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.

Five-minute drama: protecting subjects

The Internet bubble seems a distant memory; those were the days when all
you needed to do to find a better, higher-paying job was to walk across the
street. Even agents for software developers were in vogue...



Eubjctf

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 3 protecter

LA ]
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Come on,
You're wasting our time

here! Not a chance! Come
back later with a better
offer.

We think we can
meet her current
salary plus 15%.

Big Picture: creating a Dynamic 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 circumstance.



To create these proxies we’re going to use the Java API’s dynamic proxy that
you saw a few pages back. Java will create two proxies for us; all we need to
do is supply the handlers that know what to do when a method is invoked on

the proxy.

RealSurhj ect

Remember this diagram
from a few pages back...

<<interface>>

<<interface=>
InvocationHandler

request()

Step one:

invoke()

InvocationHandler

invoke()

Wc hccd {WO
of these.

We eveate the
proxy i‘tSEI.-F at

vuntime.

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 what to do when a method is called

on it.



Step two:

Write 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.

Step three:

Wrap any PersonBean object with the appropriate proxy.

When we need to use a PersonBean object, either it’s the object of the
customer himself (in that case, will call him the “owner”), or it’s another
user of the service that the customer is checking out (in that case we’ll call
him “non-owner”).

In either case, we create the appropriate proxy for the PersonBean.

Proxy OwnerlnvocationHandler

request()

invoke()

}

When a Customer is viewing his own bean

When 3 ﬁus{:omr_r

IS Viewing someone else’s bean

§

NonOwnerlnvocationHandler

Proxy

request()

invoke()

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>>
InvocationHandler

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.

g @ The proxy then

proxy.setHotOrNotRating(9) ; Fiires arbuind ard
calls invoke() on the

% ﬁ InvocationHandler.

invoke (Object proxy, Method method, Object[] args) é__)

N

The Method tlass, ?arjc. of the

Here's how we veflection AP, tells us what
@ The handler decides invoke the method method was ealled on the proxy
what it should do on the Real via its getName() method.
with the request Subjeet
and possibly
forwards it on to
the Re.qlSubjecf_ —_— return method.invcke (person, args);
How does the '\
handler decide? T 7
we'll find out next. Heve we invoke ‘{',Ihf Q'n]‘}' o . with the g}r'|3'ma1
0‘“5-'“3% method that wa.s invoke it on the arel“m"hts'
called on the proxy. This g ey ort.

obiett was ?asscd {0 us in
‘{','h! invoke call.

Creating Invocation Handlers continued...

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 OwnerIlnvocationHandler to see how this works:



Invotationttandler is ?ar{. of the java.\ana.rcﬁcc{‘. Al imvoeats ]
k we need to '|m?or{: it. - ‘on handlers
patkage, so ‘/ implement the

JnvoﬁaﬁionHandlcr inﬁck{-‘aﬁc

import java.lang.reflect.*; l/

_ We're passed the
public class OwnerInvocationHandler implements InvocationHandler { R,.] ¢ ect in th
€

PersonBean person; tonstruttor and we
é/ keep a vefevente 4o it
public OwnerInvocationHandler (PersonBean person) {
this.persen = person; Heve's the invoke

; / methed that aets
talled every time a
methed is invoked

public Object invoke (Object proxy, Method method, Object[] args) :
on the proxy.

throws IllegalAccessException {
[ the methed is a getter,
try { T T W g0 ahead and invoke it
if (method.getName () .startsWith("get")) { on the veal su'ujcr.{.
return method. invoke (person, args):
} else if (method.getName() .equals("setHotOrNotRating")) {

throw new IllegalAccessException(); K L
} else if (method.getName().startsWith("set")) { Othevvise, it it is the

return method. invcke (person, args); ::iif;fif;t:ﬁo
} it b‘?‘ ‘[:h'r{:wihﬁ a
} catch (InvocationTargetException e) { ||]¢33|$~,.:¢gsg£,,.:c?ft'.m,,
e.printStackTrace(} ;
* Betause we ave the
return null; This will happen if owner any other set
} the real Sub‘jgg{; methed is fine and we
} )I\ throws an exception, 9o ahead and imvoke it

£ any other method is talled, on the veal Sthcct.

we re Jus{: going to return null
vather than take a thante

EXERCISE

The NonOwnerInvocationHandler works just like the OwnerInvocationHandler except
that it allows calls to setHotOrNotRating() and it disallows calls to any other set method.
Go ahead and write this handler yourself:

N

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:

hi ' jeet (the veal
This method takes a person object (the | |
subieet) and veturns a proxy ﬁor it. Betause the This code treates the

s the subiect, we pro%y. Now this is some.
proxy has he same intevkace as the subj m-,ah:i? e ")

rc{;u\-n a PcvsonBc;n- \I s{:c'ﬁ Jch'ra:-ugh 4 :.a\r-efu'ily.
/ To treate a prowy we use the
PersonBean getOwnerProxy (PersconBean person) { Lkt hCWPTG‘f-T;ﬂS Lance method

on thc P'ra'pt\lf' ¢lass.

return (PersonBean) Proxy.newProxylInstance (

person.getClass () . getClassLoader () , & We pass it '{;ht C.]E-SSLD&df\" ‘Fo\’ o Subj_cf.{‘,...

parson.getClass () .gatInterfaces() , q_\ . J‘T
.and the set of interfaces the

new OwnerInvocationHandler (person)) ; :
prowy needs to imf‘|cncnt---

We pass the real subject into the tonstruttor of

the invotation handlev. |$ You look batk twe paoes ..and an invetation hand|:r‘, in this
ynu’ll see this is how the handler 3c-|:,'% attess to tase ouwr Ownerlnvotationtandler.
the veal 5ul::jc|!.'[';-

SHARPEN YOUR PENCIL

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
NonOwnerInvocationHandler:

Take it further: can you write one method getProxy() that takes a handler and a person
and returns a proxy that uses that handler?

\ J

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 just eveates the fest
public class MatchMakingTestDrive { dvive and talls its dvive()
// instance variables here f method to aet things going,
public static woid main(String[] args) {

MatchMakingTestDrive test = new MatchMakingTestDrive() ;
test.drive() ;

: The tonstruttor initializes our DB of

/ people in the mathmaking sevvice.
public MatchMakingTestDrive() {

initializeDatabase() ;

} Let's retrieve a person
'~ From the DB..
public woid drivel() {
PersonBean joe = getPersonFromDatabase("Joe Javabean");
PersonBean ownerProxy = getOwnerProxy (joe) ; < ..and treate an owner proxy.

System.out.println("Name is " + ownerProxy.getName()) & &€—_ Call a 5:4:{'.:\'-
ownerProxy.setInterests ("bowling, Go");

System.out.println("Interests set from owner proxy"):; And then a setter.

try {
ownerProxy.setHotOrNotRating (10) ; €—— And then -El.-\f to

} catch (Exception e) { thange the vating.
System.cut.println("Can't set rating from owner proxy"):;

} This shouldn't wﬂrk!l

System.out.println("Rating is " + ownerProxy.getHotOrNotRating()) :
Now treate a non—

PersonBean nonOwnerProxy = getNonOwnerProxy (joe); t—/ow“cr proxy..
System.out.println("Name is " + nonOwnerProxy.getName()); =__ . 4 .4l a ECH:‘W
try {
nonOwnerProxy.setInterests ("bowling, Go"); = Followed b‘;‘ a
} ecatch (Exception e) { setter.
System.out.println("Can't set interests from non owner proxy"):
} This shouldn't work!

nonOwnerProxy.setHotOrNotRating(3) ;

System.out.println("Rating set from non owner proxy");

System.out.println("Rating is " + nonOwnerProxy.getHotOrNotRating()) ;Then {:'r\; to set
} the rating,

// other methods like getOwnerProxy and getNonOwnerProxy here T ted wm_k!

Running the code...



File Edit Window Help Born2BDynamic

% java MatchMakingTestDrive

Name is Joe Javabean

Interests set from owner proxy

Our Owner proxy

allows getting and

Can't set rating from owner proxy setting, extept for the

Rating is 7

Name is Joe Javabean

Hoﬂ}r“ E'E rating,-

Our NonDwner proxy

Can’'t set interests from non owner proxy allows ﬁfH:"“ﬁ DH}Y: but

' also allows ¢alls to set the
Rating set from non owner proxy HotOrNot v a{:'mg.

Rating is 5

%

The new rating is the average of the previous vating, 7
and the value set by the nonowner proxy, 3.

R

R

THERE ARE NO DUMB QUESTIONS

: Q: 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.

Q: 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.newProxyInstance() method.

Q: Is there any way to tell if a class is a Proxy class?

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
implements a particular set of interfaces.

Q: Are there any restrictions on the types of interfaces I can pass into newProxyInstance()?

A: Yes, there are a few. First, it is worth pointing out that we always pass newProxyInstance() 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.

WHO DOES WHAT?




Match each pattern with its description:

Pattern Description

Decorator | Wraps another object and provides a different interface to it.
Facade | Wraps another object and provides additional behavior for it.
Proxy Wraps another object to control access to it.

Adapter | Wraps a bunch of objects to simplify their interface.

.

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 isn’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:



\5\ Habitat: often seen in the lotation

Firewall Proxy
controls access to a
set of network
resources, protecting
the subject from "bad" clients.

Help find a habitat

of torporate Livewall S\fs{',trns.

TN

Smart Reference Proxy

provides additional actions
whenever a subject is

referenced, such as counting

the number of references to

Caching Proxy provides
temporary storage for
results of operations
that are expensive. It
can also allow multiple clients to share
the results to reduce computation or

network latency.

an object.

e~

Habitat: o{-‘-tcrt seen in web sevver proxies as well
as tontent management and publishing SYSJ{,CrnS-



E{.:ecn hanging dround Javaﬁpadcs, wheve
i :‘.onf:'rors synﬂh'ronized dtless 4o
an uhdt'r.l‘}ling set of ob\jt:‘.w’:s in a

Synchronization Proxy distributed environm

provides safe access to
a subject from multiple
threads.

ent.

Help £ind 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-Write Proxy
controls the copying of

an object by deferring . :
the copying of an £ Habitat: seen in the via'miq_r ?P the
object until it is required by Java's Cowﬂnwvltchrr&‘fie'st-

a client. This is a variant of
the Virtual Proxy.

NOTE

Field Notes: please add your observations of other proxies in the wild here:

DESIGN PATTERNS CROSSWORD

It’s been a LONG chapter. Why not unwind by doing a crossword puzzle before it ends?




Across

Down

1. Our first mistake: the gumball machine
reporting was not

5. Commonly used proxy for web services
(two words).

7. Objectville matchmaking gimmick (three
words).

11. A
runtime.

proxy class is created at

13. Java’s dynamic proxy forwards all
requests to this (two words).

16. In RMI, the object that takes the
network requests on the service side.

17. The CD viewer used this kind of proxy.

2. Remote was used to implement the
gumball machine monitor (two words).

3. Similar to proxy, but with a different purpose.
4. Place to learn about the many proxy variants.

6. Proxy that protects method calls from
unauthorized callers.

8. This utility acts as a lookup service for RMI.
9. Why Elroy couldn’t get dates.

10. Software developer agent was being this kind of
proxy.

12. In RMI, the proxy is called this.

14. Proxy that stands in for expensive objects.

15. We took one of these to learn RMI.

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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BULLET POINTS

» 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.

EXERCISE SOLUTION

The NonOwnerInvocationHandler works just like the OwnerInvocationHandler except
that it allows calls to setHotOrNotRating() and it disallows calls to any other set method.
Here’s our solution:

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 PUZZLE SOLUTION

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?

Use State Pattern: implement two states, ImagelL.oaded 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.

SHARPEN YOUR PENCIL SOLUTION

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
NonOwnerInvocationHandler. Here’s our solution:

PersonBean getNonOwnerProxy(PersonBean person) {

return (PersonBean) Proxy.newProxyInstance(
person.getClass().getClassLoader(),
person.getClass().getInterfaces(),
new NonOwnerInvocationHandler (person));

DESIGN PATTERNS CROSSWORD SOLUTION
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WHO DOES WHAT? SOLUTION

Match each pattern with its description:




N

Pattern Description

I i o
Decorgtor 1IJ\'I‘El[l*: Elnm?ther le ’?',Ct
and provides a ditterent
interface to .

Facade Wraps another object
and F‘[‘O'-.“'T{[eﬁ additional
behavior for .

Proxy Wraps another object
1o control gecess to it.

Wraps a bunch of
Adapter objects to simplify
their interface.

The code for the CD Cover Viewer

-

READY BAKE CODE

package headfirst.designpatterns.proxy.virtualproxy;

import
import
import
import
import
public

java.net.*;

java.awt.*;
java.awt.event.*;
javax.swing.*;

java.util.*;

class ImageProxyTestDrive {

ImageComponent imageComponent;

JFrame frame = new JFrame("CD Cover Viewer");
JMenuBar menuBar;

JMenu menu;

Hashtable<String, String> cds = new Hashtable<String, String>();

public static void main (String[] args) throws Exception {

}

ImageProxyTestDrive testDrive = new ImageProxyTestDrive();

public ImageProxyTestDrive() throws Exception{

cds.put("Buddha




Bar", "http://images.amazon.com/images/P/BOOOO9XBYK.01.L22772277.
irg");

cds.put("Ima","http://images.amazon.com/images/P/BOOOOO5IRM.01.LZZZ2Z27ZZ.jpg");

cds.put("Karma", "http://images.amazon.com/images/P/B000OO5DCB.01.LZZZZ272727.gif");
cds.put("MCMXC
A.D.","http://images.amazon.com/images/P/BO0OOO2URV.01.L2Z2Z2ZZ272Z.
irg");
cds.put("Northern
Exposure", "http://images.amazon.com/images/P/BOOOOO3SFN.01.
Lzzz222Z.jpg");
cds.put("Selected Ambient Works, Vol.
2","http://images.amazon.com/images/P/
BOOOOO2MNZ.01.L222Z22Z.jpg");

URL initialURL = new URL((String)cds.get("Selected Ambient Works, Vol.
2"));
menuBar = new JMenuBar();
menu = new JMenu("Favorite CDs");
menuBar .add(menu);
frame.setJMenuBar (menuBar);
for(Enumeration e = cds.keys(); e.hasMoreElements();) {
String name = (String)e.nextElement();
JMenuItem menuItem = new JMenuItem(name);
menu.add(menultem);
menuItem.addActionListener(event -> {
imageComponent.setIcon(new
ImageProxy(getCDUrl(event.getActionCommand())));
frame.repaint();
});
}

// 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;
}
}

}

package headfirst.designpatterns.proxy.virtualproxy;

import java.net.*;
import java.awt.*;
import javax.swing.*;

class ImageProxy implements Icon {
volatile ImageIcon imageIcon;
final URL imageURL;




Thread retrievalThread;
boolean retrieving = false;

public ImageProxy(URL url) { imageURL = url; }

public int getIconWidth() {

if (imageIcon != null) {
return imageIcon.getIconWidth();
} else {
return 800;
}
}
public int getIconHeight() {
if (imageIcon != null) {
return imageIcon.getIconHeight();
} else {
return 600;
}
}

synchronized void setImageIcon(ImageIcon imageIcon) {
this.imageIcon = imageIcon;

}
public void paintIcon(final Component c, Graphics g, int x, int y) {
if (imageIcon != null) {
imageIcon.paintIcon(c, g, X, y);
} 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 {
setImageIcon(new ImageIcon(imageURL, "CD Cover"));
c.repaint();
} catch (Exception e) {
e.printStackTrace();
}
}
});
retrievalThread.start();
}
}
}

package headfirst.designpatterns.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, X, y);




Chapter 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!2]), 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.

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 real 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 design solution.
A compound pattern combines two or more patterns into a solution that solves a
recurring or general problem.

Duck 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...

(D 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 {
ublic void ack () ; : \H
P qu () W 2 'Il;h'l""?] wiEll
}
(@ 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 mean).
/_\ __Y..'Dul‘_ sﬁndavd
| i k.

Mallard
public class MallardDuck implements Quackable { .
public wvoid quack() {
System.out.println("Quack") ;

}

public class RedheadDuck implements Quackable {
public wvoid quack() {

_ : — We've got to have some vaviation
SYEtEIn.DUt.Prlntln( Quack®) \’ c¥ spt;!.'ucs |-F W want ‘|:'n.'|s, {o bf.

} an 'mfﬁrcs.t]ru} simulator.

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 wvoid quack() {
System.out.println("Kwak") ; f\_‘ A DuekCall that quacks but
} doesn't sound auite like the real

} H‘"""ﬁ.-

public class RubberDuck implements Quackable {

public woid quack() {

System.out.println("Squeak") ; A RubberDuek that makes a
} squeak when it quacks.

3 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

quackers are working...
m Heve's owr main method
public class DuckSimulator { to ljc‘l: c‘ft‘f“f'th"“ﬁ ol
public static void main(String[] args) { . -
DuckSimulator simulator = new DuckSimulator() ; P We treate 3 simuld

simalator.simulate () ; e ks & »
} A simulate() methed.

void simulate() {
Quackable mallardDuck = new MallardDuck() ;
Quackable redheadDuck = new RedheadDuck () ;
Quackable duckCall = new DuckCall() ;
Quackable rubberDuck = new RubberDuck() :

We need some dutks, so
heve we treate one
cath Quatkable--

System.out.println ("\nDuck Simulator") ;

simulate (mallardDuck) ; Lhen we simulate
simulate (redheadDuck) ;

eath ont.
simulate (duckCall) ; el

simulate (rubberDuck) ; Heve we overload the simulate

} J methed to simulate JuS{: one dutk.

void simulate (Quackable duck) {

duck . quack () ; Heve we let polymorphism do its maaie: no
} ‘t/ porymovp 3

matter what kind O-F @u&tkﬂ'ﬂl: ECJC.S F&SEtd in,
the simulate() method asks it to quack.



File Edit Window Help ltEetterGetBettarThanThis

% java DuckSimulator

Duck Simulator
Cuack

Cuack
Ewak

Scueak

NOTE

They all implement the same Quackable interface, but their implementations allow
them to quack in their own way.

It 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.

publiec class Goose |
e R SR N\ A Qoose is a honker,

not a quatker.
System.out.println ("Honk") ;

BRAIN POWER

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?

(® 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.



mcmcmb ev, an hdapter

public class GooseAdapter implements Quackable { mplem ents the targejc inkevkate,
(L]
Goose goose; which in Ehis ease is &uagkah]c.

public GooseRdapter (Goose goose) | The f,ons%:mtjca'f‘ +akes the
this.goose = goose; < ind +o adapt
- 4 goose we dre going aldpL.

}

public wvoid quack() {

When quack is ¢alled, the call is delegated
goose. honk () ; 4{—“\-\__ T 3nosc“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 DuckSimulateor {
public static void main(String[] args) {
DuckSimulator simulator = new DuckSimulator() ;

simulator.simulate () ;

}

void simulate() { We make Qoose that aff;.s
Quackable mallardDuck = new MallardDuck() ; like a Dutk by wrapping the
Quackable redheadDuck = new RedheadDuck() ; Goose n the Goosehdapter-
Quackable duckCall = new DuckCall():; )

Quackable rubberDuck = new RubberDuck() ;
Quackable gooseDuck = new Gooseldapter (new Goose());

System.out.println("\nDuck Simulator: With Goose Adapter") ;

P Once the Goose is wrapped, we tan treat
simulate (redheadDuck) ; it Jus‘l‘. like other dutk Ruackables.
simulate (duckCall) ; /

simulate (rubberDuck) ;

simulate (gooseDuck) ;

}

void simulate (Quackable duck) {
duck.quack () ;
}

(@ 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 Windew Help GeoldenEggs

% java DuckSimulator

Duck Simulator: With Geoose Adapter
Quack
Quack

) Kwak
Theve's the goose! Now the

Qoose ¢tan quatk with the
vest of the Ducks. L/___g? Honk

Squeak

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. Brewer,
Park Ranger and
Quaﬂkalogis-f:,

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.



i o ; As with Adapter, we need to
QuatkCounter is a det rator et e i

We've 5o£ an instante vaviable
\, +o hold on to the quatker
L i we've detorating.
public class QuackCounter implements Quackable {

Quackable duck; And we've coun{;ina ALL
static int numberOfQuaC:kS; @"—-._________.— 'T-'al‘.k.i, 0 WE’” use a S‘ta{:ht

variable to keep track.
public QuackCounter (Quackable duck) {

this.duck = duck; \ We get the veference 4o the
}

Quackable we've dcdora{inﬂ
in the :’,nns‘l:r'u:t{:or.
public void gquack() {

duck . quack () ; S When quack0 is called, we delegate the call

numberOfQuacks++; \{'ﬂ the Quatkable we've deorating...
}

- then we intrease Lhe number

public statiec int getQuacks() { of qQuatks.

return numberOfQuacks; \
}

We've adding one other method 4o the

detorator. This static method just

returns the number of quatks that

have oteurred in all Quatkables.
(© 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) {
DuckSimulator simulator = new DuckSimulator() ;

simulator.simulate() ; Each time we ereate a
} Quackable, we wrap it with

a new detorator.

void simulate() {
Quackable mallardDuck = new QuackCounter (new MallardDuck()) ;
Quackable redheadDuck = new QuackCounter (new RedheadDuck()) ;
Quackable duckCall = new QuackCounter (new DuckCall()) ;
Quackable rubberDuck = new QuackCounter (new RubberDuck()) ;
Quackable gooseDuck = new GooseBdapter (new Goose()) ;

System.out.println("\nDuck Simulator: With Decorator") ;

simulate (mallardbDuck) ; The J'i""ﬂ'"Li ranger told us he
simulate (redheadbDuck) ; didn't want to count feese
simulate (duckCall) ; honks, so we don't detorate it.
simulate (rubberDuck) ;

simulate (gooseDuck) ; )
v~ Here's where we
atkin
System.out.println("The ducks quacked " + 53{:\15'!‘ the 2 3

- h
QuackCounter,getQuacks() + " timesh); Dpehavior J;,"r s
} Quitko‘ﬂﬁ'sﬂ'

void simulate(Quackable duck) { th

duck. quack () ; (\ Nothing changes heve; il
} detorated abje.:{s are sti
} Quatkables.

File Edit Window Hal

% java DuckSimulator

chis the _E Duck Simulator: With Decorator
WJ(‘?“U' Quack
Quack
Ewak
R.:rnc""bﬂ? Squeak
we ve no R onk
tounting geese: 4 quacks were counted

%




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:



We've defining an abstratt fackory

/_P\ that subtlasses waill 'lm:?.\:rn:h‘t to
eveate ditfevent Families

public abstract class AbstractDuckFactory {

public abstract Quackable createMallardDuck() ;
public abstract Quackable createRedheadDuck() ;
public abstract Quackable createDuckCall () ;

public abstract Quackable createRubberDuck() ;

Eath method ereates one kind of duck.

Let’s start by creating a factory that creates ducks without decorators, just
to get the hang of the factory:

public class DuckFactory extends AbstractDuckFacturm

public Quackable createMallardDuck() { DuﬂkF&dfﬂf}' extends
return new MallardDuck () ; the abstract Fac{cr‘f-

public Quackable createRedheadDuck() {

return new RedheadDuck () ;
} a ?arfmuhr

method L\rca{cs d ?voduc‘l:i
e kind of Quatkable.
i kenown
The actual produtt is un b
+he simulator — it Jus{', knows its

public Quackable createDuckCall() ({ 5.:{{,’11-'5 . Qua ﬁkab'lf:-

return new DuckCall();

public Quackable createRubberDuck() {
return new RubberDuck() ;

Now let’s create the factory we really want, the CountingDuckFactory:



Cowl:'mBDuc'kFad{ﬂV‘f
also extends the
f—\ abs{,‘n‘aﬂ‘t Eat*’tm“f-
L
public class CountingDuckFactory extends AbstractDuckFactory {

public Quackable createMallardDuck () {

return new QuackCounter (new MallardDuck()) : Eath wethod wr aps the
b Buatkable with the quack
Loun {:'mg detorator. The
public Quackable createRedheadDuck () { sinilabiot will wavir ki
return new QuackCounter (new RedheadDuck()) : the diflerente: it st
. nlE;
} gets back a Guackable.
Bu£ ROW Ol 'ranﬂt'rs Lan
public Quackable createDuckCall() { be sure that all qiua‘.fkj
return new (unackCounter (new DuckCall()): are htin5 tounted
} |
|
publiec Quackable createRubberDuck() { )

return new QuackCounter (new RubberDuck(}) ;

].

(D 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.



Fivst we breate

he fattory
public class DuckSimulator { that were 9oing
public static wvoid main(String[] args) { bo pass nto 0
DuckSimulator simulator = new DuckSimulator()}; the 5'"‘"“13]“'

AbstractDuckFactory duckFactory = new CountingDuckFactory () : r""r‘thnd'

&—
simulator.simulate (duckFactory) ;

} //\
The simulate()

void simulate (AbstractDuckFactory duckFactory) |
method takes an
Quackable mallardDuck = duckFactory.createMallardDuck () ;

AbstractDuckFactory
Quackable redheadDuck = duckFactory.createRedheadDuck () ; and uses it o treate
Quackable duckCall = duckFactory.createDuckCall () ; dutks vather than
Quackable rubberDuck = duckFactory.createRubberDuck () ; i“s'ta“{?iﬂfi’*ﬁ them
Quackable gooseDuck = new Gooselfdapter (new Goose()); dilr'-:d:l':,r

System.out.println("\nDuck Simulator: With Abstract Factory"):

simulate (mallardDuck) ;
simulate (redheadDuck) ;
simulate (duckCall) ;

simulate (rubberDuck) ;

simulate (gooseDuck) ; J\

Syst t.println("The duck cked " + Nothing thanges
ystem.out.println/( e ducks quacke é/— hcre!' Laveol tads.
QuackCounter.getQuacks ()} +

" timas") ;

woid simulate (Quackable duck) {
duck.guack () ;

NOTE

Here’s the output using the factory...




Fila Edit Window Help EggFactlory

/“‘> % java DuckSimulator

Duck Simulator: With Abstract Factory

but this Xime 1y ot
we vt gnsuring o Quack
the dutks ave all Kwak
dcc_o'rahcd bcc’i““ Squeak
ave using TE
Etounjc_'m‘ﬁpuf-u:at‘wﬁ' Homik

4 quacks were counted
%

SHARPEN YOUR PENCIL

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”?

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?



guackable mallardDuck = duckFactory.createMallardDuck() ;

jhh15;twnwff,ff;$ Quackable redheadDuck = duckFactory.createRedheadDuck() ;
manqgamf! Quackable duckCall = duckFactory.createDuckCall ()
\\\xgg Quackable rubberDuck = duckFactory.createRubberDuck() ;

Quackable gooselDuck = new Gooseldapter (new Goose());

simulate (mallardDuck) ;
simulate (redheadDuck) ;
simulate (duckCall) ;
simulate (rubbarDuck) ;

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?

{2 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 f.om?ositc needs

4o implement

the same inkevkace as the leat elements. Our
C leal elements are Quatkables.

public class Flock implements Quackable { f

We've using an &rr&}rLis‘E inside each Flotk to
hold the Quatkables that belong to the Flotk.

ArrayList<Quackable> gquackers = new ArrayList<Quackable>() ;

public void add(Quackable quacker) {
gquackers.add (quacker) ;

public wvoid quack() {

\!\\u The add() method adds a

Ruatkable to the Flotk.

Iterator<Quackable> iterator = quackers.iterator() ;

while (iterator.hasNext()) {

Quackable quacker = iterator.next();

quacker.quack() ;

} Now {'.or the nluar.kf]' method — afjc.cr alL the F!o&k 15 3 Quaﬁkabic too.

} The quat

k() method in Flotk needs o work over the enkive Flotk. Heve

we iterate throush the P«.rraTLich and ¢all quack{) on eath element.

CODE UP CLOSE

Did you notice that we tried to sneak a Design Pattern by you without mentioning it?

public void gquack() {

Iterator<Quackable> iterator = quackers.iterator() ;

while (iterator.hasNext()) {

Quackable quacker = iterator.next():

quacker.quack () ;

e Theve it is/ The [terator
Pattern at work!

13 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

Buatkables,
jus{; like before.

void simulate (AbstractDuckFactory duckFactory) {
Quackable redheadDuck = duckFactory.createRedheadDuck() ;
Quackable duckCall = duckFactory.createDuckCall();
Quackable rubberDuck = duckFactory.createRubberDuck() ;
Quackable gooseDuck = new Gooseldapter (new Goose())

System.out.println("\nDuck Simulator: With Composite - Flocks");

é\\ First we eveate a Floek, and

flockO£fDucks . add (redheadDuck) ; load it up with Quatkables.

flockOfDucks . add (duckCall) ; /
flockOfDucks . add (rubberDuck) ;
flockOfDucks.add (gooseDuck) ;

Flock flockOfDucks = new Flock() ;

Then we treate a new

/ Floek of mallavds.

Flock flockOfMallards = new Flock()
’

Quackable mallardOne = duckFactory.createMallardDuck() ; K—‘—\ Here ‘_m! N
Quackable mallardTwe = duckFactory.createMallardDuck() ; ;“abn?} d
Quackable mallardThree = duckFactory.createMallardDuck(); little Fa'“']'i' of
Quackable mallardFour = duckFactory.createMallardDuck() ; mallards..
flockOfMallards.add (mallardOne) ; and &ddihg them to the
flockOfMallards.add (mallardTwo) ; é,.__———--' Flotk of mallavds
flockOfMallards.add (mallardThree) ; '
flockOfMallards.add(mallardFour) ; Then we add the Flock of

e— mallards to the main flock.

flockOfDucks.add (flockOfMallards) ;

System.out.println("\nDuck Simulator: Whole Flock Simulation") ;
simulate (flockOfDucks) ; - Let's fest ok Thie cidive Flm‘.kf
System.out.println("\nDuck Simulator: Mallard Flock Simulation");
simulate (flockOfMallards) ;
A Then Jets st sk ok el gl

System.out.println("\nThe ducks quacked " +
QuackCounter .getQuacks () +

} " times") ; K.~ Finally, let's give the

Guackdoﬁ]s{; the data.
void simulate (Quackable duck) {

duck .quack () ;
} \ Nothing needs to thange heve; a Flotk is a Quaekable/

Let’s give it a spin...

}



File Edit ‘Windaw Help FlockADuck

% java DuckSimmlator

Duck Simulator: With Composite - Flocks
Duck Simulator: Whole Flock Simulation
Quack

Kwak /
Squeak

Honk

Quack

Quack

guack
cuack

teve's the fivst Hlock

Duck Simulator: Mallard Flock Simulation
Quack
Quack

Quack The data looks
Quack 500# {rcmcm.b{'l' {',h\:
goose doesn't 9et
tounted)-

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 transparent: 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. J

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.

Quac.k{)bscwabkc s the interface

that Quatkablts should im?hcmth{:
it they wank to be cbserved:

public interface QuackCbservable {
public wvoid registerObserver (Chserver observer);
It has a method Pc-v' rcais{crinﬁ

public void notifyCbservers() .,
K___./ Obsevvers. ﬂrw}f objm';f; +M?Ecwchfin5

} the Obsevver interface tan listen
to quacks. We'll define the Observer

It also has 3 '
o has 3 method for intevface in a sec.

ho{iﬁywa the observers.



Now we need to make sure all Quackables implement this interface...

public interface Quackable extends QuackObservable {

public void quack () ; k
) So, we extend the Buatkable

interface with fiuatkObserver.
(5 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: 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 begin with the Observable helper class.

Stop locking at me.
You're making me
nervous!

RuatkOb sevverable



D'bscrvablc m?‘cmcn‘{;s all the Eum:{jonal]{‘f

o s tabe e observable. We Observable must implement QuatkObservable
‘I; {fcuac 3 o vl i ko 3 tlass and have betause thc;: are the same method talls
i::a{nifass delegate to Obsevvable. g that are going to be delegated to it.
I the gonstruttor we ﬁci‘
public class Observable implements QuackObservable { peinc JCh'C G:;f"m:si;f ‘
ArrayList<Observer> observers = new ArrayList<Obserwver>() ; {;'hajc 1 "Sm,?] : ° gablc
QuackCbservable duck; Yo ity el

behavior. Chetk out the

no‘{:u;\fﬂbs:ruevs{) wethod
public Observable (QuackObservable duck) {

below; oull see that when
T a notity otewrs, Dbsevvable

passes +his objct.‘t along so
that the obsevver knows

i ietk is quatking
public wvoid registerObserver (Observer observer) { whieh o'DJLLJ(', is. 9 ing
observers.add (ocbserver) ;

.~ Here's the tode for
} r:ﬁis{zrinﬁ an observer.
public void notifyCbservers() {

Iterator iterator = observers.iterator();
while (iterator.hasNext()) {

Observer observer = iterator.next();
observer ,update (duck) ;

FL And the tode for doing
! the notifications.
}

} Now let's see how a Quackable lass uses this helper...

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.



Each Quatkable has an

public class MallardDuck implements Quackable { ; a'ch
le imekante var '
Observable cbservable; @,—"/ Observable instance
public MallardDuck() { In the construttor, we eveate an
observable = new Observable (this); (2 Observable and pass it a veference
} to the MallardDuek object.
public veoid quack() {
System.out.println("Quack"™) ; When we pl,\*aﬁ;{ we need
notifyObservers () ; e let the obsevvers know
} about it

public veoid registerObserver (Observer ocbserver) |
observable.registerObserver (ocbserver) ;

public void notifyObservers() {

ocbservable.notifyCbservers () ; (:__\\ fleve are our two QuackObservable

methods. Notice that wcjust';
delegate to the helper.

SHARPEN YOUR PENCIL

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:

() 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 Observer in{;cv—fadc
mcfhcd, update(), whig
rﬂ'u&ﬁkﬂbacrmbk that

Jus{ has one
h is passed the
Is quacking

public interface Cbhserver {

public wvoid update (QuackObservable duck) ;

Now we need an Observer: where are those Quackologists?!



We need to implement the Obsevvable intertate or else
we won't be able to vegister with a GuatkObservable.

"

public class Quackologist implements Observer {

public wvoid update (QuackObservable duck)} {

System.out.println("Quackologist: " + duck + " just gquacked.") :

)

Thc @'-‘&ﬂrdohms
metheod, upda+t
@uaﬁkabh that

£ is simple; it Jus4 has ane

I'J whith F'r'mt_q out the
|u1JC nu ﬁkt‘d

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.

SHARPEN YOUR PENCIL

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 (duckFactozxry) ;

void simulate (AbstractDuckFactory duckFactory) {
// create duck factories and ducks here
// create flocks here
System.out.println("\nDuck Simulator: With Observer");

2 All we do heve is chatc
Quackologist quackologist = new Quackologist() ; Quaﬁkoﬁoglst d se

flockOfDucks .registerObserver (quackologist) ; him as an observer

the fotk.
simulate (FlockOfDucks) ; é—\

. ;
System.out.println("\nThe ducks quacked " + This time we'l
we just simulate
QuackCounter.getQuacks ()} + the entive flock
" timEB u} ;
}
void simulate(Quackable duck) { Let's give it a try

duck.quack () ; and see how it works/

}

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

Alter eath

Duck Simulator: With Observer 9 watk, no
Quack matter what
Quackologist: Redhead Duck just quacked. 4".-5:""-_\ kimd of a\uaf.k
o it was, the
Quackologist: Duck Call just quacked. observer 5:"5-'- 3
Squeak notikication.
Quackologist: Rubber Duck just quacked.

Honk

Quackologist: Goose pretending to be a Duck just quacked.
Quack

Quackologist: Mallard Duck just gquacked.
Cuack

Quackologist: Mallard Duck just gquacked.
Quack

Quackologist: Mallard Duck just gquacked.
Quack

Quackologist: Mallard Duck just quackeﬂdi___f,
The Ducks quacked 7 times.

And the
quatkologist still
5&5 his tounts.

THERE ARE NO DUMB QUESTIONS

Q: Q: So this was a compound pattern?

A: 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.

Q: Q: So the real beauty of Design Patterns is that I can take a problem, and start applying patterns to it until
I have a solution. Right?

A: 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. 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 Duck Simulator 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.

What did we do?
We started with a bunch of Quackables...

A goose came along and wanted to act like a Quackable too. So we 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. So we
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.

D@qj_ »

A 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:



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

Lyrics and music by James Dempsey.

MVC'’s a paradigm for factoring your code into
functional segments, so your brain does not
explode.

To achieve reusability, you gotta keep those
boundaries clean

Model on the one side, View on the other, the
Controller’s in between.

Model a bottle of fine Chardonnay

Model all the glottal stops people
say

Model the coddling of boiling eggs
You can model the waddle in
Hexley’s legs

Model View, you can model all the
models that pose for GQ

Model View Controller



Model View, it’s got three layers like Oreos do
Model View Controller

Model View, Model View, Model View Controller
Model objects represent your application’s raison
d’étre

Custom objects that contain data, logic, and et
cetera

You create custom classes, in your app’s problem
domain you can choose to reuse them with all the
views but the model objects stay the same.

You can model a throttle and a manifold

Model the toddle of a two year old

NOTE

So does Java!

View objects tend to be controls
used to display and edit

Cocoa’s got a lot of those, well
written to its credit.

Take an NSTextView, hand it any
old Unicode string

The user can interact with it, it can
hold most anything

But the view don’t know about the
Model

That string could be a phone
number or the works of Aristotle

Keep the coupling loose and so
achieve a massive level of reuse

So does Java!
Model View, all rendered very
nicely in Aqua blue

Model View Controller

You’re probably wondering now
You’'re probably wondering how

Data flows between Model and
View

The Controller has to mediate
Between each layer’s changing state
To synchronize the data of the two

It pulls and pushes every changed
value

Model View, mad props to the
smalltalk crew!



Model View, it’s pronounced Oh Oh not Ooo Ooo
Model View Controller

There’s a little left to this story
A few more miles upon this road
Nobody seems to get much glory

From writing the controller code

Well the model’s mission critical

And gorgeous is the view

I might be lazy, but sometimes it’s just crazy
How much code I write is just glue

And it wouldn’t be so tragic

But the code ain’t doing magic

It’s just moving values through

And I don’t mean to be vicious
But it gets repetitious

Doing all the things controllers do

And I wish I had a dime
For every single time

I sent a TextField StringValue.

EAR POWER

Model View Controller

Model View
How we gonna deep six all that glue

Model View Controller

Controllers know the Model and
View very intimately

They often use hardcoding which
can be foreboding for reusability

But now you can connect each
model key that you select to any
view property

And once you start binding

I think you’ll be finding less code in
your source tree

Yeah I know I was elated by the
stuff they’ve automated and the
things you get for free

And I think it bears repeating all the
code you won’t be needing when
you hook it up in v

Model View, even handles multiple
selections too

Model View Controller

Model View, bet I ship my
application before you

Model View Controller

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.

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 MV C 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!


http://www.youtube.com/watch?v=YYvOGPMLVDo

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 MV C:
it’s just a few patterns put together. When you approach learning MVC by
looking at the patterns, all of a sudden it starts to make sense.

Let’s get started. This time around you’re going to nail MVC!

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...



Yoy, You see the song
display update and
hear the new sang

playing

Model tells the
view the state has

changed

the
Mg,
the ; Wdt?f noUﬁES

i e
! o
i Stﬂf@ =] change

The model tontains all the state, / Mudd

data, and applitation logic needed
to maintain and play mpos-

A closer look...

“Play new song

/

Controller

Controller asks
Player model to
begin playing
song

controller
manipulates
the mod el

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
SHEN Here's the treamy the data, state and
Gives you a presentation conbroller; it lives in application logic. The
of the model. The view the widdle. model is oblivious to
usually gets the state e -7 the view and controller,
and data it needs to although it provides an
display directly from interface to manipulate
the model. and retrieve its
/ state and it can send
> e @ notifications of state
changes to observers.
Change your
@ The user did cﬂ"ﬂ'ﬂ"Er state
something
/ @ Change your B
| display elass Player

plagil{}

@ rip ) L}

burn () {}

T've chﬂﬂgﬂ‘-ﬂl a T —

E
Jﬁ Model

m‘ﬁew b ® / j

——___ T need your state —

| Here's the
This is the user Infarmedion model; it
.m{-_f_rf—a-:c. Inand,[cg ,a.”
3??I_|.:_a'i;|on data
and logjit

(D Youw’re the user — you interact with the view.

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 to figure out what that means and how the
model should be manipulated based on that action.

3 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.

THERE ARE NO DUMB QUESTIONS

Q: Q: Does the controller ever become an observer of the model?

A: A: 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.

Q: Q: 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?

A: A: The controller does more than just “send it to the model”; it is responsible for interpreting the input and
manipulating the model based on that input. But your real question is probably “why can’t I 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 the 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.

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 is: 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.

The user did
something

Q,QV\WO )

B

—

 —
View

The display consists of a nested set of
windows, 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.

Observer

e

c : ¢ ' I Change your
ontroller
state ObServer
Change your
display
T've changed —————

I need your state
information

Model

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.



w All these observers will be
notified whenever state
tharaes in +the model.

Observers

Observable
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Controller

NOTE

The view only worries about presentation. The controller worries about translating user
input to actions on the model.

- >y

Composite
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It’s your time to be the DJ. When you’re a DJ 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 DJ 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 'pulsinﬁ bar shows the beat in veal Lime.

| . 6 ﬁ View é/—
A display shows the twrrent BPMs and is
M automatically set whenever the BPM thanges.

The view has two j‘
a"l‘{'}l {:}‘t ?GTJ';

E -.r'qew‘mg the
s:;tg off the model
and the par t for i
conbrolling Thinds. M © O Control
D) Control
Enter BPM: 120 i"‘-—

— —
(«:«:){_}};
T

Detreases Intreases
the BPM by the BPM by
one beat per  one beat per

minuwte. minute.

You ean enter a speeific BPM and tlick
the Set button to set a s?cl‘.'.'htif. beats

per minute, or You tan use the intrease
and deevease buttons for fine tuning,

NOTE

Here are a few more ways to control the DJ View...




Hfou use the SJCoP

A button to shut ® O & Control
f beat kiking bg{ark down the beat

generation.

Con)t,rolu i

Notice SJf.o? i Notice Start is /

disabled wntil You disabled after
start the beat. the beat has
started.

All user aetions are

Scn'!‘. 'bo ﬂ'\t t'.on{ro”tr.

P

The tontroller takes input
From the user and Flgwcs
out how to translate that
into 'rznluzs{;s on the model.

Controller

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.

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
the aFF]iﬂaf,ioh. I+ imf‘|ﬂnch'ts
the logic 4o start and stop the
beat, set the beats per minute
(BPM), and generate the sound.

Thc madel a!s-; allows us ‘f:o /

obtain its turvent state {:hrough
the 9etBPMO) method.



Putting the pieces together

The bta'h is 5?.4: at ”'? BPM and ‘J‘w
would like 4o intvease it to 120. 1

® © & Control
| D) Control
i Enter BPM: Click on the
| / intrease beat
[ — — button..
==

View ~whith vesults in the

tontroller bcina mvoked.

The tontroller asks
the model to u?da‘bﬂ

its BPM .U"I‘ ont.

Controller
You see the beat bar
pulse every |/2 second-
J Because the BPM is 120, ¢
i . is 120, th
View view gets a beat notific ati Dhc
B O 6O View \ every 1/2 setond.
é _‘_-_-_‘—-—-
l Current BPM: 120 ’?I w
The view "4&{:& View is notified {hat the
1o 120 BPM. BPM thanged. [t ealls

oetBPMO) on Lhe model state.

Building the pieces

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 BeatModelInterface before looking
at the implementation

e Py 32{.’-‘( khe

public interface BeatModelInterface { This 9¢% 5 ns'cﬂnbajfffd

Clll [T
void initialize() : P Peatiod
These are the methods
the tontroller will void on () & These methods turn the

use to dirett the Kﬁ beat {u:,cr-crai.:n’r on and off.
model based on user

interattion. WAL R This method sets the beats per
/_—\ minute. Ft-H‘.ﬂ' it is ealled, the
void setBPM(int bpm) ; beat frequency thanges immediately.
int getBPM() ; é_"—-—‘_‘———-_\\ The 55{BPM” mt{’,had
N llow veturns the turrent BEMS,
Lhe view and the void registerObserver (BeatObserver o) ; O if the generater is ok

gon{;ro”cr to E;C{
s{ajc.c and to betome

void removeObserver (BeatObserwver o) ;
observers.

void registerObserver (BFMCbserwver o) ;

void removeCbserver (BPMObserver o) ;
} ?
This should look familiar.
These methods allow

obij,’c,S to Yca'ls{:cr as
obsevvers for state changes

WCJVC SFIFE qEhl!l- |h+,0‘ 'I_-,Wo kll'ﬁds O‘p Obstrutrsi
obsevvers that want to be notified on every
beat, and observers that jus{ want to be
notified with the beats per minute change.

Now let’s have a look at the concrete BeatModel class



This is needed for
We i"\f’aﬁmtnt the BcaWﬂddlY\t”&“' the MID| tode.

public class BeatModel implements BeatModelInterface, MetaEventListener { Th_c sequenter is the
Sequencer sequencer; -1 OhJchc Dot b b
Arraylist<BeatChserver> beatCbservers = new ArrayList<BeatObserver>(); 1o 5cncr3£¢ veal beats
ArraylList<BFMObserver> bpmCbservers = new ArrayList<BPMObserver>() ; (that ‘feu Lan hea'r!').
he ’Q——- These Arraylists hold the two kinds of

// other instance wvariables here )
observers (Beat and BPM observers/.

il Lnbriaihal) f e necthed dee

{ The bbm instance variable holds the
+UpMidi () ; sc‘EuF on the P
lsazilngﬁrazgndStart[] ; sequenter and sets *Fntqluc'nt.}‘ of beats - by default, 90 BPM.
} up the beat tracks
o us.

public void on() {
sequencer.start() ; < The .;.,.-.‘.':‘ method starts the sEquénter and

} SetBPM(90) ; sets the BPMs +o the default: 90 BPM.
public void off () { E——  fnd ofFO) shuts it down by setting BPMs
setBPM(0) ; to O and stopping the sequencer.
sequencer.stop () ;
} g o™ The setBPM() method is the way the tontroller
manipulates the beat. [t does three things:
public void setBPM(int bpm) { 1 ] ab
thia bew'= Ty &— (1) Sets the bpm instance variable

sequencer . setTempoInBEM(getBPM()) i (1) Asks the sequenter 4o change its BPMs
notifyBPMObservers() ;

} S~ (3) Nokifies all BPM Observers that the BPM
has ehanged.
public int getBPM() { _ ) ;
;Etlllrn bpm; k_\ﬂwz getBPMO) methed just. veturns the bpm instance variable, which

: indieates the curvent beats per minute.

woid beatEvent() {

notifyBeatObservers () ; C— The beakEvent() method, whith is not in the BCM"dc”“JC”'Fa“' s

talled by the MID| eode whenever a new beat stavts. This method
notifies all BeatObservers £hat 3 new beat has \'}us{. obturred.

// Code to register and notify cbservers
// Lots of MIDI code to handle the beat

}

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.

- J

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'ue separated

el e

i Eronlw the \
6 0_6 '\I"I'EW _| N'.IEW W-IT_,IP'I ‘['_.Ihﬂ
{ If;ﬂl'l"u'f"c"ls' \lf
_ . Current BPM: 120 \ A O & Control
g v o : DJ Control
displays two —
aspetts of the Enter BPM:
BeatModel... ( Set )
the Euwrrent ‘;hf 4 ?u.';i.r.r_l:l bfat 7 ,\ = ) I_I e 3
beats per o ey o —
méh;_& ’;mm the with the beat, dviven o
BDJ"'-"]--E}lbsrru:r bT the Bcatﬂ'hs:‘r\fﬂ' ' his s {:hﬂ Part of +h
1 I' r " a_‘:- ] Ou ¢ i L | ¥ |t \llﬂc " I
notikications. rotifications ou use £, éhanﬂt the beat WTE:”.

to the Lont: c"":ﬂh.«ra You do o

BRAIN POWER

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 real-time
beat.

A textual view that displays a music genre based on the BPM (ambient, downbeat,
techno, etc.).

Implementing the View

The two parts of the view — the view of the model, and the view with the
user interface controls — are displayed 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 the code that creates the user
interface controls, which displays the BPM text entry field, and the buttons.

WATCH IT!
The code on these two pages is just an outline!

What we’ve done here is split ONE class into TWO, showing you one part of the view on
this page, and the other part on the next page. All this code is really in ONE class —
DJView.java. It’s all listed at the end of the chapter.

DJView is an observer for both veal-time beats and BPM thanges.
public class DJView implements Actionlistener, BeatObserver, BPMObserver {
BeatModelInterface model;

The view holds a velference beth th
ControllerInterface controller; i stetohath S el ol

the tontroller. The tontroller is only used by the
tontral in{',t'rg&c.t, whith we'll 90 over in a set...
Here, we treate 3 fo

Components for the display

JFrama viewFrame ;
JPanel viewPanel;
BeatBar beatBar;

JLabel bpmOutputLabel;

public DJView{ControllerInterface controller, BeatModelInterface model) {

this.controller = controller;
e The tonstruttor aets a reference

this.model = model; 3 gl e
model . registerObserver ( (BeatCbserver) this) ; to the eontroller an ¢ model,
and we store vefeventes to those

model . registerObserver ( (BPMObserver) this) ; !
} in the instante vaniables.

We also register as a BeatObserver and
a BPMObserver of Lhe model.

public void createView() {

// Create all Swing components here
}

. . L The wpdateBPM() method is talled when a state
public void updateBPM() { thange otturs in the model. When Lhat happens we

int bpm = model.getBFM() ; 'ﬂ:\_ update the display with the turrent BPM. We can get

if [bp]n == D] { tl’!lﬁ- \'afuf b?' r:qlucs-bna I£ d!\’tﬂﬂ}r ff@l’n 'Ehf modd
bpmCutputLabel . setText ("offline") ;

} else {
bpmQutputLabel . setText ("Current BEM: " + model.getBPM()) ;
}

}
— Likewise, the updateBeal() method is ealled

T T— when the model starts a new beat. When that
s tRes AT b OGN s happens, we need to pulse our “beat bar.” We do

} this b?' sc-H:m5 it to its maximum value (100)
£ and letting it handle the animation of the pulse

Implementing the View, continued...



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 DJIView implements Actionlistener, BeatObserver, BPMObserver {
BeatModel Interface model;
ControllerInterface controller;
JLabel bpmLabel;
JTextField bpmTextField;
JButton setBFMButton;
JButton increaseBPMButton;
JButton decreaseBFMButton; }
JMenuBar menuBar;
JMenu menu;
JMenultem startMenultem;
JMenultem stopMenultem;

B8 O3 Control

public void createControls() { L This wiethod eveaba all -t

// Create all Swing components here tontrols and plates them

in the interface It also takes tave of the mernuw. When
the stop or start items are thosen, the torrespondin
public void enableStopMenultem() { methods ave called on the tontroller. !
stopMenultem,setEnabled (true) ;

}

}
All Lthese methods allow the start and

public void disableStopMenuItem() { stop items in the menu 1o be enabled and
M e En T (R Ta e disabled. We'll see that the controller uses
} these 1o thange the interfage.

public woid enableStartMenuItem() {
startMenultem. setEnabled (true) ;
}

This method is called when a button is elitked.

public woid disable3tartMenuTtem() {
startMenultem.setEnabled(false) ;
} ( [€ the Set button is
tlicked then it is passed
public woid actionPerformed (ActionEvent event) { on 1o the tontroller
if (event.getSource() == setBPMButton) { &j along with the new bpm
int bpm = Integer.parselnt(bpmTextField.getText()) ;
controller.setBPM({bpm) ;
} else if (event.getSource() == increaseBPMButton) | Likewise, f the intrease
controller.increaseBFM() ; T or detrease buttons are
} else if (event.getSource() == decreaseBPMButton) { tlicked, this information is
controller.decreaseBPM() ; ?asscd on o 'l:hc tonbroller.

}

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 DJ View. We’re
going to call it ControllerInterface.
Heve ave all £he

methods the view tan
tall on J:,hc dorﬂ!‘,’ro”tr

public interface ControllerInterface {

void start(); QN These should look familiar to Yyou after seeing
void stop(); f\ the model’s interfate. You ean stop and start
void increaseBPM() ; . ke beat ?Ecn:'réjc'\:}h and change the BPM.

void decreaseBPM() ; c=—— This interkate is “vither” than the BeatModel

intevface because You ean adjus{: the BPMs

void setBPM(int b ; S
{ o with intrease and detvrease

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?

And here’s the implementation of the controller



The eontroller implements

[ the Con{ro“c‘r‘|h£€‘f£af-t-

public class BeatController implements ControllerInterface {

BeatModelInterface model;
DIView view;

public BeatController (BeatModelInterface model) {

this
view =
view.

.model = model;

createView() ;
createControls () ;
disableStopMenultem() ;
enableStartMenultem() ;
model.initialize() ;

viaw.
view.
view.

}

K-’-’-_—_\

public void start() {
model .on() ;
view.disableStartMenuItem() ;
view.enableStopMenuItem() ;

}

public void stop() |
model . of £ () ;
view.disableStopMenultem() ;
view.enableStartMenultem() ;
}

public void increaseBEM() {
int bpm = model.getBEM() ;
model . setBPM({bpm + 1) ;

}

public void decreaseBPM() {
int bpm = model.getBEM() ;
model . setBPM(bpm - 1) ;

}

public void setBPFM(int bpm) {
model . setBPM (bpm) ;
}

Putting it all together...

new DJView(this, model) ;

——

The tontroller is the treamy stuff
in the middle of the MVC oveo
tookie, so it is the object that
gets to hold on to the view and the
model and glues it all together.

é—\\ The tontroller is passed the
model in the tonstruttor and

then treates the view.

Q

When you thoose Cart from the user
inkevFace menu, the tontroller turns
4he model on and then altevs the user
inkevfate so that the start menw
ikem is disabled and +he stop menu
tewm is erabled.

Likewise, when Yyou thoose E{:o? from
the menu, the controller turns the
model off and altevs the user intevface
so that the stop menu item is disabled
and the start menu item is enabled.

NOTE: the controller is
making the intelligent
detisions for the view.
The view jus{ knows how
‘Eﬂ {'..U'l"n menl -I‘{‘,cms on
and o\E-F,' it dacsrnj{: know
the situations in whith
it should disable them.

I the intrease button is elicked,
the tontroller gets the turvent
BPM From +he model, adds one,
and then sets a new BPM.

Came thing heve, only we subtract
one from the eurvent BPM.

FinaH}r, if the user intevface is used o
set an arbi{rar:{ BPM, the tontroller
instrutts the model £o set its BPM.

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
WSt Crea
BeatModelInterface model = new BeatModel () ; £ tea model...
ControllerInterface controller = new BeatController (model) ;

}
} R_. ..then ereate a tontroller and

pass it the model. Remember,
the tontroller eveates the view,
so we don't have to do that.
And now for a test run...
File Edit Window Halp LetTheBasskick
% java DJTestDrive )

% le this...




-and '\_Iu"I:'.A'I” see {,hlﬁz \

S OO View M O ® Control
—— D} Control
Current BPM: 120 ) Enter BPM:
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. et 3
L_f: << | = L
—

Things to do

(D Start the beat generation with the Start menu item; notice the
controller disables the item afterwards.

(@ Use the text entry along with the increase and decrease buttons to
change the BPM. Notice how the view display reflects the changes
despite the fact that it has no logical link to the controls.

3@ 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.

®) Stop the generator. Notice how the controller disables the Stop
menu item and enables the Start menu item.

Exploring Strategy

Let’s take the Strategy Pattern just a little further to get a better feel for how it
is 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.

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 that we have a heart monitor class; here’s the class diagram:

HeartModel We've aok a method Q.:Jr getting
getHeartRate() f the Lu.-r'rth{' heavt rate
registerBeatObserver)
registerBPMObserver() 5 “ﬁ_‘"—\ And luckily, its developers knew about the
If other heart methods Beat and BPM Observer interfaces!
T—

BRAIN POWER

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 HeartModel 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? Jot down your class design ideas below.

Adapting the Model

For 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 im?]em:nJc the
F target inkevfate — in this
tase, BeatModellnterkace.
public class HeartAdapter implements BeatModellInterface |
HeartModelInterface heart;

public HeartAdapter (HeartModelInterface heart) ({ \ Here, we store a vefevente
this.heart = heart;

: k_/ fo the heart model.

public woid initialize() {}

\ We don't know what these would

public wveoid on() {} . do +o 3 heart, but it sounds st.&lr‘f-l

we |l just | them as “no ops.
public veid off() {} e So we'll just leave the P
R A When aetBPMO is ealled, we'l just
return heart.getHeartRate(); < trawlate it to 3 getieartRateD)
} call on the heart model.

public void setBPM(int bpm) ({} é——‘\ We dor't vant Lo do Hhis on 2 "I‘M:'J

% ! - W s
public void registerCObserver (BeatObserver o) { Pi?,ﬁlh let's leave it 3s a "o %

heart.registerObserver (o) ;
}

O et o i e Here are our observer metheds.
We Just delegate them to the
wrapped heart model.

heart.removeObserver (o) ;

}

public void registerObserver (BPMObserver o) {
heart.registerCbserver (o) ;
}

public wvoid removeCbserver (BPMObserver o) {

heart.removeObserver (o) ;

}

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
p the Con-['.ro"er[n{'xr“'aﬂe, juS{'.
like the BeatController did.
public class HeartController implements ControllerInterface {

HeartModelInterface model;
DIView view;

Like before, the

public HeartContreller (HeartModelInterface model) { tontroller eveates the
this.model = model; view and 5:{:5 cvcr\ﬂ;hing
view = new DJView (this, new HeartAdapter (model)) ; 5]"'°d ‘Epﬁe{','n:r.
view.createView() ;
view.createControls() ; Theve is one :‘.hahgc-‘ we are ?asscd
view.disableStopMenuItem() ; a HeartModel, not a BeatMeodel...
view.disableStartMenuItem() ;

} ~.and we need to wrap that
| ' mode| with an adapter before

public void start() {} we hand it to the view.

pekiiE watd weapiE €1 F'ma”‘]f, the HeartController disables £he

menu items betause {:h:ji aven't needed.
public veid increaseBPM() {}
public void decreaseBPM() {} 6\1"“3-5’5 not 3 lot £o do heve; after all,

we tant 'rcaH']r tontrol hearts like we

public void setBPM{int bpm) {} e Leslk 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) ;

}
! gl
All we need to do is eveate the
tontroller and pass it a heart monitor.

And now for a test run...

File Edit Window Help CheckMyPulse
s Java HeartTestDrive )

Run this...
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Things to do

(D 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.

3 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.



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:

@ E,S-t ’__"‘-‘-% o 4? — e
e red ‘ I ‘P}% ®@ —

— servlet/controller ‘%}
v W

model/DB/
bean business logic

Client Jjsp/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.

@2 | 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.




You don't even want to know
what life was like before
Model 2 came on the scene.

It was ugly.

Former DOT COMer

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 a jar 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 men & women 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.

Model 2: DJ’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!

D] View

Beats per minutes = ag

| ELCHCT

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.



http://jakarta.apache.org/tomcat/

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 is 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 input 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 HttpServiet class
so that we tan do sevvlet kinds
ﬁ things, like veceive HTTP vequests.
: i We need the sevialization id betause
public class DJViewServlet extends HttpServlet | e
private static final long serialVersionUID L; E/ H{'J;?Sewlcf mflcmcn{:- Cevializable.
Heve's the init method;

public wveoid init() throws ServletException { é_,———"'_ {:h'ls is ealled when the
servlet is First eveated.

BeatModel beatModel = new BeatModel () ;

beatModel.initialize () ;
getServletConteaxt () .setAttribute ("beatModel", beatModel) ; We J;-,.rst eveate a
BeatModel o'njct.{:.--

}
/&, ~and place a refevente to it

// doGet method here
in the sevvlet's tontext so
that it's easily actessed.

——

= 2

public veoid doPost (HttpServletRequest request,
HttpServletResponse response) 6)

throws IOException, ServletException

{
// implementation here Here's the doPost() method. This is wheve the veal work
happens. We've 30{ its implementation on the next page.

}
Here’s the implementation of the doGet() method from the page before:



public veoid doPost (HttpServletRequest request,

HttpServletResponse response) Fivst we gra'o the model 3:\"0""

throws IOException, ServletException the sevviet tontext We tant

{ manipulate the model without
BeatModel beatModel = a r:Ecvcn.'.c to it

(BeatModel) getServletContext () .getAttribute ("beatModel") ;

String bpm = request.getParameter ("bpm") ;
if (bpm == null) {
bpm = beatModel.getBBEM() + "";

} '_\ NC‘A{, we Srab all £he HTTP

tommands/parameters..
String set = request.getParameter ("set") ;
if (set '= null) { e~ ﬂf we 5-:{ a set tommand,
int bpmNumber = 90; then we 5cf the value of the
bpmiumber = Integer.parselnt (bpm) ; set, and tell the model.

beatModel . setBPM (bpmNumber) ;
}

String decrease = request.getParameter ("decrease"); g
if (decrease '= null) { . detrease, We et
treast ov !
beatModel . setBPM (beatModel.getBPM() - 1) ; e Toin L BPMs from the model,

the turrent B " 'bj‘ one.

! and adjust up o dov

String increase = request.getParameter ("increase")

if (increase '= null) {
beatModel . setBPM (beatModel .getBPM() + 1) ;

b

String on = request.getParameter ("on"); . £ we 3:{: an on or off
if (om '= null) { tommand, we tell the model
beatModel .on() ; to turn Q-Fa{: or on.

}
String off = request.getParameter ("off") ;

if (off '= null) {

beatModel .off () ; Fo]]awing the Model 2 dc;ini'bc»n,

} we pass the JSP a bean with +he
model state in it In this case, we

request.setAttribute ("beatModel"”, beatModel) ; pass it the attual model, since it

happens to be a bean.
RequestDispatcher dispatcher =

request.getRequestDispatcher ("/djview.jsp"); &— F'"QH'}"J our ;‘Pb as a tontroller
dispatcher.forward(request, response); is done. All we need to do is
} ask the view to take over and
treate an HTML 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, whith

[ the servlet passed us.
<jsp:useBean id="beatModel" scope="request"

class="headfirst.designpatterns.combined.djview.BeatModel" />

<!doctype html>
<html> Begjnning of the HTML.

<head> e_/
<meta charset="utf-g">

<title>DJ View</title>

<style>...</style>
{fhs :r}e style Here we use the mode| bean fo

. extract the BPM P'I"OFCI"E:'}L
<body>

<h1>DJ View</hl> \/ l

Beats per minutes = <jsp:getProperty name="beatModel" property="BPM" />
<br><hr><br>

Now we
=mn " 3 =" Zard s 1 56?\“’3{: 'H":
<form method="post" action="/djview/servliet/DIViewServliet"> ek
view, whit
BPM: <input type=text name="bpm" ?ﬁrih‘ﬁs s
value="<jsp:getProperty name='beatModel' property='BPM' />"> the turrent
beats per
<input type="submit" name="set" value="set"><br> minute.
<input type="submit" name="decrease" wvalue="<<"> And heve's the tontrol P&h“t
<input type="submit" name="increase" wvalue=">>"><br> of the view. We have a text
<input type="submit" name="on" value="on"> C“'&"‘Y for tn{crins a BPM

along with intrease/decrease

and on/olf buttons.

<input type="submit" name="off" wvalue="off"><br>

</ Form>

</body> é"__\
Sihtuls And heve's the end

of the HTML.

NOTE

NOTICE that just like MVC, in Model 2 the view doesn’t alter the model (that’s the
controller’s job); all it does is use its state!

Putting Model 2 to the test...

It’s time to start your web browser, hit the DJView Servlet and give the
system a spin...
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Things to do



@ First, hit the web page; you’ll see the beats per minute at 0. Go
ahead and click the “on” button.

(2 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.

3 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 servlet
parses the user input and then makes requests to the model. The
servlet then passes control to the JSP (the view), which creates the
HTML view that is returned and displayed.

Design Patterns and Model 2

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 HTML from a
JSP, but the view is no longer a listener of the model. We have a controller
that’s a servlet that receives HTTP requests, but are we still using the
Strategy Pattern? And what about Composite? We have a view that is made
from HTML 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.
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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.

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 object system that
most likely forms a composite.
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NOTE

The controller still provides the view behavior, even if it isn’t composed with the view
using object composition.

=

=

THERE ARE NO DUMB QUESTIONS

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.

Q: Does the controller ever implement any application logic?

A: No, the controller implements behavior for the view. It is 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?

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.

Q: 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?

A: 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.

Q: 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 I 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.

Q: The view is not supposed to manipulate the model; however, I noticed in your implementation that the




view has full access to the methods that change the model’s state. Is this dangerous?

A: A: 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?

Tools for your Design Toolbox

You could impress anyone with your design toolbox. Wow, look at all those
principles, patterns and now, compound patterns!
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BULLET POINTS

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.

Exercise Solutions

~

SHARPEN YOUR PENCIL SOLUTION

The QuackCounter is a Quackable too. When we change Quackable to extend
QuackObservable, we have to change every class that implements Quackable, including
QuackCounter:
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public class QuackCounter implements Quackable {
Quackable duck;

static int numberOfQuacks; Heve's the duck that the
Quaﬂkccmn{e'r' Is dcf.ora'i‘,inﬂ. H_',is +his
public QuackCounter (Quackable duck) { duck that veally needs o handle the
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duck . quack () ;

numberOfQuacks++; d
yErSion

public static int getQuacks() {
return number0fQuacks;

public void registerObserver (Observer observer) {

duck. registerObserver (cbserver) ; B Here it Bl
} QuackObservable
f methods. Notice
public void notifyObservers() { E:i: :jfiui iﬁ[:gafc
duck.notifyObservers () ; duek that s
} decorating,

SHARPEN YOUR PENCIL SOLUTION

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 3 Quadcab'ic, 50 NoW
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public class Flock implements Quackable {

ArrayList<Quackable> quackers = new ArrayList<Quackable>() ;
Here's the Quackables
public wvoid add{(Quackable duck) { +that are in the F!ock.
ducks . add (duck) ;

public woid quack() {
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public wvoid registerCbserver (Observer observer) {
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public void notifyObservers() { }

’t Each Quatkable does its own notification, so
Flotk doesn't have o worry about it This
happens when Flock delegates quack() 4o each
Quatkable in the Flock.

SHARPEN YOUR PENCIL SOLUTION

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 could add a createGooseDuck() method to the existing Duck Factories. Or, you
could create a completely separate Factory for creating families of Geese.

DESIGN PUZZLE SOLUTION

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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READY BAKE CODE

Here’s the complete implementation of the DJView. It shows all the 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.designpatterns.combined.djview;
public class DJTestDrive {
public static void main (String[] args) {

BeatModelInterface model = new BeatModel();
ControllerInterface controller = new BeatController(model);

}
The Beat Model

package headfirst.designpatterns.combined.djview;

public interface BeatModelInterface {
void initialize();

void on();

void off();

void setBPM(int bpm);
int getBPM();

void registerObserver (BeatObserver o0);



http://www.wickedlysmart.com

void removeObserver(BeatObserver o);
void registerObserver (BPMObserver o);

void removeObserver (BPMObserver o);

}

package headfirst.designpatterns.combined.djview;
import javax.sound.midi.*;
import java.util.*;

public class BeatModel implements BeatModelInterface, MetaEventListener {
Sequencer sequencer;
ArrayList<BeatObserver> beatObservers = new ArrayList<BeatObserver>();
ArrayList<BPMObserver> bpmObservers = new ArrayList<BPMObserver>();
int bpm = 90;
Sequence sequence;
Track track;

public void initialize() {
setUpMidi();
buildTrackAndStart();

public void on() {
System.out.println("Starting the sequencer");
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() {
for(int i = 0; i < beatObservers.size(); i++) {
BeatObserver observer = (BeatObserver)beatObservers.get(i);
observer.updateBeat();

}

public void registerObserver (BPMObserver o) {




bpmObservers.add(o);

public void notifyBPMObservers() {
for(int i = 0; i < bpmObservers.size(); i++) {
BPMObserver observer = (BPMObserver)bpmObservers.get(i);
observer.updateBPM();

public void removeObserver (BeatObserver o) {
int i = beatObservers.index0f(0);
if (i >=0) {
beatObservers.remove(1i);
}

public void removeObserver (BPMObserver o) {
int i = bpmObservers.index0f(0);
if (1 >=0) {
bpmObservers.remove(1i);
}

public void meta(MetaMessage message) {
if (message.getType() == 47) {
beatEvent();
sequencer.start();

setBPM(getBPM());
}
}
public void setUpMidi() {
try {
sequencer = MidiSystem.getSequencer();
sequencer .open();
sequencer .addMetaEventListener (this);
sequence = new Sequence(Sequence.PPQ,4);
track = sequence.createTrack();
sequencer .setTempoInBPM(getBPM());
sequencer .setLoopCount (Sequencer .LOOP_CONTINUOUSLY);
} 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; i < list.length; i++) {
int key = list[i];

if (key !'= 0) {
track.add(makeEvent(144,9,key, 100, i));
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;
}
}
The View

package headfirst.designpatterns.combined.djview;

public interface BeatObserver {
void updateBeat();
}

package headfirst.designpatterns.combined.djview;

public interface BPMObserver {
void updateBPM();
}

package headfirst.designpatterns.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;

JMenuItem startMenultem;
JMenuItem stopMenuItem;

public DJView(ControllerInterface controller, BeatModelInterface model)
this.controller = controller;
this.model = model;
model.registerObserver ((BeatObserver)this);
model.registerObserver ((BPMObserver)this);

}

public void createVview() {
// Create all Swing components here
viewPanel = new JPanel(new GridLayout(1, 2));
viewFrame = new JFrame("View");
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(1, 2));

menuBar = new JMenuBar();
menu = new JMenu("DJ Control");
startMenuItem = new JMenuItem("Start");
menu.add(startMenuItem);
startMenuItem.addActionListener (new ActionListener() {
public void actionPerformed(ActionEvent event) {
controller.start();

1},

stopMenuItem = new JMenuItem("Stop");
menu.add(stopMenuItem);
stopMenuItem.addActionListener (new ActionListener() {
public void actionPerformed(ActionEvent event) {
controller.stop();
}

1)
JMenuItem exit = new JMenuItem("Quit");
exit.addActionListener (new ActionListener() {
public void actionPerformed(ActionEvent event) {
System.exit(0);
}

1.




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(1, 2));

buttonPanel.add(decreaseBPMButton);
buttonPanel.add(increaseBPMButton);

JPanel enterPanel = new JPanel(new GridLayout(1, 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 enableStopMenuItem() {
stopMenuItem.setEnabled(true);
}

public void disableStopMenuItem() {
stopMenuItem.setEnabled(false);
}

public void enableStartMenuItem() {
startMenuItem.setEnabled(true);
}

public void disableStartMenuItem() {
startMenuItem.setEnabled(false);
}

public void actionPerformed(ActionEvent event) {
if (event.getSource() == setBPMButton) {
int bpm = Integer.parseInt(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("offline");
} else {
bpmOutputLabel.setText("Current BPM: " + model.getBPM());
}

}

public void updateBeat() {
beatBar.setValue(100);
}

}
The Controller

package headfirst.designpatterns.combined.djview;

public interface ControllerInterface {
void start();
void stop();
void increaseBPM();
void decreaseBPM();
void setBPM(int bpm);

}

package headfirst.designpatterns.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.disableStopMenuItem();
view.enableStartMenuItem();
model.initialize();

}

public void start() {
model.on();
view.disableStartMenuItem();
view.enableStopMenuItem();

}

public void stop() {
model.off();
view.disableStopMenuItem();
view.enableStartMenuItem();

}

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);
}

}

The Heart Model
package headfirst.designpatterns.combined.djview;
public class HeartTestDrive {

public static void main (String[] args) {
HeartModel heartModel = new HeartModel();
ControllerInterface model = new HeartController(heartModel);

}

package headfirst.designpatterns.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.designpatterns.combined.djview;
import java.util.*;

public class HeartModel implements HeartModelInterface, Runnable {

ArrayList<BeatObserver> beatObservers = new ArrayList<BeatObserver>();

ArrayList<BPMObserver> bpmObservers = new ArrayList<BPMObserver>();
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) {
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 i = beatObservers.index0f(0);
if (i >=0) {
beatObservers.remove(i);

}

public void notifyBeatObservers() {
for(int i = 0; i < beatObservers.size(); i++) {
BeatObserver observer = (BeatObserver)beatObservers.get(i);
observer.updateBeat();

}

public void registerObserver (BPMObserver o) {
bpmObservers.add(o);
}

public void removeObserver (BPMObserver o) {
int i = bpmObservers.index0f(o);
if (i >=0) {
bpmObservers.remove(i);
}

}
public void notifyBPMObservers() {
for(int i = 0; i < bpmObservers.size(); i++) {

BPMObserver observer = (BPMObserver)bpmObservers.get(i);
observer .updateBPM();

}
The Heart Adapter

package headfirst.designpatterns.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() {3}

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(o0);
}

public void registerObserver (BPMObserver o) {
heart.registerObserver(o);
}

public void removeObserver (BPMObserver o) {
heart.removeObserver(o);
}

}
The Controller

package headfirst.designpatterns.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.disableStopMenuItem();
view.disableStartMenuItem();

}

public void start() {}
public void stop() {}

public void increaseBPM() {}
public void decreaseBPM() {}

public void setBPM(int bpm) {}
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Chapter 13. 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 —
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...

THE OBJECTVILLE GUIDE TO BETTER LIVING WITH DESIGN
PATTERNS



@%@"

Please accept our handy guide with tips & tricks for living with patterns in the real
world. In this guide you will:

C&" | Learn the all too common misconceptions about the definition of a “Design Pattern.”
Discover those nifty Design Patterns catalogs and why you just have to get one.
Avoid the embarrassment of using a Design Pattern at the wrong time.

Learn how to keep patterns in classifications where they belong.

See that discovering patterns isn’t just for the gurus; read our quick How To and become a
patterns writer too.

Be there when the true identity of the mysterious Gang of Four is revealed.
Keep up with the neighbors — the coffee table books any patterns user must own.
Learn to train your mind like a Zen master.

Win friends and influence developers by improving your patterns vocabulary.

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:

NOTE

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:

The context is the situation in which the pattern applies. This should be a
recurring situation.




NOTE

Example: You have a collection of objects.

The problem refers to the goal you are trying to achieve in this context,
but it also refers to any constraints that occur in the context.

NOTE

You need to step through the objects without exposing the collection’s
implementation.

The solution is what you’re after: a general design that anyone can apply
which resolves the goal and set of constraints.

NOTE

Encapsulate the iteration into a separate class.

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:

“If you find yourself in a context with a problem that has a goal that is affected by a set
of constraints, then you can apply a design that resolves the goal and constraints 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.



I'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: I’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?

BRAIN POWER

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?



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? For 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.



MNext time someone
tells you a patternis a
solution to 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.

THERE ARE NO DUMB QUESTIONS

: Q: Am I 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 patterns 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: Isit okay to slightly alter a pattern’s structure to fit my design? Or am I 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.

: Q: Where can I 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.

GEEK BITS
May the force be with you

The Design Pattern definition tells us that the problem consists of a goal and a set of
constraints. 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) do we 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!

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, each patterns catalog takes a set of patterns and describes each 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. For
instance, each pattern has a name.

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 a name 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 what it is. 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 class’s 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?
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THERE ARE NO DUMB QUESTIONS

i i be a “patterns guru”
Q: Q:Isit possible to create your own Design Patterns? Or is that something you have to P

to do?




A: 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 I get started?

A: A: As with 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 also
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 I know when I really have a pattern?

A: 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.

So you wanna be a design patterns star?
Well, listen now to what I tell.

Get yourself a patterns catalog,

Then take some time and learn it well.

And when you’ve got your description right,
And three developers agree without a fight,
Then you’ll know it’s a pattern alright.

NOTE

To the tune of “So you wanna be a Rock’n Roll Star.”

\ J

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.

Get your ideas down on paper in a way others can 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 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.



Use one of the existing
pattern templates to
define your pattern A lot
of thought has gone into
fhese templates and other
pattern usevs will recognize
the format.

WHO DOES WHAT?
Match each pattern with its description:




Pattern

Description

Decorator
State
fterator
Facade
Strategy
Proxy
Factory Method
Adapter
Observer
Template Methed
Composite
Singleton
Abstract Factory

Command

Wraps an object and provides a different
interface to it.

Subclasses decide how to implement steps in an
algorithm.

Subelasses decide which concrete classes to
Ccregte.

Ensures one and only one object is created.

Encapsulates interchangeable behaviors and uses
delegation to decide which one to use.

Clients treat collections of objects and individual
objects uniformly.

Encapsulates state-based behaviors and uses
delegation to switch between behaviors.

Provides a way to traverse a collection of objects
without exposing its implementation.

Simplifies the interface of a set of classes.
Wraps an object to provide new behavior.

Allows a client to create families of objects
without specﬂﬁng their conerete classes.

Allows objects to be notified when state changes.
Wraps an object to control access to it.

Encapsulates a request as an object.

Organizing Design 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 patterns catalog
and partitions patterns into three distinct categories based on their purposes:
Creational, Behavioral, and Structural.

-

SHARPEN YOUR PENCIL

Read each category description and
see if you can corral these patterns

into their correct categories. This is

Abstract Factory Observer Lan
!/_/j Composite m f a toughy! But give it your best shot
Decorator and then check out the answers on

{_I p\dapter'l the next page.
Factory Method

Pr‘ox?l
H
Any pattern that is a Behavioral

Creational Patterns involve object Pattern is concerned with how
instantiation and all provide a
way to decouple a client from the
objects it needs to instantiate.

Template Method

Lhese patterns belongs
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classes and objects interact and
distribute responsibility.

Creational Behavioral

Structural

Structural Patterns let you
compose classes or objects
into larger structures.
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Pattern Categories

Sharpen your pencil Solution

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 object
instantiation and all provide a

way to decouple a client from the
objects it needs to instantiate.

Any pattern that is a Behavioral
Pattern is concerned with how
classes and objects interact and
distribute responsibility.

Creational Behavioral
: Mediator
Singleton Builder Visitor
Prototype Template Method Iterator
Command Memento
Abstract Factory Interpreter Ob
Factory Method ; et
Iy Chain of Responsibility
State
Strategy
Structural
Pro
Decorator i
Composite ~ Facade
Flyweight Bridge
Adapter

We've got a few ?a‘lttcrn:‘s
(in t}?c‘f} that you havent

seen et You'll £ind an

overview of these patterns
in the Appendix.

Structural Patterns let you

compose classes or objects

into larger structures.

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.

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.

Class
Object
Template Method o i Visit
mposite i1sitor
Areoten Iterator
Factory Method P Decorator Facadeto™mand  Memento
Interpreter Proxy € Observer
SR oot Resporebiity
Bridge Mediator
; State
Flyweight Prototype
Abstract Factory Builder
Singleton Notite there ave

3 lot more OBJCLJC'
patterns than
f.].BSS ?afj.’,(.!’hs.l-

THERE ARE NO DUMB QUESTIONS

: Q: 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.

¢ Q: Does organizing patterns into categories really help you remember them?

¢ A: It certainly 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!

: Q: Why is the Decorator Pattern in the structural category? I 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.

MASTER AND STUDENT...

Master: Grasshopper, you look troubled.

Master: Grasshopper, continue...

Student: Yes, I’ve just learned about pattern classification and I’m confused.

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 I am shocked you know so much about cars!

Master: Grasshopper, I can’t relate everything to lotus flowers or rice bowls. Now, may
I 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.”

Student: I see. So I 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, I did not hear you Grasshopper.
Student: Uh, I 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.

Thinking in Patterns

Contexts, constraints, forces, catalogs, classifications... boy, this is starting to
sound mighty academic. Okay, all that stuff 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 think in patterns. What do we mean
by that? We mean being able to look at a design and see where patterns
naturally fit and where they don’t.

Your Bracm Patterns
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.

Design Patterns aren’t a magic bullet; in fact, they’re
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 for 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.

Knowing 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!

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 hypothetical change that may
happen.

Design time isn’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. Don’t be afraid to
remove a Design 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, don’t 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!



Center your thinking on
design, not on patterns. Use
patterns when there is a natural
need for them, If something

simpler will work, then use it.

Master: Grasshopper, your initial training is almost complete. What are your plans?

Student: I’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 I
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 I 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 I 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: I guess my learning is going to continue even though I 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 I 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.

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 I use, the better the design.” The beginner will learn this
is not so, that all designs should be as simple as possible. Complexity and
patterns should only be used where they are needed for practical extensibility.

BEGINNER MIND



“I need a pattern for Hello World.”

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

“Maybe I 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 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 Zen mind is also a
Beginner mind — it doesn’t let all that pattern knowledge overly influence
design decisions.

ZEN MIND



“This is a natural place for Decorator.”

NOTE

WARNING: Overuse of design patterns can lead to code that is downright over-
engineered. Always go with the simplest solution that does the job and introduce
patterns where the need emerges.

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
inefficiency.

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.

Don’t 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 any time 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 that implements the
right interface can register.
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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 method 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.
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Cruisin’ Objectville with the Gang of Four
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Betk, Jim Coplien, Grady Booth, Brute
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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 is this mysterious
gang?

Put simply, “the GoF,” 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 6o for simplicity
provide hypothetical and don't become over-excited.
generality; be extensible If you can come up with a

in ways that matter. simpler solution without using a
pattern, then go for it.

P o
Riehard % '*? = Ralph
o 4 e

Helm = Johnson

Patterns are tools not
rules—they need to be

tweaked and adapted to
your problem,

Jehn Vi ssides’
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"John Vlissides passed away in 2005. A qr-ca{ loss to the Dcsn.}r. Patterns !',On-.ml.\.n't\lf'.

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...

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
Patterns.

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.
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The definitive Patterns texts

Patterns didn’t start with the GoF; 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 Timeless Way of Building 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...



Christopher Alexander invented
patterns, which inspired applying similar
solutions to so‘F{:warc. ™

Other Design Patterns 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 are a few
resources to get you started...

The Portland Patterns Repository, run by Ward Cunningham, is a wiki
devoted to all things related to patterns. Anyone can participate. You’ll find
threads of discussion on every topic you can think of related to patterns and
OO systems.

http://c2.com/cgi/wiki?WelcomeVisitors

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/
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Conferences and Workshop

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 Pattern Languages of Programs (PLoP), and the ACM Conference on
Object-Oriented Systems, Languages and Applications (OOPSLA).
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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
buildings, towns, and cities. This is where patterns got their start.

NOTE

Habitat: found in buildings you like to live in, look at and visit.

NOTE

Habitat: seen hanging around 3-tier architectures, client-server systems and the web.

Application Patterns are patterns for creating system-level architecture.
Many multi-tier architectures fall into this category.

NOTE

Field note: MVC has been known to pass for an application pattern.
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Domain-Specific Patterns are patterns that concern problems in specific
domains, like concurrent systems or real-time systems.

NOTE
Help find a habitat
J2EE

¢ .
becn hahﬂlhﬁr dround .::o'rpora{:f
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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.

NOTE
Help find a habitat

Development team

Customer support team




Organizational Patterns describe the structures and practices of human
organizations. Most efforts to date have focused on organizations that
produce and/or support software.

User Interface Design Patterns address the problems of how to design
interactive software programs.

NOTE

Habitat: seen in the vicinity of video game designers, GUI builders, and producers.

NOTE

Field notes: please add your observations of pattern domains here:

Annihilating evil with Anti-Patterns
1

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?

NOTE

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.

An anti-pattern always looks like a good solution, but then turns out to be a bad
solution when it is applied.

By documenting anti-patterns we help others to recognize bad solutions before
they implement them.

Like patterns, there are many types of anti-patterns including development, OO,
organizational, and domain-specific anti-patterns.

NOTE

Here’s an example of a software development anti-pattern.



ANTI-PATTERN

Name: Golden Hammer

NOTE

Just like a Design Pattern, an anti-pattern has a name so we can
create a shared vocabulary.

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.

NOTE

The problem and context, just like a Design Pattern description.

Forces:

NOTE

Tells you why the solution is attractive.

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.

It 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.

NOTE

The bad, yet attractive, solution.

Refactored Solution: Expanding the knowledge of developers through education,
training, and book study groups that expose developers to new solutions.

NOTE

How to get to a good solution.

Examples:




NOTE

Example of where this anti-pattern has been observed.

Web companies keep using and maintaining their internal homegrown caching systems
when open source alternatives are in use.

NOTE

Adapted from the Portland Pattern Repository’s WIKI at
http://c2.com/ where you’ll find many anti patterns and
discussions.

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 patterns on your own...
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BULLET POINTS

= et 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’t include a
pattern.

» Study Design Patterns 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.

» [ike 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.

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.

WHO DOES WHAT? SOLUTION

Match each pattern with its description:

Pattern Description
Decorator Wraps an object and provides a different
interface 1o it.
State Subclasses decide how to implement steps in an
. an@r‘itfmi,
Tterator
Subelasses decide which concrete classes to
Fﬂﬂﬂc!e Create.

Ensures one and only one object is created.

Strategy ‘r Encapsulates interchangeable behaviors and uses

Proxy ‘ ‘ ‘ delegation to decide which one to use.
‘ objects uniformly.

Fﬂﬁ?’[}’ Pv1ed19d ‘, ‘
‘“’ ] Encapsulates state-based behaviors and uses
Adapter

i delegation to switch between behaviors.
Obigasden " Provides a way to traverse a collection of objects

Clients treat collections of objects and individual

Without exposing fts fmplementation.

Template Method 'i Simplifies the interface of a set of classes,

I > Wraps an object to provide new behavior.

Compesite
Allows a client to create families of objects
Singleten \ without specifying their concrete classes.
: Allows objects to be notified when state changes.
Abstract Factory

Wraps an object to control access to it.

Command > Encapsulates a request as an object.
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Appendix A. Leftover Patterns

Not everyone can be the most popular. A lot has changed in the last 20
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.

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 is based on the same abstraction, there will be lots of implementations
— one for each model of TV.

This is an abstrattion. 1+ tould be
an interface or an abstract class.

RemoteControl

Eucr‘f vemote has the on(
same abstrattion. —> | o

selChannel{)

# more methods

RCAControl SonyControl
L—o{‘,s ol: /—\? on() on()
implementations, off() off()
one for each TV, setChannel() . setChannel()
/! more methods /! more methods

{

tuneChannel (channel) ;

}




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 is 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 TV's 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 is improved based on the user feedback.

NOTE

Using this design we can vary only the TV implementation, not the user interface.

So how are you going to create an OO design that allows you to vary the
implementation and the abstraction?

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.

Implementation ¢lass hievare hy.

| ionship between
4 af.‘bovn S velations P
i?;s:h'1¢rarﬁh\f' e the +wo is rcfc\r’red to as
1’ the “bridge.”
RemoteControl HasA _

implementor
onf)

off()
setChannel()
/i more methods

|

Y

on()

offf}
tuneChannel(}
& more methods

implementor. tuneChannel (channel) ;

Nl methods in the abstrattion
are im?\cmm{;:d in terms

A\

ConcreteRemote

RCA

Sony

currentStation

on(}

off)

setChannel() )
nextChannel() =~~~
previousChannel()

I more methods

the im?icmcniafion-

*"’| setChannel (currentStation + 1);

on()

off()
tuneChannel()
I more methods

on()

off{)
tuneChannel()
{f more methods

’R Contreke subtlasses ave implemented in terms of the
abstrattion, not the implementation.




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

m 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.

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:



Eath vaeation is planned

O ? over some number of days.

/ ar\
2 A &
Q00 0000 Q000

i e nq ko e \‘3‘” ﬁ-nmq ke ord Sﬂemxﬁ‘*’
O O O O

":r *
Dwvf\”c e,-,,s ot Dm‘ﬁ Plie DU?G‘

IX/ Eacth day tan have any tombination
ok hotel veservations, fickets,
meals and s?ce:nal events.

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?

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.
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The Client divetts Client
the builder to conSinTPARaY
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builder

builder.buildDay (date) ;
builder.addHotel (date, "Grand Facadian") ;
builder.addTickets ("Patterns on Ice") ;

// plan rest of vacation

Planner yourPlanner =
builder.getVacationPlanner () ;

The Client divecks the bullder to r.r;a{c
the ?1amncr n a numbc’r'og Sl{:C?S EE\;

Lhen calls the 5c1(,\/aca£uon? arr:r -
method to cebrieve £he complete 00)

The tlient uses an
abstraet interfate to
build the F'thcr.

AbstractBuilder

buildDay()
addHotel()
addReservation()
addSpecialEvent()
addTickets()

getVacationPlannery)

The contrete builder

J ereates veal wodutts

and stoves them in |

the vatation tomposty
shrutture.

VacationBuilder

vacation

buildDay()
addHotel()
addReservation()
addSpecialEvent()
addTickets()

getVacationPlanner()

one-step factories).

abstract interface.

BUILDER BENEFITS
» Encapsulates the way a complex object is constructed.
= Allows objects to be constructed in a multistep and varying process (as opposed to

= Hides the internal representation of the product from the client.
» Product implementations can be swapped in and out because the client only sees an

a Factory.

BUILDER USES AND DRAWBACKS

» Often used for building composite structures.
» Constructing objects requires more domain knowledge of the client than when using

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 CEO, 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.



You've got to help us
deal with the flood of email we're
getting since the release of the
Java Gumball Machine.

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.

NOTE

Each object in the chain acts as a handler and has a successor object. If it can handle the
request, it does; otherwise, it forwards the request to its successor.



Handler

SUCCES50r

handleRequest()

SpamHandier

FanHandler

ComplaintHandler

MewlocHandler

handleRequest{)

handleRequest()

handleRequest()

handleRequest()

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 O1...

Eath email is ?assntd to
the fivest handler-

O

Email is not handled £ it
Blls off the end of the
thain — although You tan always

g '|m?!cmanc a cateh—all handlev-

Newloc
,’-._“-‘ﬁ

CHAIN OF RESPONSIBILITY BENEFITS

= 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.

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.

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:

@°

£ :
m:l.:h Tree instanee
\ Jr:f.{lrns its own Sfl‘.dfc
House =
xCoord
yCoord

age

display() {
// use X-Y coords
// & complex age
// related calcs
}

Your big client’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...

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 instance of Tree, and a client object that
maintains the state of ALL your trees? That’s the Flyweight!

All fhe state, %C-:vr ALL
of your virtual Tree |
objcc."r,si is sboved in this

1D—-avrvay.

TreeManager Tree
treefrray display(x, y, age) {

// use X-¥ coords

O_ht, Sihﬁ'lc) S'!Ea-v'-

p
Tree ﬂbuicc{_ €—tree

// & complex age
// related calecs

}

displayTrees() {
// for all trees {

// get array row
display(x, y, age);
}

FLYWEIGHT BENEFITS

= Reduces the number of object instances at runtime, saving memory.
» Centralizes state for many “virtual” objects into a single location.

FLYWEIGHT USES AND DRAWBACKS

» The Flyweight is used when a class has many instances, and they can all be
controlled identically.

= A drawback 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.

Interpreter

Use the Interpreter Pattern to build an interpreter for a language.



A scenario

Remember the Duck Simulator? You have a hunch it would also make a great
educational tool for children to learn programming. Using the simulator, each
child gets to control one duck with a simple language. Here’s an example of
the language:

jaht
Tuen the duek V19
right; Fly all day...
while (daylight) fly;

quaﬂk: :
dnd then quack.

RELAX
The Interpreter Pattern requires some knowledge of formal grammars.

If you’ve never studied formal grammars, go ahead and read through the pattern; you’ll
still get the gist of it.

Now, remembering how to create grammars from one of your old
introductory programming classes, you write out the grammar:
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expression ::= <command> | <sequence> | <repetition> i bY etk
sequence ::= <expression> ';' <expression>
command ::= right | quack | fly e\ We have three
- . . . . i

repetition ::= while '(' <variable> ') '<expression> tommands: ""P'ﬂh “
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variable ::= [A-Z,a-z]+ \‘ b
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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.



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.

Repetition

vanable
exprassion

interpret(context)

e

Expression
inferpret{context)

Sequence

exprassiont
exprassions

interpret{context)

Variable

QuackCommand

RightCommand

FlyCommand

interpref{context)

interpret{context)

inferpret{contfexf)

interpref{context)

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

m Representing each grammar rule in a class makes the language easy to implement.
» Because the grammar is represented by classes, you can easily change or extend the

language.

= By adding methods to the class structure, you can add new behaviors beyond
interpretation, like pretty printing and more sophisticated program validation.

» Use interpreter when you need to implement a simple language.
m Appropriate when you have a simple grammar and simplicity is more important than

efficiency.

INTERPRETER USES AND DRAWBACKS



m Used for scripting and programming languages.

» This pattern can become cumbersome when the number of grammar rules is large. In
these cases a parser/compiler generator may be more appropriate.

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
HouseOfTheFuture. 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 is 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...

Alarm

onEvent () {
checkCalendar ()
checkSprinkler()
startCoffea()
// do more stuff

m

alendar} ~ @ =
—_—

Calendar

onEvent () {
checkDayCfWeek ()
doSprinklec ()
doCoffee ()
doAlarm()
// do more stuff

HouseOfTheFuture’s dilemma

CoffeePot

onEvent () {
checkCalendar ()
checkAlarm()
// do more stuff

Sprinkler

onEvent () {
checkCalendar ()
checkShower ()
checkTemp ()
chackWeather ()
// do more stuff

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.

Mediator in action...

With a Mediator added to the system, all of the appliance objects can be
greatly simplified:

m They tell the Mediator when their state changes.
m They respond to requests from the Mediator.

Before we added 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.



It's such a relief,
not having to figure
out that Alarm clock’s
picky rules!

Mediator

if (alarmEvent) {
checkCalendar ()
checkShower ()
checkTemp ()

}

if (weekend) {
checkWeather ()
// do more stuff

}

if {trashDay) {

resetAlarm()
// do more stuff
}

MEDIATOR BENEFITS

Increases 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.

MEDIATOR USES AND DRAWBACKS

The Mediator is commonly used to coordinate related GUI components.
A drawback of the Mediator Pattern is that without proper design, the Mediator




object itself can become overly complex.

Memento

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.



Just be careful how you go about
saving the game state, It's pretty
complicated, and I don't want anyone
else with access to it mucking it up and
breaking my code.

The Memento at work
The Memento has two goals:

m 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 state is known as the Memento object.



GameMemento h-(—

savedGameState
Client MasterGameObject
// when new level is reached gameState

Object saved =

) Object getCurrentState() {
(Object) mgo.getCurrentState() ;
// gather state

. ) return (gameState) ;
// when a restore is required

While {',hi's '151"]"'13 mgo . restoreState (saved) ;

a {g\rrlbi\f Eaﬁf—‘;‘

'|m~i:[cmcn4"|:,a*ll',}on, notite restoreState (Object savedState) |
that the Client has // restore state

no alless ‘ED 'U"t }

.MCMtn‘i:Ors data

// do other game stuff

MEMENTO BENEFITS

» Keeping the saved state external from the key object helps to maintain cohesion.
m Keeps the key object’s data encapsulated.
» Provides easy-to-implement recovery capability.

MEMENTO USES AND DRAWBACKS

= The Memento is used to save state.

m A drawback to using Memento is that saving and restoring state can be time
consuming.

» [n Java systems, consider using Serialization to save a system’s state.

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 heroes 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
Oown 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.

vV g

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 copies.) A key aspect of this pattern is that
the client code can make new instances without knowing which specific class
is being instantiated.



<<jnferface=>
Monster

b
‘ WellKnownMonster I DynamicPlayerGeneratedMonster |
MonsterMaker s
The tlient needs 3 new monster
makeRandomMonster () { é/—’// 3??ru?r'|a4:£ Lo the tu'l'\“fﬂjt
rionster m = sibustion. (The tlient won't know
MonsterRegistry.getMonster() ; wha£ kind Q? mons‘l:t\“ he 3:‘[’,5}

MonsterRegistry

Monster getMonster() |

f/ Eind the correct monster 6\\
The vegistry f;
Y tinds

return correctMonster.clone() ;

the appropriate

vy makes 3 tlone ab;
returns {he tlore. 't, and

Frons

PROTOTYPE BENEFITS

= Hides the complexities of making new instances from the client.

= Provides the option for the client to generate objects whose type is not known.

» [n some circumstances, copying an object can be more efficient than creating a new
object.

PROTOTYPE USES AND DRAWBACKS

= Prototype should be considered when a system must create new objects of many
types in a complex class hierarchy.

= A drawback to using the Prototype is that making a copy of an object can sometimes
be complicated.




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:

// new methods
getHealthRat;ng[]
getCalorles{}

getProtein() -___________-‘——-
getCarbs ()
enultem enultem
/{ new methods

getHealthRating ()

getCalories{}-a_ﬁ:::::::r

getProtein()

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...”

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 i add

a aetState() method
The Visitor needs to be able to f'fa“. faEd not worrYy about
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VISITOR BENEFITS

= Allows you to add operations to a Composite structure without changing the
structure itself.

= Adding new operations is relatively easy.
® The code for operations performed by the Visitor is centralized.

VISITOR DRAWBACKS

» The Composite classes’ encapsulation is broken when the Visitor is used.

m Because the traversal function is involved, changes to the Composite structure are
more difficult.




Appendix B.
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 prototypes 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

g g

- -

And next time you're in Objectville, \\,
drop by and take one of our behind 5
.\ the scenes laboratory tours.

T
-
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Appendix C. Mighty Gumball

Without your help the next generation may never know the joys of the
gumball machine. Today, inflexible, poorly designed code is putting our
Java-powered machines at risk. Mighty Gumball won’t let that happen.
We’re devoting ourselves to helping you improve your Java and OO design
skills so that you can help us build the next generation of Mighty Gumball
machines.



Come on, Java toasters are sooo ‘90s, visit us at
http://www.wickedlysmart.com.

Mighty Gumba]l, Ine.


http://www.wickedlysmart.com
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A NOTE ON THE DIGITAL INDEX

A link in an index entry is displayed as the section title in which that entry appears.
Because some sections have multiple index markers, it is not unusual for an entry to
have several links to the same section. Clicking on any link will take you directly to the
place in the text in which the marker appears.
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test driving, Test drive the adapter
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designing, Designing the Duck Behaviors
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integrating, Integrating the Duck Behavior

setting dynamically, Setting behavior dynamically
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Bridge Pattern, Bridge
Builder Pattern, Builder
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testing viewer, Testing the CD Cover Viewer




writing Image Proxy, Writing the Image Proxy

Chain of Responsibility Pattern, Chain of Responsibility
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Chocolate Factory, using Singleton Pattern

about, The Chocolate Factory
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class adapters, object vs., Object and class adapters

class design, of Observer Pattern, The Observer Pattern defined
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class patterns, Design Patterns, Pattern Categories
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abstract, Our PizzaStore isn’t going to be very popular without some
pizzas, so let’s implement them

adapter, Here’s how the Client uses the Adapter, Tools for your Design
Toolbox

Adapter Pattern, Adapter Pattern defined

altering decorator, Tools for your Design Toolbox

as behaviors, Implementing the Duck Behaviors

command



about, The Command Pattern means lots of command classes

passing method references, Simplifying even more with method

references

using lambda expressions, Simplifying the Remote Control with lambda
expressions

creating, Separating what changes from what stays the same

Factory Method Pattern creator and product, It’s finally time to meet the
Factory Method Pattern

having single responsibility, Single Responsibility

high-level component, The Dependency Inversion Principle

identifying as Proxy class, Running the code...

Open-Closed Principle, The Open-Closed Principle
state

defining, Defining the State interfaces and classes

implementing, Implementing our State classes, Implementing more
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increasing number in design of, The State Pattern defined

reworking state classes, Reworking the Gumball Machine

state transitions in, The State Pattern defined

using composition with, HAS-A can be better than IS-A

using instance variables instead of, Welcome to Starbuzz Coffee

using instead of Singletons static, Congratulations!

using new operator for instantiating concrete, The Factory Pattern: Baking
with OO Goodness




Classification section, in pattern catalog, Looking more closely at the Design
Pattern definition

classloaders, using with Singletons, Congratulations!

client heap, Remote methods 101

client helper (stubs), in RMI, Java RMI, the Big Picture, Java RMI, the Big
Picture, How does the client get the stub object?, And now let’s put the

monitor in the hands of the CEO. Hopefully, this time he’ll love it
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