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History of Design Patterns =
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Christopher Alexander Architecture | 1970’
A Pattern Language: Towns, Buildings Construction
Gang of Four (GoF) Object Oriented 199
Design Patterns.: Elements of - 5 ’
Reusable Object-Oriented Software SOftware DeSIgn

Other Areas:
Many AuthOI’S 20 O O ’

HCI, Organizational Behavior...

D “Each pattern is a three-part rule, which expresses a relation between a
certain context, a problem and a solution.”

D Definition of a pattern: “A solution to a problem in a context.”
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Singleton Pattern Concepts

Using new

Database Objectl

Database User

Database Object2

Database Object2

Using getlnstance getlnstance

Database Object Database User




Without Singleton =
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public class Database
{
private int record; Datab
private String name; atabase
public Database(String n) @record >
! &name : String
name = n;
}record =0; “Database()
public void editRecord(String operation) “editRecord()
{ _ _ _ %getName()
System.out.prlntln("Performlng a" + operation +
" operation on record " + record +
" in database " + name);
¥
public String getName()
return name;
}
} Database one = new Database(“One”);

Database two = new Database(“two”);

Database three = new Database(“three”);
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Srecord : int
&»name : String
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With Singleton =

Java
public class Database { Class variable
private static Database singleObject;
private int record;
private String name;
, . Make it
p;l\e/‘?r’gg Bar;t;abase(Strmg n) { Private
record = 0;
public static Database getinstance(String n) {
if (singleObject == null){
singleObject = new Database(n);
return singleObject;
public void editRecord(String operation) {
System.out.println("Performing a" + operation + " on record " + record +
"in database " + name);
Database
public String getName() { return name; } :
Sprecord : int
&sname : String
¥Database()
“'getlnstance() -$singleObject
“%editRecord()
®getName()




With Singleton =

public class Database {

Call one
at a time

private static Database singleObject;
private int record;
private String name;

public static synchronized Database getinstance(String n) {
if (singleObject == null) {
singleObject = new Database(n);

return singleObject; public class RunSingleton {
} public static void main(String[] args) {
""""""""""" Database db = Database.getlnstance(“Java”);
) System.out.printin(db.getName());

}
}

9
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Factory Pattern
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Factory Pattern
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public Pizza orderPizza (String type)

{
if (type.equals(“Cheese”))

{

return new CheesePizza();

}

else if (type.equals(“Peperoni”))

{

return new PeperoniPizza();

}

else

{

return new VeggiePizza();

}
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Example: Revised System

PizzaStore

SimpleFactory

%orderPizza()

%createPizzal()

~ %prepare()

Pizza

&name
& dough
&sauce

Stopping

*bake()
Fcut()
“box()
®getName()
®toString()
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ClamPizza

PeperoniPizza
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A
1111 abstract ¥i9® interface

public abstract class Pizza public class CheesePizza extends Pizza
{ {

private String name; public CheesePizza()

private String dough; {

private String sauce; }

private String topping; public String getName()

{

public void prepare() { } return “Cheese Pizza";

public void cut() { } }

public void box() { } }

public String getNmae() { }
public String toString() {}

Y Y
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Factory class
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public class SimpleFactory
{
private Pizza pizzaType;
private String type;

public SimpleFactory(Pizza p) {
this.pizzaType = p;
}

public String getName() {
return this.pizzaType.getName();
}
Y
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Factory Pattern

Java
?ublic abstract class Pizza public class PeperoniPizza extends Pizza
private String name; {
private String sauce; public PeperoniPizza() { }
private String topping; public String getName() {
public void prepare() { } return “Peperoni Pizza";
public void cutB {} }
public void box() { }
public abstract String getName(); }
}
public class CheesePizza extends Pizza public class VeggiePizza extends Pizza
{ {
public CheesePizza() { } . .
public String getName() { pubI!c Veg.;glePlzza() {}
return “Cheese Pizza"; public String getName() {
} return “Veggie Pizza";
) }

}




Factory Pattern

public class SimpleFactory

{
private Pizza pizzaType;
private String type;

public SimpleFactory(Pizza p) {
this.pizzaType = p;
}

public String getName() {
return this.pizzaType.getName();

}
}
public class TestPizza
{
public static void main(String argsi])
{

SimpleFactory s = new SimpleFactory(new CheesePizza());
System.out.printin("You're ordering " + s.getName());
}
}
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public class Run {
TaxPayer

$COMPANY - int = 0

SEMPLOYEE - int = 1

¢TRUST - int = 2
& COMPANY_RATE - double = 0.30
& EMPLQYEE_RATE - double = 045

public static void main(String[] args) {

TaxPayer one = new TaxPayer
(TaxPayer. EMPLOYEE, 50000);
TaxPayer two = new TaxPayer

& TRUST RATE - double = 0.35 (TaxPayer. COMPANY, 100000);
&income : double TaxPayer three = new TaxPayer
@.type s int (TaxPayer.TRUST, 30000),
System.out.printin(one.payTax());
$TaxPayer() System.out.printin(two.payTax());
®getincome() System.out.printin(three.payTax());
¥extortCash() }




Before Strategy Pattern

public class TaxPayer {

public static final int COMPANY = 0;

public static final int EMPLOYEE = 1;

public static final int TRUST = 2;

private static final double COMPANY_RATE = 0.30;
private static final double EMPLOYEE_RATE = 0.45;
private static final double TRUST_RATE = 0.35;
private double income;

private final int type;

public TaxPayer(int type, double income) {
this.type = type;
this.income = income;

}

public double getincome() { return income; }

public double payTax() {

switch (type) {
case COMPANY: return income * COMPANY_RATE;
case EMPLOYEE: return income * EMPLOYEE_RATE;
case TRUST: returnincome * TRUST_ RATE;
default: throw new lllegalArgumentException();

}
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Strategy Pattern
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public interface TaxStrategy {
public double payTax (double income);

¥

TaxPayer

@¥income : double <<Interface>>
TaxStrategy
'S TaxPayer()
'S getincome() |8 payTax()
'S payTax() d A v
I
/,, I| \\\
// ! \\
’ 1 N
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EmployeeTaxStrategy TrustTaxStrategy CompanyTaxStrategy
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Strategy Pattern =

public class CompanyTaxStrategy implements TaxStrategy {
private static final double RATE = 0.30;
public double payTax(double income) {
return income * RATE ;

}
}

public class EmployeeTaxStrategy implements TaxStrategy {
private static final double RATE = 0.45;
public double payTax(double income) {
return income * RATE;

}
}

public class TrustTaxStrategy implements TaxStrategy {
private static final double RATE = 0.40;
public double payTax(double income) {
return income * RATE;

}
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public class TaxPayer {
private TaxStrategy strategy;
private double income;

public TaxPayer(TaxStrategy strategy, double income) {
this.strategy = strategy;
this.income = income;
¥
public double getincome() {
return income;
¥
public double payTax() {
return strategy.payTax(income);

}
}



Strategy Pattern —

public class Run {
public static void main(String[] args) {

TaxPayer one = new TaxPayer(new EmployeeTaxStrategy(), 50000);
TaxPayer two = new TaxPayer(new CompanyTaxStrategy(), 100000);
TaxPayer three = new TaxPayer(new TrustTaxStrategy(), 30000);
System.out.printin(one.payTax());
System.out.printin(two.payTax());
System.out.printin(three.payTax());
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Decorator Patterns
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Component

+operation()

N

ConcreteComponent

+operation()

Decorator

+operation()

ConcreteDecoratorA

-addedState

+operation()
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Problem : Decorator Patterns e =

D foanmsduIna lceCream
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cost()

IceCream
- description
+ cost()
IceCreamFudge IceCreamSprinkle
+cost() +cost()

class IceCream

private String description;
public String getDescription() {

}
public double Cost() {
return 30;

}
}

class IceCreamFudge extends IceCream
public double Cost()

return 33;

}
}

class IceCreamSprinkle extends IceCream
public double Cost()

return 40;

}
}
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Decorator Patterns

Java
interface IceCream {
String getDesc();
double getCost();
}
abstract class ToppingDecorator implements IceCream {
protected IceCream dec;
public ToppingDecorator(lceCream dec) {
this.dec = dec; IceCream
} +getDesc()
public abstract String getDesc(); +cost()
public abstract double getCost(); K
}
ToppingDecorator
class F.udgeTopplng.extends ToppingDecorator { +ToppingDecorator()<>
public FudgeTopping(lceCream dec) { +getDesc()
super(dec); +cost()
}

public String getDesc() {
return dec.getDesc() + " Fudge Topping";
}
public double getCost() {
return dec.getCost() + 0.4;

%

FudgeTopping

+getDesc()
+cost()




Decorator Patterns

class SprinkleTopping extends ToppingDecorator {
public SprinkleTopping(lceCream dec) {

super(dec);

IceCream

}

public String getDesc() {

+getDesc()
+cost()

return dec.getDesc() + " Sprinkle Topping";
}

public double getCost() {
return dec.getCost() + 0.2;

class WhipCreamTopping extends ToppingDecorator
public WhipCreamTopping(lceCream dec){
super(dec);
}

public String getDesc() {
return dec.getDesc() + " WhipCream Topping";

}
public double getCost() {

return dec.getCost() + 0.3;

N

ToppingDecorator

+ToppingDecorator()
+getDesc()
+cost()

_/

WhipCreamTopping

FudgeTopping

+getDesc() +getDesc()
+cost() +cost()




Decorator Pattern

class Chocolate implements IceCream {
public String getDesc() {
return "Chocolate Ice Cream";
}
public double getCost() {
return 1.5;

}

IceCream

+getDesc()
+cost()

AN

}

Chocolate ToppingDecorator
>—
+getDesc() +ToppingDecorator()
+cost() +getDesc()
+cost()

public class RunDecorator {

public static void main(String[] args) {

IceCream ice = new SprinkleTopping(new

FudgeTopping(new WhipCreamTopping(

new Vanilla())));
System.out.printin(ice.getDesc());
System.out.printin(ice.getCost());

WhipCreamTopping

FudgeTopping

+getDesc()
+cost()

+getDesc()
+cost()
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® “Separate Complex Object Construction from its Presentation.”



Main Concepts
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Builder Pattern Concepts St
Java
<<interface>>
Director Builder
+construct() +buildPart()

]

ConcreteBuilder

Product

+buildPart()
+getResult()

® Director H1uA1 1184 Builder 1fteszydnsznenlaved Product ideans
a3

D Builder 11 interface inuanganssudmiumsadediulsznouais q 13

9 ConcreteBuilder nfiaaazlsenoudiuaia q 184 Product 15182051
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Collaborations

Director

<<Interface>>

MealBuilder

+ makeMeal()
+ calculatePrice()

+ addProducts()
+ getProducts()

A

SavingSet

+ addProducts()
+ getProducts()

<<Interface>>
Product

va

+ productName).
+ price()

SN W%
, \
’ 1 N N
’
’ ! N

AN

Burger

Cola

Fries

+ productName().
+ price()

+ productName().
+ price()

+ productName().

+ price()

7

CheeseBurger

+ price()




Builder Pattern

interface MealBuilder {
public abstract void addProducts();
public abstract Product[] getProducts();

}

class SavingSet implements MealBuilder {

private Product[] product = new Product[3];
public void addProducts() {
product[0] = new CheeseBurger();
product[1] = new Fries();
product[2] = new Cola();

}

public Product[] getProducts() {
return product;

}

<<Interface>>

MealBuilder
+addProducts()
+getProducts()
] i <<Interface>>
SavingSet Product
roduc
+addProducts()
+getProducts() +productName()..
+price()




Builder Pattern

class ComboSet implements MealBuilder {
private Product[] product = new Product[4];
public void addProducts() {
product[0] = new CheeseBurger();
product[1] = new Fries();
product[2] = new Cola();
product[3] = new Toy();

Y
public Product[] getProducts() {

return product;

}

class Director {
private MealBuilder meal;
public void makeMeal(MealBuilder obj)
{
meal = obj;
meal.addProducts();
}
public int calculatePrice() {
int totalPrice = 0;
Product[] p = meal.getProducts();
for (inti=0;i<p.length; i++) {
totalPrice += pli].price();
System.out.printin(" "+
pli].productName()+" : "+ pli].price());

return totalPrice;

}



interface Product { E—i’
public String productName(); Java
public int price();

} _ class Fries implements Product {

abstract class Burger implements Product { public String productName() { return "Fries"; }

public String productName() { public int price() {

return "Burger"; return 25;

} } )

public abstract int price(); class Cola implements Product {

} public String productName() { return "Cola“; }
public int price() {

class CheeseBurger extends Burger { return 15;

public int price() { return 39; } } }

¥

class Toy implements Product {
public String productName() { return "Toy“; }
public int price() {
return 55;
}

}

class Run {
public static void main (String[] args) {
Director meal = new Director();
meal.makeMeal(nhew ComboSet());
System.out.printin("Total Meal price is $"+ meal.calculatePrice() + " only ");




Why Use Builder? ((
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Observer Pattern =
Java
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Subject & Observer e

Java
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D Subject : Wuoewamslasuulasmanuzinanoesiinaiingrves
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9 Observer: Wueoiwanyusyni subject HAZUNITDWANAININTDIUE
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VDN subject

requests, modifications

----- > change notification




Observer Pattern - Working =

kS a & . A o 9y 9y =<
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Subject Subject
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register

. Observer 2
register
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Observer Pattern - Key Players =

Subject
Obsever

Siattach(Obsever)

[Sdetach(Observer) Supdate()
[8notify()

ConcreteSubject ConcreteObserver
E¥subjectState E¥observerState
[SgetState() "Supdate()

D Subject : Ssoai 1 aanaasnonnou observer

D Observer : 131U interface el i uan il dsuuasiifatudy
poilian

D ConcreteSubject: 1D “state” 1AL notification tHeanuziinsaounilag

W ConcreteObserver: L‘]dJuﬂm’d ﬁauwalnuﬁu1%1ﬂ Observer interface
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Creating an observer interface rz
ava

|

L ﬁ’umummfﬂumiﬁmuﬂ interface Y30 abstract class Lﬁﬂi%}ﬁ1ﬂgﬂ
observer )

® Observer interface q,ﬂﬁmuﬂﬁmﬁaiﬁ’%’ummﬂmﬂ’éauﬁmuzw'mmmﬂ
update() FalunsainislumarumAIiamUe4 database (1T “edit”,

3 9 { {
“delete”, “create” 1UJUAN) 1AL record NUMTHauLag

public interface Observer

{
}

public void update(String operation, String record);

] 9} 1 1 o
D 110 observer UM3i5en1HUTOA update() VLAWITDAIUAINITHINY
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Creating a subject =
Java

a\ 4 o (%] < 1
D Tag1/nAuds Observer Pattern 321/52nov A28 Subject N 1Fd 11T UADA

aoue vazlsdmsundaly observer 19 9 N31WDIMTAUNa9N

Y 9 1
D d91iu Subject Jgniviuatu g UV interface Nl5znou lidsson

Y Y
TMIUNITAAN Observer !,"IQJIWQ’ Subject A9
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public interface Subject

{
public void registerObserver(Observer o0);
public void removeObserver(Observer o);
public void notifyObservers();

}



Observer Pattern - UML

<<Interface>>
Subject

"ShotifyObservers()
"SregisterObserver()
" SremoveObserver()

Database
observers : Vector
operation : String
&record : String

ISDatabase()
SregisterObserver()
emoveObserver()
IShotifyObservers()
MSeditRecord()

Client

I8 Client()
MSupdate()

<<Interface>>
Observer

Supdate()

e =

Boss

8Boss()
BSupdate()

Archiver

"SArchiver()
MSupdate()



Creating Concrete Subject =
Java
<<Interface>> import java.util.*;
Subject public class Database implements Subject {
_ private Vector observers;
BSnotifyObservers() private String operation;
Eeglsterggserverg private String record;
€move Server
public Database() { observers = new Vector(); }
public void registerObserveréObserver o; é observers.add(o); }
public void removeObserver(Observer o) { observers.remove(o); }
Datab public void notifyObservers() {
b o asi, ¢ for (int index = 0; index < observers.size(); index++) {
° Ser:.ers _' Sf‘? or Observer observer = (Observer)observers.get(index);
g’ce(ffdl.og&in;mg observer.update(operation, record);
SSDatabase() public void editRecord(String operation, String record) {

SregisterObserver()
"®removeObserver()
.notifyObservers()
.editRecord()

this.operation = operation;
this.record = record;
notifyObservers();

}

}




&
Creating Concrete observers =4

Java
public class Archiver implements Observer { public class Client implements Observer {
public Archiver() { public Client() {
¥
public void update(String operation, String public void update(String operation, String
record) { record) {
System.out.printin(“The archiver says a “ + System.out.printin(“The client says a “ +
operation + “ operation was performed operation + “ operation was
on “ + record); performed on “ + record);
} }
¥ ¥
<<Interface>>
public class Boss implements Observer { Observer
public Boss() { }
public void update(String operation, String record) "Supdate()
{ ﬂ
System.out.printin(“The boss says a “ + !
operation + “ operation was performed on “ + 5
record); e i
Y : | |
} Client Boss Archiver
I8Client() ®Boss() "SArchiver()

-update() -update() -update()
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Testing the Database observers J?z_;?
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D Observer pattern $8 1% UANUBAKGUNINAT hard coding NNNAINNDYNOY
3 a &
molu 1 uden uazsonligldamnsoinainionsnnol observers TUURLL
Sulna'la

public class TestObserver

public static void main(String argsl[])

{

Database database = new Database();
Archiver archiver = new Archiver();

Client client = new Client();

Boss boss = new Boss();
database.registerObserverSarchiver);
database.registerObserver(client);
database.registerObserver(boss);
database.editRecord(“delete”, “record 1”);

The boss says a delete operation was performed on record 1
The client says a delete operation was performed on record 1
The archiver says a delete operation was performed on record 1



Observer Pattern =
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