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Bai 7+8+9: Con tro va bd nhd trong
C/C++
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RAM

= RAM (random access memory)
= M6t day cac byte lién ti€p (mdt mang byte khong 16)
» Moith(* déu nam trén dé
e Hé diéu hanh
* Cac trinh diéu khién thiét bj
e Cac chuong trinh
* Ma chuwong trinh
e Hang s&, truc tri
* Bién
= Do tat cA déu nam trén bd nhd, vé ly thuyét:
= C4 thé biét chinh xac “dia chi” clia chang?
= Co thé “tdm” dwoc ching va doc / ghi gia tri?



BoO nh¢ vat 1y va bd nhé bao vé

Virtual memory

Main/P

used
used

Process A

Process B

e memory protection;
process isolation

TRUONG XUAN NAM

VIEITIO

used

used

A
:

used

used



B0 nh¢ cua chuong trinh C/C++

int % = 10
int y = 20;

sold: Eiane (Y {

{
it 1 = 123;
Lk ¥
P = new 1nt;
*p = 456;

}

Ox138f4

0x13910

0x29840
O0x29844

(RZ293b0

Oxefffag9s8
Oxefffa99c

func ()’ s code

main()’s code

x (10)

y (20)

456

T (grows in

B (UxZ99hi1))

I (1323)
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Phan 2

Bién va dia chi cua bién
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Bién va dia chi cua bién

= Bién nam trong bd nhd, né phdi nam & mot (vai) 6 nhd
nao do, vi tri nay goi la dia chi (address) cla bién

= Phép todan dja chi: &
* Tra vé dja chi ciia bién
» Thwong la mot sé 32 bit (tuy vao CPU, OS va kiéu chwong trinh)
* |In ra man hinh & dang hexadecima
= Vidu:
int a[] ={ 1, 3, 2, 4, 2 };
cout << &a << endl;
cout << &a[0] << endl;

cout << &a[l] << endl;
cout << (long) &a[2] << endl;

= C6 1dy duoc dia chi cia th khac trong bd nhé khéng?
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Phan 3

Bién con tro
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Bién con tro

= Con tro = Két qua cua phép lay dia chi &
= Ta cd thé lwu tritr két qua nay vao mot bién hay khoéng?
= C4, str dung bién ¢ kiéu “con trd”
= Khai bdo nhu bién binh thuong, thém dau * trudce tén bién
= Vidu:

int a = 10;
int *pa = &a;

cout << "A = " << a << endl;
cout << "PA (con tro) = " << pa << endl;
cout << "PA (int) = " << (int) pa << endl;

= Tham chi cd thé khai bao lan I6n:
int a, *b, c, **d;



Khai bao va kho1 tao con tro

= Khai bdo: nhu mot bién théng thuwong, hoi rdi hon chit
int *pl;
double *p2;
bool *p3;
int **p4;
= Khoi tao:
int n;
int *pl = &n;
double *p2;
bool *p3 = NULL;
= Néu khdng khai tao thi sao? Co thé giy 10i

= Khé&i tao cé chac chan an toan? Khéng chac
= NULL la mot gia tri dic biét, bang 0 (nullptr tir C++11)
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St dung con tro

= Con tro thi cé ich gi?
= May tinh dung con tro trong thao tac bo nh&, doan ma dung
con trd sé co tdc do cao hon do dé dang dich thanh cac ma may
tuong ung (ly do ngén ngit 1ap trinh C/C++ chay nhanh)
= Biét dja chi clia bién, biét bién d6 nam & dau trong bd nhd&
= Thdng qua con trd, cd thé truy cap vao bién dé doc/ghi gia tri

= Phép toan truy cap vadicon tro: *
= Vidu:

intn =1, m = 2;
int *p = &n;

*p = 100;

p = &m;

*p = 200;



Con tro lam tham so cua ham: ¢o gi dac biet?

#include <iostream> @m rab (b =5)
using namespace std; @Phét loi goi ham, gan
tham s6: a = &b (*a = b)
void change(int * a .
_— f@f . (3)Thay d6i *a = 10 (b = 10)
cout << "a = " << *a << endl; @m ra *a (*a = 10)
} , 2.1 s
@Thoat khoi ham
int main() { _
int b = 5; @In rab (b =10)
cout << "b = " << b << endl;
zzz:gfi&?g;= v e b << enqr. Mubntham sé bj thay déi
} " gid tri trong ham: st dung

con tro
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Quy tac st dung con trd

= Con tro la khai niém quan trong va khé trong C/C++
= Nhiéu cong ty phan mém danh gid mc d6 thanh thao C/C++
qua kha nang hiéu va sir dung con trd cla &ng vién
= Hai phép toan doilap: & va *
» Phép & tra vé dia chi ciia bién
= Phép * tra vé bién tur dia chi
= Quy tac cap doi: int a, *pa = &a;
» *pava a déu chindidung ctia bién a
* *pa con dwoc goi la truy cip gian tiép vao a
» pava &a déu la dia chi cia bién a
= Con tro phai duoc khai tao, néu chua biét tré dén bién
nao thi gan bang NULL / nullptr



Phe¢p toan trén con tro

= Phép lay bién (d3 hoc): *pa

" Phép gan: pl =p2

= Hai con trd bang nhau, tréo dén cing mét cho

pl = p2;

pl

minf

L

pZ

* = *p2;

=
[
=

=)
ba

s
=

=

l” \%

=y

i

L

TRUONG XUAN NAM

After:

L

pZ

[

s
(%]

nin

o r%m

16



Phép toan trén con tro

= Phép cOng vdi sO nguyén: pa + n
* Tang / Giam dia chi, tra vé con tro dén bién tiép theo trong bo
nhd (chu y!)
" Gidtrincothé am
= C4 thé dung ++, += hodc --, -=
1000 1001

. .
lTl}'Ehar—T ++

000 #2001 2002 2003

mwﬁnlhurth ++

3000 3001 3002 3003 3004 3005 3006 3007

I
mylong f ++



Ph¢p toan trén con tro

= Tinh khoang cach gitta hai con tro: pa-pb
= D6i ngau vdi phép cdng con tré vdi sé nguyén
= K&t qua tra vé la s6 nguyén
= L3 khoang cach gitra hai con trd, tinh bang s6 lvong bién cung
kiéu v&i con trd
= Rat can than khi st dung

* Chuvyvidusau:
int a; int b;
int *pa = &a, *pb = &b;
cout << pb-pa << endl;
short *ppa = (short *) pa;
short *ppb = (short *) pb;
cout << ppb-ppa << endl;



Phép toan trén con tro

= Gilra cac con trd cé thé stir dung cac phép so sanh thong
thuwong, vi ban chat ching la cac gia tri so

= So sanh dia chi2 6 nhé&

* Thyc hién dugc ca 6 phép so sanh
. I=
°* >
. 5=
* <L
. <m

= Khong co nhiéu y nghia, ngoai trir phép == va phép !=



Phan 4

Mang va con tro
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Mang va con tro

= Mang (mot chiéu) va con tro trong C/C++ cd mot so dac
diém giong nhau vé cach s dung, tham chi s&r dung cd
phan lan 16n
= Vily do d6 nén mdt s6 tai liéu xem mang |1a hang con trd (tdc 1a
mot con tro nhung trd dén mot vi tri cd dinh trong bd nhd),
diéu nay khong hoan toan chinh xac
= Cach tot nhat la hdy phan biét rach roi gitta mang va con tro,
cho du chdng cé nhiéu dac diém chung

= Mang cd thé gan cho con trod, cé vé nhu chung la mét
int a[5], *pl, *p2;
pl = a;
p2 = &a[@];
cout << pl << endl;
cout << p2 << endl;



Mang va con tro

= M3c du cd thé dung bién mang nhu bién con trd
int a[5] ={ 1, 2, 3, 4, 5 }, *p = a;
cout << a[2] << endl;
cout << *(a+2) << endl;
cout << *(p+2) << endl;
cout << p[2] << endl;
cout << *(2+p) << endl;

= Nhwng c6 vé C/C++ khdng xem hai bién [a gidng nhau
int a[5], *p = a;
cout << sizeof(a) << endl;
cout << sizeof(p) << endl;

= Dudi day la cai gi?
int *a[5];
int **p;
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Mang va con tro

= Tham chi mang trong C/C++ ddi khi cling khéng gidong
chinh no:

= Mang trong ham main la hang s6
» Nhuwng mang a la tham s cdia ham print thi khéng
= Ban co loi giai thich nao khong?
void print(int a[], int n) {

for (int 1 = 0; 1 < n; i++)

cout << *(a++) << " ";

¥

int main() {
int n=9, a[]={6, 5, 9, -1, 100, 7, 5, 5, 2 };
print(a, n);
for (int i = 0; 1 < n; i++)

cout << *(a++) << 5
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Phan 5

BO nh¢ dong
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B0 nhd dong

= Co ché bd nhd:
" Vung code: chira ma thuc thi
= \Vung data (static memory):
chlra cac di¥ liéu duoc khoi
tao tlr ban dau, thuong la
cac bién global
= \/Ung stack: chira cac bién dia
phuong
* VUng nay sé tang giam theo
dd sau goi ham (call stack)
= Vung heap: chira cac bién sé&
dwoc “cap phat dong”

func ()’ s code

main()’'s code

x (10)

y (20)

456

I (grows in

p (0x299b0)

IE el )

* Chang han nhu di¥ liéu cta vector, cé thé Iuc it phan tl, luc khac

lai chra rat nhiéu phan ti



B0 nhd dong

= Cap phat cac bién trong vung nhé heap goi la “cap phat
dong” — khi nao can madi yéu cau cap
» H3y twdng tudng phan mém Microsoft Word can nhirng bién
nao dé hién thj va soan thao mét file?
= Khong thé biét trudc duoc, cd nhirng file rat it dit liéu, ¢
nhirng file cuc nhiéu dit liéu
* Trong trueo'ng hgp nay phu hop nhat la dung co ché cap phat
dong, xin bd nh& theo nhu cau cdia phan mém
= C6 2 co ché cap phat dong thong dung
= Cap phat theo khdi nhd, si dung cac ham cii cia C
» C3p phat theo déi twgng, dung co ché tao doi twong clia C++

= M6t sO tai liéu ndi C cp phat & “heap” con C++ cap phat &
“free store”, thuc chat hai vung nhé nay la mot



Cap phat dong kiéu C: cap theo khoi nhé

= St dung thu vién: <stdlib.h>

= Bon ham chinh:
= malloc(N) — cap mdt khoi nhd c& N byte
= calloc(N, S) — cap mot khdi nhé c& N x S byte, dién s6 0 vao moi
6 dit liéu dwoc cap phat
= free(p) — hay khéi nhé duwoc cap cho con trd p
= realloc(p, S) — chinh kich c& khoi nhé dugc cap bdi con trd p
thanh c& S byte, gitt lai dit liéu cti da dwoc khoi tao
= Nguyén tac:
= Cac ham cap phat tra vé con tro void (void *)
= Can chuyén kiéu dé dé st dung
= Cap phat khong thanh cong sé tra vé con trd nullptr
= Cap phat xong, khdong dung thi nén hay
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Cap phat dong kiéu C: cap theo khoi nhé

#include <iostream>
#include <stdlib.h>
using namespace std;

const int N = 100;

int main() {
double *ptr;
ptr = (double *) malloc(N * sizeof(double));
if (ptr == NULL) cout << "L6i cdp phat dong";
else
// in ra xem dit 1iéu dugc khoi tao thé nao
for (int i = 9; 1 < N; ++i)
cout << *(ptr++) << endl;
// thuc ra khoéng can lam
free(ptr);
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Cap phat dong kiéu C++: co ché tao doi tuong

= Khéng can thu vién

= Sir dung cac phép toan thay vi lénh
= Toan tl new: tao doi twong (bién)
* Todn t&r new[]: tao mang doi twong
= Todn tl delete: hay doéi twong
= Todn tl&r delete[]: hiy mang doi twong
= Chuy:
= Cap phat xong khéng dung thi nén hay
= Cap phat mang thi phai dung hiy mang
= Cap phat kiéu C++ chdm hon so vdi kiéu cda C vi todn t&r new

sau khi cap phat bd nhé thi ludn ludn khai tao giad tri mac dinh
cho bién
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Cap phat dong kiéu C++: co ché tao ddi tuong

#include <iostream>
using namespace std;

const int N = 5;

int main() {
double *ptr = new double [N];
if (ptr == NULL) cout << "L6i cdp phat dong";
else
// in ra xem dit 1iéu dugc khoi tao thé nao
for (int i = 9; 1 < N; ++i)
cout << *(ptr++) << endl;
// thuc ra khong can lam
delete [] ptr;
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Phan 6

Con tro ham
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Con tro ham

= Cau hoi & slide 9: ngoai viéc 13y dia chi cta bién, con cé
thé 1ay dwoc dia chi cdia “cac th& khac” khong?
= Va néu lay duoec thi dung vao viéc gi?

= C/C++ cho phép ta lay dia chi cia mét ham, va luvu ndé vao
bién con trod, bién nay goi la “con tro ham”

= C6 thé goi ham thdéng qua con trd ham
= Khai bdo: <kiéu tra vé> (* <bién>)(<cac tham s&>);

int (*haingoi) (int a, int b);

void (*inketqua) (int a[], int n);



Con tro ham: gan qua tén ham

= Sau khi khai bdo xong, ta dung con tré ham nhu mot bién
con tro thong thuong, nhwng nhan két qua la dia chi mot

ham, ham nay phai khép véi khai bdo & bién

int foo();
double goo();
int hoo(int x);

int (*pl1)() = foo;

int (*p2)() = goo;
double (*p3)() = &goo;
pl = hoo;

int (*p4)(int) = hoo;
p2 = nullptr;
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Con tré ham: goi ham qua tén bién

#include <iostream>
using namespace std;

double tong(double a, double b) {
return a + b;

}

double tich(double a, double b) {
return a * b;

}

int main() {
double (*p) (double, double) = tong;

cout << "Ket qua 1 = " << p(10, 20) << endl;
p = tich;
cout << "Ket qua 2 = " << (*p)(10, 20) << endl;

} TRUONG XUAN NAM
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Con tré ham: dung lam tham s6 cia ham khac

#include <iostream>
using namespace std;

int tong(int a, int b) {
return a + b;

}
int tich(int a, int b) {

return a * b;

}

void inketqua(int a, int b, int (*p) (int, int)) {
cout << "Ket qua = " << p(a, b) << endl;

}

int main() {
inketqua(10, 20, tong);
inketqua(10, 20, tich);
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Con tro ham: ham tra vé con tro ham

#include <iostream>
using namespace std;

int tong(int a, int b) { return a + b; }
int tich(int a, int b) { return a * b; }
int (*chonham(int n)) (int, int) {

if (n == @) return tong;

else return tich;

}
void inketqua(int a, int b, int (*p) (int, int)) {

cout << "Ket qua = " << p(a, b) << endl;

}

int main() {
inketqua(10, 20, chonham(1));
inketqua(10, 20, chonham(9));
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36



Phan 7

Bai tap
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Bai tap

1.Cho doan ma sau
double d, *p;

d = 123.45;
p = &d;
hdy cho biét gia tri cla:
a. d

&d

. B >0 -+~ D QO N O
©
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Bai tap

2.Cho doan ma sau
int *pi;
float f;

char c;
double *pd;

Nhitng Iénh nao dudi day cé 16i? Tai sao?

a. f = *pi;
b. ¢ = *pd;
c. *pi = *pd;
d. *pd = f;
e. pd = f;
f. *pd = *pi;
g. *pi = c;
h. *pi = pd;
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Bai tap

3.SU dung con tro, viet cdc ham sau:

d.

Ham doicho, trao ddi gia tri cla hai sd thuc cho nhau.

b. Ham khoitao, cé nhiém vu gan gia tri bang 0 cho n s6

thuc lién tiép trong bé nhé. Ham nhan tham so thit nhat
|3 con trd dén so thuc dau tién va n 1a tham so thi hai.
Ham saochep, cé nhiém vu sao chép n sO nguyén lién tiép
ttr viing nhé pa sang viing nhé pb. Ham nhan tham so thd
nhat 13 s6 n, con trd pa dén dau khoi dit liéu ngudn, con
trd pb dén dau khoi dif liéu dich.

Ham nhonhat, nhan tham s6 1a mang A nguyén va so phan
tl n, trd vé dia chi cGa phan t& nhd nhat. Trudng hop cé
nhiéu phan ti nhd nhat thi trd vé dia chi clia phan ti cudi
cting. Trudng hop khéng cé phan t& nhd nhat thi trd vé
NULL (hodc nullptr).
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Bai tap

4 .St dung con tro, viet cadc ham sau:

d.

Ham sotiep, nhan tham so la mét con trd nguyén pa va s
nguyén k. Ham bat dau tim tir pa+1 ting dan cho dén khi
thay so k thi trd vé con tré den so dé.

Ham sotiep2, nhan tham sd 1a mdt con trd nguyén pa, so
nguyén k va con trd nguyén px. Ham bat dau tim tir pa+1
t3ng dan cho dén khi thay s6 k hodc cham den px. Néu
tim thay so k thi trad vé con tré den so d6, néu cham dén
px (va khéng tim thay s6 k) thi trd vé nullptr.

Ham nghichdao, nhan tham so th nhat 1a s nguyén n,
hai tham sO tiép theo 1a hai con trd thuc pa va pb. Ham
copy n s6 thuc tur pa sang pb nhung dao ngugc lai thit tu
(tlc la dady pa dugc copy ndi dung sang day pb nhung thi
tu ngugc lai)
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Bai tap

5.Viet ham khoitao(n) trd vé mot khdi n s6 nguyén
(con trd nguyén) dugc cap phat dong va khdi tao san
gia tri tu 1 dén n.

6.Viet ham danhsach(n) trd vé m&t mang n chudi, tat
ca déu duoc khai tao ndi dung 1a “DHTL Ha Noi”

7.Viét ham saochep(a, n), ham nhan 2 tham s6 mang
s6 thuc a cé n phan t, ham sé trad vé ban sao cla
mang a & dang con trd, ban sao nay cé dit liéu gidng
hét mang a.

8.Viét ham doancon(a, d, ¢), ham nhan tham s6 mang
bool a, ham tao ra ban sao doan con cua a tu vi tri d
den vi tri ¢, sau d6 trd vé ban sao nay & dang con trd.
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Bai tap

9.Viét ham xoahet(a, n, b) trong d6 a 1a mét mang s6
nguyén co n phan t, ham s& tim cac phan t{ cé gia
tri bang b trong a va x6a hét chiing di, sau d6 ham
trd vé so luong phan t con lai trong a.

10.Viét ham khoitao(a, b, ¢) trong d6 a, b, c 1a 3 con
trd kiéu double; ham 1am nhiém vu cap phat dong 3
s thuc rieng ré va lan ludt gan ching vao cac con trd
a, b, c dé trd vé ham goi.

11.Viét ham ghepnoi(a, n) trong do a la mot mang n
string, ham sé chuyen ddi a thanh mot string bang
cach ghép lién tiep ndi dung clia cac string thudc a
véi nhau, ham tra vé con tré 1a két qud thuc hién
dugc.
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