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Abstractions

. Classification abs.
. Aggregation abs.

. Generalization/Specialization
abs.

. Association abs.
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Reusable mistinaululaiku

1WolNUs18aideaaslu

+uanda-gna'le()

‘ Inheritance

+uania-ana'ls() +uanita-ana'le()



Reusable nistnaululsluu

WolNUS1azidaaaslu

K Inheritance

# uanda-ana'le()

N




aanuuuKiiRa Wasuda uuana s Mae

btnCancel
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19 =

20
21
22
23
25
25
26
27

28 |

29
30

private void btnOK Click(object sender, EventArgs e)
{
if (rl1.Checked) {
} else {
}
}
_ }
}
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19 = private void btnOK Click(object sender, EventArgs e)
20 {

21 if (rl1.Checked) {

22 // fudan 21

23 Instructor 1;

24 i = new Instructor();

25 i.set _id(txtID.Text);

26 i.set_address(txtAddress.Text);
27 i.set_fullname(txtFullname.Text);
28 lbDisplay.Text = i.get fullname();
29 } else {

30 |

31 }

32 }

33 }

34 [}

2L RUlEI Aada115d dunsadinfvnsaanly attribute /
function naA1&@NaLLL KIaAa& person lalaglisiagun
851911



FE Forml

4578845

A5 AgwaA d4edinm

You are, id - 4578845, address :nwiLvw,
fullname : a5, igwad dailos




a1LdaninAn=N

1bDisplay.Text = i.get fullname();
} else {

// aRen undnin

student 1i;

i = new student();

i.set| id(txtID.Text);

i.set address(txtAddress.Text);

i.set fullname(txtFullname.Text);

1bDisplay.Text = i.get fullname();
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Hierarchy classes

1WolNus1eaideaalu

+uanda-sna'led()

Inheritance

+uania-gna'le()



Hierarchy classes
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. Woalnuswazldgaaslu
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AUARR person

Instructor : person {} // em#21915d
student : person { } // eamaunfnsn

main_Instructor : Instructor { } // #21sdidszan
special Instructor : Instructor { } // 21958t
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Reusable

oIWusSI8azdgaaslu
Inheritance

+uanda-gna'le()

+ aungidauizaule ()

+anLnsa‘le()
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doasouWuNWINalaay Generalization / Specialization 010
Problem Domain nfkualidelUd

Problem Domain 1
“sowenuiaukordobunainsey 4 Ussinnaod

1. uwwnd 2. weuia 3. auld 4. 19s0n”
uonNOINU Jodusuweula 8naoy

Problem Domain 2
“LIN1S10=SunUSINNYaaWUNOUlUUsS Bnawisnuvoantdu
WUNoULEULDAaT tazwanouwisning”



Problem Domain 1
. - : . Parent class
[sowsnuiaukoklobunainsey 4 Ussinndoll / superclass
1. uAnd 2. wenuia 3. auld 4. 191kn” P
uonoINd golysuweiula anaoy

UAAINSUDY S.I.

UAAINSUDD S.W. # o
= # srauds:=o1¢o
- %o \ .
- . . # chuUKuY
- sKaus=odo
- dUKUY # vondol)
= # vondiluKkuv
# vondol) . r 0
. . # muuayol()
# voandiuxkuo()
# muuada() / \ childe class
/ subclass
USUWEIUIA WANE WguIa 190N

+ Snuauld() + gaentkauld()
+ qua ()




Generalization Implementation in OOP

* LUIAQAMUKANMISIEVIAN

* Generalization Sams classes lRaglusUzaslasoasardu
su (class hierarchy) guiu similarities ua: differences

- 1snSenaaranodlus:dungonsizoo classes hierarchy 5
superclasses ua: naa'lus.oucnn:nm ‘subclasses”

* aowduwusiduuuu “is kind-of” relationship
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Inheritance and Polymorphism

* “subclass” Sutwnaaamuauid (inherits) suldun
attributes, operations ua: associations v101n
“superclass” govdolov

* udogwlsncnu i attribute KSa operation voo
“superclass” pnmkualisilkiilu “subclass” o=:1dums
“overrides” shiswnnikualdlu “superclass”

« goo:thluduuofiava




P, wuotdudadsstark i
Aau 1Judcdsdardy
, un Wudadsuanto
- %9
+ nu(

AU

b
Uun

+ NuU()

+ nu()

+ nu()

—_

zAu () [BkunU au laslEdou k2o Boulunisiu 1S9n31Ns

*k*

dolu AU doodnisusu

override method

N15%11 Override ¥nl#ALAA Polymorphism



Superclasses and Subclasses

- “Superclass” ishiionw attributes, operations ua: associations
soununu “subclasses” vavaarauus

» “Subclasses” U attributes, operations ua: associations 1am:
1Wuzavdiaies lazdanno: mkuatewlkuliiu attribute, operation
kSa relationship ASuuon “superclass” Ksoluila

*** subclass suaruauiavionnaul o:gmsusuilasu
wsolunla
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Inheritance - nalnnifiaon Specialization Abstraction

R-Subclass Superclass ua: Inheritance

onroadanwWIuul misi Specialize 1nao1n Class 16y K3a1S8nan
9810KUv01 Class 1Sudiu KSo KSO (Seed wugnv
Wwaawus) ua: Class ninaoinnisna Specialize uulsendn fun1o

Object Orientation 1sSgnns:=uouni1s Specialization 91 (U1
01N KU18Div NISHNENaA U NMsnlgnaan1oWugnssy 1Wudu)

donaosd1 lumsnii Inheritance Ao Subclass i Inherit v101n
SuperClass Uu d:=Gavlatuauidannagiova Superclass (o:u1antuauudalas
vov Superclass [ila) wuonnuatuauddniruniavidUlunda: Subclass 1aua
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R~ npintuiigeomsm Inheritance

msti1 Inheritance Guidumstignaaamuanidnnogivoin
Superclass lli310:10u Attribute k82 Function udiidonasdion
Visibility sao Attributes k3a Functions GuiinowduWusiumsm
Inheritance 1aualiufio

1. Private Attributes/Functions o9:thgnaauitlu Private
Attributes/Functions oo Subclass uddoun Inherit u19in Private
Attributes/Functions g Subclass o:liaansndniiolalas Function
ndoslu Subclass udlilduoinnmis Inherit

2. Protected Attributes/Functions yav Superclass o=
fhenaaundu Protected Attributes/Functions gao Subclass ailo
misidhiio Attributes ua: Functions vao Subclass iifiaownms
Inherit lunstido:rila lassu Function la 9 vao Subclass du laglu
f1iiodr0:1du Function iAlauroanms Inherit sgolu
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A Generalization Hierarchy

4 ">
#X_Position - | W
#Y_Position WANE
A —
I I
Ellipse Circle Rectangle
- Major_AXis - Radius - Width
- Minor_AXIs - Height

\Subclasses



A Generalization Hierarchy

s

#X_Position - | W
#Y_Position WANE
A —
I I
Ellipse Circle Rectangle
- Major_AXis - Radius - Width
- Minor_AXIs - Height

calculateAreal)

calculateAreal)

ubclasses

calculateAreal)



Class Diagrams-inheritance

Customer

&narme ; String
&paddress - String

¥creditRating)
4\34 (eneralization
4 SN
A ) UJ n
Y T A

Corprate Customer

Fersonal Custamer

& -contactMame : String
&-creditRating : String
t-creditLimit © Double

& creditCard# ; Long Integer

Sramind()
hillFortdonth()




Class diagrams-inheritance

A simple example of inheritance in Java:

class Clock {
private Time currentTime;
public void setTime(Time t) { ... }
public Time getTime(){ ...}

}

class AlarmClock extends Clock {
private Time alarmTime;
private boolean alarmOn;
public void setAlarmTime(Time t) { ... }
public void setAlarm(boolean on_off) { ... }

}

Alarm Clock
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Class diagrams-inheritance

Clock
-currentTime : Time
KN
+setTime(Time t) ﬁ\)\ v
+getTime() : Time C\%%
AlarmClock 57\)\\/3/ q}\

-alarmOn : boolean Q\’\l\
-alarmTime : Time
+setAlarm( boolean on_off ) C( O&Lj
+setAlarmTime( Time t)




- _ +setTime(Time t)
na'lniddsziaadiiuag

Inheritance inliitAa +getTime() : Time
Reusable

+ setAlarm(boolean on_off)

+ setAlarmTime(Time t)



Class diagrams-inheritance

Abstract classes and methods are indicated as being such by
italicizing the name of the class or method:

Shape

-name : String

+gethrea() . double
+getPerimeter() . double

T
Circle Rectangle
-radius : double -height: double
+getAreal) : double -widih: double
+getPerimeter() : double +getArea() . double
+getPerimeter() . double




Inheritance

- Class Diagram snunsaugadnisf§unaanmanad'le’
INaanANdaulun1sadunatiana a9il

BankAccount

owner : String
balance : Dollars

Figure 4: Inheritance is indicated

deposit ( amount ; Dollars )
witharawad ( amount @ Doflars )

by a solid line with a closed,
unfilled arrowhead pointing at the

&

super class

CheckingAccount

SavingsAccount

insufficientFundsFee : Dollars

annuallnterestRate : Percentage

processCheck ( checkToProcess
withdrawal { amount ; Dollars )

» Check )

depositMonthlyInterest ( )
withdrawal {amount ; Dollars )
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Figure 5: An example of inheritance using tree notation

BankAccoumt

owner : String
balance : Dollars

deposit { amount ; Dollars )
witharawa! { amownt ; Doliars }

£\

CheckingAccount SavingsAccount
insufficientFundsFee : Dollars annuallnterestRate : Percentage
processCheck { checkToProcess : Check ) depositMonthlyInterest { )
withdrawal (amount : Dollars ) withdrawal {amount : Dollars )
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+nan‘ﬂa-ana1ﬁ()

+uania-ana'ls() +uanita-ana'le()



na'lavisidse e
ANNNTVIN
Inheritance

+uanda-gna'le()
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Single & Multiple Inheritance

-generalizations intAnlu class hierarchies
nuaar “subclass” dwae 1 “superclass”
153e1n21 "'single inheritance”

1 o - a W ” - Y
cANUNIIOIUNNSOIN “subclass a1l le
unnA 1 “superclass” w\wuanan “multiple
inheritance”
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** 'in3snis 1Wunogovodly do [AsSunisdunoauioinaoaonald
Aoldulano wlomuiduinal uazwinoudueyms

Multiple Inheritance

Employee
I
Q\\]\ {r\ A A
GeneralStaff ProfStaff FullTime PartTime

N\V\H‘] P \Q \ ‘ Subclass with
Academic two superclasses
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Multiple Inheritance

** 35S dasnduny Mostwas ua: WusuwIKu:

/\ AN




Multiple Inheritance




0nsuo:iRudn 1nsoodu CD lddoton Attributes diwusudes
thu CD ua:  Functions 1duiwas 91nnsaotdau CD waounudu
Attributes  ua: Functions  wgovauiod lusruzidsonuldadotan
Functions 1du Video uooi1nsaviau Video CD vnudu Functions
Kkvgovaulae Fonnaswdsululdmunnvos Inheritance nodu uddo
naulofifio NotaSaoldu CD  1wav ua:insaoidu Video CD dioii
Attributes 8Kaikilounu uasnsooidu CD Aliawasnil Attributes
2 donfidaiklounula dodunividanifio Hudavidonnozion
Attributes @Ka01n Class la Class kiowiitiu inomsuadoysilunas
1dan lunsrid Subclass niiaon Multiple Inheritance du o:idan
191 Attributes KSo Functions n#adiuoin Superclass nlan
Inherit rouwaua doWo1sturoinsy  Subclass  Aodnodis o:i
Inherit riou Superclass nogmousaus
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* Polymorphism

msi Subclass niiaoinms Inherit 091n Superclass ua:
gnisdaudas Functions uwoesliiladacmu Superclass nokua
o:158n Class uuiinmuawud Polymorphism

Polymorphism 1Judonmsno:ilk Subclass ni
Functions 1agonunu Superclass (kSodnuanivha Subclass i

i Functions 1Jugaidsonunu Functions lu Superclass) iin1s
nivunuandIvnU
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sU nmwdraaouaav Polymorphism




fiulaadrailn fiulaagralune




3916628 &a9 2N 396§




39166728 &a9 21 39166 e U

5916678 A LTian




class human {
private String name;

public void walk() {
System.out.printin(“Walk with 2 leg”);

)

class ab_human {
private String name;

public override void walk() {
System.out.println(“Walk with artificial 2 leg ”);

}




1Wuns=udunN1Sgaunauydv
generalization uwdlEwalduldu uandionun
Q01SuduINIUU

1JuNISAUKIATUANBIUZSOUNU Y99
(sub)classes

WJumsLen LazAUKIATUANUIUANLFLYDY
(super)classes wali5la subclasses




Generalization and Classification (= is_a?)

1. Shep is a Border Collie.

2. A Border Collie is a Dog.
3. Dogs are Animals

4. A Border Collie is a Breed.
5. Dog is a Species

1+2: Shep is a Dog
1+2+3: Shep is a animal

Generalization is transitive (is kind of)
Classification is not transitive (is instance of)
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Polymorphism in VB.NET

Public Class Shape
Public Overridable Sub draw

MsgBox("Draw Shape")
End Sub -Prefix Overridable before Base Method
-Prefix Overrides before derived class
End Class ’
Public Class Rectangle
Inherits Shape
Public Overrides Sub dra
MsgBox("Draw Rec")

End Sub
End Class
Public Class Circle
Inherits Rectangle
Public Overrides Sub draw()
MsgBox("Draw Circle ")

End Sub
End Class
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Polymorphism in VB.NET

Private Sub Form1_Load(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles MyBase.Load

Dim s As Shape = New Shape
s.draw()

Dim s1 As Rectangle = New Rectangle
s1.draw()

Dim s3 As New Circle
s3.draw()

End Sub
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Polymorphism in VB.NET

Private Sub Form1_Load(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles MyBase.Load

Dim s As Shape = New Shape
s.draw()

Dim s1 As Rectangle = New Rectangle
s1.draw()

Dim s3 As New Circle

S1=53
s1.draw()

End Sub
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No polymorphism

Public Class Shape
Public Overridable Sub draw()
MsgBox("Draw Shape")

End Sub
Dim s As Shape = New Shape
End Class s.draw()
Public Class Rectangle Dim s1 As Rectangle = New Rectangle
Inherits Shape

1.
Public Overrides Sub draw() S draw()

MsgBox("Draw Rec")
Dim s3 As New Circle
End Sub $1=S83
End Class s1.draw()
Public Class Circle
Inherits Rectangle
Public Overrides Sub draw()
MsgBox("Draw Circle ")

End Sub
End Class
Public Class Triangle
Inherits Shape
Public Shadows Sub draw()
MsgBox("Draw Circle ")
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Calling Base Method

Public Class Shape
Public Overridable Sub draw()
MsgBox("Draw Shape")
End Sub

End Class
Public Class Rectangle
Inherits Shape
Public Overrides Sub draw()
MsgBox("Draw Rec")

Mybase

End Sub
End Class
Public Class Circle
Inherits Rectangle
Public Overrides Sub draw()
MsgBox("Draw Circle ")
MyiQEse.draw()
End Sub
End Class
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AN3RUN AR
INHERITANCE

(in JAVA)



This References

L131ENUNIRINANvA9LilalAYINN15RIAG
W& weidnstdaugenatinaluaaid a9 lu'lagn
g319tfluing 151aza 9 lsiaan9'ls @13 “this”
3872 aTinNsa19 896Ul Taa 9 LD &5

TaaAg w50 vin'le
 Using this with a Field
- Using this with a Constructor



Using this with a Field

public class Point {

publicint x = 0;
publicinty = 0;
[ | constructor
public Point(int a, int b){
X = a;
y=Db;
bs
)

-

public class Point {
public int x = 0;
public inty = 0;
/ [ constructor
public Point(int x, int y){
this.x = x;
this.y = y;

<~




Using this with a Constructor

public class Rectangle {
private int X, y;
private int width, height;
public Rectangle() {
this(0, 0, 0, 0);
)
public Rectangle(int width, int height) {
this(0, 0, width, height);
}
public Rectangle(int x, int y, int width, int height) {
this.x = x;
this.y = vy;
this.width = width;
this.height = height;
)




INHERITANCE

» Inheritance fusduuuaasasinaduunlding |
aavdansiwId dana1glnicgnas19INN1TTURY
pnvNARFNNaL asIU Attribute wasaIu
2ad Method wazaa&luldugIuTaLANLA
ANURIUITAUIUTENITANEDINTS

e MIUUARNRNQNFINI TUNAL AT UAUFNTAUDY
ARRLANLRSLANAURNTAUNIUTENS



INHERITANCE

MountainBike RoadBike TandemBike



siuul

guyAI1d Class A wastssadn1s&sn class B
leﬂ’iﬂﬂﬂlﬂﬂ]ﬂ'mu(;ﬂ\‘]‘] a1n Class A &91L57
fagn1seauds9 class B Aan1sifin keyword
“extends” N ldavuanalugil




Super class & Sub Class

*Class A : parent class/base class/super class
 Class B : child class/extended class/sub class

class A {

void printA() {System.out.printin(‘'A’); }
}
class B extends A {

void printB() {System.out.printin('B’); }
Y
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nasdunamann Super Class

funaa (Sub Classes) &unaaguinnnati(wanii
tiguasiuasasa) nnafiias Super Class gatiu
» The private member of Super Class
 Constructor of Super Class

class InheritTestl {
public static void main(String args[]) {
A x = new A(); x.printA();
B y = new B(); y.printA(); y.printB();
bs
by
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KEYWORD “final”

1& final 13110 Class g1 lisiavn1s Tt Class Tu&
Nan e

classA{inta=1;}
class BextendsA{intb=2; }
final class Cextends B { intc = 3; }
class Inherit2 {
public static void main(String args[]){
C z = new C();
System.out.printin(z.a+z.b+z.c);

h
¥




REFERENCE

class A {int x;}
class B extends A
{int y;}

A a=new A();
B b=new B();




neagaullsnsy

classA{intx=1;}

class Bextends A{inty=2; }

class Inherit3 {

public static void main(String args[]) {

A a = new A();
System.out.printin(a.x);
B b = new B();
System.out.printin(b.x + “,” + b.y);
b.x--;
[/ b=a;
a=>b;
System.out.printin(a.x);

5 S




Constructor Chaining

« Liadin15&919 instance wavAa&gndu constructors uav
ARNFUTTWUTEVIINRUA 29NN

class A { A() {System.out.printin(*A");} }
class B extends A {
B() {System.out.printin("B");}
by
class ConstructorChain {
public static void main(String args[])
{ new B();}
bs
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Super Reference

- 12f keyword 31 “super” wnu class 7 inherite 1Walzdluns
81989 member aav9 super class

« Tun15a9 super agnuadaInl data member dnsnntaalu
SEUDIUTTWLITH 12U

A B extends A C extends B
this.x
this.Y
Super.X thiS.X Super.X Super.Y



Super Reference

class A {
int a;
void print() { System.out.println(a) ;}
}
class B extends A {
int a;
B(int x, int y) {super.a = x; this.a = y;}
void print() {
super.print(); System.out.println(a) ;}
}

class Superl/{
public static void main(String args|[]) {
B b = new B(1,2);
b.print() ;




Super Constructors

class A {
A() { System.out.println("A") ;}
A(char c) { System.out.println(c); }
}
class B extends A {
B() {
//super('a');
System.out.println("B") ;
}
}

class SuperConstructor {
public static void main(String args([]) {new B() ;}

}




Shadowing

fsnnnuue data member lunanagnimewmieniu data member lunanaus Taves
gnaziiyshadow)salunanauy

A B extends A

&

class A {int x = 1;}
class B extends A {float x = 2.0f;}
class Shadowing ({
public static void main(String args[]) {
B b = new B();
System.out.println(b.x) ;




Overriding

a1iiua method Tuaan&andl signature tmilaudu method Tu
ARNEWN nasnssnaasanazauals(override)nafnssulunaai

A B extends A

- class A {void print() {System.out.printin("A");}}
' class B extends A {

- void print() {System.out.printin("B");}

'}

' class Overriding {

public static void main(String args[]) {
new B().print();



NagaUnITRUNAAAURNTAUDIARH

153211211 Jeudnwaluag UML

# name : String
# age :int

(Unified Modeling Language)
- private

+ People() : void

+ getAge(): int

+ People(String,int) : void
+ setName(String) : void
+ getName(): String

+ setAge(int) : void

+ doWork(): void
+ toString(): String

+ public
# protected

"RERET]

- gpa : double

+ Student() : void

+ Student(String,int,double) : void
+ setGPA(double) : void

+ getGPA(): double

+ doWork(): void
+ toString(): String

- department : String

+ Teacher() : void

+ Teacher(String,int,String) : void
+ setDepartment(String) : void

+ getDepartment(): String

+ doWork(): void
+ toString(): String




Class People

public class People {
protected String name;
protected int age;

public People(){
this(null,0);

¥

public People(String n,int a){
nhame = n;
age = a;

¥

public void setName(String n){
name = n;

¥

public String getName(){
return name;

fa

public void setAge(int a){
age =a;
}

public int getAge(){
return age;
¥

public void doWork(){
}
public String toString(){

return "Name : " + name + " Age: "
+age;
}
}




Class
Student

public class Student extends People {
private double gpa;

public Student(){

this(null,0,0);

}

public Student(String n,int a,double g){
super(n,a);

gpa = g;

public void setGPA(double g){ gpa = g; }
public double getGGA(){ return gpa;}
public void doWork(){
System.out.printin("Study in school");

}

public String toString(){

return super.toString()+ " GPA : "+ gpa;

)



class Teacher

public class Teacher extends People{
private String department;
public Teacher(){

this(null,0,null);

}

public Teacher(String n,int a,String dep){
super(n,a);

department = dep;

}

public void setDepartment(String dep){department = dep;}
public String getDepartment(){return department; }
public void doWork(){
System.out.printin("Teach in school");
}
public String toString(){
return super.toString()+ " Department : "+ department;




class Demo naasunsninu

public class Demo {

public static void main(String [] args){
Student s1 = new Student("Winai",15,3.5);
Teacher t1 = new Teacher("Pranee",30,"Science");
System.out.printin(s1);
System.out.printin(t1);
s1.doWork();
t1.doWork();




Polymorphism

With java



Polymorphism
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inheritance & overriding

class Figure {
double width, height;
String name;
Figure (double w, double h, String n) ({
width = w; height = h; name = n;
}
public String getName () { return name;}
public double getArea() { return 0.0;}
public void setWidth (double w) { width = w;

}
public void setHeight (double h) { height = h;}
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inheritance & overriding

class Rectangle extends Figure ({
Rectangle (double w, double h) {
super (w,h, "rectangle”) ;
}
double getArea () { return width*height;}
}

class Triangle extends Figure {
Triangle (double w, double h) {
super (w,h,”triangle”) ;
}
double getArea () { return 0.5*widht*height;}




Polymorphism

class PolyEx {
static void compute(Figure x) {
System.out.printin(x.getName()+" is”);
System.out.printin(x.getArea());
by
public static void main(String args[]){
compute(new Figure(1, 1, "undefined”);
compute(new Triangle(1, 1));
compute(new Rectangle(1, 1)),
b
h
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Polymorphism

class A {

void print() { System.out.println(“Im A"),; }
}
class Bl extends A {

void print() { System.out.println(“Im B1”);}
}
class B2 extends A {

void print() { System.out.println(“Im B2”);}
}
class Other {

void call (A a) { a.print(), }

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

call (new A()); call(new Bl()); call(new B2());

}
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