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Design Patterns

Definition

Design patterns represent solutions to problems that arise
when developing software within a particular context.

Patterns facilitate:
@ modularity
@ reusability

o efficient talk about software design!

see also: http://en.wikipedia.org/wiki/Design_Patterns
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Design Patterns

Design Patterns Space

@ Creational patterns
deal with initializing and configuring classes and objects.

@ Structural patterns
deal with decoupling interface and implementation of
classes and objects.

@ Behavioral patterns
deal with dynamic interactions among societies of classes
and objects.

see also: http://hillside.net/
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Creational Patterns

Abstract Factory

Provide an interface for creating families of related or
dependent objects without specifying their concrete classes.

¥ Client
CreatsProckictA ()
CresteFroduet=() AbstractProductA
£
CEET
CresteProductA ) H CreateProductAf) H H
CreateProducti() i CreateProductBl)
H

Lecture #6 on Object-Oriented Modeling EPITA-LRDE 2006


http://en.wikipedia.org/wiki/Abstract_factory_pattern

Creational Patterns

Builder

Separate the construction of a complex object from its

representation.
Director builder | Builder
Construet) o BuiidPart()

H
1
i
for all objects in structure {

builder—>BuildPart() ConcreteBuilder |------- »| Product

BuildPart(}
GetResult()

see also: http://en.wikipedia.org/wiki/Builder_pattern
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Creational Patterns

Factory Method

Define an interface for creating an object, but let subclasses
decide which class to instantiate.

Creator

FactoryMathod() T
AnOperation() [ IO product = FactoryMathod()

ConcreleCreator

ConcreteProduct

FactoryMethod() D—-——————{ return new Cnrcrctcl’mdum‘;"|

see also: http:/fen.wikipedia.org/wiki/Factory_method_pattern
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Creational Patterns

Prototype

Specify the kinds of objects to create using a prototypical
instance, and create new objects by copying this prototype.

prototype

Client VD
Operation{) ¢ Cionef)
1
|
=]
p = prototype->Clone()
ConcretePrototypet ConcretePrototype2
Clonei) @ Clone()
L I

I 1
retum copy of s.ﬂ\ék‘ return copy of seHH

see also: http://en.wikipedia.org/wiki/Prototype_pattern
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Creational Patterns

Singleton

Ensure a class only has one instance, and provide a global
point of access to it.

Singleton
stafic Instance() ---q9---—------- retum uniguelnstance
SinglatonOperation()

GeltSingletonDatal}

static uniqueinstance
singlatonData

see also: http:/fen.wikipedia.org/wiki/Singleton_pattern
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Structural Patterns

Adapter

Convert the interface of a class into another interface clients
expect.

Client I—- Target Adaptee

Request() SpecificHequest()

ZF adaptee

Adapter

777777777777 adaptee-=SpecificRaguest() \;‘I

Requestl) O

see also: http:/fen.wikipedia.org/wiki/Adapter_pattern
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Structural Patterns

Decouple an abstraction from its implementation so that the two
can vary independently.

imp

Operation{} ¢ Operafiontng()

N s
| imp->Operationimp();
RefinedAbstraction

Operationimp() Operationimp()

see also: http://en.wikipedia.org/wiki/Bridge_pattern
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Structural Patterns

Composite

Compose objects into tree structures to represent part-whole
hierarchies.

| Client ‘ C

Operation()
Add{Component)
Remove{Companent)
GetChildyini)

Leaf Composite
=]
4 childre
Operation() Operation) G-—--—-fF-—--—--——- f°';"ogpt‘,afjg,?f§"
Add(Cemponent)

Remove(Componant)
GeatChild{int)

children

see also: http://en.wikipedia.org/wiki/Composite_pattern

Lecture #6 on Object-Oriented Modeling EPITA-LRDE 2006 12/ 27


http://en.wikipedia.org/wiki/Composite_pattern

Structural Patterns

Decorator

Attach additional responsibilities to an object dynamically.

.

Operation()

component
| ConcreteComponent ‘ | Decorator F%
| Operation() ‘ | Operation() Q"’ {—=Oparation wﬁ

ConcreteDecoratorA Cor

Operation(} Operation{y ©-----{------

Decorator::Operation():
AddedBehavior()

addedState

see also: http://en.wikipedia.org/wiki/Decorator_pattern
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Structural Patterns

Facade

Provide a unified interface to a set of interfaces in a subsystem.
Facade defines a higher-level interface that makes the
subsystem easier to use.

Facade

Lecture #6 on Object-Oriented Modeling EPITA-LRDE 2006 14/ 27


http://en.wikipedia.org/wiki/Facade_pattern

Structural Patterns

Use sharing to support large numbers of fine-grained objects.

flyweights

FlyweightFactory Flyweight

Cperation(extrinsicState)

GetFlywaightikay) ©
T
'

it (flyweightlkey] exists) {
retum existing flyweignt;

}else {

create new fiyweight;

add it to pool of fiywelghts;
reium the new fiyweight:

Client

ConcreteFlyweight

UnsharedConcreteFlyweight

Operation(extrinsicState)

Operation(extrinsicState)

infrinsicState

allState

see also: http://en.wikipedia.org/wiki/Flyweight_pattern
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Structural Patterns

Provide a surrogate or placeholder for another object to control
access to it.

Subject

Request()

realSubject
ealSubject ["o

realSubject-=Request();

Requesi(} Request() o
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Behavioral Patterns

Chain of Responsibility

Avoid coupling the sender of a request to its receiver by giving
more than one object a chance to handle the request.

SLCCESSOT
Handler

HandleRagquast()
ConcreteHandler1 ConcreteHandler2
HandieRequest() HandleReqguast()

see also:
http://en.wikipedia.org/wiki/Chain_of_responsibility_pattern
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Behavioral Patterns

Command

Encapsulate a request as an object, thereby letting you
parameterize clients with different requests, queue or log
requests, and support undoable operations.

‘ Client | ‘ Invoker FD—— Command

T Execute(}
| -
; Receiver
| Agtion{) TECEWET | CongreteCommand
Exeoute() 0-------- =1 recelver—=Action();
””””””””””””””””””” ! state

see also: http://en.wikipedia.org/wiki/Command_pattern
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Behavioral Patterns

Interpreter

Given a language, define a represention for its grammar along
with an interpreter.

IE—— AbstractExpression

Interpret{Context)

| )\ |

TerminalExpression MonterminalExpression

Interpret(Context) Interpret(Contaxt)

see also: http://en.wikipedia.org/wiki/Interpreter_pattern
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Behavioral Patterns

Iterator

Provide a way to access the elements of an aggregate object
sequentially without exposing its underlying representation.

Aggregate

Createllerator()

%

ConcreteAggregate

lterator

Firsi(}

Next()
IsDonef)
Currenititeny)

Createlteratarl) ¢
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Behavioral Patterns

Mediator

Define an object that encapsulates how a set of objects interact.

mediator

ConcreteMediator

CongcreteColleaguei

’4 ConcreteColleague2 |

see also: http:/fen.wikipedia.org/wiki/Mediator_pattern
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Behavioral Patterns

Memento

Capture and externalize an object’s internal state so that the
object can be restored to this state later.

. memento
Originator [ - Memento o~ Caretaker

SetMemento(Memento mj GelState()
i
i
i
i

CrealeMementol} @ SetState()

state ! slate

retum new Mementofstate) 1

state = m->GeiState() H

see also: http://en.wikipedia.org/wiki/Memento_pattern
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Behavioral Patterns

Observer

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

Subject observers Observer
Attach{Observer) Update()
Detach(Observer) - -
oo for all 0 in cbservers |
otfy() &----- --| " o->Updatel)
i
ConcreteObserver
¢ SUBEC | pdate) o=
GetState) O---r- = obsorverStat
oo ;‘:& retum subjectState obsenvorState
subjectState

see also: http://en.wikipedia.org/wiki/Observer_pattern
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Behavioral Patterns

Allow an object to alter its behavior when its internal state
changes. The object will appear to change its class.

State

state

Context

Hanale(}

Reguast) 9

=
state->Handle()
[+ A Concr

Handle() Handle{)

see also: http://en.wikipedia.org/wiki/State_pattern
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Behavioral Patterns

Strategy

Define a family of algorithms, encapsulate each one, and make
them interchangeable.

strates

Context Strategy Strategy

Contextinterface() Algerithmintertace(}
Ci A Congcr Cs
Algorithminterface() Algorithminteriace() Algorthminterface()

see also: http:/fen.wikipedia.org/wiki/Strategy_pattern
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Behavioral Patterns

Template Method

Define the skeleton of an algorithm in an operation, deferring
some steps to subclasses.

AbstractClass

=
TemplateMethod() o—-f---—-------- PrimitiveOperation ()
PrimitiveQperation ()
PrimitiveOperaiion2() PrimitiveOperation2()

;

ConcreteClass

PrimitiveOperation1()
PrimitiveCperation2()

see also: http://en.wikipedia.org/wiki/Template_method_pattern
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Behavioral Patterns

Represent an operation to be performed on the elements of an
object structure.

Element

Objectstructure

Visitor

VisitGoncratefiementA(Cor
VisitConcretelementdy

teElementA)

Aocepi(Visitory)  © Aocep(Visitr ) B
‘ /L\ OperationA() ! OperationBi) !
ConcreteVisitor! ConcreteVisitor2 H .
v-eViiConcrateElomenaliis) ] [ v--VaitConcretzElemertgiiis)
VisitConcreteElementA(ConcreteElementa) | | VistConcreteElomenta{CanereteElementA)
VisitConcreteElementB{ConcretoElsmentB) | | VistConcreteElementB|ConcreleElementB)

see also: http://en.wikipedia.org/wiki/Visitor_pattern
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