Chuwong 5. Maing, con tré, tham chiéu

Chuong nay gidi thi€u vé mang, con trd, cac kieu dit li¢u tham chiéu va minh
hoa cach dung chung d¢ dinh nghia céc bién.

Maing (array) gom mot tap cac 601 tuong (duoc goi la cac phan tir) tat
ca chung ¢ cung kiéu va duge sip xép lién tiép trong bo nhd. Noi chung chi
c6 mang la c6 tén dai dién chir khong phai la cac phan tlr cia n6. Moi phan tur
dugc xac dinh boi mot chi s6 biéu thi vi tri ctia phan tir trong mang. So lugng
phan tir trong mang dugc goi 1a kich thwée ciia mang. Kich thudc cliia mang
1a ¢6 dinh va phai dugc xac dinh trudc; n6 khong thé thay ddi trong sudt qua
trinh thuc hién chuong trinh.

Mang dai di¢n cho dir li¢u hdn hop gf‘)m nhiéu hang muc riéng 1¢ tuong
tu. Vi du: danh sach céac tén, bang cac thanh phd trén thé gi6i cting voi nhiét
dd hién tai cua cac ching, hoac céac giao dich hang thang ctia mét tai khoan
ngan hang.

Con trd (pointer) don gian 1 dia chi cia mot dbi twong trong bd nhd.
Thong thuong, cac doi tuong co thé dugc truy xuét trong hai cach: tryc tiép
boi tén dai dién hodc gian tiép thong qua con tro. Cac bién con tro dugc dinh
nghia tro t6i cac doi tuong cua mot kiéu cu thé sao cho khi con tré huy thi
vung nhé ma ddi tugng chiém gitt duoc thu hoi.

Céc con tro thudng dugce dung cho viée tao ra cac ddi twong dong trong
thoi gian thyc thi chwong trinh. Khong giéng nhu cac ddi tuong binh thuong
(toan cuc va cuc bg) duoc cép phat luu trir trén runtime stack, mot ddi tuong
dong duoc cap phat ving nhé tir ving luu trit khac duge goi 13 heap. Cac ddi
tuong khong tuén theo cac luat pham vi thong thuong. Pham vi cua ching
dugc didu khién rd rang boi 1ap trinh vién.

Tham chiéu (reference) cung cap mot tén tuong trung khac goi la biét
hi¢u (alias) cho mot dbi tugng. Truy Xuét mot dbi tugng thong qua mét tham
chiéu giéng nhu 13 truy xuit théng qua tén gdc cta no. Tham chleu nang cao
tinh hitu dung cua cac con tré va su tién loi ctua viéc truy Xuét truc t1ep cac
d6i twong. Chung duoc sir dung dé hd tro cac kiéu goi thong qua tham chiéu
ctia cic tham s6 ham dic biét khi cac ddi tuong 16n dugc truyén t&1 ham.
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5.1. Mang (Array)

Bién mang duoc dinh nghia bang cach dic ta kich thudc mang va kiéu cac
phan tir cua nd. Vi du mot mang biéu dien 10 thude do chicu cao (modi phan
tr 1a mdt sO nguyén) c6 thé dugc dinh nghia nhu sau:

int heights[10];

Mbi phan tir trong mang co thé dugc truy xuit thong qua chi sb mang. Phan
tr dau tién cua mang ludn ¢6 chi s6 0. Vi thé, heights[0] va heights[9] biéu thi
tuong ung cho phan tr dau va phan tir cudi cta mang heights. MG&i phan tir ciia
mang heights c6 thé dugc xem nhu 1a mot bién sé nguyén. Vi thé, vi du dé dat
phan tir thir ba toi gia tri 177 ching ta c6 thé viét:

heights[2]=177;

Viéc ¢b ging truy xuét mot phan tor mang khong ton tai (vi du, heights[-1]
hodc heights[10]) dan t6i 101 thye thi rat nghiém trong (duwoc goi 1a 101 ‘vuot
ngoai bién’).

Viée xur ly mang thuong lién quan dén mot vong lap duyét qua cac phém
tr mang lan luot timg phan tor mot. Danh sach 5. 1 minh hoa diéu nay bang
viéc st dung mdt ham nhan vao mdt mang cac 5O nguyén va tra veé gia tri
trung binh ciia cac phan tir trong mang.

Danh sach 5.1

1

BN
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const int size =3;

double Average (int nums[size])
double average =0;
for (register i=0; 1 < size; ++)

average +=nums][i];
retum average/size;

Gidng nhu cac bién khac, mft mang co thé c6 mot by khéi tao. Cac déu
ngodc nhon dugc st dung dé dac td danh sach céac gia tri khoi tao dugce phan
cach boi dau phay cho céc phan tir mang. Vi du,

intnums|[3]= {5, 10, 15};

khoi tao ba phan tir ciia mang nums tuong tng téi 5, 10, va 15. Khi s gia tri
trong b khdi tao nho hon s6 phan tir thi cac phan tir con lai dugc khéi tao téi
0:

intnums|[3]= {5, 10}; //mums[2] khéi tao t6i 0
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Khi bo khéi tao dugc st dung hoan tat thi kich c& mang trd thanh du
thira bai vi s6 cac phﬁn ttr 1a 4n trong bd khdi tao. Vi thé dinh nghia dau tién
ctia nums c6 thé viét twong duong nhu sau:

ntnums[]= {5, 10,15};  //khong can khai bao tuong minh
//kich ¢ ciamang

Mot tinh hudng khac ma kich ¢& c6 thé duoc bo qua ddi voi mang tham
s6 ham. Vi dy, ham Average ¢ trén c6 thé duoc cai tién béng cach viét lai n6
sao cho kich ¢& mang nums khong ¢b dinh t6i mot hfing ma duoc chi dinh
bang mot tham sé thém vao. Danh sach 5.2 minh hoa diéu nay.

Danh sach 5.2

1
2
3
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double Average (int numsf[], int size)
double average=0;
for (register 1=0; i < size; ++)

average +=nums][i];
retum average/size;

Mot chudi C++ chi 1a mot mang cac ky tu. Vi dy,
char str{]="HELLO";

dinh nghia chudi str 1a mot mang cua 6 ky tu: nam chit cai va mot ky tu null.
Ky tu két thuc null dugc chén vao boi trinh bién dich. Tréi lai,

char sf]= {H,E,'L,'L,'O};
dinh nghia strla mang cua 5 ky tu.

Kich ¢& ciia mang c6 thé duogc tinh mot cach dé dang nho vao toan tir
sizeof. Vi dy, véi mang ar da cho ma ki€u phan tir ciia n6 1a Type thi kich c&
cua ar la:

sizeof{ar) / sizeof{ Type)

5.2. Mang da chiéu

Mang co thé c6 hon mot chiéu (nghia la, hai, ba, hoac cao hon.Viéc td chirc
méng trong bd nhd thi ciing tuong tu khong co gi thay doi (moét chudi lién
tiép cac phan tir) nhung cach t6 chitc ma 1ap trinh vién c6 thé linh hoi duoc
thi lai khac. Vi du chung ta mudn biéu dién nhiét do trung binh theo tirmg mua
cho ba thanh phd chinh ctia Uc (xem Bang 5.1).
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Bang 5.1

Hinh 5.1

Nhiét d¢ trung binh theo mua.

Mua xuan Mua he Mua thu Mua dong
Sydney 26 34 22 17
Melbourne 24 32 19 13
Brisbane 28 38 25 20

biéu nay co thé dugc bicu dien bang mot mang hai chiéu ma moi phan ti
mang 1a mot s6 nguyén:

int seasonTemp|3][4];

Céch t6 chlic mang nay trong bd nhé nhu 14 12 phan tir sb nguyén lién tlep
nhau. Tuy nhién, lap trinh vién c6 thé tudng tuong n6 nhu la mét mang goém
ba hang v&i mdi hang ¢6 bdn phan tir s6 nguyén (xem Hinh 5.1).

Cich to chirc seasonTemp trong bd nhé.

26 [34 [22 [17 [24 [ 32 [ 19 [ 13|28 |38 ] 25 |20 |.

hang dau hang hai hang ba

Nhu trude, cac phan tir duoc truy xuat thong qua chi s6 mang. Mot chi sd
riéng biét duoc can cho moi mang. Vi du, nhiét d6 mua hé trung binh cua
thanh phd Sydney (hang dau tién cdt thir hai) dugc cho boi seasonTemp[O][1].

Mang c6 thé dugc khoi tao béng cach st dung mdt by khoi tao l(‘A)ng
nhau:

int seasonTemp[3][4]={
{26,34,22, 17},
{24,32,19, 13},
{28,38, 25,20}

53

Boi vi di€u nay anh xa to1 mang mdt chiéu gom 12 phan tir trong bd nhd nén
nod twong duong vai:

int seasonTemp[3][4]=
26,34,22,17,24,32,19,13, 28,38, 25,20
53

B0 khéi tao léng nhau duoc wa chudng hon bdi vi nd linh hoat va dé hiéu
hon. Vi dy, n6 c6 thé khdi tao chi phan tur dau tién ctia moi hang va phan con
lai mac dinh 14 O:

int scasonTemp(3][4] = {{26}, {24}, {28}};

Chung ta ciing c6 thé bé qua chiéu dau tién va dé cho n6 dugc din xuit tir bd
khai tao:
int seasonTemp[][4]=

126,34,22, 17},
{24,32,19, 13},
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128,38,25,20}

B

Xt Iy mang nhiéu chiéu thi tuong ty nhu 12 mang mot chidu nhung phai
xtr 1y cac vong lap 10ng nhau thay vi vong 1ip don. Danh sach 5.3 minh hoa
didu nay bang cach trinh bay mot ham dé tim nhiét do cao nhit trong mang
seasonTemp.

Danh sach 5.3
1 | constintrows =3;
2 | const nt columns =4;
3 | intseasonTemp[rows][columns] = {
4 {26,34,22, 17},
5 {24,32,19, 13},
6 {28, 38,25, 20}
T 5
8 | int HighestTemp (int temp[rows][columns])
914
10 int  highest=0;
11 for (register 1=0; i <rows; +H)
12 for (register ] = 0; j < columns; ++j)
13 i termp[i[j]> highes?)
14 highest =templ[i][j];
15 retumn highest;
16 | }
5.3. Con tro

Con tré don gian chi 1a dia chi ctia mot vi tri bd nhé va cung cip cach gian
tiep deé truy xuat ditr liéu trong bd nhé. Bién con trd dugc dinh nghia dé “tro
t&1” dir 1liéu thuoc kiéu dir liéu cu thé. Vi du,

int *ptrl; // 166 toi mot int
char *ptr2; // 6 t61 mot char

Gia tri cia mot bién con tro l1a dia chi ma no trd toi. Vi du, vdi cac dinh
nghia da c6 va

nt num;
chung ta c6 thé viét:
ptrl = &numy;

Ky hi¢u & la toan tir lay dia chi; n6 nhan mét bién nhu 1a mot doi so va
tra v€ dia chi bod nhéd cua bién do. Tac dong cua viéc gan trén la dia chi cua
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num duogc khéi tao toi ptrl. Vi thé, ching ta noi rang ptrl tré toi num. Hinh 5.2
minh hoa so lugc di€u nay.

Hinh 5.2 Mt con tré s6 nguyén don gian.

ptri num

Vi ptrl tro to1 num thi bi€u thue *ptrl nhan gié tri cua bién ptrl trd téi va
vi thé no6 tuong duong voi num. Ky hi¢u * 1a toan tir lay gia tri; n6 nhan con
tro nhu mot doi so va trd vé ndi dung cua vi tri ma con tro tro toi.

Thong thudng thi kiéu con tro phai khép véi kiéu dir liéu ma dugc tro
t6i. Tuy nhién, mot con tro kiéu void* s& hop voéi tat ca cac kiéu. Piéu nay
that thuan tién dé dinh nghia cac con tro co thé tro dén dit liéu cua nhiing kiéu
khac nhau hay 14 céc kiéu dit liéu gdc khong duoc biét.

Con tré c6 thé duoc ép (chuyén kiéu) thanh mot kiéu khac. Vi du,
ptr2 = (char*) ptrl;

chuyén con tré ptrl thanh con tré char trude khi gan né ti con tro ptr2.

Khéng quan tdm dén kiéu cta né thi con tré co thé duoc gan ti gia tri
null (goi 1a con tré null). Con tré null dugc st dung d€ khoi tao cho cac con
tro va tao ra dieém két thiic cho céc cau tric dua trén con tré (vi du, danh sach
lién két).

5.4. B nho dong

Ngoai viing nhé stack cta chuwong trinh (thanh phan duoc st dung dé luu trix
cac bién toan cyc va cac khung stack cho cac 10i goi ham), mot ving bd nhé
khac goi 1a heap dugc cung cap. Heap duoc st dung cho viée cip phat dong
cac khéi bo nhd trong thoi gian thuc thi chuong trinh. Vi thé heap ciing duoc
goi l1a b0 nhé dong (dynamic memory). Vung nhé stack cuia chuong trinh
cling duoc goi 1a by nhé tinh (static memory).

C6 hai toan tir duoc st dung cho viéc cip phat va thu hdi cac khéi bo nhé
trén heap. Toédn tir new nhan mot kiéu nhu 1a mot ddi s va duge cép phéat mot
khéi bo nhé cho mot ddi twong cua kicu d6. N6 tra vé mot con tro téi khoi da
duoc cép phat. Vi duy,

int *ptr=new int;
char *str=new char{10];

cap phat twong trng mot khdi cho luu trir mot sé nguyén va mot khéi du 1on
cho luu trir mot mang 10 ky tu.
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Bo nhé dugc cap phat tir heap khong tuan theo luat pham vi nhu cac bién
thong thuong. Vi duy, trong

void Foo (void)

char *str=new char{10];
/...
H

khi Foo tra vé cac bién cuc b str duoc thu hdi nhung cac khdi bd nhé duoc tro
td1 boi str thi khong. Céac khoi bo nhd van con cho dén khi ching dugc giai
phong rd rang bdi cac 1ap trinh vién.

Toan tir delete duoc sir dung dé giai phong cac khéi bd nhd da duoc cap
phat boi new. N6 nhan mot con tré nhu 1a dbi s6 va giai phong khéi bo nhé
ma no trd to1. Vi du:

delete ptr; // x6amdt d6i tuong
delete [] str; // x6a mot méang cac ddi tuong

Chua y réng khi khéi nhé dugc x6a 1a mot mang thi mét cap dau [] phai
duogc cheén vao dé chi dinh cong viéc nay. Sy quan trong s€ dugc giai thich
sau do khi chung ta thao luén vé 16p.

Toan tir delete nén dugc ap dung tdi con tro ma tro toi bét clr thir gi vi mot
dbi tuong duoc cap phat dong (vi du, mot bién trén stack), mot 13i thyc thi
nghiém trong co thé xay ra. Hoan toan vo hai khi ap dung delete t6i mot bién
khong 1a con tré.

Céc d6i tuong dong dugc sir dung dé tao ra dir liéu kéo dai toi khi 161 goi
ham tao ra chung. Danh sach 5.4 minh hoa diéu nay bang cach str dung mot
ham nhan mot tham sb chudi va tra vé bdn sao ciia mot chudi.

Danh sach 5.4

1
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Ch giai

#include <string.h>
char* CopyOf (const char *str)
char *copy =new char{strlen(str) + 1];

strepy(copy, str);
return copys,

1 Day la tap tin header chudi chuan khai bao cic dang ham cho thao tac
trén chudi.

4 Ham stden (dwoc khai bao trong thur vién stringh) dém céc ky tu trong dbi
s6 chudi ctia n6 cho dén (nhung khong vuot qua) ky tu null sau cung. Boi
vi ky tu null khéng duoc tinh vao trong viée dém nén chung ta cong thém
1 t6i téng va cap phat mot mang ky tu cta kich thude do.
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3.5.

Hinh 5.3

5 Ham strepy (duoc khai bao trong thu vién stringh) sao chép d6i sé thir hai
dén doi so thu nhat cua n6 theo tung ky tu mot bao gom ludn ca ky tu
null sau cung.

Vi tai nguyén b nhd 13 ¢6 giéi han nén rat co thé bo nhé dong c6 thé bi
can kiét trong thoi gian thyc thi chuong trinh, ddc biét 1a khi nhiéu khéi 16n
dugc cap phat va khong co giai phong. Toan tu new khong thé cap phat mot
khdi c6 kich thudc dugce yéu cau thi né tra vé 0. Chinh l4p trinh vién phai
chiu trach nhiém giai quyét nhiing Van dé nay. Co ché dleu khién ngoai 1¢ cua
C++ cung cdp mot cach thirc thuc té giai quyét nhitng van dé nhu thé.

Tinh toan con tro

Trong C++ chiing ta c6 thé thuc hién cong hay trir sé nguyén trén con tro.
Diéu nay thuong xuyén duoc sir dung bai cac 1ap trinh vién dugc goi la cac
tinh todn con tré. Tinh toan con tro thi khong glong nhu 13 tinh toan sb
nguyén boi vi két qua phu thudc vao kich thude cua d6i tugng duogc tro toi.
Vi du, mét kiéu int duge biéu dién boi 4 byte. By gid chung ta c6

char *str="HELLO";
int nums[]= {10, 20, 30,40}; . .
int *ptr=&nums[0]; //1r6 t6i phan tir dau tién

str++ tang str 1én mot char (nghia la 1 byte) sao cho no tré téi ky tu thr hai ctua
chudi "HELLO" nhung nguoc lai ptri+ tang ptr Ién mot int (nghia la 4 bytes)
sa0 cho 1o tro t6i phan tir thir hai cia nums. Hinh 5.3 minh hoa so luge diéu
nay.

Tinh toan con tré.

HIE|L|L]|O|\O 10 20 30 40

str ptr

| str++| | ptr++|

Vi thé, cac phén tir ctia chudi "HELLO" ¢6 thé duogc tham khao ti nhu
*str, *(str+ 1), *(str+2), ving vang. Tuong tu, cac phan tir ciia nums c6 thé dugc
tham khao t&i nhu *ptr, *(ptr+ 1), *(ptr+2), va *(ptr+3).

Mot hinh thirc khac cta tinh todn con tro dugc cho phép trong C++ lién
quan deén trur hai con tré ctua cung kiéu. Vi du:

int *ptr]l = &nums][1];
int *ptr2 = &nums[3];
intn=pt2 - ptrl; //ntrd thanh 2
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Tinh toan con tro can khéo 1éo khi xtr 1y cac phan tr cia mang. Danh
sach 5.5 trinh bay vi du mgt ham sao chép chudi twong tu nhu ham dinh nghia

san strepy.

Danh sach 5.5

AW —

void CopyString (char *dest, char *src)

while (*dest++=*srct++)

Chu giai

3 Piéu kién cta vong lp nay gan ndi dung cua chudi src cho ndi dung cua
chuoi dest va sau do tang ca hai con tré. Di€u kién nay tré thanh 0 khi ky
tu null két thuc cua chudi src duge chép tdi chuoi dest.

Mot bién mang (nhu nums) chinh né 1a dia chi cua phan tir dau tién ctia méang
ma n6 dai dién. Vi thé cac phan tir ciia mang nums ciing c6 thé dugc tham
khao toi bang cach sir dung tinh toan con tré trén nums, nghia 14 numsli] twong
duong voi *(nums + i). Khac nhau giita nums va ptr & chd nums 13 mot hang vi
thé n6 khong thé dugc tao ra dé tro téi bat ctr thir gi nita trong khi ptr 1a mot
bién va co thé dugc tao ra dé tro téi cac sb nguyén bat ky.

Danh sach 5.6 trinh bay ham HighestTemp (dd dugc trinh bay trude do
trong Danh sach 5.3) c¢6 thé dugc cai tién nhu thé nao bang cach st dung tinh
toan con tro.

Danh sach 5.6
1 | int HighestTemp (const int *temp, const int rows, const int columns)
214
3 int highest=0;
4 for (register 1=0; i <rows; +H)
5 for (register j = 0; j < columns; ++j)
6 if (*(temp +1* columns +j) > highest)
7 highest = *(temp +1 * columns + )
8 retum highest;
oL
Chu giai

1 Thay vi truyén mot mang toi ham, chiing ta truyén mot con tré int va hai
tham s6 thém vao dac ta kich cd cua mang. Theo cach nay thi ham khong
bi han ché t61 mot kich thudc mang cu thé.

6 Biéu thuc *temp + i * columns + j) twong dwong v6i templi][j] trong phién
ban ham trudce.
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Ham HighestTemp c6 thé dugc don gian hoa hon nta bang cach xem temp
nhu 12 mot mang mot chidu ctia row * column s nguyén. Piéu nay dugc trinh
bay trong Danh sach 5.7.

Danh sach 5.7
1 | int HighestTemp (const int *temp, const int rows, const int columns)
2
3 int highest=0;
4 for (register 1=0; i <rows * columns; ++i)
5 if (*(temp +1) > highest)
6 highest = *(temp +1);
7 retum highest;
8 1L}

5.6. Con tro ham

Chung ta c¢6 thé 1dy dia chi mot ham va luu vao trong mot con trd ham. Sau
d6 con trd c6 thé dugce sir dung dé goi gian tiép ham. Vi duy,

int (*Compare)(const char*, const char*);

dinh nghia mét con tré ham tén la Compare c6 the gilr dia chi cua bat ky ham
nao nhén hai con tro ky tu hang nhu 13 cac ddi s6 va tra vé mot sd nguyén. Vi
du ham thu vién so sanh chudi stremp thue hién nhu thé. Vi thé:

Compare = &stremp; // Compare tro t6i ham stremp

Toan tir & khong can thiét va co thé bo qua:
Compare = stremp; // Compare tro t6i ham stremp

Mot lya chon khéc 13 con trod ¢6 thé dugc dinh nghia va khoi tao mot lan:
int (*Compare)(const char*, const char*) = stremp;

Khi dia chi ham dugc gan t6i con tré ham thi hai kiéu phai khép véi
nhau. Pinh nghia trén 1a hop 1€ boi vi ham stremp c6 mdt nguyén mau ham
khop véi ham.

int stremp(const char*, const char*);

Véi dinh nghia trén ctia Compare thi ham stremp hodc c¢6 thé dugc goi truc
tiép hodc co thé dugc goi gian tiep thong qua Compare. Ba 101 goi ham sau la
tuong duong:

stremp("Tom", "Tim"); I goitm:ctiép
(*Compare)("Tom", "Tim"); // goi glan ticp
Compare("Tom", "Tim"), // goi gin tiép (ngén gon)

Céch str dung chung cua con tré ham la truyén n6 nhu mot doi so6 téi mot
ham khac; boi vi thong thuong cac ham sau yéu cau cac phién ban khac nhau
cua ham trude trong céc tinh huong khac nhau. Mot vi du dé hi€u 1a ham tim
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kiém nhi phan théng qua mot mang sip xép cac chudi. Ham nay c6 thé st
dung mot ham so sanh (nhu 14 stremp) dé so sanh chudi tim kiém nguoc lai
chudi ctia mang. Piéu nay co thé khong thich hop d6i véi tit ca cac trudng
hop. Vi du, ham stremp 13 phéan biét chir hoa hay chit thuong. Néu chiing ta
thuc hién tim kiém theo cach khong phan biét dang chit sau d6 mot ham so
sanh khac s& duoc can.

Nhu dugce trinh bay trong Danh sach 5.8 bang cach dé cho ham so sanh
mot tham s6 cua ham tim ki€ém, ching ta c6 thé lam cho ham tim kiém doc
l1ap véi ham so sénh.

Danh sach 5.8

1
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Chu giai

int BinSearch (char *item, char *table[], int n,

int (*Compare)(const char*, const char*))
{
intbot=0;
mttop=n-1;
int mid, cmp;
while (bot <=top) {
mid = (bot +top)/2;
if (cmp = Compare(item,table[mid])) = 0)
retum mid; // tra ve chi so hangg muc
elseif (cmp <0)
top=mid- 1; // gioi han tim kiem toi nua thap hon
else
bot=mid + 1; // gioi han tim kiem toi nua cao hon
H
retum-1; // khong tim thay
}

1 Tim kiém nhi phan 1a mot giai thuat ndi tiéng dé tim kiém thong qua mot
danh sach cac hang muc da duoc sap xép. Danh sach tim kiém duoc bicu
dién boi table — mdt mang cac chudi cé kich thudc n. Hang muc tim kiém
duoc biéu thi boi item.

2 Compare la con tré ham duoc st dung dé so sanh item v&i cac phan tir ciia
mang.

7 O mdi vong ldp, viéc tim kiém dugc giam di phan nita. Piéu nay duoc
1ap lai cho t61 khi hai dau tim ki€ém giao nhau (dugc bi€u thi bdi bot va
top) hodc cho td1 khi mét so khép dugce tim thay.

9 Hang muc dugc so sanh v6i myc ¢ gilra cia mang.

10 Néu item kh6p v6i hang muc gitra thi tra vé chi myc cta phan sau.

11 Néu item nho hon hang muc gitra thi sau do tim kiém duoc gi61 han to1
nita thap hon ciia mang.

14 Néu item 16n hon hang muc gitra thi sau d6 tim kiém duoc gidi han toi
nita cao hon ctia mang..
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16 Tra vé -1 dé chi dinh rang khéng c6 mot hang muc so khép.
Vi du sau trinh bay ham BinSearch c6 thé duoc goi véi stremp dugc truyén
nhu ham so sanh nhu the nao:

char *cities[| = {"Boston", "London", "Sydney", "Tokyo"};
cout << BinSearch("'Sydney", cities, 4 stremp) <<'\n';

Dbiéu nay s€ xuat ra 2 nhu dugc mong doi.

5.7. Tham chiéu

Mbt tham chiéu (reference) la mot biét hi¢u (alias) cho mdt dbi tuong. Ky
hiéu dugc dung cho dinh nghia tham chiéu thi twong ty vdi ky hiéu dung cho
con tré ngoai tror & dugc su dung thay vi *. Vi dy,

double num1 =3.14; )
double &num2 =numl; //num?2 la mot tham chiéu t61 numl

dinh nghia num2 nhu 1a mét tham chiéu téi numl. Sau dinh nghia nay ca hai
numl va num2 tham khao téi cting mot d6i tuong nhur thé chiing 1a ciing bién.
Can biét rd 1a mot tham chiéu khong tao ra mdt ban sao cia mot ddi tuong ma
chi don thuan 1a mot biét hiéu cho né. Vi vay, sau phép gan

numl =0.16;

c4 hai numl va num?2 s& biéu thi gia tri 0.16.

Mot tham chiéu phai ludn dugc khoi tao khi n6 dugc dinh nghia: né 1a
mot bi¢t danh cho cai gi do6. Viéc dinh nghia mgt tham chiu 161 sau d6 méi
khoi tao no 1a khong dung luat.

double &num3; // khong ding luét: tham chiéu khéng c6 khoi tao
num3 =numl;

Ban ciing c6 thé khoi tao tham chiéu téi mot hang Trong truong hop
nay, mot ban sao cua hang dugc tao ra (sau khi bat ky su chuyén kiéu can
thiét nao do) va tham chiéu duoc thiét lap dé tham chiéu t&i ban sao do.

mt&n=1; //n tham khdo t61 ban sao ctia 1

Ly do ma n lai tham chiéu t&i ban sao ciia 1 hon 14 tham chiéu toi chinh 1 1a
su an toan. Ban hay xem xét di€u gi s€ xay ra trong truong hop sau:

mt&x=1;
Hx;
nty=x+1;

1 & hang dau tién va 1 & hang thr ba gidng nhau la cung d6i tuong (hau hét
cac trinh bién dich thuc hién t6i wu hing va cdp phat ca hai 1 trong cung mot
vi tri bd nhé). Vi thé chung ta mong doi y 13 3 nhung né c¢6 thé chuyén thanh
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4. Tuy nhién, béng cach ép budc x 1a mdt ban sao cua 1 nén trinh bién dich
dam bao rang ddi twong duoc biéu thi boi x s& khac voi ca hai 1.

Viéc sir dung chung nhét cta tham chiéu 1a cho cac tham sé ctia ham.
Céc tham sb cua ham thuong 1am cho d& dang kiéu truyén-bang-tham chiéu,
trai v6i kiéu truyén-bang-gia tri ma chung ta st dung dén thoi diém nay. Dé
quan sat sy khac nhau hay xem xét ba ham swap trong Danh sach 5.9.

Danh sach 5.9
1 | void Swapl (intx, inty) // truyén bang tri (d0i tuong)
24
3 inttemp=x;
4 X=Y;
5 y=temp;
6
7 | void Swap2 (int *x, int *y) // truyén bang dia chi (con tro)
8
9 int temp = *x
10 *x=*y;
11 *y =temp;
12
13 | void Swap3 (int &x,int&y) ~ //truyén bang tham chiéu
14 | ¢
15 inttemp=x;
16 X=Y;
17 y=temp;
18

Chu giai

1 Méc du Swapl chuyén ddi x vay, diéu nay khong anh hudng toi cac 601
s6 dugc truyen t61 ham boi vi Swapl nhan mét ban sao cua cac dbi s6.
Nhitng thay d6i trén ban sao thi khéng anh huong dén dir lidu gdc.

7 Swap2 vugt qua van dé ctia Swapl bang cach sir dung cac tham sb con tro
dé thay thé. ‘Thong qua giai tham khao (dereferencing) cac con tré Swap2
lay gia tri gbc va chuyen dbi chung.

13 Swap3 vuot qua van dé ctia Swapl bang cach sir dung cac tham sé tham
chiéu dé thay thé. Cac tham s tré thanh cac biét danh cho cac ddi s6
duogc truyén téi ham va vi thé chuyén d6i chiing khi can.

Swap3 c6 thuan loi thém, ca phap goi ciia né gidng nhu Swapl va khong
c6 lién quan dén dinh dia chi (addressing) hay 1a giai tham khao
(dereferencing). Ham main sau minh hoa sy khac nhau gitra cac 101 goi ham
Swapl, Swap2, va Swap3.

int main (void)
inti=10,j=20;

Swapl(i, j); cout <<i<<","<<j<<'n
Swap2(&i, &j); cout<<i<<","<<j<<\n)
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Swap3(i, j); cout <<i<<","<<j<<'n;
Khi chay chuong trinh s€ cho két qua sau:

10,20
20,10
20,10

5.8. Pinh nghia kiéu

Typedef 1a ct phap dé mo dau cho céc tén twong trung cho cac kiéu dir lidu.
Nhu 12 mot tham chiéu dinh nghia mot biét danh cho mdt ddi tuong, mot
typedef dinh nghia mot biét danh cho mét kiéu. Muc dich co ban cta no 1a dé
don gian hoa cac khai bao kiéu phirc tap khac nhu mot su tro gitp dé cai
thién kha ning doc. O day 1a mot vai vi du:

typedef char *String;
typedef char Name[ 12];
typedef unsigned int uint;

Tac dung cua cac dinh nghia nay l1a String tr¢ thanh mot bié¢t danh cho char®,
Name tr¢ thanh moét biét danh cho mét mang gom 12 char, va uint tré thanh
mot biét danh cho unsigned int. Vi thé:

String  str; // thi trong tr nhur: char *str;
Name name; // thi tuong tur nhur: char name[12];
uint n; // thi tuong tir nhur: unsigned int n;

Khai bao phirc tap ctia Compare trong Danh sach 5.8 13 mot minh hoa tbt
cho typedef:

typedef int (*Compare)(const char*, const char*);
int BinSearch (char *item, char *table[], int n, Compare comp)
{

/...
if ((cmp = comp(item, table[mid])) =0)
retum mid;
/...
h

typedef md dau Compare nhu 1a mot tén kiéu méi cho bat ky ham véi nguyén
mau (prototype) cho trudc. Nguoi ta cho rang diéu nay lam cho dau hi¢u cua
BinSearch don gian hon.
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Bai tap cudi chuwong 5

5.1

5.2

53

54

5.5

Dinh nghia hai ham tuong ing thuc hién nhédp vao cac gié tri cho céc phan tir
cua mang va xuat cac phan tr cia mang:

void ReadArray (double nums[], const int size);
void WriteArray (double nums[], const int size);

Dinh nghia m¢t ham ddo ngugc thir tu céc phﬁn tor cua mot mang s6 thuc:
void Reverse (double nums[ ], const int size);

Bang sau dac ta cac ndi dung chinh ctia bon loai hang cua cac ngii coc diém
tam. Dinh nghia mdt méang hai chiéu dé bat dir li¢u nay:

So Pudng Béo Mubi
Top Flake 12g 25¢g 16g 0.4¢g
Cornabix 22¢g 4g 8g 0.3g
Oatabix 28g 5¢g 9¢g 0.5g
Ultrabran 32¢g 7g 2g 0.2g

Viét mot ham xudt bang nay timg phan tir mot.

Dinh nghia mot ham dé nhap vao danh sach céc tén va luu trit ching nhu 13
cac chuoi dugc cap phat dong trong mot mang va mot ham dé xuat chiing:

void ReadNames (char *names[], const int size);
void WriteNames (char *names][ ], const int size);

Vjét mét ham khac dé sip xép danh sach bang cach sir dung giai thuat sap
x€p ndi bot (bubble sort):

void BubbleSort (char *names[], const int size);

Sap xép nodi bot lién quan dén viéc quét 1ap lai danh sach, trong dé trong khi
thue hién quét cic hang muc ké nhau dugc so sanh va doi chd néu khong theo
thir tw. Quét ma khong lién quan dén viéc dbi chd chi ra rang danh sach da
duogc sap xép thir tu.

Viét lai ham sau béng cach st dung tinh toan con tro:

char* ReverseString (char *str)
{

int len = strlen(str);
char *result =new char{len+1];

for (register 1=0; 1 < len; ++i)
result]i] =str{len-1i-1];

result[len] ="0';

return result;
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5.6 Viét lai giai thuat BubbleSort (tir bai 5.4) sao cho n6 sir dung mét con tré ham
deé so sanh cac tén.

5.7 Viét lai cac mi sau bang cach sir dung dinh nghia kiéu:

void (*Swap)(double, double);
char *table[];

char *&name;

usigned long *values[10][20];
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