communicating

object
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Christopher Alexander

[AlS+77 10 ] Alexander

1. pattern name

2. (problem)

3. (solution)

4, (consequences)

hash
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C++ Smalltalk
Smalltalk C++ (Pascal C Ada)
(CLOS Dylan Slf) Smalltalk C++
Smalltalk C++
CLOS
multi-method Visitor Smalltalk C++
( 5.4 lterator )
1.2 Smalltalk MVC
Smalltalk-80 / / Model/View/Controller (MVCQC)
MVC “ ”
MVC Model View
Controller MVC
MVC

MVC “




Chinaspubecom

Observer 5.7
MVC
MVC View ——CompositeView CompositeView
View
Composite 4.3
Button CompositeView
MVC
MVC
Controller Controller
Controller Controller
View Controller
Controller View Controller
View View
Controller
View-Controller Strategy 5.9
MVC Factory Method(3.3)
Decorator(4.4) MVC Observer Composite
Strategy
1.3

15



OMT [RBP+91]
[JCJO92 BO094]

C++ Smalltalk

1.4

Abstract Factory(3.1)
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Adapter(4.1) Adapter

Bridge(4.2)
Builder(3.2)

Chain of Responsibility(5.1)

Command(5.2)

Composite(4.3) “ - ” Composite
Decorator(4.4) Decorator
Facade(4.5) Facade

Factory Method(3.3)
Factory Method
Flyweight(4.6)
Interpreter(5.3) , ,
Iterator(5.4) ,
Mediator(5.5)
Memento(5.6)
Observer(5.7) ,
Prototype(3.4)
Proxy(4.7)
Singleton(3.5)
State(5.8)

Strategy(5.9) , ,

Template Method(5.10)
Template Method
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Visitor(5.11)

1.5

1-1
1-1
Factory Method(3.3) Adapter( )(4.1) Interpreter(5.3)
Template Method(5.10)
Abstract Factory(3.1) Adapter( )(4.1) Chain of Responsibility(5.1)
Builder(3.2) Bridge(4.2) Command(5.2)
Prototype(3.4) Composite(4.3) Iterator(5.4)
Singleton(3.5) Decorator(4.4) Mediator(5.5)
Facade(4.5) Memento(5.6)
Flyweight(4.6) Observer(5.7)
Proxy(4.7) State(5.8)
Strategy(5.9)
Visitor(5.10)
( 11
Creational (Structural)
(Behavioral)
Composite
Iterator Visitor Prototype Abstract
Factory Composite

Decorator

1-1
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Adapter

Bridge

Iterator

+ |

Command

iy

Interpreter I Chain of Responslbllltyl

-\-Prototype )
' Factory Method

Abstract Factory
Singleton

1-1

; I

1.6

16.1



Composite(4.3)
Strategy(5.9)
State(5.8)
1.6.2
Facade(4.5)
Flyweight(4.6)
Abstract Factory(3.1) Builder(3.2)
Visitor(5.10) Command(5.2)
1.6.3
(signature) (interface)
(type) “ Window”

“ Window”

(subtype) (supertype)
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(dynamic binding)

(polymorphism)

Memento(5.6)

Memento memento

memento

Decorator(4.4) Proxy(4.7) Decorator Proxy
Visitor(5.11) Visitor

visitor

1.6.4

ClassName

Operation1()
Type Operation2()

OoOMT -
instanceVariabie1
Type instanceVariable2

---------- o

(class inheritance) (subclass)
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(parent class)

ParentClass
Operation()
Subclass
(abstract class)
(abstract operation) (concrete class)
(override)
AbstractClass
Operation()
ConcreteSubclass

. implementation
Operation() ©-=--q----""=°-7"77" psgudocode i

(mixin class)

ExistingClass Mixin
ExistingOperation() MixinOperation()
AugmentedClass
ExistingOpetation()
MixinOperation()

(class) (type)
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C++ Eiffel Smalltalk
( )
(
)
C++ Eiffel
C++ ( )
C++
Smalltalk
Smalltalk ( [C0092])
C++

Chain of Responsibility(5.1)

Composite(4.3)
Composite Command(5.2) Observer(5.7)
State(5.8) Strategy(5.9)
2.
( )
1

2)
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(Abstract Factory(3.1) Builder(3.2) Factory Method(3.3) Prototype(3.4) Singleton(3.5))

1.6.5

(object composition)

(white-box reuse) “ "

(black-box reuse) « "

- " [Sny86]
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( )
2.
(delegation) [LieB86,JZ91]
(delegate)
C++ this Smalltalk self
Area
Window Rectangle
rectangle
Area() @ Area() ?
' width 1
' height E
return rectangle—>Area()§ return width * height I
“  rectangle”
State(5.8) Strategy(5.9) Visitor(5.11) State
State Strategy
Visitor Visitor

Mediator(5.5)
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Mediator
Chain of Responsibility(5.1)

Bridge(4.2)

3.

( ) (parameterized type)
(generic)(Ada Eiffel) (templates)(C++)
Integer I nteger
String String

1) (Template Method(5.10) )

2) (Strategy(5.9))

3) C++ Ada

C++
Smalltalk

1.6.6

(aggregation) (acquaintance)
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Aggregator —i Aggregatee |

Smalltalk
C++

( )
Composite(4.3) Decorator(4.4) Observer(5.7)

Chain of
Responsibility(5.1)

1.6.7

1)
Abstract Factory(3.1) Factory Method(3.3) Prototype(3.4)

2)

Chain of Resposibility(5.1) Command(5.2)
3) (API)
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Abstract Factory(3.1) Bridge(4.2)
4)

Abstract Factory(3.1) Bridge(4.2) Memento(5.6) Proxy(4.7)
5)

Builder(3.2) Iterator(5.4) Strategy(5.9) Template Method(5.10)
Visitor(5.11)
6)

Abstract Factory(3.1) Command(5.2) Facade(4.5) Mediator(5.5)
Observer(5.7)  Chain of Responsibility(5.1)
7)

Bridge(4.2) Chain of Responsibility(5.1) Composite(4.3) Decorator(4.4)
Observer(5.7) Strategy(5.9)
8)

Adapter(4.1) Decorator(4.4) Visitor(5.11)

(Application Program)
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(Framework)

CADI[VL90,Joh92]
[IML92]

C++ 1/0

Cmrwhﬁ

(Toolkit)

[Deu89,JF88]

[BE93]

(inversion of control)
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1
[BJ94]

1
2)
3

(

)
1.7
20
1.6
14 (intent)
1-1

11
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1-2

Abstract Factory(3.1)
Builder(3.2)

Factory Method(3.3)
Prototype(3.4)
Singleton(3.5)

Adapter(4.1)
Bridge(4.2)
Composite(4.3)
Decorator(4.4)
Facade(4.5)
Flyweight(4.6)
Proxy(4.7)

Chain of Responsibility(5.1)
Command(5.2)
Interpreter(5.3)

Iterator(5.4)

Mediator(5.5)
Memento(5.6)

Observer(5.7)

State(5.8)

Strategy(5.9)

Template Method(5.10)
Visitor(5.11)

1.8

1)
2)

3)
4)
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Strategy
5)

6)

“ Create”
7)

Factory

SimpleLayoutStrategy TeXLayoutStrategy



2-1 Lexi

Lexi®
L

File Edit ESigZ Symbol

Chinaspube

K “ WYSIWYG”
exi

Align left
Center
Align right
wdJustify
W Roman.
Boldface
Tealic
Typewriter
Sans serif

the internal representation of the TextWiew. The draw
operation {which is not shown) sirply calls draw on the
'BBox.

The code that builds a TextView is similar to the
original draw code, except that instead of calling
functions to draw the characters, we build objects
that will draw themselves whenever necessary. Using
objects solves the redraw problem because only those
objects that lie within the damaged region will get
draw calls. The progrararney does not have to wxite the
code that decides what objects to redraw-that code is
in the toolkit {in this example, in the implementation
of the Box draw operation). Indeed, the glyph-based
implementation of TextView is even sirapler than the
original code because the prograramer need only declaxe
wahat objects he wants-he does not need to specify dow
the objects should interact.

?.? Multiple fonts

Because we built TextView with glyphs, we can easily
extend it to add functionality that might otherwise be
difficult to implement. For example, Figure ashnws
a screen durnp of a vexsion of TextWiew that displays
EUC-encoded Japanese text. Adding this feature to a
textview such as the Athena Text Widget would require
a cornplete rewrite. Here we only add two lines of code.
Figure filshcws the change.

Character glyphs take an optional second constructor
parameter that specifies the font to use when drawing.
For ASCII-encoded text we create Characters that use
the 8-bit ASCII-encoded “al4™ font; for JIS-encoded

igure 4: A gratuitous idraw drawing

R

text (kanjii and kana characters) we create Charactg
that use the 16-bit JIS - encoded “k14™ font.

?.? Mixing text and graphics

We can put ary glyph inside a composite glyph; thi

. Figure 'ILshaws the modifil
code that builds the view.

A Stencil is a glyph that displays a bitmap , an HRY
draws a horizontal line, and ¥Glue represents wertid
blank space. The constructoy parareters for Rule a

while ({c = getc({file)) != EOF) {
if (¢ == "\n’) {

line = new LRBox();
+ } else if (lisascii(c)) {
+  line->append(
new Character(
tojis{c, getc{file)), ki4
)

i
} else {
line->append(
new Character{c, al4)
y 7
}

Figure 5: Modified TextView thatdisplays Japanese te:

@

| B DBBEEETEED

© Lexi

Calder Doc

[CL92]
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2.1
Lexi 7
1)
2) Lexi
3) Lexi
L exi
4) (look-and-feel)
Motif Presentation Manager(PM)
5)
6)
(undo)
7) Lexi
2.2
Lexi

Lexi

WYSIWYG

Lexi

Lexi

Lexi

Lexi

Lexi
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L exi

10

221

(Recursive Composition)

2-2

1 000

2-2

2-3
Lexi
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L exi
Lexi
2-3
C++
2.2.2
(Glyph®)
2-4 Glyph
Giyph | -
Draw(Window)
Intersects(Point)
Insert(Glyph, int)
"--I l l"-‘ childreh
Character Rectangle Row
Draw(Window w) ©-1---1 Draw(...) Draw(Window w) O------=--=-q--------=
Intersects(Point p) ¢ i | Intersects(... Intersects(Pointp) ~ O---=-=-1 - !
t 1 Insert(Glyph g, int i) Q | !
charc ! ' . ! '
oo Polygon : ' '
: : insert g into : '
retum true if point f‘: ‘1 H Draw(...) chilgren at position | H ! '
intersects this character ! Intersects(...) ! H
: for all ¢ in children ) i
[__H if c->Intersects(p) return true \
w->DrawCharacter(c) '
forall ¢ in children j
ensure ¢ is positioned
- correctly;
c->Draw(w)
2-4 Glyph
© Calder “ Glyph” [CL90]
Calder [Cal93]
Calder Calder

Flyweight(4.6)
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2-1 C++ Glyph ©
Glyph
Responsibility Operations
Appearance Virtual Void Draw (Window*)
Virtual Void Bounds (Rect&)
hit detection Virtual bool Intersects (Const Point&)
Structure Virtual Void Insert (Glyph*, int)
Virtual Void Remove (Glyph*)
Virtual Glyph* Child (int)
Virtual Glyph* Parent()
1) 2) 3)
Glyph Draw
Window Window
Glyph Rectangle Draw

voi d Rectangl e::Draw (W ndow* w) {
w- >Dr awRect (_x0, _yO0, _x1, _yl1);

}
x0 _y0 _x1 _yl Rectangle DrawRect
Window
( 2-2) Bounds
Glyph
Intersects L exi
Rectangle
Insert Index
©®  Remove
Child Index ( )
Child
Draw Parent
Lexi Parent
©
) Index

2.8
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217

2.2.3

Composite(4.3)

2.3

°©  Lexi

(formatting)

231

Lexi

Glyph

2.3.2 Compositor Composition

" (linebreaking)

Compositor

Glyph

L exi

2-2

Lexi

Lexi
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compositor Composition
Composition Compositor
Compositor Compose 2-5
Composition Compositor

2-2 Compositor

void SetComposition (Composition*)
virtual void Compose()

Glyph
Insert(Glyph, int)

4 § Compositor
children compositor
Composition > 0
Insert(Glyph g, int)) @ composttion | SetComposition()
Giyph:Insert(g, i [ | |
compositor.Compose() ArrayCompositor | | TexComposttor | | SimpleCompositor
Compose() Compose() Compose()
2-5 Composition Compositor
Composition
Composition
Composition Compositor
Compose Compositor Composition
© 2-6 Compositor

composition
(=]

compositor

2-6 Compositor

© Compositor 2.8 Glyph
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Compositor SimpleCompositor
TeX Compositor TX [Knu84]

Compositor-Composition

Compositor Glyph
Composition SetCompositor
2.3.3
Strategy(5.9) Strategy
Compositor Strategy
Composition Compositor
Strategy Strategy
Strategy
Glyph Compositor
Compositor
Composition
2.4
Lexi
241
Composition BorderedComposition Composition

ScrollableComposition
BorderedScrollableComposition

Border
Glyph Border
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Glyph
Border
Border Border
Glyph
Border Glyph
Border Glyph
(Transparent Enclosure) 1
2
( )
2.4.2 MonoGlyph
Glyph MonoGlyph Border “ "
2-7  MonoGlyph
Glyph
Draw(Window)
————< MonoGlyph
component
Draw(Window)
] ]
Border Scroller
Draw(Window) Draw(Window)
DrawBorder(Window)
2-7 MonoGlyph
MonoGlyph MonoGlyph Draw
void MonoGlyph: :Draw (Window* w) {
_component ->Draw (w) ;
}
MonoGlyph Border::Draw

MonoGlyph::Draw —_—
Border::Draw DrawBorder
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void Border::Draw (Window* w) ({
MonoGlyph: : Draw(w) ;
DrawBorder (w) ;

Border::Draw MonoGlyph::Draw

2-7 MonoGlyph Scroller

Lexi
Scroller Composition Border

2-8

scroller

(1)

Scroller

Border Glyph
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2.4.3 Decorator

Decorator(4.4)
Decorator
Decorator Lexi
2.5
Lexi
Motif
Lexi
Lexi
2.5.1
L exi
“ " Widgets
1) Glyph
ScrollBar Glyph
2)
ScrollBar MotifScrollBar PM ScrollBar
Manager)
L exi
MacButton )

Lexi C++

Lexi
Lexi

Glyph

Button

Motif PM (Presentation

Lexi
(MotifButton PMButton
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2
L exi
Lexi
Mac Motif
Lexi
2.5.2
C++ Motif
Scrol |l Bar* sb = new Motif Scroll Bar;
Lexi
sb
Scol I Bar* sb = gui Factory->CreateScrol |l Bar();
guiFactory MotifFactory CreateScrollBar
ScrollBar MotifScrollBar
MotifScrollBar
Motif guiFactory
Motif guiFactory
MotifFactory GUIFactory GUIFactory
CreateScrolBar
CreateButton GuiFactory MotifScrollBar PMButton
2-9 guiFactory
GUIFactory
CreateScroliBar()
CreateButton()
CreateMenu()
ﬁ [ [
MotifFactory 4 PMFactory MacFactory
CreateScroliBar() O-F---=-- ' CreateScrollBar() ©-f------ CreateScroiiBar() O-[----"~
CreateButton() O-fF--- CreateButton() O-fF--- CreateButton() O-f==-1
CreateMenu() Cal CreateMenu() o CreateMenu() o

i/

return new MotifMenu

LS
return new MacMenu
&

return new MacButton

l return new MacScrollBar l

i
return new PMMenu
e

return new PMButton

return new MotifScrollBar I return new PMScrollBar |

2-9 GUlFactory

By B e EE T
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(Factory) (Product)
2-10

ScroliBar Button Menu

ScrofiTofint) Press() Popup()
MotifScrollBar MacScrollBar MotifButton MacButton MotifMenu MacMenu
ScroliTo(int) ScroliTo(int) Press() Press() Popup() Popup()

PMScrollBar PMButton PMMenu

ScroliTo(int} Press() Popup()

2-10
GUIFactory
guiFactory
Singleton(3.5)
guiFactory
guiFactory

GUl Factory* gui Factory = new Motif Factory;

GUIFactory* guiFactory;
const char* styleName = getenv("LOOK_AND_FEEL") ;
// user or environment supplies this at startup

if (strcmp(styleName, "Motif") == 0) {
guiFactory = new MotifFactory;

1l

[l
(e}
~
-~

} else if (strcmp(styleName, "Presentation_Manager")
guiFactory = new PMFactory;

} else {
guiFactory = new DefaultGUIFactory;

Motif MotifFactory
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guiFactory
guiFactory

2.5.3 Abstract Factory

Factory Product Abstract Factory (3.1)

2.6
Lexi
( Macintosh Presentation Manager
Windows X Lexi Lexi
2.6.1 Abstract Factory

Abstract Factory
Abstract Factory

ScrollBar
MotifScrollBar MacScrollBar

Abstract Factory
Create...

L exi

2.6.2

2.2 Window
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2-3 Windows

Window

2-3

virtual void Redraw()
virtual void Raise()
virtual void Lower()
virtual void Iconify()
virtual void Deiconify()

virtual void DrawLine(...)
virtual void DrawRect(...)
virtual void DrawPolygon(...)
virtual void DrawText(...)

Window

1) Window
Window

2)

Lexi Lexi
Lexi
Window

2-3 Window

Window

Window IconWindow DialogWindow
L exi

L exi

Window

Window
Window Lexi

Application
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2
L exi
“ Window”
Glyph glyph Wind
Draw(Window) Redraw() ©-
Iconify()
Lower()
BrawLine()
ApplicationWindow lconWindow DialogWind owner
Iconify() Lower() @
-
Window
Window
2.6.3 Window Windowlmp
WindowImp WindowImp
Lexi
WindowImp Window Window
Windowlmp
Window
im) "
Raise() e Wi t
DrawRect(...) DevicoRaise()
A DeviceRect(...)
[ [ *
ﬁpplicatlonwmtﬂ | Diulongndo\ﬂ
IlconWIndowl MacWindowlmp PMWindowimp Xwi imp
DeviceRaise() DeviceRaise() DeviceRaise()
DeviceRect(...) DeviceRec(...) DeviceRect(...)
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WindowlImp

1. WindowlImp
WindowlImp
Window

void Rectangle: :Draw
w->DrawRect (_x0,

DrawRect

(Window* w)

—v0,
}

DrawRect WindowImp

void Window: :DrawRect (
Coord x0, Coord yoO0,
) {
_imp->DeviceRect (%0,

Coord x1,

v0, x1,

_imp Window
Windowlmp
DeviceRect

_imp
WindowImp

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

x1));
v1)):
- x1));
- yl));
_winid,

round (min (x0,
round (min(yO0,
int round (abs (x0
int h round (abs (y0
XDrawRectangle (_dpy,

int
int

X
Yy
w =

}

DeviceRect
DeviceRect

(x0,y0)
PMWindowlmp Presentation Manager

void PMWindowImp: :DeviceRect (
Coord x0, Coord y0, Coord x1,
) {

left min{x0, x1):;
right max (x0, x1});
bottom = min(y0, yl);

top max (y0, y1l);

Coord
Coord
Coord
Coord

PPOINTL point([4];

left;
right;
right;
left;

point[0].
point(1].
point[2].
point [3].

point [0].
point[1].
point[2].
point[3].

1}

Y
Y
Y
Y

woK XX

if (
(GpiBeginPath(_hps,

1L)

{
X1, _vyl1);

Window

2.2
Rectangel::Draw

Coord vyl

v1l);

_gc¢,

XDrawRectangle

1]

Window WindowImp

XWindowImp X

Coord yl

X, Yy, w, h);

X

WindowImp DeviceRect

Coord yl

top;
top;
bottom;
bottom;

false) ||
(GpiSetCurrentPosition(_hps, &point[3]) == false)
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(GpiPolyLine(_hps, 4L, point) == GPI_ERROR) Il
(GpiEndPath{(_hps) == false)
) {

// report error

} else {
GpiStrokePath(_hps, 1L, 0L);
}

X PM X
DeviceRect PM X WindowImp
Window
Window
2. Windowlmp Windows
WindowlImp
_imp
WindowImp WindowImp

Abstract Factory(3.1)
WindowSystemFactory

class WindowSystemFactory {

public:
virtual WindowImp* CreateWindowImp() =
virtual ColorImp* CreateColorImp() = 0;
virtual FontImp* CreateFontImp() = 0;

0;

// a "Create..." operation for all window system resources
Y

class PMWindowSystemFactory : public WindowSystemFactory {
virtual WindowImp* CreateWindowImp ()
{ return new PMWindowImp; }
//
ti

class XWindowSystemFactory : public WindowSystemFactory {
virtual WindowImp* CreateWindowImp ()
{ return new XWindowImp; }
//
};

Window WindowSystemFactory
WindowlImp _imp

Window: :Window () {
_imp = windowSystemFactory->CreateWindowImp () ;
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windowSystemFactory
guiFactory

2.6.4 Bridge

Windowlmp

WindowImp
WindowImp

Window

WindowSystemFactory
windowSystemFactory

Window Windowlmp

Lexi
Window Windowlmp

2.7

Lexi

L exi

Lexi

Window
WindowImp Window
Window
WindowImp
Bridge(4.2) Bridge
Bridge
WYSIWY G
Lexi
undo redo ©
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2
2.7.1
Menultem Glyph
€]
Menultem
Menultem
Lexi
Menultem
1) /
2)
3)
Menultem
/
command
2.7.2 Command
Command
“ Execute’ Command Execute
2-11 Command Command
Menultem Command 2-12
Command
Command Execute

S Lexi (
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Command

Execute()

A

""" [ [ ] I
PasteCommand FontCommand SaveCommand QuitCommand
Execute() @ Execute() ¢ Execute() @ Execute() Q@
buffer E newFont E E E
i i pop up a dialog if (document is modified) {
box that lets the ) save—>Execute()
j ser name the
paste buffer make selected u i icati
into document text appear in ?r?:: rsr:/ne"tﬁgd quit the application
newFont document under
that name
2-11 Command
A
Menultem [ Command
Execute()

Clicked() Q@

command—>Execute();H '

2-12 Menultem-Command

2.7.3
(Undo/redo)
Command Unexecute Unexecute Execute
Execute Execute FontCommand
Execute FontCommand Unexecute
Command Reversible
Boolean true false
2.7.4

(Command
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History)
Command
“  present”
Command Unexecute
Unexecute( )
Unexecute “ present” Command
present
present Command
Execute
\ Execute( )
present

present



44 Chinaspubito

2.7.5 Command

Lexi Command(5.2)
Lexi
Command
2.8
2.3
/ /
Lexi
L exi
Glyph
1
2

281
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2.8.2

Glyph
void First (Traversal kind)
void Next ()
bool IsDone ()
Glyph* GetCurrent ()
void Insert (Glyph*)

First Next IsDone First Traversal
CHILDREN PREORDER
POSTORDER INORDER Next
IsDone GetCurrent Child Insert
C++ g
Glyph* g;
for (g->First (PREORDER); !g->IsDone(); g->Next()) {

Glyph* current = g->GetCurrent();

// do some analysis

Traversal TEXTUAL_PREORDER
Glyph

iterators
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2.8.3 lterator

Iterator
Iterator Listlterator
Postorderlterator

Array-
Preorderlterator
Iterator

2-13 Iterator
Glyph Createlterator
Iterator
—»o fterator
First()
Next()
IsDone()
Currentitem()
iterators Preorderiterator Arraylterator Listiterator Nulliterator
First() First() First() First()
Next() Next() Next() Next()
IsDone() I IsDone() IsDone() IsDone() ©--F-»
Currentitem() Currentitem() Currentitem() Currentitem() E
root currentitem ) :
return true |
Glyph
Createlterator() O-f------ return new Nulliterator I
2-13 lterator
Iterator First Next IsDone Listlterator First
Next IsDone
Currentltem iterator Arraylterator
Glyph* g;

Iterator<Glyph*>* 1 = g->Createlterator();

for (i->First(); !i->IsDone(); i->Next()) {
Glyph* child = i->CurrentItem() ;

// do something with current child

Createlterator Nulllterator Nulllterator
Nulllterator IsDone

Iterator
true
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2
Glyph Createlterator Iterator
Glyph _children
Createlterator
Iterator<Glyph*>* Row::Createlterator () {

return new ListIterator<Glyph*>{(_children);

Iterator iterator Iterator
Createlterator

Iterator
Preorderlterator Iterator
void PreorderlIterator::First () {
Iterator<Glyph*>* i = _root->Createlterator();
if (1) |
i->First();

_iterators.RemoveAll() ;
_iterators.Push(i);

}
Currentltem Iterator Currentltem

Glyph* PreorderlIterator::CurrentItem () const ({
return
_iterators.Size() > 0 ?
_iterators.Top()->CurrentItem() : 0;

Next Iterator Iterator
Next Iterator
Next Iterator IsDone true
Next Iterator

void PreorderIterator::Next () {
Iterator<Glyph*>* i =
_iterators.Top()->CurrentItem()->Createlterator();

i->First();
_iterators.Push(i);

while (
_iterators.Size() > 0 && _iterators.Top()->IsDone()

y A
delete _iterators.Pop();
_iterators.Top()->Next () ;

Iterator —_
Preorderlterator Iteraror Glyph
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Preorderlterator

2.8.4 lterator

Iterator(5.4)

Iterator

2.85

Glyph
Glyph

Glyph

Glyph

Glyph

2.8.6

Iterator

Iterator

Preorderlterator

C++
Iterator
Iteration
[terator
Glyph
Glyph
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|terator
Iterator

(:
g

SpellingChecker ()

void SpellingChecker::Check (Glyph* glyph) {
Character* c;
Row* r;
Image* i;

if (¢ = dynamic_cast<Character*>(leph)) {
// analyze the character

} else if (r = dynamic_cast<Row*>(glyph)) {
// prepare to analyze r’s children

} else if (i = dynamic_cast<Image*>(glyph)) {
// do nothing

}
}
Glyph
Glyph
voi d CheckMe (SpellingChecker &)
Glyph CheckMe

void GlyphSubclass::CheckMe (SpellingChecker& checker) {
checker.CheckGlyphSubclass (this) ;
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GlyphSubclass CheckMe
Glyph —_— SpellingChecker
Glyph CheckGlyphSubclass ©
class SpellingChecker {
public:
SpellingChecker();

virtual void CheckCharacter(Character*);
virtual void CheckRow (Row™) ;
virtual void CheckImage (Image*) ;.

// ... and so forth
List<char*>& GetMisspellings();

protected: .
virtual bool IsMisspelled(const char*);

private: .
char _currentWord[MAX_WORD_SIZE];
List<char*> _misspellings;

Y

SpellingChecker

void SpellingChecker: :CheckCharacter (Character* c) {
const char ch = c->GetCharCode();

if (isalpha(ch)) {
// append alphabetic character to. _currentWord

} else { .
// we hit a nonalphabetic character

if (IsMisspelled(_currentWord)) {b
// add _currentWord to _misspellings
_misspellings.Append (strdup (_currentWord)) ;

}
_currentWord[0] = ’\0’;
// reset _currentWord to check next word
} ' ’
}
Character GetCharCode

CheckCharacter _CurrentWord

IsMisspelled _CurrentWord @
S}
© IsMisspelled Lexi

SpellingChecker Strategy
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CheckCharacter _CurrentWord
GetMisspellings
CheckMe
SpellingChecker

SpellingChecker spellingChecker;
Composition* c¢;

//

Glyph* g;

PreorderIterator i(c);

for (i.First(); !i.IsDone(); i.Next()) {

g = i.CurrentItem();
g->CheckMe {spellingChecker) ;

Character SpellingChecker
aCharacter ("a")  anotherCharacter ("_") aSpellingChecker

CheckMe(aSpellingChecker) "lJCheckCharacter (this) L
GetCharacter()

CheckMe(aSpellingChecker) L CheckCharacter(this) I
GetCharacter()

Glyph CheckMe(SpellingChecker& )
CheckMe(SpellingChecker&)
2.8.7 Visitor
visitor “ ”
© Visitor

class Visitor {
public:

©
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virtual void VisitCharacter (Character*) { }
virtual void VisitRow(Row*) { }
virtual void VisitImage (Image*) { }

// ... and so forth

}:
SpellingCheckingVisitor
HyphenationVisitor SpellingCheckingVisitor
SpellingChecker
CheckCharacter VisitCharacter
CheckMe
Accept Visitor&
Visitor —_—

Glyph

HyphenationVistitor
HyphenationVisitor VisitCharacter

Discretionary
Discretionary Glyph Discretionary
Discretionary
Discretionary Discretionary
Discretionary
Discretionary
Discretionary Discretionary

I . "
of  iialuminum al-!!

|
1

2.8.8 Visitor

Visitor Visitor
Visitor
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Visitor

Visit...
Foo Glyph Visitor
VisitFoo Lexi
Visitor

2.9

Lexi 8

1) Composite 4.3

2) Strategy 5.9

3) Decorator 4.4

4) Abstract Factory 3.1

5) Bridge 4.2

6) Command 5.2

7) lterator 5.4

8) Visitor 5.11

L exi
Composite
Strategy
Decorator Command

Lexi

Lexi
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hard-coding

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
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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
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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
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* 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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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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Prototype Abstract Factory 3.1
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



China=pupscom

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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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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Abstract Factory Prototype Builder Factory Method
Factory Method
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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 |
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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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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)



Chinaspubicom

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
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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.
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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
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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



China=pupscom

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



Template
Method 5.10
Interpreter 5.3
Mediator 5.5
mediator medi ator
Chain of Responsibility(5.1)
Observer(5.7) Observer Smalltalk
/ /
Strategy(5.9)
Command(5.2)
State(5.8)
Visitor(5.11) Iterator(5.4)
5.1 CHAIN OF RESPONSIBILITY( )—
1
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(generality)

(decouple) Chain of
Responsibility

aPrintButton

anApplication

specific general

(implicit receiver)
“ Print”
PrintDialog ( )
(diagram)

aPrintButton aPrintDialog anApplication

HandleHelp()

HandleHelp()

aPrintButton aPrintDialog
anApplication anApplication

(implicit)
HandleHelp
HelpHandler HelpHandler
mixin HelpHandler
HelpHandler HelpHandler
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HandleHelp
handler
HelpHandler
HandleHelp() of----- handler->Hand|eHe|p(H'
""I I"- if can handle
I Dialog | Button lSht:vaeIp(g
HandleHelp() O-F---- )el-?:n(dler::HandleHeIp()
ShowHelp() }
3.
Responsibility
4.
successor
e
HandleRequest()
] l
ConcreteHandler1 ConcreteHandler2
HandleRequest() HandleRequest()
: : r— '
aHandler & i f aConcreteHandler ]
successor L .
N————— \ successor J
5.

* Handler HelpHandler

» ConcreteHandler PrintButton PrintDialog

e Client
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— (ConcreteHandler)
6.
. ConcreteHandler
7.
Responsibility (liabilities):
1)

2) (Responsibility)

3) —

1)
a) ( Handler ConcreteHandlers )
b)

— Widget
Composite 4.3

2)

Handler Handler
HandleRequest :HandleRequest ( )
ConcreteHandler

HelpHandler

class HelpHandler {

public:
HelpHandler (HelpHandler* s) : _successor(s) { }
virtual void HandleHelp();

private: ’ '

HelpHandler* _successor;

}; ’

void HelpHandler::HandleHelp () {
if (_successor) ({ '
_successor->HandleHelp();



China=pubecom :

3) HandleHelp

(hard-coded) Handler
( )
Request
( Request )
Request (accessor)
(sketch) Request
GetKind

void Handler: :HandleRequest (Request* theRequest) {
switch (theRequest->GetKind()) {
case Help:
// cast argument to approprlate type
HandleHelp ( (HelpRequest*) theRequest);
break;

case Prlnt
HandlePr1nt((PrlntRequest*) theRequest) ;

// ...
break;
default:
/...
break;
}
}
HandleRequest
( )HandleRequest
ExtendedHandler MyHandler HandleRequest:
class ExtendedHandler :'public Handler {
public:
virtual void. HandleRequest(Request* theRequest) ;
/1 ... :

}:

void ExtendedHandler::HandleRequest (Request* theRequest) {
switch (theRequest- >GetK1nd()) {
case Preview:
// handle the Preview request
break; )
default:
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// let Handler handle other requests
Handler: :HandleRequest (theRequest) ;

}

4)  Smalltalk Smalltalk doesNotUnderstand
doseNotUnderstand trap in
doesNotUnderstand
9.
Handler
HelpHandler ( )
HandleHelp
HasHelp

typedef int Topic;
const Topic NO_HELP_TOPIC = -1;

class HelpHandler {
public: . )
HelpHandler (HelpHandler* = 0, Topic = NO_HELP_TOPIC) ;
virtual bool HasHelp(); S

virtual void SetHandler (HelpHandler*;. Topic);

virtual void HandleHelp();
private:

HelpHandler* _successor;

Topic _topic;
};

HelpHandler: :HelpHandler (
HelpHandler* h, Topic t
} : _successor(h), _topic(t) { }

bool HelpHandler: :HasHelp () {
return _topic != NO_HELP_TOPIC;
}
void HelpHandler::HandleHelp () {
if (_successor 1= 0) (
_successor->HandleHelp() ;
}

Widget Widget HelpHandler
" class Widget : public HelpHandler ({
protected: . :
Widget (Widget* parent, Topic t = NO_HELP_TOPIC);
private: C

Widget* _parent;
}i

Widget: :Widget (Widget* w, Topic t) : HelpHandler(w, t) {
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_parent = w;

Button Widget

class Button : public Widget ({
public: : .
Button(Widget* d, Topic t = NO_HELP_TOPIC);

virtual void HandleHelp();
// Widget operations that Button' overrldes ..
}; :

Button HandleHelp
HelpHandler HandleHelp

Button::Button (Widget* h, Topic t) : Widget(h, t) { '}

void Button::HandleHelp () {
if (HasHelp()) {
// offer help on the button
} else {
HelpHandler: .HandleHelp(),
}
}

Dialog
Application

class Dialog : public Widget {

public:
Dialog(HelpHandler* h, Topic t = NO_HELP_TOPIC);
virtual void HandleHelp();

// Widget operations that Dialog overrides. ..
/] ...
}i

Dialog::Dialog (HelpHandler* h, Topic t) : Widget(0) {
SetHandler(h, t); .
}

void Dialog::HandleHelp () {
if (HasHelp()) {
// offer help on the dialog
} else {
HelpHandler HandleHelp(),
}

Application
HelpHandler

class Application : public HelpHandler {
public:
Application(Topic t) : HelpHandler(0, t) { }

virtual void HandleHelp():; ‘ ‘
// application-specific operations...

Button

Application
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}:

void Application::HandleHelp ()} {
// show a list of help topics
}

const Topic PRINT_TOPIC = 1;
const Topic PAPER_ORIENTATION_TOPIC = 2;
const Topic APPLICATION_TOPIC = 3;

Application* application = new Application (APPLICATION_TOPIC) ;

Dialog* dialog = new Dialog{application, PRINT_TOPIC);
Button* button = new Button(dialog, PAPER_ORIENTATION_TOPIC) ;

Composite 4.3

5.2 COMMAND e

1

HandleHelp
HandleHelp:
but t on- >Handl eHel p() ;
HelpHandler Dialog
10.
Handler
MacApp[App89] ET++[WGMS8§]
“ " Symantec TCL [Sym93b] “ Bureaucrat” NeXT AppKit
“ Responder”
Unidraw “ " Command Component
ComponentView [VL9O]
ET++
InvalidateRect InvalidateRect
(Scrollers) (Zoomers)
InvalidateRect
(Window)
InvalidateRect
11
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2.
(Action) (Transaction)
3.
Command
Execute Command
Execute
Application Menu Menultem [—~——————# Command
command
Add(Document) Add(Menultem) Clicked() @ - | Executs()
Document | command->Execute() H T H T
Open() o
Close()
Cut()
Copy()
Paste()
Command Menu
Menultem Application
Application Document
Command
Menultem Command Execute Execute
Menultem Command Command
Excute
PasteCommand (Document) PasteCommand
Execute Document Paste
Command
Executs()
Document A
Open() -—-- | i
C|0$9() document .
Cut() PasteCommand
Copy(}
Paste() Execute() O-~~=~=q-=-=-=---~- | document->Paste() ﬁ

OpenCommand Execute
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Application i
Add(Document) application OpenCommand
Execute() @
AskUser() |
name = AskUse.r()
doc = new Document(name)
application—->Add(doc,
doc->Open()
Menultem Menultem
CenterDocumentCommand Normal SizeCommand
MacroCommand Menultem
MacroCommand Command
MacroCommand
Command
Execute() r‘
; I commands
MacroCommand
Execute() @
for all ¢ in commands
c—>Execute()
Command
Command
Command
(command scripting)
4.
Command
. Menultem
callback

Command
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5
. Command
. Command Excute
Command Unexecute
Execute
Unexecute Execute “ " “
. Command
Execute
. (transaction)
Command
Command

5.

Client Invoker Command

T Execute()

g Receiver 4

E Action() 16c6Ve"] ConcreteCommand

i Execute() O-------- - -1 receiver->Action(); I

e R L T T » state '
6.
« Command

« ConcreteCommand (PasteCommand OpenCommand)

* Client (Appliction)

 Invoker (Menultem)

* Receiver (Document Application)

7.

e Client ConcreteCommand

Execute

* |nvoker ConcreteCommand

Receiver
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* |Invoker Command Execute
ConcreteCommand Excute
» ConcreteCommand Receiver

aReceiver aClient aCommand aninvoker
StoreCommand(aCommand) ﬂ

Command (
)
8.
Command
1) Command
2) Command
3) MacroCommand
Composite
4) Command
9.
Command
1)
2) undo redo Command (reverse)
( Unexecute Undo )
ConcreteCommand

(history list)
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(reverse-executing)

(DeleteCommand)

Command Prototype
3.4
3) /
Command
Memento 5.6
Command
4) C++ (1) (2 C++
Command
10.
C++ Command
OpenCommand PasteCommand MacroCommand Command
class Command {
public:
virtual ~“Command();
virtual void Execute() = 0;
protected:
Command () ;
};
OpenCommand OpenCommand
Application AskUser ‘
class OpenCommand : public Command {
public:
OpenCommand (Application*);
virtual void Execute();
protected:
virtual const char* AskUser():;
private:

Application* _application;
char* _response;

OpenCommand: :OpenCommand (Application* a) {
_application = a; :

}

void OpenCommand::Execute () {
const char* name = AskUser();

if (name != 0) {
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Document* document = new Document (name) ;
_application->Add(document) ;
document->Open () ;

}
}
PasteCommand Document
PasteCommand
class PasteCommand : public Command {
public:

PasteCommand (Document*) ;

virtual void Execute();
private:

Document* _document;
}:

PasteCommand: : PasteCommand (Document* doc) {
_document = doc;

}

void PasteCommand::Execute () {
_document->Paste() ;

}

SimpleCommand.  Receiver SimpleCommand

template <class Receiver>

class SimpleCommand : public Command {
public: .
typedef void (Receiver::* Action)(); =

SimpleCommand(Receiver* r, Action a)
_receiver(r), _action(a) { }

virtual void Execute();
private:

Action _action;

Receiver* _receiver;

Y
Execute
template <class Receiver>
void SimpleCommand<Receiver>::Execute () {
(_receiver->*_action) ();
}
Myclass Action Command ,

MyClass* receiver = new MyClass;
/...
Command* aCommand = .

new SimpleCommand<MyC1ass>(réceiver, &MyCiass::Action);
// ... ) '
aCommand->Execute() ;

Command
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5
MacroCommand
class MacroCommand : public Command {
public:
MacroCommand() ;
virtual ~“MacroCommand();
virtual void Add(Command*);
virtual void Remove (Command*) ;
virtual void Execute();
private:
List<Command*>* _cmds;
};
MacroCommand Execute
Execute
void MacroCommand: :Execute () {
ListIterator<Command*> i (- cmds);
for (i.First(); !i.IsDone();. i.Next())
Command* ¢ = i.CurrentItem();
c->Execute();
}
}
MacroCommand , Execute
, MacroCommand MacroCommand
void MacroCommand::Add (Command* c) {
_cmds->Append(c) ;
}
void MacroCommand: :Remove {(Command* c) {
_cmds->Remove(c) ;
}
11.
Lieberman[Lie85] MacApp[App89]
ET++[WGM88] InterViews[LCl+92]
Unidraw[VL90] Command InterViews Action
ActionCallback Action ,
Command
THINK [Sym93b] Command THINK
" (Tasks) Chain of Responsiblity 5.1 (consumption)
Unidraw Unidraw
( )
Unidraw Unidraw
Coplien C++[Cop92] C++ functors Functors
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(operator( ))
( ) :

12.
Composite 4.3
Memento 5.6
(3.9
5.3 INTERPRETER( )—
1.
2.

expression ::= literal | alternation | sequence | repetition |
'(' expression ')’ .
alternation ::= expression ‘|’ expression ]

sequence ::= expression ‘&’ expression
repetition ::= expression ’'*’ :
literal ::= ‘a’ | 'b’ | ¢’ | ... { 'a* | ‘b’ | e’ S
expression , literal
RegularExpression LiteralExpression Alternation

Expresson SequenceExpresson RepetitionExpression

RegularExpression
Interpret(}
| ]
LiteralExpression SequenceExpression
Interpret() Interpret()
literal
- alternativet
rej joanematve?
—Eﬂﬂng RepetitionExpression AlternationExpression p—
Interpret() Interpret() <




China=pupscom

( aSo'.'|uol'«:oExpl'oulunj

xpression1 @
expression2 ?

/

( aLitersiExpression

")  (aRepetitionExpression

kraining'

) Cory

raining & (dogs

RegularExpression

RegularExpression
* LiteralExpression
« AlternationExpression
* RepetitionExpression

4.
5.
» AbstractExpression (

» TerminalExpression (

FnAlbmntIonExpnulon\
Laltematiom ®
alternation2 ¢ )

(aLiteraiExpression

) ((eheraiExpression

tdogs’

AT

J

cats)

(Interpret)

(literal)

RegularExpression)

Literal Expression)

(Interpret)



Chinaspubicom

Client " e u F
Interpret(Context)
[ ]
TerminalExpression NonterminalExpression
Interpret(Context) Interpret{Context)
* NonterminalExpression ( AlternationExpression, Repetition-
Expression, SequenceExpressions)
— R:=RR,..R Nonterminal Expression
— R, R, AbstractExpression
— (Interpret) (Interpret)
Rl Rn
» Context
* Client
— ( )
Nonterminal Expression Terminal Expression
6.
* Client ( ) , Nonterminal Expression Terminal Expression
7.
1) )
2)
3) ( BNF
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5
4) 13 ”
, Visitor(5.11)
8.
Interpreter Composite 4.3 Interpreter
1) 1
(
) Client
2)
, Visitor 5.11 ! "
3) Flyweight ,
, dog ( LiteralExpression
)
( ) ( )
, Flyweight 4.6
dog Literal Expression
Literal Expression
dog
9.
Smalltalk ,
C++
expression ::= literal | alternation | sequence | repetition |
'{' expression ')’ )
alternation ::= expression ’|’ expression
sequence ::= expression ‘&’ expression
repetition ::= expression ‘repeat’
literal ::= ‘a’ | *b’ | 'e’ | ... { 'a’ | 'b" | ‘e’ | ... }*
“oxy Smalltalk
repeat ,
( ( "dog' | 'cat' ) repeat & weather')
“ dog dog cat weather”
, 5.3 SequenceExpression
expression 1  expression 2 AlternationExpression

altercative 1 altercative 2 RepetitionExpression



Chinaspubecom

repetition Literal Expression components

( ) (literal string)
match:

inputState ,

: (
: )
repeat ,
'a' repeat
“a Lt aa Lt aad

1

' repeat & 'bc'
13 abC” , " aabc” , “ aaabCH ,
'a' repeat & 'abc'

“e a.l repeatn “ aabcn ,

a

13 abcﬂ
match : SequenceExpression
inputState

match: inputState .
" expression2 match: (expressionl-match: inputState).

AlternationExpression ,

AlternationExpression match

match: inputState
| finalState |
finalState := alternativel match: inputState.
finalState addAll: (alternative2 match: inputState). .
~ finalState B

RepetitionExpression match:

match: inputState
| aState finalState |
aState := inputState.
finalState := inputState copy.
[aState isEmpty]
whileFalse:
[aState := repetition match: aState.
finalState addAll: aState].
~ finalState

RepetitionExpression

, LiteralExpression match:

match: inputState
| finalState tStream |
finalState := Set new.
inputState
do:
[:stream | tStream := stream copy.
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(tStream nextAvailable:

components size
) = components )

ifTrue: [finalState add: tStream]
1. :
finalState

nextAvailable: match:
, literal

~

AlternationExpression

RegularExpression
“ i Smalltalk
Smalltalk

, " “ repeat” “&” RegularExpression
RegularExpression

& aNode
" SequenceExpression new
expressionl: self expression2: aNode asRExp

repeat )
" RepetitionExpression new repetition: self
| aNode
" AlternationExpression new

alternativel: self alternative2: aNode asRExp

asRExp
~ self
asRExp literals RegularExpression String
& aNode :

~

SequenceExpression new »
expressionl: self asRExp expression2: aNode asRExp

repeat

RepetitionExpression new repefition: self

| aNode
" AlternationExpression new
alternativel: self asRExp alternative2: aNode asRExp

asREXp

LiteralExpression new components: self

(Smalltalk SequenceableCollection, Smalltalk/V

IndexedColleciotn) , Array OrderedCollection
C++
, true false and, or not
BooleanExp ::= VariableExp | Constant | OrExp | AndExp | NotExp |
‘(’ BooleanExp ‘}’
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AndExp ::= BooleanExp ‘and’ BéoleanExp
OrExp ::= BooleanExp ‘or’ BooleanExp
NotExp ::= ‘not’ BooleanExp’
Constant ::= ’‘true’ | ‘false’ .
VariableExp ::= ‘A’ | ‘B’ | ... |.'x""| ¥’ | ‘2’
(evaluate)
(replace),
BooleanExp, VariableExp AndExp OrExp NotExp
AndExp Constant
BooleanExp
class BooleanExp {
public:
BooleanExp () ;

virtual ~“BooleanExp();

virtual bool Evaluate(Context&) = 0;
virtual BooleanExp* Replace(const char*, BooleanExp&) = 0
virtual BooleanExp* Copy() const = 0;°

};

Context , C++ true false
Context

class Context {
public:
bool Lookup(const char*) const;
void Assign(VariableExp*, bool);
}:

VariableExp

class VariableExp : public BooleanExp { -
public: '
VariableExp (const char*);
virtual “VariableExp():

virtual bool Evaluate(Context&);
virtual BooleanExp* Réplace(const char*, BooleanExp&) ;
virtual BooleanExp* Copy() const;
private:
char* _name;

}i

VariableExp: :VariableExp (const char* name) {
_name = strdup(name); ‘

}

bool VariableExp::Evaluate (Context& aContext) ({
return aContext.Lookup (_name) ;
}

VariableExp:
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BooleanExp* VariableExp::Copy () const {
return new VariableExp (_name) ;
}

BooleanExp* VariableExp::Replace (
const char* name, BooleanExp& exp
) { : )
if (strcmp(name, _name) == 0) {
return exp.Copy{):;
} else {
return new VariableExp (_name);

AndExp

class AndExp : public BooleanExp {
public:
AndExp (BooleanExp*, BooleanExp*) ;
virtual “AndExp();

virtual bool Evaluate(Context&);
virtual BooleanExp* Replace(const char*, BooleanExp&);
virtual BooleanExp* Copy() const;-
private: )
BooleanExp* _operandl;
BooleanExp* _operand2;
}:

AndExp: :AndExp (BooleanExp* opl, BooleanExp* op2) {
_operandl = opl; N '
_operand2 = o0p2;

}
AndExp Lo
bool AndExp::Evaluate (Context& aContext). {
return ’
—operandl->Evaluate (aContext) &&
_operand2->Evaluate (aContext) ;
}

AndExp Copy Replace Copy Replace

BooleanExp* AndExp::Copy () const {
return
new AndExp (_operandl->Copy (), _operand2->Copy());

BooleanExp* AndExp::Replace (const char* name, BooleanExp& exp) {
return ’
new AndExp ( .
_operandl->Replace (name, exp),
_operand2->Replace (name, exp)
):

(true and x) or (y and (not x))

true false Xy
BooleanExp* expression;
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Context context;

VariableExp* x = new VariableExp("X");
VariableExp* y = new VariableExp("Y");

expression = new OrExp(
new AndExp (new Constant (true), x),
new AndExp(y, new NotExp(x))

);

context .Assign{x, false);
context.Assign(y, true);

bool result = expression->Evaluate (context);

Xy true

) y

VariableExp* z = new VariableExp("Z");
NotExp not_z(z);

BooleanExp* replacement = expression->Replécé("Y'; not_z);
context.Assign(z, true);

result = replacement->Evaluate(context):;

BooleanExp , Evaluate

Visitor(5.11)

Composite(4.3)

Evaluate , BooleanExp
Weight Copy
10.
,  Smalltalk
SPECTalk [Sza92] QOCA —
[HHMV92]
( , Composite(4.3) )

11.

Composite 4.3
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Flyweight 4.6
Iterator 5.4
Visitor 5.11
5.4 ITERATOR( )—
1.
2.
Cursor
3.
, (list),
iterator
, List Listlterator
List list I"| istiterator
Count() First()
Append(Element) Next()
Remove(Element) IsDone()
Currentitem()
index
Currentltem , First
, Next
, IsDone

(FilteringListlterator)

(polymorphic iteration)
SkipList[Pug90] SkipList
List SkipList
AbstractList
Iterator
Iterator
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pr— rorstor
Createlterator() First()
Count() Next()
Append(item) IsDone()
Remove(item) Currentitem()
List [J--"""Tmmmemmmmme ™ Listiterator
Skiplist [ == """""=Tmemmmmemmmm o mmmmTmmTTmTII ™ SkipListiterator
Createlterator ,
Factory Method 3.3
Factory Method , ,
Createlterator “ "
4.
. (G )
5.
Aggregate  |+————————  Ciient
Createlterator() ' First()
Next()
IsDone()
ConcreteAggregate | .
Concreteiterator
Createlterator() Q
retum new Concretelterator(this)H
6.
* |terator

» Concretelterator

* Aggregate
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. 173

* ConcreteAggregate

7.
« Concretelterator
8.

1)

3)

1)

Smalltalk CLOS

2)

(cursor),
Next

3)

© Booch

© Memento

(continuation)

(active)

Concretelterator

( , CLU[LGS86])

(external iterator)

(internal iterator) ©

C++

(passive)

Next

[Boo94]
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(robust iterator)

Kofler ET++[Kof93] Murray
USL StandardComponents [Mur93]
4) First Next IsDone Currentitem ©
, Previous
SkipTo
5 C++ Factory
Method
Proxy 4.4 Proxy
C++* [ES9Q]
6)
C++ (friend)
; protected
( ) protected
7 Composite(4.3) ,
Composite
© Next IsDone Currentltem
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8) (Nulllterator) ,
Nulllterator , IsDone true
( )
Nulllterator
10.
List , ( C)
)
1) List
C

template <class Item>
class List {
public:
List{(long size = DEFAULT_LIS’I‘_CAPACITY);

long Count() const;
Item& Get (long index) const;
/1l ...

List

template <class Item>
class Iterator {
public:
virtual void First() =.0;
virtual void Next() = 0;
virtual bool IsDone() const = 0; .
virtual Item CurrentItem() const = 0;
protected: )
Iterator();
}:

2)

template <class Item>
class ListIterator : public Iterator<Item> {
public:
ListIterator{const List<Item>* alList);
virtual void First();
virtual void Next():
virtual bool IsDone() const;
virtual Item CurrentItem() const;



Chinaspupscom

private:
const List<Item>* _list;
long _current;

};
Listlterator List _current
template <class Item>
ListIterator<Item>::ListIterator (
const List<Item>* alList
) : _list(alList), _current(0) {
1
First
template <class Item>
void ListIterator<Item>::First () {
_current = 0;
}
Next
template <class Item>
void ListIterator<Item>::Next () {
_current++;
}
IsDone
template <class Item> . .
bool ListIterator<Item>::IsDone ()} const {
return _current >= _list->Count();
} .
, Currentltem , Iterator
OutOfBounds
template <class Item>
Item ListIterator<Item>::CurrentItem () const {
if (IsDone()) {
throw IteratorOutOfBounds;
} .
return _list->Get (_current);
}
Reverselistlterator First _current
, Next _current
3) Employee List,
Employee Print ,

PrintEmployee ,

void PrintEmployees (Iterator<Employee*>& i) {
for (i.First(); !i.IsDone(); i.Next()) {
i.CurrentItem()->Print();
} .

List<Employee*>* employees;
/7 '
ListIterator<Employee*> forward (employees) ;

ReverseListIterator<Employee*s> backward (employees) ;
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PrintEmployees (forward) ;
PrintEmployees (backward) ;

4) List skiplist
List SkipList [terator SkipListlterator
, SkipListlterator SkipListlterator
Iterator PrintEmployee SkipList

SkipList<Employee*>* employees;.
/! ...

SkipListIterator<Employee*> iterator (employees) ;
PrintEmployees{iterator);

List SkipList
AbstractList List SkipList
AbstractList
AbstractList Factory Method Createlterator
template <class Item>
class AbstractList {
public:
virtual Iterator<Item>* Createlterator() const = 0;
/...
};:
mixin Traversable,
Traversable
List Createl terator Listlterator

template <class Item> B
Iterator<Item>* List<Item>::CreateIterator () const {
return new ListIterator<Item>(this);

}

// we know only that we have an AbstractList
AbstractList<Employee*>* employees;
// )

Iterator<Employee*>* iterator = employees->Createlterator();
PrintEmployees (*iterator) ;
delete iterator;

5) CreateCreatelterator
IteratorPtr Iterator
IteratorPtr ©  C++
IteratorPtr o> ‘o IteratorPtr
IteratorPtr ,

template <class Item>
class IteratorPtr {

© new delete
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public: ‘ o
IteratorPtr (Iterator<Item>*.i): _i(i) { }
“IteratorPtr() { delete _i; }

Iterator<Item>* operator->() { return _i; }
Iterator<Item>& operator*() { return *_i; }
private:

// disallow copy and assignment to avoid
// multiple deletions of _i:

IteratorPtr (const IteratorPtr&);
IteratorPtr& operator=(const IteratorPtr&);

private: )
Iterator<Item>* _ji;

}:

IteratorPtr

AbstractList<Employee*>* employees,
/! ...

IteratorPtr<Employee*> 1terator(employees >Createlterator());
PrintEmployees (*iterator);

6) Listlterator Listlterator

C++
- (1) (
) (@) ,
(accumulate)
; Iterator
ListTraverser
template <class Item>
class LlstTraverser {
public: :
ListTraverser (List<Item>* aList);
bool Traverse();
protected:
virtual bool ProcessItem(const Item&) = 0;
private:
ListIterator<Item> _iterator;
}: )
ListTraverser List , Listlterator
Traverse Processltem Processltem
false Traverse

template <class Item>

ListTraverser<Item>::ListTraverser (
List<Item>* aList

) : _iterator(aList) { }
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template <class Item>
bool ListTraverser<Item>::Traverse () {
bool result = false;

for (

_iterator.First();

_iterator.IsDone();

) _iterator.Next ()

) { ’ )
result = ProcessItem(_iterator.CurrentItem());

if (result == false) {
break; :
}
}

return result;

ListTraverser 10
ListTraverser Processltem _count

class PrintNEmployees : publlc LlstTraverser<Employee*> {
public:
PrlntNEmployees(Llst<Emp10yee*>* aList, int n) :
ListTraverser<Employee*>(aList),
_total(n), _count(0) { }

protected: : :

bool ProcessItem(Employee* const&) ;
private:

int _total;

int _count;
}: '

bool PrintNEmployees::ProcessItem (Employee* const& e) {
_count++; .
e->Print ();
return _count < _total;

PrintNEmployees 10

List<Employee*>* employees;
// ...

PrintNEmployees pa(employees, 10) :
pa.Traverse();

ListIterator<Employee*> 1(employees),
int count = 0;

for (i.First(); !i.IsDone(); i.Next()) {
count++; '
i.CurrentItem()->Print();

if (count >= 10) {
break;
}



Chinaspubecom

, FilteringListTraverser

template <class Item>

class FilteringlistTraverser (

public:
FllterlnngstTraverser(L1st<Item>* alist);
bool Traverse(); :

protected:
virtual bool ProcessItem(const Item&) = 0;
virtual bool TestItem(const Item&) = 0;

private:

LlstIterator<Item> _iterator;

}: o

Testltem ListTraverser

Testltem
Traverse

template <class Item>
void FilteringListTraverser<Item>: -Traverse () {
bool result = false,

for (
_iterator.First();
iterator.IsDone();
_iterator.Next ()
) { .
if (TestItem(_iterator.CurrentItem())) {
result = ProcessItem(_iterator.CurrentItem());
if (result == false) {
break;
}
}

}
return result;

Traverse

11
——Booch [B0094]
( ) ( )
Queue
Factory Method
) Queue
Smalltalk (G , ;
do: ( )
Smalltalk
Stream ReadStream

Stream

© Traverse Testltem Processltem Template Method — 5.10

Queue
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ET++ [WGM8S] Proxy Unidraw
[VL90]

ObjectWindow?2.0[Bor94]
ObjectWindow ++
12.
Composite(4.3)
Factory Method(3.3) Factory Method

Memento(5.6) memento
memento

5.5 MEDIATOR( )—

1

SN . conunry schoolboo SN

avant garde
chicago
courier
helvetica
palatino
times roman
zapf dingbats

Weight Omedium @bold Odemibold

Slant Oroman ®@italic Ooblique

Size [CJcondensed
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1
2)
3)
4)

(mediator)

, FontDialogDirector FontDialogDirector

p director

director

aFontDialogDirector

Lo * ﬁ————

anEntryField

director
. Mediator Colleagues
aClient aFontDialogDirector  alistBox  anEntryField

ShowDialog()
WidgetChanged()
GetSelection()
SetText()

——4
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FontDialogDirector

DialogDirector director | wigget

ShowDialog() Changed() O1-----1 director—>WldgelChanged(ﬂ1lsH
CreateWidgets()
WidgetChanged(Widget)

ListBox EntryFleld

fist
FontDialogDirector GetSelection() I-b SetText()

CreateWidgets() field
WidgetChanged(Widget)

DialogDirector , ShowDialog
CreateWidgets
WidgetChanged ;
DialogDirector CreateWidgets , WidgetChanged

mediator

Colieague

ConcretsColieague | r‘ ConcreteColleague2 |

5.
* Mediator( DialogDirector)
— Colleague
» ConcreteMediator( FontDialogDirector)

* Colleague class( ListBox, EntryField)
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¢ mediator
( aColleague
aConcreteMediator ® mediator
kll [ ] .7
aColleague
mediator @

aColleague

& mediator
6.
7.
1) Mediator

M editator Colleague
2) Colleague Mediator Colleague
Colleague Mediator
3) Mediator Colleague
4
5)
, Colleague
8.
1) Mediator Colleague Mediator ,
Mediator Mediator Colleague M ediator
2) Colleague——Mediator , Colleague Mediator
Observer(5.7) Mediator Observer Colleague

Subject Mediator Mediator

Colleague
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Mediator , Colleague
Windows Smalltalk/V : M ediator , Colleague
Mediator,

Smalltalk/V
9.
DialogDirector
DialogDirector

class DialogDirector {
public:
virtual “DialogDirector();

virtual void ShowDialog{();
virtual void WidgetChanged (Widget*) = 0;

protected:

DialogDirector();

virtual void CreateWidgets() = 0;
}:

Widget

class Widget {

public:
Widget (DialogDirector®*);
virtual void Changed() ;

virtual void HandleMouse (MouseEvent& event);
//

private:
DialogDirector* _director;

}:
Changed WidgetChanged

void Widget::Changed () {
_director->WidgetChanged (this) ;
}

DialogDirector WidgetChanged
WidgetChanged
DialogDirector CreateWidgets
ListBox EntryField Button Widget ListBox
GetSelection , EntryField SetText

class ListBox : public Widget ({
public:
ListBox(DialogDirector*);

virtual const char* GetSelection();
virtual void SetlList{List<char*>* listItems);
virtual void HandleMouse (MouseEvent& event);
/! ...

}:

class EntryField : public Widget {
public:
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EntryField(DialogDirector¥*);

virtual void SetText (const char* text);
virtual const char* GetText();
virtual void HandleMouse (MouseEvent& event);
/! ...

}i

Button , Changed HandleMouse

class Button : public Widget {
public:
Button(DialogDirector*);

virtual void SetText (const char* text);
virtual void HandleMouse (MouseEvent& event);
/7 «..

}:

void Button::HandleMouse (MouseEvent& event) {
// ...
Changed() ;

1

FontDialogDirectator FontDialogDirectator
DialogDirector

class FontDialogDirector : public DialogDirector ({
public:

FontDialogDirector();

virtual “FontDialogDirector();

virtual void WidgetChanged (Widget*);

protected:
virtual void CreateWidgets();

private:
Button* _ok;
Button* _cancel;
ListBox* _fontList;
EntryField* _fontName;
}i

FontDialogDirector CreateWidgets

void FontDialogDirector::CreateWidgets () {
_ok = new Button(this);
_cancel = new Button(this);
_fontList = new ListBox(this);
_fontName = new EntryField(this);

// fill the listBox with the available font names

// assemble the widgets in the dialog
}

WidgetChanged
void FontDialogDirector::WidgetChanged (
Widget* theChangedwidget

) {
if (theChangedWidget == _fontList) {
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5
'_fontNaﬁe—>Se£Text(_fontList->GetSe1ection());
} else if (theChangedWidget == _ok) {
// apply font change and dismiss dialog
/7 ...
} else if (theChangedWidget == _cancel) {
// dismiss dialog
}
}
WidgetChanged
10.
ET++[WGM88] THINK C  [Sym93b]
Windows Smalltalk/V [LaL94] ,
(pane) Pane ; TextPane
ListBox Button, ViewManager
, ViewManager ViewM anager

view manager, “ "

Smalltalk/V  Pane-ViewManager

#sel ect)

ViewM anager ListPane
ViewManager #select

self addSubpane: (ListPane new
paneName: ’‘myListPane’;
owner: self;
when: #select perform: #listSelect:).

Observer(5.7)
ChangeManager ChangeManager subject Observer



Chinaspupscom

, ChangeManager, ChangeM anager

Unidraw [VL90] CSolver
, CSolver
11.
Facade(4.5)
Facade
Mediator Colleague
Colleague Observer(5.7) Mediator

5.6 MEMENTO —_

1

Token

=

ConstraintSolver ConstraintSolver
ConstraintSolver
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=

ConstraintSolver ,

, ConstraintSolver

ConstraintSol ver
(Memento) memento
(originator)

, ConstraintSolver

1 , ConstraintSolver

2) ConstraintSolver , SolverState
SolverState ConstraintSolver

3) , SolverState ConstraintSolver

4) SolverState , ConstraintSolver

ConstraintSolver ,

Originator | _________ »| Memento ‘%

SetMemento(Mementom) @ GetState()

CreateMemento() @ SetState()

state state

retumn new Memento(state)ﬁ l state = m—>GetState()H
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6.
* Memento( SolverState)
(caretaker) —_— ,
* Originator( ConstraintSolver)
 Caretaker( undo mechanism)
7.
aCaretaker anOriginator aMemento
J‘WCreateMememo() new M?'f'? o :
SetState()
ITSetMemento(aMemento) L GetState()
: |
8.
1)
Originator ,
2) , Originator
Originator
Originator,
3) L

Originator ,
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4)
5) L
9.
1) : L
C++ Originator
Memento Memento
‘class State;
class Originator {
public:
Memento* CreateMemento();
void SetMemento (const Memento*);
//
private:
State* _state; // internal data structures
//
}:
class Memento {
public:
// narrow public interface
virtual “Memento(); '
private:
// private members accessible only to Originator
friend class Originator;
Memento() ;
void SetState(State*);
State* GetState();
//
private:
State* _state;
/! ...
}i
2)
( Command(5.2)) ,
10.
C++ ConstraintSolver
MoveCommand ( Command(5.2)) ( )

Execute , Unexecute
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ConstraintSolverMemento

class Graphic;
// base class for graphical objects in the graphical editor

class MoveCommand {
public:
MoveCommand (Graphic* target, const Point& delta):
void Execute():
void Unexecute();
private:
ConstraintSolverMemento* _state;
Point _delta;
Graphic* _target;

};
ConstraintSolver Solve,
AddConstraint , ConstraintSolver CreateMemento
ConstraintSolverMemento SetMemento
ConstraintSolver Singleton(3.5)

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

void Solve();
void AddConstraint (
Graphic* startConnection, Graphic* endConnection
)i
void RemoveConstraint (
Graphic* startConnection, Graphic* endConnection
) .
ConstraintSolverMemento* CreateMemento();
void SetMemento (ConstraintSolverMemento¥*);
private:
// nontrivial state and operations for enforcing
// connectivity semantics
}:

class ConstraintSolverMemento {

public: '
virtual ~ConstraintSolverMemento();

private:
friend class ConstraintSolver;
ConstraintSolverMemento();

// private constraint solver state

, MoveCommand Execute Unexecute

void MoveCommand: :Execute () {
ConstraintSolver* solver = ConstraintSolver::Instance();
_state = solver->CreateMemento(); // create a memento
_target->Move (_delta);
solver->Solve();

void MoveCommand::Unexecute () {
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ConstraintSolver* solver = ConstraintSolver::Instance();
_target->Move (-_delta);

solver->SetMemento (_state); // restore solver state
solver->Solve();

}
Execute Constrai ntSolverM emento Unexecute
11.
Unidraw Csolver [VL90]
Dylan Collection[App92] Dylan
Dylan C++

template <class Item>
class Collection {
public:

Collection();

IterationState* CreatelInitialState();

void Next (IterationState*);

bool IsDone(const IterationState*) const;

Item CurrentItem(const IterationState*) const;
IterationState* Copy(const IterationState*) const;

void Append(const Item&);
void Remove (const Item&);
//

}:

Createl nitial State IterationState Next
; Next
IsDone true Currentltem Copy

ItemType,

class ItemType {
public:
void Process();
/! ...

Collection<ItemType*> aCollection;
IterationState* state;

state = aCollection.CreateInitialState();

while (!laCollection.IsDone(state)) {
aCollection.CurrentItem(state)->Process();
aCollection.Next (state);

}

delete state;

S} Processltem , delete
C++ Dylan , Dylan
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1)
2)

Iterator(5.4)),
IteratorState
QOCA

; QOCA

12.
Command(5.2):
Iterator(5.4):

5.7 OBSERVER

1

(Dependents),

LVC89, P+88, WGM88]

(Iterator(5.4) )
(
Collection
[HHMV92]
(Publish-Subscribe)
[KP88,

observers




(ha*pupcom ; 195

Observer (subject)
(observer) ,

publish-subscribe

4,
° b
° 1
° 1
5.

Subject observers »a Observer

Attach(Observer) Update()

Detach(Observer) s

X for all o in observers {
Notify() o-----1-- o->Update() 4
}
4& ConcreteObserver
. subject -
oncr o- -} - { observerState = l

¢ . Update() subject->GetState()

GetState() ©---r-1 ; j observerState

SetState() return subjectState

subjectState
6.
e Subject
* Observer

» ConcreteSubject
— ConcreteObserver

* ConcreteObserver
— ConcreteSubject

— Observer
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e ConcreteSubject

ConcreteObserver

aConcreteSubject

Notify

8.
Observer

1)
Observer

2)

3

, ConcreteObserver
aConcreteObserver anotherConcreteObserver
’L SetState() Fj
Notify() L
Update()
GetState() }
Update() l

Observer

GetState() J
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5
9.
1)
, ( hash )
2) L
; Update
Update ,
3)
Notify ?
a) Notify
Notify
b) Notify
Notify
4)
5)
Subject ,
void MySubject::Operation (int newValue) {
BaseClassSubject: :Operation(newValue);
// trigger notification
_myInstVar += newValue;
// update subclass state (too late!)
}
Subject (Template Method(5.10))
, Notify
Subject

void Text::Cut (TextRange r) { i

ReplaceRange(r) ; // redefined in subclasses

Notify();

Subject
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6) — /
Update

(push model) (pull model);

aspects

voi d Subject::Attach(Observer*, Aspect& interest);
interest , Update

void Observer::Update(Subject*, Aspect& interest);

8) 1
ChangeM anager

ChangeM anager
a)

b)
) ,
ChangeManager Observer
ChangeManager SimpleChangeM anager ,

DAGChangeM anager
, DAGChangeM anager SimpleChangeM anager ,
DAGChangeManager
, SimpleChangeM anager
ChangeM anager Mediator(5.5) ChangeM anager,
Singleton(3.5)
9) ( Smalltalk)

Subject Observer ,
Smalltalk , Subject Observer
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5
Object
Subject ChangeManager Observer
Attach(Observero) o subjects Register(Subject, Observer) observers Update(Subject)
Detach(Observer) ! Unregister(Subject, Observer)
Notify() o ' [chman Notify()
1 ' Subject-Observer mapping
| |
< |
chman->Notify! '
|
i
chman->Register(this, o;
SimpleChangeManager DAGChangeManager

Register(Subject, Observer)
Unregister(Subject, Observer)

Register(Subject, Observer)
Unregister(Subject, Observer)

Notify() @ Notify() @

n N

! i
forall s in subjects mark all observers to update
forall 0 in s.observers update all marked observers

o->Update(s)
10.
Observer

class Subject;

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

virtuql void Update(Subject* theChangedSubject) = 0;

protected:
Observer();
};
Update

, Subject

class Subject {
public:
virtual “Subject():

virtual void Attach(Cbserver*);
virtual void Detach{(Observer*);
virtual void Notify();
protected:
Subject();
private:
List<Observer*> *_cbservers;
};

void Subject::Attach (Observer* o) {
_observers->Append (o) ;
}

void Subject::Detach (Observer* o) {
_observers->Remove (o) ;

}

void Subject::Notify () ({
ListIterator<Observer*> i(_observers);
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for (i.First(); !i.IsDone(); i.Next()) {
i.CurrentItem()->Update(this);
}
}

ClockTimer
ClockTimer

class ClockTimer : public Subject ({
public:
ClockTimer();

virtual int GetHour();
virtual int GetMinute();
virtual int GetSecond();

void Tick(};
};
Tick Tick
ClockTimer Notify

void ClockTimer::Tick () {
// update internal time-keeping state

/7 ...
Notify();
}
DigitalClock
Widget Observer, Observer DigitalClock
class DigitalClock: public Widget, public Observer {
public:

DigitalClock(ClockTimer*);
virtual ~DigitalClock():

virtual void Update(Subject*);
// overrides Observer operation

virtual void Draw();
// overrides Widget operation;
// defines how to draw the digital clock
private:
ClockTimer* _subject;
};

DigitalClock::DigitalClock (ClockTimer* s) {
_subject = s;
_subject->Attach(this);

}

DigitalClock::~DigitalClock () {
_subject->Detach(this);
}

Update ,
void DigitalClock::Update (Subject* theChangedSubject) {-
if (theChangedSubject == _subject) {
Draw() ;

}
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5
void DigitalClock::Draw () {
// get the new values from the subject
int hour = _subject->GetHour();
int minute = _subject->GetMinute();
// etc.
// draw the digital clock
}
AnalogClock
class AnalogClock : public Widget, public Observer {
public:
AnalogClock {ClockTimer¥*) ;
virtual void Update(Subject*);
virtual void Draw();
/7 ...
}:
AnalogClock Digital Clock,
ClockTimer* timer = new ClockTimer;
AnalogClock* analogClock = new AnalogClock(timer);
DigitalClock* digitalClock = new DigitalClock(timer):
timer ,
11.
Observer Smalltalk Model/View/Control-
ler(MVC) , Smalltalk  [KP88] MVC Model
. View Smalltalk, ET++[WGM88], THINK [Sym93b] Subject
Observer ,
InterViews[LV C89], Andrew Toolkit[ P+88]
Unidraw[VL90] InterViews Observer Observable( ) Andrew
“oom e " Unidraw View( ) Subject
12.
Mediator(5.5): , ChangeM anager
Singleton(3.5): ChangeM anager Singleton
5.8 STATE e
1.
2.
Objects for States
3.
TCPConnection TCPConnection
Established (Listening) (Closed)

TCPConnection
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Open
TCPConnection
TCPSt
TCPState

, TCPEstablished TCPClosed

State

ate
TCPState
TCPConnection

state

TCPConnection > TCPState
Open() O------ I Open()
Close() i Close()
Acknowledge() i Acknowledge()
state->Open() I [ I
TCPEstablished TCPListen TCPClosed
Open() Open() Open()
Close() Close() Close()
Acknowledge() Acknowledge() Acknowledge()
TCPConnection TCP ( TCPState )
TCPConnection TCPConnection
TCPState
TCPConnection
, TCPConnection TCPClosed
TCPEstablished
4,
State
L]
; State
5.
Context <>$ tate State
Request() @ Handle()
—— | [
state—>Handle()
ConcreteStateA ConcreteStateB
Handle() Handle()
6.

» Context( TCPConnection)
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— ConcreteState
« State( TCPState)
— Context
» ConcreteState subclasses( TCPEstablished, TCPListen, TCPClosed)
— Context
7.
» Context ConcreteState
» Context
Context
* Context Context
Context ,

* Context ConcreteState

8.
State :
1) State
State ,
Context
Context case
State , )
State
State
if switch , State
2) b
, State Context Context
—_— ( Context State )
[dCLF93]
3) State State —_—
D Context State ,
, ( Flyweight 4.6 )
9.

State
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1) State
, Context State
, Context , State
Context
State
State )
2) C++ Programming Style[Car92] , Cargil
) ( State
)
. ()
State . State
3) State , (D) State
(2
, State
, Context
4)
, Self[US87]
, State Self
10.
TCP C++ TCP
TCP ©
TCPConnection,
class TCPOctetStream;
class TCPState;
o Lynch Rose TCP [LR93]
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class TCPConnection {
public:
TCPConnection();

void ActiveOpen();
void PassiveOpen() ;
void Close();

void Send();

void Acknowledge() ;
void Synchronize():;

void ProcessOctet (TCPOctetStream*) ;
private:
friend class TCPState;
void ChangeState (TCPState*); .
private: '
TCPState* _state;
};

TCPConnection _state TCPState TCPState
TCPConnection TCPState TCPConnection

, TCPState TCPConnection

class TCPSta;e {

public:

virtual void Transmit (TCPConnection*, TCPOctetStream¥*);
virtual void ActiveOpen (TCPConnection*);
virtual void PassiveOpen (TCPConnection*);
virtual void Close(TCPConnection*);
virtual void Synchronize (TCPConnection*);
virtual void Acknowledge (TCPConnection*);
virtual void Send(TCPConnection*);.
protected:
void ChangeState(TCPConnection*, TCPState*);
}:

TCPConnection TCPState _state  TCPConnection
TCPState TCPConnection
TCPClosed ( )
TCPConnection: : TCPConnection () {

_state = TCPClosed::Instance();

}

void TCPConnection::ChangeState (TCPState* s) {

_state = s;

}

void TCPConnection::ActiveOpen () (
_state->ActiveOpen(this);

}

void TCPConnection::PassiveOpen () (
_state->PassiveOpen{this);

}

void TCPConnection::Close () {

_state->Close(this) ;
}
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void TCPConnection::Acknowledge () {
_state->Acknowledge (this) ;

}

void TCPConnection::Synchronize () {
_state->Synchronize(this);
}

TCPState ChangeState
TCPConnection TCPState TCPConnection

void TCPState::Transmit (TCPConnection*, TCPOctetStream*) { }
void TCPState::ActiveOpen (TCPConnection*) { }

void TCPState::PassiveOpen (TCPConnection*) { }

void TCPState::Close (TCPConnection*) { 1}

void TCPState::Synchronize (TCPConnection*) { }

void TCPState::ChangeState (TCPConnection* t, TCPState* s) {
t->ChangeState(s);
}

TCPState TCP
TCPState
TCPEstablished TCPListen TCPClosed

class TCPEstablished : public TCPState {
public:
static TCPState* Instance();

virtual void Transmit (TCPConnection*, TCPOctetStream*);
virtual void Close(TCPConnection*); :
Y

class TCPListen : public TCPState {
public:
static TCPState* Instance();

virtual void Send(TCPConnection*);
//
}i
class TCPClosed : public TCPState {
public:
static TCPState* Instance();

virtual void ActiveOpen (TCPConnection*);
virtual void PassiveOpen (TCPConnection*);
/7 ...

};

TCPState , ,
TCPState Instance ©

TCPState

void TCPClosed: :ActiveOpen (TCPConnection* t) {
// send SYN, receive SYN, ACK, etc.

ChangeState(t, TCPEstablished::Instance());

S] TCPState Singleton Singleton
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void TCPClosed: :PassiveOpen (TCPConnection* t) {
ChangeState(t, TCPListen::Instance()):;
}

void TCPEstablished::Close (TCPConnection* t) {
// send FIN, receive ACK of FIN

ChangeState(t, TCPListen::Instance());

void TCPEstablished::Transmit (
TCPConnection* t, TCPOctetStream* o
) {
t->ProcessOctet (o) ;
}

void TCPListen::Send (TCPConnection* t) {
// send SYN, receive SYN, ACK, etc.

ChangeState(t, TCPEstablished::Instance());

, ChangeState TCPConnection
TCPConnection TCP TCPState TCP
11.
Johnson  Zweig[JZ91] State TCP
, State
Tool
Tool ,
HotDraw[Joh92] Unidraw[VL90]
HotDraw , DrawingController Tool
Unidraw , Viewer Tool Tool DrawingController
Coplien Envelope-Letter idom[Cop92] State . Envelope-Letter

State ,

12.
Flyweight (4.6)
Singleton(3.5)
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currentTool
DrawingController

MousePressed()
ProcessKeyboard()
Initialize()

5.9 STRATEGY( )—

1.

Policy

(strategy)

compositor

Tool

HandleMousePress()
HandleMouseRelease()
HandleCharacter()
GetCursor()

Activate()

| CreationTool |

| SelectionTool I I

TextTool ]

Composition <>

Traverse()
Repair() 9

compositor->Compose()ﬁ

Composition
Composition
Compositor
» SimpleCompositor
» TeXCompositor

» ArrayCompositor

Compositor

Compose()

A

I

SimpleCompositor

TeXCompositor

ArrayCompositor

Compose()

Compose()

Compose()

Compositor

TEX
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Composition Compositor Composition
Compositor Composition

Compositor Compositor Composition

4,

Strategy
. /
[HO8T],
Strategy
5.
Context <>s pralogy Strategy

ContextInterface() Algorithminterface()

A

-

ConcreteStrategyA

ConcreteStrategyB

ConcreteStrategyC

Algorithmlinterface()

Algorithminterface()

Algorithminterface()

6.
« Strategy(

« ConcreteStrategy(

Compositor)

Context

ConcreteStrategy

SimpleCompositor, TeX Compositor, ArrayCompositor)

—  Strategy
e Context( Composition)
— ConcreteStrategy
— Strategy
— Stategy
7.
e Strategy Context , Context
Stategy Context
Strategy Strategy Context
» Context Strategy ConcreteStrategy
Context , Context ConcreteStrategy
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Strategy
1) Strategy Context

2)
Context Context
Context , Context

Strategy Context
3) Strategy

Strategy
, Strategy,

void Composition::Repair () {

switch (_breakingStrategy) ({

case SimpleStrategy:
ComposeWithSimpleCompositor () ;
break;

case TeXStrategy:
ComposeWithTeXCompositor();
break;

/] ...

}
// merge results with existing composition, if necessary

}
Strategy Strategy case

void Composition: :Repair O {
_compositor->Compose();
// merge results with existing composition, if necessary

Strategy
4) Strategy /

5) Strategy
Strategy Strategy
' Strategy
6) Strategy Context ConcreteStrategy
, Strategy ConcreteStrategy
ConcreteStrategy
Context .
Strategy Context
7) Strategy Strategy
Context Context
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5
Context Strategy Stragey
Flyweight(4.6)
9.
1) Strategy Context Strategy Context ConcreteStrategy
Context , Context
Strategy —_— , Strategy Strategy Context
Context Strategy
Context Strategy, Strategy
Context Strategy Context ,
,Strategy Context
, Strategy Context
2) Strategy C++ Strategy
D Strategy (2)
Context Strategy
template <class AStrategy>
class Context {
void Operation() { theStrategy.DoAlgorithm(); }
priv;ée;"
AStrategy theStrategy;
‘};
Strategy
class MyStrategy {
public:
void DoAlgorithm();
}i
Context<MyStrategy> aContext;
Strategy Strategy
Strategy Context
3) Strategy Strategy Context
Context Strategy
Context
Strategy
10.
InterViews[LCI+92] Composition
Compositor
Composition Component
Compoasition Compositor Component
Component Component

Composition
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Compositor

class Composition {

public:
Composition(Compositor*);
void Repair():

private:
Compositor* _compositor;
Component* _components; // the list of components
int _componentCount; // the number of components
int _linewWidth; // the Composition’s line width
int* _lineBreaks; // the position of linebreaks
// in components
int _lineCount; // the number of lines
}:
Composition Compositor Compositon
Compositor Component
Component Compositor
Compositor
Compositor Compositon Compositor “
Strategy”

class Compositor ({
public:
virtual int Compose(
Coord naturall], Coord stretch[], Coord shrinkl[],
int componentCount, int lineWidth, int breaks(]
) = 0; '
protected:
Compositor();
}s

Compositor
Composition Repair Compositor Repair Component
Compositor
Component

void Composition::Repair () {
Coord* natural;
Coord* stretchability;
Coord* shrinkability;
int componentCount;
int* breaks;

// prepare the arrays with the desired component sizes
//

// determine where the breaks are:

int breakCount;

breakCount = _compositor->Compose (
natural, stretchability, shrinkability,
componentCount, _lineWidth, breaks

);

// lay out components according to breaks
/7

Compositor SimpleCompositor Component
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class SimpleCompositor : public Compositor {
public:
SimpleCompositor();

virtual int Compose ( o
Coord natural[], Coord stretch[], Coord shrink(],
int componentCount, int lineWidth, int breaks[]

);

//

}:

TexCompositor paragraph
Component Component

“ ”

class TeXCompositor : public Compositor {
public:
TeXCompositor();

virtual int Compose(
Coord natural[], Coord stretch[], Coord shrink[], .
int componentCount, int lineWidth, int breaks[]
}i
/7 ...
}:

ArrayCompositor

class ArrayCompositor : public Compositor {
public:
ArrayCompositor (int interval);

virtual int Compose(
Coord natural[], Coord stretch[], Coord shrink(],
int componentCount, int lineWidth, int breaks|]
)i

/...
}:
Compose SimpleCompositor Component
TeX Compositor ArrayCompositor
Composition Compositor

Composition* quick new Composition(new SimpleCompositor);
Composition* slick new Composition(new TeXCompositor) ;
Composition* iconic = new Composition(new ArrayCompositor(100));

Compositor
Strategy
Context
11
ET++[WGM88] InterViews Strategy
RTL [IML92] Strategy
RegisterAllocator RISCscheduler CISCscheduler
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ET++SwapsM anager [EG92]
Instrument YieldCurve I nstrument
YieldCurve discount factors
Strategy ConcreteStrategy
ConcreteStrategy Instrument YieldCurve
Strategy Strategy
Booch [BV90] Strategy Booch
« / )
Strategy
UnboundedCollection UnboundedCollection MyltemType*, Unmanaged
RApp [GA89 AG90] RApp
RApp Router Router Strategy
Borland ObjectWindows[Bor94] Strategy
ObjectWindows Validator Validator Strategy
Validator
RangeValidator Validator
12.

Flyweight 4.6  Strategy

5.10 TEMPLATE METHOD( )—

1

TemplateM ethod
2.
Application Document Application
Document
Application Document
DrawApplication DrawDocument Spreadsheet-
Application SpreadsheetDocument
Application OpenDocument

void Application: :0OpenDocument (const char* name) {
if (!CanOpenDocument (name)) {
// cannot handle this document
return;
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Document* doc = DoCreateDocument () ;

if (doc) {
_docs->AddDocument (doc) ;
AboutToOpenDocument (doc) ;
doc->0Open () ;
doc->DoRead() ;

docs
Document |@<«————— < Application
Save() AddDocument()
Open() OpenDocument()
Close() DoCreateDocument()
DoRead() CanOpenDocument()
)% AboutToOpenDocument()
MyDocument < ----=----=--1 MyApplication _
DoRead() DoCreateDocument() ©------ { return new MyDocument k
CanOpenDocument()
AboutToOpenDocument()
OpenDocument
Document
Document
OpenDocument (template method)
Application
CanOpenDocument DoCreateDocument
Document DoRead
AboutToOpenDocument Application
Application Document
3.
L]
Opdyke Johnson “ ” [0J93]
° 13 hook”
4.
5.
* AbstractClass Application

— primitive operation
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AbstractClass

TemplateMethod() O--f~--==-==-=----~-
PrimitiveOperation1() o A
PrimitiveOperation2() PrimitiveOperation2()

?

ConcreteClass

E’ﬁmitiveOperatioM 0

PrimitiveOperation1()
PrimitiveOperation2()

AbstractClass
» ConcreteClass MyApplication

6.
» ConcreteClass AbstractClass
7.

" [Swes5]

. ConcreteClass
. AbstractClass

Factory Method Factory Method 3.5
hook operations

void DerivedClass::Operation () {
ParentClass: :Operation();
// DerivedClass extended behavior

void ParentClass::Operation () {
// ParentClass behavior
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5
HookOperation() ;
}
ParentClass HookOperation
void ParentClass::HookOperation () { }
HookOperation
void DerivedClass::HookOperation () {
// derived class extension
8.
1 C++ C++
2)
3)
Macintosh MacApp [App89] “ Do-" “ DoCreateDocument”
“ DoRead”
9.
C++
NeXT AppKit[Addo4] View “ "
focus “ K
View
Display View SetFocus
ResetFocus View DoDisplay
Display DoDisplay SetFocus Display ResetFocus
void View::Display () {
SetFocus () ;
DoDisplay () ;
ResetFocus();
}
View Display View DoDisplay
View DoDisplay
void View::DoDisplay () { }
void MyView: :DoDisplay () {
// render the view’s contents
}
10.
Wirfs-Brock

[WBWW90,WBJ90]
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11.

Factory Method 3.3 DoCreateDocu-
ment Factory Methoud OpenDocument

Strategy 5.9 Strategy
5.11 VISITOR e

1

2

code
instrumentation

Node

TypeCheck()

GenerateCode()

PrettyPrint()
VariableRefNode AssignmentNode
TypeCheck() TypeCheck()
GenerateCode() GenerateCode()
PrettyPrint() PrettyPrint()

Node

Visitor “

TypeCheck
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5

TypeCheckingVisitor
Accept
VisitVariableReference
TypeCheckingVisitor VisitAssignment
NodeVisitor NodeVisitor
NodeVisitor
Visitor

TypeCheck TypeCheck

Accept

VisitAssignment
AssignmentNode TypeCheck

Visitor

NodeVisitor

VisitAssignment(AssignmentNode)
VisitVariableRef(VariableRefNode)

A

—

|

TypeCheckingVisitor

VisitAssignment(AssignmentNode)
VisitVariableRef(VariableRefNode)

CodeGeneratingVisitor

VisitAssign ment(AssignmentNode)
VisitVariableRef(VariableRefNode)

Node

Accept(NodeVisitor)

A

l

]

AssignmentNode

VariableRefNode

Accept(NodeVisitor v)

Accept(NodeVisitor v)

[e]
'
'
1

(e]
'
'
'
L

v—>VisitAssignment(this)‘ﬂ | v—>VisitVariableRef(this) -

Visitor

Node

NodeVisitor

NodeVisitor

Visitor

Visitor

Visitor

Node
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4,
Client | | Visitor
VisitConcreteElementA(ConcreteElementA)
| VisitConcreteElementB(ConcreteElementB)
[ I
ConcreteVisitor1 ConcreteVisitor2
| VisitConcreteElementA(ConcreteElementA) VisitConcreteElementA(ConcreteElementA)
| VisitConcreteElementB(ConcreteElementB) VisitConcreteElementB(ConcreteElementB)
- W‘ ObjectStructure } =F I t
Accept(Visitor)
I |
ConcreteElementA ConcreteElementB
Accept(Visitor v) Q Accept(Visitorv) @
OperationA() : OperationB() ;
v—>VisitConcreteEIementA(this)% v->VisitConcreteElementB(this)
5.
* Visitor NodeVisitor
— ConcreteElement Visit
Visit
» ConcreteVisitor TypeCheckingVisitor
— Visitor
ConcreteVisitor
* Element Node
— Accept
» ConcreteElement AssignmentNode VariableRefNode
— Accept
¢ ObjectStructure Program

— Composite 4.3
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6.
. Visitor ConcreteVisitor
. Visitor
anObjectStructure  aConcreteElementA aConcreteElementB aConcreteVisitor
H‘ Accept(aVisitor)
VisitConcreteElementA(aConcreteElementA)
OperationA()
Accept(aVisitor) .
_] VisitConcreteElementB(aConcreteElementB)
OperationB() :l
7.
1
2)
3) ConcreteElement Visitor Element
ConcreteElement Vistor
ConcretVisitor Visitor
ConcreteVisitor
ConcretElement
Vistor
Element
4) Iterator 5.4
5 Iterator Item

template <class Item>
class Iterator {
//
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Item CurrentItem() const;

Item
Visitor
class Visitor {
public:
/...
void VisitMyType (MyType*);
void VisitYourType (YourType?*);
}i
MyType YourType
5)
6) ConcreteElement
8.
Visitor
ConcreteElement VisitConcreteElement Visitor Visit
ConcreteElement Visitor ConcreteElement
ConcreteVistor Visit ConcreteElement

C++ Visitor

class Visitor {

public:
virtual void VisitElementA(ElementA*);
virtual void VisitElementB(ElementB*);

// and so on for other concrete elements
protected:

Visitor();
}:

ConcreteElement Accept
ConcreteElement Visit...
S]

class Element {

public:

virtual “Element();

virtual void Accept(Visitor&) = 0;
protected:
S

Visit
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Element () ;
}:

class ElementA : public Element ({

public:

ElementA(); .

virtual void Accept (Visitor& v) { v.VisitElementA(this); }

class ElementB : public Element ({
public:
ElementB() ;
virtual void Accept (Visitor& v) { v.VisitElementB(this); }

CompositeElement Accept
class CompositeElement : public Element {
public:

virtual void Accept(Visitor&):;
private:

List<Element*>* _children;
}:

void CompositeElement::Accept (Visitor& v) {
ListIterator<Element*> i(_children);

for (i.First(); !i.IsDone(); i.Next(}) {
i.CurrentItem()->Accept(Vv);

}

v.VisitCompositeElement (this) ;

Visitor
1) Double-dispatch
double-dispatch
CLOS C++ Smalltalk
single-dispatch
GenerateCode
C++ VariableRefNode GenerateCode VariableRefNode::
GenerateCode AssignmentNode GenerateCode
Assignment::GenerateCode
Accept
double-dispatch Visitor Element
S]
Visitor Visitor
Element Element Visitor

S
multiple-dispatch
CLOS Visitor
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C++

Accept Element
Element
2)
Iterator 5.4
Accept Accept
Accept
do:
Visitor
ConcreteVisitor
9.
Composite
Equipment Visitor Visitor
Equipment
Composite 4.3 Equipment

class Equipment {
public:
virtual “Equipment();

const char* Name() { return _name; }

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

virtual void Accept (EquipmentVisitor&);
protected:

Equipment (const char*);
private:

const char* _name;

};

Equipment

Visitor

Smalltalk

ConcreteElement

4.3

Visitor

Accept
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class EquipmentVisitor {
public:
virtual “EquipmentVisitor();

virtual void VisitFloppyDisk (FloppyDisk*);
virtual void VisitCard(Card*);

virtual void VisitChassis(Chassis*);
virtual void VisitBus (Bus¥*);

// and so on for other concrete subclasses of Equipment

protected:
EquipmentVisitor();
}:

Equipment Accept EquipmentVisitor
Accept

void FloppyDisk::Accept (EquipmentVisitor& visitor) ({
visitor.visitFloppyDisk(this);
}

Composite CompositeEquipment
Accept Accept Visit
Chassis::Accept
void Chassis::Accept (EquipmentVigitorg visitor) {
for (
ListIterator<Equipment*> i(_parts);
1i.IsDone();

i.Next ()
) {
i.CurrentItem()->Accept(visitor);
}
vigitor.VisitChassis (this);
}
EquipmentVisitor PricingVisitor

class PricingVisitor : public EquipmentVisitor {
public:
PricingVisitor():;

Currency& GetTotalPrice();

virtual void VisitFloppyDisk (FloppyDisk*);
virtual void VisitCard(Card*);
virtual void VisitChassis(Chassis?*);
virtual void VisitBus(Bus*);
// ...

private:
Currency _total;

}i

void PricingVisitor::VisitFloppyDisk (FloppyDisk* e) {
_total += e->NetPrice():
}
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void PricingVisitor::VisitChassis (Chassis* e) (
_total += e->DiscountPrice();
}
PricingVisitor PricingVisitor
PricingVisitor

class InventoryVisitor : public EquipmentVisitor ({
public:
InventoryVisitor();

Inventory& GetInventory();

virtual void VisitFloppyDisk(FloppyDisk*);
virtual void VisitCard(Card*);

virtual void VisitChassis(Chassis*);
virtual void VisitBus(Bus*);

//

private:
Inventory _inventory;
}:

InventoryVisitor InventoryVisitor

Inventory Inventory

void InventoryVisitor::VisitFloppyDisk (FloppyDisk* e) {
_inventory.Accumulate(e);
}

void InventoryVisitor::VisitChassis (Chassis* e) ({
_inventory.Accumulate(e);
}

InventoryVisitor

Equipment* component;
InventoryVisitor visitor;

component ->Accept (visitor) ;
cout << "Inventory "

<< component->Name ()

<< visitor.GetInventory();

Visitor Interpreter Smalltalk 5.3
Visitor

accept:
SequenceExpression accept:

accept: avisitor
~ aVisitor visitSequence: self

RepeatExpression accept: visitRepeat AlternationExpression
visitAlternation: Literal Expression visitLiteral:
Vistor SequenceExpression
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expressionl expression2 AlternationExpression alternativel alternative2
RepeatExpression repetition Literal Expression component
REM atchingVisitor
RepeatExpression

REMatchingVisitor inputState inputState
Interpreter match:

visitSequence: sequenceExp
inputState := sequenceExp expressionl accept: self.
" sequenceExp expression2 accept: self.

visitRepeat: repeatExp

| finalState |

finalState := inputState copy.

[inputState isEmpty]

whileFalse:

[inputState := repeatExp repetition accept: self.
finalState addAll: inputState].

~ finalState

visitAlternation: alternateExp
| finalState originalState |

originalState := inputState.
finalState := alternateExp alternativel accept: self.
inputState := originalState. :

finalState addAall: (alternateExp alternative2 accept: self).
~ finalState

visitLiteral: literalExp
| finalState tStream |

finalState := Set new.
inputState
do:
[:stream | tStream := stream copy.

(tStream nextAvailable:
literalExp components size
} = literalExp components
ifTrue: [finalState add: tStream]
1.
~ finalState

10.
Smalltalk-80 ProgramNodeEnumerator  Visitor
IRISInventor[ Str93] Inventor
Inventor
“ action”

Inventor C++
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Mark Linton X Consortium Fresco Application Toolkit
“ Visitor” [LP93]

11.

Composite 4.3 Composite

Interpreter 5.3

512
5.12.1
<]
. Strategy Strategy 5.9
. State State 305
. M ediator Meditator 5.5
. Iterator Iterator 5.4
Strategy
Context State Context
Chain of Responsibility 5.1
5.12.2
Visitor 5.11 Visitor
Accept Visitor Visitor
Visitor visitor
Command
5.2 Memento 5.6 Command Memento
Command
S AbstractFactory(3.1) Builder(3.2) Prototype(3.4)

Decorator(4.4) Bridge(4.2)
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Command Memento

5.12.3

Mediator 5.5 Observer 5.7 Observer

Observer Subject Mediator
Observer Observer Subject
Mediator
Observer Subject Mediator Observer
Observer Subject ,
Observer Mediator
Observer
Observer

Smalltalk Observer Subject C++

Observer Smalltalk Observer Mediator
Smalltalk Observer C++ M ediator
5.12.4
Command
aninvoker aCommand aReceiver
(sender) (receiver)
Ej| Execute() ﬁ Action()
Command Execute
Command

Command

Observer

Command
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aSubject anObserver anObserver  anObserver

( ) ( ) ( ) ( )
L

Update() |:|
Update() r_:l
Update() R
T
Subject Observer Subject
Mediator
aColleague aMediator aColleague aColleague
( / ) J_ ( ! ) / )
T
Mediator Colleague
Colleague M ediator
Mediator
Colleague
aClient aHandler aHandler aHandler

( ) (

y o))
1

HandleHelp()

HandleHelp()

HandleHelp()

Mediator
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5.12.5
Template Method(5.10)
Command
Interpreter(243) State
Composite 4.3
Decorater 4.4
Observer
State

3.2 Prototype 3.4

Builder



6.1

6.2

[SE84]

Strategy”

6.3

cma-m%

[AS85,Cop92,Cur89,SS86]
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CASE

6.4

notation

6.5

Brain Foote

[0J90]
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[Foo92]

(1)
(2)

refactoring

6.6

Erich [Gam9l, Gam92]
OOPSLA’ 91
Richard Erich John OOPSLA’ 92
Ralph ECOOP 93
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“ Wrapper” “ Decorator” “ Glue”
“ Facade” “ Solitaire” “ Singleton” “ Walker” “ Visitor”
1992
6.7
Christopher Alexander
6.8 Alexander
Alexander
Alexander
1)
2) Alexander

3) Alexander
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4) Alexander
Alexander
Alexander

n e n

Alexander —_— “ "
Alexander
[Joh92] [BJ94]
[Coa92]
6.9
OOPSLA’ 91 Bruce Anderson
1994 8
Danald Knuth [Knu73]
Graphics Gems [Glag0, Arv9l, Kir92]

James Coplien Advanced C++: Programming Styles and Indioms [Cop92]
C++

Jim

Kent Beck
Christopher Alexander 1993 The Smalltalk Report

S “ The poetry of the language” [AIS+77]
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Smalltalk Peter Coad
[Coa92]
Pattern

Language of Programming
6.10
6.11

Christopher
Alexander

A Pattern Language [AIS+77, 41 ]



abstract class

abstract coupling

abstract operation

C++

acquaintance relationship

aggregate object

aggregation relationship

black-box reuse

class
class diagram
class operation

concrete class
constructor C++
coupling
delegation

design pattern

destructor C++

dynamic binding
C++
encapsulation

signature

C++

finalize
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C++

framework

friend class C++ A B

inheritance

C++

instance variable

interaction diagram
interface
metacl ass Smalltalk
mixin class

object
object composition
object diagram
object reference
operation
Smalltalk
overriding
parameterized type
C++
parent class
base class
polymorphism
private inheritance C++
protocol
receiver

request

signature

subclass
subsystem
subtype

operation

C++

template
Smalltalk
ancestor class

superclass C++

C++ derived class
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supertype
toolkit
type
white-box reuse
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1)
2)
3

OMT Object Modeling Technique [RBP+91, Rum94] ©
Objectory [JCJO92] Booch

B.1
B-la OMT
C++
Flyweight(4.6)
B-1b Proxy
B-1c OMT
LineShape Shape
Shape
LineShape Color Color Shape
€]
OMT
© oMmT
e OoMmMT association

Drawing Shape Shape Drawing
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B-1c CreationTool LineShape
oMT “ §
B-1c Drawing Shape
oMT
Drawing Draw

AbstractClassName ConcreteClassName
AbstractOperation1() Operation1()
Type AbstractOperation2() Type Operation2()
instanceVariable1
Type instanceVariable2
a
Client
b)
shapes
Drawing - Shape
CreationTool (----------- -» LineShape Color
)
Drawing
for each shape {
Draw() O----f--=-====---- ) shape->Draw()
d)
B-1
B.2
“ aSomething” Something

B-2

B-1d

OMT
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B.3

B-3
aLineShape
Refresh

( aDrawing )

shape[0] @

shape[1] ¢

—

B-3
Drawing
- aShape
aCreatinTool aLineShape
aDrawing aDrawing Refresh
aDrawing aLineShape Draw

aCreationTool aDrawing aLineShape

newineshape | . 5

Add(aLineShape) Refresh()

Draw()
T

Shape
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C++

e List
* |terator
e Listlterator List Iterator
* Point
e Rect
C++
bool

typedef int bool;
const int true = 1;
const int false = 0;

C.1 List

List List
List<int>
List<Glyph*> List
List List

template <class Item>
class List {
public:
List(long size = DEFAULT_LIST_CAPACITY);
List (List&) ;
“List ();
List& operator=(const Listé&);

long Count () const;

Item& Get (long index) const;
Item& First() const;

Item& Last () const;

bool Includes(const Item&) const;

void Append(const Item&);
void Prepend(const Item&);

void Remove{const Item&);
void RemoveLast();

void RemoveFirst () ;

void RemoveAll ();
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Item& Top() const;
void Push(const Item&);
Item& Pop();

};

List(long size)
size
List(List&)

“List()

List& operator=(const List&)

Il ong Count () const

Item& Get (|l ong index) const

ltem& First() const

Item& Last () const

bool Includes(const Item&) const

voi d Append(const |tem&)

voi d Prepend(const |tem&)

voi d Remove(const |tem&)
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voi d Removelast ()

voi d RemoveFirst()

voi d RemoveAll ()

Item& Top() const

voi d Push(const |tem&)

Item& Pop()

C.2 lterator

|terator

template <class Item>
class Iterator {

public:
virtual void First() = 0;
virtual void Next() = 0;
virtual bool IsDone() const = 0;
virtual Item CurrentItem() const = 0;
protected:

Iterator();

};

virtual void First()

Iterator

virtual void Next()

Iterator

virtual bool |sDone() const

virtual lItem Currentltem() const

C.3 Listlterator

Listlterator Iterator
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template <class Item>
s ListIterator : public Iterator<Item> {

clas
publ

ic: .

ListIterator(const List<Item>* aList);

virtual void First();

virtual void Next();

virtual bool IsDone() const;
virtual Item CurrentItem() const;

C.4 Point

Point

type

Point

def float Coord;

Point

class Point {
public:

static const Point Zero;
Point (Coord x = 0.0, Coord y = 0.0);

Coord X() const; void X{(Coord x);
Coord Y() const; void Y(Coord y);

friend Point operator+(const Point&,
friend Point operator-(const Pointg,
friend Point operator*(const Point&,
friend Point operator/(const Pointé&,

Point& operator+=(const Point&);
Point& operator-=(const Point&);
Point& operator*=(const Point&);
Point& operator/=(const Point&);

Point operator-();

friend bool operator==(const Point&,
friend bool operator!=(const Pointk,

friend ostream& operator<<(ostreamk,
friend istream& operator>> (istream&,

Zero Point(0,0)

C.5 Rect

Rect

class Rect {
public:

static const Rect Zero;

const Point&);
const Point&);
const Pointg);
const Pointé&);

const Pointé&);
const Pointé&) ;

const Pointé&);
Pointé&) ;

Point
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Rect (Coord x, Coord y, Coord w, Coord h);
Rect (const Point& origin, const Point& extent);

Coord Width() const; void Width(Coord) ;
Coord Height() const; void Height (Coord);
Coord Left() const; void Left (Coord);
Coord Bottom() const; wvoid Bottom(Coord);

Point& Origin() const; void Origin(const Pointg);
Point& Extent() const; void Extent (const Pointk);

void MoveTo(const Point&);
void MoveBy(const Point&);

bool IsEmpty() const;
bool Contains(const Point&) const;

};
Zero
Rect (poi nt (0, 0O)point(0, 0));
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