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Creational Patterns

[0  Abstract Factory
B Provide an interface for creating families of related or dependent objects without
specifying their concrete classes .
B oelin e yiledasy gl 5ol die Unpug )
[0  Builder
M  Separate the construction of a complex object from its representation so that the
same construction process can create different representations .
B dduag (e Wil g il ol Copny @il 5 (e o ) ya
[0 Factory Method
B Define an interface for creating an object, but let subclasses decide which class to
instantiate. Factory Method lets a class defer instantiation to subclasses
B el 10 e SV LSy B3 jae malic galhy Caall
[0  Prototype
B  Specify the kinds of objects to create using a prototypical instance, and create new
objects by copying this prototype
B agreni 5 agdo o Gl g ddliae 46l zilaisae aa g
0  Singleton
B Ensure aclass only has one instance, and provide a global point of access to it.
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0  Singleton
M Ensure aclass only has one instance, and provide a global point of access to it.
Soft Eng 3 - Damas - 3, dpual auly

2009



Singleton

OO0 Ensure a class only has one instance, and provide a global
point of access to it.
O Implementation
B Make the Constructor private
B Construct an instance of the class in the class
B Make an access method to this instance
public class SingletonClass {
private SingletonClass() {}

private SingletonClass uniquelnstance = new
SingletonClass();

public static SingletonClass getThelInstance() {
return uniquelnstance;
b

b
0 utilisation : the enumerated types in Java < 1.5
B Ex : the days of weeks
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Example 1

class PrintSpooler{
static boolean instance_flag=false;
public PrintSpooler() throws SingletonException {
if (instance_flag)
throw new SingletonException("Only one spooler allowed");

else
{
instance_flag = true;
System.out.printIn(*spooler opened");
by
b
public void finalize() {
instance_flag = false; //clear if destroyed
by
by
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Enumerated types as constant values

public class DaysOfWeek {
public static final int LUNDI = 0;
public static final int MARDI = 1;
public static final int MERCREDI = 2;
public static final int JEUDI = 3;
public static final int VENDREDI = 4;
public static final int SAMEDI = 5;
public static final int DIMANCHE = 6;

Obj. methodProcessingDays(DaysOfWeek.LUNDI);
Obj. methodProcessingDays(7+5);

Desadvantages : no type for the days of week but integer values
The correct solution must : typed and constant values & nomber of these values is fix
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Enumerated types as Singleton pattern

public class DaysOfWeek {
private DaysOfWeek() {}
public static final DaysOfWeek LUNDI = new DaysOfWeek();
public static final DaysOfWeek MARDI = new DaysOfWeek();
public static final DaysOfWeek MERCREDI = new DaysOfWeek();
public static final DaysOfWeek JEUDI = new DaysOfWeek();
public static final DaysOfWeek VENDREDI = new DaysOfWeek();
public static final DaysOfWeek SAMEDI = new DaysOfWeek();
public static final DaysOfWeek DIMANCHE = new DaysOfWeek();

by

Void methodProcessingDays(DaysOfWeek day){...}

Advantages:

1)  Days are only objects of the class DaysOf\Week

2)  We can compare the days using " ==" because each day has unique referece during all the life

of the program
3)  Days are only the instances created in the class DaysOfWeek
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Enumerated types as Singleton pattern +

public class DaysOfWeek implements Comparable {
private String name;
private static int counter = 0;
public final int index; // final so is not modifiable
private DaysOfWeek(String name) {
this.name = name;
index = counter++;

by

public int compareTo(Object o)

{ DaysOfWeek j = (DaysOfWeek) o;
return this.index — j.index;

b

public static final DaysOfWeek LUNDI = new DaysOfWeek("Lundi'");

public String toString() {return this.name; }
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Creational Patterns

[0  Abstract Factory
B Provide an interface for creating families of related or dependent objects without
specifying their concrete classes .
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Abstract Factory (1)

[1 Provide an interface for creating families of related or dependent objects
without specifying their concrete classes.
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Abstract Factory (2)

Applicability (usage)

a system should be independent of how its products are
created, composed, and represented.

a system should be configured with one of multiple families
of products.

a family of related product objects is designed to be used
together, and you need to enforce this constraint.

we want to provide a class library of products, and you want
to reveal just their interfaces, not their implementations.
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Abstract Factory (3)

Structure
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Abstract Factory (4) : Example

interface MazeFactory { Class MazeGame {
Maze MakeMaze(); Maze CreateMaze (MazeFactory factory) {
Wall MakeWall(); Maze aMaze = factory.MakeMaze();
Room MakeRoom(int n); Room rl = factory.MakeRoom(1);
Door MakeDoor(Roomrl, Room r2) ; Room r2 = factory.MakeRoom(2);
} Door aDoor = factory.MakeDoor(r1, r2);
aMaze.AddRoom(rl);
aMaze.AddRoom(r2);

return aMaze;

class OrdinaryMazeFactory implements MazeFactory { ¥
public MazeFactory(); }
Maze MakeMaze() { return new Maze(); }
Wall MakeWall() {.return new Wall(); } class BombedMazeFactory implements MazeFactory {
Room MakeRoom(int n) { return new Room(n); } Wall MakeWall() { return new BombedWall(); }
Door MakeDoor(Roomr1, Room r2) Room MakeRoom(int n) { return new BombedRoom(n);
{ return new Door(rl,r2); }

} }

}
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AudiCar

+audiFactory | AudiFaciony

vold constroctCar{

+ohassic - Chassis chassis = audiPactory.createChassisz () ;
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Ppublic class AudiTestDriwe {
rublic static woid main(String[] args) {

AudiCar myAudi = mall;

//oreate and economy car

AundiFactory factoryl = new AundiBconomyPactory
myfudi = new AudiCar (factoryl) ;

J/create mnd mediom car

Audi Factory factory2 = new AundiMediumPactory
myfudi = new AudiCar (factoryd) ;

//oreate and luxury car

AudiFactory factoryld = new AundiluwunryFactory
myAundi = pew AndiCar (factory3) ;
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Creational Patterns

O
]
]
[0  Builder
B Separate the construction of a complex object from its representation so that the
same construction process can create different representations .
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Builder (1)

[0 Separate the construction of a complex object from its representation so that the
same construction process can create different representations.

Director {}bu”dﬁ" Builder

Canstruch} o BuildPary)
T
|
|
I
|
1

for ali objects in structurea | o) z‘g

| builder—=BuildPart(} ConcreteBuilder F------- - Product

BuildPari{}
GetResulti)

[0 Utilization:

B  Algorithm to create an object must be independent of
[0 the parts that compose the object
[0 the assembly mannar of these parts

B Construction process permits differents representations of the object
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Builder (2)
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Builder (3)

public class AudiCarBuilderExample o

public static void main(String[] args)
CarDirector cdirector = new CarDirecter();

AudiCarBuilder adEconomyBuilder = new AudiAsdBconomy ().
Audi CarBuilder aféMediumBuilder = new AudibéMedium) ;
AudiCarBuilder s&LuxuryBuilder = new AudisSeLuaxury() !

cdirector ,setCarBuilder (adEconomyBuilder )

cdi rector. constructCard) ;
AudiCar car = cdirector,.gebtCacy) !

cdirector ,setCarBuilder(atMediumBuilder ) !
cdirector. constructfard) ;
car = odirector.getCary);

cdirector .setCarBuilder (sé6LuxuryBuilder ),
cdirector. constructfar() !
car = odirector.getCary);

aClient

1

new ConcreteBuilder

aDirector

aConcreteBuilder

Construct{) BuildParta()
BuildPartB(}
BuilkdPartC{)
GetResult() T
-
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Creational Patterns
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[0  Prototype

B  Specify the kinds of objects to create using a prototypical instance, and create new
objects by copying this prototype

= W}Wé&\jh@@}\td@bmhﬁ
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Prototype (1)

1 Specify the kinds of objects to create using a prototypical
Instance, and create new objects by copying this prototype.

[1 Structure:

Client protolype m Prototype
Operation{) Cloner )
|
1
: L
T
p = prototype—=Clona()
ConcretePrototypet ConcretePrototype2
Clone() Clone)
: :
| |
! 1
retum copy of self raturn copy of self
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Prototype (2)

class MazePrototypeFactory extends MazeFactory {

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

public MazePrototypeFactory(Maze m, Wall w, Room r, Door d) {
_prototypeMaze = m; _prototypeRoom = r; _prototypeWall = w; _prototypeDoor = d;
b

Wall makeWall() {return (Wall) _prototypeWall.clone();}
Door makeDoor(Room r1, Room r2) {
Door d = (Door) _prototypeDoor.clone();
d.initialize(r1, r2);
return d;
b
Maze makeMaze() { ...... b
Room makeRoom(int) { ...... b

(XXX

¥
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Prototype (3)

AlShe llia ) S ) 8 Object all (e a5y 5all 5 clone() geiell 24 aie daade [J
<<<Jﬂj(§ﬁ\u4\ﬁ\ésca\f)um\.‘u)m;Lac\‘;sud\djmumm

public Object deepClone(){

try{
ByteArrayOutputStream b = new ByteArrayOutputStream();
ObjectOutputStream out = new ObjectOutputStream(b);
out.writeObject(this);
ByteArraylnputStream bin = new ByteArraylnputStream(b.toByteArray());
ObjectInputStream oi = new ObjectInputStream(bin);
return (oi.readObject());

by

catch (Exception e)

{  System.out.printin(“exception:"+e.getMessage());
return null;

¥
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Creational Patterns

O
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[0 Factory Method
B Define an interface for creating an object, but let subclasses decide which class to
instantiate. Factory Method lets a class defer instantiation to subclasses
B el 10 e SV LSy B3 jae malic galhy Caall
O
L]
L]
O
L]
Soft Eng 3 - Damas - 3, dpual auly

2009



Factory Method (1)

O Define an interface for creating an object, but let subclasses decide which
class to instantiate.

[0 Factory Method lets a class defer instantiation to subclasses.
m  Addition to new class is made by polymorphism
m [t still the instance creation

| ... Figure -—-—- Manipulator
Craatelfanipuiaton) CrawenCick( )
Dragy)
/L UpClicki)
LineFigure TextFigure LineManipulator TextManipulator
CreatebManipukatorn) Creatahtanipulaton) DownGlck{) DownClick])
. Diraugiy Drragi)
T H i LipClicky() e LipClicki)
1 1

O Tousewhen: T |
B A class can not anticipate the class of objets that it must create
B Aclass want that its subclasses specifie the objects that it create
0 Exemples : the method iterator() in the Collection

Soft Eng 3 - Damas - 3, dpual auly
2009



Factory Method (2)

Structure

Creator
Product =
FactoryhMathoay]
' i= §
AnOperation{) & --—---1 ;.:!.ru:nduu:. FactoryMeathodr)
ConcreteProduct ™ ~~7~777777 ConcreleCreator
FactoryMethod{) ©O-F----———1 return new ConcreteProduct
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Factory Method (3)

Class MazeGame {
Maze MakeMaze() { return new Maze(); }

Wall MakeWall() {_return new Wall(); } class BombedMazeGame extends MazeGame {
Room MakeRoom(int n) { return new Room(n);} Wall MakeWall() { return new BombedWall(); }
Door MakeDoor(Roomr1, Room r2) Room MakeRoom(int n)
{ return new Door(r1, r2); } { return new RoomWithBombe(n):}
}

Maze CreateMaze () {
Maze aMaze = MakeMaze();

Room rl = MakeRoom(1);

Room r2 = MakeRoom(2); class EnchantedMazeGame extends MazeGame {
Door aDoor = MakeDoor(r1, r2); Room MakeRoom(int n)
aMaze.AddRoom(rl); { return new EnchantedRoom(n);}
aMaze.AddRoom(r2); Door MakeDoor(Roomrl, Room r2)
........ { return new DoorNeedingSpell(r1, r2); }
return aMaze; }
k
¥
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Factory Method (4) : Example (1/4)

public abstract class Shape {
public abstract void draw();
public abstract void erase();
public static Shape factory(String type) throws BadShapeCreation {
if(type.equals("Circle")) return new Circle();
if(type.equals("Square™)) return new Square();
throw new BadShapeCreation(type);

¥

public class Circle extends Shape {
public Circle() {}
public void draw() { System.out.printIn("Circle.draw"); }
public void erase() { System.out.printin("Circle.erase"); }

ocCP?
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Factory Method (6) : Example (2/4)

public interface ShapeFactory {
public Shape createShape();

public class AllShapeFactories {

public static Map<String,ShapeFactory> allFactories = new
HashMap<String,ShapeFactory>();

public static final Shape createShape(String id) {
// "throw BadShapeCreation"
return allFactories.get(id).createShape();

by

public class Circle extends Shape {
static { AllIShapeFactories.allFactories.put("Circle", new CircleFactory()); }

(..0)
b

public class CircleFactory implements ShapeFactory {
public Shape createShape() { return new Circle(); }
b

public class Rectangle extends Shape {
static { AllShapeFactories.allFactories.put("Rectangle”, new RectangleFactory()); }

(..2)

public class RectangleFactory implements ShapeFactory {
public Shape createShape() { return new Rectangle(); }
b
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Factory Method (7) : Example (3/4)

//creation starting from the name of class
Shape shape = AllShapeFactories.createShape("Circle");

// random creation
int alea = new random.nextInt(ShapeFactory.factories.size());
Iterator<String> it = AllIShapeFactories.factories.keySet().iterator();
for (inti=0; i< alea; i++) {

it.next();
shape = AllShapeFactories.createShape(it.next());

To avoid the pollution of classes : use intern classes

public class Circle extends Shape {
static { AllShapeFactories.allFactories.put("Circle", new Circle.MaFactory()); }
(...)
class MaFactory implements ShapeFactory {
// classe interne
public Shape createShape() { return new Circle(); }
b
b
public class Rectangle extends Shape {
static { AllShapeFactories.allFactories.put("Rectangle", new Rectangle.MaFactory()); }

class MaFactory implements ShapeFactory {
public Shape createShape() { return new Rectangle(); }

b
(...)
b
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Factory Method (8) : Example (4/4)
with dynamic loading

public interface Shape {
public void draw();
public void erase();
)
public abstract class ShapeFactory {
protected abstract Shape create();
static Map<String,ShapeFactory> factories = new HashMap<String,ShapeFactory>();
// A Template Method:

public static final Shape createShape(String id) throws BadShapeCreation {
if(!factories.containsKey(id)) {

try { Class.forName(id);}

catch(ClassNotFoundException e) { throw new BadShapeCreation(id); }
if(!factories.containskey(id)) throw new BadShapeCreation(id);

b

return factories.get(id).create();

b

public class Circle implements Shape {
private Circle() {}
public void draw() { System.out.printin("Circle.draw"); }
public void erase() { System.out.printin("Circle.erase"); }
private static class Factory extends ShapeFactory {
protected Shape create() { return new Circle(); }

b

static { ShapeFactory.factories.put("Circle", new Circle.Factory()); }
b
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Summary of Creational Patterns

2009

[0 The Factory Method Pattern is used to choose and return an instance of a
class from a number of similar classes based on data you provide to the factory.

[0 The Abstract Factory Pattern is used to return one of several groups of
classes. In some cases it actually returns a Factory for that group of classes.

[0 The Builder Pattern assembles a number of objects to make a new object,
based on the data with which it is presented. Frequently, the choice of which
way the objects are assembled is achieved using a Factory.

[0 The Prototype Pattern copies or clones an existing class rather than creating a
new instance when creating new instances is more expensive.

[0 The Singleton Pattern is a pattern that insures there is one and only one
instance of an object, and that it is possible to obtain global access to that one
instance.
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Factory & Singleton patterns

(TCP, UDP, ...) ©¥ S5l je YLD 4na ey 3y 3 [
Al gie glhac) JOA (e padiar JLaiVh padtisall et 435Sl 38 []
L e Jaly 5 8U8 Ald aadiuall [

aaladii) cal sl J S ¢l 5 aadall o) sie dasy 22l W
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(TCP, UDP, MultiCast, ...) il &Y S5 i M
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Want from the

uses . implements N implementation :
Wants the —_— L|bra ry < efficiency,
facility of use user Set of interfaces developpers  simplicity,
ﬂ‘ No complex to realize

Structures how
to implement
(without details)

Defines
how to use

; N\ facts :

designer - Abstraction of Problem
- Extensible Framework
- Design pattern to organize the Library
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Server

UDP

1 client
sends
orders

Library
-To abstract the
communication
-To write clients
independents of
- of transport
- of support

server
multi-cast

Server

TCP

SOCket ------------------------------------------------------------ SOCket
UDP UDP
SOCKEL | socket
multi-cast multi-cast
SOCket ------------------------------------------------------------ SOCket
TCP TCP
SOCKEE | e socket
X X

Server

X
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Channel

Address

getAddress() 9
getTransport()
Open()

Send()

Close()
Receive()

|

Addressinternet

port : int
addressIP : InetAddress

Channelinternet

getAddressinternet()
getTransportinternet()

Addressinternet()
Addressinternet()
getAddress()
getAddressByName()
getPort()

toString()

ACEall ayyai 1 (4) Ulisa

Jusioall o)) gic 2 geda [
Abstract Version = Address H

Concrete Version= &
InternetAddress

Channel = address+ H
transport

Abstract Version = Channel =

Concrete Version= H
Channellnternet,
ChannelWithUDP,
ChannelW1ithTCP, ...
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sliall 2a5 1 (5) Al

ggtilgg:ess() Channel ch = ...; //How to create a channel
getTransport() Str!ng repsonsel = ch.send(" orderl ");
Open() String response2 = ch.send(" order2 ");
Send()
Close()
Receivg() ch.close();
% String transport = ...; //IHM
if( transport.equals("UDP ) )
Channelinternet ch= new ChannelWithUDP(addr);
getAddressinternet() else if( transport.equals(*multicast ™) )
getTransportlnternet() ch= new ChannelWithMulticastIP(addr);
o else if( transport.equals("TCP )
| I ch= new ChannelWithTCP(addr);
ChannelWithTCP ChannelWithDatagramme .
l} e ill g aladiaVl saley Ji8 e sl [0
| | Factory patterndl saiw il <<< [
ChannelWithMultiCast ChannelWithUDP
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public class FactoryInternetChannels { saley JE el
static public Channellnternet createChannel( alaasuy!
. String transport, Adresselnternet addr) d'jj e odd O
Channellnternet ch=null; H .@,}M
if( transport.equals(“UDP“? ) i
ch= new ChannelWithUDP(addr); alxs) o) O
else if( transport.equals("multicast“) ) 1 transport
ch= new ChannelWithMulticastIP(addr); oxd
else if( transport.equals("TCP ") ) createChannel
ch= new ChannelWithTCP(addr); ()
return ch;
b
b
Channel ch = FactorylnternetChannel.createChannel(
transport, new Adresselnternet(...) );
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Transports

addIntTransport(t)
removelntTransport(t)
searchintTransport(name)

SingletonTransports

getinstance()
setInstance()
initInstance()

Transport

C— Name : String

getName()
createChannel(adrs)

A

— getAddress() 9

(V) Al

Channel

getTransport()
Open()

Send()

Close()
Receive()

Address

Addressinternet

port : int
addressIP : InetAddress

Transportinternet

Channelinternet

createChannellnternet(Intadrs)

—

getAddressinternet()
getTransportinternet()

Addressinternet()
Addressinternet()
getAddress()
getAddressByName()
getPort()

toString()
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1(8) Ulisa

public interface Transport {
public String getName();
public Channel createChannel(Address dest);

by

public interface TransportInternet extends Transport {
public Channellnternet createlnternetChannel(InterneAddress dst);
\

public class TransportInternetBase implements Transportlnternet {
public String getName();
public Channel createChannel(Address dst) {
createlnternetChannel((InterneAddress) dst);

by

public Channellnternet createlnternetChannel(InterneAddress dst);

by

public class TransportWithTCP extends TransportlnternetBase {
public String getName() {return "TCP";}
public Channellnternet createChannellnternet(Addressinternet d)
{ return new ChannelWithTCP(d); }

b

Caall el [0
Transportinter
L))l s» netBase

s L) (oagia (O

G |

public class TransportWithUDP
extends TransportInternetBase
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1(9) Ulisa

public class SingletonTransports {
protected static Transports instance;
public static Transports getlnstance() {
if(instance == null)
initInstance();
return instance;

by

public static void setInstance(Transports transports) {
instance = transports;
b

public static void initInstance() {
instance = new TransportsImpl();
instance.addTransport(new TransportWithUDP());

instance.addTransport(new TransportWithTCP());

b
b

instance.addTransport(new TransportWithMulticastIP());

sia U S 5 Al LiSey [

A W
initInstace()
Pa sl W
addTransport(
o= sl Q}c
transports
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