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The Motivation of Using
Classes



Motivation

- e RBERREVIER E 5 b —EREER A |
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« B : Dorakemon
- 55 129.3 cm ~ B2 129.3 kg
- BEE 1 B
s FRIERIE (xyzPEFE)

- fEH—LE TEIfEL ! (57%, methods, 174, behaviors)
=> A TRV B
« 3THENE
« 28]
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The Oldest (Worst) Way

¢

«Recall: “ or "(AXHVES|FR) = " (EXHIES|5H)
- —FEEREHE « €558

4R

string name = "Dorakemon’y

double height = 129.3, weight = 129.3;

int rgb = 0x0000ff;

int _ x=0, .y=0, _z=0;

void sayHello(){ cout << "Hello! My name is " << name << ".\n"; }
void moveTo(int x, int y, int z){ x=x; _y=vy; _z=12; }

O 0 00O NONO
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What is rgb? (1/2)

= FEYER (RGB color model) RERGBEE@,
BB AT ECEREBARE - B &/ 51‘5 » 1F4T

(Red) -~ %t (Green) -~ E:t (Blue) :}?‘—%Eﬁ_—%i‘é
MR BRI » MEL S B2 IENE S -

G

ZREXMAEM
BEEMEL AR

-G > fle AT EENEBRTIE |
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What is rgb? (2/2)

. —(EFREEETR A 2 = EIEEEIN - HRIBR G - B o B EHIEL
BEAR > BrAHE  E-EBER)E > ErRBEE -

- EREERRAN

73K RGB %R
e (1.0, 0.0, 0.0)
B (100%, 0%, 0%)

. (255,0, 0)8%
J\EEE 0000 (-7 )

+ 78| (65535, 0, 0)

« X 0 ~ 255 RmEABRIEAE (/) ~ X)
« OxFFO000 => R: 255 (Max), G: 0 (Min), B: 0 (Min) => Red
« OXFFFFFF => R: 255 (Max), G: 255 (Max), B: 255 (Max) =>
« 0x000000 => R: 0 (Min), G: 0 (Min), B: 0 (Min) => Black
» Ox808080 => R: 128, G: 128, B: 128 =>
« OXO000FF => R: 0 (Min), G: 0 (Min), B: 255 (Max) => Blue
CAETEE ORI 2 Click Caras AT SR (s ey eproduction or display.




Back to the Traditional (Worst) Way

string name = "Dorakemon”;

double height = 129.3, weight = 129.3;

int rgb = 0x0000ff;

int _ x=0, _.y=0, _z=20;

void sayHello(){ cout << "Hello! My name is " << name << ".\n"; }
void moveTo(int x, int y, int z2){ x=x; _y=vy; _z=12; }

O 0V 00O NON O

1

- NRBVEFE—EEZZANE Beimax?
- B—EMEZRA !
. fhE—LE TS | (B, attributes, AREE, states, #{i, fields)
« B : Beimax
- 55 210 cm ~ BEE 3 kg
- B H
s FRTEENIE (xyz[EHE)

- fhE—L TENEL ! (5%, methods, 174, behaviors)
- $T1E0F
. 28
- ¥
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The Traditional (Worst) Way

o N O O

11
12
13
14
15
16
17
18

string name = "Dorakemon”;

double height = 129.3, weight = 129.3;

int rgb = 0x0000ff;

int _ x=0, _.y=0, _z=0;

void sayHello(){ cout << "Hello! My name is " << name << ".\n"; }
void moveTo(int x, int y, int z){ x=x; _y=vy; _z=12z; }

string name2 = "Beimax”;

double height = 250.0, weight = 3.0;

int rgb = oxffffff;

int _x2 =0, _y2 =0, _z2 = 0;

void sayHello2(){ cout << "Hello! My name is " << name2 << ".\n"; }
void moveTo2(int x, int y, int z){ _x2 = x; _y2 =vy; _z2 =12z; }
void hug() { /* ... %/ }

* Typo
* line 13: height —> height2, weight —> weight?2
* line 14: rgb —> rgb?2

2017/2/8
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A Little Bit Better Version (Array)

20
21
22
23
24
25
26

string name[2] = {"Dorakemon", "Beimax'};

double height[2] = {129.3, 250.0}, weight[2] = {129.3, 3.0};

int rgb[2] = {ox@000ff, Oxffffff};

int _x[2] = {0, 0}, _yl[2] = {0, 0}, _z[2] = {0, 0};

void sayHello(string name){ cout << "Hello! My name is " << name << ".\n"; }
void moveTo(int id, int x, int y, int z){ _x[id] = x; _ylid] = y; _z[id] = z; }
void hug() { /* ... x/ }

- 1BFh

- LERI—B A TIRYERER
- FRES

1. function =& % £55
FIE

2. RIFHRIE

Qﬂ

g0 (flan - )“i*ﬁ function R 2E {5 BI—1E#zs A
4EE‘\M1OC)EE

EPd?
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A Little Better Version (Struct + Array)

28 typedef struct _ROBOT{ I
29 string name;
30 double height, weight; e 2 2 SR a1
31 int rgb; %D*%E%(KIE i = | %K%ﬁ)
32 int _x, _y, _zZ;
33} Robot;
k1A
35 Robot robot[2] = {
36 {"Dorakemon", 129.3, 129.3, 0x00eoff, 0, 0, 0}, 2 =R—a =
37 {"Beimax", 250.0, 3.0, oxffffff, @, 0, 0} BT EE SR
38 }:
39 void sayHello(string name){ cout << "Hello! My name is " << name << ".\n"; }
40 void moveTo(int id, int x, int y, int z){ robot[id]._x = x; robot[id]._y = y; robot[id]
.2 =2, }
41 void hug() { /* ... %/ H
1§ 28 typedef struct _ROBOT{
nm 29 string name;
30 double height, weight;
. BHIEE ¢ 1000 SAOKMERE | e
A vl By e 33 int age;
2- §%$ﬁ15¢?1ﬂ ° 19]9”35@% 34} Robot;
35
3. Access: robot[0].rgb; % Robot robot[2] = {
37 {"Dorakemon", 129.3, 129.3, 0x000off, o0, 0, 0, 43},
E;J'Eﬁ 38 {"Beimax", 250.0, 3.0, oxffffff, @, 0, 0, 2}
\Nin }

R EEmT (B LRSI R R - BERE)
« 8% robot[0].sayHello(); ®BJLANG ?

012, BEAIRICARBE (58.35~38 17)-» A F @RS = 2 18 B AR 11



A Total Solution: Class (&5ll) (1/2)

e

==

2017/2/8

E_—i
1=

FIrS

» —RIREFME AR °

50 class Robot {
51 public:
52
53 // Constructor
54 Robot(string str, double h = 0.0, double w = 0.0, int color = 0,
55 int x =0, inty =0, int z =0) :
56 name(str), height(h), weight(w), rgb(color), _x(x), _y(y), _z(z){}
57 // Deconstructor
58 ~Robot() {}
59 void sayHello(){ cout << "Hello! My name is " << name << ".\n"; }
60 void moveTo(int x, int y, int z){ x=x; _y=vy; _z=12; }
61
i . K =2 == = =4 AT
& private: AT (R R T 2
64 string name;
65 double height, weight;
66 int rgb;
67 int _x, _y, _z;
68
69 }:
70
71 Robot ri1("Dorakemon", 129.3, 129.3, 0x0000ff, 0, 0, 0);
72 Robot r2 = Robot("Beimax", 250.0, 3.0, oxffffff, 0, @, 0);
73
74 Robot robot[2] = { =y SR a4
75 Robot("Dorakemon", 129.3, 129.3, 0x0000ff, o, 0, 0), zEl%ﬂi;j;jEziéL[:lﬁ;:g%i
76 ) Robot("Beimax", 250.0, 3.0, oxffffff, @, 0, 0)
77 };
79 int main(){
80 ) robot [0].sayHello();
81 Can

eiaht @ 2N1/4 CQlichtan and COTC Daveaiccine paniieand for vapeadiiodion ~p dicalay
gt =TT gttt toSoro—T S

Y S SHoR e ecaTotr POt ttto—o—GtSioray-
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A Total Solution: Class (£&5ll) (2/2)

* Class : MER—EEER - EH{ERY struct
- RTEE U (B8) > taIME8s TEfE1 (/)
- hEE TEHRME (Constructor, EEF)
* public/private, #% (inheritance) ...

« Declaration (EEE£): ZUFl(type) EEi(variable);
int i; « int arr[2] = {1, 2},
int &ri = i; * char c;
int *ptr = &i; * bool isDead;
« Instantiation(ZF2{t - BIEEMHE): ¥a%9(class) 1 -(object) = ...;
Robot r2 = Robot("Beimax", * Robot &r4 = r2;
250.0, 3.0, Oxffffff, 0, 0, 0); * Robot robot[2] = { r2, r4 };
Robot *r3 = &r2; * string name;
. TESH == AlEYG
« 1t - BRENEARINGE MEMTEE » MAIRESR function » XA : &8 TBHE) > MAKBER
class

- EREMESLE ") AEHERBENENRETHVUFEHEREINERET (O0P, object—oriented

programming)

201705+ 2B (polymorphism) ~ #7% (inheritance) ~ jZ8! (generic)... 13



Introduction of Classes



Terminology

- Class 81T C++ ENlth{f4 TEK&E1 (Members)

- BB TRREE8 Data members ~ B THE R
Member functions

50 class Robot {
51 public:

// Constructor
Robot(string str, double h = 0.0, double w = 0.0, int color = 0,

int x =0, inty =0, int z = 0) :

name(str), height(h), weight(w), rgb(color), _x(x), _y(y), _z(z){}
// Deconstructor
~Robot() {}
void sayHello(){ cout << "Hello! My name is " << name << " \n“' }
void moveTo(int x, int y, int z){ x=x; _y =vy; _z = z; Member functions

private:

string name;

double height, weight;

int rgb;

int _x, _y, _z; Data Members

}s

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.



Naming a Class

« :018 2 BIEAY Naming Convention

- class B AR EIEI a5 & E(UpperCamelCase)
eclass Robot { },

eclass RobotArm { )

50 class |[Robot [{
51 public:
52
53 // Constructor
54 Robot(string str, double h = 0.0, double w = 0.0, int color = 0,
55 int x =0, inty =0, int z = 0) :
56 name(str), height(h), weight(w), rgb(color), _x(x), _y(y), _z(z){}
57 // Deconstructor
58 ~Robot () {}
59 void sayHello(){ cout << "Hello! My name is " << name << ".\n"; }
60 void moveTo(int x, int y, int z){ x=x; _y =vy; _z=12; }
61
62 private:
63
64 string name;
65 double height, weight;
66 int rgb;
67 int _x, _y, _z;
68
2017/2/8 | g }:
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public/private ? (1/2)

- B EHVEXAE#K
 Access Level(G%I{K): public/protected/private
« public: B2 IRIMERERRILA access (B33RES « EiX) B2 members

* protected: B 2B B 2RI #REPEE access B2/ members
(Z %3487 (inheritance) & E..\Hiﬂﬁpﬁﬁﬁ)

* private: REHECAE access B2 H members

50 class Robot {

_ 1 5 public:
52
53 // Constructor
54 Robot(string str, double h = 0.0, double w = 0.0, int color = 0,
55 int x =0, int y =0, int z = 0) :
56 name(str), height(h), weight(w), rgb(color), _x(x), _y(y), _z(z){}
57 // Deconstructor
58 ~Robot() {}
59 void sayHello(){ cout << "Hello! My name is " << name << ".\n"; }
60 void moveTo(int x, int y, int z){ x=x; _y=vy; _z=12z; }
61

— 1 63 private:
63
64 string name;
65 double height, weight;
66 int rgb;
67 int _x, _y, _z;
68

2017/2/8 59 33




public/private ? (2/2)

2017/2/8

50 class Robot {
51 public:
52
53 // Constructor
54 Robot(string str, double h = 0.0, double w = 0.0, int color = 0,
55 int x =0, int y =0, int z = 0) :
56 name(str), height(h), weight(w), rgb(color), _x(x), _y(y), _z(z){}
57 // Deconstructor
58 ~Robot () {}
59 void sayHello(){ cout << "Hello! My name is " << name << ".\n"; }
60 void moveTo(int x, int y, int z){ x=x; _y=vy; _z=12; }
61
62 private:
63
64 string name;
65 double height, weight;
66 int rgb;
67 int _x, _y, _zZ;
68
69 };
70
71 Robot rl("Dorakemon", 129.3, 129.3, 0x0000ff, @, 0, 0);
72 Robot r2 = Robot("Beimax", 250.0, 3.0, oxffffff, @, 0, 0);
73
74 Robot robot[2] = {
75 Robot ("Dorakemon", 129.3, 129.3, 0x0000ff, 0, 0, 0),
76 Robot ("Beimax", 250.0, 3.0, oxffffff, @, 0, 0)
77 };
78
79 int main(){
1la(); —— — . '
81 robot [0].rgb = 3; 17 81~82 E\= =% compile error,
82 cout << rl.name; N .
83 1 [Al By access private members

COpPyrigric ZUTO SNgriteiT arng o rtTo. rernnsstorr reqganea 1ol Teproguctornt or arspray -
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Constructor (3Z15-F) (1/6)

. ﬁ%%ﬁﬁ]?ﬁ—@’—f%#

Robot r2 = Robot( , 250.0, 3.0, Oxffffff, 0, 0, 0);)

- BE—EFWIFIRIFZE "EiEF1 K
- INEER  BR] B EHIFBEL

50 class Robot {
51 public:
52
53 // Constructor
54 Robot(string str, double h = 0.0, double w = 0.0, int color = 0,
55 int x =0, int y =0, int z = 0) :
56 name(str), height(h), weight(w), rgb(color), _x(x), _y(y), _z(z){}
57 /7 Deconstructor - - -
58 ~Robot () {}
59 void sayHello(){ cout << "Hello! My name is " << name << ".\n"; }
60 void moveTo(int x, int y, int z){ x=x; _y=vy; _z=12; }
61
62 private:
63
64 string name;
65 double height, weight;
66 int rgb;
67 int _x, _y, _zZ;
68
201712 g9}
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Constructor (iZ£15-F) (2/6)

« BIEFRINBEE == class &
- FAARIMEEE] > A&mERERC class E1@E R (Robot)
« 2RI TN - (BEBEIEEYIHIFAARNZ SR EERE
- RREEAT 0 45 0 B2 8 » M AKUE(IBIMIRIE » FEEREIEF (default
constructor): Robot () {}
« ABERIZEMERFFE O &
e Robot r1l;
« Robot—r2—=—Robot+
e Robot r3 = Robot();
« I AAE ZEEEBEI(EEF)R : Overload (EFH, « Z5))

« OQverload &% : A 2 AN LR ZHEERE » BAEZSEMEE/EE > B
Cl{E 8B4 compatible (e.g.: double, float, int) iF > FTBERLHES

BT AKER 2 BUE 2N/ B Bl 4RaZE 23w o] PARNE 5% FH BME 2 1 F R =\
// Constructor
Robot () {}
Robot(string str, double h = 0.0, double w = 0.0, int color = 0,
2017/2/8 int x =0, inty =0, int z = 0) : 50

name(str), height(h), weight(w), rgb(color), _x(x), _y(y), _z(z){}



Constructor (;&1§-F) (3/6)

e Member—initializer list
e Robot (int x, int y, int z) : a(x), b(y), c(z) {}

- EE

e Robot (int x, int vy, int z) { a = x; b=y, ¢ = z;

2017/2/8

// Constructor]
Robot(string str, double h = 0.0, double w = 0.0, int color = 0,

int x =0, inty =0, int z = 0) :
name(str), height(h), weight(w), rgb(color), _x(x), _y(y), _z(z){}

}

Robot(string str, double h = 0.0, double w = 0.0, int color = @, int x = @, int y = 0, int z = 0) {
name = str;

h = height;

w = weight;

rgb = color;

X = X;
Y=Y
zZ = z;

private:

Data Members _
string name;

double height, weight;
int rgb;

Copyright © 2016 Slighten and GOTC. Permission required for reproc lnt X y zZ:
=Ny Yr &




Constructor (3Z15-F) (4/6)

cexplicit BE#ESF - prevent implicit type-conversion

// Constructor
explicit Robot(int a){ _x = a; }

&R explicit RBIBIEMERFREE Robot r1(3);
« RBE Robot r2 = 3; (implicit type—conversion)

« REE Robot r3(3.0); (implicit type—conversion)
e http://www.cplusplus.com/forum/general/168292/

2017/2/8 Copyright © 2016 SI ighten and GOTC . Permission required for reproduction or display . 22



Constructor (;&1g-F) (5/6)

 Default arguments (FEE2£1): B type name = value IS £
- FIENZE h, w, color, x, y, z
- RRBIEMEFAE 24 1ER 4 default 1B
« —fi§ : Robot rl1 = Robot("Beimax", 250.0, 3.0, Oxffffff, O,
O, 0);
«tA] : Robot r2 = Robot("Beimax", 250.0, 3.0 , Oxffffff, O,
0);
c RE\ERW z = 0; Kk _z = 0;
« 7] : Robot r3 = Robot("Beimax", 250.0, 3.0);
« REBH color = 0; x =0; y=0; z=0; Kt rgb =0; x = 0;
Ly =0; _z=0;
« &/ . Robot r4 = Robot("Beimax");
« FITRE h = w = color =x =y =2z = 0;

// Constructor

Robot(string str, double h = 0.0, double w = 0.0, int color = 0,
int x =0, inty =0, int z = 0) :

2017/2/8 name(str), height(h), weight(w), rgb(color), _x(x), _y(y), _z(z2){} 23




Constructor (;&15F) (6/6)

* Initialize with initializer list

- BIEMEEERI AT

* Robot ri( , 129.3, 129.3, Ox0000ff, 0, 0O,
0);

* Robot r2 = Robot( , 250.0, 3.0, Oxffffff, 0, O,
0);

nfgl)%}izliiiﬁﬂi  initializer list (#)I5FBE) (C++11 LABARAA

« Robot r1{ . 129.3, 129.3, Ox0000ff, 0, 0O,
O};
« Robot r2 = { , 250.0, 3.0, Oxffffff, 0, 0, 0};

o« REERFENN —std=c++11 #EIE: g++ -std=c++11 test.cpp

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display. 24



Destructor (f#{E+)

- BT R ~

- HEE > EBMOE

* AeR BRI S MR RIE fiﬂﬂﬂﬁzbﬁiﬁﬁzﬁ%l

(tilda) FH5E + class &f8

= [o]{F R R
o EMESETRSMEITEN (Recall S E(p94 1ZEARBIAE B E)

pointers » LAEI &L
« —{@& class —{& destructor

« AZH public
e e.g. ~Robot () {}

2017/2/8

E'\E FEﬁ

BEHE delete some

50
51

53
54
55

class Robot {
public:

// Constructor

Robot(string str, double h = 0.0, double w = 0.0, int color = 0,

int x =0, inty =0, int z = 0) :

56 name(str), height(h), weight(w), rgb(color) x(x) v(y) z(z
57 // Deconstructor

58 ~Robot() {}

59 void sayHello(){ cout << "Hello! My name is " << name << ".\n"; }

Copy

60
61
62
63
64
65
66
67
68
69

void moveTo(int x, inty, int z){ x=x; _y=vy; _z=12; }
private:

string name;

double height, weight;
int rgb;

int _x, _y, _z;

{}




Constructor (ZE15-+F) & Destructor (F&1EF)

« Question: constructor & destructor ABEEB N cout ?

«Answer: BZARI LA » it 2Rz (FTDAGHENE @ T
main() EEEIEMHE Robot r1; iER cout FKF
Er{a]BF constructor #RIEDY > ﬂﬂ—; destructor #Z[IF0Y)

*Robot () { cout <« << endl; }
*~Robot () { cout <« << endl; }

*Z81F #include <jostream> Ei using
namespace std;

«Debug RS H e H 2

2017/2/8 Copyright © 2016 Slighten and GOTC . Permission required for reproduction or display . 26



Setters and Getters (1/3)

B1M

PSPt A=k

BEEIEREX private 18 > i3EEFER

7 access

« (BEAUPEENEEENREM » How? Use setters and getters.
lic/private ? (2/2)

* Recall: pu

2017/2/8

50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
Al
72
73
74
75
76
77
78
79

class Robot {
public:

// Constructor
Robot(string str, double h = 0.0, double w = 0.0, int color = 0,
int x =0, int y =0, int z = 0) :
name(str), height(h), weight(w), rgb(color), _x(x), _y(y), _z(z){}
// Deconstructor
~Robot() {}
void sayHello(){ cout << "Hello! My name is " << name << ".\n"; }
void moveTo(int x, int y, int z){ x=x; .y =vy; _z=12; }

private:

string name;

double height, weight;
int rgb;

int _x, _y, _z;

b5

Robot ri("Dorakemon", 129.3, 129.3, 0x0000ff, 0, 0, 0);
Robot r2 = Robot("Beimax", 250.0, 3.0, oxffffff, @, 0, 0);

Robot robot[2] = {
Robot ("Dorakemon™, 129.3, 129.3, 0x0000ff, @, @, 0),
Robot ("Beimax", 250.0, 3.0, oxffffff, 0, 0, 0)

};

int main(){

80
81
82

robot [0].sayHello(); ﬁ—‘ 81~82 %Kﬁﬁ compile error,

robot[0].rgb = 3;

cout << rl.name; [K By access private members

83

27



Setters and Getters (2/3)

*e.g. Want to access the data member — rgb

50 class Robot {
51
52 public:
53 // Constructor
54 Robot(string str, double h = 0.0, double w = 0.0,
55 lint color = @, int x = @, int y = @, int z = 0) :
56 name(str), height(h), weight(w), rgb(color), _x(x), _y(y), _z(z){}
57 // Destructor
58 ~Robot() {}
59 void sayHello(){ cout << "Hello! My name is " << name << ".\n"; }
60 void moveTo(int x, int vy, int z){ x=x; y=vy; _z=12; }
61 // A setter
62 void setRgb(int color) { rgb = color; }
63 // A getter
64 int getRgb() { return rgb; }
%
66 private:
67 string name;
68 double height, weight;
69 int rgb;
70 int _x, _y, _z;
71
2 };
73
74 Robot r1("Dorakemon", 129.3, 129.3, 0x0000ff, 0, 0, 0);
75 Robot r2 = Robot("Beimax", 250.0, 3.0, oxffffff, @, 0, 0);
76
77 int main(){
78 ri.sayHello();
79 r1.setRgb(3); /7 rl.rgb = 3;
2017/2/8 80 cout << rl.getRgb(); // rl.rgb
81 }




Setters and Getters (3/3)

« BN EME private NEEHEEAR —E setter B getter — X[iiitE
- ERFEZARER public » B setters and getters — HF{EEARLZSE

50 class Robot {

2017/2/8

51

52 public:

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67 };
68

// Constructor
Robot(string str, double h = 0.0, double w = 0.0,
lint color = @0, int x = @, int y =0, int z = 0) :
name(str), height(h), weight(w), rgb(color), _x(x), _y(y), _z(z){}
// Destructor
~Robot () {}
void sayHello(){ cout << "Hello! My name is " << name << ".\n"; }
void moveTo(int x, int y, int z){ x=x; .y =vy; _z=12z; }

string name;

double height, weight;
int rgb;

int _x, _y, _2zZ;

69 Robot ri("Dorakemon", 129.3, 129.3, 0x0000ff, @0, 0, 0);
70 Robot r2 = Robot("Beimax", 250.0, 3.0, oxffffff, @0, 0, 0);

Al

72 int main(){

73
74
75

76 }

ri.sayHello();
rl.rgb = 3;
cout << rl.rgb << endl; // rl.rgb
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Placing a Class in a Separate File | (1/5)

«BEF class IRK
o [RAI_E—1E+E

FRES—EER (12
=Z—1[@& class » fE=

= A T8 = class A TH

SEfE, header file)

‘e 1% Robot class I FE robot.h » 1 main() BX{E main.cpp

h robot.h — Edited
robot.h

@ robot.h ) No Selection

#ifndef ROBOT_H
#define ROBOT_H

#include <iostream>
#include <string>
using namespace std;

class Robot {

public:
// Constructor
Robot(string str, double h =
int x =0, inty =0,
name(str), height(h),
// Destructor
~Robot() {}

0.0, double w = 0.0, int color = 0,
int z = 0) :
weight(w), rgb(color), _x(x), _y(y), _z(z2){}

void sayHello(){ cout << "Hello! My name is " << name << ".\n"; }
void moveTo(int x, int y, int z){ x=x; _y =y; _z=12; }

// A setter

void setRgb(int color) { rgb = color; }

// A getter

int getRgb() { return rgb; }

private:
string name;
double height, weight;
int rgb;
int _x, _y, _z;

i H

32 #endif

+

¢+ main.cpp

main.cpp

B ¢ main.cpp ) [[7] main()

#include <iostream>
#include "robot.h"
using namespace std;

int main(){
rl.sayHello();

rl.setRgh(999); // rl.rgb =
cout << rl.getRgb() << endl;

SCVO®NOoOUDSWN =

Robot r1("Dorakemon", 129.3, 129.3, 0x0000ff, 0, 0, 0);

ission required for reproduction or display.
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Placing a Class in a Separate File | (2/5)

« 5% robot.h

A include guard: Preprocessor directive » B®ILIZTEREHEE include

« #ifndef ROBOT_H // WNR2HFEZE ROBOT_H (if not define)
#define ROBOT_H // F% ROBOT_H

/( =oeom . . [ JON ) h robot.h — Edited
#endif // ®ME end if o

=2 > | ) robot.h ) No Selection

1 #ifndef ROBOT_H

2 #define ROBOT_H

3

4 #include <iostream>
5 #include <string>

6 using namespace std;

7

8 class Robot {

9

10 public:

" // Constructor

12 Robot(string str, double h = 0.0, double w = 0.0, int color = 0,
13 int x =0, int y = 0, int z = 0) :

14 name(str), height(h), weight(w), rgb(color), _x(x), _y(y), _z(z){}
15 // Destructor

16 ~Robot() {}

17 void sayHello(){ cout << "Hello! My name is " << name << ".\n"; }
18 void moveTo(int x, int y, int z2){ x=x; _y=y; _z=2; }

19 // A setter

20 void setRgb(int color) { rgb = color; }

27 // A getter

2 int getRgb() { return rgb; }

23

24 private:

25 string name;

26 double height, weight;

27 int rgb;

28 int _x, _y, _z;

29

30 }:

31
32 #endif
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Placing a Class in a Separate File | (3/5)

« §%& main.cpp
* 50151E robot.h JAFE main.cpp =% > Mfi #include "robot.h"

« 0% robot.h BINTE main.cpp FiERY header ERIRE T » BBHL
#include "header/robot.h"

[ NON ) ¢+ main.cpp

main.cpp +

= ¢+ main.cpp ) [[7] main()

1 _#include <iostream>

2 #include "robot.h"

3 using namespace std;
4

5 int main(){

6 Robot ri1("Dorakemon", 129.3, 129.3, 0x0000ff, 0, 0, 0);
7 ri.sayHello();

8 rl.setRgb(999); // rl.rgb = 3;

9 cout << rl.getRgb() << endl;

10 }
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Placing a Class in a Separate File | (4/5)

» Question: MEITE=E8A #include <iostream> > AT
main.cpp f#include "robot.h" AFXEBEELE #include
<iostream> —RIE s A{+E9REE ?

« Answer: A& iostream.h B H 2/ include guard > 55+

iostream.h (command + click in MacOS Xcode) & -

h robot.h — Edited
robot.h + :

B8 [ robot.h ) No Selection L] ® o1 main.cpp |
1 #ifndef ROBOT_H main.cpp |
2 #define ROBOT_H g main cop > £ main()

ST
4 #include <iostream> 1 #include <iostream>
5 #1INCLUdE <STring> 2 #include "robot.h"
6| using namespace std; 3 using namespace std;
7
4
f; class Robot { 5| int main(){
10 public: 6 Robot ri1("Dorakemon", 129.3, 129.3, 0x0000ff, @, 0, 0);
1 // Constructor 7 ri.sayHello();
12 Robot(string str, double h = 0.0, double w = 0.0, int color = 0, 8 rl.setRgb(999); // rl.rgb = 3;
13 int x =0, int y =0, int z = 0) : 9 cout << rl.getRgb() << endl;
14 name(str), height(h), weight(w), rgb(color), _x(x), _y(y), _z(z){} 10 }
15 // Destructor
16 ~Robot() {}
17 void sayHello(){ cout << "Hello! My name is " << name << ".\n"; }
18 void moveTo(int x, int y, int z2){ x=x; _y=y; _z=12; }
19 // A setter
20 void setRgb(int color) { rgb = color; }
21 // A getter
22 int getRgb() { return rgb; }
23
24 private:
25 string name;
26 double height, weight;
27 int rgb;
28 int _x, _y, _z;
29
30 };
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Placing a Class in a Separate File | (5/5)

« Question:METER&FE #include <iostream> > HBEKTE main.cpp &
#include "robot.h" AFLNBEEE #include <iostream> —IR0E > A

(HEE R 2

« Answer: 4 iostream.h HBE 28 include guard > 53K iostream.h
(command + click in MacOS) && °

iostream

/] —k= C++ —k—
//=== iostream ===//

// The LLVM Compiler Infrastructure

// This file is dual licensed under the MIT and the University of Illinois Open
// Source Licenses. See LICENSE.TXT for details.
//

9| / /=== ===//

11 #ifndef _LIBCPP_IOSTREAM
12 #define _LIBCPP_IOSTREAM

UIWES
15 iostream synopsis

17 #include <ios>

18 #include <streambuf>
19 #include <istream>
20 #include <ostream>

22 namespace std {

24 extern istream cin;
25 extern ostream cout;
26 extern ostream cerr;
27 extern ostream clog;
28 extern wistream wcin;
29 extern wostream wcout;
30 extern wostream wcerr;
31 extern wostream wclog;

3} // std
35 %/
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Placing a Class in a Separate File Il (1/3)

201

BE class RK » SRS —EERE (1B5EHE, header file)
RA_E—EtEZR—1E class » 2R3 = class 21§

{B[A A class BY member functions FIEE1E1ERE » EILLRIBEAS function declaration (function

prototype) BX7E .h #& > function definition JXTE .cpp &

e.g. 5 class JXAE robot.h (24) » & function definition JX{E robot.cpp > A8 main() IX{E
main.cpp ([g])

B8

1
2
3
4
5
6
7

< h robot.h ) [ sayHello()

#ifndef ROBOT_H
#define ROBOT_H
#include <string>

class Robot {

public:
// Default Constructor

Robot(std::string , double, double, int,

int, int, int);
// Default Destructor
~Robot();
void sayHello() const;

h| robot.h
robot.h

void moveTo(int, int, int);

// A setter

void setRgb(int);
// A getter

int getRgb() const;

private:
std::string name;
double height, weight;
int rgb;
int _x, _y, _z;

I
#endif

C. Pern

(] ¢ robot.cpp
robot.cpp

o+ robot.cpp ) No Selection

finclude <iostream>
#include <string>
#include "robot.h"
using namespace std;

Robot: :Robot(string str, double h = 0.0, double w = 0.0, int color = 0,
int x =0, int y = 0, int z = 0) :
name(str), height(h), weight(w), rgb(color), _x(x), _y(y), _z(z){}

Robot: :~Robot() {}

void Robot::sayHello() const {

cout << "Hello! My name is " << name << ".\n";

void rimoveTo(int x, int y, int z){

Robo
X =
Y=Y
_z =

N< X

}

// A setter
void Robot::setRgb(int color) {
rgb = color;

¥

// A getter
int Robot::getRgb() const {
return rgb;

k5



Placing a Class in a Separate File Il (2/3)

« robot.h: member functions 2 | prototype (Recall Chapter 4: Functions)

« &AH include iostream HE&HAZ » ) B using namespace std; M E# L
std:: (Recall Chapter 1: Introduction)

[ NON | h| robot.h
robot.h +

ol | < h robot.h ) [] sayHello()

#ifndef ROBOT_H
#define ROBOT_H
#include <string> |

class Robot {

public:
// Default Constructor
Robot(std::string , double, double, int,
int, int, int);
// Default Destructor
~Robot();
void sayHello() const;
void moveTo(int, int, int);

v S ey ) E;::::E::::::>
void setRgb(int); '
// A const &=

int getRgb() const;

0 NON O W =

R
5 WO N - O V0

AR
N oo

=
(o=}

4

N
o

private:
Stdr:string name, ]
goubte height, welight;
int rgb;
int _x, _y, _z;

—
N

N NN NN
o O B W N

| H
#endif

NN
o N

2017/2/8
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const Objects and const Functions

- 2li=—1@& const object:

const Robot rl1("Dorakemon"

> LEMIE r1 3 construct &R

 F0Y non—const functions & compile error: e.g. rl.setRgb(30);

« const function X ZFEiE1E member function F& E &) data members FJ{E
- EHIFL compile error: e.g. %5 void setRgb(int) const;

« ALt const objects FILAIEAL const functions, {EREE

« —fiz (non-const) objects ;

REHF]

@ @® ¢ main.cpp
main.cpp

= ¢. main.cpp main()

1 #include <iostream>

2 #include "robot.h"

3 using namespace std;

4

5 int main(){

6 const Robot ri("Dorakemon",

7 r1.sévHello():

— -— =T

129.3, 129.3, 0x0eeoff, @, 0, 0)

rl.setRgh(999); // compile error

Ccout << rl.getRgb() << end(;

2017/

uired for

lllllll

129.3, 129.3, 0x0000ff, 0, 0, ©);
S B UMER A T BRI

IF0U non—const functions

| JON ) h| robot.h
robot.h

B < h robot.h ) [{] sayHello()

1 #ifndef ROBOT_H

2 #define ROBOT_H

3 #include <string>

4

5 class Robot {

6

7 public:

8 // Default Constructor

9 Robot(std::string , double, double, int,

10 int, int, int);

1 // Default Destructor

12 ~Robot();

13 void sayHello() const;

14 void moveTo(int, int, int);

15 // A setter

16 void setRgb(int);

17 // A getter

18 int getRgb() const;

19

20 private:

21 std::string name;

22 double height, weight;

23 int rgb;

24 int _x, _y, _z;

25

2% };

27

28 #endif



Placing a Class in a Separate File Il (3/3)

* robot.cpp: function definition &8£S » 5215 include robot.h F1EE
function BJEBRE A Robot:: » XEFKETE FHH] function = class Robot

iN

*:: = Scope res.olytion operator

2017/2/8

member function

o+ robot.cpp
robot.cpp + |

B8 ¢+ robot.cpp ) No Selection

1 finclude <iostream>
2 _#include <string>
| 3 #include "robot.h" |

T US1Ng Namespace std;

5
Robot(string str, double h = 0.0, double w = 0.0, int color = 0,
7 int x =0, int y =0, int z = 0) :

8 name(str), height(h), weight(w), rgb(color), _x(x), _y(y), _z(z){}

: |
Robot( ) {3
|

12 void Robot::sayHello() const {
13 cout << "Hello! My name is " << name << ".\n";
14}

15

16 void oveTo(int x, int y, int z){
17 X = X,

18 RERT

19 _z =12

20 }

21
22 // A setter

23 void Robot::setRgb(int color) {
24 rgb = color;

25 }

26

27 // A getter

28 int Robot::getRgb() const {

29 return rgb;

30 }

38



s EMMIEREIUBE D ERZER » mERIRAIEESE
% g++ a.cpp b.cpp c.cpp -0 program.exe

IELRE » BEAAAEE link ELEBZEM library

« A AR FH—1E make 5L BN (B AZ5R make FLEimeE)
*make clean PAJUAfHIEFRAE EEENBITIE

- BT IEBIES E1E Makefile 1 » IEEIE

« HE make FiRE2RE Makefile BIIREHITIES

Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.



An Example Makefile

?T-I;Eﬁq: : @ L 3. Makefile

=.ﬁa¥a§%$ﬁ
LDFLAGS=—LE4R:E:5F

—_—

SOURCES=all ".cpp" files
EXECUTABLE=#1T1& 278

. /' CFLAGS
INCLUDES=all ".h" files , LDFLAGS--std=c++11 -03 —Im

SOURCES=main.cpp
OBJECTS=$(SOURCES: . c=.0)
1. Cygwin Z%E make 1 EXECUTABLE-FM_Partitioner

sEy R INCLUDES=cell.h net.h
2. BEIEFEAAGFM

CC=g++

H1Tgoogle Makefile Y all: $(SOURCES) $(EXECUTABLE)

3. Learn X in Y minutes — X Bt $(EXECUTABLE) : $(OBJECTS)
= make / $(CC) $(LDFLAGS) $(OBJECTS) -o $@
https://learnxinyminutes.c |l

.0: .Cc  ${INCLUDES}

om/docs/make/ $(CC) $(CFLAGS) $< -0 $@

clean:
rm —rf *.0 $(EXECUTABLE)
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friend Functions and friend Classes (1/2)

* A friend function of a class is a non-member function and has the right
to access both publ1ic and non-pub11c class members.

« Non-member function: A~ Robot:: FE8

[ NON ) h| robot.h |
el + [ NON ) ¢+ robot.cpp
B robot.cpp
BA h robot.h ) [[@ class Robot
1 #ifndef ROBOT H B < ¢+ robot.cpp ) No Selection
2 #define ROBOT_H 1 #include <iostream>
3 #include <string> 2 #include <string>
4 3 #include "robot.h"
5 class Robot { 4 using namespace std;
6 N : .
7 friend void setName(Robot &, std::string); 3 void ietNameiRogo'.c &rl, std:istring str){
8 AR rl.name = str;
9 pabties -
10 // Default Constructor 10 Robor. o o/ main.cpp
" Robot(std::string , double, double, int, 1 Y n
12 int, int, int); 12 name ) N i
13 // Default Destructor 13 B8 c- main.cpp ) [{] main()
14 ~Robot(); 14 Robol 1 #include <iostream>
15 void sayHello() const; 15 2 #include "robot.h"
16 void moveTo(int, int, int); 16 void| 3 using namespace std;
17 // A setter 17 | ‘5* int main(){
18 i i : 18 int main()
19 ;312 Z:E?g?(lnt)' 19 } 6 Robot r1("Dorakemon", 129.3, 129.3, 0x0000ff, @, 0, 0);
20 int getRgb() const; ; :i:;g}é:ﬁ;}gégs;
21 std::string getName() const { return name; } 5 setName(r1, "Dodoro™); ]
22 TO FI.Sayne Lol ;|
23 private: 1 }
24 std::string name;
25 double height, weight;
26 int rgb;
27 int _x, _y, _z;
28
2 };
30 rmission
31 #endif




friend Functions and friend Classes (2/2)

- Bis A’s friend: class A N friend class B; {3 class B WA
member functions #Pf& class A By friend functions » &SR] access
class A B9 public #1 non-public class members.

- Granted not taken: B is A’s friend » A EiR A= B i1
- Non-symmetric: B is A’s friend # A is B’s friend

- Non-transitive: A is B’s friend B is C’s friend # A is C’s friend

class A {
friend class B;
/* .. X/

}s

class B {
/* . */
¥
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this Pointer

o ° Q o [ NON ) h| robot.h
*this is a pointer variable

'th 't ° t ‘t ‘th Il B8 h robot.h ) [[€ class Robot

1 #ifndef ROBOT_H
atl poINts to the caller | #ifudet ROBOT.
. ° . 3 #include <string>
object. (its value is A
. 5 class Robot {
) 6

7 friend void setName(Robot &, std::string);

caller’s address) 8 :
9 public:
10 // Default Constructor
" Robot(std::string , double, double, int,
12 int, int, int);
13 // Default Destructor
14 ~Robot();
15 void sayHello() const;
16 void moveTo(int, int, int);
17 // setters
18 void setRgb(int);
19 void setHeight(double h) {
20] this—>height = h;
21 // this->height == (%this).height == height
22 }
23 // getters
24 int getRgb() const;
25 std::string getName() const { return name; }
26 // Operator Overloading
27 Robot & operator + (Robot &r2) {
28 this—>name += "_plus_" + r2.name + "_ver2.0";
29 return *xthis;
30 }
31
32 private:
33 std::string name;
34 double height, weight;
35 int rgb;
36 int _x, _y, _z;
37
38 };
39
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Operator Overloading (1/2)

BER T+,
=Hi

Lml lml
O |W|£HHM

AT LAZE N

) *) /J +=,

B + EEH KT\
{& type = Robot &

‘rd =rl + r2 + r3;
« A, BTE = operator +
« 29 U H —1{& Robot &r2

e Robot a, b;
a + b;
e« *this =

« r2(f2z02

2017/2/8

a
) =

W%

++, >>, << F... &P

S

O N U WN =

h robot.h
robot.h

h robot.h class Robot

#ifndef ROBOT_H
#define ROBOT_H
#include <string>

class Robot {

friend void setName(Robot &, std::string);

public:

// Default Constructor
Robot(std::string , double, double, int,
int, int, int);
// Default Destructor
~Robot();
void sayHello() const;
void moveTo(int, int, int);
// setters
void setRgb(int);
void setHeight(double h) {
this—>height = h;
// this->height == (xthis).height == height

}

// getters

int getRgb() const;

std::string getName() const { return name; }

// Operator Overloading

Robot & operator + (Robot &r2) {
this->name += "_plus_" + r2.name + "_ver2.0";
return xthis;

b(EEZH)

Copyright © 2016 Slighten and GOTC. Permission re

39

private:

std::string name;
double height, weight;
int rgb;

int _x, _y, _z;

40 #endif




Operator Overloading (2/2)
£ main() (&8 +

«HiH : Hello! My name is
Dorakemon_plus_Beimax_ver_2.0.

[ NON | ¢+ main.cpp
main.cpp -+

=2 - main.cpp ) [[7] main()
#include <iostream>
#include "robot.h"
using namespace std;
int main(){

Robot r2 = Robot("Beimax", 250.0, 3.0, oxffffff, @, 0, 0):

ril =rl + r2;

1
2
3
4
5
6 Robot ri("Dorakemon", 129.3, 129.3, 0x0000ff, 0, 0, 0);
7
8
g FI.sayHe Llol( )]

0

1
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Overloading ostream and friend it (1/2)

€ friend # operator overloading LABE] cout << EEI{HEE (Why

. ? _
friend?) = iobatn
S S A o — bot.h +
« BE <<« EEFRI
B4 h robot.h ) [[[) operator << (ostream &out, Robot &r)
. H type = ostream & 1 #ifndef ROBOT_H
IEHg yp 2 #define ROBOT_H
N 3 #include <string>
* ﬂu@ << 4 #include <iostream>
5 using namespace std;
* cout << rl << r2; 6
7=t _ 7 class Robot {
e NI Y — 8
Hﬁ%*ﬁ oper‘ator‘ <K 9 friend ostream & operator << (ostream &out, Robot &r){
£ — 10 r.sayHello();
i %}%&ﬁ_ﬂﬁl 1 out << "height/weight = " << r.height << "/" << r.weight <<
endl;
° Ostr\eam &Ou't 12 out << "at (II << r.o_X << ||'|| << r._y << ||'||
13 << r._z << ")" k< endl;
14
* Robot &r 15 return out;
16 1
e Robot rl; 17 friend void setName(Robot &, std::string);
18
. 19 public:
* cout << ri; H\ifd 20 // Default Constructor
SN 21 Robot(std::string , double, double, int,
e out (FEXZRE) == ” L fin{"c Dint% ini);
= A2 efau estructor
COUt (EE%%&) 24 ~Robot();
NN 25 void sayHello() const;
. r‘(ﬂ?ib%}%l) = 26 void moveTo(int, int, int);
552 27 // setters
r1(EEZ8) 28 void setRgb(int);
29 vnid catHeiaht(dniihle h)
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Overloading ostream and friend it (2/2)

« £ main() {8 cout << ri;

 Hhi L
Hello! My name is Dorakemon_plus_Beimax_ver_2.0.
height/weight = 129.3/129.3
at (0,0,0) -

=, ¢+ main.cpp ) [[Z] main()

1 #include <iostream>
2 #include "robot.h"

3 using namespace std;
4

o+ main.cpp

main.cpp +

5 int main(){
Robot ri("Dorakemon", 129.3, 129.3, 0x0000ff, @, 0, 0);

Robot r2 = Robot("Beimax" , 250.0, 3.0, oxffffff, @0, 0, 0);
8 rl =rl + r2;
| 9 cout << ri: ]
10 }




Introduction of Inheritance (#4&7%)

* Public Inheritance

 (#%)F 487! (child classes) #E N (FR)EER (parent classes) LRI MAER access XEERIBIFAA

public members

c IR - FRBANBECBE —RIBLERIRER members » BRI

& AT R P EEE A B S 287MY members

e class Animal{

public:
}

void move() { cout << "move!\n"; }

 class Dog : public Animal{

}

* Dog dog;
dog.move();

* Dog is Animal's child. ,

Animal

Class Dog inherits properties
from its super class Animal.

Dog

Triangle Quadrilateral

¥ f
( Right Triangle > (Rectangle )

(e o)

. \ Square
* Anumal is Dog's parent. o)
2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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Introduction of Polymorphism (Z#2) (1/2)

- BiEE > FERItAMUEBSESMN » i B BEARLER] member function tHERF
B9 member function > {BUEEEFAREBRIEY function BN L virtual BEE=E > UEEN{E
f824 Override (BE)

« XHERIFNAT AR 25 EERI (Abstract Classegl i‘ijj@ (Interfaces) > =25k

member function AT (prototype) R BEZREIE (BBIE pure virtual function) »
HFERREITACUEEEE

« Virtual function: F3AEIBEEMAFLEERIN - RBMAXERRIY

* Pure virtual function: RFBEIAEE » FHREI—TFEEEE - BFHERIAY (virtual
function() = 0;) |class Animal{

public:
virtual void move() = ©;

}
/ \
class Dog : public Animal{ class Bird : public Animal{
public: public:
void move() void move()
{ cout << "walk\n"; } { cout << "fly\n"; }
2017/2/8 } } 49




Introduction of Polymorphism (Z#2) (2/2)

class Animal{
public:
virtual void move() = O;

}
class Dog : puBlic Animal{ class Bird : bublic Animal{
public: public:
void move() void move()
{ cout << "walk\n"; } { cout << "fly\n"; }
} }

*Dog dog; Animal ani = dog; ani.move();

« IEBF ani ZE call A move()?
 Polymorphism £33 : Inheritance + Overriding + Upcasting

* Polymorphism: Function BI¥1TAE4REFEIRATE » MLEEEIFITHS

2017%)

E@Z’ REEMFENYWE—1R function ° (thFE1E#E object &NE R type A
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Using C++ STL




«STL: Standard Template Library,

What is STL? (1/2)

REIRIRE

L)

f13E Containers (822) « Iterators (3£t 38) -
Functional (E&=) *

3) ..

Algorlthms CEEIE)
Allocators (ZE[EIfC & 23

/(f ™ \ | \
Containers 1 lterators
N \_ y 4 )
- ~ “ " Algorithms
Allocators Functional M ‘J
\. w, \_ | W,
8 \_ STL )

52



H/E.

-STL B

Why STL?

AN B RHER I E R ARE LT,

« 4FRE/1FFR /9T
- SERLRIGN B/ R
s A E M E 55 Read Documents
(http://www.cplusplus.com/reference/)

ee.g. google TC++ vector] ZA%BIKE C++
Reference — Cplusplus.com

2017/2/8
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t © 2016 Slighten and GOTC. Permission required for reproduction or display.
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What is STL? (2/2)

2017/2/8

23 ) fic ' 22 Insert iterzitors ’
Allocator ‘ : Stream iterators B P AC e 2%
% reverse_iterator  Iterator adapters

sdt::allocator

malloc_allocator
default_allocator

Basic Mutating Algorithms

Non-mutating Algorithms

Arithmetic Operations
Comparisons il

Logical Operations

Identity and Projection

binderlst, binder2nd, Function adaptors
unary_negate, binary_negate,
unary_compose, binary_compose
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Containers (85z&3)

= STL &% H/&FANED - HERGIREEZRIERETM—ERENR » BRMER

« Containers are femplatized data structures which manage collection of elements.

« —{@& container —@& #include

« TENBBIZHTEERI » RemEEARE (int, char, double) » ZEZHEIR class
(Robot...)

« Simple container
* pair
» Container adaptors
- stack (FIFO), queue (LIFO), priority_queue
« Sequential containers —— ordered collections (BF5)

- vector, array, basic_string, deque (double—-ended queue), list (doubly linked list), slist (singly linked

list), forward_list
 Associative containers —— sorted collections (HEF£E)
« set, multiset, map, multimap
- Unordered associative containers — unordered collections (%)

- unordered_set, unordered_multiset, unordered_map, unordered_multimap

- Others —— bitmap, bitset, valarray

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.

55



lterators (X zE3)

e lterators are objects that can navigate over elements
- ABHEINEETNE for (int 1 = 0; i < 100; i++) 8 i

A pair of iterators determines a sequence
« someContainerObject.begin() & someContainerObject.end()
« Move forward (++), get Value (*), compare(==)

« 7 h K4

Input b E— Forward “ Bidirectional [+——|Random Access

Output

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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lterators (X zE3)

. valid
category properties expressions
copy-constructible, copy-assignable and destructible z k_’(:) !
all categories ++ ’
Can be incremented a
at+
Supports equality/inequality comparisons : - s
Input N
Can be dereferenced as an rvalue a
a->m
Forward|Output Can be dereferenged as an /value *a = t
(only for mutable iterator types) *a++ = t
Bidirectional .
default-constructible i ( ‘_;"
Multi-pass: neither dereferencing nor incrementing affects |{ b=a; *a++;
dereferenceability *b; }
--a
Random Can be decremented a--
Access *g——
a+n
Supports arithmetic operators + and - : * :
a->o
a<b
Supports inequality comparisons (<, >, <= and >=) between [a > b
iterators a<=b
a>>b»
Supports compound assignment operations += and -= : +: 2
Supports offset dereference operator ([ 1) a[n]

Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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Recall: C String vs C++ String

e std::string stril;
« C++ FER
« BIRIRE N/NNFTTET
« REARR
- B RZIBIFHEBEHEEF: +, +=, ==, =, length(), size()..
e #include <string>
* It’s not a container since it doesn‘t have the generic concept

* Actually, string is a specific type of the a container called
basic_string

* typedef basic_string<char> string;
* char str2[100];

+ C F&

« AR/ NFTTrET

- RE#83#E 100 M= 7T

« FREFEIRIEE #include <cstring>
* strlen(), strchr(), strstr(), strcat(), strcmp()..

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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An Example of Container — vector (1/7)

vector, [@= | 224X FMEE—EERRAEXN/NIIFET]
« Rih—FIREE EAN/
- R A= B &) reallocate {EREE AIEL

e#tinclude <vector>

using namespace std;
e

« TEEEY (BIEYE): ClassType object;
e vector<int> vec;
« —ER&I vec HEE > JTTRBEFIEZ int
- —FIBEZEN » K/I\E 0

* THEERLIREEEESY : int vec[] = {}; // illegal in C

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for repro duction or display. 5q



An Example of Container — vector

(2/7)

vector<int> vec;
« -l vector j=—7%d class template

e class template #& =
 templateName <typeName T>

- HAFENR<>EUEN T XiB1E—(E type—parameter » {L&%
template #0=RY type BB H - HERAEESHRIRE

- vector<int> vl; = int vi[] = {};

- vector<char> v2; e char v2[] = {};

- vector<Robot> v3; ~ Robot v3[] = {};

- vector<Robot*> v4; ~ Robot* v4[] = {};

- vector<vector<int>»> v5; = int v5[][] = {};

» This is called generic (72#) programming

2017/2/8 Copyright © 2016 Slighten an mission require r reproduction or display.



An Example of Container — vector

(3/7)

evector<int> v1(4, 3); // =~ int v1[4'] = {3, 3, 3, 3};

evector<int> v2(vl.begin(), vl.end());
// use iterators

~ int v2[4"]; memcpy(v2, vl, 4);

// mean int v2[4"] = v1;

 #include <cstdlib>
memcpy(a, b, size);

e~ for (int i = 0; 1 < size; i++) a[i] = b[i];
*vector<int> v3(v2); // same as above
evector<int> v4(2, 5); // int v4[2"] = {5, 5};
vd = v1; // v4 = {3, 3, 3, 3};

v4 = vector<int>(); // empty vector, v4 = {};

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display. 6 1



An Example of Container — vector

(4/7)

* A simple example

vector<int> vec;
// size == 0, don't do vec[l] = 200, use push_back() instead.
for (int 1 = @ ; 1 < 10; i++) vec.push_back((i+1)x100);

// =REENHFrBETRZNAR

// 1. RERNAIN

for (int i =0 ; 1 < 10; i++) cout << vecl[i] << " "; cout << endl;
// 2. B iterator

for (vector<int>::iterator it = vec.begin(); it !'= vec.end(); it++)
cout << xit << " "; cout << endl;

// 3. Range-based (C++11 LA#%AE), auto B[ int
for (auto i : vec) cout << i << " ": cout << endl;

2017/2/8

100 200 300 400 500 600 /700 800 900 1000
100 200 300 400 500 600 /00 800 900 1000

100 200 300 400 500 600 /00 800 900 1000
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An Example of Container — vector

(5/7)

vec.front() = 100
vec.back() = 1000

. ) 1 4 7
* A simple example (Cont’'d) pol ol i

cout << "vec[3] = " << vec[3] << endl;

cout << "vec.at(4) = " << vec.at(4) << endl;

cout << "vec.front() = " << vec.front() << endl;

cout << "vec.back() = " << vec.back() << endl;

for (int 1 =@ ; i < 3; i++) vec.pop_back();
for (int i : vec) cout << i << " "; cout << endl;

vec.clear(); // BZE

// size == 0, don't do vec[1l5] = 2;

cout << "vec.size() = " << vec.size() << endl;
cout << "vec.capacity() = " << vec.capacity() << endl;

vec.resize(20);

// size == 20, can do vec[15] = 2;

cout << "vec.size() = " << vec.size() << endl;
22e - |cout << "vec.capacity() = " << vec.capacity() << endl; 63




An Example of Container — vector

(6/7)

*|nsert

2017/2/8

//10, 10, 10
std::vector<int> myvector (3,10);
std::vector<int>::iterator it;

//20, 10, 10, 10
it = myvector.begin();
it = myvector.insert ( it , 20 );

//30, 30, 20, 10, 10, 10
myvector.insert (it,2,30);

// "it" no longer valid, get a new one:
it = myvector.begin();

//30, 30, 40, 40, 20, 10, 10, 10
std::vector<int> anothervector (2,40);
myvector.insert (it+2,anothervector.begin(),anothervector.end());

//51, 52, 53, 30, 30, 40, 40, 20, 10, 10, 10
int myarray [] = { 51,52,53 };
myvector.insert (myvector.begin(), myarray, myarray+3);
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An Example of Container — vector

(7/7)

Erase

std::vector<int> myvector;

// set some values (from 1 to 10)
for (int i=1; i<=10; i++) myvector.push_back(1i);

// erase the 6th element
myvector.erase (myvector.begin()+5);

// erase the first 3 elements:
myvector.erase (myvector.begin(),myvector.begin()+3);

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.



An Example of Container — stack

e stack, HE#: ast In First Out (LIFO)

e##tinclude <stack>
*f push(), pop(), top()

std::stack<int> myStack;

//0, 10, 20, 30

push() |

[;;o

top

stack

for(int i=0;i<4;i++)
myStack.push(10xi);

//0, 10
for(int 1=0;i<2;i++)
myStack.pop();

//true, 10
if( !'myStack.empty() )

2017/2/8

std::cout << myStack.top() << std::endl;
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An Example of Container — queue

* queue, 7% : First In First Out (FIFO)

e #include <queue>

« & push(), pop(), front(), back()
- B8 FIFHETEAR

* Queue: enqueue, dequeue
» Stack: push, pop

push() =P

gqusues

pack()

front()

> poo()

std::queue<int> myQueue;

//0, 10, 20, 30
for(int i=0;i<4;i++)
myQueue.push(10xi) ;

//20, 30
for(int i=0;i<2;i++)
myQueue.pop();

//true, 20
if( 'myQueue.empty() )

2017/2/8 std::cout << myQueue.front() << std:

:endl;
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An Example of Container — map (1/2)

e map, BREY : A set of key—value pairs
o MAR—1ES RAREIPES]

* [EFIM key Bpll—E S EE
e.g. double num[4] = {0.1, 0.5, 0.4, 1.8};
key->value pairs: ©->0.1, 1->0.5, 2->0.4, 3->1.8
Preferred key->value pairs: "Amy"->98, "Alice"->95, "Bob"->100
BRB—EEY arr
e arr["Amy"] = 98, arr["Alice"] = 95, arr["Bob"] = 1600
« ZH2 map

e #include <map>
map<str1ng, 1nt> arr; // map<ReyType, valueType>

arr["Amy"] =
arr["Alice"] = 95;
arr["Bob"] = 100;

» Search keys
by binary search: O(logn)

2017/2/8
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An Example of Container — map (2/2)

- #include <map>

map<string, int> arr; // map<keyType, valueType>
arr["Amy"] = 98;

arr["Alice"] = 95;

arr["Bob"] = 100;

- cout << arr["Amy"] << endl;
if (larr.count("Colin")) arr["Colin"] =
* count(key) function:

« f6—1ME key I AFIEL key 1Y key—-value pair

« F : [EfE 1 (true)

« & . [B]fH @ (false)

*map<int, string> ml1; // m1[101021120] = "Slighten";
- (h 45

* map<int, map<int, string>> m2; // m2[101][21120] =

n . ",
2017/2/8 S 1 1g ht en J Copyright © 2016 Slighten and GOTC. Permissi
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Time Complexity

Container Insertion Access Erase Find r ersistent
terators
. Back: O(1) or O(n) Back: O(1) Sorted: O(log n)
VB S Other: O(n) S Other: O(n) Other: O(n) M
Back/Front: O(1) Back/Front: O(1) |Sorted: O(log n) :
deque Other: O(n) o) Other: O(n) Other: O(n) Pointers only
Back/Front: O(1) |Back/Front: O(1) |Back/Front: O(1)
list / forward_list |With iterator: O(1) |With iterator: O(1) |With iterator: O(1) |O(n) Yes
Index: O(n) Index: O(n) Index: O(n)
set / map O(log n) - O(log n) O(log n) Yes
unordered_set/ .
unordered_map O(1) or O(n) O(1) or O(n) O(1) or O(n) O(1) or O(n) Pointers only
priority_queue [O(log n) 0o(1) O(log n) - -

2017/2/8
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Limitations of Containers

 Container RNEEI{EE object, A N =F&R1T

1. 38 copy constructor B classes
2. 79 HES operator = B classes

3.

3278 default constructor By classes

class Foo

{

private:

}

Foo& operator=(const Foo&);

class Foo

{

private:
Foo( const Foo & );
};

2017/2/8
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Algorithms (GEE %)

«STL E_4FAMERR » I2HFZH{EREES (8) »
1t 3EFAFME(T Container

find(), sort(), min(), max(), nth_element(),
shuffle(), rotate(), fill(), replace(),
binary_search()....

* Algorithms use iterators
e#include <algorithm>

*Go to C++ reference website and learn how to
use them

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for repro duction or display. 7 2



Algorithms (jE&%) —- Find

#include <algorithm>

2017/2/8

int myints([] = { 10, 20, 30, 40 };

// using std::find with vector and iterator:
std::vector<int> myvector ( myints, myints+4 );
std::vector<int>::iterator it;

it =

std::find (myvector.begin(), myvector.end(), 30);

if (it !'= myvector.end())

std::cout << "found:" << *it << '\n';
else

std::cout << "not found\n";

10 20 30 40
i f !
begin it end

/3



Algorithms (jE& ;%) — Sort (1/2)

#include <algorithm>

2017/2/8

bool myfunction (int i,int j) { return (i<j); }
[11711777171777177777777/7777/7777777/7777/7777/7/77777//777/777//777777

int myints[] = {32,71,12,45,26,80,53,33};
std::vector<int> myvector (myints, myints+8);
// 32 71 12 45 26 80 53 33

// using default comparison (operator <):
std::sort (myvector.begin(), myvector.begin()+4);
//(12 32 45 71) 26 80 53 33

// using function as comp
std::sort (myvector.begin()+4, myvector.end(), myfunction);
// 12 32 45 71 (26 33 53 80)

Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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Algorithms (jE& ;%) — Sort (2/2)

#include <algorithm>

2017/2/8

struct myclass {
bool operator() (int i,int j) { return (i<j);}
} myobject;

[117717777777777777777777777777777777/7777777777777/7/777777
int myints[] = {32,71,12,45,26,80,53,33};
std::vector<int> myvector (myints, myints+8);

// 32 71 12 45 26 80 53 33

// using function as comp
std::sort (myvector.begin()+4, myvector.end(), myobject);
// 32 71 12 45 (26 33 53 80)

// using function as comp
std::sort (myvector.begin(), myvector.begin()+4, std::less<int>() );
// (12 32 45 71)(26 33 53 80)

Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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C++ STL tHEH » A=

IZFEAE C++

:OOP EARSHA R (WA 75, jargan)

RERHSREE B2

Override (B %), overload (E

r?}:ﬂ‘}'#
& &), inheritance (4&7%),

polymorphism (ZH#2), generic (jZE) ...

Copyri ight © 2016 Slighten and GOTC. Permission re

uired for reproduction or display.



LSO ]

«Boost (C++ Libraries) : A& 1R 2B E

* Image processing

* Regular expression

 Unit testing

* Linear algebra

» pseudo—andom number generation
» multithreading

il
N

LA —1& Library HLH/IE Boost Graph Library
BGL), ZEFH iz [E

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for repro duction or display.

77



Applications of C++

1. C++ OpenGL Programming : 2D/3D #B[=&
2.C++ Ot Programming: PC/Android &7 E5 2{E
3.8051 Programming (Embedded System)
4.Arduino

5.PHP

o....




C++ OpenGL (1/2)

What is OpenGL?

Open Graphics Library

penGL.

Your OpenGL
Application Rendered Image

Texture

Light =(1.5, 0.6, 0.2)
Material=......

Source: Hung-Kuo Chu
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C++ OpenGL (2/2)

« Shader Programming
« Light/Shadow
« Fog/Bloom/Blur/Abstraction...

201’/2%0[_] rce: Hung— Kyr@tla @hé Slighten and GOTC . Permission required for reproduction or display .
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C++ Qt

« What is Qt?
« Qt (B EEcute ) 2—EEFEEH C++ ERBRRARSEESR  EZAR

2017/2/8

FRGUIERZ TEER) 23
« BARSTEMC+H+EF KT E

- XIRZEYE - EEIRFENAR - RIRFERHENER T BEE

(PC/Android)

21 M Andoird App — Flappy Bird i Qt A

Copyright © 2016 Slighten and GOTC. Permission re
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BRANRAEZREZ (1/4)

*Interrupt vs Polling
- —{[Eif23 A EE main() Sl return O;
- BB TRMAEFEREREN
 Two ways
1. Polling
1) Waiting: while (/* no user input */){}

2) Doing some Work:
while (/* no input */){ /* Do something */ }

* Problem: potentially slow response / long latency
2. Interrupt (Better way)

 Let hardware test flag instead of software

 Codes written in ISR (Interrupt Service Routine)
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BRANRAERMZ (2/4)

2BQ = F2 = = E /8 ® © @ sketch_aug22 i i :
& ra) } sketch_aug22a | Arduino 1.6.9 Hourly Build 2016/04/13 03:12
EERIVIEERER

maln ( ) { sketch_aug22a
. void setup(Q) {
Setup( ) ) // put your setup code here, to run once:
while(1){ }
1 . void loo
if (xxx) xxx; POL .
// put your main code here, to run repeatedly:
else if (xxx) xxx; )
/* . */
94 void Main(void) {
95
} 9% functionSet();
97 entryModeSet(1, @); // increment and no shift
98 displayOnOffControl(1, 1, 1); // display on, cursor on and blinking on
} 99 sendString("EdSim51 LCD Module Simulation");
100 setDdRamAddress(0x40); // set address to start of second line
101 sendString("Based on Hitachi HD44780");
102
103 while (1) {
104 if (ret == 0) {
105 returnHome() ;
106 }
107 else {
108 if (left == 0 && right == 1) {
109 cursorOrDisplayShift(1, @); // shift display left
110 }
1 else if (left == 1 && right == 0) {
112 cursorOrDisplayShift(1, 1); // shift display right
113 }
14 }
2017/2/8 Copyright © 2016 Slighten and G{ 115 }
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BRADNRAERELZ (3/4)

« BJEZ:E key (m rows, n cols)?
. _JLX & —1@E pin Bl > EH{E pin BYE - EZREE pin:

F=E mXxn pins
* Solution: Row-Column Scanning : 2% m + n pins

e MCU sets Rows(output)=
0111, 1011, 1101, 1110

e MCU reads Cols(input)==
1111, 1101, 1111, 1111~

D1

RRE

(o] © S [=]
o
R I

m > o n
b;( b;( b\Q( b;(

o © 3 -
b} \:;( \njé ’b‘é

n W ~ w
b‘é \:;( b} \a;(

e (Os yield the coordinatg -
of the pressed button """ "]

=> multi-button press 25 02 01 00 | pon
can be detected too!
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BRADNRAEREZ (4/4)

« Key Bouncing

s SRR > (RIANBIRRAIR—T - (BEERLEE

TIEZT (4iF)
BB IF =R AR
e Solutions:

1.  Hardware: Debouncer
1) SR Latch
2) Schmitt Trigger
2. Software: just delay() for ~20 ms

*One Pulse

TR ERNR IR

« IR{EART auto-fire » ERXRIZ—TF

 $HTE—1E clock N

2017/2/8
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Conclusion

S
% :%l:l:zﬁ

« Programming paradigm (4RT2&E=) ;=%

Structured Programming

(C...)

Object Oriented Programming

(C++, JAVA...)

Functional Programming
(Haskell, Scala...)

« C/C++ E?E%Eﬁfﬁﬁ - LHZ C++ - B EERES - #EAF

O
e LCIX —1
2017/2/8

I:||:|I:I

- AREEEMESEE RS E
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