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Human Computer Interaction



struct _person {

char name[256]; /1 0| &

int hoursWorked:; I 25 A2
}
void main()
{

int totalPay;

struct _person * pPerson;
pPerson = (struct _person*) malloc(sizeof(struct _person));
if (pPerson) {
pPerson->hoursWorked = 100;
strcpy(pPerson->name, “Steve”);
totalPay = pPerson->hoursWorked * 20000;
printf(“Total payment for %s is %d”, pPerson->name, totalPay);

}

free(pPerson);




class Person {

private:
std::string name; /| O| &
int hoursWorked; I 25 A2

public:
Person(std::string n) : name(n), hoursWorked(0);
std::string getName() { return name; }
void setHoursWorked(int h) {hoursWorked = h; }
int calculatePay() { return 20000*hoursWorked; }

h

void main(){
Person * pPerson = new Person(“Steve”);
if (pPerson) {

pPerson->setHoursWorked(100);

int totalPay = pPerson->calculatePay();

std::cout << “Total payment for “ << pPerson->getName() <<
totalPay << std::endl;

}

delete pPerson;




using System;

class Person {

public string name; 11 Ol &

private int hoursWorked;  // 25 A7t

public Person() : this (*”, 0) {}

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

}
public int CalculatePay() {  return 20000*hoursWorked; }

}
class PersonApp {
public static void Main(strings [] args) {
Person person = new Person(“Steve”, 200);
Console.WriteLine(“Total payment for {0} is {1},
person.name, person.CalculatePay());




OOP (Object—0Oriented

Programming)
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OOP (Object—0Oriented

Programming)
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OOP (Object—0Oriented

Programming)
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PP vs OOP

Procedural Programming)

£ dollM HAZE=E X Ys5txOl,
FOIZ EX =Mz A

X|X| el XHA}%@% EL'::=O|7| '(13-|6H 6"4—(function)
TIZ2AFY (procedure) 2= &2 B[22 LI50{AM Y
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O 2K X ZZ 24 (Object Oriented Programming)
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PP vs OOP
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PP vs OOP
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At} (Data Abstraction)

2} (Encapsulation), BHE2Y (Information Hiding)

=]

v AFRAHE Q0199 AL o
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— QIE{H 0|A mUTf FHinmt 9
Fe|E o (.h):

o AN Ih
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1

1+ 5| G o off */
typedef struct _Point {
int_Xx;
int _y;
} Point;

void setX(int x);
void setY(int y);
void move(int x, inty);




— Sofi&= AN E S2let H|0[H
B FOlME SciAe BHBEs, BY g+E A 2 s

[ 1
- ROM= S22l QIABHASE SO S7HEl (public)

—_— %EH Eae] /IPoint class ¢ /IPoint Z4H| ALE
A A = | class Point void main
AL _(a'l X-”) = //E1I0|E1("éllfl1ﬁ¢) /IPoint —Z—E’-)H{ﬁe QIAEIA MM
él)'l )g 6" O:| A"% int_Xx; Point p;
int _y; /IPoint 4H|Q| &+ M2 (ZF)
public: p.setX(100);
MH A= (HHET) p.setY(40);
void setX(intx){ _x=x;} p.move(20, 50);
void setY(inty){ y=vy;} }
void move(int x, int y){...}
¥
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— =20 Hlo|He K= FO

class Point

{

private int x, y;
public void SetX(intx) {this.x=x;}
public void SetY(inty) {thisy=y;}
public void Move(int x, inty) {..... }

}

class PointTest
{
static void Main(string [] args) {
Point p = new Point();
p.SetX(100);
p.SetY(40);
p.Move(20, 50); /I X=120, Y=90
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Object—0Oriented

Programming S &

O =3} (Encapsulation)
O &=
(o

Ctel A (Polymorphism)

(Inheritance)




Encapsulation

l(Encapsulation)
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Encapsulation &

Information Hiding
—_— M oLl

« 8E 2Y (information
© = 1 BankAccount
hiding) S HAZ HeE M __ BankAccount
Mol WEE H5= ol — | Public Deposit()
A0k, =, Mol HA o |

&S R0 dF= AY

« MEEEHE LIEI|= H —X= | private interest : xxx |
HIO[H = private2 = X85t d__’[ private balance : xxx ]
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| Public Withdraw()




— A= (Inheritance)
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Polymorphism

Polymorphism)
Ol Ecz HZ2

Sof2t= CHE o
=

d&0 txot= 7|
EfE DrlSei20N Fivts

Playlnstrument ()

{

Console.Write(*® F5IC}H) ;

1

}

Playlnstrument () Playlnstrument ()
{

{

Console.Write(“E H = X F3|CH) ;

Console.Write(“7| E} HFSICH) ;
}

}



Abstract

Class

— FAZE|A (Abstract Class)
- Soffa dAEC SHO|AM DHESHA0M FHGoF & LHEESES
o7 o AHEE

o CHO|IA abstract Z|HES AlE

Abstract %%Sﬂ'

abstract PlayInstrument ();

1

override Playlnstrument () override Playlnstrument ()
{ {
Console.Write(“7| EFHFSICH) ; Console.Write(*E H I A F5}Ct) ;

} }




— QIE{I{|O|A (Interface)
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(Constxuctor)

(Method)

(Indexer)
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class Customer {

private string name; I E3E
private int age; I E2E
public event EventHandler NameChanged;  // O|HIE

public Customer() { // 244 X}
name = string.Empty;
age = -1,
}
public string Name { // &
get { return this.name; }
set{
if (this.name !=value) {
this.name = value;
if (NameChanged != null) {
NameChanged(this, EventArgs.Empty);
}
}

}
}
public int Age { // &4
get; set;
}
public string GetCustomerData() { // H| &=
return string.Format(“Name: {0} Age: {1}’, this.Name, this.Age);
}
}




— BankAccount O |

class BankAccount
{
private decimal balance; /17N
BankAccount ol { private string name; T E
. / static double interest = 0.7; /10| &
Field / ~ public void Deposit(decimal amount)
balance {
/ R balance = balance + amount ;
-
Method / ™ public void Withdraw(decimal amount)
Deposit d
P /’ balance = balance — amount ;
Withdraw ~}
public static InterestRate (double in) //O| XpA| 4
{..} R Sitatiic
} s || Tt
24| off A fielqsOt
| 393 GlolE| | =







Instance Field vs.

Static(Class) Field

- |nstance field
« Ao AMMMEIE HEY = U= K=

- AN HGA B2 S 2E

— Static(Class) field
. M9 HIO|E|, 29 HIO|EZ Saja RE A| B Tt
- S22 F ofLtEE A HEV 2E

- AHQ NeE FIRESHAU SA WEsS MEots EF AEY™

A o o [
- C#OIAM = | |
E‘EHﬁ ol%gg IWithdraw() IWithdraw()
EE"‘."HOF Q’ Deposit() Deposit()
© 2223 . YNy

[ balance 1000 ] [ balance 50000 ]

[ interest 7% x [ interest 7% X




Readonly

Field

= Readonly field

o = -+
- AN dd Ao XEE S HEY = Bl i =
e C#0|M readonly®2 {QAUE=E HEO| Zt2 MA A0 E7|4t2
- o H 4 o 5 ) o
25t ALE OfL M ddX R0 s =28e = US
class ReadonlyClass {
public int x; Il instance field
public readonly inty =1; //readonly field initialization
public readonly int z; /I readonly field

public ReadonlyClass() { z=24; }
public ReadOnlyClass(int x, inty, int z) { this.x = x; this.y =y; this.z=1z; }
static void Main() {

ReadonlyClass r1 = new ReadonlyClass(1, 2, 3);

ReadonlyClass r2 = new ReadonlyClass();

r2.x =4;
lIr2.y = 5; /l Error
lIr2.z=6; /l Error

bl




- Const field

C+U M= const Z|RHEZl c++2t= 27 CIEAH ALE

C#0| Al const Z|RE= ZE L= X990

£y
fujo
0z
1
u

(&, #8g =+ Y95 X438
L MaE UZo| ¥Y TEO|Y| Mo 2aag st HY
- drE HTY M= G E A EERp ORI ZE,
2. d8 dEz X
e static 7|¥|EE const 7|¥EQ} ZO| AIEBEE £+ QS
public constintx=1,y=2,z=3; /[ const field (must initialize)

public const int w = x + 100; /I const field (must initialize)




Readonly

vs Const Field

- Const field

* const éf—JFE
* const éf—JFE
* const )ckal'—f-%
* const él'—f-E

= Readonly field

AT EfY (compile-time) &=O|LCt,
*._10._1_5|'E -i-7l_|"='E‘| statico| E._“:|'
Mottt A0 =7|3tE SH3F0{0F StCt,
HAOYA] g0l 2™ E[0{H QUO0{OF BiC},

e readonly &= TEIY (run-time) &=O0|LC},

e readonly &&= static 7|9EE AIESIH static &7t =L},
ArESHX| o™ Auki=JF EIC}H,

« readonly &= const 7|¥HEE AIESE AXEH HIEA
7|2t 2 €82 GlCr.

* readonly o= dEXNE SoHM HEFA| 40 2HE =
ot 2to] ZEEH CHAl= O S B3Y == St




Member Field vs Lg
Variable

public class Box {
private int width; // Se{A WHEEE= 7|22 2 X735}
4

private int length; // 2| HHEEE= 7| 2322 X7(3}
private int height; // 22l HHEEE= 7| 23422 X7(3}

public int GetVolume() { // A E
int volume = width * length * height; // volume2 X|gHE=
return volume;




Local

Variable
— |9
7|2t X

class MethodTest {
static void Main(string[] args) {

T HHEERE o XNS2E 7|2 X| o,
| B2 JEHIZ AE0H &I HIR Al F O A|X| 7t

LS

intx =3;
llinty; /| LFEM =>inty =022 X7|3| €8
intz; //OK

MethodTest t = new MethodTest();
t.Func(ref x, ref y);
t.Func2(ref x, out z);

}

void Func(ref int p, ref int q) {
a=p*p; p=2*q;

}

void Func2(ref int p, out int q) {
q=2%*p;

b}




|9 ZAHS M|
— == o—

0

[ oHE X} [static/abstract/virtual/override] Bt2tgfq HAEY
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Instance Method vs.

Static Method

using System; class StaticTestApp {
class StaticTest { public static void Main() {
public int x; /linstance field StaticTestt = new StaticTest();
public static int y;//static field
public void Test() { // instance method t.x = 10; /I OK
x=1; /I thisx =1 /[ty =10; [/ Error, static member field
y=1, /l StaticTest.y =1 StaticTest.y =10; // OK
}
// static method t.Test(); I OK x=1,y=1
public static void Test2() { IIt. Test2(); /l Error, static method
StaticTest t = new StaticTest(); StaticTest.Test2(); // OK, but x=1, y=2
tx=2;
IIx=2; /I Error, Object reference Console.WriteLine("{0}, {1}", t.x, StaticTest.y);
y=2; [/OK, string str = “TEST",
} Console.WriteLine(StaticTest.AddString(str));
/I static method /I E=%), TEST TEST!
public static string AddString(string str) { }
str+=" TESTI!!"; }
return str;
}
}




Static (Class)

Method
— FH(2Y2) HOIEE B 4 U= HAE
L

- |nstance field= B2 27t

BankAccount Instance
BankAccount Class |

| »—»{ Withdraw()
InterestRate( ) K* :

Deposit( )
v
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interest 7% ‘I balance 10000




Method

Parameter
— C#= 7tHZA0| Of7HH = X| T

A a1 e = |
® D’”—JIK—E9 Ol_IT %% E T
(o)

LIEFLH 7| @S] params 7|¥

— C# 4.05-E optional parameter X|
- HAEOl Oj7fHT} 7| 2%U4S %
Olgfet Oj7fHHs MEE S8

— C# 4.05LE| named parameter X|

« FXIe J2EI0] 7S X[Eo}
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Method
Parameter

static int[ ] GetArray(params int[] array) { return array; }

static int Sum(inta =2,intb =3) {returna + b; }

static void Main(string[ ] args) {
int[ ] arr = GetArray(d, 2, 3, 4, 5); // params
Console.WriteLine(Sum()); // 2 + 3 =5 optional parameter
Console.WriteLine(Sum(3)); // 3 + 3 =6 optional parameter

Console.WriteLine(Sum(b: 10, a: 5)); // 5+ 10 = 15 named parameter




Method

Parameter

= in, ref £= out S10| A =0 CHSH A= 07 HaE=

UOE S EE HALE MEE
in 7= SHERF=c# 7.2 O| M EH AR 7=

in, ref, out Oj 7 H == S8 K= gt A| LM o] Y& 2 ZHF=E[X| B
Tt gAaloz MAE fME = ALK O M in, ref out':'f CHE 4= 2le

= T HA
© void Methodl (int i, in int 3)2} void Methodl (int I, ref int j)= HAE
SHETE S0 Zoe o2
© void Methodl (int i, in int )2} void Methodl (int I, int j)= HAE
SHEE IS
static void DoSomthing(in int number) { // in 7| ¥ EAFE number£ read-only
/I number = 10; // compile error
}

static void Main(string[ ] args) {
DoSomthing(20);

}




Method

Parameter
— out Oj7H==0| AL O|2| MAB|OF =G| C# 7.0 O] A FE
HASHA A8 7ts

static void GetData(out int x, out inty) {
x = 10;
y =20;

}

static void Main(string[ ] args) {
/I C# 7.00| 10| = O] 2| M Q15{OF W=
inta, b;
GetData(out a, out b);
Console.WriteLine(a + “, “ + b);

/| C# 7.00| %
GetData(out int a, out intb); //a,b HEE HAE S &5 Z A& AIE
Console.WriteLine(a + “, “ + b);




Parameter

Passing

= Pass by reference

= Pass by value

o "M (value type) — = copy of value =

=

BE HA (reference type) = copy of references

AZO| Q3 HILYMS A

ref 7|}E AE
(HAE Mol / HAE TFE )

2E Mo “H7Hﬁ¢— x7|=t
H=22[7F e o=
HOIHE I3H7H 42 AR

Method (ref int x, ref int
y) , Method (ref int[] a)

HEAI

= CF&| —
= Xl_-lel-ol't o 1

* Method(int x, int y), Method (int[] a)

= Pass by output

=20 o3t MEHIAIS Al

=20 1=
w2 HiE B2 o AFE
out 7|}HE ALE

Method (out int x, out int
y) , Method(out int[] a)




Parameter

Passing

/IPass by value (value type)
using System;
class ParamPass
{
static public void Increase(int i)
{ .
i++;
Console.WriteLine(“Ut & i={0}*, i);
}
static void Main(string[] args)
{
inti=10;
Console.WriteLine(*Z &7 i={0}*, i); /10
I/l Pass by value (value type)
Increase(i); // 11
Console.WriteLine(*Z & & i={0}", i); /10
}
}

/IPass by value (reference type)
using System;
public class Ref {
public inti = 10;
}
class ParamPass {
static public void Increase(ref i)

{

ii++;

Console.WriteLine(“LH & i={0}", i.i);
}

static void Main(string[] args)

{
Ref r = new Ref();

Console.WriteLine(*Z &7 r.i={0}*, r.i); //10
/I Pass by value (reference type)
Increase(r); //11
Console.WriteLine(*2 & = r.i={0}", r.i); /11




Parameter

Passing

using System;
class ParameterPassing {
static int Sum(int a, int b) {
int sum = 0;
sum=a+b;
return (sum);
} /I pass-by-value
static void Swap(int a, int b) {
intt=a;
a=bh;
b=t
} /I pass-by-value
static void RefSwap(ref int a, ref int b) {
intt=a;
a=b;
b=t;
} Il pass-by-reference
static void Divide(int a, int b, out int result,
out int remainder) {
result=a/b;
remainder = a % b;
} /I pass-by-output

static void Main() {
intx =1;
inty =2;
int out, remainder;
Console.WriteLine(" x = {0}, y = {1}", X, ¥);
Console.WriteLine(“call Sum: x = {0}, y = {1},
sum ={2}", x, y, Sum(x,y));
Swap(x, y);
Console.WriteLine(“call Swap: x = {0}, y = {1}", X, y);

RefSwap(ref x, ref y);

y)_Console.WriteLine(“call refSwap: x = {0}, y = {1}", X,

Divide(x, y, out result, out remainder);
Console.WriteLine(“call Divide: x = {0}, y = {1},
result={2}, remainder={3}", x, y, result, remainder)
}
}




Parameter

Passing

//Pass by output (reference type)
using System;
class ArrayPass

{
static public void FillArray(out int[ ] myA)

{
myA = new int[5] {1, 2, 3, 4, 5};
}

static public void Main()

{

int[ ] myArray; // declaration (no initialization yet) OK

/I Pass by output
FillArray(out myArray); //1,2,3,4,5

/I Display the array elements

Console.WriteLine("Array elements are:");

for (int i=0; i < myArray.Length; i++)
Console.WriteLine(myArray[i]);

/I ZHK| E AT Pass by value (reference type)
using System;
class ArrayPass

{
static public void FillArray(int[] myA)

{
for (int i=0; i < myA.Length; i++)
myA[i] =i + 1;//fill the array elements
}
static public void Main()
{
int[] myArray = new int[5];
/I Pass by value
FillArray(myArray); //1,2,3,4,5

/I Display the array elements

Console.WriteLine("Array elements are:");

for (int i=0; i < myArray.Length; i++)
Console.WriteLine(myArrayli]);




Pass By Value & Pass
By Output

FillArray(out myArray);

FillArray(myArray);

v

v

myArray

Stack

Heap

Heap




Method

Qverloading

— HAE QHZ Y (Method Overloading)
- HAE 0|2 ZX|2t O§7f =71 CHEH F2
- TE Al O&E Of7fRH=s Ji=Lt GiOlE ERIO| M2t F+HEE KNE|

class MethodOverload {
int Max(int a, int b) {
if (& > b) return a;
else return b;
}
double Max(double a, double b) {
if (& > b) return a;
else return b;
}
static void Main(string[] args) {
MethodOverload o = new MethodOverload();
intx; doubley;
X = 0.Max(10, 50); /I x=50
y = 0.Max(10.6, 50.3); // y=50.3
}
}
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Method

Return

class ReturnTest {

int value = 100;
public void SetValue(int v) {
value =v;
}
public int GetValue() {
return value;
}
public ReturnTest Copy1() {
ReturnTest t = new ReturnTest();
return t;
}
public ReturnTest Copy2() {
return this;
}
public void Print(string name) {
Console.WriteLine ("name={0},
value={1}",
name, value);

class MethodReturnApp {

public static void Main(){

ReturnTest t1 = new ReturnTest();
Console.WriteLine (t1.GetValue());
ReturnTest t2 = t1.Copy1();
Console.WriteLine (“Copy1 t1(new) to t2");
t1.Print("t1"); t2.Print("t2");
t1.SetValue(500); // t1.value = 500
Console.WriteLine ("t1.SetValue(50)");
t1.Print("t1"); t2.Print("t2");
t2.SetValue(200); // t2.value = 200
Console.WriteLine ("t2.SetValue(200)");
t1.Print("t1"); t2.Print("t2");
Console.WriteLine (“Copy2 t1(this) to t3");
ReturnTest t3 = t1.Copy2(); //this copy
t1.Print("t1"); t3.Print("t3");
t3.SetValue(1000);

Console.WriteLine ("t3.SetValue(1000)");
t1.Print("t1"); t3.Print("t3");
Console.ReadLine ();

}
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public static ref int FindNumber(int[] numbers, int target) {
for (inti=0; i < numbers.Length; i++) {
if (numbers[i] >= target)
return ref numbersi]
}

return ref numbers[0];

}

static void Main(string[] args) {
int[] numbers = new[] { 1, 3, 7, 15, 31, 63, 127, 255 };
Console.WriteLine(String.Join(" ", numbers)); // 1 37 15 31 63 127 255
ref int value = ref FindNumber(numbers, 16); // value = 31
value *=2; // value = 62
Console.WriteLine(String.Join(" ", numbers)); // 1 37 15 62 63 127 255
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public static ref string GetData(string[] arr, int index) {
ref string str = ref arr[index]; // arr0ll refE H83l0] 3Lt HmHEHA 25
return ref str;

}

static void Main(string[] args) {

var colors = new[] { "blue", "green", "yellow", "orange", "pink" };

string color = colors[3];

color = "Magenta”;

Console.WriteLine(String.Join(" ", colors)); // blue green yellow orange pink

ref string colorl = ref colors|[3];
colorl = "Magenta";
Console.WriteLine(String.Join(" ", colors)); // blue green yellow Magenta pink

ref string color2 = ref GetData(colors, 3);
color2 = "Magenta";
Console.WriteLine(String.Join(" ", colors)); // blue green yellow Magenta pink
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. ) . Non-derived
Derived class Non-derived Derived class
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public Y % Y v y
private Y N N N .
protected Y Y N v .
internal Y Y % N -
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public class Car {
protected int wheel = 4;
protected void Move() {
Console.WriteLine(“BF| {0} Xt AH7F = 2 CHE T, wheel);
}

}
public class CarApp {

static void Main(string[] args) {
Car myCar = new Car();
//myCar.Move(); Il 23 =% I 20] Car.Move()f| BN 2T == QS




Class
Zi— O

— protected 7| =

public class Sedan : Car {

public void SedanMove() {
Console.WriteLine(“B} 7| {0} S&At7F =2 &{ CHH T, wheel);

}
static void Main(string[] args) {

Sedan myCar = new Sedan();
myCar.Move(); /| Car & &5
IHEES AFEY = US
I A2 & E A IS

myCar.SedanMove();
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class BankAccountApp {
static void Main() {
BankAccount acc = new BankAccount();
acc.Deposit(100000);
}
}

I <]

AEH Ao M 22| AHE Withdraw( ...) |

D it(...
B e - > eposit(... )

balance 0
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public class DefaultConstructor {
int x;
public void SetX(int x) { this.x = x; }
public int GetX() { return x; }

public static void Main(string [] args) {
DefaultConstructor p = new DefaultConstructor();
p.SetX(3);




Default

constructor

class DefaultConstructor {

int x; A Ao ofsh
public void SetX(int x) { this.x = x;} s MU= 7| £ MK}
public int getX() { return x;}

public DefaultConstructor() { } <l

public static void Main(string [] args) {

DefaultConstructor p = new DefaultConstructor();
p.SetX(3); >
}
}
A/t A5 2 7|2 YdXAE et 2L
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class DefaultConstructor {

int x; ATl g{ 7} 7| E MMM XE

public void SetX(int x) { this.x = x; } = ;?E -lAHl-M _L_i__xl%;_og f =

public int GetX() { returnx;} -~ .. oo B
-7 public DefaultConstructor() { }

4
public DefaultConstructor(int x) {

this.x = x; \
) X
public static void Main(string [] args) { )/

DefaultConstructor p1= new DefaultConstructor(3); //
int n = pl.GetX(); e
DefaultConstructor p2= new DefaultConstructor(); ---~ .
p2.SetX(5);
}
} ALY *F
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public Date(int yy) {
this.yy =vyy ;

}

public Date(int yy, int mm, int dd) {
this.yy =vyy ;
this.mm=mm;
this.dd = dd ;

}
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public Date()

{
this.yy = 2004 ;
thismm=1;
this.dd = 1;

}

public Date(int yy, int mm, int dd)
{

this.yy =yy ;

this.mm=mm ;

this.dd = dd ;
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public Date(intyy, int mm, int dd)
{

this.yy =yy ;

this.mm =mm;

this.dd =dd ;
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;t.ruct Point
{
publicintx ,y;

public Point (int x, inty)
{
TEH|Of CHEH A AR} this.x = x

this.y =y ;
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public Car(int maxspeed, string name)

velocity = maxspeed,;
carName = name;

I this 7| Y EE 0| & et
public Car(int velocity, string carName)

» {

this.velocity = velocity;
this.carName = carName;
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class Point

{

private static int[] data ;

~ static Point()
{
) data = new int[1000];
static &K} | =
-}
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private constructorz= A

public class Counter {

private 2 X} |<Cprivate Counter() { }

public static int currentCount;

public static int IncrementCount() { return ++currentCount; }

}

class TestCounter {
static void Main() {
// Counter aCounter = new Counter(); // Error
Counter.currentCount = 100;
Counter.IncrementCount();
Console.WriteLine(“New Count: “+Counter.currentCount);
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public abstract class Shape {
protected Shape(string name) { this.name = name; }
private string name;
public void Print() { Console.WriteLine(this.name); }

}

public class Triangle: Shape { public Triangle(string name): base(name) {}

}

public class Rectangle: Shape { public Rectangle(string name): base(name) {}
}

Shape s = new Triangle(“&Z+&"):;
s.Print(); // &2t

s = new Rectangle(“ & AFZEE"):
s.Print(); // ZAtZtH
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~SourceFile()
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