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Prototype 3.4 Abstract Factory
31 Builder 3.2
Prototype 3.4 Singleton 3.5

Room Door Wall

C++ Direction
enum Direction {North, South, East, West};
Smalltalk
MapSite MapSite Enter



CMna'PUb.CoM

Maze
rooms

AddRoom()
RoomNo()}

class MapSite {
public:

virtual void Enter()
}s

Enter

Room MapSite
Room MapSite

sides

*‘Fr MapSite

class Room : public MapSite {

public:
Room(int roomNo) ;

MapSite* GetSide(Direction)
void SetSide(Direction,

virtual void Enter();

private:
MapSite* _sides[4];
int _roomNumber;

}:

class Wall : public MapSite {

public:
Wall();

virtual void Enter();

};

class Door : public MapSite {

public:

Enter()

N I I
Room Wall Door
Enter() Enter() Enter()
SetSide() -

GetSide() isOpen
roomNumber
MapSite Enter
Enter
MapSite

Door (Room* = 0, Room* = 0);

virtual void Enter();

Room* OtherSideFrom(Room*) ;

const;
MapSite*);

Enter
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private:
Room* _rooml;
Room* _room2;
bool _isOpen;

};

Maze
RoomNo Maze

class Maze {
public:
Maze();

void AddRoom(Room*) ;
Room* RoomNo (int) const;
private:
//
}i

RoomNo hash

MazeGame

Maze* MazeGame: :CreateMaze () {
Maze* aMaze = new Maze;
Room* rl = new Room(1l);
Room* r2 = new Room(2);
Door* theDoor = new Door (rl, r2);

aMaze->AddRoom (rl) ;
aMaze->AddRoom (r2) ;

rl->SetSide (North, new Wall);’
rl->SetSide(East, theDoor};
rl->SetSide(South, new Wall);
rl->SetSide (West, new Wall);

r2->SetSide (North, new Wall);
r2->SetSide (East, new Wall);
r2->SetSide (South, new Wall);
r2->SetSide (West, theDoor) ;

return aMaze;

Room
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DoorNeedingSpell

EnchantedRoom
CreateMaze
. CreateMaze
MazeGame
Factory Method 3.3
. CreateMaze
Abstract Factory 3.1
. CreateMaze
Builder 3.2
. CreateMaze
3.4
Singleton 3.5

—_— Singleton

3.1 ABSTRACT FACTORY —_

Kit

look-and-feel
Presentation Manager

WidgetFactory

WidgetFactory

Prototype

Motif
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WidgetFactory

CreateScroliBar()

CreateWindow()

Motif

WidgetFactory

WidgetFactory
Motif

MotifWidgetFactory [ - PMWidgetFactory | ._________
CreateScrollBar() CreateScroliBar()
CreateWindow() CreateWindow()

Lﬂ"“j
|_Window |

A

--»| PMWindow | [ MotitWindow |- -

ScroliBar
A\

-+ PMScroliBar |  [MotitScroliBar |« - -

WidgetFactory
MotifWidgetFactory CreateScrollBar
PMWidgetFactory

Presentation Manager

Motif Motif
MotifWidgetFactory

4,
Abstract Factory
L]
L]
L]
L]
5.
A actory
CreateProductA()
CreateProductB()
ConcreteFactoryl [ - ConcreteFactory2
CreateProductA() E CreateProductA()
CreateProductB() ! CreateProductB()
6.

« AbstractFactory (WidgetFactory)

AbstractProductA
/\
] | oo oy
AbstractProduct8
A i
»{ Productsz | [ ProductBt e -
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¢ ConcreteFactory (MotifWidgetFactory PMWidgetFactory)

» AbstractProduct (Windows ScrollBar)

e ConcreteProduct (MotifWindow MotifScrollBar)

— AbstractProduct
* Client
— AbstractFactory  AbstractProduct
7.
. ConcreteFactroy
« AbstractFactory ConcreteFactory
8.
AbstractFactory
1) Abstract Factory
2) —
Motif Presentation Manager
3
AbstractFactory
4)
AbstractFactory
AbstractFactory
9.
Abstract Factor
1 ConcreteFactory
Singleton 3.5
2) AbstractFactory
ConcreteProduct

Factory Method 3.3
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Prototype 3.4

Smalltalk partCatal og
make

make : part Name
N (partCatal og at : partNanme) copy

addPart : partTenmpl ate named : part Nanme
part Catal og at : partName put : partTenpl ate

aFactory addPart : aPrototype named : #ACMEW dget
Smalltalk ObjectiveC

Smalltalk
partCatal og partCatal og
make
make : part Name
N (partCatal og at : partName) new
3) AbstractFactory
AbstractFactory
AbstractFactory “ Make"
C++ Smalltalk
C++ Factory Method(3.3)

C++

downcast C++ dynamic_cast
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10.
Abstract Factory
M azeFactory

M azeFactory

class MazeFactory {
public:
MazeFactory () ;

virtual Maze* MakeMaze() const
{ return new Maze; }
virtual Wall* MakeWall() const
{ return new Wall; }
virtual Room* MakeRoom({int n) const
{ return new Room(n); }
virtual Door* MakeDoor (Room* rl, Room* r2) const
{ return new Door(rl, r2); }

CreateMaze
MazeFactory CreateM aze

Maze* MazeGame: :CreateMaze (MazeFactory& factory) {
Maze* aMaze = factory.MakeMaze();
Room* rl1l = factory.MakeRoom(l);
Room* r2 = factory.MakeRoom(2);
Door* aDoor = factory.MakeDoor (rl, r2);

aMaze->AddRoom(rl); .
aMaze->AddRoom (r2) ;

rl->SetSide (North, factory.MakeWall());
rl->SetSide{East, aDoor); -
ri->SetSide(South, factory.MakeWall());
rl->SetSide (West, factory.MakeWall());
r2->SetSide (North, factory.MakeWall());
r2->SetSide (East, factory.Makewall()):
r2->SetSide (South, factory.MakeWall()):;
r2->SetSide (West, aDoor);

return aMaze;

M azeFactory EnchantedM azeFactory
EnchantedM azeFactory Room

class EnchantedMazeFactory :-publié MazeFactory {
public:
EnchantedMazeFactory () ;

virtual Room* MakeRoom(int n) const
{ return new EnchantedRoom({n, CastSpell()); }

virtual Door* MakeDoor (Room* rl, Room* r2) const

Wall

CreateM aze
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{ return new DoorNeedingSpell(rl, r2); }

protected:
Spell* CastSpell() const;

}:

Room
Wall
RoomWithABomb BombedWall
BombedM azeFactory M azeFactory
BombedWall RoomWithABomb BombedM azeFactory

Wall~* BombedMazeFactory::Makewéil () const {
return new BombedWall;
}

Room* BombedMazeFactory::MakeRoom(int n) const {
return new RoomWithABombi(n); )

}
BombedM azeFactory CreateMaze

MazeGame gane;
BombedMazeFactory factory;

gane. Creat eMaze(factory);

CreateMaze EnchantedM azeFactory
MazeFactory Abstract Factory
MazeFactory AbstractFactory
ConcreteFactory Abstract Factory
M azeFactory
MazeFactory
CreateMaze SetSide BombedM azeFactory
BombedWall RoomWithABomb
RoomWithABomb BombedwWall
wall*  BombedWall* BombedWall
BombedMazeFactory
Smalltalk Wall
Wall Abstract Factory
Smalltalk MazeFactory
make
Smalltalk CreateMaze

createMaze: aFactory
| rooml room2 aDoor | _
rooml := (aFactory make: #room) number: 1.
room2 (aFactory make: #room) number: 2.
abDoor := (aFactory make: #door) from: rooml to: room2.
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rooml atSide: #north put: (aFactory make: #wall).
rooml atSide: #east put: aDoor.

rooml atSide: #south put: (aFactory make: #wall).
rooml atSide: #west put: (aFactor& make: #wall).
room2 atSide: #north put: (aFactory make: #wall).
room2 atSide: #east put: (aFactory make: #wall).
room2 atSide: #south put:  (aFactory make: #wall).
room2 atSide: #west put: aDoor. .

~ Maze new addRoom: rooml; addRoom: room2; yourself

MazeFactory partCatal og
make:

make: partName
~ (partCatalog at: partName) new

MazeFactory CreateM aze MazeGame

CreateM azeFactory
createMazeFactory
~ (MazeFactory new
addPart: Wall named: #wall;
addPart: Room named: j#room;
addPart: Door named: #door;
yourself)

BombedMazeFactory Enchanted
M azeFactory EnchantedM azeFactory

createMazeFactory
~ (MazeFactory new . )
addPart: Wall named: #wall;
addPart: EnchantedRoom named: #room;
addPart: DoorNeedingSpell named: #door;

yourself)
11.
InterView “ Kit” [Lin92] AbstractFactory WidgetKit DialogKit
InterView LayoutKit
composition
ET++[WGM88] Abstract Factory X Windows
SunView WindowSystem
MakeWindow MakeFont MakeColor
ET++ WindowSystem
12.
AbstractFactory Factory Method 3.3
Prototype
Singleton 3.5
3.2 BUILDER e

1.
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2.
RTF Rich Text Format RTF
RTF ASCII
RTF
RTF TextConverter
RTFReader RTFReader RTF TextConverter
RTFReader RTF RTF
TextConverter TextConverter
Duticdars
RTFB.-” builder T
il
ParseRTF) @ > ConvertCharacter(char)
! ConvertFontChange(Font)
E ConveritParagraph()
while (t = get the next token} { A
e et | | |
b#_i}@er—wonvanharﬂcter(t.Char) ASClIConverter TeXConvertar TextWidgetConverter
b :;Ii{?er»(:onvenFomChangs(t.F ont) ConvertCharacter{char) ConvertCharacter(char) ConvertCharacler{char)
buil&er—>ConverlParagraph() GetASCHText(} ConvertFont( ge(Font) Cc ‘'ontChange(Font)
} T ConvertParagraph() ConvertParagraph()
} ' GetTeXText() GelTextWidget()

TextConvert
RTF
Builder
director
RTF
RTFReader
TextConverter RTFReader
3.
Builder

.

ASCIIConverter
TeXConverter

TEX TextWidgetConverter

builder
Builder

RTF
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5

Director - builder Bulider

Construct) o BuildPart()

builder—>BuildPart() ConcreteBullder |-------

BuildPart()
GetResuit()

)

)
: Z}
for all objects in structure { 1

Builder TextConverter

Product

ConcreteBuilder ASCIIConverter TeXConverter TextWidgetConverter

Builder

GetASClIText GetTextWidget

Director RTFReader

Builder

Product ASCIIText TeXText TextWidget

ConcreteBuilder

Director Builder

Builder Director

aClient aDirector aConcreteBuilder

new ConcreteBuilder

new Director(aConcreteBuilder)
Construct() E BuildPartA()

BuildPartB()

BuildPartC()

GetResult()

Builder
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1) Builder
2) Builder
Builder ConcreteBuilder
Director
Product RTF RTF
SGMLReader TextConverter SGML ASCIlIText TeXText
TextWidget
3) Builder
Builder
8.
Builder

ConcreteBuilder

1) Builder
RTF
Maze
MazeBuilder
2)
RTF ASClI| Text
TextWidget
Builder
3) Builder C++
9.
CreateM aze MazeBuilder

MazeBuilder
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class MazeBuilder {
public:
virtual void BuildMaze() { } s
virtual void BuildRoom(int room) { }
virtual void BuildDoor (int roomFrom, -int roomTo) { }

virtual Maze* GetMaze() { return 0; }
protected: ’

MazeBuilder();
}s

1 2 3
GetMaze MazeBuilder
MazeBuilder
MazeBuilder CreateM aze

Maze* MazeGame::CreateMaze (MazeBuilder& builder) {
builder.BuildMaze();

builder.BuildRoom (1) ;
builder.BuildRoom(2) ;
builder.BuildDoor(1l, 2):

return builder.GetMaze();

CreateM aze

MazeBuilder
Builder
MazeBuilder MazeBuilder
CreateComplexMaze

Maze* MazeGame::CreateComplexMaze (MazeBuilder& builder) {
builder.BuildRoom (1) ; . :
YT '
builder.BuildRoom(1001) ;

return builder.GetMaze() ;

M azeBuilder
MazeBuilder
StandardM azeBuilder

_currentMaze

class StandardMazeBuilder : public MazeBuilder ({
public: .
StandardMazeBuilder() ;

virtual void BuildMaze();
virtual void BuildRoom(int);
virtual void BuildDoor (int, int);
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virtual Maze* GetMaze():;

private:
Direction CommonWall (Room*, Room*);
Maze* _currentMaze; ’ :

}i
CommonWall
StandardM azeBuilder _currentMaze

StandardMazeBuilder: : StandardMazeBuilder () {
_currentMaze = 0;

}

BuildMaze Maze GetMaze

void StandardMazeBuilder::BuildMaze () {
—CurrentMaze = new Maze; _ S

}

Maze* StandardMazeBuilder::GetMaze () {-
return _currentMaze;

}

BuildRoom

void StandardMazeBuilder::BuildRoom (int n) {
if (!_currentMaze->RoomNo(n)) {
Room* room = new Room(n);
_currentMaze->AddRoom (room) ;

room->SetSide(North, new Wall);

room->SetSide(South, new Wall);
- room->SetSide (East, new Wall);’

room->SetSide (West, new Wall);

StandardM azeBuilder

void StandardMazeBuilder::BuildDoor (int nl, int n2) {
Room* rl = _currentMaze->RoomNo (nl) ;.
Room* r2 = _currentMaze->RoomNo{n2) ;
Door* d = new Door(rl, r2);

rl->SetSide(CommonWall (rl,r2), 4);
r2->SetSide (CommonWall{r2,rl), 4);

CreateMaze StandardMazeBuilder

Maze* maze;
MazeGame game;
StandardMazeBuilder builder;

game.CreateMaze (builder) ;
maze = builder.GetMaze();

StandardM azeBuilder Maze Maze

Maze StandardM azeBuilder Maze
MazeBuilder



China=pupecom

MazeBuilder CountingMazeBuilder

class CountingMazeBuilder : public MazeBuilder {
public:
CountingMazeBuilder () ;

virtual void BuildMaze();

virtual void BuildRoom(int); .
virtual void BuildDoor (int, int);
virtual void AddWall (int, Direction);

void GetCounts(int&, int&) const;
private: '

int _doors;

int _rooms;

MazeBuilder

CountingMazeBuilder::CountingMazeBuilder () {
_rooms = _doors = 0; : ’

}

void CountingMazeBuilder::BuildRoom (int) {
_TOOmS++; .

}

void CountingMazeBuilder::BuildDoor (int, ‘int) {
_doors++;

}

void CountingMazeBuilder: :GetCounts - (
int& rooms, int& doors

) const {
rooms = _rooms;
doors = _doors;

CountingMazeBuilder

int rooms, doors;
MazeGame game;
CountingMazeBuilder builder;

game.CreateMaze (builder) ;
builder.GetCounts{rooms, doors);

cout << "The maze has "
<< rooms << " rooms and "
<< doors << " doors" << endl;

10.
RTF ET++[WGM88] RTF

Smal Ital k-80[ Par90]
. Parser Director ProgramNodeBuil der
Parser ProgramNodeBuilder



China=pupscom

* ClassBuilder Class Class
Director Product
*ByteCodeStream
ByteCodeStream Builder
Smalltalk ByteCodeStream
ByteCodeStream
Adaptive Communications Environment Service
Configurator [SS94]

LALR 1
Director
11.
Abstract Factory 3.1 Builder
Builder
Builder
Composite 4.3 Builder

3.3 FACTORY METHOD

1.

Virtual Constructor

Application Document

Application Document
New
Document
Document ——Application
Document
Factory Method
Application Application

Application

Abstract Factory

Abstract Factory

Factory Method

DrawingApplication DrawingDocument

— Open
Application
Document
CreateDocument Document
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CreateDocument

factory method

M Application
Open() CreateDocument() "
Close() NewDocument() o-f--------- ggccsu ?gg(tdg‘gc = CreateDocument();
Save() OpenDocument() doc—>Open(); '
Revert() % .
MyDocument e - -------+ MyApplication
CreateDocument() O{-------~-1 return new MyDocument |
4,
Factory Method
5.
Creator
Product FactoryMethod() -
AnOperation() Pl IS Bll'oduct = FactoryMethod()
ConcreteProduct ] - - -~ ----=~ 4 ConcreteCreator
FactoryMethod() ©-f=-----1 return new ConcreteProduct j
6.
* Product(Document)
e ConcreteProduct MyDocument
— Product
e Creator Application
— Product Creator
ConcreteProduct
— Product
» ConcreteCreator MyApplication
— ConcreteProduct
7.
e Creator ConcreteProduct

8.
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Product
ConcreteProduct
ConcreteProduct
Creator Creator
Creator
Factory Method
1) hook
Factory Method
Document Document CreateFileDialog
Document
2)
Creator
Manipul ator
Manipulator
Manipulator Figure
o i
fmateManlpularor() g:u;bCIIck()
L UpClick()
LineFigure TextFigure LineManipulator TextManipulator
CreateManipulator() c Manipulator() g::;r(x;:ﬁcko g::vgr;)Cllok()
- v 1 UpClick() 18 UpClick()
Figure CreateM anipulator Figure
Manipulator Figure Manipul ator
Figure CreateManipul ator Manipulator Figure

Figure

Manipulator
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9.
Factory Method
1) Factory Method 1
Creator 2
Creator
Creator
2)
Product
Document Application Document CreateDocument
Unidraw [VL90] Unidraw
Creator Create
Unidraw
Create Create
Create Read

MyProduct YourProduct Product

class Creator {
public: )

virtual Product* Create(ProductId);
}; :

Product* Creator::Create (ProductId id) ({
if (id == MINE) return new MyProduct;
if (id == YOURS) réturn new YourProduct;
// repeat for remaining products...

return 0;

Creator

MyCreator MyProduct YourProduct

TheirProduct

Product* MyCreator::Create (ProductId id) {
if (id == YOURS) return new MyProduct;
if (id == MINE) return new YourProduct;

// N.B.: switched YOURS and MINE

if (id == THEIRS) réturn new TheirProduct;
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Create
YOURS MINE THEIRS

3
Smalltalk
ConcreteCreator
ConcreteProduct
Smalltalk

Document Application

Document MyApplication
Application

clientMethod .
document := self documentClass new.

documentClass
self subclassResponsibility

MyApplication

documentClass
~ MyDocument

MyDocument
Application

Application

Application
C++

ConcreteCreator

initialization
class Creator {
public:
Product* GetProduct();
‘protected:
virtual Product* CreateProduct();
private:
Product* _product;
}i

Product* Creator::GetProduct () {
if (_product == 0) {
_product = CreateProduct();
) .
return _product;
}

4)
Product Creator

Creator Product

return Creator::Create(id); // called if all others fail

MyCreator::Create
MyCreator

caveat
Creator

documentClass
MyDocument

Creator

lazy

C++
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class Creator {

public:

virtual Product* CreateProduct() = 0;
}: ’

template <class TheProduct>

class StandardCreator: public Creator {
public: ' )

virtual Product* CreateProduct();
}; o

template <class TheProduct> "
Product* StandardCreator<TheProduct>::CreateProduct () {
return new TheProduct; ’ . :

}
—_— Creator

class MyProduct : public Product {
public: '

MyProduct () ;

// '
}:
StandardCreator<MyProduct> myCreafof;
5)
Macintosh MacApp [App89] Class*

DoMakeClass( ) Class Product

10.

CreateMaze 3

MazeGame

class MazeGame {
public:
Maze* CreateMaze();

// factory methods:

virtual. Maze* MakeMaze() const
{ return new Maze; } o
virtual Room* MakeRoom(int n) const
{ return new Room(n); }
virtual Wall* MakeWall() const
{ return new Wall; }
virtual Door* MakeDoor (Room* rl, Room* r2) const
{ return new Door(rl, r2); }

};

MazeGame

CreateMaze

Maze* MazeGame: :CreateMaze () -{
Maze* aMaze = MakeMaze():;

Room* rl = MakeRoom(1);
Room* r2 = MakeRoom(2);
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Door* theDoor = MakeDoor (rl, r2);

aMaze->AddRoom(rl) ;
aMaze->AddRoom(r2) ;

r1->SetSide(North, MakewWall{());
ril->SetSide(East, theDoor);

rl->SetSide(South, MakeWall());
rl->SetSide(West, MakeWall()):

r2->SetSide (North, MakeWall()):
r2->SetSide(East, MakeWall());
r2->SetSide(South, MakeWall());"
r2->SetSide(West, theDoor);
return aMaze;

MazeGame MazeGame
BombedM azeGame
Room Wall
class BombedMazeGame : public MazeGame {
public: : ‘
BombedMazeGame () ;

virtual Wall* MakeWall() const
{ return new BombedWall; }

virtual Room* MakeRoom(int n) const
{ return new RoomWithABomb(n); }
};

EnchantedM azeGame

class EnchantedMazeGame : public MazeGame {

public:
EnchantedMazeGame () ;

virtual Room* MakeRoom(int n) const
{ return new EnchantedRoom(n, CastSpell()); }

virtual Door* MakeDoor (Room* rl, Room* r2) const
{ return new DoorNeedingSpell(rl, r2); }
protected: . :
Spell* CastSpell() const;
Yi '

11.
MacApp ET++[WGMS8S§]
Unidraw
Smalltalk-80 Model/View/Controller Class View
defaultController [Par90] View

defaultControllerClass
defaultController
Smalltalk-80
parserClass

defaultControllerClass

Behavior
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3
SQL Parser SQL Behavior
parserClass Smalltalk Parser SQL
SQL Parser
IONA Technologies Orbix ORB [ION94]
Factory Method Proxy 4.7 Factory Method

12.

Abstract Factory 3.1 Abstract Factory

Factory Method

Template Methods 5.10 NewDocument

Prototypes 3.4 Creator Product
Initialize Creator Initialize Factory Method
3.4 PROTOTYPE —

1

2.

Graphics
Tool
GraphicTool
GraphicTool
GraphicTool GraphicTool
GraphicTool
GraphicTool
Graphic
GraphicTool “ ” Graphic
Graphic GraphicTool
Graphic Clone GraphicTool
Graphic
GraphicTool

GraphicTool
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Tool Graphic
Manipulate() Draw(Position)
! Clone()
prototyp |
RotateTool GraphicTool >—! Statt " Note
Manipulate() Manipulate() 9 Draw{Position)
E Cloney | I\ ____
WholeNote HalfNote
p = prototype—>Clone()
while (user drags mouse) { Draw(Position) Draw(Position)
p—>Draw(new position) Clone() 9 Clone()
u)nsen p into drawing E E
return copy of selfﬂ retumn copy of selfﬂ
Prototype
GraphicTool
MusicalNote
3.
Prototype
4,
Client prototype Prototype
Operation() @ Clone()
p= prototype—>CIone()H I
ConcretePrototype1 ConcretePrototype2
Cione() @ Clone() Q@
retumn copy of selfﬁ return copy of selfﬂ

5.

 Prototype Graphic

e ConcretePrototype Staff WholeNote HalfNote

» Client GraphicTool
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6.

7.
Prototype Abstract Factory 3.1 Builder 3.2

Prototype
1) Prototype

2) —

Prototype
GraphicTool
3

Prototype
Clone deep copy

4) Factory Method 3.3 Creator
Prototype
Creator C++
Smalltalk Objective C

5) C++
Prototype

ET++
[WGMS8S]
Prototype Prototype Clone
Clone

S] Composite 4.3 Decorator 4.4
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C++
Prototype Smalltalk Objective C Prototype

Prototype Self[US87]
1)
prototype manager

associative store
2) Prototype Clone
Smalltalk copy
Object C++ “
” [GR83]
Smalltalk C++
Save Load
Clone Save Load
3)
Clone
Clone
Initialize
Clone —_—

Initialize

9.
MazeFactory 3.1 MazePrototypeFactory
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3
M azePrototypeFactory MazeFactory
class MazePrototypeFactory : public MazeFactory {
public: :

MazePrototypeFactory (Maze*, Wall*}‘Room*, Door*);

virtual Maze* MakeMaze() const;

virtual Room* MakeRoom(int) const;

virtual Wall* MakeWall() const;

virtual Door* MakeDoor (Room*, Room*} const;

private:
Maze* _prototypeMaze;
Room* _prototypeRoom;
Wall* _prototypeWall;
Door* _prototypeDoor;

MazePrototypeFactory::MazePrbtotypeFactorY (
Maze* m, Wall* w, Room* r, Door* 4

)y {
_prototypeMaze = m;
_prototypeWall = w;
_prototypeRoom = r;
_prototypeDoor = 4;

MakeWall MakeDoor

Wall* MazePrototypeFactory::MakeWall () const {
return _prototypeWall->Clone(});
) "

Door* MazePrototypeFactory::MakeDoor (Room* rl, Room *r2) const {
Door* door = _prototypeDoor->Clone();
door->Initialize(rl, r2);
return door; ’

M azePrototypeFactory
MazeGame game;
MazePrototypeFactory simpleMazeFactory(
new Maze, new Wall, new Room, new Door
)i
Maze* maze = game.CreateMaze (simpleMazeFactory);
M azePrototypeFactory

BombedDoor RoomWithABomb

MazePrototypeFactory bombedMazeFactory (-
new Maze, new Bombedwall,
new RoomWithABomb, new Door

Wall Clone
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Initialize
Door 3
class Door : public MapSite {
public:
Door () ;

Door (const Door&) ;

virtual void Initialize (Room*, Room*);
virtual Door* Clone() const;
virtual void Enter():
Room* OtherSideFrom(Room*) ;
private: )
Room* _rooml;
Room* _room2;

}i

Door: :Door (const Door& other) {
_rooml = other._rooml;
_room2 = other._room2;

void Door::Initialize (Room* rl, Room* r2) {

_rooml = rl;
_room2 = r2;

Door* Door::Clone () const {
return new Door (*this);

}
BombedWall Clone
class Bombedwall : public Wall  {
public:
Bombedwall () ;
BombedWall (const BombedWallég);
virtual wWall* Clone() consf;
bool HasBomb() ;
private:

bool _bomb;
}:

BombedWall: : BombedWall . (const BombedWall& other)

_bomb = other._bomb;
}

Wall* BombedWall::Clone () const {
return new BombedWall (*this);
}

BombedWall::Clone Wall*
BombedWall* Clone
Clone
Smalltalk Object

copy

: Wall(other) {

MapSite

Door
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3
MazeFactory #room
MazeFactory make:
make: partName .
~ (partCatalog at: partName) copy
MazeFactory
CreateMaze
on: (MazeFactory new )
with: Door new named: #door;
with: Wall new named: #wall;.
with: Room new named: #room;
yourself) '
CreateM aze on:
on: aFactory
| rooml room2 |
rooml := (aFactory make: #room) location: 1@1.
room2 := (aFactory make: #room) location: 2€1.
door := (aFactory make: #door) f;om: rooml to: room2.
rooml
atSide: #north put: (aFactory make: #wall);
atSide: #east put: door;
atSide: #south put: (aFactory make: #wall);
atSide: #west put: (aFactory make: #wall).
room2 .
atSide: #north put: (aFa;tpry:make: #wall);
atSide: #east put: (aFactory make: #wall);
atSide: #south put: (aFactory make: #wall);
atSide: #west put: door.
" Maze new
addRoom: rooml;
addRoom: room2;
yourself
10.
Prototype Ivan Sutherland  Sketchpad [Sut63]
ThingLab
[Bor8l] Goldberg Robson
[GR83] Coplien[Cop92] C++
Prototype
etgdb ET++ line-oriented
point-and-click DebuggerAdaptor
GdbAdaptor etgdb GNU gdb SunDbxAdaptor etgdb Sun dbx
etgdb DebuggerAdaptor
DebuggerAdaptor etgdb
Mode Composer “ " interaction technique library
[Sha90] Mode Composer
Prototype Mode Composer
Unidraw [VL90]

11.
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Abstract Factory

Composite 4.3 Decorator 4.4 Prototype

3.5 SINGLETON e

1.
2.
printer spooler
A/D
Singleton
3.
Singleton
4.
Singleton
static Instance() ©---q---------1 retun uniquelnstance 1
SingletonOperation()
GetSingletonData()
static uniquelnstance
singletonData
5.
* Singleton
— Instance Instance
Smalltalk C++
6.
. Singleton Instance Singleton
7.
Singleton

1) Singleton
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3
2) Singleton
3) Singleton
4) Singleton
Singleton
5) C++
Smalltalk
C++
8.
Singleton
1) Singleton
C++ Singleton Instance Singleton
_instance
Singleton
class Singleton {
public: :
static Singleton* Instance();
protected: :
Singleton() ;
private:
static Singleton* _instance;
}:
Singleton* Singleton::_instance = 0;
Singleton* Singleton::Instance'() {
if (_instance == 0) { )
_instance = new Singleton;
} .
return _instance;
}
Instance _instance 0
Instance 0 Instance lazy
Singleton
_instance Singleton Instance

Singleton
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C++
b)
c) C++ translation unit [ES90]
/
Smalltalk Singleton
new Singleton
Solelnstance
new
self error: ‘cannot create new object’
default
SoleInstance isNil ifTrue: [SoleInstance := super newj.
" SoleInstance ’

2) Singleton

Singleton Instance

Singleton Instance MazeFactory
C++
hard-wire Singleton
registry of singleton Singleton

Instance Singleton

Instance

Instance

Singleton Singleton

class Singleton {
public: .
static void Register (const char* name, Singleton*);
static Singleton* Instance();
protected:
static Singleton* Lookup (const char* name);
private: .
static Singleton* _instance;
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3
static List<NameSingletonPair>* _registry;
}; o
Register Singleton
NameSingletonPair NameSingletonPair Lookup

Singleton* Singleton::Instance () {
if (_instance == 0) {
const char* singletonName = getenv("SINGLETON");
// user or environment-supplies this at startup

_instance = Lookup(singletonName) ;

// Lookup returns 0 if there’s no such singleton
} .

return _instance;

}

Singleton MySingleton
MySingleton: :MySingleton () {
1o .
Singleton::Register(“MySing}eton', this);
}
Singleton
C++ MySingleton
MySingleton
static MySingleton theSingleton;
Singleton
— Singleton
9.
MazeFactory 3 MazeFactory
BombedWall wall
Maze
Singleton MazeFactory
M azeFactory
Instance _instance C++
Singleton

class MazeFactory {
public:
static MazeFactory* Instance();

// existing interface goes here
protected:
MazeFactory () ;
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private: .
static MazeFactory* _instance;
}:

MazeFactory* MazeFactoryi:_insﬁance‘= 0

MazeFactory* MazeFactory::Instance () {
if (_instance == 0) { o
_instance = new MazeFactory;
} )

return _instance;

M azeFactory

MazeFactory Instance
M azeFactory

‘MazeFactory* MazeFactory::Instance () {
if (_instance == 0) {
const char* mazeStyle = getenv("MAZESTYLE");

if (strcmp(mazeStyle, "bombed") == 0) {
_instance = new BombedMazeFactory;

} else if (strcmp(mazeStyle, "enchanted"”) == 0) {
_instance = new EnchantedMazeFactory;

// ... other possible subclasses

} else { // default .
_instance = new MazeFactory;
}
}

return _instance;

M azeFactory Instance
10.
Smalltalk-80[Par90] Singleton ChangeSet current
metaclass
InterViews [LCI*92] Singleton Session WidgetKit
Session
WidgetKit Abstract Factory 3.1
WidgetKit::instance WidgetKit

Session Session
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3
Session
11.
Singleton Abstract Factory 3.1  Builder 3.2
Prototype 3.4
3.6
Factory Method 3.3
cascade
Abstract Factory 3.1  Builder 3.2 Prototype
3.4 “
" Abstract Factory Builder
Prototype
Prototype
GraphicTool
. Factory Method Graphic GraphicTool
GraphicTool NewGraphic GraphicTool
. Abstract Factory GraphicsFactory Graphic

Line GraphicTool
. Prototype Graphic
Graphic
Method
GraphicTool

Abstract Factory
GraphicsFactory
Smalltalk
GraphicsFactory
Prototype
Clone
Duplicate
Factory Method
Factory Method

CircleFactory

Circle LineFactory

Graphic
Clone GraphicTool
Factory
GraphicTool
GraphicTool

GraphicsFactory
Abstract Factory Factory Method

Objective C

Graphics
Clone

Factory Method
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