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* Architectural concept by
Christopher Alexander

(1977)

Pattern L:

Kent and
Cunningh:

A Pattern Language

Towns -Buildings  Construction

(.‘i b > ||
?

Christopher Alexander
Sara Ishikawa - Murray Silverstein

wimi
Max Jacobson - Ingrid Fiksdahl-King
Shlomo Angel
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Pattern Languages of Programming Conference
- (PLoP), since 1994.

Design Patterns

Elements of Reusable

P
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Gang bf Four
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#i[E (scope)
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23 {EiE

¢ #H5 TR (Abstract Factory) - - RBEfsE BHRERT, 2 H—E
A EE S — BRI - RIS RATER S — RS, AEE
e B AR T BB, L R 7 I A B K BB o

i E (Builder) - 5—EEEYHNEBEAERESE, L, A B
EREFRTIAREANRNFREZE L IBEET TR -
T 7% (Factory Method) - E&—rE A R4, BHFH 4 R IE B
ETFRERIZRIERE -
SEf2 (Prototype) - EEEARYHNRABES, M AENEAHAE
GBI N B, MIERBERRN TG X -

E i (Singleton) - #E{R— BRI R EEKE—IH -
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23 etz GEL

B HEERR (Adapter) - ERNMEREEBTERER THF— 7!
18 T, FJUAES RNENIH -

B 153 (Bridge) - i T EERE {EBE, IR E M E (FAE
CEEZE R

B 185 (Composite) o iFH4#E & B AETAR R 4545 IE @ By B i 356
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23 Rk

415 5 (Decorator) » B E B AR TIAE - ABEHR FARII TS

o T INAL, S A S IR G E R A T A ST A B TR o

® FIF (Facade) - A— BT RAMN TS HMBISRE—BHE— M
3 DS ET REMIEE J -

= &g (Flyweight) - 5 2R XK BIIERHN SRR HIH
B -

B REA (Proxy) o BE—YIEHRE—ER A EH 7 E, B RS

5% AR -
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23 fE#\ EEs

= {E#E (Chain of Responsibility) o # & —AZ KA HEHEER
B HEREGUREMMZENBEE N - SEEEAF Z @Y EE— @4
FENEX - BREEREEHEPEEEEHIEA DUREZE KNG -

in % (Command) o 44T K SR —E5E R, B IR L 814 1Y
BRIE BN ER K (EHER R IR (queue) RIZHFEKEZE (undo) BTN BE

fEHTEE (Interpreter) o ¢t —1{E:E =, IBHZE = XOANRIES, UE
ﬁ/\ﬁfﬂtﬁ;ﬁnn = W E,] :Zﬁ:t*-ﬁ'gﬁi%ﬁ °

72140 (Iterator) - EH—ERKZEZHNARNUBEFEREESIHEHRNRA
A - ETZTHEESYHR RN ER R A ED
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23 Rk

F{5& (Mediator) o M E B S A — @Y, B KSR H R

ZHHMBmE T -

B Z&m (Memento) o FERHIEH MR T, LR L S BECDHR AR
&, MBI EZ R A A B B ZARRE

B B (Observer) - E—#MHME —HZ NBKERER, ERKE
FFRER N ER, g @M EMREZYHF UL EE -

H jiREE (State) o MR B A S IB AR, LIRS DT RE 1L

HUSE S o
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23 Rk

%A% (Strategy) - i /RFEAB E{EHEFBIUL LR, HIL RS %R
H A LN - FRRBEZANEREAUERNENE SER
HUE L T EHUEREX

#iR77i% (Template Method) - ER— BT ARFANEBAS
FES BrEE BFEESBNEEREATES FRAIER,
RS HEALRYEE -

FaE (Visitor) - i§757A B R EERYIF I8 H 2K, FE1LL, 8
SRTIE T AR H RSB ERI S -
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z:lz;l;ﬁ Unified Modeling Language (UML)

HH: szex st TR HAE

FZBE o

- [EFREH: Sa AT URE
PR ~ IRIREAFR ] o

© M EZERETHR A AR
H Rz ERIEEZ

© FHIFET

Java, Python, C++, etc. 13
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Strategy

L
= 7%

HEEE GRES) E2&E 1281 1
> BEFF ~ ERINE ~ HER ~ RAEEEIE ...

OCP [RAI : NEFBRIAEEFE A BRERER
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7 (Intent) Strategy

Ex—HEREL e —EANER—EENBEFE
A Hi% - A Strategy FBEE ZBI I FERZE -

Define a family of algorithms, encapsulate
each one, and make them interchangeable.
Strategy lets the algorithm vary independently
from clients that use it.

16
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Context «interface» O
<~ > | Strategy
+do() +execute()
s.execute() lj d R
Strategyl Strategy2 Strategy3
+execute() +execute() +execute()
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SortArray

#f5 : Sort

SortStrategy

+doSort()

+sort()

/44

BubbleSort QuickSort

InsertionSort

+sort() +sort()

+sort()
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10

11

12

13

14

interface SortStrategy {
public int[] sort(int [] d);

class SortArray {
int[] d;
private SortStrategy sortStrategy;

public SortArray(SortStrategy s) {

this .sortStrategy = s;

}
public int[] doSort() {

return this.sortStrategy.sort(d);

©2016 Software Engineering Consortium

19



15

Strategy

16 class QuickSort implements| SortStrategy |{

17 public int[]|sort(int[] d)| {
18 //do ....

19 return ... -
20 }

2a )

22

23 class SelectionSort implements SortStrategy {

2% public int[] sort(int[] d) {

25 //do ....

26 return

27 }

28}

29

3 //main program to test 20
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34

35

36

37

38

39

40

class StrategyExample {

public static
SortArray

context =

void main(String[] args) {

context;

new SortArray(new QuickSort());

int[] resultA = context.doSort();

context =

new SortArray(mew SelectionSort());

int[] resultB = context.doSort();

©2016 Software Engineering Consortium
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Strategy

&€ FH—: Java Layout

BorderLayoutDemo - Z FlowLayoutDemo

Button1 Button2 Button3

Button5

Borderlayout Flowlayout

22
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Frame

Strategy

«interface»

+add()

LayoutManager O

+addLayoutComponent()

! \

! v
4 \
’ \

I’
1
7
7
Ui

A
A}
A
AY
AY

Frame f = new Frame () ;

BorderLayout

FlowLayout

f.setLayout(new FlowLayout());

f.add(new Button ("Press"));

f.setLayout(new BorderLayout());
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Username:
jdoe
Password:

Login

]~ : InputVerifier

TextField

Strategy

InputVerifier

+setVerifier()

©2016 Software Engineering Consortium

+inputVerifier()

/\

PassVerifier

+inputVerifier()
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public class VerifierTest extends JFrame {

—

Strategy

2 public VerifierTest () {

3 JTextField tfl = new JTextField ("Typey\"pass\"
uhere") ;

4 getContentPane () .add (tfl, BorderLayout.NORTH);

tfl .setIlnputVerifier (new PassVerifier());

18 class [PassVerifier extends InputVerifier

©2016 Software Engineering Consortium

{

public boolean verify (JComponent input) {
JTextField tf = (JTextField) input;
return "pass".equals(tf.getText());
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Factory Method

EFR—ITEERD, B RAERTEERTEA
RIERE

Define an interface for creating a single object,
but let subclasses decide which class to

instantiate. Factory Method lets a class defer
instantiation to subclasses.

©2016 Software Engineering Consor tium
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Product

/\

<< - -

«Create»

Concreteproduct

«Ccreate»

<. .........

/\

Creator
+doSomething()
doSomething() {

product = factoryMethod();
product.operation();

-

ConcreteCreator

+factoryMethod()

©2016 Software Engineering Consortium



product = new Product()

product = makeProduct()

©2016 Software Engineering Consortium
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Umlt
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NTea
& N

Bsn = —1@& Application )44 a] H 1% Application $){4483E 3 R~

PLEE4 Document ¥ UL E (& 5] B RE RO S 44 (512 HTML

Fi5 Rt Application 49/ T £ - ;@per\;\i‘]’gg 1%1;2‘),?; : TJM\/EV

AR B # 1 Application £ 757k
N AE B S

class Application {
void operationl () { doc = new HTMLDocument();

doc = mew Document() ;

}

W B w N —

30

©2016 Software Engineering Consortium



{$ A Factory method

Document Application
doc — N
SRS LU L L EL AL ok +createDoc(): Document init() {
+openpoc() +init() ---| doc = createDoc();
+readline() +read() doc.openDoc();
doc.reaLine();
/ \ |
WordDoc HTMLDoc WordApp HTMLApp
+createDoc() +createDoc()

I \

! \
1] \
I \

return new WordDoc() 'ﬁ return new HTMLDoc() B'
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3 abstract class Creator {-

4 Product p;

5

6 public void doSomething()-
7 p = factoryMethod () ;

8 //

9 }

10

1 public abstract Product factoryMethod () ;

2}

32
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14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

class ConcreteCreator extends Creator {

public Product factoryMethod () {

return new ConcreteProduct();

abstract class Product {

abstract void operation();

class ConcreteProduct extends Product {

void operation() {

//

©2016 Software Engineering Consortium
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Room

Maze
Door
+createMaze()
room = new Room(1)
door = new Door() Wall

wall = new Wall()

©2016 Software Engineering Consortium
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[\

w

Solution 1: F{f FETER,

public class MazeGame {
/] BL—{ERE
public Maze createMaze () {
[ EEEREILRE BT HRZ Y0 » /% Maze ~ Door ~ Room 3F

Maze

Room rl

Room

Door

new Maze() ;

new Room(1);
new Room(2);

new Door(rl,

©2016 Software Engineering Consortium



9 / | BT TRl TR B

10 maze .addRoom(rl);

11 maze .addRoom(r2);rl.setSide (MazeGame. North, new

Wall () ) ;
12 rl.setSide (MazeGame. East, door);
13 rl.setSide (MazeGame. South, new Wall());
14 rl.setSide (MazeGame. West, new Wall());
15 r2.setSide (MazeGame. North , new Wall());
16 r2.setSide (MazeGame. East, new Wall());
17 r2.setSide (MazeGame. South, new Wall());
18 r2.setSide (MazeGame. West, door);
19 return maze;
20 }
21}

©2016 Software Engineering Consortium



Room

EnchantedMaze EnchantedRoom
Maze
Door
-
+createMaze() EnchantedDoor
room = new Room(1)
GOOK = NeW Door) .- EnchantedWall

wall = new Wall()

©2016 Software Engineering Consortium
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1% A Factory Method

Solution 2: {5 FHEEEHER,

1 public class MazeGame {
2 // B —EKE
3 public Maze createMaze() {

4 /| EE B EHEBAIFTRZE Y4 - BFE Maze ~ Door ~ Room ¥
5 Maze maze = makeMaze(); // SF T E -

6 Room rl = makeRoom(1); // HH T A

7 Room r2 = makeRoom(2); // BT A

8 Door door = makeDoor(rl, r2); //HHFHATEE

9 / I BLE TP Z FElaV s

©2016 Software Engineering Consortium



21

22

23

24

25

26

27

28

public Maze makeMaze () {
/IR E Maze VIR TAERIR—(E T4

return new Maze() ;

;

public Room makeRoom(int n) {

/ /A E Room YMAHY TAERISRE—E 74

return new Room(n);

©2016 Software Engineering Consortium
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10

EnchantedMazeGame

public class EnchantedMazeGame extends MazeGame {
public Room makeRoom(int n) {
return new EnchantedRoom(n);
}
public Wall makeWall() {
return new EnchantedWall();
}
public Door makeDoor(Room rl, Room r2) {

return new EnchantedDoor(rl, r2);

©2016 Software Engineering Consortium
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Observer #z3&

BH: EE—1E [—H% ) ORKREIE E5E—
BE BB R SR RS, P AR B B
3219 B 03 R B RO -

Define a one-to-many dependency between
objects so that when one changes state, all its
dependents are notified and updated
automatically.

42
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= % TableView

|+ update () :int

Stock - T —% [5]25 (A

+ getValue () :int| > VoW
e e mm e e e v P, + ShOW () . int
1155
114.0
1125
3 111.0 TableView
1095
1080 tv.update() =1+ update 0
3 ‘ 106.5 av.show() -
| | B R N R e e T T -
' 2 050 [E— T
‘ j : 1035 T

] A W
- ' o J:E: " — Am ie
: 2. R tvi

+ show ()
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- B 1% —iwm (BxE) BENEDE
[—1 (FB) H—ImAHEBW

e
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for all obs In
observer {

obs.update();
}

AN

©2016 Software Engineering Consortium

Subject
+addObserver() observer@
_---""] +notifyObserver() Obseérver
A +update()
ConcreteSubject
. Observer
+subjectState .l
+getState() +getState | +update()
+setState()
notifyObserver() ﬁ
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10

11

12

13

Sample Code

package observer;

import java.util.Observable;

public class ObserverTemplate {

public static void main(String|[] args) {

Subject s = new Subject();

Viewl vl = new Viewl ();
View2 v2 = new View2();
s.addObserver(vl);
s.addObserver(v2);

46
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20

21

22

23

24

25

26

27

28

29

class Subject extends java.util.Observable {
int data;

public Subject() { -

data = 0;

} A FtE E SRR

public void setData(int newValue) {
data = newValue;
this .setChanged () ; -
this . notifyObservers () ;

©2016 Software Engineering Consortium
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30

31

32

33

34

35

36

37

38

39

40

41

42

43

e

class Viewl implements java.util.Observer {

public void update(Observable arg0, Object argl) {

// update the view

} e
L e

class View2 implements java.util.Observer {

public void update(Observable o,

// update the view

©2016 Software Engineering Consortium
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public void setPrice(float price) {
this.price = price;
setChanged () ; Subject

notifyObservers (new Float(price));

Observer

public void update (Observable obj, Object arg) {
if (arg instanceof Float) {
price = ((Float)arg). floatValue();

System.out. println ("/KEEHEEK" + price);

©2016 Software Engineering Consortium
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Observable £ E [iEz
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10

11

12

13

14

15

16

public class Observable {
private boolean changed = false;

public Observable () {
obs = new Vector();

public synchronized void addObserver(Observer o) {
if (o == null)
throw new NullPointerException () ;
if (!obs.contains(0)) {
obs.addElement(0) ;

}
} vt
}

©2016 Software Engineering Consortium
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public void notifyObservers (Object arg) {

Object[] arrLocal;
synchronized (this) {

if (!changed)

return ;

arrLocal = obs.toArray();

clearChanged () ;
| wsms
for (int 1 = arrLocal.length-1; 1>=0; 1—-)

((Observer)arrLocal[1]).update (this, arg);

52
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Framework ——

Subject
N +addObserver() observer@
for all obs in _L---"7| +notifyObserver() )
observer { i i
obs.update(); A +update()
}
ConcreteSubject
: Observer
+subjectState g L]
+getState() +getState | +update()
+setState()
' Application
notifyObserver() ‘

©2016 Software Engineering Consortium



N,

E i : ActionListener

N

JAVA B event model FEF T Observer fyZE#%

AbstractButton Subject

fireActionListener() notifyObserver()

ActionListener EHEE Observer

actionPerformed update

©2016 Software Engineering Consortium



10

FEH : ActionListener

public class TestEventModel extends JFrame {
private JButton bl;
public TestEventModel () {

bl = mnew JButton("Button"); -

getContentPane () .add(bl);

//MEF addObserver()
bl.addActionListener (new Listenerl ());
bl.addActionListener (new Listener2());

©2016 Software Engineering Consortium
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17

18

19

FEH : ActionListener

//ActionListener fHE} Observer, adQionPerformed fHE} update()
class Listener]l implements ActionListener {
public void actionPerformed(ActionEvent e) {

System.out. println ("Event happen");

©2016 Software Engineering Consortium
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AbstractButton «interface» O
......... >| ActionListener

+addActionListener()

N\

+actionPerformed()

>

JButton EventHandler

57
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Adapter

BrY: B AT EKR A S —E T Emr R
I o Adapter BEZEAREBTRTE » HEENA R
E1E, XBHER -

Convert the interface of a class into another
interface clients expect. An adapter lets classes work
together that could not otherwise because of
incompatible interfaces.

59
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1%
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Adapter A5 2 &
» Class Adapter: FH#Z7% (inheritance) gy3#3715

« Object Adapter: FFHZ5E (delegation) gi4515

©2016 Software Engineering Consortium



Client

Class adaptor

@ Adaptee
Target +specificRequest()
+requegst() A
Adapter
+request()

.3

specificRequest‘j

©2016 Software Engineering Consortium
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2 // Adaptee HY specificRequest() ¥ffEZFI Target HY request()

;interface Target {

S

public void request(Object arg);

7 class Adaptee {

(e o]

public void SpecificRequest(Object arg) {
9 //...

10 }

1}

12

©2016 Software Engineering Consortium
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13 class Adapter extends Adaptee implements Target {

14 public void request(Object arg) {
15 this . SpecificRequest(arg);

16 }

17

18 }

19
20 class Client {
21 // t B]LIE—{E Target, E{&—{E Adapter (EfE ] Target)

2 public void makeRequest(Target t, Object o) {
23 t.request(0);

24 }

25 }

©2016 Software Engineering Consortium
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Object adaptor

Target Adaptee
Client
+request() +specificRequest()
@ Adapter
A f
\:/ gidd +request()

~

request() {
adaptee.specificRequest()

}

©2016 Software Engineering Consortium



0 class Adapter extends Target {

11
12
13
14
15
16
17
18

19

20 }

Adaptee adaptee;

public Adapter(Adaptee a) {

this.adaptee = a;

public void request(Object arg) {
adaptee.specificRequest(arg);

©2016 Software Engineering Consortium
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& H - COpPY

VectorUtility.copy(Vector): Vector
« Vector ARTENEEE Copyable B
2 v.add (new Book("b1i"));

isCopyable Hi1TTHE
3 v.add (new Book("b2"));

s VectorUtility vu = new VectorUtility( );

1 Vector v = new Vector(

s Vector v2 = vu.copy(v);

©2016 Software Engineering Consortium
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1 class VectorUtility {

2 public static Vector copy(Vector vin) {

3 Vector vout = new Vector( );

4 Enumeration € = new vin.elements( );

5 while (e.hasMoreElements( )) {

6 Copyable ¢ = (Copyable)e.nextElement( );
7 if (c.iscopyable) {

g vout.addElement(c) ;

9 }

10 }

11 }

68
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Student HE{E isValid py71i » HE& =
isCopyable #H[E  VectorUtility.copy A A~EEFE F

&4k Student ?
&4 VectorUtility?
v 2 5T—1{E StudentAdaptor

©2016 Software Engineering Consortium
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public class StudentAdapter implements Copyable {

private Student s;
public StudentAdapter(Student s) {

this.s = s;

}
public boolean isCopyable( ) {

return s.isValid( );

©2016 Software Engineering Consortium
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Vector v = new Vector( );

v.add(new StudentAdapter(mew Student("s1")));
v.add(new StudentAdapter(mew Student("s2")));
VectorUtility vu = new VectorUtility( );

Vector v2 = vu.copy(v);

©2016 Software Engineering Consortium
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— «interface»
VectorUtility Copyable

+isCopyable()

A

StudentAdaptor Student
iIsCopyable: B] ao= <
stu.isValid +isCopyable() +isValid()

©2016 Software Engineering Consortium



