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New Features in C++

* Encapsulation (31%)
— Data hiding
— Data protection

e Inheritance (#%-ik)

e Polymorphism (% 4))
— Overloading: Different functions are called when different
parameter are used.
— Overriding: Different functions are called when different objects are
used.
— Dynamic binding:
- Virtual function: Determine the invoked function at run time.

- Abstract class: Abstract class can only be inherited. The classes
inheriting abstract classes can be implemented.

- RRTI (Run-Time Type ldentification): Determine object types at run time
Copyright © All Rights Reserved by Yuan-Hao Chang
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HeIIo World C++

' 12.63 BERE

// %6 Criizs SRS
02 #include D —— // 515 iostream 185 Standard Ilbrary '
203 #include <cstdlib> // & cstdlibiez® T
04 using namespace std; /7 {EBH =td BiBIEE
05 int main(void)
06 |
ED? char ch="T";
08 int a=12;
09 float b=12.63F;
10
ill cout << ch << "BEZEIL" << endl: /7 ElE=T ch B9AS
12 cout << a << "BEE" << endl; S0 ENDEE] 2 f9AE
13 cout << b << "RFHE" << endl; // ENHEHB b HIAD
14 e S :
15 system("pause™); /* OUTPUT--
;16 return 0; T 25T
17 ) 12 2% i

_______________________ X/
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ANSI/ISO C++

* ANSI/ISO C++ was announced in 1997

— Existing C libraries are also supported in C++

— New libraries (only) supported by C++ exclude the file
extension .h

Include <iostream> -> No .h

—The corresponding C++ libraries ported from C libraries
add character c in the beginning of the header file name
math.h -> cmath

— Every function, class, and object names are contained in
the name space std

using namespace std

Copyright © All Rights Reserved by Yuan-Hao Chang
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// FIFB cin &)\ EH
#include <iostream> i;’* OUTPUT----

#include <cstdlib>
using namespace std:

int main({void)

{

B — B2 12
)\ — [BIE38: 26.87
C12+26.87=38.87

int =; . S
float v»

cout << "iEE)—(EEEE:";

cin >> x; // BBREEEE—EE  WisFioEeE x 5

cout << "FEEN—BIFFSE: "

cin >> yi // BHIREERN—FHE 0 LiSFEoEE vy T

cout << x << "+ << v << "=" << xty << endl; // ETEIHE x+v

system(Tpause™) ;
return 0;

_______________________________________________________________________________________________________________________
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@

New Data Type: bool

e bool: true or false

bool status=true; // % & 7 MiGgistatus B " &2 4 true
bool flag=false; // 7%= & jp™Esiflag 77 2 ’%v false
bool test=1; // T E [ ARG Etest ) T EI® hotrue

UI:

UI:

Copyright © All Rights Reserved by Yuan-Hao Chang
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Example: bool /+ outeuT-

01 mEEsmes T A\ —EEEE: 53 ,
502 #include <iostream> 03 = 2 |
103 #include <cstdlib>  STIITTIITIIITIIOTIIIIT */

______________________________________________

' 04 using namespace ztd:
05 int main(void) '

06 | i
07 bool is_odd; // SEMMBREIIEE is odd
EOE’ int num;
109 cout << "FEHN—(BEEE: " |
10 cin => nums
111 if (num32 !=0) |
12 is odd=true; /7 02 num BEFE 0 2 F is_odd A true
13 elze
14 is odd=false; // U0 num 2{BF > $27F is odd A false |
|15 |
|16 if (is odd)
117 cout << num << "FEFE" << endl;
18 else
119 cout << num << "2EST << endl:
1 20 aystem (T pause™) ;
ii‘l return 0;
22 1 |

Copyright © All Rights Reserved by Yuan- Hao Chang
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Variables

 Variables can be declared in any place (including in for loop).

01 /) mesEsnnE Y euteuT. T :

, , /% QUTPUT--
02  #include <iostream> :
03 #include <cstdlib> £ for @R, 1=0
‘04 usging namespace std; £ for WEE, 1i=1
05 int main(void) T for OEIHE, i=2
06 { for BEMITRE,1=20 |
07 int i=20; // SESE L WEER 20 | —-----------mom oo */
08
509 for(int i=0;1i<3;i++) } S | ENEE
10 cout<<"it for@WEIE, 1="<<i<<endl;
111
12 cout<<"for WEFITTEE, i="<<i<<endl; // FiTEEEZ ' EIH 1 081E
13
514 system(Tpause™) ;
515 return 0;
16 )

Copyright © All Rights Reserved by Yuan-Hao Chang
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Overloading (% §*)

* Functions are called according to its parameters.

int main(void) function(n)
¢ function(a): Y
function(a,b); !
d \. function(nl,n2)
{
o

Copyright © All Rights Reserved by Yuan-Hao Chang
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01 // RESEOHN--BESEE - BRETE i
: 2  #include <iocstream>
(03 #include <cstdlib> :

04 using namespace std; /* QUTPUT --
05 woid show(int):

06 woid show(double); 26 B—{BEE]

07  int main(void) 53.14 = —EEREESHE l
08 { . %/
09 int a=26; e |
110 double b=3.14; i

11 / show(a); // B\EZF show () HEHE i

12 show (b) 7, // BNBIBESREF show () METE |

113 system(Tpause™) ;

114 return Cl,

15\ } i

116 “void show(int num) // show () ME] » AIFEI—BEE i

17 ;

ilE cout << num << "E—FES" << endl:

9 1y §

0 wvoid Show(double num) /7 show () HE] » o[iEIT—RISIEE Z20E]

1 { :

{1

cout<< num << "B—EEBIEBEEIEEIT << endl:;

by b B Do
[

[
——

________________________________________________________________________________________________________________
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M

Overloading with Different Number of Paramet rs

01 // BEZENFHI--3SESTE
02 #include <iostream>

03 #include <cstdlib>

04 uszing namezpace std:

05  wold star(void) :

06 wvoid star(int):
o
o

7 int main(wvoid)

08 {

09 star () ; /7 PR ESIER) star () |

10 star (9) 7, /BB —BEEI5(818) star () |

111 system({Tpause™); |

112 return /0;

113 \} |

14  wvoid star(void) [/ TFE star (void) [BE]

15 { 5

515 cout;" << "EIH S {@E%E: *****" << endl: :
17} y |

18 wvoid star(int num) // TFE star (int) FJE]

19 T P T,
2 cout << "EJHHT << num << "{@2S5F: T; / OUTPUT----
121 for({int i=l:;i<=num;i++) FIE 5 BE2Y: ***++*=* |
522 cout << TE"; EPﬂHjEH@ED': kEE A A * i
123 cout << endl; o X/
24} o -

____________________________________________________________________________________________________________
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Class

» Using a typical window as an example:

M

January 6, 2011

— Using struct U
— Using class

TﬁEl"IEuE (title)

=1t

=10

= (i) - A

i)
3l

- 1zih

. Button

width

k 4

\ 4

struct Win

13

{
char 1d;
int width;
int height;
}s
int area()
{
reutrn width*height
+
class CWin
{
public:
char 1d;
int width;

int height;
int area()
{
return width*height;
+
}s




Example: struct

01

-
=

03
04
05
06
o7
o8
09
10
11
12
13
14
15
16

/7 FRSRAEETIRE
#include <iostream>
#include <csztdlib>
using namespace std;

[/ FIRERIEEEIRE

struct Win

January 6, 2011 14

WE& d: A

height

£

width

1
char id;
int width; /7 Win $51ERI width p &
int height; // Win #5180 height AL S
I

int areal(struct Win w)

{

return w.width*w. helight;

/! BE=-85

/) FEWE areal) » HRESTEEIE

Copyright © All Rights Reserved by Yuan-Hao Chang
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Example: struct (Cont.)

17  1nt mainivoid)

18 {

19 Win winl: f/ BE Win {EIBOIINE winl

20

21 winl.id="A";

22 winl.width=50; // F3TF width & 50

23 winl.height=40; /7 33T height A& 40

24

25 cout<<"Window "<< winl.id<<", area="<<area(winl)<<endl;
26 system("pause™) ; B
27 return 0; =loix||
28 '} WEIRY d: A
____________________________________________ height
/* OUTPUT--- |

EWindDw A, area=2000 i 4

F Y
.

width
Copyright © All Rights Reserved by Yuan-Hao Chang
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Basic Concept of Class

* A class includes data members and function
members
— Data members (attributes)
- E.g., width, height
—Function members (methods)
- E.g., area()

'a . _
SHNE
data members

DEIFIS
function members

Copyright © All Rights Reserved by Yuan-Hao Chang
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Encapsulation (3t%)

TREHRL A o

_loixi| T -

15 Windows tile

height
1~
- : It:iei ht L
) q J— S Widgt]h Spa =
WACHR oororoeeresssmeeneneeneseeoese™ )
area = width*height — | L area() J JEIRLE

Copyright © All Rights Reserved by Yuan-Hao Chang
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@

Class Declaration

Class Declaration }———————\\

)

/
class ClassName
{
public:
DataType VariableName;
ReturnType FuncName(DataTypel Paral, DataType2 Paraz2,...)
{
Statement ; class CWin // Define Class CWin
return (value); {
b public: // Declare public members
) - char id;
¥ int width; }Declare data members
& int height;
int area()
| {
Function membets return width*height;
. Public members can be accessed +
outside of the class. };

Copyright © All Rights Reserved by Yuan-Hao Chang
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Object Creation

CWin winl,win2; // = 2 CWiIn#g s3] i % fwinl2win2

e : ~
! CWin \ et TTTTTTTT T I -
Bk cwin 4831 —— | ZRme O winl i) win2 et )\
H= B ] id o —— — :
| width Lo SHE ‘ %ﬂﬁﬁﬁ‘ :
. | height 0| id=A id='"B' i
: .1 | width=50 width=58 :
L CWin 488 — | BEES L =40 eight=36 l
SILBTOTE | |aeanstamE |1 : . :
(0sEERE | amme SIS :
o .. 1 |area0-BTEETE area()-5tHEE |
I r.-"'" .\ J / ;‘
1+ \\ Jr‘
CWin $8RIE0TE & TN eenTTTTTTTTTTTITT ]

L €W 4851|BTE £ 1HER)

Copyright © All Rights Reserved by Yuan-Hao Chang
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@

Accessing Object Contents

» Access data members: ObjectName.DataMember

winl.id="A"; // S7Fwinlig #9id-F8 h A
winl.width=50; // S winligid =33 %50
winl.height=40; // 7 winliyd £33 %5 40

 Invoke function members: ObjectName.FunctionMember

winl.area(); /7 FP winl¥y i wolg -y 8 area()

Copyright © All Rights Reserved by Yuan-Hao Chang



Class Example (1/2)

01

-
A

03
04
05
o6
07
08
0%
10
11
12
13
14
15
16
17

/B —@EERIET
#include <iostream>
#include <cstdlib>
using namespace std:

class CWin // FTEIREZIER| CWin
{
public: [/ BEBRNEALE
char id:
int width;

int height;

=

int area{void) /S FTEEEIAE area

{
return width*height;

January 6, 2011

1 HIRETEETS

Copyright © All Rights Reserved by Yuan-Hao Chang
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Class Example (2/2)

18 int main(wvoid)

19 |

20 CWin winl;: // BE Ciin AR BVREADEIE] winl

21 winl.id="4A";

22 winl.width=50; /7 BF winl §width RS & 50

23 winl.height=40; // FBF winl A9 height pi& & 40

24

25 cout << "Window T << winl.id << ":7 << endl;

26 cout << "Area = " << winl.areal() << endl:; // ITEBEIE

27 cout << "sizeof (winl) = 7 << zizeof (winl) << "{#@{ITiE" << endl;

28

27 system("pause’”); /% OUTPUT-———__—

30 return 0; : |

31 3 D Window A E
. Area = 2000 |
. sizeof (winl) = 12 @{ T8 |

________________________ *fi

Copyright © All Rights Reserved by Yuan-Hao Chang
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Function Calls Between Function Members (1/2)

01

~
—

03
04
05
06
07
08
0s
10
11
12
13
14
15
16
17
18
19

F4 8RB 8018 S 1F0
#include <iostream> /* OUTPUT-- i

#include <cstdlib>
using namespace std:

i Window A, area=Z2000

class CWin // FETBES4ER CWin T *x/

{

}:

public:
char id;
int width;
int height:
int area(void) // FEDEIANES area() » HRFTEBETE
{ .
return width*height;
4 .
void show area(void) // FEDENS show_éreaij » BT EIE
{ :

cout<<"Window "<< id <<", area=" <<, area Ll{ﬂ endl;

0] area() (%]
Copyright © All Rights Reserved by Yuan-Hao Chang
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Function Calls Between Function Members (2/2)

January 6, 2011

20  int main(wvoid)
21 1
22 CWin winl;
23
24 winl.id=TA";
25 winl.width=50;
26 winl.height=40;
27 winl.show areal(); 7/ IF0 show () RE]
28
29 syvetem(Tpause™) ;
30 return 0;
31 }

. /* QUTPUT--

Window A, area=2000

Copyright © All Rights Reserved by Yuan-Hao Chang
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Passing Objects to Function Members (1/2)

SO BRI AR R EHE
#include <iostream>
#include <cstdlib>
using namespace std:

01
02
03
04
05
o6
07
08
0%
10
11
12
13
14
15
16
17
18
19
20
21

class CWin // TFEIRE8R] Cin
{
pukblic:
char id;
int width:

int height;

int area(void) // TEXEE areal) @ HFTEEIE

|!Q

{
return width*height;
1
void set data(char i,int w,int h) // TFE set data() @
{
id=1; // HIFE 1d B
width=w; // F9TF width pi8
height=h; // T2 height fUE
¥
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Passing Objects to Function Members (2/2)

void show area(CWin win) // I8 show area() FEH—15005E]

~
s

23
24
25
26
28
29
30
31

~
=

33
34
35
36

{

cout<<"Window "<<win.id<<", area="<<win.areal)<< endl;

int main(void)

{

Cwin winl;

winl.zset datai’
show area(winl);

system (" pauze™);

return O;

B',50,40); // Bwinl 4D{0E0) set data () RE

[/ 8E winl ¥4 %] show _area() [HEHE

l_ e winl $7{EHDY set data() (ZE]

'winl, . set data('B',50,40);

1B% winl 17{4F show area() 2R

Copyright © All Rights Reserved by Yuan-Hao Chang
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Member Function Overloading (1/3)

01
02
03
04
05
06
o7
08
09
10
11
12
13
14
15
16
17
18
19

A= R EE
#include <iostreams>
#include <c=tdlib>

uzing namespace std:

class CWin // FEIREZIER| CWin
{
pulblic:
char id:;
int width;

int height;

int area(void) /O TFEMEIRNES areal)  HRESTEEIE

‘\\\

{
return width*height;
} ‘\\

vold show area(void)

{

cout<<"Window "<< id <<, area=" <<m << endl;;

hang
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Member Function Overloading (2/3)

20 vold set data(char i,int w,int h) // E—{@ zet data () D]
21 [ = —~— -~
22 id=1i: 3 parameters
23 width=w;
24 height=h;
25 1
26 void set data(char i) // B{@ set_datal() HE]
27 f 0
28 id=1i; 1 parameter
29 +
30 void set data(int w,int h) // E=18 =et_datal() HE]
31 { _
2 Ll i 2 parameters
33 height=h;
34 1
35 F
36

Copyright © All Rights Reserved by Yuan-Hao Chang
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Member Function Overloading (3/3)

37
38
39
40
41

-
Fa

43
44
45
46
47
48
49
50

int main(void)

{
CWin winl,winZ:
winl.set data("A',50,40); A4 [P B={@5|2878Y set_data()
win2.set data('B"): A0[RI B—@3I8780 set_data()
win2.set data(80,120):; A4 IFIBMIESIETRY set_data()
winl.show area(): A4 FA winl ¥{(F1F0] show areal)
win2.show areal(); A4 T win2 $0(EF0F0)] show _areal)
system (" pause”); T . L, i
return O; 5 /* QUTPUT--

! ;Window A, area=2000

'Window B, area=9600

Copyright © All Rights Reserved by Yuan-Hao Chang
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Problems of Public Data Members (1/2)

01
02
03
04
05
06
07
08
0%
10
11
12
13
14
15
16
17
18
19
20
21

// BRSNS EIESS FE L LB RTEEL fE5R
#include <iostream>
#include <cstdlib>=
uging namespace std;
class CWin // FEREIER| CWin
{
public:

char id;

int width:

int height;

int area(wvoid)

{
return width*height;
1
vold show area({void)
{
cout<<"Window "<< id;
cout<<™, area=" << areal) << endl:
1

ECWME%W%
[

Copyright © All Rights Reserved by Yuan-Hao Chang
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Problems of Public Data Members (2/2)

]
s

23  int main(wvoid)

24

25 CWin winl;

26

27 winl.id="A";

28 winl.width=-50;  // ZIEf width piEFER-50 Lf CWin $8211715
29 winl.height=40;

30 winl.show areal(): // BT B8

31

32 system("pause™);

33 return 0; )
34 1

/* QUTPUT---

Window A, area=-2000

Copyright © All Rights Reserved by Yuan-Hao Chang
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Private Members

* Private members can only be accessed inside of the class.

January 6, 2011

[

{

class ClassName

private:
// define private members

[ Public and private members }\

32

public:
// define public members

—

Without keyword
public, members are
private by default.

.

class CWiIn

/7 EEFEHICNIN
{

private:

char id;

int width;

int height;
public:

int area(void)

{
}

// Private

// Public

return width*height;
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Prlvate Member Example (1/2)

o2
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21

) 5
i

/7 FhaR S0 {EEER

#1nclude <iostreams>
#include <cestdliks
using namespace =td;

class CWin S/ FEIEEIER| CWin
{
private: haf
char id;
int width:;

int height;

public:
int area(wvoid) // 818 areal)
{

_ & CWin 2BRIAgl - 47=]

return width*height; _ L
’ EEEE=Ta=

1
vold show area(wvoid) // [REIF(E show areal)
{
cout<<"Window "<< 1d <<", area=" << areal)l << endl:
) L |
bi £ CWin £BRIASL - dUali=HY

A== 10 Chang
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Private Member Example (2/2)

23  1int main(wvoid)

24 |
25 CWin winl; , class CWin
26 e . {
27 iwinl Sid=TA"; ' private:
28 :winl.width=—5; CWin 82|70 < char id;
29 \winl.height=12; int width; —
30 =TT TTTTTTTTmTTTTT int height;
31 winl.show areaf); \ ce e
2 syvastem (Tpause™) ; i
33 return 0; x
34 ) ¢ int main{void)
{
CWin winl;
- - CWin 188|712 1 winl.id="A";
HE o ¢ CWIink 5 winl.width=-5;  —
phERLSF T 2 T% winl.height=12;
1% o8

b

Copyright © All Rights Reserved by Yuan-Hao Chang
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Accessing Private Data Members rogh
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i (i

Public Function Members (1/3)

01
oz
03
04
05
oé
07
08
0%
10
11
12
13
14
15
16
17
18
19
20

M FMBABREI R BRE
#include <iostream>
#include <cstdlib>
uging namespace std:

class CWin // FTEIREIER| CWin

{

private:
char id;
. % ] e
int wi d;;h; [ HBBENE
int height: /B EHNE

R

public: NN
int area(voidy . // DEXEHNE areal)
{ ‘\ \\ \\\

return width¥height;

) .
void show_area(void) A B RE RS show _areal)
{

cout<<"Window "<< id <<, area=" << areal) << endl;
¥ ao Chang
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Accessing Private Data Members thro gh

January 6, 2011 36

Public Function Members (2/3)

21

~
)

23
24
25
26
28
29
30
31
32
33
34
35

—

Using public function members to
check error.

N

vold set data(char i,int w,int h) // OBEERE set _datal)

{

id=1i;

1if(w>0 && h>0)

{
width=w;
height=h;

}

else

{
width=0;
height=0;
cout << "input

/7 U0 wEd h 19RO

/7 TR wE h F— @R O

error’” << endl;

Copyright © All Rights Reserved by Yuan-Hao Chang
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Accessing Private Data Members though
Publlc Function Members (3/3)

33
39
40
41
42
43
44
45

int main({void)

{

CwWin winl;

winl.set data("A',50,40);

winl.show areal();

system (" pauze™) ;
return 0;

// BT HEIE

January 6, 2011

37

CWin f8RI|78[ -

CWin18RI7ha0 ¢

class CWin

{

private:
Public:

vold set dataichar i,int w,int hj
{ «oaa }

¥

int main{void)

{

BRI BRI © O]
BEiE618R171 8 k=8

CWin winl;

winl.set data('A",50,40);
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Class Constructor
* The constructor is used to initialize objects.

Constructor’'s name should be the same as the class’s name

January 6, 2011

(
L

Constructor’s format }“\

~ClassName(DataTypel Paral, DataType2 Paraz2,...)

A @
/1~ R {'%J‘% E

p
{
statement ;
No return data
N\

CWin(char i1,int w,int h)
{

1d=1;
width=w;
height=h;

}

/7 CWinQ&E A7 » = 210> (2 LIgY

Copyright © All Rights Reserved by Yuan-Hao Chang
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class CWin“!
{

Constructor Example (1/2)  ewnienar 10t wine

{
01 // EiETEH id=i;
0z #include <iostream> widt h=w; «—

03 #include <cstdlib> height=h;

= F

04 using namespace std;

05 ¢lass CWin // TFEIREIERI CWin ,

06 1 int maini{wvoid)

o7 private: [

08 char id:; CWin winl("A",50,40); |
09 int width, height; CWin win2 ("B',60,70);
10

11 public: :

12 CWin(char i,int w,int h) // CWin() 27 SiEW=@2®
13 {

14 id=1ir;

15 width=w; S LI RS E

16 height=h;

17 cout << "CWin EWE TN T ..." << endl:

18 }

Copyright © All Rights Reserved by Yuan-Hao Chang
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Constructor Example (2/2)

19
20
21

- -y
A

23
24
25
26

- =7
i f

28
29
30
31

=
i

33
34
35

vold show member (void) // WEHE @ AFETERIERE
i

cout<<"Window "<< id <<": ;

cout<<"width="<< width<<"™, height="<<height<<endl;
¥

}r

int main(void)

{
CWin winl('A",50,40); // BESwinl ¥4, T2 FVE
CWin win2('B",60,70): // B win2 1%, 52 FHE
) |
winl.show member(); | /* OUTPUT-------mo o
win2.show member () ; CWin ZEETiEIFN 5. .. E
system("pause™) ; CWin sEIB-TiL0E0] 5 ...
return 0; iWindow A: width=50, height=40 i
} ‘Window B: width=60, height=70 |
| ___ * [

______________________________________________________________

Copyright © All Rights Reserved by Yuan-Hao Chang
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Constructor Overloading (1/3)

01

-~
“

03
04
05
06
07
08
0%
10

// EIBTHSE
#include <iostream>
#include <cstdlib>
using namespace std:
class CWin  // FEIREL8R|CWin
{
private:
char id:
int width, height; |

5B S BIBVERETT /

4

January 6, 2011

(F B=E5IBEVERT
C

Win(char 1i,1int w,int h)

{

id=1;
width=w;
height=h;

CWin(void)

{
id="2";
width=10;
height=10;
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Constructor Overloading (2/3)

11
12
13
14
15
16
17
18
19
20
21

S
.

23
24
25
26

a7
2/

28
29
30
31

2
=

public:
CWin(char i,int w,int h) // B={E3|8I0EET
{
id=i;
width=w;
height=h;
cout <<"CWin(char,int,int) EETiEIFEN ... <<endl;
1
CWin (void) /7 =B SIBINEET
{
id="2";
width=10;
height=10;
cout <<"CWin () B T/E0EN 5...7<<endl;
1
void show _member (void) S/ MBS - AR E NI EE
{
cout<<"Window "<<id <<": ;
cout<<"width="<<width<<", height="<<height<<endl;

Chang
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Constructor Overloading (3/3)

33
34
35
36
37
38
39
40
41

-
i

43

int main(void)

{

CWin winl("A',50,40): // 21 winl % @ WITFWB=1E58100EET
CWin win2; // 32T win2 % - WIF025 S8R E T

winl.show member():
winZ.show member();

systemn("pause™) ;
return 0;

—————————————————————————————————————————————————————————————————

iC‘iﬁTin (char,int,int) EETEIFEN 5. ..
Cwin() BEBTRIELT...

‘Window A: width=50, height=40
‘Window Z: width=10, height=10
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