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Inheritance Inheritance
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class <derivedClass> : <baseClass>

class Shape

{

class Circle: Shape

{
}
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Motivation

class Student

{
string name;
int age;
public int GetAge() { return age; }

int id;
}

Repeated code!

class Staff
{

string name;
int age;
public int GetAge() { return age; }

double salary;

}

Inheritance Syntax

o 4% 2Y
= A9 SEA0| SSUHE Ho|
» St9| 2420 2R HHE =7t
class Person
{
string name;
int age; Person0&= 35 £&
public int GetAge() { return age; }
}
class Student : Person
{ OF Oj D& =
int Id, Student 0" L AT ElH'I = T7|'
}

class Staff : Person
Employee 02t = BHE =7t
double salary;

}

Memory Allocation
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Private Class

class Person
{ Student s = new Student();
Base string name;
fields  int age
name
} age
class Student : Person ’TI\» id
. {
I?erlved—> int id:
field

}

O Private 222

w 7|8t S 2T} private 2
o ZeAE B = o

private class Person {

}

public class Student : Person { // 2 7 &

}.




Member Access

o 7|8 S Y M

a 7|8 2229] protectedS} public2 2 A HE HHDIS A4
- N% g2 YHE Ju S20lM HE XIPXE KX

class Person {

protected string name;

protected int GetAge() { return age; }
}

class Student : Person {

int id;

public int GetID() { return id; }

static void Main () {
Student s = new Student();
int age = s.GetAge(); // M-“—."-.5_ AHIOM 7| AH|o| HIAE SF
int id = s.GetID(); /) ASE UK KMo HAE SE
/1 SEE AHOM 7|4 M| protected HH EE SF
Console.WriteLine(“&H8 0|&: {0}"”, s.name);

Member Access

o 7||:||_ E-EHAol AHA—Ix|-

e N — |
ol S AMMXL : base() {
}
m DHOF Qo] 2t 20| HAIMORE ZESHK| YO H LAFHOR
72 MHEXE =&

public class Car
public Car() {} // protected/publicZ} OfL|{ TP Z 2 A0|M error
public Car(int wheel) { this.wheel = wheel; }

public class Sedan : Car{

Sedan() {} // Sedan() : base() 2t S (YA|IH 7|HtE2|A MK} =)
Sedan(int wheel) : base(wheel) {} // %'AIJE*.EE 71492 A MMX S =

}

base 7| E

O base 7|} E
= 7|8t 220 HHE LIEHY
w &9 Sei20 MHE 519 S 20 XHE 2| (override) St S
42 CIZEE £ override 2 HH
= 9 S2o HMHE MBS B YA
public class Car {
protected bool gasoline;
protected Car() { gasoline = true; }
protected Car(int wheel) { this.wheel = wheel; gasoline = false; }

public class Sedan : Car {
private bool gasoline;
Sedan() { gasoline = false; } // base.gasoline=true, this.gasoline= false
Sedan(int wheel) : base(wheel) { gasoline = true; }
public void SedanMove() { if (base.gasoline) ... if (this.gasoline) ... }

Constructor Initializer

O base(argument-listopt)e &% T2 &% 229 WXt ==
o this(argument-listopd= Xt7|AHIOIM Ho|ot CHE WEHA 2=
using System;
class A {

public A() { Console.WriteLine("A"); }

}
class B: A {
public B() { Console WriteLine("B"); } // B() : base()2} &%
public B(int foo) : this() { // B() @ E5t1 t =0 of2ff BHE &
Console.WriteLine("B({0})", foo);
}

A
class DefaultlnitializerTest{
public static void Main() { A
A al = new A(); B
B b1 = new B();
B b2 = new B(100); A
B
B

(100)




using System;
class C {
public int value;
public C() : this(100) { // C(foo)& &%t F0j o2 BHE ==
Console WriteLine("C");

Has-a Model

) o Al&o| 7|20l
public C(int foo) { -a BHA|= 28 91 ZO|H '~ O|CHEt= o|O
value = foo; Console. WriteLine("C = {0}", value); = is-a IS L 2o |0 I_l Fer= 2lo|
} = has-a #A= 7tX| 12 QACHEtE o|0f, =g Y 24|
}l b.Cy » Car Sefl&E 2CRE 410 UL, BHERE 7|1 &= B2,
Class D © J|= IAHE ol (= =2 QE IS
public D) { /IS AL 7|2 MHXIE SAHOR S5 7|29 has-a 24|15 0|8 (F, Car Sei&= EICIRS 28)
= — o
Console.WriteLine("D"); class Radkcl):l{ga ASStE ME HHE 2F Ao Y
public D(int foo) : base(foo) { //&%| SEA0| M/ EXIE BAH & public void TurnOn(bool on) {
Console.WriteLine("D = {0}", foo); if (on) Console.WriteLine(" radio on");
} C =100 else Console.WriteLine(“radio off");
} C }
class DerivedInitializerTest {
public static void Main() { C = 100 ublic class Car {
C c1 = new C(); C private Radio music;
D d1 = new D(); D public Car() { music = new Radio(); } // Car has-a Radio
D d2 = new D(42); public void MusicOn(bool on) {
} C=4a2 music.TurnOn(on); // X}2lZHX|(Radio)2] 7|52 2 H|(Car)dil £
} D = 42 } Y/
Has-a Model Has-a Model
o5t ot
o io':'/ | t | (has a J_I-ﬁl) public class CarHasATest {
== 2l AE 7+ ol
= Car S2f= 0“01 EJ—f Eth2 2 QEH EE ’;_l"_ M . public static Main() {
m Driver 22|AE X2 FUSIM SEE XH, 2[R &5 1) KHE M T SA|0f 3|99 0 0f 7 A
= Car 2229 7“HIE St 00l 21 2tC| @ A XtE d-d coT e - oc
« Car 22j2E AAAH 2 7|52 T m2o2 4N THE 9Y car ¢ = new CarCvante):

class Airconditioner {
public void Up() { temperature++; }
public void Down() { temperature--; }

public class Car {
private Airconditioner aircon;
public Car() { aircon = new Airconditioner(); } // Car has-a Aircon
public void TemperatureUp() { aircon.Up(); }
public void TemperatureDown() { aircon.Down(); }
/..
}

// BT 22 7t
c.MusicOn(true);
//oofd 225 QI
c.TemperatureUp();




Polymorphism

Virtual Method

o &9 SeHA0M MAE HAEE SHZ 20N
W3 (Override)
o AAIZHO] M2 Z2|E Override® HMHQl &L=

X 2| (Late binding)

Object

\—-@ void Draw()

— void Draw()—
void Draw()—

o Virtual HAE
n SIS A0M XF7t 7tsSteE HAEES
m static, private If 374 AHEE 5= QIS

o Virtual HAE H9|

class Shape

{

public string Name( )

{..

}

public virtual void Draw( )
{..

}

Method Overriding

o A= JHA O A E (virtual method)E T+
(XH" ONst7| 215t override 7| ¥ E At

O virtual method2} override method= 0|2, M2 H|stX},
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O static, private2 override 2 E7H| ALEE = 1S
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class Shape
{ ..
public string Name() { ..}
public virtual void Draw() { ... }
}

class Circle: Shape

{ ..
public override string Name( ) { ... } // error

public override void Draw() { .. } // virtual method0f CH$t {7 2|

}

// polymorphism
public class Shape {
public virtual void Draw()

— Console.WriteLine("Shape Draw");

}

}
public class Circle : Shape {
public override void Draw()
Console.WriteLine("Circle Draw");
}

}
public class Rectangle : Shape {
public override void Draw()
Console.WriteLine("Rectangle Draw");
}

public class PolymorphismTest {
public static void Main() {
Shape s = new Shape();
s.Draw(); // Shape Draw
s = new Circle();
s.Draw(); // Circle Draw
s = new Rectangle();
s.Draw(); // Rectangle Draw




class Emplogee {
lic string name;
protected int age, hoursWorked;
public Employee(string name, int age, int hoursWorked) {
this.name = name;
this.age = age;
this.hoursWorked = hoursWorked;

}
public virtual double CalculatePay() { // virtual method
return (20000 * hoursWorked);

}
class SalariedEmployee : Employee {
protected int basePay;
public SalarledEmponee(strlng name, int age, int hoursWorked)
base(name, age, hoursWorked){ basePay = 1000000; }
public override double CalculatePay ) {//method overriding
return (basePay + 20000 * hoursWorked); // pay calculate

Lubllc class InheritanceTest { ’3dg: ot77H, =°1: 600000
] .
public static void Main() { 38: 2, 5°: 1600000

Employee[] emplList = { new Employee("Ot£ 74", 22 30),
new SalarledEmponee( ol ,22,30) )
foreach (Employee e in emPL|st)
Console. WriteLine("> >4 #:{0}, &:{1}", e.name, e.CalculatePay());

Abstract Classes

o =4 2eA

m 7HX1|%°| HES T2
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O abstract 7|/ EE A2t FO|
abstract class Shape { public abstract void Draw(); }

public class Circle : Shape {
public override void Draw() { ...}

Ol
o

}
public class Square : Shape {

public override void Draw() { ...} AA SIYAE HHE
—_— =

}
class AbstractTest {

static void Main() {
//Shape s = new Shape(); // error
s = new Circle(); s.Draw();  // circle draw
s = new Square(); s.Draw(); // square draw

Abstract Method

(m] _'_AI- D'”A =
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abstract class Ticket {
public virtual string StartTime( ) { ..
public abstract int Fare(); // 7*I1|’H HACSHaE FHol

}
class BusTicket: Ticket {

public override string StartTime() { ... }

public override int Fare() { ... } // El-*c',' B AAM M
}

//abstract class & abstract method
abstract class Printer {
—  public abstract void Print();

abstract class HPPrinter : Printer {
public abstract void SelfTest();

}
class HP640 : HPPrinter {
public override void Print()

Console WriteLine("&A & &HrL|CL");

public override void SelfTest()

{
}
}
class AbstractTest {

public static void Main() {
HP640 myPrinter = new HP640();

Console WriteLine("Z 2IE{ & X7} RlctatL|Ct":

myPrinter.Print();
myPrinter.SelfTest(); ';:'I = Eﬁﬂ“ El=|-|-
} ZIE| & Xt7h TICHekL| Ct.




Sealed Class

n 7L O X E {510 Eefas R E= HHE sealed 2
MOIst0o] CHE A7t 45t A2 HE = UAS
s 290l S A(sealed class)= 7|2 SHAR AIRE £ QS -
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n SfA HH MAONA override 7|/ E 20| sealed 7|RIES
AHESHH I 2002 MOIE - 0|Z0f ML=
S0 M= silE BB 7t 7k (virtual)O] OFL|A &.

// sealed class

public sealed class B { ... }
// sealed method
public class B : A {
public sealed override void DoWork() { }

//sealed class & sealed method
class Printer {
—_— public virtual void Print() {
Console WriteLine("2AM & =L CH);
}

}

class HPPrinter : Printer {
public sealed override void Print() { R
Console WriteLine("HP Z2IEf EME EHTL|CHY),
}

}

class SealedTest {
public static void Main() {
Printer myPrinter = new Printer();
myPrinter.Print();

HPPrinter myPrinter2 = new HPPrinter();
myPrinter2.Print();
\ 2ME S,
HP ZZH EME SHTULICL

Multiple Inheritance

o CHES 4% (Multiple Inheritance)2t StLEQ| S A7}
o] 7Ho| 2eAEREE MLS Hi= A

O 1= C A
« CHOIAE SHLES| S2j2T7F A0 27 Ol4te] ZefA0lM 44
@e 248 X USHA %2

» C#0| M= QE M O|A(interface)E 0| 8310 L= X[ &

— =

Interfaces

o Interface
 ASHO ELHAE
= QIHIO|AE St S2fA0 734X 0fof
dutyoz o|H
HACSS MOISH I AR

= class L4l interface 7| /=& AHESI0] MO

BYHOZ " HEO| AFR Interface A

l /
interface IToken : IBase

{

public

int LineNumber(); olgjmjojA0| fjlaE= 2#EE0| 20|
string Name( ); OB NE|
}




Class & Interfaces

o S22/ HH 0| A 2
= B & S HEH
S~ g IE{H 0|2 : Fei T
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interface IMylInterface: 1Base1, IBase2 {
void MethodA(); A% HE2 OIE{H|0|AE
void MethodB(); 42| QlE{mo|Ao|
} HAEE 2T 3|
ZofoF &

oi2] 7Ho| QIE{Ho|A S

class ClassA: IFace1, IFace2

{ // class members , implementing interface }

Sof2et QE{HO|AE
B 4% Ee d2
712 2271 H30
21X

class ClassB: BaseClass, IFace1, IFace2
{ // class members, implementing interface }

//interface
using System;
interface IScalable {
void ScaleX(float factor);

// TextObject 222 HH|E arrayE 2|
class InterfaceTest {
public static void Main() {

TOT),

}

public abstract class DrawObject {
public DrawObject() {}
public abstract void Print();

}
public class TextObject: DrawObject, IScalable {
private string text;
public TextObject(string text) {
this.text = text;

// implemention of IScalable.ScaleX()
public void ScaleX(float factor) {
Console.WriteLine("ScaleX: {0} {1}", text,
factor);

// implemention of IScalable.ScaleY()
public void ScaleY(float factor) {
Console.WriteLine("ScaleY: {0} {1}", text,
factor);

// implemention of Print()
public override void Print() {

}
}

Brawebjectidhrray—

new DrawObject[10];

dArray[0] = new TextObject("Text1");
dArray[1] = new TextObject("Text2");

/* array gets initialized here, with classes that
derive from DiagramObject. Some of
them implement IScalable. */

foreach (DrawObject d in dArray)
{

if (d is IScalable) {
IScalable scalable = (IScalable) d;
scalable.ScaleX(0.1F);
scalable.ScaleY(10.0F);

.Print();
} d.Print0 ScaleX: Text1 0.1

} ScaleY: Text1 10

} ’ TextObject: Text1

Console.WriteLine(“TextObject: {0}", text);

ScaleX: Text2 0.1
ScaleY: Text2 10
TextObject: Text2

IComparable

o IComparable QIE{H 0] A
w O AN E SLoH FA Q| THE AN H| wSt= (A HEo|A HEH
=ME 2 Ql5h=) ComparableTo HAEE XN 35t= QA O0|A
= int CompareTo (Object obj)
obj 2l== QEHIO|AE FHSI= L0t 22 A

2B gt2 o N7t obj 2Lt XM 0L X2 =5, Z2H
2 3%

public class Age : IComparable {
public int CompareTo(object obj) {
if (obj is Age) {
Age temp = (Age) obj;
return m_value.CompareTo(temp.m_value);
} throw new ArgumentException(“Object is not Age”);
}

protected int m_value;

IEquatable

« 8 27 SUS HEfol o

Equals H~E & M Sdt=

= bool Equals (Object obj)

obj 2l== QAEHIO|AE T

=

- HA— =

o|HStEE 1o

2| E 22 ¥ X7} obj2

if (p is Person) {

}
public string name;
public int age;

public class Person : I[Equatable<Person> {
public bool Equals(Person p) {

return name.Equals(p.name) && age.Equals(p.age);
} throw new ArgumentException("Object is not Person”);




IEnumerable

o IEnumerable QIE{H{O|A

m Collections& BtE 8= @AHXL (IEnumerator Z4A|)E Etatst=

GetEnumerator H|AE2

HMEot= QIE T o]~

= |[Enumerator GetEnumerator ()

o |[Enumerator @IE{H O| A
. ZUMo| 2458 MEY
QlE 0| A

= object Current — Z2{M9]

» bool MoveNext() — Z2#M

& 9l Of2f 3 AL I 42 e

AN 2aS MtHRE &4
o| C}2 QA2 0|58t= HjAE

= void Reset() - Z2Ho| K HM 24 %0 &7| /X2 2F5=

o=

//IEnumerable interface T8
using System;
Using System.Collections;

public object Current {
get { return t.elements[position]; }
}
}

1

T 1

private string[] elements;

Tokens(string source, char[] delimiters) {
elements = source.Split(delimiters);

// implemention of GetEnumerator()
public IEnumerator GetEnumerator() {
return new TokenEnumerator(this);

// implemention of TokenEnumerator
private class TokenEnumerator : IEnumerator {
private int position = -1;
private Tokens t;
public TokenEnumerator(Tokens t) {
this.t = t;

}
public void Reset() {
position = -1;

}
public bool MoveNext() {
if (position < t.elements.Length - 1) {
position++;
return true;
}
else {
return false;
}
}

// Token HAE
class EnumeratorTest {
public static void Main() {
Tokens f = new Tokens(“This is a sample
test.”, new char []1 {" *, '-'});
foreach (string item in f) {
Console.WriteLine(item);
}
}
}

Interface vs. Abstract Class
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Interface vs. Abstract Class

o #He o(Fd 2L —» QAEHH 0L

/] FEEUA
abstract public class StarPlayer {
public abstract void GoodPlay();

public abstract void Handsome();

// EHH O] A~
interface IStarPlayer {
|:c void GoodPlay();

void Handsome();
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Interface2| YA|A LA

public interface IGunner {
void Shoot();
}
public interface ISoccerPlayer {
void Shoot();
}
public class Gunner : IGunner {
public void Shoot() { Console. WriteLine("Z27]"); }
}
public class SoccerPlayer : ISoccerPlayer {
public void Shoot() { Console WriteLine("&Xt7|"); }
}
// Main () gt SZHYEf

Gunner g = new Gunner();

g.Shoot(); /] 27|
SoccerPlayer s = new SoccerPlayer();
s.Shoot(); /1 SR

Interfacel| HA|X ¢

public class GunPlayer : IGunner, ISoccerPlayer {
void IGunner.Shoot() { Console.WriteLine("Z47]"); }
void ISoccerPlayer.Shoot() { Console.WriteLine(“&%}7|"); }

GunPlayer p = new GunPlayer();

((IGunner)p).Shoot(); /] 27| - IGunner2 EHE
((ISoccerPlayer)p).Shoot(); // 3*X7| - ISoccerPlayer2 gt
// = of2Het Zo| siE K E UHED = FXSIEE Shz WHE AL
IGunner g = new GunPlayer(); // IGunner2 st

g.Shoot(); /1 BT

ISoccerPlayer s = new GunPlayer(); // 1SoccerPlayer2 &gt
s.Shoot(); /1 37|

Base/Derived Conversion: Casting

o Upcasting
w o?| AT YR HL2O FAIHR Y HE
o Downcasting
n QAT S E A= A HBt (downcasting) Al BAIH
g B3 (explicit type conversion) ALK HE
A Al FxBIE 7127 = AA M2l HIOIH ¥ HA
n MIfSH= 2 “InvalidCastException” 244
class UpcastDowncastTest {
static void Main() {
MyBaseClass ¢ = new MyBaseClass();
MyDerivedClass d = new MyDerivedClass();
c=d; // upcasting
d = (MyDerivedClass) c; // downcasting

is & as Operator

ois @AHX}

= OO|Ho| & H=lo| 7t&5IH true Bzt
o as AKX}

m 2K Ato|o| & HEt ALKt

w 25 M A] exception 28 10| null gzt

Bird b;
if (a is Bird)

b = (Bird) a; // 2tHch & Het
else

Console. WriteLine("Not a Bird");

Bird b = a as Bird; // & #Hzt
if (b == null)
Console.WriteLine("Not a bird");




Object Type Conversion

o 2E HZHO, class)2 System.Object2 25 E L4
» 5, 2E HXYL2 System.ObjectC 2 Y R2H0| 75

class Bird { ... }
class Parrot : Bird { ... }
class ObjectTypeConversionTest {
static void Main() {
Bird b = new Bird();
Parrot p = new Parrot();

object 0 = p; // object ¥ 'Hgt
Bird b2 = o as Bird; // objectd 2 Bird Eo 2 HEl
if (b2 == null)

Console.WriteLine("Object is not a bird");
else
Console.WriteLine("Object is a bird");

Boxing and Unboxing

o Boxing
w U > AXEHOR HHRE A (YA|H Bizh
o Unboxing
= BXY > UHOE U A (YAIH B
memory {
137 a // boxing
_ o1l inta = 137;
g% object o1 = a;
37 | b object 02 = o1;
// unboxing
02 int b = (int)o2;
}

User-Defined Type Conversion

o SALE FEN L W2 CHE S, #+2K =22 7|2
AEHOZ W IS
o @ HE ALK (conversion operator)E H 9|

class Sample {
int number = 42;
public static implicit operator string (Sample op) {
return op.ToString();
}// EXEE YHESHE HAMXIE HoFUCHH ToString HAEE 7Ho|sof gt
public override string ToString () {
return “Object: value=" + number;
} // System.Object.ToString H| 2 E X 9]
)/ we
Sample obj;
string s = obj; // implicitCH ! explicit2 2 MAHE|H string s = (Sample)obj;

class Point { public int x; publlc inty;}
class PointClassComparisonTest {
static void Main() {

inti=1;intj=1; // FEo| HlRE i==jE true

Point p1 = new Point();
Point p2 = new Point();

Point p3 = p1; // B2 AHE HESIEE p1==p3E& true

plx=1ply =1,
p2x =1, p2y =1;
if (p1 == p2)

Console WriteLine("p12t p27+ ZtCt");
else

Console.WriteLine(“p11t p27} Ct2L}");

// BZEO HRE pl==

p2<= false




Equals & Equality Operator

oDExEY Z2 Hlu AUXE AHEY 5= A== Equals(..)
overridingdt == operator2t != operatorE overloading®

class Point: IEquatable<Point> {
publicint x; publicint y;
public Point(): this(0, 0) {}
public Point(int x, int y) { this.x = x; int.y =y; }
/] operator== overload
public static bool operator==(Point p1, Point p2) { return p1.Equals(p2); }
/l operator!= overload
public static bool operator!=(Point p1, Point p2) { return !p1.Equals(p2); }
public override int GetHashCode() { return x * y; }
public override bool Equals(object obj)

if (!(obj is Point))
return false;
return Equals((Point)obj);

}

Equals & Equality Operator Overloading

Il IEquatable
public bool Equals(Point other)

if (this.x == other.x && this.y == other.y)
return true;
return false;

} /I end of Point class
class PointClassComparisonTest {
static void Main() {
Point p1 = new Poaint(3, 4);
Point p2 = new Point(3, 4);
Point p3 = p1;
if (p1 == p2) Il Equals®t ==operatorZ p1==p2+ true
Console.WriteLine(“p11f p27F Z L),

HE HZSIER p1==p3 true

}
if (p1 == p3) /22 ES
17 p37F 22,

Console.WriteLine(*

}




