Boring. Isn’t it?

Let’s do some
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The Specifications

© Joe works at a company
that produces a simulation
game called SimUDuck. He
Is an OO Programmer and
his duty is to implement
the necessary functionality
for the game

© The game should have the following specifications:
A variety of different ducks should be integrated into the game
* The ducks should swim
* The duck should quake
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A First Design of a Duck Simulator

Duck

All ducks quack () and swim (). The superclass
+quack() / takes care of the implementation

+swim()
+display()

NN/ —— Thedisplay () method is abstract since all the duck

subtypes look different

Each duck subtype is responsible for
implementing its own display () behavior for

+display() +display()

Lots of other types of ducks inherit from the Duck
type

21
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Ducks that Fly

JOE, AT THE SHAREHOLDERS MEETING
WE DECIDED THAT WE NEED TO CRUSH

THE COMPETITION. FROM NOW_ON
OUR DUCKS NEED TO FLY.

Duck

+quack()
+swim()

+display()
+iy() | All subclasses inherit £1y ()

MallardDuck RedHeadDuck

+display() +display()
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But Something Went Wrong

JOE, T'M AT THE SHAREHOLDER'S
MEETING. THEY JUST GAVE A DEMO
AND THERE WERE RUBBER DUCKIES
FLYING AROUND THE SCREEN. IS THIS
A JOKE OR WHAT?

Ok, SO THERE'S A SLIGHT FLAW IN MY
DESIGN. T DON'T SEE WHY THEY CAN'T
JUST CALL IT A “FEATURE". IT'S K
OF CUTE

TDDB84 Design Patterns

Duck
+quack()
By putting £1y () in the +swim()
+display()
superclass Joe gave o |+y0
flying ability to all ducks
including those that % %
shouldn’t
MallardDuck RedHeadDuck RubberDuck
+display() +display() +quack()
+display()

ez
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Inheritance at Work

Duck void Duck: :quack () {
cout << "quack, quack” << endl;
+quack()
+swim() }
+display()
+fly() void RubberDuck: :quack () {
VAVAVAN

cout << ”squick, squick” << endl;

We can override the £1y () method in the rubber
duck in a similar way that we override the
quack () method

MallardDuck RedHeadDuck RubberDuck

+display() +display() +quack()
+display()

void Duck: :fly () {

// £fly implementation
O }

void RubberDuck: :£fly() {
// do nothing
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Yet Another Duck is Added to the Application

Duck

+quack()
+swim()
+display()
+fly()
JAVAVAN

MallardDuck RedHeadDuck RubberDuck DecoyDuck
+display() +display() :g;gd«) :ﬂ;gd«) void DecoyDuck: :quack () {
+display() +display() // do nothing;

}

void DecoyDuck: :£f1ly () {
// do nothing
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How About an Interface?

WE CAN TAKE THE FLY() OUT OF THE DUCK
SUPERCLASS AND MAKE A FLYABLE INTERFACE

Flyable Quackable Duck WITH A METHOD FLY(). EACH DUCK THAT IS
SUPPOSED TO FLY WILL IMPLEMENT THA
+ly() +quack() +swim() INTERFACE
+display()
JAVAN /\ +..0 <

MallardDuck RedHeadDuck

RubberDuck DecoyDuck
+display() +display() :
iy +iy0) T +display(
+quack() +quack() +quacky

qeally? ! don't think o, | . I I iant
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Embracing Change

© In SOFTWARE projects you can count on one thing
that is constant:

CHANGE

© Solution
* Deal with it.
—Make CHANGE part of your design.
—ldentify what vary and separate from the rest.
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Change We Can Believe In

-IMQ

 —

hl(i!i

AN BELIEVE IN

CHANGE

. CAN
- :X\E,EEVE IN:

@ sorackopamacom.. !

02/19/2008 08:11 PM)‘
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Design Principle

Encapsulate what
varies




The Constitution of Software Architects

© Encapsulate what varies.

AW LAW. LAW

. _ _ EASSSSaass
E >
s % < =00 >§> © 7?7?7777

~ ’.\

£ © ?2?2?222727227
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Embracing Change in Ducks

© fly () and quack () are the parts that vary
© We create a new set of classes to represent each behavior

QuackBehavior

FlyBehavior

+quack() virtual void quack()=0;

+Hly() virtual void £fly()=0;
AN poa
| |

! |
FlyWithWings FlyNoWay Quack Squick MuteQuack
+ly() +lyQ +quack() +quack() +quack()
void FlyWithWings::£fly () { void Quack: :quack () { void Squeak: :quack () {
cout << "I'm flying!" << endl; cout << "Quack" << endl; cout << "Squeak" << endl;

b | I 5

void MuteQuack: :quack () {
cout << "..... " << endl;
|

void FlyNoWay: :£fly () {
cout << "I can't fly." << endl;
};
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Design Principle

Program to an interface
not to an
Implementation

TDDBB84 Design Patterns



The Constitution of Software Architects

© Encapsulate what varies.

© Program through an interface not to
an implementation

(AW LAW. LAW o f) r) r) r) r) r) r) r) r)

s S B
SR Rl © 777777777

~ ’.\

/ s~ 3N 4 = = § = ®§ = ®§ = =®m

Vi O 277277277277
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rC Animal

- makeSound()

.

]

p
C Dog

- varName : type

- bark()

A

- makeSound()

- otherFunction()

e e

YT
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g
C Cat

-varName : type

- makeSound()
- meowy()

- otherFunction()
.

Design Principle Example

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

Animal animal = new Dog() ;
animal .makeSound() ;

void Dog: :makeSound () {
bark () ;

}

void Cat: :makeSound () {
meow () ;

}
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Integrating the Duck Behavior

class Duck{
public:

The behavior variables

Duck

FlyBehavior *flyBehavior;

are declared as the

o -flyBehavior : FlyBehavior
behavior interface type > |-quackBehavior : QuackBehavior

void performFly() ;

+peﬁoanuack0 void performQuack() ;
+swim()
These methods replace +display() ¥
fly () an quack () —— |+performFly()
A A A void Duck: :performFly () {
flyBehavior->fly() ;
}
void Duck: :performQuack () {
guackBehavior->quack() ;
MallardDuck RedHeadDuck RubberDuck DecoyDuck
+display() +display() +display() +display()

MallardDuck: :MallardDuck () {
flyBehavior = new FlyWithWings() ;
quackBehavior = new Quack() ;

}

TDDB84 Design Patterns

RubberDuck: : RubberDuck () {
flyBehavior = new FlyNoWay () ;
quackBehavior = new Squick();

}

QuackBehavior *quackBehavior;
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Design Principle Ahead

Duck Each Duck HAS A FlyingBehavior and a
QuackBehavior to which it delegates
flying an quacking

-flyBehavior : FlyBehavior
-quackBehavior : QuackBehavior

+performQuack()
+swim()

+display()
+performFly()

Composition

Instead of inheriting behavior, the
duck get their behavior by being
composed with the right behavior
object
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Design Principle

Favor Composition over
Inheritance
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The Constitution of Software Architects

© Encapsulate what varies.

© Program through an interface not to
an implementation

© Favor Composition over Inheritance

(AW LAW. LAW o f) r) r) r) r) r) r) r) r)

> S =5
= = Z =y = KK

~ ’.\

/ s~ 3N 4 = = § = ®§ = ®§ = =®m

Vi © 227272777
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Testing the Duck Simulator

int main() {
cout << "Testing the Duck Simulator”
<< endl << endl;

The mallard duck inherited
erformQuack () method which
delegates to the object
QuackBehavior (calls quack ()) on
the duck’s inherited quackBehavior
reference

Duck *mallard = new MallardDuck () ;
mallard->display() ;
mallard->swim() ;
mallard->performFly () ;
mallard->performQuack() ;

cout << endl;

Duck *rubberduck = new RubberDuck () ;

rubberduck->display() ;

rubberduck->swim() ;

rubberduck->performFly () -

rubberduck->performQue &3 {Z:"LWIHD{.'!WS‘&systemBI‘*{:md.exe
Testing the Duck Simulator

return 0; I'm a mallard duck
} All ducks float. even decoys
I'm flying?t?t?
Quack

I'm a rubber duck

All ducks float, even decous

I can’t fly.

Squeak

Prezz any key to continue . . .
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Shooting Duck Dynamically

JOE, T'M AT THE SHAREHOLDER'S
MEETING. THE COMPETITORS ARE AHEAD
US. THEY JUST RELEASED A NEW

VERSION OF DOOM. DO SOMETHING\IT
SHOULD BE POSSIBLE TO SHOOT THO%
DAMNED DUCKS.

NO PROBLEM BOSS. 1 CAN FIX THIS. T WILL
TRANSFORM OUR SIMULATOR INTO A DUCK
SHOOTING GAME
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Shooting Duck Dynamically

Duck void Duck: :setFlyBehavior (FlyBehavior *fb) {
-flyBehavior : FlyBehavior flyBehavior = fb;
-quackBehavior : QuackBehavior }
+performQuack() void Duck: :setQuackBehavior (QuackBehavior *qgb) {
+swim() quackBehavior = gb;
+display() }
+performFly()
+setFlyBehavior() I'm flying
+setQuakBehavior() Quack

int main () {

Duck *mallard = new MallardDuck () ;
mallard->display() ;
mallard->swim() ;
mallard->performFly () ;
mallard->performQuack() ;

cout << endl; esting the Duck Simulator
I'm a mallard duck

mallard->setFlyBehavior (new FlyNoWay()) ; A1l }llll;]i‘ﬁgf,l?at’ even decoys

mallard->setQuackBehavior (new MuteQuack()) ; GQuack

mallard->performFly () ; I can't fly.
mallard->performQuack () ;

Press any key to continue . .

return O;
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The Big Picture

FlyBehavior
+fly()
- _____
Duck ‘ ! :
-flyBehavior : FlyBehavior P 1 FlyWithWings FlyNowWay
-quackBehavior : QuackBehavior
1
IzvevmgnQuack() Hiy() +fly()
+display()
+performFly()
+setFlyBehavior()
+setQuakBehavior()

/N Z% QuackBehavior
Zt‘ +quack()

MallardDuck RedHeadDuck RubberDuck DecoybDuck [  mTTTTT——

+display() +display() +display() +display()

Quack Squick MuteQuack

+quack() +quack() +quack()
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Yet Another Change

JOE, IT'M AT THE MOVIE THEATER. T
JUST SAW STAR WARS. GREAT

MOVIE. T WAS JUST THINKING MAYBE
WE SHOULD PUT SOME NICE PLANES
INTO A OUR SIMULATOR. THIS WILL
OUR COMPETITQRS.

Ok, OK... T WILL DO THAT. BUT T NEED
A RAISE.

TDDB84 Design Patterns 43



Behavior Reuse

FlyBehavior
Duck
x
-flyBehavior : FlyBehavior 4 . i
-quackBehavior : QuackBehavior‘* Y0
+performQuack() 1 A A
+swim() - e A
+display() ! !
+performFly() FlyWithWings FlyNoWay
+setFlyBehavior()
+setQuakBehavior
er 0 % 0 +ily()
MallardDuck RedHeadDuck RubberDuck DecoyDuck QuackBehavior
+display() +display() +display() +display() +quack()
. | b
\ e
l | l
: =D l ! :
S e e Quack Squick MuteQuack
Plane P
-flyBehavior : FlyBehavior 1 +quack() +quack() +quack()
+performFly()
AirForceOne Airbus Boeing Apache

s Ly
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