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Paradigm Evolution

Procedural 1950s -1970s (procedural abstraction)

Data-Oriented early 1980s  (data-oriented/ADTs)

Object-Oriented  late 1980s (Inheritance & dynamic
binding)

Procedural abstraction

— nszuiun ey Inlilusunsuwesaulawa interface senineilendunay
Shwiauesls WngludesindusdesaulasvasiBuniniaulaegnsls

— Sort(list, len)



Abstract Data Types (ADTSs)

Hurindoyafiairaulnedifoulusunsa (user defined data type)
a519laely structure ﬁﬁiumm imperative
delitindoyaildnuldedisaondty Asidnumse

o FwazBuAveINNUtayadetlilinudAynanisldnusintays

o Joyanieluazlignansiislalaemss uws1unne operations finviuall

FID819Y N1W1 Modula-2, Ada  --> object-based



Abstract Data Types

® Build-in type ffo ADTs 1uia

* float lunw Java
— vosliiuNsSLUTaYs
— Operation Nnadu build-in
— Qldanunsaniviun object Wuwlindeya float 161

* User-defined ADTs 2¢#89lanwisbuuLaeInUu Build-in ADTs



Abstract Data Types

dl v v Y = 1 =
AN718319 ADT ladesiinaln 2 9819 Ao
e Encapsulation \Waudayafiu operations uynfnriudumiignis
e Information hiding \#oMvuAYaULYAlUN1TONRUBYaYTE operations Ya4Yiln
UVOUANTY
Y
Y A
VP
— YRDN1TINNITIATIATINUBILUSIATH
— uAlaasudlaslaagain
— paulwausndiula
— annsawasunisunudeyals lagldiinansenunagly

— Reliability Ingn1sgeunisunuteya fldlianunsainftayaluinglalaenss



Abstract Data Types

* Tun19911 encapsulation 14 Java/C++ 14 class
* Tun1591 information hiding 1¥ access control modifiers

ADE1aU 11 Java
— private audngnansdialaainanelu class wirty

— public auTngna1fialaan class laq NuaaLiiu

— protected @un%ngnenanlaain subclass
139 class 14 package LRgIfiuy

— laiflsey (default) au1Tngne19diean class 1o
U package A8




Categories of OOP Language

atfuayu OOP Tasifudruiiaunlunuiiegud
— C++ (aﬂuagu orocedural Wag data-oriented programming Ae)
— Adad%5 (aﬂ’uagu procedural Wag data-oriented programming fg)
— CLOS (aﬁfuawu functional programming A7)
— Scheme (aﬁfuayu functional programming A3¢)

atfuauy OOP usiadldlassadnafiugiuuuunty imperative
— Fiffel (Dun e luilifisnngiuanainaela)

— Java (391n371UNN18N C++)

A1 OOP ag19the (Pure OOP) 191 Aw1 Smalltalk



Characteristics of OOP

Encapsulation
ADT = Class

Information hiding
Inheritance
Dynamic binding

— Polymorphism



Imperative VS Object-oriented

Imperative

Top-down design
Procedure-oriented
Algorithm

Share global data
Program-data separation
Data transportation

Single flow

Object-oriented

Bottom-up

Object-oriented

Behavior

Information hiding
Encapsulation

Communication with messages

Multiple objects



Procedure-oriented VS Object-oriented

o Jeun : ADINITIIALKNURS

LHURS (diagram) N@519TUAINFUNTIAN 9 (shape)
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Procedural thinking

Procedure draw (diagram d):
begin
for each shape sin diagram d do
begin
case s of
box : code to draw a box;
ellipse : code to draw an ellipse;

arc: code to draw an arc:;



OO Thinking

Box Ellipse Line Text
Circle

NS UNUTLANTBIFUNTS

Shape

//\\

Box Ellipse Line Text

I
Circle

Class hierarchy 483 shape
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OO Thinking

Class Shape
methods

variables
width, height, align

initialize, draw, offset,

setwidth, setheight, setalign

Class Box
methods

draw, offset

Class Ellipse

methods

draw, offset

N e

|

Class Circle

methods

initialize

Class Line

methods
initialize,draw

variables

shadow

Class Text

methods
initialize,draw

variables

string

Class Arc
methods

draw, offset




Complex number in C

#include <stdio.h>
Typedef struct { double r, i; } Complex;
void init (Complex *a, doubler, double i) {
a—>r=r;
a—>i =i
}
void printComplex (Complex a) {
printf(“%1.1f + i%1.1f”, a.r, a.i);

}
Complex add(Complex a, Complex b) {
Complex c;
cr=a.r+a.r;
ci=a.i+b.i;
return c;

void main() {
Complex x,vy, z;
init(&x, 1.0, 2.0);
init(&x, 1.0, 2.0);
z = add(x, y);
printComplex(z);

init| |add

print

15



Complex number in Java

#include <stdio.h>
class Complex {
private double r, i;
Complex (double x, double y) {
r=x i=y;
}
public void add(Complex c) {
r+=c.r, i +=C.i;
}
public void print() {
system.out.printin(r+”+i“+i);

class ComplexTest {
public static void main(String args[]) {
Complex a =new Complex(1.0, 2.0);

Complex b = new Complex(3.0, 4.0);
Complex ¢ =new Complex(0.0, 0.0);

c.add(a);
c.add(b);
c.print();
}
! -r : double

-i : double

+ Complex() : void
+ add() : void
+ print() : void

16



OOP Concepts

Class

Object, instance
Subclass, derived class
Superclass, parent class

Method, behavior

Message
Inheritance
Polymorphism
Overriding

Encapsulation



Object-oriented concept

* Jng (Object) lUazivaniug (state) LTutayavaiale
LAZAINNTIYINNAINTIUUINBENGLA 1 Awial Waguteya
ANABNIDLANBUNUINGEY

v %4

® UNLIYU > 610

q

A

o UBYa : Y8 N10g NANTLTEY
o AANTTU : MBUAININGNY 9 LREINUMILBLlA, AnsaiiogHagey

* flsluniw Imperative llaunsainaangfnssuasnis
yinureingiiuile



Class & Instance

< o Ly o % a LY
* Class WunalndwSummualassasisasnginssuvaaing

* Instance QNATINTUNBIIRBINTTYININIUYRLIng LY class T

14

o fluiivihoanuddmsuiiudoyavesing

o il method dw¥unseyidadena Wieldmouiu instance Bu

o A11130@5 instance Y04 class vy instance lneLAazFI9L
Tassashawvilouiu unideyaiiieiuly

e aasNe instance Wi TUALTORELRY 9 aunNAdlAsSunly

® Class -> Type

® |nstance -> Variable



Class

* Class Wuauuu (blueprint) lun1sasng object Usenause

— Attribute == state == data/variable

— Behavior == method

* QObject Uy instance of class

Person
Class

20



Attribute & Behavior

* Class UsenNaumgdaudn 2 Usetnn Ao

o data member foanTniiudoya aralumadn fauUsvesuie
Toyanugu wseduusndu object > Attribute

e method member fAaaunTnUuilandu Yenouauadra message

S8ndU 9 91 method -> Behavior

+ name : string
+ height : float
+ weight : float
+age :int

+ sex : string

+ walkAhead() : void
+ turnLeft() : void
+ turnRight() : void

Person
Class



Method

UszLnnUe9 method
* Constructor MmuuaALSNAULA object ¥8 method Aae class bl return type

* Destructor lglunsAauNunlumieaINdn 1l return type

* Accessor Mip1UANUDY data member JYUAIDVURUMIY get MUAILTD data
member WU getName() i return type Lﬂu%ﬁﬂﬁﬁaﬂﬂa%ﬂ data member 14U
* Mutator llUasuulasn1ve9 data member HEUFITBIUAUAIE set MIUALD

data member Lazsun1s1imasSiduaAI Nz vuaLy data member lddl return
type



Method Examples in C++

class Human {

private:
int Age;

public:
Human() { Age=1;}
int CalSum(int,int);
void SetAge (int Num) { Age = Num; }
int GetAge() const { Age++; return Age; }
~Human();



Person Class

+ name :

+ age:

+ sex :

+ height :
+ weight :
+X:

+ Person(

name:
sex:

, age:int,
) : void

+ WalkAhead(
distance:int ) : void

+ CanDrink() : bool

+ ToString() : string

tribute of

public
Person public
Class rindde
public
public

hlic

| public

i

I

this.name

this.agr =
this
thia
this
this

SLIring name;
int ager
AatTring sS=xX:
~“locat helght;
Zloatc welght:
int x:

Perzson (=2tring name,

- e
AF -

3= i DR |

Jhcight — 160;:

weight = 50:

v =

Class

int ‘ajye,

é] pubrlic vold Walkdbieogd (in. digsldnce)

gTring Sex)



Class

Person Class

+ nhame : i
+ age : AT IS B R i ¥ i 100
+ sex : — ! =

. Punlic STIING TameE;
+ hEIght ’ Person public int age;
+We|ght: Class manlic aErimy 82x:
+X: public “loat™ helgnt;
+ PEI"SOI’]( public “loatc weight:

puhlic okt =x:
name: , dge:int,
Sex: ):VOId =] rublic Person (s2tring name, int ajye, =STtring sax)
+Wa|kAhead( J; this.nam:s = Dam=;
distance:int ) : void D ——
+ CanDrink() : bool e
thia.hcight — 160;
+ ToString() : string this.welght = 30:
thlgs X =- 0f
- }
‘;| pubrlic vold Walkdbieogd (in. digsldnce)
{




Person Class

+ name :

+ age :

+ sex :

+ height :

+ weight :

+ X :

+ Person(

name: , age:nt,
sex: ) : void

+ WalkAhead(
distance:int ) : void

+ CanDrink() : bool

+ ToString() : string

Person
q§s

Publig Tloas werght:?
public int =2

public Person{=2ciling name, 1nt ajJe,
{

thiszs.name = name;

this.age = ages:

thi=z sy = Zanr®

this.height = 1&0;

this.weight = 50;

thia o =

public void Walkfhead(int distance)

{
X =X 4+ distance;

public bool CanDrink{)
{

gzring =zex)



Person Class

+ name :

+ age :

+ sex :

+ height :

+ weight :

+ X :

+ Person(

name: , age:nt,
sex: ) : void

+ WalkAhead(
distance:int ) : void

+ CanDrink() : bool

+ ToString() : string

Person
Class

Thiszs _ namse = pname:
this.age = age;
el 0 i e e T AL, [l o

thizs. height. = ThM:
Thls.welghe = 302
thias.x=z — 0;

public void Nalkihead (int
i

e B R o [ e D o T

Lad

public bool CanlDrinki)
{
ir jage > 20)
re-uro truae;
return. false;

b4

Method

distances)



Person Class

+ name :

+ age :

+ sex :

+ height :
+ weight :
+ X :

+ Person(
name: , age:int,
sex: ) : void

+ WalkAhead(
distance:int ) : void

+ CanDrink() : bool

+ ToString() : string

Pey on

CF%

b

public void Walkfhead{int distance)
1

x = % 4+ distance:r

pahTic ool CanbDrinki)

i
if age > 20)
retnrn Lrus:
re L Craltses
b

public overrid=s atring ToStrcingf)
I
reurn nam= 4+ "|" 4+ age - "|";

B



Person
Class

Object/Instance of Class

Person Class

+ name : string
+ height : float
+ weight : float
+age :int

+ sex : string

+ walkAhead() : void

+ turnLeft() : void
+ turnRight() : void

+ name = “Oak”
+ height = 210.3
+ weight = 55

+ age =20

+sex = “male”

+ walkAhead() : void
+ turnLeft() : void
+ turnRight() : void

+ name = “mint”
+ height =173.4
+ weight = 89
+age =99

+ sex = “male”

+ walkAhead() : void

+ turnLeft() : void
+ turnRight() : void

+ name = “Eve”
+ height = 160

+ weight = 199
+ age =19

+ sex = “female”

+ walkAhead() : void

+ turnLeft() : void
+ turnRight() : void

29



Reference Variable

Primitive Reference
s T T \ Y
[ inta=5 I I Circle a= new Circle(5); |
: int b=3 I : Circle b= new Circle(3); |
| |
| |
I a=b : | a=b :
| I | I
N oo / N oo
In Memory In Memory
a=18 a

b=3 b




Message

Class Wumszunuantmnig ¢ ¥4 object

HDHNISANUANUNEINSU object 1Tl9aziN158579 instance YU
Object wiazsIzAnANUlAENITSUAY message

1318 object A5U message a¥ execute method 7LRLNEAULING
ARUAUBN

Message Usznaunie 2 @4 Ao e method waz destination

object



Person -
Class

Static vcid Main(sScringl] argsi

i

BN filey//E/Project/testCEhartCons:




Inheritance

1518101508314 class Tudle I class Ngnasiauasldanuaguan
uUFulsnlasukladtmmnzauduntnnlvdfineanis

class Wwnazgansbraulaudy Senindy superclass 158
parent class U9 class 1l

class Tvaglaaun¥nuss class LWHuLINSauAULNSINANNTN AL
viaoLUAsuwUasannniled fuliisngly au3enindu subclass
1158 derived class U84 class LAl

nalnn1sase class wuvilisendn MsaunenAuausn e

inheritance



Class Shape
methods

variables

initialize, draw, offset,

setwidth, setheight, setalign

width, height, align

Class Box
methods

draw, offset

Class Ellipse

methods

draw, offset

Superclass & Subclass

N e

|

Class Circle

methods

initialize

Class Line

methods
initialize,draw

variables

shadow

Class Text

methods
initialize,draw

variables

string

Class Arc
methods

draw, offset




Inheritance in C++

* class la9 lagndumadu subclass v class Ta class nils

*  A5WND9ENTn (Access modifier) Tu class 4 3 'g‘lJLL‘U‘U

—  Private aun¥ngnansiislaanizniglu class wag friends Wintiu (il
subclass Ly subtype)

—  Public aun@ngnénedialaann class lae inewdiu class Wulane

client

—  Protected aundngnansdalnnielu class wag subclass 8nviy client



Inheritance Example in C++

class A {
public:

int Xx;
char f( );
A();

Iy

class D : public A {
int Xx;
intg();

J

class D U subclass U84 class A
Object 94 class D 1@u1%n 4 A7A

o ¥y data member fidunen (inherit) 11270
class A (A::x)

e 17U method NAUNDALIAIN class A
* U data member NUsEANALRNLY class D

* ¢ YU method fiuszniadialy class D

36



Inheritance Example in C++

class List { &11Tnva4 object Tu class Queue
prgleal’lci :rear; Public function
public : Queue added(constructor)
List(); get added

int  empty();
protected: put added
void add(int);

void push(int); Listzempty  inherited

int get(); Protected function
b o add inherited
(F:)Ijgfiélzueue : public List { oush inherited
Queue (); List ::get inherited

int get() { return List::get(); }

void put (int x) { List::add(x); } _
Iy

37



Inheritance Example in C++

class Student: public Human
{
private:
int Score;
public:
void SetScore(int Num){
Score = Num;
}
int GetScore() {
return Score;

int main() {
Student Miki;

Miki.SetAge(40);
Miki.SetScore(88);

cout << "Age :" << Miki.GetAge();
cout << endl;

cout << "Score :" << Miki.GetScore();

return O;



Inheritance in C++

* MIFUNBAANENURAINNTANINUA access controls (private %58
oublic YMlanusalasunisinieann®nly subclasses o

— Private derivation @11%n (Y14 Member Function uag Data Member)
Tudiuwes public wag protected Tu class wiagnaeduaunnues
class gnludnueg private

— Public/Protected derivation @u13nuad class wuaznanetduaunan
994 class gniflanwaszilu public/protected

* derived class 9z luan15a1019987U private 984 parent class ba
NGRFGATIETN



Inheritance Example in C++

class base class {

private:
int a;
float x;
protected:
int b;
float vy;
public:
int c;
float z;
I
class subclass 1 : public base class { .. };
// In this one, b and y are protected and
// c and z are public
class subclass 2 : private base class { .. };
// In this one, b, vy, ¢, and z are private,
// and no derived class has access to any

// member of base class

Copyright © 2006 Addison-Wesley. All
' 1-40
rights reserved.



Reexportation in C++

* audniilianunsadidslaly subclass Weoswinnsvi private
derivation a@nusavilvlaasiu/dalalaenisly scope
resolution operator (::)

* A29Y19LU

class subclass 3 : private base class {
base class :: c;



Example 1

class single linked list {
private:
class node {
public:
node *link;
int contents;
I
node *head;
public:
single linked list() { head = 0 }
vold inseart at head(int);
vold insert at tail (int);
volid remove at head();
int empty () ;
b

Copyright © 2006 Addison-Wesley. All
1-42

rights reserved.



Example 2

class stack : public single linked list {

public:
stack();
void push (int value) {
single linked list ::inseart at head(int value);

}
int pop () A
return single linked list::remove at head();
}
bi

class queue : public single linked list {

public:
queue () ;
void enqueue (int value) {
single linked list ::inseart at tail (int value);
}
int dequeue () {

return single linked list::remove at head();
}
bi

Copyright © 2006 Addison-Wesley. All
1-43
rights reserved.



Example 3

class stack : private single linked list ({

public:
stack () ;
void push (int value) {
single linked list ::insert at head(int value);

}
int pop () A

return single linked list::remove at head();
}

single linked list::empty()
}:

class queue : private single linked list ({

public:
queue () ;
void enqueue (int value) {
single linked list ::inseart at tail (int value);
}
int dequeue () {

return single linked list::remove at head();
}
single linked list::empty()
b

Copyright © 2006 Addison-Wesley. All
1-44

rights reserved.



Dynamic Binding & Polymorphism

Method overriding {un1siuunavas method Tu subclass T
Hyelauny method Tu parent class iiiailagullasnisvingu
method Tu parent class Tutn7nduly subclass

135 binding 31%® method 7 instance @y method ¢ala ag
MUY dynamic binding

LUIAALUNNSIANISAU instance U84 class NH19AUAY method
LALINULT8NI1 polymorphism

polymorphism tJuni1satiuayuniseansuuluswnsuelalday
AU wIen1sinauunlglaen



Abstract Class

method 71911115 overriding A®3dl protocol NAlpUNY

method N mualu virtual azaunsasenlakiu polymorphic
. . . Cof .

variables kagnN15 binding Y84 message LLUULUU dynamic

binding

oure virtual function 3zluiin1sianulae

class a9 913 pure virtual function @819 function 3
Seninlu abstract class



Framework

Class Shape
methods

variables
width, height, align

initialize, draw, offset,

setwidth, setheight, setalign

Class Box
methods

draw, offset

Class Ellipse

methods

draw, offset

N e

|

Class Circle

methods

initialize

Class Line

methods
initialize,draw

variables

shadow

Class Text

methods
initialize,draw

variables

string

Class Arc
methods

draw, offset




Polymorphism Example in C++

class shape {
public:
virtual void draw() = 0;

}

class circle : public shape{
public:
virtual void draw() {...}

}...

class rectangle : public shape{
public:
virtual void draw() {...}

}...

class square : public shape{
public:
virtual void draw() {...}

square s;
rectangle r;
shape &ref shape =s;

ref_shape.draw();

r.draw();

48



Method Overloading

* Method overloading LUun1si58n method wilage
argument fuansneiululunsiSonusazads uazazded
a8 9 method dnSuUNISITEALAAZLUY

* U method lunsuinenausenause 3 method 34
argument AU AB
e function add(x:integer; y:integer)
e function add(x:real; y:real);

e function add(x:integer; y:real);



Multiple Inheritance

®* Multiple Inheritance Junsade class Tudan superclass
11NNI1Y class

* aaNInTednulL superclass NEUNDANN 14 scope resolution
operator () lun1553YauITNN19ne 1w AzgetN(), Bux:getN()

class A{...};
class B {...};

class C: public A, public B{...};



UML

® Unified Modeling Language

UML gnlglunisaaarsiunielung welmanlanssiu siunsgiglung

UUNTY UUNAIY U9LUsInNsy

=<Enumerations:=

| FoodOrder
| Drink
| Aftnbutes
|- plzzalist: List=Pizza> Altributes
s -gize - 5
[- drinkList : List=DOnink= LSSt
| - drinkType | DrnkType
| Operations
| + FoodOrder{ ) _ : Cparaticns
|+ addPizzal pizza  Pizza ) void ] Drirk{ drinkType - DrinkType )

| + addDrink| drink ; Drink ) ; void

|+ removeFizzal pizza: Fizza ) bool
| + removeDnnk| deink - Drink | - baal

| + petPizzalrderlist] ) List<Pizza>
| +getDnnkOrderList{ }: List<Drink=>
|+ getTotalPrice| | double

+ getSizel ) : Size

+ getDrinkTypel 1 DrinkType

+ getSizel gize : Size ) vmd

+ setlirinkType{ drinkType - DnnkType | ; vaid
+ getPrce| ) | double

+ TaStringl | string

DrinkType

Lierals
COKE

SEVENUP
MIRINDA

?

Pizza
Attnbutes
<=enumeration=» -size Size
Topping  topping : Topping <<enumeration>>
Size
Liderals Operations
MUSHRDOM + Pizzal ) el
CHEESE + getSize( | Size SMALL
FINEAPFLE + getTopping ) Topping MEDILIM
VEGETABLE + gatSizel size ; Size): void LARGE
NOME + setTopping( tepping - Topping §  void

+ getPrical | doubls
+ TaString] ) string

Resource from http://www.thaiall.com/uml/indexo.html

A19819999 UML

Class diagram



Many Types of UML

«interfaces
Coupon_Cal

Cal NOTE

Cal implements Coupon_Cal

=buyCoupons{amount iint ): Transaction
+refundCoupons{coupons:int []): Transaction

ul

Main

-cal:Cal
-transaction: Transaction

Cal

+main{args:String [):void <static>

+runi J:void

A+printUIC void
it Tnput :void
+buyInterface{}:void

+buyCoupons{amount :int ): Transaction
+refundCoupons{coupons:int [J):Transaction
T

buyCoupons Method

take the amount of money
to buy coupon and

return in Form of transaction

refundCoupons Method
take the amount of coupon
to refund for money and
return in Form of transaction

i

Transzaction

e ek ]

=arrount;ink

Fiemareh_¢

- a c ol fre 1o v,

- AEFL L =" ¢ oy = sbajrand onb>
[ "5 sEBCunriEype: Tar . OUDOnS: MEL J, S OunE: mey
+gakloupatz(iint []

+5etl oupanslooupore ant{ 1) voed
Fgekmourkiint

A58 E A TOUnE(amoUnEing kvod
+gekTopadn Shring

FEatlyEe typa:charvord
+zhringDescription] ¥ String

Trorzackian NOTE

coupons conkain nunbsr of coupon ndl type
ereaunt eankain rmoney Hist racord in bransackion
type contan bype of tramsaction has 80Uy ared “REFLMD"

stringCescription Msthod

rebure skrieg Fareea e

Z red, 1 bus S green

by sing Exerrpoe

Erintf(*ed %3, * coupons{i],couponstype(i).oolor(1);

ot T T ) e

Coupomn Fype

+valusang <read onvs
+edlar Shrneg <read only >

L GUPOn 1yDe e, Sring )
HiinVasluaCFCoupars={) ink
Acaar()Srng
F-ealuakint

Cowspnn Type BOTE

Coupaon Topa has this enom
HIGH{ 100, =},

MEDIUM | 50, biua™),

Lo (10, "green’);




JaaUas OOP

119978 INS12A15YINUUSsULdlaunisanasaviteoululan
9349 Ingodenisueamnegnulu object FuAasiiintnas
AUV L UF

U395 wazunlulusunsuladne
dAuUasnegs lns1EInn1snu error tan
unaunlgludle (reusability) anduneulunisi@eulusunsy

LWswnsusinauning Toleuane platform



UaLdgUas OOP

laen dwsuRsuau s ulusunsy vseatnleulusingy

LUU procedural
19Ul 1N TN TUSILASUD U

ANNAUAININ a1dlaNEE multiple inheritance
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