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Adapter(4.1)

adaptee

Composite (4.3)
proxy
Flyweight(4.6)

Flyweight

Flyweight
Flyweight
Bridge(4.2)

Decorator(4.4)

Decorator

(adaptee )
adaptee

Proxy (4.7)

Proxy

Flyweight

Facade(4.5)

facade facade

Decorator

Decorator
Decorator
Decorator
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4.1 ADAPTER —_
1
Adapter
2.
Wrapper
3.
Shape
Shape LineShape PolygonShape
LineShape PolygonShape
TextShape
TextView
TextView TextShape
Shape TextView Shape
TextView TextView
Shape
TextView
TextShape TextView Shape
1 Shape TextView 2)
TextView TextShape TextView TextShape
Adapter TextShape Adapter
DrawingEditor Shape TextView
BoundingBox() GetExtent()
CreateManipulator()
r I text
Line TextShape
BoundingBox() BoundingBox() O-f----=--- { retum text—>GetExtent() H
CreateManipulator() CreateManipulator() ©- --—*--:

fe-- ‘I retumn new TextManipulator |




China=pupscom

4
Shape BoundingBox
TextView GetExtent TextShape TextView Shape
TextView
Adapter
Shape “ "
TextView TextShape CreateManipul ator
Manipulator
Manipulator Shape
Manipulator
TextManipulator TextShape TextShape TextManipulator
TextView Shape
4,
Adapter
. Adapter
5.
Request() SpecificRequest()
1 I (implementation)
Adapter
Request() O-f ----~--~~- SpecificRequest() 1
o o
Request() SpecificRequest()
Adapter adaptee
Request() O-f~--------~~- adaptee->SpecificRequest() 1
6.
* Target (Shape)

Client
* Client (DrawingEditor)
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— Target
* Adaptee (TextView)

* Adapter (TextShape)

— Adaptee Target
7.
e Client Adapter Adaptee
8.
. Adapter Adaptee Target
Adapter
. Adapter Adaptee Adapter Adaptee
. adaptee
. Adapter Adaptee—— Adaptee
— Adapter Adaptee
. Adaptee Adaptee Adapter
Adaptee
Adapter

1) Adapter Adaptee Target Adapter

( )
Adapter Target Adaptee
2) Adapter

Object-Work/Smalltalk[Par90] pluggable adapter
TreeDisplay
Tree TreeDisplay
Tree
GetSubdirectories
GetSubclasses
TreeDisplay
TreeDisplay

3)

Adaptee Adaptee
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Unidraw [VL90] QOCA
[HHMV92] Unidraw
StateVariable QOCA ConstraintVariable Unidraw QOCA
ConstraintVariable StateVariable QOCA
Unidraw StateVariable ConstraintVariable
QOCA Unidraw
| ConstraintStateVariable l
ConstraintStateVariable ConstraintVariable
StateVariable ConstraintStateVariable
9.
Adapter
1) C++ C++ Adapter
Target Adaptee Adapter Target
Adaptee
2) TreeDisplay
Adaptee K
TreeDisplay
a) TreeDisplay Adaptee
DirectoryTreeDisplay
TreeDisplay (Client, Target)
GelChildren(Node)
CreateGraphicNode(Node) GetChildron(n) T
Display() for each child { .
BuildTree(Node n) O==-==--=-==-f-=-=-=-==-= AddGraphi ( ap (child))

) BulldTree(child)

2

DirectoryTreeDlIsplay (Adapter)

GetChildren(Node)

CreateGraphicNode(Node) ———cl ’ tity (Adep :J
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DirectoryTreeDisplay

DirectoryBrowser

b) TreeDisplay

TreeDisplay

TreeAccessorDelegate (Target)

(Client)

SetDelegate(Delegate)
Display()
BuildTree(Node n) @

GetChildren(TreeDisplay, Node)
CreateGraphicNode(TreéDisplay, Node)

A

Directory ser (Adapter)

delegate->GetChildren(this, n)
for each child
AddGraphicl tl)_de(

) LuildT ree(child)

is, child)

GetChildren(TreeDisplay, Node)

CreateGraphicNode(TreeDisplay, Node)

CreateFile()
DeleteFile()

DirectoryBrowser
TreeDisplay

NEXTSTEP[Add94]
C++
TreeAccessorDelegate

DirectoryBrowser

TreeDisplay
C) Smalltalk
GraphicNode
TreeDisplay
directoryDisplay :=
(TreeDisplay on: treeRoot)
getChildrenBlock:

FileSystemEntity (Adaptee) |

TreeDisplay DirectoryBrowser
Smalltalk Objective C
TreeDisplay

TreeDisplay

[:node | node getSubdirectories]

createGraphicNodeBlock:

[:node | node createGraphicNode].

10.

Shape TextView

class Shape {
public:
Shape () ;
virtual void BoundingBox (

TreeDisplay

DirectoryBrowser
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4
Point& bottomLeft, Point& topRight
) const; )
virtual Manipulator* CreateManipulator() const;
}: i
class TextView {
public: :
TextView() ; ' o
void GetOrigin(Coord& x, Coord& y) const;
void GetExtent (Coord& width, Coo:d& height) const;
virtual bool IsEmpty{() const;
¥ :
Shape TextView
Shape CreateManipulator Manipulator
M anipul ator ©  TextView
TextShape
C++
TextShape
class TextShape : public: Shape, private TextView {
public: ) ’
TextShape () ;
virtual void BoundingBox(
Point& bottomLeft, Point& topRight
) const;
virtual bool IsEmpty() const;
virtual Manipulator* CreateManipulator() const;
}: ’
BoundingBox TextView Shape
void TextShape: :BoundingBox (
Point& bottomLeft, Point& topRight
} const {
Coord bottom, left, width, height;
GetOrigin(bottom, left);
GetExtent (width, height);
bottomLeft = Point (bottom, left);
topRight = Point (bottom + height, left + width);
} -
ISEmpty
bool TextShape::IsEmpty () const {
return TextView::IsSEmpty();
}
CreateManipulator TextView
TextShape TextManipulator
Manipulator* TextShape::CreateManipulator () const {

return new TextManipulator (this);
}

© CreateManipulator Factory Method
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TextShape TextView

class TextShape : public Shape {
public:
TextShape (TextView*) ;-

virtual void BoundingBox (
Point& bottomlLeft, Pointé& topRigh

) const; .

virtual bool IsEmpty() const;

virtual Manipulator* CreateManipulator() const;
private: o o

TextView* _text; '
}:

TextShape TextView
TextView TextView
TextShape
TextShape: :TextShape (TextView* t) {
_text = t;

}
void TextShape: :BoundingBox (
Point& bottomLeft, Point& topRight

) const {
Coord bottom, left, width, height;

_text->GetOrigin(bottom, left);
_text->GetExtent (width, height);

bottomLeft = Point(bottom, left);
topRight = Point (bottom + height, left + width);

}

bool TextShape::IsEmpty () const:{
return _text->IsEmpty();
}

CreateM anipul ator
TextView

Manipulator* TextShape::CreateManipulator () const {
return new TextManipulator (this);
}

TextView TextShape
TextShape TextView
11.
ET++[WGM88] ET++Draw ET++Draw
TextShape ET++
InterView2.6 scrollbars buttons menus
Interactor[VL88] line circle polygon spline

Graphics Interactor Graphics
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InterView2.6 GraphicBlock I nteractor
Graphic GraphicBlock Graphic Interactor
GraphicBlock Graphic Interactor
ObjectWorks/'Smalltalk[ Par90] Smalltalk
ValueModd ValueMode “ value® “ vaue”
“width®  “ width:”
VadueModd ValueModel
ObjectWorks/Smalltalk ValueM odel PluggableAdaptor
PluggableAdaptor ValueModel “ vaue® “ vaue”
Pluggabl eA daptor
“ valug” “ value” Pluggabl eAdaptor
“ width”  “ width.”
ValueModel
value:
value
adaplee PluggableAdaptor
value:
valug O--------1 - - -1 ~getBlock value: adapteeH
getBlock
setBlock
ObjectWorks/Smalltalk TableAdaptor
TableAdaptor
NeXT AppKit[Add94]
NXBrowser NXBrowser
Mayer “ Marriage of Convenience” [Mey88] Mayer
FixedStack Array Stack
12.
Bridge(4.2) Bridge Bridge
Adapter
decorator

Decorator(4.4)

decorator

Proxy(4.7)
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4.2 BRIDGE —_—
1
2.

Handle/Body
3.

XWindow PMWindow

1) Window
Window IconWindow
Window
/\

[ xwindow |  (PMWindow|

2)

Bridge

WindowImp Xwindowlmp
Window

Window

X Window System IBM Presentation Manager(PM)

Window

Window
Window

IconWindow

XlconWindow PMIconWindow

| XWIndowl [PMWIndowl | IeonWIndowl
| Xiconwindow | |PMiconWindow|
Xwindow Window X Window
X Window
Window

Window IconWindow TransientWindow

WindowImp

X Window

Window Windowlmp
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Bridge
imp
Window g Windowimp
DrawText() DevDrawText()
DrawRect() O - o DevDrawLine()
)
: imp—>DevDrawLine
... imp—>DevDrawLine
imp->DevDrawLine|
imp->DevDrawLine
JAN
[ | [ |
IconWindow TranslentWindow XWindowimp PMWindowimp
DrawBorder() @ DrawCloseBox() @ DevDrawText() ©- - DevDrawLine()
n n DevDrawLine() @ ' DevDrawText()
,
1

B::x?ggg DrawRect() | XDrawLine()ﬁ XDrawString()ﬁ

Bridge

. Bridge

o C++ C++

Rumbaugh

nested generalizations

Coplien String [Cop92]

StringRep
5.
imp
Abstraction K> Implementor
Operation() @ Operationimp()
A imp—>OperationImp(s; |
[ |
Col

RefinedAbstraction ncretelmplementorA ConcreteimplementorB

Operationimp() Operationimp()
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6.
 Abstraction (Window)
— I mplementor
 RefinedAbstraction (IconWindow)
— Abstraction
 Implementor (Windowlmp)
— Abstraction
Implementor

 Concretel mplementor (Xwindowlmp, PMWindowlmp)

— I mplementor
7.
* Abstraction client Implementor
8.
Bridge
1

Abstraction Implementor

Abstraction

Abstraction Implementor
2) Abstraction Implementor
3)
9.

Bridge
1) Implementor

Bridge Abstraction Implementor

Carolan[Car89] * "
Implementor

Cheshire Cat

2) Implementor
Implementor
Concretel mplementor

I mplementor

Abstraction

Abstraction

I mplementor

I mplementor

C++
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collection collection
collection hash collection
collection
collection
Window/WindowImp
factory Abstract Factory(3.1)
WindowImp Window
WindowImp WindowImp Abstraction
I mplementor
3) I mplementor Coplien C++ Handle/Body
[Cop92] Body Handle

Handle& Handle::operator= (const Handle& other) (
other._body->Ref () ;
_body->Unref ();

if (_body->RefCount() == 0) {
delete _body:;

}
_body = other._body;

return *this;
}

4) C++
[Mar91] public Abstraction private
Concretel mplementor
Bridge  — C++
10.
C++ Window/Windwolmp Window

class Window {
public:
Window (View* contents);

// requests handled by window
virtual void DrawContents();

virtual void Open();
virtual void Close();
virtual void Iconify();
virtual void Deiconify():

// requests forwarded to implementation
virtual void SetOrigin(const Point& at);
virtual void SetExtent (const Point&.extent);
virtual void Raise(); ’ :

virtual void Lower();
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virtual
virtual
virtual
virtual

void DrawRect (const Pointé&,
void DrawPolygon(const Point[], int n);
void DrawText (const char*, const Pointg)

protected: .
wWindowImp* GetWindowImp();
View* GetView():

private:

WindowImp* _imp;
View* _contents; // the window’s contents

}:

void DrawlLine(const Point&, const Point&);
const Point&);

7

Window WindowlImp WindowImp
class WindowImp {
public:
virtual void ImpTop() = 0;
virtual void ImpBottom({) = 0;
virtual void ImpSetExtent (const Point&) = 0;
virtual void ImpSetOrigin(const Point&) = 0;
virtual void DeviceRect (Coord, Coord, Coord, Coord) = 0;
virtual void DeviceText (const char*, Coord, Coord) = 0;
virtual void DeviceBitmap(const char*, Coord, Coord) = 0;
// lots more functions for drawing on windows...
protected: :
WindowImp () ;
};
Window

DrawContents
public Window {

ApplicationWindow

class ApplicationWindow :
public:
//
virtual void DrawContents();

}:

void ApplicationWindow: :DrawContents () {
GetView () ->DrawOn (this) ; :
}

IconWindow

class IconWindow : public Window {
public:

//

virtual void DrawContents () ;
private:

const char* _bitmapName;

}:
DrawContents

void IconWindow: :DrawContents() ({
WindowImp* imp = GetWindowImp();
if (imp != 0) {
imp->DeviceBitmap (_bitmapName, 0.0, 0.0)

}

View
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Window TransientWindow
Pal etteWindow

IconDockWindow IconWindow
Window WindowlImp WindowImp
DrawRect Point

void Window;:DrawRect (const Point& pl, const Point& p2) {
WindowImp* imp = GetWindowImp(); .
imp->DeviceRect (pl.X(), pl.¥(), p2.X(), p2.Y());

WindowImp XwindowImp

class XWindowImp : public WindowImp {.
public:
XWindowImp () ;

virtual void DeviceRect (Coord, Coord, Coord, Coord);
// remainder of pub11c 1nterface..p

private:
// lots of X window system specific state, including:
Display* _dpy:;
Drawable _winid; // window-id-

GC _gc:; // window graphic. context
}:
Presentation Manager (PM) PMWindowlmp
class PMWindowImp : public.WindowImp {
public: A
PMWindowImp () ;
virtual wvoid Dev1ceRect(Coord Coord Coord, Coord) ;
// remainder of public interface...
private:
// lots of PM window system—spec1f1c state, including:
HPS _hps; .
}i
WindowImp X
DeviceRect

void XWindowImp: :DeviceRect (
Coord x0, Coord y0, Coord x1, Coord yl

) {
int x = round(min(x0, x1));
int y = round(min(y0, yl1)):;
int w = round(abs(x0 - x1));
int h = round(abs(y0 - yl)):

XDrawRectangle (_dpy, _winid, _gc, x, y, w, h);
) '

PM

void PMWindowImp: :DeviceRect (

Coord x0, Coord y0, Coord x1, Coord yl
)y {

Coord left = min(x0, x1);

Coord right = max(x0, x1);

Coord bottom = min(y0, y1):

Coord top = max(y0, yl);

X Window
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PPOINTL point[4];

point[0].x = left; point[0].y = top:;
point[1l].x = right; point[l].y = top;
point[2].x = right; point[2].y = bottom;
point[3].x = left; point[3].y = bottom;
if (
(GpiBeginPath (_hps, 1L) == false) ||
(GpiSetCurrentPosition(_hps, &point[3]) == false) ||
(GpiPolyLine(_hps, 4L, point) == GPI_ERROR) ||
(GpiEndPath (_hps) == false)
Y { :
// report error
} else { )
GpiStrokePath(_hps, 1L, OL);
}
WindowImp Window
GetWindowImp Abstract Factory(3.1)

WindowImp* Window: :GetWindowImp () {
if (_imp == 0) { ]
_imp = WindowSystemFactory::Instance()->MakeWindowImp();
}
return _imp;

}
WindowSystemFactory::Instance()

Singleton Window
11.
Window ET++[WGM88] ET++ WindowlImp “ WindowPort”

XWindowPort SunWindowPort Window
“ WindowSystem” I mplementor WindowSystem

ET++ Window/WindowPort Bridge WindowPort
Window WindowPort Implementor Window
WindowPort

Coplien[Cop92]  Stroustrup[Str91] Handle

libg++[Lea88] Set LinkedSet
HashSet LinkedList HashTable Set LinkedList

HashTable hash LinkedSet HashSet Set

Set LinkedList HashTable.

Implementor
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NeXT’s AppKit[Add94] Bridge
AppKit
AppKit NXImage/NXImageRep NTImage
NXImageRep
NXEPSImageRep, NX CachedlmageRep NXBitMaplmageRep NXImage
NXImageRep NXImage
NXImage
Bridge NXImage NXImageRep
12,
Abstract Factory(3.1) Bridge
Adapter(4.1)
Bridge

4.3 COMPOSITE —_

1
“ - " Composite

Text Line
(Container)

Composite

Graphic !t‘

Draw()
Add(Graphic)
Remove(Graphic)
GetChild(int)

A

Line Rectangle Text Picture >—

................... forall g in hics
Draw() Draw() Draw() Draw() 0-' g.Dgrawgmp
Add(Graphicg) ©fF----- 1
Remove(Graphic)
GetChild(int)

--1 add g to list of graphics ﬁ

Composite
Graphic Draw
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Line Rectangle Text Draw
Picture Graphic Picture Draw
Draw Picture Picture
Graphic Picture Picture
Graphic

aPicture

G ¥ (o)

3.
Composite

L] -

L]

4,
Operation()
Add(Component)
Remove(Component)
GetChild(int)

A

I I children
Leaf Composite o——
Operation() Operation() O-----~-f-=-~==-~-~-~ '°'<§p2‘,§,',-}','ﬂ(’§" |
Add(Component) '
Remove(Component)
GetChild(int)

Composite

(acoet ) (otoat) (otoet)
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5.
» Component (Graphic)

— Component
—( )
e Leaf (Rectangle Line Text )
» Composite (Picture)
— Component
* Client
— Component
6.
. Component ,
Composite,

/
7.
Composite
. ( )
. Composite Leaf

Component
Composite
8.
Composite

1)

Chain of Responsibility(5.2)

Component Leaf Composite
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Composite Add Remove

2)
Flyweight(4.6)
( )
3) Component Composite
Leaf Composite Composite Leaf Composite
Composite Leaf Composite
Component L eaf
Component
Composite
Component Component Composite
L eaf L eaf
Component, Component
Leaf Composite
4) Composite Add Remove
Composite Composite
Component L eaf
Composite
L eaf
¢ Composite C++
Leaf

Leaf Composite

Component Composite* GetComposite() Component
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Composite this
class Composite;

class Component {

public: '
//... o
virtual Composite* GetComposite() { return 0; }
}; )
class Composite : public Component {
public:
void Add(Component*) ;
//

virtual Composite* GetComposite() { return this; }
};

class Leaf : public Component {
7/ -
};

GetComposite
Add Remove
- Composite* aComposite = new Composite;

Leaf* aLeaf = new Leaf;

Component* aComponent;
Composite* test; '

aComponent = aComposite;

if (test = aComponent->GetComposite()) {
test->Add (new Leaf); Co

) .

aComponent = aLeaf;

if (test = aComponent->GetComposite()) {
test->Add (new Leaf); // will not add leaf
} . .

C++ dynamic_cast Composite

Component Add Remove
Component::Add
Component::Add

Add Add
Remove
( ) Add Remove
Component :: Remove, Add
5) Component Component Component

Component
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6)
Iterator (5.9
7)
Picture
8) Component
Composite

9

hash

Composite
9.
Composite

Equipment

class Equipment {
public:
virtual “Equipment();

Composite Graphics
Composite Composite
Composite
Composite
Composite
Picture
Composite
L eaf
Composite
Composite
Interpreter(5.3)

const char* Name() { return _name; }

virtual Watt Power():;

virtual Currency NetPrice(); -
virtual Currency DiscountP:iqe([;

virtual void Add(Equipment®*);
virtual void Remove(Equipmen;*);
virtual Iterator<Equipment*>* Createlterator();

protected:

Equipment (const char*);
private:

const char* _name;
}; ’
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Equipment

Equipment Createlterator
Iterator C Nulllterator
Equipment L eaf

class FloppyDisk : public Equipment {
public:

FloppyDisk(const char*);

virtual ~FloppyDisk();

virtual Watt Power();

virtual Currency NetPrice();

virtual Currency DiscountPrice();
}:

CompositeEquipment Equipment

class CompositeEquipment : public Equipment {
public:
virtual “CompositeEquipment ();

virtual Watt Power();
virtual Currency NetPrice();
virtual Currency DiscountPrice();

virtual void Add(Equipment*);
virtual void Remove (Equipment*) ;
virtual Iterator<Equipment*>* CreateIterator():

protected:
CompositeEquipment (const char*);

private:

List<Equipment*> _equipment;’

}; :

CompositeEquipment Add Remove
equi pment Createl terator
Listlterator

. e

NetPrice Createlterator

Currency CompositeEquipment::NetP:icg f) {

Iterator<Equipment*>* i = CreateIterator();

Currency total = 0;

for (i->First(); !i->IsDone(); i->Next()) {
total += i->CurrentItem()->NetPrice();

} . .

delete i;

return total;

}

CompositeEquipment Chassis Chassis

CompositeEquipment

class Chassis : public CompositeEquipment {
public:

Chassis (const char*);

virtual ~Chassis();

© Iterator Iterator
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virtual Watt Power();:

virtual Currency NetPrice();

virtual Currency DiscountPrice();
}:

Cabinet Bus
( )

Cabinet* cabinet
Chassis* chassis

new Cabinet ("PC Cabinet");
new Chassis("PC Chassis");

cabinet->Add(chassis);

Bus* bus = new Bus("MCA Bus");
bus->Add (new Card("16Mbs Token Ring"));

chassis->Add (bus) ;
chassis->Add (new FloppyDlsk( 3.5in Floppy"));

‘cout << "The net price is " << cha351s—>NetPr1ce() << endl;

10.
Composite Smalltalk
Model/View/Controller[K P88] View Composite,
ET++ ( VObjectsfWGMB88]) InterViews(Style
[LCI+92],Graphics[VL88] Glyphs[CL90]) Model /View/Controller View
View Component Composite 4.0 Smalltalk-80
Visual Component Model/View/Controller, Visual Component View
CompositeView
RTL Smalltalk [IML92] Composite RTLExpression
Component BinaryExpression
BinaryExpression RTLEXxpression
RegisterTransfer Single Static Assignment(SSA) Component
RegisterTransfer Leaf
RegisterTransferSet Composite
Composite Composite
[BE93]
Command 5.2 MacroCommand Composite Command
11.
- Responsibility of Chain(5.1)
Decorator 4.4 Composite

Add Remove GetChild Component
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Flyweight(4.6)
Itertor(5.4) Composite
Visitor(5.11) Composite Leaf

4.4 DECORATOR —

Decorator
Wrapper
Some applications would benefit
from using objects to model every
aBorderDecorator aspect of their functionality, but
a naive design approach would be
prohibitively expensive.

For example, most document ed—
itors modularize their text format—
ting and editing facilities to some
w extent. However, they invariably
stop short of using objects to
represent each character and
graphical element in the document.
Doing so would promote flexibility
at the finest level in the
application. Text and graphics
could be treated uniformly with

aScrollDecorator (:
~

aTextView

TextView TextView
ScrollDecorator
TextView BorderDecorator
TextView
TextView BorderDecorator ScrollDecorator

="
component @— — 1 [ aTextView ]
( component @ 7 ™ |
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ScrollDecorator BorderDecorator Decorator Decorator
VisuaiComponent
Draw()
[ I component
TextView Decorator
Draw() Draw() O---q----===-=-=====-=-==- component->Draw() ﬂ
[ ]
ScroliDecorator BorderDecorator
Decorator::Draw();
Draw() Draw() ©O-----=--[-==-="" DrawBorder(); ¢ ﬁ
ScrollTo() DrawBorder()
scroliPosition borderWidth
Visual Component
Decorator Decorator
Decorator
ScrollDecorator ScrollDecorator ScrollTo
Visual Component
4,
Decorator
L]
L]
L]
5.
Comp t
Operation()
I l com,
ponent
ConcreteComponent Decorator
Operation() Operation() O-f============--====-=--=-+ oomponent->0peration()§
[ |
ConcreteDecoratorA ConcreteDecoratorB
Operation() Operation() ©------1 Rgggaaatgﬁgﬁ(r;ﬁono: ﬁ
AddedBehavior(}
addedState




Chinaspubecom 4

6.
» Component (Visual Component)

» ConcreteComponent (TextView)

e Decorator

— Component Component

» ConcreteDecorator (BorderDecorator, ScrollDecorator)

7.
» Decorator Component

8.
Decorator

1) Decorator

TextView, BorderedTextView

Component Decorator
Decorator TextView
BorderDecorator Border
2) Decorator “
Decorator
Decorator

3) Decorator Component Decorator
4) Decorator
9.

Decorator
1) Component

ConcreteDecorator C++

BorderScrollable

Decorator
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2) Decorator Decorator
Decorator
Component ConcreteDecorator
3) Component
Component
Component
Component
4) Decorator
Strategy(5.9)
Component Decorator Strategy
Strategy
strategy
Border
Border Strategy
MacApp3.0[App89] Bedrock[Sym93a] “ " “
(adorner)
View
MacApp Bedrock View

Decorator

component @

[ aDecorator ]

‘ aComponent ‘

\ component e }

I decorator- — __|

Strategy component

aComponent

‘ aStrategy ]

strategies @

—___ J

aStrategy

l next &— ,I
|——strategy-

Strategy component

DrawBorder, GetWidth

next

Component
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MacApp Bedrock

10.
C++
Visual Component

class VisualComponent {
public:
VisualComponent () ;

virtual void Draw();
virtual void Resize();
//

Visual Component Decorator Decorator

class Decorator : public VisualComponent {
public: '
Decorator (VisualComponent*) ;

virtual void Draw();
virtual void Resize();
//

private:

VisualComponent* _component;
}:

Decorator _component Visual Component
Visual Component Decorator
_component

void Decorator::Draw () {
_component->Draw() ;

}

void Decorator::Resize () {
_component->Resize();
}

Decorator BorderDecorator
BorderDecorator Decorator Draw
BorderDecorator DrawBorder
Decorator

class BorderDecorator : public Decorator {
public: -
BorderDecorator (VisualComponent*, int borderwidth) ;

virtual void Draw();
private: '

void DrawBorder (int);
private:

int _width;

Component
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};

void BorderDecorator::Draw () {
Decorator: :Draw();
DrawBorder (_width) ;

ScrollDecorator DropShadowDecorator

Decorator
TextView.

Window
SetContents

void Window: :SetContents (VisualComponent* contents) {
/7 ... .
}

Window* window = new Window;
TextView* textView = new TextView;

TextView Visual Component
window->SetContents (textView) ;

TextView

window->SetContents ( .
new BorderDecorator ( o
new ScrollDecorator (textView), 1
)
);:

Window Visual Component

Visual Component

11.

InterViews
[LVC89, LCI*92], ET++[WGM88] ObjectWorks\Smalltalk [Par90] Decorator
InterViews DebuggingGlyph ParcPlace Smalltalk PassivityWrapper
DebuggingGlyph
PassivityWrapper

Decorator ET++ streaming

[WGM88]
Streams I/10

Stream MemoryStream FileStream
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4
. , Lempel-Ziv
. 7 ASCII ASCII
Decorator Stream
Stream
Putint()
PutString()
HandleBufferFull()
| l I
MemoryStream FileStream Su ator —
HandleBufferFull() HandleBufferFull() HandleBufferfFull(} O-f----=~~====~~-- ‘i p HandleBuff ‘r'ull()ﬁ
| ]
ASCl7Stream CompressingStream
HandleBufferFull) HandleBufferFull() ©- - ---- mmg:gg,'g,m,uggg,eamﬂm
Stream Putint, PutString
Stream HandleBufferFull
FileStream
StreamDecorator
StreamDecorator HandleBufferFull StreamDecorator
HandleBufferFull
CompressingStream ASCII7Stream 7 ASCII
FileStream 7
ASCII CompressingStream  ASCI17Stream FileStream
Stream* aStream = new CompressingStream(
new ASCII7Stream ’
new FileStream("aFileName")
)
)i
aStream->PutInt (12);
aStream->PutString{"asString");
12.
Adapter(4.1) Decorator Adapter
Composite(4.3)
Strategy(5.9) Strategy
45 FACADE —_—
1.

Facade
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facade

x5

Scanner Parser ProgramNode BytecodeStream ProgramNodeBuilder

Complier
Compiler

Complier

Compile()

'-—l Scanner |---—|710Iun I-—
""’l PamrJ I Symbol j-—

—|?rogramNodoBulldor |— - --I ProgramNode '——

BytecodeStream

Gooeonmi - |
______ A |Expms|onNodo|

| |
ISIackMachanCOdoGenemorJ |RISCCodeGonerator| | VariableNode I
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4
3.
Facade
Facade
facade
. facade
. facade
facade
4,
[ Facade |
5.

« Facade (Compiler)

» Subsystem classes (Scanner Parser ProgramNode )

— Facade
— facade facade
6.
. Facade Facade
Facade
. Facade
7.
Facade

1)
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2)
Facade

Facade

Facade
Facade

3)

Facade
1) - Facade
Facade

Facade

facade
2)

Facade

Parser Scanner
C++ Smalltak

C++ C++

[Stro4]

Facade
BytecodeStream Bytecode stream

Bytecode
Token
Scanner

class Scanner {

public:
Scanner (istreamg&) ;
virtual ~Scanner();

(token)

virtual Token& Scan();
private:
istream& _inputStream;

};
ProgramNodeBuilder Parser Scanner
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class Parser {
public:
Parser();
virtual ~Parser();

virtual void Parse (Scannerg, ProgramNodeBuilder&);
}:

Parser ProgramNodeBuilder Builder(3.2)

class ProgramNodeBuilder {
public:
ProgramNodeBuilder () ;

virtual ProgramNode* NewVariable (
const char* variableName
) const; .

virtual ProgramNode* NewAssignment(
ProgramNode* variable, ProgramNode* expression
) const; . S

virtual ProgramNode* NewReturnStatement (
ProgramNode* value
) const; )

virtual ProgramNode* NewCondition (
ProgramNode* condition,
ProgramNode* truePart, ProgramNode* falsePart

) const;
1/
ProgramNode* GetRootNode();
private:
ProgramNode* _node;
}:
ProgramNode ( StatementNode ExpressionNode )
ProgramNode Composite ProgramNode

class ProgramNode {
public:
// program node manipulation
virtual void GetSourcePosition (int& line, int& index);

1/

// child manipulation
virtual void Add(ProgramNode*);
virtual void Remove(ProgramNode*); -

//
virtual void Traverse(CodeGeneratork) ;
protected: :
ProgramNode () ;
};
Traverse CodeGenerator ProgramNode

BytecodeStream ByteCode CodeGenerator
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Visitor(5.11)

class CodeGenerator {

public:
virtual void Visit(StatementNode*);
virtual void Visit (ExpressionNode*);
/... : ’

protected: .
CodeGenerator (BytecodeStream&) ;

protected:
BytecodeStream& _output;

}: .
CodeGenerator StackM achineCodeGenerator RISCCodeGenerator

ProgramNode Traverse ProgramNode Traverse
ExpressionNode

Traverse

void ExpressionNode::Traverse (CodeGenerator& cg) {
cg.Visit (this);

ListIterator<ProgramNode*> i(_children);

for (i.First(); !i.IsDone(); i.Next()) {
i.CurrentItem()->Traverse (cg):
}

Compiler Complier

facade Compiler

class Compiler {
public:
Compiler();

virtual void Compile(istream&, BytecodeStreams&) ;

void Compiler::Compile (
istream& input, BytecodeStream& output
y { ‘
Scanner scanner (input) ;
ProgramNodeBuilder builder;
Parser parser;

parser.Parse {scanner, buildgr);
RISCCodeGenerator gener;tot(dutput);

ProgramNode* parseTree = builder.GetRootNode();
parseTree->Traverse (generator) ; :

Compiler CodeGenerator Compiler
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4
facade Scanner ProgramNodeBuilder
Facade
10.
ObjectWorks\Smalltalk [Par90]
ET++ [WGM8Sg]
Program-
mingEnvironment Facade facade InspectObject  InspectClass
ET++ ProgrammingEnvironment
ETProgrammingEnvironment
Choices [CIRM93] facade Choices
(process) (storage) (address space)
Choices “ "
facade (FileSysteminterface) (Domain)
I P Domain
Add(Memory, Address)
—<>{ Remove(Memory)
Protect(Memory, Protection)
RepairFault()
AddressTranslation MemoryObject
FindMemory(Address) BuildCache() —’1 MemoryObjectCache |
| TwolevelPageTable | | PersistentStore I IPagedMemoryOb]ectCachel
I File | I Disk |
Domain facade Domain
backing store
Domain

» MemoryObject

* MemoryObjectCache MemoryObject MemoryObjectCache
Strategy(5.9)

* AddressTranslation
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RepairFault Domain
RepairFault Domain Domain
11.
Abstract Factory (3.1) Facade
Abstract Factory Facade
Mediator (5.5) Facade
Mediator
M ediator
Facade
facade
Facade Facade Singleton (3.5)

4.6 FLYWEIGHT —_—

\ A H |—
\ s
\\ N
\\\ oo.@@ ar 'EE (1 1) .‘>
\
\ .
\ :
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Flyweight
flyweight (context)
flyweight —_— flyweight
flyweight flyweight flyweight
Flyweight
Flyweight
Flyweight
flyweight flyweight
flyweight
flyweight
Glyph
flyweight Draw
column
[ X X ] row row row o000
COCE SOROYN
000/ Ji DB { o \\i 000
d g iYiXkY1Xm
o g Ulviwlx z
S——" “~—""tlyweight pool
Intersects glyph
“a  flyweight
flyweight Row glyph

Row glyph
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:J Glyph lt:

Draw(Context)

Intersects(Point, Context)

A

I

Row Character Column
children children
Draw(Context) Draw(Context) Draw(Context)
intersects(Point, Context) Intersects(Point, Context) Intersects(Point, Context)
charc
100 ASCII
10
3.
Flyweight
Flyweight
. Flyweight
4,
FlywelghtFactory [y"igts wof Flywsight
GetFlyweight(key) Q@ Operation(extrinsicState)
if ight{ke ists!
(ﬁreyg:ge)gsgx]geﬂﬁe?g{ht;
}else {
create new flyweight;
add it to pool of flyweights;
) return the new flyweight;
ConcreteFlywelght UnsharedConcreteFlywelght
Operation(extrinsicState) Operation(extrinsicState)
intrinsicState allState

Client
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4
flyweight
9 . ] p
flyweight
poot Y 1
aFlyweightFactory (aConcreteFlyweight ) (aConcreteFiyweight )
lﬂyweights

5.
 Flyweight (Glyph)

- \ intrinsicState J rmtﬁnsicsmte J

flyweight

« ConcreteFlyweight(Character)

— Flyweight
ConcreteFlyweight

ConcreteFlyweight
* UnsharedConcreteFlyweight (Row,Column)

UnsharedConcreteFlyweight

— Flyweight Flyweight
Flyweight
ConcreteFlyweight Row Column

 FlyweightFactory

— flyweight

— flyweight flyweight
* Client

— flyweight

— flyweight
6.
* flyweight

Client

. ConcreteFlyweight

ConcreteFlyweight
7.
Flyweight
flyweight

FlyweightFactory

ConcreteFlyweight
flyweight

FlyweightFactory

flyweight
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Flyweight
Flyweight Composite 4.3
Flyweight
Flyweight
8.
Flyweight
1)
2) Flyweight-
Factory Flyweight FlyweightFactory
Flyweight Flyweight
Flyweight Flyweight
Flyweight
Flyweight
Flyweight ACSII
Flyweight Flyweight
9.
Flyweight Glyph
Glyph Composite Composite 4.3

Glyph
class Glyph {
public:
virtual ~Glyph();

virtual void Draw(Window*, GlyphContext&) ;

virtual void SetFont (Font*, GlyphContext&);
virtual Font* GetFont (GlyphContexté&) ;
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virtual void First (GlyphContext&) ;
virtual void Next (GlyphContexts);
virtual bool IsDone(GlyphContexts) :;
virtual Glyph* Current (GlyphContext&);

virtual void Insert (Glyph*, GlyphContext&):

virtual void Remove (GlyphContext&) ;

protected: :
Glyph();

}:

Character

class Character : public Glyph £
public: :
Character (char) ;

virtual void Draw(window*,'GlyphContext&);
private: '

char _charcode;
};

Glyph
GlyphContext GlyphContext
Glyph GlyphContext
GlyphContext
Glyph Glyph
class GlyphContext {
public:
GlyphContext () ;

virtual ~GlyphContext();

virtual void Next (int step = 1);
virtual void Insert(int quantity = 1);

virtual Font* GetFont();

virtual void SetFont (Font*, int span = 1);
private: )

int _index;

BTree* _fonts;
};

GlyphContext Glyph

GlyphContext::Next _index Glyph
GlyphContext::Next

GlyphContext::GetFocus Btree
glyph
BTree
Glyph

Btree 102

Glyph

Glyph Glyph

GlyphContext

Row Column Next

Btree glyph

Glyph

except”

Glyph
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20
1 2 3 4 _5_6_7_8_9 10 11_12_13_14_15_16_47_{8_19_20_,

|_Times 24 | | Times-halic 12| | Times 12 | [ Time-Boid 12 ] [ Courler 24 |

GlyphContext gc; R .
Font* timesl2 = new Font ("Times-Romarn-12");

Font* timesItalicl2 = new Font ("Times-Italic-12");
!/ ...

gc.SetFont (timesl2, 6);

Btree

[Times 12 | [ Time-Bota 12 | [[Courier 26 |
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“ expect” 12-point Times Italic Don’ t
gc 102 gc
gc.Insert(6);
gc.SetFont (timesItalicl2, 6);
Btree
["times 24 | [imes—talic 12] | Times 12 | [ Time-Boid 12 | | Courier 24 |
GlyphContext Glyph Btree
Glyph
S}
FlyweightFactory Glyph
GlyphFactory Character Glyph Character
Glyph

const int NCHARCODES = 128;

class GlyphFactory { -
public: ’
GlyphFactory() ;
virtual “GlyphFactory():
virtual Character* CreateCharacter (char);
virtual Row* CreateRow();
virtual Column* CreateColumn();
/7 ...
private:
Character* _character [NCHARCODES];
};
_character Character Glyphs

GlyphFactory: :GlyphFactory () {
for (int i = 0; i < NCHARCODES; ++i) {
_character[i] = 0; C

}
}

CreateCharacter
CreateCharacter Glyph

Glyph
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Character* GlyphFactory::CreateCharacter (char c) {
if (!_character([c]) {
_character[c] = new Character(c);

}

return _character(c];

Glyph
Row* GlyphFactory::CreateRow () {
return new Row; ’
}
Column* GlyphFactory::CreateColumn () {-
return new Column; ’
}
Glyph
10.
Flyweight InterView 3.0[CL90]
Doc, flyweight [CL92] Doc
( )
Glyph ©
Doc Document
FlyweightFactory Doc Flyweight 180 000
480
ET++ [WGMS8§] Flyweight e
widget Layout Layout
widget Layout ScollbarLayout MenubarlL ayout
Layout
Layout Flyweight
Layout Flyweight
Layout Look L ook Abstract Factory 3.1
GetButtonLayout GetMenuBarL ayout Layout
Look MotifLook OpenLook Layout
Layout Strategy Strategy(5.9) Flyweight
Strategy
11.
e

e Abstract Factory(3.1)
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Flyweight Composite(4.3)

Flyweight State(5.8) Strategy(5.9)

4.7 PROXY E—
1.
2.

Surrogate
3.

Proxy

(wrimagerroy )
animageProxy

image e

- fleNamo @ -----of - ffoimege

L |

Draw
Proxy
Proxy extent
Graphic
ImageProxy
ImageProxy
ImageProxy
Draw
GetExtent

Proxy
{ data ' )
l _ |
Proxy
Proxy
ImageProxy

Image

ImageProxy
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aroe
Draw()
GetExtent()
Store()
Load()

[ [ -
Image [ ImageProxy '; (ege L odimage(fieName);
Draw() imagef praw()  O-f-----------1 ~ -
GetExtent() GetExtent() O ----+ image->Oraw()
Store() Store() ; — =
Load() Load() e # (image — o)
) }else {
imagelmp fileName retum image->GetExtent();
extent extent }
4.
Proxy
Proxy

1) Remote Proxy
NEXTSTEP[Add94] NXProxy Coplien[Cop92] “ ”
Ambassador

2) Virtual Proxy ImageProxy

3) Protection Proxy

Choices [CIRM93] KemelProxies
4) Smart Reference
. ( Smart
Pointers[Ede92])
5.
I “;:w!wi“ent I’—’——~——" Subject
Request()
I _ [
RealSubject |«roaiSublect ['p o,y
Request() Request) O-f=-=-------- realSubject->Request(); j
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(aClonst
= )
s

6.

* Proxy (ImageProxy)

— RealSubject Subject Proxy
Subject

— Subject

* Remote Proxy

* Virtual Proxy
ImageProxy
* Protection Proxy
 Subject (Graphic)
— RealSubject  Proxy Real Subject
Proxy
* RealSubject (Image)
— Proxy
7.
. Real Subject
8.
Proxy

1) Remote Proxy
2) Virtual Proxy
3) Protection Proxies Smart Reference
Housekeeping task
Proxy copy-on-write

Copy-on-write

Copy-on-Write
9.



China=pubecom

Proxy
1) C++ C++ ->

ImagePtr

class Image; ) o
extern Image* LoadAnImageFile(qonst char*) ;
// external function

class ImagePtr {

public:

ImagePtr (const char* imageFile);
virtual ~ImagePtr();

virtual Image* operator->();
virtual Image& operator*();
private:
Image* LoadImage();
private:
Image* _image;
const char* _imageFile;
};

ImagePtr: :ImagePtr (const char* theImageFile) {
_imageFile = theImageFile; .

_image = 0;
}
Image* ImagePtr::LoadImage () {
if (_image == 0) { ’ . .
_image = LoadAnImageFile{_imageFile);
} ]
return _image;
-} . o
> F Loadimage _image
Image* ImagePtr::operator-> () {
return LoadImage();
}
Image& ImagePtr::operator; O {
return *LoadImage();
}

ImagePtr Image

ImagePtr image = ImagePtr ("anImageFileName");
image->Draw (Point (50, 100));
// (image.operator->())->Draw(Point (50, 100))
image
Image
Image Imageptr

ImagePtr

Image
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Draw —_—
2) Smalltalk doesNotUnderstand Smalltalk hook
Samlltalk
doesNotUnderstand: amessage Proxy doesNotUnderstand
Proxy Smalltalk Proxy
S]
doesNotUnderstand Smalltalk
Object
doesNotUnderstand Proxy
doesNotUnderstand
3) Proxy Proxy
Real Subject Proxy Proxy
Real Subject Proxy Real Subjects ( virtual proxy )
10.
Virtual Proxy doesNotUnderstand:
Proxy ©

1) Virtual Proxy Graphic
class Graphic {
public:

virtual ~Graphic():

virtual void Draw(const Point& at) = 0;

virtual void HandleMouse(Even;& gvent) = 0;

virtual const Pointg& GetExté#ﬁ() = 0;

virtual void Load(istreém& from).= 0;

virtual void Save(ostream& to) = 0;
©  NEXTSTEP[Add94] ( NX Proxy) NEXTSTEP

hook forward forward
@ lIterator 5.4 Proxy



China=pubecom

protected:
Graphic();
Y:o

Image Graphic o Image Handlemouse

class Image : public Graphic {

public: : _ .

Image (const char* file); // loads image from a file
virtual ~Image(); )

virtual void Draw(const Point& at);
virtual void HandleMouse (Event& event);

virtual const Point& GetExtent();
virtual void Load(istream& from);
virtual void Save(ostream& to);
private:
//
}:

ImageProxy Image

class ImageProxy : public Graphic {
public:
ImageProxy (const char* imageFile);
virtual ~ImageProxy(): '

virtual void Draw(const Point& at);
virtual void HandleMouse (Event& event);

virtual const Point& GetExtent():

virtual void Load(istream& from);
virtual void Save(ostream& to);
protected:
Image* GetImage();
private:
Image* _image;
Point _extent;
char* _fileName;
};
_extent _image

ImageProxy: : ImageProxy (const char* fileName) {
_fileName = strdup(fileName) ; B
_extent = Point::Zero; // don’'t know extent yet
_image = 0;

}

Image* ImageProxy::GetIﬁage() {
if (_image == 0) { ‘ o
_image = new Image(_£fileName) ;

}
return _image;
) .
GetExtent
Draw HandelMouse

const Point& ImageProxy::GetExtent () {
if (_extent == Point::Zero) {
_extent = GetImage()->GetExtent();

}
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return _extent;

void ImageProxy::Draw (const Point& at) {
GetImage () ->Draw(at) ;
}

void ImageProxy::HandleMouse (Event& event) {
GetImage () ->HandleMouse (event) ;
}

Save

void ImageProxy::Save (ostream& to) {
to << _extent << _fileName;

}

void ImageProxy::Load (istream& from) {
from >> _extent >> _fileName;

}

TextDocument Graphic

class TextDocument {
public:
TextDocument () ;

void Insert (Graphic*);
/] ...
}:

ImageProxy

TextDocument* text = new TextDocument;
/7 ...

text->Insert (new ImageProxy("anIﬁageFileName'));
2) doesNotUnderstand Proxy Smalltalk
doesNotUnderstand:
real Subject
Image
perform: withArguments:

doesNotUnderstand: aMessage
~ self realSubject
perform: aMessage selector
withArguments: aMessage arguments

doesNotUnderstand: M essage

doesNotUnderstand:
protection proxy

doesNotUnderstand: aMessage
~ (legalMessages includes: aMessage selector)
ifTrue: [self realSubject

e Object
Object”

nil ©

ImageProxy
Image

legal M essages
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perform: aMessage selgctor
withArguments: aMessage arguments]
ifFalse: [self error: ’Illeg_al operator’]

error: error: error:
Object
11.
virtual proxy ET++
NEXTSTEP[Add94] ( NXProxy )
NXProxy
McCullough [McC87] Smalltalk Pascoe [Pas86]
“ " Encapsulators
12.
Adapter(4.1) Adapter
Decorator(4.4) decorator decorator
Decorator
decorator Protection Proxy
decorator Remote Proxy
“ ID " Virtual Proxy
4.8

4.8.1 Adapter Bridge

Adapter 4.1 Bridge 4.2

Adapter
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4
Bridge
Bridge
Adapter Bridge
Adapter
Bridge
Adapter Bridge
Adapter Bridge
facade( Facade(4.5))
Facade Adapter
4.8.2 Composite Decorator Proxy
Composite(4.3) Decorator(4.4)
decorator composite
Decorator
Decorator
Composite
Composite Decorator
composite decorator
composites  decorator
Decorator composite ConcreteComponent composite
decorator L eaf
Decorator Proxy(4.7)

proxy decorator

Decorator Proxy
Decorator Proxy
Proxy Proxy
Decorator Decorator

Decorator
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Decorator Proxy

Proxy Proxy

proxy-decorator
proxy decorator-proxy
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