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Gioi thiéu mon hoc

GIOI THIEU MON HOC

I. GIOI THIEU CHUNG

Su phat trién cong nghé thong tin trong nhitng ndm vira qua da 1am thay d6i bo mat
kinh t& xa hoi toan cdu, trong d6 cong nghé phan mém trg thanh mot nganh cong nghiép
quan trong ddy tiém nang. V4i sy hoi tu cta cong nghé vién théng va cong nghé thong rin,
ty trong vé gia tri phan mém chiém rét cao trong cac hé thong vién thong ciing nhu cac thiét
bi dau cudi. Chinh vi Iy do do, viéc nghién curu, tim hiéu, tién t6i phat trién cling nhu lam
chu cac hé théng phin mém cua cac ky su dién tir vién thong 13 rit can thiét.

Tai li€u giang day “KV thudt ldp trinh” cho hé dao tao tir xa duoc xay dung dya trén
gido trinh “Ky thuadt ldp trinh” da dugc giang day tai hoc vién trong nhirng nam qua véi
muc dich cung cip cho sinh vién nhiing kién thirc co ban nhét, c6 tinh hé thong lién quan
toi lap trinh.

Thong qua cudn tai liéu nay, chung to6i mudn giGi thiéu véi cac ban doc vé ki ning
lap trinh cAu trac va mot sb thuat toan quan trong, bao g@)m: DPai cuong vé 1ap trinh cAu trac;
Duyét va dé qui; Ngin xép, hang doi va danh sach méc ndi; Cay; Do thi va cudi cung 1a Sip
xép va tim kiém.

IL. MUC PiCH

Mon hoc cung cép cho sinh vién k¥ ning 1ap trinh trén cac céu trac dit lidu quan trong
nhu: stack, queue mlink, tree & graph cung v6i phuong phap phén tich, thiét ké, danh gia
thuét toan.

Sau khi hoc xong mon hoc nay, sinh vién c6 kha ning viét duoc chuong trinh giai

quyét nhirng bai toan trong thuc té.

III. PHAM VI NGHIEN CUU

Nghién ctru cac thuat toan co ban dugc st dung trong thuc té nhu cac thuat toan tim
kiém, céac thuat toan lién quan dén dd thi. Cac giai thudt lap trinh dua trén danh sach, cay...

Nghién ctru cach cai dat cac thuat toan trén may tinh.

Tim hiéu céc linh vire ing dung ciia cac thuat toan, phuong phap trong thuc té.

IV. PHUONG PHAP NGHIEN CUU
Pé hoc t6t mén hoc nay, sinh vién can luu y nhiing vén dé sau:

1. Kién thwe can trwoc



Loi noi dau

- Sinh vién phai c6 kién thirc co ban vé todn hoc cao cap.

- Thanh thao it nhit mot ngdn ngir 1ap trinh. Pic biét trong cubn sach nay di s dung
ngdn ngit 1ap trinh C dé mé ta thuat toan, vi vy sinh vién phai ndim dugc ngon ngit lap trinh C.

2. CAc tai liéu cén co:

Sach hudng dan hoc tap K§ thuat lap trinh. Ths. Nguyén Duy Phuong, Hoc vién
Cong nghé Buu chinh Vién thong, 2006.

Néu can sinh vién nén tham khao thém:

- Gi4o trinh K§ thuat lap trinh. Ts. Lé Hitu Lap, Ths. Nguyén Duy Phuong, Hoc
vién Cong nghé Buu chinh Vién théng, 2002.

- Bai giang di¢n t&r mon hoc: “K¥ thuat 1ap trinh” cia Hoc vién Cong ngh¢ Buu
chinh Vién thong.

3. Dat ra muc tiéu, thoi han cho ban than
Dit ra cac muc tiéu tam thoi va thoi han cho ban than va ¢ géng thuc hién ching
Xay dung muyc ti€u trong chuong trinh nghién ctru.

4 Nghién ctru va nim nhirng kién thirc c6t 16i

Sinh vién nén doc qua sach hudng dan hoc tap trudc khi nghién clru bai gidng mon
hoc va cac tai liéu tham khao khac.

5. Tham gia diy dii cac budi hwéng din hoc tap

Thong qua cac budi hudng dan hoc tap, giang vién s€ gitip sinh vién nam dugc nodi
dung tong thé ctia mén hoc va giai dap thac mac, dong thoi sinh vién cling c6 thé trao doi,
thao luan véi nhiing sinh vién khac vé ndi dung bai hoc.

6. Chu dong lién hé véi ban hoc va giang vién

Cach don gian nhét 1a tham du cac dién dan hoc tap trén mang Internet, qua do co thé
trao di truc tiép cac van dé vudng mic véi giang vién hodc cac ban hoc khac dang online.

7. Tw ghi chép lai nhirng y chinh

Viéc ghi chép lai nhitng y chinh 1a mot hoat dong tai hi¢n kién thirc, kinh nghiém
cho thy né gitp ich rat nhiéu cho viéc hinh thanh thoi quen tu hoc va tu duy nghién ctru.

8. Hoc di d6i véi hanh

Hoc Iy thuyét dén d4u thyc hanh 1am bai tap va thue hanh ngay dén d6 dé hiéu va nim
chic 1y thuyét. Sinh vién can cai dit trén mdy tinh cac thuat todn trong bai hoc bang cac ngon
ngit 1ap trinh dé tir d6 ¢6 thé hiéu va nim chéc hon tu tudng va ndi dung cua thuat toan.

Ha Ngi, ngay 20 thang 02 nam 2006

Ths. Nguyén Duy Phuong
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CHUONG 1: DAl CUONG VE KY THUAT LAP
TRINH CAU TRUC

Noi dung chinh cta chuong nay tap chung lam sang té nhitng nguyén ly co ban cta
1ap trinh céu trac. Nhitng nguyén 1y ndy dwoc coi nhu nén tang tu tudng cta phuong phap
1ap trinh ciu trac di duoc tich hop trong cac ngdn ngi 1ap trinh. Nam viing cac nguyén 1y
ctia lap trinh ciu trac khong chi gitip ngudi hoc co cach tiép can ngdn ngit 1ap trinh nhanh
chong ma con gitp ho cach tu duy trong khi xay dung cac hé thng tng dung. Cac nguyén
1y co ban dugc gi6i thiéu trong chuong nay bao gom:

v' Nguyén 1y 1énh - 1énh c6 ciu tric - cdu trac di liéu.
Nguyén Iy tdi thiéu.

Nguyén ly dia phuong.

Nguyén ly an toan.

Nguyén Iy nhat quan.

AN N N RN

Nguyén ly Top-Down .
v Nguyén ly Botton-Up.

Ban doc ¢ thé tim duoc nhiing chi tiét siu hon va rong hon trong tai lidu [1] & [6].

1.1. SO LUQC VE LICH SU LAP TRINH CAU TRUC

Lap trinh 12 mot trong nhimg cong viéc nang nhoc nhit ciia khoa hoc may tinh. Co
thé néi, niang suat xay dung cac san pham phan mém 1a rt thip so véi cac hoat dong tri tué
khac. Mot san pham phan mém c6 thé duoc thiét ké va cai dit trong vong 6 thang voi 3 lao
dong chinh. Nhung dé kiém tra tim 15i va tiép tuc hoan thién san pham d6 phai mat thém
chimg 3 nam. Pay 1a hién tuong pho bién trong tin hoc cta nhitng ndm 1960 khi xay dung
cac san phdm phan mém bang ky thuat 1ap trinh tuyén tinh. Dé khic phuc tinh trang 15i cta
san phim, nguoi ta che chin n6é bdi mot manh che mang tinh chét thuong mai duoc goi 1a
Version. Thuc chit, Version 13 viéc thay thé san phdm cii bang cach sira ddi n6 rdi cong bd
dudi dang mot Version méi, giébng nhu: MS-DOS 4.0 chi ton tai trong thoi gian vai thang
roi thay ddi thanh MS-DOS 5.0, MS-DOS 5.5, MS-DOS 6.0 . . . Day khong phai 1a mot san
pham moéi nhu ta twong ma trong né con ton tai nhimg 16i khong thé bo qua duoc, vi ngay
MS-DOS 6.0 cling chi 1a su khéc phuc han ché ctia MS-DOS 3.3 ban déu.

Trong thoi ky dau cia tin hoc, cac 1ap trinh vién xdy dung chuong trinh bang cac
ngon ngit 1ap trinh bac thip, qua trinh nap va theo doi hoat dong ciia chwong trinh mot cach
tryc tiép trong ché do truc tuyén (on-line). Viée tim va stra 18i (debbugging) nhu ngay nay
la khong thé thuc hién duoc. Do vay, trudc nhitng nam 1960, nguoi ta coi vi¢e 1ap trinh
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gidng nhu nhitng hoat dong nghé thuat nhuém mau sic ca nhan hon 1a khoa hoc. Mot sd
nguoi ndm dugc mot vai ngon ngir 1ap trinh, cung mat s6 meo vit tan dung cAu hinh vat ly
cu thé cua hé théng may tinh, tao nén mat sb san phém la cua phén mém duoc coi 12 mot
chuyén gia nim bit dugc nhirng bi 4n ctia nghé thuat 1ap trinh.

Céc hé théng may tinh trong giai doan nay c6 cu hinh yéu, bd nhé nho, toc do cac
thiét bi vao ra thép lam cham qua trinh nap va thyc hién chuong trinh. Chuong trinh duoc
xay dung bé‘mg ky thuat lap trinh tuyén tinh ma ndi bat nhat 1a ngon ngit 1ap trinh Assembler
va Fortran. V&i phuong phap 1ap trinh tuyén tinh, 1ap trinh vién chi dugc phép thé hién
chuong trinh cia minh trén hai cAu trac 1énh, d6 1a céu tric 1énh tuan tu (sequential) va
nhay khong diéu kién (goto). Hé thng thu vién vao ra nghéo nan lam cho viée lap trinh tro
nén kho khan, chi phi cho cac san phim phin mém qué 16n, do tin ciy cua cac san pham
phan mém khéng cao dan t&i hang loat cac du an tin hoc bi tht bai, dic biét 1a cac hé théng
tin hoc ¢6 tdm ¢& 16n. Nam 1973, Hoare khang dinh, nguyén nhan that bai ma ngudi My
gip phai khi phong vé tinh nhén tao vé phia sao V& nit (Sao Kim) 1 do 16i ctia chuong trinh
diéu khién viét bang Fortran. Thay vi viét:

DO 501=12, 523
(Thiee hién s6 50 véilla 12, 13, ..., 523)
Lap trinh vién (hodc thao tac vién duc bia) viét thanh:
DO 501=12.523
(Ddu phay dd thay bang ddu cham)

Gap cau Iénh nay, chuong trinh dich cua Fortran da hiéu 1a gan gia tri thuc 12.523
cho bién DO 50 I lam cho két qua chwong trinh sai.

Pé giai quyét nhimg vudng mic trong k¥ thuat 1ap trinh, cac nha tin hoc 1y thuyét da
di sdu vao nghién ctru tim hiéu ban chat ctia ngdn ngit, thuat toan va hoat dong lap trinh,
nang ndi dung cua k¥ thuat lap trinh 1én thanh cic nguyén 1y khoa hoc ngay nay. Két qua
ndi bat nhat trong giai doan nay 1a Knuth xuat ban bo 3 tap sich mang tén “Nghé thuat 1ap
trinh” gidi thidu hét sirc ti mi co so 1y thuyét dam bao toan hoc va cac thuat toan co ban xir
ly dit lidu nira s, sap xép va tim kiém. Nam 1968, Dijkstra cong bd 14 thu “Vé sy nguy hai
clia toan tir goto”. Trong cong trinh nay, Dijkstra khang dinh, c6 mot s6 15i do goto gdy nén
khong thé xac dinh duge diém bat dau cua 18i. Dijkstra con khang dinh thém: “Tay nghé
cia mot 1ap trinh vién ti 18 nghich vé6i s6 luong toan tir goto ma anh ta sir dung trong
chwong trinh”, ddng thoi kéu goi huy bo triét dé toan tir goto trong moi ngdn ngit 1ap trinh
ngoai trir ngdn ngit 1ap trinh bac thap. Dijkstra con dua ra khang dinh, dong thai ciia chuong
trinh ¢6 thé dugc danh gia tuong minh qua cac cAu tric 1ap, r€ nhanh, goi d€ qui 1a co s&
ctia lap trinh cdu trac ngay nay.

Nhitng két qua duogc Dijikstra cong bd di tao nén mot cudc cach mang trong ky
thuét 1ap trinh, Knuth liét k& mot s6 truong hop c6 loi cta goto nhu vong 1ap két thic gitra
ching, bét 13i . . ., Dijkstra, Hoare, Knuth tiép tuc phat trién tu tudng coi chuong trinh may
tinh ciing v6i 1ap trinh vién 1a d6i twong nghién ctru cia k¥ thuat 1ap trinh va phuong phap
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lam chu su phuc tap cta cac hoat dong 1ap trinh. Nam 1969, Hoare da phat biéu céc tién dé
phuc vu cho viéc chimg minh tinh dung dan cta chuong trinh, phat hién tinh bat bién cua
vong lap bang cach coi chuwong trinh vira 12 ban ma hoa thuit toan dong thoi 13 ban chimg
minh tinh dung dn ctia chuong trinh. Sau d6 Dahl, Hoare, Dijiksta di phat trién thanh ngén
ngir 1ap trinh ciu trac.

Dé trién khai cac nguyén 1y 1ap trinh cau trac, L. Wirth d3 thiét ké va cai dat ngon
ngit ALGOL W 1a mét bién thé cia ALGOL 60. Sau nay, L. Wirth tiép tuc hoan thién dé
tré thanh ngdn ngir l4p trinh Pascal. DAy 13 ngdn ngit 1ap trinh gian di, sdng saa vé cu phap,
dé minh hoa nhiing van dé phtic tap cua lap trinh hién dai va duogc coi 1a mot chuén muc
trong giang day lap trinh.

Nim 1978, Brian Barninghan cting Denit Ritche thiét ké ngon ngit 1ap trinh C voi toi
thiéu cac ciu trac 1énh va ham kha phu hop véi tu duy va tdm 1y ciia ciia ngudi 1ap trinh.
DPong thoi, hai tic gia da phat hanh phién ban hé diéu hanh UNIX viét cha yéu bang ngon
ngit C, khang dinh thém uy thé cta C trong lap trinh hé thong.

1.2. CAU TRUC LENH, LENH CO CAU TRUC, CAU TRUC DU LIEU

1.2.1. CAu tric 1énh (cAu tric diéu khién)

Mbi chuong trinh may tinh vé ban chit 14 mot ban ma hoa thuét toan. Thuat toan
duogc coi 1a day hitu han cac thao tac so cdp trén tap ddi twong vao (Input) nham thu dugc
két qua ra (output). Cac thao tac trong mot ngdn ngit lap trinh cu thé duoc didu khién boi
cac 1énh hay cac cAu trac diéu khién, con cac dbi tuong chiu thao tac thi duwgc mo ta va biéu
dién thong qua cac céu trac dit liéu.

Trong cac ngdn ngit 1ap trinh cau trac, nhitng cau tric 1énh sau duge sir dung dé xay
dung chwong trinh. Di nhién, ching ta s& khoéng ban t6i cau tric nhay khong diéu kién goto
mic di ngdn ngit 1ap trinh cdu triic nao ciing trang bi cdu trac 1énh goto.

CAu triic tuan tir ¢ CAu tric r& nhanh dang dﬁy da
A; A If (E) A; s é
l Else B; lD
B R
B;

Sau khi thuc hién 1énh A thi thue hién 1énh B

thire hién A: Néu E sai thi thire hién B:

A
| } }
S

Néu biéu thic E c6 gia tri ding (khac 0) thi

Hinh 1.1: CAu tric tuin tu va cAu tric ré nhanh dang d?ly dua
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Céu truc 1ap voi didu kién trude Céu trac 1ap véi didu kién sau
While (E) A; do )
A
S v
I -
A; S b
A —
while (E);
Trong khi biéu thirc E con c6 gia tri dung thi Thyc hién A cho t6i khi nio E van con
thuc hién A; dang;

Céu trac lap FOR
For (E1; E2;E3) i
A; El

E3

Hinh 1.2. Céc ciu tric lip

A, B : ky hi¢u cho céc cau 1€nh don hodc I¢nh hop thanh. M&i 1énh don 1¢é duoc goi la
mot Iénh don, 1€nh hop thanh 1a 1€nh hay c4u trac 1énh duoc ghép lai v6i nhau theo qui dinh
clia ngdn ngit, trong Pascal 14 tap 1énh hay cdu trac 1énh duoc bao trong than cia begin . . .
end; trong C 14 tap cac 1énh hay cdu trac 1énh dugc bao trong hai ky hiéu { ... }.

E, El, E2, E3 1a cac biéu thirc s6 hoc hodc logic. Mot s6 ngdn ngit 1ap trinh coi gia tri
ctia biéu thirc logic hodc ding (TRUE) hoic sai (FALSE), mot sb ngdn ngit lap trinh khac
nhu C coi gi tri cua biéu thirc logic 12 dung néu nd cé gia tri khac 0, nguoc lai biéu thirc
logic c6 gia tri sai.

Cén luu ¥ rang, mot chuong trinh dugc thé hién bang cac cdu tric didu khién 1énh
tuan tu, tuyén chon if..else, switch . . case .. default, 1ap v6i diéu kién trudc while , 1ap véi
diéu kién sau do . . while, vong lap for bao gio ciing chuyén duoc vé mot chuong trinh, chi
sir dung t6i thiéu hai cdu trac 1énh 14 tudn ty va lap voi diéu kién trudc while. Phuong phap
1ap trinh nay con duge goi 1a phuong phap 1ap trinh han ché.
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1.2.2. Lénh c6 ciu tric

Lénh c6 cau trac 1a 1énh cho phép chira cac cu trac diéu khién trong né. Khi tim hiéu
mot cAu trac didu khién can xac dinh 1o vi tri dugc phép dat mot cAu trac diéu khién trong
n6, ciing nhu né 1a mot phan cua cu trac diéu khién ndo. Diéu nay tudng nhu rat tim
thuong nhung c6 ¥ nghia hét strc quan trong trong khi xdy dung va kiém tra 16i c¢6 thé xay
ra trong chuong trinh. Nguyén tic viét chuong trinh theo ciu triic: CAu triic con phai dugc
viét lot trong cdu tric cha, diém vao va diém ra cia mdi cdu tric phai nam trén cung mot
hang doc. Vi du sau s& minh hoa cho nguyén tic viét chuong trinh:

if (E)
while (E1)
A;
else
do
B;
while(E2);
Trong vi du trén, while (EI) A; 1a cau tric con nam trong than cua ciu tric cha 13 if
(E) ; condo B while(E2); 1a cdu trac con trong than cua else. Do vdy, cau 1énh while(El);
do . . . while(E2) c6 cung cip v6i nhau nén nd phai nam trén ciing mét cot, tuong ty nhu
vay voi A, B va if véi else.

1.2.3. CAu tric dir liéu

Céc ngdn ngir 1ap trinh cau triic néi chung déu gidng nhau vé ciu trac 1énh va ciu
trac dir liéu. Diém khac nhau duy nhit giita cac ngdn ngir lap trinh cAu tric 1a phuwong phap
dat tén, cach khai bao, cu phap cau Iénh va tdp cac phép toan dugc phép thuc hi¢n trén céac
céu trac dir liéu cu thé. Nim bat dugc nguyén tic nay, ching ta s& dé dang chuyén doi cach
thé hién chuong trinh tir ngdn ngit lap trinh nay sang ngdn ngit lap trinh khac mot canh
nhanh chéng ma khong tén qua nhiéu thoi gian cho viée hoc tap ngdn ngir 1ap trinh.

Thong thudng, cac cau trac dir liéu dwoc phan thanh hai loai: cau trac dir lidu co kiéu
co ban (Base type) va céu tric dir lidu ¢6 kiéu do ngudi dung dinh nghia (User type) hay
con goi la kiéu dit liéu c6 cau trac. Kiéu dir liéu co ban bao gé)m: Kiéu ki tu (char), kiéu s
nguyén c6 diu (signed int), kiéu s nguyén khong dau (unsigned int), kiéu sb nguyén dai c6
dau (signed long), kiéu sb nguyén dai khong dau (unsigned long ), kiéu sé thuc (float) va
kiéu s6 thuc c6 do chinh xéac gap doi (double).

Kiéu dit liéu do nguoi ding dinh nghia bao gdm kiéu xau ki tu (string), kiéu mang
(array), kiéu tap hop (union), kiéu cau trac (struct), kiéu file, kiéu con tro (pointer) va céac
kiéu dit liéu duge dinh nghia madi hoan toan nhu kiéu danh sach méc nbi (link list), kiéu cay
(tree) . . .

Kich c& cua kiéu co ban dong nghia v6i mién xac dinh cua kiéu v6i biéu dién nhi
phan cta no, va phu thudc vao timg hé théng may tinh cu thé. Dé xac dinh kich ¢ cua kiéu
nén duing toan tir sizeof{ type). Chuong trinh sau s& liét ké kich ¢& ciia cac kiéu co ban.
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Vi du 1.1. Kiém tra kich c& cta kiéu.

#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <io.h>
void main(void) {
printf(“\n Kich c& kiéu ki tu:%d”, sizeof(char));
printf(“\n Kich c& kiéu ki tu khong déu:%d”, sizeof(unsigned char));
printf(“\n Kich c& kiéu s6 nguyén khong dau:%d”, sizeof(unsigned int));
printf(“\n Kich c& kiéu sé nguyén c6 diu:%d”, sizeof(signed int));
printf(“\n Kich c& kiéu sé nguyén dai khong dau:%d”, sizeof(unsigned long ));
printf(“\n Kich ¢& kiéu s6 nguyén dai c6 ddu:%d”, sizeof(signed long ));
printf(“\n Kich ¢& kiéu s6 thuc c¢6 do chinh xac don:%d”, sizeof(float ));
printf(“\n Kich c& kiéu s6 thuc c6 do chinh xac kép:%d”, sizeof(double ));
getch();
H
Kich ¢& cua cac kiéu dit liéu do nguoi dung dinh nghia 13 tong kich ¢ ciia mdi kiéu
thanh vién trong n6. Chiing ta ciing van duing toan tir sizeof{tén kiéu) dé xac dinh d¢ 16n tinh
theo byte cua cac kiéu dit liéu nay.

Mot diem dac biét cha y trong khi 1ap trinh trén cac cau truc dit lidu 1a cau trac dir licu
nao thi phai kem theo phép toan do, vi mot bién dugc goi 1a thude kiéu dit li€u nao d6 néu
nhu n6 nhan mat gia tri tir mién xac dinh cta ki€u va cac phép toan trén kiéu dir lidu do.

1.3. NGUYEN LY TOI THIEU

Hay bat dau tir mot tip nguyén tic va tdi thiéu cac phuong tién 13 cac cau triic 1énh, kiéu
dir liéu cung cac phép toan trén nd va thuc hién viét chuong trinh. Sau khi nim chéc nhiing
cong cu vong dau mai dat van dé mo rong sang hé théng thu vién tién ich ciia ngdn ngi.

Khi 1am quen véi mdt ngén ngit 1ap trinh ndo d6, khong nhat thiét phai 18 thudc qua
nhiéu vao hé thdng thu vién ham cta ngdn ngir, ma diéu quan trong hon 14 truéc mot bai
toan cu thé, chung ta sir dung ngén ngir dé giai quyét nd thé nio, va phuong an tét nhat 1a
lap trinh bang chinh hé théng thu vién ham cua riéng minh. Do vay, dbi v6i cac ngdn ngit
1ap trinh, chung ta chi cdn nam vimg mét s cac cong cu t6i thiéu nhu sau:

1.3.1. Tap cac phép toan
Tap cac pheép toan §6 hoc: + (cong); - (trr); * (nhan); % (ldy phan du); / (chia).
Tap cdc phép todn sé hoc mé rong:
++a < a=a+l;// ting gid tri bién nguyén a 1én mot don vi;
--a < a=a-1; //giam gi4 tri bién nguyén a mot don vi;

at=n <> a=atn;// ting gia tri bién nguyén a 1én n don vi;
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a-=n < a=a-n;// giam gia tri bién nguyén a n don vi);
a%=n < a=a%n,// 1€iy gia tri bién a modul véi n;

a/=n <> a=a/n;// liy gi4 tri bién a chia cho n;

a*=n < a=a*n;//ldy gia tri bién a nhan véi n;

Tap cac phép toan so sanh: > <, >=, <=, ==, |= (16n hon, nhé hon, 16n hon
hodc bang, nho hon hodc bang, dung bang, khac). Qui tic viét dugc thé hién nhu sau:

if (a>b) {..} //néualénhonb
if (a<b) { ..} //néuanho honb
if (a>=b) { ..} //néu a l6n hon hoic bang b
if (a<=b) { ..} // néu a nho hon hoic bang b
if (a==b) { ..} // néu a dung bang b
if (al=b) { ..} //néuakhic b

Tap cac phép toan logic: &&, ||, ! (va, hodc, phu dinh)

&&: Phép va logic chi cho gi tri dung khi hai biéu thirc tham gia déu c6 gid tri
dung (gia tri dung ctia mot biéu thie trong C duoc hiéu 13 biéu thire ¢6 gid tri khac 0).

||: Phép hodc logic chi cho gi tri sai khi ca hai biéu thtrc tham gia déu co gia
tri sai.

I: Phép phu dinh cho gi tri diing néu biéu thirc c6 gia tri sai va nguoc lai cho
gia tri sai khi biéu thirc c6 gia tri ding. Ngit nghia cua cac phép toan dugc minh hoa
thong qua cac cau Iénh sau:

inta=3,b=5;
if ((a!=0) && (b!=0)) //néu akhac 0 va b khac 0
if ((a!=0) || (b!=0)) // néu a khac 0 hodc b khac 0

if (la) // phu dinh a khac 0
if (a==b) // néu a ding bang b
Cdc toan tir thao tdac bit (khong sir dung cho float va double)
& : Phép héi cac bit.
| : Phép tuyén céc bit.
4 : Phép tuyén cac bit c¢6 loai trir.
<< : Phép dich trai (dich sang trai n bit gia tri 0)

>> : Phép dich phai (dich sang phai n bit c6 gia tri 0)
~ : Phép 14y phan bu.



Churong 1: Dai cirong vé ky thudt lgp trinh cdu triic

Vi du 1.2: Viét chuong trinh kiém tra cac toan tir thao tac bit.

#include <stdio.h>

#include <conio.h>

#include <stdlib.h>

#include <io.h>

void main(void){

unsigned int a=3, b=5, c; clrscr();

¢ =a & b; printf(“\n ¢ = a & b=%d”,c);
c=a|b; printf(“\n ¢ = a | b=2%d”,c);

¢ =a” b; printf(“\n c = a * b=%d",c);

¢ = ~a; printf(“‘\n ¢ = ~a =%d”,c);

¢ = a << b; printf(“\n ¢ = a << b=%d",c);
¢ =a>>b; printf(“\n ¢ = a >> b=%d”,c);
getch();

}

Todn tir chuyén déi kiéu: Ta co thé ding toan tir chuyén dbi kiéu dé nhan duogc két qua
tinh toan nhu mong muédn. Qui tic chuyén ddi kiéu duge thuc hién theo qui tic: (kiéu) bién.
Vi du 1.3: Tinh gia tri phép chia hai s6 nguyén a va b.

#include <stdio.h>

#include <conio.h>

#include <stdlib.h>

#include <io.h>

void main(voi)(

int a=3, b=5; float c;

c= (float) a / (float) b;

printf(*“\n thuong ¢ = a/ b =%6.217, c);
getch();

}

Thir tw wu tién cac phép todn : Khi viét mot biéu thirc, ching ta can luu y toi thi ty
uu tién tinh toan cac phép todn, cac bang tong hop sau day phan anh trat tw wu tién tinh toan
ctia cac phép toan sé hoc va phép toan so sanh.

Bang tong hop thir tw wu tién tinh toan cac phép toan so hoc va so sanh

TEN TOAN TU CHIEU TiNH TOAN
()1,-> L->R
-,++ -, !, ~, sizeof() R->L
L % L->R

10
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+, - L->R

>> << L->R

<, <= >, >= L->R

& L->R

A L->R

| L->R

&& L >R

|| L->R

?: R>L

— 4 = %k— — O/— R— A= |— _ _
) +_7 Ty T /_7 A)_a B ) <<_7 >>= R->L

2 b

1.3.2. Tap cac Iénh vao ra co ban

Nhép dit liéu tir ban phim: scanf(“format_string, . . .”, &parameter . . .);

Nhap dir liéu tur tép: fscanf( file pointer,”format string, . ..”, &parameter, . . .);
Nhan moét ky tu tir ban phim: getch(); getchar();

Nhan mot ky tu tu file: fgetc(file pointer, character name);

Nhap mdt string tir ban phim: gets(string_name);

Nhan mot string tur file text : fgets(string_name, number character, file pointer);
Xuat dit liéu ra man hinh: printf(“format_string . . .”, parameter . . .);

Xuat dit lidu ra file : fprintf(file pointer, “format_string . . .”, parameter. . .);
Xuat mot ky ty ra man hinh: putch(character name);

Xuit mot ky tu ra file: fpute(file pointer, character name);

Xuat mot string ra man hinh: puts(const_string_name);

Xuat mot string ra file: fputs(file_pointer, const_string_name);
1.3.3. Thao tac trén cac kiéu dit liéu c6 ciu tric

Tap thao tac trén string:
char *strchr(const char *s, int ¢) - tim ky tu ¢ du tién xuat hién trong xau s;

char *stpcpy(char *dest, const char *src) : copy xau scr vao dest;

11
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int strcmp(const char *sl, const char *s2) : so sanh hai xau sl va s2 theo thu ty tu
dién, néu sl < s2 thi ham tra lai gia tri nho hon 0. Néu s1>s2 ham tra lai gia tri
duong. Néu s1==s2 ham tra lai gia tri 0.

char *strcat(char *dest, const char *src) : thém xau scr vao sau xau dest.
char *striwr(char *s) : chuyén xau s tir ky tu in hoa thanh ky tu in thuong.
char *strupr(char *s): chuyén xau s tir ky tu thuong hoa thanh ky tu in hoa.
char *strrev(char *s): ddo nguogc xau s.
char *strstr(const char *s1, const char *s2): tim vi tri du tién cta x4u s2 trong xau sl.
int strlen(char *s): cho d6 dai cia xau ky tu s.
Tép thao tac trén con tré:
Thao tac lay dia chi ciia bién: & parameter_name;
Thao tac lay ndi dung bién (bién c6 kiéu co ban): *pointer name;
Thao tac tro t&i phan ti tiép theo: ++pointer name;
Thao tac tré téi phan tir thir n ké tir vi tri hién tai: pointer name = pointer name +n;
Thao tac tro toi phﬁn ttr sau con tro ké tir vi tri hién tai: --pointer_name;
Thao tac tro toi phén tr sau n phﬁn ttr ké tir vi tri hién tai:
Pointer name = pointer _name - n;
Thao tac cap phat bd nhé cho con tro:
void *malloc(size_t size);
void *calloc(size_t nitems, size t size);
Thao tac cip phat lai bo nhd cho con tr6 : void *realloc(void *block, size._t size);
Thao tac gidi phong bd nhd cho con trd: void free(void *block),
Tap thao tac trén cu tric:
Dinh nghia cau trac:
struct struct_name{
type_ I parameter name I;
type_2 parameter_name_2;
type_k parameter name_k;
} struct_parameter name;

Phép truy nhap t6i thanh phan ciu tric:

12
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Struct_parameter _name.parameter_name.
Phép gan hai ciu triic cung kiéu:
struct_parameter_namel = struct_parameter _name2;
Phép tham tro t6i thanh phan ciia con tré ciu tric:
pointer_struct_parameter_name -> Struct_parameter_name.
Tap thao tac trén file:
Khai bao con tro file: FILE * file pointer;
Thao tac m¢ file theo mode: FILE *fopen(const char *filename,const char *mode);
Thao tac dong file: int fclose(FILE *stream);
Thao tac doc tung dong trong file: char *fgets(char *s, int n, FILE *stream),
Thao tac doc timng khéi trong file:
size_t fread(void *ptr, size t size,size_t n, FILE *stream);
Thao tac ghi tung dong vao file: int fputs(const char *s, FILE *stream);
Thao tac ghi timg khdi vao file:
size_t fwrite(const void *ptr, size_t size, size_t n, FILE *stream);
Thao tac kiém tra sy ton tai cua file: int access(const char *filename, int amode);
Thao tac ddi tén file: int rename(const char *oldname,const char *newname);

Thao tac loai bo file: int unlink(const char *filename);

1.4. NGUYEN LY PIA PHUONG

= Cdc bién dia phwong trong ham, thii tuc hodc chu trinh cho dii cé tring tén
véi bién toan cuc thi khi xit Iy bién d6 trong ham hodc thii tuc van khéong lam
thay déi gid tri ciia bién toan cuc.

» Tén cua cac bién trong doi cua ham hodc thu tuc déu la hinh thirc.

»  Moi bién hinh thirc truyén theo tri cho ham hodc thii tuc déu la cac bién dia
phuong.

= Cdc bién khai bdo bén trong cac chwong trinh con, ham hodc thii tuc déu ld
bién dia phirong.

= Khi phai sir dung bién phu nén ding bién dia phwong va han ché téi da viéc
sir dung bién toan cuc dé tranh xdy ra cdc hiéu img phu.

Vi du hoan d6i gia tri cia hai s a va b sau day s€ minh hoa rd hon vé nguyén ly dia
phuong.

Vi du 1.4. Hoan dbi gia tri ciia hai bién a va b.

13
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#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <io.h>
int a, b; // khai bo a, b 1a hai bién toan cuc.
void Swap(void) {
int a,b, temp; // khai bao a, b 14 hai bién dia phuong
a=3;b=5;//gan gia trichoavab
temp=a; a=b; b=temp;// d6i gia tri cia a va b
printf(“\n Két qua thyc hién trong thu tuc a=%5d b=%5d:,a,b);
}
void main(void) {
a=1; b=8; // khoi ddu gié tri cho bién toan cyc a, b.
Swap();
printf(“\n Két qua sau khi thyc hién thu tuc a =%5d b=%5d",a,b);
getch();
H

Két qua thuc hién chuong trinh:
Két qua thyc hién trong thu tuca =5 b=3
Két qua sau khi thuc hién thu tuca =1 b =8

Trong vi du trén a, b 13 hai bién toan cuc, hai bién a, b trong thi tuc Swap 14 hai bién
cuc bg. Céc thao tac trong thu tuc Swap gan cho a gia tri 3 va b gid tri 5 sau do thuc hién
d6i gia tri ciia a =5 va b =3 1a cong viéc xr Iy ndi b cua thu tuc ma khong lam thay ddi gia
tri cta bién toan cuc cua a, b sau thi thuc hién xong thu tuc Swap. Do vay, Kkét qua sau khi
thuc hién Swap a=1, b =§; Piéu d6 churng to trong thu tuc Swap chua bao gio st dung toi
hai bién toan cuc a va b. Tuy nhién, trong vi dy sau, thi tuc Swap lai lam thay d6i gia tri cta
bién toan cuc a va b vi no thao tc truc tiép trén bién toan cuc.

Vi du 1.5. Déi gia tri cua hai bién a va b

#include <stdio.h>

#include <conio.h>

#include <stdlib.h>

#include <io.h>

int a, b; // khai bao a, b 14 hai bién toan cuc.

void Swap(void) {

int temp; // khai bao a, b 1a hai bién dia phuong

a=3;b=5;//gan gia trichoavab

temp=a; a=b; b=temp;// ddi giatrictaavab

printf(“\n Két qua thyc hién trong thu tuc a=%5d b=%5d:,a,b);
}

void main(void) {

14
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a=1; b=8; // khoi dau gié tri cho bién toan cuc a, b.
Swap();
printf(“\n Két qua sau khi thue hién thu tuc a =%5d b=%5d”,a,b);
getch();
H

Két qua thyc hién chuong trinh:
Két qua thyc hién trong thi tuc a = 8 b=1

Két qua sau khi thuc hién thu tuca =1 b =8

1.5.NGUYEN LY NHAT QUAN

= Dir liéu thé ndo thi phdi thao tac thé dy. Can sém phdt hién nhitng mdu thudn
gitta cdu tric dir liéu va thao tac dé kip thoi khdc phuc.

Nhu chiing ta d4 biét, kiéu 1a mot tén chi tap cac dbi twong thude mién xac dinh cuing
v6i nhitng thao tac trén nd. Mot bién khi dinh nghia bao gio cling thuoc mot kiéu x4c dinh
nao dé hodc 1a kiéu co ban hodc kiéu do ngudi dung dinh nghia. Thao tac vé&i bién phu
thudc vao nhiing thao tac dugc phép cua kiéu. Hai kiéu khac nhau duoc phan biét boi tén,
mién xac dinh va cac phép toan trén kiéu dit liéu. Tuy nhién, trén thuc té c6 nhiéu 15i nhap
nhang giita phép toan va cau triic dit liéu ma chung ta can hiéu rd.

Dbi véi kiéu ky tu, vé nguyén tic chung ta khéng duge phép thuc hién cac phép toan
s6 hoc trén nd, nhung ngdn ngir C ludn dong nhat gitra k¥ tu véi sé nguyén c6 d6 16n 1
byte. Do vay, nhitng phép toan s6 hoc trén cac ky tu thuc chit 1a nhitng phép toan s hoc
trén cac s6 nguyén. Chang han, nhiing thao tac nhu trong khai bao duéi day 1a dwoc phép:

charx1="A4",x2 ="z’;

xI = (x1+100) % 255;

x2 = (x2-x1) %255;

Mic di x1, x2 duoc khai bao 1a hai bién kiéu char, nhung trong thao tac

xI =(x1+100) % 255;

x2 = (x2 +x1) %255;
chuong trinh dich sé& ty dong chuyén d6i x/ thanh ma cua ky tw ‘4’ 1a 65, x2 thanh ma ky
tu z’ 1a 122 dé thuc hién phép toan. Két qud nhan dugc x/ 1a mot ky tw c6 ma la
(65+100)%255 = 165, x2 1a ky tu c6 ma 1a 32 tng vé1 ma cua ky tu space.

Chung ta ¢6 thé thuc hién dugc cac phép toan sb hoc trén kiéu int, long, float, double.
Nhung d6i v6i int va long, chiing ta cAn dic biét cha ¥ phép chia hai sb nguyén cho ta mot
sO nguyén, tich hai s6 nguyén cho ta mot sé nguyén, tong hai sé nguyén cho ta mét sb
nguyén mic du thwong hai s6 nguyén 1a mét s6 thuc, tich hai sé nguyén hoic tong hai sd
nguyén ¢ thé 1a mot sé long int. Do vdy, mudn nhan dugc két qua dung, chung ta can phai
chuyén ddi cac bién thudc cing mét kiéu trude khi thuc hién phép toan. Nguoc lai, ta khong
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thé léy modul cua hai s6 thuc hodc thuc hién cac thao tac dich chuyén bit trén n6, vi nhiing
thao tic d6 khong nam trong dinh nghia cia kiéu.

Diéu tuong tu cling xay ra véi cac string. Trong Pascal, phép toan so sanh hai string
hodc gan truc tiép hai Record cung kiéu v6i nhau 1a duoc phép, vi du : Stri>Str2, Strl :=
Str2; Nhung trong C thi cac phép toan trén lai khong duoc dinh nghia, néu mudn thuc hién
no, chung ta chi cé cach dinh nghia lai hodc thuc hién né thong qua céac 161 goi ham.

1.6. NGUYEN LY AN TOAN

= L6i ndng nhdt nam & mirc cao nhdt (mirc y do thiét ké) va ¢ mirc thap nhat thi
tuc phai chiu tai lon nhat.

»  Moi I6i, dir la nhé nhdt cing phai dwoc phat hién ¢ mét buce nao do cua
chuwong trinh. Qud trinh kiém tra va phat hién 16i phai dwoc thiee hién trude
khi 16i d6 hoanh hanh.

Céc loai 16i thuong xay ra trong khi viét chuong trinh c6 thé dugc téng két lai nhu
sau:

Loi dugce thong bao béi tir khoa error (16i cti phap): loai 16i nay thuong xay ra
trong khi soan thao chuong trinh, ching ta c6 thé viét sai cac tir khoa vi du thay vi viét 1a int
chung ta soan thao sai thanh Int (15i chir in thuong thanh in hoa), hodc viét sai cli phap cac
biéu thirc nhu thiéu cac diu ngodc don, ngoic kép hoic ddu chdm phay khi két thuc mot
lénh, hodc chua khai bio nguyén mau cho ham .

L&i dugc thong bao béi tir khoa Warning (16i canh béo): 15i nay thuong xay ra khi
ta khai bao bién trong chuong trinh nhung lai khong sir dung téi chiing, hodc 13i trong cac
biéu thuc kiém tra khi bién duoc kiém tra khong xac dinh dugc gia tri ctia no, hoic 16i do
thir tu uu tién cac phép toan trong bicu thirc. Hai loai 18i error va warning dugc théng bao
ngay khi dich chuong trinh thanh file *.OBJ. Qua trinh lién két (linker) cic file *.OBJ dé
tao nén file chwong trinh ma may *.EXE chi duoc tiép tuc khi chung ta hiéu dinh va khir bo
moi 16i error.

L4i xay ra trong qua trinh lién két: 15i nay thuong xuat hién khi ta st dung t6i cac
10i goi ham, nhung nhitng ham d6 méi chi ton tai dudi dang nguyén miu (function
prototype) ma chua dugc mo ta chi tiét cac ham, hodc nhirng 161 ham goi chua dang voi
tén cta n6. Ldi nay duge khac phuc khi ta bd sung doan chwong trinh con mé ta chi tiét cho
ham hodc sira d6i lai nhirng 101 goi ham tuong tng.

Ta quan niém, 18i ¢t phap (error), 15i canh béo (warning) va 15i lién két (linker) 1a 16i
tam thuong vi nhitng 18i nay da duoc Compiler ctia cic ngdn ngir l4p trinh phat hién duoc.
Pé khic phuc cac 15i loai nay, chung ta chi can phai doc va hiéu duoc nhing thong bao 16
thuong duoc viét bang tiéng Anh. Ciing can phai luu y ring, do mirc do phuc tap cua
chuong trinh dich nén khong phai 18i nao ciing duoc chi ra mot cach tudng minh va chinh
xé4c hoan toan tai noi xuét hién 13i.
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Loai 13i cudi cing ma cac compiler khong thé phat hién néi d6 1a 16i do chinh lap
trinh vién gy nén trong khi thiét ké chuong trinh va xir Iy dir liéu. Nhing 16i nay khong
dugce compiler thong bao ma né phai tra gia bang qua trinh tu test hodc chimg minh duoc
tinh dung din cta chuwong trinh. L&i ¢6 thé nim & chinh ¥ d6 thiét ké, hodc 15i do khong
luong trudc dugc tinh chat cua mdi loai thong tin vao. Vi du sau minh hoa cho 13i thuong
xay ra thudc loai nay.

Vi du 1.6. Tinh téng hai da thirc A bac n, da thirc B bac m.

#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#define MAX 100
typedef float dathuc[MAX];
void In(dathuc A, int n, char ¢){
int 1;
printf("\n Da thuc %c:", c);
for(i=0;i<n; i++)
printf("%6.2f", A[i]);
}
void Init( dathuc A, int *n, dathuc B, int *m){
int i;float temp;
printf("\n Nhap n="); scanf("%d", n);*n=*n+1;
printf("\n Nhap m="); scanf("%d",m); *m=*m+1;
printf("\n Nhap he so da thuc A:");
for(i=0; i<*n;i++){
printf("n A[%d]=", 1); scanf("%f", &temp);
Ali]=temp;
}
printf("\n Nhap he so da thuc B:");
for(i=0; i<*m;i++){
printf("\n B[%d]=",1); scanf("%f", &temp);

B[i] = temp;
}
In(A,*n,'A"); In(B,*m,'B");
}
void Tong(dathuc A, int n, dathuc B, int m, dathuc C){
inti, k;
if (n>=m ){
k=n;

for(i=0; i<m; i++)
Cli] = A[i+B[i];

for (i=m; i<n; i++)

17



Churong 1: Dai cirong vé ky thudt lgp trinh cdu triic

Cli]=A[i];
In(C,k,'C");
§
else {
k=m;
for(i=0; i<n; i++)
Cli] = A[i[+B[i];
for (i=n; i<m; i++)
Cli]=Bli];
In(C,k,'C");

H
void main(void){
dathuc A, B, C;
int n, m;
Init(A, &n, B, &m);
Tong(A, n, B, m, C);

§

Trong vi du trén, chung ta st dung dinh nghia MAX =100 dé giai quyét bai toan.
MAX dugc hiéu 1a bac cua da thire 16n nhat ma chung ta cAn xir Iy. Nhu vdy, ban than viéc
dinh nghia MAX da han ché t6i pham vi bai toan, han ché d6 ciing ¢ thé xuat phat tir y dd
thiét ké. Do véy, néu ngudi sir dung nhap n>MAX thi chwong trinh s& gip 16i. Néu chiing ta
khic phuc bang cach dinh nghia BAC du 16n thi trong trudng hop xir 1y cac da thire ¢ bac n
nho s& gy nén hién tugng lang phi bo nhé, va trong nhiéu truong hop khong du bo nhé dé
dinh nghia da thtrc. Giai phap khic phuc cac 15i loai nay 1a chung ta sir dung con tré thay
cho cac hing, k¥ thuat nay s& duoc thao luan k¥ trong Chuong 2.

1.7. PHUONG PHAP TOP-DOWN

*  Qua trinh phdn tich bai toan dwoc thuc hién tir trén xudng duwdéi. Tir van dé
chung nhdt dén van dé cu thé nhdt. Tir mirc triru twong mang tinh chdt tong
quan toi muc don gian nhdt la don vi chirong trinh.

Mot trong nhitng nguyén 1y quan trong cta lap trinh ciu trac 1a phuwong phap phan
tich tir trén xudng (Top - Down) voi quan diém “thdy cdy khong bang thiy rimg”, phai
dtng cao hon dé quan sat tong thé khu rimg chir khong thé dimg trong rimg quan sat chinh
no.

Qua trinh phén rd bai toan dugc thyuc hién theo timg muc khac nhau. Mt thip nhat
duogc goi 1a mirc tong quan (level 0), mirc tong quan cho phép ta nhin tong thé hé thong
thong qua cac chirc ning ciia nd, néi cach khac mirc 0 s& tra 1oi thay cho cau hoi “Hé théng
c6 thé thyc hién duge nhitng gi 2. Mic tiép theo 1a mirc cac chic ning chinh. O mic nay,
nhitng chirc nang cu thé duoc md ta. Mot hé théng 6 thé duoc phan tich thanh nhiéu mirc
khac nhau, mirc thip duoc phép st dung cac dich vu cia mirc cao. Qua trinh phén tich tiép
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tuc phan rd hé théng theo timg chirc nang phu cho téi khi nao nhan duge mirc cac don thé (
UNIT, Function, Procedure), khi d6 chung ta tién hanh cai dat hé théng.

Chung ta s€ lam ro hon tirng murc cuia qua trinh Top-Down thong qua bai toan sau:

Bai toan: Cho hai sé nguyén co6 biéu dién nhi phan 13 a=(ay, a,, . . ., a,), b = (b, b,
., by a;, b =0, 1,i=1, 2, .. .n. Hiy xay dung tap cac thao tac trén hai s6 nguyén do.

Mikc tong quan (level 0):

Hinh dung toan bd nhitng thao tic trén hai s6 nguyén a=(a;, a» . . ., a,),
b=(b,,b,,..,b,) v6i ddy du nhimg chic ning chinh ciia nd. Gia sir nhitng thao tac d6 bao
gom:

FI- Chuyén doi a, b thanh cdc s6 nhi phan;
F2- Tinh tong hai s6 nguyén: a + b;

F3- Tinh hiéu hai sé nguyén: a - b;

F4 Tinh tich hai s6 nguyén: a *b;

F5- Thuong hai s6 nguyén : a/b;

F6- Phan di hai s6 nguyén: a % b;

F7- Uéc s6 chung 1ém nhdt cia hai s6 nguyén.

Mikc 1. Mite cac chire ning chinh: mdi chirc ning can mé ta day du thong tin vao
(Input), thong tin ra (Output), khuon dang (Format) va cadc hanh dong (Actions).

Chirc ning F1: Chuyén doi a, b thanh cac sd & hé nhi phan

Input : a : integer;
Output : a=(a;, ay, . . ., ay)p; (Fkhai trién co 6 b bét ky*)
Format : Binary(a);
Actions
{ Q=n;k=0;
While (Q#0) {
ax = q mod b;
q=qdivb;
k=k +1;
}
< Khai trién co s6 b cta a 1a (ay., ax, . ., a1, ap) >;
H
Chirc ning F2: Tinh tong hai s6 nguyén a, b.
Input:
a=(a;, ap, . . ., ay),
b= (b, by, .., by);
Output:
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c=a+tb;
Format: Addition(a, b);
Actions {
c=0;
for (j=0; j<n; j++){

d=(aj+bj+c)div2;
sj=aj+bj+c-2d;

c=d;
}
Sh=2¢C;
< Khai trién nhi phan cua téng 12 (SuSn-1- - -S1,80)2>
H
Chirc ning F3: Hi¢u hai s6 nguyén a, b.
Input:
a=(ay, a, . . ., &),
b= (by, by, .., by);
Output:

c=a-b;

Format: Subtraction(a, b);

Actions {
= _b;
¢ = Addition(a, b);
return(c);
}

Chirc niing F4: Tich hai s6 nguyén a, b.

Input:
a:(ala A, ..y an):
b = (b17 b29 ey bn);

Output:
c=a*b;
Format: Multual(a, b);
Actions {
For (j =0; j< n; j++){
If (b;=1)
¢ = a<<j;
Else
c;=0;
}
(* co, €1 - - ., Cp1 18 cac tich riéng*)
p=0;
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for(j=0; j<n; j++) {
p = Addition(p, c;);

§
return(p);
H
Chirc niing F5: Thuong hai sé nguyén a, b.
Input:
a=(a;, ap, . . ., ay),
b= (by, by, .., by);
Output:
c=adivb;

Format: Division(a, b);
Actions {
c=0;
while (a>=b) {
c=c+l;

a = Subtraction(a, b);

}
return(c);
}
Chire ning F6: Modul hai s nguyén a, b.
Input:
a=(a;, ap, . . ., ay),
b= (b, by, .., by);
Output:
c=amodb;
Format: Modulation(a, b);
Actions {

while (a>=b)
a = Subtraction(a, b);

return(a);
}
Chire ning F7: Udc s6 chung 16n nhét hai s6 nguyén a, b.
Input:
a=(a;, ap, . . ., ay),
b = (b, by, .., by);
Output:

¢ = USCLN(a,b);
Format: USCLN(a, b);

Actions {
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while (azb) {
if (a>b)
a = Subtraction(a, b)
else
b = Subtraction(b,a);
§
return(a);
}

Pé ¥ rang, sau khi phéan ra bai toan & muc 1, chung ta chi cn xdy dung hai phép toan
cong va phép tinh nhan cac sd nhi phan cia a, b. Vi hiéu hai s6 a va b chinh 13 tong s6 cua
(a,-b). Tuong tu nhu vay, tich hai s6 a va b dugc biéu dién bang téng cua mot sb lan phép
nhan mot bit nhi phan cta voi a. Phép chia va 1iy phan du hai s6 a va b chinh 1a phép trir
nhiéu I4n s6 a. Phép tim USCLN ciing tuong tu nhu vy.

Dbi v6i cac hé thdng 16n, qua trinh con duge mo ta tiép tuc cho téi khi nhan dugc
murc don vi chwong trinh. Trong vi du don gian nay, mitc don vi chuong trinh xuat hién
ngay tai mirc 1 nén chiing ta khong can phan ra tiép nita ma dimg lai dé cai dat hé thong.

1.8. PHUONG PHAP BOTTOM-UP

= Di tir cdi riéng 6i cdi chung, tir cdc doi twong thanh phan & mike cao tdi cdc
doi twong thanh phan & mike thdp, tir mirc don vi chirong trinh t6i mirc tong
thé, tir nhitng don vi da biét ldp ddt thanh nhitng don vi méi.

Néu nhu phuwong phap Top-Down 1a phuong phap phan rd van dé mot cach co hé
thong tir trén xudng, dugc ung dung chu yéu cho qua trinh phan tich va thiét hé thdng, thi
phuong phap Bottom- Up thudng duge sir dung cho qué trinh cai dit hé thong. Trong vi du
trén, chiing ta s& khong thé xay dung dwoc chuong trinh mot cach hoan chinh néu nhu ta
chua xdy dung dugc cac ham Binary(a), Addition(a,b), Subtraction(a,b), Multial(a,b),
Division(a,b), Modulation(a,b), USCLN(a,b). Chuong trinh sau thé hién qué trinh cai dat
chuong trinh theo nguyén 1y Botton-Up:

#include <stdio.h>
#include <math.h>
#include <conio.h>
#include <stdlib.h>
#include <alloc.h>
#include <dos.h>
void Init(int *a, int *b){
printf("\n Nhap a=");scanf("%d", a);
printf("\n Nhap b=");scanf("%d", b);
¥
void Binary(int a){
int i, k=1;
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for(i=15; i>=0; i--){
if (a & (k<<i))
printf("%?2d",1);

else
printf("%2d",0);
}
printf("\n");delay(500);
H
int bit(int a, int k){
int j=1;
if (a & (j<<k))
return(1);
return(0);

¥
int Addition(int a, int b){
int du, d, s, j, c=0;
du=0;
for (j=0; j<=15; j+H){
d =( bit(a,j) + bit(b, j) +du)/2;
s = bit(a,j)+bit(b,j)+ du - 2*d;
c=c[(s<9)
du=d;
}
return(c);
¥
int Multial(int a, int b) {
int ¢,j, p=0;
for(j=0; j<=15; j+H){
¢ = bit(b, j);
if (c==1){
¢ = a<<j;

p= Addition(p, c);

¥
else ¢=0;
}
return(p);
i
int Subtraction(int a, int b){
int c;
b=-b;

c=Addition(a,b);return(c);
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}
int Modul(int a, int b){
while(a>=b)
a = Subtraction(a,b);
return(a);
}
int Division(int a, int b){
int d=0;
while(a>=b) {
a= Subtraction(a,b);
d++;
}
return(d);
¥
int USCLN(int a, int b){
while(a!=b){
if(a>b) a = Subtraction(a,b);
else b = Subtraction(b,a);
}
return(a);
}

void main(void){
int a, b, key, control=0;
do {
clrser();
printf("\n Tap thao tac voi so nguyen");
printf("\n 1- Nhap hai so a,b");
printf("\n 2- So nhi phan cua a, b");
printf("\n 3- Tong hai so a,b");
printf("\n 4- Hieu hai so a,b");
printf("\n 5- Tich hai so a,b");
printf("\n 6- Thuong hai so a,b");
printf("\n 7- Phan du hai so a,b");
printf("\n 8- USCLN hai so a,b");
printf("\n 0- Tro ve");
key=getch();
switch(key){
case 'l": Init(&a, &b); control=1; break;
case 2"
if (control){
Binary(a); Binary(b);
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}
break;
case '3"
if (control)
printf("\n Tong a+b = %d", Addition(a, b));
break;
case '4":
if (control)
printf("\n Hieu a-b =%d", Subtraction(a, b));
break;
case '5":
if(control)
printf("\n Tich a*b =%d", Multial(a,b));
break;
case '6":
if(control)
printf("\n Chia nguyen a div b=%d",Division(a,b));
break;
case '7"
if(control)
printf("\n Phan du a mod b =%d", Modul(a,b));
break;
case '8"
if(control)
printf("\n Uoc so chung lon nhat:%d",USCLN(a,b));
break;
}
delay(1000);

}+ while(key!='0");

25



Churong 1: Dai cirong vé ky thudt lgp trinh cdu triic

NHUNG NQI DUNG CAN GHI NHO

Mot ngdn ngit 14p trinh bat ky déu dua trén tip cac cAu trac 1énh didu khién (tuan
tu, tuyén chon & 13p), cac cau trac dir liéu (dit liéu kiéu co ban & dit liéu c6 ciu
triic) cung véi cac phép toan trén no.

Khi méi bat dau hoc lap trinh, hay 1ap trinh tir tap t&i thiéu cac cong cu ma ngdn
ngit 1ap trinh trang bi (Nguyén Iy tdi thiéu).

Khi ndo ding bién dia phuong, khi nao dung bién toan cuc 1a ndi dung chinh cta
nguyén ly dia phuong. Nam ving nguyén 1y nay gitip cho ta sir dung cach truyén
tham bién va cach truyén tham tri cho ham.

Dit liéu kiéu nao thi phép toan do6 1a ndi dung chinh cta nguyén ly nhit quéan.

Moi 18i dii nhé nhét ciing phai luong trude & mdi muc cai dit ciia chuong trinh.
Céch phéan rd mot van dé 16n thanh nhitng van d& nhé hon 1a n6i dung chinh cua
nguyén ly Top-Down.

Cach cai dat mot van dé duoc thue hién tr mac don vi chuong trinh (ham, thu
tuc) dén murc lap ghép cac don vi chuong trinh thanh hé thong hoan thién 13 noi
dung chinh cua nguyén ly Botton-Up.
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BAI TAP CHUONG 1

Bai 1. Tim cac nghiém nguyén duong cta hé phuong trinh:
X+Y+Z=100
5X+3Y+Z/3=100
Bai 2. Cho sb ty nhién n. Hay tim tat ca cac bo 3 cac sd tu nhién a, b, ¢ sao cho a’+b* = ¢?
trong d6 a<=b<=c <=n.

Bai 3. Cho sb tu nhién n. Hiy tim cac s6 Fibonaci nho hon n. Trong d6 cac sé Fibonai
dugc dinh nghia nhu sau:

UOZO;Ulzl;Uk:Uk_1+Uk_2;k:1,2,...

Bai 4. Chung minh rang, v6i moi s6 nguyén duong N, 0<N<=39 thi N?*+ N +41 [a mot
s6 nguyén td. Didu khang dinh trén khong con dung véi N>39.

Bai 5. Cho sb tu nhién n. Hay liét ké tat ca cac s6 nguyén t6 nho hon n.

Bdi 6. Cho s6 ty nhién n. Hay tim tat ca cic s6 nguyén t6 nho hon n bing phuong phap
sang Estheven.

Bai 7. Cho sb ty nhién n. Dung phwong phép sang Estheven dé tim 4 sé nguyén t6 bé hon
n nam trong cung bac chuc (vidu: 11, 13, 15, 17).

Bai 8. Cho sb tu nhién n. Hay liét ké tat ca cac cap sb p, 4p+1 déu 1a s6 nguyén t6 nhé hon
n. Trong d6 p ciing 1a s6 nguyén t6 nhé hon n.

Bai 9. Hay liét ké tat ca cac sd nguyén t6 ¢o 5 chit s6 sao cho téng s cac chir sé trong sd
nguyén té d6 dang bang S cho trude 1<S<45.

Bai 10. Mot s duoc goi 1a s Mersen néu no 13 s6 nguyén t6 duoc biéu dién dudi dang 2P -

1 trong d6 P ciling 1a mot s6 nguyén t6. Cho sd tu nhién n, tim tt ca cac sé Mersen
nho hon n.

Bai 11. Cho s6 ty nhién n. Hay phan tich n thanh tich cac thira s6 nguyén t5. Vi du 12 =
2%2%*3,

Bai 12. Hai s6 tu nhién a, b duoc got 1a “htru nghi” néu téng céc ude sb thue su cua a (ké ca
1) bang b va nguoc lai. Cho hai sb ty nhién P, Q. Hiy tim tat ca cac cdp s hitu nghi
trong khoang [P, Q].

Bai 13. Cho sb tu nhién n. Hay tim tat ca cac sd 1, 2, .., n sao cho cac s6 trung voi phén
cubi binh phwong chinh nd (Vi du : 62 = 36, 252 = 625).

Bai 14. Mot sb tu nhién duoc goi la s6 amstrong néu téng cac Ity thura bac n cta cac chir )
ctia n6 bang chinh s6 d6. Trong d6 n 1a sb cac chir s ( Vidu 153 =1° +2° + 3%). Hay
tim tat ca cac sd amstrong gém 2, 3, 4 chir sd.
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Bai 15. Mot sb tu nhién la Palindrom néu cac chir sd cta no viét theo thir tu nguoc lai thi sb
tao thanh 1a chinh sé d6 ( Vi du: 4884, 393). Hiy tim:

Tat ca cac sd tu nhién nhé hon 100 ma khi binh phuong 1én thi cho mot
Palindrom.

Tat ca cac sd Palindrom bé hon 100 ma khi binh phuong 1én ching cho mét
Palindrom.

Bai 16. Bé ghi nhin cho nhiing chiéc ghé trong mot giang dudng, nguoi ta s dung 4 ky tu,
ky tu ddu tién 1a mot chir cai in hoa, ba ky tu tiép theo 1a mot s6 nguyén duong khong
vuot qua 100. Hoi bang cach d6 c6 nhiéu nhit bao nhiéu chiéc ghé dugc danh nhin va
do 1a nhiing nhan nao.

Bai 17. Dy 4n danh s dién thoai cua Bang Florida duoc qui dinh nhu sau. Trong du an danh
s6 dién thoai gém 10 chir s6 duoc chia thanh nhém: ma vung gém 3 chit s6, nhom ma
chi nhanh gdom 3 chit s6 va nhom ma may gom 4 chit s6. Vi nhitng nguyén nhéan k¥
thuat nén c6 mot s6 han ché ddi véi cac chir sb, gia su X biéu thi cac chit s6 nhan gia tri
tr 0..9, Y 14 céc chit s6 nhan gi4 tri hodc 0 hodc 1a 1, N 1a cac chit s6 nhan gia trj tir 2 .
9. Hoi v6i cach danh s6 dang NYX NNX XXXX va NXX NXX XXXX s& c¢6 bao
nhiéu sb dién thoai khac nhau. In ra man hinh va ghi lai vao File DT.TXT sb dién thoai
cta vung c6 ma 200, ma chi nhanh 250 va s6 dién thoai bit dau 1a s6 9. Mdi sb dién
thoai dugc ghi trén mot dong, mdi dong dugc ghi lam 3 phan (M3 ving, mé chi nhanh,
s6 dién thoai) mdi phan phan biét voi nhau bi mot hodc va dau trong.

Bai 18. Cho File dit liéu TEXT.TXT duoc t6 chirc thanh timg dong, d¢ dai tdi da ctia mdi
dong 1a 80 ki ty. K¥ thuat ma hoa tuyén tinh 13 phuong phéap bién d6i ma cua cac ki tu
tir[a. .z], [A . .Z] thanh mot ki tw méi ma mi cia nd cong thém v6i mot hang s k cho
trudc. Qua trinh giai ma duge thyc hién nguoc lai. Hay viét chuong trinh moé ta
phwong phap ma hoa va giai ma tuyén tinh File dir liéu TEXT.TXT. Qua trinh ma hoa
dugc ghi lai trong File MAHOA.TXT, qua trinh gidi ma ghi lai trong File
GIAIMA.TXT.

Bai 19. Cho File dit liéu TEXT.TXT duoc t6 chirc thanh ting dong, d6 dai téi da ciia mdi
dong 1a 80 ki ty. K§ thuat md hoé chin 1é 1a phuong phép bién d6i ma cia cac ki tu [a
..z), [A .. Z]. Trong 6, néu ki trr c6 s cac bit 1 13 1¢ ta b xung thém mot bit co gia
tri mot vao bit s6 7 ctia ki tuy & ki t tré thanh chin. Qua trinh giai ma dwgc thuc hién
nguoc lai. Hay viét chuong trinh mé ti ky thuat mi hoa chin 1é File dir liéu
TEXT.TXT. Qua trinh ma hoa dugc ghi lai trong File MAHOA.TXT, qua trinh giai
ma ghi lai trong File GIAIMA.TXT.
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CHUONG 2: DUYET VA BE QUI

Duyét toan bo 1a phuong phap phd dung nhat trong khi giai quyét mot bai toan trén
may tinh. Céc ky thuat duyét ciing rat phong pht da dang néu nhu ta chung ta loi dung dugc
nhimg meo muc khéng mang tinh téng quat hod nhung han ché duoc khong gian tim kiém
101 giai bai toan. Pé qui dugc sir dung nhiéu trong cac k¥ thuat duyét. Sir dung dé qui
thuong cho ta mot 16 giai twong d6i ngan gon, d& hiéu nhung 4n chita trong né nhiéu bi 4n
kho ludng. Tuy nhién, né van dugc coi 1a mot mau hinh dé vét can tat ca cac kha nang cua
bai toan. Cac k¥ thuét dé qui dugc dé cap & day bao gdm:

v' Céac dinh nghia béng dé qui, cac cAu trac di liéu dinh nghia b?lng dé qui & giai

thuat d¢ qui.

v Thuét toan sinh ké tiép giai quyét bai toan duyét.

v Thut toan quay lui giaiquyét bai toan duyét.

v Thuét todn nhanh can giaiquyét bai toan duyét.

Ban doc c6 thé tim thiy nhiéu hon nhimng ng dung va cai dit cu thé phuong phap
duyét trong tai li¢u [1].

2.1. PINH NGHIA BANG PE QUI

Trong thyc té, chung ta gap rat nhiéu d6i tuong ma khé c6 thé dinh nghia né mét cach
tuong minh, nhung lai dé dang dinh nghia ddi twong qua chinh né. Ky thuat dinh nghia ddi
tuong qua chinh n6 dugc goi la ky thuat dé qui (recursion). B¢ qui duoc st dung rong rai
trong khoa hoc may tinh va Iy thuyét tinh toan. Cac giai thuat dé qui déu dwoc xay dung
thong qua hai budc: budc phan tich va budc thay thé ngugc lai.

Vi du 2.1. Pé tinh téng S(n) = 1 + 2 + .. .+ n, ching ta c6 thé thuc hién théng qua hai
budc nhu sau:

Budc phan tich:

=  Pé tinh toan dugc S(n) trude tién ta phai tinh toan trudc S(n-1) sau d6 tinh
Stm) = Sn-1) +n.

= Dé tinh todn duge S(n-1), ta phai tinh toan trudc S(n-2) sau d6 tinh S(n-1) =
Sm-2) + n-1.

= Pé tinh toan duoc S(2), ta phai tinh toan trude S(7) sau d6 tinh S(2) = S(1) + 2.
= Va cubi ciing S(1) chiing ta c6 ngay két qua 1a /.

Budrc thay thé nguoc lai:
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Xuit phat tir S(1) thay thé nguoc lai ching ta xac dinh S(n):
= S()=1
= S2)=S(1)+2
= S33)=S@2) +3

* S(n)=S(n-1)+n
Vi du 2.2. Dinh nghia ham bang dé qui
Ham f(n) = n!
D@ thay f(0)=1.
Vi(ntl)!=1.23...n(ntl)=n! (nt+1), nén ta co:
f(n+1) = (n+1) . f(n) véi moi n nguyén duong.
Vi du 2.3. Tap hop dinh nghia bang dé qui

Dinh nghia d¢ qui tap cac xau : Gia st * 1a tap cac xau trén bd chir cai . Khi d6 £*
dugc dinh nghia bang dé qui nhu sau:

= ) e X* trong d6 A 12 x4u rong
= wxelXtnéuweX*vaxelX
Vi du 2.4. Céu trac ty tré dugc dinh nghia bang dé qui

struct node {
int infor;
struct node *left;

struct node *right;
15

2.2. GIAI THUAT PE QUI

Mot thuat toan dugc goi la d¢ qui néu nod giai bai toan béng cach rat gon bai toan ban
dau thanh bai toan tuong ty nhu vay sau mot s6 hitu han 1an thuc hién. Trong mdi 1an thuc
hién, dir liéu dau vao tiém cén t6i tap dit liéu ding.

Vi du: dé giai quyét bai toan tim wdc sé chung 16n nhét cia hai s6 nguyén duong a va
b véi b> a, ta c6 thé rlit gon vé bai toan tim udc s6 chung 16n nhat cua (b mod a) va a vi
USCLN(b mod a, a) = USCLN(a,b). Diy cac rut gon lién tiép co thé dat duoc cho t6i khi
dat diéu kién dimg USCLN(0, a) = USCLN(a, b) = a. Sau day 13 vi du vé mot sb thuét toan
d¢ qui thong dung.

Thuat toan 1: Tinh a" béng giai thuat d¢ qui, voi moi sb thuc a va sb tu nhién n.

double power( float a, int n ){
if (n==0)
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return(1);
return(a *power(a,n-1));
H
Thuit toan 2: Thuit toan dé qui tinh uéc sé chung 16n nhét cua hai s6 nguyén duong
avab.

int USCLN( int a, int b){
if (a==0) return(b);
return(USCLN( b % a, a));

}

Thuit toan 3: Thuat toan dé qui tinh n!

long factorial( int n){
if (n==1)
return(1);
return(n * factorial(n-1));
H

Thuét toan 4: Thuit toan dé qui tinh s6 fibonacci thir n

int fibonacci( int n) {
if (n==0) return(0);
else if (n ==1) return(1);

return(fibonacci(n-1) + fibonacci(n-2));

}
2.3. THUAT TOAN SINH KE TIEP

Phuong phap sinh ké tiép dung dé giai quyét bai toan liét ké cua 1y thuyét to hop.
Thuét toan sinh ké tiép chi dugc thyc hién trén 16p cac bai toan thoa man hai diéu kién sau:

» (O thé xac dinh dwoc mot thur ty trén tdp cdac cau hinh to hop can liét ké, tur
do xac dinh dwoc cau hinh dau tién va cau hinh cuoi cung.

= Tir mét cau hinh bdt ky chwa phdi la cudi cing, déu cé thé xdy dung dwoc mét
thudt todn dé suy ra cdu hinh ké tiép.

Téng quat, thuat toan sinh ké tiép c6 thé dugc mo ta bang thu tuc genarate, trong d6
Sinh_Ké Tiép 1a thii tuc sinh cau hinh ké tiép theo thuat toan sinh da duoc xay dung. Néu
cAu hinh hién tai 14 ciu hinh cudi cung thi thu tuc Sinh_Ké Tiép s& gan cho stop gia tri true,
nguoc lai cAu hinh ké tiép s€ duoc sinh ra.

Procedure generate {
<Xay dyng cau hinh ban dau>;
stop =false;
while (! stop) {
<Pua ra cdu hinh dang c6 >;
Sinh_Ké& Tiép;
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}

Duéi day 1a mot vi du dién hinh minh hoa cho thuét toan sinh ké tiép.
Bai toan liét ké cac tip con ciia tdp n phén tir

Mot tap hop hitu han gdm n phan tir déu c6 thé biéu dién tuong dwong véi tap cac sd
tu nhién 1, 2, . . . n. Bai toan duoc dit ra 1a: Cho mot tap hop gdm n phan tir X = { X, X, .
., Xn }, hiy liét ké tit ca cac tap con cua tdp hop X.

pé liét ké duoc tat ca cac tap con cua X, ta lam twong ung mdi tap Y X voi mét xau
nhi phanc6 do dainlaB={By,B,, .., B, } sao choBi=0néuX; ¢ YvaB;=1néuX e
Y; nhu vay, phép liét ké tat ca cac tdp con cua mot tap hop n phéan tir twong dwong voi
phép liét ké tit ca cac xau nhi phan c6 do dai n. S6 cac xau nhi phan c6 d6 dai n 1a 2". Bay
gid ta di x4c dinh thir tw cac xau nhi phan va phuong phép sinh ké tiép.

Néu xem cac xau nhi phan b= { b;, by, . ., b, } nhu la biéu dién ctia mot sb nguyén
duong p(b). Khi d6 thir ty hién nhién nhét 1a thir ty ty nhién dugc xae dinh nhu sau:

Ta ndi xau nhi phan b= { by, by, .., b, } co thir tu trude xdu nhi phan b’ = {b’, by, . .,
b’y } va ki hiéu 13 b<b’ néu p(b) < p(b*). Vi du v6i n= 4: ching ta c6 2* = 16 xau nhi phan
(twong tmg voi 16 tap con cuia tap gdm n phan tir) dugc liét ké theo thir tu tir dién nhu sau:

b p(b)
0000 0
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
g g
1100
1101
1110
1111

O o0 9 O »n B WD

N e S e e
(O, B 2 \ I )
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Tir day ta xac dinh dugc xau nhi phan dau tién 13 00. .00 va xau nhi phan cudi cing la
11..11. Qua trinh liét ké dung khi ta dugc xau nhi phan 1111. Xau nhi phan ké tiép 1a biéu
dién nhi phan cua gia tri xau nhi phan trudc d6 cong thém 1 don vi. Tir d6 ta nhan duge qui
tac sinh ké tiép nhu sau:

Tim chi sb i du tién theo tha twi=n, n-1, .., 1 sao cho b;=0.
Gén lai bj=1 vab; =0 voéi tat ca j>i. Day nhi phan thu duoc 1a diy can tim
Thuét toan sinh xdu nhi phan ké tiép

void Next Bit String( int *B, intn ){

1=n;
while (b;==1) {
b;=0;
i=1-1;
H
bi=1;

Sau day la van ban chuong trinh liét ké cac xau nhi phan c6 do dai n:

#include <stdio.h>
#include <alloc.h>
#include <stdlib.h>
#include <conio.h>
#define MAX 100
#define TRUE 1
#define FALSE 0
int Stop, count;
void Init(int *B, int n){

int 1;

for(i=1; i<=n ;it++)
B[i]=0;

count =0;

H
void Result(int *B, int n){
int i;count++;
printf("\n Xau nhi phan thu %d:",count);
for(i=1; i<=n;i++)
printf("%3d", B[i]);

H

void Next Bits String(int *B, int n){
inti=n;
while(i>0 && BJi]){

B[i]=0; i--;
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H
if(i==0)
Stop=TRUE;
else
B[i]=1;
}
void Generate(int *B, int n){
int 1;
Stop = FALSE;
while (!Stop) {
Result(B,n);
Next Bits_String(B,n);
}

¥
void main(void){
int i, *B, n;clrscr();
printf("\n Nhap n=");scanf("%d",&n);
B =(int *) malloc(n*sizeof(int));
Init(B,n);Generate(B,n);free(B);getch();
}

2.4. THUAT TOAN QUAY LUI (BACK TRACK)

Phuong phap sinh ké tiép c6 thé giai quyét duoc cac bai toan liét ké khi ta nhan biét
duoc ciu hinh dau tién cta bai toan. Tuy nhién, khong phai cau hinh sinh ké tiép nao ciing
duogc sinh mot cach don gian tir ciu hinh hién tai, ngay ké ca viéc phat hién cdu hinh ban
dau ciing khong phai d& tim vi nhiéu khi chting ta phai chimg minh sy ton tai ctia cau hinh.
Do vay, thut toan sinh ké tiép chi giai quyét dugc nhiing bai toan liét ké don gian. Dé giai
quyét nhimg bai toan to hop phuc tap, ngudi ta thuong dung thuat toan quay lui (Back
Track) s€ dugc trinh bay duoi day.

Noi dung chinh ciia thuat toan nay 1a xay dung dan cac thanh phan cta ciu hinh bang
cach thtr tat ca cac kha nang. Gia s can phai tim mot cAu hinh cua bai toan x = (x1, X2, . .,
x,) ma i-1 thanh phan x,, x,, . ., x.; dd duoc xac dinh, bay gio ta xac dinh thanh phan thi i
ctia cau hinh bang cach duyét tat ca cac kha nang c6 thé co va danh s6 cac kha nang tir 7 .
.n;. Véi mbi kha nang j, kiém tra xem j c6 chap nhan duoc hay khong. Khi d6 co thé xay ra
hai truong hop:

" Néu chcfp nhan j thi xac dinh x; theo |, néu i=n thi ta dwoc mot cau hinh can
tim, nguoc lai xac dinh tié}) thanh phdn X+ 1.

= Néu thir tdt ca cac khd ndng ma khéng cé kha nang ndao dwoe chdp nhan thi
quay lai buoc trudc do dé xac dinh lai x; ;.
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Diém quan trong nhat cua thuat toan 13 phai ghi nhé lai mdi bude di di qua, nhimng
kha ning nao da duoc thir dé tranh sy tring lip. Dé nhé lai nhitng bude duyét trude do,
chuong trinh can phai dugc to chie theo co ché ngin xép (Last in first out). Vi vy, thuat
toan quay lui rit phu hop voi nhitng phép goi dé qui. Thuat toan quay lui x4c dinh thanh
phan thir i ¢6 thé duge mo ta bang tha tuc Try(i) nhu sau:

void Try(inti) {

int iB
for(j=1;j<m;j++){
if (<Chép nhén j >) {
<Xac dinh xi theo j>
if (i==n)
<Ghi nhan céu hinh>;

else Try(i+1);

)
C6 thé md ta qua trinh tim kiém 101 giai theo thuét toan quay lui bang cdy tim kiém
101 giai sau:

Goc
Kha nang chon x;

Kha nang chon x,

vo1 x; da chon
Kha nang chon x5 véi
X1, X da chon
Hinh 2.1. Cay liét ké 161 gidi theo thuit toan quay lui.
Vi du: Bai toan Xép Hau. Liét ké tat ca cac cach Xép n quan hau trén ban co6 n x n

sao cho chung khong an dugc nhau.
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Ban c& ¢6 n hang dugc danh sb tir 0 dén n-1, n cot duge danh sb tir 0 dén n-1; Ban cd ¢o
n*2 -1 dudng chéo xudi dugce danh sb tir 0 dén 2*n -2, 2 *n -1 dudng chéo nguoc duoc danh sb
tir 2%n -2. Vi dy: v6i ban ¢ 8 x 8, chung ta ¢6 8 hang duoc danh sb tir 0 dén 7, 8 cot duge danh
sO tir 0 dén 7, 15 dwong chéo xudi, 15 dudng chéo nguoc duge danh s tir 0. . 15.

Vi trén mdi hang chi xép dugc ding mot quan hau, nén ching ta chi can quan tim
dén quan hau duogc Xép & cOt nao. Tir d6 dan dén viéc xac dinh bd n thanh ph?m X1, X2, . ., Xn,
trong do x; = j dugc hiéu 1a quan hau tai dong i xép vao cot thirj. Gia tri cua i dugc nhén tur
0 dén n-1; gia tri cua j cling dugce nhan tir 0 d&én n-1, nhung thoa man diéu kién 6 (i) chua
bi quéan hau khac chiéu dén theo cot, duong chéo xuoi, duong chéo ngugc.

Viéc kiém soat theo hang ngang la khong can thiét vi trén mdi hang chi xép ding
mot quan hau. Viéc kiém soét theo cot duoc ghi nhan nho day bién logic a; vé1 qui u6c a;=1
néu cot j con tréng, cot a;=0 néu cot j khong con tréng. Dé ghi nhan dudng chéo xudi va
duong chéo ngugc c6 chiéu t6i 6 (i,j) hay khong, ta sir dung phwong trinh i + j = const va i
- j = const, dudng chéo thir nhat dugc ghi nhan boi dy bién b;, dudng chéo thir 2 dugce ghi
nhan boi diy bién ¢; vo1 qui udc néu dudng chéo nao con trong thi gi tri twong tng cua nd
la 7/ nguoc lai 1a 0. Nhu vay, cot j dugc chép nhén khi ca 3 bién a;, bivj, civj déu co gia tri /.
Céc bién nay phai duoc khoi dau gia tri / trudc d6, gan lai gia tri 0 khi xép xong quéan hau
thir i va tra lai gia tri / khi dua ra két qua.

#include <stdio.h>

#include <stdlib.h>

#include <conio.h>

#include <dos.h>

#define N 8

#define D (2*N-1)

#define SG (N-1)

#define TRUE 1

#define FALSE 0

void hoanghau(int);

void inloigiai(int  loigiai[]);FILE *{p;

int A[N], B[D], C[D], loigiai[N];

int soloigiai =0;

void hoanghau(int 1) {

int j;

for (j=0; j<Nyj+H){

if (A[j] && BJ[i-j+SG] && C[i+j]) {

loigiai[i]=j;
A[j]=FALSE,
B[i-j+SG]=FALSE;
C[i+j]=FALSE;
if (i==N-1){

soloigiai++;
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inloigiai(loigiai);
delay(500);
§
else
hoanghau(i+1);
A[j]I=TRUE;

B[i-j+SG]=TRUE;
C[i+j]=TRUE;

}
}
}
void inloigiai(int *loigiai){
int j;
printf("\n Lo1i gidi %3d:",soloigiai);
fprintf(fp,"\n Loi giai %3d:",soloigiai);
for (j=0;j<N;j+H){
printf("%3d",loigiai[j]);
fprintf(fp,"%3d",loigiai[j]);
}
}
void main(void){
int i;clrscr();fp=fopen("loigiai.txt","w");
for (i=0;1<N;i++)
A[i]=TRUE;
for(i=0;i<D; i++){
B[i]=TRUE;
C[i]=TRUE;
}
hoanghau(0);fclose(fp);
}

2.5. THUAT TOAN NHANH CAN
Gia sir, chung ta can giai quyét bai toan ti wu td hop véi mé hinh téng quat nhu sau:
min{f(x): x € D}
Trong d6, D 14 tap hitu han phén tir. Ta gia thiét D dugc mo ta nhu sau:

D={x=(x} Xy ... %) €A;xA; x...xA,;x thod man tinh chdt P }, véi A;x A,
x...xA,lacac tap hiru han, P 1a tinh chit cho trén tich dé cac 4, x4, x. . .x A, .

Vi gia thiét vé tap D nhu trén, chung ta ¢ thé sir dung thudt toan quay lui dé liét ké
cac phuong an cua bai toan. Trong qua trinh 1iét ké theo thuat todn quay lui, ta s€ xay dung
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dan cac thanh phan cta phuong an. Mot bo phan gom k thanh phan (a;, as, . . ., ay) xuat hién
trong qua trinh thuc hién thuét toan s& dugc goi 1a phuong an b phan cép «.

Thuét toan nhanh can c6 thé dugc ap dung giai bai toan dat ra, néu nhu co thé tim
dugc mot ham g xac dinh trén tap tat ca céc phuong an by phén cta bai todn thod man bat
dang thirc sau:

g(a,,a,,.,a,) < min{f(x) :xeD,x, =a,,i= 1,2,...,k} (*)
vo1 moi 101 gidi bo phan (a;, a,, . ., ap),vavoimoik=1,2, ...
Bét ding thirc (*) c6 nghia 13 gia tri cia ham tai phwong 4n bd phan (@, as, . ., ay)

khong vuot qua gia tri nho nhat ctia ham muc tiéu bai toan trén tap con cac phuong an.
D@, ay ..,a) {xeD:xi=a, 1=12,..k},

noéi cach khac, g(a;, a,, .., ai) 1a can dudi cua tap D(a,, as, . ., ai). Do co thé déng nhat
tap D(ay, ay, . . ., ai) v&i phuong an bo phén (a,, a,, . ., ai), nén ta cling goi gia tri g(a,, az, .
., ax) 1a can dudi cua phuong an bo phan (a;, a,, . ., ay).

Gia su, ta da c6 dugc ham g. Ta xét cach su dung ham nay dé han ché khoi luong
duyét trong qua trinh duy¢t tat ca cac phuong an theo thuat todn quay lui. Trong qua trinh
liét ké cac phuong an, c6 thé da thu dugc mot sd phuong an cua bai toan. Goi x 1a gia tri
ham muc tiéu nho nhat trong s6 cac phuong 4n da duyét, ky hiéu 7 =f (x_) Ta goi x la

phuong 4n tét nhat hién c6, con /1a ky luc. Gia sir, ta c6 duoc f, khi d6 néu
g(ay, ay, .., ay) >7 thi tir bat ding thirc (*) ta suy ra

7< g(a, as ..., ay <min { f{x):x €D, x; = a; i=1, 2, . . ., k }, vi thé tap con cac
phuong 4n cua bai toan D(ay, as, . . ., ay) chic chian khong chira phuong an tdi wu. Trong
truong hop niy, ta khong can phai phat trién phuong an bd phan (a;, as, . . ., a). N6i cach
khac, ta co thé loai bo cac phuong an trong tap D(a;, as, . ., a,) khoi qua trinh tim kiém.
Thuat toan quay lui liét ké cac phuong an can sira ddi lai nhu sau:

void Try(int k) {
’ (*Phat trién Phu’ong an b phan (ay, a,, . . ., a;; theo thuat toan quay lui cé kiém tra can dudi trude
khi tiép tuc phat trién phuong an*)
foray € Ay {
if ( chap nhan a, ) {
Xk = dk;

if (k== n) < cap nhat ky luc>;

else if (g(ar, as, .. a) < £ ) Try (k+1);
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Khi d6, thuat toan nhanh can dugc thuc hién nho thu tuc sau:
void Nhanh_Can(){
Fes
(* Néu biét mot phuong an X nao do thi co thé dat 7 =f (;) *)
Try(1);
if( f <+o0) <f 1agidtritdiuu, x 1a phuong an t5i uu >;
else < bai toan khong c6 phuong an>;

§
Chu y rang, néu trong tha tyc Try ta thay thé ciu lénh
if( k==n) <cép nhat ky luc >;
else if (g(ar, a . . a) < f)) Try(k+1);
boi
if (k ==n) <cap nhatky luc >;
else Try(k+1);
thi thu tuc Try s€ liét ké toan bd cac phuong an cua bai toan, va ta lai thu dugc thuat toan
duyét toan bd. Viéc xdy dung ham g phu thudc vao tung bai toan tdi wu td hop cu thé.
Nhung chiing ta ¢6 ging xay dung sao cho viéc tinh gid tri cia g phai don gian va gia tri
cua g(a;, a, . ., ai) phai sat vdi gia tri cia ham muyc tiéu.
Vi du. Giai bai toan ngudi du lich bang thuat toan nhanh can
Bai toan Ngudi du lich. Mot ngudi du lich mudn di thim quan n thanh phd 7, T, . .
., T,. Xuat phat tir m¢t thanh phd nao d6, ngudi du lich muén di qua tat ca cac thanh phd
con lai, mdi thanh phé di qua dang mét 1an, roi quay tro lai thanh phd xuét phat. Biét cijla
chi phi di tir thanh phd 7; dén thanh phd T; (i, j = 1, 2, . ., n), hdy tim hanh trinh v&i tong chi
phi 12 nho nhat (mot hanh trinh 13 mét cach di thoa man diéu kién).
Gidi: C6 dinh thanh phd xuat phat 1a T,. Bai toan Nguoi du lich dugc dua vé bai
toan: Tim cuyc tiéu cta phiém ham:
S, %y ,0x,)=c[l,x, ]+ c[x,,x;]+...+c[x,,x,]+c[x,,x ] = min
v6i diéu kién

¢, =min{c[i, 1,4, j = 1,2,...,n;i # j} 1a chi phi di lai gitta cc thanh phé.

mi

Gia su ta dang c6 phuong an bd phan (u;, u,, . . ., ). Phuong an tuwong ung véi hanh
trinh by phan qua & thanh phé:

I, >Tw,)—>...>Twu,,)>Tu,)

Vi véy, chi phi phai tra theo hanh trinh b phan nay s& 1a tong cac chi phi theo timg
node cua hanh trinh by phan.
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O=c[lLuy] + clusus] + ...+ clug,;, uyf .

Dé phat trién hanh trinh bo phan nay thanh hanh trinh diy du, ta con phai di qua n-k
thanh phd con lai rdi quay trd vé thanh phd T;, tirc 1a con phai di qua n-k+/ doan duong
nira. Do chi phi phéi tra cho viéc di qua mdi trong n-k+/ doan dudng con lai déu khong
nhiéu hon ¢y, nén can dudi cho phuong an bg phan (u;, u,, . . ., uy) co thé duoc tinh theo
cong thirc

g(uy, Uy, ..., u) =0 +H(n -k +1) *cyin.

Chang han, giai bai toan ngudi du lich v6i ma tran chi phi nhu sau

0 3 14 18 15
3 0 4 22 20
C=| 17 9 0 16 4
6 2 7 0 12
9 15 11 5 0

Ta c6 Cpin = 2. Qua trinh thyc hién thuat toan dugc mo ta boi cay tim kiém 101 giai
duoc thé hién trong hinh 2.2.

Théng tin vé mot phuong 4n bd phén trén cdy dugc ghi trong cac 6 trén hinh vé
twong Ung theo thur tu sau:

= dau tién 13 cac thanh phan cta phuong an
= tiép dén o 1a chi phi theo hanh trinh bd phan
» glacan dudi

Két thuc thuat toan, ta thu duogc phuong an t6i wu (1, 2, 3, 5, 4, 1) tuong tng véi
phuong an t&i wru v6i hanh trinh

I, ->T ->T,->1, 5T, > T

va chi phi nho nhat 14 22
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/ 7 = +00
* \
(2) 0=3; g=15 (3) o=14; g=26 (4) 0=18; g=30 (5) o=15; g=27

(2,3) 0=7; g=16 (2,4) 0=25; g=34 (2,5)0=23; g=3

\ 4
(2,3,4) 0=23; (2,3,5) o=11;
=29 g=17

l l Céc nhanh nay bi loai vi ¢6 can
(2,345) o=4L; (2,3,54) o=16; dusig>f =22
g=44 =19

Hanh trinh ( 1, 2, 3,4, 5,1)

chiphi 5

3.Dat =53

Hinh 2.2. Cay tim kiém 1oi giai bai toan ngudi du lich.

Chuong trinh gidi bai toan theo thuat toan nhanh can duogc thé hién nhu sau:

#include <stdio.h>
#include <stdlib.h>
#include <conio.h>
#include <io.h>
#define MAX 20

Hanh trinh ( 1, 2, 3, 5,4, 1)
chi phi 25(Ky luc méi) . Dat

f=22

int n, PPIMAX], BIMAX], C[20][20], count=0;
int AIMAX], XOPT[MAX];

int can, cmin, fopt;

void Read Data(void){

it 1, j;FILE *fp;

fp = fopen("dulich.in","r");
fscanf(fp,"%d", &n);

printf("\n So thanh pho: %d", n);
printf("\n Ma tran chi phi:");
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}

for (i=1; i<=n; i++){
printf("\n");
for(j=1; j<=n; j++){
fscanf(fp,"%d", &C[i][j]);
printf("%5d", C[i][j]);

int Min_Matrix(void){

}

int min=1000, 1, j;
for(i=1; i<=n; i++){
for(j=1; j<=n; j++){
if (=) && min>C[i][j])
min=C[i][jl;

}

return(min);

void Init(void){

}

int i;
cmin=Min_Matrix();
fopt=32000;can=0; A[1]=1;
for (i=1;i<=n; i++)

B[i]=1;

void Result(void){

}

inti;
printf("\n Hanh trinh toi uu %d:", fopt);
printf("\n Hanh trinh:");
for(i=1; i<=n; it++)

printf("%3d->", XOPT[i]);
printf("%d",1);

void Swap(void){

}

int i;
for(i=1; i<=n;i++)
XOPTIi]=A[i];

void Update Kyluc(void){

int sum;
sum=can+C[A[n]][A[1]];

42



Chuwong 2: Duyét va dé qui

if(sum<fopt) {

Swap();
fopt=sum;
}
¥
void Try(int 1){
int j;
for(j=2; j<=n;j++){
f(BD{
Ali]=j; B[j1=0;
can=can+C[A[i-1]][A[i]];
if (i==n) Update_Kyluc();
else if( can + (n-i+1)*cmin< fopt){
count++;
Try(it+1);
}
B[j]=1;can=can-C[A[i-1]][A[i]];
¥
}
¥

void main(void){
clrscr();Read Data();Init();
Try(2);Result();
getch();
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NHUNG NQI DUNG CAN GHI NHO

Khi khong con cach nao dé giai quyét vin dé thi c6 thé str dung cach duyét dé giai
quyét.

Tuy phuong phéap dinh nghia bang dé qui & giai thuat d¢ qui twong ddi ngin gon
va d& hiéu nhung khéng nén qua lam dung né trong khi viét chuong trinh.

Can phai hiéu rd khi nao thi phép sinh ké tiép moi duoc ap dung.
Qua trinh quay lui chi thuc su dung khi ta kiém soat duoc cac bude trude do.

Dé han ché cac phép duyét nén sir dung phuong phap nhanh cén (néu c6 thé).
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BAI TAP CHUONG 2

Bai 1. Duyét moi tip con ciia tap hop 1, 2, ..., n. Dit liéu vao cho bai file tapcon.in, két
qua ghi lai trong file bail 1.out. Vi du sau s€ minh hoa cho file tapcon.in va tapcon.out.

tapcon.in tapcon.out

3 1
2
2 1
3
3 1
3 2
3 2 1

Bai 2. Tim tip con dai nhét c6 thir tw ting dan, giam din. Cho diy sb a;, a, . . ., a,.

Hay tim ddy con dai nhit duoc sip xép theo thir ty ting hodc giam dan. Dir lidu vao
cho boi file tapcon.in, dong dau tién ghi lai s6 ty nhién n (n<100), dong ké tiép ghi lai
n s6, mdi sb duge phan biét v4i nhau bdi mot hodc vai ky tu rong. Két qua ghi lai
trong file tapcon.out. Vi du sau s€ minh hoa cho file tapcon.in va tapcon.out.

tapcon.in tapcon.out
5 5
713896 12 1 389 12
Bai 3. Duyét cac tip con thoa man diéu kién. Cho diy s a;, a, . . ., a, va s6 M. Hiy tim
tit ca cac ddy con diy con trong ddy sb aj, a,, . . ., a, sao cho tong cic phan tir trong

diy con dang bang M. Dit liéu vao cho bai file tapcon.in, dong dau tién ghi lai hai sb
tu nhién N va s M (N<100), dong ké tiép ghi lai N s mdi sé dugc phan biét véi nhau
boi mot va dau trong. Két qua ghi lai trong file tapcon.out. Vi du sau s& minh hoa cho
file tapcon.in va tapcon.out

tapcon.in

7 50

5 10 15 20 25 30 35
tapcon.out

20 30
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15 35

10 15 25

5 20 25

5 15 30

5 10 35

5 10 15 20

Bai 4. Cho lwéi hinh chir nhat gdm (nxm) hinh vudng don vi. Hay liét ké tit ca cac duong
di tir diém c6 toa do (0, 0) dén diém c6 toa do (nxm). Biét r@ing, diém (0, 0) dugc coi
1a dinh dudi cia hinh vudng duéi nhét goc bén trai, mdi bude di chi duge phép thuc
hién hoac 1én trén hoac xuéng dudi theo canh cua hinh vuéng don vi. Dir li¢u vao cho
boi file bail4.inp, két qua ghi lai trong file bail4.out. Vi du sau s€ minh hoa cho file
bail4.in va bail4.out.

bail4.in

2 2

bail4.out

0 0 1 1
0 1 0 1
0 1 1 0
1 0 0 1
1 0 1 0
1 1 0 0

Bai 5. Duyét moi tip con k phin ti tir tp gdm n phin tir. Dit liéu vao cho boi file
tapcon.in, két qua ghi lai trong file tapcon.out. Vi du sau s& minh hoa cho tapcon.in va

tapcon.out.
tapcon.in
5 3
tapcon.out
I 2 3
1 4
1 2 5
1 3 4
1 3 5
1 4 5
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2 3 4

2 3 5

2 4 5

3 4 5
Bai 6. Duyét c’aic tap con k phan tir thoa man ‘diéu kién. Cho dE}y séay, a, ..., a,va séwM.
Hay tim tat ca cac day con day con k phan tir trong day so0 ay, ay, . . ., a, sao cho tong

cac phan tir trong ddy con dung bang M. Dit lidu vao cho boi file tapcon.in, dong dau
tién ghi lai sb tu nhién n , k va s6 M, hai s6 dugc viét cach nhau béi mot vai ky tu
tréng, dong ké tiép ghi lai n s6 mdi sd dugc viét cach nhau boi mot hodc vai ky tu
tréng. Két qua ghi lai trong file tapcon.out. Vi du sau s& minh hoa cho file tapcon.in
va tapcon.out.

tapcon.in
7 3 50
5 10 15 20 25 30 35

tapcon.out

5 10 35
5 15 35
5 20 25
10 15 25

Bai 7. Duyé¢t moi hoan vi cia tt COMPUTER. Dii li€u vao cho béi file hoanvi.in, két qua
ghi lai trong file hoanvi.out.

Bai 8. Duyé¢t moi ma tran cac hoan vi. Cho hinh vuéng gom n x n (n > 5, n 1¢) hinh vudng
don vi. Hay dién cac so tir 1, 2, . . ., n vao cac hinh vuéng don vi sao cho nhitng diéu
kién sau dugc thoa man:

Poc theo hang ta nhan dugc n hoan vi khacnhaucua l, 2, .. ., n;
Poc theo cot ta nhan dugc n hoan vi khac nhaucual, 2, .. ., n;
Doc theo hai duong chéo ta nhan duoc 2 hoan vi khac nhaucua 1, 2, .. ., n;

Hay tim it nhat 1 (hodc tat ca) céac hinh vudng thoa man 3 didu kién trén. Dir liéu vao
cho boi file hoanvi.in, két qua ghi lai trong file hoanvi.out. Vi du sau s& minh hoa cho file
input & output cua bai toan.

hoanvi.in
5
hoanvi.out

53 4 1 2
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1 2 5 3 4
3 4 1 2 5
25 3 4 1
4 1 2 5 3

Bai 9. Duyét moi cach chia sb ty nhién n thanh tong cic s nguyén nhé hon. Dit liéu vao
cho boi file chiaso.in, két qua ghi lai trong file chiaso.out. Vi du sau s€ minh hoa cho
file input & output cua bai toan.

chiaso.in

4

chiaso.out

4

3 1

2 2

2 1 1

11 1 1

Bai 10. Duyét moi bd gia tri trong tap cac gia tri roi rac. Cho k tip hop cac sb thuc A,

As, . .., A(k< 10) ¢6 sb cac phan tir twong tmg 14 Ny, N, . . ., Ny ( cac tap c6 thé ¢
nhimg phan tir gidng nhau). Hay duyét tit ca cac bo k phan tir a=(aj, ay, . . ., a) sao
cho ajeAi(i=1, 2, . . ., k). Dit liéu vao cho boi file chiaso.in, dong dau tién ghi lai k+1

s6 tu nhién, mdi sb duoc phan bi¢t voi nhau boi mot vai dau tréng la gia tri cua n, Ny,
Na, ..., Ni; k dong ké tiép ghi lai cac phan tir ctia tap hop A, A,, .. ., Ar. Két qua ghi
lai trong file chiaso.out, mdi phan tir dugc phan biét véi nhau boi mot vai dau trong.
Vi du sau s€ minh hoa cho file input & output cua bai toan.

Chiaso.inp
3 3 2 2
1 2 3
4 5
6 7
chiaso.out
1 4 6
1 4 7
1 5 6
1 5 7
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W W W W NN NN
LN L B~ B 0 B~ B
~N A N9 N 9

Bai 11. Tim b gia tri ro1 rac trong bai 21 dé ham muyc tiéu sin(x1+x2 + . . .+ xk) dat gia tri
16n nhét. Dit liéu vao cho bai file bai22.inp, két qua ghi lai trong file bai22.out.

Bai 12. Duyét moi phép toan trong tinh toan gia tri biéu thirc. Viét chuwong trinh nhép tir ban
phim hai sb nguyén M, N. Hay tim cach thay cac du ? trong biéu thic sau boi cac
phép toan +, -, *, %, / (chia nguyén) sao cho gia tri ctia biéu thirc nhan dugc bang
ding N:

(((M?M) 2M)?M)?M)?M)?M
Néu khong duoc hiy dua ra thong bao 1a khong thé duoc.

Bai 13. Bai toan cai tai v6i sb luong dd vat khong han ché. Mot nha tham hiém dem theo
mat cai tui co trong lugng khong qua b. Cé6 n dd vat cdn dem theo, d6 vat thtr i co
trong luong twong Gmg 1a mot s6 a; va gia tri sir dung ¢; (1<i<n). Hay tim cach bo cac
d6 vat vao thi sao cho tong gia tri sir dung cac do vat 1a 16n nhét. Biét rang sd luong
cac d6 vat 1a khong han ché. Dix liéu vao cho béi file caitui.in, dong dau tién ghi lai sb
tu nhién n va s thuc b hai s6 duoc viét cach nhau béi mot dau tréng, hai dong ké tiép
ghi n sb trén mdi dong, twong tmg véi vector gia tri sit dung ¢; va vector trong lugng
a;. Két qua ghi lai trong file caitui.out trén 3 dong, dong dau ghi lai gia tri sir dung tdi
wu, dong ké tiép ghi lai loai d6 vat can dem theo, dong cudi cung ghi lai sé lugng cta
mdi loai dd vat. Vi du sau s& minh hoa cho file input & output cta bai toan.

caitui.in
4 8
10 5 3 6
5 3 2 4

caitui.out
15
1 1 0 0
1 1 0 0
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Bai 14. Bai toan céi tai voi sd luong d6 vat han ché. Mot nha tham hiém dem theo mét cai
tai c6 trong luong khong qua b. Co n d6 vat can dem theo, dd vat thir i c¢6 trong luong
tuong ung 1a mot sd a; va gia tri sir dung ¢; (1<i<n). Hiy tim cach bo cac d6 vat vao thi
sao cho tong gia tri st dung cac dd vat 1a 16n nhét. Biét rang s6 lugng mdi do vat 1a 1.
Dt liéu vao cho bdi file caitui.in, dong déau tién ghi lai sb tu nhién n va sb thuc b hai
s6 dugc viét cach nhau boi mot dau tréng, hai dong ké tiép ghi n sb trén mdi dong,
twrong Umg voi vector gia tri st dung ¢; va vector trong lugng a;. Két qua ghi lai trong
file caitui.out trén 2 dong, dong dau ghi lai gia tri st dung tdi wu, dong ké tiép ghi lai
loai d6 vat can dem theo. Vi du sau s& minh hoa cho file input & output cuia bai toan.

caitui.in
4 8
8 5 3 1

caitui.out
14
1 1 0 1

Bai 15. Bai toan nguoi du lich. Mot ngudi du lich mudn di tham quan tai n thanh phd khéac
nhau. Xuét phat tai mot thanh phd nao d6, ngudi du lich mudn di qua tat ca cac thanh
phé con lai mdi thanh phd ding mot 1an rdi quay trd lai thanh phd ban dau. Biét Cij 1a
chi phi di lai tir thanh phd thir i &én thanh phé tht j. Hay tim hanh trinh c6 chi phi thap
nhat cho ngudi du lich. Dit liéu vao cho béi file dulich.in, dong dau tién ghi lai s6 tu
nhién n, n dong ké tiép ghi lai ma tran chi phi Cij. Két qua ghi lai trong file dulich.out,
dong dau tién ghi lai chi phi toi wu, dong ké tiép ghi lai hanh trinh t6i wu. Vi du sau s&
minh hoa cho file input & output cta bai toan.

dulich.in

5

00 48 43 54 31

20 00 30 63 22

29 64 00 04 17

06 19 02 00 08

01 28 07 18 00
dulich.out

81

1 5 3 4 2 1
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CHUONG 3: NGAN XEP, HANG DQ'l VA DANH
SACH MOC NOI (STACK, QUEUE, LINK LIST)

Noi dung chinh cia chuong nay nham 1am rd cac phwong phap, ky thuat biéu dién,
phép toan va Gmg dung cta cac cdu trac dit liéu triru twong. Can dic biét luu y, img dung
céc cdu tric dit liéu nay khong chi riéng cho 1ap trinh ing dung ma con ing dung trong biéu
dién bo nhd dé giai quyét nhitng vin dé bén trong ctia cac hé didu hanh. Cac k¥ thuat lap
trinh trén cau trac dit liéu triru tuong duoc d& cap & day bao gdom:

v' Ky thuat lap trinh trén ngin xép.
v K§¥ thuét 1ap trinh trén hang doi.
v' Ky thuat lap trinh trén danh sach lién két don.
v' K§ thuét 1ap trinh trén danh sach lién két kép.

Ban doc c6 thé tim thiy nhiing cai dat va ing dung cuy thé trong tai lidu [1].
3.1. KIEU DU LIEU NGAN XEP VA UNG DUNG

3.1.1. Dinh nghia va khai bao

Ngin xép (Stack) hay bo xép chdong 1a mot kiéu danh sach tuyén tinh dic biét ma phép bd
xXung phﬁn tr va loai bo phﬁn t&r ludn ludn duge thue hién & mot dau goi 1a dinh (top).

Co thé hinh dung stack nhu mdt chéng dia duoc Xép vao hop hoac mot bang dan
duoc nap vao khéu sung lién thanh. Qua trinh xép dia hodc nap dan chi dugc thuc hi¢n &
mot dau, chiéc dia hodc vién dan cubi cung lai chiém vi tri & dinh dau tién con dia dau hoic
vién dan dau lai ¢ ddy ctia hop (bottom), khi iy ra thi dia cudi cung hodc vién dan cubi
cung lai duoc lay ra trude tién. Nguyén tic vao sau ra trude cia stack con duge goi dudi
mot tén khac LIFO (Last- In- First- Out).

Stack c6 thé rong hodc bao gdm mot sd phan tir. C6 hai thao tac chinh trén stack 1a
thém mot nut vao dinh stack (push) va loai bé mdt ntt tai dinh stack (pop). Khi mudn thém
mot nat vao stack thi trudc do ta phai kiém tra xem stack da day (full) hay chua, néu ta
mudn loai bo mot nut cha stack thi ta phai kiém *tra stack co rong hay khong. Hinh 4.1
minh hoa su thay ddi cia stack thong qua cac thao tac thém va bét dinh trong stack.

Gia str ta ¢6 mot stack S Iuu trir cac ki ty. Trang thai bét dau cua stack dugc mo ta
trong hinh a 1a trang thai rong, hinh e mé ta trang thai day. Cac thao tac:

push(S,”A”) (hinh b)
push(S,’B’) (hinh ¢)
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push(S,’C”) (hinh d)
push(S,’D’) (hinh e)
pop(S) (hinh f)
pop(S) (hinh g)
D
C C C
B B B B B
A A A A A A
(a) (b) () (d) (e) ) (8)

Hinh 3.1. Cac thao tac trén Stack

C6 thé Iuu trit stack dudi dang mot vector S gdm # thanh phan lién tiép nhau. Néu T
1a dia chi ctia phan tir dinh stack thi 7's& c6 gia tri bién d6i khi stack hoat dong. Ta goi phan
tir dAu tién cua stack 13 phan tir thtr 0, nhu vay stack rong khi 7' c¢6 gia tri nho hon 0 ta qui
wdc 1a -1. Stack tran khi T c6 gia tri 1a n-1. Mdi khi mot phﬁn tor dugc thém vao stack, gia tri
cua T dugc tang 1én / don vi, khi mdt ph?m tur bi loai boé khoi stack gia tri cua 7 sé giam di
mot don vi.

TOP T BOOTTOM
E S1 S2 S3 ce ST ce

Hinh 3.2. Vector S luwu trir Stack

Pé khai bao mot stack, chung ta co thé dung mot mang mot chiéu. Phén tir tht 0 1a
day stack, phan tir cudi ciia mang la dinh stack. Mot stack tong quat 1a mot cau trac gdm hai
truong, truong top 1a mot sé nguyén chi dinh stack. Trudng node: 1a mot mang mot chiéu
gém MAX phan tir trong d6 mdi phan tir 1a mot nut cua stack. Mot nit cia stack co thé 1a
mot bién don hodc mot ciu triic phan anh tap thong tin vé nat hién tai. Vi dy, khai béo stack
dung dé luu trir cac s6 nguyén.

#define TRUE 1
#define FALSE 0

#idefine MAX 100
typedef struct {
int top;

int nodes[MAX];
} stack;
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3.1.2. Cac thao tac véi stack

Trong khi khai bao mot stack dung danh sach tuyén tinh, ching ta can dinh nghia
MAX du 16n dé c6 thé luu trit dwoc moi dinh cta stack. Mot stack da bi tran (TOP = MAX-
1) thi n6 khong thé thém vao phan tir trong stack, mot stack rdng thi né khong thé dua ra
phan tir. Vi vy, ching ta cin x4y dung thém cac thao tac kiém tra stack co bi tran hay
khong (full) va thao tac kiém tra stack c6 rong hay khong (empty).

Thao tac Empty: Kiém tra stack c6 rdng hay khong:

int Empty(stack *ps) {
if (ps ->top ==-1)
return(TRUE);
return(FALSE);
}

Thao tac Push: Thém nat méi x vao dinh stack va thay d6i dinh stack.

void Push (stack *ps, int x) {
if (ps ->top ==-1) {
printf(“\n stack full”);
return;
}
ps -> top =ps ->top + 1;
ps -> nodes[ps->top] = x;
}
Thao tac Pop : Loai bd nut tai dinh stack.

int Pop ( stack *ps) {
if (Empty(ps) {
printf(“\n stack empty”);
return(0);
}
return( ps -> nodes[ps->top --]);

¥
3.1.3. ['Tng dung cia stack

Stack duogc tmng dung dé biéu dién nhiéu thuat giai phirc tap khac nhau, dic biét ddi
v6i nhimg bai toan can sir dung dén cac 10i goi dé qui. Dudi day 1a mot s6 cac vi du dién
hinh cua viéc img dung stack.

Pio ngwoe xdu ki tw: Qué trinh dao nguoc mot xau ki tu gidng nhu viée dua vao
(push) ting ki tu trong xau vao stack, sau do dua ra (pop) céc ki tu trong stack ra cho t&i khi
stack rong ta duoc mot xau ddo ngugc.

Chuyén doi so tir hé thap phan sang hé co sé bat ky: Dé chuyén d6i mot s6 ¢ hé
thap phan thanh s ¢ hé co s6 bat ky, chung ta ldy s6 d6 chia cho co s6 can chuyén doi, luu
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trit lai phan du cta phép chia, sau d6 dao nguoc lai diy cac sb du ta nhan dugce sb can
chuyén ddi, viéc 1am nay gidng nhu co ché LIFO cua stack.

Tinh gia tri mdt biéu thirc dang hiu t6:Xét mot biéu thire dang hau t6 chi chira cac
phép toan cong (+), trir (), nhan (*), chia (/), lity thira (8). Can phai nhéc lai ring, nha logic
hoc Lewinski da chiing minh dugc réng, moi biéu thirc déu c6 thé biéu dién dudi dang hau
t6 ma khong can dung thém cac ki hiéu phu.

Vidu: 23+5%28 = ((2+3) *5)2=625

Pé tinh gia tri cua biéu thirc dang hau td, chung ta st dung mot stack luu trix biéu
thirc qua trinh tinh toan dugc thyc hién nhu sau:

Léy toan hang 1 (2 ) > Léy toan hang 2 (3 ) > Léy phép toan ‘+’ -> Léy toan hang 1
cong toan hang 2 va day vao stack (5) -> Lay toan hang tiép theo (5), lay phép toan tiép theo
(*), nhan vé6i toan hang 1 roi ddy vao stack (25), 1iy toan hang tiép theo (2), iy phép toan tiép
theo ($) va thuc hién, lay luy thira roi ddy vao stack. Cudi cting ta nhan dugc 25 %= 625.

Dudi day 1a chuong trinh ddo nguoc xau ki tu s dung stack. Nhitng vi du khéc, ban
doc co thé tim thdy trong cac tai liéu [1], [2].

Vi du 3.1. Chuong trinh ddo nguoc xau ki tu.

#include <stdio.h>
#include <stdlib.h>
#include <conio.h>
#include <dos.h>
#include <string.h>
#define MAX 100
#define TRUE 1
#define FALSE 0
typedef  struct{

int top;

char node[MAX];
} stack;
/* nguyen mau cua ham*/
int Empty(stack *);
void Push(stack *, char);
char Pop(stack *);
/* Mo ta ham */
int Empty(stack *ps){

if (ps->top==-1)

return(TRUE);
return(FALSE);

H
void Push(stack *ps, char x){
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if (ps->top=—=MAX-1 ){
printf("\n Stack full");
delay(2000);
return;

}

(ps->top)= (ps->top) + 1;

ps->node[ps->top]=x;

H
char Pop(stack *ps){
if (Empty(ps)){
printf("\n Stack empty");
delay(2000);return(0);
}
return( ps ->node[ps->top--]);
}

void main(void){

}

stack s;
char ¢, chuoilMAX];
int i, vitri,n;s.top=-1;clrscr();
printf("\n Nhap String:");gets(chuoi);
vitri=strlen(chuoi);
for (1i=0; i<vitri;i++)

Push(&s, chuoi[i]);
while(!Empty(&s))

printf("%c", Pop(&s));
getch();

3.2. HANG DOI (QUEUE)

3.2.1. Dinh nghia va khai bao

Khac véi stack, hang doi (queue) 1a mot danh sach tuyén tinh ma thao tic bd sung
phén tir duoc thuc hién & mot dau goi la 16i vao (rear). Phép loai bd phi‘m tir duoc thuc hién
& mot dau khac goi 12 161 ra (front). Nhur vay, co ché ciia queue giéng nhu mot hang doi, di

vao & mot dau va di ra & mot dau hay FIFO (First- In- First- Out).

Ta c6 thé khai bao hang doi nhu mot danh sach tuyén tinh gdm MAX phan tor mbi
phan tir 1a mot cdu tric, hai bién front, rear trd 16i vao va 1i ra trong queue. Vi du duéi day
dinh nghia mot hang dogi cua cic san phim gdm hai thudc tinh ma hang (mahang) va tén
hang (ten).

typedef

struct{

int mahang;
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char ten[20];
} hang;
typedef struct {
int front, rear;
hang node[MAX];
b a
Pé truy nhap vao hang doi, ching ta st dung hai bién con tro front chi 16i trudc va
rear chi 16i sau. Khi 16i trudc trung véi 161 sau (g.rear = g.rear) thi queue & trang thai rong
(hinh a), dé thém dit liéu vao hang doi cac phan tir 4, B, C dugc thuc hién thong qua thao
tac insert(q,A), insert(q,B), insert(q,C) dugc mo ta ¢ hinh b, thao tac loai bo phén ti khéi
hang doi Remove(q) dugc mé ta & hinh c, nhimg thao téc tiép theo dugc mo ta tai hinh d, e.

I I I I I I Hinh a. Trang thai réng ctia hang doi.

g.rear=2 q.front=0 Hinh b. insert(Q,A);insert(Q,B), insert(Q,C)

| |
L o B fay

q.rear=2 q.front=1 Hinh c. remove(q).

|
L devfBe |

g.rear=3 q.front=1 Hinh d. insert(q,D).
I I
- dov e B oy
grear=3  q.front=2 Hinh e. remove(q).

I I
o Iov e W

Hinh 3.3. Cac thao tac trén Hang dg¢i (Queue)

Céch t6 chuc nay s& dan tdi trudng hop cac phén tir di chuyén khip khong gian nhé
khi thuc hién bd sung va loai bo. Trong nhiéu truong hop, khi thyc hién thém hodc loai bd
ph?m tor cua hang doi chung ta can xét toi mot thtr tu vu tién nao do, khi do hang doi dugc
goi 1a hang doi c¢6 dd uu tién ( Priority Queue ). Vi priority queue, thi nat nao cé do vu
tién cao nhit duoc thuc hién loai bé trude nhit, con voi thao tac thém phﬁn tor vao hang doi
tr thanh thao tac thém phan tir vao hang doi ¢ xét toi do uu tién.
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3.2.2. Ung dung hang doi

Moi van d& cua thyc té lién quan t6i co ché FIFO nhu co ché giri tién, rut tién trong
ngan hang, dat vé may bay déu c6 thé ing dung dugc bang hang doi. Hang doi con co
nhimg Gng dung trong viéc giai quyét cac bai toan ctia Hé diéu hanh va chwong trinh dich
nhu bai toan diéu khién cac qua trinh, diéu khién nap chuong trinh vao bd nhé hay bai toan
1ap lich. Ban doc c6 thé tham khao thém trong cac tai li¢u [1], [2]. Dudi day, ching ta dua
ra mot ing dung cta hang doi dé giai quyét bai toan “Nha san xudt va Nguwoi tiéu ding”.

Vi du 3.2- Giai quyét bai toan “Nguwoi sdn xudt va nha tiéu ding “ véi sb cac ving dém
han ché.

Chung ta md ta qua trinh san xuat va tiéu dung nhu hai qua trinh riéng biét va thuc
hién song hanh, ngudi san xuat c6 thé san xuét t6i da n mat hang. Nguoi tiéu ding chi dugc
phép sir dung trong s6 n mat hang. Tuy nhién, ngudi san xuét chi cé thé luu trir vao kho
khi va chi khi kho chua bi ddy. Nguoc lai, néu kho hang khong rong (kho c6 hang) ngudi
tidu dung c6 thé tiéu ding nhimg mat hang trong kho theo nguyén tic hang nao nhap vao
kho trude duoc tiéu dung trudc giéng nhu co ché FIFO cua queue. Sau ddy 1a nhimg thao
tac chu yéu trén hang doi dé giai quyét bai toan:

Ta xay dung hang de¢i nhu mot danh sach tuyén tinh gdm MAX phan tir mdi phén tir
12 mot cAu tric, hai bién fiont, rear tré dén 16i vao va 16i ra trong queue:

typedef  struct{
int mahang;
char ten[20];
} hang;
typedef struct {
int front, rear;
hang node[MAX];
} queue;
Thao tic Initialize: thiét 1ap trang thai ban dau ciia hang doi. O trang thai nay, font
va rear co cung mot gia tri MAX-1.
void Initialize ( queue *pq){
pg->front = pg->rear = MAX -1;
H
Thao tic Empty: kiém tra hang doi c6 ¢ trang thai rong hay khong. Hang doi rong
khi front == rear.
int Empty(queue *pq){
if (pg->front==pqg->rear)
return(TRUE);
return(FALSE);
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Thao tac Insert: thém X vao hang doi Q. Néu viéc thém X vao hang dogi dugc thuc
hién ¢ dau hang, khi d6 rear c6 gia tri 0, néu rear khong phai ¢ dau hang doi thi gia tri caa
n6 dugc tang 1én 1 don vi.

void Insert(queue *pq, hang x){

if (pg->rear=——MAX-1)
pq->rear=0;

else
(pg->rear)++;

if (pg->rear ==pq->front){
printf("\n Queue full");
delay(2000);return;

else
pg->node[pqg->rear|=x;
}
Thao tac Remove: loai bo phén to & vi tri front khéi hang doi. Néu hang doi ¢ trang
thai rong thi thao tac Remove khong thé thuc hién dugc, trong trudng hop khac front duoc
tang 1én mot don vi.

hang Remove(queue *pq){

if (Empty(pq)){
printf("\n Queue Empty");
delay(2000);

b

else {

if (pg->front ==MAX-1)
pg->front=0;
else
pg->front++;
}
return(pg->node[pq->front]);
}
Thao tic Traver: Duyét tit ci cac nat trong hang doi.
void Traver( queue *pq){
int i;
If(Empty(pq)){
printf("\n Queue Empty");
return;

}
if (pg->front ==MAX-1)
i=0;
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}

else
i = pg->front+1;
while (i!=pg->rear){
printf("\n %11d % 15s", pg->node[i].mahang, pg->node[i].ten);

ifi==MAX-1)
i=0;
else
i+t

>

}
printf("\n %11d % 15s", pg->node[i].mahang, pq->node[i].ten);

Dudi day 1a toan b van ban chuong trinh:

#include
#include
#include
#include
#include
#include
#define
#define
#define
typedef

} hang;

<stdio.h>
<stdlib.h>
<conio.h>
<dos.h>
<string.h>
<math.h>
MAX 50
TRUE 1
FALSE 0
struct{

int mahang;
char ten[20];

typedef struct {

} queue;

int front, rear;
hang node[MAX];

/* nguyen mau cua ham*/

void

int

Initialize( queue *pq);

Empty(queue *);

void Insert(queue *, hang x);

hang Remove(queue *);

void

Traver(queue *);

/* Mo ta ham */

void Initialize ( queue *pq){

}

pg->front = pg->rear = MAX -1;

int Empty(queue *pq){

if (pg->front==pq->rear)
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return(TRUE);
return(FALSE);
H
void Insert(queue *pq, hang x){
if (pg->rear=——=MAX-1)
pg->rear=0;
else
(pg->rear)++;
if (pg->rear ==pqg->front){
printf("\n Queue full");

delay(2000);return;
}
else
pg->node[pq->rear|=x;
}
hang Remove(queue *pq){
if (Empty(pq)){
printf("\n Queue Empty");
delay(2000);
}
else {
if (pg->front ==MAX-1)
pq->front=0;
else
pg->front++;
}
return(pgq->node[pq->front]);
i
void Traver( queue *pq){
int i;
if(Empty(pq)){
printf("\n Queue Empty");
return;
}
if (pg->front ==MAX-1)
i=0;
else

i = pq->front+1;

while (i!=pg->rear){
printf("n %11d % 15s", pg->node[i].mahang, pq->node[i].ten);
ifi==MAX-1)
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}

i=0;
else
i+t

printf("\n %11d % 15s", pg->node[i].mahang, pq->node[i].ten);

}

void main(void){

queue q;

char chucnang, frontl; char c; hang mh;

clrscr();
Initialize(&q);

do {

clrser();

printf("\n NGUOI SAN XUAT/ NHA TIEU DUNG");
printf("\n 1- Nhap mot mat hang");
printf("\n 2- Xuat mot mat hang");

printf("\n 3- Xem mot mat hang");

printf("\n 4- Xem hang moi nhap");

printf("\n 5- Xem tat ca");

printf("\n 6- Xuat toan bo");

printf("n Chuc nang chon:");chucnang=getch();

switch(chucnang){

case ‘1”:

case ‘2°:

case ‘3”:

printf("\n Ma mat hang:"); scanf("%d", &mh.mahang);
printf("\n Ten hang:");scanf("%s", mh.ten);
Insert(&q,mh);break;

if ('Empty(&q)){
mh=Remove(&q);
printf("\n %5d %20s",mh.mahang, mh.ten);

}

else {
printf("\n Queue Empty");
delay(1000);

}

break;

frontl=(q.front==MAX-1)?0:q.front+1;
printf("\n Hang xuat");

printf("\n%6d%?20s",q.node[front1].mahang,q.node[ front1].ten);

break;
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case ‘4’:
printf("\n Hang moi nhap");
printf("\n%5d%20s",q.node[q.rear]. mahang,q.node[q.rear].ten);
break;

case 5’:
printf("\ Hang trong kho");
Traverse(&q);delay(2000);break;

}
} while(chucnang!="0");
}

3.3. DANH SACH LIEN KET DPON
3.3.1. Giéi thi¢u va dinh nghia

M6t danh sach moc ndi, hodc ngén gon hon, mot danh sach, 1a mét day cé thir tu cac
phan tir dwoc goi 1a dinh. Danh sach c6 diém bat dau, goi la tiéu dé hay dinh dau, mot diém
cubi cing goi 1a dinh cudi. Moi dinh trong danh sach déu ¢ cing kiéu ngay ca khi kiéu
nay c6 nhiéu dang khac nhau.

Ban chit dong 1a mot trong nhitng tinh chat chinh ciia danh sach méc ndi. Co thé
thém hodc bét dinh trong danh sach vao moi lic, moi vi tri. Vi s6 dinh cua danh sach khong
thé dy kién trudc duge, nén khi thuc hién, ching ta phai dung con tré6 ma khong dung duoc
mang dé bao dam viéc thuc hién hi€u qua va tin cay.

M&i dinh trong danh sach déu gdm hai phan. Phan thir nhét chira dit liéu. Dit liéu co
thé chi 12 mot bién don hodc 1a mét céu trac (hoac con trd cau truc) co kiéu nao dé. Phan
thir hai cua dinh 1a mot con tré chi vao dia chi cuia dinh tiép theo trong danh sach. Vi vy c6
thé d& dang st dung céc dinh cua danh sach qua mot cAu trac tu tré hodc dé qui.

Danh sach moc nbi don gian dudi day xay dung mdi dinh cua danh sach chi luu giir
mot bién nguyén.
/*dinh ciia danh sach don chi chira mot s nguyén*/
struct don {
int phantu;
struct don *tiep;
15
typedef struct don don_t;
Trong truong hop nay, bién nguyén phantu cua ting dinh chira dit liéu con bién con
tro tiep chira dia chi ctia dinh tiép theo. So d6 biéu dién danh sach méc ndi don duoc biéu
dién nhu hinh dudi day:

Phan_tir _| | Phan to | o |Phantr | ..

Hinh 3.4. Danh siach méc ndi don
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Téng quat hon, mdi dinh cta danh sich c6 thé chira nhiéu phan tur dir liéu. Trong
truong hop nay, hop 1y hon ca 1a dinh nghia mot kiéu ciu tric tuong tng véi dit liéu can
lwru giit tai mdi dinh. Phuong phap nay duoc sir dung trong dinh nghia kiéu sau day:

/*dinh cia danh sach tong quat */

struct tq {

thtin_t phantu;
struc tq*tiep;

}5

typedef struct tq tq_t;

Kiéu céu tric thtin_t phai duoc dinh nghia trude d6 dé tuong ung voi cac dir liéu sé
duoc luu trit tai ting dinh. Danh sach dugc tao nén tir kiéu dinh nay gidng nhu & so dd
trong Hinh 3.4, ngoai trir viéc mdi phantu 1a mot bién nguyén.

3.3.2. Cac thao tac trén danh sach méc ndi

Céc thao tac trén danh sach méc ndi bao gém viée cap phét bo nhé cho cac dinh va
gan dir liu cho con tro. Pé danh sach duge tao nén ding dén, ta biéu dién phén t cubi
danh sach 1a mot con tré6 NULL. Con tré NULL 14 tin hiéu thong bao khong con phan tir
nao tiép theo trong danh sach nira.

Tién hon ca la chiing ta dinh nghia mot con tr6 td1 danh sach nhu sau:
struct node {
int infor;
struct node *next;
¥
typedef struct node *NODEPTR; // Con tro t6i node
Cép phat bd nhé cho mot node:
NODEPTR Getnode(void) {
NODEPTR p;
P = (NODEPTR) malloc(sizeof( struct node));
Return(p);

}

Giaii phong by nhé ciia mot node”
NODEPTR Freenode( NODEPTR p){

free(p);
}

Chén mét phan tir méi vao diu danh sach:
Céac buéc dé chén mot phﬁn tr méi vao dau danh sach can thuc hién la:
v' Cép khong gian bd nhé du luu giit mot dinh mai;

v Gan céc gia tri con tro thich hop cho dinh mdi;
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v Thiét lap lién két v6i dinh méi.

So d6 biéu dién phép thém mot dinh mdi vao dau danh sach dugc thé hién nhu trén
hinh 3.5.

infor

next

A 4

infor

next

» infor

infor

next ¢

\\ Node can chen vao dau danh sach méc noi.

void Push Top( NODEPTR *plist, int x) {

Hinh 3.5. Thém dinh méi vao dau danh sich méc ndi don

NODEPTR p;

p= Getnode(); // cip khong gian nhé cho dinh méi
p -> infor = x; // gan gia tri thich hop cho dinh méi

p ->next = *plist;

*plist = p; / thiét 1ap lién két

}

Thém mét phan tir méi vao cuoi danh sach:

Dé thém mot node vao cudi danh sach, ta can thyc hi¢n qua céc budc sau:

v' Cap phat bd nhé cho node méi;

Gan gia tri thich hop cho node mdéi;

v
v Di chuyén con tré t&i phan tir cudi danh sach;
v

Thiét 1ap lién két cho node méi.

So db thé hién phép thém mot phan tir méi vao cudi danh sach duoc thé hién nhu
trong hinh 3.6

infor

next

infor

A 4

next

» infor

next

infor

next

Hinh 3.6. Thém node méi vao cudi danh sach.
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void Push Bottom( NODEPTR *plist, int x) {
NODEPTR p, q;
p= Getnode(); // cp phat bd nhd cho node méi
p->infor = x; // gan gia tri thdng tin thich hop
q = *plist; // chuyén con tr6 tdi cudi danh sach
while (g-> next != NULL)

q =(q -> next;

// q 12 node cubi cing ctia danh sach lién két
q -> next = p; /node cudi bay gid 1a node p;
p ->next = NULL; // lién két m&i ctia p

}

Thém node méi ¢ vao gitra danh sach truwéce node p:

Pé thém node ¢ vao trudc node p, ching ta cAn lvu ¥ node p phai co thyc trong danh
sach. Gia st node p 1a ¢6 thuc, khi d6 xay ra hai tinh hung: hodc node p 1a node cudi cling
ctia danh sach lién két tirc p->next =NULL, hoic node p chua phai 1a cudi cling hay p->next
/= NULL. Trudng hop thir nhat, ching ta chi can goi téi thao tac Push_Bottom(). Truong
hop thtr 2, ching ta thuc hién theo cac bude nhu sau:

v/ Cap phat bd nhé cho node méi;
v Gan gia trj thich hgp cho node;
v Thiét 1ap lién két node ¢ v&i node ké tiép p;
v Thiét lap lién két node node p vdi node g¢;
void Push Before( NODEPTR p, int x ){
NODEPTR q;

if (p->next==NULL)
Push_Bottom(p, x);

else {
q= Getnode(); // cAp phat bo nhd cho node méi
q -> infor = x; // gan gia tri thong tin thich hop
q-> next = p-> next; // thiét lap lién két node q v&i node ké tiép p;
p->next = q; // thiét 1ap lién két node p voi node ké tiép q;
}

}

So d6 thém node vao gitra danh sach dugc thé hién nhu sau:
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R

» infor

next

p
infor next @ » infor next
v q
infor next e

Hinh 3.7. Phép thém phan tir vao giira danh sach lién két don.

Xo4 mdt node ra khéi dau danh sach:

Khi loai bo node khoi dau danh sach lién két, ching ta can cha ¥ rang néu danh séch dang

NULL

rSng thi khong thé thuc hién viéc loai bo. Trong truong hop con lai, ta thuce hién nhu sau:

v' Dung node p tré t6i dau danh sach;

v" Dich chuyén vi tri d4u danh séach t&i node tiép theo;

v Loai bo lién két véi p;
v Giai phong node p;
void Del Top( NODEPTR *plist) {

NODEPTR p;

p = *plist; // node p tré toi dau danh sach;
if (p==NULL) return; // danh sach rong

(*plist) = (*plist) -> next; // dich chuyén node gdc 1én node ké tiép

p-> next = NULL; //loai b6 lién két vai p

Freenode(p); // giai phong p;

}

Loai bé node ¢ cuoi danh sach:

Mot node & cudi danh sach ¢ thé xay ra ba tinh hudng sau:

v' Danh sach rong: ta khong can thuc hién loai bo;

v' Danh sich chi c6 ding mot node: g v6i trudng hop loai bo node gdc;

Truong hop con lai danh sach co nhiéu hon mét node, khi do ta phai dich chuyén toi
node gi‘m node cubi cung nhét dé thuc hién loai bo.

void Del Bottom(NODEPTR *plist) {

NODEPTR p, q;

if (*plist==NULL) return; //khong lam gi

else if ( (*plist)->next==NULL)) // danh sach c6 mdt node

Del Top(plist);

else {

66




Chirong 3: Ngan xép, hang doi va danh sdch mée noi

p = *plist;
while (p->next!=NULL){
q=p;

p = p->next; // q la node sau node p;
}
// p 1a node cudi danh sach;
g->next =NULL; /node cudi cung 1a q
Freenode(p); //giai phong p;

}

Loai b6 node ¢ giira danh sach (trudc node p):

Can dé ¥ rang, néu trudc node p 14 NULL (p->next==NULL) thi ta khong thyc hién
loai bo dugc. Truong hop con lai chiing ta thyc hién nhu sau:
v Dung node q tro téi node trude node p;
v Loai bo lién két cia q;
v Giai phong q.
void Del before(NODEPTR p){
NODEPTR g;
if (p->next==NULL) return; // khong lam gi
q = p ->next;
p->next = q->next;
Freenode(q);
§

Ban doc c6 thé tim théy nhitng cai dat cu thé cta danh sach lién két don trong cac tai
liéu [1], [2].

3.4. DANH SACH LIEN KET KEP

MBJi khi thao tac trén danh sach, viéc duyét danh sach theo ca hai chiéu to ra thuan
tién hon cho nguoi str dung. Poi khi chiing ta phai di chuyén trong danh sach tir node cubi
1én node dau hodc ngugc lai béng cach di qua mot loat céc con tro. biéu nay co thé dé dang
giai quyét duoc néu ta ting thong tin chua tai timg dinh cua danh sach. Ngoai con tré chira
dia chi dinh tiép theo, ta thém con tro trudc dé chira dia chi dimg sau dinh nay. Lam nhu
vay, chung ta thu dugc mét cAu trac dit liéu méi goi la danh séch lién két kép.

struct node {

int infor;
struct node *right;// con trd t&i node sau
struct node *left; // con tré tdi node ké tiép
55
typedef struct node *NODEPTR; // dinh nghia con tr6 téi node
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A
-
—

A 4

Rf‘:‘>L I R:‘:';L I | R

Null Null

Hinh 3.8. M6 ta mot danh sach lién két kép.
Céc thao tac trén danh sach lién két kép ciing tuong tu nhu danh sach lién két don.
Nhung can cht ¥ rang, mdi node p ciia danh sach lién két kép c6 hai dudng lién két 1a p->
left va p->right;

Thao tic thém node méi vao dau danh sich lién két kép:
v' Cip phét b nhd cho node méi;
v" Gan gia tri thich hop cho node mdi;
v’ Thiét 1ap lién két cho node méi;

void Push_ Top(NODEPTR *plist, int x){
NODEPTR p;
p = Getnode(); //cap phét bd nhé cho node
p ->infor = x; //gan gia tri thich hop;
p > right = *plist; // thiét 1ap lién két phai
(*plist) ->left = p; // thiét lién két v6i *plist
p-> left = NULL// thiét lap lién két trai
*plist = p;

}

Thao tic thém node vio cudi danh sich:
v" Néu danh sach rdng thi thao tac nay trung voi thao tac thém node méi vao dau
danh sach.
v' Néu danh sach khong rong chiing ta thuc hién nhu sau:
= Cip phat bd nhd cho node;
* Gan gia tri thich hgp cho node;
= Chuyén con tro t6i node cubi trong danh sach;
= Thiét lap lién két trai;
=  Thiét 1ap lién két phai;
void Push Bottom(NODEPTR *plist, int x){
NODEPTR p, q;
if (*plist ==NULL)
Push_Top(plist, x);
else {
p= Getnode();// cap phat bo nhd cho node
p->infor =x; //gan gia tri thich hop

//chuyén con tré t&i node cudi danh sach
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q = *plist;
while (q->right!=NULL)
q = g->right;
//q 12 node cudi cung trong danh sach
q -> right =p; // lién két phai
p->left = q; // lién két trai
p->right =NULL; //lién két phai

}

Thém node vao truéc node p:

Mubn thém node vao trude node p thi node p phai ton tai trong danh sach. Néu node
p ton tai thi c6 thé xay ra hai trudng hop: hodc node p 13 node cubi cung cia danh sach hoic
node p 1a node chua phai 1a cudi cung. Trudng hop thir nhét tng véi thao tac Push Bottom.
Truong hop thir hai, ching ta lam nhu sau:
v Cip phat bd nhd cho node;
v Gén gia tri thich hop;
v Thiét lap lién két trai cho node moi;
v Thiét lap lién két phai cho node mdi;
Qua trinh dugc mo ta baoi thu tuc sau:
void Push_Before(NODEPTR p, int x){
NODEPTR g;
if (p==NULL) return; //khong lam gi
else if (p->next==NULL)
Push_Bottom(p, x);
else {
q = Getnode(); // cAp phat bd nhd cho node méi
q ->infor = x; //gan gia tri thong tin thich hgp
q ->right = p->right; //thiét 1ap lién két phai
(p ->right) ->left =q;
q > left = p; //thiét 1ap lién két trai
p ->right =q;

H

Loai b6 node dau danh sach:
v' Néu danh sach rong thi khong can loai bo;
v Dung node p trd tGi dau danh sach;

v' Chuyén gbc 1én node ké tiép;
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v' Loai bo lién két v6i node p;
v Giai phong p;
void Del Top(NODEPTR *plist){
NODEPTR p;
if ( (*plist}==NULL) return; //khong lam gi
p = *plist; //p 12 node dau tién trong danh sach
(*plist) = (*plist) -> right; // chuyén node gdc t6i node ké tiép
p ->right =NULL; // ngit lién két phai cta p;
(*plist) ->left ==NULL;//ngit lién két trai voi p
Freenode(p); //giai phong p
H

Loai bé node & cudi danh sach:
v" Néu danh sach rdng thi khong can loai bo;
v" Néu danh sach c¢6 mét node thi n6 1a truong hop loai phan tir & dau danh
sach;
v" Néu danh sach c6 nhiéu hon mot node thi:
= Chuyén con tro téi node cudi cuing;
= Ngit lién két trai ciia node;
= Ngit lién két phai cua node;
= Gidi phong node.
void Del Bottom(NODEPTR *plist) {
NODEPTR p, q;
if ((*plist)==NULL) return; //khong lam gi
else if ( (*plist) ->right==NULL) Del Top(plist);
else {
p = *plist; // chuyén con tro t6i node cudi danh sach
while (p->right!=NULL)
p =p->right;
//p 1a node cubi ctia danh sach
q=p ->left; /q 1a node sau p;
q ->right =NULL; //ngit lién két phai cia q
p -> left = NULL; //ngjt lién két trai cua p
Freenode(p); //giai phong p

}

Loai node truwdc node p

v" Néu node p khong c6 thyc thi khong thé loai bo;
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v" Néu node p 1a node cudi thi ciing khong thé loai bo;
v Truong hop con lai duge thue hién nhu sau:
= Ngit lién két trai voi node p dong thoi thiét 1ap lién két phai v6i node
(p—2right)>right;
= Ngit lién két phai v6i node p dong thoi thiét 1ap lién két trai v6i node
(p—>right)>right;
* Giai phong node p—>right.
void Del_Before(NODEPTR p){
NODEPTR q, 1;
if (p==NULL || p->right==NULL) return;
/*khong lam gi
néu node p 1a khong cé thuc hodc 1a node cudi cing */
q = (p->right)->right; //q la node trudc node p ->right
r = p->right; // r 1a node can loai bo
r -> left =NULL; //ngat lién két trai ctia r
r->right ==NULL;//ngit lién két phai ctia r
p->right =q; //thiét 1ap lién két phai méi cho p
q ->left = p; // thiét 1ap lién két trai mai cho p
Freenode(r); //giai phong node
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NHUNG NQI DUNG CAN GHI NHO

Céc phuong phéap dinh nghia stack, khi nao dung stack & vai trd cua stack d6i véi
cac giai thuat d¢ qui.

Phuong phap dinh nghia hang doi, cac thao tac trén hang doi va ng dung cua
hang doi.

Ban chit dong 1a tinh chat co ban nhét cia danh sach lién két don va lién két kép.

Su khac biét co ban cua danh sach lién két don va danh sach lién két kép 1a cac
con tro left va right.

Nhitng tng dung 16n thudng duoc cai dit trén cac ciu tric dit lidu dong.

Chu y giai phong b nhd cho con tro trong khi 1ap trinh.
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BAI TAP CHUONG 3

Bai 1. Xau thuan nghich ddc 1a xau bit nhi phan c6 d6 dai n ma khi déo x4u ta van nhan
dugc chinh xau do. Hay liét ké tat ca cac xau thuan nghich doc c6 do dai n va ghi lai

nhitng xau do
cac dong tiép

vao File thuang.out theo tirng dong, dong dau tién ghi lai gia tri cta n,
theo 1a nhitng xau thuan nghich doc c6 d6 dai n. Vi du: véi n=4, ta co

dugc nhitng xau thuan nghich ddc c6 dang sau:

4
0
0
1
1

0 0 0
1 1 0
0 0 1
1 1 1

Bai 2. Viét chuong trinh quan 1y diém thi cua sinh vién bang single (double) link list bao
gdm nhiing thao tac sau:

Nhap dir liéu;

Hién thi dit liéu theo 16p, xép loai . . .;
Sép xép dit liéu;

Tim kiém dir ligu;

In 4n két qua.

Trong d6, thong tin vé& mdi sinh vién dugc dinh nghia thong qua ciu tric sau:

typedef struct {
int
char
char
float
float
float
char

} sinhvien;

masv; // ma sinh vién;
malop[12]; //ma 16p

hoten[30]; //ho tén sinh vién
diemki; // diém tong két ky 1
diemkii;// diém tong két ky 2
diemtk; // diém tong két ca nim

xeploai[12]; // xép loai

Bai 3. Biéu dién biéu thiic theo cu phap Ba Lan. Biéu thtrc nguyén 1a mot day dugc thanh
lap tir cac bién kiéu nguyén ndi v&i nhau bang cac phép toan hai ngdi ( cong: +, trir : -

, nhan : *) va
va thir tu thuc

cac ddu mé ngodc don “(“, dong ngodc don ©)’. Nguyén tic dit tén bién
hién cac phép toan dugc thuc hién nhu sau:

Qui tic dat tén bién: La day cac ki ty chit in thuong hoac ki tu sb6 do
dai khong qua 8, ki ty bt dau phai 1a mot chi cai.
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- Qui tic thuc hién phép toan: Biéu thurc trong ngoac don duoc tinh
trude, phép toan nhan “*’ ¢6 d6 uu ti€n cao hon so véi hai phép toan
cong va trir. Hai phép toan cong ‘+’ va trir ¢6 cung d6 uu ti€n. Vi du :
a * b+ ¢ phai duoc hiéu la: (a *b) +c.

Dang viét khong ngodc Ba Lan cho biéu thirc nguyén duoc dinh nghia nhu sau:
- Néu e la tén bién thi dang viét Ba Lan ctia n6 chinh la e,

- Néuel va e2 la hai biéu thuc c6 dang viét Ba Lan twong ng 1a d1 va
d2 thi dang viét Ba Lan cta el + 2 1a d1 d2+, cta el - e2 1a d1 d2-,
cua el*e2 1a d1 d2* ( Giita d1 va d2 c6 dung mét ddu cach, trude ddu
phép toan khong co déu cach),

- Néu e la biéu thirc c6 dang viét Ba Lan 1a d thi dang viét Ba Lan cta
biéu thic c6 ngodc don (e) chinh 1a d ( khong con ddu ngodc nita) . Vi
du: Biéu thic (c+b*(f-d)) c6 dang viét Ba Lan 14 : ¢ b f d-*+.

Cho file dir liéu balan.in duoc t6 chirc thanh timg dong, mdi dong khong dai qua 80
ky tu 12 biéu dién cua biéu thic nguyén A. Hiy dich cac biéu thirc nguyén A thanh dang
viét Ba Lan ctia A ghi vao file balan.out theo timg dong. Vi du: véi file balan.in dudi day s&
cho ta két qua nhu sau:

balan.in balan.out

a+tb ab+

a-b ab-

a*b ab*

(a-b)+c ab-ct
(a+b)*c a b+ c*

(a+ (b-c)) abc-+
(a+b*(c-d)) abcd-*+
((@a+b)*c- (d+e)*f) a btc* d et+f*-

Bai 4. Tinh toan gia tri biéu thirc Ba Lan. Cho file dit liéu balan.in gdm 2 * n dong trong
d6, dong c6 sb thir tw 18 (1, 3, 5, . . ) ghi lai mot x4u 1a biéu dién Ba Lan ciia biéu thirc
nguyén A, dong co s6 thir tu chin (2,4,6, . .) ghi lai gia tri cua céc bién xut hién trong
A. Hiy tinh gia tri ctia biéu thitc A, ghi lai gi4 tri cia A vao file balan.out timg dong
theo thtr ty: Dong c¢6 thur tu 1& ghi lai biéu thirc Ba Lan ciia A sau khi da thay thé cac
gié tri twong tng ctia bién trong A, dong c¢6 thir ty chin ghi lai gia tri ctia biéu thirc A.

Vi du véi file balan.in duéi day s& cho ta két qua nhur sau:

balan.in balan.out

ab+ 35+
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35 8

ab- 73-
73 4
ab* 43*
43 12
cab-+ 345+
345 2

Bai 5. Lap lich véi mtc @6 wu tién. Dé 1ap lich cho CPU dap tmg cho céc qua trinh dang
doi cia hé thong, ngudi ta biéu dién mdi qué trinh bang mot ban ghi bao gdm nhiing
thong tin : s6 qua trinh(Num) 1a mot s6 ty nhién nho hon 1024, tén qua trinh (Proc) 1a
mot xau ky tu do dai khéng qua 32 khong chira dau trong ¢ gitta, d6 wu tién qué trinh
13 mot s6 nguyén duong (Pri) nho hon 10, thoi gian thuc hién cia qua trinh (Time) 1a
mot sd thue. Cac qua trinh dang doi trong hé dugc CPU dap tng thong qua mot hang
doi duoc goi 1a hang doi cac qua trinh, hang doi cac qua trinh véi d6 uvu tién duoc xay
dung sao cho nhitng diéu kién sau dwoc thoa mén:

- Céc qua trinh dugc sip theo thir ty uu tién;
- Déi voi nhitng qua trinh ¢ cung d6 wu tién thi qua trinh nao co thoi
gian thyc hién it nhat dugc xép 1én trude nhat.
Cho file dit liéu lich.in dugc t6 chtrc nhu sau:
- Dong dau tién ghi lai mot s6 ty nhién n 13 sb cac qua trinh;
- ndong ké tiép, mdi dong ghi lai thong tin vé mot qua trinh dang doi.

Hay xay dung hang doi cac qua trinh voi do uu tién. Ghi lai tht tu cac qué trinh ma
CPU dap tng trén mot dong cua file lich.out, mdi qua trinh dugc phan biét v6i nhau boi
mot hodc vai ky tu tréng, dong ké tiép ghi lai s6 gid can thiét ma CPU can dap tng cho cac
qué trinh. Vi du véi file lich.in dudi ddy sé& cho ta két qua nhu sau:

lich.in
7
1 Data_Processing 1 10
2 Editor Program 1 20
3 System_Call 3 0.5
4 System_Interative 3 1
5 System_Action3 2
6 Writing_Data 2 20

7 Reading Data 2 10
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lich.out
3 4 5 7 6 1 2
63.5

Bai 6. Thuat toan RR (Round Robin): Thuat toan SIF dap ung duoc ti da cac qua trinh
hoat dong trong hé, tuy nhién s& c6 nhiéu qua trinh c6 chi phi thoi gian 16n phai doi
nhiéu qua trinh c¢é chi phi thoi gian nhé thuc hién. Vi thuat toan SJF , tinh cong bang
ctia hé bi vi pham. Dé khic phyc diéu trén, thuat toan Round Robin thuc hién chon
mot luong tir thoi gian thich hop, sau d6 dap tng cho mdi qua trinh theo ting vong
v6i luong tir thoi gian di chon. Uu diém cua RR 14 tinh cong bang ciia hé dugc dam
bao, sb cac qua trinh dugc CPU dap ung trén mdt don vi thoi gian chép nhan duoc.
Nhuoge diém 16n nhit cua thuat toan 1a viée lua chon lugong tr thoi gian dap ung cho
mdi qua trinh sao cho t6i wu khong phai 1a don gian. Hiy viét chuong trinh mé phong
thuat toan 1ap lich RR.
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CHUONG 4: CAU TRUC DU¥ LIEU CAY (TREE)

Cay 1a mot trong nhing céu trac dir liéu rdi rac c6 tmg dung quan trong trong biéu

dién tinh
chinh cua

toan, biéu dién tri thirc & biéu dién cac ddi twong dit lidu phirc tap. Trong tim
chuong nay nham cung cap cho ban doc nhitng khai niém va thao tac co ban trén

cay nhj phan, bao gom:

v
v
v
v

v

Khai niém vé cdy, cay nhi phan, cay nhi phan tim kiém.
Khai niém node gbc (root), node 14 (leaf), mirc (level) & do sau cua cay.
Phuong phap biéu dién va cac thao tic trén cay nhij phan.

Céc thao tac duy¢t cay: duyét theo thir tu trudce, duyét theo thu tu gitra & duyét
theo thir tu sau.

Phuong phap biéu dién va cac thao tac trén cdy nhi phan tim kiém.

Ban doc c6 thé tim hiéu sau hon vé cay nhiéu nhanh, cay can bang va cay nhi phan

hoan toan

can bang trong tai liéu [1].

4.1. PINH NGHIA VA KHAI NIEM

Cay 1a mot tdp hop hitu han cac node ¢ cing chung mét kiéu dit liéu, trong d6 co

mot node

dic biét goi 1a node gbc (root). Giira cic node c6 mdt quan hé phan cap goi la

“quan hé cha con”. C6 thé dinh nghia mét cach dé qui vé cay nhu sau:

Mot node 12 mot ciy. Node d6 ciing 1a gdc (root) cua cdy Ay.

Neéu n la mot node va 7, 75, . .., Ty la cac cay voiny, n, . ., ni lan lugt 1a goc thi mot
cay méi T s€ duoc tao 13p bang cach cho node # tr¢ thanh cha ctia cac node ny, ny, . .,
ni hay node 7 tré thanh goc va 7, T, . ., T 1a cac cay con (subtree) cua goc.

Vi du: cau triic to chire thu muc (directory) ctia dos 1a mét ciu tric cy.

Hinh 4.1. Vi du vé mét ciy thu muc
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Mot cay duge goi 1a rong néu né khong cé bat ky mot node nao. S6 cac node con ciia
mot node duoc goi 1a cip (degree) ctia node d6. Vi du: trong cdy 4.2 sau, cip ctia node 4 13
3, cAp ctia node B 13 2, cap ciia node D 14 3, cép ctia node H 13 2.

Hinh 4.2. mé ta cép ciia ciy

Node c6 cip bang 0 duoc goi 1a 14 (leaf) hay node tan cung (terminal node). Vi du:
cacnode E, F, C, G, I, J, K dugc goi la 1a. Node khong 1a 14 dugc goi la node trung gian hay
node nhanh (branch node). Vi du node B, D, H la cac node nhanh.

Cép cao nhat cta node trén ciy goi 1a cip cia cdy, trong trudng hop cdy trong hinh
4.2 cép cua cay 1a 3.

Goc cua cay c6 sO muc la /. Néu node cha c¢6 s6O muc 1a i thi node con c6 s6 muc 1a
i+1.Vidugoc A4 cosdomucla /, D codsomucla?2 Gcodsdmucla 3, cosomucela 4.

Chiéu cao (height) hay chiéu sau (depth) ctia mot cay 1a sé muc 16n nhat cta node
trén cay do. Cay 4.2 ¢6 chiéu cao 1a 4.

Puong di tr node n; dén ny 1a day cac node n;, n,, . ., n; sao cho n; 1a node cha cua
node n;y; (I<=i<k), d6 dai cia duong di (path length) duoc tinh bang sd cac node trén
duong di trir di / vi né phai tinh tir node bat dau va node két thiic. Vi du: trong cay 4.2
dudng di tir node 4 t6i node G 1a 2, dudng di tir node A dén node K 1a 3.

Mot cdy dugc goi 1a co thu tyr néu ching ta xét dén thir ty cac cdy con trong ciy
(ordered tree), ngugc lai la cay khong c6 thur ty (unordered tree). Thong thuong cac cay con
dugc tinh theo thur tu tir trai sang phai.

4.2. CAY NHI PHAN

Cay nhi phan 12 mot dang quan trong cuia cdu tric cay c6 dic diém 1a moi node trén
cdy chi c6 t6i da 14 hai node con. Cay con bén trai clia cdy nhi phan duoc goi 14 left subtree,
ciy con bén phai cua ciy duoc goi 1a right subtree. Di v6i ciy nhi phan, bao gid cling
duoc phan biét cay con bén trai va cay con bén phai. Nhu vay, cay nhi phan la mot cay co
thir ty. Vi du trong hinh 4.3 déu la cac ciy nhi phan:
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Hinh 4.3. Cay nhj phan

Cic cay nhij phén cé dang dic biét bao gom:
= Cay nhj phan léch trai (hinh 4.4a): la cay nhi phan chi c6 cac node bén trai.
= Cay nhi phan Iénh phai (hinh 4.4b): 1a cay chi bao gém cac node phai.

= Cay nhi phén zic zic (hinh 4.4 ¢, 4.4d): node trai va node phai cua cdy dan
xen nhau thanh mot hinh zic zic.

= Cay nhj phan hoan chinh ( strictly binary tree: hinh 4.4¢) : Mgt cay nhi phan
duogc goi 13 hoan chinh néu nhu node gdc va tat ca cac node trung gian déu cd
hai con.

= Céiy nhi phan diy di (complete binary tree : hinh 4.4f): M6t cdy nhi phan
duoc goi 1a ddy dii voi chiéu sau d thi nd phai 14 ciy nhi phan hoan chinh va
tht ca cdc node 14 déu c6 chiéu sau 1a d.

i

Hinh 4.4a Hinh 4.4b Hinh 4.4c Hinh
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e

Hinh 4.4 e Hinh 4.4f

Cay nhi phan hoan toan cin bing (hinh 4.5): 14 ciy nhi phan ma & tit ca cac node
ctia n6 s6 node trén nhanh cay con bén trai va sé node trén nhanh cay con bén phai chénh
1énh nhau khong qua 7. Néu ta goi NV, 1a s6 node ctia nhanh cay con bén trai va N, 1a sb node
ctia nhanh cdy con bén phai, khi d6 cdy nhi phan hoan toan cén bang chi ¢ thé 1a mét trong
3 truong hop:

= S6 node nhanh ciy con bén trai bang s6 node nhanh cay con bén phai bang
(N; = N, ) (hinh 4.5a).

=  S6 node nhanh cdy con bén trai bang s6 node nhanh cay con bén phai cong /
(N, = N,+1) (hinh 4.5b)

= S node nhanh ciy con bén trai bang s6 node nhanh ciy con bén phai trir /
(N; = N,-1) (hinh 4.5c¢).

Hinh 4.5a Hinh 4.5b Hinh 4.5¢

Cay nhi phan tim kiém: 12 mot cAy nhi phan hoic bi réng hoic tat ca cac node trén
cay thoa man diéu ki¢n sau:

= Noi dung cua tat ca cac node thudc nhanh cay con bén trai déu nho hon noi
dung ctia node goc.

= No6i dung cua tat ca cac node thudc nhanh cay con bén phai déu 16n hon noi
dung cta node goc.
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= (Cay con bén trai va cdy con bén phai cling ty nhién hinh thanh hai cay nhi
phan tim kiém.

S

Hinh 4.6. Vi du vé cAy nhi phan tim kiém

4.3. BIEU DIEN CAY NHI PHAN
4.3.1. Bi¢u dién ciy nhi phin bang danh sach tuyén tinh

Trong truong hop ciy nhi phan day du, ta co thé dé dang biéu dién cdy nhi phan bang
mot mang luu trir ké tiép. Trong d6 node gdc 1a phén tir du tién ciia mang (phan tir thir 1),
node con thit />=1 clia cdy nhi phan 1a phan tir thir 24, 2i + I hay cha ctia node thw j 1 /j/2].
Véi qui tic d6, cdy nhj phan c6 thé biéu dién bang mét vector ¥ sao cho ndi dung ciia node
thir i dugc luu trit trong thanh phan V/i] cua vector V. Nguoc lai, néu biét dia chi cua phan
tur thtr i trong vector V' chung ta cling hoan toan xac dinh dugc nguoc lai dia chi ctiia node
cha, dia chi node gdc trong cdy nhi phan.

Vi du: cdy nhi phan trong hinh 4.7 s& duoc luu trit ké tiép nhu sau:

@ VIOl - V[1] V[2] V[3] V[4] V[5] VI6]

Hinh 4.7. Luu trir ké tiép ciia cAy nhi phan

30 25 37 22 28 35 40

Dbi v6i ciy nhi phan khong day di, viéc luu trit bang mang to ra khong hiéu qua vi
ching ta phai bo trdng qua nhiéu phan tir gy ldng phi bd nhé nhu trong vi du sau:
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Hinh 4.8- Luu trir ké tiép ctia cAy nhi phan khong day di

Vio]  V[1]

V[2]  V[3] V[4] V[5]

VI6]

30

25

37

22 | ¢

35

¢

4.3.2. Biéu dién ciy nhi phan bang danh sich méc ndi

Trong cach luu trit cdy nhi phan bang danh sach méc ndi, mdi node duge mé ta bang
ba loai thong tin chinh : left 1a mot con trd tro t6i node bén trai ctia cay nhi phan; infor : 1a
thong tin vé node, infor co thé 1a mot bién don hodc mot céu trac; right 1a mot con tro tré toi
node bén phai cua cay nhi phan. Trong truong hop node la node 14 thi con trd left va con tro
right duge tré téi con tro NULL. Bdi v6i node 1éch trdi, con tro right s& tro tdi con trd
NULL, nguoc lai dbi v&i node 1éch phai, con tré left cling sé tro t&i con tro NULL. CAu trac
cua mdt node dugc mo ta trong hinh 4.9.

Left

Infor

Right

Hinh 4.9. mo td m{t node ctia cay nhi phan.

Vi du: cay nhi phan trong hinh 4.10 s& duoc biéu dién bang danh sach lién két nhu

sau:

/@@

@)

Hinh 4.10. Biéu dién ciy nhi phan bang danh sich méc ndi .

Left 30

right

/

Left 25 right
NULL| 22 |[NULL

82

N\

Left 37 NULL
NULL 35 NULL




Churong 4: Cau triic dit liéu cdy (Tree)

4.4. CAC THAO TAC TREN CAY NHI PHAN
4.4.1. Pinh nghia ciy nhi phin bang danh sich tuyén tinh

Mdi node trong cdy duoc khai bao nhu mot ciu tric gdm 3 trudng: infor, left, right.
Toan bd cdy co thé coi nhu mot mang ma mdi phan tir ciia nd 1a mot node. Trudng infor
téng quat co thé 1a mot dbi tuong dir liéu kiéu co ban hodc mét ciu trac. Vi du: dinh nghia
mdt cay nhi phan Iuu trir danh sach cac s6 nguyén:

#define MAX 100

#define TRUE 1

#idefine FALSE 0

struct node {
int infor;
int left;
int right;
}5
typedef struct node node[MAXT;

4.4.2. Pinh nghia cdy nhi phan theo danh sach lién két:

struct node {
int infor;
struct node  *left;

struct node  *right;

H
typedef struct node *NODEPTR

4.4.3. Cac thao tac trén cay nhi phan

Cip phat by nhé cho mot node méi ciia ciy nhi phan:

NODEPTR Getnode(void) {
NODEPTR p;
p= (NODEPTR) malloc(sizeof(struct node));

return(p);

H
Giai phéng node di dwoc cAp phat

void Freenode( NODEPTR p){

free(p);
H
Khéi dong cay nhi phan

void InitializeOINODEPTR *ptree){
*ptree=NULL;
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Kiém tra tinh rong cia cay nhi phan:

int Empty(NODEPTR *ptree) {
if (*ptree==NULL)
return(TRUE);
return(FALSE);

}

Tao m{t node la cho cay nhi phan:
= Cép phat by nhd cho node;
» Gan gia tri thong tin thich hop cho node;
»  Tao lién két cho node 14;

NODEPTR Makenode(int ~ x){
NODEPTR p;
p= Getnode();// cp phat bd nhé cho node
p ->infor = x; // gan gia tri thong tin thich hop
p ->left =NULL; // tao lién két trai cua node 1a
p ->right= NULL;// tao lién két phai ctia node 1a
return(p);

}

Tao node con bén trai cia cay nhi phan:
bé tao dugc node con bén trai la node 1a ctia node p, chiing ta thyc hién nhu sau:

= Néu node p khéng c6 thuc (p==NULL), ta khong thé tao dugc node con bén
trai cia node p;

= Néu node p di c6 node con bén trai (p->left/=NULL), thi ching ta ciing
khong thé tao duoc node con bén trai node D

»  Néu node p chua c6 node con bén trai, thi viéc tao node con bén trai chinh la
thao tdc make node da dugc xay dung nhu trén;

void SetleftNODEPTR p, int x ){

if (p==NULL){

// néu node p khong co thuc thi khong thé thuc hién duge
printf(*‘\n Node p khong co thuc”);
delay(2000); return;

b

// néu node p c6 thuc va ton tai 14 con bén trai thi cling khong thuc hién dugc

else if ( p ->left !I=NULL){
printf(“\n Node p da cé node con bén trai”);
delay(2000); return;

H

// néu node c6 thuc va chua cé node trai
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else
p ->left = Makenode(x);

§
Tao node con bén phai cia cay nhi phan:
Dé tao duoc node con bén phai 13 node 14 ciia node p, ching ta lam nhu sau:
= Néu node p khong c6 thuc (p==NULL), thi ta khong thé thuc hién dugc thao
tac thém node 14 vao node phai node p;
= Néu node p c6 thyc (p!=NULL) va da c6 node con bén phai thi thao tac ciing
khong thé thuc hién duoc;
»  Néu node p co thuc va chua c¢6 node con bén phai thi viéc tao node con bén
phai node p dugc thyc hién thong qua thao tac Makenode();
void Setright(NODEPTR  p, int x ){
if (p==NULL){ // Néu node p khong c6 thuc
printf(*‘\n Node p khoéng co thuc”);
delay(2000); return;
H

// Néu node p c6 thiuc & da c6 node con bén phai

else if ( p ->right !=NULL){
printf(*‘\n Node p da c6 node con bén phéi”);
delay(2000); return;

}

// Néu node p c6 thiuc & chua c6 node con bén phai
else
p ->right = Makenode(x);
H

Thao tac xoa node con bén trai cay nhi phan
Thao tac loai bo node con bén trai node p dugc thuc hién nhu sau:
» Néu node p khong c6 thuc thi thao tac khong thé thuc hién;

= Néu node p c6 thuc (p==NULL) thi kiém tra xem p c6 node 14 bén trai hay
khong;

v' Néu node p cé thuc va p khong c6 node 14 bén trai thi thao tac ciing khong
thé thuc hién duoc;

v/ Néu node p c6 thuc (p!=NULL) va c6 node con bén trai 1a q thi:

- Néu node q khong phai 12 node 14 thi thao tac ciing khong thé thyc hién
duogc (q->left!=NULL || g->right!=NULL);

- Néu node q 12 node 14 (q->left==NULL && g->right==NULL) thi:
0 Giai phong node q;
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0 Thiét lap lién két méi cho node p;

Thuét toan duge thé hién béng thao tac Delleft() nhu dudi day:

int Delleft(NODEPTR p) {
NODEPTR q; int x;
if (p==NULL)
printf(“\n Node p khong c6 thuc”);delay(2000);
exit(0);
}

q =p ->left; // q 1a node can xo4;

x = q->infor; //x 14 ndi dung can xo04

if (q ==NULL){ // kiém tra p c6 14 bén trai hay khong
printf(“\n Node p khong c6 14 bén trai”);
delay(2000); exit(0);

}

if (q->left!=NULL || g->right!=NULL) {

// kiém tra q c6 phai la node 14 hay khong
printf(“\n q khong 1a node 18”);
delay(2000); exit(0);

}

p ->left =NULL; // tao lién két méi cho p

Freenode(q); // giai phong q

return(x);

}

Thao tac xoa node con bén phai cidy nhi phan:
Thao tac loai bo node con bén phai node p dugc thyc hi¢n nhu sau:
= Néu node p khong c6 thuc thi thao tic khong thé thyc hién;

= Néu node p c6 thuc (p==NULL) thi kiém tra xem p c6 node 14 bén phai hay
khong;

v' Néu node p c6 thuc va p khong c6 node 14 bén phai thi thao tac ciing
khong thé thue hién duoc;

v' Néu node p c6 thuc (p!=NULL) va c6 node con bén phai 1 q thi:

- Néu node q khong phai 14 node 14 thi thao tac ciing khong thé thyc hién
dugc (g->left!=NULL || g->right!=NULL);

- Néu node q 12 node 14 (q->left==NULL && q->right==NULL) thi:
0 Giai phong node q;
0 Thiét 1ap lién két m&i cho node p;

Thuat toan duge thé hién bang thao tac Delright() nhu dudi day:
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int Delright(NODEPTR p) {

NODEPTR q; int x;

if (p==NULL)
printf(*‘\n Node p khong co6 thuc”);delay(2000);
exit(0);

}

q =p ->right; // q 1a node can xo4;

x = g->infor; //x 14 ndi dung can xo0a

if (q ==NULL){ // kiém tra p c6 14 bén phai hay khong
printf(*‘\n Node p khong co 1a bén phai”);
delay(2000); exit(0);

}

if (q->left!=NULL || g->right!=NULL) {

// kiém tra q c6 phai 1a node 14 hay khong
printf(“\n q khong 1a node 18”);
delay(2000); exit(0);

}

p ->right =NULL,; // tao lién két cho p

Freenode(q); // giai phong q

return(x);

}

Thao tac tim node c6 nfi dung la x trén cay nhj phan:
Pé tim node c¢6 ndi dung 13 x trén cdy nhi phan, chiing ta c6 thé xay dung bang tha
tuc dé qui nhu sau:
= Néu node gbc (proot) c6 nodi dung 1a x thi proot chinh I node can tim;
=  Néu proot =NULL thi khong c¢6 node nao trong cdy ¢ ndi dung 1a x;
= Néu noi dung node gbc khéac x (proot->infor!=x) va proot!=NULL thi:
v Tim node theo nhanh ciy con bén trai (proot = proot->left);
v Tim theo nhanh cdy con bén phai;
Thuét toan tim mot node ¢6 ndi dung 13 x trong cdy nhi phan duoc thé hién nhu sau:

NODEPTR Search( NODEPTR proot, int x) {

NODEPTR p;

if ( proot ->infor ==x) // diéu kién dimng
return(proot);

if (proot ==NULL)
return(NULL);

p = Search(proot->left, x); // tim trong nhanh con bén trai

if (p ==NULL) // Tim trong nhanh con bén phai
Search(proot->right, x);
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return(p);

}
4.5. CAC PHEP DUYET CAY NHI PHAN (TRAVERSING BINARY TREE)

Phép duyét ciy 1a phuong phép viéng tham (visit) cac node mot cach ¢ hé thong sao
cho mdi node chi duoc thim dung mot 1an. Co ba phwong phap dé duyét cay nhi phan do 1a:
=  Duyét theo thir tu trudc (Preorder Travesal);

* Duyét theo thir tu gilra (Inorder Travesal);

= Duyét theo thu tu sau (Postorder Travesal).

Hinh 4.11. mé6 ta phwong phap duyét cay nhi phan

4.5.1. Duyét theo thir tu truéc (Preorder Travesal)
= Néu cay rong thi khong lam gi;
= Néu cay khong rong thi :
v' Thiam node gdc cua cdy;
v Duyét ciy con bén trai theo thir tu trudc;
v" Duyét cdy con bén phai theo thir ty trudc;

Vi du: v6i cdy trong hinh 4.11 thi phép duyét Preorder cho ta két qua duyét theo thir
trcacnodela:A->B->D->E->C->F ->G.

Vi phuong phap duyét theo thi tu trudce, ching ta co thé cai dat cho cdy dugc dinh
nghia trong muyc 4.4 bang mét thi tuc dé qui nhu sau:
void Pretravese ( NODEPTR proot ) {
if ( proot I=NULL) { // néu cdy khong rong
printf(“%d”, proot->infor); // duyét node gdc
Pretravese(proot ->left); // duyét nhanh cdy con bén trai

Pretravese(proot ->right); // Duyét nhanh con bén phai
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4.5.2. Duyét theo thir tu gitra (Inorder Travesal)
= Néu cay rong thi khong lam gi;
= Néu cay khong rong thi :
v Duyét cdy con bén trai theo thir tu gitra;
v' Thim node gbc cua cay;
v Duyét cdy con bén phai theo thtr tu giira;

Vi du : cdy trong hinh 4.11 thi phép duyét Inorder cho ta két qua duyét theo thir tu
cicnodela:-D->B->E->A->F->C->G.

Vi cach duyét theo thir ty giita, chiing ta co thé cai dit cho cay duoc dinh nghia
trong muc 4.4 bé“mg mot thu tuc d€ qui nhu sau:

void Intravese ( NODEPTR proot ) {
if ( proot '=NULL) { // néu cy khong rong
Intravese(proot ->left); // duyét nhanh cay con bén trai
printf(“%d”, proot->infor); // duyét node gbe
Intravese(proot ->right); // Duyét nhanh con bén phai

H
4.5.3. Duyét theo thir tw sau (Postorder Travesal)

= Néu cay rdng thi khong lam gi;

= Néu cay khong rong thi :
v Duyét cdy con bén trai theo thir tu sau;
v Duyét cdy con bén phai theo thi tu sau;
v" Tham node gdc cia ciy;

Vi du: cay trong hinh 4.11 thi phép duyét Postorder cho ta két qua duyét theo thir tyr
cicnodela:-D->E->B->F->G>C->A.

Véi cach duyét theo thir tu gitta, ching ta c6 thé cai dat cho cdy duoc dinh nghia
trong muc 4.4 béng mot thu tuc d€ qui nhu sau:
void Posttravese ( NODEPTR proot ) {
if ( proot '=NULL) { // néu cay khong rong
Posttravese(proot ->left); // duyét nhanh cdy con bén trai
Posttravese(proot ->right); // duyét nhanh con bén phai
printf(“%d”, proot->infor); // duyét node gdc

89



Churong 4: Cau triic dit liéu cdy (Tree)

4.6. CAI PAT CAY NHI PHAN TiM KIEM

Nhitng cai dat cy thé cho cay nhi phan va cdy nhi phan ddy du di duoc trinh bay
trong [1]. Duéi day 1a mot cai dat cu thé cho ciy nhi phan tim kiém bang danh sach méc
nbi.

Vi cay nhi phan tim kiém 1a mot dang déc biét cuia cay nén cac thao tac nhu thiét lap
cdy, duyét cdy van nhu ciy nhi phan thong thudng riéng, cac thao tac tim kiém , thém node
va loai bo node ¢6 thé dugc thuc hién nhu sau:

Thao tic tim kiém node (Search): Gia sir ta can tim kiém node c6 gié tri x trén cdy
nhi phan tim kiém, trudc hét ta bat dau tir goc:
= Néu cay rong: phép tim kiém khong thoa mén;
= Néu x tring véi khoa gdc: phép tim kiém thoa man;
= Néu x nho hon khoa gc thi tim sang ciy bén tréi;
= Néu x 16n hon khoa gc thi tim sang cdy bén phai;
NODEPTR Search( NODEPTR proot, int x){
NODEPTR p; p=proot;
if (p!=NULL){
if (x <p->infor)
Search(proot->left, x);
if (x >p->infor)
Search(proot->right, x);

}

return(p);

}
Thao tic chén thém node (Insert): dé thém node x vao cdy nhi phan tim kiém, ta
thuc hién nhu sau:

= Néu x tring véi gbc thi khong thé thém node
» Néux< géc va chua c6 14 con bén trai thi thuc hién thém node vao nhanh bén
trai.
=  Néu x > gbc va chua c6 14 con bén phai thi thyc hién thém node vao nhanh
bén phai.
void Insert(NODEPTR proot, int x){
if (x==proot->infor){
printf("\n Noi dung bi trung");
delay(2000);return;

}
else if(x<proot->infor && proot->left==NULL){

Setleft(proot,x);return;
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}
else if (x>proot->infor && proot->right=—=NULL){
Setright(proot,x);return;
}
else if(x<proot->infor)
Insert(proot->left,x);
else Insert(proot->right,x);
H
Thao tic loai bé node (Remove): Viéc xo4 node trén cy nhi phan tim kiém kha
phirc tap. Vi sau khi xo0a node, chung ta phai diéu chinh lai cay dé n6 van 1a cdy nhi phan
tim kiém. Khi xo0a node trén ciy nhi phan tim kiém thi node can x0a bo ¢ thé & mot trong 3
truong hop sau:

Trwong hop 1: néu node p cAn x04 14 node 14 hodc node géc thi viéc loai bd duoc
thuc hién ngay.

Truong hop 2: néu node p can xo0a c6 mot cy con thi ta phai 1dy node con ctia node
p thay thé cho p.

Truwong hop 3: node p can xo04 c6 hai cdy con. Néu node can xo4 & phia ciy con bén
trai thi node bén trai nhat s& duoc chon 1am node thé mang, néu node can xo4 ¢ phia cay
con bén phai thi node bén phai nhét s& dugce chon 1am node thé mang. Thuat toan loai bd
node trén cdy nhi phan tim kiém duogc thé hién nhu sau:

NODEPTR Remove(NODEPTR p){
NODEPTR rp,f;
if(p==NULL){
printf("\n Nut p khong co thuc");

delay(2000);return(p);
}
if(p->right==NULL)
rp=p->left;
else {

if (p->left==NULL)
1p = p->right;
else {
=p;
rp=p->right;
while(rp->left!=NULL){
=rp;
rp=rp->left;
}
if(fl=p){
f->left =rp->right;
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}

Cai dit cu thé cac thao tac trén cdy nhi phan tim kiém dwogc thé hién nhu dudi déy.

#include
#include
#include
#include
#include
#include
#define
#define
#define

rp->right = p->right;
rp->left=p->left;

else
rp->left = p->left;

}
Freenode(p);

return(rp);

<stdio.h>
<stdlib.h>
<conio.h>
<alloc.h>
<string.h>
<dos.h>
TRUE 1
FALSE 0
MAX 100

struct node {

}s

int infor;
struct node *left;

struct node *right;

typedef struct node *NODEPTR,;
NODEPTR Getnode(void){

H

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

return(p);

void Freenode(NODEPTR p){

}

free(p);

void InitializeOINODEPTR *ptree) {

}

*ptree=NULL;

NODEPTR Makenode(int x){

NODEPTR p;
p=Getnode();

p->infor=x;

92



Churong 4: Cau triic dit liéu cdy (Tree)

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

return(p);
}
void Setleft(NODEPTR p, int x){
if (p==NULL)
printf("\n Node p khong co thuc");
else {
if (p->left!=NULL)
printf("\n Node con ben trai da ton tai");
else
p->left=Makenode(x);
}
}
void Setright(NODEPTR p, int x){
if (p==NULL)
printf("\n Node p khong co thuc");
else {
if (p->right!=NULL)
printf("\n Node con ben phai da ton tai");
else
p->right=Makenode(x);
}
}

void Pretrav(NODEPTR proot){
if (proot!=NULL){
printf("%5d", proot->infor);
Pretrav(proot->left);

Pretrav(proot->right);

H
void Intrav(NODEPTR proot){

if (proot!=NULL){
Intrav(proot->left);
printf("%5d", proot->infor);
Intrav(proot->right);

H
void Postrav(NODEPTR proot){

if (proot!=NULL){
Postrav(proot->left);
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Postrav(proot->right);
printf("%5d", proot->infor);

}
void Insert(NODEPTR proot, int x){

if (x==proot->infor){
printf("\n Noi dung bi trung");
delay(2000);return;

}

else if(x<proot->infor && proot->left==NULL){
Setleft(proot,x);return;

}

else if (x>proot->infor && proot->right==NULL){
Setright(proot,x);return;

}

else if(x<proot->infor)
Insert(proot->left,x);

else Insert(proot->right,x);

¥
NODEPTR Search(NODEPTR proot, int x){

NODEPTR p;p=proot;

if (p!=NULL) {
if (x <proot->infor)

p=Search(proot->left,x);

else if(x>proot->infor)

p=Search(proot->right,x);

}
return(p);
}
NODEPTR Remove(NODEPTR p){
NODEPTR rp.f;

if(p==NULL){
printf("\n Nut p khong co thuc");
delay(2000);return(p);

}
if(p->right==NULL)

rp=p->left;
else {

if (p->left==NULL)
1p = p->right;
else {
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=p;

rp=p->right;

while(rp->left!=NULL){
=rp;
rp=rp->left;

}

if(fl=p){
f->left =rp->right;
rp->right = p->right;
rp->left=p->left;

}

else

rp->left = p->left;

}
Freenode(p);

return(rp);
§
void Cleartree(NODEPTR proot){
if(proot!=NULL){
Cleartree(proot->left);
Cleartree(proot->right);

Freenode(proot);

}
void main(void){
NODEPTR ptree, p;
int noidung, chucnang;
Initialize(&ptree);
do {
clrser();
printf("\n CAY NHI PHAN TIM KIEM");
printf("\n 1-Them nut tren cay");
printf("\n 2-Xoa node goc");
printf("\n 3-Xoa node con ben trai");
printf('""\n 4-Xoa node con ben phai");
printf("\n 5-Xoa toan bo cay");
printf("\n 6-Duyet cay theo NLR");
printf("\n 7-Duyet cay theo LNR");
printf("\n 8-Duyet cay theo LRN");
printf("\n 9-Tim kiem tren cay");
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printf("\n 0-Thoat khoi chuong trinh");
printf("\n Lua chon chuc nang:");

scanf("%d", &chucnang);

switch(chucnang){

case 1:

case 2:

case 3:

case 4:

case 5:

case 6:

printf("\n Noi dung nut moi:");
scanf("%d",&noidung);
if(ptree==NULL)
ptree=Makenode(noidung);
else
Insert(ptree,noidung);
break;

if (ptree==NULL)

printf("\n Cay bi rong");
else

ptree=Remove(ptree);
break;

printf("\n Noi dung node cha:");
scanf("%d", &noidung);
p=Search(ptree,noidung);
if (p!=NULL)

p->left = Remove(p->left);
else

printf("\n Khong co node cha");
break;

printf("\n Noi dung node cha:");
scanf("%d", &noidung);
p=Search(ptree,noidung);
if (p!=NULL)

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

else
printf("\n Khong co node cha");
break;
Cleartree(ptree);
break;

printf("\n Duyet cay theo NLR");
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if(ptree==NULL)
printf("\n Cay rong");
else
Pretrav(ptree);
break;
case 7:
printf("\n Duyet cay theo LNR");
if(ptree==NULL)
printf("\n Cay rong");
else
Intrav(ptree);
break;
case 8:
printf("\n Duyet cay theo NRN");
if(ptree==NULL)
printf("\n Cay rong");
else
Postrav(ptree);
break;
case 9:
printf("\n Noi dung can tim:");
scanf("%d",&noidung);
if(Search(ptree,noidung))
printf("\n Tim thay");
else
printf("\n Khong tim thay");
break;
}
delay(1000);
} while(chucnang!=0);
Cleartree(ptree); ptree=NULL;
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NHUNG NQI DUNG CAN GHI NHO

Dinh nghia cay, cay nhi phan, cay can bang va cay hoan toan can bang. Cac khai
niém muec, do sau cua cay.

Cac phuong phap duyét cady: duyét theo thur tu trudc, duyét theo thu tu gitra va
duyét theo thir tu sau.

Phén biét dugc nhimg thao tac giébng nhau va khac nhau ¢y nhi phan tim kiém
va cay nhi phan thong thuong.

Tim hiéu thém vé ciy nhiéu nhanh trong cac tai liéu [1], [2].

Tim hiéu thém vé cdy quyét dinh va ing dung ciia né trong biéu dién tri thirc.
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BAI TAP CHUONG 4

Bai 1. Mot cdy nhi phan duoc goi 1a cay nhj phan dung néu node gbc cuia cy va cac node
trung gian déu co hai node con (ngoai trir node 14). Chirng minh ring, néu cdy nhi
phan dung c6 n node 14 thi cdy ndy c6 tit ca 2n-1 node. Hay tao 1ap mot cdy nhi phan
bat ky, sau d6 kiém tra xem néu cay khong phai 1 cay nhi phan dung hay tim cach bd
sung vao mot sb node dé cay tro thanh cdy hoan toan dung. Lam twong tw nhu trén véi
thao tac loai bo node.

Bai 2. Mot ciy nhi phan duoc goi 1a cdy nhj phan day voi chiéu sdu d (d nguyén duong)
khi va chi khi & mirc i (0<i<d) cdy c6 ding 2i node. Hay viét chuong trinh kiém tra
xem mdt cdy nhi phan c6 phai 1a mot cdy day hay khong? Néu cdy chua phai 1a cay
nhi phan diy, hdy tim cach bd xung mét s6 node vao cdy nhi phan dé né tré thanh cay
nhi phéan déy.

Bai 3. Mot cy nhi phan duoc goi 1a cdy nhi phan gan day v6i d6 sau d néu véi moi mire i
(0<i<d-1) n6 c6 dung 2i node. Cho cay nhi phan bét ky, hdy kiém tra xem né c6 phai
13 cay nhi phan gin diy hay khong ?

Bai 4. Hay xay dung céc thao tac sau trén cay nhi phan:
- Tao lap cay nhi phan;
- Pém s node cua cay nhi phan;
- Xéc dinh chiéu siu cua cay nhi phan;
- Xac dinh s6 node 14 cua cay nhi phan;
- Xac dinh s6 node trung gian cua cay nhi phén;
- Xac dinh s6 node trong tirng mirc ctia cay nhj phan;
- Xay dung tap thao tac twong ty nhu trén ddi v6i cac nhanh ciy con;
- Thém mdt node vao node phai ciia mot node;
- Thém node vao node trai cia mdt node;
- Loai bd node phai ciia mét node;
- Loai bo node trai cia mot node;
- Loai bo ca cay;
- Duyét cay theo thu tu trudc;
- Duy¢t cay theo thu gitra;

- Duyét cay theo thu tu sau;
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Bai 5. Cho file dit liéu cay.in dugc to chirc thanh timg dong, trén mdi dong ghi lai mot tir
1a nodi dung node ctia mot cdy nhi phan tim kiém. Hay x4y dung céac thao tac sau cho
cay nhi phan tim kiém:

Tao lap cay nhi phan tim kiém véi node gbc 1a tir dau tién trong file dir liéu
cay.in.

Xac dinh sb node trén cay nhi phan tim kiém;

Xac dinh chiéu sdu ciia cdy nhi phan tim kiém;

Xéc dinh s6 node nhanh cy bén trai;

Xac dinh s node nhanh cay con bén phai;

Xac dinh s6 node trung gian;

Xac dinh s node 14;

Tim node c6 d6 dai 16n nhat;

Thém node;

Loai bo node;

Loai bo ca cay;

Duy¢t cay theo thur ty trudc;

Duyét cay theo thir tu gitra;

Duy¢t cay theo thur tu sau;

Cho cay nhi phan bat ky hdy xay dung chuong trinh xac dinh xem:
Cay c0 phai la cay nhi phan diing hay khong?

Cay c6 phai la cay nhi phan day hay khong ?

Cay c6 phai la cay nhi phan gan day hay khong?

Cay c6 phai la cay nhi phan hoan toan cin bang hay khong?

Cay c6 phai la cay nhi phan tim kiém hay khong ?

Bai 6. Cho tam giac s6 dugc biéu dién nhu hinh dudi day. Hay viét chuong trinh tim day
céc s c6 tong 1on nhat trén con duong tir dinh va két thic tai dau d6 ¢ day. Biét rang,
mdi bude di ¢6 thé di chéo xudng phia trai hodc chéo xudng phia phai. S6 lwong hang
trong tam giac la 16n hon 1 nhung nho hon 100; cac s6 trong tam giac déu 1a cac s tir

0..99.
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7
3 8
8 1 0
2 7 4 4
4 5 2 6 5

Dir liéu véao cho bai file cay.in, dong dau tién ghi lai s6 tu nhién n 14 s6 lugng hang
trong tam giac, n hang tiép theo ghi lai timg hang mdi phan tir dugc phan biét voi nhau baoi
mot hodc vai ddu trong. Két qua ghi lai trong file cay.out dong dau tién ghi lai tong sb 16n
nhit tim dugc, dong ké tiép ghi lai diy cac sé c6 téng 16n nhat. Vi du véi hinh trén file
input & output nhu sau:

cay.in
5
7
2 8
8 1 0
2 7 4 4
5 2 6 5
cay.out
30
7 3 8 7 5

Bdi 7. Cho cay nhi phan sé hoan toan can bang:(sé node bén nhanh ciy con bén trai dang
bang s6 node nhanh cdy con bén phai, & muc thir i co ding 2i node) nhu hinh sau:

O
(o5 (9 @/@\Q

Bai 8. Hiy tim diy cac node xuét phat tir gdc t6i mot node 14 nao d6 sao cho téng gia tri
ctia cac node 13 16n nhat, biét rang mdi budc di chi dugce phép di chéo sang node trai
hodc chéo theo node phai. Dir lidu vao cho boi file cay.in, dong dau tién ghi lai sé tw
nhién n <50 13 sé cac muc cua cdy, n dong ké tiép mdi dong ghi lai day cac s 1a cac
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node trén moi mirc. Két qua ghi lai trong file cay.out theo thir tyr, dong dau 1a tong 16n
nhat ctia hanh trinh, dong ké tiép 1a diy cac node trong hanh trinh. Vi du: v6i hinh trén
file input & output duoc té chire nhu sau:

cay.in

3

7

9 2

0 6 3 1
cay.out

22

7 9 6
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CHUONG 5: DO THI (GRAPH)

Do thi 1a mot ciu trac dit liéu roi rac nhung lai c6 tng dung hi¢n dai. Do thi c6 thé
dung dé biéu dién cac so dd cia mot mach dién, biéu dién dudng di cua hé thong giao thong
hay céc loai mang mdy tinh. Nam bat duoc nhimng thuét toan trén do thi giup chung ta giai
quyét duoc nhiéu bai toan t6i wu quan trong nhu bai toan qui hoach mang, bai toan phan
ludng trén mang hay phéan ludng giao thong, bai toan tim duong di ngan nhét hodc cyc tiéu
hoa chi phi cho cac hoat dong san xuat kinh doanh. Nhimng néi dung duoc trinh bay bao
gom:

Dinh nghia do thi, phan loai do thi va nhitng khai niém co ban lién quan.
Céc phuong phap biéu dién d6 thi trén may tinh.
Céc thuat toan tim kiém trén do thi.

Do thi Euler & d6 thi hamilton.

SR N N NN

Bai toan tim cay bao trim nho nhat.
v Bai toan tim duong di ngén nhit

Ban doc c6 thé tim thay nhimng cai dat cu thé va nhimng kién thirc sau hon vé Ly thuyét
d6 thi trong tai licu [1] & [3].

5.1. NHUNG KHAI NIEM CO BAN CUA PO THI

5.1.1. Cac loai dd thi

Ly thuyét @6 thi 1a linh vuc nghién ctru da ton tai tir nhimg nam dau cua thé ky 18
nhung lai c6 nhitg tmg dung hién dai. Nhiing tu tudéng co ban cua Iy thuyét dd thi duoc
nha toan hoc nguoi Thuy Si Leonhard Euler dé xuat va chinh 6ng 13 nguoi ding 1y thuyét
d6 thi giai quyét bai toan ndi tiéng “Cau Konigsberg”.

Do thi duoc str dung dé giai quyét nhidu bai toan thudc cac linh vuc khic nhau.
Chéng han, ta c6 thé dung dd thi dé biéu dién nhitng mach vong cia mdt mach dién, dung
d6 thi biéu dién qua trinh twong tac giita cac loai trong thé gidi dong thuc vat, ding do thi
biéu dién nhitng dong phéan cta cac hop chit polyme hoidc biéu dién mbi lién hé giita cac
loai thong tin khac nhau. C6 thé noi, Iy thuyét do thi duoc ing dung rong rii trong tat ca cac
linh virc khac nhau cua thuc té cling nhu nhiing linh vyc triru tuwong cua 1y thuyét tinh toan.

Do thi (Graph) 1a mot cdu trac dir liéu rdi rac bao gdm cac dinh va cac canh ni cac
cdp dinh nay. Chung ta phan biét d6 thi théng qua kiéu va sd lwong canh ndi giira cac cip
dinh cua do thi. D& minh ching cho cac loai dd thi, ching ta xem xét mot s6 vi du vé cac
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loai mang may tinh bao gém: moi may tinh 1a mot dinh, mdi canh 1 nhitng kénh dién thoai
duogc ndi giita hai may tinh v6i nhau. Hinh 5.1 14 so d6 ctia mang may tinh loai 1.

San Francisco Detroit

Chicago

Denver

Los Angeles Washington
Hinh 5.1. Mang may tinh don kénh thoai.

Trong mang may tinh nay, mdi may tinh 1a mot dinh cua dd thi, mdi canh v6 hudng
biéu dién cac dinh ndi hai dinh phén biét, khong c6 hai ¢ip dinh nao ndi cing mot cip dinh.
Mang loai nay c6 thé biéu din bang mot don do thi vé hwéng.

Pinh nghia 1. Pon d6 thi vé huéng G = <V, E> bao gom V la tdp cac dinh, E la tdp
cdc cdp cé thir tw gom hai phan tir khdc nhau ciia V goi la cdc canh.

Trong truong hop giira hai may tinh nao d6 thuong xuyén truyén tai nhiéu thong tin,
ngudi ta ndi hai may tinh boi nhiu kénh thoai khac nhau. Mang may tinh da kénh thoai c6
thé dugc biéu dién nhu hinh 5.2.

San Francisco Detroit

Denver

Los Angeles Washington
Hinh 5.2. Mang may tinh da kénh thoai.

Trén hinh 5.2, gitra hai may tinh co thé dugc ndi véi nhau boi nhiéu hon mot kénh
thoai. Vi mang loai nay, chung ta khong thé dung don d6 thi vé hudéng dé biéu dién. P thi
loai nay 1a da d6 thi vo hudng.

Pinh nghia 2. Pa do thi vé hémg G = <V, E> bao gom V la tdp cdc dinh, E la ho
cdc cdp khéng cé thir t gom hai phan tir khdc nhau cia V goi la tdp cdc canh. el, e2 duwoc
goi la canh Idp néu ching cing twong itrng véi mot cdp dinh.
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R rang, moi don dd thi déu 1a da do thi, nhung khong phai da d thi ndo ciing 1a don
db thi vi giita hai dinh c¢6 thé c6 nhiéu hon mot canh ndi giita chung voi nhau. Trong nhiéu
truong hop, ¢c6 may tinh ¢ thé ndi nhiéu kénh thoai véi chinh né. Véi loai mang nay, ta
khong thé dung da do thi dé biéu dién ma phai ding gia d6 thi vo hudéng. Gia dd thi vo
hudng dugc mo ta nhu trong hinh 5.3.

Pinh nghia 3. Gid do thi vé huéng G = <V, E> bao gom V la tdp dinh, E la ho cdc
cdp khong cé thir tir gom hai phan tir (hai phan tir khéng nhat thiét phai khdc nhau) trong V
duge goi la cdc canh. Canh e dwoc goi la khuyén néu cé dang e =(u, u), trong dé u la dinh

nao do thuoc V.

San Francisco Detroit ‘

os Angeles Washington

Hinh 5.3. Mang may tinh da kénh thoai c6 khuyén.

Trong nhidu mang, cc kénh thoai ndi giita hai méy tinh c6 thé chi dugc phép truyén
tin theo mot chiéu. Chang han may tinh dit tai San Francisco dwoc phép truy nhép téi may
tinh dat tai Los Angeles, nhung may tinh dat tai Los Angeles khong dugc phép truy nhap
nguoc lai San Francisco. Hodc may tinh dat tai Denver co thé truy nhap dugc tdi may tinh
dit tai Chicago va nguoc lai may tinh dat tai Chicago ciing c6 thé truy nhap nguoc lai may
tinh tai Denver. Dé mo ta mang loai nay, chung ta dung khai niém don dd thi co hudng.
DPon db thi ¢6 huong dugc mo ta nhu trong hinh 5.4.

San Francisco Detroit

Denver

Los Angeles Washington
Hinh 5.4. Mang may tinh c6 huéng.

Pinh nghia 4. Pon do thi c6 huéng G = <V, E> bao gom V la tdp cdc dinh, E la tdp
cdc cdp ¢ thir tw gom hai phan tir ciia V goi la cdc cung.
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Db thi c6 hudng trong hinh 5.4 khong chira cic canh boi. Nén dbi véi cac mang da
kénh thoai mot chiéu, do thi c6 hudng khong thé mé ta duge ma ta dung khéi niém da d6 thi
¢6 huéng. Mang c6 dang da d6 thi c6 huéng dugc mé ta nhu trong hinh 5.5.

San Francisco Detroit

Chicago

Los Angeles Washington
Hinh 5.5. Mang may tinh da kénh thoai mdt chiéu.

Pinh nghia 5. Pa do thi cé huéng G = <V, E> bao gom V la tdp dinh, E la cdp c6
thir t gom hai phan tir ciia V dwoc goi la cdc cung. Hai cung ey, e; twong ieng véi ciing mot
cap dinh dwoc goi la cung lap.

Tir nhitng dang khac nhau ctia d6 thi ké trén, chung ta thiy sy khac nhau gitra cac loai
dd thi duge phan biét thong qua cac canh cua dd thi ¢o thu tu hay khong c6 thur ty, cac canh
boi, khuyén c6 dugc dung hay khong.

5.1.2. Mt s6 thuit ngir co ban ciia do thi

Pinh nghia 1. Hai dinh u va v ciia do thi vé huéng G =<V, E> dwoc goi la ké nhau
néu (u,v) la canh thudc do thi G. Néu e =(u, v) la canh cua do thi G thi ta néi canh nay lién
thude véi hai dinh u va v, hodc ta néi canh e néi dinh u véi dinh v, do”ﬁg thoi cac dinh u va
v sé dwoc goi la dinh dau cia canh (u,v).

Pinh nghia 2. Ta goi bdc cua dinh v trong dé thi vo huong la $6 canh lién thudc voi
no va ky hiéu la deg(v).

b c d

°

[

a f e g

Hinh 5.6 P6 thi v6 huéng G.
Vi du 1. Xét d6 thi trong hinh 5.6, ta c6
deg(a) = 2, deg(b) =deg(c) = deg(f) = 4, deg(e) = 3, deg(d) = 1, deg(g)=0.
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Pinh bac 0 duoc goi 1a dinh ¢6 14p. Pinh bac / dugc goi 1a dinh treo. Trong vi du
trén, dinh g 1a dinh c6 1ap, dinh d 1a dinh treo.

Pinh nghia 3. Néu e=(u,v) 12 cung ctia d6 thi c6 huéng G thi ta n6i hai dinh u va v 1a
ké nhau, va néi cung (u, v) ndi dinh u véi dinh v hodc ciing néi cung nay di ra khoi dinh u
va di vao dinh v. Dinh u (v) s& duoc goi 1a dinh dau (cudi) ciia cung (u,v).

5.1.3. Pwong di, chu trinh, do thi lién thong
Pinh nghia 1. Puong di d6 dai n tir dinh u d&én dinh v trén d6 thi v hudng

G=<V,E> la day xy, xj, . . ., X1, X, trong d6 n 1a s6 nguyén duong, xp=u, x, =v, (x; Xi+;) €E,
i=01 2,... n-1.

Puong di nhu trén con ¢6 thé biéu dién thanh day cc canh
(X0, X1), (X1,X2) 5+« oy (X1, X).

Ta goi dinh u 1 dinh dau, dinh v 13 dinh cudi cua dudng di. Pudng di c6 dinh dau
trung voi dinh cudi (u=v) dugc goi 1a chu trinh. Pudng di hay chu trinh duoc goi 1a don néu
nhu khong cé canh nao 1ap lai.

Vi du 3. Tim cac dudng di, chu trinh trong dd thi v6 hudng nhu trong hinh 5.7.

D@ dang nhan thdy (a, d, ¢, f, e) 13 dudng di don d6 dai 4, (d, e, ¢, a) khong 1a duong
di vi (e,c) khong phai 1a canh cua db thi. Day (b, ¢, f, e, b) 1a chu trinh d6 dai 4. Puong di
(a, b, e, d, a b)codod dai 5 khong phai 1a duong di don vi canh (a,b) c6 mit hai lan.

a b C

d € f
Hinh 5.7. Pudng di trén dd thi.

Khai ni¢ém duong di va chu trinh trén dd thi ¢6 huéng dugc dinh nghia hoan toan
tuong tu, chi c6 diéu khac biét duy nhét 13 ta phai chi ¥ t6i cac cung cua do thi.

Pinh nghia 3. D6 thi v6 hudng (co6 hudng) duoc goi 1a lién thong néu ludn tim duge
dudng di giita hai dinh bat ky ciia né.
5.2. BIEU DIEN PO THI TREN MAY TINH

5.2.1. Ma tran ké, ma tran trong sb

Pé luu trit d6 thi va thuc hién cac thudt toan khac nhau, ta can phai biéu dién db thi trén
may tinh, déng thoi st dung nhirng céu tric dit liéu thich hop dé mo ta dd thi. Viéc chon céu
trac dit liéu nao dé biu dién dd thi ¢6 tac dong rat 16n dén hidu qua thuat toan. Vi vy, lua chon
cau tric dit liéu thich hop biéu dién do thi s& phu thudc vao timg bai toan cuy thé.
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Xét don @ thi vo huong G =<V, E>, voi tap dinh V' = {1, 2, . . ., n}, tdp canh E =
les, ey . . ., ey} Ta goi ma tran ké ctia dd thi G 1a ma tran c6 céac phén tir hodc ba‘“lng 0 hodc
bang 7 theo qui dinh nhu sau:

A={aj a;=1 néu (i, j) €E, a; =0 néu (ij) E; i, j=1,2, ... nk

Vi du 1. Biéu dién d6 thi trong hinh 5.8 dudi ddy bang ma tran ké.

2 4 1 2 3 4 5 6
1 0 1 1 0 0 0

1 6 2 1 0 1 1 0 0
3 1 1 0 0 1 0

3 5 4 0 1 0 0 1 1

Hinh 5.8. P6 thi vé huong G 5 0 0 1 1 0 1
6 |0 0 0 1 1 0

Ma tran ké c6 nhirng tinh chit sau:

a. Ma tran ké ctia d6 thi vo huéng 14 ma tran d6i xang Afij] = Afj, i]; i, j=1 2, ... n.
Nguoc lai, mdi (0, 1) ma tran cip n dang céu voi mot don d thi vo hudng n dinh;

b. Téng cac phan tir theo dong i (¢ét j) ciia ma tran ké chinh bang béc dinh i (@inh j);
¢. Néu ky hiéu

P

a;,

i, j =1,2,...,n 1a cic phan tir cia ma trdn

AP =A.A. .. A(plan) khi @6 a’,i,j=12,..n,

lj )
cho ta s6 duong di khac nhau tir dinh i ¢én dinh j qua p-1 dinh trung gian.

Ma tran ké cua do thi co hudéng ciing duoc dinh nghia hoan toan tuwong tu, ching ta
chi can luu ¥ t6i hudng ciia canh. Ma trdn ké ctia d0 thi c6 hudng 1a khong ddi ximg.

Vi du 2. Tim ma tran ké ctia d6 thi c6 huéng trong hinh 5.9.

1 2 3 4 5
1 > 2 1 [ o0 1 1 0 0 ]
2 0 0 0 1 1
3 0 0 0 1 0
5 4 0 0 0 0 0
3 4 5 1 0 0 0 0—

Hinh 5.9. P thi c6 hwong G
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Trong rat nhiéu Gmg dung khac nhau cta 1y thuyét dd thi, mdi canh e =(,v) cta nd
duoc gan boi mot sb c(e) = d(u,v) goi 1a trong sd ctia canh e. DS thi trong trudng hop nhu
vay goi la dd thi trong $0. Trong truong hop d6, ma tran ké cta d6 thi duoc thay bdi ma tran
trong s6 c= { cfij], i, j=1, 2, . . ., n. ¢[ij] = d(ij) néu (i, j) €E, c[ij] = Onéu (i, j) <E.

Trong d6, @nhan cac gia tri: 0, o, -ootuy theo timg tinh hudng cu thé ciia thuat toan.

Vi du 3. Ma tran ké cua dd thi c6 trong sb trong hinh 5.10.

1 2 3
1 [o 3 7
2 3 0 6
3 7 6 0
4 0 6 0
Hinh 5.10. P6 thi trong s6 G. 5 0 0 3
6 0 0 0

th M. TN S, Ny, b

5
0
0
3
8
0
9

S O W O O O O

Uu diém cua phuong phap biéu dién db thi b?mg ma tran ké (hodc ma tran trong sé) la
ta d& dang tra 101 dugc cau hoi: Hai dinh u, v ¢6 ké nhau trén d6 thi hay khong va ching ta
chi mat dung mot phép so sanh. Nhuoc diém 16n nhit cia no 1a bat ké dd thi co bao nhiéu

canh ta déu mit n> don vi bo nhé dé luu trit d6 thi.

5.2.2. Danh sach canh (cung )

Trong truong hop d6 thi thwa (46 thi co s6 canh m < 6n), ngudi ta thudng biéu dién
dd thi duéi dang danh sach canh. Trong phép biéu dién nay, ching ta s& luu trir danh sach
tat ca cac canh (cung) cua do thi vo hudng (c6 hudng). Mdi canh (cung) e(x, y) duge tuong
mg voi hai bién daufe], cuoife]. Nhu vy, dé luu trit dd thi, ta can 2m don vi bd nhd.
Nhuge diém 16n nhét ciia phuong phap nay 1 dé nhan biét nhitng canh nao k& véi canh nao
chung ta cAn m phép so sanh trong khi duyét qua tit ca m canh (cung) cta do thi. Néu 1a db
thi c6 trong $6, ta cAn thém m don vi bd nhd dé luu trix trong s6 ctia cac canh.

Vi du 4. Danh sach canh (cung) cuia dd thi vo hudng, do thi ¢6 hudng, d6 thi trong sb:

Dau Cuoi Dau  Cuoi Dau  Cuoi Trongso
1 2 1 2 1 2 3
1 3 1 3 1 3 7
2 3 2 4 2 3 6
2 4 2 5 2 4 6
3 5 3 4 3 5 3
4 5 5 1 4 5 8
4 6 4 6 5
5 6 5 6 9
Danh sach canh cung hinh Do thi c6 hudéng Danh séach trong s6
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5.2.3. Danh sich ké

Trong rat nhidu ing dung, cach biéu dién d thi dudi dang danh sach ké thuong dugc
sir dung. Trong biéu dién nay, vi mdi dinh v ctia dd thi chung ta luu trir danh sach cac dinh
ké voi n6 ma ta ky hiéu 1a Ke(v), nghia la

Ke®w)={ueV: (u, v)ekE}

Véi cach biéu dién nay, mdi dinh i ciia d6 thi, ta 1am twong tng vi mot danh sach tat
ca cac dinh ké v6i nd va duoc ky hidu 1a List(i). Dé biéu dién List(i), ta c6 thé dung cac kiéu
dit liéu kiéu tap hop, mang hodc danh sach lién két.

Vi du 5. Danh sach ké cta do thi vo huéng trong hinh 5.8, d6 thi c¢6 hudng trong hinh
5.9 duogc biéu dién bang danh sach ké nhu sau:

List(i) List(i)
Dinh 1 2 3 Dinh 1 3 2
2 1 3 4 2 4 5
3 1 2 5 3 4
4 2 5 6 5 1
5 3 4 6
6 4 5

5.3. CAC THUAT TOAN TIiM KIEM TREN PO THI

5.3.1 Thuit toan tim kiém theo chiéu siu

Rét nhiéu thuat toan trén d thi duge xay dung duya trén viéc duyét tat ca cac dinh cua do
thi sao cho mdi dinh dugc Viéng tham dung mat lan. Nhing thuat todn nhu vay duoc goi 1a
thuat toan tim kiém trén do thi. Chung ta ciing s& 1am quen véi hai thuat toan tim kiém co ban,
d6 1a duyét theo chiéu siu (Depth First Search) va duyét theo chiéu rong (Breath First Search).

Tu tudng co ban cua thuat todn tim kiém theo chiéu sau 13 bit dau tai mot dinh v, ndo
d6, chon mot dinh u bat ky ké vai vy va lay nd 1am dinh duyét tiép theo. Cach duyét tiép
theo duoc thuc hién twong tyr nhu dbi v6i dinh v

Pé kiém tra viéc duyét mdi dinh diing mét 1an, chung ta st dung mot mang gom n
phan tir (tvong @mg v6i n dinh), néu dinh thir i da duoc duyét, phan tir twong g trong
mang c6 gid tri FALSE. Nguoc lai, néu dinh chua dugc duyét, phf?m tor tuong Ung trong
mang c6 gia tri TRUE. Thuét toan tim kiém theo chiéu sau bat dau tir dinh v ndo d6 s& duyét
tat ca cac dinh lién thong véi v. Thuat toan ¢ thé duoc mo ta bang thu tuc dé qui DFS()
trong d6: chuaxet - 1a mang céc gia tri logic dugc thiét 1ap gia tri TRUE

void DFS(int v){
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Tham_DBinh(v); chuaxet[v] = FALSE;
for u eke(v) {
if (chuaxet[u] )

DFS(v);

§

Thii tuc DFS() s& tham tat ca cic dinh cung thanh phan lién thong véi v mdi dinh
dung mot lan. Bé dam bao duyét tit ca cac dinh cua do thi (co thé c6 nhiéu thanh phan lién
thong), chiing ta chi can thuc hién :

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

chuaxet[i] = TRUE;
for( 1:=1;i< n; i++)
if (chuaxet[i] )
DFS( i);

Cha y: Thuét toan tim kiém theo chiéu sau d& dang ap dung cho d thi c6 hudng. Ddi véi

dd thi c6 hudng, chiing ta chi can thay cic canh v6 hudng bang cac cung cta do thi c6 hudng.

Vi du 1. Ap dung thuat toan tim kiém theo chiéu sau véi d thi trong hinh sau:

2 6

10

Hinh 5.11. P6 thi vé hwéng G
Két qua duyét: 1,2,4 ,3,6,7,8,10,5,9,13,11, 12
5.3.2. Thuit toan tim kiém theo chiéu rong (Breadth First Search)

Dé ¥ rang, v6i thuat toan tim kiém theo chiéu sdu, dinh tham cang mudn s& trd thanh
dinh sém dugc duyét xong. D6 1a két qua tat yéu vi cac dinh thim dugc nap vao stack trong
thu tuc d¢ qui. Khéac voi thuat toan tim kiém theo chiéu sau, thuat toan tim kiém theo chiéu
rong thay thé viéc sir dung stack bang hang doi queue. Trong tha tyc ndy, dinh dugc nap
vao hang doi dau tién 13 v, cac dinh k& v6i v 1a v, v, . . ., v duge nap vao queue ké tiép.
Qua trinh duoc thuc twong tu vdi cac dinh trong hang doi. Thudt toan dung khi ta da duyét
hét cac dinh ké v6i dinh trong hang doi. Chung ta c6 thé mé ta thuét toan bang thu tuc BFS
nhu dudi day.
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chuaxet- mang kiém tra cac dinh da xét hay chua;
queue — hang doi luu trit cac dinh s€ dugc duyét cua dd thi;
void BFS(int u){
queue = @
u <= queue; (*nap u vao hang doi*)
chuaxet[u] = false;
while (queue = @){
queue<=p; (* ldy p ra tir stack™)
Tham_Dinh(p);
for v ekelp) {
if (chuaxet[v] ) {
v<= queue; (*nap v vao hang doi*)

chuaxet[v] = false,

/
Thii tuc BFS s& tham tit ca cac dinh dung thanh phan lién thong voi u. Dé tham tat ca
cac dinh ctia do thi, chung ta chi can thyuc hién goi toi thu tuc BFS().
for( u=1; usn; ut+)
chuaxet[u] = TRUE,;
for(u=1; u<n; ut+)
if (chuaxet[u])
BFS(u);
Vi du. Ap dung thuat toan tim kiém theo chiéu rong voi dd thi trong hinh 5.11 ta nhan
duoc két qua nhu sau:
1,2,3,11,4,6,12,13,7,8,9, 10, 5;
5.3.3. Kiém tra tinh lién thong cia do thi

Mot d6 thi c6 thé lién théng hodc c¢6 thé khong lién thong. Néu do thi 1a lién thong (sd
thanh phan lién thong 1a ), chiing ta chi can goi t6i thii tuc DFS() hodc BFS() mot lan. Néu
db thi 1a khong lién thong, khi d6 sb thanh phan lién théng cta dd thi chinh bang s6 lan goi
t6i thu tuc BFS() hodc DFS(). Pé x4c dinh sé cac thanh phan lién thong ctia d6 thi, chiing ta
str dung mot bién méi solt & nghi nhan cac dinh cing mét thanh phan lién thong trong
mang chuaxet:

- Néu dinh i chua dugc duyét, chuaxet[i] c6 gia tri 0;

- Néu dinh i dugc duyét thudc thanh phan lién thong thi j=solf, ta ghi nhan
chuaxet[i]=solt;

- Céc dinh cung thanh phan lién théng néu ching c6 clng gia tri trong mang chuaxet.

void BFS(int u){
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queue= 0;
u <= queue; (*nap u vao hang doi*)
solt = solt+1; chuaxet[u] = solt;(*solt 12 bién toan cuc thiét lap gia tri 0%)
while (queue = ¢ ) {

queue<=p; (* lay p ra tir stack*)

Tham_Dinh(p);

for v € ke(p) {

if (chuaxet[v] ){
v<= queue; (*nap v vao hang doi*)

chuaxet[v] = solt;

}
5.3.4. Tim dwong di giira hai dinh bét ky ciia do thi

Thu tuc BFS(s) hodc DFS(s) cho phép ta duyét cac dinh cing mot thanh phéan lién
thong véi dinh s. Nhu véy, néu trong s6 cac dinh lién thong véi s chira ¢ thi chic chin co
dudng di tir dinh s dén dinh 7. Néu trong s cac dinh lién thong véi dinh s khong chira dinh ¢
thi khong ton tai duong di tir dinh s dén dinh ¢ Do vay, chung ta chi can goi t6i thu tuc
DFS(s) hodc BFS(s) va kiém tra xem dinh ¢ c6 thugc thanh phan lién thong véi s hay khong.
Duéi day 1a toan van chuong trinh tim duong di gitra hai dinh cua d6 thi.

#include <stdio.h>

#include <conio.h>

#include <io.h>

#include <stdlib.h>

#include <dos.h>

#define MAX 100

#define TRUE 1

#define FALSE  Oint n, truoc[MAX], chuaxetfMAX], queue[MAX];

int AIMAX][MAX]; int s, t;

/* Breadth First Search */

void Init(void){

FILE *fp; int i, j;

fp=fopen("lienth.IN", "r");

if(fp==NULL){
printf("\n Khong co file input");
delay(2000);return;

}

fscanf(fp,"%d", &n);

printf("\n So dinh do thi:%d",n);
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printf("\n Ma tran ke cua do thi:");

for(i=1; i<=n;i++){
printf("\n");
for(j=1; j<=m;j++){
fscanf(fp,"%d", &A[i][j]);
printf("%3d", A[i][j]);

}

for(i=1; i<=n;i++){
chuaxet[i][=TRUE;
truoc[i]=0;

¥
void Result(void){

printf("\n\n");
if(truoc[t]==0){
printf("\n Khong co duong di tu %d den %d",s,t);
getch();
return;
}
printf("\n Duong di tu %d den %d la:",s,t);
int j = t;printf("%d<=", t);
while(truoc[j]!=s){
printf("%3d<=",truoc[j]);
j=truoc[j];
}
printf("%3d",s);
¥
void In(void){
printf("\n\n");
for(int i=1; i<=n; i++)
printf("'%3d", truoc(i]);
}
void BFS(int s) {
int dauQ, cuoiQ, p, u;printf("\n");
dauQ=1;cu0iQ=1; queue[dauQ]=s;chuaxet[s]=FALSE;
while (dauQ<=cuoiQ){
u=queue[dauQ]; dauQ=dauQ+1;
printf("%3d",u);
for (p=1; p<=n;p++){
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if(Alu][p] && chuaxet[p]){
cuoiQ=cuoiQ+1;queue[cuoiQ]=p;
chuaxet[p]=FALSE;truoc[p]=u;

}
}

}
}
void duongdi(void){

int chuaxetfMAX], truoclMAX], queue[MAX];

Init();BFS(s);Result();
}

void main(void){
clrser();
printf("\n Dinh dau:"); scanf("%d",&s);
printf("\n Dinh cuoi:"); scanf("%d",&t);
Init();printf("\n"); BFS(s);
n();getch();
Result();getch();

}
5.4. PUONG PI VA CHU TRINH EULER

Chu trinh don trong d6 thi G di qua mdi canh cua d6 thi dting mét 1an duge goi la chu
trinh Euler. Puong di don trong G di qua mdi canh ciia nd dang mét 1an duoc goi 13 dudng
di Euler. 6 thi duogc goi la dd thi Euler néu nd ¢6 chu trinh Euler. Db thi co duong di Euler
duoc goi la nura Euler.

R& rang, moi d6 thi Euler déu 1a nira Euler nhung diéu nguoc lai khong dung.
Vidu 1. Xét cac dd thi G1, G2, G3 trong hinh 5.12.

a b a b a b

Gl G2 G3
Hinh 5.12. Pd thi vé huwéng G1, G2, G3.

Do thi G1 1a @6 thi Euler vi né c6 chu trinh Euler a, ¢, ¢, d, e, b, a. P thi G3 khong
c6 chu trinh Euler nhung chtra duong di Euler a, ¢, d, e, b, d, a, b vi thé G3 1a nira Euler.
G2 khong c6 chu trinh Euler cting nhu duong di Euler.
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Pinh ly. D6 thi v6 hudng lién thong G=<V, E> 1a d6 thi Euler khi va chi khi moi
dinh cta G déu c6 bac chin. D thi vo hudng lién théong G=<V, E> 1a d thi nira Euler khi
va chi khi n6 khong c6 qua hai dinh bac 1é.

Pé tim mot chu trinh Euler, ta thuc hién theo thuat todn sau:

= Tao mot mang CE dé ghi duong di va mot stack dé xép cac dinh ta s& xét.
Xép vao d6 mot dinh tuy ¥ u ndo d6 ciia dd thi, nghia 1a dinh u s& dugc xét
dau tién.

= Xét dinh trén cung ctia ngin xép, gia st dinh d6 1a dinh v; va thuc hién:
v' Néu v 1a dinh c6 lap thi ldy v khoi ngan xép va dua vao CE;
v' Néu v 14 lién théng voi dinh x thi xép x vao ngin xép sau d6 xoa bé canh (v, x);

= Quay lai budc 2 cho t6i khi ngin xép rong thi dimg. Két qua duong di Euler
duoc chira trong CE theo thir tu nguoc lai.

Thu tuc Euler_Cycle sau s€ cho phép ta tim chu trinh Euler.

void Euler Cycle(int u){
Stack=¢; CE=¢;
u=>Stack; { nap u vao stack};
while (Stack=d) {
x= top(Stack); { x 1a phan tir diu stack }
if (ke(x) # ¢) {
y = Pinh diu trong danh sach ke(x);
Stack<=y; { nap y vao Stack};
Ke(x) = Ke(x) \{y};
Ke(y) = Ke(y)\{x}; {loai canh (x,y) khoi do thi};

else {
x<= Stack; {ldy x ra khoi stack};
CE <=x; { nap x vao CE;}

}
H
Vi du. Tim chu trinh Euler trong hinh 5.13.
a b
6

f 8 C 9 d 10 e
Hinh 5.13. Do thi vé huéng G.
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Céc budc thuc hién theo thuét toan sé& cho ta két qua sau:

Budce | Gia tri trong stack Gia tri trong CE Canh con lai

1 F 1,2,3,4,5,6,7,8,9, 10
2 f,a 2,3,4,5,6,7,8,9,10
3 f,a, c 3,4,5,6,7,8,9, 10
4 f,a,c,f 3,4,5,6,7,9, 10

5 f,a,c f 3,4,5,6,7,9, 10

6 f,a,c,b f 3,4,6,7,9, 10

7 f,a,c,b,d f 3,4,7,9, 10

8 f, a, c,b,d,c f 3,4,7,10

9 f,a,c,b,d f, c 3,4,7,10

10 f,a,c,b,d, e f, c 3,4,7

11 f,a,c,b,d, e, b f, c 3,4

12 f,a,c,b,d,e,b,a f,c 3

13 f,a,c,b,d,e,b,a,d f c

14 f,a,c,b,d,e, b, a f,c,d

15 f,a,c,b,d, e, b f.c,d,a

16 f,a,c,b,d, e f.c,d,a,b

17 f,a,c,b,d f,c,d,a,b,e

18 f,a,c,b f,c,d,a,b,e.d

19 f a c f,c,d,a,b,e.,d,b

20 f a f,c,d,a,b,e,d,b,c

21 f f,c,d,a,b,e,d,b,c,a

22 f,c,d,a,b,e,d,b,c,a,f

Mot dd thi khong c6 chu trinh Euler nhung van c6 thé ¢6 duong di Euler. Khi d6, do
thi c6 dung hai dinh béc 1¢, tirc 14 tong cac sd canh xuat phat tir mot trong hai dinh d6 1a sb
1é. Mot duong di Euler phai Xuét phat tr mot trong hai dinh do va két thuc ¢ dinh kia. Nhu
vay, thudt toan tim duong di Euler chi khac véi thuat toan tim chu trinh Euler ¢ chd ta phai
xéc dinh diém xut phat cia duong di.

Dé tim tat ca céac duong di Euler cia mdt dd thi n dinh, m canh, ta co thé dung k¥
thuat d¢ qui nhu sau:

= Budc 1. Tao mang b c6 d6 dai m + I nhu mot ngin xép chira duong di. Pat b/0]=1,

i=1 (xét dinh thir nhét cia duong di);

= Budc 2. Lan luot cho b/i] cac gia tri 1a dinh k& véi bfi-1] ma canh (b[i-1],b[i])

khong trung voi nhitng canh da ding tir b/0] dén bfi-1]. Vi mdi gia tri cta bfi], ta

kiém tra:

v' Néu i<m thi ting i 1én 7 don vi (xét dinh tiép theo) va quay lai budc 2.

v' Néu i=m thi diy b chinh Ia mot duong di Euler.
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5.5. PUONG PI VA CHU TRINH HAMILTON

Vi d6 thi Euler, chung ta quan tam tdi viée duyét cac canh cua dd thi mdi canh ding
mat 1an, thi trong muc nay, chiing ta xét dén mot bai toan tuong tw nhung chi khac nhau la
ta chi quan tdm t6i cac dinh cta d6 thi, mdi dinh dung mot 1an. Sy thay d6i nay tudng nhu
khong dang ké, nhung thuc té c6 nhidu sy khac biét trong khi giai quyét bai toan.

Pinh nghia. Puong di qua tit ca cac dinh cua d6 thi mdi dinh dung mot 1an duoc goi
la duong di Hamilton. Chu trinh bét dau tai mot dinh v nao d6 qua tat ca cac dinh con lai
moi dinh ding mot 14n sau d6 quay tr¢ lai v duoc goi 1a chu trinh Hamilton. Db thi dugc goi
12 @ thi Hamilton néu né chira chu trinh Hamilton. D thi chua duong di Hamilton duogc
goi la dd thi nra Hamilton.

Nhu vay, mot dd thi Hamilton bao gio cling la dd thi nira Hamilton nhung diéu ngugc
lai khong Iudn luon dang. Vi du sau s€ minh hoa cho nhan xét nay.

Vi du. D6 thi d6 thi hamilton G3, nira Hamilton G2 va G1.

a a b a b
® o ®
b C C C d
® ® o ®
Gl G2 G3

Hinh 5.14. P thi d6 thi hamilton G3, nira Hamilton G2 va G1.

Cho dén nay, vi¢c tim ra mdt ti€u chuan dé nhéan biét do thi Hamilton van con ma,
mic du day 14 van dé trung tim cua Iy thuyét dd thi. Hon thé nita, cho dén nay ciing van
chua c6 thuat toan hiéu qua dé kiém tra mot dd thi c6 phai 1a do thi Hamilton hay khong.

Dé liét ké tat ca cac chu trinh Hamilton cia db thi, ching ta co thé su dung thudt toan sau:

void Hamilton(int k) {

(* Liét ké cac chu trinh Hamilton cta dd thi bang cach phat trién diy dinh
(X[11, X[2], . . ., X[k-1]) clia @b thi G = (V, E) *)
for ye Ke(X[k-1]) {
if (k==n+1) && (y == v0))
Ghinhan(X[1], X[2], - - ., X[n], vO);

else {
X[k]=y; chuaxet[y] = false;
Hamilton(k+1);
chuaxet[y] = true;

IR
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5.6. CAY BAO TRUM
5.6.1. Khai niém va dinh nghia

Pinh nghia 1. Ta goi cdy la do thi v huéng lién thong khéng c6 chu trinh. PO thi
khong co chu trinh dwoc goi la ring.

Nhu véy, ring 1a 6 thi ma mdi thanh phan lién thong ctia nd 1a mot cay.

Vi du. Ring gdm 3 ciy trong hinh 5.15.

Tl ® T2 T3
Hinh 5.15 . Rirng gom 3 cay T1, T2, T3.

Cay dugc coi la dang dd thi don gian nhét cta do thi. Dinh ly sau day cho ta mdt sb
tinh chét cua cay.

Pinh ly. Gid sir G=<V, E> la dé thi vé huwéng n dinh. Khi d6 nhitng khang dinh sau
la twong dwong

a. Glamotcay.

b. G 1a dd thi v hudng lién thong khong ¢ chu trinh.
c. G lién thong va c6 dung n-1 canh.

d. Giira hai dinh bat ky ciia G c6 diing mot dudng di.
e. G lién thong va mdi canh cua n6 déu 1a ciu.

f. G khong chita chu trinh nhung hé cir thém vio né6 mot canh ta thu
dugc ding mot chu trinh.

Pinh nghia 2. Cho G la do thi vé hudng lién théng. Ta goi do thi con T ciia G la mét
cay bao trum hay cay khung néu T thod man hai diéu kién:

g. Tlamotcay;
h. Tap dinh cua T bang tap dinh cia G.
D6i v6i cay bao trim, chiing ta quan tAm t6i nhitng bai toan co ban sau:

Bai toan 1. Cho G=<V, E> la d thi vo hudng lién thong. Hiy xdy dung mot ciy
bao trum cua G.
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Bai toan 2. Cho G = <V, E> 1a d6 thi vo hudng lién thong c6 trong sd. Hay tim cay
bao tram nho nhét cia G.

5.6.2. Tim mét ciy bao trum trén do thi

Dé tim mot cay bao trum trén dd thi vo hudng lién thong, c6 thé sir dung k§ thuat tim
kiém theo chiéu rong hodc tim kiém theo chiéu sau dé thyuc hién. Gia su ta can xay dung
mot cdy bao tram xuat phat tai dinh u nao d6. Trong cé hai trudng hop, mdi khi ta dén duoc
dinh v tic (chuaxet/[v] = true) tir dinh u thi canh (u,v) duoc két nap vao cay bao trum. Hai
k¥ thut nay dugc thé hién trong hai thi tuce STREE _DFS(u) va STREE BFS(v) nhu sau:

void STREE_DFS( int u){

/* Tim kiém theo chiéu sau, 4p dung cho bai toan x4y dung cdy bao trum ctia do thi vé hudéng lién
thong G=(V, E); cac bién chuaxet, Ke, T la toan cuc */

chuaxet[u] = true;
for ve Ke(u) {
if (chuaxet[v]){
T=Tu (uv)
STREE_DFS(v);

}
void STREE_BFS(int u) {

QUUE=¢;
QUEUE<= u; /* dua u vao hang doi*/
chuaxet[u] = false;
while (QUEUE= ¢ ) {
v<= QUEUE; /* lay v khoi hang doi */
for p € Ke(v) {
if (chuaxet[u]) {
QUEUE<=u;
chuaxet[u] = false;

T = Tu(y, p);

H

/* Main program */

forue V {
chuaxet[u] = true;
T=4¢;
STREE_BFS(root);
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5.6.3. Tim ciy bao trum ngin nhat

Bai toan tim cdy bao trum nho nhit 1a mot trong nhimng bai toan tdi wu trén do thi co
g dung trong nhiéu linh vuc khac nhau cua thyc té. Bai toan dugc phat biéu nhu sau:

Cho G=<V, E> 1a d thi vo hudng lién thong véi tap dinh ¥ = {1, 2, .. ., n } va tap
canh £ gém m canh. Mdi canh e ctia dd thi dugc gan voi mot sb khong am c¢(e) dugc goi la
do dai cua né. Gia su H = <V, T> la m0t cay bao trum cua dd thi G. Ta goi d6 dai c¢(H) cua
ciy bao trum H 13 tong d6 dai cac canh cua no: c(H) = ZC(e) . Bai toan duoc dat ra la,

ecT
trong s cac cay khung cua d6 thi hiy tim cay khung c6 d6 dai nho nhit cua do thi.

Dé giai bai toan cdy bao trim nho nhit, ching ta c6 thé 1iét ké toan bd ciy bao trim
va chon trong s6 d6 mot cdy nho nhit. Phuong 4n nhu vy thuc sy khong kha thi vi s cay
bao trim cua do thi 1a rat 16n ¢& n™2, diéu nay khong thé thuc hién duoc véi d6 thi véi sb
dinh c6 chuc.

Pé tim mot cay bao trum chiing ta c6 thé thyuc hién theo cac budc nhu sau:

= Budc 1. Thiét 1ap tap canh cia cdy bao trum 1a ¢ . Chon canh e = (i, j) c6 dd
dai nho nhit bd sung vao T.

=  Budc 2. Trong sb cac canh thudc £ | T, im canh e = (i}, j;) c¢6 do dai nho nhat
sao cho khi bd sung canh d6 vao T khong tao nén chu trinh. Dé thuc hién
diéu nay, ching ta phai chon canh ¢6 d6 dai nho nhat sao cho hoic i;e T vd
jigT,hodcje Tvai;gT.

=  Budc 3. Kiém tra xem T dd du n-/ canh hay chwa? Néu T du n-1 canh thi nd
chinh la cay bao trum ngén nhét can tim. Néu chua du »n-1 canh thi thuc hién
lai budc 2.

Vi du. Tim ciy bao trim nho nhat ctia d6 thi trong hinh 5.16.

2 20 4

Hinh 5.16. P thi vé hwéng lién théng G=(V, E)
= Budc 1. Dat T=¢. Chon canh (3, 5) c6 d6 dai nho nhat b sung vao 7.

= Budc 2. Sau ba lan lip dau tién, ta 1an lugt bd sung vao cac canh (4,5), (4, 6).
R& rang, néu bd sung vao canh (5, 6) s& tao nén chu trinh vi dinh 5, 6 da c6
mit trong 7. Tinh hudng twong tu ciing xay ra ddi véi canh (3, 4) 1a canh tiép
theo cua day. Tiép do, ta bd sung hai canh (7, 3), (2, 3) vao T.
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= Budc 3. Tap canh trong 7da du n-1 canh: 7={ (3,5 ), (4,6), (4,5), (1,3),
(2,3)} chinh 13 cdy bao trim ngin nhat.

5.6.4. Thuat toan Kruskal

Thuat todn xay dung tap canh 7 cua cdy khung nhd nhat H=<V, T> theo tung budc
nhu sau:

a. Sép xép céc canh cua dd thi G theo thu tu tang dan cua trong s6 canh;

b. Xuét phét tir tap canh T=¢, & mdi budc, ta s& lan luot duyét trong danh sach
cac canh di duoc sép Xép, tur canh c6 trong s6 nho dén canh ¢co trong s6 1on dé
tim ra canh ma khi bd sung nd vao 7 khong tao thanh chu trinh trong tap cac
canh d3 dugc bd sung vao T trude do;

c. Thuét toan s& két thuc khi ta thu duogc tap T’ gém n-1 canh.

Thuat todn dugc mo ta thong qua thu tuc Kruskal nhu sau:

void Kruskal(void) {
T=4¢;
While( | T |<(n-1) and (E= ¢)) {

Chon canh e <E 1a canh ¢6 do dai nho nhét;

E=E\ {e};
if (T U {e} khong tao nén chu trinh )
T=Tu {e};

H

if (| T|<n-1)

<P thi khong lién thong>;
}
5.6.5. Thuat toan Prim

Thuat toan Kruskal 1am viée kém hiéu qua ddi voi nhimg dd thi c6 sé canh khoang
m=n(n-1)/2. Trong nhiing tinh hudng nhu vay, thuat todn Prim to ra hiéu qua hon. Thuat
toan Prim con dugc mang tén la ngudi lang giéng gan nhét. Trong thuat toan nay, bat dau
tai mot dinh tuy ¥ s cta d6 thi, ndi s voi dinh y sao cho trong s6 canh ¢/s, ¥/ 1a nho nhat.
Tiép theo, tir dinh s hodc y tim canh c6 d¢ dai nhd nhat, diéu nay dan dén dinh thir ba z va ta
thu dugc cay bo phan g6m 3 dinh 2 canh. Qua trinh duoc tiép tuc cho t&1 khi ta nhan duoc
ciy gom n-1 canh, d6 chinh 13 cdy bao trim nho nhat can tim.

Trong qua trinh thuc hién thuat toan, & mdi budc, ta co thé nhanh chéng chon dinh va
canh can bd sung vao cay khung, cac dinh cua dd thi duoc s& duoc gan cac nhan. Nhan cua
mot dinh v gdm hai phan, /d/v], near[v]]. Trong d6, phan thir nhat d/v/ ding dé ghi nhan
d6 dai canh nho nhat trong sé cic canh ndi dinh v véi cic dinh cia cdy khung dang xay
dung. Phan thtr hai, near/v] ghi nhan dinh cia cdy khung gan v nhét. Thuét toan Prim duoc
mo ta thong qua thu tuc sau:
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void Prim(void) {

(*budc khoi tao*)

Chon s 1a mét dinh nao d6 ctia d6 thi;

Vu={s};T=0¢;d[s]=0; nears] =s;

For ve V\Vy {
D[v]=C[s, v]; near[v] =s;

}

(* Buoc lap *)

Stop = False;

While (! stop) {
Tim ue V\Vy thoa mén : d[u] = min { d[v] v6i ueV\Vy};
Vy=Vyu {u}; T=T U {u, near[u] };

If (Vul==n){
H = (Vy, T) la cdy khung nho nhit cia d6 thi;
Stop := TRUE;

}

Else

For (v € V\Vy) {
If (d[v] > C[u, v]) {
D[v]=C[u, v];

Near[v] =u;

}
5.7. BAI TOAN TiM PUONG DI NGAN NHAT
5.7.1. Phat biéu bai toan

Xét d6 thi c6 huéng G=<V, E>; trong 46 | V| = n, | E | = m. Véi mdi cung (u,v) €E,
ta dat tuong ung voi nd6 mot s6 thuc A(u,v) dugc goi la trong s6 cua cung. Ta s€ dat

Afu,v]=co néu (u,v) 2E. Néu day vy, vy, . . ., v la mot duong di trén G thi Z; Alv, ,v,]
duoc goi la do dai ctia dudng di.

Bai toan tim dudng di ngan nhat trén do thi c6 hudng dudi dang tong quat co thé
duoc phat biéu dudi dang sau: tim duong di ngan nhat tir mot dinh xudt phat sV (dinh
ngudn) dén dinh cubi ¢V (dinh dich). Puong di nhu vay duoc goi 1a dudng di ngin nhat tir
s dén ¢, @6 dai cta duong di d(s,1) duoc goi la khoang cach ngin nhét tir s dén ¢ (trong
truong hop téng quat d(s,z) co thé am). Néu nhu khong ton tai duong di tir s dén ¢ thi d6 dai
duong di d(s,t)=oc0. Néu nhu mdi chu trinh trong d6 thi déu c6 d6 dai duong thi trong dudng
di ngdn nhit s& khong co dinh nao bi lap lai, duong di nhu vy duoc goi 1a duong di co ban.
Néu nhu dd thi ton tai mot chu trinh ndo d6 c¢6 do dai am , thi duong di ngén nhét co thé
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khong xac dinh, vi ta c6 thé di qua chu trinh &m d6é mot so6 1an du 16n dé do dai ctia n6 nho
hon bat ky mét so thuc cho trudc nao.

5.7.2. Thuat toan Dijkstra

Thuat toan tim duong di ngan nhat tir dinh s dén cac dinh con lai dwoc Dijkstra dé
nghi 4p dung cho truong hop dd thi co trong sb khong am. Thuat toan dugc thyc hién trén
co s& gan nhan tam thdi cho cac dinh. Nhan ctia mdi dinh cho biét can trén cua do dai
dudng di ngin nhat t6i dinh d6. Cac nhin nay s& duoc bién dbi (tinh lai) nhd mét thu tuc
lap, ma & mdi budc 1ap mot sd dinh s& c6 nhian khong thay ddi, nhan do chinh 1a do dai
dudng di ngan nhat tir s &én dinh d6. Thuat toan c¢6 thé dugc md ta bang thu tuc Dijkstra
nhu sau:

void Dijkstra(void) {

(*Péau vao G=(V, E) v6i n dinh c6 ma tran trong sd A[u,v]> 0; sV *)

(*Pau ra 1a khoang cach nho nhat tir s dén cac dinh con lai d[v]: veV.

Truoc[v] ghi lai dinh trudc v trong duong di ngin nhat tir s dén v*)

(* Budc 1: Khaoi tao nhan tam thoi cho cac dinh*)

for (v=1; v<n; v++){
d[v]=A[s,v];
truoc[v]=s;
}
d[s]=0; T = V\{s};(*T la tap dinh c6 nhan tam thoi*)
while (T!=¢ ) { (* bude lap *)
Tim dinh ueT sao cho d[u] = min { d[z] : zeT}
T=T\{u}; (*c6 dinh nhan dinh u*);
For (veT) { (* Gan lai nhan cho céc dinh trong T*)
If (d[v] > d[u] + Afu, v]) {
d[v]=d[u] + A[u, v];

truoc[v] =u;

H
5.7.3. Thuat toan Floy

Pé tim duong di ngin nhat giira tat ca cac cip dinh cia dd thi, ching ta co thé sur
dung 7 1an thuat toan Ford Bellman hodc Dijkstra (trong trudng hop trong sé khong am).
Tuy nhién, trong ca hai thuat toan dugc str dung déu co do phirc tap tinh toan 16n (chi it 1a
O(n?)). Trong truong hop téng quat, nguoi ta thuong dung thuat toan Floy dugc mé ta nhu
sau:

void Floy(){

(* Tim duong di ngin nhat giita tat ca cac cap dinh
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Input: D6 thi cho boi ma tran trong s6 a[i,jl,,j=1,2,...,n
Output:- Ma tran duong di ngin nhat gitta cac cap dinh d[i, j],i,j=1,2, .. .n;
d[i,j] 12 d6 dai ngén nhét tir i dén j.
Ma tran ghi nhan duong di p[i, j],1,j=1,2,...,n
pli, j] ghi nhan dinh di trude dinh j trong dudng di ngan nhat;*)
(*budc khoi tao*)
for( i=1; i<; i++)
for(j =1; j<n; j++) {
d[i,j] =ali, jl;
plijl =1
}
(*budc lap *)
for (k=1; k<n; k++)
for(i=1; i<n; it++)
for (j =1; j<n; j++)
if (d[i,j] > d[i, k] + d[k, j]) {
di, j] =d[i, k] + d[k, j];
plij] = plk, jl;
§

Ban doc c6 thé tim thiy nhitng cai dit cu thé cac thuat toan trén do thi thong qua cac
tai liéu [1], [5].
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NHUNG NQI DUNG CAN GHI NHO

Nim vitng nhitng khai niém va dinh nghia co ban cta d6 thi.
Hiéu duogc cac phuong phap biéu dién do thi trén may tinh.

Nim virng duogc cac thudt toan tim kiém trén d6 thi: thuét toan tim kiém theo
chiéu rong, thudt toan tim kiém theo chiéu sau va ung dung cta nd trong bai toan
tim duong di giita hai dinh ctia do thi ciing nhu trong tinh toan cic thanh phan
lién thong cua do thi.

Nim virng sy khac biét gitra dd thi Euler va d6 thi Hamilton cung voi thuat toan
tim duong di va chu trinh trén céc d6 thi Euler & Hamilton.

Nim virng bai toan tim cdy bao trim & tim cdy bao trim nho nhat.

Hiéu & cai dat nhuan nhuyén cac thuat toan tim duong di ngin nhit giita cac cip
dinh cta d6 thi trong $6.
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BAI TAP CHUONG 5

Bai 1. Cho trudc ma tran ké cua d6 thi. Hay viét chuong trinh tao ra danh sach ké cua dd
thi do.

Bai 2. Cho trudc danh sach ké cua d6 thi, hay tao nén ma tran ké cua dd thi.

Bai 3. Mot ban cd 8x8 duge danh sb theo cach sau:

17 |18 [19 |20 |21 |22 |23 |24
25 |26 |27 |28 |29 |30 |31 |32

33 |34 (35 |36 |37 |38 (39 [40
41 |42 |43 |44 |45 |46 |47 |48

49 |50 |51 |52 |53 |54 |55 |56
57 |58 |59 |60 |61 |62 |63 |64

M3i 6 c6 thé coi la mot dinh cua dd thi. Hai dinh dugc coi 1 ké nhau néu mét con vua
dit & 6 ndy co6 thé nhay sang 6 kia sau mot bude di. Vidu: 6 1 k& v6i 62,9, 10, 6 11 ké véi
2,3,4,10, 12, 18, 19, 20. Hay viét chuong trinh tao ma tran ké cua dd thi, két qua in ra file
king.out.

Bai 4. Ban c& 8x8 duoc danh sé nhu bai trén. Mdi 6 ¢ thé coi 1a mot dinh cua db thi . Hai
dinh duogc goi la ké nhau néu mot con ma dit & 6 nay co thé nhay sang 6 kia sau mdt
nude di. Vidu 6 1 ké v6i 11, 18, 6 11 ké véi 1, 5, 17, 21, 26, 28. Hiy viét chuong
trinh 1ap ma tran ké ctia dd thi, két qua ghi vao file ma.out.

Bai 5. Hiy lap chuong trinh tim mét duong di ctia con ma trén ban co tir 6 s dén 6 t (s, t
dugc nhép tr ban phim).

Bii 6. Cho Co s¢ dit liéu ghi lai thong tin vé N Tuyén bay (N<=100) ctia mot hing hang
khong. Trong d6, thong tin vé mdi tuyén bay dugc mo ta boi: Diém khoi hanh
(departure), diém dén (destination), khoang cach (lenght). Departure, destination 13
mot xau ki ty do dai khong qua 32, khong chira dau tréng ¢ giira, Length 1a mot sd
nho hon 32767.

Ta goi “Hanh trinh bay” tir diém khoi hanh A t6i diém dén B 1a diy cac hanh trinh
[A, A1, ], [A1, Az, no] . . [A, B,ng] v6i A; 1a diém dén cta tuyén i nhung lai 1a diém khoi
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hanh cua tuyén i +1, n; 12 khoang cach ciia tuyén bay thir i (1<=i<k). Trong d6, khoang cach
ctia hanh trinh 1a tong khoang cach ciia cac tuyén ma hanh trinh di qua (n;+n,+. .+ny).

Cho file dir lidu kiéu text hanhtrinh.in dwoc ghi theo timg dong, sé cac dong trong
file dir liéu khong vuot qua N, trén mdi dong ghi lai thong tin vé mot tuyén bay, trong do
departure, destination, length duoc phan biét v6i nhau bai mot hodc vai dau trong. Hiy tim
giai phap dé thoa méan nhu cau cta khach hang di tir A dén B theo mét sb tinh hudng sau:

Tim hanh trinh ¢6 khoang cich bé nhit tir A dén B. In ra man hinh timg diém ma
hanh trinh d3 qua va khoang cach ctia hanh trinh. Néu hanh trinh khong ton tai hiy dua ra
thong bao “Hanh trinh khong ton tai”.

Vidyu vé Co sd dit liéu hanhtrinh.in

New_York Chicago 1000
Chicago Denver 1000
New_York Toronto 800
New_York Denver 1900
Toronto Calgary 1500
Toronto Los_Angeles 1800
Toronto Chicago 500
Denver Urbana 1000
Denver Houston 1500
Houston Los_Angeles 1500
Denver Los Angeles 1000

Véi diém di : New_York, diém dén : Los_Angeles ; chiing ta s& c6 két qua sau:
Hanh trinh ngan nhét:
New_York to Toronto to Los Angeles; Khoang cach: 2600.

Bai 7. Ké tuc thanh cong voi khéi 1ap phuong than bi, Rubik sang tao ra dang phang cia
tro choi nay goi 14 trd choi cac 6 vudng than bi. D6 1a mot bang gdom 8 6 vudng bang
nhau nhu hinh 1. Chung ta qui dinh trén mdi 6 vuéng c6 mot mau khac nhau. Cac mau
dugc ki hiéu boi 8 s6 nguyén twong Gmg véi tdm mau co ban ctia man hinh EGA,
VGA nhu hinh 1. Trang théi cua bang cdc mau dugc cho bdi day ki hi€u mau céac 6
dugc viét 1an luot theo chiéu kim dong hod bat dau tir 6 goc trén bén trai va két thiic ¢ 6
gbc dudi bén trai. Vi du: trang thai trong hinh 1 dugc cho bdi day cdc mau twong Gng
voi day sb (1,2,3,4,5, 6,7, 8). Trang thai nay dugc goi la trang thai khoi dau.

Biét rang chi can sir dung 3 phép bién ddi co ban c6 tén 1a ‘A’, ‘B’, ‘C’ dudi day
bao gio ciing chuyén duoc tir trang thai khoi dau vé trang thai bat ky:
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‘A’ : d6i chd dong trén xudng dong dudi. Vi du sau phép bién ddi A, hinh 1 s& tré
thanh hinh 2:
‘B’ : thuc hién mot phép hoan vi vong quanh tir trai sang phai trén tirng dong. Vi du
sau phép bién d6i B hinh 1 s& trd thanh hinh 3:
‘C’ : quay theo chiéu kim dong hd bdn 6 ¢ giita. Vi du sau phép bién d6i C hinh 1
tro thanh hinh 4:

Hinh 1 Hinh 2 Hinh 3 Hinh 4
112 (3 |4 817 |6 |5 411 (2 |3 117 |2 |4
817 [6 |5 112 |3 |4 518 |7 |6 81 |3 |5

Cho file dit liéu Input.txt ghi lai 8 s6 nguyén trén mot dong, mdi sd dwoc phan biét
v6i nhau boi mot dau tréng ghi lai trang thai dich. Hay tim day cac phép bién doi so ban dé
dua trang thai khoi ddu vé trang thai dich sao cho s cac phép bién d6i 1a it nhat c6 thé
duoc.

Dir liéu ra dugc ghi lai trong file Output.txt, dong dau tién ghi lai s6 cac phép bién
d6i, nhimg dong tiép theo ghi lai tén cua cac thao tic co ban d thuc hién, mdi thao tic co
ban dugc viét trén mot dong.

Ban s& duoc thém 20 diém néu sir dung bang mau thich hop ciia man hinh dé mé ta
lai cac phép bién ddi trang thai cta trd choi. Vi du véi trang thai dich dudi day sé cho ta két
qua nhu sau:

Input.txt Output.txt
268 457 31 7
B
C
A
B
C
C
B

Bai 8. Cho mot mang thong tin gom N nit. Trong d6, dudng truyén tin hai chiéu truc tiép
tir nit i dén nat j co chi phi truyén thong twong tmg 1a mot sé nguyén A[i,j] = A[j.i],
v6i A[iL,j]>=0, 1 # j. Néu duong truyén tin tir nat i, dén nut i, phai thong qua cac nut i,,
. . i1 thi chi phi truyén thong duoc tinh bing tong cac chi phi truyén thong Alir,i],
Aliziz], . . . Alik1,ik]. Cho trude hai nut i va j. Hay tim mot dudong truyén tin to nut 1
dén nut j sao cho chi phi truyén thong 1a thp nhat.
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Dit liéu vao duge cho bai file TEXT c6 tén INP.NN. Trong d6, dong thir nhét ghi ba
sO N, i, j, dong thir k + 1 ghi k-1 s6 A[k,1], A[k,2], . ., A[k.,k-1], I<=k<=N.

Két qua thong béo ra file TEXT c6 tén OUT.NN. Trong d6, dong thir nhat ghi chi
phi truyén thong thap nhat tir nut i dén nut j, dong thir 2 ghi 1an lugt cac nat trén dudng
truyén tin c¢6 chi phi truyén thong thap nhat tir nat i téi nat j.

Bai 9. Cho mot mang thong tin gom N nut. Trong d6, duong truyén tin hai chiéu truc tiép
tir nit i dén nut j ¢ chi phi truyén thong tuong Gmg 1a mot sé nguyén A[ij] = A[j.i],
v6i A[1,j]>=0, i # j. Néu dudng truyén tin tir nat i; dn nut i, phai thong qua cac nut i,,
. . i1 thi chi phi truyén thong duoc tinh bang tong cac chi phi truyén thong Ali,is],
Aliziz], . . . Alik1,ik]. Biét réng, gitra hai nut bat ky ctia mang thong tin déu ton tai it
nhat mot duong truyén tin.

Dé tiét kiém duong truyén, nguoi ta tim cach loai bo di mot sé dudng truyén tin ma
van dam bao duoc tinh lién thong cia mang. Hay tim mot phuong an loai bo di nhiing
duong truyén tin, sao cho ta nhan dugc mdt mang lién thong cé chi phi ti thiéu nhat
6 thé duoc.

Dit liéu vao duge cho bai file TEXT c6 tén INP.NN. Trong d6, dong thir nhat ghi sé
N, dong thu k + 1 ghi k-1 s6 A[k,1], A[k,2], . ., A[kk-1], 1<=k<=N.

Két qua thong bao ra file TEXT c¢6 tén OUT.NN trong d6 dong thir nhat ghi chi phi
truyén thong nho nhat trong toan mang. Tir dong thir 2 ghi lan luot cac nit trén dudng
truyén tin, mdi duong truyén ghi trén mot dong.

Bai 10. Cho file dit liéu dugc to chirc giéng nhu bai 6.6. Hiy tim tat ca cac hanh trinh di tir
diém s dén t.

Bii 11. Cho file dit lidu dugc t6 chirc giong nhu bai 6.6. Hay tim hanh trinh di tir diém s dén
t sao cho hanh trinh di qua nhiéu node nhat.

Bai 12. Cho file dit lidu dugc t6 chitc gidng nhu bai 6.6. Hay tim hanh trinh di tir diém s dén
t sao cho hanh trinh di qua it node nhat.

Bai 13. Tim hiéu thuat toan leo doi trén do thi va ung dung cua no trong linh vyc tri tué
nhan tao.
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CHU'ONG 6: SAP XEP VA TiM KIEM (SORTING
AND SEARCHING)

Sap xép & tim kiém 1a bai toan co ban nhat cua tin hoc. Co thé noi, moi twong tac
giita con ngudi va hé thong may tinh vé ban chat déu 1a tim kiém va thu thap thong tin. An
sau cac qua trinh tim kiém 12 viéc sip xép cac ddi tugng theo mot trat tu ndo d6 dé qua trinh
tim kiém dién ra nhanh nhat, chinh x4c va hiéu qua nhat dé 1 y nghia co ban cia qua trinh
sdp xép. Noi dung chinh cua chuong nay tdp chung vao cac giai thuat sap xép va tim kiém
co ban dudi day:

v Giai thuét Selection Sort, Giai thuat Insert Sort, Giai thuat Bubble Sort, Giai thuat

Shaker Sort, Giai thuat Quick Sort, Giai thuat Heap Sort, va gidi thuat Merge
Sort.

v' Tim kiém tudn ty (Sequential), tim kiém nhi phan (Binary Search) & tim kiém
trén cay nhi phan (Binary Search).

Ban doc c6 thé tim thay nhiing cai dat cu thé va nhiing kién thtrc sau hon trong tai
liéu [1] & [6].

6.1. PAT BAI TOAN

Sap xép 1a qua trinh bd tri lai cac phan tir cia mot tap d6i twong nao d6 theo mot thir
tu 4n dinh ting dan (increasing), hodc giam dan (decreasing). Bai toan sip xép xuét hién
trong bat ky linh vuc ndo cia tin hoc, phuc vu nhitng tng dung riéng cta hé thong, tir
nhitng tmg dung an bén trong ctia Hé diéu hanh nhu bai toan diéu khién qua trinh ( Proccess
Control Problem), bai toan 1ap lich cho CPU (CPU Schedulling), bai todn quan 1y by nhé
(Memory Management) . . . cho t&i nhitng tng dung thong thuong nhu sip xép day sd, sip
xép cac tir, cac cau, cac ban ghi theo thir tr déu c6 lién quan t6i qua trinh sip xép.

Tap di tugng can duge sip xép c6 thé xuit hién dudi nhiéu dang khac nhau, cac dbi
tugng d6 co thé 1a cac ddi twong dir liéu kiéu co ban nhu sip xép diy sd, sap xép ki tu, sip
xép string hodc la cac dbi tuong téng quat nhu mot ciu trac bao gém mot sd trudong thong
tin phan anh d6i twgng. Chung ta qui wéc ddi twong can dugce sap xép 1a cac ciu trac, va qua
trinh sip xép duoc thyuc hién trén mot truong nao doé goi 1a truong khod.

C6 nhiéu thuat todn sap xép khac nhau dé sap xép cac ddi tugng. Tuy nhién, dé lya
chon mot thuét toan sép xép tdt, chung ta can danh gia thuat toan theo céac hai khia canh: do
1a sy chiém dung bo nhé khi ap dung giai thudt va thoi gian thyc hién giai thuét. bPéi véi
thoi gian thuc hién giai thuat, chung ta cing can danh gia chi phi thoi gian trong truong hop
t6t nhét, trung binh va x4u nhét d6i v6i ngudn dit liéu vao. Chung ta ciing chi dua ra nhiing
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ky thuat 1ap trinh, thong qua giai thuat va két qua danh gia thuat toan ma khong chung
minh lai nhitng két qua do, vi nd di dugc trinh bay trong mot chuyén dé khac cua tin hoc.

Nhitng thuat toan sip xép va tim kiém s& duoc ban luan trong chuong niy bao gdbm
cac thuat toan sép xép don gian nhu : chon truc tiép (Selection), thuat toan sui bot (Bubble),
thuat toan chén truc tiép (Insertion), cac thuat toan sip xép nhanh nhu quick sort, merge
sort, heap sort. Trong tit ca cac vi du minh hoa cho giai thuat sip xép va tim kiém, chung ta
s& sir dung tap cac sd nguyén dudi day lam vi du sip xép. Diy sb nguyén nay s& khong
duogc nhéc lai trong khi giai thich mdi thuat toan sip xép.

42 23 74 11 65 58 94 36 99 87

6.2. GIAI THUAT SELECTION SORT

Noi dung cua Selection Sort 1 1an lugt chon phan tir nhd nhét trong day chi sé k;, k..
o kyvGii=0,1,. n k<ki;<...k,vaddichd cho phﬁn tur thr ;. Nhu vay, sau j =n-1/
lan chon, chiing ta s& s6 day khoa duoc sip xép theo thu tw ting dan. Di voi diy sb trén,
chung ta s€ thyc hi¢n nhu sau:

= Lan chon thtr 0: Tim trong khoang tir 0 dén n-I bang cach thuc hién n- I 1an so
sanh dé xac dinh phan tir miny va d6i chd cho phan tir & vi tri 0.

= Lan chon tht /: Tim trong khoang tir I dén n-I bang cach thyc hién - 2 1an so
sanh dé x4c dinh phan tir min; va d6i chd cho phan tir & vi tri /.

= Lén chon tht i: Tim trong khoang tir i dén n-1 bang cach thuc hién n- i 1an so
sanh dé xac dinh phan tir min; va doi chd cho phan tir & vi tri i.

= Lan chon thir n-2: Tim trong khoang tir n-2 dén n-1 bang cach thyc hién 7 1an so
sanh dé xéc dinh ph?m tt min,,.» va d6i chd cho ph?m tor & vi tri n-2.

Do phtrc tap tinh toan cua giai thuat Selection Sort la:
Conin=Cnax=Cy = n (n-1)/2

Qua trinh sép Xép day s6 duoc minh hoa thong qua bang sau:

1 ki 1 2 3 4 5 6 7 8 9

0 42 11 11 11 11 11 11 11 11 11
1 23 23 23 23 23 23 23 23 23 23
2 74 74 74 36 36 36 36 36 36 36
3 11 42 42 42 42 42 42 42 42 42
4 65 65 65 65 65 58 58 58 58 38
5 58 58 58 58 58 65 65 65 65 65

132




Chirong 6: Scp xép va tim kiém (sorting and searching)

Ne e e )

94 94 94 94 94
36 36 36 74 74
99 99 99 99 99
87 87 87 87 87

94
74
99
87

74
94
99
87

74
87
99
94

74
87
94
99

74
87
94
99

Chuong trinh dugc cai dat nhu sau:

#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <alloc.h>
#include <dos.h>
void Select(int *, int);
void Init(int *, int);
void In(int *, int);
void Init(int *A, int n){
inti;
printf("\n Tao lap day so:");
for (i=0; i<n;i++){
Ali]=random(1000);
printf("%5d",A[i]);
}
delay(1000);
¥
void Select(int *A, int n){
register i,j,temp;
for(i=0;i<n-1;i++){
for (j=it+1;j<nij++){

fA>AGDL
temp=A[i];
Ali]=A[j];
Alj]=temp;
1
}
In(A,n);

H
void In(int *A, int n){
register int i;
for(i=0;i<n;i++)
printf("%5d",A[i]);
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}

delay(1000);

void main(void){

}

int *A,n;clrscr();

printf("\n Nhap n="); scanf("%d",&n);
A=(int *) malloc(n*sizeof{(int));
Init(A,n);Select(A,n);

free(A);

6.3. GIAI THUAT INSERTION SORT

Giai thuat Insert Sort dugc thuc hién dya trén kinh nghiém cuia nhitng nguoi choi bai.
Khi c6 i-1 14 bai di duoc sap xép dang & trén tay, nay ta thém 14 bai thir i thi 14 bai d6 dugc
so sanh v&i 14 bai i-1, i-2, . . dé tim duoc vi tri thich hgp va chén vao quan bai thu 7.

Véi nguyén tic sip bai nhw vy, giai thuit dwoc thue hién nhw sau:

Lay phan tir dau tién iy, duong nhién tap mot phan tir 1 tap da duogc sip xép.
Lay tiép phan tir thtr i, chon vi tri thich hop cua phan tir th i, trong tip hai
phén tir va thyc hién doi chd.

Lay tiép phan tir thi i chon vi tri thich hop ctia phan tir thir i, trong tap hai i
; phan tir va thyc hién déi chd, diy s& dugc sip xép hoan toan sau n-/ lan
chén phan tir vao vi tri thich hop.

D6 phirc tap bé nhit cua thuat toan 13: Cyi = (n-1);

Do phuec tap 16n nhét cua thudt toan 1a: n(n-1)/2 = O(n’)

Do phirc tap trung binh cua thuat toan 1a: (n” +n- 2)/4 = O(n’)

Qua trinh sip xép theo Insertion Sort duwgc mé ta nhu sau:

Luot 1 2 3 4 . 8 9 10
Kho4 42 23 74 11 . 36 99 87
1 42 23 23 11 . 11 11 11
2 42 42 23 . 23 23 23
3 74 42 .. 42 36 36
4 74 .. 58 42 42
5 65 58 58
6 74 65 65
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10

94

74
94
99

74
87
95
99

Thuat toan duogc cai dat nhu sau:

#include
#include
#include
#include

#include

<stdio.h>
<conio.h>
<stdlib.h>
<alloc.h>

<dos.h>

void Insert(int *, int);
void Init(int *, int);
void In(int *, int);

void Init(int *A, int n){

}

inti;

printf("\n Tao lap day so:");

for (i=0; i<n;i++){
Ali]=random(1000);
printf("%5d",A[i]);

}

delay(1000);

void Insert(int *A, int n){

}

register i,j,temp;
for (i=1;i<n;i++){
temp=A[i];
for(j=i-1;7>=0 && temp<A[jl;j--)
A[j+11=Aljl;
A[j+1]=temp;
printf("\n");
In(A,it1);

void In(int *A, int n){

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

printf("%5d",A[i]);
delay(1000);
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void main(void){
int *A,n;clrscr();
printf("\n Nhap n="); scanf("%d",&n);
A=(int *) malloc(n*sizeof(int));
Init(A,n);Insert(A,n);
free(A);

}

6.4. GIAI THUAT BUBBLE SORT

Giai thuat Bubble Sort dugc thuc hién bang cach doi chd lién tiép hai phan tir ké can
khi chiing ngugc thir tu. Qua trinh thuc hién dugc duyét tir day 1é€n dinh. Nhu vy, sau lan
duyét thtr nhét, phan tir 16n nhét s& dugc xép dung & vi tri thir n-1, ¢ 1an duyét thir k thi k
ph?m ttr 16n nhat da duogc Xép dang vi tri n-1, n-2, . ., n-k+1. Sau lan duyét thtr n-1, toan bo
n phan tir s& duoc sip xép. Vi phuong phap nay, cac phan tir c6 gia tri nhd dugc ndi dan
1€n nhu nudce sui bot nhd d6 nd co tén goi “phuong phap sui bot”.

Do phurc tap cua thuat toan Bubble Sort la:
Chin = Cpax = Cp = n(n-1)/2.
Chuong trinh mo ta thuat toan Bubble Sort dugc cai dat nhu sau:

#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <alloc.h>
#include <dos.h>
void Bubble(int *, int);
void Init(int *, int);
void In(int *, int);
void Init(int *A, int n){
int i;
printf("\n Tao lap day so:");
for (i=0; i<n;i++){
Alil=random(1000);
printf("%5d",A[i]);
}
delay(1000);
H
void Bubble(int *A, int n){
register 1,j,temp;
for (i=1; i<n; i++){
for (j=n-1; j>=i; j-){
if (AL-1T>AL D
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temp=A[j-1];
A[j-11=A[];
Alj]=temp;
}
}
printf("\n Ket qua lan:%d", 1);
In(A,n);

}

void In(int *A, int n){
register int i;
for(i=0;i<n;i++)

printf("%5d",A[i]);

delay(1000);

}

void main(void){
int *A,n;clrscr();
printf("\n Nhap n="); scanf("%d",&n);
A=(int *) malloc(n*sizeof(int));
Init(A,n);Bubble(A,n);
free(A);

H

6.5. GIAI THUAT SHARER SORT

Thuét toan Shaker Sort 1a cai tién cua thuit toan Bubble Sort. Trong d6, sau moi lan
duyét di dé xép ding vi tri phﬁn tir 16n nhat, chung ta thuc hién duyét lai dé sép ding vi tri
phan tir nho nhit. Diy s& duoc sap sau /n/2] + I 1an duyét. Chuong trinh mé ta thuat toan
Shaker Sort dugc thuc hién nhu sau:

#include <stdio.h>

#include <conio.h>

#include <stdlib.h>

#include <alloc.h>

#include <dos.h>

void Shaker(int *, int);

void Init(int *, int);

void In(int *, int);

void Init(int *A, int n){
int1;
printf("\n Tao lap day so:");
for (1i=0; i<n;i++){

Ali]=random(1000);
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printf("%5d",A[i]);
}
delay(1000);
¥
void Shaker(int *A, int n){

register i,j,temp, exchange;

do {
exchange=0;
for (i=n-1; i>0; i--){
if (A[i-11>A[i]){
temp=A[i-1];
Ali-1]=A[i];
Ali]=temp;
exchange=1;
}
}
for(j=1; j<n;j++){
if (AL-1T>AL D1
temp=A[j-1];
A[j-11=Ajl;
Alj]=temp;
exchange=1;
}
}
printf("\n Ket qua lan:");
In(An);
}while(exchange);

i

void In(int *A, int n){
register int i;
for(i=0;i<n;i++)

printf("%5d",A[i]);

delay(1000);

}

void main(void){
int *A,n;clrscr();
printf("\n Nhap n="); scanf("%d",&n);
A=(int *) malloc(n*sizeof(int));
Init(A,n);Shaker(A,n);
free(A);
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6.6. GIAI THUAT QUICK SORT

Phuong phap sap xép kiéu phan doan 1a mot cai tién ciia phuong phéap Selection Sort.
Pay la mot phuong phép tét do C.A.R. Hoare dua ra va dat tén cho né 1a giai thuat Quick
Sort.

Noi dung chii dao cua phuong phap nay 13 chon ngiu nhién mét phan tir ndo d6 cua
day lam khoa chét. Tinh tir khoa chdt, cac phan tir nhé hon khod phai duoc xép vao trude
chét (d4u day), moi phan tir sau chdt duoc xép vao sau chdt (cudi diy). Dé lam duogc viée
do, cac phﬁn tor trong day s€ duoc so sanh voi khoa chdt va trao d6i vi tri cho nhau, hodc
cho khoa chét néu phan tir d6 16n hon chét ma lai ndm truéc chdt hodc nho hon chét nhung
lai nim sau chét. Khi viéc doi chd 1an dau tién da thuc hién xong thi diy hinh thanh hai
doan: mdt doan bao gém cac phz‘in tr nho hon chdt, mot doan gém cac phﬁn ttr 16m hon chét,
con chét chinh 1a vi tri cia phan tir trong day dugc sap xép.

Ap dung k¥ thuat nhu trén cho mdi doan trudc chédt va sau chét cho toi khi cac doan
con lai hai phan tir thi viéc ghi nhé khong con can thiét nita. Dy s& duoc sap xép khi tat ca
cac doan dugc xu Iy xong. Vi du voi day :

42 23 74 11 65 58 94 36 99 87

Ta chon chét dau tién 1a 42. Dé phat hién ra hai khoa can d6i chd cho nhau, ta dung
hai bién 1, j v6i gid tri ban dau i=2, j=10. Néu k; < 42 thi tiép tyc ting i va lap lai cho t&i khi
gip phan tir thir k; >42. Duyét cac phan tir thir ki véi 42 néu ki > 42 thi j giam di mot, cho
t6i khi gip phan tir thir k; <42 thi phan tir thit & va k; duge doi chd cho nhau. Qua trinh s&
dugc lap lai v6i k; va &; cho t6i khi i=j chinh 1a vi tri danh cho khoa 42. Cubi cling ching ta
d6i chd 42 cho khoa cho k;.

42 23 T4 11 65 58 94 36 99 87
42 23 74 11 65 58 94 367 99 87
42 23 36411 65 58 ™4 74 99 87
42 23 36 1165 58 94 74 99 87
41 SRR v i14———65————58————94————74 99 87 (i>))
11 23 36 42 65 58 94 74 99 87

Nhu vay, két thuc 1an tht nhét, chung ta dugc hai doan dugc phan biét boi khoa 42
nhu sau:

(11 23 36) [42] (65 58 94 74 99  87)

Qua trinh duoc lap lai twong ty cho timg phan doan cho t6i khi diy duogc sip xép
hoan toan. Chung ta c6 thé cai dit giai thuat bang viéc str dung stack hodc dé qui.

Do phtrc tap tinh toan cua giai thuat Quick Sort:
Truong hop t6t nhat Cpex = Co = O (n log,n)
Trudng hop x4u nhit Cpip= k.O(n?)
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Sau day la chuong trinh cai dat giai thuét Quick Sort bé“mg phuong phap d¢ qui.

#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <alloc.h>
#include <dos.h>
void gs(int *, int ,int);
void Quick(int *,int );
void Init(int *, int);
void In(int *, int);
void Init(int *A, int n){
int 1;
printf("\n Tao lap day so:");
for (i=0; i<n;i++){
Ali]=random(1000);
printf("%5d",A[i]);
}
delay(1000);
¥
void Quick(int *A, int n){
gs(A,0,n-1);
§
void gs(int *A, int left,int right) {
register i,j;int X,y;
i=left; j=right;
x= A[(left+right)/2];
do {
while(A[i]<x && i<right) i++;
while(A[j]>x && j>left) j--;
if(i<=j){
y=AlLALFAGLAL=Y;
i++;j-=
}
} while (i<=));
if (left<j) gs(A,left,));
if (i<right) gs(A,i,right);
H
void In(int *A, int n){
register int i;
for(i=0;i<n;i++)
printf("%5d",A[i]);
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delay(1000);

}

void main(void){
int *A,n;clrscr();
printf("\n Nhap n="); scanf("%d",&n);
A=(int *)malloc(n*sizeof(int));
Init(A,n);Quick(A,n);printf("\n");
In(A,n);getch();
free(A);

}

6.7. GIAI THUAT HEAP SORT

Heap 12 mot cdy nhi phan dugc biéu dién bang mot mang, mang d6 biéu didn mot cay
nhi phan hoan chinh sao cho khéa ¢ node cha bao giod cling 16n hon khoa cta node con cua
no.

Sap xép kiéu Heap Sort duoc tién hanh qua hai giai doan. Giai doan dau tién cdy nhi
phan biéu dién bang khoa dugc bién ddi dé dua vé mot heap. Nhu vay, dbi voi heap, néu j
1a chi s6 ctia node con thi /j/2] 1a chi sé ctia node cha. Theo dinh nghia ctia heap thi node
con bao gid cling nhd hon node cha. Nhu vy, node gdc ctia heap 1a khoa c6 gia tri 16n nhat
trong moi node. Vi du cay ban dau la cay 6.1a thi heap ctia n6 13 6.1b.

Pé chuyén cay nhi phan 6.1a thanh cdy nhi phan 6.1b 1a mot heap, chung ta thuc hién

duyét tir dudi 1én (bottom up). Node 14 duong nhién 13 mot heap. Néu cdy con bén trai va
cay con bén phai déu 1a mot heap thi toan bd cay cling la mdt heap. Nhu vay, dé tao thanh

Hinh 6.1a Hinh 6.1b

heap, ching ta thyc hién so sanh ndi dung node bén trai, ndi dung node bén phai véi node
cha ctia n6, node nao ¢6 gia tri 16n hon s& duoc thay d6i 1am ndi dung cia node cha. Qua
trinh 1an nguoc lai cho téi khi gap node gbc, khi 6 ndi dung node gdc chinh 1a khoa c6 gia
tri 16n nhét.

Giai doan thir hai cua giai thuat 1a dua ndi dung cua node goc vé vi tri cuodi cung va
ndi dung ctia node cudi cung dugc thay vao vi tri node goc, sau d6 coi nhu node cuoi cung
nhu da bi loai bd vi thyc t€ node cudi cung la gia tri 1on nhat trong day so.
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Cay méi dugc tao ra (khong ké phan tir loai bo) khong phai 1a mot heap, chung ta lai
thuc hién vun thanh déng va thyc hién tuong ty nhu trén cho téi khi déng con mot phﬁn tor
13 phan tir bé nhat cua day.

Do phuc tap thuat toan cua Heap Sort
Coax =Cyp =0 (nlog:m)
Giai thuat Heap Sort dugc cai dat nhu sau:

#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <alloc.h>
#include <dos.h>
void Heap(int *, int );
void Init(int *, int);
void In(int *, int);
void Init(int *A, int n){
int i;
printf("\n Tao lap day so:");
for (i=0; i<n;i++){
Ali]=random(1000);
printf("%5d",A[i]);
}
delay(1000);
§
void Heap(int *A, int n) {
int k,x,s,fivalue;
for(k=1;k<n;k++){
x=A[k];
s=k; f=(s-1)/2;
while(s>0 && A[f]<x){
A[s]=A[f];
s=f; f=(s-1)/2;

Als]=x;

}

for(k=n-1;k>0;k--){
ivalue=A[K];

A[K]=A[O];
=0;
if(k==1)

=1;
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else
s=1;
if(k>2 && A[2]>A[1])
s=2;
while(s>=0 && ivalue<A[s]){
A[f]=A[s];
f=s;5=2*f +1;
if (st1<=k-1 && A[s]<A[st1])
s=s+1;
if (s>k-1)
s=-1;
}
Alf]=ivalue;

}

void In(int *A, int n){
register int i;
for(i=0;i<n;i++)

printf("%5d",A[i]);

delay(1000);

}

void main(void){
int *A,n;clrscr();
printf("\n Nhap n="); scanf("%d",&n);
A=(int *) malloc(n*sizeof{(int));
Init(A,n);Heap(A,n);printf("\n");
In(A,n);getch();
free(A);

}

6.8. GIAI THUAT MERGE SORT

Sap xép theo Merge Sort 1a phuong phap sip xép bang cach tron hai danh sach da
duoc sip xép thanh mot danh sach dd duoc sip xép. Phuong phap Merge Sort dugc tién
hanh thong qua cac budc nhu sau:

= Budc 1: Coi danh sach 1a n danh sach con mdi danh sach con gom mét phén tir, nhur
vy cac danh sach con di duoc sip xép. Tron timg cip hai danh sach con ké can
thanh mot danh sach c6 hai phan tir d3 dugc sdp xép, chung ta nhan dwugc n/2 danh
sach con da duge sip xép.

= Budc 2: Xem danh sach cin sap xép nhu n/2 danh sach con da dugc sap xép. Tron
cdp hai danh sach ké can thanh timg danh sach c6 4 phan tr da duoc sap xép, ching
ta nhan duoc n/4 danh sach con.
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= Budc thu i: Lam tuong tu nhu budce i- 1. Qua trinh dugc tiép tuc khi chung ta nhan
duogc danh sach cé n phan tir da duoc sip xép. Vi du véi diy:

42 23 74 11 68 58 94 36

lan 1: [23 42] [l 74]  [58 68] [94  36]
1an 2: [11 23 42 74 [36 58 68  94]
1an 3: [11 23 42 36 58 68 74 94]

Chuwong trinh cai dat gidi thudt Merge Sort dwoc thyc hién nhw sau:

#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <alloc.h>
#include <dos.h>
#define MAX 10
void Merge(int *, int );
void Init(int *, int);
void In(int *, int);
void Init(int *A, int n){
int i;
printf("\n Tao lap day so:");
for (i=0; i<n;i++){
Ali]=random(1000);
printf("%5d",A[i]);
}
delay(1000);
§
void Merge(int *A, int n) {
int i,j,k,lowl,upl,low2,up2 size;
int *dstam;size=1;dstam=(int *) malloc(n*sizeof(int));
while(size<n){
low1=0;k=0;
while(low1 +size <n){
low2=low1+size; upl=low2-1;
if (low2+size-1<n)
up2=low2+size-1;
else
up2=n-1;
for(i=lowl, j=low2; i<=upl && j<=up2; k++){
if(A[i]<=A[j])
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dstam[k]=A[i++];

else

dstam[k] =A[j++];

}

for(;i<=upl;k++)

dstam[k]=A[i++];

for(;j<=up2;k++)

dstam[k]=A[j++]

low1=up2+1;
}
for (i=low1; k<n;i++)
dstam[k-++]=A[i];
for(i=0;i<n;i++)
Ali]=dstam[i];
size*=2;
}
printf("\n Ket qua:");
In(A,n);free(dstam);
}
void In(int *A, int n){
register int i;
for(i=0;i<n;i++)
printf("%5d",A[i]);
delay(1000);
}
void main(void){
int *A,n;clrscr();
printf("\n Nhap n="); scanf("%d",&n);
A=(int *) malloc(n*sizeof(int));
Init(A,n);Merge(A,n);printf("\n");
free(A);
H

6.9. TIM KIEM (SEARCHING)

Tim kiém la cong viéc quan trong doi voi cac hé thong tin hoc va c6 lién quan mat

thiét véi qua trinh sap xép dit liéu. Bai toan tim kiém tong quét c6 thé duoc phat biéu nhur

sau:

“Cho mot bang gém n ban ghi R;, R, . ., R,. Voi mdi ban ghi R; duogc tuong ung voi
mot khoa k; (truong th i trong record). Hay tim ban ghi ¢6 gia tri cua khoa bang X cho

trudce”.
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Néu chiing ta tim duoc ban ghi c6 gia tri khoa 1a X thi phép tim kiém dugc thoa
(successful). Néu khong c6 gid tri khoa nao 1a X thi qua trinh tim kiém 1a khong thoa
(unsuccessful). Sau qué trinh tim kiém, c6 thé xuét hién yéu cau bd xung thém ban ghi mai
c6 gia tri khoa 1a X thi giai thuat dwoc goi 1a giai thuat tim kiém bd sung.

6.9.1. Tim kiém tuan tu (Sequential Searching)

Tim kiém tuan ty 1a ky thuat tim kiém c6 dién trén mot danh sach chua dugc sép xép.
Noi dung co ban ciia phuong phap tim kiém tuan ti 13 duyét tir ban ghi thtr nhit cho t6i ban
ghi cudi cing, va so sanh lan luot gia tri cua khod véi gia tri X can tim. Trong qué trinh
duyét, néu c6 ban ghi tring véi gia tri X thi ching ta dwa ra vi tri ciia ban ghi trong day, néu
duyét t6i cudi diy ma khong co ban ghi ndo co gia tri ciia khoa trung voi X thi qué trinh tim
kiém tra lai gia tri -/ (-1 dugc hiéu 1a gia tri khoa X khong thude diy). Chuong trinh cai dat
phuong phép tim kiém tuan ty dugc thuc hién nhu sau:
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <alloc.h>
#include <dos.h>
int Sequential(int *, int, int);
void Init(int *, int);
void Init(int *A, int n){
int i;
printf("\n Tao lap day so:");
for (i=0; i<n;i++){
Ali]=random(1000);
printf("%5d", A[i]);
}
delay(1000);
H
int Bubble(int *A, int x, int n){
register i,temp;
for (i=0; i<n ; 1 ++){
if (A[i] == X)
return(i);
}
return(-1);
}
void main(void){
int *A,n, x, k;clrscr();
printf("\n Nhap n="); scanf("%d",&n);

printf(“\n S$6 x can tim:”); scanf(“%d”, &x);
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}

A=(int *) malloc(n*sizeof(int));
k= Sequential(A,x,n);
if (k>=0)

printf(“\n %d & vi tri %d”, x,k);
else

printf(*‘\n %d khong thudc day”);
free(A); getch();

6.9.2. Tim kiém nhi phan (Binary Searching)

Tim kiém nhi phéan 1a phuong phap tim kiém phd bién duoc thyuc hién trén mot day da
duoc sa“ip thtr ty. NOi dung cua gidi thudt dugc thuc hién nhu sau: léy khoa can tim kiém X
so sanh v&i ndi dung ciia khoa clia phan tir & giira, vi tri cia phan tir ¢ giita 1a mid = (low +
hight )/ 2, trong d6 can dudi low =0, can trén hight = n-1. Vi ddy di duogc sap xép nén néu
ndi dung ctia khoa tai vi tri giita 16n hon X thi phan tir can tim thudc khoang [/mid-+1, hight],
néu ndi dung cuia khoa tai vi tri gitta nho hon X thi phan tir cAn tim thudc khoang [low, mid-
1], néu ndi dung cua khoa tai vi tri gilra trung véi X thi do chinh Ia ph?m tir can tim. O bude
tiép theo, néu ndi dung cua khoa tai vi tri gitta 16n hon X thi ta dich chuyén can dudi low
1én vi tri mid+ 1, néu noi dung cua khoa tai vi tri gitta nhé hon X thi ta dich chuyén can
trén vé vi tri mid- 1. Qué trinh dugc ldp lai cho téi khi gip khéa c6 ndi dung tring véi X
hodc can dudi vuot qua can trén hay X khong thudc day. Thuét toan tim kiém nhi phan

duoc minh hoa nhu sau:

int

H

Binary Search( int *A, int X, int n){

int mid, low=0, hight =n-1;

while ( low<=hight ){ // 1ap néu can du6i van nh6 hon cén trén
mid = (low + hight) /2; // x4c dinh vi tri phan tir ¢ giita
if (X> A[mid]) low =mid +1; // X thudc [mid+1, hight]
else if (X < A[mid] ) hight = mid- 1; // X thudc [low, mid-1]
else return(mid);

}
return(-1); / X khong thudc day

Chuong trinh cu thé duoc cai dat nhu sau:

#include
#include
#include
#include
#include

int

<stdio.h>
<conio.h>
<stdlib.h>
<alloc.h>
<dos.h>

Binary Search( int *, int, int);

void Bubble(int *, int);

void Init(int *, int);
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int Binary Search( int *A, int X, intn) {
int mid, low = 0, hight = n-1;
while (low<=hight){
mid = (low +hight)/2;
if (X>A[mid]) low=mid +1;
else if (X<A[mid] ) hight = mid -1;
else return (mid);
§
return(-1);
}
void Init(int *A, int n){
inti;
printf("\n Tao lap day so:");
for (i=0; i<n;i++){
Ali]=random(1000);
printf("%5d",A[i]);
}
delay(1000);
}
void Bubble(int *A, int n){
register 1i,j,temp;
for (i=1; i<n; i++){
for (j=n-1; j>=i;j--){
if (A[j-11>A[DA

temp=A[j-1];
A[j-1T=AL;
A[j]=temp;
}
}
printf("\n Ket qua lan:%d", 1);
In(A,n);

H

void In(int *A, int n){
register int i;
for(i=0;i<n;i++)

printf("%5d",A[i]);

delay(1000);

}

void main(void){
int *A,n, X, k;clrscr();
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Chirong 6: Scp xép va tim kiém (sorting and searching)

printf("\n Nhap n="); scanf("%d",&n);
printf(“\n S6 can tim X="); scanf(“%d”,&X);
A=(int *) malloc(n*sizeof(int));
Init(A,n);Bubble(A,n); k= Binary _Search(A, X, n);
if (k>0)

printf (“\n %d & vi tri s6 %d”, X, k);
else

printf(*‘\n %d khong thudc day”);
getch();
free(A);
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Chirong 6: Scp xép va tim kiém (sorting and searching)

NHUNG NQI DUNG CAN GHI NHO

Hiéu dugc y nghia vai tro cua bai toan sap x€p va tim kiém trong tin hoc.

Cai dat nhuan nhuyen cac giai thudt sap x€p va tim ki€m trén cac cau trac dir li¢u
khac nhau.

Giai quyét cac bai tap thuc hanh kém theo lam thing tién k¥ nang giai quyét bai
toan sap xép & tim kiém.
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Chirong 6: Scp xép va tim kiém (sorting and searching)

BAI TAP CHUONG 6

Bai 1. Cai dat chuong trinh theo thuét toan Quick Sort khong dung phuong phap dé qui ma
dung céu trac stack.

Bai 2. Tim hiéu vé giai thuat Shell-Sort 13 phuong phép cai tién cta Insertion Sort.
Bai 3. Cai dat lai giai thuat Bubble Sort sao cho cac node nho dugc ddy dan veé phia trudc.

Bai 4. Mot Ternary Heap 1a ciy tam phan gan day duoc cai dit bang mang mét chiéu, mdi
node c6 ba node con. Noi dung cua node cha bao gid ciing 16n hon hodc bang noi
dung cia node con, cac node dugc danh s6 tir 0 dén n-1, node i ¢6 3 con 1a 3i+1, 3i+2,
3i+3. Hay cai dat giai thuat Ternary Heap.

Bai 5. Cai dat giai thuat Bubble Sort trén file.

Bai 6. Cai dat giai thuat Insertion Sort trén file.

Bai 7. Cai dat giai thuat Quick Sort trén file.

Bai 8. Cai dat cac giai thuat sap xép theo nhiéu khoa khac nhau.

Bai 9. Nghién ctru va cai dat thuat toan tim kiém tam phan.

Bai 10. Nghién curu va cai dat thuat toan sép xép kiéu hoa nhép thyc hi¢n trén file.

Bai 11. Viét chuong trinh chuyén d6i mot file dit liéu dugc to chirc theo khudn dang *.DBF
thanh file kiéu text. Nguoc lai, chuyén ddi file dir lidu kiéu text thanh mét file dir liéu
theo khuén dang DBF.

Bai 12. Tim hiéu cach sép xép va tim kiém theo kiéu index cua cac hé quan tri co so dir liéu
nhu foxprol hodc access.
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