obJec{;s
int count

SOLD_OUT;
0;

Old ¢ode public class GumballMachine {

State soldOutState;
State noQuarterState;
State hasQuarterState;

State soldState;
///;,7 State soldOutState;
int count ;

New tode

All the State objects are eveated
and assigned in the tonstructor. This now holds 3
Chate ob)cﬂt;“ot

an integer:
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the state pattern

Now, let’s look at the complete GumballMachine ¢lass...
public class GumballMachine { Heve ave all the Chates aga'm-u

State soldOutState; K ..and the State instante variable.

State noQuarterState;
State hasQuarterState; /_\‘ The tount instance variable holds
State soldState; . the count of qumballs — initially the

mathine is cmP-{;\/‘

State state soldOutState;

int count = 0; S Ow constructor takes the in’\h_&i
balls and stoves i
public GumballMachine (int numberGumballs) { pumber of Swvav'\ab\c'
soldoutState = new SoldOutState (this); in an instance
noQuarterState = new NoQuarterState (this); <\ Ik also treates the Ghate

hasQuarterState = new HasQuarterState (this);

. e Cad'\~
soldState = new SoldState (this); instanees, on

this.count = numberGumballs; H: there ave move than O
if (numberGumballs > 0) { €&—  9umballs we set the state 4o the
state = noQuarterState; NOQuar‘Ech{;a{;c.
}
J etions: These ave
Now for the aLtx |ement now- (4
public void insertQuarter() { S—0 VER\( EAS\( t: “g‘\: vacn{ state:
state.insertQuarter () ; ;)us{; dc\csa‘h‘
! Py
public void ejectQuarter() ({ / Note that we don't need an
state.ejectQuarter () ; attion method ‘co\r disycmc() in
} GumballMathine because it's just an
(V’-/' internal attion; a user tan't ask the
public void turnCrank () { mathine o disycnsc dircd:l\/- But we
state.turnCrank () do call dispense() on the State object

} state.dispense(); From the turnCrank() method.

& — This method allows other ob)e(:{:s (like

id tState (Stat tat .
o tlslis siaie( =asia‘scecjl ° our S{:a'tc ob\)cc‘[:s) to {:\ransd‘,lon the
} machine to a different state.

void releaseBall () {
System.out.println (“A gumball comes rolling out the slot...”);

if (count != 0) { The machine supports a veleaseBall()
count = count - 1; K_/ helper method that releases the ball and
} detrements the tount instance vaviable.

// More methods here including getters for each State...

} /t This includes methods like getNoQuarterState() for getting eath
state ob\)cc{:, and gc{:Coun{:O for 5e‘f:‘l:in5 the 3umba|| tount.
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more states for the gumball machine

Implementing more states

Now that you’re starting to get a feel for how the Gumball Machine and the states
fit together, let’s implement the HasQuarterState and the SoldState classes...

e state is 'ms’c,an’c'\a’ccd

When t L a vekevente {o the

we pass 1¢ 3 ¥ This is use
athine. )
public class HasQuarterState implements State { éumba“lv_‘ho“ he mathine o a
GumballMachine gumballMachine; to Lranst -\-,a{',c
d\ﬁ:ﬁc"&' s .
public HasQuarterState (GumballMachine gumballMachine) {
this.gumballMachine = gumballMachine;
} An nay ‘rovz\:‘he
. 1S
public void insertQuarter () { L/\ attion ov
System.out.println(“You can’t insert another quarter”); s{',a‘\',c-
} )
Return the tustomer's
public void ejectQuarter () { K a\ua\r{:cr and
System.out.println(“Quarter returned”); {-xa,\s'.{-jon back to the
gumballMachine.setState (gumballMachine.getNoQuarterState()) ; No&uav“tﬂg{'ﬂ{x'
}

public void turnCrank() {

When the evank is

System.out.println(“You turned...”); é\ buened we {vansi*{:ion
gumballMachine.setState (gumballMachine.getSoldState()); fhe mathine to the
| SoldState state by
public void dispense () { calling its sc{-,g{-,a-{c(.)
System.out.println (“*No gumball dispensed”); method and ?assnvfg it
: the SoldState ochC{‘,-
} Pmother The SoldState ob‘")cd:
napyre Y\a‘hc. is vebrieved by the
attion Y0¥ Lhis aetSal dStated
state: getter method
(theve is one of these
getter methods for
eath state).
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the state pattern

Now, let’s check out the SoldState class... Weve ave all the

ana\>\>*°\""‘aj°fch.

N \S
public class SoldState implements State { abbo“
//constructor and instance variables here state

public void insertQuarter () {

System.out.println(“Please wait, we’re already giving you a gumball”);

}
public void ejectQuarter () {

System.out.println (“Sorry, you already turned the crank”);
}

public void turnCrank() {

System.out.println (“Turning twice doesn’t get you another gumball!”);

}

public void dispense() {
gumballMachine.releaseBall () ;
if (gumballMachine.getCount () > 0) {

gumballMachine.setState (gumballMachi
} else {

System.out.println (“Oops, out of
gumballMachine.setState (gumball

.getNoQuarterState());

alls!”);
chine.getSoldOutState());

Mnd heves where the

ine what
ih ask the mackine ¥
. ;. S \dState whit Then we s, and either
veal work begws: We've ‘zhth:us;mc“ paid: So, Lhe oum all b(;or;t ;oa';av{c“g{?au
means the ansition
e B ';CAC\::SE; gqum all - vlc\,\\c ColdOukState
mathine 0¥

RANVN
PQWEWR

Look back at the GumballMachine implementation. If the crank is turned and not successful (say

the customer didn’t insert a quarter first), we call dispense anyway, even though it's unnecessary.
How might you fix this?
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your turn to

@dharpen vour pencil
i your p

We have one remaining class we haven’t implemented: SoldOutState.
Why don’t you implement it? To do this, carefully think through how
the Gumball Machine should behave in each situation. Check your
answer before moving on...

public class SoldOutState implements State {
GumballMachine gumballMachine;

public SoldOutState (GumballMachine gumballMachine) {

public void insertQuarter () {

public void ejectQuarter() {

public void turnCrank() {

public void dispense () {
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the state pattern

Let’s take a look at what we've done so far...

For starters, you now have a Gumball Machine implementation that is structurally quite different from your
first version, and yet functionally it is exactly the same. By structurally changing the implemention you've:

®  Localized the behavior of each state into its own class.

®  Removed all the troublesome if statements that would have been difficult to maintain.

®  Closed each state for modification, and yet left the Gumball Machine open to extension by
adding new state classes (and we’ll do this in a second).

Created a code base and class structure that maps much more closely to the Mighty Gumball
diagram and is easier to read and understand.

Now let’s look a little more at the functional aspect of what we did:

ball Mathine now holds an

The Qum T each Chate ¢lass N Gumba" Machme STafes

'ms{',ahdc

current state

N .
Mbamoc™

The eurvent state of the

mathine is alwa\/s one
Lhese ¢lass instances.

SoldON*
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state transitions

When an attion is called, it is

delegated to the curvent state. umball Machine Sates
K————% turnCrank() @
%Quor‘d
tumcrank() > current state
& )
7 &
MbalMeC”
Sold
In this ase the twrnCrank()
method is being ¢alled when the
mathine is in the HasQuarter
state, so as a vesult the mathine Soldot

transitions to the Sold state.

TRANSITION TO SOLD STATE \L

. Lers
The mathine €°
ke Sold skate and

ball s d‘\s\m\scd...

g

D

dispense()

408 Chapter 10

ine States
¢umball Machin e waa“s

6\ ...and then the

mathine will
either 9o to

the SoldOut

or No(\)uar{:c\r
state depending
on the number of
5umb&”s remaining
in the machine.

sold ouf

SoldOut



the state pattern

h il Behind the Scenes:
ewdarpen your pen Sel-Guided Tour

Trace the steps of the Gumball Machine starting with the NoQuarter state. Also annotate the diagram with actions
and output of the machine. For this exercise you can assume there are plenty of gumballs in the machine.

@) ®

bomball Machine Sfes ¢umball Machine States

Zos

v

cepw

. S U
allpo™ KOG
Soll
1
SoldOut
Gumball Machine States cumtall Machine States
) . @
ol S|
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state pattern defined

The State Pattern defined

Yes, it’s true, we just implemented the State Pattern! So now, let’s take a look at what it’s all about:

The State Pattern allows an object to alter its behavior
when its internal state changes. The object will appear to
change its class.

The first part of this description makes a lot of sense, right? Because the pattern encapsulates state into
separate classes and delegates to the object representing the current state, we know that behavior changes
along with the internal state. The Gumball Machine provides a good example: when the gumball machine
1s in the NoQuarterState and you insert a quarter, you get different behavior (the machine accepts the
quarter) than if you insert a quarter when it’s in the HasQuarterState (the machine rejects the quarter).

What about the second part of the definition? What does it mean for an object to “appear to change its
class?” Think about it from the perspective of a client: if an object you’re using can completely change its
behavior, then it appears to you that the object is actually instantiated from another class. In reality, however,
you know that we are using composition to give the appearance of a class change by simply referencing
different state objects.

Okay, now it’s time to check out the State Pattern class diagram:

The State intevface defines a tommon

The Context is the tlass that igrfac: j(’\o!r all conerete states; the
have a number of internal states all implement the same intevface,

cz:{:cs [n owr example the so ‘H\c\/ are ihtﬂd\ahgeablc.

S . )

GumballMachine is the Context.

handle() I

ST

‘ state.handle() ConcreteStateA ConcreteStateB |

| )
/7 handle() I handle() I AZ:'Z)’ Contrete

s €S are P°SSiH¢,
Whenever the vequest() is K j
i'sm:id:k;:{:tzcﬁc)oz:exf b ComtveteStates handle vequests Lrom H?c
o handle e Context. Eath ContreteState provides uf,s
own imylmenta{ion for a vequest. n ﬂ"s
way, when the Context thanges state, its

behavior will thange as well.

k& Context h > State )
request() I

410 Chapter 10



the state pattern

Wait a sec,
from what I remember
of the Strategy Pattern,
this class diagram is
EXACTLY the same.

You've got a good eye! Yes, the class diagrams are essentially the
same, but the two patterns differ in their ntent.

With the State Pattern, we have a set of behaviors encapsulated in
state objects; at any time the context is delegating to one of those
states. Over time, the current state changes across the set of state
objects to reflect the internal state of the context, so the context’s
behavior changes over time as well. The client usually knows very
little, if anything, about the state objects.

With Strategy, the client usually specifies the strategy object that
the context is composed with. Now, while the pattern provides the
flexibility to change the strategy object at runtime, often there 1s a
strategy object that is most appropriate for a context object. For
instance, in Chapter 1, some of our ducks were configured to fly
with typical flying behavior (like mallard ducks), while others were
configured with a fly behavior that kept them grounded (like rubber
ducks and decoy ducks).

In general, think of the Strategy Pattern as a flexible alternative to
subclassing; if you use inheritance to define the behavior of a class,
then you’re stuck with that behavior even if you need to change it.
With Strategy you can change the behavior by composing with a
different object.

Think of the State Pattern as an alternative to putting lots of
conditionals in your context; by encapsulating the behaviors within
state objects, you can simply change the state object in context to
change its behavior.
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q&a about the

412

D%%ﬁ];re no

Q} In the GumballMachine, the states decide
what the next state should be. Do the ConcreteStates
always decide what state to go to next?

A: No, not always. The alternative is to let the Context
decide on the flow of state transitions.

As a general guideline, when the state transitions are fixed
they are appropriate for putting in the Context; however,
when the transitions are more dynamic, they are typically
placed in the state classes themselves (for instance, in the
GumballMachine the choice of the transition to NoQuarter or
SoldOut depended on the runtime count of gumballs).

The disadvantage of having state transitions in the state
classes is that we create dependencies between the state
classes. In our implementation of the GumballMachine
we tried to minimize this by using getter methods on the
Context, rather than hardcoding explicit concrete state
classes.

Notice that by making this decision, you are making a
decision as to which classes are closed for modification
— the Context or the state classes - as the system evolves.

* Do clients ever interact directly with the
states?

A: No. The states are used by the Context to
represent its internal state and behavior, so all requests
to the states come from the Context. Clients don't directly
change the state of the Context. It is the Context’s job

to oversee its state, and you don’t usually want a client
changing the state of a Context without that Context’s
knowledge.

Q: If I have lots of instances of the Context in my
application, is it possible to share the state objects
across them?

A: Yes, absolutely, and in fact this is a very common
scenario. The only requirement is that your state objects do
not keep their own internal state; otherwise, you'd need a

Questions

unique instance per context.

To share your states, you'll typically assign each state to a
static instance variable. If your state needs to make use of
methods or instance variables in your Context, you'll also
have to give it a reference to the Context in each handler()
method.

Q,: It seems like using the State Pattern always
increases the number of classes in our designs. Look
how many more classes our GumballMachine had
than the original design!

A: You're right, by encapsulating state behavior

into separate state classes, you'll always end up with
more classes in your design. That's often the price you
pay for flexibility. Unless your code is some “one off’
implementation you're going to throw away (yeah, right),
consider building it with the additional classes and you'll
probably thank yourself down the road. Note that often
what is important is the number of classes that you expose
to your clients, and there are ways to hide these extra
classes from your clients (say, by declaring them package
visible).

Also, consider the alternative: if you have an application
that has a lot of state and you decide not to use separate
objects, you'll instead end up with very large, monolithic
conditional statements. This makes your code hard to
maintain and understand. By using objects, you make
states explicit and reduce the effort needed to understand
and maintain your code.

< The State Pattern class diagram shows
that State is an abstract class. But didn’t you use
an interface in the implementation of the gumball
machine’s state?

A: Yes. Given we had no common functionality to

put into an abstract class, we went with an interface. In
your own implementation, you might want to consider an
abstract class. Doing so has the benefit of allowing you to
add methods to the abstract class later, without breaking the
concrete state implementations.



the state pattern

We still need to finish the Gumball 1 in 10 game

Remember, we’re not done yet. We've got a game to implement; but now that we’ve got the State
Pattern implemented, it should be a breeze. First, we need to add a state to the GumballMachine class:

public class GumballMachine {

State soldOutState;

State noQuarterState; All Yyou need to add here is .{:hc
State hasQuarterState; new WinnerState and initialize
state soldstate; /_\ £ in the consbrutbor.

State winnerState;

State state

= soldOutState;
int count = 0;

Don't forget you also have

hod for
: / to add a getter met
// methods here WinnexState too.

Now let’s implement the WinnerState class itself, it’s remarkably similar to the SoldState class:

public class WinnerState implements State {

instance variables and constructor é(///,———\

// insertQuarter error message

. Just like ColdState.

ither g0
Heve we velease two qumballs and then ei
{::r’d\c NoQuarterState or the SoldOutState.

// ejectQuarter error message
// turnCrank error message
public void dispense () {

System.out.println (“YOU’RE A WINNER! You get two gumballs for your quarter”);
gumballMachine.releaseBall () ;

if (gumballMachine.getCount () == 0) {
gumballMachine.setState (gumballMachine.getSoldOutState());
} else {
gumballMachine.releaseBall () ; < s long as we
if (gumballMachine.getCount () > 0) { have a seeond
gumballMachine.setState (gumballMachine.getNoQuarterState()) ym$dlwc
} else { velease it

System.out.println (“Oops, out of gumballs!”);
gumballMachine.setState (gumballMachine.getSoldOutState()) ;
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implementing the 71 in 10 game
Finishing the game

We’ve just got one more change to make: we need to implement the random
chance game and add a transition to the WinnerState. We’re going to add both to
the HasQuarterState since that is where the customer turns the crank:

[_\ Fi‘fS‘{', we add a

public class HasQuarterState implements State { vando"\“VMbcr
Random randomWinner = new Random(System.currentTimeMillis()):; 5amvah*
. : . 0)
GumballMachine gumballMachine; 5cnc\'8+ac the lO/o

£ winning..
public HasQuarterState (GumballMachine gumballMachine) { thante © g

this.gumballMachine = gumballMachine;
}

public void insertQuarter () {
System.out.println(“You can’t insert another quarter”);

}

public void ejectQuarter () {
System.out.println (“Quarter returned”);
gumballMachine.setState (gumballMachine.getNoQuarterState());

..then we determine

} if this eustomer won.

public void turnCrank () {
System.out.println(“You turned...”);
int winner = randomWinner.nextInt (10);
if ((winner == 0) && (gumballMachine.getCount() > 1)) {
gumballMachine.setState (gumballMachine.getWinnerState()) ;

} else {
gumballMachine.setState (gumballMachine.getSoldState()) C=\>

: £ {:hc\/ won, and theve's
enough 5umba”s|c££ for
public void dispense() { them to get tuo, we
System.out.println (“No gumball dispensed”); 5o{o{hcwﬁmmr3{afﬁ
: otherwise, we 90 o the
SoldState (Jus{: like we

always did).

Wow, that was pretty simple to implement! We just added a new state to the GumballMachine
and then implemented it. All we had to do from there was to implement our chance game and
transition to the correct state. It looks like our new code strategy is paying off...
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the state pattern

Pemo for the CEQ of Mighty Gumball, Ine.

The CEO of Mighty Gumball has dropped by for a demo of your new gumball game code. Let’s
hope those states are all in order! We’ll keep the demo short and sweet (the short attention span of
CEOs is well documented), but hopefully long enough so that we’ll win at least once.

This code veally hasnt c\.\Angcd at all
we )us{ chortened it 3 bit.

Onte, again, start with a gumball
public class GumballMachineTestDrive { (]f- mathine with & 5umba||s-

public static void main(Stringl[] args) {
GumballMachine gumballMachine = new GumballMachine (5);

System.out.println (gumballMachine) ;

i ' Q\ We want to 56‘{: 3 winning state,
gumballMachine.insertQuarter () ; o we :)us{: ku? ?umyihS > Lhose

D\uar{:crs and turning the erank. We

System.out.println (gumballMachine) ; Frih{; out the state of the 3umba||
machine every so often...

gumballMachine. turnCrank() ;

gumballMachine.insertQuarter () ;
gumballMachine.turnCrank() ;
gumballMachine.insertQuarter () ;
gumballMachine.turnCrank() ;

System.out.println (gumballMachine) ;

/N

The whole engineexing Leam is waitin%
oukside the ton evente room to see i
the new State Pattern—based desiogn

is 9oing o work!
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testing the gumball machine

Yes! That rocksl!

File Edit Window Help Whenisagumballajawbreaker?

%$java GumballMachineTestDrive

Mighty Gumball, Inc.

Java-enabled Standing Gumball Model #2004
Inventory: 5 gumballs

Machine is waiting for quarter

You inserted a quarter

You turned...

YOU’RE A WINNER! You get two gumballs for your quarter
A gumball comes rolling out the slot...

A gumball comes rolling out the slot...

Mighty Gumball, Inc.

Java-enabled Standing Gumball Model #2004
Inventory: 3 gumballs

Machine is waiting for quarter

You inserted a quarter
You turned...
A gumball comes rolling out the slot...
You inserted a quarter
? You turned...
QGee, did we get lucky o what? YOU’'RE A WINNER! You get two gumballs for your quarter
|h°m.d¢mo{o£h€CEO'wc Pl A gurball comes rolling out the slot...
buk{mmd A gumball comes rolling out the slot...
Oops, out of gumballs!

won y\o‘l', onte,

Mighty Gumball, Inc.

Java-enabled Standing Gumball Model #2004
Inventory: 0 gumballs

Machine is sold out

%

therejare no

DumbQuestions

. Why do we need the WinnerState? Couldn’t we just have the SoldState dispense two gumballs?

A: That's a great question. SoldState and WinnerState are almost identical, except that WinnerState dispenses two
gumballs instead of one. You certainly could put the code to dispense two gumballs into the SoldState. The downside
is, of course, that now you've got TWO states represented in one State class: the state in which you're a winner, and the
state in which you're not. So you are sacrificing clarity in your State class to reduce code duplication. Another thing to
consider is the principle you learned in the previous chapter: One class, One responsibility. By putting the WinnerState
responsibility into the SoldState, you've just given the SoldState TWO responsibilities. What happens when the
promotion ends? Or the stakes of the contest change? So, it's a tradeoff and comes down to a design decision.
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the state pattern

Bravo! Great job,
gang. Our sales are already going
through the roof with the new game.
You know, we also make soda machines,
and I was thinking we could put one of
those slot machine arms on the side and
make that a game too. We've got four
year olds gambling with the gumball
machines; why stop there?

Sanity check...

Yes, the CEO of Mighty Gumball probably needs a sanity check, but that’s
not what we’re talking about here. Let’s think through some aspects of the
GumballMachine that we might want to shore up before we ship the gold version:

" We've got a lot of duplicate code in the Sold and Winning
states and we might want to clean those up. How would we
do it> We could make State into an abstract class and build in
some default behavior for the methods; after all, error messages / Dammit Jim,

like, “You already inserted a quarter,” aren’t going to be seen I'm a 5umba\\
by the customer. So all “error response” behavior could be mathine, not 3
generic and inherited from the abstract State class. Lovn?u{?“!

® The dispense() method always gets called, even if the crank is
turned when there is no quarter. While the machine operates
correctly and doesn’t dispense unless it’s in the right state, we
could easily fix this by having turnCrank() return a boolean,
or by introducing exceptions. Which do you think is a better
solution?

= All of the intelligence for the state transitions is in the State
classes. What problems might this cause? Would we want to
move that logic into the Gumball Machine? What would be
the advantages and disadvantages of that?

"  Will you be instantiating a lot of GumballMachine objects?
If so, you may want to move the state instances into static
instance variables and share them. What changes would this
require to the GumballMachine and the States?
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fireside chats:

Fireside Chats
@ \
&
|
: U//d \

Strategy State

Tonight: A Strategy and State Pattern Reunion.

Hey bro. Did you hear I was in Chapter 1?
Yeah, word is definitely getting around.

I was just over giving the Template Method guys a

hand — they needed me to help them finish off their

chapter. So, anyway, what is my noble brother up

to?
Same as always — helping classes to exhibit different
behaviors in different states.

I don’t know, you always sound like you’ve just

copied what I do and you’re using different words

to describe it. Think about it: I allow objects to

incorporate different behaviors or algorithms

through composition and delegation. You're just

copying me.
I admit that what we do is definitely related, but my
intent is totally different than yours. And, the way I
teach my clients to use composition and delegation
is totally different.

Oh yeah? How so? I don’t get it.

Well if you spent a little more time thinking about
something other than yourself, you might. Anyway,
think about how you work: you have a class you're
instantiating and you usually give it a strategy
object that implements some behavior. Like, in
Chapter 1 you were handing out quack behaviors,
right? Real ducks got a real quack, rubber ducks
got a quack that squeaked.

Yeah, that was some fine work... and I'm sure you

can see how that’s more powerful than inheriting

. P ' L
your behavior, right; Yes, of course. Now, think about how I work; it’s

totally different.

Sorry, you’re going to have to explain that.
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Strategy

Hey, come on, I can change behavior at runtime
too; that’s what composition is all about!

Well, I admit, I don’t encourage my objects to have
a well-defined set of transitions between states. In
fact, I typically like to control what strategy my
objects are using.

Yeah, yeah, keep living your pipe dreams brother.
You act like you're a big pattern like me, but check
it out: I'm in Chapter 1; they stuck you way out in
Chapter 10. I mean, how many people are actually
going to read this far?

That’s my brother, always the dreamer.

the state pattern

State

Okay, when my Context objects get created, I may
tell them the state to start in, but then they change
their own state over time.

Sure you can, but the way I work is built around
discrete states; my Context objects change state
over time according to some well defined state
transitions. In other words, changing behavior is
built in to my scheme — it’s how I work!

Look, we’ve already said we’re alike in structure, but
what we do 1s quite different in intent. Face it, the
world has uses for both of us.

Are you kidding? This is a Head First book and
Head First readers rock. Of course they’re going to
get to Chapter 10!
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refill exercise

We almost forgot!

Theve's one Lransition we forgot to put in the oviginal spec...
we need a-way 4o vefill the 3umball mathine when 'Bc's ouI,c of
) 5umba|ls! Heve's the new diagram — tan you implement it for us?
Mighty Gumba]l, Ine. You did suth a 9ood job on 4he vest of the gumball mathine we
Where [Elhe Gu:w:;aEu |v::chine have no doubt you tan add thisin a y«f«fy
is Never Hda m| y

— The Mighty Qumball Engincers

vefill
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the state pattern

@ harpen Your pencil

\\\\ We need you to write the refill() method for the Gumball machine. It has one
argument — the number of gumballs you're adding to the machine — and should
update the gumball machine count and reset the machine’s state.

You've done some amazing work!
T've got some more ideas that
are going to change the gumball
industry and I need you to implement
them. Shhhhh! T'll let you in on these
ideas in the next chapter.
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who does

. e O

*
WHQ DQES wWHaAaAT™

Match each pattern with its description:

Pattern Description

Encapsulate interchangeable
State behaviorsand use delegationto
decide which behavior to use

Subclasses decide how

Strategy
to implement steps in an
algorithm

Template Method Encapsulate state-based
behavior and delegate
behavior to the current state
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the state pattern

The State Pattern allows an
object to have many different
behaviors that are based on its
internal state.

Unlike a procedural state
machine, the State Pattern
represents state as a full-blown
class.

The Context gets its behavior
by delegating to the current
state object it is composed
with.

By encapsulating each state
into a class, we localize any
changes that will need to be
made.

The State and Strategy
Patterns have the same class
diagram, but they differ in
intent.

Strategy Pattern typically
configures Context classes
with a behavior or algorithm.

State Pattern allows a Context
to change its behavior as the
state of the Context changes.

State transitions can be
controlled by the State classes
or by the Context classes.

Using the State Pattern will
typically result in a greater
number of classes in your

design.

State classes may be shared
among Context instances.
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424 Chapter 10



the state pattern

Exercise solutions

(7 harpen our pencil
S your p

Based on our first implementation, which of the following apply?

(Choose all that apply.)

wA. This code certainly isn’t adhering to the M State transitions aren’t explicit; they

Open Closed Principle! are buried in the middle of a bunch of
d B. This code would make a FORTRAN g conditional code.

programmer proud. E. We haven’t encapsulated anything that
g C. This design isn’t even very object , vameshere

oriented. E. Further additions are likely to cause bugs

in working code.

We have one remaining class we haven’t implemented: SoldOutState.
Why don’t you implement it? To do this, carefully think through how
the Gumball Machine should behave in each situation. Check your
answer before moving on...

[P harpen our pencil
S y

e, we veally
|n the Sold Out s{:an{‘\ C ot

cars do NS Tl e
) ball Machme
public class SoldOutState implements State { vefills £he G

GumballMachine gumballMachine;

public SoldOutState (GumballMachine gumballMachine) {
this.gumballMachine = gumballMachine;
}

public void insertQuarter () {

System.out.println(“You can’t insert a quarter, the machine is sold out”);
}
public void ejectQuarter() {

System.out.println(“You can’t eject, you haven’t inserted a quarter yet”);

}

public void turnCrank() {
System.out.println(“You turned, but there are no gumballs”);

}

public void dispense () {
System.out.println(“No gumball dispensed”);
}
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exercise solutions

To implement the states, we first need to define what the behavior will be
when the corresponding action is called. Annotate the diagram below with the
behavior of each action in each class; we’ve already filled in a few for you.

Go to HasQuarterState
Tell « './’\) NoQuarterState
ell the customer You haven't inserted a "\MQY‘{ZCY‘
>

@oharpen vour pencil
darpenyour

insertQuarter()
Tell the eusto “You turned, but theve’ » ejectQuarter()
ustomer “you turned, but there's no quarter anCrank(

dispense()

Tell the tustomer “You need to pay fiest” — T S———————

Tell the tustomer “You tan't insevt another quarter”
HasQuarterState
Give back quarter, g0 to No Quarter state \

insertQuarter()
Qo to SoldState

9 ejectQuarter()
_% turnCrank()

dispense()

Tell the eustomer, “no qumball dispensed” 0= T ——

Tell the customer “please wait, we've alveady giving You a qumball”

. , SoldState

Tell the customer sorvy, You alveady turned the evank’ — insertQuarter(
Tel the customer “turning tvice doesn't get you another qumball’ I it
Dispense one gumball. Cheek mumber of gumballs; if > 0, g0 B R i

) ) ) e —

to NoQuarter state, otherwise, g0 to Sold Out state

Tell the customer “the mathine is sold out”

Tell the customer “you haven't insevted a quarter yet” SoldOutState

insertQuarter()
Tell the customer “There are no gumballs” _\—_\5 ejectQuarter()

turnCrank()

Tell the Cusfomcr “no gumba" dis?cnscd” /\-_,3 dispense()
T —

Tell the customer “please wait, we've already giving you a qumball”

. R WinnerState
Tell the eustomer sorry, You already turned the evank insertQuarter()

« . . ) ) jectQuart
Tell the customer “turning twice doesn't 9et you another qumball” - 2?:&::'(:0
Dispcnsc +wo gumballs. Chetk number of 5umba||s; £ s o, dispense()

1

90 to NoQuarter state, otherwise, g0 to SoldOutState
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the state pattern

Behind the Scenes:
Self-Guided Tour

delegates £, Solution
Curvent chaJch
@ insertQuarter() ¢umball Machine States @ del ega{:es

¢umball Machine States

turnCrank(
o
turnCrank() ‘ 1 current state

Mgl

mathine attion

insertQuarter()

mathine aﬁ‘l:ion

\\

£

g

>,
e P®

transitions to
HasQuarter state
transitions to
Sold state
omball Machine States ¢umball Machine Sfates

dispense() @‘
2
Heve the machine i

5|vcs ou{: a 5umbé|| ¢
by callmg the internal <

d!S?cnsc( ) attion.

“2

&

Ce @w

and then transitions
{:0 NoQua\r‘[:cr
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exercise

7 harpen Your pencil
A We need you to write the refill() method for the Gumball machine. It has one
argument, the number of gumballs you’re adding to the machine, and should

. + ©

*
WHQ DQES wHHAT™?

Match each pattern with its description:

Pattern Description

Encapsulate interchangeable
State behaviorsand use delegationto
decide which behavior to use

Subelasses decide how

Sﬂ‘ategy : :
to 1m[>1ement steps in an
algorithm
B 5 bas

Template Methed neapsulate state-based

behavior and delegate
behavior to the current
state

update the gumball machine count and reset the machine’s state.

void refill (int count) {
this.count = count;
state = noQuarterState;
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11 the Proxy Pattern

Controlling
+ Object Access *

With you as my Proxy, I'll be
able to triple the amount of lunch
money I can extract from friends!

Ever play good cop, bad COp? You're the good cop and you provide all your
services in a nice and friendly manner, but you don’t want everyone asking you for services,
so you have the bad cop control access to you. That's what proxies do: control and manage
access. As you're going to see, there are lots of ways in which proxies stand in for the
objects they proxy. Proxies have been known to haul entire method calls over the Internet for

their proxied objects; they’ve also been known to patiently stand in the place for some pretty

lazy objects.

this is a new chapter 429



what’s the

Hey team, I'd
really like to get
some better monitoring for
my gumball machines. Can you
find a way to get me a report of
inventory and machine state?

Sounds easy enough. If you remember, we’ve already
got methods in the gumball machine code for getting the
count of gumballs (getCount()), and getting the current
state of the machine (getState()).

All we need to do is create a report that can be printed out
and sent back to the CEO. Hmmm, we should probably
add a location field to each gumball machine as well; that
way the CEO can keep the machines straight.

Let’s just jump in and code this. We’ll impress the CEO
Remember the CEO of with a very fast turnaround.
Mighty Qumball, |ne.?
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the proxy pattern

Coding the Monitor

Let’s start by adding support to the GumballMachine class so that it
can handle locations:

public class GumballMachine ({ A location is Just a S{:!ring.
// other instance variables
String location;

public GumballMachine (String location, int count) {
// other constructor code here
this.location = location; \/ The location is Passed into the
) tonstruttor and stored in the
instance variable.
public String getLocation () {

return location; éﬂ
} Let's also add a getter method to

// other methods here 5Yab the loeation when we need i

Now let’s create another class, GumballMonitor, that retrieves the machine’s
location, inventory of gumballs and the current machine state and prints them
in a nice little report:

public class GumballMonitor {

GumballMachine machines \[_\ Thc monitor takes the mathine in
its tonstruttor and asﬁgnsif 4o the
public GumballMonitor (GumballMachine machine) { MQCHmCinﬂznccvaﬁch

this.machine = machine;

}

public void report() {
System.out.println (“Gumball Machine: ” + machine.getLocation());
System.out.println (“Current inventory: ” + machine.getCount () + “ gumballs”);
System.out.println (“Current state: ” + machine.getState());

Our veport

lo(.a‘{:ioh, ethod Jus{ prints a VCPW{ with

inventory and the machine’s state.
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local gumball monitor

Testing the Monitor

We implemented that in no time. The CEO is going to be thrilled and amazed by our
development skills.

Now we just need to instantiate a GumballMonitor and give it a machine to monitor:

public class GumballMachineTestDrive { Pass in a lotation and initial # of
. . . . . [‘ qumballs on the tommand line.
public static void main (String[] args) {
int count = 0;
if (args.length < 2) { D°"'+« 1c°*‘5€‘f: to give
System.out.println (“GumballMachine <name> <inventory>") the ¢°"S£VIAC‘EOV a
System.exit (1) ; lotation and tount...

}

count = Integer.parselnt(args[l]);
GumballMachine gumballMachine = new GumballMachine (args[0], count);

...and instantiate 3 monitor and pass it a

GumballMonitor monitor = new GumballMonitor (gﬂﬁballMaChine) ;
mathine to ?rovidc a rcvov{: on.

// rest of test code here

File Edit Window Help FlyingFish

monitor.report();
} T When we need a veport on %$java GumballMachineTestDrive Seattle 112

the machine, we ¢all the .
veport() method. Gumball Machine: Seattle

Current Inventory: 112 gumballs
Current State: waiting for quarter

And heve's the ou{:?u‘u

The monitor output looks great,
but I guess I wasn't clear. I need to
monitor gumball machines REMOTELY!

In fact, we already have the networks

in place for monitoring. Come on guys,
you're supposed to be the Internet
generation!
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the proxy pattern

Don't worry guys, I've
been brushing up on my design
patterns. All we need is a remote
proxy and we'll be ready to go.

Well, that will teach us to gather
some requirements before we jump
in and code. I hope we don't have
to start over...

()‘ Jim Frank

ot

Joe: A remote what?

Frank: Remote proxy. Think about it: we’ve already got the monitor code written, right? We give the
GumballMonitor a reference to a machine and it gives us a report. The problem is that monitor runs
in the same JVM as the gumball machine and the CEO wants to sit at his desk and remotely monitor the
machines! So what if we left our GumballMonitor class as is, but handed it a proxy to a remofe object?

Joe: I'm not sure I get it.
Jim: Me neither.

Frank: Let’s start at the beginning... a proxy is a stand in for a real object. In this case, the proxy acts
just like it is a Gumball Machine object, but behind the scenes it is communicating over the network to
talk to the real, remote GumballMachine.

Jim: So you’re saying we keep our code as it is, and we give the monitor a reference to a proxy version
of the GumballMachine...

Joe: And this proxy pretends it’s the real object, but it’s really just communicating over the net to the
real object.

Frank: Yeah, that’s pretty much the story.
Joe: It sounds like something that is easier said than done.

Frank: Perhaps, but I don’t think it’ll be that bad. We have to make sure that the gumball machine
can act as a service and accept requests over the network; we also need to give our monitor a way to get
a reference to a proxy object, but we’ve got some great tools already built into Java to help us. Let’s talk
a little more about remote proxies first...
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remote proxy

The role of the ‘remote proxy’

A remote proxy acts as a local representative to a remole object. Whats a “remote
object?” It’s an object that lives in the heap of a different Java Virtual Machine
(or more generally, a remote object that is running in a different address space).
What’s a “local representative?” It’s an object that you can call local methods on
and have them forwarded on to the remote object.

CEO's desktop cebends o Remote Gumball Machine
o e 5

but s )“SJC ] S{'fa"d n N A)
for the Real Thinoy Semote Heap i

Local Heap

‘himbs{\ mathing, bu.
s veally \')us{: 'ta.\k\ng
o the proXy whith
H‘C“ Joa““ x o [ Came as \Iow old
Real gumba“ mathine o o“\\! "

over the network: code il -

Your client object acts like it's making remote method calls.
But what it’s really doing is ca]ling methods on a heap-
loca] ‘proxy” object that hand]es all the low-leve] details of
network communication.
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the proxy pattern

This is a pretty slick idea. We're
going to write some code that takes a
method invocation, somehow transfers it over
the network and invokes the same method on a
remote object. Then I presume when the call is
complete, the result gets sent back over the
network to our client. But it seems to me
this code is going to be very
tricky to write.

Hold on now, we
aren't going to write that code
ourselves, it's pretty much built
intfo Java's remote invocation
functionality. All we have to do
is retrofit our code so that it
takes advantage of RMI.

- @y RANN
PQWEWR
Before going further, think about how you'd design a system to enable remote method invocation.

How would you make it easy on the developer so that she has to write as little code as possible?
How would you make the remote invocation look seamless?

—@wcxwﬁ
TAawEWwR

Should making remote calls be totally transparent? Is that a good idea? What might be a problem
with that approach?
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RMI

Adding a remote proxy to the Gumball
Machine monitoring code

On paper this looks good, but how do we create a proxy that knows how to invoke a method on an
object that lives in another JVM?

Hmmm. Well, you can’t get a reference to something on another heap, right? In other words, you
can’t say:

Duck d = <object in another heap>

Whatever the variable d is referencing must be in the same heap space as the code running the
statement. So how do we approach this? Well, that’s where Java’s Remote Method Invocation
comes in... RMI gives us a way to find objects in a remote JVM and allows us to invoke their
methods.

You may have encountered RMI in Head First Java; if not, we’re going to take a slight detour and
come up to speed on RMI before adding the proxy support to the Gumball Machine code.

So, here’s what we’re going to do:
s gomng

€ First, we’re going to take the RMI

Detour and check RMI out. Even if Vi

you are familiar with RMI, you might ._-,—--:—'—-—1
want to follow along and check out the DN ®

scenery. Al‘l RMI Detour

© Then we’re going to take our >
GumballMachine and make it a remote
service that provides a set of methods
calls that can be invoked remotely.

If you're new to RMI,

take the detour that runs
over the next few pages;
otherwise, you might want to
Jjust quickly thumb through

e Then, we going to create a proxy that can the detour as a review.

talk to a remote GumballMachine, again
using RMI, and put the monitoring system
back together so that the CEO can monitor
any number of remote machines.
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the proxy pattern

Remote methods 101

Let’s say we want to design a system that allows us to call a local object that forwards each
request to a remote object. How would we design it? We’d need a couple of helper objects
that actually do the communicating for us. The helpers make it possible for the client to

act as though it’s calling a method on a local object (which in fact, it is). The client calls a
method on the client helper, as if the client helper were the actual service. The client helper
then takes care of forwarding that request for us.

In other words, the client object thinks it’s calling a method on the remote service, because
the client helper is pretending to be the service object. Pretending to be the thing with the
method the client wants to call.

But the client helper isn’t really the remote service. Although the client helper acts like it
(because it has the same method that the service is advertising), the client helper doesn’t
have any of the actual method logic the client is expecting. Instead, the client helper
contacts the server, transfers information about the method call (e.g., name of the method,
arguments, etc.), and waits for a return from the server.

On the server side, the service helper receives the request from the client helper (through

a Socket connection), unpacks the information about the call, and then invokes the real
method on the real service object. So, to the service object, the call is local. It’s coming from
the service helper, not a remote client.

The service helper gets the return value from the service, packs it up, and ships it back (over
a Socket’s output stream) to the client helper. The client helper unpacks the information
and returns the value to the client object.

This dhould look Lamiliav-

Client helper peetends

4o be the sch'\CC»i: ‘: the —
. s just 3 proxy *° Server heap
Q Client heap Real Thing \(

Client ob:)ct{', Lhinks
it's talking to the
Real Scrv'\cc.\ . |
‘ks the chien - !
t:‘\'\;csr is the thing Service helper gets the The %{::\\ < \’0;\:‘; .
e = S :cl‘iucs{: from the tlient *’\:;)ct)c Wi \‘; ':: Lhe
k. elpev, unpatks it, and g e
Lhe veal wor 1o be our ealls the v‘:cfho:i O:hﬂw e M é ;
pro®y: Real Service. g
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remote invocation

How the method call happens
@ Client object calls doBigThing() on the client helper object.

doBigThing()

Tient po®

Cy’énf o‘o'se’c'

Client helper packages up information about the call
(arguments, method name, etc.) and ships it over the
network to the service helper.

@ Client heap “client wants to call a method"

doBigThing()

Vient e

Cy’éhf o‘O'SQ’C

Service helper unpacks the information from the client helper,

finds out which method to call (and on which object) and
invokes the real method on the real service object.
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the proxy pattern

@ The method is invoked on the service object, which returns An RMI Defour

some result to the service helper.

@ Client heap

(o B
Server heap @ \
i

result

Service helper packages up information returned from the
call and ships it back over the network to the client helper.

Dient pot™

Tient oo

@ Client heap
A packaged up result

= |=
Server heap Q \
I

Client helper unpackages the returned values and returns
them to the client object. To the client object, this was all

transparent.

@ Client heap

result

Tient he,\‘?“’(
Dient g0

== =
Server heap @
o
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RMI: the picture

Java RMI, the Big Picture

Okay, you've got the gist of how remote methods work;
now you just need to understand how to use RMI to
enable remote method invocation.

What RMI does for you is build the client and service
helper objects, right down to creating a client helper
object with the same methods as the remote service. The
nice thing about RMI is that you don’t have to write

any of the networking or I/0O code yourself. With your
client, you call remote methods (i.e., the ones the Real
Service has) just like normal method calls on objects
running in the client’s own local JVM.

RMI also provides all the runtime infrastructure to make
it all work, including a lookup service that the client can
use to find and access the remote objects.

There is one difference between RMI calls and local
(normal) method calls. Remember that even though to
the client it looks like the method call is local, the client
helper sends the method call across the network. So
there is networking and I/0O. And what do we know
about networking and I/0O methods?

They’re risky! They can fail! And so, they throw
exceptions all over the place. As a result, the client does
have to acknowledge the risk. We’ll see how in a few

pages.

RMI Nomenclature: in RMI, the client helper is a ‘stub’ and the

service helper is a ‘skeleton’.

This is 9oing

1o att as our

\wo%/!

@ Client heap

Now let’s go through all the steps needed to make an object into a
service that can accept remote calls and also the steps needed to

allow a client to make remote calls.

NCWCV' Versions
of Java don’t
requive an explis:
skc’eﬁon ob\)'cc'fé,mrl:
but Somc{:},iha on
he servey. side
is still handling

skeleton behavior.

You might want to make sure your seat belt is fastened; there are
a lot of steps and a few bumps and curves - but nothing to be too

worried about.
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the proxy pattern

Making the Remote service

This is an overview of the five steps for making the remote service. In other words, the An RMI Detour
steps needed to take an ordinary object and supercharge it so it can be called by a remote

client. We’ll be doing this later to our GumballMachine. For now, let’s get the steps down

and then we’ll explain each one in detail.

Step one:
Make a Remote Interface

The remote interface defines the methods that
a client can call remotely. It’s what the client MyService.java
will use as the class type for your service. Both

the Stub and actual service will implement
this!

ite; lass
The Real Servite; the ¢
5z | €77 Lith the methods that do

the veal work- [t implements
fhe vemote intevface.

Step two:

Make a Remote Implementation

This is the class that does the Real Work. It
has the real implementation of the remote MyServicelmpl java
methods defined in the remote interface.

It’s the object that the client wants to call

methods on (e.g., our GumballMachine!). vl ~spits ot o new,
Step three: Running rmit againch {')\c‘ attw SV :L’;sscs for the
A ion Llass.-  _~ .
Generate the stubs and skeletons using rmic service implementation cIper objeets.
These are the client and server ‘helpers’. You File Edit Window Help Eat soiso1 Ry

0110

don’t have to create these classes or ever look $rmic MyServiceImpl 001 10
at the source code that generates them. It’s all
handled automatically when you run the rmic

MyServicelmpl_Stub.class

tool that ships with your Java development kit. oo T
Step four: ot a1
Start the RMI registry (rmiregistry) MyServicelmpl_Skel.class
The rmuregistry is like the white pages of a phone File Edit_Window Help Drink
book. It’s where the client goes to get the proxy $rmiregistry Lis
(the client stub/helper object). Run Le
a chava
Step five: Lecmindl

Start the remote service

You have to get the service object up and running. Your
service implementation class instantiates an instance w .
of the service and registers it with the RMI registry. %Jjava MyServicelImpl

Registering it makes the service available for clients.

File Edit Window Help BeMerry
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make a interface

Step one: make a Remote interface

@

442

<

Extend java.rmi.Remote

Remote 1s a ‘marker’ interface, which means it has no methods. It has special
meaning for RMI, though, so you must follow this rule. Notice that we say
extends’ here. One interface is allowed to extend another interface.

us {;\\a‘h the

This Lells 4o be used

nteckace is go\n% * 0
public interface MyRemote extends Remote ({ 4o su‘:\aor{: vemote

Declare that all methods throw a RemoteException

The remote interface is the one the client uses as the type for the service. In
other words, the client invokes methods on something that implements the
remote interface. That something is the stub, of course, and since the stub is
doing networking and 170, all kinds of Bad Things can happen. The client

has to acknowledge the risks by handling or declaring the remote exceptions. If
the methods in an interface declare exceptions, any code calling methods on a
reference of that type (the interface type) must handle or declare the exceptions.

. ‘1 in \ava.rmi
import java.rmi.*; &— Remote mterkate is in )

public interface MyRemote extends Remote { [\EV"‘/ vemote method ¢all is

public String sayHello() throws RemoteException; Considered ‘visky'. Declaring
RCMO‘ECE%CCP{:iOh on evey

} method forces the tlient
Lo . to pay attention and

Be sure arguments and return values are primitives or Serializable atknowledge that things

Arguments and return values of a remote method must be either primitive might not work.

or Serializable. Think about it. Any argument to a remote method has to

be packaged up and shipped across the network, and that’s done through
Serialization. Same thing with return values. If you use primitives, Strings, and
the majority of types in the API (including arrays and collections), you’ll be fine.
If you are passing around your own types, just be sure that you make your classes
implement Serializable.

Check out Head First
Java if You need to
vefresh Your memory
on Sevializable.

public String sayHello() throws RemoteException;

R This veturn value is gonna be shi
server back to Lhe tlient, so it
how args and veturn values get

Pped over the wire from the
must be Serializable. That’s
Packaged up and sent.



the proxy pattern

Step two: make a Remote implementation ===
(@) Implement the Remote interface An RMI Detour

Your service has to implement the remote interface—the one with
the methods your client is going to call.

public class MyRemotelImpl extends UnicastRemoteObject implements MyRemote {
public String sayHello() ({
return “Server says, ‘Hey’”; [he tompiler will make sure that

} ou've implemented all £he th
// more code in class zm the intevface You imFT:mc:zsln
} this case, there’s only one.

Extend UnicastRemoteObject

In order to work as a remote service object, your object needs some functionality
related to ‘being remote’. The simplest way 1s to extend UnicastRemoteObject
(from the java.rmi.server package) and let that class (your superclass) do the
work for you.

public class MyRemotelImpl extends UnicastRemoteObject implements MyRemote ({

Write a no-arg constructor that declares a RemoteException

Your new superclass, UnicastRemoteObject, has one little problem—its

constructor throws a RemoteException. The only way to deal with this is to

declare a constructor for your remote implementation, just so that you have a

place to declare the RemoteException. Remember, when a class is instantiated,

its superclass constructor is always called. If your superclass constructor throws

an exception, you have no choice but to declare that your constructor also throws Lhing in
an exception. You don't have to \N{Z. 3';/ 63 s
the tonstruttor: You Just e evelass
way {o detlare fhat your su‘?{'wn.
consbruttor £hrows an excey

public MyRemoteImpl () throws RemoteException { }

Register the service with the RMI registry

Now that you’ve got a remote service, you have to make it available to remote
clients. You do this by instantiating it and putting it into the RMI registry (which
must be running or this line of code fails). When you register the implementation
object, the RMI system actually puts the stub in the registry, since that’s what the
client really needs. Register your service using the static rebind() method of the

java.rmi.Naming class. Vice 3 name (that tlients tan use

try { Give Your ch. ; ) and rcg'ISJCCT it
MyRemote service = new MyRemoteImpl () ; 4o look it up in {:\T;‘;C‘%)‘S‘;/C:\Z“ ‘/:’“ bind the
Naming.rebind (“RemoteHello”, service) ; W"U‘. the RMJlC Y&?\‘M sz,a\,s the sevvite for the
} catch(Exception ex) {...} U SSC:‘CC;V\‘;“’%T‘L’ the skvb in the rcg’usjcry
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stubs and skeletons

Step three: generate stubs an

(@) Run rmic on the remote implementation class
(not the remote interface)

The rmic tool, which comes with the Java software
development kit, takes a service implementation and
creates two new classes, the stub and the skeleton. It uses
a naming convention that is the name of your remote
implementation, with either _Stub or _Skel added to
the end. There are other options with rmic, including
not generating skeletons, seeing what the source code

d skeletons

Rmic 9enerates Lo

, « \assn hew C’asscs f t
ice that you dont say ¢ o 7o the
tl:itcc end. :)lus{ fhe elass name- helper objects.

101101 D

10 110 1

for these classes looked like, and even using IIOP as
the protocol. The way we’re doing it here is the way
you’ll usually do it. The classes will land in the current
directory (i.e. whatever you did a cd to). Remember,
rmic must be able to see your implementation class, so
you’ll probably run rmic from the directory where your
remote implementation is located. (We're deliberately
not using packages here, to make it simpler. In the Real
World, you’ll need to account for package directory
structures and fully-qualified names).

Step four: run rmiregistry

(@ Bring up a terminal and start the rmiregistry.

Be sure you start it from a directory that has access to
your classes. The simplest way is to start it from your
‘classes’ directory.

Step five: start the service

(@ Bring up another terminal and start your service

This might be from a main() method in your remote
implementation class, or from a separate launcher class.

In this simple example, we put the starter code in the
implementation class, in a main method that instantiates the
object and registers it with RMI registry.
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File Edit Window Help Whuffie oot

001 01

$rmic MyRemoteImpl

MyRemotelmpl_Stub.class
o

10 110 1
0110
001 10
001 01

MyRemotelmpl_Skel.class

File Edit Window Help Huh?

¥rmiregistry

File Edit Window Help Huh?

%java MyRemoteImpl




the proxy pattern

Complete code for the server side

The Remote interface:

nd Remote
package:

v ‘{ouY‘ .lh{',CY'gaCC

public interface MyRemote extends Remote {

RcmoﬁCE*“Ybon a

. in \ava.rmi
import java.rmi.*; interkate are in java

MUST extend \')aVA-Y‘mi.RCMO{ZC

All of Your remote methods must

public String sayHello() throws RemoteException; declave a RCmo{cExaP{'
on.

The Remote service (the implementation):

50\1366\', s n the

ot
\AV\.\LaS{"RCM at\‘agc, ) CO\) CC& is t\\c
import java.rmi.*; — . a\la_w,.{\.sc‘ﬂ"‘CY ¥ E*{'ﬁ"d-‘“‘.’) lAmcachRcvnOJC ‘E)C ob'cé{l-
import java.rmi.server.*; J cas\cs{'. way to make 3 remo )

public class MyRemoteImpl extends UnicastRemoteObject implements MyRemote {

s £—— You have £o implement all h \ Vou MUST i
public String sayHello() { i ‘ ik
return “Server says, ‘Hey’”; chqfacc ”‘Cﬂ‘odsl O‘F Course. Bu‘f‘, remote ih‘(:ev-pacc// -
} notite that you do NOT have 4o "
detlave the RemoteException.

public MyRemoteImpl () throws RemoteException { } \/ou\r Su?cy-(,lass tonstruetor (for

Mn‘ucas%Rmo{xOB\')cc{) declares an cne\?{iom so
. . . . . \/Ol/( must write 3 construttor, because it m-cans
public static void main (String[] args) { that Yyour tonstruttor is ca"ing risk\/ tode (its
try { supev Cons{:\ruéb‘f')~
MyRemote service = new MyRemoteImpl () ; f‘\
Naming.rebind (“RemoteHello”, service) ;

} catch (Exception ex) { Make the remote obi “. ..
} hame you vegister it under i | =omERs: The
} g is the name elients
} use to look it up in the Ry registry. ents vl

you are here » 445



how to get the stub object

How does the client get the
stub object?

The client has to get the stub object (our proxy), since
that’s the thing the client will call methods on. And that’s
where the RMI registry comes in. The client does a
‘lookup’, like going to the white pages of a phone book,
and essentially says, “Here’s a name, and I’d like the stub
that goes with that name.”

Let’s take a look at the code we need to lookup and
retrieve a stub object.

Weve s hov v wo

/@ Code Up Close

Thc tlient always uses the vemote

interface as the -{;\/Pc of the sevvice.

IV\ ‘Fac{; 'Ehc C'lch'& never '\CcdS {O ThIS MIAS{: b

know the actual elass name of your that 1) e jl:hc name

remote service. -, € servite was

lookup() is a static method registered under-.

\ﬁ of the Nam‘mg tlass.

MyRemote service = \[ /

(MyRemote) Naming.lookup(“rmi://127.0.0.1/RemoteHello”) ;

\;"\r\_/
You have 4o cast it to the The host name or [P
intevface, sinte the lookup addvess wheve the
method veturns {:\/YC Ob\')cc{. servite is vunning.
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the proxy pattern

An BMI Detour

Server @ “2
ey

How it works...

@ Client does a lookup on the RMI registry
Naming.lookup (“rmi://127.0.0.1/RemoteHello”) ;

@ RMI registry returns the stub object
(as the return value of the lookup method) and RMI deserializes the stub
automatically. You MUST have the stub class (that rmic generated for you)
on the client or the stub won’t be deserialized.

Client invokes a method on the stub, as if the
stub IS the real service

447



the remote

Complete client code

The Nami [}
K_,//_‘ ’ookuP) i ’:3 Class (‘pOV‘ doing 'l:hc ”"i\"egis{:v-y

n the Java.rmi

. £ s rmi.*;
import java.rmi Packagc.
public class MyRemoteClient {
public static void main (String[] args) {
new MyRemoteClient () .go()
} {.’ e
skey 3 Y
Lhne ves _
public void go() { |t comes O“XO“, 4 foroek Lhe L33

X ‘h) so
try { \[ Ob‘)cc

MyRemote service = (MyRemote) Naming.lookup (“rmi://127.0.0.1/RemoteHello”) ;

\

o
and the name used
System.out.println(s) R or hostname. bind/vebind the sevvite

} catch (Exception ex) { It looks \)'us{: like 3 \regular ld
ex.printStackTrace() ; method caH/ (ExccP{; it mu:-l;

} ac‘.knowledgc +h

String s = service.sayHello(); You need the P add
ress

e Rcmo{:cEx::cP{:ion.)

o
Geek Bits
How does the client get the stub class?

—_—

Now we get to the interesting question. Somehow, some way, the client must have the stub class
(that you generated earlier using rmic) at the time the client does the lookup, or else the stub won't
be deserialized on the client and the whole thing blows up. The client also needs classes for any
serialized objects returned by method calls to the remote object. In a simple system, you can simply
hand-deliver these classes to the client.

There's a much cooler way, although it's beyond the scope of this book. But justin case you're
interested, the cooler way is called “dynamic class downloading”. With dynamic class downloading,
Serialized objects (like the stub) are “stamped”with a URL that tells the RMI system on the client where
to find the class file for that object. Then, in the process of deserializing an object, if RMI can’t find the
class locally, it uses that URL to do an HTTP Get to retrieve the class file. So you'd need a simple web
server to serve up class files, and you'd also need to change some security parameters on the client.
There are a few other tricky issues with dynamic class downloading, but that's the overview.

For the stub object specifically, there’s another way the client can get the class. This is only available in
Java 5, though. We'll briefly talk about this near the end of the chapter.
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the proxy pattern

Watch it!

The top three things programmers do wrong with RMI are:

1) Forget to start rmiregistry before starting remote service (when the service is registered using
Namingrebind(), the rmiregistry must be running!)

2) Forget to make arguments and return types serializable (you won’t know until runtime; this is
not something the compiler will detect.)

3) Forget to give the stub class to the client.

. [Tortor TN
Don't forget, the client uses [t e By
the remote interface 4o call fo1 10 E::ii‘é ! 001 10 o1 10
001 01
methods on the stub. The 001 o1 W Servicelmora M Servie T St
. . ervicelmpl.class ervicelmpl_Stub.class
CIICV\‘E \)VM Y\CCdS 'H’\C S‘tub Client.class MySeI'ViceImpl_Stub.class Yy p y Pl
Classy bu{ 'U’\C LIICY\'{: nevevr 121123 F —
V‘Cch‘S 'EO 'H’IC S‘Eub ClaSS in :gligt L 301113 tulilz 1
001 01
tode. The tlient always uses o 001 19
001 01 .
the remote interfate, as MyServicelmpl_Skel.class MVRemora olass
though the vemote interface MyRemote.class y :

WERE {:hc ad{:ual \r'c:mo‘te

Server needs both the Stub and Skeleton
ob\")ctf

¢lasses, as well as the service and the

vemote interface. [t needs the stub class
because remember, the stub is substituted
for the veal service when the veal service

is bound to the RM| V'cgis‘b'\/-
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remote

Back to our GumballMachine
remote proxy

Okay, now that you have the RMI basics down, you’ve
got the tools you need to implement the gumball
machine remote proxy. Let’s take a look at how the
GumballMachine fits into this framework:

CEO's desktop The stub is @ proXy
b the rcmo{',c
&a = GumballMachine:

-
) Client heap

EIVD

Or
DETo Ur

Remo{:c 6 mball .
with a Jvrvy, 1 Machine

Server heap

This is our de
Monitor tode ! Le .
uses 3 prory T The skeleton accepts the Tawba\\Ma"\‘mcu'\\u,
Lalk to vemote remote calls and makes . oke se¢ -
urball machines everything work on the s 99" “ ate
k) service side. ! rcmojﬁc nker
Lor thne "\‘w\:
wse-
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the proxy pattern

Getting the GumballMachine ready
to be a remote service

The first step in converting our code to use the remote proxy is to enable the
GumballMachine to service remote requests from clients. In other words,
we’re going to make it into a service. To do that, we need to:

1) Create a remote interface for the GumballMachine. This will provide a set
of methods that can be called remotely.

2) Make sure all the return types in the interface are serializable.
3) Implement the interface in a concrete class.

We’ll start with the remote interface:

Don't forget to import \')ava.rmi.*

import java.rmi.*; J

public interface GumballMachineRemote extends Remote {
public int getCount () throws RemoteException;
public String getLocation () throws RemoteException;
public State getState() throws RemoteException;

\

Heve ave the methods were going to suppor
ﬁ‘;‘{:“‘f“ {{;‘,\If: so:“d Ecat:h one throws RemoteExteption.
e primiti
Sevializable...

This is the vemote interface.

We have one return type that isn’t Serializable: the State class. Let’s fix it up...

import java.io.*; <= Sevializable is in the )ava'i° \’ad‘aﬁc'

public interface State extends Serializable {

public void insertQuarter(); Then we Jus{', extend the Sevializable
public void ejectQuarter(); L in{',cr‘(:aéc (whith has no methods in ).
public void turnCrank () ; And now State in all the subtlasses tan

public void dispense(); be {rans‘CCYY‘Cd over H\C nc{work'
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remote interface for the gumball machine

Actually, we’re not done with Serializable yet; we have one problem with State. As you may
remember, each State object maintains a reference to a gumball machine so that it can call the
gumball machine’s methods and change its state. We don’t want the entire gumball machine
serialized and transferred with the State object. There is an easy way to fix ﬁ‘ni;;ch imylcmcn{:a Lion of State, we
public class NoQuarterState implements State { add the Hransient kcyword 4o the
transient GumballMachine gumballMachine; E—— GumballMachine instante vaviable. This

£ells the JVM not to sevialize this field.
e e s e Nobe hat Lhis can be sightly dangerous
| i you {x\/ {0 acttess this field onte it's

been sevialized and fransfecved.

We've already implemented our GumballMachine, but we need to make sure it can act as a service and
handle requests coming from over the network. To do that, we have to make sure the GumballMachine is
doing everything it needs to implement the GumballMachineRemote interface.

As you've already seen in the RMI detour, this is quite simple, all we need to do is add a couple of things...

Fivst, we need to .‘"‘YOV{.’ the QumballMathine is

. .
rmi yackasc \[ 90ing 4o subtlass the
UnicastRemoteObjeet;
import java.rmi.*; this gjves it the ab“'_{-'\/ t QumballMachine also needs to
import java.rmi.server.*; act as a vemote sevvice. (‘ implement the remote intevface...
public class GumballMachine

extends UnicastRemoteObject implements GumballMachineRemote

{

// instance variables here

public GumballMachine (String location, int numberGumballs)

throws RemoteException {
// code here

}

public int getCount () {
return count;

| ~and the eonstruttor needs
1o throw a remote exception,
public State getState() { \ bccausc the sufc\rclass does.
return state; — That's it/ No-l:hing
} thanges heve at all/
public String getLocation() { /

return location;

}

// other methods here
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Registering with the RMI registry...

That completes the gumball machine service. Now we just need to fire it up so it can
receive requests. First, we need to make sure we register it with the RMI registry so
that clients can locate it.

We’re going to add a little code to the test drive that will take care of this for us:

public class GumballMachineTestDrive {

public static void main(Stringl[] args) {
GumballMachineRemote gumballMachine = null;
int count;

if (args.length < 2) {
System.out.println (“GumballMachine <name> <inventory>");

System.exit (1) ; First we need to add a try/cateh block
} / around the qumball instantiation betause our

tonstruetor an now throw exteptions.

try {
count = Integer.parselnt(args[l]);
gumballMachine =

new GumballMachine (args[0], count);

Naming.rebind (“//” + args [wmballmachine", gumballMachine) ;

} catch (Exception e) { . .
e.printStackTrace () ; We also add the eall to Namm5'“b"‘d’

} which publishes the QumballMathine stub
J under the name qumballmathine.
| We've using the “official

Let’s go ahead and get this running... I:;s{?:\{/‘}sf:: LEA:I; Mighjﬁ‘l éumba\\ mathines, You

f Run this first and vrunning, <_\ should substitute your own

mathine name heve:
File Edit Window Help Huh?

% rmiregistry

File Edit Window Help Huh? \/

% java GumballMachineTestDrive seattle.mightygumball.com 100

j 4\/ This gets the QumballMachine up and vunning
Run this second. and vegisters it with the RM| vegstry.
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gumball monitor client

Now for the GumballMonitor client...

Remember the GumballMonitor? We wanted to reuse it without
having to rewrite it to work over a network. Well, we’re pretty much
going to do that, but we do need to make a few changes.

Juse we ave

. RAA‘YaCka%: bet.

We need o ""‘\7°r{" o Lion tlass below.--

using the RemoteExtey

on Lhe vemote

. : m . ) | ‘{'p Y‘C\
import java.rmi.*; Now we ve 5om5 the LonLY‘C{"C

inkeckace vather than

public class GumballMonitor ({ e_/ é ba\\MaC\"\“c etlass.
GumballMachineRemote machine; ¢f/ o
public GumballMonitor (GumballMachineRemote machine) ({

this.machine = machine;

}

public void report() {

try {
System.out.println (“Gumball Machine: “ + machine.getLocation());
System.out.println (“Current inventory: “ + machine.getCount() + “ gumballs”);
System.out.println (“Current state: “ + machine.getState());

} catch (RemoteException e) {
e.printStackTrace() ;

: \ We also. need to eateh any vemote exeeptions
} that might happen as we try to invoke methods
that are ultimately happening over the network.

Frank was right; this
is working out quite
nicely!
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Writing the Monitor test drive

Now we’ve got all the pieces we need. We just need to write some
code so the GEO can monitor a bunch of gumball machines:

Heve's the monitor Lest dvive. The
CEO is going +o vun ‘U\is!

) \otations
v¢'s all the lota!
import java.rmi.*; Hcrc a0y ko monttor: We LY'C:;(:ZCl 3'\{:. .
we! tations,
awaz o
public class GumballMonitorTestDrive { one or eath
mathine.
public static void main(String[] args) { k{//-
Stringl]

location = {“rmi://santafe.mightygumball.com/gumballmachine”,
“rmi://boulder.mightygumball.com/gumballmachine”,
“rmi://seattle.mightygumball.com/gumballmachine”};

GumballMonitor[] monitor = new GumballMonitor[location.length];

for (int 1=0;i < location.length; i++) { We also LY'CQ{:C an
try {

avvay of monitors.
GumballMachineRemote machine =

(GumballMachineRemote)

Naming.lookup (location[i]);
monitor[i] =

new GumballMonitor (machine) ;
System.out.println (monitor[i]);
} catch (Exception e) {

e.printStackTrace();

}

Now we need to get a proxy

4o eath remote mathine.
for(int i=0; i < monitor.length; i++) {

monitor[i].report ()

} \
Then we iterate through eath
mathine and ?rin{: out its ‘rq?or{:.
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the gumball machine proxy

p O@de UP Ol@Se Remember, Naming.lookuy() is

statie method in the RMI package

This veturns a proxy to the remote that takes a lotation and sevvice
6‘*"‘53” Mathine (or throws an cxtc‘?{:ion name and looks it up in the
if one can't be located). vmivegistry at that lotation.

try { m \[
GumballMachineRemote machine =

(GumballMachineRemote) Naming.lookup (location[i]);
monitor[i] = new GumballMonitor (machine);

} catch (Exception e) {
e.printStackTrace();

}

b the rcmo{',c

Onte we 9et 3 Prory émba“/vlo,;\igov

mathine, we treate 3 new
and pass it

Another dewmo for the CEO of Mighty Guwmball...

Okay, it’s time to put all this work together and give another demo. First let’s make
sure a few gumball machines are running the new code:

On eath mathine, vun vmircgis{:v\/ in ..and then vun the QumballMachine, 9iving it

the background or from a separate a lotation and an initial qumball count.
terminal window... /
(V File Edit Window Help Huh?
% rmiregistry &
% java GumballMachinTestDrive santafe.mightygumball.com 100

File Edit Window Help Huh?

% rmiregistry &
% java GumballMachineTestDrive boulder.mightygumball.com 100

File Edit Window Help Huh?

% rmiregistry &

% java GumballMachineTestDrive seattle.mightygumball.com 250

popular machine! 5
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And now let’s put the monitor in the hands of the CEO.
Hopefully this time he’ll love it:

File Edit Window Help GumballsAndBeyond

% java GumballMonitorTestDrive

Gumball
Current

Current

Gumball
Current

Current

Gumball
Current
Current

%

By involcing methods on the proxy, a remote call
is made across the wire and a String, an integer
and a State o]oject are returned. Because we are
using a proxy, the GumballMonitor doesn’t know,

Machine: santafe.mightygumball.com

inventory: 99 gumballs h

state: waiting for quarter The monitor iterates

over eath vemote
mathine and calls
its gc{:Loca‘(:ion(),
inventory: 44 gumballs getCount() and
5e‘hg‘{'.a‘{:c0 methods.

Machine: boulder.mightygumball.com

state: waiting for turn of crank

Machine: seattle.mightygumball.com
inventory: 187 gumballs

tate: iti £ t
state: waiting for quarter This is amazing:

it's going to revolutionize my
business and blow away the
competition!

or care, that calls are remote (other than ltaving
to worry about remote exceptions).
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proxy

This worked great! But
I want to make sure I
understand exactly what's
going on...

Behind
the Scenes

The CEO runs the monitor, which first grabs the proxies to the remote
gumball machines and then calls getState() on each one (along with
getCount() and getLocation()).

CEO, S dcs\({'ﬁ\’

RCmo{:c 6 mball .
with a Jvrvy 2 Machine
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© getState() is called on the proxy, which forwards the call to the remote
service. The skeleton receives the request and then forwards it to the
gumball machine.

getState()

L
Skeleton Gllfn banMO‘x\Q

GumballMachine returns the state to the skeleton, which serializes it and
transfers it back over the wire to the proxy. The proxy deserializes it and

returns it as an object to the monitor.
$Zrializ%§ e
% State s gbjec

o
Skeleton S, b I|M°C'\\®

Likewise, the éumba“Machinc
implements another intevface and

<o uses he may throw a remote C%CCFJcion in its
emote exteptions: | alse ‘: Cace vather tonstruttor, but other than that, the

v . ‘{',C -"‘{"c )
mba\\/\/laf—“"‘CR"m . tode hasn't thanged.
i:\m\ F) tontrete .\"‘Y\C"\cn{-'abo“
We also have a small bit of code to vegister and lotate stubs using the
RMI vegistry. But no matter what, it we were writing something to
work over the Internet, we'd need some kind of lotator sevvice.
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the defined

The Proxy Pattern defined

We’ve already put a lot of pages behind us in this chapter; as you
can see, explaining the Remote Proxy is quite involved. Despite
that, you'll see that the definition and class diagram for the Proxy
Pattern is actually fairly straightforward. Note that Remote Proxy is
one implementation of the general Proxy Pattern; there are actually
quite a few variations of the pattern, and we’ll talk about them later.
For now, let’s get the details of the general pattern down.

Here’s the Proxy Pattern definition:

The Proxy Pattern provides a surrogate or
placeholder for another object to control access to it.

Well, we’ve seen how the Proxy Pattern provides a surrogate or
placeholder for another object. We’ve also described the proxy as
a “representative” for another object.

But what about a proxy controlling access? That sounds a little
strange. No worries. In the case of the gumball machine, just
think of the proxy controlling access to the remote object. The
proxy needed to control access because our client, the monitor,
didn’t know how to talk to a remote object. So in some sense the
remote proxy controlled access so that it could handle the network
details for us. As we just discussed, there are many variations of
the Proxy Pattern, and the variations typically revolve around the
way the proxy “controls access.” We’re going to talk more about
this later, but for now here are a few ways proxies control access:

®  As we know, a remote proxy controls access to a
remote object.

® A virtual proxy controls access to a resource that is
expensive to create.

® A protection proxy controls access to a resource
based on access rights.

Now that you've got the gist of the general pattern, check out the
class diagram...
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the proxy pattern

Both the Proxy and H‘J:h
f Rca\SuchLJc, imp """_‘lf’h ¢
<<interface>> Sub\)cc‘h m-l:c‘r{:au *
Subject I allows any tlien 4o trea
request() the Yro‘ﬁ\l ‘L \\kc the
Kca\gubJCC
ReaISu’l.)ject F& Pr;xy h
request() request() I
The Proxy k“\: :
4o the
The RealS b vekevente .
usuallycfh: obcités The Proxy often instantiates g\,\,\')cdc, so it tan
that does m os-l: or handles the eveation of forward VCT’\V‘CS
the veal work; the RealSubject. 1o the Subjett

when netessary:

the Prox\/ tontrols
aceess to it.

Let’s step through the diagram...

First we have a Subject, which provides an interface for the RealSubject and the Proxy.
By implementing the same interface, the Proxy can be substituted for the RealSubject
anywhere it occurs.

The RealSubject is the object that does the real work. It’s the object that the Proxy
represents and controls access to.

The Proxy holds a reference to the RealSubject. In some cases, the Proxy may be
responsible for creating and destroying the RealSubject. Clients interact with the
RealSubject through the Proxy. Because the Proxy and RealSubject implement the
same interface (Subject), the Proxy can be substituted anywhere the subject can be
used. The Proxy also controls access to the RealSubject; this control may be needed
if the Subject is running on a remote machine, if the Subject is expensive to create in
some way or if access to the subject needs to be protected in some way.

Now that you understand the general pattern, let’s look at some other ways of using
proxy beyond the Remote Proxy...
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virtual

Get ready for Virtual Proxy

Okay, so far you’ve seen the definition of the Proxy Pattern and you've taken a look
at one specific example: the Remote Proxy. Now we’re going to take a look at a different
type of proxy, the Virtual Proxy. As you’ll discover, the Proxy Pattern can manifest
itself in many forms, yet all the forms follow roughly the general proxy design. Why
so many forms? Because the proxy pattern can be applied to a lot of different use
cases. Let’s check out the Virtual Proxy and compare it to Remote Proxy:

Rewmote Proxy

With Remote Proxy, the proxy
acts as a local representative
for an object that lives ina
different JVM. A method call

on the proxy results in the call
being transferred over the wire,
invoked remotely, and the result
being returned back to the proxy
and then to the Client.

We know this diagram
pretty well by now...

» ob)edc-

Big “expensive 4o treate

Virtual Proxy e re creates
ubye

Virtual Proxy acts as a hen it’ Jd d.

representative for an object that \“ef““e's)(O e

may be expensive to create. The
Virtual Proxy often defers the
creation of the object until it

is needed; the Virtual Proxy

also acts as a surrogate for

the object before and while it

is being created. After that, the
proxy delegates requests directly to
the RealSubject.

Proxy

o
CliexX Reqlsio¥

The proxy mayThandlc the vequest, or i
the RealSubject has been eveated, delegate
the calls £o the RcalSub\)cc{:-
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the proxy pattern

Displaying CV covers

Let’s say you want to write an application that displays your favorite compact disc
covers. You might create a menu of the CD titles and then retrieve the images
from an online service like Amazon.com. If you’re using Swing, you might create
an Icon and ask it to load the image from the network. The only problem is,
depending on the network load and the bandwidth of your connection, retrieving
a CD cover might take a little time, so your application should display something
while you are waiting for the image to load. We also don’t want to hang up the
entire application while it’s waiting on the image. Once the image is loaded, the
message should go away and you should see the image.

An easy way to achieve this is through a virtual proxy. The virtual proxy can
stand in place of the icon, manage the background loading, and before the
image 1s fully retrieved from the network, display “Loading CD cover, please
wait...”. Once the image is loaded, the proxy delegates the display to the Icon.

Choose the album tover of

eme CD Cover Viewer

your liking heve.
Buddha Bar
Selected Ambient Works, Vol. 2
Northern Exposure

Ima

Karma
Ambient: Music for Airports

806 CD Cover Viewer
Favorite CDs

While the CD cover
is loadihf); the proxy

displays
s £ Plays a message.

0800 CD Cover Viewer

Favorite CDs

ENIGMA

When the D tover s/

C
flly \oadeds .\:\nc proXy
display® Lhe Wm0
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image controls access

Pesigning the CP cover Virtual Proxy

Before writing the code for the CD Cover Viewer, let’s look at the class diagram.
You'll see this looks just like our Remote Proxy class diagram, but here the proxy is
used to hide an object that is expensive to create (because we need to retrieve the data
for the Icon over the network) as opposed to an object that actually lives somewhere

else on the network.

This is the Swing
leon interfate used >
to display images in a

user intevface.

<<interface>>
Icon

getlconWidth()
getlconHeight()

"'ﬂ

Imagelcon

getlconWidth()
/ geticonHeight()
paintlcon()

This is Java%.swing.lmagclcon,
a ¢lass that displays an [mage.

How ImageProxy is going to work:

paintlcon()
Iz
- subject -
ImageProxy
getlconWidth()
getlconHeight()
painticon()

This is our proxy, whith fiest
displays a message and then when
the image is loaded, delegates to
[mageleon to display the image.

©® ImageProxy first creates an Imagelcon and starts
loading it from a network URL.

© While the bytes of the image are being retrieved,

ImageProxy displays “Loading CD cover, please

wait...”.

© When the image is fully loaded, ImageProxy del-

egates all method calls to the image icon, including

painticon(), getWidth() and getHeight().

@ If the user requests a new image, we’ll create a

new proxy and start the process over.
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the proxy pattern

Writing the Image Proxy

The ImageProxy

<<interface>>
.""Y\C"‘c"{-’s the [eon Icon
- ntecface. getlconWidth)
class ImageProxy implements Icon { stcontight)
ImagelIcon imagelcon; painicon
URL imageURL;

Thread retrievalThread; . -
boolean retrieving = false; The ',,,\agdam is the REAL iton -[-‘t\a-[-’ we
cvcn‘l:uall\/ want to display when it's loaded.

public ImageProxy (URL url) { imageURL = url; }

he image into
public int getIconWidth() { VK_/ We pass ‘{:hc MRL o‘:.*{:.c{t’m 36 "
if (imageIcon != null) { {hccondyudwv-'ThB:S hC|mf3e‘m
return imageIcon.getIconWidth () ; need to dis?la\/ onte it's loaded!
} else {

return 800;

} K We veturn a default width and height
i i is loaded; then we
public int getIconHeight () { ‘{A:h‘{:ll i‘\c Im&%:ltg;:\c liSm: clio;. n
if (imageIcon != null) { é:f// wen it over 9
return imagelIcon.getIconHeight () ;
} else {

return 600;

public void paintIcon (final Component ¢, Graphics g, int x, int y) {

if (imageIcon != null) {
imageIcon.paintIcon(c, g, %, V)7
} else {

g.drawString (“Loading CD cover, please wait...”, x+300, y+190);
if (!retrieving) {
retrieving = true;

retrievalThread = new Thread(new Runnable () {
public void run() {
try {

imageIcon = new ImagelIcon (imageURL, “CD Cover”);
c.repaint () ;
} catch (Exception e) {
e-printStackTrace(); Here's wheve things get intevesting,
: This tode paints the icon on the
. streen (by delegating to the ,
J}:)e‘ltrievalThread. start () ; imagelton). However, if we don't have
} a fully ereated Imageleon, then we
J tveate one. Let's look at this ¢loser

} on the next page..

you are here » 465



image proxy up close

/@ Code Up Close
)

if (imagelIcon != null) {

} else {

if ('retrieving) {
retrieving = true;

public void run() {
try {

imageIcon =

c.repaint() ;

}
}
3

retrievalThread.start() ;

public void paintIcon (final Component c, Graphics

retrievalThread = new Thread(new Runnable() ({

This method is ealled when it's time to paint the icon on the streen.

g, int x, int y) {
[£ we've 9ot an iton alveady, we 9o

ahead and tell it 4o paint itself.

imageIcon.paintIcon(c, g, %X, y);

g.drawString(“Loading CD cover, please wait...”, x+300, y+190);

K, thcrwisc we
‘disPlay the
loadingn message.

new ImageIcon (imageURL, “CD Cover”) ;

} catch (Exception e) {
e.printStackTrace() ;

oke that

. ane. N
L iton \ma‘_’)c ]
wheve we \oaéht\‘\‘ti?fa%e i s\{nt,\wonovs' the

b | | the imdge is
e \oadr?u:éor doesnt YCJCWZQ uv;{:; e )
: )

\m&‘}c\coh (’: “{: doCs“’JC owe us mub ’ d\s‘)\a\lcm o e
\oaded- Tha and have o messaY o Ao e o

o “\’da{":;‘.‘s aS\InC\\V‘onouS . See

(g\“?cn on the next 739 Lor move

O
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the proxy pattern

Code Way Up Close

|§ we aven't alveady trying 4o vetrieve the image.-
( dhen it's time o stark vetrieving it (in tase Yyou

weve wondering, onl\/ one thread ealls ?ain*{:, so we

should be okay here in Lerms of thread sagc{:y).
T etrieving - ¢ é/ We don't want to hang up the

. . )
retrieving = true; entive user ',,\{-,"‘(:ace, so weve
going to use another thread to
retrievalThread = new Thread(new Runnable() { ) khe i .
public void run() { vetrieve the image.
try {
imageIcon = new ImageIcon (imageURL, “CD Cover”) ;

c.repaint () ; In our thr
} catch (Exception e) { ’K, ihsfan{:iafee?(i "
e.printStackTrace() ; leon °ch«:+, /‘Zs

} ¢
} When we have the image, k:{:‘:fkucﬁo.r will pot
b we tell Swing that we im3 " until {he
retrievalThread.start() ; need to be vepainted. 9¢ is loadeq.

So, the next time the disyla\/ is Fain'{:cd a-F{:cr the lmageltov\ is inS‘ban‘[‘,ia‘Ecd, the Painﬂwn
method will paint the image, not the loading message.
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design

- Design Puzzle

The ImageProxy class appears to have two states that are controlled
by conditional statements. Can you think of another pattern that
might clean up this code? How would you redesign ImageProxy?

class ImageProxy implements Icon {
// instance variables & constructor here

public int getIconWidth() {
if (imageIcon != null) {
return imageIcon.getIconWidth () ; e\\\
} else { é///

return 800;

Two states

public int getIconHeight () {

if (imageIcon != null) {
return imageIcon.getIconHeight () ; Two states
} else {

return 600;

public void paintIcon (final Component c, Graphics g, int x, int y) {

if (imageIcon != null) { ca\\\
imageIcon.paintIcon(c, g, x, Vy); Two states
} else {

g.drawString (“Loading CD cover, please wait...”, x+300, y+190);
// more code here
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the proxy pattern

Testing the CP Cover Viewer

Okay, it's time to test out this fancy new virtual proxy. Behind the
scenes we've been baking up a new ImageProxyTestDrive that sets up
the window, creates a frame, installs the menus and creates our proxy.
We don’t go through all that code in gory detail here, but you can
always grab the source code and have a look, or check it out at the end
of the chapter where we list all the source code for the Virtual Proxy.

Here’s a partial view of the test drive code:

public class ImageProxyTestDrive ({
ImageComponent imageComponent;
public static void main (Stringl[] args) throws Exception {
ImageProxyTestDrive testDrive = new ImageProxyTestDrive();

}

public ImageProxyTestDrive () throws Exception{ Hcre we create an image proxy and set
it to an initial URL. Whenever you
// set up frame and menus thoose a selettion from the CD meny,

YOU)“ 56{ a new imagc proxy.
Icon icon = new ImageProxy(initialURL);
imageComponent = new ImageComponent (icon) ; x
frame.getContentPane () .add (imageComponent) ;

Finally we add the proxy to the frame
so it ¢an be displayed.

Now let’s run the test drive:

File Edit Window Help JustSomeOfTheCDsThatGotUsThroughThisBook

% java ImageProxyTestDrive

Runnihg lmach\r'ovc\/Tcs*{:Drivc should
give you a window like this.

eo0e €D Cover Viewer
Favorie CDs

Things to try...

o Use the menu to load different CD covers; watch the
proxy display “loading” until the image has arrived.

e Resize the window as the “loading” message is
displayed. Notice that the proxy is handling the loading
without hanging up the Swing window.

e Add your own favorite CDs to the ImageProxyTestDrive.
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behind the scenes with image proxy

What did we do?

Behind
We created an ImageProxy for the display. The paintIcon()
method is called and ImageProxy fires off a thread to ﬂle Scenes
refrieve the image and create the ImageIcon.

ates 3
|mageProxy tredte
{:\\\'(iad to '\ns{'AnJcS\EJ;c the
. . |
paintIcon() |magelf,on, w\uq\ .
Lrieving Lhe image: Some ima
o //// e the Internet

\

get image

eeeeeee

displays loading
message

image refrieved

At some point the image is returned and
the ImageIcon fully instantiated.

j’"ageIco“

e After the ImageIcon is created, the next time paintIcon() is
called, the proxy delegates to the ImageIcon.

intT
paintIcon() paintIcon()

I mog"52 «©

displays the real image
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< The Remote Proxy and Virtual
Proxy seem so different to me; are
they really ONE pattern?

A: You'll find a lot of variants of the
Proxy Pattern in the real world; what
they all have in common is that they
intercept a method invocation that

the client is making on the subject.
This level of indirection allows us to

do many things, including dispatching
requests to a remote subject, providing
a representative for an expensive
object as it is created, or, as you'll see,
providing some level of protection that
can determine which clients should be
calling which methods. That’s just the
beginning; the general Proxy Pattern
can be applied in many different ways,
and we'll cover some of the other ways
at the end of the chapter.

Q: ImageProxy seems just like
a Decorator to me. | mean, we are
basically wrapping one object with
another and then delegating the
calls to the Imagelcon. What am |
missing?

A: Sometimes Proxy and Decorator
look very similar, but their purposes are
different: a decorator adds behavior to
a class, while a proxy controls access
to it. You might say, “Isn't the loading
message adding behavior?” In some

therejare no

DumbQuestions

ways it is; however, more importantly,
the ImageProxy is controlling access
to an Imagelcon. How does it control
access? Well, think about it this way:
the proxy is decoupling the client from
the Imagelcon. If they were coupled
the client would have to wait until each
image is retrieved before it could paint
its entire interface. The proxy controls
access to the Imagelcon so that before
it is fully created, the proxy provides
another on screen representation.
Once the Imagelcon is created the
proxy allows access.

* How do | make clients use the
Proxy rather than the Real Subject?

A: Good question. One common
technique is to provide a factory that
instantiates and returns the subject.
Because this happens in a factory
method we can then wrap the subject
with a proxy before returning it. The
client never knows or cares that it’s
using a proxy instead of the real thing.

Q: I noticed in the ImageProxy
example, you always create a new
Imagelcon to get the image, even

if the image has already been
retrieved. Could you implement
something similar to the ImageProxy
that caches past retrievals?

the proxy pattern

A: You are talking about a spe-
cialized form of a Virtual Proxy called

a Caching Proxy. A caching proxy
maintains a cache of previous created
objects and when a request is made it
returns cached object, if possible.

We're going to look this and at several
other variants of the Proxy Pattern at
the end of the chapter.

Q: | see how Decorator and Proxy
relate, but what about Adapter? An
adapter seems very similar as well.

A: Both Proxy and Adapter sit in
front of other objects and forward
requests to them. Remember that
Adapter changes the interface of the
objects it adapts, while the Proxy
implements the same interface.

There is one additional similarity that
relates to the Protection Proxy. A
Protection Proxy may allow or disallow
a client access to particular methods
in an object based on the role of the
client. In this way a Protection Proxy
may only provide a partial interface to
a client, which is quite similar to some
Adapters. We are going to take a look
at Protection Proxy in a few pages.
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fireside chats:

Fireside Chats

&

Proxy

Hello, Decorator. I presume you’re here
because people sometimes get us confused?

Me copying your ideas? Please. I control access
to objects. You just decorate them. My job is
so much more important than yours it’s just not
even funny.

Fine, so maybe you’re not entirely frivolous...
but I still don’t get why you think I'm copying
all your ideas. I'm all about representing my
subjects, not decorating them.

I don’t think you get it, Decorator. I stand in for
my Subjects; I don’t just add behavior. Clients
use me as a surrogate of a Real Subject, because
I can protect them from unwanted access, or keep
their GUISs from hanging up while they’re waiting
for big objects to load, or hide the fact that their
Subjects are running on remote machines. I’d say
that’s a very different intent from yours!

472

Tonight’s talk: Proxy and Decorator get intentional.

Decorator

Well, I think the reason people get us confused
is that you go around pretending to be an
entirely different pattern, when in fact, you're
just a Decorator in disguise. I really don’t
think you should be copying all my ideas.

“Just” decorate? You think decorating is some
frivolous unimportant pattern? Let me tell
you buddy, I add behavior. That’s the most
important thing about objects - what they do!

You can call it “representation” but if it looks
like a duck and walks like a duck... I mean, just
look at your Virtual Proxy; it’s just another
way of adding behavior to do something while
some big expensive object is loading, and your
Remote Proxy is a way of talking to remote
objects so your clients don’t have to bother
with that themselves. It’s all about behavior,
just like T said.

Call it what you want. I implement the same
interface as the objects I wrap; so do you.



Proxy

Okay;, let’s review that statement. You wrap
an object. While sometimes we informally say
a proxy wraps its Subject, that’s not really an
accurate term.

Think about a remote proxy... what object am
I wrapping? The object I'm representing and
controlling access to lives on another machine!
Let’s see you do that.

Sure, okay, take a virtual proxy... think about
the CD viewer example. When the client first
uses me as a proxy the subject doesn’t even
exist! So what am I wrapping there?

I never knew decorators were so dumb! Of
course I sometimes create objects, how do you
think a virtual proxy gets its subject! Okay, you
just pointed out a big difference between us:
we both know decorators only add window
dressing; they never get to instantiate anything.

Hey, after this conversation I'm convinced
you’re just a dumb proxy!

Very seldom will you ever see a proxy get into
wrapping a subject multiple times; in fact, if
you’re wrapping something 10 times, you
better go back reexamine your design.

the proxy pattern

Decorator

Oh yeah? Why not?

Okay, but we all know remote proxies are kinda
weird. Got a second example? I doubt it.

Uh huh, and the next thing you’ll be saying is
that you actually get to create objects.

Oh yeah? Instantiate this!

Dumb proxy? I'd like to see you recursively
wrap an object with 10 decorators and keep
your head straight at the same time.

Just like a proxy, acting all real when in fact you
just stand in for the objects doing the real work.
You know, I actually feel sorry for you.
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protection proxy

Using the Java API’s Proxy to create a
protection proxy

Java’s got its own proxy support right in the java.lang.reflect package. With this package, Java
lets you create a proxy class on the fly that implements one or more interfaces and forwards
method invocations to a class that you specify. Because the actual proxy class is created at
runtime, we refer to this Java technology as a dynamic proxy.

We’re going to use Java’s dynamic proxy to create our next proxy implementation (a
protection proxy), but before we do that, let’s quickly look at a class diagram that shows how
dynamic proxies are put together. Like most things in the real world, it differs slightly from
the classic definition of the pattern:

<<interface>> <<interface>>
Subject InvocationHandler
request) invoke()
—
N |74 = sists
The Pr 0%y now ton
' ¢ of two classes
RealSubject Proxy InvocationHandler

request() request()

invoke()

The Proxy is genevated

by J implem :
JCZC ::z::é:b;{:{ o You supply the [nvotationttandler, which gets passed

interface. all method calls that ave invoked on the Proxy:
The [nvotationttandler controls attess to the

methods of the RcalSub\')chc.

Because Java creates the Proxy class for you, you need a way to tell the Proxy class what to do. You can’t
put that code into the Proxy class like we did before, because you’re not implementing one directly. So, if
you can’t put this code in the Proxy class, where do you put it? In an InvocationHandler. The job of the
InvocationHandler is to respond to any method calls on the proxy. Think of the InvocationHandler as the
object the Proxy asks to do all the real work after it’s received the method calls.

Okay, let’s step through how to use the dynamic proxy...
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the proxy pattern

Matchmaking in Objectville  Not

Hot

Every town needs a matchmaking service, right? You’ve risen to the task and
implemented a dating service for Objectville. You've also tried to be innovative by
including a “Hot or Not” feature in the service where participants can rate each
other — you figure this keeps your customers engaged and looking through possible
matches; it also makes things a lot more fun.

Your service revolves around a Person bean that allows you to set and get information
about a person:

Lato
¢k ko the mpleme”
sk a set Heve we ¢ .
n ) bout. e n SeJc]mFomaf,'o,,
9endey. ; Person’s hame,
Hoto /\)/'hfmsf‘ and
o FNot rafins (-lo)
public interface PersonBean {
String getName () ;
String getGender () ;
String getInterests();
int getHotOrNotRating () ;
void setName (String name) ;
void setGender (String gender) ;
void setInterests(String interests);
void setHotOrNotRating (int rating);
) ino() takes
saa%o*"*N&Ra{:f i to the
. d aaas ’
an integer 3" . son
We can also set the same cunning aVerade Lor this per

information through the
vespective method calls.

Now let’s check out the implementation...
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personbean needs protecting

The PersonBean implementation

The PersonBean|mpl implements the PersonBean interface

v

public class PersonBeanImpl implements PersonBean {
String name;
String gender;
String interests;
int rating;
int ratingCount = 0;

The instance variables.

“—

public String getName () {
return name;

All the getter methods; they each veturn

} & the appropriate instance variable..

public String getGender () {
return gender;

}

public String getlInterests() {
return interests;

...C‘ACCY“Z ‘FOV‘

} 5c{Ho£0rNo£RahngO,whmh

a—

public int getHotOrNotRating() {
if (ratingCount == 0) return 0;
return (rating/ratingCount) ;

public void setName (String name) {

this.name = name;
}

public void setGender (String gender) {
this.gender = gender;

}

public void setInterests(String interests) {
this.interests = interests;

}

public void setHotOrNotRating(int rating) {
this.rating += rating;
ratingCount++;

S~
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computes the average of the
vatings by dividing the vatings
by the ra{:ing(:oun‘{:-

And heve’s all the setter
methods, which set the
torresponding instance vaviable.

FinaHy, the
se{;,cHo{:O\rNo{:Ra{:ingf)
method intrements 4, to
ra'l:.in5Coun'l: and adds c{:hc{:a’
\rafmg to the \running {:c'l:a’



the proxy pattern

I wasn't very successful finding
dates. Then I noticed someone had changed
my interests. I also noticed that a lot of people
are bumping up their HotOrNot scores by giving
themselves high ratings. You shouldn't be able
to change someone else's interests or give
yourself a rating!

While we suspect other factors may be keeping Elroy from getting

dates, he is right: you shouldn’t be able to vote for yourself or to change
another customer’s data. The way our PersonBean is defined, any client
can call any of the methods.

This is a perfect example of where we might be able to use a Protection
Proxy. What’s a Protection Proxy? It’s a proxy that controls access to
an object based on access rights. For instance, if we had an employee

object, a protection proxy might allow the employee to call certain
methods on the object, a manager to call additional methods (like
setSalary()), and a human resources employee to call any method on the
object.

In our dating service we want to make sure that a customer can set his
own information while preventing others from altering it. We also want
to allow just the opposite with the HotOrNot ratings: we want the other
customers to be able to set the rating, but not that particular customer.
We also have a number of getter methods in the PersonBean, and
because none of these return private information, any customer should
be able to call them.
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five minute

Five minute drama: protecting subjects

The Internet bubble seems a distant memory; those were the days

when all you needed to do fo find a better, higher-paying job was to
walk across the street. Even agents for software developers were

in vogue...

I'd like to make an
offer, can we get her on
the phone?

She's tied up ... uh ...
in a meeting right now,
what did you have in
mind?

Like 8 Yvo‘c,cc‘cion év::l,ss
ha 3 evx*, Yvo el :
‘iic\\'\? S\Ab:)ct;{:) Oh\\f \d’,‘h no
ceckan ealls J(,\woug\\m

Joe D°£C°"‘

Agcw\:z

Come
on. You're wasting our
time here! Not a chancel
Come back later with a
better offer.

We think we can
meet her current
salary plus 15%.
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the proxy pattern

Big Picture: creating a Dynawmic Proxy
for the PersonBean

We have a couple of problems to fix: customers shouldn’t be changing their own

HotOrNot rating and customers shouldn’t be able to change other customers’ personal

information. To fix these problems we’re going to create two proxies: one for accessing

your own PersonBean object and one for accessing another customer’s PersonBean

object. That way, the proxies can control what requests can be made in each Remember this diagram
circumstance. from a few pages back-.

To create these proxies we’re going to use the
Java API’s dynamic proxy that you saw a few

. . <<interface>> [ <<interface>> |
pages back. Java will create two proxies for us; Subject InvocationHandler
all we need to do is supply the handlers that request() invoke()

know what to do when a method is invoked on T R
the proxy.

. ReaISL;l;ject Pro;y InvocationHandler
Step one: request() request() invoke()
Create two InvocationHandlers.

InvocationHandlers implement the behavior
of the proxy. As you’ll see Java will take care
of creating the actual proxy class and object,

we just need to supply a handler that knows V\% J:\_)C\Cd two
what to do when a method is called on it. o ese:
Step two: We treate the

proxy itself at

vuntime.

Werite the code that creates the
dynamic proxies.

We need to write a little bit of code to
generate the proxy class and instantiate it.
We’ll step through this code in just a bit.

A4

Proxy OwnerlnvocationHandler

request() invoke()

Step three:

Wrap any PersonBean object with
the appropriate proxy. a

When a tustomer is viewing his own bean

When we need to use a PersonBean object,
either it’s the object of the customer himself

When a Lus{:om IS View:
. . . . er is v )
(in that case, will call him the “owner”), or it’s Iewing someone else’s bean

another user of the service that the customer is L
checking out (in that case we’ll call him “non- Proxy > NonOwnerinvocationHandler
Owner”>~ request()

invoke()

In either case, we create the appropriate proxy
for the PersonBean.
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create an

Step one: creating Invocation Handlers

We know we need to write two invocation handlers, one for the owner and one for the non-owner. But
what are invocation handlers? Here’s the way to think about them: when a method call is made on the
proxy, the proxy forwards that call to your invocation handler, but not by calling the invocation handler’s
corresponding method. So, what does it call?> Have a look at the InvocationHandler interface:

<<interface>>
OwnerlinvocationHandler

invoke()

There’s only one method, invoke(), and no matter what methods get called on the proxy, the invoke()
method is what gets called on the handler. Let’s see how this works:

Let's say the setHotOrNotRating()
method is called on the proxy.

. @ The proxy then
proxy.setHotOrNotRating (9) ; turns around and

calls invoke() on the

% ﬁ InvocationHandler.

invoke (Object proxy, Method method, Object[] args) é_,-)

o

The Method class, part of the

Heve's how we veflection AP, tells us what

(@) The handler decides invoke the method method was talled on the proxy

what it should do on the Real via its getName() method.

with the request Subject.

and possibly

forwards it on to

the RealSubjecT. —_ return method.invoke (person, args);

How does the ]‘

handler decide? "

we'll find out next. Heve we invoke the Only now we with the oviginal

oviginal method that was invoke it on the 3*5“"‘"‘{"5'

called on the proxy. This RealSubjec..
ob")ct,{, was passed 4o us in

the invoke eall.
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the proxy pattern

Creating Invocation Handlers continved...

When invoke() is called by the proxy, how do you know what to do with the call?
Typically, you’ll examine the method that was called on the proxy and make
decisions based on the method’s name and possibly its arguments. Let’s implement
the OwnerInvocationHandler to see how this works:

[nvotationttandler is part of the :)ava.\anS-chcCJc All invotation handlevs

. ~ implement the
ort it
package, so we need to imp InvotationHandler
/ interface.
import java.lang.reflect.*; ‘L

public class OwnerInvocationHandler implements InvocationHandler ({
PersonBean person;

public OwnerInvocationHandler (PersonBean person) { é/ Heve's the invoke

this.person = person; method that gets
} / called every time a
method is invoked
public Object invoke (Object proxy, Method method, Object[] args) on the proxy.

throws IllegalAccessException {
[£ the method is a
e LT etk head
(method.getName () .startsWith (“get”)) { getter, we 9o ahed

if
return method.invoke (person, args); and invoke it on the

} else if (method.getName () .equals (“setHotOrNotRating”)) { veal S\‘b\)td‘»

throw new IllegalAccessException();
} else if (method.getName ().startsWith (“set”)) { K Otherwise, if it is the
return method.invoke (person, args); sc{Ho{:OvNo{Ra{zingf)
) ethod we disall
} catch I(InvocationTargetException e) { :{: b\/o-{:h:lowiv:g aow
e.printStackTrace(); [llegal AccessException
| .
return null; This will haPPcu £ Bccausc we are
} the veal subject the owmer any
} throws an exception.  CEne* et method
If a i Is tine and we g0
wc'k:y. oihcr. method is called, ahead and ihvol?c
vath J“Z 8919 bo return it on the veal
er than take 3 chance. subjeet.
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create your own

The NonOwnerlnvocationHandler works just like the

OwnerlnvocationHandler except that it allows calls to setHotOrNotRating()

and 1t disallows calls to any other set method. Go ahead and write this
handler yourself:
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the proxy pattern

Step two: creating the Proxy class and
instantiating the Proxy object

Now, all we have left is to dynamically create the proxy class and instantiate the proxy object. Let’s start by writing a
method that takes a PersonBean and knows how to create an owner proxy for it. That is, we’re going to create the
kind of proxy that forwards its method calls to the OwnerInvocationHandler. Here’s the code:

This method takes a person obecc{: (the veal
subject) and veturns a proxy for it. Bc.canlsc the This ode ereates the
proxy has the same interface as the subject, we peory. Now bhis is some

veturn a PcvsonBcan- migh{:\/ ugl‘/ tode, so le Jc's
X $ECF through it ca\rc"‘u”\/-
To treate a proxy we use the
statie nch\rOﬂ\/lns*{:anCc method
on the P\ro%\/ tlass...

PersonBean getOwnerProxy (PersonBean person) {

return (PersonBean) Proxy.newProxylInstance ( .
tlassloader
person.getClass () .getClassLoader (), & We pass 'ﬁfhc{:
person.getClass () .getInterfaces (), for our su ject-
new OwnerInvocationHandler (person));

} /\ \---and the set of intevfaces the

proxy needs to implement..

We pass the veal sub\)ct{: into the tonstruttor
of the invotation handler- I‘(: You look back ...and an invotation handler, in this

two pages you'll see this is how the handler gets tase our Ownev|nvotationtandler-
ateess to the veal subject.

While it is a little complicated, there isn’t much to creating a dynamic proxy.
Why don’t you write getNonOwnerProxy(), which returns a proxy for the
NonOwnerlnvocationHandler:

@s.harpen vour pencil
i’ your p

Take it further: can you write one method getProxy() that takes a
handler and a person and returns a proxy that uses that handler?
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find your match

Testing the matchmaking service

Let’s give the matchmaking service a test run and see how it controls access to the
setter methods based on the proxy that is used.

Main § wust eveates the test

public class MatchMakingTestDrive { dvive a“d ¢alls its drive()
// instance variables here method to SC{'« things going,

484

public void drive() {

public static void main (String[] args) {
MatchMakingTestDrive test = new MatchMakingTestDrive () ;

test.drive(); |
The tonstruttor initializes

_—  ewDbofpepieinte
public MatchMakingTestDrive () { matthmaking service.

initializeDatabase () ;
Let's vetrieve a

(- ycrson ‘CYom ‘{:\'\C DB

PersonBean joe = getPersonFromDatabase (“Joe Javabean”)ge ..and treate an

PersonBean ownerProxy = getOwnerProxy (joe); ownevr proxy.
System.out.println (“Name is .+ ownerProxy.getName ()) ; Call a 5€£ er
ownerProxy.setInterests (“bowling, Go”);

System.out.println(“Interests set from owner proxy”); and then a setter

try { &/\ ahd 'U»\Ch {',Y'\/ {'p
ownerProxy.setHotOrNotRating (10) ; :

thange the vating.

} catch (Exception e) {

System.out.println(“Can’t set rating from owner proxy”);
} 4his shouldn't work!
System.out.println(“Rating is “ + ownerProxy.getHotOrNotRating()); +

— Now eveate a

PersonBean nonOwnerProxy = getNonOwnerProxy (joe); non—ownevr proxy
System.out.println (“Name is “ + nonOwnerProxy.getName ()) 'd\ ..and eall a SC‘H:CY‘
try | , S Lollowed b\/ a
nonOwnerProxy.setInterests (“bowling, Go”);
} catch (Exception e) { setter

System.out.println(“Can’t set interests from non owner proxy”); This shouldh){: woy-kf
}
nonOwnerProxy.setHotOrNotRating (3) ;
System.out.println(“Rating set from non owner proxy”); Then {-x\, {;osc{—,
System.out.println (“Rating is “ + nonOwnerProxy.getHotOrNotRating()) ; the \ra{‘,ihg

// other methods like getOwnerProxy and getNonOwnerProxy here This should wovk!
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the proxy pattern

Running the code...

File Edit Window Help Born2BDynamic

% java MatchMakingTestDrive

Name is Joe Javabean Our Owner proxy
allows 5CH:'IV\5 and
Interests set from owner proxy setting, except Lor the

HotOrNot vating.

Can’'t set rating from owner proxy

Rating is 7

Name is Joe Javabean Our NonOwner proxy
allows getting only, but

Can’t set interests from non owner proxy also allows calls o set the

HotOrNot vating.

Rating set from non owner proxy

Rating is 5
The new vating is the average of the previous rating, 7
and the value set by the nonowner proxy, 3,

%
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q&a about

: So what exactly is the
“dynamic” aspect of dynamic
proxies? Is it that I'm instantiating
the proxy and setting it to a handler
at runtime?

A: No, the proxy is dynamic
because its class is created at runtime.
Think about it: before your code runs
there is no proxy class; it is created on
demand from the set of interfaces you
pass it.

- My InvocationHandler seems
like a very strange proxy, it doesn’t
implement any of the methods of
the class it’s proxying.

A: That is because the

InvocationHandler isn't a proxy — it is
a class that the proxy dispatches to
for handling method calls. The proxy
itself is created dynamically at runtime
by the static Proxy.newProxylnstance()
method.

Q- Is there any way to tell if a
class is a Proxy class?

486

therejare no
Dum (iuestlczns

A: Yes. The Proxy class has a static
method called isProxyClass(). Calling
this method with a class will return
true if the class is a dynamic proxy
class. Other than that, the proxy class
will act like any other class that imple-
ments a particular set of interfaces.

. Arethere any restrictions on
the types of interfaces | can pass into
newProxylnstance()?

A: Yes, there are a few. First, it is
worth pointing out that we always
pass newProxylnstance() an array of
interfaces — only interfaces are allowed,
no classes. The major restrictions are
that all non-public interfaces need to
be from the same package. You also
can't have interfaces with clashing
method names (that is, two interfaces
with a method with the same
signature). There are a few other minor
nuances as well, so at some point you
should take a look at the fine print on
dynamic proxies in the javadoc.

. Why are you using skeletons?
I thought we got rid of those back in
Java 1.2.

A: You're right; we don’t need

to actually generate skeletons. As
of Java 1.2, the RMI runtime can
dispatch the client calls directly to
the remote service using reflection.
But we like to show the skeleton,
because conceptually it helps you to
understand that there is something
under the covers that's making that
communication between the client
stub and the remote service happen.

Q: | heard that in Java 5, |
don’t even need to generate stubs
anymore either. Is that true?

A: It sureis. In Java 5, RMI and
Dynamic Proxy got together and

now stubs are generated dynamically
using Dynamic Proxy. The remote
object’s stub is a java.lang.reflect.Proxy
instance (with an invocation handler)
that is automatically generated to
handle all the details of getting the
local method calls by the client to

the remote object. So, now you don't
have to use rmic at all; everything you
need to get a client talking to a remote
object is handled for you behind the
scenes.



n *

Match each pattern with its description:

+

*
WHQ DQES wHaAT™

the proxy pattern

Pattern Description

Decorator Wraps another object
and Pl‘Q‘/ideS a different
interface to

Facade Wraps another object
and provides additional
behavior for it

Proxy Wraps ancther object to
contro] access to it
Wraps a bunch of

Adapter P

objectstosimplify their
interface
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the zoo

The Proxy Zoo

Welcome to the Objectville Zoo!

You now know about the remote, virtual and protection proxies, but
out in the wild you’re going to see lots of mutations of this pattern.
Over here in the Proxy corner of the zoo we’ve got a nice collection
of wild proxy patterns that we’ve captured for your study.

Our job i1sn’t done; we are sure you’re going to see more variations of
this pattern in the real world, so give us a hand in cataloging more
proxies. Let’s take a look at the existing collection:

é\ Habitat: often seen in +he lotation

Firewall Proxy of torporate fivewall systems.

controls access to a
set of network
resources, protecting
the subject from “bad” clients.

TN

Help find a habitat

Smart Reference Proxy
provides additional actions
whenever a subject is
referenced, such as counting
the number of references to
an object.

Caching Proxy provides
temporary storage for b\

results of operations
that are expensive. It
can also allow multiple clients to share
the results to reduce computation or
network latency.

Habitat: often seen in web server proxies as well
as tontent management and publishing systems.
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the proxy pattern

Seen hangin
‘ 9 around JavaSpae
it tontrols synthronized ac'::cs:sf(::hekc

an undcrlyihg set of ochC‘l:s in a

Synchronization Proxy distributed miivonment

provides safe access to
a subject from multiple
threads.

Help find a habitat %  Complexity Hiding Proxy
hides the complexity of

and controls access to a
complex set of classes.
This is sometimes called

the Facade Proxy for obvious reasons.
The Complexity Hiding Proxy differs
from the Facade Pattern in that the
proxy controls access, while the Facade
Pattern just provides an alternative
interface.

Copy-On-Werite Proxy

controls the copying of

an object by deferring A

the copying of an object Habitat: seen in the vieinity of the
until it is required by a Java S's coyyonWri’ccAwa\/Lich-
client. This is a variant of

the Virtual Proxy.

Field Notes: please add your observations of other proxies in the wild heve:
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crossword puzzle

&3

490

crossword puzzle before it ends?

It’s been a LONG chapter. Why not unwind by doing a

10

=
~
=
‘ .
=

Across

1. Group of first CD cover displayed (two words)
3. Proxy that stands in for expensive objects

4. We took one of these to learn RMI

7. Remote was used to implement
the gumball machine monitor (two words)

9. Software developer agent was being this kind
of proxy

11. In RMI, the object that takes the network
requests on the service side

14. Proxy that protects method calls from
unauthorized callers

15. A proxy class is created at runtime
16. Place to learn about the many proxy variants
17. Commonly used proxy for web services (two
words)

18. In RMI, the proxy is called this

19. The CD viewer used this kind of proxy

Chapter 11
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Down

2. Java's dynamic proxy forwards all requests to
this (two words)

5. Group that did the album MCMXC A.D.

6. This utility acts as a lookup service for RMI

8. Why Elroy couldn't get dates

10. Similar to proxy, but with a different purpose
12. Objectville Matchmaking gimmick (three
words)

13. Our first mistake: the gumball machine
reporting was not



Tools for your Design Toolbox

?‘/,)Your design toolbox is almost full; you’re prepared
for almost any design problem that comes your way.
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the proxy pattern

The Proxy Pattern provides
a representative for another
object in order to control the
client's access to it. There
are a number of ways it can
manage that access.

A Remote Proxy manages
interaction between a client
and a remote object.

A Virtual Proxy controls access
to an object that is expensive
to instantiate.

A Protection Proxy controls
access to the methods of an
object based on the caller.

Many other variants of

the Proxy Pattern exist
including caching proxies,
synchronization proxies,
firewall proxies, copy-on-write
proxies, and so on.

Proxy is structurally similar to
Decorator, but the two differ in
their purpose.

The Decorator Pattern adds
behavior to an object, while a
Proxy controls access.

Java’s built-in support for Proxy
can build a dynamic proxy
class on demand and dispatch
all calls on it to a handler of
your choosing.

Like any wrapper, proxies will
increase the number of classes
and objects in your designs.
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exercise

Exercise sojutions

The NonOwnerInvocationHandler works just like the

OwnerlnvocationHandler, except that it allows calls to setHotOrNotRating()

and it disallows calls to any other set method. Go ahead and write this
handler yourself:

import java.lang.reflect.*;

public class NonOwnerInvocationHandler implements InvocationHandler ({
PersonBean person;

public NonOwnerInvocationHandler (PersonBean person)
this.person = person;

{

public Object invoke (Object proxy, Method method, Object[]

args)
throws IllegalAccessException {
try {

if (method.getName () .startsWith (“get”)) {
return method.invoke (person, args);

} else if (method.getName () .equals (“setHotOrNotRating”)) {
return method.invoke (person, args);

} else if (method.getName () .startsWith (“set”)) {

throw new IllegalAccessException();
}
} catch (InvocationTargetException e) {
e.printStackTrace() ;

}

return null;

- Design Class

Our ImageProxy class appears to have two states that are controlled
by conditional statements. Can you think of another pattern that
might clean up this code? How would you redesign ImageProxy?

Use State Pattern: implement two states, ImageLoaded and ImageNotLoaded. Then put the code from

the if statements into their respective states. Start in the ImageNotLoaded state and then transition to the
ImageL.oaded state once the Imagelcon had been retrieved.
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the proxy pattern

% Exercise soJutions

@ dharpen your pencil
i’ y

While it is a little complicated, there isn’t much to creating a dynamic
proxy. Why don’t you write getNonOwnerProxy(), which returns a
proxy for the NonOwnerlnvocationHandler:

PersonBean getNonOwnerProxy (PersonBean person) {

return (PersonBean) Proxy.newProxylInstance (
person.getClass () .getClassLoader (),
person.getClass () .getInterfaces(),
new NonOwnerInvocationHandler (person)) ;
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ready-bake code:

The code for the CP Cover Viewer

package headfirst.proxy.virtualproxy;

import java.net.*;

import java.awt.*;

import java.awt.event.*;

import javax.swing.*;

import java.util.*;

public class ImageProxyTestDrive ({
ImageComponent imageComponent;
JFrame frame = new JFrame (“CD Cover Viewer”);
JMenuBar menuBar;
JMenu menu;
Hashtable cds = new Hashtable () ;

public static void main (String[] args) throws Exception {
ImageProxyTestDrive testDrive = new ImageProxyTestDrive();

public ImageProxyTestDrive () throws Exception({
cds.put ("Ambient: Music for Airports”,”http://images.amazon.com/images/P/
BO00003S2K.01.LZ22222%.9pg”) ;
cds.put (“Buddha Bar”,”http://images.amazon.com/images/P/BO00009XBYK.01.LZZ2Z22227.

jpg”);
cds.put ("Ima”, “http://images.amazon.com/images/P/BO00005IRM.01.LZ2222%2%2%.3pg”) ;
cds.put (“Karma”, ”http://images.amazon.com/images/P/B000005DCB.01.LZ222222%.gif") ;
cds.put ("MCMXC A.D.”,”http://images.amazon.com/images/P/BO00002URV.01.LZZ222227.
jpg”);

cds.put ("Northern Exposure”,”http://images.amazon.com/images/P/B000003SFN.O1.

LZZ227227 .9p9") ;
cds.put (“Selected Ambient Works, Vol. 2”,”http://images.amazon.com/images/P/
BOO0002MNZ.01.LZ22222%.9pg”) ;
cds.put (Yoliver”,”“http://www.cs.yale.edu/homes/freeman-elisabeth/2004/9/0liver

sm.jpg”) ;

URL initialURL = new URL((String)cds.get (“Selected Ambient Works, Vol. 27));
menuBar = new JMenuBar () ;

menu = new JMenu (“Favorite CDs”);

menuBar.add (menu) ;

frame.setJMenuBar (menuBar) ;
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the proxy pattern

for (Enumeration e = cds.keys(); e.hasMoreElements();) {
String name = (String)e.nextElement () ;
JMenuItem menultem = new JMenultem (name) ;
menu.add (menultem) ;
menultem.addActionlListener (new ActionListener () {
public void actionPerformed (ActionEvent event) {
imageComponent.setIcon (new ImageProxy (getCDUrl (event.getActionCom-
mand())));
frame.repaint () ;

)i

// set up frame and menus

Icon icon = new ImageProxy(initialURL);
imageComponent = new ImageComponent (icon);
frame.getContentPane () .add (imageComponent) ;
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setSize (800, 600) ;

frame.setVisible (true) ;

URL getCDUrl (String name) {
try {
return new URL((String)cds.get (name)) ;
} catch (MalformedURLException e) {
e.printStackTrace();
return null;
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ready-bake code:

The code for the CP Cover Viewer,
continved...

package headfirst.proxy.virtualproxy;

import java.net.*;
import java.awt.*;
import java.awt.event.*;
import javax.swing.*;

class ImageProxy implements Icon {
ImagelIcon imagelIcon;
URL imageURL;
Thread retrievalThread;
boolean retrieving = false;

public ImageProxy (URL url) { imageURL = url; }

public int getIconWidth () {

if (imageIcon != null) {
return imagelIcon.getIconWidth () ;
} else {

return 800;

public int getIconHeight () {

if (imageIcon != null) {
return imagelcon.getIconHeight () ;
} else {

return 600;

public void paintIcon (final Component c, Graphics g, int x, int y) {

if (imageIcon != null) {
imageIcon.paintIcon(c, g, %X, V)7
} else {
g.drawString (“Loading CD cover, please wait...”, x+300, y+190);
if (!'retrieving) {
retrieving = true;
retrievalThread = new Thread (new Runnable () {
public void run() {
try {

imageIcon = new ImagelIcon (imageURL, “CD Cover”);
c.repaint () ;
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} catch (Exception e) {
e.printStackTrace() ;

1) ;

retrievalThread.start () ;

package headfirst.proxy.virtualproxy;

import java.awt.*;
import javax.swing.*;

class ImageComponent extends JComponent {
private Icon icon;

public ImageComponent (Icon icon) {
this.icon = icon;

public void setIcon(Icon icon) {
this.icon = icon;

public void paintComponent (Graphics g) {
super.paintComponent (g) ;
int w = icon.getIconWidth () ;
int h = icon.getIconHeight () ;
int x (800 - w)/2;
int y = (600 - h)/2;
icon.paintIcon(this, g, %, Vv);

the proxy pattern
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12 Compound Patterns

Patterns *
of Patterns

Who would have ever guessed that Patterns could work together?
You've already witnessed the acrimonious Fireside Chats (and you haven'’t even seen the Pattern

Death Match pages that the editor forced us to remove from the book*), so who would have thought
patterns can actually get along well together? Well, believe it or not, some of the most powerful OO
designs use several patterns together. Get ready to take your pattern skills to the next level; it's time
for compound patterns.

* send us email for a copy.

this is a new chapter 499



patterns can

Working together

One of the best ways to use patterns is to get them out of the house so they
can interact with other patterns. The more you use patterns the more you’re
going to see them showing up together in your designs. We have a special
name for a set of patterns that work together in a design that can be applied
over many problems: a compound pattern. That’s right, we are now talking
about patterns made of patterns!

You’ll find a lot of compound patterns in use in the real world. Now that
you've got patterns in your brain, you’ll see that they are really just patterns
working together, and that makes them easier to understand.

We’re going to start this chapter by revisiting our friendly ducks in the
SimUDuck duck simulator. It’s only fitting that the ducks should be here
when we combine patterns; after all, they’ve been with us throughout the
entire book and they’ve been good sports about taking part in lots of patterns.
The ducks are going to help you understand how patterns can work together
in the same solution. But just because we’ve combined some patterns doesn’t
mean we have a solution that qualifies as a compound pattern. For that, it
has to be a general purpose solution that can be applied to many problems.
So, in the second half of the chapter we’ll visit a 7eal compound pattern:
that’s right, Mr. Model-View-Controller himself. If you haven’t heard of
him, you will, and you’ll find this compound pattern is one of the most
powerful patterns in your design toolbox.

Patterns are often used together and
combined within the same Jesign solution.

A COmpounJ Pattern combines two or
more patterns into a solution that solves a

recurring or general Prol)lem.
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compound patterns

Puck reunion

As you've already heard, we’re going to get to work with the ducks again. This time the ducks

are going to show you how patterns can coexist and even cooperate within the same solution.

We’re going to rebuild our duck simulator from scratch and give it some interesting capabilities
by using a bunch of patterns. Okay, let’s get started...

@

First, we'll create a Quackable interface.

Like we said, we're starting from scratch. This time around, the Ducks are
going to implement a Quackable interface. That way we'll know what things
in the simulator can quack() - like Mallard Ducks, Redhead Ducks, Duck
Calls, and we might even see the Rubber Duck sneak back in.

public interface Quackable { \
public void quack(); Q\,ac,\cab\cs Oh.‘f&
} &____/ one {_{\\"\5 ‘NC\\-

Now, some Ducks that implement Quackable

What good is an interface without some classes to implement it? Time to
create some concrete ducks (but not the “lawn art” kind, if you know what

we meah).
/\ \(our s‘tav\da‘(d

Mallavd duck:
public class MallardDuck implements Quackable {

public void quack() {
System.out.println (“Quack”) ;
}

public class RedheadDuck implements Quackable {
public void quack() {
System.out.println (“Quack”) ;

} \— We've 9ot to have some vaviation
} of speties if we want this to be an

intevesting simulator.
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adding more ducks

This wouldn't be much fun if we didn't add other kinds of Ducks too.

Remember last time? We had duck calls (those things hunters use, they
are definitely quackable) and rubber ducks.

public class DuckCall implements Quackable ({
public void quack() {

} System.out.println (“Kwak”) ; A DuckCall that o\uatks bk doesn't

) sound quite like the veal thing.

public class RubberDuck implements Quackable {
public void quack() {

System.out.println (“Squeak”) ; A RubberDuck that makes a

} squeak when it quacks.

@ Okay, we've got our ducks; now all we need is a simulator.
Let's cook up a simulator that creates a few ducks and makes sure their

uackers are working...
| g (—\ Heve's owr main method to

9get everything goind
public class DuckSimulator {
public static void main (String[] args) {
DuckSimulator simulator = new DuckSimulator ()

. K N We cveate 3 simulator
and then eall its

: simulator.simulate () ; & Smu‘a{_‘co method.
void simulate () {
Quackable mallardDuck = new MallardDuck(); d some ducks, so heve
Quackable redheadDuck = new RedheadDuck() ; We nee o{: cath
Quackable duckCall = new DuckCall(); we ereate one
Quackable rubberDuck = new RubberDuck() ; Quackab\c---
System.out.println (“\nDuck Simulator”);
simulate (mallardDuck) ;
simulate (redheadDuck) ; ... then we simulate
simulate (duckCall) ; & eath one
simulate (rubberDuck) ;
} Heve we overload the simulate
/ method fo simulate just one duek.
void simulate (Quackable duck) {
duck.quack () ;

}
} /t/ Heve we let polymorphism do its magie: no
matter what kind of Quackable gets passed in,

the simulate() method asks it to quack.
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Not 400 exe

iti
haVen]-(; addc ") )’C'l:, bu-{; we File Edit Window Help ItBetterGetBetterThanThis
% java DuckSimulator

d Pa'HZCV‘ns /

Duck Simulator
Quack

Quack

Kwak

Squeak

%

They all im\?lmcn{ khe same Quatkable
intecfate, but their im\?\mcn{:a’cions
allow them to qyackin their own way

Tt looks like everything is working; so far, so good.

When ducks are around, geese can't be far.

Where there is one waterfowl, there are probably two. Here's a Goose
class that has been hanging around the simulator.

public class Goose {
public void honk() { Y~ N\ A Qoose is a honker,
System.out.println (“Honk”) ; not a quacker-
}

@? RANN
Let's say we wanted to be able to use a Goose anywhere we’'d want to use a Duck. After all, geese
make noise; geese fly; geese swim. Why can’t we have Geese in the simulator?

What pattern would allow Geese to easily intermingle with Ducks?
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@ We need a goose adapter.

Our simulator expects to see Quackable interfaces. Since geese
aren't quackers (they're honkers), we can use an adapter to adapt

a goose to a duck.
K—\RCmmch, an Adav{:ﬂ‘

inteckace
public class GooseAdapter implements Quackable { '.,,,.\algmanc,s the sza‘j‘.’)‘{" "‘{;’( ble !
Goose goose; whith in this case is Quatkable:

public GooseAdapter (Goose goose) { c The tonstructor takes the
this.goose = goose; goose we are 4oing o adapt.
}

public void quack() { a— When quack is called, the eall is delegated

) goose.honk () to the goosc‘s honk() method.

@ Now geese should be able to play in the simulator, too.

All we need to do is create a Goose, wrap it in an adapter that
implements Quackable, and we should be good to go.

public class DuckSimulator ({
public static void main(Stringl[] args) {
DuckSimulator simulator = new DuckSimulator () ;
simulator.simulate () ;

ose that acks like

void simulate () { We make a 6°
Quackable mallardDuck = new MallardDuck() ; L/\ a Duek b\/ wvaw'mg the éoosc
Quackable redheadDuck = new RedheadDuck() ; in the éooSCAda\’{"ﬂ'
Quackable duckCall = new DuckCall();
Quackable rubberDuck = new RubberDuck() ;
Quackable gooseDuck = new GooseAdapter (new Goose());

System.out.println (" \nDuck Simulator: With Goose Adapter”);

simulate (mallardDuck) ; "
simulate (redheadDuck) ; Onte the Qoose is wrapped, we ¢an trea

simulate (duckCall); it jus£ like other duck Quackables.
simulate (rubberDuck) ; (/

simulate (gooseDuck) ;
void simulate (Quackable duck) {
duck.quack () ;

}
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Now let's give this a quick run....

This time when we run the simulator, the list of objects passed
to the simulate() method includes a Goose wrapped in a duck
adapter. The result? We should see some honking!

File Edit Window Help GoldenEggs

% java DuckSimulator

Duck Simulator: With Goose Adapter
Quack
Quack

There’s the goose! Now the Kwak

Goose ean quatk with the Squeak

vest of the Ducks. S Honk

Quackology

Quackologists are fascinated by all aspects of Quackable behavior. One
thing Quackologists have always wanted to study is the total number of
quacks made by a flock of ducks.

How can we add the ability to count duck quacks without having to
change the duck classes?

Can you think of a pattern that would help?

/->

J. Brewev,
Park Ranger and
Quatkologis{

you are here »
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We're going to make those Quackologists happy and give
them some quack counts.

How? Let's create a decorator that gives the ducks some new
behavior (the behavior of counting) by wrapping them with a
decorator object. We won't have to change the Duck code at all.

Like with Adapter, we need to

QuatkCounter is 3 detorator implement. the Larget intecface.
We've 50{ an instante variable
40 hold on to the quacker we've
decorating.

public class QuackCounter implements Quackable {
Quackable duck; And we've Counfinﬁ ALL

static int numberOfQuacks;
Q S—— quatks, so we'll use a static

vavi
public QuackCounter (Quackable duck) { Iablcbkcq’ f"a‘k'

this.duck = duck;
| We get the veference 4o the

Quackable we've decorating in

public void quack() { the tonstruetor.
duck.quack () ; =
numberOfQuacks++; z/:cz? ﬂ“a‘fko is ¢alled, we delegate the ¢4)] L
} uackable we’re dtt‘—ora’cing...
public static int getQuacks () { - then We intrease the numbey-

of quacks.

return numberOfQuacks;

. "\

We've adding one other method
to the detorator. This static
method Just veturns the number
of quacks that have oteurved in
all Quackables.
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@ We need to update the simulator to create decorated ducks.

Now, we must wrap each Quackable object we instantiate in a
QuackCounter decorator. If we don't, we'll have ducks running
around making uncounted quacks.

public class DuckSimulator {
public static void main(Stringl[] args) { E .
ach
DuckSimulator simulator = new DuckSimulator(); Q atk‘tl':rc we CVca{-,f a
simulator.simulate () ; .u able, we wrap it
} with a new detovator.

void simulate () {
Quackable mallardDuck = new QuackCounter (new MallardbDuck());
Quackable redheadDuck = new QuackCounter (new RedheadDuck());
Quackable duckCall = new QuackCounter (new DuckCall());
Quackable rubberDuck = new QuackCounter (new RubberDuck());
Quackable gooseDuck = new GooseAdapter (new Goose());

System.out.println (“\nDuck Simulator: With Decorator”);

The park ranger told us he didn't

simulate (mallardbDuck) ; want {0 count geese honks, so we

(
simulate (redheadDuck) ; don't decorate it.
simulate (duckCall);
simulate (rubberDuck) ; (\ Heve's whevre we

simulate (gooseDuck) ;

gather the quatking

; the
System.out.println (“The ducks quacked “ + behavior _OL
QuackCounter.getQuacks () + “ times”); Q“3¢k°\°5‘s :

void simulate (Quackable duck) { R Nothing thanges heve; the detorated
duck.quack() ; ob\')ec{',s ave still Quackab\cs.

File Edit Window Help DecoratedI-Eggs

% java DuckSimulator

Duck Simulator: With Decorator
\’\CYCIS the /_$ Quack
ovJCY“J('l- Quack

Kwak

Squeak
Honk

)
bev, weve
Rememoe® pese: 4 quacks were counted
not (,ov'\'b“?) 9 [

you are here » 507



duck

This quack counting is
great. We're learning things we
never knew about the little quackers.
But we're finding that too many
quacks aren't being counted. Can
you help?

You have to decorate objects
to get decorated behavior.

He’s right, that’s the problem with wrapping objects:
you have to make sure they get wrapped or they don’t
get the decorated behavior.

Why don’t we take the creation of ducks and localize
it in one place; in other words, let’s take the duck
creation and decorating and encapsulate it.

What pattern does that sound like?

We need a factory to produce ducks!

Okay, we need some quality control to make sure our ducks get wrapped.
We're going to build an entire factory just to produce them. The factory
should produce a family of products that consists of different types of
ducks, so we're going to use the Abstract Factory Pattern.

Let's start with the definition of the AbstractDuckFactory: T——— -
f’\ fhat subelasses will implement to
eveate diffevent Lamilies.
public abstract class AbstractDuckFactory {

public abstract Quackable createMallardDuck() ;
public abstract Quackable createRedheadDuck() ;
public abstract Quackable createDuckCall();
public abstract Quackable createRubberDuck () ;

Eath method treates one kind of duck.
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Let's start by creating a factory that creates ducks without decorators,
just to get the hang of the factory:

public class DuckFactory extends AbstractDuckFactory {

public Quackable createMallardDuck() { DutkFactory extends the
} e abdjactﬁadwry
public Quackable createRedheadDuck() { Each thod prestes a Yroduc{:
return new RedheadDuck () ; - ‘,a\,hw\ar o v Quad(ab‘c.b
| The attual Y‘roduc{: is vmknowv\. :
the simulator — it \')usJ(', knows it's

public Quackable createDuckCall () {
return new DuckCall():;

getting 3 Quatkable:
}

public Quackable createRubberDuck () {
return new RubberDuck () ;

}

Now let's create the factory we really want, the CountingDuckFactory: CountingDuckFactory
also extends the
abstract factory-

public class CountingDuckFactory extends AbstractDuckFactory {

public Quackable createMallardDuck() {

return new QuackCounter (new MallardDuck()); Eath method wraps the
} Quackable with the quack
Coun{ing decovator. The
public Quackable createRedheadDuck () { simulator will never know
return new QuackCounter (new RedheadDuck()); ﬂm(ﬁﬁ&ramqiﬁjwf
} gets back a Quackable.

Bu{: nOW our rangers tan
be sure that all quacks ave
being counted.

public Quackable createDuckCall () {
return new QuackCounter (new DuckCall());

}

public Quackable createRubberDuck () {
return new QuackCounter (new RubberDuck());

}
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@) Let's set up the simulator to use the factory.

Remember how Abstract Factory works? We create a polymorphic method
that takes a factory and uses it to create objects. By passing in different
factories, we get to use different product families in the method.

We're going to alter the simulate() method so that it takes a factory and
uses it to create ducks.

Fiest we eveate
the ‘Q a[;\‘,o‘f\l

; .
¢ ve 0onY
public class DuckSimulator { ‘U‘a{"w Y

public static void main (String[] args) { {.p‘;a.ss "\\alc,co
DuckSimulator simulator = new DuckSimulator () ; the sim¢
AbstractDuckFactory duckFactory = new CountingDuckFactory() ; mc{:\r\Od"

simulator.simulate (duckFactory) ; 4_/’_\—/

void simulate (AbstractDuckFactory duckFactory) { The simulate()
Quackable mallardDuck = duckFactory.createMallardDuck () ; method takes an
Quackable redheadDuck = duckFactory.createRedheadDuck () ; Absfrac{DuckFac’cory
Quackable duckCall = duckFactory.createDuckCall () ; and uses it to create
Quackable rubberDuck = duckFactory.createRubberDuck () ; ducks vather than
Quackable gooseDuck = new GooseAdapter (new Goose()); ins{:an{:ia{;ing them

diveetly.
System.out.println (“\nDuck Simulator: With Abstract Factory”); Y

simulate (mallardDuck) ;
simulate (redheadDuck) ;
simulate (duckCall) ;
(
(

simulate (rubberDuck) ; 4\
simulate (gooseDuck) ;
System.out.println (“The ducks quacked “ + K

QuackCounter.getQuacks () +
Y times”) ;

Nothing thanges heve!
Same ol’ tode.

void simulate (Quackable duck) {
duck.quack() ;
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Heve's the output using the Qac{;or\/...

File Edit Window Help EggFactory

/‘i % java DuckSimulator

\ask time but Duck Simulator: With Abstract Factory
as last Times O
e -

\

fhat the dutks ave Kwak

all detorated \betause Squeak

| he
we are W) Honk
. etory-
CO\A"J‘—"‘SD"C\LFa ! 4 quacks were counted

[

o

o

0 harpen Your penci|

A We're still directly instantiating Geese by relying on concrete classes. Can you write
an Abstract Factory for Geese? How should it handle creating “goose ducks”?
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flock of

It's getting a little difficult
to manage all these different ducks
separately. Is there any way you can
help us manage ducks as a whole, and
perhaps even allow us to manage a few
duck "families” that we'd like to keep
track of?

Ah, he wants to manage a
flock of ducks.

Here’s another good question from Ranger Brewer:
Why are we managing ducks individually?

Quackable mallardDuck = duckFactory.createMallardDuck() ;

, Quackable redheadDuck = duckFactory.createRedheadDuck () ;
This isn't very / Quackable duckCall = duckFactory.createDuckCall () ;
maﬂa‘bcabld Quackable rubberDuck = duckFactory.createRubberDuck () ;
\ Quackable gooseDuck = new GooseAdapter (new Goose());

simulate (mallardDuck) ;
simulate (redheadDuck) ;
simulate (duckCall);
simulate (rubberDuck) ;
simulate (gooseDuck) ;

What we need is a way to talk about collections of
ducks and even sub-collections of ducks (to deal with
the family request from Ranger Brewer). It would
also be nice if we could apply operations across the
whole set of ducks.

What pattern can help us?
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@ Let's create a flock of ducks (well, actually a flock of Quackables).

Remember the Composite Pattern that allows us to treat a collection of
objects in the same way as individual objects? What better composite
than a flock of Quackables!

Let's step through how this is going to work:

Remember, the tomposite needs to \mylcmcn{:
the same inkecfate as the leaf elements. Our

leaf elements ave Quatkables.

We've using an Arra\/Lis{: inside
eath Flotk +o hold the Quatkables
that bclon5 4o the Flock.

public class Flock implements Quackable {
ArraylList quackers = new ArrayList(); /

public void add(Quackable quacker) {

quackers.add (quacker) ; &’_’ The 2dd0 method adds a

s Quackable to the Flock.
public void quack() {
Iterator iterator = quackers.iterator();
while (iterator.hasNext ()) {
Quackable quacker = (Quackable)iterator.next();
quacker.quack() ;
}
} to
i bl :
} t Now for the c\uack() method — after all, the Flotk is a Quackable too

method in Flotk needs to work over the entive Floek. Here

The quack( kO on eath element.

we itevate through the Avra\/L‘ns{: and call quac

Code Up Close
Did you notice that we tried to sneak a Design Pattern by
you without mentioning it?

public void quack() { e Theve it is] The [terator
Iterator iterator = quackers.iterator(); / Pattern at work/

while (iterator.hasNext()) {

Quackable quacker = (Quackable)iterator.next();
quacker.quack() ;
}
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@ Now we need to alter the simulator.

Our composite is ready; we just need some code to round up the
ducks into the composite structure.

public class DuckSimulator {
// main method here

Create all the
Quackables, just
void simulate (AbstractDuckFactory duckFactory) { hkcbcﬂw&

Quackable redheadDuck = duckFactory.createRedheadDuck() ;

Quackable duckCall = duckFactory.createDuckCall();

Quackable rubberDuck = duckFactory.createRubberDuck () ;

Quackable gooseDuck = new GooseAdapter (new Goose());

System.out.println (“"\nDuck Simulator: With Composite - Flocks”);

Flock flockOfDucks = new Flock(); <\ Fiest we eveate a Flotk, and
load it up with Quackables.
flockOfDucks.add (redheadDuck) ;
flockOfDucks.add (duckCall) ; M
flockOfDucks.add (rubberDuck) ; Then we treate a new
(

flockOfDucks.add

gooseDuck) ; / Floek of Mallards.

Flock flockOfMallards = new Flock();

Heve we've treating
Quackable mallardOne = duckFactory.createMallardDuck () ; athC£QMHY°£
Quackable mallardTwo = duckFactory.createMallardbDuck() ; mallavds...
Quackable mallardThree = duckFactory.createMallardDuck() ;
Quackable mallardFour = duckFactory.createMallardDuck() ;

...and adding them to the

flockOfMallards.add (mallardOne) ; Cé;____-_— o£
flockOfMallards.add (mallardTwo) ; Flotk of mallards.

flockOfMallards.add (mallardThree) ; Then we add th Flckoﬁ
e Flo

flockOfMallards.add (mallardFour) ; Cé;___,———”
mallards to the main fotk.
flockOfDucks.add (flockOfMallards) ;

System.out.println (“\nDuck Simulator: Whole Flock Simulﬁ%iqﬁgeéwtfhccn{ﬁclqocw
simulate (flockOfDucks) ; S

System.out.println (“\nDuck Simulator: Ma d Flocﬁ\s' ulation”) ; R
simulate (flockOfMallards) ; %K C"JIg%SJ“‘v‘ggcst out the mallavd’s Flock.

System.out.println (“\nThe ducks quacked “ +

QuackCounter.getQuacks ()t X ).
S times”); K/_ Flha"\/, |C‘.(:s give the
} Quackologus{: the da{:a.
void simulate (Quackable-duck) {
duck.quack () ; ﬁ\‘ Nothing needs to thange heve, a Flock is a Quackable!

}
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Let's give it a spin...

File Edit Window Help FlockADuck

% java DuckSimulator

Duck Simulator: With Composite - Flocks
Duck Simulator: Whole Flock Simulation
Quack
Kwak
Squeak
Honk
Quack
Quack
Quack
Quack

Heve's the first Qotk.

Duck Simulator: Mallard Flock %J;.mu \aatj.son
allay

Quack L fwdrowtrem

Quack The data looks

Quack SOOd (chcmbCY

Quack the goose doesnt

Sc'{; {,OW\{',Cd)-
The ducks quacked 11 times

Safety versus transparency

You might remember that in the Composite Pattern chapter the composites (the Menus) and the leaf nodes
(the Menultems) had the same exact set of methods, including the add() method. Because they had the
same set of methods, we could call methods on Menultems that didn’t really make sense (like trying to add
something to a Menultem by calling add()). The benefit of this was that the distinction between leaves and
composites was fransparent: the client didn’t have to know whether it was dealing with a leaf or a composite;
it just called the same methods on both.

Here, we've decided to keep the composite’s child maintenance methods separate from the leaf nodes: that
is, only Flocks have the add() method. We know it doesn’'t make sense to try to add something to a Duck,
and in this implementation, you can’t. You can only add() to a Flock. So this design is safer — you can't call
methods that don’t make sense on components — but it’s less transparent. Now the client has to know that a
Quackable is a Flock in order to add Quackables to it.

As always, there are trade-offs when you do OO design and you need to consider them as you create your
own composites.
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The Composite is working
great! Thanks! Now we have the
opposite request: we also need to
track individual ducks. Can you give
us a way to keep track of individual
duck quacking in real time?

Can you say “observer?’

It sounds like the Quackologist would like to observe individual
duck behavior. That leads us right to a pattern made for observing
the behavior of objects: the Observer Pattern.

First we need an Observable interface.

Remember that an Observable is the object being observed. An Observable
needs methods for registering and notifying observers. We could also have
a method for removing observers, but we'll keep the implementation simple
here and leave that out.

QuaLkObscwab\c is the intevfate

that Quatkables should \m\?lmcn{:
if they want 4o be dbserved:

public interface QuackObservable ({
public void registerObserver (Observer observer);
public void notifyObservers () ;

[t has a method for vegistering
} '\-/ Obsevrvers. Any object implementing

the Observer interface ean listen
[£ also has 3 method for to quacks. We'll define the Observer
no{i«c\/ins the observers. intecface in a see.

Now we need to make sure all Quackables implement this interface...

public interface Quackable extends QuackObservable {

public void quack() ;
) N
So, we extend the Quackable

interface with QuackObserver.
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Stop looking at
me. You're making

me nervous!
Now, we need to make sure all the concrete

classes that implement Quackable can handle
being a QuackObservable.

We could approach this by implementing registration and ©
notification in each and every class (like we did in Chapter

2). But we're going to do it a little differently this time: m 9
we're going to encapsulate the registration and notification

code in another class, call it Observable, and compose it

with a QuackObservable. That way we only write the real

code once and the QuackObservable just needs enough

code to delegate to the helper class Observable.

Let's start with the Observable helper class...
Qua(,kObchVCYab\C

ionalit
Observable implements o \fs::i{;a:a l\/\7¢ Observable must implement QuackObservable
a Quatkable MCdSJ:p :: :hc;;ss avd have because these are the same method calls
. to ?\ug it in
JuS‘{', need

£ class delegate to Obsevvable. that ave going to be delegated to it.
o 5 n the construetor we get

passed the QuatkQbservable
public class Observable implements QuackObservable ({ that is using this ob\')cc{: to
ArraylList observers =

new ArrayList () ; manage its observable behavior-
QuackObservable duck; / Chetk out the ho{:’n(:\,() method
e that when 3

. below; \/ou’\\ se
publiiigbZizzaElZégi‘?CkObservable aue no{iﬁ\/ otturs, Observable passes
| | | this ob)cd: along so that H‘c.

observer knows which ob\‘)cc{: is

public void registerObserver (Observer observer) { a\uacking,-
observers.add (observer) ;
}

< _ Heve's the tode for

vegistering an observer-
public void notifyObservers () {

Iterator iterator = observers.iterator();
while (iterator.hasNext ()) {

Observer observer = (Observer)iterator.next();
observer.update (duck) ;

} And the code for doing
} N_

the no{ilcita'{:ions.

Now let’s see how a Quackable elass uses this helper...
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Integrate the helper Observable with the Quackable classes.

This shouldn't be too bad. All we need to do is make sure the Quackable classes
are composed with an Observable and that they know how to delegate to it. After
that, they're ready to be Observables. Here's the implementation of MallardDuck;
the other ducks are the same.

public class MallardDuck implements Quackable { Eath Quacka\o\c has an

Observable observable; @/ Obsevvable instance vaviable.

public MallardDuck () {
observable = new Observable (this) ;

} to the MallavdDuck object.

public void quack() {
System.out.println (“Quack”) ; When we quack, we
notifyObservers () ; & need to let the

}

public void registerObserver (Observer observer) {
observable.registerObserver (observer) ;

}

public void notifyObservers () ({
observable.notifyObservers () ;

Here's our two QuackObservable
} é\ methods. Notice that we JuS‘E
delegate to the helper.

k In the constructor, we eveate an
Ob

servable and pass it a vefevence

observers know about it.

@ harpen Your pencil

A We haven't changed the implementation of one Quackable, the QuackCounter
decorator. We need to make it an Observable too. Why don’t you write that one:
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We're almost there! We just need to work on the Observer side
of the pattern.

We've implemented everything we need for the Observables; now we
need some Observers. We'll start with the Observer interface:

The Observey interface Just has
one method, update(), which

is passed the Quackob
o . servable

public interface Observer {
public void update (QuackObservable duck);
}

Now we nheed an Observer: where are
those Quackologists?!

We need to implement the Observable interfate or else
we won't be able 4o vegister with a QuatkObservable.

\}

public class Quackologist implements Observer ({

public void update (QuackObservable duck) {
System.out.println (“Quackologist: “ + duck + “ just quacked.”);

}
| )
The Quadko'ogis{: is simple;

method, update()
Ruackable that J

) if JUS‘E has one
) Whlﬁh PVih"‘,S owl: 'H'IC
ust quacked.
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@ dharpen vour pencil
ndarpen yor g

too

What if a Quackologist wants to observe an entire flock? What does that mean
anyway? Think about it like this: if we observe a composite, then we’re observing
everything in the composite. So, when you register with a flock, the flock
composite makes sure you get registered with all its children (sorry, all its little
quackers), which may include other flocks.

Go ahead and write the Flock observer code before we go any further...
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We're ready to observe. Let's update the
simulator and give it a try:

public class DuckSimulator {
public static void main (String[] args) {
DuckSimulator simulator = new DuckSimulator();
AbstractDuckFactory duckFactory = new CountingDuckFactory() ;

simulator.simulate (duckFactory) ;

void simulate (AbstractDuckFactory duckFactory) {
// create duck factories and ducks here
// create flocks here

System.out.println (“\nDuck Simulator: With Observer”);
All we do heve is eveate 3
Quackologist quackologist = new Quackologist(); Quacko\ogis{: and sek him as
flockOfDucks.registerObserver (quackologist) ; 3nob“wmro§{hcgod¢

simulate (flockOfDucks) ; GL\\\\\\\

: . )
System.out.println (“"\nThe ducks quacked “ + TNSbMCWech

QuackCounter.getQuacks () + Jjust simulate the
N times”); entive flock.

}

void simulate (Quackable duck) { Lcysgwcﬂza{ryand

duck.quack () ; see how it works/
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the duck finale

This is the big finale. Five, no, six patterns have come together to create

this amazing Duck Simulator. Without further ado, we present the

DuckSimulator!

)

File Edit Window Help DucksAreEverywhere

% java DuckSimulator

Duck Simulator: With Observer

Quack

Quackologist: Redhead Duck just quacked.

Kwak
Quackologist:
Squeak
Quackologist:
Honk
Quackologist:
Quack
Quackologist:
Quack
Quackologist:
Quack
Quackologist:
Quack
Quackologist:

%

Q} So this was a compound pattern?

A: No, this was just a set of patterns
working together. A compound pattern is a
set of a few patterns that are combined to
solve a general problem. We're just about
to take a look at the Model-View-Controller
compound pattern; it's a collection of a few
patterns that has been used over and over in
many design solutions.

522 Chapter 12

Duck Call just quacked.

Rubber Duck just quacked.

Mallard Duck just quacked.
Mallard Duck just quacked.
Mallard Duck just quacked.

Mallard Duck just quacked.
The Ducks quacked 7 times.

therejare no

DumbQuestions

< So the real beauty of Design
Patterns is that | can take a problem, and
start applying patterns to it until | have a
solution. Right?

A: Wrong. We went through this
exercise with Ducks to show you how
patterns can work together. You'd never
actually want to approach a design like we
just did. In fact, there may be solutions to
parts of the duck simulator for which some
of these patterns were big time overkill.

N

After eath quatk,
no matter what
kind of quack

it was, the
observer 56{'.5 a
no{il:'ucaﬁon.

Goose pretending to be a Duck just quacked.

And the
'\uackologis‘f: still
gets his counts.

Sometimes just using good OO design
principles can solve a problem well enough
on its own.

We're going to talk more about this in the
next chapter, but you only want to apply
patterns when and where they make
sense. You never want to start out with the
intention of using patterns just for the sake
of it. You should consider the design of the
DuckSimulator to be forced and artificial.
But hey, it was fun and gave us a good
idea of how several patterns can fit into a
solution.



compound patterns

What did we do?

We started with a bunch of Quackables...

A goose came along and wanted to act like a Quackable too. Sowe
used the Adapter Pattern to adapt the goose to a Quackable. Now, you can call quack() on
a goose wrapped in the adapter and it will honk!

Then, the Quackologists decided they wanted to count quacks. Sowe
used the Decorator Pattern to add a QuackCounter decorator that keeps track of the number
of times quack() is called, and then delegates the quack to the Quackable it's wrapping.

But the Quackologists were worried they’d forget to add the
QuackCounter decorator. So we used the Abstract Factory Pattern to create ducks
for them. Now, whenever they want a duck, they ask the factory for one, and it hands back
a decorated duck. (And don't forget, they can also use another duck factory if they want an
un-decorated duck!)

We had management problems keeping track of all those ducks and
geese and quackables. So we used the Composite Pattern to group quackables
into Flocks. The pattern also allows the quackologist to create sub-Flocks to manage duck
families. We used the Iterator Pattern in our implementation by using java.util’s iterator in
ArrayList.

The Quackologists also wanted to be notified when any quackable
quacked. So we used the Observer Pattern to let the Quackologists register as Quackable
Observers. Now they're notified every time any Quackable quacks. We used iterator again
in this implementation. The Quackologists can even use the Observer Pattern with their
composites.

That was quite a Design Pattern
workout. You should study the
class diagram on the next page
and then take a relaxing break before
continuing on with the Model-View-
Controller.
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duck’s eye view

A Bied duck’s eye view: the class diagram

We’ve packed a lot of patterns into one small duck simulator! Here’s the big picture of what we did:

DuckSimulator

The DuekSimulator uses 3 factory 4o eveate Dutks.

/

> AbstractDuckFactory

createMallardDuck()
createRedheadDuck()
createDuckCall()
createRubberDuck()

/

DuckFactory CountingDuckFactory
createMallardDuck() createMallardDuck()
createRedheadDuck() createRedheadDuck()
createDuckCall() createDuckCall()
createRubberDuck() createRubberDuck()

~

teve ave two diffecent
Lactovies that produce
4he same ‘(:Am'l‘\/

I'F a ¢lass i"‘P,C”‘C'\Q
OBSCY‘Vcr] ":ha{’,
means it tan observc <<interface>>
Quackablcs, and will Observer .‘
be hOfi‘Fied Whehcver update(QuackObservable) I
a Quackable quacks. =

\

Quackologist i

update(QuackObservable) I

We only imp)|

L o Plemented one kind of Ob
i AT
. m .
A o OLSE:v:cn{:s the Observe,

. . ducks...
umFlemcnfmg a BirdWafchcv o:::’.v‘:b:“{:
¢
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yvoduc{s. The DuekFattory
eveates dutks, and the
Coun{',ithuthaL‘Eor\l
eveates Dutks wrapped in
QuatkCounter detovators.




Quackable i
that all elass

quacking behavioy implement.

compound patterns

The QuackOBscrvablc interface

g'wcs us d Sc{:

-

of methods that
any Obsevvable must im\vlemcn{:.

Eath Quatkable has an

<<interface>> instante of Observable
the inter-face QuackObservable to keep track of their
es that have registerObserver(Observer) obsevvers and noti ‘(,'\I them
notifyObservers() when the Quackable quacks.
— ~
P Observable
<<interface>> I ArrayList observers
Quackable QuackObservable duck
quack() I registerObserver(Observer)
¢ i N VAN PAAN notifyObservers()

—l MallardDuck ‘ ....... GooseAdapter
u RedheadDuck ‘ Goose goose
”‘ an DuckCall ' quack() This Adapter..
| e : registerObserver(Observer)
e RubberDuck ‘ notifyObservers() <
re : T —
™ na quack()
| registerObserver(Observer) | : /7 feeeeeeeeeees Flock
notfyObservers( : ArrayList ducks
: add(Quackable)
. d thi
. : quack() e AN (3

We have two k";(ds oﬁ —/ registerObserver(Observer) Com\?osi{:c...
Q“ackab‘cs: ducks an notifyObservers()

other things that want h : —

ior: like the

Quatkable bc\\a\no~ RIS N QuackCounter

Goosehdapter, which wraps

Qoose and makes it look like Quackable duck W
a Quatkable; Flotk, whith is getQuacks() Decorator
a Quatkable Composite, and quack() all ack like

Iy hich adds registerObserver(Observer) Kabl |

QuaLkCovm ev, W rofiyObservers() Quaé ables!
behavior to Quackables.
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the song

The King of Compound Patterns

If Elvis were a compound pattern, his name would be Model-View-Controller,

and he’d be singing a little song like this...

Model, View, Controller
L\/Y'ics and musie b\/ James DCmFscy

MVC'’s a paradigm for factoring your tode
into ‘Cuv\c{:iona| scgmcn{‘,s, so Your brain does not c%"lodc

To achieve veusability, you gotta keep those boundaries
tlean

Model on the one side, View on the other, the

Controller’s in between.

View /\/

Creamy

ovx{'xo\\cY
<-J C

L Model

Model View, it's aot three layers like Oveos do
Model View Controller
Model View, Model View, Model View Controller

Model objects vepresent your application’s vaison d’étre
Custom objeets that eontain data, logie, and et cetera
You tveate tustom tlasses, in your app’s problem domain
You €an thoose to veuse them with all the views

but the model objects stay the same.

526

You tan model a throttle and a manifold
Model the toddle of a two year old
Model a bottle of fine Chardonnay
Model all the glottal stops people say
Model the toddling of boiling egas

You tan model the waddle in Hexley's legs

Model View, Yyou tan model all the models that pose for
6@

Model View Controller

Go d0
View objeets tend to be tontrols used to display and edit
Cotoa'’s 9ot a lot of those, well written to its evedit.
Take an NSTextView, hand it any old Unicode string
The user an intevact with it, it tan hold most an\/‘(:hing
But the view don't know about the Model

That string could be a phone number or the works of
Avistotle

Keep the toupling loose

es J 3\13‘.

and so athieve a massive level of veuse

Model View, all vendeved very nicely in Aqua blue
Model View Controller

You've probably wondering now
You've \?\robaH\/ wondering how
Data flows between Model and View
The Controller has to mediate
Between eath layer's thanging state
To synthronize the data of the two



[t pulls and pushes every thanged value

Model View, mad props to the smalltalk evew!
Model View Controller

Model View, it's pronounted Oh Oh not Ooo oo

Model View Controller

There's a little left to this story
A few move miles upon this voad
Nobody seems to get muth glory
From writing the tontroller tode

Well the model’s mission evitical

And gorgeous is the view

[ might be lazy, but sometimes it’s just evazy
How muth eode | write is \)us{‘, glue

And it wouldn't be so tragie

But the code ain't doing magic

[t's just moving values through

And | don't mean to be vitious
But it gets vepetitious
Do'mg all the ‘Ehings tontrollers do

And [ wish | had a dime

For every single time

EAwR

compound patterns

| sent a TextField StringValue.

Model View
How we 9onna dec‘? six all that 5|uc
Model View Controller

Controllers know the Model and View very in{:ima‘td\/

Thc\/ often use hardeoding which ¢an be ‘('\orcboding for
veusability

But now Yyou tan tonnett eath model kcy that Yyou seleet
1o any view property

And onte You start binding
| think \/ou’” be {:indihg less tode in Your sourte tree

Yeah | know | was elated by the stuff they've automated
and the {hings You 36[: for free

And | think it bears vepeating
all the code you won't be needing

when Yyou hook it up »‘& — VAsind Qi

Model View, even handles multiple selections too
Model View Controller

Model View, bet | ship my ayylica’aion before you
Model View Controller

PQWEWR

Don't just read! After all this is a Head First book... grab your iPod, hit this URL:
http://www.youtube.com/watch?v=YYvOGPMLVDo

Sit back and give it a listen.
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mvc

Cute song, but is that really
supposed to teach me what Model-
View-Controller is? I've tried
learning MVC before and it made my
brain hurt.

No. Design Patterns are
your key to the MVC.

We were just trying to whet your appetite.
Tell you what, after you finish reading this
chapter, go back and listen to the song again
—you’ll have even more fun.

It sounds like you’ve had a bad run in with
MVC before? Most of us have. You've
probably had other developers tell you it’s
changed their lives and could possibly create
world peace. It’s a powerful compound
pattern, for sure, and while we can’t claim it
will create world peace, it will save you hours
of writing code once you know it.

But first you have to learn it, right? Well,
there’s going to be a big difference this time
around because now you know patterns!

That’s right, patterns are the key to MVC.
Learning MVC from the top down is difficult;
not many developers succeed. Here’s the
secret to learning MVC: it’s just a few patterns
put together. When you approach learning
MVC by looking at the patterns, all of the
sudden it starts to make sense.

Let’s get started. This time around you’re
going to nail MVC!
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compound patterns

Meet the Model-View-Controller

Imagine you’re using your favorite MP3 player, like iTunes. You can use its interface to add
new songs, manage playlists and rename tracks. The player takes care of maintaining a little
database of all your songs along with their associated names and data. It also takes care of
playing the songs and, as it does, the user interface is constantly updated with the current song
title, the running time, and so on.

Well, underneath it all sits the Model-View-Controller...

he
.r/'@ Vi yOU use o o
O’/s /@’/I/ . ,‘eﬁac
Yy Pl3,, . o s
Plag, Vi i
{ qd £ S \]Ou 00
Yo You see the song go't "ot
display update and "
hear the new song *Play new Song
playing
l —
L—'
— y
View Controller
Model tells the
view the state has Controller asks
changed class Player Player moc.iel to
h pl_ay(()):; begin playing
e mOd rip g
the Viey, sl NOtifjes buzn () {} contfoiler
in State 9 chap, manipulates
o the model

/ Model

The model tontains all £he state,
data, and aﬂ:hca ion |og'lc needed
{0 maintain and play mp3s.
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Now let’s zoom into the
mvc up close

A closer look...

The MP3 Player description gives us a high level view of MVC, but it really doesn’t help you
understand the nitty gritty of how the compound pattern works, how you’d build one yourself, or
why it’s such a good thing. Let’s start by stepping through the relationships among the model, view
and controller; and then we’ll take second look from the perspective of Design Patterns.

CONTROLLER

Takes user input and figures out
what it means to the model.

MODEL

The model holds all
VIEW Heve's the treamy the data, state and
Chesyoushrasenatin s v
of the model. The view :
usually gets the state the middle: R Y the view and controller,
and data it needs to although it provides an
display directly from interface to manipulate

and retrieve its

state and it can send
@ notifications of state
changes to observers.

the model. /

) Change your
The user did Controller state
something /
Change your :
diSpIGY class Player

play(){}

rip() {}
N, o
Tve changedd ——————_
"

: / Model
View ® /’
T‘ T need your state

Heve's the model;

This is the user information t vandles al
in{:cr(:a&t- a‘,vhca{jon data
and logjc-
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You're the user — you interact with the view.

compound patterns

The view is your window to the model. When you do something to the view (like click
the Play button) then the view tells the controller what you did. It's the controller's

job to handle that.

The controller asks the model to change its state.

The controller takes your actions and interprets them. If you click on a button, it's
the controller's job fo figure out what that means and how the model should be
manipulated based on that action.

The controller may also ask the view to change.

When the controller receives an action from the view, it may need to tell the view
to change as a result. For example, the controller could enable or disable certain
buttons or menu items in the interface.

The model notifies the view when its state has changed.

When something changes in the model, based either on some action you took (like
clicking a button) or some other internal change (like the next song in the playlist
has started), the model notifies the view that its state has changed.

The view asks the model for state.

The view gets the state it displays directly from the model. For instance, when the
model notifies the view that a new song has started playing, the view requests the
song name from the model and displays it. The view might also ask the model for
state as the result of the controller requesting some change in the view.

- Does the controller ever become
an observer of the model?

Sure. In some designs the controller
registers with the model and is notified
of changes. This can be the case when
something in the model directly affects the
user interface controls. For instance, certain
states in the model may dictate that some
interface items be enabled or disabled. If
so, it is really controller’s job to ask the view
to update its display accordingly.

therejare no

DumbQuestions

< All the controller does is take user
input from the view and send it to the
model, correct? Why have it at all if that
is all it does? Why not just have the code
in the view itself? In most cases isn’t the
controller just calling a method on the
model?

The controller does more than
just “send it to the model”, the controller is
responsible for interpreting the input and
manipulating the model based on that input.
But your real question is probably “why can’t
| just do that in the view code?”

You could; however, you don’t want to

for two reasons: First, you'll complicate
your view code because it now has two
responsibilities: managing the user interface
and dealing with logic of how to control the
model. Second, you're tightly coupling your
view to the model. If you want to reuse

the view with another model, forget it. The
controller separates the logic of control from
the view and decouples the view from the
model. By keeping the view and controller
loosely coupled, you are building a more
flexible and extensible design, one that can
more easily accommodate change down the
road.
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the patterns in mvc

Looking at MVC through
patterns-colored glasses

We've already told you the best path to learning the MVC is to see it for what it
1s: a set of patterns working together in the same design.

Let’s start with the model. As you might have guessed the model uses
Observer to keep the views and controllers updated on the latest state changes.
The view and the controller, on the other hand, implement the Strategy Pattern. The controller
is the behavior of the view, and it can be easily exchanged with another controller if you

want different behavior. The view itself also uses a pattern internally to manage the windows,
buttons and other components of the display: the Composite Pattern.

Let’s take a closer look:

Strategy

The view and controller implement the classic Strategy Pattern: the
view is an object that is configured with a strategy. The controller
provides the strategy. The view is concerned only with the visual
aspects of the application, and delegates to the controller for any
decisions about the interface behavior. Using the Strategy Pattern also
keeps the view decoupled from the model because it is the controller
that is responsible for interacting with the model to carry out user
requests. The view knows nothing about how this gets done.

———

/

Controller

Gom\’“g‘w

rip(){}
‘ l buzn () {}
a—m—

Model

play() {}

View

The model implements the Observer Pattern
to keep interested objects updated when state
changes occur. Using the Observer Pattern
keeps the model completely independent of
the views and controllers. It allows us to use
different views with the same model, or even
use multiple views at once.

The display consists of a nested set of win-
dows, panels, buttons, text labels and so on.
Each display component is a composite (like
a window) or a leaf (like a button). When the
controller tells the view to update, it only has
to tell the top view component, and Composite
takes care of the rest.
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compound patterns

Observer

Observers L/\ All these obsevvers will be

notified whenever state
thanges in the model.

=

View

Observable

My state has

changed! \

£

Py dbject that's

View

@

Controller

T'd like to register in{:crcs{:c.d in state ‘
as an observer . thanges in the mode |
View vegjsters with the The model has no dependenies on
model as an dbsevver: viewers or tontrollers!
Strategy The user did D) e
something ~ // skrategy ‘(:o‘r‘ the vucz
/\j _il's the o\{)tﬁ{ tha
i knows how bo handle
delegates 4, Controller s 2 s
the tontroller
to handle the . € We tan swy in
user aetions, . // another behavioy .
View T LY the view by Chahging
........... the tontroller.
The view only worries about presentation, the tontroller worries Controller
about translating user input to actions on the model.
Composite pamfo/_\ -
The view is 3 Lom?os&:c
el ) qul Lomvoncn{‘; (labels,
| bukbons, text entey)
: ete). The top level
/ Lom\?ovxcn{: tontains o{:\\cir
":‘ Lom?ontnhs, whith tontain
_ obher components and so
.... | on until You 5:‘&: to the

\ca§ nodes-
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mvc and the dj view

Using MVC to control the beat...

It’s your time to be the DJ. When you’re a D] it’s all about the beat. You might start
your mix with a slowed, downtempo groove at 95 beats per minute (BPM) and then
bring the crowd up to a frenzied 140 BPM of trance techno. You'll finish off your set
with a mellow 80 BPM ambient mix.

How are you going to do that? You have to control the beat and you’re going to build
the tool to get you there.

Meet the Java I View

Let’s start with the view of the tool. The view allows you to create a
driving drum beat and tune its beats per minute...

A pulsing bar shows the beat in veal time.

0 O 6 View

A display shows the curvent BPMs and is
(](/—\ automatically set whenever the BPM changes.
The view has two parts, j
fhe part for viewing the

state of the model and
Lhe part for tontrolling

hings- -

& O © Contral
D) Control
Enter BPM: | 120 You tan enter a specific BPM and click
T~ the Set button to set a specific beats
e per minute, or you an use the intrease
(: << ) ( . ; and detvease buttons for fine tuning,
Detveases the Ineveases the

BPM \)\[ onc BPM by one
beat pev minute:  beat per minute.
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compound patterns

Here's a few move ways to eontrol the DJ View...

the beat You use the Stop
® © O Control / \{c.auk.cah ;b:::oos'mg the bubton 4o shut & O O Control
D) Control kieking 0Y down the beat

Glart menu ikem in the
“D\) COV\'&X‘O\" menu-

Notice Stop is Notice Start is /

U disabled wntil you disabled after the
start the beat. beat has started.

3cncra£ion~

All user attions are

scn‘t {‘,o {:hc Con{ro”cr.

The controller is in the middle...

The controller sits between the view and

model. It takes your input, like selecting “Start”
from the DJ Control menu, and turns it into an

. . ————
action on the model to start the beat generation. ——

The tontroller takes input
from the user and figures out
how o translate that into
\rcv\ucs{:s on {hc modc|.

Controller

Let’s not forget about the model underneath it all...

You can’t see the model, but you can hear it. The
model sits underneath everything else, managing the
beat and driving the speakers with MIDI.

~

The BeatModel is the heart of Lhe
application. [t implements the |03ic
to start and stop the beat, set

the beats per minute (BPM), and
generate the sound.

The model also allows us {:o

obtain its curvent state through
the 9etBPMO) method.
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the dj model, view and controller

Putting the pieces together

The beat is set at 119 BPM and you
would like %o inevease it to 120 '

® O O Control

D) Control

Enter BPM: Cliek on the
intrease beat

€ s ) button...

e ...whith vesults in the
tontroller being invoked.

// ' The controller asks
the model o update
its BPM by one.

Controller
You see the beatbar
pulse every I/2 second. M
oatMo
View ‘2 Because the BPM is 120, the view gets Ve de/
a beat notification every 172 setond. < on0 .
6 O O View P SetBPM(  off()

getBPN\Q

} <
Current BPM: 120 . w

\iew is no{'j‘cicd that the BPM
thanged. [ ealls 5:{:BPMO on
the model state.

The view is updated
o 120 BPM.
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Building the pieces

compound patterns

Okay, you know the model is responsible for maintaining all the data, state and any
application logic. So what’s the BeatModel got in it? Its main job is managing the beat,
so it has state that maintains the current beats per minute and lots of code that generates
MIDI events to create the beat that we hear. It also exposes an interface that lets the
controller manipulate the beat and lets the view and controller obtain the model’s state.
Also, don’t forget that the model uses the Observer Pattern, so we also need some methods
to let objects register as observers and send out notifications.

Let’s check out the BeatModellnterface before looking at the

implementation:

These are the methods
the tontroller will use to
diveet the model based on

usev interaction.

These methods allow
the view and the
controller 4o get

skate and to become

observers.

public interface BeatModellInterface {

a akter the

This oets ealle sha'\‘ba{xd.

del is W
void initialize(); - BeatMe
These methods turn the beat

, M/
void on(); /——— 5¢ngra£or on and off.

This method sets the beats per

vold off(); /_—_\ minute. After it is called, the beat

void setBPM(int bpm) ; frcc\ucnc\/ thanges immcdiaﬁcl\/.

int getBPM() ; e_—\ The 5c{:BPMO method veturns
the eurvent BPMs, or O if

void registerObserver (BeatObserver o) ; the gcmra*bor is off.
et

void removeObserver (BeatObserver o);

void registerObserver (BPMObserver o) ;
————————

void removeObserver (BPMObserver o) ;

/

This should look
Lamiliar, these
methods allow
objects to vegister
as obsevvers for

state changes.

We've split this into two kinds of
observers: observers that want to be
notified on every beat, and observers
that just want to be notified with
the beats per minute thange.
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the beat model

Now let’s have a look at the concrete BeatModel class: This is needed for

We implement the BeatModelInterfate. 2 (‘ the MIDI ¢tode.

public class BeatModel implements BeatModellInterface, MetaEventListener {

538

Sequencer sequencer; <~ The sequenter is the ob;
et th
ArrayList beatObservers = new ArrayList(); gcncraze veal beats (Zh‘;£ {::; :j k;\owsl)how to
ArrayList bpmObservers = new ArrayList(); Y n hear.J.
int bpm = 90; . é\ These Awa\/LiS{'} hold the two kinds of
// other instance variables here obsevvers (Beat and BPM observers).

public void initialize() { This method does
setUpMidi () ; &
buildTrackAndStart () ;

The bpm instance vaviable holds the frequency
setup on the sequenter  of beats — by default, 90 BPM.
and sets up the beat

) {:racks -Co\r us.

public void on() {

sequencer.start () ; &———  The on() method starts the sequenter and
setBPM (90) ; sets the BPMs o the default: 90 BPM.

}

public void off () { 6\ And O«q‘\o shuts it down b\/ sc{fing BPMS to
setBPM(0) ; O and stopping the sequenter.

sequencer.stop () ;

! K"\ The setBPMO method is the way the controller

. ) ) manipulates the beat. [t does three things:
public void setBPM(int bpm) {

this.bpm = bpm; = (1) Sets the bpm instance variable
sequencer.setTempoInBPM (getBPM() ) ; .
not i fyBPMObservers () ; R (D) Asks the sequenter to change its BPM:s.
! & (3) Notifies all BPM Observers that the BPM has
thanged.

public int getBPM() {
return bpm;

The 5:{:BPM() method )us{ rc{:wu.ns the bpm instance vaviable, which

inditates the curvent beats per minute.

void beatEvent () { L— ich is not in the Bca{:Modclln{:crfaLc, is
i beatEvent() method, which is no

o mesraneeers I:chdcz\/ g:: MID| code whenever a new beat starts. This method

nokifies all BeatObservers that a new beat has \')us{', otturved.

}

}

// Code to register and notify observers

// Lots of MIDI code to handle the beat kj

Ready-bake Code

This model uses Java's MIDI support to generate beats. You can check out the
complete implementation of all the DJ classes in the Java source files available
on the wickedlysmart.com site, or look at the code at the end of the chapter.
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The View

Now the fun starts; we get to hook up a view and visualize the BeatModel!

The first thing to notice about the view is that we’ve implemented it so that it is displayed in two separate
windows. One window contains the current BPM and the pulse; the other contains the interface
controls. Why? We wanted to emphasize the difference between the interface that contains the view of
the model and the rest of the interface that contains the set of user controls. Let’s take a closer look at

the two parts of the view:
We've sepavated
Ve view of the

modc\ ‘(:Yom the
. B i view w\‘t\'\ ‘{Z\\C
: tontrols.
Current BPM: 120 6 O O Control

The DJ view

. D) Control
displays two :
aspetts of the Enter BPM: I
BeatModel... 6 Set )
the turrent beats ~~ang ] ?ulsi.ng “beat ( << )( >> }
per minute, from bar” pulses in synch T
£he BPMObsevver with the beat, dviven .
notifications... by the BeatObsevver This is the Part of the v;
notifications. You use 45 e ange the | view that
VIew passes cveryﬂ,ih 9 :af' This
he Contiol| You do o

E @ RALN
Our BeatModel makes no assumptions about the view. The model is implemented using the
Observer Pattern, so it just notifies any view registered as an observer when its state changes. The

view uses the model’s API to get access to the state. We’ve implemented one type of view, can you
think of other views that could make use of the notifications and state in the BeatModel?

A lightshow that is based on the veal-time beat.

A textual view that displays a music genve based on the BPM (ambient, downbeat, tethno, ete.).
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Implementing the View

The two parts of the view — the view of the model, and The code on these t\flo
the view with the user interface controls — are displayed Watch It’ pages is just an outline!
in two windows, but live together in one Java class. We’ll *
first show you just the code that creates the view of the
model, which displays the current BPM and the beat bar.
Then we’ll come back on the next page and show you just

What we've done here is split ONE
class into TWO, showing you oné part
of the view on this page, and the other

part on the next page. All this_ code i?
the code that creates the user interface controls, which P Iy in ONE class - o Viewjava, Ifs

displays the BPM text entry field, and the buttons. all listed at the back of the chapter.

DJView is an observer Lor both veal—time beats and BPM changes.

v \

public class DJView implements ActionListener, BeatObserver, BPMObserver {

BeatModelInterface model; .
ControllerInterface controller: <~ The view holds a veferente +o both the model and

JFrame viewFrame; the tontroller. The (:on{ro)”cr is onl\/ used by the
JPanel viewPanel; Heve, we ereat, tontrol interface, which we'll 9o over in a sec...
BeatBar beatBar; ’ veate a few

[A .
JLabel bpmOutputLabel; omponents for the dnsplay.

public DJView (ControllerInterface controller, BeatModelInterface model) {
this.controller = controller; & The construttor 5‘{"‘ a ve@crchc to
th(iisimode} z mggel; ( (BeatOb )m the tonkroller and the model, and
model .registerObserver ea server is); .
model. registerObserver( (BPMObserver) this) ; we stove rc-(-\crcnccs to those in the

} instante variables.
public void createvView() { We also vegister as a BeatObserver and 3
// Create all Swing components here BPMObserver of the model.

}

o The updateBPMO method is alled when a state thange
public void updateBRM() | oteurs in the model. When that happens we update the

int bpm = model.getBPM() ; N dis?";\/ with the current BPM. We can 3:‘(: this value b\/
if (bpm == 0) { vequesting it divectly Lrom the model.
bpmOutputLabel.setText (Yoffline”) ;
} else {
bpmOutputLabel.setText (“Current BPM: “ + model.getBPM());
}
}
Likewise, the updateBeat() method is called when
public void updateBeat () { the model starts a new beat. When that happens,
beatBar.setValue (100) ; we need to pulse our “beat bar.” We do +his b

setting it to its maximum value (100) and letting
it handle the animation of Lhe pulse.

}
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Implementing the View, continved...

Now, we’ll look at the code for the user interface controls part of the view. This view lets you control the
model by telling the controller what to do, which in turn, tells the model what to do. Remember, this code
is in the same class file as the other view code.

public class DJView implements ActionListener, BeatObserver, BPMObserver ({
BeatModelInterface model;
ControllerInterface controller;
JLabel bpmLabel;
JTextField bpmTextField;
JButton setBPMButton;
JButton increaseBPMButton;g
JButton decreaseBPMButton;
JMenuBar menuBar;

JMenu menu; N
JMenultem startMenultem; J
JMenultem stopMenultem;

Thi
public void createControls() | i {ls Z\c{:hod ereates all the controls and Places them in the
// Create all Swing components here ntertace. [{ also takes cave of the menu. When the S{OF

| or start items are thosen, the torrespondi
ealled on the controller. rondng mefhods o

® O O Control
DJ Control

public void enableStopMenultem() {
stopMenultem.setEnabled (true);

} All these methods allow the start and
| | | stop items in the menu to be enabled and
public void disableStopMenuTtem() | disabled. We'll see that the controller
uses

stopMenultem.setEnabled (false); these 1o thange the in'l:cr\cac
€.

public void enableStartMenultem() {
startMenultem.setEnabled (true);

/ This method is talled when a button is ¢licked.
public void disableStartMenultem() {
startMenultem.setEnabled (false); I£ the Set button is
} clicked then it is passed
. ] ) ) on 1o the tontroller along
publ}c void actionPerformed (ActionEvent event) ({ with the new me.
if (event.getSource () == setBPMButton) {
int bpm = Integer.parselnt (bpmTextField.getText ());
controller.setBPM (bpm) ; Likewise, if the intrease
} else if (event.getSource() == increaseBPMButton) { r\ or dectrease buttons ave

)
con.troller.increaseBPM() ; I / clicked, this imcorma{:ion is
} else if (event.getSource(; == decreaseBPMButton) { yasscd on o the controller.

controller.decreaseBPM() ;

’
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Now for the Controller

It’s time to write the missing piece: the controller. Remember the controller is
the strategy that we plug into the view to give it some smarts.

Because we are implementing the Strategy Pattern, we need to start with an
interface for any Strategy that might be plugged into the D] View. We’re going
to call it ControllerInterface.

Here ave all the

methods the view ean

o eall on the controller.

public interface ControllerInterface ({
void start();

void stop(); S\ These should look familiar aftev seeing the model’s

void increaseBPM(); ‘\ interface. You tan stop and start the beat

vold decreaseBEM(); ;_&__ generation and thange the BPM. This interface is

void setBPM(int bpm); &— “vither” than the BeatModel interface betause you
J tan adjust the BPMs with intrease and decvease.

i % Design Puzzle

You've seen that the view and controller together make use of the Strategy Pattern. Can you draw a
class diagram of the two that represents this pattern?
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And here’s the implementation of the controller:

The tontroller imyltmcnﬁs

[_ the Controller|nterfate.

public class BeatController implements ControllerInterface ({

BeatModellInterface model;
DJdView view;

public BeatController (BeatModelInterface model) {

this.model = model;
view = new DJView (this,
view.createView () ;
view.createControls () ;
view.disableStopMenultem() ;
view.enableStartMenultem() ;
model.initialize();

}

public void start() {
model.on () ;
view.disableStartMenultem() ;
view.enableStopMenultem() ;

}

public void stop () {
model.off () ;
view.disableStopMenultem() ;
view.enableStartMenultem() ;

}

public void increaseBPM() {
int bpm = model.getBPM() ;
model.setBPM (bpm + 1);

}

public void decreaseBPM() {

int bpm = model.getBPM() ;
model.setBPM(bpm - 1); \

}

public void setBPM(int bpm) {
model.setBPM (bpm) ;
}

model) ;

Vo

e

The tontroller is the ereamy stuff in
the middle of the MVC oreo tookie,
so it is the ob\')cc{‘, that gc{:s to hold
on 1o the view and the model and
glues it all together.

6\ The tontroller is passed the

model in the construetor and
then ereates the view.

N

When You thoose Start from the user
in{c\r‘cacc menw, the controller turns the
model on and then alters the user interface
so that the start menu item is disabled and
the s{'p? menu item is enabled.

Likewise, when You thoose Stop £rom the
menw, the tontroller turns the model off
and alters the user interface so that
the stop menu item is disabled and +he
start menu item is enabled.

I£ £he intvease button is tlicked, the
tontroller gets the ewrvent BPM
£rom the model, adds one, and then
sets a new BPM.

NOTE: the tontroller is
making the in{clligcn'ﬁ
detisions for the view.
The view just knows how
to turn menu items on
and oﬁ‘c, it doesn't know
the situations in which it
should disable them.

Same thing heve, only we subtract
one from the eurrent BPM.

F'mall\/, if the user interface is used o
set an arbitrary BPM, the controller
instruets the model to set its BPM.
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Putting it all together...

We've got everything we need: a model, a view; and a controller.
Now it’s time to put them all together into a MVC! We’re going to
see and hear how well they work together.

All we need is a little code to get things started; it won’t take much:

public class DJTestDrive { /\

public static void main (String[] args) { First treate 5 model...
BeatModelInterface model = new BeatModel () ;
ControllerInterface controller = new BeatController (model) ;

..then ereate a tontroller and
pass it the model. Remember, the
tontroller treates the view, so we

don't have to do that.

And now for a test run...

File Edit Window Help LetTheBassKick
% java DJTestDrive )

% Run this...

~.and you'll see this. 2 \

Things to do '® 0 6 View ® 0 O Control

D] Control

Enter BPM:
e Use the text entry along with the increase and decrease

buttons to change the BPM. Notice how the view w

display reflects the changes despite the fact that it has
no logical link to the controls. ( << ) ( s ™
2

@ Start the beat generation with the Start menu item; —
notice the controller disables the item afterwards.
Current BPM: 120 .
T —

Notice how the beat bar always keeps up with the beat
since it’s an observer of the model.

Put on your favorite song and see if you can beat match
the beat by using the increase and decrease controls.

e Stop the generator. Notice how the controller disables
the Stop menu item and enables the Start menu item.
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Exploring Strategy

Let’s take the Strategy Pattern just a little further to get a better
feel for how it 1s used in MVC. We’re going to see another
friendly pattern pop up too — a pattern you’ll often see hanging
around the MVC trio: the Adapter Pattern.

compound patterns

Think for a second about what the DJ View does: it displays

a beat rate and a pulse. Does that sound like something else?
How about a heartbeat? It just so happens we happen to have a
heart monitor class; here’s the class diagram:

HeartModel

getHeartRate()
registerBeatObserver()
registerBPMObserver()
Il other heart methods

- @ RALN
It certainly would be nice to reuse our current view with the HeartModel, but we need a controller that
works with this model. Also, the interface of the HeatModel doesn’t match what the view expects

because it has a getHeartRate() method rather than a getBPM(). How would you design a set of
classes to allow the view to be reused with the new model?

We've oot method for ch:’mg

/\ khe turvent heart vate.

5 é\ And luekily, its developers knew about
the Beat and BPM Observer interfaces!
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Adapting the Model

Tor starters, we’re going to need to adapt the HeartModel to a BeatModel. If we don’t, the view
won’t be able to work with the model, because the view only knows how to getBPM(), and the
equivalent heart model method is getHeartRate(). How are we going to do this? We’re going to
use the Adapter Pattern, of course! It turns out that this is a common technique when working
with the MVC: use an adapter to adapt a model to work with existing controllers and views.

Here’s the code to adapt a HeartModel to a BeatModel:
We need to implement the

\/_\ target inkerface, in this case,
BeatModellnterface.
public class HeartAdapter implements BeatModelInterface {
HeartModelInterface heart;

public HeartAdapter (HeartModellInterface heart) { x Heve, we store a vefevence

} this.heart = heart; L/ 4o the heart model.

public void initialize() {} ™~ e dort o what hese wenld do
&—— 4o a heart, but it sounds seary. So

e— we'll just leave them as “no ops.”
public void off () {}
= When 9etBPMO is called, well just
O et b franslate it 1o a getHeartRate() call
et hesrtogstearrare 0 on the heart model.

é_\ We don't want to do this on a heart!

. n
Aga'm, let's leave it as a “no op -

public void on() {}

}
public void setBPM(int bpm) {}

public void registerObserver (BeatObserver o) {
heart.registerObserver (o) ;
}
Heve ave our observer methods.
public void removeObserver (BeatObserver o) { We just delegate them to the
heart.removeObserver (0) ; wraWCd heavt model.

}

public void registerObserver (BPMObserver o) {
heart.registerObserver (o) ;

}

public void removeObserver (BPMObserver o) {
heart.removeObserver (0) ;

}
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Now we're ready for a HeartController

With our HeartAdapter in hand we should be ready to create a controller and get the

view running with the HeartModel. Talk about reuse!
The HeartController implements
f the ControllerIntevfate, just

like the BeatController did.
public class HeartController implements ControllerInterface {
HeartModelInterface model;
DJView view;

Like before, the ¢
public HeartController (HeartModelInterface model) { eveabes Lh ) . o;{:voil:r
this.model = model; cates the View and ge

view = new DJView (this, new HeartAdapter (model)); everything glued together.
view.createView () ;

view.createControls();

view.disableStopMenuItem () Theve is one thange: we are passed a

view.disableStartMenultem ( HeartModel, not a BeatModel
} K)
~-and we need to wrap that
public void start() model with an adapter before
ublic void stop() we hand it to the view.
Finally, the HeartController disables the

public void increaseBPM() mcnu items as they aren't needed.

public void decreaseBPM() Thcvc’s not a lot to do here;

i i after all, we ean't veally ¢tontrol
} PEPTE void sermRR T e hearts like we tan beat machines.

And that’s it! Now it’s time for some test code...

public class HeartTestDrive ({

public static void main (String[] args) {
HeartModel heartModel = new HeartModel (
ControllerInterface model = new HeartController heartModel)
}
}

All we need to do is ereate
the controller and pass it a
heavt monitor.

you are here » 547



test the

And now for a test run...

File Edit Window Help CheckMyPulse

% java HeartTestDrive

..and \/ou'll see this. ’\/

Things to do

o

2]

548

Notice that the display works great with a heart!

The beat bar looks just like a pulse. Because the
HeartModel also supports BPM and Beat Observers we
can get beat updates just like with the DJ beats.

As the heartbeat has natural variation, notice the
display is updated with the new beats per minute.

Each time we get a BPM update the adapter is doing
its job of translating getBPM() calls to getHeartRate()
calls.

The Start and Stop menu items are not enabled
because the controller disabled them.

The other buttons still work but have no effect
because the controller implements no ops for them.
The view could be changed to support the disabling of
these items.

éj

Run this...

O O O Control

D) Control

Enter BPM:
Set

<< -
_ 7

0 O 6 View

r——
Current BPM: 68 -

Nice healthy
heart vate.




MVC and the Web

It wasn’t long after the Web was spun that developers started adapting the MVC to fit the
browser/server model. The prevailing adaptation is known simply as “Model 2" and uses a
combination of servlet and JSP technology to achieve the same separation of model, view and
controller that we see in conventional GUIs.

Let’s check out how Model 2 works:

compound patterns

@ - P
\’\ﬂ‘) reques‘ \% '—\"o)‘o @

browser

’ Web

==Y

Client

/ servlet/controller o,(
A \
<

model/DB/
bean business logic

jsp/view

You make an HTTP request, which is received by a servlet.

Using your web browser you make an HTTP request. This typically involves
sending along some form data, like your username and password. A servlet
receives this form data and parses it.

The servlet acts as the controller.

The servlet plays the role of the controller and processes your request,
most likely making requests on the model (usually a database). The result
of processing the request is usually bundled up in the form of a JavaBean.

The controller forwards control to the view.

The View is represented by a JSP. The JSP's only job is to generate
the page representing the view of model (@which it obtains via the
JavaBean) along with any controls needed for further actions.

The view returns a page to the browser via HTTP.

A page is returned to the browser, where it is displayed as the view. The
user submits further requests, which are processed in the same fashion.
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Model 2 is more than just
a clean design.

The benefits of the separation of the view,
model and controller are pretty clear to
you now. But you need to know the “rest
of the story” with Model 2 — that it saved
many web shops from sinking into chaos.

How? Well, Model 2 not only provides

a separation of components in terms of
design, it also provides a separation in
production responsibilities. Let’s face it, in the
old days, anyone with access to your JSPs
could get in and write any Java code they
wanted, right”? And that included a lot
of people who didn’t know a jar file from
ajar of peanut butter. The reality is that
most web producers know about content and
HTML, not software.

Luckily Model 2 came to the rescue.
With Model 2 we can leave the developer
jobs to the guys & girls who know their
Servlets and let the web producers loose
on simple Model 2 style JSPs where all
the producers have access to is HTML
and simple JavaBeans.

You don't even want to
know what life was like before
Model 2 came on the scene. It was

ugly.

former DOT COM'er
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Model 2: W’ing from a cell phone

You didn’t think we’d try to skip out without moving that
great BeatModel over to the Web did you? Just think, you can
control your entire DJ session through a web page on your
cellular phone. So now you can get out of that DJ booth and
get down in the crowd. What are you waiting for? Let’s write
that code!

The plan

@ Fix up the model.

Well, actually, we don't have to fix the model, it's fine just
like it is!

@ Create a servlet controller
We need a simple servlet that can receive our HTTP
requests and perform a few operations on the model. All it
needs to do is stop, start and change the beats per minute.

@ Create a HTML view.
We'll create a simple view with a JSP. It's going to receive
a JavaBean from the controller that will tell it everything
it needs to display. The JSP will then generate an HTML
interface.

Geek Bits

Setting up your Servlet environment

Showing you how to set up your servlet environment is a little bit off
topic for a book on Design Patterns, at least if you don’t want the book
to weigh more than you do!

Fire up your web browser and head straight to
http.//jakarta.apache.org/tomcat/ for the Apache Jakarta Project’s
Tomcat Servlet Container. You'll find everything you need there to get
you up and running.

You'll also want to check out Head First Servlets & JSP by Bryan
Basham, Kathy Sierra and Bert Bates.
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Step one: the model

Remember that in MVC, the model doesn’t know anything about the views or
controllers. In other words it is totally decoupled. All it knows is that it may have
observers it needs to notify. That’s the beauty of the Observer Pattern. It also
provides an interface the views and controllers can use to get and set its state.

Now all we need to do is adapt it to work in the web environment, but, given that
it doesn’t depend on any outside classes, there 1s really no work to be done. We
can use our BeatModel off the shelf without changes. So, let’s be productive and
move on to step two!

Step two: the controller servlet

Remember, the servlet is going to act as our controller; it will receive Web browser
mput in a HTTP request and translate it into actions that can be applied to the
model.

Then, given the way the Web works, we need to return a view to the browser. To
do this we’ll pass control to the view, which takes the form of a JSP. We’ll get to
that in step three.

Here’s the outline of the servlet; on the next page, we’ll look at the full
implementation.

We extend the HttpServlet elass

so that we ¢an do servlet kinds of
things, like veceive HTTP vequests.

public class DJView extends HttpServlet {

L

public void init () throws ServletException {
BeatModel beatModel = new BeatModel () ;
beatModel.initialize();

getServletContext () .setAttribute (“beatModel”, beatModel) ;

}

public void doGet (HttpServletRequest request,

HttpServletResponse response)
throws IOException, ServletException S }

// implementation here

Heve's the init method;
this is ealled when the
sevvlet is first ereated.

We fivst ereate a
BeatModel object.-

// doPost method here /R, ~and place a veferente 4o

it in the sevvlet’s context
so that it’s easily aceessed.

} Here's the doGet() method. This is wheve the veal work
} happens. We've got its implementation on the next page.
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Here’s the implementation of the doGet() method from the page before:

First we grab the model from

)
public void doGet (HttpServletRequest request, the servlet context. WC Ca‘l{
HttpServletResponse response) manipulate the model without a
throws IOException, ServletException veferente 1o it

BeatModel beatModel =
(BeatModel) getServletContext () .getAttribute (YbeatModel”) ;

String bpm = request.getParameter (“bpm”) ;
if (bpm == null) { Next we grab all the HTTP

bpm = beatModel.getBPM() + “7; tommands/parameters...
) N
2~ |f we get a set command, then
we get the value of the set,
and tell the model.

String set = request.getParameter (“set”);
if (set != null) {
int bpmNumber = 90;
bpmNumber = Integer.parselnt (bpm) ;
beatModel.setBPM (bpmNumber) ;

String decrease = request.getParameter (“decrease”); <\

if (decrease != null) { . or detrease, we get the
beatModel .setBPM (beatModel.getBPM() - 1); To intvease the model, and
} cwrvent BPMs from the
. by one.
String increase = request.getParameter (“increase”); ad\)ust up or down bY
if (increase != null) {

beatModel.setBPM (beatModel.getBPM() + 1);
}

String on = request.getParameter (“on”); é\ H_, e 5:{ o on o oﬁ: , o

if (on != null) { o ommand, we
beatModel.start () ; é// tell the model to start or stop.

}

String off = request.getParameter (Yoff”); Finall\/ our iob 35 3 conbroll

if (off != null) { ) our job as a tontroller
beatModel.stop () ; is done. All we need to do is

} ask the view to take over and

treate an HTML view.
request.setAttribute (“beatModel”, beatModel) ;

RequestDispatcher dispatcher = F°|I°Wi"9 the Model 2 definition,
request.getRequestDispatcher (“/jsp/DIView.jsp”) ; k/ we pass the JSP a bean with the
dispatcher.forward (request, response); model state in it. [n this case, we
} pass it the actual model, since it
happens to be a bean.

you are here » 553



model 2 view

Now we need a view...

All we need is a view and we’ve got our browser-based beat generator ready to go!
In Model 2, the view is just a JSP. All the JSP knows about is the bean it receives
from the controller. In our case, that bean is just the model and the JSP is only
going to use its BPM property to extract the current beats per minute. With that

data in hand, it creates the view and also the user interface controls. , )
Here's our bean, which

G/\ the servlet passed us.

<jsp:useBean id="beatModel” scope="request” class="headfirst.combined.djview.BeatModel” />

Beginning of the HTML.

<html> Here we use th
<head> e model bean to
<title>DJ View</title> y extract the BPM Property.
</head>
<body> \/ >
Now we
<h1>DJ View</hl> generate the
Beats per minutes = <jsp:getProperty name="beatModel” property="BPM” /> view, which
<br /> ?rin‘l‘,s out
j};i>/> the turvent
beats per

<form method="post” action="/djview/servlet/DJIView”> minute.
BPM: <input type=text name="bpm”

value="<jsp:getProperty name="beatModel”

property="BPM” />">
&nbsp;
<input type="submit” name="set” value="set”><br />
<input type="submit” name="decrease” value="<<"> And heve's the control Par{:
<input type="submit” name="increase” value=">>"><br /> of the view. We have a text
<input type=”submit” name="on” value="on”> ch{;y-\/ \Cov- "‘{""."‘5 a BPM
<input type="submit” name="off” value="off”><br /> along with intvease/decvease
</form> and on/ ou: buttons.
</body>

</html> F—

And here's the end
of the HTML.

NOTICE that Jus{ like MVC, in Model 2
the view doesn't alter the model (that’s the
tontroller’s ")ob),' all it does is use its state/
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Putting Model 2 to the test...

It’s time to start your web browser, hit the DJView Servlet and give

the system a spin...

T\\\ s 1S ‘t\\c view
O‘Q the modC\'

\'\c‘rC,S the sC‘t °‘Q
Lo“*,ro\si when
\Iou use «H\CS& .
'h\\e\l Sc-t SCV\‘\', vid
wTT? Lo the
seevlet tontroller
Lor \,Youss\ng-

DJ View

Beats per minutes = offline

:

:|U
(ot

B
3

|

compound patterns

() User clicks the
on bu{‘tﬂw

) RCO\ucs{ is sent to

<_J tontroller via HTTP.

(2) Beat is turned
on and set at

 —

DJ View

Beats per minutes =90

£

(&) View is vetuened
via HTTP and
displayed-

v

:

: 15
(C3)

o0
g

N\

(5) User enters new
BPM in text field.

\ (b) User elicks

Set button

(D HTTP vequest
is made.
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~
(3) Con{ro‘(‘;‘{ {p —Eﬂ Address Bookv Apple Amazon Yahoo! Localv Newsw >§E
¢hanges mode | § D) View
150 BPMs

Beats per minutes = 150
(9) View veturns /
HTML veflecting
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First, hit the web page; you’ll see the beats per minute at 0. Go ahead and
click the “on” button.

Now you should see the beats per minute at the default setting: 90 BPM. You
should also hear a beat on the machine the server is running on.

Enter a specific beat, say, 120, and click the “set” button. The page should
refresh with a beats per minute of 120 (and you should hear the beat
increase).

Now play with the increase/decrease buttons to adjust the beat up and down.

Think about how each step of the system works. The HTML interface makes
a request to the servlet (the controller); the serviet parses the user input and
then makes requests to the model. The serviet then passes control to the
JSP (the view), which creates the HTML view that is returned and displayed.



Design Patterns and Model 2

compound patterns

After implementing the DJ Control for the Web using Model 2, you might be wondering where the patterns
went. We have a view created in HITML from a JSP but the view is no longer a listener of the model. We have
a controller that’s a servlet that receives HT'TP requests, but are we still using the Strategy Pattern? And what
about Composite? We have a view that is made from HI'ML and displayed in a web browser. Is that still the

Composite Pattern?

Model 2 is an adaptation of MVC to the Web

Even though Model 2 doesn’t look exactly like “textbook” MVC, all the parts are still there; they’ve just been
adapted to reflect the idiosyncrasies of the web browser model. Let’s take another look...

Observer

The view is no longer an observer
of the model in the classic
sense; that is, it doesn't register
with the model to receive state
change notifications.

However, the view does receive
the equivalent of notifications
indirectly from the controller
when the model has been
changed. The controller even
passes the view a bean that
allows the view to retrieve the
model's state.

If you think about the browser
model, the view only needs an
update of state information
when an HTTP response is
returned to the browser;
notifications at any other time
would be pointless. Only when
a page is being created and
returned does it make sense to
create the view and incorporate
the model's state.

Here's a new page
to display

Web
browser

s

User has done

something
bean
Update your display,
™ here's the new model
JSP/HTML /-» -
View Okay, I changed
my state
The view now vetewes
noﬁjc‘\ca{:'\ons from the )
Low\'xo\\cv when 3 739¢ *M e
is needed cather than @ a Ode/ o
‘ .
on every state thange " -
the wodel: f )

ge‘.BP N\Q
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Strategy

In Model 2, the Strategy
object is still the controller
servlet; however, it's not
directly composed with the
view in the classic manner.
That said, it is an object that
implements behavior for the
view, and we can swap it out
for another controller if we
want different behavior.

Here's a new page
to display

Composite

Like our Swing GUI, the
view is ultimately made up
of a nested set of graphical
components. In this case,
they are rendered by a
web browser from an
HTML description, however
underneath there is an

Web
browser

— object system that most
; \6\ likely forms a composite.

User has done
something

@ The tontroller still

provides the view

bean
behavior, even if it
Update your display, st tomposed with
<sspigetrmoperty 5| _&— here's the new model PR Ehe view using object
noze here )€
o state \ / LovnFosH;ion.
Jsp/_ HTML Controller
View Okay, I changed
my state
/ Change your
%%Q*Mode / state
onl)
setBPM()  off()
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Q: It seems like you are really hand
waving the fact that the Composite
Pattern is really in MVC. Is it really
there?

A: Yes, Virginia, there really is a
Composite Pattern in MVC. But, actually,
this is a very good question. Today GUI
packages, like Swing, have become so
sophisticated that we hardly notice the
internal structure and the use of composite
in the building and update of the display.
It's even harder to see when we have Web
browsers that can take markup language
and convert it into a user interface.

Back when MVC was first discovered,
creating GUIs required a lot more manual
intervention and the pattern was more
obviously part of the MVC.

- Does the controller ever
implement any application logic?

A: No, the controller implements
behavior for the view. Itis the smarts

that translates the actions from the view

to actions on the model. The model

takes those actions and implements the
application logic to decide what to do in
response to those actions. The controller
might have to do a little work to determine
what method calls to make on the model,
but that's not considered the “application
logic.” The application logic is the code that
manages and manipulates your data and it
lives in your model.

Q: I've always found the word
“model” hard to wrap my head around.
I now get that it’s the guts of the
application, but why was such a vague,
hard-to-understand word used to
describe this aspect of the MVC?

therejare no

DumbQuestions

A: When MVC was named they needed
a word that began with a “M” or otherwise
they couldn’t have called it MVC.

But seriously, we agree with you, everyone
scratches their head and wonders what a
model is. But then everyone comes to the
realization that they can’t think of a better
word either.

. You've talked a lot about the state
of the model. Does this mean it has the
State Pattern in it?

A: No, we mean the general idea of
state. But certainly some models do use the
State Pattern to manage their internal states.

Q: I've seen descriptions of the MVC
where the controller is described as a
“mediator” between the view and the
model. Is the controller implementing the
Mediator Pattern?

- We haven't covered the Mediator
Pattern (although you'll find a summary of
the pattern in the appendix), so we won’t go
into too much detail here, but the intent of
the mediator is to encapsulate how objects
interact and promote loose coupling by
keeping two objects from referring to each
other explicitly. So, to some degree, the
controller can be seen as a mediator, since
the view never sets state directly on the
model, but rather always goes through the
controller. Remember, however, that the
view does have a reference to the model to
access its state. If the controller were truly a
mediator, the view would have to go through
the controller to get the state of the model
as well.

compound patterns

< Does the view always have to ask
the model for its state? Couldn’t we use
the push model and send the model’s
state with the update notification?

A: Yes, the model could certainly send
its state with the notification, and in fact, if
you look again at the JSP/HTML view, that's
exactly what we're doing. We’re sending
the entire model in a bean, which the view
uses to access the state it needs using the
bean properties. We could do something
similar with the BeatModel by sending just
the state that the view is interested in. If you
remember the Observer Pattern chapter,
however, you'll also remember that there’s a
couple of disadvantages to this. If you don’t
go back and have a second look.

Q- If I have more than one view, do |
always need more than one controller?

A: Typically, you need one controller
per view at runtime; however, the same

controller class can easily manage many
views.

< The view is not supposed to
manipulate the model, however | noticed
in your implementation that the view has
full access to the methods that change
the model’s state. Is this dangerous?

- You are correct; we gave the view
full access to the model’s set of methods.
We did this to keep things simple, but there
may be circumstances where you want to
give the view access to only part of your
model’'s API. There’s a great design pattern
that allows you to adapt an interface to only
provide a subset. Can you think of it?
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BULLET POIN'IEQ

The Model View Controller
Pattern (MVC) is a compound
pattern consisting of the
Observer, Strategy and
Composite patterns.

The model makes use of the
Observer Pattern so that it can
keep observers updated yet
stay decoupled from them.

The controller is the strategy
for the view. The view can use
different implementations of
the controller to get different
behavior.

The view uses the Composite
Pattern to implement the

user interface, which usually
consists of nested components
like panels, frames and
buttons.

These patterns work together
to decouple the three players in
the MVC model, which keeps
designs clear and flexible.

The Adapter Pattern can be
used to adapt a new model to
an existing view and controller.

Model 2 is an adaptation of
MVC for web applications.

In Model 2, the controller is
implemented as a servlet and
JSP & HTML implement the
View.




compound patterns

SCRB Exercise solutions

@s.oharpen vour pencil
i your p

The QuackCounter is a Quackable too. When we change Quackable to extend
QuackObservable, we have to change every class that implements Quackable,
including QuackCounter:

QuaLkCoun{‘,cr is a Quatkable, so
now it's QuackO\)scrvab\c +o0.

public class QuackCounter implements Quackable {
Quackable duck;

static int numberOfQuacks; Heve's the duck that the
QuatkCounter is decorating.
public QuackCounter (Quackable duck) { It's this duck that rea“\/
this.duck = duck; needs to handle the
} observable methods.
public void quack() {
duck.quack () ; . is the same
numberOfQuacks++; A“ °£ this code ©

| as the previous vevsion ©
QuackCoun{:cr‘

public static int getQuacks () {
return numberOfQuacks;

}

public void registerObserver (Observer observer) ({

duck.registerObserver (observer) ; Heve are the two
! QuackObservable
public void notifyObservers () { A_/- methods. Notice that
duck.notifyObservers () ; we J"S't ddcga{;c both
} ealls to the duck that
} we've dCCora{;‘ma,
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sharpen solution

@%@rpen your pencil
A What if our Quackologist wants to observe an entire flock? What does that mean
anyway? Think about it like this: if we observe a composite, then we’re observing

everything in the composite. So, when you register with a flock, the flock composite
makes sure you get registered with all its children, which may include other flocks.

Flotk is a Quackablc, $0 now
s a QuackObscwablc o0

public class Flock implements Quackable { ,
ArrayList ducks = new ArrayList(); c_— Here's the Quackables that
are in the Flock.
public void add(Quackable duck) {
ducks.add (duck) ;
}

public void quack() {

Iterator iterator = ducks.iterator():;

while (iterator.hasNext ()) {
Quackable duck = (Quackable)iterator.next();
duck.quack () ; When You rcg'\s{:ﬂ as an Obsevver

with the Flotk, you actually 3&,}
} K rcg‘ns{:crcd with cvcr\/{hing that's
Qotk, whith is every
P whether it's 3 dutk or

public void registerObserver (Observer observer) {

Iterator iterator = ducks.iterator(); Quackab\b
while (iterator.hasNext()) { another Flock
Quackable duck = (Quackable)iterator.next();
duck.registerObserver (observer) ; ~_ We itevate through all the
) Quackables in the Flock and
} delegate the call 4o each
| | . Ruackable. [£ the Quackable
public void notifyObservers() { } is another Flock, it will do
the same.

< Each Quackable does its own notification,
so Flotk doesn't have o worry about it.
This happens when Flock delegates quack()
to each Quackable in the Flock.
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@%@rpen your pecil
A We're still directly instantiating Geese by relying on concrete classes. Can you write

an Abstract Factory for Geese? How should it handle creating “goose ducks?”

You tould add a ereateGooseDuck() method to the existing Duck Fattories. Or, you
tould ereate a completely separate Fattory for treating families of Geese.

- % Design Class

You've seen that the View and Controller together make use of the Strategy Pattern. Can you draw a

class diagram of the two that shows this pattern?
fThc

The view delegates

behavior to the DoView Contollhtetce is the interface
tontroller. The controller selBPM) that all LonLY‘C{'.C
bChaVioY‘ I‘t createView() increaseBPM)() COV\{'XOHCYS .IMY\C"\CW{:'
dclcga{cs is how to updateBPM() decreaseBPM() This is the 5{?"'3{15\1
tontrol the model| updateBeat() T 1n{cr£acc.
based on user i"?“{:' createControls() :

enableStopMenultem()

disableStopMenultem() -

enableStartMenultem() Controller i

disableStartMenultem() setBPM()

actionPerformed() increaseBPM() We can F|u3 in

decreaseBPM() diffevent tontrollers

Con{:ro\\cvln’ccr(:acc

to provide diffevent
behaviors for the view.

you are here »
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ready-bake the dj application

Here’s the complete implementation of the DJView. It shows all the
R‘eadY"bake Cf)de MIDI code to generate the sound, and all the Swing components to

create the view. You can also download this code at

http://www.wickedlysmart.com. Have fun!

package headfirst.combined.djview;
public class DJTestDrive {
public static void main (Stringl[] args) {

BeatModelInterface model = new BeatModel () ;
ControllerInterface controller = new BeatController (model) ;

The Beat Model

package headfirst.combined.djview;

public interface BeatModellInterface {
void initialize();

void on();

void off ();

void setBPM(int bpm) ;

int getBPM() ;

void registerObserver (BeatObserver o);
void removeObserver (BeatObserver o) ;
void registerObserver (BPMObserver o) ;

void removeObserver (BPMObserver o) ;
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package headfirst.combined.djview;

import javax.sound.midi.*;
import java.util.*;

public class BeatModel implements BeatModellInterface, MetaEventListener {
Sequencer sequencer;
ArrayList beatObservers = new ArrayList();
ArrayList bpmObservers = new ArrayList();
int bpm = 90;
// other instance variables here
Sequence sequence;
Track track;

public void initialize() {
setUpMidi () ;
buildTrackAndStart () ;

public void on() {
sequencer.start () ;
setBPM (90) ;

public void off () {
setBPM (0) ;
sequencer.stop () ;

public void setBPM(int bpm) {
this.bpm = bpm;
sequencer.setTempoInBPM (getBPM()) ;
notifyBPMObservers () ;

public int getBPM() {
return bpm;

void beatEvent () {
notifyBeatObservers () ;
public void registerObserver (BeatObserver o) ({

beatObservers.add (o) ;

public void notifyBeatObservers () {
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ready-bake model

Ready-bake Code

for(int 1 = 0; 1 < beatObservers.size(); i++) {
BeatObserver observer = (BeatObserver)beatObservers.get (i);

observer.updateBeat () ;

public void registerObserver (BPMObserver o) {
bpmObservers.add (o) ;

public void notifyBPMObservers () {
for(int 1 = 0; i < bpmObservers.size(); i++) {
BPMObserver observer = (BPMObserver)bpmObservers.get (i) ;

observer.updateBPM() ;

public void removeObserver (BeatObserver o) {
int i = beatObservers.indexOf (o) ;
if (1 >= 0) {
beatObservers.remove (1) ;

public void removeObserver (BPMObserver o) {
int 1 = bpmObservers.indexOf (o) ;
if (1 >= 0) {
bpmObservers.remove (1) ;

public void meta (MetaMessage message) {
if (message.getType () == 47) {
beatEvent () ;
sequencer.start () ;
setBPM (getBPM() ) ;

public void setUpMidi () {
try {
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sequencer = MidiSystem.getSequencer () ;
sequencer.open () ;
sequencer.addMetaEventListener (this) ;
sequence = new Sequence (Sequence.PPQ,4);
track = sequence.createTrack();
sequencer.setTempoInBPM (getBPM()) ;

} catch (Exception e) {

e.printStackTrace() ;

public void buildTrackAndStart () {
int[] trackList = {35, 0, 46, 0};

sequence.deleteTrack (null) ;
track = sequence.createTrack();

makeTracks (trackList) ;
track.add (makeEvent (192,9,1,0,4));
try {
sequencer.setSequence (sequence) ;
} catch (Exception e) {
e.printStackTrace();

public void makeTracks (int[] list) {

for (int i = 0; 1 < list.length; i++) {
int key = list[i];

if (key !'= 0) {
track.add (makeEvent (144, 9, key, 100, 1i));
track.add (makeEvent (128, 9, key, 100, i+1));

public MidiEvent makeEvent (int comd, int chan, int one, int two, int tick) {
MidiEvent event = null;
try {
ShortMessage a = new ShortMessage () ;
a.setMessage (comd, chan, one, two);
event = new MidiEvent (a, tick);

} catch (Exception e) {
e.printStackTrace();
}

return event;
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ready-bake view

The View Ready—bake Code /=

package headfirst.combined.djview;

public interface BeatObserver ({
void updateBeat () ;

package headfirst.combined.djview;

public interface BPMObserver ({
void updateBPM() ;

package headfirst.combined.djview;

import java.awt.*;
import java.awt.event.*;
import javax.swing.*;

public class DJView implements ActionListener, BeatObserver, BPMObserver ({
BeatModelInterface model;
ControllerInterface controller;
JFrame viewFrame;
JPanel viewPanel;
BeatBar beatBar;
JLabel bpmOutputLabel;
JFrame controlFrame;
JPanel controlPanel;
JLabel bpmLabel;
JTextField bpmTextField;
JButton setBPMButton;
JButton increaseBPMButton;
JButton decreaseBPMButton;
JMenuBar menuBar;
JMenu menu;
JMenultem startMenultem;
JMenultem stopMenultem;

public DJView (ControllerInterface controller, BeatModelInterface model) {
this.controller = controller;
this.model = model;
model.registerObserver ( (BeatObserver) this) ;
model.registerObserver ( (BPMObserver) this) ;
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public void createView() {
// Create all Swing components here
viewPanel = new JPanel (new GridLayout(l, 2));
viewFrame = new JFrame (“Wiew”);
viewFrame.setDefaultCloseOperation (JFrame.EXIT ON CLOSE) ;
viewFrame.setSize (new Dimension (100, 80));
bpmOutputLabel = new JLabel (“offline”, SwingConstants.CENTER) ;
beatBar = new BeatBar():;
beatBar.setValue (0) ;
JPanel bpmPanel = new JPanel (new GridLayout (2, 1));
bpmPanel.add (beatBar) ;
bpmPanel.add (bpmOutputLabel) ;
viewPanel.add (bpmPanel) ;
viewFrame.getContentPane () .add (viewPanel, BorderLayout.CENTER) ;
viewFrame.pack();
viewFrame.setVisible (true) ;

public void createControls () {
// Create all Swing components here
JFrame.setDefaultLookAndFeelDecorated (true) ;
controlFrame = new JFrame (“Control”);
controlFrame.setDefaultCloseOperation (JFrame.EXIT ON CLOSE) ;
controlFrame.setSize (new Dimension (100, 80));

controlPanel = new JPanel (new GridLayout(l, 2));

menuBar = new JMenuBar () ;
menu = new JMenu (“DJ Control”);
startMenultem = new JMenultem (“Start”);
menu.add (startMenultem) ;
startMenulItem.addActionListener (new ActionListener () {
public void actionPerformed (ActionEvent event) {
controller.start();

)i
stopMenultem = new JMenultem (“Stop”);
menu.add (stopMenultem) ;
stopMenultem.addActionListener (new ActionListener () {
public void actionPerformed (ActionEvent event) {
controller.stop();
//bpmOutputLabel.setText (“offline”) ;

)i
JMenultem exit = new JMenultem (“Quit”);
exit.addActionListener (new ActionListener () {
public void actionPerformed (ActionEvent event) {
System.exit (0);
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ready-bake view

(5 & 00)

==, Ready-bake Code

menu.add (exit) ;
menuBar.add (menu) ;
controlFrame.setJMenuBar (menuBar) ;

bpmTextField = new JTextField(2);

bpmLabel = new JLabel (“Enter BPM:”, SwingConstants.RIGHT);
setBPMButton = new JButton (“Set”);
setBPMButton.setSize (new Dimension (10,40));
increaseBPMButton = new JButton (“>>");

decreaseBPMButton = new JButton (“<<”);
setBPMButton.addActionListener (this) ;
increaseBPMButton.addActionListener (this);
decreaseBPMButton.addActionListener (this) ;

JPanel buttonPanel = new JPanel (new GridLayout(l, 2));

buttonPanel.add (decreaseBPMButton) ;
buttonPanel.add (increaseBPMButton) ;

JPanel enterPanel = new JPanel (new GridLayout(l, 2));
enterPanel.add (bpmLabel) ;

enterPanel.add (bpmTextField) ;

JPanel insideControlPanel = new JPanel (new GridLayout (3, 1));
insideControlPanel.add (enterPanel) ;

insideControlPanel.add (setBPMButton) ;

insideControlPanel.add (buttonPanel) ;

controlPanel.add (insideControlPanel) ;

bpmLabel.setBorder (BorderFactory.createEmptyBorder (5,5,5,5));
bpmOutputLabel.setBorder (BorderFactory.createEmptyBorder (5,5,5,5));

controlFrame.getRootPane () .setDefaultButton (setBPMButton) ;
controlFrame.getContentPane () .add (controlPanel, BorderLayout.CENTER) ;

controlFrame.pack() ;
controlFrame.setVisible (true) ;

public void enableStopMenultem() {
stopMenultem.setEnabled (true);

public void disableStopMenultem() {
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stopMenultem.setEnabled (false);

public void enableStartMenultem() {
startMenultem.setEnabled (true);

public void disableStartMenultem() {
startMenulItem.setEnabled (false);

public void actionPerformed (ActionEvent event) {

if (event.getSource () == setBPMButton) {
int bpm = Integer.parselnt (bpmTextField.getText ());
controller.setBPM (bpm) ;

} else if (event.getSource() == increaseBPMButton) {
controller.increaseBPM() ;

} else if (event.getSource () == decreaseBPMButton) {

()

controller.decreaseBPM

’

public void updateBPM() {
int bpm = model.getBPM() ;
if (bpm == 0) {
bpmOutputLabel.setText (Yoffline”) ;

} else {
bpmOutputLabel.setText (“"Current BPM: “ + model.getBPM());

public void updateBeat () {
beatBar.setValue (100) ;

}

The Controller

package headfirst.combined.djview;

public interface ControllerInterface {
void start () ;
void stop();
void increaseBPM() ;
void decreaseBPM() ;
void setBPM(int bpm) ;
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ready-bake code: controller

package headfirst.combined.djview;

public class BeatController implements ControllerInterface ({
BeatModelInterface model;
DJView view;

public BeatController (BeatModelInterface model) {
this.model = model;
view = new DJView (this, model);
view.createView () ;
view.createControls () ;
view.disableStopMenultem() ;
view.enableStartMenultem() ;
model.initialize();

public void start () {
model.on () ;
view.disableStartMenultemn() ;
view.enableStopMenultem() ;

public void stop() {
model.off ();
view.disableStopMenultem() ;
view.enableStartMenultem() ;

public void increaseBPM() {
int bpm = model.getBPM() ;
model.setBPM (bpm + 1);

public void decreaseBPM() {
int bpm = model.getBPM() ;
model.setBPM(bpm - 1);

public void setBPM(int bpm) {
model.setBPM (bpm) ;
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The Heart Model

package headfirst.combined.djview;
public class HeartTestDrive ({

public static void main (String[] args) {
HeartModel heartModel = new HeartModel () ;
ControllerInterface model = new HeartController (heartModel) ;

package headfirst.combined.djview;

public interface HeartModelInterface {
int getHeartRate();
void registerObserver (BeatObserver o) ;
void removeObserver (BeatObserver o);
void registerObserver (BPMObserver o) ;
void removeObserver (BPMObserver o) ;

package headfirst.combined.djview;
import java.util.*;

public class HeartModel implements HeartModelInterface, Runnable ({
ArrayList beatObservers = new ArrayList();
ArrayList bpmObservers = new ArrayList();
int time = 1000;
int bpm = 90;
Random random = new Random (System.currentTimeMillis());
Thread thread;

public HeartModel () {
thread = new Thread (this);
thread.start () ;

public void run() {
int lastrate = -1;
for(;;) {
int change = random.nextInt (10);
if (random.nextInt (2) == 0) {
change = 0 - change;

}
int rate = 60000/ (time + change);
if (rate < 120 && rate > 50) {
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ready-bake heart beat model

time += change;

notifyBeatObservers() ;

if (rate != lastrate) {
lastrate = rate;
notifyBPMObservers () ;

}
try {

Thread.sleep (time) ;
} catch (Exception e) {}

}
public int getHeartRate() {
return 60000/time;

public void registerObserver (BeatObserver o)
beatObservers.add (o) ;

public void removeObserver (BeatObserver o) {
int 1 = beatObservers.indexOf (o) ;
if (1 >= 0) {
beatObservers.remove (1) ;

public void notifyBeatObservers () {
for(int i = 0; 1 < beatObservers.size(); 1i++) {
BeatObserver observer = (BeatObserver)beatObservers.get (i);
observer.updateBeat () ;

public void registerObserver (BPMObserver o) {
bpmObservers.add (o) ;

public void removeObserver (BPMObserver o) {
int i = bpmObservers.indexOf (o) ;
if (1 >= 0) {
bpmObservers.remove (1) ;

public void notifyBPMObservers () {
for(int i = 0; 1 < bpmObservers.size(); 1i++) {
BPMObserver observer = (BPMObserver)bpmObservers.get (i);
observer.updateBPM() ;
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The Heart Adapter

package headfirst.combined.djview;

public class HeartAdapter implements BeatModelInterface {
HeartModelInterface heart;

public HeartAdapter (HeartModelInterface heart) {
this.heart = heart;

public void initialize() {}

public void on() {}

public void off () {}

public int getBPM() {
return heart.getHeartRate();

public void setBPM(int bpm) {}

public void registerObserver (BeatObserver o) {

heart.registerObserver (o) ;

public void removeObserver (BeatObserver o) {
heart.removeObserver (o) ;

public void registerObserver (RPMObserver o) {
heart.registerObserver (0) ;

public void removeObserver (BPMObserver o) {
heart.removeObserver (o) ;
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ready-bake heart beat controller

The Controller

package headfirst.combined.djview;
public class HeartController implements ControllerInterface {
HeartModelInterface model;
DJView view;
public HeartController (HeartModelInterface model) {
this.model = model;
view = new DJView(this, new HeartAdapter (model));
view.createView () ;
view.createControls () ;
view.disableStopMenultem() ;
view.disableStartMenultemn() ;
public void start() {}
public void stop () {}
public void increaseBPM() {}

public void decreaseBPM() {}

public void setBPM(int bpm) {}
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13 Better Living with Patterns

*Patterns inthe * *
Real World

Ahhhh, now you’re ready for a bright new world filled with
Design Patterns. But, before you go opening all those new doors of opportunity, we
need to cover a few details that you'll encounter out in the real world — that’s right, things get
a little more complex than they are here in Objectville. Come along, we've got a nice guide to
help you through the transition on the next page...

this is a new chapter 577



what you’ll

from the guide

7’46 Olo'ectw guw{e to @@;%

/3@&@91 oﬁwmg WLt Zbe&gn '9 attens

Please accept 04 mecly guwle with tips & tricks )(om living with pattewns in the el
wo’z ld. In this guuie you will

v Leann the a” too common misconceptions about the definition 0)( a

“Design Pattewn.

v Discover those nﬁy Design Patten @atalogs and why you just have to

get one.

= ﬁvoizi the embamassment 0)( using @ Design Pattewn at the wrong time-

v Lean how to [wep patte’ms n classiﬁcations whe’ze tLtey belong.

v See that discovering patteins isn tjust fo’z the guws; wead our quiclc

JJowjo anol become @ pattems witer too-

v e thete wlflen the tuue identitg o)( the myste’zious gang 0)( Four is ’zevealed.

=2 J(eep up Witl’l the neiglftbo?zs _ the coﬂee table boo’d any patte’ms uset

must own-

v Leamnto train yout mind Mce a Zon mastet.

v Win ﬁiends ancl inﬂuence de\)elope’zs L)g imp’zoving yout patte’ms

vocab ula’zy .
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better living with patterns

Design Pattern defined

We bet you’ve got a pretty good idea of what a pattern is after reading this book. But
we’ve never really given a definition for a Design Pattern. Well, you might be a bit
surprised by the definition that is in common use:

A Pattern is a solution to a problem in a context.

That’s not the most revealing definition is it? But don’t worry, we’re going to step
through each of these parts, context, problem and solution:

Example: You have a

f co\\cc‘l:ion o(: ob)cd‘}-

The context is the situation in which the pattern applies. This You need to step
should be a recurring situation. through the ob\)c eks

The problem refers to the goal you are trying to achieve in this without exposing the

. . . . ) .
context, but it also refers to any constraints that occur in the collection’s imple—
context. mentation.

The solution is what you're after: a general design that anyone E

can apply which resolves the goal and set of constraints. &— . hCaP.sula-(;c the
iteration into 3
separate ¢lass.

This is one of those definitions that takes a while to sink in, but take it one step at a
time. Here’s a little mnemonic you can repeat to yourself to remember it:

“I£ you find yourself in a tontext with a problem that has a goal
that is affected by a set of constraints, then you an apply
a design that vesolves the goal and onstraints and leads to a

solution.”

Now, this seems like a lot of work just to figure out what a Design Pattern is. After all,
you already know that a Design Pattern gives you a solution to a common recurring
design problem. What is all this formality getting you? Well, you’re going to see that

by having a formal way of describing patterns we can create a catalog of patterns,
which has all kinds of benefits.
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design pattern

T've been thinking
about the three-part
definition, and I don't think
it defines a pattern at all.

You might be right; let’s think about this a bit... We need a problem, a
solution and a context:

Problem: How do I get to work on time?
Context: 've locked my keys in the car.

Solution: Break the window, get in the car, start
the engine and drive to work.

We have all the components of the definition: we have a problem,
which includes the goal of getting to work, and the constraints of time,
distance and probably some other factors. We also have a context in
which the keys to the car are inaccessible. And we have a solution that
gets us to the keys and resolves both the time and distance constraints.
We must have a pattern now! Right?

- @? RALN
PQWEW
We followed the Design Pattern definition and defined a problem, a context, and a solution (which

works!). Is this a pattern? If not, how did it fail? Could we fail the same way when defining an OO
Design Pattern?
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Looking more closely at the
Design Pattern definition

Our example does seem to match the Design
Pattern definition, but it isn’t a true pattern. Why?
Tor starters, we know that a pattern needs to apply
to a recurring problem. While an absent-minded
person might lock his keys in the car often, breaking
the car window doesn’t qualify as a solution that
can be applied over and over (or at least isn’t likely
to if we balance the goal with another constraint:

cost).

It also fails in a couple of other ways: first, it isn’t
easy to take this description, hand it to someone
and have him apply it to his own unique problem.
Second, we’ve violated an important but simple
aspect of a pattern: we haven’t even given it a
name! Without a name, the pattern doesn’t
become part of a vocabulary that can be shared

with other developers.

Luckily, patterns are not described and documented
as a simple problem, context and solution; we

have much better ways of describing patterns and
collecting them together into patterns catalogs.

« Am | going to see pattern
descriptions that are stated as a problem,
a context and a solution?

A: Pattern descriptions, which you'll
typically find in pattern catalogs, are usually
a bit more revealing than that. We’re going
to look at pattern catalogs in detail in just

a minute; they describe a lot more about a
pattern’s intent and motivation and where it
might apply, along with the solution design
and the consequences (good and bad) of
using it.

Q: Is it okay to slightly alter a
pattern’s structure to fit my design? Or

am | going to have to go by the strict
definition?

A: Of course you can alter it. Like
design principles, patterns are not meant
to be laws or rules; they are guidelines that
you can alter to fit your needs. As you've
seen, a lot of real-world examples don't fit
the classic pattern designs.

However, when you adapt patterns, it
never hurts to document how your pattern
differs from the classic design — that way,
other developers can quickly recognize the
patterns you're using and any differences
between your pattern and the classic
pattern.

Next time someone tells you
a pattern is a solution o a problem
in a context, just nod and smile. You
know what they mean, even if it isn't a
definition sufficient to describe what
a Design Pattern really is.

better living with patterns

* Where can | get a patterns
catalog?

A: The first and most definitive
patterns catalog is Design Patterns:
Elements of Reusable Object-Oriented
Software, by Gamma, Helm, Johnson &
Vlissides (Addison Wesley). This catalog
lays out 23 fundamental patterns. We'll talk
a little more about this book in a few pages.

Many other patterns catalogs are starting to
be published in various domain areas such
as enterprise software, concurrent systems
and business systems.
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forces constraints

‘ l Geek Bits
May the force be with you

The Design Pattern
definition tells us that
the problem consists of a
goalanda setofconstraints.
Patterns gurus have a term
for these: they call them
forces. Why? Well, we'’re sure
they have their own reasons, but if
you remember the movie, the force
“‘shapes and controls the Universe.”
Likewise, the forces in the pattern
definition shape and control the solution.
Only when a solution balances both sides of
the force (the light side: your goal, and the dark
side: the constraints) dowe have a useful pattern.

This “force” terminology can be quite confusing
when you first see it in pattern discussions, but
just remember that there are two sides of the force

(goals and constraints) and that they need to be
balanced or resolved to create a pattern solution. Don't
let the lingo get in your way and may the force be with you!
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I wish I'd known about
patterns catalogs a long
time ago...

Frank: Fill us in, Jim. I’ve just been learning patterns by reading a
few articles here and there.

Jim: Sure, cach pattern catalog takes a set of patterns and describes
cach in detail along with its relationship to the other patterns.

Joe: Are you saying there is more than one patterns catalog?

Jim: Of course; there are catalogs for fundamental Design Patterns
and there are also catalogs on domain specific patterns, like EJB
patterns.

Frank: Which catalog are you looking at?

Jim: This is the classic GoF catalog; it contains 23 fundamental
Design Patterns.

Frank: GoF?

Jim: Right, that stands for the Gang of Four. The Gang of Four are
the guys that put together the first patterns catalog.

Joe: What’s in the catalog?

Jim: There is a set of related patterns. For each pattern there is a
description that follows a template and spells out a lot of details of the
pattern. Tor instance, each pattern has a name.
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using a

584

Frank: Wow, that’s earth-shattering — a name! Imagine that.

Jim: Hold on Frank; actually, the name is really important. When we have a name
for a pattern, it gives us a way to talk about the pattern; you know, that whole shared
vocabulary thing.

Frank: Okay, okay. I was just kidding. Go on, what else is there?

Jim: Well, like I was saying, every pattern follows a template. For each pattern we have
aname and a few sections that tell us more about the pattern. For instance, there is an
Intent section that describes what the pattern is, kind of like a definition. Then there are
Motivation and Applicability sections that describe when and where the pattern might be
used.

Joe: What about the design itself?

Jim: There are several sections that describe the class design along with all the classes
that make it up and what their roles are. There is also a section that describes how to
implement the pattern and often sample code to show you how.

Frank: It sounds like they’ve thought of everything.

Jim: There’s more. There are also examples of where the pattern has been used in real
systems as well as what I think is one of the most useful sections: how the pattern relates
to other patterns.

Frank: Oh, you mean they tell you things like how state and strategy differ?
Jim: Exactly!

Joe: So Jim, how are you actually using the catalog? When you have a problem, do you
go fishing in the catalog for a solution?

Jim: I try to get familiar with all the patterns and their relationships first. Then, when I
need a pattern, I have some idea of whatitis. I go back and look at the Motivation and
Applicability sections to make sure I've got it right. There is also another really important
section: Consequences. I review that to make sure there won’t be some unintended effect
on my design.

Frank: That makes sense. So once you know the pattern is right, how do you approach
working it into your design and implementing it?

Jim: That’s where the class diagram comes in. I first read over the Structure section to
review the diagram and then over the Participants section to make sure I understand each
classes’ role. From there I work it into my design, making any alterations I need to make
it fit. Then I review the Implementation and Sample code sections to make sure I know
about any good implementation techniques or gotchas I might encounter.

Joe: I can see how a catalog is really going to accelerate my use of patterns!

Frank: Totally. Jim, can you walk us through a pattern description?



All patterns in a catalog start
with a name. The name is a vital
Pav{: of a Y&‘H‘,crn - wi’{'):ou{: a
good name, a pattern tan't become
Par‘{: O‘c the Vocabula\’\/ ‘(’)\a{: You
share with other developers.

The motivation gives you a tonevete

stenavio that desevibes the problem and

how the solution solves the ?roblcrn.

The applicability destvibes situations

in whith the pattern tan be applied.

ave the tlasses and
This section
bilities and

The gar}_‘.cigan{:s .
ob\)ct:‘cs in the design-
destribes their vesponsi
voles in the pattern.

The consequentes destribe the
eflects that using this pattern

may have: good and bad.

Implementation provides ——2

tethniques you need to use when
implementing this pattern, and
issues You should wateh out for.

Known uses destvibes >
examples of this pattern
found in veal systems.

SINGLETON

Intent

B aliquat, velesto entlore feuis acillao perci at, quat nonsequar il

@ at nim nos do enim
ui eratio ex ca fac tet, sequis dion utat, volore magnis;

Motivation

Bt aliquat, velesto entlore feuis acilla rpercitat, quat nonsequam il a at i nos do cnim

i cratio ex ea aci tet, sequis dion utat, volore magnisi,Rud modolore dit laapees augiam iril

el dipis dionscquis dignibh cummy nibh csequat, Dus milputm ipisim esecte conullut wiss
O nisissenim et lumsandie do con el upatucro corercipis augue doloreet Iuptat amet vel
uscidunt digna feugue dunt num etammy im dui blaor sequat s vl eter magna augiat
Allquis nonse vel exer se miissequis do dolortis ad magnic, sim zzriluc ipsummo dolorem
dlignibh cuguer sequam ea am quate magnim lam 7zrit ad magna fo (ot delit u

Applicability

Duis nulputem ipisim esecte conullut wissiEctem ad magna aliqui blamet, conullandre
dolore magna feuis nos alit ad magnim quate modolore vont It luptat prat. Dui blaore min
ca feuipit ing enit laore mag incinci blam dolorpe rcilit
irit, conse dolore dolore et, verei cnis cnit i elescquisl ut ad esectem ing ea con eros autem
diam nonullu patiss ismodignibh .

Structure
[ —
1Ot S
[Ee—
1O usets S navocs
Participants

Duis milputem ipisim escete conullut wissEetem ad magna aliqui blamet, conullandre
dolore magna feuis nos alit ad magnim quate modolore yen . luptat prat. Dui blaore min
ca feuipit ing enit laore magnibh eniat wisiscete t, suscila ad mineines b dolorpe reilic
iit, conse dolore dolore et, verci e
diam nonullu tpatiss ismodignibh er

nit ip clesequisl ut ad esectem ing ca con cros autem

A dolore dolore et, verci enis enit ip clesequisl ut

ad esectem ing ea con eros autem diam
nonullu tpatiss ismodignibh cr

A e nos alit ad magnim quate modolore vent lt ptat prat, Du blaore min ea
feuipit ing enit laore magnibh eniat wisissec
~ Ad magnim quate modolore vent lut luptat prat. Dui blaore min ca feuipit ing enit

Collaborations

* Feuipitng cnitlaore magaibh eniat wisissecte e, suseila ad mincinei biam dolorpe rcilit
iit, conse dolore.

Consequences

Duis nulputemn ipisim escete conullut wissiEctem ad magna aliqui blamet, conullandre:
1+ Dolore dolore et, verci enis enit ip elesequis! ut ad escctem ing ea con eros autem
diam nonullu tpatiss ismodignibh er.
2 Modolore vent lut luptat prat. Dui blaore min e feuipic ing cnit laore magnibh
ecte et suscilla ad mincinci blam dolorpe reilit irt, conse dolore dolore
et, verci enis enit ip elesequisl ut ad esctem,

3 Dolore dolore e, verei enis it i lesequis ut ad escetem ing ea con cros autern
diam nonullu tpaiss ismodignibl cr

- Modolore vent lut luptat prat. Dui blaore min ea feuipiting enit aore magnibh
eniat wisisecte et suscilla ad mincinci blam dolorpe reii i, conte llops doore
et, verci enis enit ip elescquisl ut ad esectem.

Implementation/ Sample Code

Dubuis nulputenn ipisim esccte conulut wissietem ad magna aliqui blamet, conullandre
dolore magna feuis nos alit ad magnim quate modolore ven lut luptat prat. Dui blaore min
g feuipit ing enit lore magniblh cnac wisiseete e, susclla ad mineines o ot pe rcilic
aysomse dolore dolore et vere ensenit i clesequistut ad secten ing ca con et s
diam nonullu patiss ismodignibh cr

Public class Singleten |
Private static Singleton uniqueinstance;

7/ other useful instance variables here
private Singlecon() ()

Public Static synchronized Singleton getinstance() {
tuniquenstance —~ null) |
niqueTnstance = new Singlaton();
y
Foturn uniquelnstance;

/7 other useful methods here

Nos ali ad magnimn quate modolore vent ut luptat prat. Dui blaore min ea feuipit ing cnit

faore magnibh eniat wisissecte et, suscilla ad mincine blam dolorpe reilitirit, conse dolore
dolore e, v enitip elesequisl ut ad escctem ing ea con eros autem diam nonully
odignibh cr.

Dubuis nulputern ipisim esccte conullut wissetem ad magna aliqui blamet, conullandre
dolore magna feis nos alic ad magaim quate modolore vent lat lupeat prat. Dui blaore min
ca feuipit ing enit laore magnibh eniat wisisscete t, suscila ad mineine, biam dolorpe reilit
irit, conse dolore dolore ct, verei enis enit i elesequis] ut ad esceten ing ca con eros autem
diam nonullu tpatiss ismodignibh er.

Dubuis nulputenn pisim esccte conullut wissctem ad magna aliqui blamet, conullandre
dolore magna feuis nos alit ad magnim quate modolore veng Iut luptat prat. Dui blaore min
u

it ad magnim quate modolore vent lut luptat prat.
feuipit ing enit lsore magnibh eniat wisssecte et, susclla ad mincinet blam
i enis enit ip elescquisl ut ad csectem ing ca con

nis enitip elesequis] ut ad esectem ing ea con cros autem diam nonully tpatiss
ismodigaibh cr,

Object Creational
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— This is the pattern’s
elassifieation

or
caﬁego\ry. We'll talk
about these in 3
ew Pagcs.

The infent desevibes what
the P&‘H:crh does in a short
statement. You ean also think
of this as the pattern’s
definition (just like we've been
usin5 in this book).

S~ The sbeutture provides a
diagram illustrating the
velationships among the
classes that participate
in the pattern.

mc_cz”_abora{:ions Lells us

how the participants work
together in the pattern.

<

le Code
Provides Code
"agments {hat
might help wif),
Your i"‘P’C'"C'I'(:a‘(:ion.

ed
desevibes the
velationship between
this pattern and others.
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discovering patterns

there]gre no

Dumb Questions

Q: Is it possible to create your own Design
Patterns? Or is that something you have to be a
“patterns guru” to do?

A: First, remember that patterns are discovered,
not created. So, anyone can discover a Design Pattern
and then author its description; however, it's not easy
and doesn’t happen quickly, nor often. Being a “patterns
writer” takes commitment.

You should first think about why you'd want to - the
majority of people don’t author patterns; they just use
them. However, you might work in a specialized domain
for which you think new patterns would be helpful, or
you might have come across a solution to what you
think is a recurring problem, or you may just want to get
involved in the patterns community and contribute to the
growing body of work.

Q} I’'m game; how do | get started?

AI Like any discipline, the more you know the
better. Studying existing patterns, what they do and
how they relate to other patterns is crucial. Not only
does it make you familiar with how patterns are crafted,
it prevents you from reinventing the wheel. From there
you'll want to start writing your patterns on paper, so you
can communicate them to other developers; we're going
to talk more about how to communicate your patterns in
a bit. If you're really interested, you'll want to read the
section that follows these Q&As.

Q: How do | know when | really have a pattern?

A: That's a very good question: you don’t have a
pattern until others have used it and found it to work.

In general, you don’t have a pattern until it passes the
“Rule of Three.” This rule states that a pattern can be
called a pattern only if it has been applied in a real-world
solution at least three times.
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So you wanna be a c[esign
Patterns star?

Well listen now to what I tell.

Get {ourself a patterns
catalog,

Then take some time and
learn it well.

And when you've got your
Jescription right,

And three c[evelo])ers agree
without a fight,

Then you'll know it'’s a
Pattern alrig]mt.

To the tune of “So \/ou) wanna
be a Rotk'n Roll Star!
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So you wanna be a Design Patterns writer

Do your homework. You need to be well versed in the
existing patterns before you can create a new one. Most patterns
that appear to be new, are, in fact, just variants of existing
patterns. By studying patterns, you become better at recognizing
them, and you learn to relate them to other patterns.

Take time to reflect, evaluate. Your experience — the
problems you’ve encountered, and the solutions you’ve used — are
where ideas for patterns are born. So take some time to reflect
on your experiences and comb them for novel designs that recur.
Remember that most designs are variations on existing patterns
and not new patterns. And when you do find what looks like a
new pattern, its applicability may be too narrow to qualify as a
real pattern.

Use one of the existing
pattern templates to
dcﬁi:z your Ya:,{;,\crn‘ A
. i lot of thouaht has gone
Get your ideas down on paper in a way others can ot of E’mvla{c? e
other VA‘H‘,CYV\ usevs will
vetognize the format.

understand. Locating new patterns isn’t of much use if others
can’t make use of your find; you need to document your pattern
candidates so that others can read, understand, and apply them
to their own solution and then supply you with feedback. Luckily,
you don’t need to invent your own method of documenting your
patterns. As you’ve already seen with the GoF template, a lot of
thought has already gone into how to describe patterns and their
characteristics.

Have others try your patterns; then refine and refine
some more. Don’t expect to get your pattern right the first

Name‘
oW
woﬂvaﬂ?"‘
Applicabllity
gtructure
Participants
Gollaborations

time. Think of your pattern as a work in progress that will
improve over time. Have other developers review your candidate
pattern, try it out, and give you feedback. Incorporate that
feedback into your description and try again. Your description
will never be perfect, but at some point it should be solid enough
that other developers can read and understand it.

Don’t forget the rule of three. Remember, unless your
pattern has been successfully applied in three real-world
solutions, it can’t qualify as a pattern. That’s another good
reason to get your pattern into the hands of others so they can
try it, give feedback, and allow you to converge on a working
pattern.
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who does

*

Match each pattern with its description:

Pattern

*
WHQ DQES wHHaAT™

+ C¥

Description

Decorator
State

Tterator

Facade
Strategy
Proxy
Factory Method
Adapter
Observer
TemplateMethod
Composite
Singleton
Abstract Factory

Command

Wraps an object and provides a different
interface to .

Subclasses decide how to implement steps
in an algorithm.

Subclassesdecide whicheoncreteclassesto
creqte.

Ensures one and only object is created.

Encapsulatesinterchangeablebehaviorsand
uses delegation to decide which one to use.

Clients treat collections of objects and
individual objects uniformly.

Encapsuléttesstétte—basedbeha‘/@rsanduses
delegation to switch between behaviors.

Provides a way to traverse a collection of
objectswithoutexposingitsimplementation.
Simplities the interface of a set of classes.
Wraps an object to provide new behavior.

Allows a clientto create families of objects
without specifying their concrete classes.

Allows objects to be notified when state
changes.

Wraps an object to control access to it.
Eneapsuléttes a request as an iject.
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better living with patterns

Organizing Pesign Patterns

As the number of discovered Design Patterns grows, it makes sense to partition them into classifications so
that we can organize them, narrow our searches to a subset of all Design Patterns, and make comparisons
within a group of patterns.

In most catalogs you’ll find patterns grouped into one of a few classification schemes. The most well-known
scheme was used by the first pattern catalog and partitions patterns into three distinct categories based on
their purposes: Creational, Behavioral and Structural.

0 harpen your percil
Read each category description and see

if you can corral these patterns into their

\:@ ’COmP\OSHe' = m L/\ correct categories. This is a toughy! But
Decor‘ﬂ'forl Adapfeﬂ give it your best shot and then check out

lClC‘O Melhod t|leaIISwe|SO||t |e||eXt page.
y

™
Eath of these Va{',{:cvns belongs

in one of those categories

Any pattern that is a Behavioral
Pattern is concerned with how
classes and objects interact and
distribute responsibility.

Creational patterns involve
object instantiation and all
provide a way to decouple a client
from the objects it needs to
instantiate.

Creational Behavioral

Struetural

Structural patterns let you
compose classes or objects
into larger structures.
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pattern

Solution: Pattern Categories

Here’s the grouping of patterns into categories. You probably found the exercise difficult,
because many of the patterns seem like they could fit into more than one category. Don’t worry,
everyone has trouble figuring out the right categories for the patterns.

Creational patterns involve Any pattern that is a Behavioral
object instantiation and all Pattern is concerned with how
provide a way to decouple a client classes and objects interact and
from the objects it needs to distribute responsibility.
instantiate.
Creational Behavioral
. Mediator
Singleton Builder Visitor
RarE e Template Me‘rhzd dI terator
Abstract Factory Interpreter omman e
Factory Method Observer
EEIRY LB Chain of Responsibility
State
Strate
Structural ”
Proxy
Decorator
Composite ~ Facade
Flyweight Bridge

Adapter We've got a few ?a’cjcm:s
(in grey) that you haven t
seen \/c{:. You'll find an

overview of the these

patterns in the appendix.

Structural patterns let you
compose classes or objects
into larger structures.
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Patterns are often classified by a second attribute: whether or not
the pattern deals with classes or objects:

Class patterns describe how relationships between
classes are defined via inheritance. Relationships in
class patterns are established at compile time.

Class

Template Method

Factory Method Adapter

Interpreter

Object

Composite

Decorator
Proxy Facade

Strategy
Mediator
Prototype

Bridge
Flyweight
Abstract Factory
Singleton

Visitor
Iterator
Command

Builder

better living with patterns

Object patterns describe
relationships between
objects and are primarily
defined by composition.
Relationships in object
patterns are typically
created at runtime and
are more dynamic and
flexible.

Memento

Observer
Chain of Responsibility

State

Notice kheve's 3
\o{: move o\):)ct
patterns than
tlass patterns

< Are these the only classification
schemes?

A: No, other schemes have been
proposed. Some other schemes start

with the three categories and then add
subcategories, like “Decoupling Patterns.”
You'll want to be familiar with the most
common schemes for organizing patterns,
but also feel free to create your own, if it
helps you to understand the patterns better.

- Does organizing patterns into
categories really help you remember
them?

therejare no

DumbQuestions

- ltcertainly gives you a framework
for the sake of comparison. But many
people are confused by the creational,
structural and behavioral categories; often
a pattern seems to fit into more than one
category. The most important thing is to
know the patterns and the relationships
among them. When categories help, use
them!

: Why is the Decorator Pattern in
the structural category? | would have
thought of that as a behavioral pattern;
after all it adds behavior!

A: Yes, lots of developers say that!
Here's the thinking behind the Gang of Four
classification: structural patterns describe
how classes and objects are composed to
create new structures or new functionality.
The Decorator Pattern allows you to
compose objects by wrapping one object
with another to provide new functionality.
So the focus is on how you compose the
objects dynamically to gain functionality,
rather than on the communication and
interconnection between objects, which

is the purpose of behavioral patterns. But
remember, the intent of these patterns

is different, and that's often the key to
understanding which category a pattern
belongs to.
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Master and Student...

Master: Grasshopper, you look troubled.

b : } ( g Student: Yes, I've just learned about

pattern classification and I'm confused.
Master: Grasshopper, continue...

Student: After learning much about patterns, I've

just been told that each pattern fits into one of three
classifications: structural, behavioral or creational. Why
do we need these classifications?

Master: Grasshopper, whenever we have a large
collection of anything, we naturally find categories to fit
those things into. It helps us to think of the items at a
more abstract level.

Student: Master; can you give me an example?

Master: Of course. Take automobiles; there are many
different models of automobiles and we naturally put
them into categories like economy cars, sports cars,
SUVs, trucks and luxury car categories.

Master: Grasshopper, you look shocked, does this not
make sense?

Student: Master, it makes a lot of sense, but | am
shocked you know so much about cars!

Master: Grasshopper, | can't relate everything to lotus
flowers or rice bowls. Now, may | continue?

Student: Yes, yes, I'm sorry, please continue.

Master: Once you have classifications or categories
you can easily talk about the different groupings: “If
you’re doing the mountain drive from Silicon Valley to
Santa Cruz, a sports car with good handling is the best
option.” Or, “With the worsening oil situation you really
want to buy a economy car, they’re more fuel-efficient.”

Student: So by having categories we can talk about a
set of patterns as a group. We might know we need a
creational pattern, without knowing exactly which one,
but we can still talk about creational patterns.

Master: Yes, and it also gives us a way to compare a
member to the rest of the category, for example, “the
Mini really is the most stylish compact car around”, or
to narrow our search, “I need a fuel efficient car.”
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Student: | see, so | might say that the Adapter pattern
is the best structural pattern for changing an object’s
interface.

Master: Yes. We also can use categories for one more
purpose: to launch into new territory; for instance,
“we really want to deliver a sports car with ferrari
performance at miata prices.”

Student: That sounds like a death trap.
Master: I'm sorry, | did not hear you Grasshopper.
Student: Uh, | said ‘I see that.”

Student: So categories give us a way to think about the
way groups of patterns relate and how patterns within

a group relate to one another. They also give us a way
to extrapolate to new patterns. But why are there three
categories and not four, or five?

Master: Ah, like stars in the night sky, there are as many
categories as you want to see. Three is a convenient
number and a number that many people have decided
makes for a nice grouping of patterns. But others have
suggested four, five or more.
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thinking in

Thinking in Patterns

Contexts, constraints, forces, catalogs, classifications... boy, this
1s starting to sound mighty academic. Okay; all that stuft is
important and knowledge is power. But, let’s face it, if you
understand the academic stuff and don’t have the experience
and practice using patterns, then it’s not going to make much
difference in your life.

Here’s a quick guide to help you start to thnk i patterns. What do ~
we mean by that? We mean being able to look at a design and see Your Brain on Patterns
where patterns naturally fit and where they don’t.

Keep it simple (KISS)

First of all, when you design, solve things in the simplest way possible. Your goal should be simplicity, not
‘how can I apply a pattern to this problem.” Don’t feel like you aren’t a sophisticated developer if you
don’t use a pattern to solve a problem. Other developers will appreciate and admire the simplicity of your
design. That said, sometimes the best way to keep your design simple and flexible is to use a pattern.

Pesign Patterns aren’t a magic bullet: in fact they'e not even a bullet!

Patterns, as you know, are general solutions to recurring problems. Patterns also have the benefit of being
well tested by lots of developers. So, when you see a need for one, you can sleep well knowing many
developers have been there before and solved the problem using similar techniques.

However, patterns aren’t a magic bullet. You can’t plug one in, compile and then take an early lunch. To
use patterns, you also need to think through the consequences on the rest of your design.

You know you need a pattern when...

Ah... the most important question: when do you use a pattern? As you approach your design, introduce a
pattern when you’re sure it addresses a problem in your design. If a simpler solution might work, give that
consideration before you commit to using a pattern.

ERnowing when a pattern applies is where your experience and knowledge come in. Once you’re sure a
simple solution will not meet your needs, you should consider the problem along with the set of constraints
under which the solution will need to operate — these will help you match your problem to a pattern. If
you've got a good knowledge of patterns, you may know of a pattern that is a good match. Otherwise,
survey patterns that look like they might solve the problem. The intent and applicability sections of the
patterns catalogs are particularly useful for this. Once you’ve found a pattern that appears to be a good
match, make sure it has a set of consequences you can live with and study its effect on the rest of your
design. If everything looks good, go for it!
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There is one situation in which you’ll want to use a pattern even if a
simpler solution would work: when you expect aspects of your system to
vary. As we’ve seen, identifying areas of change in your design is usually a
good sign that a pattern is needed. Just make sure you are adding patterns
to deal with practical change that is likely to happen, not Aypothetical change
that may happen.

Design time 1sn’t the only time you want to consider introducing patterns,
you’ll also want to do so at refactoring time.

Refactoring time is Patterns time!

Refactoring is the process of making changes to your code to improve
the way it is organized. The goal is to improve its structure, not change
its behavior. This is a great time to reexamine your design to see if it
might be better structured with patterns. For instance, code that is full
of conditional statements might signal the need for the State pattern. Or,
it may be time to clean up concrete dependencies with a Factory. Entire
books have been written on the topic of refactoring with patterns, and as
your skills grow, you’ll want to study this area more.

Take out what you don’t really need. Pon’t be afraid
to remove a Pesign Pattern from your design.

No one ever talks about when to remove a pattern. You’d think it was
blasphemy! Nah, we’re all adults here; we can take it.

So when do you remove a pattern? When your system has become
complex and the flexibility you planned for isn’t needed. In other words,
when a simpler solution without the pattern would be better.

If you don’t need it now, dont do it now.

Design Patterns are powerful, and it’s easy to see all kinds of ways

they can be used in your current designs. Developers naturally love to
create beautiful architectures that are ready to take on change from any
direction.

Resist the temptation. If you have a practical need to support change in

a design today, go ahead and employ a pattern to handle that change.
However, if the reason is only hypothetical, don’t add the pattern, it is
only going to add complexity to your system, and you might never need it!

better living with patterns

Center your thinking

Use patterns when there

is a natural need for them.
If something simpler will
work, then use it.

on design, not on patterns.
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Master and Student...

Master: Grasshopper, your initial training is almost
complete. What are your plans?

Student: 'm going to Disneyland! And, then I'm
going to start creating lots of code with patterns!

Master: Whoa, hold on. Never use your big guns unless you have to.

Student: What do you mean, Master? Now that I've learned design
patterns shouldn’t | be using them in all my designs to achieve
maximum power, flexibility and manageability?

Master: No; patterns are a tool, and a tool that should only be used
when needed. You've also spent a lot of time learning design principles.
Always start from your principles and create the simplest code you can
that does the job. However, if you see the need for a pattern emerge,
then use it.

Student: So | shouldn’t build my designs from patterns?

Master: That should not be your goal when beginning a design. Let
patterns emerge naturally as your design progresses.

Student: If patterns are so great, why should | be so careful about
using them?

Master: Patterns can introduce complexity, and we never want
complexity where it is not needed. But patterns are powerful when used
where they are needed. As you already know, patterns are proven
design experience that can be used to avoid common mistakes. They’re
also a shared vocabulary for communicating our design to others.

Student: Well, when do we know it's okay to introduce design patterns?

Master: Introduce a pattern when you are sure it’s necessary to solve a
problem in your design, or when you are quite sure that it is needed to
deal with a future change in the requirements of your application.

Student: | guess my learning is going to continue even though | already
understand a lot of patterns.

Master: Yes, grasshopper; learning to manage the complexity and
change in software is a life long pursuit. But now that you know a good
set of patterns, the time has come to apply them where needed in your
design and to continue learning more patterns.

Student: Wait a minute, you mean | don’t know them ALL?

Master: Grasshopper, you've learned the fundamental patterns; you're
going to find there are many more, including patterns that just apply to
particular domains such as concurrent systems and enterprise systems.
But now that you know the basics, you’re in good shape to learn them!
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Your Mind on Patterns

The Beginner uses patterns everywhere. This is good:

the beginner gets lots of experience with and practice using
patterns. The beginner also thinks, “The more patterns | use,
the better the design.” The beginner will learn this is not so,
that all designs should be as simple as possible. Complexity

BEGINNER MIND and patterns should only be used where they are needed for

practical extensibility.

“' need a ?aH:crh ‘Cov H’c"o Wo\'|d-"

As learning progresses, the Intermediate mind
starts to see where patterns are needed and
where they aren’t. The intermediate mind still tries
to fit too many square patterns into round holes, but
also begins to see that patterns can be adapted to
fit situations where the canonical pattern doesn't fit.

INTERMEDIATE
MIND

“Ma\/bc [ need a Singleton here.”

The Zen mind is able to see patterns where they fit naturally.
The Zen mind is not obsessed with using patterns; rather it
looks for simple solutions that best solve the problem. The Zen
mind thinks in terms of the object principles and their trade-offs.
When a need for a pattern naturally arises, the Zen mind applies
ZEN MIND it knowing well that it may require adaptation. The Zen mind
also sees relationships to similar patterns and understands the
- ) subtleties of differences in the intent of related patterns. The
This is @ natuval Placc for Detovator. Zen mind is also a Beginner mind — it doesn't let all that pattern
knowledge overly influence design decisions.
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when to use patterns

WARNH\_IG: Overuse of design patterns can lead to code that
is downright over-engineered. Always go with the simplest

solution that does the job and intrody
ce pat
emerges, patterns where the need

Wait a minute; I've
read this entire book and now
you're telling me NOT to use
patterns?

Of course we want you to
use Design Patterns!

But we want you to be a good OO designer even
more.

When a design solution calls for a pattern, you get
the benefits of using a solution that has been time
tested by lots of developers. You're also using a
solution that is well documented and that other
developers are going to recognize (you know, that
whole shared vocabulary thing).

However, when you use Design Patterns, there
can also be a downside. Design Patterns often
introduce additional classes and objects, and so
they can increase the complexity of your designs.
Design Patterns can also add more layers to your
design, which adds not only complexity, but also
mnefficiency.

Also, using a Design Pattern can sometimes be
outright overkill. Many times you can fall back on
your design principles and find a much simpler
solution to solve the same problem. If that
happens, don’t fight it. Use the simpler solution.

Don’t let us discourage you, though. When a
Design Pattern is the right tool for the job, the
advantages are many.
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Pont forget the power of the
shared vocabulary

We’ve spent so much time in this book discussing OO nuts and bolts that it’s
easy to forget the human side of Design Patterns — they don’t just help load
your brain with solutions, they also give you a shared vocabulary with other
developers. Don’t underestimate the power of a shared vocabulary, it’s one of
the biggest benefits of Design Patterns.

Just think, something has changed since the last time we talked about shared
vocabularies; you’ve now started to build up quite a vocabulary of your own!
Not to mention, you have also learned a full set of OO design principles from
which you can easily understand the motivation and workings of any new
patterns you encounter.

Now that you’ve got the Design Pattern basics down, it’s time for you to
go out and spread the word to others. Why? Because when your fellow
developers know patterns and use a shared vocabulary as well, it leads to
better designs, better communication and, best of all, it'll save you a lot of
time that you can spend on cooler things.

So I created this broadcast class. It
keeps track of all the objects listening to it
and anytime a new piece of data comes along
it sends a message to each listener. What's cool

is that the listeners can join the broadcast at any
time or they can even remove themselves. And the
broadcast class itself doesn't know anything about
the listeners, any object can register that
implements the right interface.

Timc—(,onSuming

lm‘,om\ﬂc{:c Con«cuSi'\S
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your vocabulary
Suetinet ——
Pretise s
Observer
Complete _71 -

Top five ways to share your vocabulary

1 In design meetings: When you meet with your team to discuss
a software design, use design patterns to help stay “in the design”
longer. Discussing designs from the perspective of Design Patterns
and OO principles keeps your team from getting bogged down in
implementation details and prevent many misunderstandings.

2 With other developers: Use patterns in your discussions with
other developers. This helps other developers learn about new
patterns and builds a community. The best part about sharing what
you've learned is that great feeling when someone else “gets it!"

3 In architecture documentation: When you write
architectural documentation, using patterns will reduce the amount
of documentation you need to write and gives the reader a clearer
picture of the design.

4 In code comments and naming conventions: When
you're writing code, clearly identify the patterns you're using in
comments. Also, choose class and methods names that reveal any
patterns underneath. Other developers who have to read your
code will thank you for allowing them to quickly understand your
implementation.

5 To groups of interested developers: Share your knowledge.
Many developers have heard about patterns but don’t have a good
understanding of what they are. Volunteer to give a brown-bag lunch
on patterns or a talk at your local user group.




Cruisin’ Objectville with
the Gang of Four

You won’t find the Jets or Sharks hanging around Objectville, but
you will find the Gang of Four. As you’ve probably noticed, you
can’t get far in the World of Patterns without running into them.
So, who 1s this mysterious gang?

Put simply, “the GoL}” which includes Erich Gamma, Richard
Helm, Ralph Johnson and John Vlissides, is the group of guys who
put together the first patterns catalog and in the process, started an
entire movement in the software field!

How did they get that name? No one knows for sure; it’s just a
name that stuck. But think about it: if you’re going to have a
“gang element” running around Objectville, could you think of a

nicer bunch of guys? In fact, they’ve even agreed to pay us a visit...

Today
there are more
patterns than in the
GoF book; learn about
them as well.

Shoot for practical
extensibility. Don't
provide hypothetical

generality; be extensible

in ways that matter.

Riehard

and don't become over-excited.
If you can come up with a

simpler solution without using a

pattern, then go for it.

better living with patterns

The QoF launched 4he softwave
patteens movement, but many others
have made signi‘(:ican‘{: tontributions,
indluding Ward Cuhningham, Kent
Betk, Jim Coplien, Grady Booth, Bruce
Andevrson, Richard Gabriel, Doug Lea,
Peter Coad, and Doug Sthmidt, o

name \')us{: a ccw. )

Go for simplicity

Patterns are
tools not rules - they

need to be tweaked and
adapted to

your problem.

E\r‘ich 6amma
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patterns resources

Your journey has just begun...

Now that you’re on top of Design Patterns and ready to dig deeper, we’ve got three definitive

texts that you need to add to your bookshelf...

Design Patterns

Elements of Reusable

ord by Grady Booch

The definitive Design Patterns text

This is the book that kicked off the entire field of Design
Patterns when it was released in 1995. You’ll find all the
fundamental patterns here. In fact, this book is the basis for
the set of patterns we used in Head First Design Patlerns.

You won’t find this book to be the last word on Design
Patterns — the field has grown substantially since its
publication — but it is the first and most definitive.

Picking up a copy of Design Patterns is a great way to start
exploring patterns after Head First.

Pa‘c’ccws are »

ThC au‘thoYS O‘(: DCS-IQV\ .U»\C \\éav‘s O‘(: Fouv‘

aﬂcc{\onakc\\, known as
oc Qof for short.

V Christopher Alexander invented

patterns, which inspived applying similar
solutions +o so-F{:wa\rc. ™

The definitive Patterns texts

Patterns didn’t start with the Gol; they started with
Christopher Alexander, a Professor of Architecture
at Berkeley — that’s right, Alexander is an architect,
not a computer scientist. Alexander invented
patterns for building living architectures (like
houses, towns and cities).

The next time you’re in the mood for some deep,
engaging reading, pick up The Tumeless Way of
Bulding and A Pattern Language. You’'ll see the true
beginnings of Design Patterns and recognize

the direct analogies between creating “living
architecture” and flexible, extensible software.

So grab a cup of Starbuzz Coffee, sit back, and
enjoy...
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Other Design Pattern resources

You're going to find there is a vibrant, friendly community of patterns
users and writers out there and they’re glad to have you join them.
Here’s a few resources to get you started...

Websites

The Portland Patterns Repository, run by
Ward Cunningham, is a WIKI devoted to all
things related to patterns. Anyone can participate.
R S You’ll find threads of discussion on every topic

s e : ' you can think of related to patterns and OO
systems.

N

I
‘-F% Portland Pattern Repository

‘The Hillside Group's Patierns Home Page lsts other i
‘books, conferences.

http://c2.com/cgi/wiki?WelcomeVisitors

New survey resuis are in. This form talles survey res
10 see what people like

The Hillside Group fosters common
programming and design practices and provides
a central resource for patterns work. The site
includes information on many patterns-related
resources such as articles, books, mailing lists and
tools.

http://hillside.net/

Make a splash in Vancouv

Conferences and Workshops

And if you'd like to get some face-to-face time with
the patterns community, be sure to check out the
many patterns related conferences and workshops.
The Hillside site maintains a complete list. At

the least you’ll want to check out OOPSLA, the
ACM Conference on Object-Oriented Systems,
Languages and Applications.

you are here » 603
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The Patterns Zoo

As you've just seen, patterns didn’t start with software; they started
with the architecture of buildings and towns. In fact, the patterns
concept can be applied in many different domains. Take a walk
around the Patterns Zoo to see a few...

Architectural Patterns are
used to create the living,

vibrant architecture of Habitat: found in bui|dings you
buildings, towns, and cities. like to live in, look at and visit.
This is where patterns got
their start.
Habitat: seen hanging around Application Patterns are
3_Lier avchitettuves, tlient- patterns for creating
server systems and the web. system level architecture.

Many multi-tier
architectures fall into this
category.

Field note: MVC has been
kv\own {:o \7855 ‘co\r‘ an
application patteen

Domain-Specific Patterns v Help find a habitat
are patterns that concern

. L . J2EE
problems in specific domains,
like concurrent systems or
real-time systems.
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L/—\ Seen hahgina around Corporate

boardrooms and P\ro\)'cd:
man83Cmcn‘(‘, mccfinas.

Business Process Patterns
describe the interaction
between businesses, customers
and data, and can be applied

to problems such as how

to effectively make and
communicate decisions.

. _ %  Organizational Patterns
telp £ind a habitat describe the structures

Development team and practices of human

organizations. Most

efforts to date have
focused on organizations
that produce and/or
support software.

Customer support team

User Interface

? Design Pattern £ eini
eagddr(;sse:h: Habitat: seen in the vicinity
problems of how to of video aame designers, GUI

design inferactive builders, and produters.
software programs.

Field notes: please add Your observations of pattern domains heve:
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Annihilating evil with Anti-Patterns

The Universe just wouldn’t be complete if we had patterns and no
anti-patterns, now would it?

If a Design Pattern gives you a general solution to a recurring
problem in a particular context, then what does an anti-pattern
give you?

An Anti-Pattern tells you how to go from a problem
to a BAD solution.

You’re probably asking yourself, “Why on earth would anyone
waste their time documenting bad solutions?”

Think about it like this: if there is a recurring bad solution to a
common problem, then by documenting it we can prevent other
developers from making the same mistake. After all, avoiding bad
solutions can be just as valuable as finding good ones!

Let’s look at the elements of an anti-pattern:

An anti-pattern tells you why a bad solution is
attractive. Let’s face it, no one would choose a bad solution if
there wasn’t something about it that seemed attractive up front.
One of the biggest jobs of the anti-pattern is to alert you to the
seductive aspect of the solution.

An anti-pattern tells you why that solution in the long
term is bad. In order to understand why it’s an anti-pattern,
you've got to understand how it’s going to have a negative effect
down the road. The anti-pattern describes where you’ll get into
trouble using the solution.

An anti-pattern suggests other patterns that are
applicable which may provide good solutions. To be
truly helpful an anti-pattern needs to point you in the right
direction; it should suggest other possibilities that may lead to
good solutions.

Let’s have a look at an anti-pattern.
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An anti-pattern always
looks like a gooJ solution,
but then turns out to be
a bad solution when it is

applie({.

By Jocumenting anti-
]natterns we help
others to recognize had
solutions hefore they
implement them.

Like Patterns, there
are many types

of anti—]oatterns
including Jevelo]oment,
00, organizational,
and domain speci{ic
anti—patterns.
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Here's an example of a software development anti-pattern. /1

Just like a Design Pattern,
an anti-pattern has a name
so we £an treate a shaved
votabulary.

The problem and context,
just like a Design Pattern
dcséri?{ion.

Tells you wh\/
the solution is
attractive.

The bad, \/C‘{: attractive solution

5°°d solution.

Example of wheve this anti-pattern

has been obsevved.

Paldcevn
from the Portland i

f’\{dav’gﬁv 'V: WIKI at Wke/ / c&co s/ »

:\‘:c \Io} Il find many anti pattern

w

distussions:

"

How to get to 3 /7

# ANFi—PaterN

Name: Golden Hammer

Problem: You need to choose technologies for
your development and you believe that exactly one
technology must dominate the architecture.

Context: You need to develop some new system
or piece of software that doesn't fit well with the
technology that the development team is familiar with.

Forces:

* The development team is committed to the
technology they know.

+ The development team is not familiar with
other technologies.

+ Unfamiliar technologies are seen as risky.

+ |t is easy to plan and estimate for
development using the familiar technology.

Supposed Solution: Use the familiar technology
anyway. The technology is applied obsessively to
many problems, including places where it is clearly
inappropriate.

Refactored Solution: Expanding the knowledge of
developers through education, training, and book

study groups that expose developers to new solutions.

Examples:

Web companies keep using and maintaining their
internal homegrown caching systems when open
source alternatives are in use.

-

you are here »
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design toolbox

patterns on your own...

00 Primtiples

-
\ate what ¥2*!
Encapse dante:

. ‘E\ on ovevr \h\\C‘f

Favor tomy
not

Program to 'm\-,cvgaccs,
\mY\CmCV\Jc.a‘E\OV\S-

\ed designs

. Cor \oosely tou¥" A
it::ccc::\):)ccb fnat \nﬂrac\:

\oe open for extension

aE=D 5\“’“? mod&\ca’don-

ok tlosed *o¥
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Tools for your Design Toolbox

You’ve reached that point where you’ve outgrown us.
Now’s the time to go out in the world and explore

The time has tome

for You o 90 out and
distover move patterns
on \/ow own. There are
many domain—s?ccific
patierns we haven't even
mentioned and there ave
also some foundational
ones we didn't cover.
Youlvc also 50{ ?a{:{:cvns
of your own to eveate.

.

‘ Chetk out the

Appendix, we'll
give You a heads
up on some more
foundational
patterns you'll
probably want to
l have a look at.

BULLET POIN'IEQ

Let Design Patterns emerge in
your designs, don’t force them
in just for the sake of using a
pattern.

Design Patterns aren’t set in
stone; adapt and tweak them to
meet your needs.

Always use the simplest
solution that meets your needs,
even if it doesn'tinclude a
pattern.

Study Design Pattern catalogs
to familiarize yourself with
patterns and the relationships
among them.

Pattern classifications (or
categories) provide groupings
for patterns. When they help,
use them.

You need to be committed to
be a patterns writer: it takes
time and patience, and you
have to be willing to do lots of
refinement.

Remember, most patterns you
encounter will be adaptations
of existing patterns, not new
patterns.

Build your team’s shared
vocabulary. This is one of the
most powerful benefits of using
patterns.

Like any community, the
patterns community has its
own lingo. Don't let that hold
you back. Having read this
book, you now know most of it.
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Leaving Objectville...

Boy, it’s been great having you in Objectville.

We’re going to miss you, for sure. But don’t worry — before you know it, the
next Head First book will be out and you can visit again. What's the next book,
you ask? Hmmm, good question! Why don’t you help us decide? Send email
to booksuggestions@wickedlysmart.com.
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who does solution

. + Exercise so]utions
*

*
WHQ DQES wHAaAT™

Match each pattern with its description:

Pattern Description
Decoraor Wraps an object and provides a different
interface to it.
State Subclassesdecide howtoimplementstepsin
: an algorithm.
Iterator
Subelasses decide whichconcrete classesto
Facade Credte.

Ensures one and only object is created.

/]
Strategy (/] Encapsulatesinterchangeablebehaviorsand

Py "’ uses delegation to decide which one to use.
i { Clients treat collections of objects and

Factory Meth " individual objects unitormly.
l‘“ Encapsulatesstate-basedbehaviorsanduses
Adapter delegation to switch between behaviors.
\ﬁ ‘ Provides a way to traverse a collection of
Observer ." objectswithoutexposingitsimplementation.
Template Methoy ‘ Simplities the interface of a set of classes.
p Wraps an object to provide new behavior.
Composite “ Allows aclient to create families of objects
without specifying their concrete classes.
Singleton ‘ Allows objects to be notified when state
Abstract Facto changes

Wraps an object to control access to it.
Command——""""""""" Encapsulates a request as an object.
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14 Appendix
Appendix: Leftover Patterns

Not everyone can be the most popular. Aot has changed in

the last 10 years. Since Design Patterns: Elements of Reusable Object-Oriented
Software first came out, developers have applied these patterns thousands

of times. The patterns we summarize in this appendix are full-fledged, card-
carrying, official GoF patterns, but aren’t used as often as the patterns we've
explored so far. But these patterns are awesome in their own right, and if your
situation calls for them, you should apply them with your head held high. Our
goal in this appendix is to give you a high level idea of what these patterns are all

about.

this is the appendix 611



bridge pattern

Bridge
Use the Bridge Pattern to vary not only your
implementations, but also your abstractions.

A scenario

Imagine you’re going to revolutionize “extreme
lounging.” You’re writing the code for a new
ergonomic and user-friendly remote control for
TVs. You already know that you’ve got to use
good OO techniques because while the remote 1s
based on the same abstraction, there will be lots of

implementations — one for each model of TV. Every vem ote has the

same abstraction.

Lots of
implementations,
one for eath TV.

Your dilemma

You know that the remote’s user interface won’t be right the
first time. In fact, you expect that the product will be refined
many times as usability data is collected on the remote
control.

So your dilemma 1s that the remotes are going to change and
the TVs are going to change. You've already abstracted the user
interface so that you can vary the implementation over the many
TVs your customers will own. But you are also going to need
to vary the abstraction because it is going to change over time as
the remote 1s improved based on the user feedback.

So how are you going to create an OO design that allows you
to vary the implementation and the abstraction?

612 appendix

i i Id be
This is an abstrattion. [ eoun
an|:nl{',cr£acc or an abstract class.

RemoteControl

on()
—> |

setChannel()
// more methods

RCAControl SonyControl

on() on()
off() off()

setChannel() setChannel()

/I more methods /I more methods

{

tuneChannel(channel);

}

ino this desion we £an vary
l:lsl‘-‘:slchc‘TV iv?v\w"“‘d“' ot

the user interface.



Why use the Bridge Pattern?

The Bridge Pattern allows you to vary the implementation and

the abstraction by placing the two in separate class hierarchies.

leftover patterns

Imylcmcn'l:a'l:ion tlass hicv-aH:h\/.

Postrattion The velationship bekwj::v; S
o mievavrehy: e +he twois vs(:cwcd S
the “bridae.
RemoteControl Has-A -
implementor >
on() on()
off() off()
setChannel() ......---- g implementor.tuneChannel(channel); tuneChannel()
/I more methods // more methods
All methods in the dbstrattion
ave im\vlcmcn{:cd in terms o
ConcreteRemote . RCA Sony
, the im\"tmth{‘,a on.
currentStation on() on()
off() off()
on()
tuneChannel() tuneChannel()
off() -
setStation() _p---7" | setChannel(currentStation + 1); ' I more methods /I more methods

nextChannel() "
previousChannel()
/I more methods

/R Contvete subtlasses ave implemented in terms of the
abstraction, Y_\_ti the im?lemcn{:a{:ion.

Now you have two hierarchies, one for the remotes and a separate one for platform

specific TV implementations. The bridge allows you to vary either side of the two

hierarchies independently.

~Bridge Benefits
= Decouples an implementation so that it is not bound
permanently to an interface.
= Abstraction and implementation can be extended
independently.
= Changes to the concrete abstraction classes don’t
affect the client.

-Bridge Uses and Drawbacks

Useful in graphics and windowing systems that need
to run over multiple platforms.

Useful any time you need to vary an interface and an
implementation in different ways.

Increases complexity.

you are here »
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builder pattern

Builder

Use the Builder Pattern to encapsulate the construction of
a product and allow it to be constructed in steps.

A scenario

You've just been asked to build a vacation planner for Patternsland, a new theme

park just outside of Objectville. Park guests can choose a hotel and various types of
admission tickets, make restaurant reservations, and even book special events. To create

a vacation planner, you need to be able to create structures like this:
Each vatation is planned

‘/ over some number of days.
Vacaro®

Oav““’

/1\ N °‘?“<\
Q00 000 O

2 S
Hotrer ‘7"/( T.(,V@(q Olnn\‘l Hore: @, s Tc\’*& eci 0\ E\’b Om\\'\‘) Uk Tlcv‘d& Hote\ Secia ©F

\

O o O O

%, <
Dinne® €rns ot Dinne® e [)u‘?&\

bination
day tan have 2 wm’c‘:
Ea()\ \l r\la'bo“s’ -E\(,\(C )

hotel vese
ovfca\s and spetial ever

You need a flexible design

Each guest’s planner can vary in the number of days and types of activities it includes.
For instance, a local resident might not need a hotel, but wants to make dinner and
special event reservations. Another guest might be flying into Objectville and needs a
hotel, dinner reservations, and admission tickets.

So, you need a flexible data structure that can represent guest planners and all their
variations; you also need to follow a sequence of potentially complex steps to create the
planner. How can you provide a way to create the complex structure without mixing it
with the steps for creating it?

614 appendix



leftover patterns

Why use the Builder Pattern?

Remember Iterator? We encapsulated the iteration into a separate

object and hid the internal representation of the collection from the

client. It’s the same idea here: we encapsulate the creation of the

trip planner in an object (let’s call it a builder), and have our client

ask the builder to construct the trip planner structure for it.
The elient uses an
abstract interface to

( build the planner-.
(—\ builder

The Client Client AbstractBuilder
divetts the constructPlanner() - buildDay()
. . addHotel()
builder JCJ: h : addReservation()
tonstrut ¢ : addSpecialEvent()
‘z\am\cv. : addTickets()
: getVacationPlanner()

iaev
builder.buildDay(date); The (,onc\rc{c build s
builder.addHotel(date, “Grand Facadian”); crca{:cs vca\ ?VOd“L
builder.addTickets(“Patterns on Ice”); and stoves them in

; ite
I/ plan rest of vacation VacationBuilder {J\:c Vicaho“ tompost
; strutture.
Planner yourPlanner = vacation
builder.getVacationPlanner(); buildDay/()
addHotel()
addReservation()
addSpecialEvent()
addTickets()
C\'Cn{: d'wcc{',s the builder to treate getVacationPlanner()
I,:\\: \a‘vmcv nad number of s{',cvs 3(')‘d
H\C,\Yca\\s H'\C Sc{.‘\/aca{jonP\ahncv‘ . n
method to vetrieve the complete object
—Builder Benefits -Builder Uses and Drawbacks
" Encapsulates the way a complex object is = Often used for building composite structures.
constructed.

= Constructing objects requires more domain

varying process (as opposed to one step factories).
= Hides the internal representation of the product from
the client.
= Product implementations can be swapped in and out
because the client only sees an abstract interface.

you are here » 615
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Chain of Responsibility

Use the Chain of Responsibility Pattern when you want to
give more than one object a chance to handle a request.

A scenario

Mighty Gumball has been getting more email
than they can handle since the release of the
Java-powered Gumball Machine. From their
own analysis they get four kinds of email: fan
mail from customers that love the new 1 in 10
game, complaints from parents whose kids

are addicted to the game and requests to put
machines in new locations. They also get a fair
amount of spam.

All fan mail should go straight to the CEQ, all
complaints should go to the legal department
and all requests for new machines should go to

business development. Spam should be deleted.

Your task

Mighty Gumball has already written some Al
detectors that can tell if an email is spam, fan
mail, a complaint, or a request, but they need
you to create a design that can use the detectors
to handle incoming email.
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since the release of
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leftover patterns

How to use the Chain of Responsibility Pattern

With the Chain of Responsibility Pattern, you create a chain of objects
to examine requests. Each object in turn examines a request and either

handles it, or passes it on to the next object in the chain.

Eath ob:)cd', in the ehain
atts as a handler and \\.as
3 suttessor ob)ct‘c,. |€ it
¢an handle the vequest,
it does; otherwist, ¥
forwards the \rcn\ucs{:

Handler

successor

handleRequest()

its suttessor SpamHandler h FanHandler

ComplaintHandler h NewLocHandler h

As email is received, it is passed to the first handler: the
SpamHandler. If the SpamHandler can’t handle the request,
it is passed on to the FanHandler. And so on...

Eath email is ?asscd to
the fiest handlev-

Spam

Fan
Handler

= Decouples the sender of the request and its
receivers.

= Simplifies your object because it doesn’t have to
know the chain’s structure and keep direct references
to its members.

= Allows you to add or remove responsibilities

dynamically by changing the members or order of the
chain.

Handler /ﬁ

Handler

handleRequest() l handleRequest() l handleRequest() l handleRequest()

Email is not handled i it

falls off the end of the

thain — al{:hough, You tan a|wa\/s
g implement a eateh-all handler.

omplaint NewLoc

Handler

—— Chain of Responsibility Benefits ————  -Chain of Responsibility Uses and Drawbacks-

Commonly used in windows systems to handle
events like mouse clicks and keyboard events.
Execution of the request isn't guaranteed; it may fall
off the end of the chain if no object handles it (this can
be an advantage or a disadvantage).

Can be hard to observe and debug at runtime.
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Flyweight

Use the Flyweight Pattern when one instance of a class
can be used to provide many “virtual instances.”

A scenario

You want to add trees as objects in your hot new landscape design application. In

your application, trees don’t really do very much; they have an X-Y location, and they

can draw themselves dynamically, depending on how old they are. The thing is, a user

might want to have lots and lots of trees in one of their home landscape designs. It

might look something like this:

Tree

House

Tree

Your big dient’s dilemma

You've just landed your “reference account.” That key client
you’ve been pitching for months. They’re going to buy 1,000
seats of your application, and they’re using your software

to do the landscape design for huge planned communities.
After using your software for a week, your client is
complaining that when they create large groves of trees, the
app starts getting sluggish...
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Tree

xCoord
yCoord
age

display() {
/[ use X-Y coords

/I & complex age
/I related calcs

}




Why use the Flyweight Pattern?

What if] instead of having thousands of Tree objects, you
could redesign your system so that you’ve got only one
mstance of Tree, and a client object that maintains the state
of ALL your trees? That’s the Flyweight!

— Flyweight Benefits

All the state, for ALL
of your virtual Tree
ob\')cc{;s, is stored in

this 2D-avvay- .
\ TreeManager
)

treeArray

displayTrees() {
/[ for all trees {
/I get array row
display(x, y, age);
}

}

Reduces the number of object instances at runtime,
saving memory.

Centralizes state for many “virtual” objects into a
single location.

patterns

One, sina|
Tree ob\)%:é. Sfafc—‘c"ce

Tree

display(x, y, age) {
/l use X-Y coords
/I & complex age
// related calcs

}

—Flyweight Uses and Drawbacks

= The Flyweight is used when a class has many
instances, and they can all be controlled identically.

= Adrawback of the Flyweight pattern is that once
you've implemented it, single, logical instances of the
class will not be able to behave independently from
the other instances.

619



interpreter

Interpreter

Use the Interpreter Pattern to build an
interpreter for a language.

A scenario

uires somMe
Remember the Duck Pond Simulator? You have a hunch it : The \nterpreter Patte\m :r?\ ars. 1f
would also make a great educational tool for children to learn knowledge of fOV(jmad ?orma\ grammars:
programming. Using the simulator, each child gets to control one L youve r\eVe"dS"r‘;a\de through .thteof .

duck with a simple language. Here’s an example of the language: go ahead an

/ Tuen the dutk vigh®
right; Fly all day...
while (daylight) fly; & ! !
quack;

S~ -and then quack.

Now, remembering how to create grammars from one of your old

introductory programming classes, you write out the grammar: ane xpression tonsisting

A progeam

mma“ds ahd
[\ O‘c 550\\‘6“&65(\\‘:? \\\({:" s{’,a‘kcmth{'})'
\pions
rcYC{:bo‘n A sequente is a set of

expressions sepavated

expression ::= <command> | <sequence> | <repetition> k— by semicolons
sequence ::= <expression> ‘;’ <expression> v

command ::= right | quack | fly
repetition ::= while ‘(' <variable> ’)’<expression> We have three

variable ::= [A-Z,a-z]+ tommands: \righ‘b

N quatk, and ﬂ\/'
A while statement is

. . .us.t
a tonditiona| variabchand
an €XPression.

Now what?

You've got a grammar; now all you need is a way to represent and
interpret sentences in the grammar so that the students can see the
effects of their programming on the simulated ducks.
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How to implement an interpreter

When you need to implement a simple language, the
Interpreter Pattern defines a class-based representation for its
grammar along with an interpreter to interpret its sentences.
To represent the language, you use a class to represent each
rule in the language. Here’s the duck language translated
into classes. Notice the direct mapping to the grammar.

a8

Expression

interpret(context)

Repetition h Sequence
variable expression1

L—| expression I expression2
interpret(context) I interpret(context) I

L N

h QuackCommand h RightCommand h FlyCommand h
interpret(context) I interpret(context) I interpret(context) I interpret(context) I

Variable

To interpret the language, call the interpret() method on each
expression type. This method is passed a context — which
contains the input stream of the program we’re parsing — and
matches the input and evaluates it.

—Interpreter Benefits —Interpreter Uses and Drawbacks
= Representing each grammar rule in a class makes = Use interpreter when you need to implement a
the language easy to implement. simple language.
- Becausg the grammar is represented by classes, you = Appropriate when you have a simple grammar and
can easily change or extend the language. simplicity is more important than efficiency.
= By adding additional methods to the class structure, = Used for scripting and programming languages.

you can add new behaviors beyond interpretation,
like pretty printing and more sophisticated program
validation.

= This pattern can become cumbersome when the
number of grammar rules is large. In these cases a
parser/compiler generator may be more appropriate.

621



mediator pattern

Mediator

Use the Mediator Pattern to centralize complex
communications and control between related objects.

A scenario

Bob has a Java-enabled auto-house, thanks to the good folks at HouseOf TheFuture.
All of his appliances are designed to make his life easier. When Bob stops hitting the
snooze button, his alarm clock tells the coffee maker to start brewing, Even though
life 1s good for Bob, he and other clients are always asking for lots of new features:
No coffee on the weekends... Turn off the sprinkler 15 minutes before a shower is
scheduled... Set the alarm early on trash days...

CoffeePot
Alarm
\ \ onEvent() {
onEvent() { \ checkCalendar()

checkCalendar() N\ checkAlarm()

checkSprinkler() A // do more stuff
startCoffee()
/I do more stuff
}
v/ g

}

Calendar T
Sprinkler
onEvent() { c
checkDayOfWeek() onh ve;é()l{ .
doSprinkler() ghzgkssc:av\rllerez;()
doCoffee
doAIarm(g) checkTemp()
/I do more stuff ;:/h(;ackWeatr;e;é)
o more stu
}

HouseOfTheFuture’s dilemma

It’s getting really hard to keep track of which rules reside in which objects, and how
the various objects should relate to each other.
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Mediator in action...

With a Mediator added to the system, all
of the appliance objects can be greatly
simplified:

®  They tell the Mediator when their state
changes.

®  They respond to requests from the
Mediator.

Before adding the Mediator, all of the
appliance objects needed to know about each
other... they were all tightly coupled. With the
Mediator in place, the appliance objects are
all completely decoupled from each other.

The Mediator contains all of the control
logic for the entire system. When an existing
appliance needs a new rule, or a new
appliance is added to the system, you’ll know
that all of the necessary logic will be added to
the Mediator.

— Mediator Benefits

CoffeePo

Y

/ Mediator

[\

[

—— Mediator Uses and Drawbacks

patterns

It's sucha
relief, not having o
figure out that Alarm

clock’s picky rules!
o)
0

Mediator

if(alarmEvent){
checkCalendar()
checkShower()
checkTemp()

}
if(weekend) {
checkWeather()
/I do more stuff

}

if(trashDay) {
resetAlarm()

// do more stuff

}

®  |ncreases the reusability of the objects supported by

the Mediator by decoupling them from the system.
Simplifies maintenance of the system by centralizing
control logic.

Simplifies and reduces the variety of messages sent
between objects in the system.

= The Mediator is commonly used to coordinate related
GUI components.

= Adrawback of the Mediator pattern is that without
proper design, the Mediator object itself can become
overly complex.
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memento

Mewento

Use the Memento Pattern when you need
to be able to return an object to one of its
previous states; for instance, if your user
requests an “undo.”

A scenario

Your interactive role playing game is hugely successful,
and has created a legion of addicts, all trying to get
to the fabled “level 13”. As users progress to more
challenging game levels, the odds of encountering
a game-ending situation increase. Fans who have
spent days progressing to an advanced level are
understandably miffed when their character gets snuffed,
and they have to start all over. The cry goes out for a
“save progress” command, so that players can store their
game progress and at least recover most of their efforts
when their character is unfairly extinguished. The
“save progress” function needs to be designed to return
a resurrected player to the last level she completed
successfully.
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saving the game state. It's prefty
complicated, and I don't want anyone
else with access to it mucking it up and
breaking my code.
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The Mewento at work

The Memento has two goals:

®  Saving the important state of a system’s key object.

® Maintaining the key object’s encapsulation.

Keeping the single responsibility principle in mind, it’s also
a good idea to keep the state that you’re saving separate

from the key object. This separate object that holds the GameMemento
state 1s known as the Memento object.

savedGameState

Client MasterGameObject

// when new level is reached gameState
Object saved =

/7 (Object) mgo.getCurrentState(); Object getCurrentState() {

/I gather state
// when a restore is required return(gameState);
While this isnt 3 Levvibly mgo.restoreState(saved); }

faney implementation,
no{iZc that the Client
has no attess to the

restoreState(Object savedState) {
/l restore state

}
Mcmcy\‘{'pls da‘{',a
// do other game stuff
— Memento Benefits —Memento Uses and Drawbacks
= Keeping the saved state external from the key object = The Memento is used to save state.

helps to maintain .coh,esmn. = Adrawback to using Memento is that saving and
" Keeps the key object's data encapsulated. restoring state can be time consuming.

" Provides easy-to-implement recovery capability. " |nJava systems, consider using Serialization to save
a system’s state.
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Prototype

Use the Prototype Pattern when creating an

instance of a given class is either expensive or
complicated.

A scenario

Your interactive role playing game has an insatiable appetite for monsters. As your
heros make their journey through a dynamically created landscape, they encounter
an endless chain of foes that must be subdued. You’d like the monster’s characteristics
to evolve with the changing landscape. It doesn’t make a lot of sense for bird-like

monsters to follow your characters into underseas realms. Finally, you’d like to allow
advanced players to create their own custom monsters.

Yikes! Just the act
of creating all of these different
kinds of monster instances is getting
tricky... Putting all sorts of state detail in the
constructors doesn't seem to be very cohesive. It
would be great if there was a single place where
all of the instantiation details could be
encapsulated...

It would be a lot cleaner if we
could decouple the code that handles
the details of creating the monsters
from the code that actually needs to
create the instances on the fly.
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Prototype to the rescue

The Prototype Pattern allows you to make new instances by
copying existing instances. (In Java this typically means using

the clone() method, or de-serialization when you need deep <<;|Zte’f ace>>
copies.) A key aspect of this pattern is that the client code can onster

make new instances without knowing which specific class is < z

being instantiated. p .
WellKnownMonster ' DynamicPlayerGeneratedMonster .

MonsterMaker L
The ctlient needs a new mons er
makeRandomMonster() { (_/./ appropriate to the cwrcn}’c
Monster m = sikuation. (The client won £ know
MonsterRegistry.getMonster(); what kind of monster he ch)

MonsterRegistry
Monster getMonster() {
/I find the correct monster <\ The registry finds ¢
return correctMonster.clone(); monster, makes 3 ¢] e aFPfOPriafc
} vreturns £he tlone. one oF it and
— Prototype Benefits —Prototype Uses and Drawbacks
= Hides the complexities of making new instances from =  Prototype should be considered when a system must
the client.

create new objects of many types in a complex class
= Provides the option for the client to generate objects hierarchy.

whose type is not known. = Adrawback to using the Prototype is that making a

® |n some circumstances, copying an object can be copy of an object can sometimes be complicated.
more efficient than creating a new object.
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Visitor
Use the Visitor Pattern when you want to

add capabilities to a composite of objects
and encapsulation is not important.

A scenario

Customers who frequent the Objectville Diner and Objectville
Pancake House have recently become more health conscious. They
are asking for nutritional information before ordering their meals.
Because both establishments are so willing to create special orders,
some customers are even asking for nutritional information on a
per ingredient basis.

Lou’s proposed solution: /I new methods

getHealthRating
getCalories \
getProtein \

\
getCarbs ¢'

/I new methods

getHealthRating
getCalories \
getProtein \
getCarbs ——

Ingredient ‘I Ingredient

Mel’s concerns...

“Boy, it seems like we’re opening Pandora’s box. Who knows what
new method we’re going to have to add next, and every time we
add a new method we have to do it in two places. Plus, what if
we want to enhance the base application with, say, a recipes class?
Then we’ll have to make these changes in three different places...”
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The Visitor drops by

The Visitor works hand in hand with a Traverser. The Traverser
knows how to navigate to all of the objects in a Composite. The
Traverser guides the Visitor through the Composite so that the Visitor
can collect state as it goes. Once state has been gathered, the Client
can have the Visitor perform various operations on the state. When
new functionality is required, only the Visitor must be enhanced.

All these composite
tlasses have to do is add
a getState() method
The Visitor needs 4o be able to c_al\_ (and not worry about
eLGtate() atvoss elasses, and this is exposing themselves).

The Chc_a){ tl:s L wheve you tan add new methods for
the Visitor 1o ge the client 4o use. /
information from the e e %

Composite structure...
New methods éan be
added to the Visitor
without a“et{ing the

Com?osi-[:c.

o

[ Client /
Traverse

The Traverser knows how to
quide fhe Visitor through
Ihe Composite structuve

— Visitor Benefits —Visitor Drawbacks

" Allows you to add operations to a Composite = The Composite classes’ encapsulation is broken

structure without changing the structure itself. when the Visitor is used.
® Adding new operations is relatively easy. = Because the traversal function is involved, changes to
= The code for operations performed by the Visitor is the Composite structure are more difficult.
centralized.
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All interior layouts were designed by Eric Freeman, Elisabeth Freeman,
Kathy Sierra and Bert Bates. Kathy and Bert created the look & feel of the Head First series.
The book was produced using Adobe InDesign CS (an unbelievably cool design tool that we can’t get
enough of) and Adobe Photoshop CS. The book was typeset using Uncle Stinky, Mister Frisky (you think
we’re kidding), Ann Satellite, Baskerville, Comic Sans, Myriad Pro, Skippy Sharp, Savoye LET, Jokerman

LET, Courier New and Woodrow typefaces.

Interior design and production all happened exclusively on Apple Macintoshes—at Head First we’re all
about “Think Different” (even if it isn’t grammatical). All Java code was created using James Gosling’s

favorite IDE, vi, although we really should try Erich Gamma’s Eclipse.

Long days of writing were powered by the caffeine fuel of Honest Tea and Tejava, the clean Santa Fe air,
and the grooving sounds of Banco de Gaia, Cocteau Twins, Buddha Bar I-VI, Delerium, Enigma, Mike
Oldfield, Olive, Orb, Orbital, LTJ Bukem, Massive Attack, Steve Roach, Sasha and Digweed, Thievery
Corporation, Zero 7 and Neil Finn (in all his incarnations) along with a heck of a lot of acid trance and

more 80s music that you'd care to know about.
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Head First

Institute

And now, a final word from the Head First Institute...

Our world class researchers are working day and night in a mad race to

uncover the mysteries of Life, the Universe and Everything—before it’s too late.
Never before has a research team with such noble and daunting goals been
assembled. Currently, we are focusing our collective energy and brain power on
creating the ultimate learning machine. Once perfected, you and others will join

us in our quest!

You're fortunate to be holding one of our first protoypes in your hands. But only
through constant refinement can our goal be achieved. We ask you, a pioneer
user of the technology, to send us periodic field reports of your progress, at

fieldreports@wickedlysmart.com

And next time you're in Objectville,
drop by and take one of our behind
the scenes laboratory tours.
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