21 (Framework)

Lewis, T. 2] (Class hierachy)
(Built-in model)

Gamma, E 3]
(Specific ~class)

Viljamaa, A [1]

(User interface)
Camp, D. V. [4] 2

(Inheritance)



0 L)
« 11 )«

(Deriving subclasses)
(Overriding member function)

(Parent class) (Subclass) “isA”
Gamma, E. [3]
(Class inheritance) (Compile-
time)
(Run-time)
(Dynamic)
(Static) “has A
(External interface)
(Component) 1
22
Christopher Alexander
Erich
Gamma [3] Gang of Four (GoF)



1 Creational

11 Abstract Factory

Abstract Factory

21

AbstractFactory - Client
CredisLromicka() AbstractProduct4 <
CreateProductB() I
«»  ProductA2 ProductAl <
ConcreteFactoryl | ConcreteFactory2
............. AbstractProductB <
CreateProductA() CreateProductA()
CreateProductB() CreateProductB() )\
% ProductB2 ProductBl [«
21 Abstract Factory [3]
12 Builder
Builder
builder K o
Director S Builder
Construct() o) BuildPart()
for all objects in structure {
builder->BuilderPart() ConcreteBuilder [ > Product
g |5 =sed S we )
BuildPart()
GetResult()

2.2

Builder [3]



13 Factory Method

Factory Method

Product

ConcreteProduct

23

14 Prototype

23

Creator

FactoryMethod()

AnOperation()

ConcreteCreator

FactoryMethod()

Factory Method [3]

24

product = FactoryMcthod()k‘

[

return new ConcreteProduct

Prototype

prototype
Client
Operation() Q
p = prototype->Clone() j ConcretePrototypel
Clone() 0

2.4

» Prototype

Clone()

I

ConcretePrototype2

s

return copy of self

Prototype [3]

Clone() ©

B

return copy of self




15 Singleton

25 Singleton
Singleton
static Instance!) retum uniquelnstance
SingletonOperationO
GetSingletonData0
static uniquelnstance
singletonData
25 Singleton [3]
2 Structural
2.1 Adapter
26
Adapter
('Iifnt _i‘ 3 fTarget A7 J ’J' Adagtce .
Request() SpecificRequest()
[
adaptee
Adapter B = ; _
Request() O--- : | adaptee->SpecificRequest()

2.6 Adapter [3]



Client

2.2 Bridge

Bridge

Lo

2.1

Client

imp
Abstraction <> » Implementor
Operation() © Operationlmp()
eseisien imp->()peralionlmp()ﬁ
VAN
RefinedAbstraction ConcretelmplementorA ConcretelmplementorB
Operationimp() Operationlmp()
21 Bridge [3]
2.3 Composite
Composite
> Component
Operation()
Add(Component) e
Remove(Component)
GetChild(int)
Leaf Composite k>
Operation() SFats E
Operation) | | —
Add(Component) =
Remove(Component)
GetChild(int)
2.8

Composite [3]



24 Decorator

Decorator

Component

Operation()

A

l

29

10

>~

cornponent->Operation()

ConcreteComponent Decorator

Operali()n() OpCI’aliOn() O ..................................
ConcreteDecoratorA ConcreteDecoratorB
Operation() Operation()  ©
addedState AddedBehavior()

Decorator::Operation():

addedBehavior();

=

29

25 Facade

Facade

Decorator [3]

o

StackMachineCodeGenerator

RISCCodceGenerator

ExpressionNode

Complier
Compile()
Stream b » Scanner > Token <
> Parser Symbol [
» BytecodeStream > BytecodeStream »  ProgramNode [
CodeGenerator [
StatementNode

2.10

Facade [3]

VariableNode



26 Flyweight

Flyweight

211

flyweights
FlyweightFactory 8 Llyweight
GetFlyweight(key) o Operation(extrinsicState)
A
if (flyweight[key] exists) {
return extsting flyweight;
} eise |
create new flyweight:
add it to pool of flyweight;
return the new flyweight;
' [ AN
> foncreteFlyweight »| UnsharedConcreteFlyweight
Operation(extrinsicState) Operation(extrinsicState)
intrinsicState allState
L/
Client
211 Flyweight [3]
2.1 Proxy
2.12 Proxy
Subject
Client >
Request()
realSubject
RealSubject _]‘ Proxy
Request() Request()

2.12

Proxy [3]



3 Behavioral

31 Chain of Responsibility

12

213 Chain of Responsibility
£ successor
Handler
Client
HandleRequest()
ConcreteHandlerl ConcreteHandler2
HandleRequest() HandleRequest()
2.13 Chain of Responsibility [3]
32 Command
2.14
Command
> > Command
Invoker
Client
Execute()
P Receiver ‘il
Action() receiver ConcreteCommand
Execute()
............................................................................. >.
state
2.14 Command [3]



13

33 Interpreter

2.15
Interpreter

Y

Context

: AbstractExpression
Client

Y

Interpret(Context)

—
TerminalExpression NonterminalExpression
Interpret(Context) Interpret(Context)

2.15 Interpreter [3]

34 Iterator

2.16 |terator

Aggregate Iterator
887es < Client >
Createlterator() First()
Next()
IsDone()
Zl Currentltem()
ConcreteAggregate
B Concretelterator
Createlterator()

2.16 Iterator [3]



1

35 Mediator

2.17
Mediator

mediator
Mediator fe——— Colleague

) u_—

|

| ConcreteMediator ConcreteColleaguel

ConcreteColleague2

i s O =— A

211 Mediator [3]

36 Memento

218 Memento

‘ memento

Originator ~ © hocaasanaig » Memento e

B s = ’ Caretaker

[ SetMemento(Memento m) GetState() e = - sl
CreateMemento() SetState()
state state

2.18 Memento [3]



3.7 Observer

“one-to-many”

38 State

2

19

219 Obsever
Subject observers _ | Observer l
Attach(Observer) Update() !
Detach(Observer) [
Notifv()
A
ConcreteSubject e 1
subject ConcreteObserver

GetState() 777

Update()
LsubjcctSlaw

observerState

Observer [3]

2.20

State
Context ‘ State State J
Request() ’ Handle() |
|
ConcreteStateA ConcreteStateB
Handle() Handle()
2.20 State [3]



39 Strategy

221

Strategy

Context i Strategy
>
ContextInterface() Algorithminterface()
ConcreteStrategyA ConcreteStrategyB

AlgorithmInterface()

221

310 Template Method

Template Method

222

AlgorithmInterface()

Strategy [3]

2.2

AbstractClass

ConcreteStrategyC

Algorithminterface()

TemplateMethod()
PrimitiveOperationl()

PrimitiveOperation2()

l

T

ConcreteClass

PrimitiveOperation1()

PrimitiveOperation2()

Template Method [3]



311 Visitor

2.3

17

Visitor

Visitor

Client

» VisitConcreteElementA(ConcreteElementA)

VisitConcreteElementB(ConcreteElementB)

A

ConcreteVisitorl

ConcreteVisitor2

VisitConcreteElementA(ConcreteElementA)

VisitConcreteElementB(ConcreteElementB)

VisitConcreteElementA(ConcreteElementA)

VisitConcreteElementB(ConcreteElementB)

2. 7 (Problem)

Element
> ObjectStructure >
Accept(Visitor)
ConcreteElementA ConcreteElementB
Accept(Visitor v) Accept(Visitor v)
OperationA() OperationB()
2.23 Visitor [3]
Gamma 3]
L (Pattern name)



3 (Solution)

(Relationships) (Responsibilities) (Collaborations)
(Abstract)
(Design class)
(Object Modeling Technique : OMT) ~ Rumbaugh

4 (Consequences)
Gamma [3]

1

2

3

Viljamaa, J.[5]
2.24 (Design pattern  catalog)
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Novice

Ideas &
Examples
\ Design guidance
Design

Pattern - ——
eferences in docs
Catalog Framework
Vocabulary

/ Specialization
F xperlcncc Best
pr.ncnus

W orkmg

“”““m solunons \/J [ ~==n
Engineers ~ ——A
Design

’
Experts km %

Applications

224 o]

2.3

Viljamaa, A.[l]
Microsystems
CHt
(Byte code)
Java Virtual
Machine (JVM) (Java interpreter) (Run-
time system) Just In Time Compiler (JIT)

Java compiler
e e T e el N

Java Virtual Machine

2.5

s

Source code Byte code

]
: ]
Java run-time Java i
system interpreter '
] |
'x\ L]
]
v !
Y /“‘_'-———K\ ]
.‘ - wd

-
. ( Just In Time compiler >

e

2.25 [1]
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C C++
C C++
(Automatic memory management)

GOTO
break continue (header flies)
(Operator overloading)
(Multiple inheritance)
[6] (Package)

(AWT)t
Graphics User Interface (GUI)

2.26
(Graphics) (Companents)
i(Layout manager)

(Button) (List) (Text field) — (Menu)

“GridBagLayout” “BorderLayout” “GridLayout”



java.ant
CheckhoxGroup
ImageCbserver
- javalang
n
Chjat Compone
MenuComponent
I\/bnuShoutcut]
FloLayout ]
GridLayout
Coree GridBagConstraint
BorcerLayout
\ CaralLayout
Y
WS t RO
INTERFACE |
2.26
(Web page) HTML

Choie Henelocble
Lig

r Panel
a9

“COrarer 1 _”SEroﬂPam! J>T|alég‘ fﬂEIeDi%Pe {
P 1 —

Sorollbar H ------- -Adjustable]
1 TextArea |
TedConporerty & g |
MenuContainer
Ve MU [roe
H  Costoteute.)
LayoutVereger
---------- LayoutVenegor2
elaTh
IS
[6]
(Applets) A

(Web browser)
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(MVC : Model-View-Controller)

(Graphical user interface framework)

3
L (Model class)
2. " (View class)
3 (Controller class)

(Word processing)

2.21

22

Reenskaug [2]

I've changed mcsb:k

Keyboard &
Mouse ‘ Display
@ I've changed message l

2.21

12
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