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



Chinaspubecom

— (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();
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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



Chinaspubecom

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
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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.



China=pubecom :

(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;
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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) ;



China=pubecon 5

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;
}
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, 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:



Chinaspubicom

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
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, 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
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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)



208

Chinaspubae

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
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