Class & Struct

Lap trinh nang cao



Kiéu dit liéu cé cau tric

Class / struct |a ciu tric cho phép dinh nghia cac kiéu dir
liéu c6 ciu trac: dit liéu kém theo cac ham xir ly dir liéu
do. Vidu:

— Vector: Vecto trong hé toa d6 Dé-cac: cap toa dd x vay,
cung cac phép toan tong, hiéu, tich cé huéng, tich vo
huwdng...

— Circle: Hinh tron trong hinh hoc: toa d6 tam (x,y) va ban
kinh, cac phép toan tinh dién tinh, tinh chu vi, vé,...

— Student: Sinh vién trong &*ng dung quan ly dao tao: tén,
ma sinh vién, 1&p, dia chi, ngay sinh...




Bai toan vi du

* Vecto trong hé toa d0 Dé-cac: cap toa do x va
y, cung cac phép toan tong, hiéu, tich cé
hudng, tich vo hudang...

e Viét moOt chwong trinh ho tro tinh tong hai
vector, in vector ra man hinh dang (x,y).

— add_vector(): tinh vector tdng clia hai vector

— print_vector(): in mot vector ra man hinh



Qua nhiéu tham so!

Can 4 tham sé cho 2
vector toan hang

\ Cach 1 /

void add_vector(double x1, double yl, double x2, double y2,
double& x_sum, double& y sum) {

Xx_sum = x1 + x2; y sum = yl + y2;

}

void print_vector(double x, double y) {
cout << "(" << x << "," <k y < ")";

}

int main() {

T~

Khéng thé return 2 bién
dai dién cho vector tong,
nén phai thém 2 tham
bién

double xA = 1.2, xB = 2.9, yA = 0.4, yB = 1.6;

double xSum, ySum;
add_vector(xA, yA, xB,
print_vector(xSum, ySum);
return 0;

m, ySum);

Poc code khé ma hiéu day la cac vector




struct Vector {
double x;

<.ic.>l.1ble y; Cach t6t hon
}s

Vector add(Vector v1, Vector v2) {

Vector sum;
sum.x = v1.X + v2.X; It tham s0, dé doc. Do dir

sum.y = vl.y + v2.y; liéu vectf)rd:’u'o‘cldonggm
return sum; trong moét cau trdc

¥

void print(Vector v) {
cout << "(" << v.x << "," k< vy < ")

¥

int main() {
Vector a(1.2, 0.4), b(2.0, 1.6);

Vector sum = add(a, b); s\\\\\\\\
print(sum); Code gon,

return 0; dé hiéu day la cac vector




Cach tot hon nira

struct Vector {
double x;
double vy;

Vector add(Vector other) {... }

void print() {...}
}; \ Cac ham xtr I dit ligu
cling duogc dong goi

kem voi dir lieu

int main() {
Vector a(l1.2, 0.4), b(2.0, 1.6);
Vector sum = a.add(b);
sum.print();
return 0;



STRUCT VA CAC BIEN THANH VIEN



Pinh nghia kiéu dit liéu moi

struct Vector { dinh nghta kiéu Vector gébm:
double Xx; -truvong dit liéu x
double y; -trvong dir liéu y

}s

\?nghTa: T x y sz y

Vector v1, v2; bién v1, v2 thudc kiéu Vector
MOi bién thudc kiéu Vector cé hai thanh vién dir liéu 13 x
ki€u double va y kiéu double.



S dung

struct Vector { dinh nghta kiéu Vector gébm:
double Xx; -truvong dit liéu x
double vy; -truvong div lieu y

}s

Vector v; khai bdo bién v kiéu Vector

v.Xx = 1.0; gan gia tri cho trwong x cia bién v

vV.y = 2.1; gan gia tri cho trwong y cdia bién v

cout << v.x; lay gia tri cua x cua vy.



Vi du

struct Person { dinhnghiakiéu di¥ liéu Person gom:

char* name; -trvong dir liéu name
char* address; -truvongdirliéu address
int age; - trvong dir liéu age
¥ .
s’ dung
Person john; khai bdo bién john kiéu Person

john.name = “John”;
john.address = “London”;
john.age = 20;




Point — toa d0 trong khong gian 2D

struct Point {
double x;
double y;

Point(int x, int y) {..}
}s



Triangle — tam giac

struct Triangle {
Point a;
Point b;
Point c;
Triangle(x1l,yl, x2,y2,x3,y3)
a(x1,yl), b(x2,y2), c(x3, y3)
1}
}s

struct Triangle { hoac
Point a[3];
}s



struct lam tham sO cho ham

* Truyén bang gia trj - pass by value

void print(Vector v) {
cout << "(" << v.x << ",M k< vy < M)

}

 Truyén bang tham chiéu - pass by reference

void print(Vector& v) {
cout << "(" << v.Xx << "," << vy << ")

¥



struct lam tham sO cho ham

 Truyén bang con tro - pass by pointer

void print(Vector* pv) {
cout << "(" << pv->x << "," << pv->y << ")";

}

Chuy, khi truy nhap cac truong ti con tro, phai
dung toan tir mii tén (->) thay vi ddu cham (.)



Struct va con tro

struct Vector { Vector v;
double Xx; v.Xx = 1.0;
double y; v.y = 2.1;

}s cout << V.X;

Vector* pV = &v; con tro tdi v

pv->x = 1.0; truy nhap v.x tr con tro

(*pV) .y = 2.1; truy nhap v.y ti bién v
cout << pV->x << V,7 << (*pV) .y,



Cu phap truy nhap cac truvong

struct Vector {
double Xx;

Vector v;
double y;

Vector* pV = &v;
¥
Dung dau cham (.) dé truy nhap tir bién / 6 nhé struct:
V.X (*pv) .x
Dung miii tén (->) dé€ truy nhap bang con tré/dia chi:

pv->x (&v) ->x



Cap phat bd nhd dong

e Gidng hét ddi vdi cac kiéu dit liéu khac

int* p = new int; Vector* p = new Vector;

// st dung p .. // st dung p ..

delete p; delete p;

int* arr = new int[10]; Vector* arr = new Vector[10];
// sU dung arr .. // si dung arr ..

delete [] arr; delete [] arr;




Struct va phép gan

* Gidng nhu cac kiéu dit liéu thong thuong,
phép gan dugc thuc hién khi:
— Phép gan
Vector vl = v2;
— Truyén tham tri vao ham
void print (Vector v) {..}
print(vl) ; //vlduwgcganchothamsodv

— Tra vé gia tri
return v1; //vlduwgcgan cho bién nhan gid tri tra vé
* Phép gan lam gi? copy tirng trwong vao bién dich —
copy ndng, chi sao chép gia tri.




Copy ndng — swallow copy

S sl
a R 5
10 D S 10



Copy ndng — swallow copy

s=s1;
S sl
d € 3
10 D S 10

Ox18a4 ‘abcd’

Poi vdi con tro, copy ndng cé nghia chi sao chép con tro,
khong sao chép noi dung nd tro todi



Best practice

e Khi mudn truyén struct vao ham & dang chi
doc, nén truyén hang tham chiéu thay vi tham
tri

— Khdng tdn céng copy

— Van dam bao ham khong sra ddi s6.

void print(const Vector& v) { ... }
co hiéu trng twong duong nhuwng tét hon
void print(Vector v) { ... }



HAM THANH VIEN



struct Vector {

double x. Ham xir ly nam ngoai
double y;

15

void print(const Vector& v) {
cout << "(" << v.x << "," k< vy << ")y

}

Vector add(const Vector& vl1l, const Vector& v2) {
Vector sum;

sum.X = vl.X + Vv2.X;

sum.y = v1l.y + v2.y;
return sum;



struct Vector {

s

double x; Ham thanh vién
double vy;

void print() {
Cout << ||(|| << X << II,II << y << II)II;

¥

Vector add(const Vector& other) {

Vector sum; : \ N
rint() va add() la cac
sum.X = X + other.x; P () ()

sum.y = y + other.y; ham thanh vién C:‘L?I(J
return sum; struct nén co thé truy
¥ nhép truc tiép dén
cdc bién thanh vién x
va y.




struct Vector {

double x; Ham thanh vién
double vy;

void print() {
Cout << ||(|| << X << II,II << y << II)II;

} Vector v;
v.print();

b

Ham théng thuong

void print(Vector& v) {
cout << "(" << v.x << "," << vy << ")

¥

Vector v;
print(v);




struct Vector {

Ham thanh vién

Vector add(Vector& other) {
Vector sum;

sum.X = X + other.x;

sum.y =y + other.y;

return sum;

s

Vector vl,v2;
Vector s = vl.add(v2);

Ham théng thuong

Vector add(Vector& vl, Vector& v2) {
Vector sum;

sum. X
sum.y

vli.X + Vv2.X;
vi.y + Vv2.y;

return sum;

Vector vl1, v2;
Vector s = add(vl, v2);




Cu phap goi ham thanh vién

struct Vector {

double x;
double vy; Vector v;
void print() {..} Vector* pV = &v;

}s

Dung dau cham (.) dé truy nhap tir bién / 6 nhé struct:

v.print () (*pv) .print()

Dung miii tén (->) d€ truy nhap bang con tré/dia chi:

pv->print () (&v) ->print ()
(gibng hét truy nhdp bién thanh vién)



Hang ham thanh vién
struct Vector {

void print() {.. }
Vector add(const Vector& other) { ..}
¥

Van dé: vdi v |a const Vector (khai bdo const Vector v; )
thi cac l1énh sau bi 16i bién dich:

v.print();

v.add(another_vector);

Li do: print() va add() khéng ddm bao vdi trinh bién dich rang
chidng sé& khbng stra gid tri cla bién struct ma nd la thanh vién

Can khai bao print() va add() Ia cdc hang ham thanh vién



Hang ham thanh vién
struct Vector {

double Xx;
double vy;

print() dam bao khong stra gid tri cua
bién struct ma nd la thanh vién

/

void print() const {
cout << "(" << x << ","cy << ™M)

¥

Vector add(const Vector& other) const {
Vector sum;
sum.X = X + other.x;
sum.y =y + other.y;
return sum;
} add() dam bao khong stra gia tri cua
}; bién struct ma nd la thanh vién



Hang bién chi cé thé dugc dung
tai cac vi tri const

struct Vector {
void print() const {...}
Vector add(Vector& other) const { ...}
void append(const Vector& tail) {..}

¥

const Vector v; Vector v2;

v.print () ; // ok viprint 1a hang ham thanh vién
v2.print () ; //v2 khong phai const nén khong quan tam
v.add (v2) ; // okviadd la hang ham thanh vién

v2.add (v) ; // 16i vi tham sb other khéng phai const
v.append (v2) ; //16iviappend khong phai hang ham
v2.append(v) ; // okvitail la const



CONSTRUCTOR VA DESTRUCTOR



Kh&i tao cac bién thanh vién

Vector vl;

vli.x = 1.0;
vi.y = 2.1;
Vector v2;
v2.Xx = 1.3;
v2.y = 2.2,

Student s;

s.first name = “John”;
s.last name = “Smith”;
s.major = “cs”;

s.id = “15123456”;

e Ton nhiéu dong khd&i tao gia tri cho cac bién
thanh vién? Thé nay cé hay hon khong?

Vector v1(1.0, 2.1);
Vector v2(1.3, 2.2);
Student s(“1512345”, “John”, “Smith”, “cs”);




Constructor

e La ham thanh vién dac biét cd nhiém vu khadi tao cac
bién thanh vién.
— Duoc goi tw dong khi khai bdo hodc cap phat bién dong
— Trung tén vai tén struct
— Khéng cé kiéu tra vé

struct Vector { Vector v(1.0, 2.1);
double x; Vector* pv = new Vector(1.3, 2.2);
double vy;
Vector(double x, double _y) {
X=_X Y ="_Y,
}

s



Vi du

struct Array {

int n;
int* arr;
Array(int n) {
n = _n;
arr = new int[n];
}
¥
St dung:

Array a(20);
Array* p = new Array(10);



Vi du

struct Array {
int n;
int* arr;

» Array(int n) {
n = _n;
arr = new int[n];

}
s

Array array(2);

0x1000
0x1004

0x400e
0x4012
0x4016

array
n:??

arr: ?7?

Stack memory

Dymamic data



Vi du

struct Array {
int n;
int* arr;
Array(int n) {

.,} n = _n;
arr = new int[n];
}
¥

Array array(2);

0x1000
0x1004

0x400e
0x4012
0x4016

array
n:2
arr: ??

Stack memory

Dymamic data



Vi du

struct Array {
int n;
int* arr;
Array(int n) {
n = _n;

arr = new int[n];
»
¥

Array array(2);

0x1000
0x1004

0x400e
0x4012
0x4016

array :
n: 2,
arr: 0x400e

2772

2772

Stack memory

Dymamic data



struct Array {
int n;

V4
int* arr; Vl

Array(int n) {

n = _n;
arr = new int[n];
}
}s
alray

n ar;\

du

Array array(2);

0x1000
0x1004 array :
n: 2,
arr: 0x400e
0x400e 2?7?77
0x4012 ??7?7?
0x4016

Stack memory

Dymamic data



Vi du

struct Array {
int n;
int* arr;

» Array(int _n) {
n = _n;

}
s

arr = new int[n];

Array* p

new Array(2) ;

0x1000
0x1004

0x400e
0x4012
0x4016
0x400e
0x4012
0x4016

n: ??
arr: ??

Stack memory

Dymamic data



Vi du

struct Array {
int n;
int* arr;
Array(int _n) {

n = n,

» arr = new int[n];
}

s

Array* p

new Array(2) ;

0x1000
0x1004

0x400e
0x4012

0x401e
0x4022
0x4026

n: 2
arr: 0x401e

2772

2777

Stack memory

Dymamic data



0x1000

Vll d U 0x1004

struct Array {

int n;
int* arr;
Array(int n) {
n = _n;
arr = new int[n]; 0x400e
} 0x4012
}s
0x401e
Arr ay* P 0x4022
new Array(2) ; 0x4026

&

p: 0x400e

n: 2
arr: 0x401e

2772

2777

Stack memory

Dymamic data



struct Array {
int n;
int* arr;
Array(int n) {
n = _n;

arr = new int[n];

}s

'S

Array* p

Vi du

= new Array(2) ;

0x1000
0x1004

0x400e
0x4012

0x401e
0x4022
0x4026

p: 0x400e

n: 2
arr: 0x401e

2772

2777

Stack memory

Dymamic data



struct Array {

int n: Nhieéu constructor

int* arr;

Array(int n) {
n = _n;

arr = new int[n];

}
Array(int _n, int default value) {
n = _n;
arr = new int[n];
for (int i = ..) arr[i] = default value;

Array al (10, 5); //goiArray(int _n, int default_value)
¥ Array a2 (10); // goi Array(int _n)
Array a3; // 8oi ham Array()




struct Array {

int n: Nhieéu constructor

int* arr;

Array(int n) {
n = _n;

arr = new int[n];

}
Array(int _n, int default value) {
n = _n;
arr = new int[n];
for (int i = ..) arr[i] = default value;
}
Array a3; // goi ham Array() -> 16i néu khdng cé

;



seryet array 4 Nhiéu constructor
int* arr;
Array() { ...} Array a3;

Array(int n) {
n = _n;

arr = new int[n];

}
Array(int n, int default value) {
n = _n;
arr = new int[n];
for (int i = ..) arr[i] = default value;

;



struct Array {

int n: Nhieéu constructor

int* arr;

Array(int _n =5) { «<— |Array a3;

n = n;

arr = new int[n];

}
Array(int _n, int default value) {
n = _n;
arr = new int[n];
for (int i = ..) arr[i] = default value;

;



Hay bién struct cap phat dong

struct Array {

int n;
int* arr;
Array(int n) {
n = _n;
arr = new int[n];
}
}s

Array* p = new Array(2);

delete p; //huay struct ma p tro toi



struct Array {

. ) 0x1000 -
int n; v . B
int* arr; M a C dl N h 0x1004 p: 0x400e £
Array(int n) { . ° E
n= _n; v
arr = new int[n]; _§
} Vg
}s
P
-

N ar
& 0x40ge 5

arr: 0x401e

0x40% s
©
£
=
()]

Ox401e 77?7?

Array* p = new Array(2),; %% P22
0x4026

delete p; // huy struct ma p tro toi



struct Array {
int n;
int* arr;
Array(int n) {
n = _n;

Mac din

arr = new int[n];

}s

D liéu mé codi —
that thoat bd nhé

Array* p =

=)

h

new Array(2) ;

0x1000
0x1004 p: NULL

0x400e
0x4012

0x401e 27??7?
0x4022 ?27??
0x4026

delete p; // huy struct ma p tro toi

Stack memory

Dymamic data



Destructor

 Ham thanh vién dac biét cho phép lap trinh vién
tw don dep cac bién thanh vién duoc cap phat
dong
— Duoc goi tw dong baoi cac Iénh delete
— Khéng c6 kiéu tra vé, khéng tham so
— Tén trung vai tén struct va thém dau nga (~) & dau

Array* p = new Array(2);

delete p; //|énh nay goi ham destructor ~Array().
//Ta s& dung ~Array() d& don dep mang dong arr



struct Array {
int n;
int* arr;

Array(int n) {
n n;

Destructor

arr = new int[n];

}
Array() { <

Nhiém vu cua destructor:
giai phdng tat ca cac bién
thanh vién d3 duoc cap
phat dong

delete [] arr;

}




struct Array { 0x1000

Array(int _n) { Dl\Jng
n=_n; 0x1004
arr = new int[nl; desctructor

}

~Array() {
delete [] arr;

}

"b

n ar 0x400e

0x4012

0x401e
0x4022

Array* p = new Array(2) ;
0x4026

m)delete p; //hiy struct ma p tro toi

p: 0x400e

n: 2
arr: 0x401e

2777

??77?

Stack memory

Dymamic data



struct Array { 0x1000

Array(int _n) { DUHg B>
n=_n 0x1004 p: 0x400e S
arr = new int[n]; desctructor £

} -z

~Array() { s

‘ delete [] arr; ”

}

-
.\
©
n | A 0x400e 5 L
0x4012 arr: 0x401e ‘%
£
a
0x40
Array* p = new Array(2); o4®
0x4026

delete p; // huy struct ma p tro toi



struct Array {

Array(int _n) { Dl\J ng 0x1000 g
h=_n 0x1004 p: 0x400e £
arr = new int[n]; desctructor £

} -z

~Array() { E
delete [] arr; ik

) }

0x401e

Array* p = new Array(2),; %¥0%

0x4026

delete p; // huy struct ma p tro toi



struct Array {
Array(int n) { 0x1000

n = _n; H ij 0x1004 p: NULL

arr = new int[n];

}
~Array() {
delete [] arr;
}
P
o
0x400e
Pa don dep sach sé 0x4012
Ox401e
Array* p = new Array(2), %42
0x4026

=) delete p; // huy struct ma p tro toi

Stack memory

Dymamic data



Struct dé mo hinh String

e Array of char

* Length

« Khoitao: Strings (“Hello”);
* Muobn s.length ==

¢ Mubn s.print() ->in “Hello”

String s(“Hi”);
Cout << s.length;
s.print();

String* p = new String(“abc”);
p->print();

p->length;

delete p;

struct String {

char* arr;
int length;

String(const char* _s) {
length = strlen(_s);
arr = new char[length];
strncpy(arr, s, length);
}
~String() {
delete [] arr;
}
void print() {
cout << arr;

}



