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TUYEN BO BAN QUYEN
Tai liéu nay thudc loai sach gido trinh nén cac ngudn thong tin c6 thé dugc phép
dung nguyén ban hoic trich dung cho cac muc dich vé dao tao va tham khao.
Moi muc dich khac mang tinh 1éch lac hoac sir dung véi muc dich kinh doanh
thiéu lanh manh s& bi nghiém cam.
LOI GIOI THIEU

Dé dap vmg nhu cau hoc tdp ciia ngudi hoc, chiing t6i da tién hanh bién soan gido
trinh cho mon hoc Cdu truc dir liéu va giai thudt. Tai liéu nay dwoc bién soan theo dé
cuong chi tiéet mon hoc Cau truc dir lieu va giai thudt theo chuwong trinh dao tao nghé
Cong nghé thong tin (Ung dung phan mém) trinh do cao dang.

Muc tiéu cia gido trinh nham gitip cdc ban sinh vién chuyén nganh cé mét tai
liéu co dong dung lam tai liéu hoc tdp, nhung chung toi ciing khong loai tru toan bo
cdc doi twong khdac tham khao. Chung toi hi vong nguoi doc sé tim thdy dwoc nhiing
kién thirc bo ich trong gido trinh nay.

Trong pham vi giao trinh ndy, ching t6i gidi thiéu cdc kién thirc, ky nang phdn
tich dwoc cac logi dir lieu, giai thudt va ket hop dwoc div liéu va gidi thudt. Kién thirc

va ky nang cai dat cdc thudt todn sdp xép va tim kiém. Kién thirc va ky nang cai dat
cde thudt todn, cde cdu tric div liéu: mang, danh sach, danh sdch lién két.

Trong qud trinh bién soan, mdc dii dd co gdng tham khdo nhiéu tdi liéu va gido
trinh khac nhung tac gia khong khoi tranh dwoc nhitng thiéu sot va han ché. Tac gia
chdn thanh mong doi nhitng nhan xét, danh gia va gop y dé cuon gido trinh ngay mot
hoan thién hon.

T d}' liéu nay duoc thiét ké thgo teng mo dun/ mon hoc thudc hé théng mé dun/mon
hoc dé dao tao hoan chinh nghé Cong nghé thong tin ( Ung dung phan mém) trinh do
cao dang va dugc dung lam Gido trinh cho hoc vién trong cdc khod dao tao, ciing co
thé duwoc sw dung cho dao tao ngan han hodc cho cdac cong nhan ky thudt, cac nha
quan ly va nguoi s dung nhan lyc tham khao.

Da Lat, ngay 07 thang 7 nam 2017
Tham gia bién soan
1. Chu bién Ngo6 Thién Hoang
2. Pham Binh Nam
3. Truong Thi Thanh Thao
4. Nguyén Quynh Nguyén
5. Phan Ngoc Bao
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GIAO TRINH MO PUN/MON HQC
Tén mén hoc: CAU TRUC DU LIEU VA GIAI THUAT
Ma moén hoc: MH28
I. Vi tri, tinh chét cia mén hoc:
1. Vi tri: Mén hoc duoc bd tri sau khi sinh vién hoc xong cac mon hoc/mon hoc Lap
trinh can ban.
2. Tinh chat: Céu trac dir liéu va giai thuat 1a mon hoc ty chon, mon k¥ thuat co sd ap
dung cho trinh d6 Cao dang Cong nghé thong tin (tng dung phan mém).
1. Muc tiéu mon hoc:
1. Vé kién thuc:
- X4c dinh dugc méi quan hé gitra cau trac dit liéu va giai thuat trong viéc xay dung
chuong trinh;
- Trinh bay duogc y nghia, cAu tric, cach khai bao, cac thao tac cta cac loai Cau trac di
liéu: mang, danh sach lién két, cac giai thuat co ban xtr Iy cac cau trac dit liéu do;
2. V& k¥ ning:
- Xay dung duogc cu trac dit liéu va mo ta tudng minh cac giai thuat cho mot sb bai
toan ng dung cu the;
- Cai dat dugc mot s6 giai thuat trén ngdn ngir 1ap trinh C/ C++;
3. Vé nang luc ty chu va trach nhiém:
- C6 kha ning tu nghién ctu, tu hoc, tham khao tai liéu lién quan dén mén hoc dé van
dung vao hoat dong hoc tap.
- Van dung dugc cac kién thirc tu nghién ctru, hoc tap va kién thirc, ky ning da duoc
hoc dé hoan thién cac ky niang lién quan dén mén hoc mét cach khoa hoc, dung quy
dinh

I11. N§i dung moén hoc:



CHUONG 1 THIET KE VA PHAN TiCH GIAI THUAT
Ma bai: MH 28.1
Muc tiéu:
- X4ac dinh dugc méi quan hé gitra cau trac dit liéu va giai thuat;
- X4c dinh dugc tién trinh phan tich va thiét ké thuat toan;
- Trinh bay duoc cach danh gia do phuc tap thuat toan;
- Xay dung dugc mot s6 giai thuat co ban;
- Viét tudng minh mot sé giai thuat;
- Nghiém tac, ti mi trong viéc hoc va van dung vao lam bai tap.
1.1. Mé dau

Hang ngay chiing ta xtr 1y cong viéc theo mot ké hoach di dinh sén bao gém céc
budc dé thuc hién. Chéing han, dé in mot van ban viét tay chung ta phai thuc hién hai
budc quan trong: G vin ban va In van ban ra gidy, hai budc nay khong thé thay d6i
thur tu dugc. Pay chinh 13 y tudng vé mot gidi thuat. Nhu vay, giai thudt la mot hé
thong chit ché va ré rang cdc quy tic nham xdc dinh mét ddy cdc thao tic (cdc
buwoc) trén nhitng doi twong sao cho mot sO hitu han budc thwe hién cdc thao tdc,
chung ta sé dat dwoc muc tiéu dinh truoc. Khi thiét ké mot giai thuat, ching ta phai
dam bao dat dugc cac dac trung ciia mot giai thuat:

a) Tinh x4c dinh: O mdi budc cua giai thuat, cic thao tac phai hét stc o rang.
Khong thé gay su 1an 16n, nhap nhéng, tuy tién.

b) Tinh hiru han ding: Mot giai thuat bao gid ciing phai ding lai sau mot s hiru
han céac bude. Co thé sd lugng cac budc 1a rat 16m.

c¢) Tinh ding dén: Sau khi thuc hién va thuat toan dung lai, chung ta phai dat duoc
két qua yéu cau.

d) Tinh pho bién: Thuat toan c6 thé giai bat ky bai toan nao trong cting mot 16p
cac bai todn, c6 nghia la thuat toan co thé xur 1y voi1 céc dir 1iéu khac nhau.

e) Tinh c6 dai lugng vao va ra: Khi bat dau thuét toan lac nao ciing phai xac dinh
dugc dai lugng vao, thuong duoc léy tur tap xac dinh cho trudc; Sau khi két thuc,
thuat todn phai cho ra mot hay mot sé dai luong ra tuy theo chirc ning ma thuét toan
dam nhiém.



f) Tinh hiéu qua: Pugc danh gia trén ca dai lwong: BO nhé can co, sb cac phép
tinh can thuc hién, thoi gian can thiét dé chay, c6 d& hiéu d6i voi con ngudi khong, dé
cai dat hay khong.

Trong d6 8 dic trung dau phai dap tng duoc.

Tuy nhién, giai thuat s& tic dong trén dit liéu nao dé dua dén két qua mong mudn.
Viée “t6 chire” cac phan tir dit liéu theo mdi quan hé cua ching theo cdu tric thich
hop dé thuc hién xur 1y thuan lgi hon, hi€u qua cao hon ciling cuc ky quan trong. Do
46, két hop cdc kiéu dir liéu don gidn dé tao mot kiéu dir liéu mdi phit hop hon, kiéu
di liu méi nay dwoc goi la mét cdu triic dir liéu.

1.2 Thiét ké giai thuat

Thuc hién mét dé an tin hoc 1a chuyén bai toan thuc té thanh bai toan co thé giai
quyét trén may tinh. Mot bai toan thuc té bat ky déu bao gém cac ddi twong dir liéu va
cac yéu cau xtr 1y trén nhimg ddi twong d6. Vi thé, dé xdy dung mot mo hinh tin hoc
phan anh duoc bai toan thuc té can chi trong dén hai van dé :

Mot bai toan cu thé khi dugc chuyén dé giai quyét trén may tinh déu bao gdm cac
d6it tugng dir liéu va cic yéu cau xir Iy trén cac ddi tugng d6. Do d6, chiing ta can
phai chu trong:

- T6 chuc biéu dién cac doi tuong thuc té

Céc thanh phan dir liéu thyc té da dang, phong pht va thuong chia dung nhimg
quan hé nao d6 véi nhau, do d6 trong mé hinh tin hoc cta bai toan, can phai to chic,
xdy dung cic cau trac thich hop nhat sao cho vira ¢ thé phan anh chinh xac cac dir
liéu thuc té nay, vira c6 thé dé dang dung may tinh dé xir Iy. Cong viéc nay dugc goi
14 xay dung cdu triic diF liéu cho bai toén.

- Xay dung cac thao tac xur ly dir licu:

Tir nhimg yéu cau xir 1y thuc té, cin tim ra cac giai thut tvong tmg dé xac dinh
trinh tu cac thao tac mdy tinh phai thi hanh dé cho ra két qua mong mudn, day 1a budc
xay dung giai thugt cho bai toan.

Tuy nhién, khi giai quyét mot bai toan trén may tinh, chung ta thuong c6 khuynh
hudng chi chu trong dén viéc xay dung giai thuat ma quén di tim quan trong cua viéc
t6 chirc dir liéu trong bai toan. Giai thuat phan anh cac phép xtr 1y , con ddi tuong xir
Iy ctia giai thuat lai 14 dit liu, chinh dir liéu chtra dung céc thong tin can thiét dé thuc
hién giai thuat. Pé xac dinh duoc giai thuat phu hop can phai biét no tac dong dén loai
dir liéu nao (vi du dé 1am nhuyén cac hat dau , nguoi chung ta ding cach xay chir
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khong bam bang dao, vi dau s& ving ra ngoai) va khi chon lya cu trac dit liéu ciing
can phai hiéu rd nhitng thao tac nao s& tac dong dén n6 (vi du dé biéu dién cac Doanh
thu cta cira hang ngudi chung ta dung sb thuc thay vi chudi ky tu vi con phai thuc
hién thao tac tinh trung binh tir nhitng Doanh thu d6). Nhu vay trong mot dé 4n tin
hoc, giai thuat va cAu trac dit liéu c6 mbi quan hé chat ché voi nhau, duogc thé hién
qua cong thuec :

Céu tric dir liéu + Giai thuat = Chuong trinh

Khi chon Iyu mdt cau trac dit lidu, s& co nhing giai thuat hay phép toan tuong
tmg, pht hop. Khi ciu trac dit liéu thay doi thuong giai thuat ciing phai thay di theo
dé tranh viéc xtr Iy guong ép, thiéu tu nhién trén mot cdu tric khong phu hop. Hon
nita, mot cau trac dir liéu tot s& giup giai thuat xtr 1y trén d6 co thé phat huy tac dung
t6t hon, vira d4p tng nhanh vira tiét kiém vat tu, giai thuat ciing dé hiéu va don gian
hon.

Nhu vay, giai thuat va cau trac dir liéu co lién hé mat thiét v4i nhau; Néu chung ta
thay doi cdu trac dir liéu thi giai thuat ciing s& thay ddi theo dé xt Iy phut hop véi cdu
tric dit liéu mdi nham dua dén két qua mong mudn.

Vi du 1: Mot chuong trinh quan 1y doanh thu cia cac cira hang can luu trir cac
doanh thu ctia 3 cira hang. Do mdi ctra hang ¢6 4 doanh thu tng véi 4 quy khac nhau
nén dir liéu c6 dang bang nhu sau:

Cirahang |Quyl |Quy2 |Quy3 | Quy4

SH 1 7 10 8 2
SH 2 8 0 10 4
S 3 6 3 7 4

Chi xét thao tac xir 1y 1a xuat doanh thu cac Quy cua ting cira hang.

Gia st ¢6 cac phuong an to chirc luu trir sau:

Phuong 4n 1 : Sir dung mang mot chiéu

C6 tat ca 3(ctra hang)*4(Quy) = 12 doanh thu can luu trit, do d6 khai bao mang
result nhu sau :

intresult [ 12 ] ={7, 10, 8, 2,



8,0, 10, 4,
6,3,7, 4%},

khi d6 trong mang result cac phan tir s& dugc luu trit nhu sau:

71108 2|8 ]0(10{4|6|3|7|4

N Y N Wy
4 Y Y
Clra hang Ctra hang Ctra hang
S61 SO 2 SO 3

Va truy xuit Doanh thu Quy j ctia cira hang i - 12 phan tir tai (dong i, cot j) trong
bang - phai st dung mot cong thirc xac dinh chi s6 twong Ung trong mang result:

bang doanh thu(dong i, cot j) = result[((i-1)*s6 cot) + j]

Nguoc lai, voi mot phan tir bat ky trong mang, muén biét d6 1a Doanh thu cta cira
hang nao, Quy gi, phai dung cong thirc xac dinh sau

result[ i ] = bang doanh thu (dong((i / s6 cot) +1), cdt (i % s cot) )

V&1 phuong an nay, thao tac xu ly dugce cai dat nhu sau :

void XuatDoanhThu() //Xuét Doanh thu cta tit ca ctra hang

{

const int so_quy = 4;

int cuahang,quy;

for (int 1=0; i<12; i+)

{

cuahang = I/so_cuahang;
quy = [ % SO_quy+1;

printf("Doanh thu Quy %d cta cua hang %d la: %d", cuahang, sv,result[i]);

¥

¥

Phuong én 2 : St dung mang 2 chiéu

Khai bao mang 2 chiéu result c6 kich thudc 3 dong* 4 cot nhu sau :
int result[3][4] ={{ 7, 10, 8, 2},



{8, 0, 10, 4},
{6,3,7,4}};

khi d6 trong mang result cac phan tir s& dugc luu trit nhu sau

Cot 0 Cot 1 Cot 2 Cot 3

Dong 0

result[0][0] =7

result[0][1] =10

result[0][2] =8

result[0][3] =2

Dong 1

result[1][0] =8

result[1][1] =0

result[1][2] =10

result[1][3] =4

Dong 2

result[2][0] =6

result[2][1] =3

result[2][2] =7

result[2][3] =4

Va truy xuét Doanh thu Quy j ctia cira hang i - 1a phan tir tai (dong i, cot j) trong
bang - cling chinh 1a phan tr nam & vi tri (dong 1, cOt j) trong mang

bangDoanh thu(dong 1,cdt j) = result[ 1] [j]

V&1 phuong an nay, thao tac xu ly dugce cai dat nhu sau :

void XuatDoanhThu() //Xuét Doanh thu cuta tit ca cira hang

{

int so_quy =4, so_cuahang =3;

for (int i=0; i<so_cuahang; i+)

for (int j=0; j<so_quy; j++)

printf("Doanh thu Quy %d cua ctra hang %d 1a: %d", j, i,result[i][j]);

by

Chung ta c6 thé thay rd phuong an 2 cung cap mot cau tric luu trir phu hop vt dir
liéu thuc t€ hon phuong an 1, va do vay giai thuat xu 1y trén cau truc dir liéu cua
phuong an 2 cling don gidn, tw nhién hon.
1.3. Phan tich gai thuat

Thuat ngit kiéu dit lidu (hay kiéu - data type), cdu trac dit liéu (data structure),
kiéu dit li€u triru tuong (abstract data type) nghe nhu nhau, nhung chiung c6 y nghia
rat khac nhau. Trong mot ngon ngit 1ap trinh, ki€u dit liéu ciia mdt bién 1a tap hop cac
gia tri ma bién do6 c6 thé nhan. Nhu vay, dinh nghia kiéu dir liéu nhu sau:

Kiéu dit liéu T duge x4c dinh bdi mot by <V,0>, véi :

V : tap cac gia tri hop 1€ ma mot doi tuong kiéu T c6 thé luu trix



O : tap cac thao tac xur 1y c6 thé thi hanh trén d6i tuong kiéu T.

Vi du 2: Gia sir ¢6 kiéu dir liéu mau tu = <Vc ,0c> véi

Vc={a-zA-Z}

Oc = { lay ma ASCII ctia ky tu, bién d6i ky tu thuong thanh ky tu hoa...}

Gia sir ¢6 kiéu dir liéu sé nguyén = <Vi ,0i> véi

Vi={-32768..32767}

Oi={+-%*/ %}

Nhu vay, mudn s dung mot kiéu dit liéu can nim viing ca ndi dung dit liu dugc
phép luu trir va cac xu ly tac dong trén do.

Céc thudc tinh cua 1 kiéu dit liéu bao gdbm:

o Tén kicu dit liu

e Mién gia tri

e Kich thudc luu triv

o Tap cac toan tir tic dong 1én kiéu dir lidu.

Mot kiéu dir liéu triru tuong la mot mo hinh toan hoc cung véi mdt tdp hop cac
phép toan trén nd. C6 thé noi kiéu dir lidu triru twong 12 mot kicu dit liéu do chung ta
dinh nghia & mirc khai ni¢ém (conceptual), n6 chua dugc cai dat cu thé bé‘mg mot ngén
ngit 1ap trinh. Nhu da dan ra ¢ trén, chung ta dung kiéu dit liéu triru tuong dé thiét ké
giai thuat, nhung dé cai dit giai thuat vao mot ngdn ngit lap trinh chung ta phai tim
cach biéu dién kiéu dir liéu triru tuong trén cac kiéu dir liéu va toan tr do ngdn ngir
1ap trinh cung cép. Nhu vay khi biéu dién (cai dat) mot kiéu dit liéu triru tuong trong
mot ngdn ngit 14p trinh, ching ta ding cac ciu trac dit lidu, d6 1a mot tap hop cac bién
c6 thé thudc mot vai kiéu khac nhau duge ndi két véi nhau.

O (cell) 12 khdi co ban dé xay dung cac cau tric dir liéu. Mot 6 c6 thé xem nhu 13
mot cai hop c6 thé luu giit mot gia tri cua mot kicu dit liéu co sé hodc 1a mot kiéu dix
liéu hop thanh. Céc cAu trac dit liéu duge tao ra bﬁng cach cho tén va cung cach "ndi
két" céc 0.

Vi du 3: mang (ARRAY) hoidc mau tin (RECORD) 14 cac cau tric dir liéu thuong
gip trong cic ngdn ngir 1ap trinh. Trong chuong sau chiing ta s& gip cac cdu tric co
dung con tro (pointer).
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Mot kiéu dit liéu triru tuong (ADT) 1a mot mod hinh toan hoc cung vo1 mot tap hop
cac phép toan (operator) duge dinh nghia trén mo hinh d6. Vi du tap hop sd nguyén
cling véi cac phép toan hop, giao, hiéu 1a mot kiéu dit liéu triru tuong.

Trong mdt ADT céc phép toan c6 thé thuc hién trén cac d6i tuong (toan hang)
khong chi thude ADT @6, ciing nhu két qua khong nhét thiét phai thuoc ADT. ADT la
su tong quat hoa cua cac kiéu dir liéu nguyén thuy, giéng nhu ham 1a su tong quat hoa
cua cac phép toan nguyén thuy.

1.4 Thiét ké va phan tich giai thuat va mét so vi du

Trude khi giai quyét mot bai toan, chung ta can phai phan tich va thiét ké giai
thuat hop 1y. Mot bai toan c6 thé c6 rat nhicu giai thuat dugc thiét ké dé giai quyét.
Tuy nhién, dé thiét ké mot giai thuat giai quyét hiéu qua, thuong ngudi chung ta s&
tuan theo ba budc sau:

- Budc 1: Nguoi thiét ké phai xac dinh duoc dit liéu dau vao cta giai thuat va lya
chon phuong phap phan tich thich hgp. Ching ta thuong khong thu dugec mot ham
chinh xac giai thuat dya trén dau vao. Trong thuc té chiing ta ludn ¢ gang ching
minh thoi gian chay cia giai thuat luén nhé hon mét “chan trén” bat chap dir liéu dau
vao nhu thé nao.

- Budc 2: Nguoi thiét ké phai nhan ra cic thao tac triru tuong cua giai thuat dé
tach biét sy phan tich vdi sy cai dat. Vi dy, chiung ta tach biét sy nghién ctru c6 bao
nhi€u phép tinh thuc hi€n trong mét giai thuat ra khoi su khac dinh can bao nhiéu thoi
gian dé mdy tinh giai quyét; yéu t6 thir nhat dugc xac dinh bai tinh chat cia giai thuat,
yéu t6 thr hai lai duoc xac dinh béi tinh chat ctia may tinh. Sy tach biét nay cho phép
ching ta so sanh céac giai thuat mot cach doc lap voi sy cai dat cu thé hay doc 1ap véi
mot may tinh cu thé.

- Budce 3: Nguoi thiét ké can phai c6 su phan tich vé mat toan hoc, v6i muc dich
tim ra cac gia tri trung binh va trudng hop x4u nhit cho mdi dai luong co ban. Ching
ta khong gap kho khan khi tim mot chin trén cho thoi gian chay chuong trinh, van dé
& chd 1a phai tim ra chin trén tot nhat.

Trong khi giai mgt bai toan ching ta co thé c6 mot sb giai thuat khac nhau, van dé
1a can phai danh gia cac giai thuat d6 dé lwa chon mot giai thuat tot (nhat). Thong
thuong thi chiing ta s& cin ¢t vao céc tiéu chuan sau:

- Giai thuat dung dan. (1)
- Giai thuat don gian. (2)
11



- Giai thuat thuc hién nhanh. (3)

Vi yéu cau (1), dé kiém tra tinh dung ddn cta giai thuat chung ta co thé cai dat
giai thuat d6 va cho thuc hién trén may véi mot sé bo dir liéu mau rdi 1y két qua thu
duogc so sanh véi két qua da biét. Thuc ra thi cach 1am nay khong chic chin béi vi co
thé giai thuat dang voi tat ca cac bo dit liéu chung ta di thr nhung lai sai v6i mot bo
dir 1iéu nao d6. Va lai cach lam nay chi phat hién ra giai thuat sai chtr chua ching
minh dugc 13 nd dung. Tinh ding din cta giai thuat can phai dugc ching minh bang
toan hoc. Tt nhién diéu nay khong don gian va do vay ching ta s& khong dé cap dén
¢ day.

Khi chung ta viét mot chuong trinh dé sir dung mot vai lan thi yéu cau (2) 1a quan
trong nhat. Chung ta can mot giai thuat dé viét chuong trinh dé nhanh chéng c6 duoc
két qua , thoi gian thuc hién chuong trinh khéng dugce dé cao vi du sao thi chuong
trinh d6 ciing chi sir dung mot vai 1an ma théi.

Tuy nhién khi mot chuong trinh duoc sir dung nhiéu lan thi thi yéu cau tiét kiém
thoi gian thuc hién chuong trinh lai rat quan trong dic biét ddi véi nhitng chuong
trinh ma khi thuc hién can dit liéu nhap 16n do d6 yéu cau (3) s& dugc xem xét mot
cach k¥ cang. Chlng ta goi no 1a hi¢u qua thot gian thuc hién cua giai thuat.

Mot phuong phap dé xac dinh hiéu qua thot gian thyc hién ciia mot giai thuat la
1ap trinh n6 va do ludong thoi gian thuc hién cua hoat dong trén mdt may tinh xac dinh
ddi vai tap hop dugc chon loc cac dir licu vao.

Thoit gian thuc hién khong chi phu thudc vao giai thuat ma con phu thudc vao tap
céc chi thi ciia may tinh, chét lwong ctia may tinh va k¥ xao ctia ngudi lap trinh. Sy thi
hanh cling c6 thé diéu chinh dé thuc hién tot trén tap dac bi¢t cac dir licu vao duogc
chon. Pé vuot qua cac tré ngai ndy, cac nha khoa hoc may tinh da chap nhan tinh
phtc tap cta thdi gian duoc tiép can nhu mot sy do luong co ban su thyuc thi cia giai
thuat. Thuat ngir tinh hiéu qua s& dé cap dén su do luong nay va dic biét dbi voi su
phtc tap thoi gian trong trudng hop xau nhat.

Thot gian thuc hién mdt chuong trinh dugc xac dinh dya trén mdt ham cua kich
thudc dir ligu vao, ky hiéu T(n) trong d6 n 1a kich thudc (4o 16n) cua dir li¢u vao.

Vi du 1: Chuong trinh tinh tong cta n sd c6 thoi gian thyc hién 1a T(n) = cn trong d6
¢ 1a mot hang sb.

Thoi gian thyc hién chuong trinh 1a mot ham khong am, tic 1a T(n) >0 Vn>0.
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Pon vi cia T(n) khong phai 1a don vi do thoi gian binh thuong nhu gio, phut
gidy... ma thuong duoc xac dinh béi s cac 1énh dugc thyc hién trong mot mdy tinh 1y
tuong.

Vi du 2: Khi chiing ta néi1 thoi gian thyc hién cia mét chuong trinh 1a T(n) = cn thi c6
nghia 1a chwong trinh 4y can cn chi thi thuc thi.

Nhin chung, thoi gian thyc hién chuong trinh khong chi phu thudc vao kich thude
ma con phu thudc vao tinh chat cta dir liéu vao. Nghia 1a dir liéu vao c6 cung kich
thude nhung thoi gian thyc hién chuong trinh ¢6 thé khac nhau. Chang han chuong
trinh sap xép diy s6 nguyén ting dan, khi ching ta cho vao ddy c6 thir tu thi thoi gian
thuc hién khac véi khi ching ta cho vao day chua co thtr tu, hodc khi ching ta cho
vao mot day da co thir ty tang thi thot gian thyc hién cling khac so véi khi chiung ta
cho vao mdt day da co thu ty gidm.

Vi vay thuong ching ta coi T(n) 14 thoi gian thuc hién chuong trinh trong truong
hop x4u nhat trén dit lidu vao c6 kich thudc n, tirc 1a: T(n) 13 thoi gian 16n nhat dé
thuc hién chuong trinh ddi voi moi dit lidu vao co cung kich thuéce n.

Chung ta néi rang ham khong 4m T(n) cé ty suét ting (growth rate) f(n) néu ton
tai cac hing sb ¢ va n0 sao cho T(n) < f(n) v&i moi n > n0.

Chiing ta c6 thé chimg minh dugc rang “Cho mot ham khong 4m T(n) bat ky,
chung ta ludn tim dugc ty suat ting f(n) cia no”.

Vi du 3: Gia st T(0) = 1, T(1) = 4 va tong quat T(n) = (n+1)2. Pat n0 = 1 va ¢ = 4 thi
v6i moi n > 1 chiing ta dé dang chimg minh rang T(n) = (n+1)2 < 4n2 véi moin > 1,
tic 13 ty suat ting cua T(n) 1a n2.

Vidu4: Ty suat tang cua ham T(n) = 4n4 + 2n2 la n4. Thyc vay, chon0 =0 vac
= 6 chung ta dé dang ching minh rang véi moi n > 0 thi 4n4 + 2n2 < 6n3

Nhu vay, do phuc tap cua thuat toan 1a gi?

Trudc ti€n, chung ta xét trong truong hop cd hai giai thuat P1 va P2 véi thoi gian
thue hién twong tmg 1a T1(n) = 100n2 (v6i ty sudt ting 1a n2) va T2(n) = 5n3 (Vi ty
suat tang l1a n3). Giai thuat nao s€ thyc hi¢n nhanh hon? Cau tra 161 phu thudc vao
kich thudc dit liéu vao. V&in < 20 thi P2 s& nhanh hon P1 (T2<T1), do hé sb ctia 5n3
nho hon hé sd ciia 100n2 (5<100). Nhung khi n > 20 thi nguoc lai do s6 mil cua
100n2 nhé hon sé mii cua 5n3 (2<3). O ddy ching ta chi nén quan tim dén trudong
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hop n>20 vi khi n<20 thi thdi gian thuc hién cua ca P1 va P2 déu khong co su khéc
biét 16n giira T1 va T2. Mot cach hop 1y 13 chung ta xét ty suat ting ctia ham thoi gian
thuc hién chuong trinh thay vi xé chinh ban than thoi gian thuc hién.

Cho mét ham T(n), T(n) goi 13 c6 d6 phuc tap f(n) néu ton tai cac hing ¢, NO sao cho
T(n) < cf(n) véi moi n > NO (tirc 1a T(n) co ty suét ting 1a f(n)) va ki hiéu T(n) 1a
O(f(n)) (doc la “0 cua f(n)”)

Vi du 5: T(n)= (n+1)2 c6 ty sudt ting 1a n2 nén T(n)= (n+1)2 12 O(n2).

Chu y: O(c.f(n))=O(f(n)) v6i ¢ 1a hing sb. Dac biét O(c)=0(1).

No6i cach khac do phtic tap tinh toan cia giai thuat 1a mot ham chén trén cia ham
thoi gian. Vi hiang nhan tir ¢ trong ham chin trén khéng c6 ¥ nghia nén chung ta co
thé bé qua vi vay ham thé hién do phirc tap co cac dang thuong gip sau: log2n, n,
nlog2n, n2, n3, 22, n!, nn. Ba ham cudi cung chung ta goi la dang ham mii, cac ham
khéac goi 1a ham da thirc. Mot giai thuat ma thoi gian thuc hién cé d6 phuc tap 1a mét
ham da thirc thi chip nhan duge tic 1a ¢6 thé cai dat dé thyc hién, con cac giai thuat
c6 dd phic tap ham mi thi phai tim cach cai tién giai thuat.
Khi néi dén d6 phirc tap cta giai thuat 1a chung ta mudn néi dén hiéu qua cua thoi
gian thuc hién ctia chuong trinh nén ching ta c6 thé xem viéc xac dinh thoi gian thuc
hién ctuia chuong trinh chinh 1a xac dinh do phtrc tap cta giai thuat.

Pé tinh duoc do phic tap cua thuat toan, ching ta xir Iy theo cac quy tic va
phuong phap sau.

-Qui tic cong:

Néu T1(n) va T2(n) 1a thoi gian thuc hién ctia hai doan chuong trinh P1 va P2; va
T1(n)=0(f(n)), T2(n)=0(g(n) thi thoi gian thyc hién cta doan hai chuong trinh d6 ndi
tiép nhau 1a T(n)=0(max(f(n),g(n)))

Doan 1€nh Do phuc tap

P1 O(f(n))

P2 O(g(n)

P1; O(max(f(n),g(n))
P2
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Vi du 6: Lénh gan x=15 t6n mot hang thoi gian hay O(1)

Lénh doc dit liéu scanf(&x) ton mot hang thoi gian hay O(1)

Vay tho1 gian thuc hién doan 1€nh:

x=15;

scanf(&x);

1a O(max(1,1))=0(1).

- Qui tic nhén:

Néu T1(n) va T2(n) la thoi gian thuc hién cua hai doan chwong trinh P1 va P2 va
TI(n) = O(f(n)), T2(n) = O(g(n) thi thoi gian thyc hién cua doan hai doan chuong
trinh d6 16ng nhau 1a T(n) = O(f(n).g(n))

Doan 1énh | BJ phuc tap
P1 O(f(n))

P2 O(g()

P1 O(f(n)*g(n))
{

P2:

by

- Qui tic tong quat dé phan tich mot chuong trinh:

+ Thoi gian thuc hién ctia moi 1énh gan, cin, cout, printf, scanf1a O(1)

+ Thoi gian thuc hién cia mot chudi tuan tu cac 1énh duoc xac dinh bﬁng qui tic
cong. Nhu vy thoi gian nay 1a thoi gian thi hanh mot 1énh nao d6 lau nhit trong
chudi 1énh.

+ Thoi gian thuc hién cdu trac if 13 thoi gian 10n nhat thyc hién 1énh sau if hodc
sau else va thoi gian kiém tra diéu kién. Thuong thoi gian kiém tra diéu kién 1a O(1).

+ Thoi gian thuc hién vong lap 13 tong (trén tat ca cac 1an lap) thoi gian thuc hién
than vong lap. Néu thoi gian thuc hién than vong lap khong ddi thi thoi gian thuc hién
vong 1ap 1a tich cta s 1an lap véi thoi gian thue hién than vong lap.
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Vi du 7: Tinh tho1 gian thuc hién cia doan chuong trinh

void Bubble (int a[], int n);

inti,j,temp;

{

for (i=0;i<=n-2;i++) //(1)

for (j=n-1;j>=i+1;j--) //(2)

if (a[j-1]>a[j]) //(3)

{

// d61 cho a[i], a[j]

temp=a[j-1]; //(4)

a[j-1]=a[i]; //(5)

a[j]=temp; } //(6)

¥

Ca ba I¢nh doi cho {4} {5} {6} ton O(1) thoi gian, do d6 1€nh {3} ton O(1).

Vong 1p {2} thuc hién (n-i) lan, mdi 1an O(1) do d6 vong lap {2} tén O((n-
1).1)=0(n-i).

Vong lap {1} lap (n-1) 1an vay do phtic tap cta giai thuat 1a;

()= (n-1)- "0 _o(m)

pr

b0 phic tap cua chuong trinh c6 goi chuong trinh con khong dé qui
Neéu chung ta c6 mdt chuong trinh vdi cac chuong trinh con khong dé quy, dé tinh
thoi gian thyc hién ctia chuong trinh, trude hét ching ta tinh thoi gian thyc hién cua
cac chuong trinh con khong goi cac chuong trinh con khac. Sau do6 ching ta tinh thot
gian thyc hién ctia cic chuong trinh con chi goi cac chuong trinh con ma thoi gian
thuc hién ctia chung da duogc tinh. Ching ta tiép tuc qua trinh danh gia thoi gian thuc
hién cua moi chuong trinh con sau khi thoi gian thuc hién cua tat ca cac chuong trinh
con ma n6 goi da dugc danh gia. Cudi cung ching ta tinh thoi gian cho chuong trinh
chinh.

Gia st ching ta c6 mot hé thong cac chwong trinh goi theo so do sau:
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h 4

¥

A B

h 4

B4 B11

h 4 ¥ ¥

c Bz Bi2

Chuong trinh A goi hai chuong trinh con 1a B va C, chuong trinh B goi hai chuong
trinh con 1a B1 va B2, chuong trinh B1 goi hai chuong trinh con 1a B11 va B12.

Pé tinh thoi gian thyuc hién cta A, ching ta tinh theo cac budc sau:

- Tinh tho1i gian thuc hién cia C, B2, B11 va B12.

- Tinh tho1 gian thuc hién cua B1.

- Tinh tho1t gian thuc hién cua B.

- Tinh thot gian thuc hién cua A.

Vi dy 4: Chiing ta c6 thé viét lai chuong trinh sip xép bubble sort nhu sau:
void swap (int &x, int &y)

{

int temp;

temp = X;

X=Y,

y = temp;

¥

voidn Bubble (int a[], int n)

{inti};
{

{1} for (i=0;i<=n-2;i++)

{2} for (j=n-1;j>=i+1;j--)

{3} if a[j-1]>a[j] then swap(a[j-1], a[j]);
¥

Trong cach viét trén, chuong trinh Bubble goi chuong trinh con swap, do d6 dé tinh
tho1 gian thuc hién cua Bubble, trudc hét ching ta can tinh thoi gian thuc hién ctua
Swap. D& thay thoi gian thuc hién ctia Swap 1a O(1) vi n6 chi bao gom 3 1énh gan.
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Trong Bubble, 1énh {3} goi swap nén chi ton O(1), 1énh {2} thuc hién n-i lan, mdi
1an tén O(1) nén tén O(n-i). Lénh {1} thuc hién n-1 1an nén

(=3 (n-1)- "0 _o(m)

i=1

Trong truong hop chuong trinh ¢6 d¢é quy, ching ta thuc hién theo phuong phap
Sau.

Trudce hét, ching ta can thanh 1ap cac phuong trinh dé quy, sau d6 giai phuong
trinh d¢ quy, nghiém cta phuong trinh dé€ quy s€ 1a thoi gian thyc hién cua chuong
trinh d¢ quy.

Phuong trinh dé quy 13 mot phuong trinh biéu dién méi lién hé gitra T(n) va T(k),
trong d6 T(n) 1a thoi gian thuc hién chuong trinh véi kich thude dit li¢u nhép 1a n,
T(k) thoi gian thuc hién chwong trinh véi kich thuée dir 1iéu nhap 14 k, véi k < n. Dé
thanh lap dugc phuong trinh d¢ quy, chung ta phai can clt vao chuong trinh dé¢ quy.

Vi du 8: Xét ham tinh giai thira viét bang giai thuat dé¢ quy nhu sau:

int giaithua(int n)

{
if (n=0)
return 1,
else
return n* giaithua(n-1);

}

Goi T(n) 1a thot gian thuc hién viée tinh n giai thtra, thi T(n-1) 1a thoi gian thuc
hién viéc tinh n-1 giai thura. Trong truong hop n=0 thi chuong trinh chi thuc hi€én mot
lénh gan Giai_thua:=1, nén tén O(1), do d6 ching ta c6 T(0) = C1. Trong trudong hop
n>0 chuong trinh phai goi dé quy giaithua(n-1), viéc goi dé quy nay tén T(n-1), sau
khi co két qua cta viéc goi dé quy, chuong trinh phai nhan két qua d6 véi n va gan
cho giaithua. Thoi gian dé thuc hién phép nhan va phép gan 1a mot hiang C2. Vay
C1 néu n=0

(n)= {T(n ~1)+C2 néu n>0
chung ta co

Pay 1a phuong trinh dé quy dé tinh thoi gian thuc hién cta chuong trinh dé quy
giaithua.

Vi du 99: Ching ta xét thu tuc MergeSort mdt cach phéc thdo nhu sau:
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list MergeSort (list L, int n)

{ list L1,L2;

if (n==1) then return(L)
else

{

Chia L thanh 2 nira L1 va L2, mdi mot nira ¢6 do dai n/2;
return(Merge(MergeSort (L1, n/2), MergeSort(L2, n/2)));

}

}
Chéng han dé sép xép danh sach L g(‘A)m 8 phﬁn tr7,4,8,9,3,1, 6,2 ching ta co
mo hinh minh hoa ciia MergeSort nhu sau:

T459 31468324

N N M
N 0

47889 1 2346

-1
(]
b=

12346871808

Ham MergeSort nhan mot danh sach c6 d6 dai n va tra vé mot danh sach da duogc
sap xép. Thi tuc Merge nhan hai danh sach di dugc sip L1 va L2 mdi danh sach co
dd dai n/2, trdn ching lai v6i nhau dé dugc mot danh sach gém n phén tir ¢o thur tu.
Giai thuat chi tiét cia Merge ching ta s& ban sau, chung ta chi dé y rang thoi gian dé
Merge cac danh sach c6 d6 dai n/2 1a O(n).
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Goi T(n) 12 thoi gian thuc hién MergeSort mot danh sach n phan tir thi T(n/2) 13
thoi gian thyc hién MergeSort mot danh sach n/2 phan tir, chting ta co thé viét phuong
trinh d¢ quy nhu sau:

C, néu n=1

T(n)=
(n) 2T(%j+02n néu n>1

Trong d6 C1 1a thoi gian phai tén khi L ¢6 do dai 1. Trong truong hop n > 1, thoi
gian cia MergeSort dugc chia lam hai phan. Phan goi dé quy MergeSort mdt danh
sach c6 dg dai n/2 1a T(n/2) do d6 ching ta c6 2T(n/2). Phan thir hai bao gom phép
thir n >1, chia danh sach L thanh hai ntra bang nhau va Merge. Ba thao tac nay lay
thot gian khong do1 do1 véi phép thir hoac ty 1€ véi n doi voi ngat va Merge. Nhu vay
hang C2 duoc chon va C2n 1a thoi gian tong dé€ lam cac viéc do ngoai trur goi dé€ quy.

Pé giai phuong trinh dé quy, chiing ta stir dung mot s6 phuong phap sau:

- Phuong phap truy hoi

- Phuong phap doan nghiém.

- Loi giai tong quat cia mot 16p cac phuong trinh dé quy.

Chuing ta tién hanh nghién ctru chi tiét cac phuong phap nay:

- Phuong phap truy hoi :

Dung dé quy dé thay thé bat ky T(m) vdi m < n vao phia phai cia phuong trinh
cho dén khi tat ca T(m) v61 m > 1 dugce thay thé bdi biéu thirc cua cac T(1). Vi T(1)
ludn 1a hang nén ching ta c6 cong thurc cua T(n) chira cac so6 hang chi lién quan dén n
va cac hang so.

Gia1 phuong trinh.

Vi du 9: Giai phuong trinh:

C1 néu n=1

T(n)= ,
(n) 2T(%j+02n néu n>1
Chung ta co:

T(n)= 2T(§j +C,n
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_4T (g) +2C,n

NS
L I

+2C,n=8T (gj +3C,n
T(n)= 2’T(gj +iCyn

Gia sir n = 2k, qua trinh suy rong s& két thuc khi i =k, khi d6 chung ta co:

T(n) = 2kT(1) + kC2n

Vi 2k =n nén k =log2n va véi T(1) =C1 nén chung ta co6

T(n) = Cln + C2nlog2n

Hay T(n) 1a O(nlog2n).

- Phuong phap doan nghiém

Chung ta doan mot nghiém f(n) va ding ching minh quy nap dé chtng to rang
T(n) < f(n) véi moi n.

Thong thuong f(n) 1a mot trong cac ham quen thudc nhu logn, n, nlog2n, n2, n3,
2n, n!, nn.

Poi khi chiing ta chi doan dang cia f(n) trong d6 c6 mot vai tham sd chua xéac
dinh (chang han f(n) = an2 véi a chua xac dinh) va trong qua trinh chirng minh quy
nap ching ta s suy dién ra gia tri thich hop cua cac tham so.

Vi du 10: Giai phuong trinh d€ quy

C1 néu n=1

T(n)= ZT(gj+CZn néu n>1

Gia sir chiing ta doan f(n) = anlog2n. V&i n = 1 chung ta thdy rang cach doan nhu
vay khong dugc boi vi anlog2n ¢6 gia tri 0 khong phu thudce vao gia tri cua a. Vi thé
chung ta thir tiép theo f(n) = anlog2n + b.

Véin =1 ching ta co, T(1) = C1 va f(1) =b, mubn T(1) < f(1) thi b >C1 (*)

Gia str rang T(k) d" aklogk + b v&i moi k < n (I.2).Chung ta s& chirg minh T(n)
<anlog2n +b

Gid st n>2, tu (I.1) chung ta ¢c6 T(n) =2T(n/2) + C2n
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Ap dung (1.2) vé6i k = n/2 < n chiing ta c6:

T(n) =2T(n/2) + C2n < 2[an/2log(n/2) + b] + C2n

T(n) < anlog2n - an + 2b + C2n

T(n) <(anlog2n + b) + [b + (C2 - a)n]. Néu lay a > C2 + b (**) chiing ta dugc

T(n) < (anlog2n +b) +[b+(C2-C2-b)n]

T(n) < (anlog2n +b) + (1-n) b

T(n) <an log2n +b.

Néu ching ta 1y a va b sao cho ca (*) va (**) déu thoa man thi T(n) < an log2n
+ b v&1 moi n.

b>C, {b:Q

Chung ta giai h¢ {a 2C:+b | 4¢ don gian ching ta giai he (&= C,+b

Dé dang ching ta co b= C1 va a= C1 +C2 chung ta dugc T(n) < (C1 + C2)nlog2n
+ C1 v61 moi n.

Hay no6i cach khac T(n) 1a O(nlog2n).

- Loi giai téng quat cho moét 16p cac phuong trinh dé quy
bé giai bai toan kich thudc n, ching ta chia bai toan di cho thanh a bai toan con, mdi
bai téan con co kich thudc n/b. Gii cac bai toan con nay va tong hop két qua lai dé
dugc két qua ciia bai toan da cho. Voi cac bai toan con chiing ta cling lam nhu vay.
K¥ thuat ndy s& din chung ta dén mot chuong trinh dé quy.

Gia thiét rang mdi bai toan con kich thudc 1 1dy mot don vi thoi gian va thoi gian
dé chia bai toan kich thudc n thanh cac bai toan con kich thuéc n/b va téng hop két
qua tlr cac bai toan con dé dugc 101 giai ctia bai toan ban dau 1a d(n). (Chang han d6i
voi thi du MergeSort, chiing ta c6 a =b = 2, va d(n) = C2n/C1. Xem C1 1a mdt don
vi).

Goi T(n) 14 thoi gian dé giai bai toan kich thudc n thi chiing ta c6 phuong trinh dé
quy:

Goi T(n) 12 thoi gian dé giai bai toan kich thude n thi chiing ta ¢ phuong trinh dé
quy:
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T(1)=1

T(n)= aT(E}Ld(n)
(1.2)
Chung ta st dung phuong phap truy hoi dé giai phwong trinh nay
T(n)=aT(n/b)+d(n)

T(n) = a{aT(%j + d[%ﬂ +d(n)= aZT(%j +ad[%} +d(n)
T(n)=a* {aT(%j + d(%ﬂ + ad(%) +d(n)
= a?’T(%j + azd(gj + ad(gj +d(n)

Gia st n = bk ching ta dugc: T(n/bk) = T(1) = 1. Thay vao trén vdi 1 =k ching ta
co:
k—1
T(n)=a"+ Za’d(b"”)
j=0 (1.2)

Trong cong thirc (1.2), ak = nlogba duoc goi 1a nghiém thuan nhéat (homogeneous
solutions).

Nghiém thuan nhét 13 nghiém chinh xac khi d(n) = 0 véi moi n. Noi mot cach khac,
nghiém thuan nhat biéu dién thoi gian dé giai tat ca cic bai toan con.
a +§a’d bk‘f)

Trong cong thuc (1.2), = dugc goi la nghiém riéng (particular
solutions).

Nghiém riéng biéu dién thoi gian phai tra dé tao ra cac bai toan con va tong hop
cac két qua ciia chung. Nhin vao cong thirc chiing ta thay nghiém riéng phy thudc vao
ham tién trién, sb luong va kich thudc cac bai toan con.

Khi tim nghiém cua phuong trinh (I,1), chung ta phai tim nghiém riéng va so sanh
v6i nghiém thuan nhat. Néu nghiém nao 16n hon, chiing ta lay nghiém d6 1am nghiém
cua phuong trinh (L1).

23



Pé xac dinh dugc ham thuin nhit ching ta gip rat nhiéu kho khin, tuy vy, ching ta
cling tim dugc mdt 16p cac ham tién trién c6 thé dé dang xac dinh nghiém riéng.

Ham nhan

Mot ham f(n) duoc goi 1a ham nhan (multiplicative function) néu f(m.n) =
f(m).f(n) v&1 moi s6 nguyén duong m va n.

Vi du 5: Ham f(n) = nk 12 mdt ham nhéan, vi f(m.n) = (m.n)k = mk.nk = f(m) f(n)

Néu d(n) trong (I.1) 1a mot ham nhan thi theo tinh chat ctia ham nhan ching ta c6
d(bk-j) = (d(b))k-j va nghiém riéng cua (1.2) la:

3 afd(bk-’)=d(")k§{ﬁ]

=

1l
o

J j=0

a k_1 ) )
=d(b)k {d(:)} =a ;d(b) (1_3)
de) ' d(p)

Xeét ba truong hop sau:

- Néu a > d(b) thi nghiém riéng 1a O(ak) = O(nlogba). Nhu vdy nghiém riéng va
nghiém thuan nhat bang nhau do d6 T(n) 1a O(nlogba).

Chung ta cling théy thot gian thuc hién chi phy thudc vao a, b ma khong phu
thudc vao ham tién trién d(n). Vi vay dé cai tién giai thuat chung ta can giam a hodc
tang b.

- Néu a < d(b) thi nghiém riéng 1a O(d(b)k) = O(nlogbd(b)). Trong trudng hop nay
nghiém riéng 16n hon nghiém thuan nhat nén T(n) = O(nlogbd(b)).

Pé cai tién giai thuat chiing ta can dé y dén ca d(n), a va b ciing mirc d6 nhu nhau.
Truong hop dac biét quan trong khi d(n) = na . Khi dé d(b) = ba va logb(ba) = a. Vi
thé nghiém riéng 1a O(na) va do vy T(n) la O(na).

- Néu a = d(b) thi cong thirc (I.5) khong xac dinh nén ching ta tinh tryc tiép
nghiém riéng:
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Nghiém riéng=)_a (d(b))kij

=d(b) Y1

j=0
=d(b)" k
=n"%"®) |og, n

Vi a= d(b) nén nghiém riéng 1a nlogbalogbn va nghiém nay 16n gip logbn lan
nghiém thuan nhat. Do d6 T(n) = O(nlogbalogbn).

Trong truong hop dac biét d(n) = na ching ta dugc T(n) = O(nalogn).

Chu y khi giai mot phuong trinh dé quy cu thé, chiing ta phai xem phuong trinh
d6 c6 thudc dang phuong trinh tong quat hay khong. Néu c6 thi phai xét xem ham tién
trién c6 phai 1a ham nhan khong. Néu c6 thi ching ta x4c dinh a, d(b) va dua vao su
so sanh gilta a va d(b) ma van dung mot trong ba truong hop noi trén.

Vi du 6: Giai cac phuong trinh d¢ quy sau véi T(1) =1 va

a/- T(n) =4T(n/2) + n

b/- T(n) =4T(n/2) + n2

c/- T(n) =4T(n/2) + n3

Trong mdi truong hop, a=4, b=2 va nghiém thuan nhét 1a n2. Véi d(n) = n ching
ta c6 d(b) =2 vi a =4 > d(b) nén nghiém riéng cling 1a n2 va T(n) = O(n2) trong
phuong trinh (1).

Trong phuong trinh (3), d(n) = n3, d(b) = 8 va a <d(b). Vi vay nghiém riéng la
O(nlogbd(b)) = O(n3) va T(n) cua (3) 1a O(n3).

Trong phuong trinh (2) ching ta ¢6 d(b) =4 = a nén T(n) = O(n2logn).

Céc ham tién trién khac

Chung ta xét hai truong hop dudi dang hai vi du, truong hop 1 1 tong quat hoa
cua ham bat ky Ia tich cuia mot ham nhan v41 mot hang 16n hon hoac bang 1. Truong
hop thir hai 1a ham tién trién khong phai 1a mot ham nhan.

Vi du 7: Giai phuong trinh d¢ quy sau :

T(1)=1
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T(n) =3T(n/2) + 2nl1.5

O day, 2n1.5 khong phai 13 ham nhan nhung n1.5 14 ham nhan. Pat U(n) = T(n)/2
vO1 moi n thi

Ul ="%

U(n) =3U(n/2) + nl.5

Nghiém thuan nhét khi U(1) = 1 1a nlog3 =n1.59; vi U(1) = 1/2 nén nghiém thuan
nhat 1a n1.59/2 1a O(n1.59). Via=3vab=2vabl.5 =2.82 <a, nghiém riéng cling la
O(n1.59) va do d6 U(n) = O(n1.59) . Vi T(n) = 2U(n) nén T(n) = O(n1.59) hay T(n) =
O(nlog3).

Vi du 8: Giai phuong trinh d€ quy sau :

T1)=1

T(n) = 2T(n/2) + nlogn

Vi a = b = 2 nén nghiém thuan nhat 14 n. Tuy nhién, d(n) = nlogn khong phai 1a
ham nhan ching ta phai tinh nghiém riéng bang cach xét truc tiép:

ES
N

fzfzk-f log(2*7) =23 (k- j) =2k (k +1)

i=0 '

-
I
o

Vi k = logn chung ta c6 nghiém riéng la O(nlog2n), nghiém nay lén hon nghiém
thuan nhat va T(n) = O(nlog2n)
1.4. Bai tap
Bai 1: Tinh do phtic tap cua thuat toan sau:
void Selection_sort(int a[],int n)
{
int temp,i,j,m;
for (i=0;i<=n-2;i++)
{
m=i,
for (J=i+1;j<=n-1;j++)
if (a[m]<al[j])
m=j;
temp=a[i];
afi]=alj];
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a[j]=temp;

Bai tap 2: Tinh d6 phtrc tap cta thuat toan sau:
int ucln(int a,int b)
{
intr;
r=a%b;
while (r!=0)
{
a=b;
b=r;
r=a%b;
¥

return b;

}

Bai tap 3: Tinh d§ phuc tap ctia cac doan ma Iénh sau:

a) Poan ma I¢énh 1

Sum =
for (i=1;i<=n;i++)

{

cin >>x;

Sum = Sum + X;

by
b)Poan ma Iénh 2:

for (iI=1;i<=n;i++)
for (j=1;j<=n;j++)
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c[i1b]1=o0;
for (k=1;k<=n;k++)
clili] = ciibl + afiffk] * bIkhl;
by
Bai tap 4: Cho mdt mang n s6 nguyén dugc sap th ty tdng. Viét ham tim mot s
nguyén trong mang do, néu tim thay thi tra vé TRUE, nguoc lai tra vé FALSE. Tinh
do phtrc tap cua thuat toan.

Bai tap 5: Cho doan ma 1énh sau:

void chuyen(int n, int cotl, int cot2, int cot3)

{
if (n==1)
cout<<’chuyen mot dia tu cot *“ <<cotl << “sang cot “ << cot 3;
else
{

chuyen(n-1, cotl,cot3,cot2);
chuyen(1,cotl,cot2,cot3);
chuyen(n-1,cot2,cotl,cot3);
¥
¥
Hay tinh d6 phuc tap cia doan ma 1énh trén.

Bai tap 6: Xét dinh nghia s6 to hop chap k cua n nhu sau:

. |1n€uk=0hoack =n
CS+C néu0<k<n

Viét mot ham dé quy dé tinh sb t6 hop chép k cua n.

Tinh thoi gian thyc hién cta giai thuat noi trén.
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CHUONG 2: CAC KIEU DU LIEU CO SO
Ma bai: MH28.2
Muc tiéu:
— Trinh bay duoc khai niém, pham vi luu trit dit liéu, cac phép xur 1y cua cac kiéu dix
liéu co s& nhu: kiéu so, chudi, logic, tap hop.,...;
— S dung duogc cac kiéu dit liéu co sd trong viéc mo ta cac dbi tuong trong cac ngdn
ngtr lap trinh bac cao nhu C, Pascal;
— Nghiém tac, ti mi, sang tao trong viéc hoc va van dung vao lam bai tap.
2.1. Cac kiéu dir liéu co ban
2.1.1 Kiéu sb
2.1.1.1 Kiéu nguyén
Trong C++ cho phép st dung cac kiéu sd nguyén duoc khai bao bai tir khoa int,
hoac di kem theo int vdi céac tir khoa long, short, unsigned.
S6 luong bit duogc dung dé luu trir mot gia tri int phu thudc vao kich thuée tir (word)
ciia may. Thuong thi may 16-bit s& dung 16 bit dé luu trir mot gia tri int , trong khi
d6 may 32-bit sé dung 32 bit .
Kich thudc va pham vi biéu dién ciia ching dugc cho trong bang sau :

Kiéu Pham vi biéu dién Kich thudc
int Chiém 1 tir cia may
short int, short -32768 — 32767 (-2° — 2% - | 16 bit
1)
unsigned short int 0 — 65535 (0— 2'°-1) 16 bit
long int, long -2147483648 — 2147483647 | 32 bit
(-28 > 2%-1)
unsigned long int 0 — 4294967295 (0 — 2% -1) | 32 bit

unsigned int S6 nguyén khong am , chiém 1 tir ciia may.
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2.1.1.2 Kiéu s6 thuc

C++ cho phép sur dung 3 kich thudc gia tri thuc, twong irng véi 3 tir khoa :
o float
e double
e long double

Kich thudc va pham vi biéu dién cia chung dugc cho trong bang sau :

Kiéu Y nghia Pham vi biéu dién Kich Do chinh
thuoc Xac

float S6 thuc chinh | -3.4E+38 —> 3.4E+38 | 32 bit 6 sb thap
xac don phan

double | Sé thuc chinh | -1.7E+308 > | 64 bit 10 sb thap
xac kép 1.7E+308,0 phan

long Kich thuéc 96 bit hoac 128 bit

double

2.1.2 Kiéu ky tu, chudi

Trong C++ khong c6 kiéu dit liéu co ban dé luu cac xdu ki ti. Dé c6 thé thoa min
nhu cau nay, nguoi chung ta str dung mang c6 kiéu char. Hiy nh¢ rang kiéu dit liéu
nay (char) chi c¢6 thé luu trit mot ki tu don, bdi vay nd duoc ding dé tao ra xiu cia
cac ki tu don.

Vi dy, mang sau (hay 1a xau ki ty):

char alpha [20];

¢ thé luu mot xau ki tu voi d6 dai cuc dai 13 20 ki tu. Ban c6 thé tudng tuong
tuong tu nhu
Sau.

alpha

Kich thuéc cuc dai nay khong can phai luon ludn dung dén.
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Chéng han, alpha c6 thé luu xau "Hello" hay "Merry christmas". Vi cac méang ki
tw ¢6 thé luu cac xau ki tu ngén hon dg dai cia no, trong C++ da c6 mdt quy udc dé
két thuc mot ndi dung cuia mot xau ki ty bang mot ki tu null, cé thé duge viét 1a \0".

Chung ta c6 thé biéu dién alpha (mot mang c¢6 20 phan tir kiéu char) khi luu trix
xau ki tu "Hello" va "Happy New Year" theo cach sau:

alpha
(Hle[t[tJtfofdof [ T [ [T T [T [ [ ]]

[Hlalplplyl INTelwl| lylelalrfvol [T I ||

Chu y rang sau ndi dung ctia xau, mot ki tw null (\0') duoc dung dé bao hiéu két
thiic xau. Nhitng 6 mau xam biéu dién nhimng gia tri khong xéac dinh.

Khoi tao cac xau ki tu.

Vi nhitng xau ki tu 1a nhitng mang binh thuong nén chung ciing nhu cac mang
khac. Chéing han, néu ching ta muén khai tao mot xau ki tu véi nhirng gia tri xac dinh
chung ta c6 thé lam diéu d6 twong tu nhu voi cac mang khac:

char mystring[] = { 'H','e','I',"l', '0', \0" };

Tuy nhién, ching ta c6 thé khoi tao gia tri cho mot xau ki tu bﬁng cach khac: st
dung cac hang xau ki tu.

Trong cac biéu thirc chung ta di sir dung trong cac vi du trong cic chuong trudc
cac hang xau ki ty dé xuat hién vai 1an. Chung duoc biéu dién trong cip ngoidc kép
("), vi du:

"the result is: "

1a mot hang xau ki ty chung ta sir dung & mot s6 chd.

Khéng giéng nhu dau nhay don (') cho phép biéu dién hang ki tu, cip ngoic kép
(") 1 hing biéu dién mot chudi ki tu lién tiép, va & cudi chudi mot ki tu null (\0') ludén
duoc tu dong thém vao.

Chung ta c6 thé khéi tao xau mystring theo mot trong hai cach sau dy:

char mystring []={"'H",'¢",'I''I','0’, \0"' };

char mystring [] = "Hello";

Trong ca hai truong hop mang (hay xau ki tu) mystring dugc khai bao véi kich
thude 6 ki ty: 5 ki ty biéu dién Hello cong véi mot ki tu null.
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Trude khi tiép tuc, t6i can phai nhic nhé ban rang viéc gan nhiéu hing nhu viéc
st dung dau ngoac kép (") chi hop 1€ khi khdi tao mang, tirc 1a lic khai bdo mang.
Céc biéu thuce trong chuong trinh nhu:

mystring = "Hello";
mystring[] = "Hello";

la khong hop 1€, ca cau Iénh duoi day cling vay:

mystring = {'H",'e",'I', 'I', '0’, \O" };

Vay hdy nhd: Chung ta chi c6 thé "gan" nhiéu hang cho mot mang vao lic khoi
tao nd. Nguyén nhan 1a mot thao tac gan (=) khong thé nhan vé trai la cd mot mang
ma chi c6 thé nhan mdt trong nhitng phan tr cia no. Vao thoi diém khoi tao méang la
mot trudong hop dac biét, vi n6 khong thuc su 1a mot Iénh gan mac du nd sir dung dau
bang (=).

Gan gia tri cho xau ki tu

V& trai ciia mot 1énh gan chi ¢ thé 1a mot phan tir cia mang chir khong thé 1a ca
mang, chung ta c6 thé gan mdt xau ki tu cho mot mang kiéu char str dung mét phuong
phéap nhu sau:

mystring[0] = 'H";

mystring[1] ='e;

mystring[2] ="I';

mystring[3] ="I';

mystring[4] = '0';

mystring[5] = "\0';

Nhung 13 rang day khong phai 1a mot phuong phap thuc té. Dé gan gia tri cho mot
xau ki tu, chung ta ¢6 thé sir dung loat ham kiéu strcpy (string copy), ham nay dugc
dinh nghia trong string.h va c6 thé dugc goi nhu sau:

strcpy (stringl, string2);

Lénh nay copy ndi dung cua string2 sang stringl. string2 ¢ thé 1a mot mang, con
tro hay mot hang xau ki tu, bdi vay Iénh sau day 1a mot cach diing dé gan xau hang
"Hello" cho mystring:

strcpy (mystring, "Hello");

Vidu 1:
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#include <iostream.h> J. Soulie
#include <string.h>

int main ()
{
char szMyName [20];
strcpy (szMyName,"J. Soulie™);
cout << szMyName;
return O;

Pé y rang ching ta phai include file <string.h> dé c¢6 thé st dung ham strepy.

Mic du ching ta luén c6 thé viét mot ham don gian nhu ham setstring dudi day dé
thuc hién moét thao tac giong nhu strepy:

Vidu 2:

/[ setting value to string J. Soulie
#include <iostream.h>

void setstring (char szOut [], char szIn

1)
{
int n=0;
do {
szOut[n] = szIn[n];
n++;

} while (szIn[n] = 0);
¥

int main ()
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char szMyName [20];

setstring (szMyName,"J. Soulie");
cout << szMyName;

return O;

Mot phuong thire thudong dung khac dé gan gia tri cho mot mang 1a st dung truc
tiép dong nhap dit liéu (cin). Trong trudng hop nay gi tri ctia xau ki tw duoc gan bai
nguoi dung trong qua trinh chuong trinh thuc hién.

Khi cin dugc s dung vo1 cac xau ki tu né thuong dugce dung voi phuong thic
getline ctia nd, phuong thic nay c6 thé duoc goi nhu sau:

cin.getline ( char buffer[], int length, char delimiter =" \n");

trong do buffer (bo dém) la dia chi noi s€ luu tritr dt li€u vao (nhu 1a mét mang
ch:fmg han), length 1a d6 dai cuc dai cua bd dém (kich thudc ciia mang) va delimiter la
ki tu dugc dung dé két thuc viéc nhap, mac dinh - néu ching ta khong dung tham )
nay - sé 1a ki tw xudng dong (\n").

Vi du sau day l3p lai tit ca nhitng gi ban gd trén ban phim. N6 rat don gian nhung
1a mot vi du cho théy ban c6 thé st dung cin.getline véi cac xau ki tu nhu thé nao:

Vidu 3:

#include <iostream.h> What's your name? Juan

Hello Juan.
int main () Which is your favourite team? Inter
{ Milan

| like Inter Milan too.
char mybuffer [100];

cout << "What's your name? "';
cin.getline (mybuffer,100);

cout << "Hello " << mybuffer << ".\n";
cout << "Which is your favourite

34



team? "';
cin.getline (mybuffer,100);

cout << "I like " << mybuffer << "
too.\n";

return O;

}

Chu y trong ca hai 10i goi cin.getline ching ta st dung cing mot bién xau
(mybuffer). Nhitng gi chuong trinh lam trong 101 goi thir hai don gian 1a thay thé noi
dung cta buffer trong 1i goi cii bang ndi dung mai.

Néu ban con nhé phan néi vé giao tiép vdi, ban s& nhé rang chung ta da sir dung
toan tir >> dé nhan dit liéu truc tiép tir dau vao chuan. Phuong thuc nay co thé duoc
dung véi cac xau ki tu thay cho cin.getline. Vi dy, trong chuon trinh ctua chung ta, khi
chung ta mudn nhan dir liéu tir ngudi diing ching ta co thé viét:

cin >> mybuffer;

1énh nay s& lam viéc nhu nd c6 nhimg han ché sau ma cin.getline khong cé:

N6 chi c¢6 thé nhan nhitng tir don (khong nhan duogc ca cau) vi phuong thirc nay
str dung ki ty trong(bao gom ca dau cach, du tab va dau xubng dong) lam dau hiéu
két thiic..

N6 khong cho phép chi dinh kich thudc cho bd dém. Chuong trinh ctia ban c6 thé
chay khong 6n dinh néu dit liéu vao 16n hon kich ¢& ctia mang chira no.

Vi nhiing nguyén nhén trén, khi mudén nhap vao cac xau ki tu ban nén sir dung
cin.getline thay vi cin >>.

Chuyén d6i xau ki tu sang céc kiéu khac.

Vi mot xau ki tu c6 thé biéu dién nhiéu kiéu dir liéu khac nhu dang s6 nén viée
chuyén d6i noi dung nhu vay sang dang s6 1a rat hitu ich. Vi du, mot xau c6 thé mang
gia tri "1977"nhung d6 13 mot chudi gom 5 ki tu (ké ca ki tu null) va khong d& gi
chuyén thanh mot s6 nguyén. Vi vay thu vién cstdlib (stdlib.h) dd cung cép 3
macro/ham hiru ich sau:

atoi: chuyén x4u thanh kiéu int.

atol: chuyén xau thanh kiéu long.

atof: chuyén xau thanh kiéu float.
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Tat ca cac ham nay nhan mot tham sé va tra vé gia tri sd (int, long hodc float).
Céac ham nay khi két hop voi phuong thire getline cua cin 1a mot cach dang tin cay
hon phuong thite cin>> ¢ dién khi yéu cau ngudi sir dung nhap vao mot sd.

Vidu 4:

#include <iostream.h> Enter price: 2.75
#include <stdlib.h> Enter quantity: 21
Total price: 57.75
int main ()
{
char mybuffer [100];
float price;
int quantity;

cout << "Enter price: ";

cin.getline (mybuffer,100);

price = atof (mybuffer);

cout << "Enter quantity: ";

cin.getline (mybuffer,100);

quantity = atoi (mybuffer);

cout << "Total price: " <<
price*quantity;

return O;

}

Céac ham dé thao tac trén chudi

Thu vién cstring (string.h) khong chi ¢6 ham strcpy ma con ¢6 nhiéu ham khac dé
thao tac trén chudi. Dudi day 1a gidi thiéu ludt qua clia cac ham thong dung nhét:

strcat: char™* strcat (char* dest, const char* src);

Gan thém chudi src vao phia cudi ctia dest. Tra vé dest.

strcmp: int strcmp (const char* stringl, const char* string2);

So sanh hai xau string1 va string2. Tra v€ 0 néu hai xau la bang nhau.
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strcpy: char* strcpy (char* dest, const char* src);
Copy ndi dung ctia src cho dest. Tra vé dest.
strlen: size_t strlen (const char* string);
Tra vé d6 dai cua string.
Cht y: char* hoan toan tuong duong véi charf ]
Vi du 5: Chuong trinh sau s€ hién thi mot dong chir chay trén man hinh.
#include <stdio.h>
void main()
{
char gcao[81], i=0, len;
textattr(Ox1e);
printf("\nNhap vao dong quang cao : ");
gets(qcao);
len = strlen(gcao);
while ('kbhit())
{
movetext(2, 1, 80, 1, 1, 1);
gotoxy(80, 1);
cprintf("%c", gcao[i++]);
delay(100);
I %= len;
¥
getch();
¥
Vi du 6: Chuong trinh sau dung cac ham dung san cua C++ dé chuyén sang cac
dang ky tu khac nhau.
#include"stdio.h"
#includealloc.h"
#include"string.h"
#include"conio.h"
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char *thaythe(unsigned char kytu,size t lan)

{

main()

char *inkytu;
inkytu=calloc(lan,sizeof(char)+1);
memset(inkytu,kytu,lan);
return(inkytu);

char *s, *t;
s=calloc(60,sizeof(char));
t=calloc(60,sizeof(char));
clrscr();
textcolor(YELLOW);

cprintf(" - Nhap chuoi thu nhat (chu thuong)=");

gets(s);

textcolor(LIGHTRED);

cprintf(" - Nhap chuoi thu hai (chu thuong) =");
gets(t);

cprintf("\n %s" thaythe(205,60));
textcolor(LIGHTCYAN);

cprintf(*\n\r %10c DOI RA CHU HOA","");
cprintf(*\n\n\r");

puts(strupr(s));

cprintf("\r");

puts(strupr(t));

cprintf("\n %s" thaythe(205,60));
textcolor(LIGHTMAGENTA);

cprintf(*\n\r %10c DOI TRO LAI CHU THUONG","");

cprintf(*\n\n\r");
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puts(striwr(s));

cprintf("\r);

puts(striwr(t));

cprintf("\n %s" thaythe(205,60));
textcolor(LIGHTGREEN);

cprintf(*\n\r %10c DAO NGUOC CHU","");

cprintf("\n\n\r");
puts(strrev(s));
cprintf("\r);
puts(strrev(t));
cprintf("\n %s" thaythe(205,60));
getch();
¥
Vi du 7:Chuong trinh sau thuc hién x6a mdt so ky tu
#include"conio.h"
#include"alloc.h”
void xoa(char *nguon, char vitri, char so)
{
char k;
for (k=vitri-1;nguon[k+so];k++)
nguon[k]=nguon[k+so0];
nguon[k]="0;

}
void main()
{
int m,n;
char *s;

s=calloc(100,sizeof(char));
clrscr();
textcolor(YELLOW);

39



cprintf("\n - Nhap vao mot chuoi :");
gets(s);

textcolor(LIGHTRED);

cprintf("\r - Muon xoa tu vi tri nao : ");
scanf("%d",&m);
textcolor(LIGHTMAGENTA);
cprintf("\r- Muon xoa bao nhieu ky tu : ");
scanf("%d",&n);

textcolor(LIGHTRED);

Cpl’l ntf(' '\n\r'k******************************'k**' ') .

textcolor(YELLOW);
cprintf("\n\n\r  + Chuoi nguon la :");
textcolor(LIGHTCYAN);
cprintf("\n\r %s",s);
textcolor(LIGHTGREEN);
cprintf("\n\r  + Chuoi nguon dai :%d ky tu",strlen(s));
textcolor(LIGHTRED);
cprintf("\n\r  + Sau khi xoa con lai chuoi : ");
xoa(s,m,n);
textcolor(LIGHTMAGENTA);
cprintf("\n\r %s",s);
textcolor(LIGHTGREEN);
cprintf("\n\r  + Chieu dai la : %d ky tu",strlen(s));
textcolor(LIGHTCYAN);
cprintf(*\n\n\r * Bam phim bat ky de ket thuc");
getch();
¥

Vi du 8: Chuong trinh sau thyc hién ddo nguoc chuoi ky tu.

#include"conio.h"

#include"stdio.h"



#include"string.h"

#include"alloc.h”

void main()

{

char *chuoi;
chuoi=(char *)calloc(80,sizeof(char));
clrscr();
cprintf("\n- Nhap vao 1 chuoi : ");
gets(chuoi);

cprintf("\n\r- Chuoi nay co : %d ky tu ke ca ky tu trong
\n",strlen(chuoi));

cprintf(*\n\r- Dao nguoc chuoi nay thanh \n ");
cprintf(*\n\r %s " strrev(chuoi));
cprintf(*\n\n\r * Bam phim bat ky de ket thuc");
getch();
¥
Két qua thuc thi chuong trinh:
- Nhap vao 1 chuoi : Khoa Cong Nghe Thong Tin

- Chuoi nay co : 13 ky tu ke ca ky tu trong
- Dao nguoc chuoi nay thanh
niT gnohT ehnN gnoC aohK

* Bam phim bat ky de ket thuc

Vi du 9: Chuong trinh sau minh hoa ham cdng chudi.
#include"string.h"

#include"stdio.h"

#include <conio.h>
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void main()

{

}

char mot[100]="Que huong la chum khe ngot";
char hai[100]=" Cho con treo hai moi ngay";
char ba[100]="Que huong la duong di hoc";

char bon[100]=" Con ve rop buom vang bay";
clrscr();

printf(*\nCau \" %s\". Co chieu dai :%d ky tu ", mot,strlen(mot));
printf(*\nCau \" %s\". Co chieu dai :%d ky tu ",hai,strlen(hai));
printf(*\nCau \" %s\". Co chieu dai :%d ky tu ",ba,strlen(ba));
printf(*\nCau \" %s\". Co chieu dai :%d ky tu ",bon,strlen(bon));
strcat(mot,hai);

strcat(ba,bon);

printf(*\n");

printf("\n PHEP CONG CHUOI KY TU \n");

printf(*\n + Dem cau 1 + cau 2");

printf("\nHai cau %s",mot);

printf(*\n - Co chieu dai: %d ky tu :",strlen(mot));

printf(*\n");

printf(*\n + Dem cau 3 + cau 4");

printf("\nHai cau %s",ba);

printf(*\n - Co chieu dai : %d ky tu",strlen(ba));

getch();

Két qua thuc thi chwong trinh:

Cau "' Que huong la chum khe ngot". Co chieu dai :26 ky tu

Cau " Cho con treo hai moi ngay". Co chieu dai :26 ky tu

Cau " Que huong la duong di hoc". Co chieu dai :25 ky tu

Cau " Con ve rop buom vang bay". Co chieu dai :25 ky tu

42



PHEP CONG CHUOI KY TU

+ Demcau 1+ cau 2
Hai cau Que huong la chum khe ngot Cho con treo hai moi ngay
- Co chieu dai: 52 ky tu :

+ Dem cau 3 + cau 4
Hai cau Que huong la duong di hoc Con ve rop buom vang bay
- Co chieu dai : 50 ky tu

2.2 Kiéu dir liéu cé cau tric

2.2. 1 Kiéu dix liéu con tré

Kiéu dir liéu con tro 13 kiéu dir liéu luu trir dja chi cia mot 6 nhé trong may tinh.
Bién con tré 1a bién luu trit dia chi mot bién khéc hay luu dia chi cua mot 6 nhé trong
may tinh.

Pé khai bao bién con trd, chung ta phai khai bao theo khudn dang sau:

Tén kiéu dir liéu *tén bién con_tro;

Pé lay dia chi cia mot bién chung ta phai sir dung ct phap sau:

Tén bién con trd = &tén bién;

Vi duy sau cho thay viéc khai bao va str dung bién con tro:

int a;

int *p; //bién p 14 bién con tro

p=&a; //bién p trd dén bién a

*p =5 ; Iénh nay tuong duong véia =5

Trong vi du trén, bién con trd p luu trir dia chi cia bién a trong bd nhé.

Tuy nhién, con tro thé hién trong phan nay chwa noéi 1én hét kha niang manh mé
cta kiéu dir liéu con tro. Dé str dung hiéu qua con trd ciing nhu cac bd nhd hién co
trén hé théng, chung ta s& nghién ctru & cac bai sau.

2.2.2 Kiéu chu triic

Cau trac 12 mot kiéu dit liéu dugc nguoi dung tu dinh nghia, kiéu dit liéu nay chira
trong nd cac phan tir ma mdi phan tir co thé co kiéu dir liéu khac nhau. Kiéu cau tric
cho phép mo ta cac ddi tuong cé cau trac phic tap.
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Khai bao tong quat cua kiéu ciu trac (struct) nhu sau:
struct <tén kiéu ciu trac>
{
<kiéu dit liéu 1> <thanh phan 1>;
<kiéu dit liéu 2> <thanh phan 2>;
<kiéu dit liéu 3> <thanh phan 3>;
<kiéu dit liéu n> <thanh phan n>
b
Vi du 10: Dé mb ta cac thong tin vé mot con ngudi, chiing ta ¢ thé khai bao mot
kiéu dit liu va khai bdo mot cau trac nhu sau:
struct nguoi
{
char hoten[35];
int namsinh;
char noisinh[60];
int gioitinh; {0- nu;1:nam}
char diachi[79];
¥
Kiéu ciu trac dugc to chirc trong bd nhd vo1 mot cau trac lién tuc, khong chéng
lap 1én nhau:

35 2 60 2 79b
bytes bytes bytes bytes | ytes

Hot nam Noi gioi dia
en sinh sinh tinh chi

Kiéu cau triic bo sung nhitng han ché cia kiéu mang, gitp ching ta c6 kha ning
thé hién cac d6i tuong da dang cua thé gidi thuc vao trong may tinh mot cach d& dang
va chinh xéc hon.

Khi khai bao bién c6 kiéu dit liéu ciu tric, chiing ta truy xuat dén cac thanh phan
con bén trong bang diu cham (.).
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Vi du 14: Nhép danh sach cac hoc sinh co kiéu dit liéu nguoi nhu trén. In ra man
hinh thong tin cua c4c hoc sinh ¢6 nam sinh bé hon 1985.

#include <iostream.h>
#include <conio.h>
#include <stdio.h>
void main()

{

struct nguoi
{
char hoten[35];
int namsinh;
char noisinh[60];
int gioitinh;
char diachi[79];
Y
nguoi ds[100];
int n,i;
clrscr();
cout<<"Nhap vao so hoc sinh:";cin>>n;
cout<<"Nhap thong tin cho tung hoc sinh:"<<endl;
for (i=0;i<=n-1;i++)
{
cout<<"Nhap thong tin cho hoc sinh thu "<<i+1<<endl;
cout<<"Ho ten:";gets(ds[i].hoten);//scanf(*'%s",L[i].hoten);
cout<<"Nam sinh:";cin>>ds[i].namsinh;
cout<<"Noi sinh:";gets(ds[i].noisinh);
cout<<"Gioi tinh(1-Nam;0-Nu):";cin>>ds][i].gioitinh;
cout<<"Dia chi:";gets(ds[i].diachi);
¥

cout<<"Thong tin ve cac hoc sinh co nam sinh be hon 1985"<<endl,

45



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

if (ds[i].namsinh<1985)
{
cout<<"Thong tin:"<<endl;
cout<<"Ho ten:"<<ds[i].hoten<<endl;
cout<<"nam sinh:"<<ds[i].namsinh<<endl;
cout<<"Noi sinh:"<<ds[i].noisinh<<endl;
cout<<"Gioi tinh:"<<ds[i].gioitinh<<endl;
cout<<"Dia chi:"<<ds[i].diachi<<endl;

¥
getch();

¥

Két qua thyc thi chuong trinh minh hoa nhu sau:
Nhap vao so hoc sinh:2

Nhap thong tin cho tung hoc sinh:

Nhap thong tin cho hoc sinh thu 1

Ho ten:Nguyen Van A

Nam sinh:1975

Noi sinh:Lam Dong

Gioi tinh(1-Nam;0-Nu):1

Dia chi:01 Hoang Van Thu

Nhap thong tin cho hoc sinh thu 2

Ho ten:Le Thi Tam

Nam sinh:1985

Noi sinh:Duc Trong

Gioi tinh(1-Nam;0-Nu):0

Dia chi:Hiep An

Thong tin ve cac hoc sinh co nam sinh be hon 1985
Thong tin:

Ho ten:Nguyen Van A
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nam sinh:1975

Noi sinh:Lam Dong

Gioi tinh:1

Dia chi:01 Hoang Van Thu

Vi du 11: Nhap danh sach c6 t6i da 100 nhan vién gom 2 théng tin: ho tén va tudi.
Tinh tuoi trung binh ctia cac nhan vién trong cong ty va in ra danh sach cac nhan vién
c6 tudi 1én hon tudi trung binh.

#include <conio.h>

#include <stdio.h>

#include <iostream.h>

void main()

{

struct nv

{

char hoten[35];

int tuoi;

2

nv nhanvien[100];

float tuoitrungbinh=0;

intn,i;

clrscr();

cout<<"Nhap so nhan vien:";cin>>n;

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

{

cout<<"Nhap thong tin cho nhan vien thu "<<i+1<<endl;
cout<<"Ho ten:";gets(nhanvien[i].hoten);
cout<<"Tuoi:";cin>>nhanvien[i].tuoi;

¥

for (i=0;i<=n-1;i++)
tuoitrungbinh+=float(nhanvien[i].tuoi)/float(n);
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cout<<"Tuol trung binh cua cong ty:"<<tuoitrungbinh<<endl,
cout<<"Danh sach cac nhan vien co tuoi lon hon tuoi trung binh:"<<endl;
for (i=0;i<=n-1;i++)

if (nhanvien[i].tuoi>tuoitrungbinh)

{

cout<<"Thong tin"<<endl;

cout<<nhanvien[i].hoten<<endl;

cout<<nhanvien[i].tuoi<<endl;

¥
getch();

¥

Két qua thyc thi chuong trinh duoc minh hoa:

Nhap so nhan vien:3

Nhap thong tin cho nhan vien thu 1

Ho ten:Nguyen Van A

Tuoi:26

Nhap thong tin cho nhan vien thu 2

Ho ten:Nguyen Tan Beo

Tuoi:40

Nhap thong tin cho nhan vien thu 3

Ho ten:Nguyen Van Teo

Tuoi:20

Tuoi trung binh cua cong ty:28.666666

Danh sach cac nhan vien co tuoi lon hon tuoi trung binh:

Thong tin

Nguyen Tan Beo

40

Vi du 12: Viét chuong trinh tao mdt mang cac diém ngau nhién (dung cau tric
diém). Kiém tra xem cac di€m phat sinh nay c6 thoa man 2x+4y>20. Nhép r 1a ban
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kinh ctia mot duong tron tdm 0. Kiém tra xem cac diém phat sinh & trén c6 ndm trén
duong tron nay hay khong? In két qua 1én man hinh.
#include"stdio.h"
#include"stdlib.h"
#include”’conio.h”
#define Max 100
typedef struct
{
int x,y;
}oa do;
toa_do M[Max];
unsigned char Kk;
intr;
char tim_thay;
void khoi_tao()

{
randomize();
for (k=0; k<Max; k++)
{
M[K].x = random(20)-10;
M[K].y = random(20)-10;
}
}
void tim_kiem1()
{
tim_thay=0;

puts("Cac diem tren mat phang thoa 2x + 4y > 20 :");
for (k=0; k<Max; k++)
if (2*M[K].x + 4 * M[K].y > 20)
{
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tim_thay =1,
printf("( %2d\, %2d )",M[k].x, M[K].y);
¥
if (tim_thay)
puts("\n..la cac diem thoa x + 2y > 3");
else

puts("\nKhong co diem nao nhu vay");

by
void tim_kiem2()
{
tim_thay=0;
printf("-Nhap ban kinh R=");
scanf("%d",&r);
printf(Cac diem tren vong tron tam O ban kinh %d :\n",r);
for (k=0; k<Max; k++)
if (M[k].x * M[K].x + M[Kk].y * M[K].y == r*r)
{
tim_thay=1;
printf("( %2d\, %2d )",M[k].x, M[K].y);
¥
if (tim_thay)
printf("\n..la cac diem tren vong tron tam O ban kinh %d",r);
else

puts("\nKhong co diem nao nhu vay");

}

void main()
{
khoi_tao();
tim_kiem1();
tim_kiem2();

50



printf(*\n\t Bam phim bat ky de ket thuc");
getch();
by

Két qua mét 1an chay chuong trinh:

Cac diem tren mat phang thoa 2x + 4y > 20 :

(1, 7)(-4,8)(5 7)(8 4)(-1, 9)(-7,9)( 6 5)(0,9)

(2,6)(2 9)(-3,9)(3 9)9 5)-39)18)9 5)

(7,4)(6, 6)(-58)(9 6)9 4)

.la cac diemthoax + 2y >3

-Nhap ban kinh R=10

Cac diem tren vong tron tam O ban kinh 10 :

(8,-6)-10, 0)( 6,-8)

..la cac diem tren vong tron tam O ban kinh 10

Bam phim bat ky de ket thuc

2.3. Kiéu hop

Kiéu hop kha giéng kiéu cau triic. Tuy nhién, tat ca cac thanh phan duogc luu trit
trén cung mot dia chi by nhé. Vi du:

union viduhop

{

long lonnhat;

int thap;

o

Bién a c6 ki€u dir liu viduhop va thuc hién phép gan: a.lonnhat béu dién trong bo
nhd nhu sau:

a.lonnhat=502010416
2bytes 2bytes

1110111101100000100100011
0000

a.thap
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Mot trong nhitng cong dung ctia union 13 dung dé két hop mot kiéu dir liéu co ban
v6i mot mang hay cac cdu tric gdm cac phan tir nho hon. Vi dy:
union mix_t{
long I;
struct {
short hi;
short lo;
s
char c[4];
} mix;
dinh nghia ba phan tir cho phép ching ta truy xuat dén cing mot nhom 4 byte:
mix.], mix.s vd mix.c ma ching ta c6 thé st dung tuy theo viéc ching ta mudn truy
xuat dén nhom 4 byte nay nhu thé nao. Toi dung nhiéu kiéu dit liéu khac nhau, mang
va cAu tric trong union dé ban c6 thé thay cac cach khac nhau ma chung ta c6 thé truy
xuat dit liéu.

mix

mix.s.hi mix.s.1lo

Tmix.c[0] © mix.c[i] ' mix.c[2] ' mix.c[3]

Kiéu hop kha thuan tién trong viéc xtr Iy cac chuong trinh tinh theo byte trong
mot ludng dir liéu nhiéu byte nhan dugc, chang han, xtr Iy cac dir liéu tir cac cong
diéu khién.

Ngoai ra, kiéu hop con rat thuan loi trong viéc xur 1y s6 liéu dén bit, byte hay xt Iy
cac gia tri & mic do hé théng.

Vi du 14: Chuong trinh sau hién thi gia tri byte thip va byte cao cua mot sd
nguyén int.

#include <stdio.h>

#include <iostream.h>
#include <conio.h>

union kieu_hop {
inti;
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char ch[2];

o
kieu_hop uni;
void hien_thi(kieu_hop so)
{
clrscr();
cout<<"\n\n CHUONG TRINH MINH HOA SU DUNG UNION\n";
printf(**-Hien thi tri 16 (thap luc) cua Byte thap : %X\n",so0.ch[0]);
printf(*-Hien thi tri 16 (thap luc) cua Byte cao : %X\n",so.ch[1]);
printf("\n  Bam phim bat ky de ket thuc");
getch();
¥
void main()
{
uni.i=0X2040;
hien_thi(uni);
¥

Két qua thyc thi chuong trinh:

CHUONG TRINH MINH HOA SU DUNG UNION
-Hien thi tri 16 (thap luc) cua Byte thap : 40
-Hien thi tri 16 (thap luc) cua Byte cao : 20

Bam phim bat ky de ket thuc
Vi du 15: Hién thi bang ma ASCII theo hai kiéu ma: thap phan va nhi phan.
#include <stdio.h>
#include <conio.h>
#include <iostream.h>
typedef struct
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unsigned a: 1;
unsigned b: 1;
unsigned c: 1;
unsigned d: 1;
unsigned e: 1;
unsigned f: 1;
unsigned g: 1;
unsigned h: 1;
Fkytu;
union ma
{
char ch;
kytu b;
o
void hien_thi(char c)
{
ma u;
u.ch=c;

printf("\n %c  %3d %u %u %u %u %u %u %u %u ",
u.ch,u.ch,u.b.h,u.b.g,u.b.f,u.b.e,u.b.d,u.b.c,u.b.b,u.b.a);

}

void main()
{
char c;
clrscr();
printf("\n BANG MA ASCII\n"Y);

cout<<"In theo khung dang: Ky tu Thap phan Nhi phan"<<endl,
for (c=1; c<7; hien_thi(c++));
for (c='A"; c<'K'; hien_thi(c++));
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printf("\n

****************************************************") .
'

printf("\n Bam phim bat ky de ket thuc");
getch();
by

Chay chuong trinh ta dat duoc két qua:

BANG MA ASCII
In theo khung dang: Ky tu Thap phan Nhi phan

© 100000001
® 200000010
vy 300000011
¢ 400000100
& 500000101
o 600000110
A 6501000001
B 6601000010
C 6701000011
D 6801000100
E 6901000101
F 7001000110
G 7101000111
H 7201001000
| 7301001001
J 7401001010
ek e ke ek e ke ek e e ek ek ke ke ek ke ek ke ek ke
Bam phim bat ky de ket thuc
2.4 Kiéu tap tin (file)

Kiéu tap tin 1a kiéu dix liéu dugc luu trir trén dia véi mot tén tap tin xac dinh.



- File c6 2 loai :

+ Text file ( file van ban ).

+ Binary ( nhi phan : dbf, doc, bitmap,...).

- File van ban chi khac binary khi xir Iy ky tw chuyén dong (LF) ( ma 10 ) duoc
chuyén thanh 2 ky to¢ CR (ma 13) va LF ( ma 10) va khi doc 2 ky tu lién tiép CR va
LF trén file cho chung ta mgt ky tu LF.

- Céc thao tac trén file thuc hién thong qua con tré kiéu FILE. Mdi bién FILE c6 1
con tré lac dau s€ tré vao phan tir dau tién cua file. Sau moi thao tac doc hay ghi dir
liéu con tro tu dong do1 xudng mau tin ké ti€p. Lam viéc trén kiéu File thuong cé 3
cong doan : mo file, nhap xuat thong trén file va dong file.

* Mot s6 ham thong dung thao tac trén file ( tap tin/tép tin ) :

+ Mo file : FILE *fopen ( char *filename, char *mode); Néu c6 15i fp sé& tré dén
NULL.

+ Céac ché d6 mo file :

"t/ " b " : mé file dé doc theo kiéu van ban / nhi phan - file phai ton tai
trude néu khong sé€ co 101.

"w" "wt" /" wb " : m& ( tao ) file m&i dé ghi theo kiéu van ban/nhi phan - néu file
da c6 no sé bi xd6a (ghi de )( ludn ludn tao moi ).

"a" "at"/ "ab" : mo file dé ghi bo sung (append) thém theo kiéu van ban hodc nhi
phan( chua co thi tao méi ).

+ Pong file : int fclose ( file + bién file ) ;

Vi dy 15: Minh hoa mé tap tin.

void main ()

{

FILE *fp ;
fp = fopen ("c:\THUCTAP\\Data.txt", "wt" );
if (fp=NULL)
printf ( " khong mé dugc file c:\Thuctap\data.txt");
else

{

< xtr 1y file >

56



by

fclose (fp) ; /* dong file */

} 7 7 \ 7
+ Pong tat ca cac tap dang mo : int fcloseall(void) ; néu thanh cong trd vé s6 nguyén
bang tong so cac file dong dugc, nguoc lai tra vé EOF.

+ Ham x0a tap : remove (const + char*ten tdp ) ; néu thanh cong cho gia tri 0,
nguoc lai EOF.

+ Ham kiém tra cudi tap : int feof(FILE*fp) : !=0 : néu cudi tap= 0 : chwa cudi
tap.

+ Ham int putc ( int ch, FILE*fp);

Ham int fputc( int ch, FILE*fp);

Cong dung cua hai ham nay :ghi mét ky tu 1én tap fp theo khuoén dang dugc xac
dinh trong chuodi di€u khién dk. Chuoi dk va danh sach doi twong ty ham printf( ).
+ Ham int fscanf ( FILE *fp, const char *dk, ...);

Cong dung : doc dit liéu tir tap tin fp theo khudn dang ( dic ta) lam viéc giong
scanf( ).

Vi du 16: Gia st c6 file c:\data.txt luu 10 sd nguyén 1 5798 0 4 3 1520 . Hay
doc cac s0 nguyén thém vao modt mang sau do sap xEp tang dan ré1 ghi vao file
datasx.txt.

#include <stdio.h>

#include<conio.h>

#include<stdlib.h>

#define n 10

void main ()

{

FILE *fp ;

inti,j, t, a[n];

clrser () ;

fp = fopen (" ¢ :\\data.txt ", "rt");

/* mo file dé doc vao ming */
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if (fp = NULL)
{
printf ("khong m¢ duoc file ");
exit (1);
¥
while (1)
{ fscanf (fp,"%d" &al[i] ;
I++;

if (foef(fp) )
break ;
/* Srflp xép mang */
for (i=0;i<n-1;i++)
for (j=i+1; j<n; j++)
if (a[i]<ali])
{t=ali];a[i]=alj]; alil=t;}
fclose (fp);
/* mo file datasx.txt dé ghi sau khi sip xép */
fp = fopen (“c:\\datasx.txt ", "wt");
for (1=0; i<n;i++)
printf (fp,"%2d", a[i] );
fclose (fp);
1=0;
while (1)
{ fscanf (fp,"%d",&a[i] ;
i++;
if (foef(fp) )
break ;

}

- Ham int fputs ( const char *s, file *fp )



Cong dung : ghi chudi s 1én tap tin fp ( ddu "\0" ghi én tip) néu co 161 ham cho
eof.

- Ham char fgets ( char *s, int n, FILE *{p);

Cong dung : doc 1 chudi ky tu tir tap tin fp chira vao ving nhé s. Viéc doc két
thuc khi : hodc da doc n-1 ky tu hoac gap dau xudng dong( capma 13 10). khi d6 ma
10 dugc dua vao chuoi két qua.

- Ham int fwrite (void *p, int size , int n, FILE*fp);

p : 1a con trd tro t6i ving nhé chira dit lidu can ghi.

size : 1a kich thudc ciia mau tin theo byte.

n s6 miu tin can ghi.

fp 1a con tro tap.

chang han, fwrite(&tam) size of(tam),1,fv); /* tam 1a 1 miu tin(record) nao do*/
Cong dung : ghi mot mau tin (record) kich thudc sizebyte ( size of (tam)) tir ving nhé
p(&tam) 1én tap fp. Ham s€ tra vé mot gia tri = s6 mau tin thuc sy ghi duoc.

+ Ham int fread (void*p), int size , int n, FILE *{p);

p : la con trd trd to1 vung nhé chura dit liéu doc duogc.

size 1 kich thudc cia mau tin theo byte

n : 12 s6 mau tin can doc, fp 1a con tro tap tin.

Chéng han, fread (&tam, size of(KIEUHS), 1, 4 )>0)

Cong dung : doc n(1) mau tin kich thudc sizebyte (size of(tam)) tir tip tin fp chua
vao vung nho p(&tam). Ham trd vé mdt gia tri bang s6 mau tin thuc su doc duoc.

Vi dul7: Nhép vao danh sach 16p gom n hoc vién ("nhap vao). Thong tin vé mdi
hoc vién gom Ho tén, phai , diém, két qua. Xét két qua theo diéu kién sau : néu
biém>= 5 ( dau ), diém <5 : r6t. Sau d6 sdap x€p theo di€m va ghi vao tap tin
c:\lop.txt. Poc lai tap tin c:\lop.txt va xét lai két qua néu diém =4 va phai 1 nit s& dau
va chép sang tap tin c:\ketqua.txt.

#include<stdio.h>

#include<conio.h>

#include<stdlib.h>

#include<string.h>

struct

59


file:///c:/ketqua.txt

{ char ten[20] ; char phai[4] ; int diem ; char kq[4] ; } KieuHV;
KieuHV lop[100] , tam;
/* Ham nhap danh sach n hoc vién */
void nhapds (int n, KieuHV lop[])
{inti,diem;
for (i=0; i<n; i++)
{
printf (" nhap ho va tén nguoi tha %d : " ,1+ 1) ;
gets ( lop[i].ten);
printf ("phai (nam/nit ) : ") ; gets (lop[i].phai );
printf ("nhap diém =") ; scanf ("%d%c*c", &diem); lop[i].diem=diem;
if (diem>5)
strepy (lop[i].kq,"Pau");
else
strepy (lop[i].kq, "rét" ) ;
¥

/* Ham sap xép */
void sapxep (intn, KieuHV lop[ ])
{inti,j;
KieuHV tam;
for (i=0;i<n-1; i++)
for (j=i+1; j<0; j++)
if (lop[i].diem< lop[j]diem)
{ tam = lop[i] ; lop[i] = lop[j] ; lop [i] = tam ;}
¥

/* Ham in danh sach */
void inds (int n, KieuHS lop[ ])
{inti;
for (1=0;i<n ;i++)
printf ("\n %20s %55%5d%5s, lop[i].ten, lop[i].phai, lop[i].diem, LOP[I].kq );



void main ()
{inti,],n,t diem; FILE *fp, *fr;
printf ("\n nhap si sé : ") ; scanf("%d%*c",&n);
lop = (KieuHV*) malloc (n*size of (KieuHV));
nhapds(n, lop) ; sapxep ( n, lop); inds( n, lop); getch();
fp = fopen ("¢ :\\lop.txt "', "wb");
for (1=0;i<n;i++)
fwrite (&lop[ i], size of (KieuHV), 1, fp);
fclose(fp);
printf ("\n ghi dir liéu xong ");
printf("\n in file sau khi sap xép va xét két qua lai ");
fr = fopen ("c:\\ketqua.txt", "whb");
while ( fread (&tam, size of ( KieuHV), 1, fp ) > 0)
{
printf ("\n %s %s%d%s", tam.ten, tam.phai, tam.diem, tam.kq);
if (tam.diem = = 4 &&stremp(tam.phai,"nit")= =0 )
strepy(&tam.kq, "dau");
fwrite(&tam,size of(tam),1, fr);
¥
fclose (fp); fclose(fr);
printf ("\n in file ketqua.txt sau khi xét lai két qua ");
fp = fopen ("c:\\ketqua.txt", "rb");
while (fread(&tam, size of (KieuHV) , 1, fp) > 0)
printf("\n %s%s%d%s" tam.ten,tam.phai, tam.diem,tam.kq);
fclose (fp); getch();
¥
Céc ham xuat nhap ngau nhién
- Khi mé tép tin dé doc hay ghi, con tré chi vi luon ludén & dau tap tin (byte 0) néu

mo mode "a" (append)
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chuyén con tré chi vi tri cudi tap tin.

+ Ham void rewind (FILE*fp) : chuyén con tré chi vi cua tap fp vé dau tap tin.

+ Ham int fseek (FILE*fp, long sb byte, int xp)

fp : 1a con tro tap tin; s6 byte : 1a s byte can di chuyén.

xp " cho biét vi tri xuat phat ma viéc dich chuyén dugc bat dau tir do.

Xp = SEEK - SET hay 0 xuat phat tir dau tap.

Xp = SEEK - CUR hay 1 : xut phat tir vi tri hién tai ctia con tro.

xp= SEEK - END HAY 2 : xuit phat tir vi tri cudi tp cua con tro.

+ Cong dung : ham di chuyén con tro chi vi ciia tap fp tir vi tri xac dinh bdi xp qua
mot s byte bang gia tri tuyét doi cua so byte. Néu so byte > 0 : chuyén vé hudng cuoi
tap nguoc lai chuyén vé hudng dau tap. Néu thanh cong trd vé tri 0. Néu c6 101 tra
khac 0.

+ Chu v : khong nén dung fseep trén kiéu van ban, vi sy chuyén dbi ky tu( ma 10)
s€ lam cho viéc dinh vi thiéu chinh xac.

+ Ham long ftell(FILE*fp) ; : cho biét vi tri hién tai cua con trd chi vi (byte thtr
may trén tap fp) néu khong thanh cong tra ve tri -1L.

Vi du 18: gia st chung ta c6 tap tin c:\lop.txt chira danh sach cac hoc vién. Hay
doc danh sach va sap xép giam dan theo diém sau d6 ghi lai file c:\lop.txt ( ndi diém)

#include <stdio.h>

#include<conio.h>

#include<string.h>

#define N 100

struct

{ char ten[20] ; int tuoi; float diem ; } KieuHV ;

void main()

{ KieuHV hv[N] ; t;

FILE*fp;inti,,n;

fp = fopen ("c:\\lop.txt ", "rat™);

if (fp ==NULL)
{ printf ("khong m¢ duogc file "); exit(1); }
n=0;i=0;
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while (!feof (fp))
{ fread (&hv[i], size of (KieuHV), 1,fp);
I++; n++ ;
/* sap xép giam dan theo diém */
for (i=0, i <n-1, i++)
for (j=i+1; j<n, j++)
if (hv[i].diem <hv[j].diem)
{t=hv[i] ; hv[i] = hv[j] ; hv[j] =t}
/* ghi lén dia */
fseek (fp, 0, SEEK-END);
for (i=0; i<n ; i++)
fwrite(&hv[i], size of (KieuHV), 1, fp);
¥
Vi du 19: Hién thi tirng ky tu c6 trong tap tin van ban ra man hinh.
Phién ban 1: Dung bién ky tur
Tén tap tin: typex.cpp
#include <stdio.h>

void main(int argc, char *argv[])
{

FILE *fp;

char c;

if (argc <=1)
printf(*\nCach su dung : \n typex <ten tap tin>");
else
if ((fp = fopen(argv[1], "r")) == NULL)
printf("\nKhong the mo tap tin %s", argv[1]);
else

{
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while ((c = fgetc(fp)) '= EOF)
putc(c, stdout);
by
getch();
by
Phién ban 2: Dung mang ky tu
Tén tap tin: typex.cpp
#include <stdio.h>
#include <string.h>

void main(int argc, char *argv[])
{

FILE *fp;

char s[255];

if (argc <=1)
printf("\nCach su dung : \n typex <ten tap tin>");
else
if ((fp = fopen(argv[1], "r")) == NULL)
printf("\nKhong the mo tap tin %s", argv[1]);
else

while (fgets(s, 255, fp))
{
s[strlen(s) - 1] = 0;
if (strlen(s))
puts(s);
by
getch();

}



Vi du 20: Chuong trinh sau doc hai tap tin va ndi 2 tap tin thanh tap thu 3.
#include <stdio.h>

void main()

{

FILE *fpl, *fp2, *fpout;
char sf1[50], sf2[50], sfout[50];
int c;

printf("\nNhap ten tap tin thu nhat : ");

scanf("%s", &sfl);

printf("\nNhap ten tap tin thu hai : ");

scanf("%s", &sf2);

printf("\nNhap ten tap tin ket qua : ");

scanf("%s", &sfout);

if ((fpl = fopen(sfl, "r")) == NULL)
fprintf(stderr, "Khong the mo tap tin %s\n", sfl);

if (fp2 = fopen(sf2, "r")) == NULL)
fprintf(stderr, "Khong the mo tap tin %s\n", sf2);

if ((fpout = fopen(sfout, "w")) == NULL)
fprintf(stderr, "Khong the mo tap tin %s\n", sfout);

while ((c = getc(fpl)) != EOF)
putc(c, fpout);

while ((c = getc(fp2)) '= EOF)
putc(c, fpout);

fclose(fpl);

fclose(fp2);

fclose(fpout);

printf(*\nHoan tat! Nhan phim bat ky de ket thuc.");
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getch();
by

Vi du 21: Chuong trinh s€ ma hoéa ting ky tu trong tap tin véi mot ky tu nhap vao

theo phép toan XOR.
#include <stdio.h>

void main()

{
char c, filein[50], fileout[50], key;
FILE *fpin, *fpout;

printf(*\nCho biet ten tap tin nguon : ");
gets(filein);
printf(*\nCho biet ten tap tin dich : *);
gets(fileout);
printf(*\nCho biet khoa : ");
scanf("%c", &key);
if ((fpin = fopen(filein, "r")) == NULL)
printf("Khong tim thay tap tin %s", filein);
else
if ((fpout = fopen(fileout, "w+")) == NULL)
{
printf("Khong the tao tap tin %s", fileout);
fclose(fpin);

by
else
{
do{
c = fgetc(fpin);
if (c 1= EOF)
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fputc(c ™ key, fpout); //XOR
} while (c = EOF);
fclose(fpin);
fclose(fpout);
printf("\nDa ma hoa xong");
¥
getch();

¥
2.5. Cac kiéu dix liéu khac

Kiéu tu dinh nghia typedef

C++ cho phép chung ta dinh nghia cac kiéu dit liéu ctia riéng minh dya trén cac
kiéu dir li¢u da co. Bé co the lam viéc d6 ching ta s€ sir dung tur khoa typedef, dang
thirc nhu sau:

typedef kiéu dit liéu di c6 kiéu dit liéu méi;

trong d6 kiéu_dir liu di co 1a mot kiéu dir liéu co ban hay bat ki mot kiéu dix
ligu da dinh nghia va kiéu ditr li¢u moi 1a tén cua ki€u dir liéu mai. Vi du

typedef char C;

typedef unsigned int WORD;

typedef char * string_t;

typedef char field [50];

Trong truong hop nay chung ta da dinh nghia bon kiéu dir liéu méi: C, WORD,
string_t va field kiéu char, unsigned int, char* kiéu char[50], chung ta hoan toan cé
thé str dung chung nhu 1a cac kiéu dir liéu hop 1¢€:

achar, anotherchar, *ptcharl;

WORD myword,;

string_t ptchar2;

field name;

typedef ¢ thé hitu dung khi ban muén dinh nghia mot kiéu dir liéu duoc dung lap
di 1dp lai trong chuong trinh hoac kiéu dir li¢u ban mudn dung c6 tén qua dai va ban
muodn no co tén ngan hon.

Kiéu liét ké (enum)
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Kiéu dir liéu liét ké dung dé tao ra cac kiéu dir liéu chira mot cai gi d6 hoi dic biét
mot chit, khéng phai kiéu sb hay kiéu ki ty hodc cac hang true va false. Dang thirc
cua n6 nhu sau:

enum model_name {

valuel,
value2,
value3,

} object_name;

Chéng han, chung ta c6 thé tao ra mét kiéu dit liéu méi c6 tén color dé luu trir cac
mau v&i phan khai bao nhu sau:

enum colors_t {black, blue, green, cyan, red, purple, yellow, white};

Chu ¥ rang ching ta khong str dung bt ki mot kiéu dir liéu co ban nao trong phan
khai b4do. Ching ta da tao ra mot kiéu dir liéu méi ma khong dua trén bat ki kiéu dir
lidu ndo co sian: kiéu color t, nhing gia trj c6 thé cta kiéu color t duoc viét trong cap
ngodc nhon {}. Vi du, sau khi khai bao kiéu liét ké, biéu thirc sau s& 1a hop 1¢é:

colors_t mycolor;

mycolor = blue;

if (mycolor == green) mycolor = red;

Trén thuc té kiéu dir liéu liét ké duogc dich 1a mét sb nguyén va cac gia tri cua no
la cac hé‘mg ) nguyén duogc chi dinh. Néu diéu nay khong duoc chi dinh, gia tri
nguyén twong duong voi phan tir dau tién 12 0 va cac gia tri tiép theo cr thé ting 1én
1, Vi véy, trong kiéu dit liéu colors t ma ching ta dinh nghia ¢ trén, white tuong
duong voi 0, blue twong duong voi 1, green twong duong véi 2 va ct tiép tuc nhu
thé.

Néu ching ta chi dinh mdt gia tri nguyén cho mot gia tri nao do6 cua kiéu dir liéu
liét ké (trong vi du ndy 1a phan tir dau tién) cac gia tri tiép theo sé 1a cac gia tri nguyén
tiép theo, ch?mg han:

enum months_t { january=1, february, march, april,

may, june, july, august,

september, october, november, december} y2k;
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trong trudng hop nay, bién y2k c6 kiéu dit liéu liét ké months t c¢6 thé chira mot

trong 12 gia tri tir january dén december va tuong duong véi cac gid tri nguyén tir 1

dén 12, khong phai 0 dén 11 vi chiing ta dd dat january bang 1.

Vi du 22: Chuong trinh sau két hop giita kiéu liét ké va kiéu cau tric dé tinh

luong cho mot tuan lam viéc. Chu nhat duoc tinh gio gép doi, thr nam duoc tinh 1,25

gid cho mot gio lam. Gia tién tra cho mot gio luong 1a 1,1 USD.

#include"stdio.h"

enum luong_tuan{

Thu_Hai,Thu_Ba,Thu_tu,Thu_Nam,Thu_Sau,Thu_Bay,Chu_Nhat};
char *thu[]={"Thu Hai","Thu Ba","Thu Tu","Thu Nam","Thu Sau","Thu

Bay","Chu Nhat"};
void main()

{

enum luong_tuan ngay;

char ten[8];

float luong=0;

int gio;

clrscr();

printf(*\nCho biet ten : ");
scanf("%s",&ten);

for (ngay=Thu_Hai; ngay <=Chu_Nhat;ngay++)

{

" thu[(int)ngay]);

printf"\n- Gio lam viec trong ngay:

scanf("%d",&gio);
switch (ngay)
{
case Thu_Nam: luong+=1.25*gio;
break;
case Chu_Nhat: luong+=2*qgio;
break;

%s la=
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default - luong+=1.1*gio;
break;

by
printf("\n Ong ( Ba) : %s " ten);
printf(*\n-Se nhan duoc tien luong trong tuan la =");
printf("%d dollars va %0.2f cents",(int)luong,luong-(int)luong);
getch();

}

2.6. Bai tap

Bai tap 1: Hay viét chuong trinh nhap vao mot day cac s6 nguyén. Luu diy sb

nguyén nay vao file.

Bai tap 2: Tim kiém mét s6 nguyén trong ddy cac sd nguyén co trong file & bai tap

Bai tap 3: Viét chuong trinh giai hé phuong trinh dung phuong phap Gauss-
Jordan.

Bai tap 4: Viét chuong trinh quan 1y sach trong thu vién.

Bai tap 5: Viét chuong trinh doc hai ma tran vudng tir hai tap tin. Thuc hién céc

phép toan:

Nhan hai ma tran.
Cong hai ma tran.
Tinh da thirc ma tran.
Trir hai ma tran

Tinh AT

Bai tap 6: V& so do cac kiéu dit liéu da hoc trong bai.

Bai tap 7: Viét chuong trinh véi hai tap tin, mdt tap tin dung dé ma hoa, mot tap

tin chtra dir liéu. Thuc hién, doc tap tin dir liéu va doc tap tin ma hoa, sau d6 dung

phép toan XOR dé ma hoa tung ky tu doc dugc luu lai vao tap tin tha 3.
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CHUONG 3: MANG, DANH SACH VA CAC KIEU DU LIEU TRUU TUQNG
Ma bai: MH28.3
Muc ti€u:
— Trinh bay duoc khai niém, ciu tric luu trix cua dir liéu kiéu mang, kiéu danh sach;
— St dung dugc mot s6 phép toan xir 1y trén cic phan tir cua danh sach lién két;
— S dung céu tric, cac phép xir 1y, kha ning ap dung cua ngan xép, hang doi;
— Viét duoc mot sb giai thuat xir 1y cac yéu cau cu thé trén cac kiéu dir liéu trén;
— Cai dat dugc mot so thao tac xir 1y danh séach lién két, ngan Xép, hang do1 trén
ngon ngir C, Pascal;
— Nghiém tac, ti mi, sang tao trong viéc hoc va van dung vao lam bai tap. Chua dong
két hop cac ngdn ngit lap trinh dé cai dat thuat toan.
3.1 Mang
Kiéu dir liéu mang 1a mot tap hop c6 tht ty chira cac phan tir c6 cung kiéu dit licu
duogc luu trit lién tiép nhau trong bd nhd. Mang c6 thé mot chiéu hay nhiéu chiéu.
Mang mdt chiéu duoc khai bao nhu sau:
<tén kiéu dir liéu> ténbién[<kich thudc>]
Vi du 1: Pé khai bdo mot bién a 1a mot mang nguyén mot chiéu co6 100 phan ti,
chung ta phai khai bao nhu sau:
int a[100];
Pé truy xuat dén cac phan tir,chiing ta phai chi dinh tén va chi s6 phan tir can truy
xuat. Chang han:
a[0] - Truy xuat dén phan tir dau tién.
a[11] — Truy xuat dén phén tir thtr 12 (c6 chi sd 11)
a[99] — Truy xuit dén phan tir th 100 (c6 chi sé 99), 13 phan tir cudi cung &
mang trén.
Chung ta ciing c6 thé vira khai bao vira gan gia tri cho mot mang nhu sau:
inta [5] ={16, 2, 77, 40, 12071 };
Tuong ty, ching ta c6 thé khai bAo mot mang 2 hay nhiéu chiéu theo cti phap sau:
<tén kiéu dir liéu> ténbién[<kich thudc1>][<kich thude 2>][...];
Chang han, chiing ta khai bao khai bao mang nguyén 2 chiéu nhu sau:
int a[100][20];
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Vi du 2: Nhap mdt mang 1 chiéu ¢6 ti da 100 phﬁn tir, s6 phﬁn tor dugc nhap tur
ban phim. Hay in tong cac phan tir khong chia hét cho 2 va cac phan tir chia hét cho 2.
#include <conio.h>
#include <iostream.h>
void main()
{
int a[100]; //toi da 100 phan tu
int n,i;
long tongle,tongchan;
clrscr();
cout<<"Nhap vao so phan tu:";cin>>n;
for (i=0;i<=n-1;i++)
{
cout<<"Nhap gia tri phan tu thu "<<i<<": ";
cin>>a[i];
}
tongle=0;tongchan=0;
for (i=0;i<=n-1;i++)
if (a[i]%2==0)
tongchan+=a[i];
else
tongle+=a[i];
cout<<"Tong cac phan tu khong chia het cho 2:"<<tongle<<endl;
cout<<"Tong cac phan tu chia chet cho 2:"<<tongchan;
getch();

by
Vi du 3: Nhap vao hai ma tran Anar B v6i m,n dugc nhap tir ban phim. Sau do
in ra ma tran C la ma tran c6 dugc khi cong ma tran A cho B.
#include <conio.h>
#include <iostream.h>
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void main()
{
int a[100][100],b[100][100];
int c[100][100];
int n,m,ij;
clrscr();
cout<<"Nhap m=";cin>>m;
cout<<"Nhap n=";cin>>n;
cout<<"Nhap cac phan tu cho ma tran A"<<endl;
for (i=0;i<m;i++)
for (j=0;j<n;j++)
{
cout<<"a["<<i<<M"["<<j<<M]="
cin>>a[i][jl;
¥
cout<<"Nhap cac phan tu cho ma tran B"<<endl;
for (i=0;i<m;i++)
for (j=0;j<n;j++)
{
cout<<"p["<<i<<"]["<<j<<M]=",
cin>>b[i][j];
¥
/ltinh ma tran C
for (i=0;i<m;i++)
for (j=0;j<n;j++)
clilli]=ali][I+bLhT;
cout<<"cac phan tu trong ma tran C:"<<endl;
for (i=0;i<m;i++)
for(j=0;j<n;j++)
cout<<"c["<<i<<"["<<j<<M]="<<c[i][j]<<endl;



getch();
by

Mang duoc xir 1y rat uyén chuyén nhd phép toan truy cip truc tiép dit liéu thong
qua chi s phan tir, do d6, mang thudng duoc dung dé luu trir cac dit liéu trong nhiing
chuong trinh ma kha ning luu trit dir liéu khong 16n. Pong thoi, mang van 1a ciu trac
dir li¢u hay dugc dung trong céc giai phap xur ly dé quy-quay lui, hay xu 1y tham
lam, ... Chung ta tién hanh nghién ctru viéc tng dung mang trong mot sd phuong
phap.

Vi du 3: Bai toan tdm quan hau: Tim céach dat cac quan hau Ién ban cd vua sao
cho khong quan nao cé thé an dugc quan nao. Quy luat khong ché 6 cd ciia quan hau
duoc thé hién theo hudéng miii tén sau:

N !

J b

Thuat toan xay dung dua trén viéc dat quan hau lan luot trén tung dong. Chung ta
phai tim cot thich hop dé dat quan hau 1én dong tht i, tai cot j nao?

- Gia tri cOt da b1 quan hau khéng ché rat dé dang xac dinh béng cach xem co
quan hau nao nam trén cot d6 hay khong?

- Cac dudng chéo xudi duoc xac dinh dé dang vi 1ay chi sb cot trir chi sé dong
trén mot duong chéo ludn ludn 1a mot hﬁng s0.

- Cac dudng chéo ngugc duge xac dinh dé dang vi 14y chi s6 dong cong chi s6 cot
trén mot duong chéo ludn ludn 1a mot hang sd.

Bang chi s6 1+j ciia duong chéo xudi.
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Bai toan ndy chiing ta xir Iy bang cach diung mdt mang dé luu 1oi gidi (mang
loigiai). Hai méang dung dé luu dudng chéo cia ban cd (cheoxuoitrong,
cheonguoctrong), mot mang luu trit cac cot trong

#include <stdio.h>

#include <stdlib.h>

#include <conio.h>

#include <iostream.h>

#define KICHTHUOC 8 Il Kich thuoc cua ban co
#define SODUONGCHEO (2*KICHTHUOC-1) // So duong cheo cua ban co
#define SOGIA (KICHTHUOC-1) I/ so gia
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#define TRUE 1

#define FALSE 0

/I prototypes

void hoanghau(int);

void inloigiai(int loigiai[]);

int cottrong[KICHTHUOC];
// mang cac cot co the dat hoang hau

int cheoxuoitrong[SODUONGCHEOQO]; // mang cac duong cheo xuoi co the dat
hhau

int cheonguoctrong[SODUONGCHEO]; // mang cac duong cheo nguoc co the
dat hhau

int loigiai[KICHTHUOC];
/* mang loi giai cho biet cot dat cac hoang hau tren ban co. Vi du cac phan tu cua

mangla:7 3 0 2 5 1 6 4 cho biet hoang hau 0 dat o cot 7,
hoanghau 1 dato cot 3, ..., hoanghau 7o cot4  */
int SoLoiGiai = 0;

void main(void)

{

inti;

/* Khoi dong tat ca cac cot duong cheo xuoi, duong cheo nguoc deu co the dat
hoang hau */

for(i=0; 1 < KICHTHUOC; i++)
cottrong[i] = TRUE;

for(i=0; 1 < SODUONGCHEQ; i++)

{

cheoxuoitrong[i] = TRUE;
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cheonguoctrong[i] = TRUE;
¥

I/l Goi ham de qui de bat dau dat HoangHauO (hoang hau o hang 0)
hoanghau(0);
by

// Ham hoanghau giup dat hoang hau i (i tu 0 den KICHTHUOC-1) tren hang i
void hoanghau(int 1)
{
int j;
for(j = 0; ] < KICHTHUOC; j++)
if(cottrong[j] && cheoxuoitrong[i-j+SOGIA] && cheonguoctrong[i+j])
{

// Dat hoang hau vao o (i, j) tren ban co
loigiai[i] = j;

cottrong|[j] = FALSE;
cheoxuoitrong[i-j+SOGIA] = FALSE;
cheonguoctrong[i+j] = FALSE;

if(i == KICHTHUOC-1)

// Dkien dung, dat duoc con hoang hau cuoi
inloigiai(loigiai);

else // Buoc de qui, goi dat hoang hau i+1
hoanghau(i + 1);

// lan nguoc

cottrong[j] = TRUE;
cheoxuoitrong[i-j+SOGIA] = TRUE;
cheonguoctrong[i+j] = TRUE;



}
void inloigiai(int loigiai[])
{

int j;

SoLoiGiai++;

cout<<’Loi giai thu “<<SoLoiGiai;

for (j=0;j<n;j++)

cout<<”Hoang hau “<<j << “dat co cot *“ << loigiai[j] <<” dong “ <<j <<endl;

clrscr();

¥

Tuong tu, bai todn ma di tuan sau cling st dung cau truc mang dé giai quyet mot
cach dé¢ dang.

Vi du 4: Bai toan ma di tuan: Pit 1 quan mi vao ban co vua, hiy tim dudng di dé
quan ma di hét ban c& ma khdng di lai bat cir 6 nao.

#include <stdio.h>

#include <stdlib.h>

#include <conio.h>

#define KICHTHUOC 5 // Kich thuoc cua ban co

void nuocdi(int, int, int);

void innuocdi();
// To chuc ban co la mang hai chieu

int BanCo[KICHTHUOC][KICHTHUOC];

// 8 cach di cua con ma

inta[8]={2, 2, 1,-1,-2,-2,-1, 1};

intb[8] ={1,-1,-2,-2,-1, 1, 2, 2};

int SoLoiGiai = 0;

int main(void)

{
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inti, j, m,n;
clrscr();
for(i = 0; i < KICHTHUOQOC; i++)
for(j = 0; ] < KICHTHUOQC,; j++)
{
// Khoi dong tat ca cac o tren ban co deu chua di
for(m =0; m < KICHTHUOC; m++)
for(n =0; n < KICHTHUOC; n++)
BanCo[m][n] = 0;
// Chon nuoc di dau tien va goi ham de qui de di nuoc thu hai
BanCol[i][j] = 1;
nuocdi(2, i, j);
¥
return O;
¥
// Ham NuocDi giup di nuoc thu n xuat phat tu o(X, y)
void nuocdi(int n, int X, int y)
{
inti;
char c;
for(i=0;1<8;i++)
{
if(x+a[i] >= 0 && x+a[i] < KICHTHUOC && y+Db[i] >= 0 && y+b[i] <
KICHTHUOC &&BanCo[x+a][i]][y+bl[i]] == 0)
{
// Di nuoc thu n
BanCo[x+a[i]][y+b[i]] = n;

if(n == KICHTHUOC*KICHTHUQOC) // Dkien dung, di duoc nuoc cuoi
{
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innuocdi();
by
else // Buoc de qui, goi di nuoc n+1
nuocdi(n+1, x+a[i], y+b[i]);

// lan nguoc
BanCo[x+a[i]][y+b[i]] = 0;
}
}
}
void inloigiai()
{
inti,j;
cout<<’Loi giai”;
for (i=0;i<8;i++)
{
for (j=0;j<8;j++)
printf(“%3d”,BanCol[i][j]);

3.2. Danh sach lién két
I. KHAI NIEM:

Céu trac danh sach lién két 1a ciu trac dong, viéc cap phat nit va giai phong nat
trén danh sach xay ra khi chuong trinh dang chay. Ta thudng cip phat nat cho danh
sach lién két bang bién dong. Danh sach lién két c6 nhiéu loai nhu danh sach lién két
don, danh sach lién két kép, danh sach lién két da va danh sach lién két vong. Trong
chuong nay ra s& khao sat mot s6 loai danh sach lién két nhu don, kép va vong.

Céc phan tu trong danh sach lién két s& dugc cip phat ving nhd trong qué trinh
thuc thi chuong trinh, do d6 chiing c6 thé nam rai rac & nhiéu noi khac nhau trong bo
nhé (khong lién tuc).
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Firs>»| 1 > 2 » 3 > 4 —l
3| Null
First —» 1
2 |4
4 -‘—i

Nul

Hinh 4.1 Minh hoa danh sdch lién két trong bg nhé

Cac phan tt trong danh sach dugc két ndi voi nhau theo chum lién két nhu hinh
trén:

- First 1a con tré chi dén phan tir dau cua danh sach lién két

- Phan tr cudi ctia danh sach lién két véi ving lién két c6 gia tri NULL

- Mdi nut cua danh sach c6 truong info chia noi dung ctia nat va trudong next 1a
con tro chi dén nat ké tiép trong danh sach.

* Luu y.

- Céu tric danh séach lién két 1a cau triic dong, cac niit duoc cap phat hoac bi giai
phong khi chuong trinh dang chay.

- Danh sach lién két rat thich hop khi thuc hién cac phép toan trén danh sach
thuong bi bién dong. Trong truong hop x6a hay thém phan tir trong danh sach lién két
thi ta khong doi cac phan to di nhu trong danh sach tuyén tinh (mang) ma chi viéc
hiéu chinh lai truong next tai cac nat dang thao tac. Thoi gian thuc hién cac phép toan
thém vao va loai bo khong phu thudc vao s phan tir caa danh sach lién két.

- Tuy nhién, danh séach lién két cling c6 cac diém han ché sau:

+ Vi mdi niit ctia danh sach lién két phai chira thém trudng next nén danh sach
lién két phai ton thém bo nhd.

+ Tim kiém trén danh sach lién két khong nhanh vi ta chi duoc truy xuat tuan
tu tir dau danh sach.

= Khai bao : M6t phan tir ctia danh sach lién két it nhat phai c6 hai thanh phan :
noi dung cua phan tar (info) va thanh phan next dé lién két phan tir nay véi phan tir
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khac.

Gia st ta khai bao kiéu NODEPTR 1a kiéu con tro chi dén nit trong 1 danh sach
lién két, mdi phan tir ¢6 2 thanh phan : info (s6 nguyén) va next.

struct node

{ intinfo;

struct node *next ;

o

typedef struct node *NODEPTR;

- PBé khai bao bién First quan 1y danh sach lién két ta viét nhu sau:

NODEPTR First;

- Khoi tao danh sach lién két : First = NULL;

- Ghichu :

- Thanh phan chaa noi dung c6 thé géom nhiéu ving véi cac kiéu dir liéu khac
nhau.

Vi du: Khai béo bién First dé quan 1y mot danh sach sinh vién véi cau tric dit
licu 1a danh sach lién két don, moi sinh vién gom c6 2 thanh phan la: mssv (soO
nguyén) va ho tén.

struct sinhvien
int mssv;
char hoten[30];
2
struct node
{ sinhviensv;
struct node *next ;
o
typedef struct node *NODEPTR,;
NODEPTR First;

- Thanh phan lién két ciing c6 thé nhiéu hon mot néu 1a danh sach da lién két
hoac danh sach lién két kép.

- First 1a con tro tro dén phan tir dau tién cta danh sach lién két, né co thé 1a kiéu
con tré (nhu khai bao trén), va ciing c6 thé 1a mdt struct cé hai thanh phan: First tro
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dén phan tr dau tién cua danh sach lién két, va Last tré dén phan tir cudi caa danh
sach lién két.
struct Linked_L.ist;
{ First NODEPTR,;
Last NODEPTR;
b
1. CAC PHEP TOAN TREN DANH SACH LIEN KET:
Pé don gian, cac phép toan sau day s& dugc thao tac trén danh sach cac sb
nguyén véi khai bado nhu sau:
struct node
{ intinfo;
struct node *next ;
b
typedef struct node *NODEPTR,;
- Pé khai bao bién First quan 1y danh sach lién két ta viét nhu sau:
NODEPTR First;
11.1. Tao danh sach:
a. Khéi tao danh sich (Initialize): dung dé khai dong mot danh sach lién két, cho
chuong trinh hi€u 1a hién tai danh séach lién két chua c6 phan tu.
void Initialize(NODEPTR &First)
{
First = NULL;
}
b. Cap phat viing nhé (New Node): cip phat mot ntt cho danh sach lién két. Ham
New Node nay tra vé dia chi ctia ntit vira cp phat.

Trong chuong trinh ¢6 sir dung ham malloc (trong <alloc.h>), ham nay cap phat
mot khéi nha tinh theo byte tir bd nhé heap. Néu cap phat thanh cong, ham malloc tra
vé dia chi ciia viing nhd vira cip phét, nguoc lai né sé& tra vé NULL.

NODEPTR New_node(void)

{
NODEPTR p;
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p = (NODEPTR)malloc(sizeof(struct node));
return (p);

}

c. Thém vao diu danh sach (Insert first): thém mot nat c6 ndi dung x vao dau danh

h

J NULL

sach lién két.
First F

Hinh 4.2 Thém niit c6 néi dung x vao dau danh sdch lién két
void Insert_first(NODEPTR &First, int x)
{

NODEPTR p;

p = New_node();

Y

\ 4
|

Y
|

X -

p->info = x;
p->next = First;
First = p;

¥

d. Thém nit méi vao sau nit ¢é dia chi p (Insert_after): thém mdt nut c6 ndi dung X
vao sau nit c6 dia chi p trong danh sach lién két First.

Yp
|-; 1, —l
NULL
T

4q
Hinh 4.3 Thém nut co ngi dung x vao sau nut co dia chi p
void Insert_after(NODEPTR p, int X)
{
NODEPTR q;
if(p == NULL)

Y

First >
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printf(*"khong them phan tu vao danh sach duoc");
else
{
q = New_node();
g->info = x;
g->next = p->next;
p->next = q;
}
¥
11.2. Tim kiém (Search_info):
Tim nut dau tién trong danh sach c6 info bang véi x. Do ddy 1a danh sach lién
két nén ta phai tim tir dau danh sach.
Ham Search_info néu tim thiy x trong danh séach thi tra vé dia chi cta nat co tri
bang x trong danh sach, néu khéng c6 thi tra vé tri NULL.
NODEPTR Search_info(NODEPTR First, int x)
{
NODEPTR p;
p = First;
while(p '= NULL && p->info !1=x )
p = p->next;
return(p);
}
11.3. Cap nhat danh sach:
a._Giai phéng vung nhé (free): Ham nay dung dé huy nat di cip phat, va tra
vung nhd vé lai cho memory heap.

free( p) ; véi p 1a bién con tro

b. Kiém tra danh séch lién két réng hay khéng (Empty): ham Empty tra vé
TRUE néu danh sach lién két rdng, va nguoc lai.

int Empty(NODEPTR First)

{
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return(First == NULL ? TRUE : FALSE);
by

c. X6a phan tir ddu ciia danh sich (Delete First): mudn x6a 1 phan tir khoi
danh sach lién két thi ta phai kiém tra xem danh sach c6 rdng hay khong. Néu danh

sach co phan tir thi méi x6a dugc.
p

First > »

| = S iE,

NULL
Hinh 4.4 Xéa nit dau tién trong danh sdch lién két
void Delete_First (NODEPTR &First)
{ NODEPTR p;
if (Empty(First))
printf("'Danh sach rong nen khong the xo0a");

Y

else

{

p = First; // nut can xoa la nut dau
First = p->next;

free(p);
}
}
d. X6a phin tir ding sau nut c6 dia chi p (Delete after):
First > > > 1 ... ]
Sk
p q
T T I NULL

Hinh 4.5 Xoa nut sau nut co dia chi p
void Delete_after(NODEPTR p)
{ NODEPTRq;
/I néu p 1a NULL hodc sau p khong c6 nit
if((p == NULL) || (p->next == NULL))

printf("Khong xoa duoc");
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else
{
q = p->next; // g chi nut can xoa
p->next = q->next;
free(q);
¥
¥

e. X6a phan tir theo néi dung (Delete info):

- Tim dia chi cia phan tir c6 ndi dung 13 x trong danh sach lién két.
- Loai bé phan tir nay theo dia chi.
void Delete_info(NODEPTR &First,int x)
{ NODEPTR q,p;
p= search_info(First,x);
if (p==NULL)
printf("Khong co gia tri %d trong danh sach”, x);
else
{
if (p==First)
Delete_first(First);
else
{
q=First;
while (g->next '=p)
g=0->nhext;
Delete_after(q);
¥
printf("Da xoa phan tu co gia tri %d trong danh sach™,x);
¥
¥
Luu v : Giai thuat nay chi loai b phan tir du tién trong danh sach ¢ gia tri info
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= X.

f. Xéa toan bd danh sach (Clearlist): ta c6 thé str dung lénh First = NULL dé
x6a toan b danh sach, nhung trong bo nhd, cic ving nhd da cap phat cho cac nit
khéng giai phong vé lai cho memory heap, nén sé& ling phi viung nhé. Do do, ta su
dung giai thuat sau:

void Clearlist(NODEPTR &First)

{

NODEPTR p;
while(First = NULL)

{
p = First;

First = First->next;
free(p);

¥

}
11.4. Duyét danh sach:

Thong thudng ta hay duyét danh sach lién két dé thuc hién mot cong viée gi do,
nhu liét ké dit liéu trong danh sach hay dém sé nat trong danh sach...
void Traverse(NODEPTR First)
{ NODEPTR p;
int stt = 0;
p = First;
if(p == NULL)
printf("\n (Khong co phan tu trong danh sach)");
while(p '= NULL)
{
printf("\n  %5d%8d", stt++, p->info);
p = p->next;
¥
¥

88



11.5. Sip xép (Selection Sort): sap xép danh sach lién két theo thu ty info ting
dan.

- Noi dung: Ta so sanh tit ca cac phan tir ciia danh sach dé chon ra mot phan tur
nho nhat dwa vé dau danh sach; sau do, tiép tuc chon phan tir nhoé nhét trong cac phan
tur con lai dé dua vé phan tir thur hai trong danh sach. Qua trinh nay 1ap lai cho dén khi
chon ra dugc phan tir nho thi (n-1).

- Giai thuat:

void Selection_Sort(NODEPTR &First)
{ NODEPTR p, g, pmin;
int min;
for(p = First; p->next '= NULL,; p = p->next)
{ min = p->info;
pmin = p;
for(q = p->next; q '= NULL,; g = g->next)
iIf(min > g->info)
{
min = g->info;
pmin = q;
¥
// hoan doi truong info cua hai nut p va pmin
pmin->info = p->info;
p->info = min;

}
I1I. CAC PHEP TOAN TREN DANH SACH LIEN KET CO THU TU:

Danh sach lién két c6 thir ty 13 mot danh sach lién két dd duoc sap xép theo mot
thi ty nhat dinh (tang hay giam) trén mot thanh phan nao d6 cia noi dung. O day, ta
gia str danh sach lién két First c6 thur ty ting theo thanh phan info.

I11.1. Phép thém vao :

Thém vao danh sach lién két co thir ty mot phan tir ¢6 ndi dung 1a x sao cho sau

khi thém vao van dam bao tinh c6 thir tu ciia danh sach.
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First >

Y

A |; A = _1

NULL
>
ph
Hinh 4.6 Thém nut co noi dung x vao danh sach lién két cé thir tu

* Giai thuat:
- Tao phan tir méi, gan gia tri x cho nd
New_node (p);
p->info = x;
- Tim vj tri thich hop dé dua phan tir méi vao, nghia 1a tim hai vi tri t va s sao
cho: th.info <= x <= s".info
for(s = First; s 1= NULL && s->info < x; t=s, s = s->next);
- Gan lién két thich hop sao cho p niam giira hai phan ti c6 dia chit vas:
if(s == First) // them nut vao dau danh sach lien ket
{
p->next = First;
First = p;
¥
else // them nut p vao truoc nut s
{
p->next=s;
t->next=p;
¥
* Chuong trinh:
void Insert_Order(NODEPTR &First, int x)
{
NODEPTR p, t, s; // g la nut truoc, p la nut sau
p=New_node();

p->info=x;
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for(s = First; s 1= NULL && s->info < X ; t=s, s = s->next);
if(s == First) // them nut vao dau danh sach lien ket
{
p->next = First;
First = p;
by
else // them nut p vao truoc nut s
{
p->next=s;
t->next=p;
¥
¥

111.2. Phép tron :
Cho hai danh sach lién két First1, First2 da c6 tha ty. Hay tron hai danh sach nay
lai thanh mot danh sach lién két méi First3 sao cho né cling co thr tu.
7 |=—| 9 |T—| 10 —l

£ TL TL -l NULL
First2 2 |7 5 || 3 -l

NULL
Hinh 4.7 Trén hai danh sdch lién két cé thir tw
a. Giai_thuat: Goi pl, p2, p3 1a 3 bién con tré dé duyét 3 danh sach Firstl,
First2, First3
- Tao gia nat dau tién trong danh sach lién két First3 dé hinh thanh mot phan
ttr cho p3 chi dén.
- Duyét Firstl va First2:
Néu p1->info < p2->info:

Firstl=>»| 1 =

3 -

Pua phan tir pl vao sau phan tir p3
Cho p1 chi dén phan tir ké trong danh sach First]
Néu p2->info < pl->info:
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Pua phan tir p2 vao sau phan tir p3
Cho p2 chi dén phan tir ké trong danh sach First2
Qua trinh duyét s€ dung lai khi 1 trong 2 danh sach da duyét xong
- Pua ndt phan con lai cua danh sach chwa duyét xong vao danh sach lién két
First3.
- X6a phan tir gia dau danh sach First3 di tao & trén.
NODEPTR Merge(NODEPTR Firstl, NODEPTR First2)
{ NODEPTR p1, p2, p3;
First3=New_node();
pl=Firstl; p2 = First2; p3=First3;
while (p1 '=NULL && p2 '=NULL)
if (p1->info < p2->info)
{ p3->next = p1;
p3=p1;
pl=pl->next;
}
else
{ p3->next = p2;
p3=p2;
p2=p2->next ;
}
if (p1==NULL)
p3->next=p2;
else
p3->next=p1;
p3 = First3;
First3=p3->next;
free(p3);
return First3;
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Vi du:

Viét chuong trinh tao mot menu dé quan 1y danh sach sinh vién gdm céac cong

VIEC sau:
1.

Tao danh sach sinh vién: Qua trinh nhdp danh sach s€ dung lai khi ta nhap
mi s6 13 0.

Thém sinh vién vao danh sach: Thém 1 sinh vién vao danh sach, vi tri sinh
vién thém vao do ta chon

Xem danh sach sinh vién: Liét ké danh sach sinh vién trén man hinh

Hiéu chinh sinh vién: nhap vao vi tri sinh vién can hiéu chinh, sau d6 chuong
trinh cho phép ta hiéu chinh lai ma sé, ho, tén cua sinh vién.

Xoa sinh vién trong danh sach: x6a sinh vién theo vi tri.

Tim kiém sinh vién theo ma so: nhap vao ma sb sinh vién, sau d6 in ra vi tri
cua sinh vién trong danh sach.

Sép xép danh séach sinh vién theo ma s ting dan

Thém sinh vién vao danh sach d3 c6 thir tu ting dan theo ma sé sao cho sau
khi thém thi danh sach van con ting dan theo ma so.

Xba toan by danh sach sinh vién.

Biét rang:

- MAi sinh vién gém cac thong tin: mi s (int), ho, tén

- Danh sach sinh vién duoc t6 chire theo danh sach lién két don.

Chuong trinh:

#include <stdio.h>

#include <stdlib.h>

#include <conio.h>

#include <alloc.h>
#include <ctype.h>
#define TRUE 1
#define FALSE 0
struct sinhvien

{

int mssv;
93



char ho[30];
char ten[10];
o
struct node
{
sinhvien sv;
struct node *next;
o
typedef node *NODEPTR;
NODEPTR First;
sinhvien sv;
NODEPTR p;
// Phep toan New_node: cap phat mot nut cho danh sach lien ket
NODEPTR New_node(void)
{
NODEPTR p;
p = (NODEPTR)malloc(sizeof(struct node));
return(p);
}
/* Tac vu nodepointer: xac dinh con tro cua nut i trong danh sach lien ket
(i=2,..)*
NODEPTR nodepointer(NODEPTR First, int 1)
{
NODEPTR p;
int vitri=1;
p = First;
while(p '= NULL && vitri <)
{
p = p->next;
vitri++;
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b
return(p);

}

/l Tac vu position: xac dinh vi tri cua nut p trong danh sach lien ket

int position(NODEPTR First, NODEPTR p)

{
int vitri;
NODEPTR q;
q = First;
vitri = 1;
while(q '= NULL && q !'=p)
{
q = g->next;
vitri++;
¥
if(@ == NULL)
return(-1);
return(vitri);
}

// Phep toan initialize: khoi dong danh sach lien ket
void initialize(NODEPTR &First)
{
First = NULL;
¥
// Tac vu Empty: kiem tra danh sach lien ket co bi rong khong
int Empty(NODEPTR First)

{
return(First == NULL ? TRUE : FALSE);

}

// Phep toan Insert_first: them nut moi vao dau danh sach lien ket
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void Insert_first(NODEPTR &First, sinhvien x)
{
NODEPTR p;
p = New_node();
p->sV = X;
p->next = First;
First = p;
¥
// Phep toan Insert_after: them nut moi sau nut co dia chi p
void Insert_after(NODEPTR p, sinhvien x)
{
NODEPTR q;
if(p == NULL)
printf(*"khong them sinh vien vao danh sach duoc™);
else
{
g = New_node();
q->sV = X;
g->next = p->next;
p->next = q;
}
}

// Phep toan Delete_first: xoa nut o dau danh sach lien ket
void Delete_first(NODEPTR &First)
{
NODEPTR p;
If(Empty(First))
printf(""Khong co sinh vien trong danh sach™);
else

{
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p = First; // nut can xoa la nut dau
First = p->next;
free(p);
¥
by

I/ Tac vu Delete_after: xoa nut sau nut p
void Delete_after(NODEPTR p)
{
NODEPTR q;
/I neu p la NULL hoac p chi nut cuoi
if((p == NULL) || (p->next == NULL))
printf("khong xoa sinh vien nay duoc™);
else
{
q = p->next; // g chi nut can xoa
p->next = q->next;
free(q);
¥
¥

/* Phep toan Insert_Order: Phep toan nay chi su dung khi them nut vao danh
sach lien ket da co thu tu */

void Insert_Order(NODEPTR &First, sinhvien x)
{
NODEPTR p, q; // g la nut truoc, p la nut sau
g = NULL;
for(p = First; p = NULL && p->sv.mssv< X.mssv; p = p->next)
q=p;
iIf(g == NULL) // them nut vao dau danh sach lien ket
Insert_first(First, x);
else /[ them nut vao sau nut q
97



Insert_after(q, x);

}

// Phep toan clearlist: xoa tat ca cac nut trong danh sach lien ket
void clearlist(NODEPTR &First)

{
NODEPTR p, q; // q la nut truoc, p la nut sau
p = First;
while(First '= NULL)
{
p = First;
First = First->next;
free(p);
¥
¥

// Phep toan traverse: duyet danh sach lien ket
void traverse(NODEPTR First)
{
NODEPTR p;
int stt = 0;
p = First;
if(p == NULL)
printf("\n (Khong co sinh vien trong danh sach)");
while(p = NULL)
{
printf("\n %5d %8d %-30s %-10s", ++stt, p->sv.mssv, p->sv.ho,p->sv.ten);
p = p->next;
¥
¥
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[* Tac vu search_info: tim kiem theo phuong phap tim kiem tuyen tinh, neu

khong tim thay ham nay tra ve NULL, neu tim thay ham nay tra ve con tro

chi nut tim thay */
NODEPTR search_info(NODEPTR First, int x)

{
NODEPTR p;
p = First;
while(p '= NULL && p->sv.mssv =X )
p = p->next;
return(p);
¥

/Il Tac vu selectionsort: sap xep danh sach lien ket theo MSSV tang dan

void selectionsort(NODEPTR &First)

{

NODEPTR p, g, pmin;
sinhvien min;

for(p = First; p->next '= NULL,; p = p->next)

{

min = p->sv;
pmin = p;
for(q = p->next; q '= NULL,; g = g->next)
iIf(min.mssv > g->sv.mssv)
{
min = ->sv;
pmin = q;
¥
// hoan doi truong info cua hai nut p va pmin
pmin->sv = p->sv;
p->sv = min;
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}

char menu ()

{ char chucnang;
do
{ clrscr();

printf("\n\n\\tMCHUONG TRINH QUAN LY DANH SACH SINH
VIEN");

printf(*\n\nCac chuc nang cua chuong trinh:\n");
printf(" 1: Tao danh sach sinh vien\n");

printf("  2: Them sinh vien vao danh sach\n");

printf(" 3: Xem danh sach sinh vien\n");

printf(" 4: Hieu chinh sinh vien\n");

printf(" 5: Xoa sinh vien trong danh sach\n");

printf("  6: Tim kKiem sinh vien theo MSSV\n");

printf(" 7: Sap xep danh sach theo MSSV\n");

printf(" 8: Them sinh vien vao danh sach da co thu tu\n");
printf(" 9: Xoa toan bo danh sach\n");

printf(" 0: Ket thuc chuong trinh\n");
printf("Chuc nang ban chon: ");
chucnang = getche();
} while(chucnang < '0' || chucnang >'9") ;
return chucnang;

by

void Create_list(NODEPTR &First)

{ NODEPTR Last,p;

sinhvien sv;

char maso [5],c;
clearlist(First);
printf("Ma so sinh vien: ");
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gets(maso);
sv.mssv = atoi(maso);
while (sv.mssv !=0)

{
printf("Ho sinh vien: ");
gets(sv.ho);
printf("Ten sinh vien: ");
gets(sv.ten);
p=New_node();
p->SV=sv;
if (First==NULL)
First=p;
else
Last->next = p;
Last=p;
p->next=NULL,;
printf(**Ma so sinh vien moi: ");
gets(maso);
sv.mssv = atoi(maso);
¥

¥

// chuong trinh chinh

void main()

{

int vitri;

char chucnang, ¢, maso [5], c_vitri[5];
// khoi dong danh sach lien ket
initialize(First);

do

{
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chucnang = menu();
flushall();
switch(chucnang)
{
case '1"
{
Create_list(First);
break;
}
case 2"
{
printf("\nVi tri them (1, 2, ...): *);
gets(c_vitri);
vitri = atoi(c_vitri);
p = nodepointer(First, vitri-1);//p chi nut truoc nut can them
if (vitri <=0 || p==NULL)

{
printf("Vi tri khong hop le™);
getche();

}

else

{

printf(Ma so sinh vien: ");
gets(maso);
sv.mssv = atoi(maso);
printf("Ho sinh vien: ™);
gets(sv.ho);
printf("Ten sinh vien: ");
gets(sv.ten);
if (vitri == 1)
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Insert_first(First, sv);
else
Insert_after(p, sv);

by
break;
by
case ‘3"
{
printf("\nDanh sach sinh vien: ");
printf("\n STT MSSV HO TEN");
traverse(First);
getche();
break;
¥
case ‘4"
{

printf("\nVi tri hieu chinh (1, 2, ...): ");
gets(c_vitri);
vitri = atoi(c_vitri);
p = nodepointer(First, vitri); // p chi nut can hieu chinh
if(p == NULL)
{
printf("Vi tri khong phu hop");
getche();
¥

else

{

printf("\nSTT:%d MSSV:%d HO:%s TEN:%s",

vitri,p->sv.mssv, p->sv.ho, p->sv.ten);
printf(*\nMa so sv moi: ");
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gets(maso);
sv.mssv = atoi(maso);
printf(**Ho sv moi: ");
gets(sv.ho);
printf("Ten sv moi: ");
gets(sv.ten);
p->SV = Sv;
¥
break;
¥
case ‘5"
{
printf("\nVi tri xoa (1, 2, ...): ");
gets(c_vitri);
vitri = atoi(c_vitri);
p = nodepointer(First, vitri-1);//p chi nut truoc nut can xoa
if (vitri <=0 || p==NULL)

{
printf("Vi tri khong hop le");
getche();
¥
else
if(vitri == 1)
Delete_first(First);
else
Delete_after(p);
break;
¥
case 6"
{
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printf(*\nMa so sinh vien can tim: ");
gets(maso);
sv.mssv = atoi(maso);
p = search_info(First, sv.mssv);
if(p == NULL)
printf("Khong co sinh vien co MSSV %d trong danh sach™,
SV.MSsV);
else
printf("Tim thay o vi tri %d trong danh sach”, position(First, p));
getche();
break;
by
case ‘7"
{
printf("\n  Ban co chac khong? (c/Kk): *);
c = toupper(getche());
if(c=="C"
selectionsort(First);
break;
by
case ‘8"
{
printf("\n  Ban nho sap xep danh sach truoc. Nhan phim bat ky ...");
getche();
printf("\nMa so sinh vien: ");
gets(maso);
sv.mssv = atoi(maso);
printf("Ho sinh vien: ");
gets(sv.ho);
printf("Ten sinh vien: ");
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gets(sv.ten);
Insert_Order(First, sv);
break;

by

case '9"

{
printf("\n Ban co chac khong (c/k): ");
c = getche();
ifc=="c"||c=="C")

clearlist(First);

break;

}

¥
} while(chucnang !="0");

I xoa tat ca cac nut tren danh sach lien ket
clearlist(First);
}
IV. DANH SACH LIEN KET VONG:
IV.1. Khai niém :

Danh séach lién két vong 1 danh sach lién két ma truong next caia phan tir cudi sé

chi t6i phan tir dau cua danh sach.

info next

o Last

A A
7 Ll

Y

A
7

Hinh 4.8 Danh sdch lién két vong

Qui wéc: Pé don gian giai thuat, ta qui uéc ding con tro Last dé quan 1y danh
sach lién két vong, con trd nay s& chi tgi phan ti cudi trong danh sach lién két vong.

Nhu vay:

+ Néu danh séach lién két vong rong <> Last = NULL
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+ Néu danh sach lién két vong chi c6 mot phan tir ¢> (Last ==Last->next)
- Khai bao: Ta khai bao bién Last quan 1y danh sach lién két vong véi thanh phan
noi dung 1a s6 nguyén nhu sau:
struct node
{ intinfo;
struct node *next ;
Y
typedef struct node *NODEPTR,;
NODEPTR Last;
IV.2. Céc phép toin trén danh sich lién két vong:
IV.2.1.Tao danh sdach:
a. Khéi tao danh sich (Initialize): dung dé khai dong mot danh sach lién két, cho
chuong trinh hiéu la hién tai danh sach lién két chua co phén tur.
void Initialize(NODEPTR &Last)

{
Last = NULL;

}
b. Cap phat ving nhé (New Node): cip phat mot nat cho danh sach lién két vong.
Ham New Node nay tra vé dia chi caa nat vira cap phat.
NODEPTR New_node(void)
{
NODEPTR p;
p = (NODEPTR)malloc(sizeof(struct node));
return (p);
¥

. Thém vao diu danh sich (Ins_first): thém mot nut c6 ndi dung x vao dau danh

sach lién két vong.
void Ins_first(NODEPTR &Last, int x)

{
NODEPTR p;
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p = New_node();
p->info = X;
if (Empty(Last))
Last=p;
else
p->next = Last->next;
Last->next = p;

}

d. Thém vio cudi danh sich (Ins last): thém mot niit 6 ndi dung x vao cudi danh

sach lién két vong.
void Ins_last(NODEPTR &Last, int x)
{
NODEPTR p;
p = New_node();
p->info = X;
if (Empty(Last))
p->next=p;
else
{
p->next = Last->next;
Last->next = p;
}
Last = p;
¥

e. Thém nut méi vao sau nut ¢6 dia chi p (Ins_after): thém mdt ntt c6 ndi dung X
vao sau nut c6 dia chi p trong danh sach lién két vong.

void Ins_after(NODEPTR Last, NODEPTR p, int x)
{

NODEPTR q;

if(p == NULL)
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printf("Nut hien tai khong co, nen khong the them");

else
{
if (p==Last)
Ins_last(Last,x);
else
{ g =New_node();
g->info = x;
g->next = p->next;
p->next = q;
¥
¥

}
I\VV.2.2. Duyét danh sdch:

Thong thuong ta hay duyét danh sach lién két dé thuc hién mot cong viéc gi do, nhur

liét ké dit liéu trong danh sach hay dém sé nut trong danh sach...
void Traverse(NODEPTR Last)

{
NODEPTR p;

p = Last->next; // p chi toi phan tu dau trong dslk vong

if(Last == NULL)

printf("\n Danh sach rong ");

else
{ printf(*\n");
while(p != Last)
{
printf("%8d", p->info);
p = p->next;

}

printf("%8d", p->info);
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¥

}
1VV.2.3. Phép loai bo:

a. Giai phéng vung nhé (free): Ham nay dung dé huy nat da cip phat, va tra ving
nhd vé lai cho memory heap.

free( p) ; Vi p 1a bién con tro

b. Kiém tra danh sach lién két rong hay khéng (Empty): ham Empty tra vé TRUE
néu danh sach lién két vong rdng, va nguoc lai.

int Empty(NODEPTR Last)

{
return(Last == NULL ? TRUE : FALSE);

}

c. X6a phan tir dau ciia danh sach (Del_first): mudn xo6a 1 phan tir khoi danh sach
lién két thi ta phai kiém tra xem danh sach c¢6 réng hay khong. Néu danh sach c6 phan
tir thi mé1 xo6a duogc.
void Del_firsttNODEPTR &Last)
{

NODEPTR p;

iIf(Empty(Last))

printf("Khong co nut trong danh sach lien ket vong, nen khong the xoa");

else
{
p = Last->next; // nut can xoa la nut dau
if (p==Last) // danh sach chi co 1 nut
Last=NULL;
else
Last->next = p->next;
free(p);
¥
¥
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d. X6a phin tir cudi ciia danh sich (Del last): mudn x6a 1 phan tir khoi danh sach
lién két thi ta phai Kiém tra xem danh sach c¢6 réng hay khong. Néu danh sach c6 phan

tr thi maé1 xo6a duoc.
void Del_last(NODEPTR &L ast)

{
NODEPTR p;
If(Empty(Last))
printf("Khong co nut trong danh sach lien ket vong, nen khong the xoa");
else
{
p = Last; // nut can xoa la nut cuoi
if (Last->next==Last) // danh sach chi co 1 nut
Last=NULL,;
else
{
for (NODEPTR g=Last->next;q->next !=Last; g=g->next);
/l g dung ngay truoc Last
g->next = Last->next;
Last=q;
by
free(p);
}
b

e. Xé6a phan tir dimg sau mit ¢6 dia chi p (Del after): x6a nit sau nat p. Phép toan
nay khong x6a dugc khi danh sach da rdng hodc danh sach chi co 1 nit

void Del_after(NODEPTR &Last, NODEPTR p)
{
NODEPTR q;
iIf(Empty(Last))
printf("Khong co nut trong danh sach lien ket vong, nen khong the xoa");
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else
{ // neu p la NULL hoac danh sach chi co 1 nut
If((p == NULL) || (Last->next == Last))
printf("khong the xoa trong danh sach lien ket vong duoc");
else
{
q=p->next;
If (p->next == Last)
{
p->next=Last->next;
Last=p;
¥
else
p->next=g->next;
free(q);
¥
¥
¥

f. X6a toan bo danh sach (Clearlist): ta c6 thé str dung lénh Last=NULL dé x6a toan
bo danh sach, nhung trong bd nhé, cac ving nhé di cip phat cho cac nut khong giai

phong vé lai cho memory heap, nén sé lang phi viing nhé. Do d6, ta sir dung giai thuat
Sau:
void clearlisttNODEPTR &Last)
{

while(Last '= NULL)

Del_first(Last);

by

I\V.2.4. Tim kiém (Srch_info) :

Tim nat dau tién trong danh sach lién két vong ¢ info bang vai x.

112



Ham Srch_info néu tim thay x trong danh sach thi tra vé dia chi cta nit d6 trong danh
sach, néu khong c6 thi tra ve tri NULL.
NODEPTR Srch_info(NODEPTR Last, int x)
{
NODEPTR p;
if (Empty(Last))
return (NULL);
else
{
p = Last->next; // p chi toi phan tu dau cua dslk vong
If (p->info==x)
return (p);
else
{ p=p->next;
while(p = Last->next && p->info I=x )
p = p->next;
return (p->info==x ? p : NULL);
}
b

}
IV.2.5. Sdp xép (Selection Sort):

Sap xép danh sach lién két vong theo thir ty info ting dan theo phuong phap Selection
sort.

- Noi dung: Ta so sanh tat ca cac phan tir ciia danh sach dé chon ra mot phan tir nho
nhat dua vé dau danh sach; sau do, tiép tuc chon phan tir nhd nhét trong cac phan tir
con lai dé dua vé phan tir thir hai trong danh sach. Qua trinh nay 13p lai cho dén khi
chon ra duoc phan tir nho thi (n-1).

- Giai thuat:

void selectionsort(NODEPTR &L ast)

{

NODEPTR p, g, pmin;
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int min;
for(p = Last->next; p->next != Last->next; p = p->next)
{
min = p->info;
pmin = p;
for(q = p->next; q '= Last->next; q = g->next)
if(min > g->info)
{
min = g->info;
pmin =g;
¥
// hoan doi truong info cua hai nut p va pmin
pmin->info = p->info;
p->info =min;

by

Vi du: Viét chuong trinh thyc hién cac cong viéc sau trén mot danh sach cac sd
nguyén véi cau tric dit liéu 1a danh sach lién két vong :
. Tao danh sach sb

. Thém phan tir vao dau danh séch

. Thém phan t& vao cubi danh sach

. Thém phan tir vao sau phan tir co gid tri X

. X6a phan tir dau trong danh sach

. X6a phan tir cudi trong danh sach

. Liét ké danh sach

. Sap xép danh sach theo thtr tu ting

O© 00 N O O B~ W N P

. X0a toan bd danh sach
#include <stdio.h>
#include <stdlib.h>
#include <conio.h>
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#include <alloc.h>
#include <ctype.h>
#define TRUE 1
#define FALSE 0
struct node
{
int info;
struct node *next;
o
typedef struct node *NODEPTR,;
NODEPTR Last;
// Phep toan New_node: cap phat mot nut cho danh sach lien ket
NODEPTR New_node(void)
{
NODEPTR p;
p = (NODEPTR)malloc(sizeof(struct node));
return(p);
}
// Phep toan initialize: khoi dong danh sach lien ket
void Initialize(NODEPTR &Last)

{
Last = NULL;

¥
// Tac vu Empty: kiem tra danh sach lien ket co bi rong khong
int Empty(NODEPTR Last)

{
return(Last == NULL ? TRUE : FALSE);

}

// Phep toan Ins_first: them nut moi vao dau danh sach lien ket vong
void Ins_first(NODEPTR &Last, int x)
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NODEPTR p;
p = New_node();
p->info = X;
if (Empty(Last))
Last=p;
else
p->next = Last->next;
Last->next = p;
¥
// Phep toan Ins_last: them nut moi vao cuoi danh sach lien ket vong
void Ins_last(NODEPTR &Last, int x)
{
NODEPTR p;
p = New_node();
p->info = X;
if (Empty(Last))
p->next=p;
else
{
p->next = Last->next;
Last->next = p;
¥
Last = p;
¥
// Phep toan Ins_after: them nut moi sau nut co dia chi p
void Ins_after(NODEPTR Last, NODEPTR p, int x)
{
NODEPTR q;
if(p == NULL)
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printf("Nut hien tai khong co, nen khong the them");
else
{
if (p==Last)
Ins_last(Last,x);
else
{ g =New_node();
g->info = x;
g->next = p->next;
p->next = q;
¥
¥
b

// Phep toan Del_first: xoa nut o dau danh sach lien ket
void Del_first(NODEPTR &Last)

{
NODEPTR p;
iIf(Empty(Last))
printf("Khong co nut trong danh sach lien ket vong, nen khong the xoa");
else
{
p = Last->next; // nut can xoa la nut dau
if (p==Last) // danh sach chi co 1 nut
Last=NULL,;
else
Last->next = p->next;
free(p);
¥
¥

// Phep toan Del_last: xoa nut o cuoi danh sach lien ket
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void Del_last(NODEPTR &Last)
{
NODEPTR p;
If(Empty(Last))
printf("Khong co nut trong danh sach lien ket vong, nen khong the xoa");
else
{
p = Last; // nut can xoa la nut cuoi
if (Last->next==Last) // danh sach chi co 1 nut
Last=NULL,;
else
{
for (NODEPTR g=Last->next;q->next !=Last; g=g->next);
// g dung ngay truoc Last
g->next = Last->next;
Last=q;
¥
free(p);
¥
¥

// Tac vu Del_after: xoa nut sau nut p. Phep toan nay khong xoa duoc
// khi da rong hoac ds chi co 1 nut
void Del_after(NODEPTR &Last, NODEPTR p)
{
NODEPTR q;
iIf(Empty(Last))
printf("Khong co nut trong danh sach lien ket vong, nen khong the xoa");
else
{ // neu p la NULL hoac danh sach chi co 1 nut
if((p == NULL) || (Last->next == Last))
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printf(*"khong the xoa trong danh sach lien ket vong duoc");
else
{
q=p->next;
If (p->next == Last)
{
p->next=Last->next;
Last=p;
¥
else
p->next=g->next;
free(q);
¥
¥
¥

// Phep toan clearlist: xoa tat ca cac nut trong danh sach lien ket vong
void clearlist(NODEPTR &L ast)
{
while(Last '= NULL)
Del_first(Last);
}
// Phep toan traverse: duyet danh sach lien ket vong
void traverse (NODEPTR Last)
{
NODEPTR p;
p = Last->next; // p chi toi phan tu dau trong dslk vong
if(Last == NULL)
printf("\n Danh sach rong ");
else
{ printf("\n");
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while(p = Last)

{
printf("%8d", p->info);
p = p->next;

}

printf("%8d", p->info);

}
}

/* Phép toan Srch_info: tim kiem theo phuong phap tim kiem tuyen tinh, neu khong
tim thay ham nay tra ve NULL, neu tim thay ham nay tra ve con tro chi nut tim thay
*/
NODEPTR Srch_info(NODEPTR Last, int x)
{
NODEPTR p;
if (Empty(Last))
return (NULL);
else
{
p = Last->next; // p chi toi phan tu dau cua dslk vong
if (p->info==x)
return (p);
else
{ p=p->next;
while(p = Last->next && p->info I=x )
p = p->next;
return (p->info==x? p : NULL);
¥
¥
¥

// Tac vu selectionsort: sap xep danh sach lien ket vong theo info tang dan
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void selectionsort(NODEPTR &Last)

{

NODEPTR p, g, pmin;
int min;

for(p = Last->next; p->next != Last->next; p = p->next)

{

}

min = p->info;
pmin = p;
for(q = p->next; q != Last->next; q = g->next)
if(min > g->info)
{
min = q->info;
pmin = q;
}
/' hoan doi truong info cua hai nut p va pmin
pmin->info = p->info;
p->info = min;

void Create_list(NODEPTR &Last)

{

int nd;

clearlist(Last);
printf("Nhap so (ket thuc bang 0: *);
scanf("%d", &nd);

while (nd 1=0)

{

Ins_last(Last, nd);
printf("Nhap so ke : );
scanf("%d", &nd);

121



}

}

char menu ()

{ char chucnang;

}

do
{ clrscr();

printf("\n\n\t\tCHUONG TRINH QUAN LY DANH SACH LIEN KET VONG");

printf("\n\nCac chuc nang cua chuong trinh:\n");

printf(*
printf(*
printf(*
printf(*
printf(*
printf(*
printf(*
printf(*
printf(*
printf(*

1:
: Them phan tu vao dau danh sach\n");
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Tao danh sach \n");

: Them phan tu vao cuoi danh sach\n");

: Them phan tu vao sau phan tu co gia tri x\n");
: Xoa phan tu dau trong danh sach \n");

: Xoa phan tu cuoi trong danh sach \n");

: Liet ke danh sach \n");

: Sap xep danh sach theo thu tu tang\n");

: Xoa toan bo danh sach\n");

0:

Ket thuc chuong trinh\n");

printf(*Chuc nang ban chon: ");

chucnang = getche();

} while(chucnang < '0' || chucnang >'9") ;

printf(*\n");

return chucnang;

// chuong trinh chinh

void main()

{

int x, info;

char chucnang, c;
NODEPTR p;
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// khoi dong danh sach lien ket
Initialize(Last);
do
{
chucnang = menu();
switch(chucnang)

{

case '1".

{
Create_list(Last);
break;

¥

case ‘2"

{
printf("\nNoi dung muon them: ");
scanf("%d",&Xx);
Ins_first(Last,x);
break;

}

case '3".

{
printf("\nNoi dung muon them: ");
scanf("%d",&Xx);
Ins_last(Last,x);
break;

}

case '4".

{

printf("\nNoi dung phan tu muon them: *);
scanf("%d",&x);
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printf("\nBan muon them no vao sau phan tu co info = ");
scanf("%d",&info);
p=Srch_info(Last,info);
if (p==NULL)
{
printf(*"Khong co phan tu voi x=%d", info);
getch();
by
else
if (p==Last)
Ins_last(Last,x);
else
Ins_after(Last,p,x);
break;
¥
case ‘5"
Del_first(Last);
break;
case '6".
Del_last(Last);
break;
case '7".
{
Traverse(Last);
getche();
break;
¥
case '8"
{
printf("\n Ban co chac khong? (c/k): ");
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¢ = toupper(getche());
if(c=="C"
selectionsort(Last);
break;
¥
case '9".
{
printf("\n  Ban co chac khong (c/k): );
¢ = getche();
ifc=="c'||c=="C")
clearlist(Last);
break;

¥
} while(chucnang !'="0";
I xoa tat ca cac nut tren danh sach lien ket
clearlist(Last);
}
V. DANH SACH LIEN KET KEP (Doubly Linked List) :
V.1. Khai niém :

Danh sach lién két kép 1a mot danh sach lién két ma mdi phan tr caa né co 2

vung lién két, lién két thuan dung dé chi dén phan tar dung ngay sau no (right), lién
két nghich dung dé chi dén phan tir ding ngay trude né (left).

First —I_ et 1t et 1t _1

NULL NULL
Hinh 4.9 Danh sdch lién két kép

Luuy:
- Nut cubi cua danh sach lién két kép c6 truong right 1a NULL, va nat dau cua
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danh sach lién két kép co truong left 1a NULL.
- Chiing ta c6 thé duyét danh sach lién két kép theo hai chiéu duyét xudi va duyét
nguoc.
* Khai bdo: Ta khai béo bién First quan 1y danh sach lién két kép véi thanh phan
nd1 dung la s6 nguyén nhu sau:
struct node
{ intinfo;
struct node *left, *right ;
2
typedef struct node *NODEPTR;
NODEPTR First;
* Khdi tao :
First = NULL ;
- Bién First : con tré chi dén phan tir dau danh séach lién két kép
V.2. Céc phép toan trén danh sach lién két kép:
V.2.1.Tao danh sdach:
a. Khéi tao danh sach (Initialize): dung dé khoi dong mét danh sach lién két, cho
chuong trinh hi€u 1a hién tai danh séach lién két chua c6 phan tu.
void Initialize(NODEPTR &First)
{
First = NULL;
}
b. Cép phat ving nhé (New Node): cap phat mot nit cho danh sach lién két kép.
Ham New Node nay tra vé dia chi caa nit vira cip phat.
NODEPTR New_node(void)
{
NODEPTR p;
p = (NODEPTR)malloc(sizeof(struct node));
return (p);

¥
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c. Thém vao diu danh sach (Insert first): thém mot nat c6 ndi dung x vao dau danh

sach lién két kép.
void Insert_first(NODEPTR &First, int x)
{
NODEPTR p;
p = New_node();
p->info = X;
if(First == NULL) // truong hop danh sach rong
p->right = NULL;
else
{
/I tao lien ket giua p va First
p->right = First;
First->left = p;
¥
First = p;
p->left = NULL;
}

d. Thém nut méi vao sau nut cé dia chi p (Insert right): thém mot nat ¢6 ndi dung
X vao sau nit c6 dia chi p trong danh sach lién két kép. Phép toan nay ciing dugc ding

dé thém mot nat vao cudi danh sach.
void Insert_right(NODEPTR p, int X)

{

NODEPTR q, r; // g la nut can them vao, p la nut truoc, r la nut sau
if(p == NULL)

printf("Nut p khong hien huu, khong them nut duoc\n");
else

{
g = New_node();
g->info = x;
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¥

}

r = p->right;

/[ tao hai lien ket giua r va q

r->left = q;

g->right =r;

// tao hai lien ket giuap vaq

g->left = p;

p_

>right = q;

e. Thém nut méi vao truwdc nut co dia chi p (Insert left): thém mot nut ¢d ndi dung

X vao trude nit cd dia chi p trong danh sach lién két kép.
void Insert_left(NODEPTR &First, NODEPTR p, int x)

{

NODEPTR q, r; // g la nut can them vao, p la nut sau, r la nut truoc

if(p == NULL)

else

{

printf("Nut p khong hien huu, khong them nut duoc\n");

if(p == First) // them nut vao dau danh sach

Insert_first(First, x);

else

{

g = New_node();

g->info = x;

r = p->left;

// tao hai lien ket giua r va q
r->right = q;

gq->left=r;

/[ tao hai lien ket giuap vaq
g->right = p;
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p->left = q;
}

}

}
V.2.2. Duyét danh sach:

Thong thuong ta hay duyét danh sach lién két dé thuc hién mot cong viée gi do,
nhu liét ké dit liéu trong danh sach hay dém sé nat trong danh sach...

a. Duyét xudi: Duyét danh sach lién két kép tir nat dau cho téi nit cudi danh sach.
void Right_traverse(NODEPTR First)
{

NODEPTR p;
if(empty(First))
printf("\n (khong co doan nao)");
else
{
p = First; // p chi nut dau
while(p '= NULL)
{
printf("\n%8d, p->info);
p = p->right;
}
¥
¥

b. Duyét ngwoc: Duyét danh sach lién két kép tir ntit cudi cho t6i nit dau danh
sach.

void Left_traverse(NODEPTR First)

{
NODEPTR p;

if(empty(First))
printf("\n (khong co doan nao)");
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else
{
for (p=First; p->right!=NULL; p=p->right); // p chi toi nut cuoi
while(p = NULL)
{
printf("\n%8d, p->info
p = p->left;
¥
by

}
V.2.3. Phép loai bo:

a. Giai phéng vung nhé(free): Ham nay dung dé huy nat di cap phat, va tra
ving nhd vé lai cho memory heap.

free( p) ; véi p 1a bién con tro
b. Kiém tra danh sich lién két réng hay khéng (Empty): ham Empty tra vé

TRUE néu danh sach lién két vong rong, va nguoc lai.
int Empty(NODEPTR First)

{
return(First == NULL ? TRUE : FALSE);

¥

c. X6a phan tir ddu ciia danh sich (Delete first): mudn xo6a 1 phan tir khoi
danh sach lién két thi ta phai kiém tra xem danh sach c6 rong hay khong; néu danh

sach c6 phan tir thi méi xda duoc.
void Delete_firsttNODEPTR &First)
{
NODEPTR p;
if(empty(First)) // truong hop danh sach rong
printf("Danh sach rong, khong xoa nut duoc");
else

{
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p = First; // p la nut can xoa

if(First->right == NULL) // truong hop danh sach co mot nut
First = NULL;

else

{
First = p->right;
First->left = NULL,;

¥

free(p);

}
}

d. Xéa phin tir c6 dia chi p (Delete _node):
void Delete_node(NODEPTR &First, NODEPTR p)
{
NODEPTRq, r;
if(p == NULL)
printf("Nut p khong hien huu, khong xoa nut duoc\n");

else

{
if(First == NULL) // truong hop danh sach rong

printf("Danh sach rong, khong xoa nut duoc");
else
{
if(p == First) // truong hop xoa nut dau
Delete_first(First);
else
{
q = p->left; // qlanuttruoc
r = p->right; //r lanut sau

// tao hai lien ket giuaqvar
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¥

e. X0a toan bo danh sach (Clearlist):
void clearlist(NODEPTR &First)
{
while(First '= NULL)
Delete_first(Last);

b
V.2.4. Tim kiém (Search_info):
Tim nut dau tién trong danh sach lién két kép co info bang vai x.
Ham Search_info néu tim thay x trong danh sach thi tra vé dia chi cia nat do

trong danh sach, néu khong c6 thi tra vé tri NULL.

NODEPTR Search_info(NODEPTR First, int x)
{

NODEPTR p;

p = First;

while(p->info = x && p '= NULL)

p = p->right;
return(p);

< -

idu:

Viét chuong trinh quan 1y va diéu hanh tuyén xe ldta TP HCM - HA NOI bing
danh sach lién két kép; mdi nat cta danh sach 1a mot doan duong c6 ga trudc, ga sau,
chiéu dai va thoi gian xe lra chay trén doan duong do.

Chuong trinh ¢6 cac chuc nang sau:
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1. Thém mdt doan duong
2. X6a mot doan duong
3. Xem toan tuyén duong theo lién két xudi
4. Xem toan tuyén dudng theo lién két nguoc
5. Xem thong tin ctiia doan duong thu i
6. Hiéu chinh thong tin ctia doan duong thur i
7. B4o 16 trinh: nhép noi di va noi dén, chuong trinh s& cho biét cac ga trung gian
phai di qua, tong chicu dai va tong thoi gian cua 19 trinh.
- Chuwong trinh:
#include <stdio.h>
#include <stdlib.h>
#include <conio.h>
#include <string.h>
#include <alloc.h>
#include <dos.h>
#include <ctype.h>
#define TRUE 1
#define FALSE 0
// Khai bao cau truc cua mot doan duong tren tuyen duong
typedef struct doan
{
char gatruoc[12];
char gasau[12];
int chieudai; // km
int thoigian; // thoi gian xe lua chay tren doan, tinh theo phut
2
/l Khai bao cau truc cua mot nut
struct node

{

doan info;
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struct node *left, *right;
3
typedef struct node *NODEPTR;
/l Tac vu New_node: cap phat mot nut cho danh sach lien ket kep
NODEPTR New_node(void)
{
NODEPTR p;
p = (NODEPTR)malloc(sizeof(struct node));
return(p);
¥
/l Tac vu initialize: khoi dong danh sach lien ket kep
void Initialize(NODEPTR &First)
{
First = NULL;
¥
Il Tac vu empty: kiem tra danh sach lien ket kep co bi rong khong
int empty(NODEPTR First)

{
return((First == NULL) ? TRUE : FALSE);

}
/I Tac vu Insert_first: them nut vao dau danh sach lien ket
void Insert_first(NODEPTR &First, doan X)
{
NODEPTR p;
p = New_node();
p->info = x;
if(First == NULL) // truong hop danh sach rong
p->right = NULL;
else

{
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// tao lien ket giua p va First
p->right = First;
First->left = p;

First = p;
p->left = NULL;
¥
/ Tac vu Insert_right: them nut moi sau nut p
void Insert_right(NODEPTR p, doan x)
{
NODEPTR q, r; // g la nut can them vao, p la nut truoc, r la nut sau
if(p == NULL)
printf("Nut p khong hien huu, khong them nut duoc\n™);
else
{
g = New_node();
g->info = x;
r = p->right;
/[ tao hai lien ket giua r va g
r->left = q;
g->right =r;
/[ tao hai lien ket giuap vaq
g->left = p;
p->right = q;
¥
¥

// Tac vu Insert_left: them nut moi truoc nut p
void Insert_left(NODEPTR &First, NODEPTR p, doan x)
{
NODEPTR g, r; // g la nut can them vao, p la nut sau, r la nut truoc
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if(p == NULL)
printf("Nut p khong hien huu, khong them nut duoc\n™);
else
{
if(p == First) // them nut vao dau danh sach
Insert_first(First, X);
else
{
g = New_node();
g->info = x;
r = p->left;
/[ tao hai lien ket giua r va q
r->right = q;
g->left=r;
/ tao hai lien ket giuap vaq
g->right = p;
p->left = q;
¥
¥
¥

/I Tac vu Delete_first: xoa nut o dau danh sach lien ket
void Delete_first(NODEPTR &First)
{
NODEPTR p;
if(empty(First)) // truong hop danh sach rong
printf("Danh sach rong, khong xoa nut duoc");
else
{
p = First; // p la nut can xoa
If(First->right == NULL) // truong hop danh sach co mot nut
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First = NULL;

else

{
First = p->right;
First->left = NULL;

}

free(p);

¥
}

/l Tac vu Delete_node: xoa nut co con tro la p
void Delete_node(NODEPTR &First, NODEPTR p)
{
NODEPTR q, 1;
if(p == NULL)
printf("Nut p khong hien huu, khong xoa nut duoc\n");
else
{
if(First == NULL) // truong hop danh sach rong
printf("Danh sach rong, khong xoa nut duoc");
else
{
if(p == First) // truong hop xoa nut dau
Delete_first(First);
else
{
q = p->left; // qlanuttruoc
r = p->right; //r lanut sau
// tao hai lien ket giuaqvar
r->left = q;
g->right =r;
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/l Tac vu Right_traverse: duyet danh sach tu trai sang phai (duyet xuoi)
void Right_traverse(NODEPTR First)
{
NODEPTR p;
int stt;
if(empty(First))
printf("\n (khong co doan nao)");
else
{
p = First; // p chi nut dau
stt =1,
while(p = NULL)
{
printf("\n%5d%12s5%12s%7d%7d", stt++, p->info.gatruoc,
p->info.gasau, p->info.chieudai, p->info.thoigian);
p = p->right;
¥
¥
¥

/] Tac vu Left_traverse: duyet danh sach tu phai sang trai (duyet nguoc)
void Left_traverse(NODEPTR First)
{
NODEPTR p;
int stt;
if(empty(First))
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printf("\n (khong co doan nao)");
else
{
for (p=First; p->right!=NULL; p=p->right); // p chi toi nut cuoi
stt = 1;
while(p = NULL)
{
printf("\n%5d%12s%12s%7d%7d", stt++, p->info.gasau,
p->info.gatruoc, p->info.chieudai, p->info.thoigian);
p = p->left;
¥
¥
¥

/] Tac vu Search_infol: tim ga truoc cua mot doan
NODEPTR Search_infol(NODEPTR First, char x[])
{
NODEPTR p;
p = First;
while(strcmp(p->info.gatruoc, X) '= 0 && p 1= NULL)
p = p->right;
return(p);
}
/] Tac vu Search_info2: tim ga sau cua mot doan
NODEPTR Search_info2(NODEPTR First, char x[])
{
NODEPTR p;
p = First;
while(strcmp(p->info.gasau, x) '= 0 && p = NULL)
p = p->right;
return(p);
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¥

/] Tac vu clearlist: xoa toan bo danh sach lien ket kep
void clearlist(NODEPTR &First)
{
while(First '= NULL)
Delete_first(First);

¥
int position(NODEPTR First, NODEPTR p)

{
int vitri;
NODEPTR q;
q = First;
vitri = 0;
while(q '= NULL && q !'=p)
{
q = g->right;
vitri++;
}
if(@ == NULL)
return(-1);
return(vitri);

¥
void baolotrinn(NODEPTR &First, char noidi[], char noiden[], char c)

{
NODEPTR p1, p2;
int kc, tg;
if(c =="'X")
{
pl = Search_infol(First, noidi);
if(pl == NULL)
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{
printf("Khong co noi di");
return;
¥
if(strcmp(noidi, noiden) == 0)
{
printf("Noi di trung noi den");
return;
by
p2 = Search_info2(First, noiden);
if(p2 == NULL)
{
printf("Khong co noi den");
return;
¥
if(position(First, pl) <= position(First, p2))
{
kc =19 =0;
while(pl !'=p2)
{
kc = ke + p1->info.chieudai;
tg = tg + p1->info.thoigian;
printf("\n%s -> %s : %d km %d phut", p1->info.gatruoc,

pl->info.gasau, p1l->info.chieudai, p1->info.thoigian);

pl = pl->right;
¥
kc = kc + pl->info.chieudai;
tg = tg + p1->info.thoigian;
printf(*\n%s -> %s : %d km %d phut", p1->info.gatruoc,
pl->info.gasau, p1->info.chieudai, p1l->info.thoigian);
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printf("\nTong chieu dai lo trinh: %d km. Tong thoi gian van chuyen
%d phut", kc, tg);
}
else
printf("Khong di xuoi duoc");
return;

}

if(c =="'N")
{

pl = Search_info2(First, noidi);

if(pl == NULL)

{
printf("Khong co noi di");
return;

¥

if(strcmp(noidi, noiden) == 0)

{
printf(*Noi di trung noi den");
return;

¥

p2 = Search_infol(First, noiden);

if(p2 == NULL)

{

printf("Khong co noi den");
return;

¥

if(position(First, p1) >= position(First, p2))

{

kc =19 =0;
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while(pl '=p2)
{
kc = kc + pl->info.chieudai;
tg = tg + p1->info.thoigian;
printf("\n%s -> %s : %d km %d phut", p1->info.gasau,
pl->info.gatruoc, pl->info.chieudai, p1->info.thoigian);
pl = pl->left;
by
kc = kc + pl->info.chieudai;
tg = tg + p1->info.thoigian;
printf("\n%s -> %s : %d km %d phut”, p1->info.gasau,
pl->info.gatruoc, p1->info.chieudai, p1->info.thoigian);
printf("\nTong chieu dai lo trinh: %d km. Tong thoi gian van
chuyen %d phut", kc, tg);
}
else
printf("Khong di nguoc duoc");
return;

k
k

[* Tac vu nodepointer: xac dinh con tro chi nut thu i (i=0,1,2,...) trong
danh sach lien ket kep */
NODEPTR nodepointer(NODEPTR First, int 1)

{
NODEPTR p;
int vitri;
p = First;  // p chi nut dau dslk vong
vitri = 1;
while(p '= NULL && vitri <1)
{
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p = p->right;

vitri++;
}
return(p);

¥

char menu ()

{ char chucnang;

do
{ clrscr();

// menu chinh cua chuong trinh
printf("\n\nCHUONG TRINH QUAN LY VA DIEU HANH

printf("
printf("
printf("
printf("
printf("
printf("
printf("
printf("

~N oo o A W DN B

TUYEN XE LUA TPHCM - HANOI\n");
: Them mot doan\n");

: Xoa mot doan\n");

: Xem lo trinh 1 (duyet xuoi)\n™);

: Xem lo trinh 2 (duyet nguoc)\n");

: Xem thong tin cua doan thu i\n");

: Hieu chinh thong tin ve doan thu i\n");
: Bao lo trinh\n");

0:

Ket thuc chuong trinh\n");

printf("Chuc nang ban chon: ");

chucnang = getche();

} while(chucnang <'0' || chucnang >'7") ;

return chucnang;

¥

/l chuong trinh chinh

void main()

{

NODEPTR First, p, p1;

doan ga;
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int vitri;
char c, chucnang;
char noidi[12], noiden[12];
char c_vitri[3], c_chieudai[10], c¢_thoigian[10];
clrscr();
// khoi dong danh sach lien ket kep
Initialize(First);
do
{
chucnang=menu();
switch(chucnang)
{
case 1"
{
printf("\nVi tri them (1, 2, ...): ");
gets(c_vitri);
vitri = atoi(c_vitri);
p = nodepointer(First, vitri-1);//p chi nut truoc nut can them
if (vitri <=0 || (p==NULL && First I=NULL))

{
printf("Vi tri khong hop le™);
getche();

}

else

{

printf("Ten ga truoc: ™);
gets(ga.gatruoc);
printf("Ten ga sau: ");
gets(ga.gasau);
printf("Chieu dai (km): ");
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gets(c_chieudai);
ga.chieudai = atoi(c_chieudai);
printf("Thoi gian (phut): ");
gets(c_thoigian);
ga.thoigian = atoi(c_thoigian);
if(vitri == 1 || First ==NULL)
Insert_first(First, ga);
else
Insert_right(p, ga);

break;
¥
case ‘2"
{
printf("\nVi tri muon xo0a(1,2,...): ");
gets(c_vitri);
vitri = atoi(c_vitri);
p = nodepointer(First, vitri);
if(p == NULL)
printf("Vi tri khong hop le");
else
{
if(vitri == 1)
Delete_first(First);
else
Delete_node(First, p);
printf("Da xoa xong ");
}
delay(2000);
break;
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}

case '3"

{

}

printf("\nXem lo trinh 1 (duyet xuoi): ");

printf(""\n STT TU DEN CD TG");
Right_traverse(First);

getche();

break;

case '4"

{

}

printf("\nXem lo trinh 2 (duyet nguoc): ");
printf("\n STT TU DEN CD TG");
Left_traverse(First);

getche();

break;

case '5":

{

printf("\nVi tri doan muon xem thong tin(1,2,...): ");
gets(c_vitri);

vitri = atoi(c_vitri);

p = nodepointer(First, vitri);

if(p == NULL)
printf("Vi tri khong hop le");
else

printf("\nDoan:%d Tu:%s Den:%s Chieu dai:%d km
Thoi gian:%d phut", vitri, p->info.gatruoc,

p->info.gasau, p->info.chieudai, p->info.thoigian);

getche();
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break;
by
case ‘6"
{
printf("\nVi tri doan muon hieu chinh(1,2,...): ");
gets(c_vitri);
vitri = atoi(c_vitri);
p = nodepointer(First, vitri);
if(p == NULL)
printf("Vi tri khong hop le");
else
{
printf("\nDoan:%d Tu:%s Den:%s Chieu dai:%d km
Thoi gian:%d phut\n", vitri, p->info.gatruoc,
p->info.gasau, p->info.chieudai, p->info.thoigian);
printf("Ten ga truoc: ");
gets(ga.gatruoc);
printf("Ten ga sau: ");
gets(ga.gasau);
printf("Chieu dai (km): ");
gets(c_chieudai);
ga.chieudai = atoi(c_chieudai);
printf("Thoi gian (phut): );
gets(c_thoigian);
ga.thoigian = atoi(c_thoigian);
p->info = ga;
¥
break;
¥
case '7":
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printf("\nBan di xuoi hay nguoc (x/n): ");
¢ = toupper(getch());

printf("\nCho biet noi di: ");

gets(noidi);

printf("\nCho biet noi den: ");
gets(noiden);

baolotrinh(First, noidi, noiden, c);
getch();

break;

¥
} while(chucnang '='0";
// Xoa toan bo cac nut tren danh sach lien ket kep
clearlist(First);

}
2.3.  Cac kiéu dir liéu triru twong
2.3.1 Stack:

2.3.1.1 Khdi niém:

Nhu ta d3 biét, Stack 13 mot danh sach ma viéc thém vao va loai bé mot phan tu
chi dién ra cting mot dau cua danh séach, tirc 1a theo co ché LIFO (Last In First Out).
Trong chuong 3, ta dd khao sat Stack voi cau trac dit liéu 1a danh sach tuyén tinh, viéc
thém vao va loai bo dién ra ¢ cudi danh sach. V&i danh sach tuyén tinh 1am Stack thi
Stack c6 diém han ché vé s6 luong phan tir phai khai bao trude. Bé khac phuc nhuoc
diém nay, ta s& xay dung Stack véi ciu trac dit liéu 1a danh sach lién két don. Viéc
thém vao va loai bo s& dién ra & dau danh sach.

- Khai bao: Ta khai bao bién sp (Stack Pointer) 1a con tré chi dén mot danh sach
1a Stack, mdi phan tir trong Stack 13 1 s6 nguyén nhu sau:

struct node
{ intinfo;
struct node *next ;
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2
typedef struct node *Stack;
Stack sp;

- Khoi tao Stack : sp = NULL;

Luuy:

- Vi Stack 1a danh sach lién két, ta chi thuc hién cac phép toan ¢ dau danh sach

lién két.

- Khong c6 truong hop Stack day ; Stack rong khi Sp = NULL ;

2.3.1.2. Cac phép toan trén Stack:

Déi vai Stack, c6 hai phép toan chii yéu 1a thém vao (Push) va loai bo (Pop)
a. Phép thém vao (push) : Thém mot phan tir co gia tri x vao dau Stack.

void push(Stack &sp, int x)

{
Stack p;

p = (Stack)malloc(sizeof(struct node));

p->info = X;
p->next = sp;
SP=p;

}

b. Phép loai b6 (pop): Xoa phan tir khoi Stack va tra cho chuong trinh goi gia tri

cua phan tir vira xoa.

int pop(Stack &sp)

{
Stack p;
int X;
if(sp==NULL)

printf("\nStack rong");

else

{

p =sp; //nutcan xoa la nut dau
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X =sp->info;
Sp = p->next;
free(p);
return x;
¥
}

2.3.2 Queue:

2.3.2.1.Khdi ni¢m:

Queue 1a mot danh sach han ché ma viéc thém vao dugc thuc hién ¢ dau danh
sach, va viéc loai bo duoc thuc hién ¢ dau con lai cia danh sach (FIFO - First In First
Out). Queue chira cac phan tir co cung kiéu dit liéu. O chuong nay, ta chi to chirc
queue theo danh sach lién keét.

- Vi tri d¢ loai b phan tir dugc goi la Front

- Vi tri dé thém vao duogc goi 1a Rear

Queue c6 hai phép toan chinh:

- Insert_queue : thém mot phan tir vao hang doi; Trong trudng hop nay ta khong
can quan tdm hang doi bi tran hay bi day.

- Delete_queue: loai bo phan tir khoi Queue va tra vé gia tri cia phan tir vira xoa;
trudc khi x0a, ta phai kiém tra Queue c6 khac rong hay khong.

- Phép toan Insert_queue thuc hién & cudi hang doi, con phép toan Delete_queue
thuc hién ¢ dau hang doi.

- Khai bao: Ta khai bao bién q c6 kiéu cau tric Queue gom 2 thanh phan front,
rear 13 con tro chi dau va cubi hang doi. MGi phan tir cia hang doi 1a mot nat chua
Mot s6 nguyeéen.

struct node
{
int info;
struct node *next;
2
typedef node *Hangdoi;
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struct Queue

{

Hangdoi Front, Rear;
3
struct Queue q;
- Khoi tao hang doi: g.Front = NULL;
2.3.2.2. Cdc phép toan trén Queue:

a. Phép thém vao : Thém vao cudi danh sach lién két nén sé& thay doi gia tri cua
Rear

void Insert_queue(Queue &q, int x)
{
Hangdoi p;
p = (Hangdoi)malloc(sizeof(struct node));
p->info = X;
if (q.Front==NULL)
g.Front=p;
else g.Rear->next=p;
g.Rear=p;
p->next=NULL,
}
b. Phép loai bé : Loai bo phan tir diu danh sach lién két, do d6 thay doi gia tri
cua Front

int Delete_queue(Queue &Q)
{
Hangdoi p;
int X;
if(q.Front==NULL)
printf(*\nHang doi rong");
else

{
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p =q.Front; // nut can xoa la nut dau
X = p->info;
g.Front = p->next;
free(p);
return Xx;
¥
}
Vidu: Viét chuong trinh di s6 khong am hé decimal ra sé hé nhi phan, véi
Stack va Queue la danh sach lién két don.
#include <stdio.h>
#include <stdlib.h>
#include <conio.h>
#include <math.h>
#define TRUE 1
#define FALSE O
struct node
{
int info;
struct node *next;
o
typedef node *Stack;
Stack sp;
struct node_
{
int info;
struct node_ *next;
o
typedef node_ *Hangdoi;
struct Queue

{
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Hangdoi Front, Rear;
b
struct Queue q;
void push(Stack &sp, int x)

{
Stack p;

p = (Stack)malloc(sizeof(struct node));

p->info = x;
p->next = sp;
SPp=1p;
¥
int pop(Stack &sp)
{
Stack p;
int X;
if(sp==NULL)
{
printf("\nStack rong");
getche();
exit(1);
}
else
{
p=sp; //nutcan xoa lanutdau
X =sp->info;
Sp = p->next;
free(p);
return Xx;
}
}
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void Insert_queue(Queue &g, int x)

{
Hangdoi p;

p = (Hangdoi)malloc(sizeof(struct node));

p->info = x;

if (q.Front==NULL)
g.Front=p;

else g.Rear->next=p;

g.Rear=p;

p->next=NULL,;

¥
int Delete_queue(Queue &Q)

{
Hangdoi p;
int X;
If(g.Front==NULL)
{
printf("\nHang doi rong™);
getche();
exit(1);
}
else
{
p =qg.Front; // nut can xoa la nut dau
X = p->info;
q.Front = p->next;
free(p);
return Xx;
}
}
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void main()
{
int sodu;
float so;
char c;
clrscr();
do
{
sp =NULL; // khoi dong stack
g.Front =NULL ; // khoi dong hang doi
printf("\n\nNhap vao mot so thuc khong am: ");
scanf(""%e", &s0);
double positive;
double r, le, nguyen;
le = modf(so,&nguyen);
do
{
sodu = (int) nguyen % 2;
push(sp, sodu); // push so du vao stack
nguyen = int(nguyen / 2);
} while (nguyen !'=0);
printf("So da doi la: ");
while(sp!'=NULL)
printf("%d", pop(sp)); // pop so du ra khoi stack
// Doi phan le ra so nhi phan
if (le!=0)
{
printf(".");
int i=0;
do
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}

r=le*2;

le = modf(r,&positive);
Insert_queue(q, positive);
i++;

while (i <8 && r1=1);

while (g.Front!=NULL)

{

}
}

printf("%d", Delete_queue(q));

printf("\n\nBan co muon tiep tuc khong? (c/k): ");
c = getche();

} while(c=="c'||c=="C");

by
Bai tap

1. Viét chuong trinh tao mét menu thuc hién céc cong viéc sau:

a.

Nhap danh sach lién két theo giai thuat thém vé cudi danh sach, mdi phan tur
gom co cac thong tin sau: mssv (int), va hoten (char hoten[30]).
. Liét ké danh sach ra man hinh
. Cho biét tong s6 nut trong danh séach lién két, dit tén ham 13 Reccount
(int Reccount (NODEPTR First))
. Thém 1 phan ttr c6 ndi dung info (mssv, hoten) vao sau phan tir c¢6 thir tu
thir i trong danh sach.
Ghi chti: - Thi ty theo qui uéc bat dau 1a 1
- Néu (i = 0) thém vao dau danh sach
- Néu i > Reccount(First) thi thém vao cudi danh sach.
. In ra ho tén cua sinh vién c¢6 ma do ta nhap vao.
Loai bo nut c6 ma do ta nhap vao, trude khi x6a hoi lai "Ban that su mubn
x6a (Y/N) 2"

. Sap xép lai danh sach theo thir tw ma s6 giam dan.
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10.

11.

h. Ghi toan bo danh sach vao file tén 'DSSV.DAT'

i. Nap danh sach tir file 'DSSV.DAT' vao danh sach lién két. Néu trong danh
sach lién két da co nat thi x6a tat ca dit liéu hién co trong danh sach lién két
trude khi dua dir liéu tr file vao.

Viét chuong trinh tao mot danh sach lién két theo giai thuat thém vao dau

danh sach, mdi nat chira mot s6 nguyén.

Viét ham tén Delete Node dé x6a nat ¢ dia chi p.

Viét mot ham loai bo tat ca cac nut ¢ ndi dung x trong danh sach lién két

First.

Viét ham Copy List trén danh sach lién két dé tao ra mot danh sach lién két

mai gidng danh sach lién két cil.

Ghép mot danh sich lién két c6 dia chi dau 1a First2 vao mot danh sach lién

két co dia chi dau 1a First] ngay sau phan tr thd i trong danh sach lién két

Firstl.

Viét ham loc danh sach lién két dé tranh truong hop cac nit trong danh sach

lién két bi trung info.

Pao nguoc ving lién két cia mot danh sach lién két sao cho:

- First s& chi dén phan tir cudi

- Phan tir dau c6 lién két 1a NULL.

Viét ham Left Traverse (NODEPTR First) dé duyét nguoc danh sach lién

két.

Viét giai thuat tach mot danh sach lién két thanh hai danh sach lién két, trong

d6 mot danh sach lién két chira cac phan tir c¢6 s6 thar tu 18 va mot danh sach

lién két chira cac phan tir c6 s6 thir tu chan trong danh sach lién két ci.

Tao mot danh sach lién két chira tén hoc vién, diém trung binh, hang cta hoc

vién (véi diéu kién chi nhap tén va diém trung binh). Qua trinh nhap sé& ding

lai khi tén nhap vao 1a rong.

Xép hang cho cac hoc vién. In ra danh sach hoc vién thir tu hang tang dan

(Ghi chu : Cung diém trung binh thi cung hang).

Nhap hai da thuc theo danh sach lién két. In ra tich ctia hai da thirc nay.

Vi du: Da thtc Firstl : 2x°+4x2-1

Da thtc First2 : 10x7-3x*+x?
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= Két qua in ra : 20x*2+ 34x° - 8x7 - 12x%+ 7x* - x?
(Ghi chu : Khong nhép va in ra cac s6 hang ¢ hé sé bang 0)
12. Viét giai thuat thém phan tr c6 ndi dung x vao danh sach lién két co thu tu
tang dan sao cho sau khi thém danh sach lién két van c6 tht ty ting.
13. Loai bo phan tir c6 ndi dung 13 x trong danh sach lién két c6 thir tu ting dan.
14. Cho 2 danh sach lién két First1, First2 c6 tht ty ting dan theo info. Viét giai
thuat Merge dé tron 2 danh sach lién két nay lai sao cho danh sach lién két
sau khi tron ciing c6 thir ty tang dan.
Bai tap nghién ctru thém
Bai tap 1: Hay chuyén mot s6 nguyén duong sang co sd bat ky (str dung ngin xép)
Bai tap 2: Dung hang doi va ngin xép dé viét ham thyc hién dao nguoc cac phan
tor trong hang doi.
Bai tap 3: Hay viét chuong trinh quan Iy phong trong khach san dung hang doi.
Bai tap 4: Hay viét chuong trinh thuc hién loc cac ky tu nhap vao tur ban phim, chi
giit lai cac ky tu sb.
CHUONG 4: SAP XEP
Ma bai: MH28.4
Muc tiéu:
- X4c dinh duoc tinh chat cua viéc sap xép dir liéu:
- Néu dugc y tuong, thuat toan chi tiét cia mot sé6 phuong phap sap xép;
- Ap dung mat sb thuat toan sap xép vao thuc hién viéc sap xép cac diy khoa cu
the;
- Cai dat dugc cac thuat toan sip xép trong ngdn ngir 1ap trinh bac cao;
- Nghiém tac, ti mi, sang tao trong viéc hoc va van dung vao lam bai tap.
2.1.  Sap xép kiéu chon, chén, néi bot
2.1.1 Phuong phap sip xép lwa chon
Y tudng chinh cua phuong phap sip xép don gian: “O luogt thtr i (i=0, 1, ..., n-2)
ching ta s€ chon trong ai, ai+l, ..., an-1 phén tr nho nhét va doi chd nd voi ai”. Hay
n6i cach khac & luot thir i chung ta s& chon phan tir a[j] (j=i+1, ..., n-1) 1a phan tr nho
nhat trong cac phan tir a[j], a[j+1], ..., a[n-1].
Nhu vay, sau j luot, j khod nhé hon s& 1an lugt & vi tri thir nhat, thi hai, ..., thi
theo dung thir tu sap xép.
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Sau day la giai thuat:
Sép Xép tang dan:
void selection_sort(int a[], int n)
{
int i,j; //hai bien chay
int tg,m; //hai bien trung gian
//bien tg dung de bien doi
//bien m dung de xac dinh so nho nhat
for (i=0;i<=n-2;i++)
{
m=1i;
//chon phan tu nho nhat
for (j=i+1;j<=n-1;j++)
if (a[j]<a[m])
m=j;
//neu phan tu nho nhat khac i
/lthi hoan doi

if (m!=i)

{
tg = a[m];
a[m] = a[i];
a[i] = tg;

¥

¥

}

Sép Xép giam dan:

void selection_sort(int a[], int n)
{

int i,j; //hai bien chay

int tg,m; //hai bien trung gian
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//bien tg dung de bien doi
//bien m dung de xac dinh so lon nhat
for (i=0;i<=n-2;i++)
{
m=1i;
//chon phan tu lon nhat
for (j=i+1;j<=n-1;j++)
if (a[j]>a[m])
m=j;
//neu phan tu lon nhat khac i
/lthi hoan doi

if (m!=i)

{
tg =a[m];
a[m] = a[i];
a[i] = tg;

}

}

}

Vidul: Sép xép mang gém 10 s6 nguyén: 5, 6,2,2,10,12,9,10,9va3

Mang
, a[0] a[l] a[2] a[3] @a[4] a[5] a[6] a[7] a[8] a[9]
Budc
Ban dau 5 6 2 2 10 12 9 10 9 3
Budce 1 2 6 5 2 10 12 9 10 9 3
Budc 2 2 5 6 10 12 9 10 9 3
Buoc 3 3 6 10 12 9 10 9 5
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Budc 4 5 10 12 9 10 9 6
Budc 5 6 12 9 10 9 10
Budc 6 9 12 10 9 10
Budc 7 9 10 12 10
Budc 8 10 12 10
Budc 9 10 12
Két qua 2 2 3 5 6 9 9 10 10 12

Vi dy 2: Minh hoa sip xép diy 12 2 8 5 15
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Vi du 3: Chuong trinh minh hoa thuat toan Sép xép lua chon.
//chuong trinh minh ho thuat toan sap xep lua chon
#include <stdio.h>
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#include <stdlib.h>
#include <conio.h>
#include<iostream.h>
#define MAXLIST 200
#define TRUE 1
#define FALSE 0

int nodesf]MAXLIST];
//Sap xep giam dan:
void selection_sort(int a[], int n)
{
int i,j; //hai bien chay
int tg,m; //hai bien trung gian
//bien tg dung de bien doi
//bien m dung de xac dinh so lon nhat
for (i=0;i<=n-2;i++)
{
m=1i;
//chon phan tu lon nhat
for (j=i+1;j<=n-1;j++)
if (a[j]>a[m])
m=j;
//neu phan tu lon nhat khac i
/lthi hoan doi

if (m!=i)
{

tg =a[m];
a[m] = a[i];
a[i] = tg;

}
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}

by
// Chuong trinh chinh

void main()

{
int chucnang;
char c;

clrscr();

do

{
// menu chinh cua chuong trinh
cout<<"\n\ntSELECTION SORT";
cout<<"\n\nCac chuc nang cua chuong trinh:\n";
cout<<" 1: Tao danh sach voi"<<MAXLIST<<"so ngau nhien\n";
cout<<" 2: Seleciton sort giam dan\n";
cout<<" 3: Duyet danh sach\n";
cout<<" 0: Ket thuc chuong trinh\n";
cout<<"Chuc nang ban chon: ";
cin>>chucnang;
switch(chucnang)

{

case 1:

{
for(inti=0; i < MAXLIST; i++)
nodes[i] = random(1000);
cout<<"\nDa tao xong danh sach voi"<<MAXLIST<<"so ngau nhien™;
break;
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case 2:

{
selection_sort(nodes, MAXLIST);

cout<<"\nDa sap xep xong danh sach theo giai thuat selection sort giam

dan";
break;
}
case 3:
{
cout<<"\nDUYET DANH SACH:\n";
for(inti = 0; i < MAXLIST; i++)
cout<<nodes[i]<<" ",
break;
}
}
} while(chucnang !'= 0);
}

2.1.2. Sap xép Kiéu cheén

Y tudng chinh cua thuat toan nhu sau: Gia sir dd co i-1 sb xép theo tht tir, mudn
thém vao mot s thu i thi ching ta s€ lan luot so sanh cac vi tri tir i-1, i-2, ... dé chon
vi tri thich hop chén s6 nay vao.

Chung ta thiét ké thut toan nhu sau: Gia stir da co thtr tu sap xép tir a[0], a[1],
...,a[1-1], ching ta xét vi tri dé chén sb a[i] vao cho thich hop. Thuat toan duogc thiét
ké nhu sau:

Sép xép tang dan:

void insertion_sort(int a[], int n)

{

int X;
inti,j;
for (i=1;i<=n-1;i++)

{
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x = a[i]; j = i-1; // x 1a phan ttr a[i] dang xét
while (j>=0 && x<alj])
{
a[j+1] = a[j]; //vira xét va tim vi tri thich hop
j--: // vira thue hién viéc day 1ui danh sach (chén)
by
a[j+1] =x; //chén vao vi tri thich hop
by
by
Sap xép giam dan:
void insertion_sort(int a[], int n)
{
int X;
inti};
for (i=1;i<=n-1;i++)
{
x = a[i]; j = i-1; // x 1a phan tr a[i] dang xét
while (j>=0 && x>alj])
{
a[j+1]=a[j]; /vtra xét va tim vi tri thich hop
j—-; // vira thyc hién viéc day lui danh sach (chén)
by
a[j+1] = x; //chén vao vi tri thich hop
b
¥

O thuat toan trén, chiing ta chi ¥ viée day 10i cac sd dé tao ra vi tri chén (a[j+1])
dugc thyc hién song song v&i viée tim kiém vi tri chén thich hop (a[j+1]).
Vi du 4: Minh hoa sép Xép day s612:2:8; 5:1:6;4:15
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2.1.3 Sip xép kiéu noi bot
- Noi dung : Cho diy A c¢6 n phan tir. Ta cho i duyét day a[0]....,a[n-1]; néu a[i-
1] 16n hon a[i] thi ta hoan ddi (a[i-1],a[i]). Lap lai qué trinh duyét diy nay cho dén khi
khéng c6 xay ra viéc doi chd cua hai phan tu.
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Vidu 5: Ta sap thir tu day sé sau: 26 33 35 29 19 12 32

Buéc 0 1 2 3 4 5 6
26 12 12 12 12 12 12
33 26 19 19 19 19 19
35 33 26 26 26 26 26
29 35 33 29 29 29 29
19 29 35 33 32 32 32
12 19 29 35 33 33 33
32 32 32 32 35 35 35
Minh hoa qud trinh sdp Xép qua phwong phéap Buble Sort
- Chuong trinh:
void Bubble Sort(int A[100], int n)
{ inti,j,temp;

for (i=1; i<n; i++)
for (j=n-1;j>=i; j--)

if (A[j-1] > A[j])
{ temp = A[j-1];

Ali-1] = Alil;

Alj] = temp;
¥

}

Ta nhan thiy phuong phap nay c6 thé duoc cai tién dé dang. Néu & lan duyét day
nao d6 ma khong c6 co sy doi chd giita hai phan tir thi day da c6 thtr tu va giai thuat
két thuc. Trong trudng hop nay, ta ding mét ¢ hiéu flag dé ghi nhan diéu nay, va giai
thuat Bubble Sort dugc cai tién nhu sau:

#define FALSE O

#define TRUE 1

void Bubble_Sort_Ad(int A[], int n)

{ int i,temp;
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unsigned char flag=TRUE;
while (flag)
{ flag = FALSE ;
for (i=0; i<n-1; i++)
if (A[i] > A[i+1])

{ temp=Al[;
Ali] = A[i+1];
Afi+1] = temp;
flag=TRUE;
¥
¥
¥

2.2.  Sap xép bang phwong phap tron

Pé sip xép day a0, al, ..., an-1, giai thuat Merge Sort dua trén nhan xét sau:

Mdi ddy a0, al, ..., an-1 bat ky déu c¢6 thé coi nhu 1a mét tap hop cac ddy con lién
tiép ma moi diy con déu di co thr tu. Vidu diy 12, 2, 8, 5, 1, 6, 4, 15 ¢6 thé coi nhu
gdém 5 diy con khong giam (12); (2, 8); (5); (1, 6); (4, 15).

Day da co thu tu coi nhu ¢6 1 day con.

Nhu vay, mot cach tiép can dé sap xép diy la tim cach lam giam s6 ddy con
khéng giam cta né. Pay chinh 1a hudng tiép can cua thuat toan sip xép theo phuong
phép tron.

Trong phuong phap Merge sort, mau chdt ciia van dé 1a cach phan hoach day ban
dau thanh cac diy con. Sau khi phan hoach xong, diy ban dau s& duoc tach ra thanh 2
day phu theo nguyén tic phan phdi déu luan phién. Tron ting cip diy con cua hai diy
phu thanh mot diy con cua diy ban dau, ching ta s& nhan lai diy ban dau nhung véi
) luong day con it nhat giam di mgt nua. Lap lai qui trinh trén sau mot s6 budc,
chung ta s& nhan duoc 1 diy chi gdm 1 ddy con khong giam. Nghia 1 diy ban dau da
duoc sip xép.

4.2.4.1. Phuong phap tron truc tiép

Giai thuat tron truc tiép 1a phuong phap tron don gian nhat. Viéc phan hoach
thanh cac diy con don gian chi 1a tich diy gdm n phén tir thanh n diy con. Doi hoi
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cua thuét toan vé tinh c6 thi ty cla céac day con luén dugc thoa trong cach phan hoach
nay vi ddy gom mot phan tir luon c6 thir ty. Cor moi lan tach roi1 tron, chiéu dai ctua
cac day con s€ dugc nhan doi.

Cac budc thuc hién thuat toan nhu sau:

Budc 1 : // Chuén bi

k = 1; // k 1a chiéu dai cua ddy con trong budc hién hanh

Budc 2 :

Tach day a0, al, ., an-1 thanh 2 diy b, ¢ theo nguyén tic luan phién timg nhom k
phan tu:

b =a0, ., ak, a2k+1, ., a3k, .

c =ak+1, ., a2k, a3k+1, ., a4k, .

Budce 3 :

Tron timg cip ddy con gom k phan tir cia 2 ddy b, ¢ vao a.

Budce 4 :

k = k*2:

Néu k <n thi tr& lai budc 2.

Nguoc lai: Dung

Vi dy Cho day sb a:

122 8 5 1 6 4 15

: bugctdoh a théanh b, o

171



v

0 00

%
i

U’

bugctdoh o thénh .o

©0'¢

O

) O
00000
OO

O

O

ﬂl

000

bugc tdch a thanh b .o

[T

QOOﬁOQGG
Q00 0000
000 0000

OCHD@CN.@C)

Cai dat

int b[MAX], c[MAX]; // hai mang phu
void MergeSort(int a[], int n)

{

int  p,pb,pc; //cac chi sd trén cac mang a, b, ¢
int i, k=1; // @6 dai cua day con khi phan hoach
do {
// tach a thanh b va c;
p=pb=pc=0;
while(p <n) {
for(i =0; (p < n)&&(i < Kk); i++)
b[pb++] = a[p++];
for(i =0; (p < n)&&(i < Kk); i++)
c[pc++] = a[p++];
¥
Merge(a, pb, pc, k); //tron b, ¢ lai thanh a
Kk *=2;
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Iwhile(k < n);
} 2
Trong d6 ham Merge c6 thé dugc cai dat nhu sau :
void Merge(int a[], int nb, int nc, int k)
{ intp, pb, pc, ib, ic, kb, kc;
p=pb=pc=0;ib=ic=0;
while((0 < nb)&&(0 < nc))
{
kb = min(k, nb); kc = min(k, nc);
if(b[pb+ib] <= c[pc+ic])
{
a[p++] = b[pb+ib]; ib++;
if(ib == kb)
{
for(; ic<kc; ic++) a[p++] = c[pc+ic];
pb +=kb; pc +=kc; ib =ic =0;
nb -= kb; nc -= kc;
}
}
else
{
a[p++] = c[pc+ic]; ic++;
if(ic == kc)
{
for(; ib<kb; ib++) a[p++] = b[pb+ib];
pb +=kb; pc +=Kkc; ib =ic =0;
nb -= kb; nc -= kc;
¥
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}
2.3.  Sip xép nhanh (Quick sort)

Y tudng chinh ciia phuong phap nay c6 thé tém tit nhu sau:

Chon mot khod nao do6 cua day lam “chét”, céac phﬁn ttt nho hon chét phai duogc
sap vao phia trudc “chét”; nhitng phan tir nguoc lai phai duoc sap bén phai “chot”.
Muon vay, cac phan tir cua day s€ duogc so sanh véi “chot” va s€ doéi vi tri cho nhau.

Chia day can sip xép thanh hai phan, iy gié tri ¢ giita X 1am chuén dé so sanh.

Di tim phan tr A & ddy trén c6 gia tri 16n hon X.

Di tim phan ti B ¢ diy dudi c6 gia tri nhé hon X.

Hoan vi 2 phan tir A, B.

Tiép tuc nhu vy cho dén khi chung ta dat dugc diy trén chta cac gia tri nho hon
X, day dudl chtra cac gia tri 16n hon X.

Tiép tuc ap dung thuat toan trén vao hai diy con trén va dudi (dé quy) cho dén khi
khong chia dugc nira thi vi¢c sap xEp hoan tat.

Cu thé 14 xét mot doan ciia ddy tir thanh phan thir L dén thanh phan tht R ching
ta thuc hién cac thao tac:

* LAy gia tri ciia thanh phan thir (L+R)/2 gan vao bién X.

* Cho i ban dau bang L.

* Cho j ban dau bang R.

* Lap lat:

Chung nao con afi]<x thi tang 1.

Ching nao a[j] > x thi gidm j.

Néu i<=j thi

- Hoan vi a[1] va a[j]

- Tang 1.

- Giam j.

Cho dén khi i>j

* Sép xép doan tir a[l] dén a[j].

* Sép xép doan tir a[i] dén ar].

Thuét toan duoc viét nhu sau:

Séap xép tang dan:
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void quicksort(int a[], int I, int r)

{
intij;
int tg,x;
=1
1=

x = a[(1+r)/2];

do
{
while (a[i]<x)
i++;
while (a[j]>x)
-
if (i<=))
{
tg = a[i];
a[i] = afj];
afj] = tg;
i++j--;
b
} while(i<=j);

if (I<j) // phan thu nhat co tu 2 phan tu tro len
quicksort(a,l,j);

if (i<r) // phan thu 2 co tu 2 phan tu tro len
quicksort (a,i,r);

}

Sap x&p giam dan:

void quicksort(int a[], int |, int r)

{

intij;
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x = a[(I+n)/2];
do
{
while (a[i]>x)
i++;
while (a[j]<x)
-
if (i<=j)
{
tg = ali];
a[i] = a[j];
aj]] = tg;
I++;]--;
¥
¥
while (i<=j);
if (I<j) // phan thu nhat co tu 2 phan tu tro len
quicksort(a,l,j);
if (i<r) // phan thu 2 co tu 2 phan tu tro len
quicksort (a,i,r);
¥
Bai Tap:
Bai tp 1: Thiét ké lai tit ca cac phuong phap sap xép siap xép danh sach 1a chudi
ky tu.
Bai tap 2: Thiét ké lai phuong phéap tim kiém nhi phan dé tim kiém trén day sap

x€p giam dan.
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Bai tdp 3: Viét chuwong trinh nhap vao mdt diy cac phan tir 1a chudi, sip xép day
nay theo tht ty ting dan va in két qua ra man hinh.

Bai tap 4: Viét chuong trinh nhap vao mot diy ho tén hoc vién. Sau d6 sip xép
tang dan va tim kiém xem ho tén mét hoc vién co ton tai trong danh sach hay
khong.

Bai tap 5: Viét thuat toan sap xép cho danh sach lién két.
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CHUONG 5: TIM KIEM
Ma bai: MH28.5
Muc ti€u:
— Néu dugce ¥ tudng, thuat toan chi tiét cia mot s6 phuong phap tim kiém;
— Ap dung mot sb thuat toan tim kiém vao cac day khoa cu thé;
— (Cai dat duoc cac thuat toan tim kiém trong ngoén ngtt |ap trinh bac cao;
— Nghiém tac, ti mi, sang tao trong viéc hoc va van dung vao lam bai tap.
5.1 Tim kiém tuan tu
Tim kiém tuan tu 13 k¥ thuat tim kiém don gian va c6 dién. Y tudng:
“Bat dau tir ban ghi dau tién, 1an luot so sanh khoa tim kiém véi khoa tuong tng
ctia cac ban ghi trong bang, cho t6i khi tim dugc ban ghi mong mudn hodc da hét
bang ghi ma van chua tim thay”
Ma 1€nh ham nhu sau:
int find(int a[], int n, int x)
{
int kt = 0;
int i
for (i=0;i<=n-1;i++)
if (a[i]==x)
{
Kkt =1;
break;’
¥

return kt;
¥
Vi du 1: Minh hoa cach thyuc hi¢n ctia chuong trinh tim ki€ém tuyén tinh.
Cho day s a:
12 2 8 5 1 6 4 15
Néu gia tri can tim 1a x=8, giai thuat duoc tién hanh nhu sau :
i=0
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v

12 2 g & 1 & 4 15

5.2 Tim kiém nhi phan

Phuong phap nay yéu cau diy phai duoc sap xép ting dan hodc giam dan. Thuét
todn 4ap dung cho day a sap x&p tdng dan nhu sau:
Phan tir du cta diy c6 chi s6 1.
Phan tir cudi cua diy c6 chi sdr.
Lap lai:
- m=(l+r)/2
- néu a[m]<x thi r=m-1
- néu a[m]=x thi da tim thay, dimg ngay thuat toan.
- néu a[m]>x thi I=r+1
cho dén khi I>r.
Thuét toan thé hién:
int BinarySearch(int a[], int n, int x)
{

int kt =0;

int I,r,m;
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while (I<=r)

{

¥

m = (I+r)/2;

if (x<a[m])
r=m-1;

else

if (x==a[m])
{

break;

}

else
|= m+1;

return kt;

}

Vi du 2: Cho day sb a gém 8 phﬁn ta: 1; 2:;4;5;6:8;12;15

Néu gia tri can tim 1a 8, gidi thudt dugc tién hanh nhu sau:

|=0,r=7,m=3
¥=15a
1 2 4 o g 12 15
left = 4, right =7, midle =5
¥=4a
1 2 4 L} g 12 15

Dung.
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Bai tap
Bai tap 1. Cai dat cac thuat toan tim kiém da trinh bay. Thé hién truc quan cac thao
tac cia thuat toan. Tinh thoi gian thuc hién ctia moi thuat toan.
Bai tap 2. Hay viét ham tim tat ca cac sd nguyén t6 nim trong mang mot chiéu a
c6 n phan tu.
Bai tap 3.Hay viét ham tim diy con ting dai nhit cia mang mot chiéu a c6 n phan
tir (ddy con 1a mot ddy lién tiép cac phan cua a).

Bai tap 4: Hay viét ham tim kiém mot phan tir trong danh sach lién két.
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