Ham

Lap trinh nang cao



Outline

Muc dich str dung

Cach st dung

Co ché truyén tham so

— Truyén gia trj - Pass-by-value

— Truyén tham chiéu - Pass-by-reference

Bién dia phwong va t6 chirc bd nhé



Ham

¢ PDélamgi?
— Chia bai toan I&n thanh cac bai todn nho hon
— Tach khai niém ra khoi cai dat
* Ban cO phai biét code cia ham sqrt()?
»Chuong trinh dé hiéu hon
— Tranh code lap di lap lai
»Tai st dung
> Lap trinh c6 cau tric — structured programming



Internal vs. External function

* Internal : ban tw dinh nghia

e External : vi du abs, sqrt, exp... dugc nhom
thanh cac thu vién math, iostream, stdlib...



Input/output

Cac tham s6 =2 ham - gia tri tra vé

Parameters

>
g

g

Function

—» Result




Ham dat sau main
can co function prototype dat trudc

int absolute(int x); // function prototype

int main() { ..
a = absolute (b) ; // function use

}

int absolute(int x) { // function definition
if (x >= 0) return x;
else return -x;



Ham dat trudc
khong can prototype

int absolute(int x) { // function definition
if (x >= 0) return x;
else return -x;

}

int main() { ..
a = absolute (b) ; // function use

}



Cu phap dinh nghia ham

<return type> <function name>(<parameter list>) {
<local declarations>
<sequence of statements>

int absolute(int x) {
if (x >= 0) return x;
else return -x;



Cu phap khai bao prototype ham

<return type> <function name>(<parameter list>);

int absolute(int x);



Truyén tham so - pass-by-value

int argumentl;

double argument2;

// function call (in another function, such as main)
result = thefunctionname(argumentl, argument2);

/ copy gia tri\
// function definition

int thefunctionname(int parameterl, double parameter2){
// Now the function can use the two parameters
// parameterl = argument 1, parameter2 = argument2



pass-by-value

void swap(int x, int y) {
int t =x;, x=y;, yv=¢%t;
}

int main() { 253
;nt a = 2;
int b=3;  Gail \Vix v |3
swap(a,b)i  hansao claa, b

cout << a << "," << b;



pass-by-reference

void swap(inté& x, int& y) {
int t =x;, x=y;, yv=¢%t;
}

int main() { 3,2
int a = 2;
int b = 3; bung. Vi x, y la
swap (a,b) ; tham chié'u toi d, b

cout << a << "," << b;



Cau truc bo nhé



CPU va B6 nho

 CPU tinh toan v&i di¥ lieu ghi tai cac thanh ghi

e Dt liéu dwoc chuyén qua lai gitta bd nhé va
cac thanh ghi




Lwu dir lieu trong bo nho

e Kich thwdc moi 6 1a 8 bit — 1 byte

e Cac kiéu di¥ liéu I1&n cAn mot chuoi byte lién
ti€p, xac dinh boi
1. dia chi byte dau tién, va
2. kich thudc

< sz-lnn int o (_char ) char )| < sz-nln int O

1000 1001 1002 1003 1004 1005 1006 1007 1008 1009 1010 1011



Bit &2 gia tri dit liéu

* Th& tv byte ma hda va gidi m3 can nhat quan

* Big-endian: ti trai sang phai,
dia chi cac byte tdng dan (mainframe, IPv4...)

* Little-endian: tir trai sang phai,
dia chi cac byte giam dan (Intel x86, x86-64)

hMemory

n:.[],ﬁl.-[ J

a+1: |OB | —— I

a+2: QC | -
a+3: QD) | ==k

32-bit integer
| DADBOCOD |

Big-endian

32-bit integer

0AOBOCOD | Memory

——» q:|0D
> g+1:|0C
—» a+2:|0B
> a+3:|0A

Little-endian



BO nhd ao — virtual memory

e MOi tién trinh (chuong trinh dang chay) duoc
phan mot khong gian bo nhd riéng
— Hé diéu hanh anh xa moét phan bd nhé logic vdi bd
nhé vat ly
— Dija chi trong cac khong gian khac nhau la déc lap

Physical Memory

1000 1001 1002 1003 1004 1005 1006 1007 1008 1009 1010 1011 1012 1013 1014 1015 1016 1013 1014

LSS NN/

1000 1001 1002 1003 1004 1005 1006 1007 1000 1001 1002 1003 1004 1005 1006 1007

Space for Process A Space for Process B




Bién va cac |loi goi ham



Bién

* Bién la tén goi cha mdt vung bd nhd cu thé
— Cé thé doc va ghi ndi dung
« Kiéu di¥ liéu (data type): dung dé doc lay gia
tri cla bién
— Bién gdm bao nhiéu 6 nh&
— Tinh gid trj bién tir gia tri cdc 6 nh& bang cach nao

char a = Bx2A 1Nt g = BxZA

‘ ‘{ 20 }‘{ 00 )‘( 00 ]‘( 00 }‘ \

1000 1001 1002 1003 1004 1005 1000 1001 1002 1003 1004 1005



Cudbc doi cua bién dia phuong

* Puwoc khai bdo trong mot khdi lénh

* Cudc doiva pham vi hiéu lyc tvong ing voi

F(f1f5i |é§r1f1 Ci(5 int main {int arge, const char * argv[])

1
int a =28, b = 2Z&;

d
int 3;
g = gcdfa,b);
printf {"GCDED , Md )=kd ", a, b, g);

¥

& printf {"GCDMD , Md )=2d ", a, b, )3

 &J error: "g' undeclared (first use in this function)

return B;




Bién trong vung bo nhd
cua loi goi ham — stack frame

Dbay stack . Higher
p2 address
pl

Stack frame cua f() — Return address
a

. . . b
int f(int pl1, int p2) { -

int a, b; |

return a+b;
} . :

v Dinh stack v Lower

address



Khi moét loi goi ham duwogc chay

* Ban sao cla cac dai s6 duoc day vao stack.
Pé la cac tham so.

| bay stack . Higher
* Dija chilwu gia tri tra vé 02 address
duoc day vao stack R
P

« Cac bién dia phwong ~ [zom—m—————-
duoc cip phat trong stack kDT T

a
. . . b
int f(int pl, int p2) {
int a, b;
return a+b;
} v Dinh stack v Lower

address



Khi ham tra vé (return)

e Lwu gia tri tra vé vao thanh ghi hoac stack

* Pay (pop) toan bd frame
ctia ham ra khai stack, gom:
— Bién dia phuong
— Piachitravé
— Tham s6

int f(int pl, int p2) {
int a, b;
return a+b;

}

bay stack . Higher

address

|
v

) Lower
Pinh stack !
‘NN stac Y address



Function call stack
(Stack frame cho |0 80O ham)

int main() {

a();

return 0;

}

int a() {

b();
c();

return 9;

}
int b() {return 0;}

int c() {return 0;}

Frame for
main()

Stack memory

Higher
address

. Lower

address



Function call stack

int main() {

a();

return 0;

}

int a() {

b();
c();

return 9;

}
int b() {return 0;}

int c() {return 0;}

Frame for
main()

Stack memory

. Higher

address

. Lower

address



main()
goi a()

Function call stack

int main() {

a();

return 0;

}

int a() {

b();
c();

return 9;

}
int b() {return 0;}

int c() {return 0;}

Frame for
main()

Frame for a()

Stack memory

. Higher

address

Lower
Y address



Function call stack

int main() {

a();

return 0;

}

int a() {

b();
c();

return 9;

}
int b() {return 0;}

int c() {return 0;}

Frame for
main()

Frame for a()

Stack memory

. Higher

address

. Lower

address



a() goi b()

Function call stack

int main() {

a();

return 0;

}

int a() {

b();
c();

return 9;

}
int b() {return 0;}

int c() {return 0;}

Frame for
main()

Frame for a()

Frame for b()

Stack memory

. Higher

address

Lower
Y address



b() tra vé

Function call stack

int main() {

a();

return 0;

}

int a() {

b();
c();

return 9;

}
int b() {return 0;}

int c() {return 0;}

Frame for
main()

Frame for a()

Stack memory

. Higher

address

Lower
Y address



Function call stack

int main() {

a();

return 0;

}

int a() {

b();
c();

return 9;

}
int b() {return 0;}

int c() {return 0;}

Frame for
main()

Frame for a()

Stack memory

. Higher

address

. Lower

address



a() goi c()

Function call stack

int main() {

a();

return 0;

}

int a() {

b();
c();

return 9;

}
int b() {return 0;}

int c() {return 0;}

Frame for
main()

Frame for a()

Frame for c()

Stack memory

. Higher

address

Lower
Y address



c() tra vé

Function call stack

int main() {

a();

return 0;

}

int a() {

b();
c();

return 9;

}
int b() {return 0;}

int c() {return 0;}

Frame for
main()

Frame for a()

Stack memory

. Higher

address

Lower
Y address



Function call stack

int main() {

a();

return 0;

}

int a() {

b();
c();

return 9;

}
int b() {return 0;}

int c() {return 0;}

Frame for
main()

Frame for a()

Stack memory

. Higher

address

. Lower

address



a() tra vé

Function call stack

int main() {

a();

return 0;

}

int a() {

b();
c();

return 9;

}
int b() {return 0;}

int c() {return 0;}

Frame for
main()

Stack memory

. Higher

address

. Lower

address



Co ché truyén tham so



Tai sao swap(int x, int y)
khong co tac dung

| bay stack |
void swap(int x, int y) { ,*"'"_“""*I.
int t; Framefor ;----a--z ----- i
X = Y; A ;
y = t; | |
}
int main() {
int a = 2;
int b = 3;
mmm) swap(a,b); : :
cout << a << "," << b; v Dinh stack v

}



—

}

Tai sao swap(int x, int y)

khong co tac dung

int t;
t = X;
X =Y,
y = t;

int main() {

}

int a = 2;
int b = 3;
swap(a,b);

cout << a <«

void swap(int x, int y) {
Frame for
main() {

Frame for
swap()

<< b;

e CCCs S

I
v

bay stack

a: 2

Return address !

Dinh stack

I
v



—>

}

Tai sao swap(int x, int y)

khong co tac dung

int t;
t = X;
X =Y,
y = t;

int main() {

}

int a = 2;
int b = 3;
swap(a,b);

cout << a <«

void swap(int x, int y) {
Frame for
main() {

Frame for
swap()

<< b;

e CCCs S

I
v

bay stack

a: 2

Return address !

Dinh stack

I
v



Tai sao swap(int x, int y)
khong co tac dung

| bay stack |

void swap(int x, int y) { o
int t; Frame for | | a: 2 :

. n) | TR T

t = x; e | b: 3 :
) X = Y; N a |
y = t; v

} Frame for : X:3 :
o n

int main() { " | Return address |
int a = 2; | t:2 |
int b = 3; e |
swap(a, b); ; ;
cout << a << "," << b; v Dinh stack v

}



Tai sao swap(int x, int y)
khong co tac dung

| bay stack |

void swap(int x, int y) { o
int t; Frame for | | a: 2 :

. n) | TR T

t — X, main : b3 :
X = y; T S |
mm) Yy = t; :_____y_'_z_____!
} Frame for : X:3 i
- P n

int main() { “P | Return address
int a = 2; | t:2 |
int b = 3; e |
swap(a, b); ; ;
cout << a << "," << b; v Dinh stack v

}



Tai sao swap(int x, int y)
khong co tac dung

int t;
t = X;
X =Y,
y = t;

}

int main() {
int a = 2;
int b = 3;
swap(a,b);

) cout << a << ","

}

bay stack

void swap(int x, int y) { N
Frame for | | a: 2 |
main() r----t;-3 ----- :

Frame for
swap() no
longer exists
<< b; v Dinh stack ¥



Tai sao swap(int x, int y)
khong co tac dung

int t;
t = X;
X =Y,
y = t;

}

int main() {
int a = 2;
int b = 3;
swap(a,b);

) cout << a << ","

}

bay stack

void swap(int x, int y) { N
Frame for | | a: 2 |
main() r----t;-3 ----- :

Frame for
swap() no
longer exists
<< b; v Dinh stack ¥



swap co tac dung

void swap(int& x, int& y) {
int t;
t ) &
X =Y;
y = t;
}

int main() {
int a = 2;
int b =
swap(a, b),
cout << a << "," << b;

}



Co ché truyén tham so

e Pass-by-value:
int £ (int x, int y)
tham s6 la ban sao cua doi s6
stra tham s6 khong anh hwang dén doi so
X, y con goi la tham tri

* Pass-by-reference:
int £ (int& x, int& y)
tham sé la nickname clia déi so
stra tham so chinh la stra d6i s
X, y coOn goi la tham bién




Ddi s6 / Tham sb
Tham tri / Tham bién

void f(int x) { .. }

* Argument -D0oiso: a, b void g(int& y) { .. }

e Parameter - Tham so: X, y

— Tham tri: x int main() {
N int a = 2;
— Tham bién:y int b = 3;
f(a);
g(b);

}



Hang tham s6

void f (const string x)
void g (const string& y)

f khong duoc sira x, g khong dwoc stra y



Hang tham s6 - best practice

void f (const string x)
void g (const string& y)

Nén dung const cho tat ca cac tham so
khong nén bi stra gia tri.

Ly do: dé phong 16i cla lap trinh vién



Hang tham bién — performance

void f (string x)
void f (const string& y)

e Hang tham bién va tham trj twong duwong vé
hiéu rng phu:
dam bdao ham f khéng stra gid tri déi sé.

e V@i ki€u dit liéu 1&n, hang tham bién cho hiéu
nang tot hon do khdng phai sao chép gia tri




Bién tham chiéu - reference

int a = 1;

int& b = a;
b++;
cout << a << " " << b; /J/ 22

* b duoc khai bdo la tham chiéu tdi a
* b thuc chat chi la mot nick khac cla a




Gia tri mac dinh cta tham so

int divide (int a, int b = 2) {

}

int r;

r o= a/b; Tlfna.lm s6 b ¢ gid trAl rn‘éc.d.inh bang 2.

return r divide(12) thuc chat la divide(12,2)
Chi ap dung duoc cho cac tham so cubi

int main () {

}

cout << divide (12) << '\n’';
cout << divide (20,4) << '\n';
return 0;

6
5




Ham dé quy



Ham dé quy

* Ham goi chinh no

long factorial(long x) {
if (x > 1)
return (x * factorial(x-1));
else
return 1;
}

int main() {
long number = 9;
cout << number << "! =" << factorial(number);
return 0;

¥



Ham dé quy

long factorial(long x) {
if (x > 1)
return (x * factorial(x-1));
else
return 1;
}

* Truwdong hop co ban: a<=1: f(x)=1

 Trwvong hop thuong: a>1
Cong thirc dé quy: f(x) = x * f(x-1)



Ham dé quy

long factorial(long x) {
if (x > 1)
return (x * factorial(x-1));
else
return 1;

Pua f(x) vé f(x-1)
Pua f(x-1) vé f(x-2)

* HOi tu vé mot trong cac trwong hop co ban



long factorial(long x) {
if (x > 1)
return (x * factorial(x-1));

¥

else
return

int main()

¥

long res
return 0;

1;

{
= factorial(4);

Frame for
swap()

main()

1
1
\%

Dinh stack

I
I
\%



main()

factorial(4)
Xx=4

long factorial(long x) {
if (x > 1)
return (x * factorial(x-1));
else

Frame for
return 1;

swap()

¥

int main() {
long res = factorial(4); :
return 0; v Dinh stack

¥



long factorial(long x) {
if (x > 1)
return (x * factorial(x-1));

¥

else
return

int main()

¥

long res
return 0;

1;

{
= factorial(4);

Frame for
swap()

main()

factorial(4)
X=4

factorial(3)
X=3

Dinh stack




long factorial(long x) {
if (x > 1)
return (x * factorial(x-1));

¥

else
return

int main()

¥

long res
return 0;

1;

{
= factorial(4);

Frame for
swap()

main()

factorial(4)
X=4

factorial(3)
X=3

factorial(2)
X=2

Dinh stack




long factorial(long x) {
if (x > 1)
return (x * factorial(x-1));

¥

else
return

int main()

¥

long res
return 0;

1;

{
= factorial(4);

Frame for
swap()

main()

factorial(4)
X=4

factorial(3)
X=3

factorial(2)
X=2

factorial(1)
x=1

1
1
\%

Dinh stack

I
I
\%



long factorial(long x) {
if (x > 1)

¥

return
else
return

int main()

¥

long res
return 0;

(x * factorial(x-1));

1;

{
= factorial(4);

main()

factorial(4)
Xx=4

factorial(3)
X=3

factorial(2)
X=2

Return 1

Dinh stack

I
I
\%



long factorial(long x) {
if (x > 1)
return (x * factorial(x-1));

¥

else
return

int main()

¥

long res
return 0;

1;

{
= factorial(4);

Frame for
swap()

main()

factorial(4)
X=4

factorial(3)
X=3

Return 2

Dinh stack




long factorial(long x) {
if (x > 1)
return (x * factorial(x-1));

¥

else
return

int main()

¥

long res
return 0;

1;

{
= factorial(4);

Frame for
swap()

main()

factorial(4)
X=4

Return 6

Dinh stack




main()
res = 24

Return 24

long factorial(long x) {
if (x > 1)
return (x * factorial(x-1));
else

Frame for
return 1;

swap()

¥

int main() {
long res = factorial(4); :
return 0; v Dinh stack

¥



Tim kiém nhj phan dé quy

low high mid ‘ search( 44 ) I

#1 0 8 4
#2 5 8 6

T [low + hith

2

77 84 90

9t 9t

low mid high

high = mid-1=5 <— 44 < 77




YV V V

Tim kiém nhj phan dé quy

- \ N low high mid search( 44 )
im tw 0 dén 8 o " ”
#2 > 8 6 i :{]ow+hith
2

imty5 dén 8
0 1 2 3 4 5 6 7 8

imty5 dén 6 . e

ﬁw%é%

imtr 5 dén 5 e




Tim kiém nhj phan dé quy

 Timtl O dén 8

> Do al[4]< 44 nén tim tr 5 dén 8
> Do a[7]>44 néntim tir 5 dén 6
> Do a[6]>44 nén timtr 5 dén 5
» Truwong hop co ban: a[5] = 44

000000000

IIIIII




Tim kiém nhj phan dé quy

- Cong thirc dé quy: R
— if a[mid] < key : search(mid+1, high)
— if a[mid] > key : search(low, mid-1)
* Trwong hop co ban #1:
a[mid] == key: tim thay
* Trwong hop co ban #2:
low>high: khéng tim thay




Tim kiém nhj phan dé quy

« CoOngthuc dé quy:
— if a[mid] < key : search(mid+1, high)
— if a[mid] > key : search(low, mid-1)
* Truong hop co ban #1: a[mid] == key: tim thay
* Truong hop co ban #2: low>high: khdng tim thay

int search(int key, int a[], int low, int high) {
if (low > high) return -1;
int mid = (low + high) / 2;
if (a[mid] == key) return mid;
if (a[mid] > key)
return search(key, a, low, mid-1);
return search(key, a, mid+1l, high);



Poc thém

* http://www.drdobbs.com/security/anatomy-
of-a-stack-smashing-attack-and-h/240001832



Cong thuc dé quy

e factorial(n) = factorial(n-1) * n

* f(n): s6 budc chuyén n dia tir coc nay -> coc khac




 factorial(n) = factorial(n-1) * n

* Thap Ha Nai




 factorial(n) = factorial(n-1) * n

 Thap Ha NOi move(n, 1, 3)




* factorial(n) = factorial(n-1) * n

e Thap Ha N6i f(n) =f(n-1) .....

———
* move(n-1, 1, 2)




e factorial(n) = factorial(n-1) * n

* Thap Ha NGi f(n) =f(n-1)+1 .....

e Qutput(move n from 1 to 3)



e factorial(n) = factorial(n-1) * n

* Thap Ha Noi f(n) =f(n-1) + 1 + f(n-1)

* move(n-1, 2, 3)



Move(n-1, 1, 2)
Output(“move disc n from 1 to 3”);
Move(n-1, 2, 3)

void move(int n, int from, int to) {
move(n-1, from, other(from, to));
output(“move disc n from from’ to to’”);
move(n-1, other(from, to), to);

J



Duyét hoan vi

Duyét hoan vi (abc)

téyz/’céc\{h b\Q c

Duyét (bc) Duyét (ac) Duyét (ab)

tach b tach c

Duyét (c) Duyét (b)
Tim dugc Tim dugc

hoan vij abc hoan vj acb



Duyét hoan vi

P(abcdef) danh sach tat ca cdc hodn vj cla abcdef
P(abcdef) = a + P(bcdef)
b + P(acdef)
permutation(s[], lo, hi): liét ké tat ca hoan vi
if (lo==hi){ output(s); return;}
fori: lo-> hi {
swap(s, lo, i); // tach |ay phan t&r d&rng dau
permutation(s, lo+1, hi) // dé quy phan con lai
swap(s, lo, i); // quay lui vé nhu cii dé thir cach khac



Duyét t6 hop

 Liét ké cac tap con cua [a,b,c]

e Coa: abc, ab, ac, a
e Khongcda: bc, b, c, []

C(N) la tap cua cac tap con cua [1...N]
Thi
C(N) = C(N-1) + ([N] + s), v&i moi s thudc C(N-1)



Duyét t6 hop

C(N) = C(N-1) + ([N] + s), v&i moi s thudc C(N-1)
Combination(“abc”, 3) -> in ra 8 két qua

void combination(k) {

if (k<1) {
output(); return;

}
member[k] = true;
combination(k-1);
member[k] = false;
combination(k-1);



