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6. Inheritance & Interface

HCI

Human Computer Interaction

0



—— A2 (Inheritance)2t &9 SHA 9] Vst 242

ofl EeHANA J= SHF= 2 Al

. AQ| ZPHAE E11/7|HE Z2HA (base class),
512 2EHAZ RHA/IHY 2 A (derived class)2tl FO|

. 512 22iA(derived class)= A4 HIOH

42| S2HA(base class)Q] BE HHIEQ} HiA

o
A8E 4 9IS

ﬂIIHJ

« SLHA9| HF AR &g
v A4 HES interface AFR E7 (Upcasting)
« KHAFES(reuse) 2 7 (extend)
v O|0| £ZXHoh= ZHAZE AISKrefine)dtd] MEL2 SeHA 44

v S5 EAL XIROIE WO T Q0| AE ZeHAT} ZHGHE

|




SilA= stH 0182 XiA SeHA% HHE R
+XE B JIs
HES 2D ZA0| ME CIE 822 X4 SaA0| 78 Tt

=
© Person
- eat(): void

© Person

name: String
- talk(): void age: int
- walk(): void identityNumber: String
- sleep(): void

1 1

© Student © Researcher
© Student © Researcher schoolName: String | | department: String.
- study(): void - research(): void f facultyPosition: String

© UndergraduateStudent

© GraduateStudent

department: String
studentNumber: int
degree: String

© StudentWorker © Professor

> work(): void - teach(): void studentNumber: int

department: String




class Student class StudentWorker class Researcher class Professor
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Repeated code!

class Student

{

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

intid;
}

class Researcher

{

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

string research;

}




— A2 (Inheritance) A 9|

« "base” ALKIE 42| ZAF E2
- SHAE Fol & [ : (B2 ALEOI0] S5 HA

class {derivedClass) : {baseClass)

class Person

{

}

class Student: Person // Persong && %= Student A& A

{
}
class StudentWorker: Student // Student2 &&8t= StydentWorker 22 A

{

}




Inheritance

class Person
{

string name;

int age;

public int GetAge() { return age; }
}

Person M=
S BE=S 39

class Student : Person

{
intid;
}

Student 0|9t

L TEES

class Researcher : Person

{

string research;

}

Researcher 0|2t
A= YHE =t




Inheritance

Base fields

Derived field

class Person

{

string name;
int age;

}

| SRHAE BFE[S IOIEH2| HIEE| T

Student s = new Student();

name
age

class Student : Person

{
intid;




— Point & ColorPoint 2alA

public class Point {
private int x, y; // Point x, y
public void Set(int x, inty) {
this.x = x; this.y = y;
}
public void ShowPoint() {
Console.WriteLine("("+x +","+y +")");

}

public class ColorPoint : Point { // PointS At&2H2 ColorPoint 4 1
private string color; // color
public void ShowColorPoint() {// Z2{ Mo| =t&E =
Console.WriteLine(color);
ShowPoint(); // Point 22 22| ShowPoint() 2=




— Point & ColorPoint 2alA

public class ColorPointApp {
static void Main(string[ ] args) {
ColorPoint cp = new ColorPoint();
cp.Set(3,4); // Point 22| Set() HAE 2=
cp.SetColor("Red"); // A4 X|7d
cp.ShowColorPoint(); // Z2f Ho| Zt&# =

cp

Red
(3,4)

color




Private
Class

— Private S8l A

o /18t SeHATL
MY A Z Ot

private
EAO—I
= T BA

=diAZ 87 X’80| HOU=E 8%

o
|

private class Person {

}

}

public class Student : Person { // 2 F &4




Member
Access
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— Person SlA
- intage; // 24 BH EE default= private
* public String name;
 protected int height;
 private int weight;




Member
Access

— Student A= Person Si|AE M

« Person 22iA 9| private 2 =21 age, weight=
Student Z2iA0A = E20| =715010] 1 SeHA LI
PersonQ| public HIAEE SollA8t ZZ0| JHs




Member
Access

class Person {
int age; // class member field default is private
protected String name;
public int height;
private int weight; // class member field default is private
public int GetAge() {
return age;
}
public void SetAge(int age) {
this.age = age;
}
public int GetWeight() {
return weight;
}
public void SetWeight(int weight) {
this.weight = weight;




Member
Access

public class Student : Person {
intid; // member field default is private
public int GetlID() {
return id;

}

void Set() { // member method default is private

llage = 30; // & 0|M private member access 27}, SetAge HIAE ALE

name = "Park";

height = 175;
Ilweight = 70; // 2% 0 A private member access &7}, SetWeight H| &
id = 1000;

}

static void Main(string[] args) {
Student s = new Student();
s.Set();
int age = s.GetAge(); // &5 ZAH| 0| 7|8 HH| 2| public HIAE 2&
intid = s.GetID(); I SE AH XHelel AE S5
11 °SE5E R0 M 7|8 HH|Q| protected HH HE S &
Console.WriteLine(“gHd 0] &: {0}”, s.name)

}

E Al
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Member
Access

- OIOF 20| 2t 20| BAIHLZ SEOHA| EOH HAIHC=
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public class Car {
public Car() { } // protected/public7} OtL|H Tt E | A0 M error
public Car(int wheel) { this.wheel = wheel; }

}
public class Sedan : Car {
Sedan() { } /I Sedan() : base() 2 S (YAIH 7|22 A WEX =2F)
Sedan(int wheel) : base(wheel) {} // BA|I M2 7|dtEe A MEX s &

}




— base 7|1YE

« 7|8t SEHAQ| HIHE LIEHH

« Q| SHAQ| HIHE 612 SHAO|A
H’EOl(override) olFE B LIEE = override =

o HQ| oA HIHE ALES ER BA

|
[
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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

— base(argument-listopt)= &% W2 49 SUHA HEI =&
— this(argument-listopt)= Xt7IXHAMIA Holst [IE MUl S &
using System;
class A {
public A() { Console.WriteLine("A"); }
}
class B: A{
public B() { Console.WriteLing("B"); } // B() : base()2} =
public B(int foo): this(){ // B() =26}l |+ Z0j Ofc HHE &=
Console . WriteLine("B({0})", foo);
} ! A
class DefaultnitializerTest{ A
public static void Main() { B
A al=new A();
B b1 = new B(); A
B b2 = new B(100); B
} B(100)
}




Constructor

- - o
ll‘lltlahZEf using System;
class C{
public int value;
public C(): this(100){ // C(foo)E ==l 20| O}2 HAER ==
Console.WriteLine(“C");
}
public C(int foo) {
value = foo; Console WriteLine(“C = {0}", value);
}
}
class D: C{
public D(){ 12l Sel20] 7|12 $ExE AHLE =&
Console WriteLine(“D");
}
public D(int foo) : hase(foo) { /I4F2| iAo MMEXIE HAE 5= C =100
Console. WriteLine(“D = {0}", foo); C
}
}
class DerivedinitializerTest { C=100
public static void Main() { C
C c1=new C(); D
D d1 =new D();
D d2 = new D(42): C=42
} D=42
}




— Point & ColorPoint 2alA

public class Point {
private int x, y; // Point x, y

public Point() : this(0, 0) { // default constructor Point(0, 0) &
}

public Point(int x, int y) { // constructor
this.x = x; this.y = y;

public void Set(int x, int y) {
this.x = x; this.y = y;

}

public void ShowPoint() {
Console.WriteLine("("+x+","+y +")");




—— Point & ColorPoint St A MA T}

public class ColorPoint : Point { // PointS A% %22 ColorPoint 4 A
private string color; // color

public ColorPoint() { // public ColorPoint() : base()2t ¥ Point() &
this.color = "Green";

}

public ColorPoint(int x, int y, string color) : base(x, y) { // Point(x,y) &
this.color = color;

}

public void SetColor(string color) {
this.color = color;

}

public void ShowColorPoint() {// Z2| Ho| Xt&E =%
Console.WriteLine(color);
ShowPoint(); // Point 22 22| ShowPoint() 2 &




— Point & ColorPoint 2 A A X}

public class ColorPointApp {
static void Main(string[ ] args) {

Point p = new Point();
p.ShowPoint(); / Point2| ZtE =& (0, 0)
ColorPoint cp = new ColorPoint(5, 7, "Blue");
cp.ShowColorPoint(); // ColorPoint2| ZtH & & Blue (5, 7)
cp = new ColorPoint();
cp.ShowColorPoint(); // ColorPoint2| ZtH =3 Green (0, 0)
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« XIS K= E240|CHCar is a Vehicle).
« BOIK|= S=0ICKDog is a animal).

[ | [ ]
[ ] [ ]




— has-a ZHI= XA &
— has-a #HI= “~2 ~S I ULV &t 22 A
o EATE ZHE JHX|D Q Er(ubrory has a book).
A2 ATE 71K ULCKLiving room has a sofa).

© Library © LivingRoom

- book: Book | ' - sofa: Sofa | '




— 2 XIg T2 IHUM XM has-a Z2H = 24 ZH (composition)
r= Zg #H(aggregation)E LIEHS

o

Car <@ Caburetor
0..1 1..1

Pond Duck
C0..1 0..*

y



— Car ElA (has-a &H|)
. BHQE 27 QT BICIQE 71T T B

- SIL|QE &Fots MR L2 28 X0 |

class Radio {
public void TurnOn(bool on) {
if (on) Console.WriteLine(“ radio on”);
else Console.WriteLine(“radio off”);

}
}

public class Car {
private Radio music;
public Car() { music = new Radio(); }// Car has-a Radio
public void MusicOn(bool on) {
music.TurnOn(on); // XtAZ8X|(Radio)2| 7| 52 B2 Z4H|(Car)dil 2 Y
...




— Car 28 A (has-a & Hl)

« Car 2diA= oofzd 20 L SHAS 211 US

« Car 2diA= oofd 25 ZEolL! SILQLE ASAIR

» Car 242 HKZ 8-3oA of|ojZut el L K| Abs /878
« Car 22fiA= RHAAXQ Vs2 & H282 2| 82 ¢

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(); }




public class CarHasATest {
public static Main() {
/I A& 4/de uf SAl0 2tC| 22 oo 4
Car ¢ = new Car(“Avante”);
// BIE| & 7L}
c.MusicOn(true);
ool 28 =lct
c.TemperatureUp();




— I AE (upcasting)

« ZZ2]E0|A O|FOK|= Ats Bt BHEt
« ME ZHAQ| HHAHA 22 HI A | IHSAO] THY
/I S AIELIE NS BAL HAIE T2 €I o
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class Person {

}

class Student : Person {
}

Student s = new Student();
Personp =s; /| Z7HLE XESEFLHE




Upcasting
Al

class Person {
protected string name;
protected int id;
public Person(string name) {
this.name = name; P grade: null
} dept: null

s name: Park
id: 0

}

class Student : Person {

string grade;

string dept;

public Student(string name) : base(name) { }

public static void Main(string[] args) {
Person p;
Student s = new Student(“Park”);
p=s;// QAT L'H
Console.WriteLine(p.name); // 25 1S
/llp.grade ="A"; // AolY T - p= 2% Person WH H
/lp.dept="CS"; // oY F - p= 2% Person HHI
}
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Downcasting

— [I2I A8 (downcasting)
o I A HHBAE ME SHA 2HBAC CH
- PIMARE A= CHA| Hefiii= EES2l= A
- BAHOZE EFY A1

class Person {

}

class Student : Person {

}

Student s = new Student();
Person p =s; /| 272 E X} SEFHEF
Student s = (Student)p; /| L}274A & ZIAEFS HEF




Downcasting

public static void Main(String[] args) {

Person p = new Student(“Park); /| 47| A E! < name: Park
Student s = (Student)p; // Ct27| A& id 0
Console.WriteLine(s.name); // 7 21

s.grade="A"; /| 27 U= P grade: A
s.dept="CS"; /| LR AS dept: CS




Polymorphism

— S SHAMHM MAE HAEE HASHA UM I8 (Override)
— AISAIZH W Z E Ol E Overrided HH O LIEO=E
X2l (Late binding)

Object

—>  Shape void Draw()

— Circle void Draw() > ‘

— Rectangle void Draw() —> .




Virtual
Method

— virtual HIAE
« SIAZHAOIA MFTt 7HSI=E HAEE FO
- static, private 1} 874 AHEE 4= @1

— virtual HIAE A9|

class Shape

{

public string Name()

{...
}
public virtual void Draw()
{...
}
}




Method
Overriding

— M&H JHY HAE(virtual method)E 28 (THE 21)6171 94610
override 719E A2

— virtual method@} override method= 0|2, 2 HIStXL,
izt 2F, RS2 AED S0l 0F &

— static, private2 override 9 &l AI2E £ 212

class Shape

{ ...
public string Name() {...}
public virtual void Draw(){ ... }

}

class Circle: Shape

{ ..

public override string Name() { ... }// error
public override void Draw() { ...} //virtual method0f CHgt {7 2|

}




Method
Overriding

[/l 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(string[] args)
Shape s = new Shape();
s.Draw(); /l Shape Draw
s = new Circle();
s.Draw(); /I Circle Draw
s = new Rectangle();
s.Draw(); /l Rectangle Draw

{




Polymorphism

class Shape {
public Shape next;
public Shape() { next = null; }
public virtual void Draw() {
Console.WriteLine(“Shape Draw");

class Line : Shape {
public override void Draw() {
Console.WriteLine(“Line Draw");

}

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

}

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




Polymorphism

public class MethodOverringEx {
public static void Main(string[] args) {

Shape s = new Shape();
Line line = new Line();
Shape p = new Line(); // upcasting
Shape r = line; // upcasting
s.Draw(); // Shape Draw() &3
line.Draw(); // Line Draw() A 24
p.Draw(); // LHEI0| Y El Line Draw() &
r.Draw(); // B 2tO0| Y El Line Draw() &

Shape rect = new Rectangle(); Shape Draw

Shape circle = new Circle(); L!ne Draw

rect.Draw(); // L 2}0| 2 El Rect Draw() A& t!ne Braw

circle.Draw(); // LH{2}0| & El Circle Draw() & ngstar:ZY; Draw
} Circle Draw




Polymorphism

public static void Main(string [] args) {
Shape start, n, obj;
I Linked List 444310 AH-AS17|
start = new Line(); // Line Z{X| &4
n = start;
obj = new Rectangle();
n.next = obj; // Rectangle 24X &1 Z
n = obj;
obj = new Line(); // Line Z4X| &1
n.next = obj;
n = obj;
obj = new Circle(); // Circle 24| 9 &
n.next = obj;
IIEs =¥ £}

start

while(start != null) {
start.Draw();
start = start.next;

Line Draw

Line Draw
} Circle Draw

Rectangle Draw

next
Draw() ==

Draw() j-

next
Draw() ==

N

1

Draw () j-

U
b4

next
Draw() ==

Draw () Al-

4

next
Draw/() ==

Draw() j-

4

Line

Rectangle

Line

Circle




Polymorphism

class Employee {

public string name;

protected int age, hoursWorked,;

public Employee(string name, int age, int hoursWorked)  {
this.name = name;
this.age = age;
this.hoursWorked = hoursWorked,;

by

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

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

}

public class InheritanceTest {
public static void Main() {
Employee[] empList = { new Employee(“OF27}", 22, 30),
new SalariedEmployee("&¥-2", 22, 30) };

foreach (Employee e in empList) ST 0I290. =0 600000
Console. WriteLine(">>44 F:{0}, 2 04:{1}", e.name, e.CalculatePay()); e = &0 Al =i
} 88: 2, =0: 1600000




Polymorphism

R gtHEI-l'OlEO'IEl D‘”iEjl' 6O|./6|. i%% class SuperObject{
public void Paint() {
public class SuperObject { > Draw() % Dvnamic bindin
public void Paint() { } y 9
» Draw(); public virtual void Draw() {
} ' _1 Console.WriteLine("Super Object");
public void Draw () { }
Console.WriteLine("Super Object"); }
} public class SubObject : SuperObject {
public static void Main(string[] args) { public overridg VOi_d Draw() { _ l
SuperObject a = new SuperObject(): Console.WriteLine("Sub Object");
b a.Paint(); }
} public static void Main(string[] args) {
} SuperObject b = new SubObject();
b.Paint();
}
Super Object } Sub Object
a Paint() =T SuperObject b Paint() =14 SubObject
Draw() «' Draw() ‘,
/
Draw() 4~




Abstract
Classes

— =4 EYA
- MAMISQ H&E2 =43t ot SdA
« FEZAONIM 71 SR EAH

— abstract I|A=EZ AIE0l0H 2

abstract class Shape { public abstract void Draw(); }
public class Circle : Shape {

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

public override void Draw() { ...}
}
class AbstractTest {

static void Main( ) {

/IShape s = new Shape( ); I/ error

= ; . . . XA 2 I A=
Shape s = new Circle(); s.Draw(); // circle draw o =di=T
s = new Square(); s.Draw(); // square draw HHE Yodet

1
£Q
mio

}
}




Abstract
Method

X4 HAS
o =4t ZHADIO| =4 HIAE 7}7( A Qo
o A HAELS QRO Z TH4 HA

o virtual 7| EL2t eVH At E7t
. HIAE O|Z Q0| abstract 7|¥E AR
o AlssHE= S AO|A HIEA| ZHE 9|

oA L—- =

abstract class Ticket {
public virtual string StartTime() { ... }
public abstract int Fare(); 11 ZHE HAEHTEHo|
}
class BusTicket: Ticket {
public override string StartTime(){ ... }
public override int Fare(){ ...} / THAZ | A0 M LA
}




Abstract
Method

lfabstract 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("&ME £ &FL|CE"),
}
public override void SelfTest()
{
Console.WriteLine("Z 2l { & AF7F FITHEFL|CE"),
}

}

class AbstractTest{
public static void Main() {
HP640 myPrinter = new HP640();
myPrinter.Print();
myPrinter.SelfTest();

=M E EeLLL
O2HE I ZH

oot




Abstract

SH % S8 2l

C+“d(polymorphism) 4134
. 42| S2HANME= 7HE FO|
v 519 SHADIC} CHE T6I0| QB HIACE
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20| 2aA(sealed class)= 7|2 SHARE AFRSH 4 912
OB 2 =4 SeiA 7 E 5 92

o A HH MANY A override 7|RE 0] sealed 7|RIEE
AtESHH HHVE SCI0Z MAHE - O|F0]| IMYE|l= AN E
ol HH 7} 7Hed(virtual)O| OtL|A| =

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

}




llsealed class & sealed method
class Printer{
public virtual void Print() {
Console. WriteLine(*2 M & £ EFL|C}H");

}

class HPPrinter : Printer{
public sealed override void Print() {
Console.WriteLine("HP Z2l5f 2XME &= 8L CE"),

H
class HP640 : HPPrinter {

Fpublic override void Print() {// Z o} 0f|2] - sealed | A E @ H{Z}0| =

l
}
class SealedTest {
public static void Main() {
Printer myPrinter = new Printer();

myPrinter.Print(); =N
HPPrinter myPrinter2 = new HPPrinter(); i -IE =56 U D
myPrinter2.Print();




Static
Method
Overriding

B SHA9 HAE SHM X HAEE IHEA(LHH0IE)oHH
Ho SHA YN ST =LE O™ XHA SeHA MM
SEL|CLE0 Tt SEE= HA ST ek

public class Animal {

public static void Eat() {
Console.WriteLine("Animal2| BX HAE Eat()");
}
public virtual void Sound() {
Console.WriteLine("Animal2| QIAHA O A E Sound()");
}
}




Static
Method
Overriding

public class Cat : Animal {

public new static void Eat() { / Cat2| Eat2 Animal2| Eat} CtE MZ22 A
Console.WriteLine("Cat2] & M A E Eat()");

}

public override void Sound() {
Console.WriteLine("Cat2| QIAEHA A E Sound()™);

}

public static void Main(string[] args) {
Cat myCat = new Cat();
Cat.Eat(); // Cat2| @™ H A E Eat()
Animal myAnimal = myCat;

Animal.Eat(); // Animal2| ‘@™ M4 E Eat() Cato] MX HA t()
myAnimal.Sound(); // dynamic binding Aﬁimal_l X I]il*'g Eat()
} Cat9| °'_._1¢ HAE Sound()




Multiple

Inheritance
— [}= &= (Multiple Inheritance) &t otLt2| St A Jt
0] JH% SHAZRH &5 = A
« C#OM= otLte] 2diAVE SAIO] 270 O] g2l S2HAO|A
&< 8= Zi(Multiple Inheritance)2 KIIGHA| 43
- C#OllM= 2B WO A(interface)E Ol8510] CI5d% X




- |nterface
. WSHOI EH(HAE, &7, Qe OHIE) BHS O

o« QIHMO|AE= 5+ A0 AHE|O{OF Sl= 7|52 MAHS A
QHIM O Z O|AFQ| ZHASO| 352 Z AIE8HO =
HAS I AL

- CISE52 1816 | QI8 HHOZ A8

« class T4l interface 7|/YEE ARSI 419
BSOS " HEO| AFES

|

v
public == | interface IToken : IBase <= [nterface &%

{

et
=
vl

intLineNumber();  oIE{l0j] A0 HAEES
string Name(); SBE0] 2101 *; ‘'O F Hel
}




Class &

Interfaces

SciA/AEHMOIA 2

- SoiA & A - S

« 24 & QEI|OA & 4G

« 2IHIO|A & QIE{H[O|A @ HEEH

— SdiA & TEHO0IA M2 0

interface IMyInterface: IBasel, IBase2 {

void MethodA(); Gi24 JHOl QIE{HIOIAS At wre
void MethodB(); SIEINOIZE Y SIEIH0120)
) HACE 25 1300 010k

class ClassA: IFacel, IFace2
{ /I class members , implementing interface }

SchAQ CIHMIOIAS

S A1 H= HQ

JI2 SHATL HE0H K

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




Class &
Interfaces

llinterface
using System;
interface IScalable {
void ScaleX(float factor);
void ScaleY(float factor);
}
public abstract class DrawObject {
public DrawObject() {}
public abstract void Print();

loubllc class TextObject: DrawObject,
Scalable {

private string text;
public TextObject(string text) {
this.text = text;

/limplemention of IScalable.ScaleX()
public void ScaleX(float factor) {

Console.WriteLine("ScaleX: {0} {1}",

factor);

}

/I implemention of IScalable.ScaleY()
public void ScaleY(float factor) {

Console.WriteLine("ScaleY: {0} {1}"

factor);
}
/I implemention of Print()
public override void Print() {

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

}

text,

, text,




Class &
Interfaces

/I TextObject 222 N E array 2 M 2|
class InterfaceTest {
public static void Main() {
DrawObject[] dArray =
new DrawObject[10];

dArray[0] = new TextObject(" Textl1l");
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 (dis IScalable) {
IScalable scalable = (IScalable) d;
scalable.ScaleX(0.1F);
scalable.ScaleY(10.0F);
d.Print();

ScaleX: Text1 0.1
ScaleY: Text1 10
TextObject: Text1

ScaleX: Text2 0.1
ScaleY: Text2 10
TextObject: Text2




IComparable

— |Comparable 21E{H 0] A

- o ZXNE FUS SAIO| THE A2t H| W 6H=
(RQIEHOIA FE =ME &2I5t=)
ComparableTo HAEE X|&ot= QIE{HO|A
« int CompareTo (Object obj)
obj Qls~= QIEHIO|AE Foiohk= SeiAL 22 4l
c|E 242 o 2Kt objELt &OH ORLCt &2 5 Z4OH 03,
3™ OHLt 2 #E 2|HoIEE ¢

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

— |Equatable 2!E{IHI 0] A

« o M|Vt o JEHQ| CHE K2t 22X R E 2UQI5H=
Equals HAEE XN|E3dt= QIEIO|A

« bool Equals (Object obj)
obj Pla~= QIE|L|O]AE Foi6t= SHALL 22 A4

T — L

c|H 242 o A7t objdt ZOH™ true, LIEM falseE

—_ - 1

c|EHoHEE 1o

public class Person : IEquatable<Person> {
public bool Equals(Person p) {
if (p is Person) {
return name.Equals(p.name) && age.Equals(p.age);
} throw new ArgumentException(“Object is not Person”);
}
public string name;
public int age;




IEnumerable

— |Enumerable SIE{HI 0| A
Collections2 EH25H= @At (IEnumerator ZHA)E HISHS

GetEnumerator HAEE XNl&ot= CIEL|o|A
IEnumerator GetEnumerator ()

—— |Enumerator Q1E{H 0| A

20| QASS BT 4 Q= O 3 HAS L 2442

2t= QIE{TO|A

b— L

object Current — ZMO| SIXf QAE 7IHLE &4

bool MoveNext() — ZEHM&9| [+ QA Z O|Fok= HAE

void Reset() -~ Z4MO| 5 Bl 24 Q0| £7| QX2
AT HAE

=




IEnumerable

/lIEnumerable interface ¢
using System;
Using System.Collections;

public class Tokens : IEnumerable {

private string[] elements;

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

}

/l 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;

}

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




IEnumerable

/| Token HIAE
class EnumeratorTest {
public static void Main() {
Tokens f = new Tokens(“This is a sample
test.”, new char [] {* %, -’});
foreach (string itemin f) {
Console.WriteLine(item);
}
}
}




Interface vs.
Abstract

— OIE{HIOIAQ FHSMAO SSH I KIOIE
- D5 =40 o|0|
« new 7| EE ARSI 28K
o IMAZS AN B E HIAEE ASoIT S B2 7= &3
« ZHAL HIANETL abstract2 MAE|O] QJUCHH OIEL|O|AZ
Het LS

mlrll
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s
O
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Interface vs.
Abstract

— B3 H(EASHA - OEHOIA)

IEFEgEefs /1 2B T O] 2
abstract public class StarPlayer { interface IStarPlayer {
public abstract void GoodPlay(); » void GoodPlay();

public abstract void Handsome();

void Handsome();

} }
o OE AV QIHIOIAZ & £ @3
« = HAMEE override 7|12 E At

==
=
2N SYAS CHELSS KIYGHR U




Interface®]
eAIA
=i

public interface IGunner {
void Shoot();
}
public interface ISoccerPlayer {
void Shoot();
}
public class Gunner : IGunner {
public void Shoot() { Console.WriteLine(“ZS227|"); }
}
public class SoccerPlayer : ISoccerPlayer {
public void Shoot() { Console.WriteLine(“&x+7|"); }
}
/I Main () gt SZHYE
Gunner g = new Gunner();
g.Shoot(); 11 &2
SoccerPlayer s = new SoccerPlayer();
s.Shoot(); 11 X7




Interface®l
SAIE

28

public class GunPlayer : IGunner, ISoccerPlayer {

void IGunner.Shoot() { Console.WriteLine(“&27]"); }

void ISoccerPlayer.Shoot() { Console.WriteLine(“&X}7|"); }
}
/I Main () gt S Y e

GunPlayer p = new GunPlayer();

((IGunner)p).Shoot(); /1 E27] - 1Gunner2 YHE
((ISoccerPlayer)p).Shoot(): Il 3Xt7| — 1SoccerPlayer 2 d@HE

/I £= OftH2t 20| oS M E TS0 tt T HESIEF ol= WEHS A8

IGunner g = new GunPlayer(); I/ lGunner2 dHst
g.Shoot(); 11 &2

ISoccerPlayer s = new GunPlayer(); // ISoccerPlayer 2 SHE
s.Shoot(); 11 8Xt7|




Default Interface

Method

default methonP SArst

« Default interface HAEZE AFRSHY dlilg QIE{IH|O|A 9]
7|& FAS} AA L= SIVEE &4t Alglxl orT1

o= — O

Ol HZQ| CIEHIO|AC] HMES It &= U2

» 2clic= 2HI|O|AS] HIHE J50HK| G

=

— C# 8.00{l =JI=l Default interface method

- I & =822 7HX1 U= HIAERZ, XHHEe| QIR I|ofA

O
k@ mu |

interface 1A {

void M() { Console WriteLine("IA.M"); }// 7|2 QIE{H{|0|A H|ACE

}
classB:IA{}/I M) HLEE 3 ol = =
class C: 1A {/l default methodE M Z 79|
public void M() { Console.WriteLine("C.M"); }
}
IAi=newB();i.M(); / IA.M 7|2 QIE{H|0|A M| AL HLE Al
IA j=newC(); j.M(); / C.M
lInew B().M(); // error: 224 B= S| M()0] §i S
new C().M();// C.M




Default Interface
Method

—— Default interface method= 2 HIZQ! IH A9l 2R

interface 1A {
void M() { Console.WriteLine("IA.M"); }
}
interface IB : 1A {
void IA.M() { Console.WriteLine("IB.M"); } /I default method override
}
interface IC : 1A {
void IA.M() { Console.WriteLine("IC.M"); } /I default method override

}
interface ID : IB, IC {

t
class D : 1D {

void IA.M() { Console.WriteLine("D IA.M"); }// default method override
t
D d = new D();
((1IA)d).M(); Il #]= override®! 7|2 QIE{1{|0]|A H|AL AFE DIAM
((IB)d).M(); Il #]Z overrideE 7|2 QIE{1{|0]|A H|AE AFE DIA.M
((IC)d).M(); Il #]= overrideg! 7|2 QIE{ 10| A M|~ AFE DIA.M
((ID)d).M(); Il #]= overrideg! 7|2 QIE{H{|0]|A H|AE AFE DIA.M
Hd.M(); Il error: ScljA D= HH M()0] 8IS




Default Interface
Method

interface 1A {
void M() { Console.WriteLine("IA.M"); }
}
interface IE : 1A {
abstract void IAM(); // FHL 2 I|HO| 7t
}
Ixclass E : IE { // error: IA.M()S F8dljof &
¥
classE : IE{
void IA.M() { Console.WriteLine("E IA.M"); }// default method override
}
IE ie = new E();
ie.M(); // Z|F override® 7|2 QAE{HO|A HAE AL E IAM
IA ia=new E();
ia.M(); // £|F override® 7|2 QAE{HO[A HAE AL EIAM




Default Interface

Method

interface 1A {
void M() { Console.WriteLine("IA.M"); }
}
interface IE : 1A {
abstract void IA.M(); // FHL 2 MHO| 7t5

}
/*abstract class F : IE { // error: IA.M()S 78 oljof &
Y

abstract class F : IE {
void IA.M() { Console.WriteLine("F IA.M"); }// default method override

}

class G : F{

}

G g =new G();

I1g.M(); Il error: 222 G= HH M()0| elS

I1((F)g).M(); // error: 22 F= HEH M()0| 813

((IE)g).MQ); // I override® 7|2 QEHO|A HIAE AL FIAM
((1A)Q).M(); // £|F overrideEl 7|2 QE{H 0| A HAE AFE F IAM
/1((1B)g).M(); // run-time error: InvaidCastException g= IB2 HEHE 4 Q1S




Base/Derived Conversion
-.Casting

— Upcasting

 OtR 2eHATL SRS HAZ | LAIHQI F HEY

— Downcasting

o SRAZ AT} SIRAZHAZ Ol Y HHSt (downcasting) Al BAIA
H3t (explicit type conversion) SAIKE ZHQ
A Al HEREHRT 7127 |= AX Al GIOIE & ZAL

-

o= B2 “InvalidCastException” 2444

= Mz o

class UpcastDowncastTest {
static void Main(string[] args) {
MyBaseClass ¢ = new MyBaseClass();
MyDerivedClass d = new MyDerivedClass();
c=d; Il upcasting
d = (MyDerivedClass)c; Il downcasting




as Operator
— is HLEX}

. HIO|E{Q] Y HBIO| 7H55HH true YISt
— as HAHX}

« 47| AfO|Q| & EHSt ALK}

—

« Q= HMHA| exception 24 Q10| null ISt

Bird b;
if (a is Bird)

b =(Bird)a; // QtH st HE
else

Console.WriteLine("Not a Bird");

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




Object Type Conversion

— DE X0, class)2 System.ObjectC 2L E IHY

ETYE System.ObjectC ZE & HEIO| JHs

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

object 0 = p; Il object & et
Bird b2 =0 as Bird; // objectd & Bird L2 Het
if (b2 == null)
Console.WriteLine(“Object is not a bird");
else

Console.WriteLine(“Object is a bird”);




Boxing and

Unboxing
— Boxing

- U o) AXYOE HiFE A
= Unboxing
- BT -) UYOE v A
memory
137 ]a |
| e,
.’ Int Ionbj(zzlc_t 0l = a;
137 object 02 =01,
137 b // unboxing
intb = (int)o2;
02 |!




User-Defined Type

Conversion

=tlALF XM &S OE SdA, F=H =2
JIZ II=dCE HEt Jis
— St 2t AL conversion operator)E 9]

class Sample {
int number = 42;
public static implicit operator string (Sample op) {
return op.ToString();
}IE2XE R YHESHE HMXE H LA ToString M2 E & g olsofet
public override string ToString () {
return “Object: value=* + number;
} // System.Object. ToString H 2 E XfH 9|
}
/| He
Sample obj;
string s = obj; // implicitEH &l explicit@ 2 MAHE[™ string s = (Sample)obj;




& 32 ==0 = HLUTIE 20l gtS Hiw
T8 322 ==0!= HLTIE AE0ol0H HIwE =

class Point { public int x; public inty; }
class PointClassComparisonTest {
static void Main() {
inti=1;intj=1; I/ 2Ee| Hl W & i==j= true
Paint p1 = new Point();
Paint p2 = new Point();
Point p3 = p1; I 22 AN E FESIEE pl==p3& true
plx=1;ply=1,
p2.x=1;p2y=1;
if (p1 == p2) /I BZHO| H| W= pl==p2E false
Console.WriteLine(“p11t p27F ZECH"):;
else
Console.WriteLine(“p13} p27} C2LC}"):




Equals & Equality

— AXE A HID AME AISE & UEE

Equals(..) overridingl == operator@ != operatorE
overloadinggt

class Point: IEquatable<Point> {
public int x; public inty;
public Point(): this(0, 0) {}
public Point(int x, inty) { this.x = x; int.y = y; }
I/l operator== overload
public static bool operator==(Point p1, Point p2) { return pl.Equals(p2); }
I/l operator!= overload
public static bool operator!=(Point p1, Point p2) { return !pl.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

/I lEquatable _
?Ubllc bool Equals(Point other)

if (this.x == other.x && this.y == other.y)
return true;
return false;
}
} // end of Point class
class PointClassComparisonTest {
static void Main(string[] args) {
Point p1 = new Point(3, 4);
Point p2 = new Point(3, 4);
Point p3 = p1;
if (p1==p2) [/ Equals®}t==operator® pl==p2= true
Console.WriteLine(“p12t p27t ZCH);
if (pl==p3) /&2 HHE FZSIEE pl==p3< true
Console.WriteLine(“p12t p37t ZCH);




Overloading
— HAE 2H=ZY(0verloading)

+ Bt A LHoIlM = 7§ OO O|Z0] 22 HIAE A
v HA~E O|F0| SoH0{OF &
v OH7H B =9 JH==7t M= TH=274L, EFRIO| M2 EHEtOF &t
v 2|H EtRI2 QHETF I &HE QIS

/I HAE 2 20| FE 8t ARl /HAE QE{ 20| Ml A
class MethodOverloading { class MethodOverloadingFail {
public int Sum(inti, int j) { public int Sum(int i, int j) {
return i+ j; returni + j;
} }
public int Sum(int i, int j, int k) { public double Sum(int i, intj) {
returni+j+Kk; return (double)(i + j);
} }
public double Sum(double i, double j) { }
returni + j;
}
}




Method
Overriding

— HAE 2H2H01E(Method Overriding)

. #IH ZUAQ| HACE ME SHAOIM KHE

v %I} SAQ| AL O|Z, MAL QIXt Et] L K<, 2 Et
DE % SAGHA B

© O| F SiLIEt: CIEH HIAE QH{2to|T &l

o
oln

- &4 HIRlE &8

v MH ZaA0| QEEO|IFE HAET 224 AAEEE 55 HIRIY &

HIAE1()
=26,
HIAE3()
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