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Su phdt trién cong nghé thong tin trong nhitng ndm vira qua da
lam thay doi bo mar kink 16 xd hoi toan cdu, trong dé cong nghé phan
mém 11¢ thanh mot nganh cong nghiép quan frong va ddy tiém ndng.
Hién nay trong cac truong dao tao dyi hoc vé k¥ thudt va céng nghé
déu huong cho sinh vién sau khi ra truong cé cdc k¥ ndang vé ldp wrinh
trén mdy tinh. Ngodi viéc tuo lap cho ho diéu kién nghién cinu dé lam
chu cde hé thong phan mém, k¥ ndng Idp trinh con gitip ho xdy dung
va phdt trién méi cde san phdam phdan mém chuvén dung.

VOT s hol tu cria cong nghé vién théng va cong nghé théng tin, tv
trong vé gid tri phdn mém chiém rdt cao trong cdc hé théng vién thong
ciing nhu cdc thiét bi ddu cudi. Chinh vi IV do dé, viéc nghién citu, tim
hiéu, lam chu va tién t6i phdr trién duoc cdc hé thong phan mém clia
cde ky s cong nghé thong tin va ky sw dién ne vién thong la var cdn
thiét. Tuy nhién, ching ta phdi bdr ddu tir cac k§ thudgt ldp trinh co bdn
ma hién thin cia né la k5 thudt Idp trinh ¢6 cdu tric.

Ndm bét dicoe nhu cdu nén, Hoc vién Cong nghé Buu chinh Vién
thong phéi hop voi Nha xudt bdn Buu dién xudt bdn cudn gido trinh
“Ky thudt ldp trinh” do TS. Lé Hiu Lap va ThS. Nguvén Duv Phiiong
bién sogn. Cudn gido trinh nay sé€ gici thiéu vor ban doc vé cdc ky ndng
ldp trinh cdu tric thong qua cdc thudt todn quan trong. Voi nhiéu vi du
cu thé, cudn sdch gitip cho ban doc thudn tién mong qud trinh hoc tdp
nghién citu dé tao cho minh k¥ ndng lap trinh co bdn. Ddy 1a gido trinh
phuc vy dao tao tai Hoc vién Cdng nghé Buu chinh Vién théng.



Chung t6i hy vong cudn sdch sé la tai liéu tham khdo hitu ich cho
gidng vién, sinh vién cdc truong dai hoc vé kv thudr va cong nghé c6
mon hoc "K5 thudt ldap trinh” ..

Xin trdn trong gioi thiéu.

Ha Noi, ngay 12 thang 12 nam 2002
HOC VIEN CONG NGHE BUU CHINH VIEN THONG



LOZ O DAU

Moén hoc Ky thudt lgp trinh la mén co s bar budc doi voi sinh
vién chuyén nganh dién it vién théng va cong nghé thong tin cia Hoc
vién cong nghé Buu chinh Vién thong.

Trén co 5o cdc kinh nghiém da duoc dic rur iy bai gidng clia mon
hoc K¥ thudgt ldp winh cho sinh vién cdc nganh néi wén trong nhitng
ndam hoc vitd quu, véi myuc dich cung cdp cho sinh vién nhitng kién
thitc co ban nhdt, ¢6 tinh hé thong lién quun 161 mén hoc, chiing t6i dd
manh dun xdy dimg cuén gido trinh nay.

Khi hoc mén K¥ thudt Idp trinh, sinh vién chi can hoc qua mon
“Tin hoc ca bdn” va chi can thé cdc ban dd c6 du kién thiic co sd can
thiét dé' tiép thu kién thite ciu K¥ thudt Iap trinh.

Théng quu cudn gido trinh nay, chiing t6i mudn gi¢i thiéu voi cdc
ban doc vé k¥ ndng ldp trinh cdu triic théng qua mot so thudt todn
quan trong, buo gom: Dui cuong vé ldp trinh cdu tric; Con trd va
mdng; Duyét va dé qui; Ngdan xép, hang doi va danh sdch méc néi;
Cay; Do thi va cudi cang la Sdp xép va tim kiém. Phdn phuy Tuc la bai
tdp tong hop lai nhimg kién thite co bdn nhdt dd dwoc dé cdp mong
gido trinh va dugc thé hién bang mot chuong trinh.

Tuy da rdt chii y va cdn trong trong qud trinh bién soan, nhing
gido trinh chdc chdn khéng tranh khoi nhitng thiéu sét va han ché.
Chiing 161 xin chan thanh mong ban doc dbng gop ¥ kién dé gido trinh
nay ngdy cang hoan thién hon. Moi su dong gép y kién xin gui vé
Khoa Céng nghé thong tin - Hoc vién Cong nghé Buu chinh Vién thong.



Chuing 10 xin 16 long biét on t6i TS. Tie Minh Phuong, gidng vién
khoa Cong nghé thong tin - Hoc vién Cong nghé Buu chinh Vién thong
dd doc va hiéu dinh lai toan b6 ban thdo cia gido trinh nay.

Ha Noi, ngay 24 thang 8 nam 2002
CAC TAC GIA



CHUONG 1
BAI CUONG
VE KY THUAT LAP TRINH CAU TRUC
1.1. SO LUGC VE LICH SULAP TRINH CAU TRUC

Lap trinh 12 mot trong nhitng cong viée ning nhoc nhat cia khoa
hoc may tinh. C6 thé néi, nang suat xay dung cdc san phdm phan mém
la rat thap so vdi cic hoat dong tri twé khdc. Cho dén nay, nang sudt
ciia mot lap trinh vién chi dao dong trong khodng 3-5 lénh/ngay. Mot
san phdm phan mém c6 thé dugc thiét k& va cii dat trong vong 6 thing
v6i 3 lao dong chinh. Nhung dé ki€m tra tim 18i va ti€p tuc hoan thién
san phdm d6 phai mat thém chimg 3 nam. Day 1a hién tugng phé bién
trong tin hoc cua nhitng nam 1960 khi xay dung cdc sian phdm phan
mém bang k¥ thuat lap trinh tuyén tinh, P& khic phuc tinh trang 161
cha san phdm, ngudi ta che chin né béi mot manh che mang tinh chat
thuong mai duge goi la version (phién ban). Thuc chat, version 1 viéc
thay th€ san pham cii bang cich stta déi n6 réi cong bé dudi dang mot
version mdi, giong nhu: MS-DOS 4.0 chi ton tai trong thoi gian vai
thdng réi thay déi thanh MS-DOS 5.0, MS-DOS 5.5, MS-DOS 6.0...
Day khong phai 1a mot san phdm méi nhu ta twéng ma trong nd con
ton tai nhiing 161 khong thé bd qua duge, vi ngay MS-DOS 6.0 ciing
chi 1a sut khac phuc han ché cia MS-DOS 3.3 ban ddu.

Trong thoi ky dau cua tin hoc, céc lap trinh vién xay dung chuong
trinh bang cdc ngon ngit lap trinh bac thap, qua trinh nap va theo dbi
hoat dong cuia chuong trinh mét cdch truc ti€p trong ché do truc tuyén
(on-line). Vigc tim va stra 161 (debugging) nhur ngay nay 1a khong thé
thuc hién duge. Do vay, trude nhiing ndm 1960, ngudi ta coi viée 1ap
trinh giéng nhu nhimg hoat déng nghé thuat nhudém mau sic cd nhan
hon 1a khoa hoc. Mot s6 ngudi nim duge moét vai ngén ngir 1ap trinh,
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cing mot s6 meo vat tan dung cdu hinh vat 1y cu thé ciia hé théng mdy
tinh, tac nén mot 56 mon la ciia phdn mém duoc coi 1a mot chuyén gia
nam bét duge nhitng bi an clia nghé thuat 14p trinkh.

Cédc h¢ thong mady tinh trong giai doan nady c¢é cdu hinh yéu, bd
nhd nho, téc do cac thi&t bi vao ra thip 1am cham qua trinh nap va thuc
hién chuong trinh. Chuong trinh duge xay dung béang ky thuat 14p trinh
tuyén tinh ma néi bat nhat 1 ngon ngit 1ap trinh Assembler va Fortran.
Véi phuong phép lap trinh tuyén tinh, 1ap trinh vién chi dugc phép thé
hién chuong trinh ctia minh trén hai ¢iu tric lénh, d6 1a cau tric lénh
tudn tu (sequential} va nhay khong diéu kién (goto). He théng thu vién
vao/fra nghe¢o nan lam cho viéc 1ap trinh tr& nén khé khan, chi phi cho
cic sdn phdm phdn mém qud Ién, do tin cdy clia cic san phdm phan
mém khong cao dan t6i hing loat cdc du 4n tin hoc bi that bai, dac biét
la cac hé thong tin hoc ¢6 tdm o 16n. Nam 1973, Hoare khang dinh,
nguyén nhan that bai ma ngudi M§ gap phai khi phéng vé tinh nhan
tao v€ phia sao Vé nit (Sao Kim) 12 do 16i ctia chuong trinh diéu khién
viét bing Fortran. Thay vi viét:

DO 501 = 12, 523

(Thuc hién s6 50 vé6i T1a 12, 13, ..., 523)

Lap trinh vién (hodc thao tic vién duc bia) viét thanh:
DO 50 | = 12.523

(Dau phay da thay bang ddu cham)

Gap cau lénh nay, chuong trinh dich ctia Fortran da hiéu 13 gan
gia tri thuc 12.523 cho bi€n DO 50 I 1am cho két qué chuong trinh sai.

Dé gidi quyét nhitng vuéng mic trong k¥ thuit lap trinh, cdc nha tin
hoc 1y thuyét da di sau vio nghién citu tim hiéu ban chét clia ngon ngi,
thuat todn va hoat dong lap trinh, nang nodi dung cia ky thuat 1ap trinh
lén thanh cdc nguyén 1¥ khoa hoc nhu ngdy nay. Két qua néi bat nhat
trong giai doan nay 1a Knuth xuét ban bd 3 tip sich mang tén “Nghé
thuat 1ap trinh” giGi thiéu hét sitc ti mi co sd ly thuyét dam bao todn hoc
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va cdc thuét todn co ban x{r 1y dit liéu nira s6, sap x€p va tim kiém. Nam
1968, Dijkstra cong bd 1a thu “Vé su nguy hai cha todn tit GOTO”.
Trong cong trinh nay, Dijkstra khang dinh, ¢6 mot s6 16i do GOTO gay
nén khong thé xdc dinh dugc diém bit ddu ciia 16i. Dijkstra con khing
dinh thém: “Tay nghé cua mot lap trinh vién ti 1& nghich v6i s6 lugng
todn tf GOTO ma anh ta sit dung trong chuong trinh”, déng thoi kéu
goi huy bo triét dé toan tir GOTO trong moi ngén ngir 1ap trinh ngoai trix
ngon nglf 1ap trinh bac thap. Dijkstra con dva ra khang dinh, dong thdi
ctia chuong trinh c6 thé duge ddnh gid twong minh qua cdc cdu tric lap,
1€ nhanh, got dé qui la co s& cha lap trinh cu triic ngdy nay.

Nhitng két qua duge Dijkstra cong b6 da tao nén mét cude cich
mang trong Ky thuét lap trinh, Knuth liét k& mot s6 trudng hop cé loi
cia GOTO nhu vong lap két thic giita chimg, bat 16i..., Dijkstra,
Hoare, Knuth tiép tuc phat trién tr twdng coi chuong trink mdy tinh va
lap trinh vién 1a d6i tugng nghién ciu clta k§ thuat 1ap trinh vi phuong
phdp lam chu su phitc tap ciia cdc hoat dong lap trinh. Nam 1969,
Hoare da phét biéu cic tien ¢é phuc vu cho viéc chitng minh tinh ding
dan cila chuong trinh, phdt hién tinh bét bién clia vong lip béng cdch
coi chuong trinh vira 12 ban ma hod thuat toin dong thoi 12 ban ching
minh tinh ding din cha chuong trinh. Sau d6 Dahl, Hoare, Dijksta da
phdt trién thanh ngon ngir Lap trinh cau tric.

Dé trién khai cdc nguyén 1y lap trinh cdu tric, L. Wirth d3 thiét k&
va cai dat ngon ngir ALGOL W 1a mot bién thé cia ALGOL 60. Sau
ndy, L. Wirth ti€p tuc hoan thién dé ud thanh ngon ngit lap trinh
Pascal. Day la ngén ngit lap trinh gian di. sdng sta vé€ ci phap, dé
minh hoa nhitng van d¢ phic tap cha lap trinh hién dai va dugc coi 12
mot chudn muyc trong giang day lap trinh.

Niam 1978, Brian Barninghan cing Denit Ritche thiét k&€ ngon ngir
lap trinh C véi t6i thi€u céc cu tric lénh va ham, kha pha hop véi tr
duy va thm ly cua cia ngudi 1ap trinh. DOng thoi, hai tic gia da phét
hanh phién ban hé di€u hanh UNIX viét chii yéu bang ngén ngit C,
khang dinh thém uy thé ctia C trong 1ap trinh hé thong.
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1.2. CAU TRUC LENH, LENH CO CAU TRUC, CAU TRUC
DU LIEU

1.2.1. Cau tric lénh (cdu tric diéu khién)

Méi chuong trinh mdy tinh vé ban chat 1a mot ban ma hod thuat
todn. Thuat todn duge coi 1a day hitu han cic thao tic so cdp trén tap
doi twong vao (Input) nham thu duge két qua ra (Output). Céc thao téc
trong moOt ngoén ngi 1ap trinh cu thé duge diéu khién bdi cic lénh hay
cdc cdu tric didu Khién, con cdc d6i twong chiu th.o tic thi duge mo ta
va bicu dién thong qua cdc céu triic dit Liéu.

C#u tric tudn tu, C#u truc ré nhanh dang ddy 4.
A; Ei] If (€) A:
Else B; Bung
L 4
B; ’:Bl]
Sau khi thue hién [énh A thi thuc hign 1énh B Néu biéu thitc E cb gia tri ding (khac 0)

thi thuc hién A; Néu £ sai thi thuc hién B;

Cau truc I3p vdi didu kién sau:

Do

Cau trac 13p vai didu kign tréc;
While (E) A;

Sai

A;
While (E);

Trong khi bidu thirc E con cé gia tri dang thi

thuc hién A. Thug hién A cho tdi khi ndo E van cdn dong;

Céu truc 13p FOR:
For (E1; E2: E3) E1

A

Thue hién E1 kiém tra £2 néu E2 ¢ gia tri
dung thi thue hign A; qua trinh dgc 13p lai
béing vigc thyc hién £3 va kiém tra €2,
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Trong cdc ngdn ngit lap trinh cau tric, nhiing cdu tric lénh sau
duoc st dung dé xay dung chuong trinh. Di nhién, ching ta s€ khong
ban téi ciu tric nhay khong diéu kien GOTO mac di ngoén ngir lap
trinh cau tric ndo ciing trang bi cau tric 1énh GOTO.

A. B: ky hiéu cho c¢éc cau iénh don hoac lénh hop thanh. Méi lénh
don lé duoc goi 1a mot lénh don, iénh hop thanh 13 iénh hay cau tric
1énh dugc ghép lai v6i nhau theo qui dinh ctia ngon ngi, trong Pascal la
tap 1énh hay ciu tric Iénh duge bao trong than cta Begin ... End; trong
C 1a tap céc 1énh hay cdu tric 1énh duge bao trong hai ky hiéu { ... }.

E. Ei, E2, E3 la cdc biéu thitc s6 hoc hoac logic. Mot s6 ngon ngir
lap trinh coi gid tri cha biéu thic logic hoac ding (TRUE) hoac sai
(FALSE), mot s6 ngon ngit 1ap trinh khdc nhu C coi gid tri clia biéu
thic logic 13 ding néu né cé gid tri khdc 0, nguge lai biéu thic logic
cO gia trl sal.

‘Cén luu ¥ ring. mot chuong trinh duge thé hién bang cdc ciu tric
didu khién lénh: tudn tu, tuyén chon If ... Else, Switch ... Casc ...
Default, lap v6i diéu kién trudc While, lap véi diéu kién sau Do ...
While, vong lap FOR bao gid ciing chuyén duge vé mot chuong trinh,
chi st dung 61 thi€u hai c&u tric lénh 12 tuén tu va lap véi diéu kién
truéc While. Phuong phdp 1ap trinh nay con dugc goi la phuong phip
lap trinh han ché.

1.2.2. Lénh ¢6 cau tric

Lénh ¢6 cdu tric 1a lénh cho phép chiia cdc cau triic diéu khién
trong né. Khi tim hiéu mot ciu tric diéu khién cdn xéc dinh 3 vi tri
dugc phép dar mot cau tric dicu khién trong né, cling nhu nd la mot
phan cha ciu tric didu khién ndo. Diéu ndy tudng nhu rat tam thudng
nhung ¢6 ¥ nghia hét sic quan trong trong khi xay dung va kiém tra
16i c6 thé xay ra trong chuwong trinh. Nguyén tic viét chuong trinh theo
cAu tric: Cdu triic con phai duge viél lot trong ciu tric cha, diém vao
va diém ra cha mdi cfu tnic phai ndm trén cung mot hang doc. Vi du
sau s& minh hoa cho nguyén tdc viét chuong trinh:
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if(E)
while(E1)
A
else
do
B;
while(E2);

Trong vi du trén, while(E1) A; la cdu triic con nim trong than cua
cau tric cha 1a if(E); con do B while(E2) 1a cdu triic con trong than cia
else. Do vay, cau lénh while(El); do ... while(E2) c6 cung cip vdi
nhau nén n6 phai nam trén ciing mot cot, trong tu nhu vay véi A, B va
if véi else.

1.2.3. Cau truc dix liéu

Cdc ngon ngir 14p trinh cdu tnic néi chung déu giéng nhau vé cau
triic 1énh va cau tric dir lieu. Diém khdc nhau duy nhét giita cac ngon
ngif 13p trinh c4u tric la phuong phdp dat tén, cich khai bio, cu phip
cau lénh va tap cac phép todn dugc phép thuc hién trén cdc cau tric dit
liéu cu thé. Ndm bit duge nguyén téc nay, ching ta s& dé dang chuyén
ddi cch thé hién chuong trinh tir ngén ngit 1dp trinh nay sang ngon
ngir 1ap trinh khdc mot cich nhanh chéng ma khéng t6n qua nhidu thoi
gian cho viéc hoc tap ngon ngit 1ap trinh.

Thong thudng, cdc cdu tric dit liéu dugc phan thanh hai loai: ciu
tric dif liéu c6 ki€u co bén (Base type) va cdu triie dir lieu ¢6 kiéu do
nguoi ding dinh nghia (User type) hay con goi 13 kidu dit liéu c6 cau
tréic. Ki€u dit li¢u co ban bao gém: Kiéu ky ti (char), kiéu s6 nguyén
¢6 ddu (signed int), ki€u s& nguyén khong dau (unsigned int), kiéu s
nguyén dai c6 dau (signed long). kiéu s6 nguyén dai khéng dau
(unsigned long), ki€u s& thuc (float) va kiéu s6 thuc c¢é do chinh xdc
gip doi (double).

AN
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Kiéu dir licu do ngudi dung dinh nghia bao gém ki€u xau ki tu
(string), kiéu mang (array), kiéu tap hop (union), kiéu cdu triic (struct),
kiéu file, kiéu con tré (pointer) va cac kiéu dir liéu dugc dinh nghia
méi hoan toan nhu kiéu danh sdch méc néi (link list), ki€u cay (tree)...

Kich c& ctia kiéu co ban déng nghia véi mién xac dinh ciia kiéu
v6i biéu dién nhi phan cta né, va phu thuoc vao timg hé théng miy
tinh cu thé. D€ x4c dinh kich ¢¥ cba ki€u nén ding todn tl
sizeof(type). Chuong trinh sau s€ liét ké kich c& cua cac ki€u co ban.

Vi du 1.1. Ki8m tra kich ¢& cla ki€u

#include <stdio.h>

#include <conio.h>

#include <stdlib.h>

#include <io.h>

void main(void) {
printf(“\n Kich c@ kiu ki tu: %d", sizeof(char));
printf("\n Kich ¢d kiéu ki ty khong ddu: %d", sizeof(unsigned char));
printf{*\n Kich c& kiéu & nguyén khang dau: %d", sizeof{unsigned int));
printf(*\n Kich cd kiéu s6 nguyén co diu: %d", sizeof(signed int));
printf{\n Kich ¢ kiéu s8 nguyén dai khong dau: %d", sizeof{unsigned long));
printf(*\n Kich c@ kiéu s8 nguyeén dai c6 dau: %d”, siz_eof(signed long));
printf(“n Kich cg kiéu s6 thuc c6 db chinh xac don: %d", sizeof(float)).
printf(*\n Kich c& kiéu s& thuc ¢b dd chinh xac kép: %d", sizeof(double));

getch(},

Kich ¢ cha cac kiéu dif licu do ngudi ding dinh nghia Ia tong
kich ¢& cia mdi kiéu thanh vién trong nd. Ching ta cling van dung
todn tir sizeof(tén kidu) dé xdc dinh do I6n tinh theo byte cua cdc kiéu
dit liéu nay.
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Mot diém dac biét chi ¥ trong khi 1ap trinh trén cdc cdu tric di
liéu 1a cau triic dit liéu nao thi phai k&m theo phép todn dé, vi mot bién
dugc goi 1a thuge ki€u di liéu nao d6 néu nhu né nhan mot gid tri tir
miéa xdc dinh clia kiéu va cdc phép todn trén kifu di licu dé.

1.3. NGUYEN LY TOI THILU

Hdy bdt dau tir mot tdp nguyén tdc va t6i thidu cde phuong tién la
cdc cdu triic 1énh, kiéu dit ligu ciung cdc phép todn trén né va thie hién
viét chitong trinh. Sau khi ndm chdc nhitng cong cu vong déu méi dat
vdn dé mo rong sang hé thong thu vién tién ich ciia ngan ngit.

Khi lam quen v6i moét ngon ngi 1ap trinh ndo d6, khong nhat thiét
phai 1¢ thudc qud nhiéu vao hé thong thu vién ham céia ngon ngir, ma
diéu quan trong hon 1 trudc mot bai todn cu thé, chiing ta sir dung
ngon nglt d€ giai quyét né thé ndo, va phuong 4n t6t nhat 12 lap trinh
bang chinh hé thong thu vién ham ciia riéng minh. Do vay, d6i ¥6i cic
ngon ngit 1ap trinh, ching ta chi ¢4n ndm vimg mot s8 céc cong cu téi
thiéu nhur sau:

1.3.1. Tap céac phép toan

Tdp cdc phép todn s6 hoc: + (cOng); - (tr); * (nhan); % (14y phin
du); / (chia).

Tdp cac phép todn sé hoc mo rong:

++a & a=a+1;  //tang gid tri bién nguyén a lén mot don vi;
—a&a=a-|l; // gidm gia tri bi€n nguyén a xudéng mot don vi;
a+=n < a=a+n; //tang gid tri bi€n nguyén a lén n don vj;
a-=n < a=a-n; //giam gid t rj bi€n nguyén a xudng n don vi;
a% =n < a = a%n; // 14y gi4 tri bién a modul véi n;

a/=n ®a=a/mn; //ldy gid tri bién a chia cho n;

a*=n & a=a*n; //lay gid tri bién a nhan véi n;
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Tdp cdc phép todn so sanh: > (16n hon), < (nh6 hon), > = (I6n
hon hoac bing), <= (nho hon hodc bang), == (ding bang), '= (khac).
Qui tic viét duoc thé hién nhu sau:

ifta>b){..} /f néu a lén hon b
ifta<b){..} // néu a nho hon b
iffta>=b){..} // néu a 1én hon hodc bang b
iffa<=b){..} // néu a nho hon hoac bang b
iffa==b){..} // néu a ding bang b
if(al=b) { ..} [/ néu akhac b

Tdp cdc phép todn logic: && (va), Il (hoac), ! (phl dinh)

&&: Phép vi logic chi cho gia tri ding khi hai biéu thic tham gia
déu ¢6 gid tri ding (gid tri ding chia mot biéu thic trong ngoén ngit
lap trinh C duge hiéu 13 biéu thitc ¢6 gia tri khéc 0).

lI: Phép hoac logic chi cho gid tri sai khi ca hai biéu thic tham gia
déu cé gid tri sal.

: Phép phil dinh cho gié tri ding néu biéu thic ¢6 gid tri sai va
nguoc lai cho gia tri sai khi biéu thic ¢6 gid tri ding. Ngit nghia
ctia cic phép todn duge minh hoa thong qua cdc cau lénh sau:
inta=3,b=>5;

if((a!=0) && (b '=0)) // néu a khac 0 va b khac O

if{((a =0} 11 (b '=0)} // néu a khac 0 hoac b khac 0
if('a) // phu dinh a khdc O
if(ta==b) // néu a diing bang b

Cdc todn tir thao tdc bit (khong sir dung cho float va double):
&: Phép hoi cic bit.

|: Phép tuyén cdc bit.
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A: Phép tuyén céc bit ¢6 loai trix.

<< : Phép dich tréi (dich sang tréi n bit gia tri 0)

> > : Phép dich phai (dich sang phdi n bit ¢6 gid tri 0)
~: Phép 1y phan bu.

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) {
unsignedinta =3, b = 5, ¢; clrser{);
c=a&b; printf(""\nc=a &b =%d", ¢);
c=ajbprinti("\nc=a|b=%d" ¢);
c=a’b printf"nc=a*b = %d", c);
€ = ~a; printf("\n ¢ = ~a = %d", c);
€ =a <<b; printf(“\n ¢ = a << b = %d", ¢);
c=a>>b;printf"\nc=a>>b =%d", o

getch();

Todn tit chuyén doi kiéu: Ta cé thé ding todn tir chuyén déi kiéu
dé nhan dugc két qua tinh todn nhu mong mudn. Qui tic chuyén déi
ki€u duoc thuc hien theo qui tic: (kidu) bién.

Vi du 1.3. Tinh gi4 tri phép chia hai s6 nguyén a va b
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>

#include <io.h>
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void main(void)

inta =23, b=5;floatc;
¢ = {float) a / (float) b,
printf(\n thuong c = a /b = %6.2f", ¢,

getch();

Thir tu uu tién cdc phép todn: Khi viét mot biéu thic, ching ta
can luu ¥ téi th ty vu tién tinh todn céc phép todn, cic bing téng hop
sau day phan anh trat tu uu tién tinh todn cta cic phép todn s0 hoc va

phép toan so sénh.

Bang dudi day téng hop thit ty wu tién tinh todn cdc phép todn s6

hoc va so sanh.

Tén toan tur Chiéu tinh toan

00 -> L->R
-, 4, 1~ sizeof() R->L
* % L->R
+, - L->R
> > << L->R
< <= > B L->R
==, 1= L->R
& L->R
A L->R
| L->R
&& L->R
I L->R
7 R->L
=, +=,-=,"= /=, R->L
<o > =

Ghi cha: R (Right): phai; L (Left): trai.
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1.3.2. Tap cic lénh vao ra co ban

Nhap di¥ li¢u it ban phim: scanf(“format_string, ...", &parameter ...)

Nhap dur ligu tir w@p (file): fscanf(file_pointer, "format_string, ...,
&parameter, ...);

Nhan mét ky wr tir ban phim: getch():; getchar();
Nhan mot ky tu tix tép: fgetc(file_pointer, character_name):
Nhap moét string (xau) tir ban phim: gets(string_name);

Nhian mot string tr tép text (van ban): fgets(string_name,
number_character, file_pointer);

Xuat dit liéu ra man hinh: printf("format_string ...”, parameter ...);

Xuat dit liéu ra t&p: fprintf(file_pointer, “format_string ...", parameter ...);

Xudt mot ky tu ra man hinh: putch(character_name);

Xudt mot ky tu ra tép: fputc(file_pointer, character_name):

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

Xuit mot string ra tEp: fputs(file_pointer, const_string_name);
1.3.3. Thao tic trén cdc kiéu dir liéu cé cdu tric
1. Tdp thao tdc trén string

+ Cdch t6 chifc string va cdc thao téc trén string;

char *strchr(const char *s, int c): tim k¥ tit ¢ dau tién xuat hién trong
Xau s;

char "stpcpy(char *dest, const char *src): copy Xau src vao dest;

int strcmp{const char *s1, const char *s2); so sanh hai xau sl va s2 theo thi
t tir dién, néu sl < s2 thi ham tra lai gi4 tri nhd hon 0. Néu
sl > s2 ham tra lai gia tri duong. Néu sl == s2 ham tra lai
gid tr] 0,
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char *strcat(char "dest, const char *src): thém xau src vao sau xau dest.
char *stetwr(char "s): chuyén xau s tir k¥ tu in hoa thanh ky tr in thudng.

char “strupr(char "s): chuyén xau s tir k¢ tu thudng hoa thanh ky
in hoa,

char *strrev(char *s): ddo nguoc xau s.

char *strstr(const char *s1, const char *s2): tim vi tri dau tién clia xau s2

trong xau sl.
int strien(char *s): cho do dai cia xau ky tu's.
2. Tdp thao tdc trén con tro
Thao tac lay dia chi ctiia bién: &parameter_name;
Thao tac 1dy noi dung bién (bién ¢é kiéu co ban): *pointer_name;
Thao tdc tro tdi phan tir tiép theo: ++pointer_name:
Thao tac tro téi phan t thiy n ké tir vi tri hién tai:
pointer_name = pointer_name +n;
Thao tac trd t6i phin tlr sau con trd ké tix vi trf hién tai:
--pointer_name;
Thao tdc trd téi phan tir sau n phan tir ké tix vi tri hién tai:
pointer_name = pointer_name - n;
Thao téc cap phat bd nhd cho con tro:
void *malloc(size_t size); void *calloc(size_t nitems, size_t size);
Thao tac cip phat lai b6 nhé cho con tro:
void *realloc{void *block, size_t size);
Thao tac giai phdng bd nhé cho con trod: void free(void *block);
3. Tdp thao tdc trén cdu tric

Dinh nghia cau tric:
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struct struct_name {
type_1 parameter_name_1;

type_2 parameter_name_2;

type_k parameter_name_k;
} struct_parameter_name;
Phép truy nhép t6i thanh phéan cdu triic:
struct_parameter_name.parameter_name.
Phép gan hai ciu triic cuing kiéu:
struct_parameter_name_1 = struct_parameter_name_2;
Phép tham chiéu t6i thanh phan ctia con tro cu tric:
pointer_struct_parameter_name - > struct_parameter_name.
4. Tap thao tdc trén tép
Khat bdo con tro tép: FILE * file_pointer;

Thao tic md& tép theo mode: FILE *fopen(const char *filename, const
char "mode);

Thao tdc déng t€p: int fclose(FILE *stream);
Thao tac doc tiing dong trong tép: char *igets(char *s, int n, FILE *stream);
Thao tac doc tiing khdi trong tép:
'size_t fread{void "ptr, size_t size, size_t n, FILE *stream);
Thao tdc ghi timg dong vao tép: int fputs(const char *s, FILE *stream);
Thao tac ghi tirng khi vao tép:
size_t fwrite{const void *ptr, size_t size, size_t n, FILE *stream);

Thao tic kiém tra su t0n tai cla t€p: int access(const char *filename, int
amode);

Thao tdac doi tén tép: int rename(const char “oldname, const char
“newname),

Thao tac loai bo t&p: int unlink(const char *filename);



Chuong 1: Dai cuong vé ky thudt 1dp trinh céu tric 27

1.4. NGUYEN LY PIA PHUONG

Cdc bién dia phuong trong ham, thit tuc hodc chu trinh cho di
¢6 tritng 1én voi bién 1odan cuc thi khi xit ly bién dé trong ham
hodc thii tuc van khong lam thay déi gid tri ctia bién toan cuc.

Tén cha cdc bién trong dot cia ham hodc thu tuc déu la

hinh thire.

Moi bién hinh thitc truyén theo tri cho ham hodc thu tuc déu Ia
cde bién dia phuong.

Cdc bién khai bdo bén trong cdc chuong trinh con, ham hodc
thii tuc déw la bién dia phiong.

Khi phdi su dung bién phu nén ding bién dia phwong va han
ché’t0i da viéc su dung bién toan cuc dé trénh xdy ra cdc hiéu
g phu.

Vi du hodn déi gid tri ciia hai s6 a va b sau diy s& minh hoa
hon vé nguyén 1y dia phuong.

Vi du 1.4, Hoan déi gia tri cOa hai bién a va b.

#include <stdio.h>

#include <conio.h>

#include <stdlib.h>

#include <io.h>

inta, b

* Jf khai béo a, b 1a hai bi€n toan cuc.

void Swap(void) {

int a, b, temp; /1 khai bao a, b I3 hai bién dia phuong
a=3b=5; /fgangiatrichoavab
temp = a; a = b; b = temp; /1 d8igiatrictaavab

printf("\n K&t qua thuc hién trong thii tuc a = %5d b = %5d", a, b);
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}

void main{vaid) {
a=1b=8; /1 khéi dau gia tri cho bién toan cuc a, b.
Swap();

printf("\n K&t qua sau khi thurc hién thi tuc a = %5d b = %5d”, a, b);
getch();

Két qua thuc hién chuong trinh:
Két qua thuc hién trong thGituca=5b =3
Két qua sau khi thuc hienthituca=1b=8
Trong vi du trén a, b 1a hai bién toan cuc, hai bién a, b trong thi
tuc Swap 1a hai bi€n cuc bo. Céc thao tic trong thu tuc Swap gdn cho a
gia tri 3 va b gid tri 5 sau d6 thuc hién doi gid trichlaa=5vab=31a
cong viéc xur 1y noi bo caa thi tuc ma khong lam thay déi gia tri cha
bién toan cuc cua a, b sau thi thuc hién xong thi tuc Swap. Do viy, két
qua sau khi thuc hién Swap a = I, b = 8; diéu d6 chitng to trong thu tuc
Swap chua bao gid su dung t6i hai bi€n toan cuc a va b. Tuy nhién,
trong vi du sau, thi tuc Swap lai lam thay d6i gid tri clia bién toan cuc
a va b vi né thao tc truc ti€p trén bién toan cuc.

Vi du 1.5. DG gia tri clia hai bién a va b

#include <stdio.h>

#include <conio.h>

#include <stdlib.h>

#include <io.h>

int a, b; /] khai bao a, b la hai bi€n toan cuc.

void Swap{void) {
int temp; /! khai bao a, b |a hai bién dia phuong
a=3b=5 Hogangidtrichoavab
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temp = a;a = b; b = temp; /i ddigiatrictaavab

printf("\n K&t qua thuc hién trong thil tuc a = %5d b = %5d", a, b):

}

void main{void) {
a=1,b=8; /f khdi dau gia tri cho bién toan cuc a, b.
Swap();

printf(\n K&t qua sau khi thue hién thil tuc a = %5d b = %5d”", a, b);
getch();

Két qua thuc hién chuong trinh:
K&t qua thuc hién trongthlituca=8b =1
Ké&t qua sau khithuc hignthituca=1b=8

1.5. NGUYEN LY NHAT QUAN

o Dit liéu thé ndo thi phdi thao tdc thé dy. Can sém phdt hién
nhitng mdu thudn giita cdu triic dit liéu va thao tde dé kip thoi
khdc phic.

Nhu ching ta da biét, kiéu 12 mot tén chi tap cdc doi tugng thude
mién xdc dinh cling véi nhiing thao tic trén né. Mot bién khi dinh
nghia bao gid cling thudc mot kiéu xdc dinh nao dé hoac 1a kiéu co
ban hoic kiéu do ngudi ding dinh nghia. Thao tdc véi bi€n phu thudc
viio nhifng thao tdc duge phép cha kiéu. Hai kiéu khic nhau duge phan
biét boi tén, mién xdc dinh v cic phép toan trén kiéu dir lieu. Tuy
nhién, trén thuc € ¢6 nhiéu 16i nhap nhang gita phép toan va ciu tric
dit liéu ma chiing ta cdn hiéu rd.

Déi véi kiéu ky tu, vé nguyén tac chiing ta khong duge phép thuc
hién cdc phép toan s6 hoc trén né, nhung ngoén ngi C luén dong nhat
gitta Ky tu vdi s6 nguyén cé d6 16n 1 byte. Do vay, nhiing phép toin so
hoc trén cdc ky tu thuc chat la nhiing phép fodn s6 hoc trén cdc 56
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nguyén. Chang han, nhimg thao tic nhu trong khai bdo duéi day Ia
dugc phép:

charx1="A", x2="2]

x1={x1+ 100} % 255;

X2 = (x2-x1) %255;

Mic du x1, x2 dugce khai bdo 12 hai bién kiéu char, nhung trong

thao tac:

x1 = (x1+ 100) % 255;

X2 = {x2 +x1) % 255;

Chwong trinh dich s& tr dong chuyén ddi x1 thanh ma cha ky tu
‘A’ 1a 65, x2 thanh mi ky tu ‘z’ 1a 122 d¢€ thuc hién phép todn. Két qua
nhéan duge x1 1a mét ky tu ¢6 ma la (65+100)%255 = 165; x2 la ky tu
c6 ma la 32 ung véi ma chia k¥ tu tréng (space).

Chiing ta ¢4 thé thuc hién duoc cdc phép todn s6 hoc trén kidu int,
long, float, double. Nhung d6i véi int va long, ching ta can dac biét
chi y phép chia hai s6 nguyén cho ta mét s6 nguyén, tich hai s6
nguyén cho ta mot s6 nguyén, téng hai s6 nguyén cho ta mét s6
nguyén mdc di thuong hat s& nguyén la moét s6 thuc, tich hai s§
nguyén hodc téng hai s6 nguyén cé thé 1a mot s8 long int. Do vay,
mudn nhan duge két qua ding, ching ta cdn phai chuyén déi cic bién
thuoc cing mot kiéu trude khi thire hién phép todn. Nguoc lai, ta
khong thé 1ay modul ctia hai s& thuc hoac thuc hién céic thao téc dich
chuyén bit trén nd, vi nhitng thao tic dé khong nim trong dinh nghia
cla kiéu.

Diéu tuong tu ciing xay ra vai cic string. Trong Pascal, phép todn
so sdnh hai string hodc gén truc tiép hai record ciing kiéu véi nhau la
dugc phép, vi du: strl > str2, strl:= str2; Nhung trong C thi cac phép
todn trén lai khong duoc dinh nghia, néu mudn thuc hién né, ching ta
chi ¢6 cach dinh nghia lai hoac thyc hién nd théng qua cdc 101 goi
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ham. Vi du don gidn sau s&€ minh hoa cho nhimg 161 thudng xay ra su
nhap nhang gilta phép todn va ciu tric dif lieu.
Vi du 1.6. Viét chuong trinh tinh téng, higu, tich, thuong cla hai s6 nguyén
avab.
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
long int tong(int a, int b} {
return(a+b);
}
int hieu(int a, int b) {
return{a-b);
}
long int tich{int a, int b) {
return{ab);
}
float thuong(int a, int b) {
return{asb);
}
void main{void) {
int a = 30000, b = 20000; // khai bao va gan gia tri hai s6 nguyén a, b
printf("\n Téng hai s6 nguyén a + b = %Id", tong(a, b));
printf{*\n Hiéu hai s6 nguyén a - b = %d”, hieu(a, b));
printf(*\n Tich hai 86 nguyén a * b = %ld", tich(a, b));
printf("\n Thuong hai s6 nguyén a / b = %f", thuong(a, b));
getch(};
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Chuong trinh don gian dugc thé hién hét sic hoan hio, nhung
ngudi lap trinh khong ngd ring két qua lai hién thi sai nhu dudi day:
Téng hai s6 nguyén a + b = 1229648
Hiéu hai s8 nguyén a - b = 10000
Tich hai 56 nguyén a * b = 1197568
Thuong hai s& nguyén a / b = 1.000000

Trong vi du trén, ham tong(30000, 20000) cho ta mot sO unsigned
int 12 gid tri 12 tong clia hai s6 nguyén duong, vi tong cla hai s6
nguyén duong cé thé vuot qud kich c¢& kiéu int dé tré thanh mot so
unsigned int, diéu d6 cling xay ra tuong tw d6i vt ham tich(30000,
20000); Do d6, viéc thuc hién viéc gin mot s nguyén duong thé nay
s€ cho ta k&t qua khong mong muén.

Véi ham thuong(a, b) thi hoan toan nguoc lai d6i véi mot s& ngon
ngil (C, C++). Khi chiing ta phat bi€u thuong ciia hai s6 nguyén duong
12 mot s6 thue duoc tinh 1a a/b (b = 0), nhung trong thuc t€ chuong
trinh dich cla C lai hiéu thuong clia hai s6 nguyén cho ta két qua la
mot s& nguyén, do d6 ching ta nhan dugc két qua khong mong mudn.
Giai phdp dé khic phuc mau thuln giita cau tric d liéu va thao tic
trén cfu tric dit liéu c6 thé thuc hién bing cich chuyén déi kiéu ciia
doi truyén cho ham nhu phién ban sau.

Vi du 1.7. Viét chuong trinh tinh t8ng, hiéu, tich, thuong cla hai sd nguyén
avab.

#include <stdio.h>

#include <conio.h>

#include <stdlib.h>

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

}

int higu(int &, int b} {
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return(a-b);

}

long int tich(int a, int b} {
return{{long) a * (long) b);

}

float thuong(int a, int b) {
float k;
k = {float) a / (float} b,
return{k);

}

void main{void) {
int a = 30000, b = 20000, ~ /f khai bao va gan gia tri hai s& nguyén a, b
printf(“\n T8ng hai s6 nguyén a + b = %Id", tong(a, b))
printf(\n Hiéu hai 86 nguyén a - b = %d", hieu(a, b)),
printf("\n Tich hai s& nguyén a * b = %Id", tich(a, b));
printf{(\n Thuong hai s& nguyén a/b = %f", thuong(a, b)),
getch();

K&t qua thuc hién chuong trinh:
Téng hai s6 nguyén a + b = 50000
Hiéu hai s6 nguyén a - b = 10000
Tich hai s6 nguyén a * b = 600000000
Thuang hai s6 nguyén a/b = 1.500000
Tém lai, cdn ndm vimg nguyén tic, dinh nghia va nhiing qui dinh
riéng clia ngon ngit cho timg kiéu dit liéu va cdc phép todn trén né dé
dam bdao tinh nhit quan trong khi xu 1y dit ligu.
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1.6 NGUYEN LY AN TOAN

o Loi ndng nhdt ndm & mikc cao nhdt (mitc ¥ d6 thiét ké) va ¢
mitc thdp nhdt thii tuc phdi chiu tdi lém nhdt.

o Moi l6i, du la nhd nhdt ciing phdi duoc phdt hién & mét budc
nao dé cua chuong trinh. Qua trinh kiém tra va phdt hién 16i
phai duoc thuce hién trudce khi 16i dé hoanh hanh.

Céc loai 16i thudng xay ra trong khi viét chwong trinh ¢é thé duoc
téng két lai nhu sau:

Loi duge thong bace béi tir khoa error (16i et phap): loai 15i nay
thudng xay ra trong khi soan thao chuong trinh, ching ta cé thé viét
sal cdc tir khod vi du thay vi viét 1 inf ching ta soan thao sai thanh Int
(16i chit in thudng thanh in hoa), hoac viét sai cii phdp cdc biéu thic
nhu thi€u cic ddu ngoac don, ngoac kép hoac ddu chdm phay khi két
thic mot [énh, hodc chua khai bdo nguyén miu cho ham.

Loi duge thong bao bdi tir khoa warning (16i canh bio): 161 nay
thudng xay ra khi ta khai bdo bién trong chuong trinh nhung lai khong
su dung tGi chiing, hoac 181 trong cic biéu thitc kiém tra khi bién duoc
kiém tra khong xdc dinh duge gi4 tri chia nd, hoac 15i do thi ty wu tién
cdc phép todn trong biéu thiic. Hai loai 1i error va warning dutge thong
bdo ngay khi dich chuong trinh thanh tép *.OBJ. Qua trinh lién két
(linker) cdc file *.OBJ d¢ tao nén file chuong trinh ma may *.EXE chi
dugc tiép tuc khi ching ta hiéu dinh va khir bd moi 16i error.

Loi xdy ra trong qua trinh lién két (linker): 15i nay thudng xuat
hi¢n khi ta sir dung t61 cic 131 goi ham, nhung nhitng ham d6é méi chi
ton tai dudi dang nguyén mau (function prototype) ma chua duge mo
ta chi ti€t cic ham, hoac nhitng 15i ham goi chua ding véi tén cia nd.
Lbi nay duge khic phuc khi ta b6 sung doan chuong trinh con mé ta
chi ti€t cho ham hoac sira doi lai nhitng 101 goi him trong 1ng.
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Ta quan niém, 16i ci phép (error), 16i cnh bdo (warning) va 16i
lien két (linker) 12 16i tAm thudng vi nhimg 161 nay da dugc trinh bién
dich (Compiler) cia cdc ngon ngit lap trinh phdt hién duge. D€ khac
phuc cdc 16 loai ndy, ching ta chi cén phai doc va hiéu dugc nhiing
thong bdo 16i thudng duge viét bang tiéng Anh. Ciing cén phai luu y
ring, do mitc do phic tap clia chuong trinh dich nén khong phai 16i
nao ciing duoc chi ra mot cdch tudng minh va chinh xdc hoan toan tat
noi xudt hién 16i.

Loai 16i cudi cing ma cic trinh bién dich khong thé phdt hién ndi
d6 12 16i do chinh lap trinh vién gay nén trong khi thi€t k€ chuong trinh
va xir 1y dir licu. Nhiing 16i nay khong dugc compiler thong bdo ma nd
phai tra gid bing qu4 trinh ty kiém tra thir (test) hoac ching minh dugc
tinh ding ddn cfia chuong trinh. L3i c6 thé ndm & chinh ¥ 40 thiét ke,
hoac 16i do khong ludng truse duge tinh chdt cla mbi loai thong tin
vi1o. Vi du sau minh hoa cho 16i thudng xay ra thudc loai nay.

Vi du 1.8. Tinh téng hai da thic A bac n, da thic 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 ¢) {
inti;
printf("\n Da thirc %c: ", c);
for(i=0; i <n; i++)
printf("%6.2f", Afi]);
}
void Init{dathuc A, int "n, dathuc B, int *m) {

int i; float temp;
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printf("™\n Nhap n = "); scanf("%d", n); *n = *n+1;
printf(™n Nhap m = ); scanf("%d", m); *m = *m+1;
printf(™in Nhap hé s8 da thirc A: ")
for(i=0;i<*n; i++) {
printf("in A[%d] =", i}; scanf("%f", &temp);
Ali] = temp;
}
printf("\n Nhap hé sé da thirc B: ");
for(i=0; i < *m; i++) {

printf("\n B[%d] = ", i}; 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) {
int i, k;
n>=m){
k=n;

for(i = 0; i <m; i++)
Clil = Afi]+Bli];
for(i=m; j<n;i++)
Clil = Ai};
In{C, k, 'C");

eise {
k=m;
for(i=0;i<n; i++)

Cli] = Ali]+BI(il;
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for{i = n; i < m; i++)

Cfi] = Bil;
in{C, k, 'C')
}
}
void main(void) {
dathuc A, B, C;
intn, m,

Init(A, &n, B, &m),
Tong(A, n, B, m, C);

Trong vi du trén, chiing ta sit dung dinh nghia MAX = 100 d€ gidi
quyét bai todn. MAX duoc hiéu 13 bac clia da thic 16n nhit ma ching ta
can xUr 1y. Nhu vay, ban than viéc dinh nghia MAX da han ché téi pham
vi bai todn, han ch& d6 ciing c6 thé xuat phat tir § do thiét ke, Do vay,
néu ngudi st dung nhdp n > MAX thi chuong trinh s€ gap 16i. Néu
ching ta khic phuc bing cdch dinh nghia MAX di 16n thi trong trudng
hop xir 1Y céc da thiic ¢é bac n nhd s& gy nén hién tugng lang phi bd
nhd, va trong nhiéu trudng hop khong dii bo nhé d€ dinh nghia da thic.
Giéi phap khidc phuc céc 16i loai nay la ching ta sit dung con tro thay
cho céc hiing, k¥ thuat nay sé dugc thao luan k¥ trong Chuong 2.

1.7. PHUGNG PHAP TOP-DOWN (TU TREN XUONG)

o Qud trinh phan tich bai todn dugc thic hién tix trén xuong
duoi. Tie vén dé chung nhdt dén van dé cu thé nhat. Tw mik
trivu twgng mang tinh chdt tong quan 16i mitc don gidn nhdt la
don vi chuong trinh.

Mot trong nhitmg nguyén 1y quan trong cla l4p trinh cfu tric 13
phuong phép phan tich t trén xu6ng (Top - Down) v6i quan diém
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“thdy cay khong bang thdy rimg”, phai ditng cao hon d€ quan sét téng
thé khu rimg chit khong thé ding trong rimg quan st chinh nd.

Qud trinh phan ra bai todn duge thuc hién theo timg muc khic
nhau. Mitc thap nhat duge goi 1a muc tong quan (level 0), mitc tdng
quan cho phép ta nhin tng thé hé théng thong qua cic chitc nang ciia
nd, ndi cich khdc mitc O s& tra 10i thay cho cau héi “He théng c6 thé
thuc hién duge nhiing gi?”. Mic tiép theo 1a mitc cac chifc ning chinh.
O mic nay, nhimng chic nang cu thé duoc mo 1d. Mot hé thong c6 thé
duge phan tich thanh nhiéu mdc khéc nhau, mic thap dwge phép sir
dung cic dich vy ciia miic cao. Qud trinh phan tich ti€p tuc phan rd hé
thong theo timg chitc niang phu cho téi khi nio nhan dwogc muc cic don
th¢ (UNIT, Function, Procedure), khi d6 ching ta tién hanh cai dat
hé thong.

Chiing ta s€ lam 5 hon titng miic cha qué trinh Top-Down thong
qua bai toan sau:

Bai todn: Cho hai s6 nguyén c6 biéu dién nhi phan 1a a = (a,, a,,
wa @), b=(b, by, .., b)a,b=01i=12,..n Hay xay dung tap
céc thao tac trén hai s6 nguyén dé.

Miic tdng quan (level 0):

Hinh dung toan bo nhiing thao tic trén hai s6 nguyén a = (a,, a,,
» @), b= (by, by, .., b,) v6i ddy di nhiing chitc nang chinh cia né. Gia
sir nhu‘ng thao tic d6 bao gém:

Fl - Chuyén déi a, b thanh cdc sé nhi phan
F2 - Tinh tdng hai s6 nguyén: a + b;

F3 - Tinh hiéu hai s8 nguyén: a - b;

F4 - Tinh tich hai s6 nguyén: a * b;

F5 - Thuong hai $6 nguyén: a/b:

F6 - Phan du hai s6 nguven: a % b:
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F7 - Udc s6 chung 1én nhat cua hai s nguyén.

Mifc 1. Mitc cic chirc nang chinh: mdi chic nang cdn mo ta day
dii théng tin vao (Input), thong tin ra (Output), khudn dang {Format)
va cdc hanh dong (Actions).

Chiie nang F1: Chuyén doi a, b thanh cic s6 & hé nhi phan

Input a: integer,;
Output : a={a, a, .... a4, {* khai trién co s6 b bat ky *)
Format : Binary(a),
Actions
Q=nk=0;
while Q= 0
begin
a, = qmodb;
g =qdivb;
k =k +1;
end,

< Khai trién cd s8 b clia a 1a (a4, 8ca, - - Ay, ) >,

EndAction;

Chitc nang F2: Tinh tong hai s6 nguyén a, b.

Input:
a={ay, Ay .... 3y}
b=(b,, bs ... by}
QOutput:
c=a-+b;

Format: Addition(a, b);
Actions
c=0;

forj=0ton-1do
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begin
d=(a +b+c)div 2

c=d;

< Khai trién nhj phan cia téng I (s,s, ,...;, So), >
EndAction;

Chire nang F3: Hiéu hai s nguyén a, b.

input:
a=(a,, a, ..., a,),
b=(b, b, ., b,
Output:
c=a-b;

Format: Subtraction(a, b);
Actions
b=-b;
¢ = Addition(a, b);
return(c);
EndAction;
Chire ning F4: Tich hai s6 nguyén a, b.
Input:
a={(ay,a, .., a,),
b={b, by ., b}
Output:
c=a"b;
Format: Multual(a, b);

Actions
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forj=0ton-1 dlo
begin
ifb,=1thenc =a <<j
else ¢, = 0;
end;
(" cq, Cy, ..., Cp.y l& CAC tich riéng *)
p:=0
forj=0ton-1do
p = Addition{p, ¢,
return(p);

EndAction;

Chic nang F5: Thuong hai s& nguyén a, b.

Input:
a=(ay a, .. a,),
b={b,b, .., bk
Output:
¢ =adivb,

Format: Division{a, b},
Actions
c=0;
while{a > = b) do
begin
c=c+1;
a = Subtraction{a, b};
end;
return{c};

EndAction;
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Chic nang F6: Modul hai s6 nguyén a, b.

Input:
a={a, a, .., a,}
b=(b, b, .., b
Output;
¢ =amod b;

Format: Modulation(a, b);
Actions
while (a > =b) do
a = Subtraction{a, b);
return(a);

EndAction:

Chiic nang F7: Udc s5 chung 16n nhit hai s6 nguyén a, b.

Input;

a=(aya, .., a,),

b=(by, by, ... b.);
Output;

¢ = USCLN(a, b}
Format: USCLN(a, b);
Actions

while (a= b} do

b = Subtraction{(b, a);

begin
if a > b then
a = Subtraction(a, b)
else
return{a);

EndAction;
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DE ¥ rang, sau khi phan ri bai toan & mic 1, chiing ta chi cin xay
dung hai phép toan co ban cho cdc s6 nguyén a va b, dé 1a phép tinh
cong va phép tinh nhan cac so nhi phan ctia a va b. Vi hiéu hai s6 a va
b chinh 13 tong s6 cua (a, -b). Tuong tu nhur vay, tich hai s6 a va b
dugc biéu dién béng téng clia mot s6 lin phép nhan mot bit nhi phan
cua vdi a. Phép chia va 1ay phin du hai s6 a v b chinh 13 phép trir
nhiéu lan s& a. Phép tim USCLN ciing twong tu nhu vay.

Dai vai cac hé thong 16n, qud trinh con duge mo ta tép tuc cho téi
khi nhan dugc mic don vi chuong trinh. Trong vi du don gian nay,
muc don vi chuong trinh xudt hién ngay tai mitc 1 nén chdng ta khong
cdn phan rd tiép nita ma dimng lai dé cii dit hé théng.

1.8. PHUONG PHAP BOTTOM - UP

o Di ur cdi riéng 160 cdi chung, tr cdc dér twong thanh phdn ¢
mifc cao 0 cde doi tugng thanh phan o miic thdp, tit nuic don
vi chuong trinh 157 miic tong thé, tx nhimg don vi dd biét ldp
ddt thanh nhitng don vi mdi.

Néu nhu phuong phdp Top - Down ia phuong phédp phan r vin dé
mot cdch c6 hé thong tir trén xudng, dugc ing dung chu yéu cho qui
trinh phan tich va thiét hé thong, thi phuong phdp Bottom - Up thudng
dugce sit dung cho qua trinh cai dat hé théng. Trong vi du trén, ching ta
s€ khong thé xay dung dugc chuong trinh mot cich hoan chinh néu
nhu ta chua xay dung dugc cic ham Binary(a), Addition(a, b),
Subtraction(a, b), Mulual(a, b), Division(a, b), Modulation(a, b),
USCLN(a, b). Chuong trinh sau thé hién qua trinh cai dit chuong trinh
theo nguyén ly Bottom - Up:

#include <stdio.h>
#include <math.h>

#include <conio.h>

#include <stdlib.h>
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#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) {
inti, k=1,
for(i=15;i>=0;i-){
if(a & (k << i)
printf("%2d", 1);
else )
printf("%2d", 0);
}
printf{"\n"); detay(500);
}
int bit(int a, int k) {
intj=1,;
if(a & {j <<K))
retum{1);
return{0);
}
int Addition(int a, int b) {
intdu, d,s,j,¢c=0;
du=0;
for(j = 0; j <= 15; j++) {
d = (bit(a, j) + bit(b, j) +du)/2;
s = bit(a, j+bit(b, j* du - 2*d;
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c=c|(s<<j)
du=d,
}
return(c);
}
int Multiak(int a, int b) {
intc,j,p=0;
for(j =0;j<=15; j++) {
¢ = bit(b, j);
iflc == 1}{
c=a<<j

p = Addition(p, ¢);

}
elsec =0;
}
return(p),
}
int Subtraction(int a, int b) {
int c;
=-b;

¢ = Addition(a, b}; return{c);
}
int Modul(int a, int b} {
while(a > = b)
a = Subtraction(a, b);
return{a),

}

int Division(int a, int b) {
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intd=0;
while{a > = b) {
a = Subtraction(a, b);
d++:

}

return{d);
}
int USCLN(int a, int b) {
while{a 1= b} {
ifta > b) a = Subtraction{a, b);
else b = Subfraction(b, a);
}
return{a);
}
veoid main{void) {

int a, b, key, control = 0,

do{
clrser(},
printf("\n Tép thao tac vi s6 nguyén”);
printf("\n 1 - Nhap hai sé a, b");
printf{"™\n 2 - S8 nhj phan clia a, b");
printf("™n 3 - Tdng hai s a, b");
printf("\n 4 - Hiéu hai s6 a, b");
printf("\n 5 - Tich hai s6 a, b");
printf("\n 6 - Thuong hai s6 a, b");
printf{"™\n 7 - Phan du hai s6 a, b");
printf("™\n 8 - USCLN hai s8 a, b");
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printf("\n 0 - Trd vé");
key = getch();
switch{key) {

case ‘1" Init{&a, &b}; control = 1; break;
case ‘2"
if(control} {
Binary(a); Binary(b);
}
break;
case '3"
if(control)
printf("in Téng a + b = %d", Addition(a, b));
break:
case '4"
ificontrol}
printf("\n Hiéu a - b = %d", Subtraction(a, b)),
break;
case 'S"
if(control)
printf("n Tich a * b = %d", Multial(a, b));
break;
case '6"
if(control)
printf("\n Chia nguyén a div b = %d", Division(a, b}};
break;
case'7"
if(control)

printf("\n Phan du a mod b = %d", Modul(a, b});
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break;
case '8"
if(control}
printf("\n Udc s6 chung Ién nhat: %d", USCLN(a, b));

break;

}

delay(1000);

} while{key !="0"};
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1.1
1.2,

1.3.

1.4.

1.6.
1.7.

1.8.

1.9.

L10.

BAI TAP CHUGNG 1

Viét chuong trinh giai phuong trinh bac 2.

Tim cdc nghiém nguyén duong cia hé phuong trinh:
X+Y+7Z=100

5X+3Y+7Z/3=100

Cho s& tu nhién n. Hay tim tdt ca cac bo 3 cdc s6 tu nhién a, b,
csaochoa’ +b*=c’trongdéasb<c<n.

Cho s6 ty nhién n. Hiy tim céc s6 Fibonaci nho hon n. Trong
d6 cic so Fibonaci dugce dinh nghia nhur sau:

U“ = 0.; U| = l., Uk = Uk-l + Uk-E; k = 1, 2.,

Chitng minh ring. vdi moi s6 nguyén duong N, 0 < N < 39 thi
N2 + N + 41 1a mot s6 nguyén 16. Diéu khang dinh trén khong
con ding véi N > 39.

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

Cho s6 tu nhién n. Hiy tim tat ca cdc s6 nguyén t6 nho hon n
bang phuong phip sang Estheven.

Cho s6 tu nhién n. Ding phuong phdp sang Estheven dé tim 4
s6 nguyén 16 bé hon n ndm trong cung bac chuc (vi du: 11, 13,
15, 17).

Cho s6 tu nhién n. Hay liet ke tit ca cic cap s6 p, 4p + 1 déu la
s6 nguyén t& nho hon n. Trong d6 p cling 1a s6 nguyen 6 nho
hon n.

Hay liet ké tdl cd cdc s6 nguyén t6 ¢d 5 chif s6 sao cho tong s6 cic
chif s& trong 6 nguyén 16 dé ding bang S cho trude 1 <8< 45.
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L11.

1.12.

I.13.

1.14.

1.15.

1.16.

1.17.

1.18.

Mot s6 dugc goi la s6 Mersen néu né 12 s6 nguyén t6 duge biéu
dién dusi dang 2" - | trong d6 P ciing 1a mot s& nguven 16. Cho
0 tu nhién n, tim tat ca cac s6 Mersen nho hon n.

Cho $6 ty nhien n. Hay phan tich n thanh tich cdc thita s6
nguyeén 6. Vidu [2 = 2%2%3,

Hai 50 tu nhién a, b duge goi 12 “hiru nghi” néu 8ng cic udc s6
thye su cia a (ké cd 1) bing b va nguoc lai. Cho hai s6 tu nhién
P, Q. Hay tim tdt ca cdc cap s6 hitu nghi trong khodng [P, Q.

Cho s6 tr nhién n. Hay tim tat ca cdc s6 1, 2. ..., n sao cho cic
sO tring v&i phin cudi binh phwong chinh né (Vi du: 6° = 36,
257 = 625).

Mot s6 tu nhién duge goi 1a s6 Amstrong néu tdng céc liy thira
bac n cua céc chit s6 cua nd bang chinh s6 d6. Trong d6 n 1a s6
cac chit s6 (Vi dy 133 = 1' + 2' + 3%). Hay tim t4t ca cic s0
Amstrong gom 2, 3, 4 chit so.

Mot s6 tu nhién 14 Palindrom néu céc chit s6 cia né viét theo
th ty nguoc lai thi s6 tao thanh 1a chinh s6 d6 (VI du: 4884,
393). Hay tim:

- Tat ca cdc s6 ty nhién nho hon 100 ma khi binh phuong lén
thi cho mot Palindrom.

- Tat ca cic s6 Palindrom bé hon 100 ma khi binh phuong
1én chiing cho mot Palindrom.

D¢ ghi nhdn cho nhimg chiéc ghé trong mot gidng dudng, ngudi
ta st dung 4 ky tu, ky ty ddu tién 12 mét chit cdi in hoa, ba ky tu
ti€p theo 1a mot s6 nguyén duong khong vuot qua 100. Hoi
bang cich d6é ¢6 nhiéu nhit bao nhiéu chiéc ghé dugc dénh
nhéan va d6 1a nhitng nhén nao.

Dy an ddnh s6 di¢n thoai cia Bang Florida duoc qui dinh nhu
sau. Trong du an danh s6 dién thoai gom 10 chir s6 duoc chia
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1.19.

thanh nhém: ma ving gdm 3 chit s, nhém ma chi nhanh gém 3
chit $6 va nhém ma mdy géom 4 chir $6. Vi nhiing nguyén nhan
k¥ thuat nén c6 mot s6 han chd doi voi cac chif s6. gid st X
biéu thi cdc chif 6 nhan gid tn tr $ dén 9. Y 1a cdc chit 56 nhan
gid tri hoac 0 hoac Ia 1. N i cac chir 56 ahan gia iyt 2 dén 9,
Hoi v6t cach ddnh 50 dang NYX NINX XXXX va NXX NxX
XXXX s& c6 bao nhiéu so dién thoai khdc nhau. In ra man hinh
va ghi lai vao 1&p DT.TXT s6 dién thoai cia ving c6 md 200,
mi chi nhanh 250 va s6 dién thoai bit ddu 1a s6 9. Mdi s6 dién
thoai dugc ghi trén mot dong, mdi dong duge ghi fam 3 phan
(M3 viing, mi chi nhdnh, s6 dién thoai) méi phan phan bigt véi
nhau boi mot hoac va dau tréng.

S8 cac mdy chit cia mot trung tam may tinh duge biu dién nhu
mot xau bit nhi phan cé do dai k (khong ké xau réng). S cic
may tinh cé thé quan 1V dugc cla mdt mdy chu trong Trung tam
mdy tinh dwoc hi€u 12 mot xau bit nhi phan c¢é d6 dai n, méi
xau bit nhj phan cé do dai k + n bit nhi phan dwge hiéu 1a dia
chi truy nhap téi mét may chii nao dé ciua Trung tam mady tinh.
Trong 46, k bit dau la dia chi may chi, n bit cudi la dia chi cua
mAy tram. Hoi mang c6 thé lién két duge toi da la bao nhicu
may tinh néu Trung tam ding k mdy chu va moi mdy chu c6
thé lién két duoc n mdy tinh thanh phan. in ra man hinh va ghi
lai két qua dia chi cla cdc mdy tinh thanh phin ma méi mdy
chi quan Iy vao tép KETQUA.TXT trong d6: dong thif nhat ghi
lai hai s6 k vi n mdi s6 dude phan cich béi mot hodc vai diu
trong, cic dong tiép theo ghi lai dia chi cha timg mdy tinh. Vi
du vdi k =2, n =4, t¢p KETQUA.TXT c¢6 dang nhu sau:

2 4

01 0000 11 0000

01 0001 11 0001

01 0010 11 0010
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01 0011 11 0011
01 0100 11 0100
01 0101 H 0101
01 0110 1§ 0101
01 Otit 11 0111
01 1000 11 1000
01 1001 11 1001
01 1010 11 1010
01 1011 11 1011
01 1100 Il 1100
01 1101 I3 1101
01 1110 11 1110
01 1111 11 1111

1.20. Cho xau ki tr ¢6 dang mm/dd/yy (thang, ngdy, nam). Hay biéu

1.21.

dién biéu thitc ngdy thang nam thanh s6 nguyén 2 byte trong dé
7 bit ddu tién bi€u dién gia tri hai s6 cudi cha nam (00-99), 35 bit
ti€p theo bi€u dién gid tri cha ngay (00-31), 4 bit cudi ciing bidu
dién gid tri ciia thang. Vi du bidu thic “12/31/99” dwoc chuyén
thanh s6 nguyén ¢6 biéu dién nhi phan “1100.11111.1100011".

Cho t¢p dir licu TEXT.TXT duoc t6 chic thanh ting dong, do
dai 16t da cia mbi dong la 80 ki tu. K¥ thuat ma hoa tuyén tinh
1a phuong phap bién d6i ma cua cdc ki tu tir [a .. z]. [A .. Z)
thanh mot ki tw méi ma ma cia né cong thém véi mot hing s6 k
cho truée. Qud trinh giai ma duoe thuc hién nguoc lai. Hay viét
chuong trinh mo ta phuong phdp ma hod va giai ma tuyén tinh
tép dir ligu TEXT. TXT. Qua trinh mi hod dugc ghi lat trong tép
MAHOA TXT, qud trinh gist m3 ghi lai trong tép
GIAIMA. TXT.
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1.22.

1.23.

1.24.

1.25.

Cho t&p dit lieu TEXT.TXT dugc t6 chic thanh timg dong, do
dai 161 da ctia méi dong 1a 80 ki tw. K§ thuat ma hod chan l¢ la
phuong phdp bién d6i ma cha cdc ki tu [a. . z], [A .. Z]. Trong
d6, néu ki tu c6 s cic bit 1 1a 1€ ta bo sung thém mot bit c6 gid
tri mot vao bit s6 7 clia ki tu dé ki tu trd thanh chan. Qua trinh
gidi mi duoc thuc hién nguge lai. Hay viét chuong trinh mo ta
k¥ thuat ma hoa chin & tép dit liéu TEXT.TXT. Qua trinh ma
hod duoc ghi lai trong €p MAHOA.TXT, qud trinh giai ma ghi
lai trong tép GIAIMA . TXT.

Cho tép dir lieu TEXT.TXT duge t6 chiic thanh timg dong, do
dai t6i da ctia mdi dong 1a 80 ki tu. K¥ thuat ma hod Caresa la
phuong phép bién déi ma clia cac ki tu [A .. Z] thanh mot 6 O
hé co s6 26, 1Ay s6 nhan duge cong thém véi mot hang s6 k cho
truGe va 14y modul véi 26, 1dy s6 nhan duoc dich nguoge lai
thanh ki tu dé c6 dugc mot ban mi hoa chinh thic. Qua trinh
gial md dugc thuc hién ngugc lai. Hay viét chuong trinh mo ta
k¥ thuat mi hoa Caresa tép dit liéu TEXT.TXT. Qua trinh ma
hod dugc ghi lai trong tép MAHOA.TXT, qud trinh giai ma ght
lai trong tép GIAIMA.TXT.

Cho hai s6 nguyén duong a, b bit ky duoc nhap tr ban phim.
Hay viét chuong trinh thuc hién nhitng thao tdc sau trén hai s6
nguyén:

- Chuyén déi a. b thinh cic s& & hé co s6 p batky (1< p < 16);
- Tim t6ng hai s6 nguyén a, b theo thuat toin cong;

- Tim tich hai s6 nguyén theo thuét todn nhan,;

- Tim wdc 6 chung 16n nhat cha a va b theo thuat todn Oclit;
Cho byte ki tr C bat ky dugc nhap tir ban phim Ce[*A’ .. °Z’)

wf‘a’ .. ‘z’}. Hay viét chuong trinh thuc hién nhimg thao tac sau
trén byte ky w:
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1.26.

1.27.

In ra ma cua ki tu C;

Mot byvte k¥ 1 duoc goi 12 byte chin néu téng 6 céc bit ¢
gia tri 1 trong né la chin, mot byte dugc goi 1a 18 néu téng
s0 cdc bit 1 trong n6 la 1é. Hiy ki€ém tra tinh chén 1¢ cha
byte ky tr C:

Ky thuat ma hoa chén 1é cho cic ky tu duge thuc hién trén
cac byte ky tu lé bing cich bo sung gid tri 1 vao bit s6 7 clia
ky tu d€ cho byte ky tv tré thanh chin. Hay ma hod k¥ tw C
theo k¥ thuat chan 1é (parity);

K thuat gidi ma parity duge thyc hién trén cdc byte chdn
ma bit $6 7 ctia nd ¢6 gid tri 1. Hay thuc hién gidi ma ky tu
C di dugc ma hod trude dé.

Cho hai xau ki tu strl, str2 bat ky dugc nhap tir ban phim. Hay
thuc hi¢n nhitng thao tic sau trén hai xau ky tu:

Tim céch loai bo cic ky tu tréng (space), nhitng ky tu xuat
hién hon mét tdn trong méi xau dé€ nhan duge hai xau ky tu
mdi khong chita ky tu tréng (space), khéng cé hai ky tu
giong nhau trong méi xau.

Tim giao ca hai xau strl, str2 theo dinh nghia tap hop.
Tim hi¢u cha hai xau strl, st theo dinh nghia tap hop.
Tim hgp ctia hai xdu strl, str2 theo dinh nghia tap hop.
Sap x&p hop cia hai xau theo t ty ting dan.

Tim ki e X bat ki cé thudc hgp cha hai xau hay khéng, néu
X thudc hop clia hai xau thi dua ra vi tri ciia nd trong hop
cua hai xau.

Cho tép dit licu INPUT.TXT duge t6 chitc nhu sau: dong tha
nhat ghi lai hai 6 nguyén duong n 14 s cdc phdn tir cia day
thuc Aln]; dong tiép theo ghi lai n s6 thue 13 diy cdc s6 thuc A.
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1.28.

1.29.

Hay viét chuong trinh in ra man hinh va ghi lai két qua vao €p
OUTPUT.TXT cac két qua sau:

Dong ddu tien ]a s6 16n thir nhat va chi s& cua so 16n tha
nhét, s6 Idn tha nhi va chi s cua so lén thir nhi trong diy
cic s6 Aln].

Dong ké ti€p 1a téng cic s6 duong, s6 cac s6 am, sd cic sO
bang khong cua day cdc so thue A[n}, mdi s6 duge phan biét
v@i nhau boi mot hoac vai dau trong.

Ghi lai diiy con dii nhat di dugc sip xép theo thif wr tang
déan ctia day cdc s6 thuc Aln] trén mdt dong.

Ghi lai diy con dai nhét d3 duge sip x€p theo thir ty giam
dan cua day céc s6 thuc A[n] trén mot dong.

Ghi lai ddy s6 da dugc sip x€p theo thit tu tang dan cta Afnl.

Hay biéu dién va xay dung tap thao tic trén s6 phiic a, b.
Bao gom:

Tong hai s6 phitcc=a+b;
Hié¢u hai s6 phic ¢ = a - b;
Tich hai s6 phic c =a * b;
Thuong hai s6 phicc=a/b;

Cin béc hai cia so phirc.

Cho tép dir lidu text duge 10 chic thanh timg dong. Hay xay
dung tap cdc thao tac sau trén t&p dit liéu dé:

Dé&m s6 dong trong tép dir liéu;
Dém s06 tir va tim tir dai nhat trong €p dir liéu;
Tim tdn s6 xudt hién tir x bat ky trong t&p dit liéu;

Ma hod tép theo k¥ thuat parity;
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- Giai ma tép theo k¥ thuat parity;
- M4 hod t¢p theo k¥ thuat Caresa;
- Giai ma tép theo k¥ thuat Caresa;

1.30. Bai todn véi cic s0 16n: Biél ring mdi s6 nguyén, duong duoc
bieu dién nhu mot STRING ¢6 do dai nhd hon 255, Hiy xay
dung céc phép todn {+, -, *, Div, Mod} cho cdc s& nguyén dé



CHUONG 2

MANG VA CON TRO
(ARRAY AND POINTER)

2.1. CAU TRUC LUU TRU MANG

2.1.1. Khii niém vé mang

Ming 13 mot tap ¢6 dinh cac phdn tir ciing ¢6 chung mot kiéu dit
lieu duge luu trir k€ tiép nhau trong bo nhé. Céic thao tic trén mang
bao gém: tao lap mang (create), tim kiém mot phan tr cia mang
(retrieve), luu trit mang (store). Ngoai gid tri, méi phén tir clia mang
con dugce diac trung boi chi s6 cta nd (index). Index cia mot phan tu
thé hién thd tu ctia phin tr d6 trong ming. Khong ¢é cdc thao tic bo
sung thém phan tr hodc loai bd phan tir cua mang vi s6 phan tir trong
mang la c6 dinh.

Mot mang mot chiéu gom n phan t duoc coi nhu mot vector n
thanh phin dwoc ddnh s6 tix 0, 1, 2, ..., n-1. Ching ta c6 thé md rong
khii niém mang moét chiéu cho mang nhiéu chiéu nhu sau:

Mot mang mot chiéu gdm n phén i, trong dé méi phan tir ctia né
lai 12 mot mang mot chiéu géom m phin tr dugc goi la mot mang hai
chiéu gébm nxm phan .

Téng quit, mot mang gém n phan tir ma mdi phan i clia né lai 1a
mot mang K - 1 chiéu thi né duge goi 1&2 mang k chiéu. S6 phan tir cha
mang k chiéu 1a tich s giita s& cdc phén tir cila moi mang mot chiéu.

Khai bdo mang mot chiéu dugc thuc hién theo qui tic nhu sau:
Tén_kiéu Tén_bién[Sé _phdn_tiu];

Chéng han vdi khai béo:

int A[10]; /* khai bdo mang gébm 10 phan tir nguyén */
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char str{20]; /* khai bao mang gém 20 ki tu */

float B[20]; /* khai bdo mang gém 20 s6 thuc */

long int L[20}; /* khai bdo mang gém 20 s6 nguyén dai */
2.1.2. Cau tric luu trir cua mang mot chiéu

Cdu tric Iuu trit cia mang: Mang dugce 8 chic trong bo nhé nhu
mot vector, mdi thanh phan clia vector duge tuong tng véi mot ¢ nhé
c6 kich ¢ diing bang kich ¢& cha kiéu phén tr va dugc luu trit k& 1iép
nhau trong bo nhd. Néu chiing ta ¢6 khai bdo mang gém n phdn tir thi
phan tr dau tién 1a phén tir thi O va phan t cudi cing 13 phan tir thi
n - 1, déng thdi mang duge cdp phdt mot viing khong gian nhé lién tuc
¢4 56 byte dugc tinh theo cong thic:

Kich_cd_mdng = Sé_phan_ti *sizeof (kiéu_phdn_ti).

Chang han trong cé khai bdo:

int A{10]; Khi dé kich ¢& tinh theo byte clia mang la:

10*sizeof(int) = 20 byte;

float B[20]; khi d6 mang dugc cdp phat: 20*sizeof(float) = 80byte;

Chuong trinh dich cua ngén ngir C ludén qui dinh tén cia mang
dong thai 1a dia chi phdn tir ddu tién clia mang trong bo nhd. Do vay,
néu ta c6 mot kiu dit liéu ndo d6 12 Data_type, tén cha mang 12 X, s6
phan tir cia mang ta N thi méng dugce t6 chifc trong b nhé nhu sau:

Data_type X[N];

r{ xof [xmn | x2) [xgl [ .0 X[N-1] |

X - la dia chi dau tién cha mang.
X =&X[0] =(X +0);
&X[1]=X+1);

&X[i] = (X + i);
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Vi du 2.1. Kiém tra cdu tric huu trir cla mang trong bd nhd clia méng
mot chiéu.

#include <stdio.h>

#include <conio.h>

#include <stdlib.h>

#include <io.h>

void main{void) {
int A[10), i; /* khai bao méang gém 10 bién nguyén */
printf("\n Dia chi dau cla mang A ia: %p", A),
printf("\n Kich c@ clia mang: %5d byte”, 10 "sizeof(int});
for(i=0; 1< 10;i+4) {

printf(*\n Bia chi phan t& thir %5d: %p", i, &Ali});

}
geteh();

Két qua thue hién chuong trinh:
Dia chi dau clia mang A 1a: FFE2
Kich ¢ cia méang: 20
Bia chi phan tdr thir 0; FFE2
Dia chi phan tr thir 1: FFE4
Pia chi phan tt thit 2: FFE6
Dia chi phan t& thr 3: FFE8
Bia chi phan tl thir 4: FFEA
Pia chi phan ti thir 5: FFEC
Dia chi phan tif thit 6: FFEE
Dia chi phan tlr tha 7: FFFO
Bia chi phan tif thir 8: FFF2
Dia chi phan tir thir 9: FFF4
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Vidu 2.1 in ra dia chi clia cdc phan tir trong mang A gém 10 phan
tr nguyén. Két qua nhy duge dua ra & trén cho ta thiy dia chi cua
mang trong bo nhd tring v6i dia chi clia phan tir A[0] déu bang FFE2,
tiep dén cdc phén tir duoc luu trif k& tiép va cdch nhau diing bing kich
¢ cla ki€u int. Ban doc c6 thé ding chuong trinh don gidn nay dé
kiém tra cdu trdc luu trit chia mang cho céc kiéu dir liéu khac.

2.1.3. Cau tric huu trir mang nhiéu chiéu

Da $6 cdc ngon ngit khong han ché s6 chiéu clia mang, ché d6 cip
phat bo nhd cho mang nhiéu chiéu duoc thuc hién theo co ché wu tién
theo hang.

Khai biao mang nhiéu chiéu:

Data_type Tén_bién{sé_chiéu_1] [sé’ chiéu_2] ... [sé chiéu_n]

int A[3][3]: khai bdo mang hai chiéu gom 9 phan tir nguyén duoc
huu trir lién tye tir A{O][O], A[O]{1], A[O][2], A[1]{0], A[1][O], A[1]{1],
A[N12], A[2]10), A[2][1], A(2][2];

Vi dy 2.2. Kiém tra cau trdc Iuu trif cia bang hai chiéu trong bd nhé.
#inctude <stdio.h>
#include <conig.h>
#include <stdlib.h>
#include <io.h>
void main(void) {
float A[3}[3]; /* khai bao mang hai chi€u gém 9 phan t& nguyén */
inti, j;
* Bia chi cla cac hang */
for(i=0; i < 3; i++)
printf("\n Bia chi hang thr %d: %p”, i, A[i]);
for(i=0; i< 3;i++) {
printf{"\n"}),
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for(j=0:j <3/ j++)
printf(*Dia chi phan t %10p:”, &ALl
}
getch{);

Két qua thuc hién chuong trinh:
Pia chi hang thir 0: FFD2
Pia chi hang thit 1: FFDE
Dia chi hang thir 2: FFEA
Dia chi phan tit A[0)[0}: FFD2
Dia chi phan t A[0}[1]: FFD6
Bia chi phan ti¥ A[0]{2]: FFDA
Bia chi phan tif A{1][0]: FFDE
Pia chi phan t&r A[t][1]: FFE2
Bia chi phan tif A[1]{2]: FFE6
Dia chi phan i A[2][0}: FFEA
Dia chi phan &t A[2){1]: FFEE
Dia chi phan tif A(2][2]: FFF2
Dé dang nhan thay, dia chi hang thit i tring vGi dia chi phan tr
ddu 1én trong hang tuong tng. Ti€p dén cdc phdn t trong mdi hang
duoc luu tri cich nhau ding bing kich ¢& cua kiéu float.
Ghi chii: K&t qua thuc hién vi du 2.1, 2.2 ¢6 thé cho ra két qua
khac nhau trén cic mdy tinh khac nhau, vi viéc phan bo b nhé cho
mang tly thudc vao khong gian nhé tu do clia mdi may.

2.2. CAC THAO TAC HOI VOI MANG

Cic thao tic d6i v6i mang bao gém: tao 1ap mang, tim kiém phan
tr chia mang, luu trit mang. Cdc thao tdc ndy ¢6 thé duge thuc hién
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ngay tit khi khai bdo mang. Ching ta ¢é thé vira kKhai bdo méang vira
khdi dau cho mang, nhung cin chi ¥ moét s6 k¥ thuat khai dau cho
mang dé vira dat duge muc dich dé ra vira tiét kiém bo nhé. Chang han
vé khai bao:

int A(10]1={5,7,2.1.9};

Chuong trinh vin phii cdp phat cho mang A kich cd
10*sizeof(int) = 20 byte bo nhd, trong khi dé s6 byte can thiét thuc su
cho mang chi 1a 5*sizeof(int) = 10 byte. D€ tranh ling phi bo nhd,
ching ta c¢6 thé vira khai bdo vira déng thdi khéi ddu cho maéng
nhif sau.

int A{]=15,7,2.1,9};

V@i cach khai bdo nay, mién bd nhé cap phat cho mang chi 1a s6
cdc 50 nguyén dugc khai ddu trong diy va bang 5*sizof(int) = 10 byte.

Sau day 1a mot s6 vi du minh hoa cho cic thao tdc xir Iy mang moét
va nhiéu chiéu.

Vi du 2.3. Tao lap mang cac s6 thuc gdm n phan t, tim phén tl 1én nhat va
chi s& cia phan tir 18n nhat trong mang.
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <io.h>
#define MAX 100 * S8 phan tu t6i da trong mang */
void main(veid) {
float A[MAX), max; inti, i, n;
* Khéi tac mang sé */
printf(“\n Nhap s6 phan tlr clla mang n = "); scanf(“%d", &n);
for(i=0; i <n;i++)}{

printf(“\n Nhap A[%d] = ", i); scanf("%f". &A[i]);
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}

max = A[0}, j=0;

for(i= 1t <n;i++){
if(Ali] > max} {

max = Alil;j=1;

}
printf(in Chi s6 ca phan tl 13n nhat 1a; %d”, )
printf(*\n Gia tri cdla phan t& 16n nhat 13: %6.2f", max);

getch();

Két qua thuc hién chuong trinh:
Nhap s phan ttclamangn=7
Nhap Af0] = 1
Nhap A{1] = 9
Nhap A[2] = 2
Nhap A[3] = 8
‘Nhap Af4] = 3
Nhap Al5] = 7
Nhap Al6] = 4
Chi s6 ctia phéan tl lén nhat 1a; 1
Gia tri cGa phan tlr 18n nhat [a; 9
Vi du 2.4. Tao Iap ma tran cdp m x n va tim phan tl (6n nhat, nhd nhat cda
ma tran,
#include <stdio.h>
#include <conio.h>
#include <stdlib. h>

#include <io.h>
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#define M 20
#define N 20
void main(void) {
float A[M][N], max, t; inti, j, k, p, m, n;
cirser();
printf("\n Nhap s6 hang ctia ma tran:™); scanf(*%d", &m);
printf("vn Nhap sé c6t clia ma tran:"); scanf("%d", &n};
for(i=0;i<m;i++){
for(j=0; < n; j++}{
printf(“\n Nhap A[%d)[%d] =", i, j);
scanf("%f", &); Alill] = t;

}
max = A[0][0] k=0;p = 0;
for(i=0; 1 <m;i++) {
for(j=0; j<n; j+) {
if(A[ii[]] > max) {
max = Alilli]; k=i, p =j;

}
!
}
printf(“\n Phan tlr ¢ gia tri max la A[%d](%d] = % 6.2f", k. p, max);
getch(};
}

Ghi cha: C khong hé trg khuon dang nhap dir lieu %f cho céc
mang nhiéu chiéu. Do vay. mudn nhap dix liéu la s6 thuc cho mang
nhi¢u chi¢u chiing ta phai nhap vao bién trung gian sau d6 gin gid tri



et

Chuong 2: Mang va con tro (Array and pointer) 65

trd lai. Day khong phai 1a han ¢h€ cia C++ do ham scanf() dd duoc
thay th& bdi todn wr “cin™. Tuy nhién, khi su dung cin, cout ching ta
phai viét chuong trinh dudi dang *.cpp.

2.3. MANG VA POI CUA HAM

Nhu ching ta di biét. khi ham duge truyén theo tham bién thi
gid tri clia bién ¢6 the bi thay déi sau méi 101 goi ham. Ham duoc goi
la truyén theo tham bién khi ching ta truyén cho ham la dia chi cua
bign. Negon ngit C qui dinh tén ciia mang déng thoi 14 dia chi ciia mang
trong bo nhé. Do vay, néu chiing ta truyén cho ham la n cua mot
mang thi ham luon thyc hién theo co ch€ truyén theo tham bién,
trudng hop nay gidng nhu ta sir dung tir khod Var trong khai bio bién
cta ham trong Pascal. Trong trudng hop mudn truyén theo tham tri voi
d6i ctia ham 13 mot mang, ta cdn phai thuc hién trén mot ban sao khdc
clia mang. khi dé cic thao tic d6i véi mang thuc chat da duge thuc
hién trén mot vung nhd khic danh cho ban sao ctia mang.

Vi du 2.5. Tao lap va sap xép day cac sd thuc A, A,, ..., A, theo thit ty
tang dan.

Pé giai quyét bai toan, chung xay dung chuong trinh thanh 3 ham riéng bigt:
ham Init_Array() ¢d nhiém vu tao }ap mang sé Aln], ham Sort_Array() thuc hién
viéc sip x&p day cac s6 dudc luu trif trong mang, ham in_Array() in lai két qua sau
khi mang da dudc sép xép.

#include <stdio.h>

#include <conio.h>

#include <stdlib.h>

#include <io.h=

#define MAX 100

f* Khai bao nguyé&n mau cho ham */
void Init_Array (float A[], int n);

void Sort_Array{float A[], int n};
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void in_Array(float A[], int n);
* M6 ta ham */
* Ham tao 1ap mang sé */
void Init_Array(float A[], int n) {
inti;
for{i=0;i<n;i++){
printf("\n Nhap A{%d] =", i);
scanf("%f", &A[i]);

}
1* Ham sdp xép mang sd */
void Sort_Array(float A[], int n) {

int i, j; float temp;

fori=0,i<n-1;i++){

forf=i+1;j<n;j++){
if(AL} > Al {
temp = A[i]; Afi] = A[]]: A[j] = temp;

}
/* Ham in mang s6 */
void In_Array {float A[}, int n) {
int i;
for(i = 0; i < n; i++)
printf(\n Phan tir A[%d] = %6.2F", i, A[il):
getch();
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{~ Chuong trinh chinh */
void main{void} {
float A[MAX]; int n;
printf(“\n Nhap sé phén t& cia mang n = "); scanf("%d", &n);
Init_Array(A, n);
Sort_Array(A, n);
in_Asray(A, n);
}

Vi du 2.6. Viét chuong trinh tinh tng cda hai ma tran cling c&p.

Chuong trinh dudc xay dung thanh 3 ham, ham Init_Matrix(): Tao lap ma tran
cdp m x n; ham Tong_Matrix{} tinh t8ng hai ma trén cung cap; ham In_Matrix() in
ma tran két qua. Tham bign dudc truyén vao cho ham la tén ma tran, sd hang, s6
cot clia ma tran,

#inciude <stdio.h>
#include <conio.h>
#include <stdlib.h>

#include <io.h>

#include <dos.h> * Khai bao st dung ham delay() trong chuong trinh */
#define M 20 /* S8 hang clia ma tran */
#define N 20 * 86 ¢dt clia ma tran */

/* Khai bao nguyén mau cho ham */
void 1nit_Matrix(float A[M][N), int m, int n, char ten);
void Tong_Matrix(float A[M][N], float B[M]{N], fioat C[M][N], int m, int n);
void In_Matrix{float A[M][N], int m, int n});
" M& ta ham */
void Init_Matrix(float A[M][N], int m, int n, char ten) {
int i, j; float temp; clrscr();

for(i=0;i<m;i++){
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for(j=0;j<n; j++}{
printf{("\n Nhap %c{%d)[%d] =", ten, i, j);
scanf(*%f", &tempy); A[i]{j] = temp;

}
void Tong_Matrix(float AIM]IN], float B[M][N], float CIM]IN], int m, int n) {
inti, j;
for{i=0; i <m;i++) {
for(j=0:j<n; j++){

Clili) = Afilj] + BIiltil;

}
void In_Matrix(float A[M][N], int m, int n} {
inti, j, ch =179, 7179 la ma kit *|" */
for(i=0;i<m;i++){
printf("\n %-3¢”, ch);
for(j=0;j<n; j++) {
printf(* %6.2f", A[i[j};
}
printf(*%3c”, ch);
}
getch(),
}
* Chugng trinh chinh */
void main{void} {

float A[M]JEN], B[M][N], CIM][N]:
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int n, m; clrscr();

prirdf(*\n Nhap s8 hang m = "); scanf("%d", &my};
printf("\n Nhap s6 cot n = ™); scanf{"%d", &n),
Init_Matrix(A, m, n, ‘A");

Init_Matrix(B, m, n, 'B7;

Tong_Matrix(A, B, C, m, n);

In_Matrix(C, m, n};

}

2.4. XAU KI TU (STRING)

Xau ki tr 12 mot mang trong d6 mdi phin tlr cia nd la mot ki uwr, ki
ty cudi cing clia xau duge dung lam ki tu két thic xau. Ki w ket thic
xau dwoc ngon nglt C qui dinh 13 ki ty "O’, ki tw nay c6 mi 1a 0
(NULL) trong bang ma ASCIL. Vi du trong khai bao:

char str[] = 'ABCDEF’ khi d6 xau ki tr dugc t6 chic nhu sau:

0 1 2 3 4 5 6

A B c b E F 0

Khi d6 str[0] = ‘A”; strfl] = ‘B, . ., str[5] = "F°, str[6] = \0’;
Vi k{ hiéu két thic xau ¢6 mi 12 0 nén ching ta c6 thé kiém ching
to chitfc luu trit ctia x4u thong qua doan chuong trinh sau:
Vi du 2.7. In ra tung ki tu trong xau.
#include <stdio.h>
#include <io.h>
#include <conio.h>
#include <io.h>
#include <dos.h>

#include <string.h> * SU dung ham xir ly xau ki tu gets{) */
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void main{void} {
char str{20]; inti = 0Q;
printf("\n Nhap xau ki tu:"); gets(str); /* nhap xau ki ty tr ban phim */
while(str{il!= "0} {

putchi(c); i++;

Ghi chi: Ham getch() nhan mot ki tu 1t ban phim, ham putch(c)
duwa ra man hinh ki tv c. Ham scanf(“%s”, str): nhan moét xau ki tur tix
ban phim nhung khong duge chita ki tu tréng (space), ham gets(str):
cho phép nhén tir ban phim mot xau ki tw ké ca dau tréng.

Ngon ngit C khong cung cip cdc phép todn trén xau ki tr, ma moi
thao tdc trén xau ki ty déu phai dugc thuc hién thong qua céc 1&i goi
ham. Sau day la mét s6 ham xir 1y xau ki tu thong dung duge khai bdo
trong tép string.h:

puts (string): Pura ra man hinh mot string.

gets(string): Nhan tir ban phim mot string.

scanf(‘%s”, string): Nhan tr ban phim mot string khong ké ki tu

trong (space).

strien(string): Ham tra lai mot s6 1a d6 dai cha xau string.

strcpy(s, p): Ham copy xdu p vao xau s.

strcat(s, p): Ham ndi xau p vao sau xau s.

stremp(s, p): Ham tra lai gid tri duong néu x4u s I6n hon xau p, tra

lai gid tri &m néu xau s nhé hon xau p, tra lai gid tri 0
néu xau s diing béng xau p.

strstr(s, p): Ham tra lai vi trf clla xau p trong xau s, néu p khong ¢é

mat trong s ham tra lai con tré NULL.
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strncmp(s, p, n): Ham so sdnh n ki tu ddu ti€n cha xau s va p.
strncpy(s, p, n): Ham copy n ki tu ddu tién tir xau p vao xau s.
strrev(str): Ham ddo xdu s theo thit tr nguge lai.

Chiing ta c6 thé sit dung tryc tiép cdc ham xr 1y xau ki tu bing

viéc khai bdo chi thi #include <string.h>. Tuy nhién, ching ta c6 thé viét
lai céc thao tic d6 thong qua vi du saw: '

Vi duy 2.8. Xay dung cac thao tac sau cho string.
F1 - Nhap xau ki tf tir ban phim ham gets(str).
F2 - Tim d6 dai xau ki tu strlen(str).
F3 - Tim vi tri ki ty C d4u tién xuét hién trong xau ki tu,
F4 - Pao ngugc xau ki ty,
F5 - D8I xau ki ty W in thudng thanh in hoa.
F6 - SAp x&p xau ki ty theo thif ty tang dan.

* Cac thao t&c vai xau ki tu /

#include <stdio.h>

#include <io.h>

#include <conio.h>

#include <io.h>

#include <dos.h>

#include <string.h>

#define F1 59

#define F2 80

#define F3 61

#define F4 62

#define FS 63

#define F6 64

#define F7 65
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#define F10 68
#define MAX 256

/" Khai bao nguyén mau cho ham */

char *gets {char str[]); /* char *dudc hiéu la mét xau ki tu ~/

int strlen(char strf); * ham tra lai d6 dai xau */

int strestr(char str{], char ¢): * ham tra lai vi tri ki fu ¢ dau tién trong str */
char *strrev(char str[]); /" ham dao xau str */

char *upper{char str{]); * ham d8i xau str thanh chir in hoa */

char *sort_str(char str[)): /* ham sdp xép xau theo thit ty tir dién */

void thuc_hien(void);

* M6 ta ham */

/* Ham tra lai mot xau ki tu dugc nhap tif ban phim */
char *gets(char str{)) {

inti=0; charc;

while{{c = getch())!= "\n") { * nhap néu khéng phai phim enter */
strfi] = c; i++;

1

str(i] = "\0";

return{str);

}
/* Ham tinh 6 dai xau ki ty */
int strlen{char str[]) {
inti=0;
while(str[i]) i++;
return(i);
}
/* Ham tra lai vi tri d4u tién Ki tu ¢ trong xau str */

int strestr (char str], char ¢) {
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inti =0;
while(strii] && str[i] '= ¢)
i++;
if(str[i] = \0") return(-1):
return(i);
}
" Ham dao xau ki tu */
char *strrev(char str[]) {
inti, j, n = strlen(str); char c;
i=0,)=n-1,
while{i < j) {
c = str[i]; strfi] = str [j]. strli] = c;
}
return(strj;
}
* Ham d&i xau in thuang thanh in hoa */
char *upper(char str[]) {
int i, n = strlen(str);
for(i =0, i <n;i++) {
if{strli] > = 'a’ && strfi} < ='2)
str[i] = str{i] - 32;
}
return(str);
}
" Ham sdp x&p xau ki tu */
char *sort_str(char str[]} {
it i, j, n = strlen(str); char temp;

for(i=0;i<n-1;i++) {
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for(j=0;j<n;j++){
if{strli] > str{j]} {
temp = strfi]; strfi] = strfj];
str(j] = temp;

}
* Ham thuc hién chlrc nang */
void thuc_hien(void) {
char ¢, phim, strfMAX]; int control = 0;
textmode(0);
do {
clrser();
printf(*\n TAP THAQ TAC VGO! STRING™);
printf("\n F1 - Tao 1ap string"):
printf("\n F2 - Tinh d& dai xau™);
printf("in F3 - Tim ki t trong string”);
printf(\n F4 - Do ngudc string");
printf("\n F5 - Béi thanh in hoa™);
printf("\n F6 - SAp x&p string™);
printf(“\n F10 - Trd vé™);
phim = getch();
switch(phim} {
case F1: gets({str); control = 1; break;
case F2:
if{controt)
printf("\n D dai xau 14:%d", strlen(str)};

break;
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case F3:
if{(control) {
printf(“\n Ki tu can tim:"),
scanf(*%c", &c),
if{strestristr, ¢) >=0)

printf(“\n Vi tri:%d", strestr(str, c});

}
break;
case F4:
if{control)
printf{“\n Xau dao:%s", strrev(str));
break;
case F5:
if{control)
printf(\n In hoa:%s”, upper(str));
break;
case F6:
if(control)
printf("\n Xau dugc sap xEp:%s”, sort_str(str});
break;
}
delay{2000}

} while(phim 1= F10);
}
/* Chuang trinh chinh */
void main({void) {

thuc_hien(};
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Ming cdc string: mang cdc string 1a mot mang ma méi phan ti
ctia né 1a mot string. Chang han trong khai bio:

char buffer{25][80]:

Day 12 mang cdc string gém 25 hang trong d6 mbi hang gém 80
ki tu. Vi du sau day s&€ minh hoa cho céc thao tdc trén mang cac string.

Vi du 2.9. Hay tao lap mang cac string trong d6 mai string 1a mét ti khoa
cla ngén nglr lap trinh C. S3p x&p mang cac tir khoa theo thir tu
tir dién.

Chuang trinh sau sé& dugc thiét ké thanh 3 ham chinh:

Ham Init_KeyWord(): thiét lap bang ttr khoa, ham Sort_KeyWord(): sép xép
mang tir khod; ham In_KeyWord(): in mang cac tir khoa. Chudng trinh dugc thuc
hién nhu sau:

* Thao tac véi mang cac string */
#inciude <stdio.h>
#include <stdlib.h>
#include <io.h>
#include <conio.h>
#include <dos.h>
#include <string.h>
#include <alloc.h>
 Khai bao nguyén mau cho ham */
void Init_KeyWord(char key_word[)[20], int n);
void Sort_KeyWord(char key_word[][20], int n):
void In_KeyWord(char key_word[]{20), int n);
/* MO ta ham */
void Init_KeyWord(char key_word[][20], int n) {
int i;
for(i=0;i<n; i++}{

printf("\n Nhap tr khoa %d:”, i);
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scanf("%s", key_word[i]);

}
void Sort_KeyWord(char key_word[]{20), int n) {
int i, j; char temp[20);
for(i=0,i<n-1,i++){
for(j=i+1;j<n;p+){
if(strcmp{key_wordfi], key_word[j]} > 0) {
strepy(temp, key _word[i]);
strepy(key_word[i], key_word[j},
strepy(key_word[j], temp);

}
void in_KeyWord(char key_word[][20), int n) {
int §;
for(i = 0; i < n; j++) {
printf("\n Key_Word[%d] = %s", i, key_word[i]},
}
getch(),
}
void main(void) {
char key_word{100}[20]; int n;
printf(*\n Nhap sd it khoa n =*); scanf{"%d", &n);
tnit_KeyWord(key_word, n);
Sort KeyWord{key word, n);
In_KeyWord(key_word, n);
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2.5. CON TRO (POINTER)

Con tro 12 bién chifa dia chi ¢cia mot bién khac. Con trd duge st
dung rat nhiéu trong C va dugc coi 12 th€ manh trong biéu dién tinh
todn va truy nhdp gian tiép cdc déi tuong.

2.5.1. Cac phép todn trén con tro
D¢ khai bdo con trd, chiing ta thirc hién theo ci phip:
Kiéu_dir_liéu *Bién_con_tro;

Vi con tro chita dia chi clia d6i tuong nén c6 thé tham nhap vao
doi twong “gidn ti€p” thong qua con trd. Gia sir x 12 mot bién kiéu int
va px la con tro duoc khai bdo:

int x, ¥*px;
Phép todn mot ngdi & cho dia chi cta doi tugng cho nén cau 1énh
px = &X;

S& gan dia chi ctia x cho bién px; px bay gid duge goi la “tr6 t61”
X. Phép todn & chi dp dung dugc cho cdc bi€n va phan tir mang; két
cau kiéu &(x + 1) va &3 la khong hop 1&.

Phép todn mot ngdi * coi ddi trong cia né la dia chi cdn xét va
tham nhap téi dia chi dé dé 14y ra no6i dung cha bién. Vi du, néu y 1
int thi:

Y = *PX;
S€ gan cho y ndi dung cua bi€n ma px tro t6i. Vay day:
px = &x;
Yy =%px;
$& gan gia tri cua x cho y nhy trong lénh:
y=x;

Ciing cdn phat khai bdo cho cdc bi€n tham du véao viéc nay:
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int x, y;
inf *px;

Khai bdo clia x va y 1a diéu ta da biét. Khai bdo cua con trd px ¢6
diém méi:

int *px;

C6 ngu ¥ rang t6 hop *px ¢6 kiéu int. Con trd c¢6 thé xuit hién
trong cdc biéu thic. Chang han, n&u px tro t6i s6 nguyén x thi *px ¢6
thé xuat hién trong bat ki ngit canh nio ma x ¢6 thé xudt hién.

y=*px +1; s€ dat y 16n hon x 1 don vy,
printf(“%d \ n”, *px); in ra gia tri hién tai cua x.

Phép todn maot ngdi * va & c6 midic wu tién cao hon cdc phép todn
s6 hoc, cho nén biéu thitc nay 14y bat ki gid tri nao ma px trd téi, cong
vOi | roi gdn cho y.

Con tr6 ciling ¢6 thé xuat hién bén v€ trdi cha phép gan. Néu px tro
tGi x thi *px = 0; s€ dat x thanh khéng va *px += 1; s€ ting x 1én nhu
trong truong hop (*px) ++;

Cac ddu ngoac la cin thiét trong vi du cudi; néu khong ¢6 ching
thi biéu thitc s& tang px thay cho viéc tang chd né tro 16i, bsi vi phép
todn mot ngodi nhu *va ++ duge tinh tir phai sang trai.

Cu6i ciing, vi con tro 12 bién nén ta ¢6 thé thao tac chiing nhu doéi
véi céc bién Khac. Néu py la con tro nita kiéu int, thi:

Py = pX; s sao noi dung ciia px vio py, nghia la lam cho py tro
t6i noi ma px tré. Vi du sau minh hoa nhiing thao tic truy nhéap gidn
ti€p 6t bién thong qua con tro.

Vi du 2.10. Thay ddi ndi dung cGa hai bién a va b théng qua con trd.
#include <stdio.h>

#include <io.h>
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#include <conic.h>
#include <io.h>
#include <dos.h>
#include <string.h>

veaid main{void} {

inta=5,b=7; /* Gia sif co haibiénnguyéna=5b=7"*
int *px, *py: /* Khai bao hai con trd kiéu int */
px = &a; I px trd tdi x */

printf(“\n Ndi dung con tré px = %d”, *px};

*ox = *px + 10; /" N&i dung cta *px 1a 15/

* Con tré px da thay ddi ndi dung clia a */

printf(\n Gia tri clia a = %d", a);

px = &b; /* px tro téi b */

Py = pXx,

* Con trd py thay d8i gia tri clia b théng qua con trd px */
Py ="py + 10,

printf(“\t Gia tri cda b = %d", b);

Két qua thuc hién chuong trinh:
NGi dung con trd px =5
Giatriclaa =15
Giatricla b =17
2.5.2. Con tro va doi cia ham
Dé thay doi truc tiép noi dung clia bién trong ham thi déi cha ham
phai 12 mot con tro. D6i voi nhitng bién ¢b ki€u co ban, ching ta sir
dung todn tir &(tén_bién) dé truyén dia chi ciia bién cho ham nhu trong
vi du d6i néi dung clia bién x va bién y trong ham swap(&x, &y) sau:
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void swap(int *px, int *py} {

int temp,;

temp = *pX; *px = *py; *py = temp;
}

Con trd thong thudng dugc sit dung trong cdc ham phai cho nhiéu
hon mot gid tri (c6 thé néi ring swap cho hai gid tri, cdc gid tri mdi
thong qua doi cia né).

2.5.3. Con tré va mang

Mang trong C thuc chét 12 mot hang con trd, do vay, moi thao tic
déi voi mang déu ¢6 thé duoc thue hién thong qua con tré. Khai bao

int a[10];

Xdc dinh mang c6 kich thude 10 phén tir int, tic 1a mot khoi 10
doi tugng lién tiép a[0], af1], ..., a[9]. Cu phap a[i] c6 nghia la phéan tx
ciia mang & vi trf thit i ké tir vi urf dau. Néu pa 1a con tré t61 mot s8
nguvén, dugc khai bao la:

int *pa;
Thi phép gén:
pa = &al[0];

S& dat pa dé trd 61 phén tit ddu cla a; tic 12 pa chia dia chi cha
a[0]. Bay gid phép gan:

x = *pa;
Sé sao noi dung cua aj0] vao x.

Néu pa trd téi mot phin tit cia mang a thi theo dinh nghia pa + 1
s& trd 16i phén tir ti€p theo va pa - i & trd t&i phan tir thy i trude pa,
pa + i s& trd t6i phdn 0 thit 1 sau pa. Vay néu pa tro tdi a[0] thi:

*(pa + 1)

-
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8¢ cho ndi dung cilia a[1], pa+i 12 dia chi cla a[i] con *(pa + i) 1A
ndi dung cua a[i].

Dinh nghia “cong 1 vao con trd” va m& rong cho moi phép todn s§
hoc trén con trd duge tang theo ti 1¢ kich thude lwu trit clia d6i twong
ma pa trd t6i. Vay trong pa + i, i s& dugc nhan véi kich thude cia kidu
dir iéu ma pa trd t6i trude khi duge cong vio pa.

Su tuong dng gifta viée dinh chi s6 vi phép todn sd hoc trén con
tro la rdt chat che, Trong thuc t€, viec tham trd 6 mang duge trinh
bién dich chuyén thanh con tr6 16i diém ddu cha mang. Két qua [ tén
mang chinh 1a moét bi€u thic con tro. Vi tén mang 13 déng nghia véi
viéc dinh vi phén tir thir 0 cia méang a nén phép gan:

pa = &a[0};
Cing c6 thé viét la:
pa = a;

Diéu cén chii ¥ 14 d€ tham tr6 t6i afi] o6 thé ducc viét dudi dang
*(a + 1). Trong khi xir 1y afi], C chuyén nic khic né thanh *(a + 1); hai
dang nay hoan toan la tuong duong nhau. Ap dung phép toan & cho ca
hai dang nay ta ¢ &ali] va (a + i) la dia chi cta phdn tit thit i trong
mang a. Mat khéc, néu pa la con tré thi cic biéu thitc ¢6 thé sir dung
né kém thém chi s6: pa[i] déng nhat véi *(pa +1). Tém la1 bit ki mot
mang va bicu thiic chi s6 nao ciing déu duge viét nhu mét con trd.

C6 mot su khéc bigt giira tén mang va con trd cin phai nhé dé 1a:
Con tr0 12 mot bién, nén pa = a va pa++ déu la cic phép toan diing,
con tén mang la moét hang chi khong phai la bién nén két cau kiéu
a = pa hoac a++ hoac p = &a la khong hop 1&.

Khi truyén mot tén mang cho ham thi tén clia méang 13 dja chi dau
cia mang, do vay, tén ming thuc su 1a con trd. Ta ¢6 thé ding sy kién
ndy dé viét ra ban méi cha strlen, tinh chidu dai cia xau ki tu.
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int strlen{char *s) { {* Cho chiéu dai cla xau s */
int n;
for{(n =0; *s 1= 10", s ++)

n++

+

return{n};
}

Viéc tang s 13 hoan toan hop Ié vi s 13 bién con trd; s++ khong anh
huéng t6i xau ki tu trong ham goi t6i strlen ma chi lam tang ban sao
riéng ctia dia chi trong strlen.

Vi cac tham bién hinh thifc trong dinh nghia ham

char s[ ]; va char *s 12 hoan toan tuong duong. Khi truyén mot tén
mang cho ham, ham c6 thé coi ring n6 x¥ 1i hodc méang hoac con tr6 1a
gidng nhau. Néu p vi q trd t6i cdc thanh phdn ciia cling mot mang thi 6
thé 4p dung dugc cdc quan hé nhu <, <=, >= v.v... ching han:

p<q

La ding, néu p con trd téi thanh phén ding trude thanh phan ma q
trd t6i trong mang. Cdc quan he = = va != cling p dung dugc. C6 the
so sanh mot con trd Vi gid tri NULL. Nhung so sanh céc con tro trd
t6i cdc mang khic nhau s& khong dua lai két qua mong mudn. Tiép
nita, con trd va s6 nguyén c6 thé cong hoic trir cho nhau nhu ket cau:

p+n

Nghia 12 d6i twong thit n sau d6i teong do p trd t6i. Dicu nay ding
v6i bit k€ loai d6i tuong ndo ma p duge khai bdo s€ trd 161; trinh bién
dich s& tinh t 1& n theo kich thuéc clia cic d6i tugng do p o ti, diéu ndy
dugc xdc dinh theo khai bdo cia p. Chang han trén may tinh PC AT, nhan
tir ti 16 12 1 d6i véi char, 2 d6i véi int va short, 4 cho long va float.

Phép trir con trd ciing hgp 1&; néu p vi q tro téi cdc thanh phan ctia

ciing mot mang thi p - q 14 s6 phdn tir gilta p va q. Dung sy kién nay ta
¢6 thé viét ra mot ban khic cho strien:
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/* Cho dd dai xau s */
int strlen{char *s} {
char*p=s;
while(*p =1 0)
P+
return(p-s);
}

Trong khai bdo, p dugc khoi ddu 1a s, tic 1a trd 61 ki tu ddu tién.
Chu trinh while, kiém tra lan luot timg ki tu xem di 13 \ 0’ chua dé
xac dinh cuéi xau. Vi \0’ 12 0 va vi while chi kiém tra xem biéu thitc
c6 1a 0 hay khong nén c6 thé boé phép thir tudng minh. Vay ta c6 thé
viét lai chu trinh trén:

while(*p)
p ++;

Do p tro t6i céc ki tr nén p ++ s& chuyén p dé 16 sang ki tu tiép
theo va p - s s& cho s6 cac ki ty di ludt qua, tic 1a do dai cta xau. Vi
du sau minh hoa rd hon vé phuong phap sit dung con trd.

Vi du 2.11. Viét chudng trinh sdp x&p day cac s6 nguyén theo thir tu ting
dan bang con tro.

Chuong trinh dugc thiét k& thanh 3 ham chinh, ham Init_Array{) tao lap day
cac s thuc, ham Sort_Array() sip x&p day cac sd thuc theo thi ty ting dan, ham
In_Array{} in két qué da dugc sdp xép.

#include <stdio.h>
#include <io.h>
#include <conio.h>
#include <io.h>
#include <dos.h>
#include <string.h>
#define MAX 100
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/* Khai bao nguyén mau cho ham */
void knit_Array(float *A, int n);
void Sort_Array(float *A, int n);
void In_Array(float *A, int n);
/* MO ta ham "/
void Init_Array{float *A, int n) {
int i
for(i=0;i<n; i++){
printf("\n Nhap A[%d] =", i);
scanf(“%f", (A + 1)),

}
void Sort_Array(ftoat *A, int n) {
int i, j; float temp;
for(i=0;i<n-1;i++}{
for(j =i +1;j<n; jr+){
fC(A+) > "(A + )} {
temp = *{(A +i);
“(Ariy="(A+))
"(A +j) = temp,

}

void In_Array(float *A, int n} {
int §;
fqr(i =0;i<n ity {

printf{("\n Phan t&r A]%d] = % 6.2, i, (A +));
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}
* Chuang trinh chinh */
void main{void) {
float AIMAX]; int n;
printf("in Nhap n = "); scanf(*%d", &n);
Init_Array{A, n};
Sort_Array(A, n);
in_Array(A, n);
}

Vi du 2.11. Xay dung cac thao tac tao lap da thirc, tinh gia tri da thic theo
Iuge d6 Hooneir, tinh t8ng hai da thirc, hiéu hai da thic.

Chuong trinh duge xay dung thanh cac ham sau:

Ham Init_Dathuc(): Tac lap da thirc.

Ham Val_Dathuc(): Tinh gia tri cha da thic tai diém X

Ham In_Dathuc(): in du6i dang hé s cia da thitc

Ham Tong_Dathuc(): Tinh tdng hai da thiic

Ham Hieu_Dathuc(): Tinh hiéu hai da thifc.

Ham Thuc_Hien(): Diéu khién chuang trinh bang menu
= Chuong trinh xay dumg tap thao tac cho da thic */
#include <stdio.h>
#include <io.h>
#include <conio.h>
#include <io.h=
#include <dos.h>
#include <string.h>
#define MAX 100
#define F1 59
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#define F2 60
#define F3 61
#define F4 62
#define F5 63
#idefine F10 68
/* Nguyén mau cla ham */
void Init_Dathuc(float *A, int n, char ¢);
void In_Dathuc(float "A, int n};
float Val_Dathuc(float *A, int n);
void Tong_Dathuc{float *C, float "A, float *B, int n, int m);
void Hieu_Dathuc(float *C, float *A, float *B, int ny, int m);
void Thuc_Hien(void);
/* M6 ta ham */
void Init_Dathuc(float *A, int n, char ¢) {
int i; float t;
for(i=0;i<n;i++}{
printf("\n %c[%d] =", c. i),
scanf("%f", &t},
Alif =t
}
In_Dathuc{A, n);
}
void In_Dathuc{float *A, int n) {
int i;
for(i = 0; i <n; i++)
printf("%7.2f", A[i]);
printf("n");
delay(2000);
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float Val_Dathuc(float *A, int n) {
' float s = Ajn-1], k; inti, j;
printf(™in Nhap k = "); scanf("%f", &k);
for(i = n-2;i>=0:-)
s = sk + A[i};

printf("in S = %6.2f", s}; delay(2000);

return(s);
}
void Tong_Dathuc(float *C, float *A, float *B, int n, int m} {
intk, i, j;
ifin > m) {
k=n;

for(i = 0; i < m; i++)
Cli] = Ali]+BIil;

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

C[i} = Ali];
}
else {
k=m;
for(i=0; i <n; i++)
Cli] = Ali]+Bi);
for(i = n; i <m; i++)
C[i] = B{il;
}

printf("\n Ba thitc téng:");
In_Dathuc(C, k),
}
void Hieu_Dathuc(ftoat *C, float *A, float *B, int n, int m) {
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intk, i, j;
#in>m){
k=n;
for(i=0; i <m; i++)
Cli] = Ali}-BIi;

fori=m;i<n; i+t

Cli] = AlIl;
}
else {
k=m;
for(i=0; i <n; i++)
CHil = Alil-BIil;
for{i =n i <m;i++)
C[il = BAl;
}

printf{"\n Da thdc higu:™;
In_Dathuc(C, k);
}
void Thuc_Hien(void) {
float A[MAX], B[MAX], C[MAX];
int n, m, contrel = 0; char phim;
printf("\n Bac cda da thic A:™); scanf("%d", &n};
printf("\n Bac cha da thic B:"); scanf("%d", &m};
n=n+l:m=m+1;
do {
clrser();
printf(“\n TAP THAQ TAC TREN DA THUC™);
printf(*\n F1 - Tao lap da thirc");
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printf(*\n £2 - Tinh gia tri da thirc");
printf(\n F3 - T8ng hai da thic™);
printf(*\n F4 - Higu hai da thic™);
printf(\n F10 - Tao lap da thic"™);
phim = getch();
switch(phim) {
case F1: controi = 1
Init_Dathuc(A, n, ‘A",
Init_Dathuc(B, m, ‘B"); break;
case F2:
if{controf) {
Val_Dathuc(A, n);
Val_Dathuc(B, m);

}
break;
case F3:
if(control)
Tong_Dathuc(C, A, B, n, m);
break;
case F4:
if(control)
Hieu_Dathuc(C, A, B, n, m};
break;
}
} white{phim 1= F10);
}
void main(void} {

Thuc_Hien(};
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2.5.4. Cap phat bo nhé cho con tro

Né&u p 1a con trd thi p++ sé ting p dé trd 16i phan tiép cha déi
twong ma p da tro 16, con p += i s€ ting lén trd tGi phan tir thit 1 ké ti
sau phan tir p trd t6i. Da s6 cdc trudng hop chiing ta da xét thi p duoc
trd té61 mdt mang nao d6 di duoc khai bdo trude, khi dé mic nhién
viing bd nhd ma con trd dang xr 1y 1a ving bd nh§ 43 dugce cdp phat
cho mang trudc d6 va ta ¢6 thé xir I¥ nhu mot mang. Tuy nhién, chiing
ta cO thé si dung con tro linh dong hon bdng cic phuong phdp cip
phéat bd nhé dong cho con tro.

Trong thu vién chudn cia C cung cdp cho ta mot s6 ham cap phdt
bé nhd cho con tro.

Ham malloc(size_t size): cdp phdat mot viing bd nhd ¢6 kich co
size cho con tro. Ham tra lai con tro NULL néu size = 0;

Ham calloc(n, 1): dat con trd vao dau viing bd nhG gdm n x i bytes
tu do. Ham tra lai con tro NULL néu viéc cap phat khong thanh cong.

Ham farmalloc(), farcalloc(): dat con trd vao dau vung bd nhé tu

do ngoai ving heap, tra lai con tré NULL néu viéc cdp phat khong
thanh cong.

Ham free (p): giai phéng ving bd nhé di cdp phat boi malloc()
hoac calloe() trude do.

Ham farfree(): giai phong ving bd nhd da cap phét boi farmatloc()
hoac farcalloc() truée dé.

Trong vi du 2.11, khi xdy dung tap cic thao tdc cho da thig,
ching ta dang khai bao:
float A[MAX], BIMAX], C[MAX];
MAX duoc dinh nghia d€ qui dinh bac 16n nhét cla da thic c6 thé
¢6, diéu nay lam han ché€ dén pham vi clia bai todn, chinh x4c hon
chuong trinh chi gidi quyét 16p cdc da thic ¢é bac nho hon MAX.



g2 Gido trinh Ky thudt ldp trinh

Nhung MAX 1a bao nhiéu thi dugc coi 1a bac 1én nhit caa da thitc, néu
MAX ¢6 gia tri 16n trong khi d6 cdc thao tic chi xit 1y nhitng da thic
¢4 bac nho s& gay nén lang phi bé nhd, néu khac phuc tinh trang nay
bang viéc thu nhd MAX thi véi nhitng thao tic cho da thitc c¢é bac 1én
lai khong thé xir Iy dugc. D€ khac phuc tinh trang nay, chiing ta ¢6 thé
sir dung con tro véi phuong thitc cép phét bd nhd hoan toan dong. Sau
day la moét version mdi xay dung tap thao tac cho da thitc bang con tro.

Vi du 2.12. X&y dung cac thao tac tao 1ap da thic, tinh gia tri da thirc theo
lude d& Hooneir, tinh tdng hai da thitc, hiéu hai da thirc.

I Chuang trinh xay dung tap thao tac cho da thic */
#include <stdio.h>

#include <stdlib.h>

#include <io.h>

#include <conio.h>

#include <dos.h>

#include <string.h>

#include <alloc.h>

#define F1 59

#define F2 60

#define F3 61

#define F4 62

#define F5 63

#define F10 68

/~ Nguy&n mau cha ham */

void Init_Dathuc{float *A, int n, char ¢);

void In_Dathuc(float *A. int n);

float Val_Dathuc(float *A, int n);

void Tong_Dathuc{float *C, float *A, float "B, int n, int m);

void Hieu_Dathuc(float *C, float *A, float *B, int n, int m);
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void Thuc_Hien{void);
* M6 ta ham */
void Init_Dathuc(flcat *A, int n, char ¢} {
inti; float t;
for(i =0, i <n;i++) {
printf("n %c[%d] =", ¢, i};
scanf("%f", &t);
Al = t;
}
In_Dathuc(A, n;
}
void In_Dathuc(float *A, int n} {
int i;
for(i = 0;i <n; i++)
printf("%7.2{", Alil};
printf("™n"};
delay(2000);
}
float Val_Dathuc(float "A, int n) {
float s = A[n-1], k; int i, j;
printf("n Nhap k = "); scanf("%f", &k);
for(i =n-2;1>=40;i-)
s = s"k + Afi];
printf{("™n S = %6.2f", s); delay(2000};
return(s);

}

void Tong_Dathuc(float *C, float *A, float *B, int n, int m) {

intk, i, j:
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if(n > m){
k=n;
for(i = 0; i <m; i++)
Clil = Alil+8[iL:

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

CHi] = Afi];
}
else {
k=m;
for(i=0; i <n; i++)
Cli] = Afi]+Bl];
for(i=n;i<m;i++}
Cli] = 8(i);
}

printf("\n Ba thic téng:");
in_Dathuc(C, k);

!
void Hieu_Dathuc{float *C, float *A, fioat *B, int n, int m) {
intk, i, j;
if(n > m) {
k=n;

for(i=0;i<m; i++)
CIi] = A[i}-B[i};
fori=m; i <n;i++)

Cli] = Ali];
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for(i= 0, i < n; i++)
Cli} = A[i}-BI[i]:
for(i=n; i <m;i++)
Cli] = B(i}:
}
printf("in Bla thirc hiéu:");
In_Dathuc({C, k);
}
veoid Thuc_Hien{void} {
float *A, *B, *C;
int n, m, control = 0; char phim;
printf("\n Bac cua da thuc A:"); scanf("%d", &n};
prindf("\n Bac cua da thuc B:"); scanf("%d", &m);
n=n+1; m=m+1,;
A = (float *) malloc{n *szeof(float));
B = (float *) malloc(m *szeof(float));
C = (fleat *) malloc((m + n) *szeof{float));
do {
clrscr(};
printf(*\n TAP THAO TAC TREN BA THUC™;
printf("\n F1 - Tac 1ap da thicT);
printf("\n F2 - Tinh gia tri da thirc™);
printf"\n F3 - Tdng hai da thic*);
printf("\n F4 - Hiéu hai da thirc");
printf("\n F£10 - Tao 1ap da thirc™);
phim = getch(};
switch(phim) {

case F1: control = 1;
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Init_Dathuc(A, n, 'A);
Init_Dathuc(B, m, ‘B'}); break;
case F2:
if(control} {
Val_Dathuc(A, n);
Val_Dathuc(B, m};

}
break;
case F3:
if(control)
Tong_Dathuc(C, A, B, n, m);
break:
case F4:
if(control)
Hieu_Dathuc(C, A, B, n, m);
break;
}
} while(phim 1= F10);
free(A), free(B}), free(C);
}
veid main(void) {
Thuc_Hien();
}

2.6. CON TRO VOI MANG NHIEU CHIEU

Ngon ngit C khong han ché s6 chiéu cia mang nhi€u chiéu mic
dii trong thuc & c¢6 khuynh huéng sir dung mang con tré nhiéu hon.
Trong muc ndy, ta sé dua ra moi lién hé gita con tré6 vad mang
nhicu chiéu. "
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Khi xir 1y v6i cac mang nhiéu chiéu, thong thudng lap trinh vién
thudng dua ra khai bdo float A[31[3]; hodc float A[N][N] véi N duge
dinh nghia 12 cuc dai clia cdp ma tran vuong ma chiing ta can gidi
quyét. D€ tao 1ap ma tran, ching ta ciing c6 thé x4y dung thanh
ham riéng:

Init_Matrix(float A[N][N], int n);
Hoac ¢6 thé khoi diu truc ti€p ngay sau Khi dinh nghia:
float A[3](3] = {
{1,2,4},
{4, 8,12},
{3,-3,0}
}
Hoac A[](3] = {
{1,2, 4},
{4,8, 121,
{3,-3,0}
}

Ca hai cdch khoi ddu déu bit buoc phai cé chi s6 cot. Nhung dé
thay rd duoc mdéi lién hé giita mang nhiéu chiéu va con tro, chiing ta
phai phan tich k¥ cdu tric luu trit cla mang nhiéu chiéu.

Vi tén clia mang la dia chi cha mang d6 trong bd nhé diéu dé dan
téi nhitng k&t qua nhu sau:

Dia chi cha ma tran A[3}{3] 12 A dong thdi 1a dia chi hang tha O
déng thoi 1a dia chi cta phén tr ddu tién cia ma trén:

Dia chi ddu cia ma tran A 13 A = A[0] = *(A + 0) = & A[0][0L;
Dia chi hang thit nhat: A[1] = *(A + 1) = &A[1][0];
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Dia chi hang tha i: Ali] = *(A+i) = &A[i][0];
Bia chi phan tr A[i]{j] = (*(A+)) + j;
Noi dung phan tir A[i][j] = *(*(A+)) + j);

Vi dy 2.13. Kiém chimng lai méi quan hé giita mang nhiéu chiéu véi con trd
théng qua céu trdc Iuu trit cla né trong bd nhd.
#include <stdia.h>
#include <stdlib.h>
#include <io.h>
#include <conio.h>
#include <dos.h>
#include <string.h>
#include <alloc.h>
void main({void) { .
float A[3]{3];  /* Khai bao mang hai chiéu gém 9 phan tlr nguyén */
inti, j;
{* Bia chi clia cac hang */
for(i=0;i<3;i++)
printf(*\n Bia chi hang thir %d la:%p", i, Ali]);
* Bia chi hang truy nhap théng qua con trd */
printf(“\n Truy nhap bang con trd:"):
for(i=0;i <3; i++)
printf("\n Dia chi hang thr %d 1a:%p", i, “(A+);
* Bia chi cac phan tlr*/
for{i=0;i < 3; i++}{
printf(*\n");
for(j=0;] < 3; j++)
printf(*% 10p”, &A([]);

LG
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}
/* Dia chi cac phén tir truy nhap thdng qua con tré */
printf(\n Truy nhap b&ng con trd:");
for(i=0;i<3, i++) {

printf(*\n");

for(j = 0; j < 3; j++}

printf(*Bia chi phén t A{%d}(%d] = %10p", i, | , (“(A+1)) + i);

}
getch();

K&t qua thuc hién chuong trinh:
Bia chi hang thir 0 fa; FFD2
Pia chi hang th 1 |a; FFDE
Dia chi hang thir 2 1a: FFEA
Truy nhap béng con trd:

Dia chi hang th 0 [a: FFD2

Dia chi hang thir 1 1a: FFDE

Pia chi hang thir 2 la: FFEA

Dia chi phéan tif A[0)[0] = FFD2
Dia chi phin tr A[OJ[1] = FFD6
Bia chi phan tir A[0][2] = FFDA
Bia chi phan tif A[1][0] = FEDE
Dia chi phan t& A[1][1] = FFE2
Dia chi phan t& A{1][2} = FFES
Dia chi phan tif A[2][0] = FFEA
Bia chi phan tir A[2](1] = FFEE
Pia chi phén tif A[2]{2] = FFF2

Truy nhap bang con trd:
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Dia chi phan 10 A{0][0] = FFD2
Dia chi phan tir A[O][1] = FFD6
Dia chi phan 1 AJ0][2] = FFDA
Dia chi phan tir A[1][0] = FFDE
Bia chi phén tir A[1)[1] = FFE2
Dia chi phan tir Al1][2] = FFE6
Dia chi phan i A[2][0] = FFEA
Dia chi phan tit A[2][1] = FFEE
Bia chi phan t& Aj2][2] = FFF2
Nhu véy, truy nhap mang nhiéu chiéu thong qua cdc phép todn
clia mang ciing giong nhu truy nhap cia mang nhiéu chiéu théng qua
con trd. C cung cép cho ngudi sir dung mét khai bdo twong duong véi
mang nhiéu chiéu. D6 1a, thay vi khai bdo float A[3]{3]; chiing ta ¢6
thé dua ra khai bao twong duong float (*A)[3];
Khai bdo mét con tré ki€u float ¢6 thé tro téi bang gém 3 phdn tir
float. Nhu vay, nhitng ham dugc truyén vao cdc mang nhiéu chiéu nhu:

Init_Matrix(float A[N][N1, int n);
C6 thé dugc thay thé bing:
Init_Matrix{float (*A)[N], int n);

Dau (*A) 1a can thiét vi ddu [] c6 th tr wu tién cao hon diu * va
khi d6 chuong trinh dich s& hi€u float *A[N] thanh mot mang gdm N
con (ro.

2.7. CON TRO TRO TGI CON TRO

Nhu da duge chi ra trong vi du 2.13. Mot mang duoc coi nhu mét
hang con trd, trong khai bdo:

float A[10]; hoan toan c¢6 thé dugc thay thé bing viéc sir dung con
tr6 cing v6i phép cap phat bo nhé cho con wo:
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float *A;
A = malloc(10 *sizeof(float));
D61 v mang nhi€u chiéu thi khai bao:
float A[3][3]; |
C6 thé duge thay thé bing con tro tdi mang thong qua khai béo:
float (*A)([3];
Nhung ching ta lai nhan thay:
Ali][j] = (%A + DL = *((*(A + 1) +J);
Hay néi cich khac, truy nhép t6i phan tir Afi](j] dugc thong qua
mot con trd trd t6i mot con trd. Didu nay o6 nghia ta ¢ thé thay thé
mot mang nhiéu chiéu bang mét con trd tro téi con tro. Néi cach khac,

ta ¢4 thé khur cdc hang trong khai bao clia mang nhiéu chiéu thong qua
mot con trod trd té1 mot con tro.

Vi du sau s& minh hoa cho viéc thay thé mang nhiéu chiéu bing
con tro tro t31 con tro:

Vi dy 2.14. Viét chuong trinh tim dinh thic clia ma trén vudng bang viéc suf
dung con trd trd téi con tro.

#include <stdio.h>

#include <stdiib.h>

#include <io.h>

#include <conio.h>

#include <dos.h>

#include <string.h>

#include <alloc.h>

/* Khai bao nguyén mau cho ham */
void Init_Matrix(float **A, int n};

void In_Matrix(float **A, int n);
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int Chuyen(float **A, int n, int i);
float Det_Matrix(float **A, int n);
* Mo t4 ham */
void Init_Matrix(float **A, int n) {
int i, j; float temp;
for{i=0;i<p; i++) {
for(f=0; j<n; j++){
printf("\i Nhap A{%d)[%d] = ", i, });
scanf("%f, &temp);
Alil[i] = temp;

}
In_Matrix{A, n);
}
void In_Matrix{float **A, int n) {
int i, ;
for(i=0; i< n; i++){
printf{("\n%-3¢", 179);
forG=0;j<n; j++){
printf("%8.2", Afillil);

}

printf("%3c", 179);
}
delay(2000);

}
int chuyen(float **A, int n, int i) {
float j, k, temp;

for(j=i+1;j<n; j++) {
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HALIED {
for(k = 0; k < n; k++} {
temp = A[i][k]; Afilik] = ALIKI;
Aljllk] = temp;
}

return(1);

}

return{0);
}
float Det_Matrix(float **A, int n) {

flcatD =1, p, x; int i, j, k;

for(i=0; i <n; i++}{

if(A[lEE] = = 0) {
ificchuyen{A, n, i) = = 0} {
printf("\n Binh thirc D = 0");

delay{2000);
return{0);

}

else
D=-D

for(j = i+1; ) <n; j++}{
x = AliJEV AL,
for{k = 0; k < n; k++) {
p = Afilk] "x;
Alj](k] = Alilk]-p;
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In_Matrix(A, n); clrscr();

!
for(i=0;i<n;i++)
D "= Afilfi];
printf("\n D = %6.2f", D);
getch(}; return(D);
}
void main{void) {
float ™*A; int n, i; clrscr();
printf("\n Nhap cdp n = "); scanf("%d", &n);
{(*A) = (float *} malloc(n *sizeof(float));
for(i=0; i <n;i++)
All] = (float *} malloc(n *sizeof{float));
Init_Matrix(A, n);
Det_Matrix(A, n);
free(A);
}

2.8. POI CUA HAM MAIN()

Trong ngon ngit C, ¢6 mot cach dé truyén cac d6i hodc tham bién
nhu dong l¢énh cho him main() ngay tir khi chuong trinh bét ddu thuc
hién. Khi ham main() duoc kich hoat, né sé gol tGi hat dé6i. Daéi tha
nhat 1a mot bi€n nguyén duoc qui dinh la arge, arge 13 mot bién
nguyen c6 gid tri 12 s6 cdc di trén dong lénh ma chuong trinh s& tao
ra. Doi thit hai duge qui dinh 12 argv, argv 13 con trd t6i mang cdc xau
ki tw, méi xau ki ty trong mang cic xau ki ty 12 mét déi. Viéc thao tac
cac x&u ki tu nay phu thu¢c vao muc tiéu ciia ngudi sit dung. Déi thid
nhdt cua argv (argv[0]) dugc qui dinh 1 tén cita chuong trinh. Vi du
trong cau lénh copy clia DOS:
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copy vanbanl .ixt vanban2.ixt

Thi copy la tén clia chuong trinh cdn thuc hién, d6i thit nhét cia
ham main 13 argc c6 gia tri 1a 3. Trong d6, argv{0] = “copy”, argv[l] =
"vanbanl.txt", argv{2] = "vanban2.txt". Cic do6i tuy chon dugc phép
viét theo bat ky trat tu nao. phan con lai cua chuong trinh sé ty dong
cam nhan gia tri cua argc v3i sé cac doi thuc t&€ ¢6 mat.

Chuong trinh sau 1a mot minh hoa don gian nhét vé céc khai bio
cén thiét va cach st dung d6i ciia ham main(). Chuong trinh nay chi
cho hién lai cdc d6i dong lénh cua né trén mot dong, moéi d6i cach
nhau bdi cac dau trong. Tuc 12 néu ta ¢é dong lénh:

echo hello, world
Thi chuong trinh s€ cho ra:
hello, world

Theo qui udc, argv[0] 1a tén chuong trinh, vay gid tri cua argc it
nhdt 1a 1. Trong vi du trén, argc ¢6 gid tri 1a 3 va argv[0], argv[l] va
argv[2] tuong ting l1a “echo”, “hello” va “world”. D61 thue su dau tién
la argv(1] va cudi cung la argv[arge- 1]. Néu arge 13 1 thi s€ khong c6
d6i dong 1énh nao theo sau tén chuong trinh. Diéu nay duge trinh bay
trong chuong trinh echo.c:

Vi du 2.15. In ra cac d&i clia ham main()

#include <stdio.h>

void main(int argc, char *argvi]) { * Hién cac ddi cha main */
inti;
for(i= 1; i < argc; i ++)

printf(*%10s, argv([i)\ n");
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Vi du 2.16. Viét chuong trinh tinh tdng cla n s& thuc v6i ddi s& dudc truyén
tryc ti€p cho ham main().

#include <stdio.h>
float main{int arge, char *argv([]) {
ﬂolat s=0, k;inti;
for(i=1;i < arge; i++) {
k = atof(argv(i]);
s +=k;
}
printf{"Téng s = %6.2f", s):

return(s);

Két qua thuc hién chudng trinh:
TONG123456789
Téng s = 45.00

Vi du 2.17. Viét chuong trinh s3p xép tit ca cac d&i cua ham maln()
theo thu ty ting dan,

#include <stdio.h>
#include <string.h>
void main(int argc, char *argv(]) {
inti, j; char *temp;
for(i = 1; i <argc-1; i++} {
for(j = i+1; j < arge; j++} {
if(stremptargvli], argv[j}) > 0) {
temp = argv[i]; argvii] = argvljl;
argv[j] = temp;
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}
for(i= 1, i < argc; i++)

printf(*%-10s", argv{i):

K&t qua thuc hién chuang trinh;
SAPXEP 9876543210
1234567889

2.9. CON TRO HAM

Trong ngon ngit C, ban than ham khong phai la mot bién, nhung
¢4 thé dinh nghia mot con trd toi ham. Thong qua con tré ham, ching
ta ¢6 thé coi dia chi him nhu mot bién. Bang cdch dé ham c6 thé duge
truyén cho ham hodc dugce dit vao bang. Diéu quan trong 12 ching ta
¢6 thé st dung con tré ham dé quan 1y va thuc hién moi ham ¢6 cung
kidu véi né. Ciing nho con trd ham, chuong trinh duge thé hién mém
déo hon. Dé hiéu rd ban chat cla con tré6 ham, chiing ta cin phéi bi€t
16 v& co ch€ dich chwong trinh v 1&i goi ham trong C. Khi dich
chuong trinh, chuong trinh dich trong C chuyén cdc ham tir chuong
trinh nguén thanh dang mi OBJ, méi ham duge coi nhu mot mo-dun
duoc cdp phat bo nhé tai mot vi tri ndo do6 goi 1 dia chi cua ham, dia
chi ctia ham 12 di€ém diu thuc hién cia ham ma tai d6 ham nhan dugc
ddy d0 nhitng tham bi€n cin thi€t dé thuc hién.

Khi c¢é mét 11 goi ham trong Khi chuong trinh thuc hién, ngon
ngit lap trinh chuyén diéu khién chwong trinh t6i dia chi cia ham
tuong tng va thuc hién 181 goi ham t chinh dia chi nay. Chuong trinh
dich cita C qui dinh, tén cita hAm d6ng thdi 1a dia chi ciia ham trong b6
nhé. Do vay, ta hoan toan ¢é thé thuc hién duge phép gan con tré ham
bang gid tri 12 tén clia mot ham. Viéc khai bdo mot con tro ham duge
thuc hién théng qua dong khat bdo sau:

Kiéu_di_liéu (*Tén_Ham)();
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Vi du:
int (*cmp)(); khai bdo con tré ham kiéu int;
float (*fcmp)(); khai bdo con tré6 ham kiéu float;

Vi du 2.18. Xay dung con trd ham don gian tinh tdng, hiéu, tich, modul cla
hai s& nguyén duang a, b.

#include <stdio.h>
int tong{int a, int b} { return{a+b); }
int hieu(int a, int b} { return{a-b); }
int tich(int a, int b} { return(a*b); }
int modul(int a, int b) { return(a%b); }
void main{void) {
int ("cmp)(); /* khai bao con trd ham kiéu int */
int a, b; .
printf(*\n Nhap a = "); scanf(*%d", &a);
printf("\n Nhap b = "); scanf(“%d", &b);
cmp = tong;
printf(*\n Téng a + b = %d", cmp(a, b));
cmp = hieu;
printf("in Hiéu a - b = %d", cmp(a, b));
cmp = tich;
pfintf(“\n Tich a * b = %d", cmp(a, b));
¢mp = modul;
printf("\in modul(a, b} = %4", cmp(a, b));
getch();

Nhdn xét: Trong vi du trén, con tré ham cmp 14n luot nhan dia chi
cua cdc ham tong, hieu, tich, modul va thic hién cdc ham nay giéng
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nhu cic nguyén mau cia né. Tong quét, tat ca cdc ham c6 cung kiéu
v6i cmp déu ¢6 thé duge quan 1y bing mot con trd ham.

Trong vi du sau, dé tim boi s6 chung nhé nhit cla hai s6 nguyén
duong a va b, chiing ta s& sit dung con trd ham nhu mét bién dé truyén
cho ham. Vi boi s6 chung nhé nhat cua a va b 1a thuong s6 cua tich a
va b cho udc s6 chung nho nhat ctia a va b. Do dé, ta hoan toan cé thé
thiét k&€ duge mor ham bao gém cédc d6i s6 1a a, b va mot con trd haim
la uGc s6 chung nho nhét cla a, b. Chuong trinh dugc thé hién nhu sau:

Vi du 2.19. Tim bdi s6 chung nhd nhit cla hai s8 nguyén duong a, b.
#include <stdio.h>
int USCLN(int a, int b} {
while(a!= b) {
iffa > b) a = a-b;
else b = b-a;
}
return(a);
}
int BSCNN(int a, int b, int (*cmp)()) {
int k = cmp(a, b);
return{(a *b)/k);
}
void main{void) {
int a, b, ("p)();
printf("\n Nhap a =7}, scanf{*%d", &a),
printf(“\n Nhap b = "), scanf("%d", &b);
p = USCLN;
printf("\n BSCNN = %d", BSCNN(a, b, p});
getch();
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2.1.
2.2.
2.3.
24.

2.5.

2.6.

2.7.

2.8.

BAI TAP CHUONG 2

Viét chuong trinh tinh gi4 tri da thic P(x) tai diém x,,.

Viét chuong trinh tinh dao ham c4p n cla da thic P(x) bac n.
Viét chuong trinh tinh t8ng hai da thifc P(x) bac n va Q(x) bac m.
Viét chuong trinh tinh hiéu hai da thic P(x) bac n va Q(x) bac m.
Viét chuong trinh tinh tich hai da thitc P(x) bac n va Q(x) bac m.

Viét chuong trinh tinh da thic thuong va da thic phdn dv clia
da thic P(x) bac n va Q(x) bac m.

Thuat toan cong. St dung thuat todn cdng xay dung chuong
trinh cong hai s6 nguyén a va b ¢4 biéu dién nhi phin tuong ing
la a = (a,, a,..., &,), b = (b, by, ..., b,), 0 < n < 80. Dir liéu vao
cho bdi tép cong.inp, dong dau tién ghi lai s6 tu nhién a, dong
ké ti€p ghi lai s6 tu nhién b. Két qua ghi lai trong t€p cong.out.
Vi du sau s€ minh hoa cho tép cong.in va cong.out.

cong.in cong.out
1234 6912
5678

Thuat toan nhan. St dung thuit todn cong trong bai 2.7 xay
dung chwong trinh nhan hai s6 nguyén a va b ¢6 biéu dién nhi
phéan tyong (mg laa=(a, a,. ..., a,), b=(b;, by, ..., b)), 0<n <
80. Dir liéu vao cho bdi 1ép nhan.inp, két qua ghi lax trong €p
nhan.out.



Chuong 2: Mang va con tro (Array and pointer) 111

2.9.

2.10.

2.11.

2.12.

Xay dung chuong trinh mé ta lai cdc phép toan cong, nhan bang
tay. Dir liéu vao cho bdi tép pheptoan.inp, két qua ghi lai trong
tép pheptoan.out.

Xay dung tap cic thao tic cOng. trir, nhan, chia nguyén, ldy
phan du cho cic s6 1én. Dit liéu vao cho baéi tép solon.inp, két
qua ghi lai trong tép solon.out.

Str dung thuat todn xdc suat tim s6 nguyén t6 dé tim cac so
nguyén to cuc 16n ¢ do dai it nhat 1a 512 s6. (Bai tap khong bat
budc).

Bao dong. Cho tap hop U < [A. .Z] duge goi 1 tap thude tinh,
X < U. F la tap phu thudc ham trén U duge dinh nghia nhu sau:

F=|Z->Wvéi Z c U, Wc U}. Ki hieu -> duge hiéu la
dan duge.

Ta goi X" la bao dong cua tap thude tinh X trén tap phu thuge
ham F dugc xay dung theo thuét todn dé qui sau:

i X=X
. X=X'"UWwZcU WcUvaZ->WeF
iit.  Néu X* = X*' thi X*= X* véi moi phép thir trén méi phu
thudc ham (m6i phu thude ham duge thir it nhit mot 1an
ma khong bo sung thém duge thudc tinh méi).
Cho tép dir liéu baodong.in dugc té chiic nhr sau:
Dong dau tién ghi lai mot s6 tu nhién N 14 s6 cdc phu thudce
ham trong tap phu thudc ham F, dong k€ ti€p 12 mot xau ki tu
ghi lai tap thudc tinh U, N dong tiép theo ghi cac phu thude
ham, méi phu thudoc ham duge ghi trén mot dong, dong cudi
cung la tip thudc tinh X c U.
Hay tim bao déng ciia tip phu thudc ham X va ghi lai két qua
vao tép baodong.out.
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Vi du:

t&p baodong.in baodong.out

5

ABCDEFGHU ABCDEFGHIJ
A ->BCD

BC->CD

E - > FGH

EF - > FGH

AE->1]

AE

Khod. Cho luge d6 quan hé o« = < U, F > trong d6 U la tap

thu¢c tinh, F 1a tap phu thudéc ham, K < U. K duge goi 1a khoa
cua « = < U, F > néu:

Bao déng cla K bing U (K+= U);

V&1 mot thudce tinh A € K thi (KNA)T = U,

Hay tim mot khod cla luge d6 quan hé «< = < U, F > . Dif liéu
vao cho bdi 1&p khoa.in, dong ddu tién ghi lai s6 tu nhién n la s6
cdc phu thuoc ham, dong k€ ti€p ghi lai tap thudc tinh U, n
dong ti€p theo ghi lai cdc phu thuéc ham, méi phu thudc ham
dugc viét trén mot dong, v€ trai va vé phai cia mdi phu thude
ham duoc phéan biét véi nhau boi mot hodc vai ky tu rong. Két
qua ghi lai trong 1ép khoa.out. Vi du sau s€ minh hoa cho tép
khoa.in va khoa.out.

khoa.in khoa.out

3 AE
ABCDEFGHI
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2.14.

2.15.

2.16.

2.17.

A BCD
E FGH
AE DI

Phu. Cho lugc d6 quan hé «c = < U, F>vaec=<U,G>.F
duoc goi 1a phil clia G néu v6i moi f: X ->Y e F thi X's DY va
véimoi g: X -> Y e G thi X + F o Y. Hay kiém tra tinh tuong
duong cla hai tap phu thudc ham F/U va G/U. Dit li¢u vao cho
boi tep phu.in, két qua ghi lai trong €p phu.out.

Phi tu nhién. Cho luge d6 quan hé o = <U, F>, va tip phu
thuoc ham G/U. G duoc goi 1a phu tu nhién cia F néu:

a) GlaphtcuaF,

b) Vdimoif: X—>Y € Gthi XY =D

¢) Véimoi XY, Z->W e FthiX#Z.

Hiy tim mot phi tr nhién cha F. Di liéu vao cho boi tep

phutn.in, két qua ghi lai trong tép phutn.out.

Pho khong du. Cho luge 6 quan hé < = < U, F >, va tap phu

thude haim G/U. G duge goi 12 phit khong du cua F néu:

a) Glaphucuak;

b) Véimoi g: X — YeG thi {G\ g} khong 1a phi cua G.

Xusit phat tir mot phi tu nhién, hdy tim moét phi khong du cua

F. Dit liéu vao cho bdi tép phukd.in, k&t qua ghi lai trong @p

phukd.out.

Cho tép dit liéu dathuc.in duge t6 chitc nhur sau:

- Dong dau tién ghi lai bon s6 nguyén, n, m, X,, 1, mbi s6 cdch
nhau bai mot va ddu trong;

- Dong k& tiép ghi lai n +1 s thuc 1a h¢ s6 cla da thic P(x)
bac n;
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Dong thir 3 ghi lai m + 1 s6 thuc 12 hé s6 cha da thic Q(x)
bac m.

Hay viét chuong trinh dua két qua ra man hinh va ghi vao 1ép
dathuc.out véi nhimg théng tin sau:

Tinh gid tri ctia cdc da thic P(x,), Q(x,) ghi & dong thit nhat
méi s6 cdch nhau mot hay va d4u trong;

Tinh dao ham cép | < n, ] < m cha da thitc P(x), Q(x) va ghi
vao trong Tép két qua & hai dong ké tiép;

Dong ti€p theo la da thic tdng R(x) = P(x) + Q(x);
Dong ti€p theo la da thic hien R(x) = P(x) - Q(x):
Dong ti€p theo la da thic tich R(x) = P(x) / Q(x);

Hai dong cuéi cing la da thiic thuong va da thitc phén du
cta phép chia P(x)/Q(x).

Vi du vé tép dathuc.in:
3 2 1 1
1 3 3 1
1 2 1

va dathuc.out

— b2

10 105 1

LT

e R R = N
th
[ ]

) b = R
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2.18. Choma tran A va cdp m x n. Hiy tim tdng, hiéu cla hai ma tran
AvaB.

2.19. Choma tran A cdp m x n vi ma trdn B cdp n x m. Hay tinh tich
clia hai ma tran A va B.
2.20. Cho tép dif liéu matrix.in dugc 16 chiic theo khuodn dang nhur sau:
- Dong ddu tién 1a mot s6 ty nhién n 12 cAp cla ma tran
vuong A;
- n dong tiép theo mdi dong ghi n s§ thyc. Méi s6 thuc dugc
phan biét v6i nhau bdi mot hodc vai ki tu tréng 13 cac phin
tr Ali](j] ctia ma trn vudng A;
Hay viét chuong trinh fim hang, cdt hoac dudng chéo ¢b tdng
céc phan tir 12 16n nhat. Ghi két qua hang, cot hoac dudng chéo
vio 1ép matrix.out méi phdn tit dugc phan biét bdi mot vai ky
tu tréng.

Vi{ du tép matrix.in

3

1 2 4
4 8 12
3 -3 0

Tép matricx.out
!
4 8 12
2.21. Cho tép dit liéu matrix.in duge 16 chic theo khuon dang nhu sau:

- Dong diu tién 1a mot s6 tu nhién n }a cdp ciua ma tran
vuong A;

- n dong ti€p theo mdi dong ghi n s& thuc. M6i s6 thuc duge
phan biét véi nhau bdi mot hodc vai ki tu trug 1a cdc phin
tir A[i]j] ciia ma tran vudng A;
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Tim dinh thizc cia A va ghi lai két qua vao tép matrix.out.

Vi du tép matrix.in

3

1 2 4
4 8 12
3 -3 0

va tép matrix.out
-36
2.22. Cho tép dir Lieu matrix.in duge t6 chic theo khuon dang nhu sau:

- Dong diu tién 1a mot s& ty nhién n 1a cdp cla ma tran
vudng A;

- n dong tiép theo mbi dong ghi n s6 thuc mbi s6 thue duge
phan biét véi nhau boi mot hoac vai ki ti tréng 12 cdc phén
tr A[i]{j] cta ma tran vuong A;

Hay viét chuong trinh tim ma tran nghich ddo cila ma trin

vuong A. Ghi lai két qua vao tép matrix.in theo timg dong.

Trong truong hgp ma wran khong ton tai nghich dao ghi lai

thong bao “Nghich dao khong ton tai”.

Vi du €p matrix.in

3

| 2 3
2 5 3
| 0 8

Va tép matrix.out

-40 16 9
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2.23.

2.24.

13 -5 -3
5 -2 -1

Cho tep dit liéu matrix.in dugc t6 chiic theo khuon dang nhu sau:

- Dong dau tién 1a mét s§ ty nhién n la cap cia ma tran
vuong A;

- n dong ti€p theo mdi dong ghi n + 1 s& thuc mdi s6 thuc
duoc phan biét véi nhau boi mot hoac vai ki ty trong la cdc
phén tit A[i][j] cha ma tran vudong A va hé s6 cla véc to n
thanh phan B;

Hay viét chuong trinh giai hé phwong trinh tuyén tinh thuén

nhat n 4n AX = B bing phuong phdp khir Gaus. Nghiém cua hé

duge ghi lai trong tép matrix.out trén mot dong. Trong truong
hop hé suy bién. Ghi lai thong bdo “Hé suy bién”.

Vi du vé tép matrix.in

3
1 1 -1 1
2 -1 1 0

3 1 -2 1
va tép matrix.out

0.33 133 0.66
Ma tran nhi phan 12 ma tran ma céc phén tir clia né hoac bang 0
hodc bing 1. Ddi v6i ma tran nhi phan ngudi ta dinh nghia cic
phép hop, giao, nhan logic va luy thira nhu sau:
- Phép hop. Cho hai ma tran nhi phin cing cdpm x n, A =

{a;},B={b;}i=12 ,m,j=1,2,.., n). Hopcia A

véiBchotamatranC= { ¢l cy=a;vbi=1,2,. . ,m;]=
1.2,...n}.
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Vidu
l 0 1
A= B:
0 | 0
1 1 1
C=AvB=
I 1 0

- Phép giao. Phép giao clia hai ma tran A = {a;} vaB = {b}

cung c&p m x n ho ta mot ma tran cing cip C = {¢;l ¢
Abhii=1,2,..,m;j=1,2 .., n

Vidu:
1 0 1
A= B:
0 1 0
0 0 0
C=AvB=
0 0

ij = &y

- Phép nhan logic. Cho ma tran nhi phan A = {a;} cdpm x k
vaB={b;} cipk x n. Matran C = | cjle; =@ Abvia,
Aby) vl v (@ A b))} cdp mxn dugc goi Ia ma tran tich
logic ctia ma trdn A v6i ma tran B vA duge ky hiéu la

C=A0B.
Vidu;
1 0 |
A=i0 1 B=‘0
i 0
1 1
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2.25.

- Phép luy thira logic bac r. Lu¥ thira logic bac r cha ma tran

vuong nhi phan A, ky hieu A{r]= A © A ©A O ..OA (r lan).
Bai toan: Cho hai ma trdn vudng nfli phancipn A = {a;} vaB
= {b;;}. Hay viét chuong trinh tinh hop, giao, nhan logic, va luy
thira bac r cua A va B.

Cho moét bang hinh vuéng gdm 5 x 5 hinh vuéng nho. Trén méi
o ghi m&t chit sO thap phan nhu hinh vé sau:

3 [5 |1 |1 |1
5 (0 10 13 |3
1 |0 |3 |4 |3
1 |3 |4 |2 |1
1 43 73 |1 |3

Céc chit so dién vao phdi thoa man nhitng yéu ciu sau:

Yéu cdu 1: 12 s6 bac gdm nam s& nam chit s6 theo ting dong
doc tir trai sang phai, nam s6 nam chit s6 theo ting cot doc tir
trén xuong dudi, hai s6 nam chit s6 theo hai dudng chéo doc tir
trdi sang phai déu 1a cdc s nguyén t6 véi 5 chir s6 ¢ nghia. 12
s0 nay khong nhét thiét phai khdc nhau.

Yéu cdu 2: Téng cdc chit s6 clia mbi s6 trong 12 s6 trén déu
bang nhau. Trong vi du trén, tdng céc chit s6 clia mdi s6 déu
bang 11.

Hay viét chuong trinh thuc hién cac cong viéc sau:

Nhap dir liéu tir tép ngto.in. Trong d4, dong thi nhat ghi so la
tong cdc chir s6 clha nhitng s6 cin xay dung, dong thit hai ghi
chit 36 & géc bén trai hinh vudng.

Tim céc 10i giai ¢6 thé ¢6 ting véi dir lieu vao da nhéap vao €p
ngto.out. Mot 10 gidi 1a mot mang 5 x 5 ghi thanh 5 dong mébi
ddng 5 chir s6 twong Ung véi cac hang cha hinh vuong, hai i
giat duoe ghi cdach nhau bdi mot dong tréng, hai 1oi giai khac
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nhau néu hai hinh vuéng c6 it nhat mét 6 khac nhau. Trong vi
du trén, ta c6 cac t1ép input va output nhy sau:

ngto.in ngio.out

11 3 5 1 1 1

3 5 0 0 3 3
| 0 3 4 3
1 3 4 2 1



CHUONG 3
DUYET VA BE QUI

3.1. PINH NGHIA BANG PE QUI

Trong thuc t&, ching ta gip rit nhiéu déi tugng ma khé c6 thé
dinh nghia n6 mot cach rudng minh, nhung lai dé dang dinh nghia doi
tuong qua chinh né. K¥ thuat dinh nghia doi tugng qua chinh né duge
goi 1a k¥ thuat dé qui (recursion). Bé qui dugc sir dung rong rai trong
khoa hoc may tinh va 1y thuyét tinh todn. Cdc giai thuat dé qui déu
dugc xay dung thoéng qua hai budc: budc phan tich va budc thay thé
nguoc lai.

Vi du 3.1. Pé tinh t8ng S(n) = 1 + 2 + ... + n, chdng ta cb thé thuc hién
thong qua hai budc nhusau;

Budc phan tich:

D& tinh toan dudc S(n) trudc tién ta phai tinh toan trudc S(n - 1), sau d6 tinh
SN)=8{n-1)+n.

» DE tinh toan dugc S(n - 1), ta phai tinh toan trude S(n - 2) sau dé tinh S(n
-1N=8n-2)+n-1.

¢ Tiép tuc tinh S{n - 2), S(n- 3} ...

e Dé tinh toan dudc S(2), ta phai tinh toan trudc S(1) sau dé tinh
S(2) =5(1) + 2.

s  Va cudi ciing S(1) ching ta cé ngay két qud 1a 1
Budc thay thé ngugc lai:
Xu&t phat tir S(1), thay th& ngugc lai ching ta xac dinh S(n):
o« S(1)=1
e S(2)=8S(1)+2
e S(3)=5(2}+3



122 Gido trinh Ky thudt I3p trinh

o S(M=S(n-1)+n

Vi du 3.2. Binh nghia ham béng dé qui
Ham f(n} = n!
D& thay f(0) = 1.
Vifn+1)t=1.23 . n(n+1)=nin+ 1), néntach:
f(n + 1) = (n + 1).f(n) véi moi n nguyén duong.
Ham f(n) = a"
Via®=1;f(n+ 1) =a""" = a.a" = af(n) nén f(n) = a.f(n) vdi moi s thuc a va s6
t nhién n.
Vi du 3.3. Tap hop dinh nghia b&ng dé qui

Binh nghia d¢ qui tdp cac xau: Gia sir =* 14 1ap cac xau trén bd chil cai E. Khi
dé Z* dugc dinh nghia bang dé qui nhu sau:

h € ¥, trong d6 A 1a x3u réng

wxeI*nBiweI*vaxeZ"

Vi dy 3.4. C4u truc tu trd duge dinh nghia bang dé qui
struct node {
int infor;
struct node “left;
struct node *right;

b
3.2. GIAI THUAT DBE QUI

M0t thuét todn duge goi 1a dé qui n€u né giai bai todn bing cach
rit gon bai todn ban dau thanh bai todn tuong tu nhu vay sau mot s6
hitu han }an thuc hién. Trong méi l4n thuc hién, dit lieu ddu vao tiem
cén toi tap dir liéu dimg,.
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Vi du: Dé giai quyét bai todn tim wdc s& chung 1én nhdt cha hai 56
nguyén duong a va b vdi b > a, ta ¢6 thé riit gon v& bai todn fim udc s6
chung 16n nhit cia (b mod a) va a vi USCLN(b mod a, a) = USCLN(a, b).
Diay céic rit gon lién ti€p c6 thé dat dugce cho 161 khi dat diéu kién dimg
USCLN(O, a) = USCLN(a, b) = a. Sau day la vi du v& mot s& thuét todn
dé qui thong dung.

Thuat todn 1: Tinh a” bang giai thuat dé qui, véi moi s6 thuc a va
s6 tu nhién n.

double power{float a, int n) {
if(n == 0)
return{1};
return{a “power(a, n- 1)};
}

Thuat toan 2: Thuat todn d¢ qui tinh w6c s6 chung 16n nhat caa

hai s& nguyén duong a va b. '
int USCLN{int a, int b) {
iffa ==0)
return(b);
return{USCLN(b % a, a));
}
Thuat toan 3: Thuat toan dé qui tinh n!
long factorial(int n) { |
if(n == 1)
return(1);

return{n * factorial{n - 1)};
}
Thuat toan 4: Thuat toan dé qui tim Ki€m nhi phan:
int binary_search{float *A, int x, inti, intj) {

int mid = (i + ji/2:
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}

if(x > Almid} && i < mid)
return{binary_search{A, x, mid + 1, j);
else if(x < Almid) && j > mid)
return(binary_search(A, x, i, mid - 1);
else if(x == A[mid])
return{mid};

return{(-1);

Thuat toan 5: Thuat toan dé qui tinh s6 fibonacci tha n

int fibonacci{int n} {
ifin == 0) return(0);
else if(n == 1) return(1);
return{fibonacci(n - 1) + fibonacci(n - 2));

}

3.3. THUAT TOAN SINH KE TIEP

Phuong phap sinh k& tiép dung dé giai quyét bai toan liét ké cha 1y
thuyét 16 hop. Thuat todn sinh k& ti€p chi dugc thuc hién teén 16p cac
bai todn thoa man hai diéu kién sau:

C6 thé xdc dinh dugc mot thit tu trén tap cac cdu hinh t8 hop
can ligt ké, tir d6 x4c dinh duoc cau hinh diu tién va ciu hinh
cudi clng.

Tir mot cau hinh bét ky chua phai ta cudi ciing, déu c6 thé xay
dung dugc mot thuat todn dé suy ra ciu hinh ké tiép.

Tong quat, thuét todn sinh k& ti€p c6 thé duoc mo ta bing thi tuc
generate, trong dé Sinh_Ke_Tiep la tha tuc sinh c&u hinh k& tiép theo
thudt todn sinh da duge xiy dung. Néu c4u hinh hién tai 12 cdu hinh
cudi cung thi tht tuc Sinh_Ke_Tiep sé gan cho stop gia tri TRUE,

nguoc

la1 cu hinh ké tiép s& duoc sinh ra.
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Procedure Generate;
begin

< Xdy dung cédu hinh ban dau >

stop : = false;

while not stop do

begin
< Dtsa ra cdu hinh dang ¢ >;
Sinh_Ke_Tiep;

end;

end;

Sau day chiing ta xét mot s6 vi du minh hoa cho thuat toan sinh.
3.3.1. Bai toan liét ké cdc tap con cua tap n phan tu

Mot tap hop hitu han gém n phan tr déu ¢6 thé biéu dién trong
duong véi tap céc sO tu nhién 1, 2, ..., n. Bai todn dugce dat ra 1a: Cho
mot tap hop gdobm n phan t X = { X, X, ..., X, }, hdly liét ké tat ca céc
tap con cua tap hop X.

Dé liét ké dudc tat ca céac tap con clia X, ta lam tuong tng méi tap
Yc X véi mot xau nhi phan cé dd dain la B = {B,, B,, ..., B,} sao cho
B =0néuX ¢ Y vaB =1néu X eY,; nhu vay, phép liét ké tit ca cac
tap con ctia mot tap hop n phan tir twong duong voi phép liét ké tat ca
cdc xau nhi phan ¢6 do dai n. S5 cac xau nhi phan c6 do6 dai n 1a 2". Bay
gid ta di xdc dinh tha tu cdc xau nhi phan va phuong phap sinh k& tiép.

Né&u xem cdc xau nhi phan b = {b,, b, ..., b,} nhu 12 biéu dién cta
mot s6 nguyén duong p(b). Khi d6 thit ty hién nhién nhét 1a thif t ty
nhién dugc xdc dinh nhu sau:

Ta n6i xau nhi phan b = {b,, b,, ..., b,} cd thit tu truéc xau nhi
phan b’ = {b’,, b’5, ..., b’,} va ki hi¢u [a b < b’ néu p(b) < p(b’). Vi du
véi n = 4: chiing ta ¢6 2* = 16 xau nhi phéan (tuong ng véi 16 tap con
clia tap gém n phéan tlr) dugc liét ké theo tha tif tir dién nhu sau:
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b
00090
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

15

Tir day ta xdc dinh duge xau nhi phan d4u tién ia 00...00 va xan
nhi phan cudi cing la 11...11. Qud trinh liét ké ding khi ta dugc xau
nhi phan 1111. Xau nhi phan k& ti€p 1a biéu dién nhi phan cla gi4 tri
xau nhi phén trude d6 cong thém 1 don vi. Tir d6 ta nhan duogc qui tic

sinh ké& tiép nhu sau:

e Timchisdidautién theothdtri=n,n-1,..., | saochob,=0.

e Ganlai b, =1 va b;= 0 véi tit c j > i. Day nhi phan thu dugc
14 day can tim

Thuat toan sinh xau nhi phan ké tiép

void Next_Bit_String(int *B, int n) {

i=n;
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while(b, == 1) {
b= 0

Sau ddy la van ban chuong trinh liét k& cdc xau nhi phan c6 dé 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 1nit{int *B, int n) {
int i;
forli=1i<=ni++)
B[i] = 0;
count = 0;
}
void Result{int *B, int n) {
inti; count ++;
printf("™\n Xau nhi phan thi %d:", count);
forli=1,i<=n;i++)

printf("%3d", BIi]):
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void Next_Bits_String(int *B, int n) {
inti=n;
whiie(i > 0 && B[ij) {
Blij=0;i--;
}
if(i == 0)
Stop = TRUE;
else
B[} = 1.
}
void Generate(int *B, int n) {
nti;
Stop = FALSE;
while('Stop) {
Result(B, n);
Next_Bits_String{B, n);

}
void main{void) {
inti, *B, n; clrscr{),
printf("in Nhap n ="); scanf("*%d", &n);
8 = (int *) malloc({n*sizeof(int));
Init{B, n};
Generate(B, n);
free(B);
getch();
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3.3.2. Bai toan liét ké tap con m phan ti ciia tap n phan tir
Bai toan: Cho tap hop X = { 1. 2, ..., n}. Hay liét ke tdt ca céc tap
con m < n phan ti ctia X.
Méi tap con m phan tir ciia X ¢6 thé biéu dién nhu mot bo b thit tr:
a={(a,4a,..a,)thoaminl €£a, <a,<..<a,<n

Trén cic 1ap con m phdn tir cia X, ta dinh nghia thif ty cua cdc tap
con nhu sau:

=1

Ta ndi tap con a = (a,, a,, ..., a,) cO thif tw trudc tpa’ = ("), a’y, ..
a’,)) theo thit tr tir dién va ki higu a < a’ néu tim dugc chi s k sao cho:

a=a',a=a,.,a_=a a<a’y
ViduX={l,2,3,4,5},n=35, m= 3. Cic tap con 3 phan tit ciia
X duoc liét ké theo thit tu ti dién nhu sau:
23
4

A

|
1
|
l
1
|
2

[T S U T DS T 0 B e
= oA h

Lk
LIPS I |

4
4

[V O I
n

Nhu vay, tap con dau tién 1a 1, 2, ..., m. Tap con cudi cing la
n-m+ L,n-m+2. .., n Gia sit ta ¢6 tap con chua phai la cudi cung
(nhd hon so véitapconn - m + 1, n - m + 2, ..., n), khi d6 tap con ké
ti€p ctia a duoce sinh boi cdc qui tac bién d6i sau:

e Tim tir bén phai dav a,, a,, ..., a,phadn tlta, = n-m +1,
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o Thayth€a =a,+I;
e Thayabdia+j-i,véij=i+1,i+2,...,m.
Vi qui tic sinh nhw trén, chiing ta ¢6 thé mo ta bang thuat todn sau:
Thuat toan liét ké tap con ké ti€p m phan tir cua tap n phan tir:
void Next_Combination(int *A, int m} {
i=m;
while{a, == m-n +i)
i=i-1;
a=a+1;
for(j=i+1;j<=m;j++)
a=a+j-i
!
Chuong trinh liét ké tap cic tap con m phén tir clia tap n phén tir
duge thé hién nhir sau:
#include <stdio.h>
#include <conio.h>
#define TRUE 1
#define FALSE 0
#define MAX 100
int n, k, count, C{MAX], Stop;
void Init{void) {
inti;
printf("\n Nhap n = "); scanf("%d", &n);
printf{"\n Nhap k = "); scanf("%d", &k};
for(i=1;i <=k ++)

Clii=1i
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void Result{void) {
int i; count ++;
printf{("\n Tap con tha %d:", count);
for(i=1;i<=k;i++)
printf("%3d", C[i});
}
void Next_Combination(void) {
inti, j;
i=k;
while(i > 0 && C[i] ==n -k +1)
i
if(i > 0) {
Clil = C[i) + 1;
forf=i+1;j<=k;j++)
Chil =Clit+j -1,
}
else Stop = TRUE;
}
void Combination(void) {
Stop = FALSE;
while{!Stop) {
Result{);

Next_Combination();

}
void main{void) {
cirscr();

Iit();
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Combination();
getch();
}
3.3.3. Bai toan liét ké cac hoan vi ciia tap n phan tir

Bai todn: Cho tap hop X = {1, 2, ..., n}. Hay liét ké tat ca cac hodn
vi cia X.

M&i hoan vi n phdn tir cha tap hop X c6 thé bidu dién bdi bo cé
thir tv gém n thanh phéin a = (a,, 2., .., a,) thod min:
3 eX;i=12,.,na,#anéup=q.

Trén tap ¢4 thi wr cdc hodn vi n phan tit clia X, ta dinh nghia thi
trr cta cdc hodn vi d6 nhu sau:

Hoén vi a = (a,, a,, ..., ;) dugc goi 14 ¢6 thit tu trudc hodn vi a’ =
(@’y,a’y, ...,a’,)) vakihiéu a < a’ n€u tim duoc chi s k sao cho:

a| :a’|, az :a,z, . ak_| = ‘d’k_l, 'dk <a,k

Vidu X = {1, 2, 3. 4} khi d6 cdc hoédn vi cha 4 phén tir dugc sap
x€p theo thit ty tlr dién nhu sau:

3]
e

1
1
1
1
1
1
2
2
2
2
2
2

B T T T - CU FU IR U
S I R S 'S T WY R (N0 TRt N D [
[l T SN S R SN A T S I O N R S
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ot 2

SO O SO U SO S R

WO = — BB NN — =
B — b m I N o= B — BB
_ o o W R W = R = BN

ld

Nhu vay, hodn vi ddu tién 1a 1, 2, ..., n, hodn vi cu6i cting la n, n -
1,...1. Gia sit hodn vi a = (a,, a,, ..., a,) chua phai 1a hoan vi cuéi cung,
khi d6 hodn vi ké tiép ctia a dwoc sinh bdi qui tic sau:

e Tim tir phai qua trdi hodn vi ¢6 chi s6 j ddu tién thoa man
a; < a;,, hay j1a chi s6 16n nhat dé a;<aj, ;;
e Tim a, 12 s6 nho nhét con 16n hon a, trong cic s6 ¢ bén phai a;;
o Doi cho a; cho a;
o Lat ngugce lai doan tira;, y, ..., &,
Thuat todn sinh hoan vi ké tiép:
void Next_Permutation(int *A, int n} {
intj, k, r, s, temp,
i=nm

while(a, > a,. )

while(a, > a,)
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k=k-1;
temp = a; a, = a,; a, = temp;
r=j+ts=n
while(r < s} {

temp = a,; &, = a,; a, = temp;

r=r+1;, s=g-1:

}
Chuong trinh li¢t ke céc hodn vj ciia tap hop gém n phdn tir nhu sau:
#include <stdio.h>
#include <stdlib.h>
#include <conio.h>
#define MAX 20
fidefine TRUE 1
#define FALSE 0
int P[MAX], n, count, Stop;
void Init{void) {
int i; count = 0;
printf("\n Nhap n = "); scanf("%d", &n);
for(i=1;i<=n;i++)
Pli] =i
}
void Result{void) {
int i; count ++;
printf("n Hoan vi %d;", count);
for(i=1;i<=n;i++)
printf{"%3d", P[i]);
}

void Next_Permutation{void) {
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inti, k, r, s, temp;
j=n-1;
while(i > 0 && P[j] = Plj + 1))
b
if(j == 0)
Stop = TRUE;
else {
k=n;
while(P[j] = PIK]) k -
temp = P{j]: Plj] = PIk]; P[k] = temp;
r=j+1,s=m
while(r < s) {
temp = P[r}; P(r] = P[s]. P[s] = temp,

r++, 8 -,

}

void Permutation{void) {
Stop = FALSE;
while(!Stop) {
Result();

Next_Permutation();

}

void main{veid) {
Init();
clrser();
Permutation();

getch();
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3.3.4. Bai todn chia so tv nhién n thanh tdng cac sé nhd hon

Bai todn: Cho n 1a s8 nguyén duong. Mot cich phan chia so n 1a
bi€u dién n thanh tdng cic s6 tw nhién khong 16n hon n. Chéang han
8§=2+3+2.

Hai cach chia duge goi 13 dong nhat néu ching ¢6 ciing céc s6
hang va chi khdc nhau vé thi tu sdp x€p. Bai toan dugc dat ra la, cho
s0 tu nhién n, hay duyét moi cach phan chia s6 n.

Chon cdch phan chias6n=b, +b,+ ...+ b, véib, > b, > ... > b,,
va duyét theo trinh ty tir dién ngugc. Ching han véi n = 7, chiing ta ¢6
thir tu tir dién ngugc cla cdc cich phan chia nhir sau:

7
6 1

5 2

5 1 |

4 3

4 2 1

4 1 1 1

303

302 2

3002 1 1

3001 1 1 1

2 2 2 1

2 02 1 1 1

2 1 1 1 1 1

f—
[a—
[
p—
[a—
[
—
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Nhu vay, cich chia dau tién chinh 1a n, Cédch chia cudi ciing 1a day
n s6 | Bay gid chiing ta chi cdn xay dung thuit todn sinh k& tiép cho
moi cach phan chia chua phai la cuéi cing.

Thuait toan sinh cach phan chia ké tiép:

void Next_Division{void) {
inti, j, R, S, D;
i =k;
while(i > 0 && Cfi] == 1)
j -
if(i > 0) {
Cli] = Cfil - 1:
D=k-i+1;
R =D/ CJi;
S =D % C[i};
K=1i;
if(R > 0) {
for=i+1;j<=i+R;j++)
Cli) = Clil;
k=k+R,
}
if(S > 0) {
k=k+1,Clk] =8;

!
else Stop = TRUE;

}
Chuong trinh dugce thé hién nhu sau:
#include < stdio.h>

#include < conio.h>
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#include < stdlib.h>
#define MAX 100
#define TRUE 1
#define FALSE 0
int n, C[MAX], k, count, Stop;
void Init(void) {
printf{("in Nhap n ="); scanf("%d", &n};
k=1;count=0; Clk] = n;
}
void Result{void) {
inti; count ++;
printf{"\n Cach chia %d:", count),
for(i=1;i<=k;i++)
printf(*%3d", C[i]);
}
void Next_Division{void) {
inti, j, R, 8, D;
i=k;
while(i > 0 && CJi] == 1)

ifi > 0) {
Clil=C[i]- 1,
D=k-i+1;
R=D/Cli;
S =D % C[i;
k=i
if(R > 0) {

for(j=i+1;§j<=i+R;j++)
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Clif = C);
k=k+R;
}
if(S > 0) {
k=k+1,Ck]=S;

}
else Stop = TRUE;

}
void Division{void) {
Stop = FALSE;
while('Stop) {
Result();

Next_Division():

}

void main(void) {

cirscr(}; Init(); Division(); getch();

}

3.4. THUAT TOAN QUAY LUI (BACK TRACK)

Phuong phdp sinh k€ ti€p 6 thé giai quyét dugc cdc bai todn liét
ké khi ta nhdn biét dugc ciu hinh diu tién cha bai todn. Tuy nhién,
khong phai cdu hinh sinh k€ ti&p nao ciing dugc sinh mot cich don
gian tlr cau hinh hién tai, ngay k€ ca viéc phdt hién cau hinh ban dau
cling khong phii dé tim vi nhiéu khi chiing ta phai ching minh sy tén
tai clia cau hinh. Do vay, thuat todn sinh k€ ti€p chi giai quyét dugc
nhitng bai toan liét ké don gian. D& giai quyét nhitng bai toén o hop
phiic tap, ngudi ta thuong dung thuat todn quay lui (Back Track) sé

duoc trinh bay dudi day.
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No1 dung chiph cua thuat todn nay la xdy dung dan cac thanh
phan cua cdu hinh bang cdch thir tat ca cac khd nang. Gia sir can pha
tim mét cdu hinh cua bai todn x = (X, X5, ..., X,) ma i - | thanh phdn
Xy, X, -y X,y da duge xdc dinh, bay gid ta xdc dinh thanh phan thi i
cua cdu hinh bang cdch duyét tdt ca cdc kha ning c6 thé ¢6 va danh s6
cic kha nang tir | ..n. Vi moi kha ning j, ki€ém tra xem j c¢é chip
nhén duge hay khong. Khi dé ¢6 thé xay ra hai trudmg hop:

¢ Ncu chap nhin j thi x4c dinh x; theo j, néu i = n thi ta dugc mot

cdu hinh can tim, nguoc lai xdc dinh ti€p thanh phan x; , |.

e Neéu thi tdt ca cdc kha nang ma khong ¢6 kha nang nao duogc

chap nhan thi quay lai buéc trude d6 dé xac dinh lai x, .

Diém quan trong nhat cua thuat todn la phai ghi nhd lai mdi budc
da di qua, nhitng khé nang nao da duoc thir dé tranh su tring lap. Dé
nhé lai nhitng bude duyét trude d6, chuong trinh cdn phai dugc 16 chiic
theo co ch€ ngan x&p (Last in first out). Vi vay, thuat todn quay lui rét
phtt hop véi nhitng phép goi dé qui. Thuat todan quay lui xdc dinh thanh
phén thi i ¢6 thé duge mé ta bang thi tuc Try(i) nhu sau:

void Try(int i} {
int j;
for=1;j<n;j++){
if(< Chép nhén j >} {

< Xdc dinh xi theo j >
if(i == n)
< Ghi nhédn céu hinh > ;
else Try(i+ 1);
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C6 thé mé ta qua trinh tim ki€ém 181 giai theo thuat todn quay lui
bing cay tim kiém 1oi gii sau:

Géc

Kha nang chon
X1

Kha nang chon
X2 vdi x4 da chen

Khé nang chon
X3 v Xy, X2 G2
chon

Hinh 3.1. Cay liét ké 101 giai theo thudt todn quay lui.

3.4.1. Thuat toan quay lui liét ké cac xau nhi phan do dain

Biéu dién cdc xau nhi phan dusi dang b,, b,, .... b,, trong dé
b,e {0, 1}. Thi tuc dé qui Try(i) xdc dinh b, véi cdc gid tri d€ cit cho b,
1a 0 va 1. Cic gid tri nay mac nhién duge chdp nhan ma khong cén
phdi thoa min diéu kién gi (do d6 bai todn khong can dén bién trang
thdi). Thi tuc Init khdi tao gia tri n va bién d€m count. Thil tuc két qua
in ra ddy nhi phan tim dugc. Chang han véi n = 3, cay tim kiém 13i giai
duoc thé hién nhu hinh 3.2.

000 001010 OMNM 100 101110 1M1

Hinh 3.2. Cay tim kiém 101 gidi liét ké day nhi phdn do dai 3
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Chuong trinh liét ké cdc xau nhi phan c¢6 do dai n sir dung thuat

todn quay lui duge thuc hién nhu sau:

#include <stdio.h>
#include <alloc.h>
#include <conio.h>
#include <stdlib.h>
void Result(int *B, int n) {
int i;
printf{™\n “);
for(i=1; i <=n; i ++)
printf("%3d", B[i]);
}
void Init{int *B, int n) {
int i;

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

B(} = 0;
}
void Try(int i, int "B, int n) {
int j;
for(j=0;j<=1j++){
B(i] =
ifi ==n) {
Result(B, n);
}

else Try(i + 1, B, n);

}
void main(void) {

int "B, n; clrscr();
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printf("™\n Nhap n = "}; scanf("%d", &n};
B = (int ") mallac(n*sizecf(int}};
Init{B, n}; Try(1, B, n); free(B);
getch();

}

3.4.2. Thuat toan quay lui liét ké cdc tap con m phan tir cia tap n
phan tir

Biéu dién tap con k pban tr duéi dang c,, ¢y, ..., ¢, trong d6
l<c, <¢y...sn.Tirdésuyracdc gidtridé cichog; latirc , + 1
cho dén n - k + 1. Cdn thém vao ¢, = 0. Cdc gid tri dé cir nay mac nhién
duoc chdp nhan ma khong cin phai thém diéu kién gi. Céc thu tuc Init,
Result dugc xay dung nhir nhitng vi du trén.

Cay tim kiém 101 gidi bai toan liét ké tap con k phén tir ciia tdp n
phan t v6i n = 5, k = 3 duogc thé hién nhu trong hinh 3.3.

123 424 124134 135 145234 235 245 345
Hinh 3.3. Cay liét ké 16 hop chap 3 nix {1, 2, 3,4, 5}

Chuong trinh liét ké cdc tap con k phan tir trong tap n phan tir
dugc thé hién nhu sau:
#include <conio.h>
#include <stdio.h>
#include <stdlib,h>
#define MAX 100
int B[MAX], n, k, count = {;
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void Init{void) {
printf("in Nhéap n ="); scanf("%d", &n);
printf("™n Nhap k = "); scanf("%d", &k);
B[0] = O;
}
void Result{veid) {
int i; count ++;
printf("\n Tap thir %d:", count);
for(i=1;i<=k; i ++){
printf("%3d", B[i]}
}
getch(};
}
void Try(int i) {
intj;
for((=Bli-1]+1j<=(n-k+i)j++){
B[i]=j:
if{i == k) Result();
else Try{t + 1);

}
void main{void) {
clrscr(); nit(); Try(1);

}
3.4.3. Thuat toan quay lui liét ké cac hoan vi ctia tap n phan ta

Biéu dién hodn vi duéi dang p,, p,, .., P.» trong d6 p; nhan gid tri ti
I dén n v py= p; voi 1 = j. Cac gid tri tr 1 dén n lan luot duge dé cir
cho p;, trong dé gid tri j duoc chap nhan néu né chua duge ding. Vi
vy, can phai ghi ohé véi méi gid tri j xem né da duge diung hay chua.
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biéu nay dugc thuc hién nhd mot diy cic bién logic b, trong d6
b, = TRUE néu j chua duge ding. Cdc bién nay phai dugc khdi dau gid
tri TRUE trong tha tuc Init. Sau khi gdn j cho p;, cin ghi nhan false
cho b; va phai gdn true khi thuc hién xong Result hay Try(i + 1). Cac
thi) tuc con lai giéng nhu vi du 1, 2. Hinh 3.4 mo ta cay tim kiém 10i
giai bai toan liét ké hoan vicha 1,2, ..,nv6in=3.

Goc

12,3 1,3,2 21,3 231 312 321

Hinh 3.4. Cay tim kiém I&i gidi bai todn liét ké hodn vi cua {1, 2, 3}
Sau day 1a chuong trinh gidi quyét bai todn liét ke cic hoan vi cua

1,2,..,n.
#include <stdio.h>
#include <conio.h>
#inciude <stdlib.h>
#define MAX 100
#define TRUE 1
#define FALSE O
int P[MAX], B[MAX], n, count =0;
void Init(void} {

int i

printf("\n Nhap n = "); scanf(*%d", &n),

for{i=1,i<=n;i++)
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B[i] = TRUE;
}
void Result(void) {
inti; count ++;
printf("™n Hoan vj th(t %d:", count);
for{i=1;i<=n;i++)
printf("%3d", P[i]);
getch(};
}
void Try(int i) {
int j;
for=1;j<=n;j++){
iHBID {
Pll=§
B{j] = FALSE;
if(i == n) Result();
else Try(i + 1);
B[i] = TRUE;

}

void main{void} {
Init(); Try(1).
}
3.4.4. Bai toan Xép Hau

Bai todn: Liét ké tit ca cac cich x&€p n quan hau trén bAn cdn x n
sao cho ching khong an duge nhau.

e
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Ban ¢ ¢é n hang dudc ddnh s6 tir 0 dén n - 1, n cdt duoc dénh so
tit 0 dén n - 1; Ban ¢ ¢6 n*2 - 1 dudng chéo xudi duge ddnh so6 tr O
dén 2*n - 2, 2*n - 1 dudng chéo nguge duge ddnh s6 tix 2*n - 2. Vidu:
vSi ban ¢ 8 x 8, ching ta c6 8 hang dugc dénh s6 tir O dén 7, 8 cot
dugc ddnh so tir 0 dén 7, 15 dudng chéo xudi, 15 dudong chéo nguge
duoc ddnh sé tr 0 ... 14,

Vi trén mdi hang chi x&p duge ding mot quan hau, nén ching ta
chi cdn quan tim dén quan hau duge x&p & cot nao. Tir d6 dan dén viéc
xac dinh bo n thanh phan x,, X, ..., X,, trong d6 x; = j dugc hiéu la
quan hau tai dong i x&p vao cot thit j. Gid tri clia i duoc nhan tir 0 dén
n - 1; gid tri cba j cling ducc nhan tit 0 dén n - 1, nhung thoa man diéu
kién 6 (i, j) chua bi quan hau khic chiéu dén theo cot, dudng chéo
xudi, dudng chéo nguge.

Viéc kiém sodt theo hang ngang 1 khong cén thiét vi trén mdi hang

chi x&p diing mét quan hau. Viéc kiém soat theo cot dugc ghi nhan nho
day bién logic a; v6i qui udc a; = 1 n€u cot j con tréng, cot ;=0 néu cot
j khong con trong. Dé ghi nhan duong chéo xudi va dudng chéo ngugc
¢6 chi€u téi 6 (i, j) hay khong, ta sit dung phuong trinh i + j = const va
i - j = const, dudng chéo thi nhit duge ghi nhan bdi ddy bién b;, duong
chéo thit 2 dugc ghi nhén bdi day bién ¢; v6i qui uée néu dudng chéo
nao con réng thi gid tri twong Ung clia né 1a 1 nguoc lai la 0. Nhu vay,
cot j duoc chdp nhan khi ca 3 bién a, b, ;, ¢, ; déu c6 gid tri 1. Cic bi€n
nay phai duoc khéi ddu gid tri 1 trude d6, gén lai gié tri O khi x€p xong
quan hau thid 1 va tra lai gia tri 1 khi dua ra ket qua.
#include <stdia.h>
#include <stdlib.h>
#include <conio.h=>
#include <dos.h>

#defineN 8
#define D (2*N- 1)
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#define SG (N - 1)
#define TRUE 1
#define FALSE 0
void hoanghau(int);
void inloigiai(int loigiaifl); FILE *fp;
int A[N], B[D), C[D], loigiai[N];
int soloigiai = 0;
void hoanghau(int i) {
int j;
for(j=0;j<N;j++){
if(A[]) & Bli - j + SG) && C[i + [} {
loigiaifi] = j;
Ali] = FALSE:
Bfi - j + 8G] = FALSE;
Cli + ) = FALSE;
if(i == N - 1) {
soloigiaj ++;
inicigiai({loigiai);
delay(500);
}
else
hoanghau(i + 1);
A[j] = TRUE;
Bli-j+ SG] = TRUE:;
Cli +j] = TRUE;
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void inloigiai{int *loigiai) {
intj;
printf{"\n L&i giai %3d:", soloigiai);
for(j=0; j <N; j++) {
printf("%3d", loigiaili]);
fprintf(fp, "%3d", loigiai[j]);
}
}
void main{void) {
int i; cirscr(); fp = fopen("loigiai.txt”", "w"}),
for(i=0;i<N;i++)
Ali] = TRUE;
for(i=0;i<D;i++){
Bli] = TRUE;
Cl[i] = TRUE;
}
hoanghau{0};
fclose(fp);
}

3.5. BAI TOAN TOI UU

Trong nhiéu bai todn thuc té, cic cdu hinh t6 hgp con duge gin
mot gid tri bing s6 dénh gid gid tri sit dung clia cdu hinh déi v6i mot
muc dich s dung cu thé ndo d6. Khi d6 xudt hién bai todn: hay lya
chon trong s6 tdt ci céc c4u hinh t8 hop c4u hinh c6 gid tri st dung t6t
nh4t. Céc bai todn nhu viy ducc goi 12 bai todn 16i wu 16 hop. Chiing ta
c6 thé phat biéu bai todn ti wu t6 hop dudi dang tong qudt nhu sau:
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Tim cyc ti€u (hay cuc dai) cha phiém ham f(x) = min(max) véi
diéu kién xe D, trong dé D Ia tap hitu han cic phdn tix.

Ham f(x) dugc goi la ham muc tiéu cha bai todn, méi phan it xe
D duge goi 13 mét phuong dn, tap D dugc goi 14 tap cdc phuong 4n clia
bai todn. Thong thudng tap D duge mo ta nhu la tap cdc c&u hinh 8
hop thoa man mot s6 tinh chat cho trude nao dé.

Phuong 4n x* € D dem lai gid tri nhd nhat (I6n nhat) cho ham
muyc tiu duge goi 1a phuong 4n 61 wu, khi dé gid tri f* = f(x*) duge
goi 1a gid tri toi wu clia bai todn. Dudi day chiing ta sé giGi thieu mot
6 mo hinh 51 uu héa t6 hop truyén théng. Cic mé hinh nay 13 nhimg
mo hinh ¢6 nhiéu (ng dung thuc t€, dong thoi ching git vai trd quan
trong trong viéc nghién citu va phat trién 1y thuyét t6i uu hod t hop.

Bai toan "Ngudi du lich": Mot ngudi du lich muén di thim quan
n thanh ph6 T;, T,, ..., T,. Xudt phét ti mot thanh phd nao d6, ngudi du
lich mudn di qua tdt ca cdc thanh phd con lai, mdi thanh phé di qua
ding mot 1an, r6i quay trd lai thanh phd xust phét. Bist ¢;; 1a chi phi di
tir thanh phd T, d€n thanh phd T, (i = 1, 2, ..., n), hiy tim hanh trinh véi
tong chi phi 14 nhd nhdt (mot hanh trinh 132 mét cich di thod min
diéu kién).

R& rang, ta c6 thé thiét 1ap dugc mot tuong Gng 1 - | giita hanh
trinh T, - T, —..T, —T.,) v6i mot hoin vi x = (n(1), n(2),

- T{(M)} cua n sO tw nhién 1, 2, ..., n. Dit

f(m)= Cﬂn.n(z) +Cn(2].n(3) +..+C +C

n{n-lyx(n}) rinhxil)

Ki hi¢u [T 1a tap tdt ca cdc hodn vi T = (n(1), n(2), ..., m(n)) cha n
s6 tu nhién 1, 2, ..., n. Khi d6 bai todn ngudi du lich ¢6 thé phit biéu
dudi dang bai ton t6i vu té hop sau:

min {f(n) : © €]}
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C6 thé thay rang, ©ng s6 hanh trinh ciia ngudi du lich 1a nl, trong
d6 chi ¢6 (n - 1)! hanh trinh thuc su khac nhau (bdi vi c6 thé xuét phat
tir mot thanh phd bét ky nén c6 thé ¢6 dinh mot thanh pho nao dé lam
diém xudt phat).

Bai toan "Cai tai": Mot nha tham hiém can dem theo mot cai tdi
¢6 trong lugng khong qua b. C6 n dd vat ¢6 thé dem theo. D6 vat thit j
c6 trong lugng a, va gia tr sirdung ¢; (j = 1, 2, ..., n). Hoi nha thim hiém
cin dem theo nhitng d6 vat nao dé cho tdng gié tri sir dung la ién nhat?

Mot phuong 4n cia nhd thim hi€ém c6 thé biéu dién nhu mot véc
1o nhi phan do dai n: X = (X,, Xy, ..., X,), rong d6 x; = | c6 nghia la do
vat thit i dugc dem theo, x; = 0 ¢6 nghia dé vat khong dugc dem theo.
Vi phuong 4n dem theo x, gid tri sit dung cdc dé vat dem theo 1a

f(x)=> cx, , tong trong lugng do vat dem theo Ia gx)=Y ax,,
i=l

i=l
nhu vay bai todn c4i tii dugc phat biu dudi dang bai todn t6i wu td
hop sau:

Trong sG cic vetor nhi phan, do dai n thod man diéu kién g(x) < b,
hily tim véc to x* cho gid tri l6n nhét cia ham muc tieu f(x). Noi
cach khac:

Max {f(x): g(x) £ b}

Bai toan "Cho thué may": Mot 6ng chil ¢6 mot cdi may dé cho
thué. Diu thdng 6ng ta nhan dugc yéu ciu thué mdy clia m khich
hang. M&i khéch hang i s& cho biét tap N, cdc ngdy trong thdng cén sif
dung méy (i = 1, 2, ..., m). Ong chi chi c6 quyén hoic tir ch6i yeu cdu
clia khdch hang i, hodc néu nhan thi phai bé tri may phuc vu khich
hang i diing nhimg ngly ma khich hang nay yéu cdu. Hoi rang ong
chi phai ti€p nhan céc yéu cdu ciia khdch thé nao dé cho tong s6 ngay
sir dung may la 16n nhat.
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Ky hiéu, I = {1, 2, ..., m) I tap chi s6 khich hang, S 12 tap hop
cdc tap con cua I. Khi d6, tap hop t4t ca cdc phuong 4n cho thug may
la: D={JcS:N, "N, =¢,Vk#pel}. Véi méi phuong 4n J € D
f(H=>| N | sé Ia tdng s6 ngdy st dung méy theo phuong 4n d6. Bai

jet
todn dat ra c6 thé phat bi€u dudi dang bai toin i wu 16 hop sau:
max{f(j):je D}

Bai toan "Phan cong": C6 n cong viéc va n tho. Biét c;; 1a chi phi
cén trd dé tho i hoan thanh cong viéc thir j (i, j = 1, 2, ..., n). Can phai
thu¢ the sao cho cdc cong viéc déu hoan thanh va méi tho chi thuc
hién mét cong viec, mbi cong viéc chi do mot tho thuc hién. Hay tim
cich thué n nhin cong sao cho téng chi phi thué thd 1a nhé nhat.

R& rang, méi phuong 4n b6 tri thy thuc hién céc cong viéc tuong Gng
v0i mot hoan vi m = (n(1), n(2), ..., n(n)) cla n s6 te nhién {1, 2, ..., n}.
Chi phi theo phuong an trén 1a: f(x) = Con +C s +...4C

minin "

Céng viéc Tho thuc hién
1 n(1)
2 n(2)
n w(n)

Bai todn dat ra dwgc din vé bai todn t6i wu 8 hop:
min{f(n):nel’[—]. '

Bai toan "Lap lich": Mdi mét chi tiét trong s6 n chi ti€t D, D,, ...,
D, cin phai 14n lugt duge gia cong trén m may M,, M,, ..., M. Thoi
gian gia cong chi tiét D, rén may M; la t;. Hay tim lich (trinh wr gia
cong) cdc chi ti€t trén cdc may sao cho viéc hoan thanh gia cong tt ca
cdc chi tiét 12 s6m nhat ¢ thé duge. Bigt riing, cic chi tiét duoc gia cong
mot cach lién tuc. Nghia la qué trinh gia cong cia méi mot chi tiét phai
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dugc tién hanh mot cdch lién tuc hét mdy ndy sang may khac, khong
cho phép <6 khoang thdi gian dimg khi chuyén tir cdc mdy khic nhau.

RG rang, méi mot lich gia cong céc chi ti€t trén cdc mdy s€ tuong
ing v6i mét hodn vi nt = (n(1), ©(2), ..., i{n)) ctia n s6 wrnhién 1, 2, ...,
n. Thoi gian hoan thinh theo céc lich trén duge xdc dinh boi ham s

n-l m
f() =D Coipmisen + Dolin » trong d6 ¢, = §; - S, S 1a thoi diém
J=t k=1

bat ddu thuc hién viéc gia cong chi tiét j (i, j=1, 2, ..., n). Y nghia clia
he 6 c;; c6 thé duoc giai thich nhu sau: né 1a téng thdi gian gidn doan
(dudc tinh tir khi bat ddu gia céng chi tiét i) giy ra bdi chi tiét j khi né
dugc gia cong sau chi ti€t 1 trong lich gia cong. Vi vy, ¢; ¢6 thé tinh
theo cong thic:

k=1

k
c, :max[ZIU —Ztu} i, j =1, 2, .., n. Vivay bai todn dit ra
1=1

1=k zm — =1
dan vé bai todn to uu t6 hop sau: min {f(x): nel}

Trong thuc t&, lich gia cong con phéi thda méan thém nhicu diéu
ki¢n khic nita. Vi nhitng ing dung quan trgng cia nhiing bai todn loai
nay ma trong t6i wu hoa 6 hgp di hinh thanh mot Iinh vuc ly thuyét
rieng vé cdc bai todn 14p lich, d6 1a 1y thuyét lap lich hay qui hoach lich.

3.6. THUAT TOAN DUYET

Mot trong nhitng phuong phdp hién nhién nhét d€ giai bai todn t6i
wu t8 hop dit ra 13 duyét toan bo. Trén co s& cc thuat toan liét ké to
hop, ta ti€én hanh duyét timg phwong 4n cla bai todn. P6i v6i moi
phuong 4n, ta déu tinh gid tri hAm muc tiéu tai nd, sau d6 so sénh gia
tri clia him muc tiéu tai tat ca cdc phuong 4n di duge liét ke dé tim ra
phuong 4n t6i wu. Phuong phdp xay dung theo nguyén tic nhu vay
duge goi 14 phuong phép duyét toan bo. Han ch€ cua phwong phdp
duyeét toan bo 1a sy bing né cha cic cdu hinh t3 hop. Chéng han, dé
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duyét dugc 15! = 1.307.674.368.000 cdu hinh, trén mdy cé toc do 1 ty
phép tinh gidy, néu mbi hodn vi cén liét ké mat khoang 100 phép tinh,
ta can khoang thoi gian 1a 130767 giay (I6n hon 36 ti€ng déng hé). Vi
vy, can phai c6 bién phdp han ché€ viéc kiém tra hoac tim ki€m trén
cdc cdu hinh t6 hop thi méi cé hy vong giai duge cic bai todn t6i wu 8
hgp thuc t&. T4t nhién, dé dua ra dugc mot thuat todn, cin phai nghién
citu k¥ tinh chit clia méi bai toan t5 hop cu thé. Chinh nh¢ nhimg
nghién ciu d6, trong mot s6 trudng hop ta c6 thé xay dung duoc thuat
toin hiéu qua dé giai quyét bai todn dat ra. Nhung ciing cin phai chi y
rang, trong nhiéu trudng hop (bai todn ngudi du lich, bai toan céi tii,
bai todn cho thué mdy) ching ta vin chua tim ra dugc mot phuong
phdp hitu hiéu nao ngoai phuong phap duyét toan bo da duge dé cap &
trén. Vi du sau day 1a mot dién hinh cho phuong phap duyét toan bo.

Vi du: Duyét moi bd gia tri trong tap cac gia tri rdi rac
Trong thyc € rat thudng hay gap bai toan tdi uu & hap dude cho dudi dang sau;
Tim: max{f(x,.X,....,X,) 1 %; € D;i=1,2.....0)
hodic min{f(x,,X,,....X,): X, € Dyii=1,2,....n}.

Trong dé, D, 1a mét tap hitu han cac gié tri rdi rac théa man mét diéu kién rang
budc nao db.

Gia sl sé cac phantirclatapgidtrirdiracD,1ar{(i=1,2,...,n). GoiR=r, +
Iy + ... + 1,12 58 cac phan tr thude tat cd cac tap D, (i = 1, 2, ..., n). Khi d6, ta cb tat
¢a C(R, n) bd ¢b thir ty cac gia trj gdm n phan tif trong R phéan t&r. Trong s6 C(R, n)
cac bd n phan tl, ta can loc ra cac bd thoad man diéu kién x, <D, (i = 1, 2, ..., n) dé
tinh gid tri cia ham muc tiéu f(x,, X,, ..., X,). Nhu vay, bai toan duge dua vé bai todn
duyét cac b gém n phan tl (x,, X,, ..., X} trtap hop gdm R = r, + r, + ... +r, phén
tr thod man diu kién x,eD,.

Vi du: Véitap D, = (1, 2, 3),
D2 = (3, 4),
D3 ={(5,6,7).

Khi do chung ta can duyét bo cac gia tri réi rac sau:
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—

2
2
2

Chuong trinh dugc thé hién nhu sau:

#include <stdio.h>
#include <stdlib.h>
#include <alloc.h>

#include <conio.h>

#define MAX 2000000

#define TRUE 1
#define FALSE O

int n, k, H[100]; float *B; int *C, count =0, m;

FILE *fp;
void Init{void) {

int i, j; float x; C[0] = 0; H[0] = O;

fp = fopen("roirac.in

3
3
3
4
4
4
3
3

3

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

printf("\n S8 tap con rdi rac n = %d", n);

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

M o~ G~

7

r

)

]

fscanf(fp, "%d", &H[i]);

printf("\n Hang %d ¢b s6 phan tir 1a %d", i, H{i}):

W oW W W W W NN R

R T L

4

- @ h ~ 3Im S n
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H[0] = 0;
for(i=1;i<=n;i++){
printf("in"};
for(j=1;j<=H{i]. j ++) {
fscanf(fp, "%f", &x);
B[ ++k]=x,

}
printf(™n B ="
for{i=1; i <=k; i ++){
printf("%38.2f", BIi]);
}
fclose(fp);
}
int In_Set{int i) {
int canduoi = 0, cantren = 0, j;
for(j=1;j<=1ij++)
cantren = cantren + H[j];
canduoi = cantren - H[j - 1]
H(C[i] > canduoi && Cfi] <= cantren)
return{TRUE);
return{FALSE);
}
void Result(void) {
inti;
count ++; printf("\n Tap con thif count = %d:", count);
forfi=1,i<=n;i++){

printf("%8.2f", BIC[i});
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}
}
void Try(int i) {
int j;
for(j=Cli- 11+ 1 j<=(k-n+i)j++){
Cli]=j;
if(in_Set(i) {
if(i == n) Result(};
else Try(i + 1};

}
void main(void) {
cirscr();
B = (float *) malloc(MAX *sizeof(float));
C = (int *} malloc(MAX *sizeof(int}};
Init(); Try(1); free(BY; free{C}); getch();
}

3.7. THUAT TOAN NHANH CAN

Gia sir, ching ta cin giai quy&t bai todn t3i wu t& hop véi mo hinh

tdng quét nhu sau:

min{f(x) :x e D}

Trong d6, D la tap hitu han phdn tir. Ta gia thi€t D dugc mo ta

nhu sau:

D={x=(x), X3 ..., X,) € Ajx A, X ..X A, ; X thoa min tinh chat P},
véi A x A, x ...x A, 12 cac tap hitu han, P 12 tinh chat cho trén tich dé xac

AXxA,x . xA

ne
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Nhu vay, cic bai todn ching ta vira trinh by & trén déu c6 thé
dugc mo ta dudi dang trén.

Vai gia thiét vé tap D nhu wén, ching ta ¢6 thé sit dung thuat todn
quay lui dé liét ké cac phuong 4n cha bii todn. Trong qua trinh liet ke
theo thuét todn quay lui, ta s& xay dung dan cédc thanh phan ciia phuong
dn. Mot b phan gom k thanh phén (a,, a,, ..., a,) Xuft hién trong qud
trinh thuc hién thuat todn sé dugc goi 1a phirong 4n bo phan cip k.

Thuat todn nhénh can ¢6 thé duoc d4p dung giai bai todn dat ra, néu
nhu ¢6 thé tim dugc mot ham g xac dinh trén tap tit ca cac phuong an
bo phén cha bai todn thoa man bat ding thitc sau:

g@a,a,,..,a,) <min{f(x):xeD,x. = a,,i= 1,2,....k} (*)

Véi moi 10t giai b6 phan (a,, a,,...,a.),vavdimoik=1, 2, ...

Bét dang thitc (*) c6 nghia [a gid tri cha ham tai phuong dn bo
phan (a,, a,, ..., a,) khoéng vuogt qua gid tri nhd nhat cta ham muc tiéu
bai todn trén tap con cic phuong dn.

D(a;, a,,...,a) {x e D:x;=3a,1=1,2,..,k},

Ndi cdch khac, g(a;, a,, .., a,) 1a can dudi cua tap D(a,, a,, ..., &).
Do c6 thé dong nhat tap D(a,, a,, ..., a,) v6i phwong dn bé phan (a,, a,,
..» &), nén ta cling goi gid tri g(a,, a,, ..., a,) la can dudi ciia phuong dn
bé phan (a,, a,, ..., a,).

Gia sit, ta dd ¢6 duge ham g. Ta xét cdch sir dung ham nay dé han
ch€ khdi lugng duyét trong qua trinh duyét tat ca céc phuong dn theo
thuat todn quay lui. Trong qué trinh liét ké cdc phuong dn, c6 thé da
thu dugc mot s6 phuong 4n cha bai toan. Goi x la gid tri ham muc tiéu
nhd nhat trong s6 cac phuong 4n da duyét, ky hiéu f = f(x). Ta goi X

la phuong 4n t6t nhét hién c6, con f 12 ky luc. Gia si, ta ¢6 duge f, khi
d6 néu:
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g(a,, a,, .., a,) > f thi tir bat dang thitc (*) ta suy ra

f < gla, &, ...,a)<min {f(x):xeD,x,=a,i=1,2, .., k}.

Vi thé tap con cdc phuong an ciha bai todn D(a,, a,, ..., a,) chac
chén khong chita phuong 4n t6i wu. Trong trudng hop nay, ta khong
cdn phai phat trién phuong 4n b6 phan (a,, a,, ..., a,). N6i cach khdc, ta
c6 thé loai b6 cic phuong an trong tap D(a,, a,, ..., a,) khoi qué trinh
tim kiém.

Thuat toan quay lui liét ké cdc phuong 4n cdn sira d6i lai nhur sau:

Procedure Try(k);

{*Phat trién phuong 4n bé phan (a,, a,, ..., a,.,) theo thuat toan quay lui cé
kiém tra can dudi trude khi tiép tuc phat tridn phuong an™)

begin
fora, € A, do
hegin
if < chdp nhan a, > then
begin
X © = Ay
if k = n then < cap nhéat ky luc >
else if g(ay, a,, ..., a) < T then Try (k + 1):
end;
end;

end;

Khi dé, thuit todn nhdnh cin duge thuc hién nhé thil tuc sau:
Procedure Nhanh_Can;
Begin

(* N&u bist mét phudng an X nao dé thi co thé dat f = f(x) *)



160 Gido trinh Ky thudt Idp trinh

Try(1);

if f <+ octhen < f 1a gia tri t6i wu, X 1a phudng an t6i uu >
else < hai toan khéng c6 phudng an =,

end;
Cha ¥ ridng, néu trong thi tuc Try ta thay thé cau iénh:

if k = n then < cap nhat ky luc >

else if g(al, a2, ... ak) < I then Try(k + 1);
Roi:
if k = n then < cap nhat ky lyc >

else Try(k + 1);

Thi thu tuc Try s€ liét ké toan bd cdc phuong 4n cia bai todn, va ta
lai thu dwoc thuét toan duyét toan bo. Viée xay dung ham g phu thude
vao timg bai todn t6i wu 6 hop cu thé. Nhung ching ta ¢4 gang xay
dung sao cho viéc tinh gid tri cha g phai don gidn va gid tri cua
g(a,, a,, ..., a,) phdi sat véi gid tri cua ham muc tiéu.

3.7.1. Thuat toan nhanh can giai bai todn cai tii

Chiing ta s& xét bai todn cdi tii téng quit hon mo hinh di dugc
trinh bay trong muc trén. Thay vi ¢6 n dé vat, & day ta gia thiét rang c6
n loai do vat va s6 lugng d6 vat mbi loai 1a khong han ché. Khi d6, ta
cé md hinh bai toan cdi tdi bién nguyén sau day: Cé n loai d6 vat, do
vat thif j ¢6 trong lrong a; va gid tri st dung ¢; (j = 1, 2, ..., n). Cin chat
cdc do vat nay vio mot cdi ti ¢6 trong lugng la b sao cho tong gia tri
stt dung coa cdc d6 vat dung trong tiii 14 16n nhat. M6 hinh todn hoc
cua bai todn ¢é dang sau:

f* = max{f(x) = Ichxj Y ax, <bx €Z,,j= 1,2,...,11}, e)
i=] =l

Trong dé, Z+ 1a tap cic s6 nguyén khong am.
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K¥ hiéu D la 14p cdc phuong an cua bai toan (1):
D= {x = (X, Xy X, Zajxj <bx;eZ,.j= l,2,...,n}
=1
Khong gidm tinh téng quat, ta gia thiét ring, cic d6 vat dugc danh
s0 sao cho bt diang thiic sau duge thoa man:
Cﬂ

L >

> >
3 a

(2)

'|l"§

o
& le

n

Dé xay dung ham tinh can dudi, cing véi bai toan céi tdi (1) ta xét
bai todn cdi tdi bién lién tuc sau:

Tim g = max{chxj Y ax <bx;20,j= 1,2,---50}- (3)
i= il

Ngudi ta da chitng minh dugc réng phuong dn t8i uu cia bai todn

(3) 13 véc 10 X =(X, . X, X, ) V6i cdc thanh phan dugc xéc dinh bdi

cong thic:

X, =—.,X, =X, =..=%x, =0

b — —_
al
Vagidtitoivula g =——.
Bay gid, gia si c6 phuong 4n bo phan cip k: (u, u,. ..., w). Khi
d6, gid tri sit dung cia cdc d6 vat dang 6 trong tdi la:
8, =c,u +c,u, . tC U,
Vi trong luong con lai ctia tdi la:

b, =b-cu, +c,u, +..+C U,

Ta co:
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max{f(x) ixeD,x; = u,j= l,2....,nJl

:max{ak + ZijJ : Zajxj sb.x,€Z,,]= k+1,k+2,...,n}

i=k+1 j=k+

n n
<0, +max{chxj :Zajxj sbk,xj 20,)= k+l,k+2,...,n}
J=k+I1 =k+1
— o 4 SePe
k

ak+1

(Nhu vay gid tri s6 hang thi hai 1a ¢, b, /a,,,)
Tir d6 ta c6 thé tinh can trén cho phuong 4n bo phan (u,, u,, ..., uy)
theo cong thitc: '
CIH!bk

gu,,u,,..,u)=90 + k&
k+1

Chui y: Khi ti€p tuc xay dung thanh phan thitk + 1 cia I3 gii, cc
gid tri d€ cir cho x,,; s8 14 0, 1, .., [b/a, , ). Do c6 két qua ciia ménh
dé, khi chon gié tri cho x, , , ta s& duyét cic gid tri dé cur theo thy tu
giam dan. Chéng han, giai bai todn cdi tdj sau theo thuat todn nhdnh
can trinh bay:

f(x) =10x, + 5x, +3x, + 6x, — max
5%, +3%, +2%x, +4x, <8
x,€Z,,)=1234.

Qud trinh gidi bai toan duoc mo ¢ trong cay tim ki€m trong hinh
3.5. Thong tin vé mot phuong dn bo phan trén cay duoc ghi trong cdc 6
trén hinh vé twong ting theo thit tu sau:

 Dau tién 1a cc thanh phin ciia phuong 4n
* Tiep dén 0 la gia tri clha cdc d6 vat chat trong tii
* u latrong lugng con lai cia i

e g lacan trén.

LTI]
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Gbc T: L]
X1=1 X1=0
(1) .= 10; 2=0;
w=3,9=15 w=8;g=40/3
x1=1 X2=U
(1,1) 8=15; (1'0) 2=10;
w:(};g:‘]s W=3;g=14.5‘\
Loai vi can trén < k¥ luc
X3=0L
[1°1°0) 9= 15;
w=0,9= 15
x=0
X = (11,00}
T =15;

Hinh 3.5. Gidi bai todn cdi tii theo thudt todn nhdnh cdn.
Két thiic thuat todn, ta thu dugce phuong 4n t6i uw ja:
x*=(1,10,1),

Gia4 tri t6i wu f* = 15.

Chuong trinh gii bai todn céi ti theo thuat todn nhdnh can duge
th€ hién nhu sau:
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <math.h>

#include <dos.h>
#define TRUE 1
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#define FALSE 0
#define MAX 100
int x[MAX], xopt{MAX};
float fopt, cost, weight;
void init(float *C, float *A, int *n, float *w) {
int i; FILE *fp;
fopt = 0; weight = 0;
fp = fopen("caitui.in", “r");
ififp == NULL) {
printf{"\n Khéng cé t&p input");
delay(2000); return;
}
fscanf(fp, "%d %f", n, w);
for(i=1;i<="n; i ++) xoptfi] = 0;
printf("in S8 lugng d6 vat %d:", *n);
printf(™in Gidi han tgi %8.2f:", *w);
printf("\in Véc to gia tri:");
for(i=1;i<="n;i++}{
fscanf{fp, "%f", &C[i]);
printf{“%8.2f", C{i]);
}
printf("\n Véc tc trong lugng:™;
for(i=1;i<="n;i++){
fscanf(fp, “%f", &A[i]);
printf("%8.2f", Ali]);
}
fclose(fp);
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void swap(int n} {
inti;
for(i=1;i<=n;i++)
xopt[i] = xi;
}
void Update_Kyluc(int n} {
if(cost > fopt) {
swap(n).

fopt = cost;

}

void Try(float *A, float *C, int n, float w, int i) {

int j, t = (w - weight)/Ali;
for=t.j>=0;j--){
xfil = |:

cost = cost + C[il"x{il;

weight = weight + x[i]"Ali];
if(i == n) Update_Kyiuc{n};

else if{cost + C[i + 1]*(w - weight)/Afi + 1] > fopt) {

Try(A, C, n, w, i+ 1),
}
weight = weight - A[i"x{i];

cost = cost - C[i]"x[il;

}
void Result(int n) {

int i;

printf("\n Gia tri §6 vat %8.2f.", fopt);
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printf("\n Phuang an t8i uu:");
for(i= 1,1 <=n;j ++)
printf{"%3d", xopt[i});
}
void main{void) {
int n;

float A[MAX], C[MAX], w;
clrser(); Init(C, A, &n, &w);
Try(C, A, n, w, 1); Result(n):
getch(),

}

3.7.2. Thuat toan nhanh c4n giai bai toan ngudi du lich

Bai toan "Ngudi du lich". Mot ngudi du lich mudn di tham quan
n thanh ph6 T,, T,, ... , T,. Xuét phit tir mot thianh pho nao dé, ngudi
du lich mudn di qua tat ca cdc thanh phé con lai, méi thinh phé di qua
ding mot Idn, rdi quay trd lai thanh phd xuat phét. Biét ¢;; 1a chi phi di
tir thanh phé T, dén thanh phé T; (i, ) =1, 2, ..., n), hay tim hanh trinh
véi tng chi phi 12 nhé nhat (mot hanh trinh 12 mot céch di thoa min
diéu kién).

Gidi: C6 dinh thanh ph6 xuit phat I3 T,. BAi todn Ngudi du lich
dugc dua vé bai todn: Tim cyc ti€u clia phiém ham:

f(x,,xz,...,xn)=c[l,xz]+c[xz,x,]+...+c[x“_,,xn]+c[xn,x,]—>min
Véi diéu kién
C nin =miﬂ{c[i,j],i,j=l,2,...,n;i:tj} la chi phi di lai gifta cdc
thanh phdg.

Gia sir ta dang c6 phuong én bd phan (u,, u,, ..., u,). Phuong 4n
tuong ting v5i hanh trinh bo phan qua k thanh phé:
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T, - T(u,)—>...» Tu,_)—>T(u)

Vi vay, chi phi phai tr theo hanh trinh bo phan nay sé& 12 1ong céc

chi phi theo timg node cha hanh trinh bo phan.
0 =c[l,u,] + c[upug} + ...+ cfu, w].

Dé phit trién hanh trinh bo phan nay thanh hanh trinh day du, ta
con phai di qua n - k thanh ph6 con lai r6i quay tré vé thanh phé T,
titc 12 con phdi di qua n - k + 1 doan dudng nita. Do chi phi phai tra
cho viéc di qua méi trong n - k + 1 doan dudng con lai déu khong
nhiéu hon c_,., nén can dudi cho phuong 4n bo phan (u;, uy, ..., w,) €6
thé duoc tinh theo cong thic:

g(uh Uy, ..oy uk) = a + (n - k + 1) *Cmin

Chéng han, giai bai todn 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 ¢6 ¢, = 2. Qué trinh thyc hién thuat todn dugc mo ta boi cay
tim kiém 13 giai duge thé hién trong hinh 3.6.

Théng tin vé mét phuong 4n bo phan trén cay duge ghi trong cic 6
trén hinh v& tuong dng theo thit ty sau:

o Ddu tién 14 cdc thanh phin cua phuong dn
e Tiép dén 3 la chi phi theo hanh trinh bd phéan
e g lacan dudi

K&t thic thuat toan, ta thu dugc phuong 4n t6i wu (1, 2, 3, 54, 1)
tuong {ing voi phuong an téi wu voi hanh trinh:
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T, 5T, > T, >T, > T, T, vachiphi nhé nhat 13 22

T=+w

(2) (3) 4) 5
&3, g=15 &14, g=26 a=1§: g=30 a=1g;)g=2

(2,3) {2.4) (2.9)
a=7;19=15 25 g=34| | 5=23g=32
2.33) 2.3.5) 9\
8=23, g=29| | &=11;g=17

Céac nhanh nay biloat vicod
(2,34,5) (23,54) can dugig >f=22
0=41.9=44 p=16,g=19

l

Hanh trinh(1. 2, 3, 4, 5. 1) yann trinh(1, 2, 3, 5, 4, 1)
chi phi 53. Bat T = 53 chi phi 25 (Ky luc méi).
Dat =22

Hinh 3.6. Cdy 1im kiém 101 gidi bai todn nguoi du lich.
Chuong trinh gidi bai todn theo thuit toin nhénh cén dugc thé

hién nhu sau:
#include <stdio.h>
#include <stdlib.h>
#include <conio.h>
#include <io.h>
#define MAX 20
int n, PIMAX], B[MAX], C[20][20}, count = 0
int A[MAX], XOPT[MAX];
int cai, cmin, fopt;
void Read_Data(void) {

int i, j; FILE *fp;

fp = fopen("dulich.in","r"};

fscanf(fp."%d", &n);
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printf("™\n S6 thanh phd: %d", n);
print*.\n Ma tran chi phi:");
for(i=1;i<=n;i++){
printf("\n"};
for(j=1; je=n;j ++}{
fscanf(ip,"%d" &C[il[i});
printf("%5d", C[i|[i]):

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

}
return{min);

}

void Init{void) {
inti;
cmin = Min_Matrix(};
fopt = 32000; can = 0; A[1] = 1;
for(i=1;i <= n;i++)

Bfi] = 1;
}
void Result{void} {
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int i;
printf("™n Hanh trinh t8i uu %d:", fopt);
printf{"™n Hanh trinh:"};
for(i = 1; i<=n; i ++)
printf(“%3d ->", XOPTI[i]};
printf("%d",1);
}
void Swap(void) {
int i;
for(i=1; i<=n;i++)
XOPT{i) = Al];
}
void Update_Kyluc(void) {
int sum,
sum = ¢an + C[A[n]J[A[1]];
if(sum < fopt) {
Swap(),

fopt = sum;

}
void Try(int i) {
int j;
for(j = 2; j<=n; j ++){
if(Bl]) {
Alil = J; B[] = 0:
can = can + C[A[i - 1]JAIill;
if(i == n) Update_Kyluc();

else if{can + (n - i + 1)*cmin< fopt) {
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count ++;
Try(i +1);
}
Bli] = 1; can = can - C[A]i - 1]J[All];

}

void main{void) {
cIrser(); Read_Data{), Init(};
Try(2); Result{);
getch();
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3.1

3.2

BAI TAP CHUONG 3

Duyét moi tap con cua tap hop 1, 2, ..., n. Dit liéu vao cho bdi
tép tapcon.in, két qua ghi lai trong tép bail l.out. Vi du sau sé
minh hoa cho tép tapcon.in va tapcon.out.

tapcon.in tapcon.out
3 1
2
2 1
3
3 1
3 2
3 2 1

Tim tap con dai nhat ¢é thir tu tang dan, giam dan. Cho day
$6 a,, 4,. ..., 4,. Hay tim day con dai nhét dugc sip xép theo thit
tu tang hodc giam dan. Dit liéu vao cho bdi tép tapcon.in, dong
dau tuén ghi lai s6 tu nhién n (n < 100), dong k€ ti€p ghi lai n
0, moi s6 duge phan biét v6i nhau bdi mot hoac vai ky tu réng.
Két qua ghi lai trong tép tapcon.out. Vi du sau s& minh hoa cho
1ép tapcon.in va tapcon.out.

tapcon.in tapcon.out

5 5

71 38 9 6 12 1 38912
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33.

3.4.

Duyét cac tap con thoa man diéu kién. Cho diy s6 a,, a,, ..., 4,
va s6 M. Hiy tim tdt ca cdc day con trong day so a,, a,, ..., &, 530
cho tong cic phin tif trong diy con ding bang M. Dit liéu vao cho
bai tép tapcon.in, dong dau tién ghi lai hai s6 t nhién N va so6 M
(N < 100), dong k€ tiép ghi lai N s6 moi $6 duge phan biét vdi
nhau bdi mot va dau tréng. Keét qua ghi lai trong t€p tapcon.out. Vi
du sau s¢€ minh hoa cho tép tapcon.in va tapcon.out

tapcon.in

50

5 10 15 20 25 30 35
tapcon.out

20 30

15 35

10 15 25

5 20 25

5 15 30

5 10 35

5 10 15 20

Cho luéi hinh chii nhat gébm (nxm) hinh vuodng don vi. Hay liét
ké tat ca cic duong di tir diém c6 toa do (0, 0) dén diém ¢ toa
do (nxm). Biét rang. diém (0, 0) duoc coi 1a dinh dudi cia hinh
vuong dudi nhat géc bén trdt, mdi bude di chi duge phép thuc
hién hoac 1én wrén hodc xudng dudi theo canh cua hinh vudng
don vi. Dir liéu vao cho boi tép baild.inp, két qua ghi lai trong
tép baild.out. Vi du sau s€ minh hoa cho tép bail4.in va
bail4.out.

batl4.in
2 2
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bail4.out

0 0 1 !
0 l 0 1
0 1 | 0
1 0 0 1
1 0 | 0
1 1 0 0

3.5.  Duyét moi tap con k phan tir tir tap gom n phan ti. Dit liéu
vao cho boi ©€p tapcon.in, két qua ghi lai trong tép tapcon.out.
Vi du sau s& minh hoa cho tapcon.in va tapcon.out.

tapcon.in

5 3
tapcon.out

1 2 3
| 2 4
1 2 5
| 3 4
| 3 5
1 4 5
2 3 4
2 3 5
2 4 5
3 4 5

3.6. Duyét cac tap con k phan tir thdéa man diéu kién. Cho diy sé a,,
ay, ..., &, va s6 M. Hay tim t4t ca cac ddy con k phdn tir trong
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3.7.

diy s6 a,, a,, ..., 4, sa0 cho téng cdc phdn t trong ddy con diing
bang M. Dir liéu vao cho bdi tép tapcon.in, dong ddu tién ghi lai
sO tt nhién n , k va 56 M, hai s& duoc viét cich nhau bdi mét
vai k¥ ty tréng, dong ké tiép ghi lai n s6 méi s6 dugc viét cich
nhau bdi mot hodc vai k}’z tu trong. K& qua ghi lat trong tép
tapcon.out. Vi du sau s€ minh hoa cho tép 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
16 15 25

Duyét moi hodan vi cia tt COMPUTER. Dif liéu vao cho béi tép
hoanvi.in, két qua ghi lai trong tép hoanvi.out.

Duyét moi ma tran cdc hodn vi. Cho hinh vuong gém n x n (n 2
5, n 1€} hinh vuong don vi. Hay dién cac s6 tix 1, 2, ..., n vao cac
hinh vuéng don vi sao cho nhitng diéu kién sau duwgce thoa man:

a) Doc theo hang ta nhan dugc n hodn vi kKhiac nhau cia 1, 2, ...,
i
b) Poc theo cot ta nhin duge n hoan vi khac nhaucaa 1, 2, ..., n;

¢} Doc theo hai dudng chéo ta nhan dugc 2 hoan vi khac nhau
cha l,2....,n;

Hay tim it nhat { (hoac tat ca) cac hinh vuong thoa min 3 diéu

kién trén. Dir liéu vao cho bdi tép hoanvi.in, két qua ghi lai
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3.9.

trong t&p hoanvi.out. Vi du sau s€ minh hoa cho tép input &
output cta bai toan.

hoanvi.in

5

hoanvi.out

5 3 4 1 2
1 2 5 3 4
3 4 1 2 5
2 5 3 4 1
4 1 2 5 3

Duyét moi cich chia s6 tu nhién n thanh tong cdc s6 nguyén
nho hon. Dii liéu vao cho béi tép chiaso.in, két qua ghi lai trong
tép chiaso.out. Vi du sau s&€ minh hoa cho (€p input & output
cua bai todn.

chiaso.in

4

chiaso.out

4

3 |

2 2

2 | 1

| 1 1 1

Duyét moi b gia tri trong tap cac gia tri roi rac. Cho k tap
hop cdc s6 thue A, A,. ... A(k € 10) ¢6 s6 cic phan tir tuong
dng 13 N, N,, ..., N, (cdc tap ¢6 thé ¢6 nhitng phian tir gidng
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nhau). Hay duyét 1at ca cdc bo k phan tr a = (a,, a,, ..., a,) 20
cho a, € A, (i = L, 2, ..., k). Dir liéu vao cho bai tép chiaso.in,
dong dau tién ghi lai k + 1 s6 tu nhién, mbi $6 dugc phan biét
v6i nhau boi mot vai ddu rong 1a gid i cta n, Np, Ny, N k
dong k& tiép ghi lai cdc phdn tir chia tap hop A, A,, ..., A,. Kél
qua ghi lai trong tép chiaso.out, moi phan tir dugc phan biét vai
nhau boi mot vii diu tréng. Vi du sau s&€ minh hoa cho tép input
& output cia bai todn.

chiaso.inp

3 3 2 2
| 2 3

4 5

6 7

chiaso.out

s o) o] [ A (o] —
S C CUR TS
-~ oy -~} [ ~1 o | N -1 O =l [

[FS TR S T U
[ L T S U L
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3.11.

3.12.

3.13.

Tim bo gid tri rdi rac trong bai 21 dé ham muc tiéu sin(x, + X, +
-+ X,) dat gia 1 16n nhat. Dit liéu vao cho bdi tép bai22.inp,
két qua ghi lai trong t&p bai22.out.

Duyét moi phép todn trong tinh todn gid tri biéu thic. Viét
chuong trinh nhép tir ban phim hai s6 nguyén M, N. Hiy tim
cdch thay cdc ddu héi (?) trong biéu thifc sau bdi cic phép toan
+,-.% %,/ (chia nguyén) sao cho gi4 tri cita biéu thitc nhan
dugc bang diing N:

((({M™™) TM)?M)?M)?"M)?M
Néu khong duoc hdy dua ra théng bio 1a khong thé dugc.

Bai todn cdi wii véi s6 luong d6 vat khéng han ché. Mot nha
thdm hi€m dem theo mot cdi tii 6 trong lugng khong qué b.
C6 n d6 vat cdn dem theo, d6 vat thi i ¢6 trong luong twong ing
1a mot s6 a; va gid tri sir dung ¢; (1< i < n). Hay tim cdch bo céc
d6 vt vao tii sao cho Ong gid tri sit dung cic d6 vat Ia Ién
nhit. Bi€t rang s6 luong céc d6 vat la khong han ché. D licu
vao cho bdi tép caitui.in. dong ddu tién ghi lai s6 tu nhién n va
s6 thyc b hai s¢ dugc viét cdch nhau bdi mot diu tréng, hai
dong ke ti€p ghi n s6 trén méi dong, twong ting véi vector gi tri
st dung c¢; va vector trong lugng a;. Két qua ghi lai trong tép
caitui.out trén 3 dong, dong ddu ghi lai gid tri sit dung (i wu,
dong k€ ti€p ghi lai loai dé vat can dem theo, dong cudi cing
ghi lai s6 lugng ctia méi loai d6 vat. Vi du sau s& minh hoa cho
1€p input & output clia bai toin.

caitui.in

8

10 5 3 6
5 3 2 4
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3.15.

caitul.out

15

| 1 0 0
1 l 0 0

" Bai todn cdi tiii v&i s6 luong d6 vat han ché. M6t nha tham hiém

dem theo mot cdi tii ¢ trong lwgng khong qud b. C6 n do vat
cin dem theo, dd vat thi i c6 trong lugng twong ng la mot s6 a,
va gid tri st dung c; (1< i < n). Hay tim cich bo cic d6 vat vao
tii sao cho tdng gi tri sir dung cac d6 vat 12 1on nhat. Biét rang
s fwong mdi d6 vat 1a §. Dit lieu vao cho bdi tép caitui.in, dong
diu tién ghi lai s6 tu nhién n va s thuc b hai s6 dugc viét cich
nhau bdi mot ddu tréng, hai dong k€& ti€p ghi n s6 trén mbi
dong, tuong dng véi vector gia tri sir dung c; va vector trong
lwong a,. K&t qua ghi lai trong tép caitui.out trén 2 dong, dong
d4u ghi lai gia tri sir dung (6t wu, dong k€ tiép ghi lai loai do vat
cdn dem theo. Vi du sau s& minh hoa cho 1p input & output cila
bai toan.

caitui.in

4 8

8 5 3 I
4 3 2 1
caitul.out

14

1 | 0 1

Bai todn ngudi du lich. Mot ngudi du lich mudn di tham quan
tai n thinh phé khac nhau. Xudt phat tai mot thanh pho nae dé6,
ngudi du lich mudn di qua tat ca cdc thanh phS con lai mébi
thanh phé ddng mot ldn réi quay trd lai thanh phé ban dau. Biét
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C;; Ta chi phi di lai tir thanh phé thi i dén thanh pho thir j. Hay
tim hanh trink ¢6 chi phi thdp nhat cho ngudi du lich. Dit {icu
vao cho bai tép dulich.in, dong dau tién ghi lai s6 tu nhién n, n
dong k€ ti€p ghi lai ma tran chi phi C,. Két qua ghi lai trong tep
dulich.out. dong ddu tién ghi lai chi phi t6i vu, dong ké tiép ghi
lai hanh trinh t6i wu. Vi du sau s& minh hoa cho p input &
output cua bai toin.

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

| 5 3 4 2 1



CHUONG 4

NGAN X£P, HANG POI VA DANH SACH
MOC NOI (STACK, QUEUE, LINK LIST)

4.1. KIEU DU LIRU NGAN XEP VA UNG DUNG

4.1.1. Pinh nghia va khai bao

Ngan xép (Stack) hay bo xép chong la mot kidu danh sdch tuyén
tinh dic biét ma phép b6 sung phan tir va loai bd phan tir luon lubn
duoc thuc hién & mot ddu goi 1a dinh (top).

C5 thé hinh dung stack nhu mot chéng dia duge x€p vao hop hoac
mot bang dan dugc nap vao khdu sing lién thanh. Qué trinh xép dia
hoac nap dan chi dugc thuc hién & mot ddu, chiée dia hoac vién dan
cudi ciing lai chi®m vi tri & dinh ddu tién con dia ddu hoac vién dan
diu lai & ddy ciia hop (bottom), khi 1dy ra thi dia cudi ciing hodc vién
dan cudi cung lai duogc ldy ra trude tién. Nguyén tic vao sau ra truée
clia stack con dugc goi dusi mot tén khac LIFO (Last In First Out).

Stack c6 thé réng hoic bao gém mot s6 phan tir. C6 hai thao tac
chinh cho stack |3 thém mot ntt vao dinh stack (push) va loai bo mot
nit tai dinh stack (pop). Néu ta mudn thém mot nit vao dinh stack thi
trudc d6 ta phai kiém tra xem stack da ddy (full) hay chua, néu ta
mudn loai bd mot ndt cha stack thi ta phai kiém tra stack c6 rong hay
khong. Hinh 4.1 minh hoa su thay doi ctia stack thong qua céc thao tic
thém va bét dinh trong stack.

Gia sit ta ¢6 mot stack S luu trif céc ki ty. Trang thdi bét ddu cla
stack duoc mo ta trong hinh 4.1a. Khi d6 thao téc:

push(S, ’G’) (hinh 4.1b)
push(S, 'H’) (hinh 4.1c¢)
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pop(S) (hinh 4.1d)
pop(S) (hinh 4.1e)
push(S, ’I’)  (hirh 4.11)

[ H I

G G G G

F F F F 1 F F

E E E E E E

D D D ) D D

c c 1 ¢ c c c

B B B B B B

A A A A A A

a. : b. c. d. e, f.

Hmh 4.1 Sw thay doi ciia stack thong qua cdc thao tac thém
va bot dinh trong stack

C5 thé luu trir stack dudi dang mot vector S gém n thanh phdn lien
ti€p nhau. Néu T 1a la dia chi clia phdn tir dinh stack thi T s& c6 gid tri
bi€n dGi khi stack hoat dong. Ta goi phén tir ddu tién cla stack 14 phdn
tir thr 0, nhur vay stack réng khi T ¢6 gié tri nhd hon 0 ta qui uéc 1a -1.
Stack tran khi T ¢6 gid tri }a n -1. Méi khi mot phén tir duge thém vao
stack, gid tri cla T duge tang 1én | don vi, khi mot phén tir b loa1 bo
khoi stack gid tri cha T s& giam di mot don Vi.

TOP BOTTOM

Lo

81 82 53 - ST

D¢ khai bdo mot stack, chiing ta ¢6 thé ding mot mang mot chidu.
Phén tir thi O 1a ddy stack, phan tir cudi clia méang la dinh stack. Mot
stack tdng quét ta mot cau tric gom bai trudmg, trudng top 12 mot sg
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nguyén chi dinh stack. Trudng node: 12 mot mang mot chiéu gém
MAX phan tir trong d6 méi phén tir 13 mot nut cha stack. Mot nit cha
stack ¢6 thé 12 mot bién don hodc mot cdu triic phan dnh tap thong tin
vé nit hién tai. Vi du, khai bio stack diing dé luu trit cc s6 nguyén.
#define TRUE 1

#define FALSE 0

#define MAX 100

typedef struct {

int top;
int nodes[MAX];

} stack;

4.1.2. Céc thao tac véi stack
Trong khi khai bio mét stack ding danh sich tuyén tinh, ching

ta can dinh nghia MAX di 16n dé€ c6 thé luu trit duge moi dinh cta
stack. Mot stack da bi tran (TOP = MAX - 1) thi né khong thé thém
vao phin tir trong stack, mot stack réng thi né khong thé dua ra phin
tir. Vi vay, chiing ta cin xay dung thém cdc thao téc kiém tra stack c¢6
bi tran hay khong (full) va thao tic kiém tra stack ¢6 rong hay khong
(empty).

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

int Empty{stack *ps}) { |
if{ps -> top = -1)

return{TRUE),
return{FALSEY);
'
Thao tic Push: Thém niit méi x vio dinh stack vi thay déi dinh
stack.

void Push {stack *ps, int x} {



184 Gido trink Ky thudt Idp trinh

iflps ->top =-1){
printf("\n stack futl");
return;
}
ps->top=ps->top+ 1,
ps -> nodes[ps -> top] = x;
}
Thao tac Pop: Loai bo niit tai dinh stack.
int Pop {stack "ps) {
if(Empty(ps) {
printf{*\n stack empty");

return(0);

}

return{ps -> nodes{ps -> top - -]);

}

4.1.3. Ung dung cia stack

Vi du 4.1. Chuong trinh ddo nguoc xau ki tu.

Qua trinh dao ngugc mét xau Ki tu gidng nhu viéc dua vao (push) timg ki tu
trong xau vao stack, sau d6 dua ra (pop) cac ki tir trong stack ra cho tdi khi stack
réng ta dugc mot xau dao nguoc. Chuong trinh sau s& minh hoa co ché LIFO dao
nguoc xau ki ty sir dung stack.

#include <stdio.h>
#include <stdlib.h>
#include <conic.h>
#include <dos.h>
#include <string.h>
#define MAX 100
#define TRUE 1
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#define FALSE 0
typedef struct {4
int top;
char node[MAX];
} stack;
* Nguyén mau cla 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),
}
void Push{stack *ps, char x} {
if(ps -> top = MAX -1) {
printf("n Stack full");
delay(2000);
return;
}
(ps ->top) = {ps ->top) + 1;
ps -> nodefps -> top] = X;
}
char Pop(stack "ps) {
(Empty(ps)) {
printf("\n Stack empty");
delay(2000); return{0},
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}

}

return(ps -> node[ps -> top - -]);

void main{void) {

}

stack s;
char ¢, chuoi[MAX];
int i, vitri, n; s.top = -1; clrscr{);
printf(™n Nhap string:"); gets{chuoi);
vitri = strlen({chuoi);
for (i = 0; i < vitri: i++)

Push{&s, chuoili]);
while(!Empty(&s))

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

Vi dy 4.2. Chuyén ddi sé tir hé thap phan sang hé co s& bat ky.

D& chuyén ddi mét s8 & hé thap phan thanh s§ & hé ¢d s8 bat ky, chung ta I8y
8 d6 chia cho cd s6 can chuyén d6i, Iuu trir lai phan du clia phép chia, sau d6 dao
nguge lai day cac 4 du ta nhan dudc sé cdn chuyén ddi, viéc lam nay gidng nhu
cd ché LIFO cla stack.

#include <stdio.h>

#include <stdlib.h>

#include <string.h>
#define MAX 100
#define TRUE 1
#define FALSE 0

typedef struct {

int top;
unsigned int node{MAXj;
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} stack;
int Empty(stack *);
void Push{stack *, int);
int Pop(stack *Y;
int Empty(stack "ps) {
if(ps -> top = -1} {
printf("\n Stack empty");
delay(2000); return(TRUE);
}
return(FALSE);
}
void Push(stack *ps, int p} {
if(ps -> top = MAX -1) {
printf("™n Stack full");
delay(2000); return;
}
ps -> top = (ps -> top) + 1;
ps -> node[ps -> top] = p;
}
int Pop{stack *ps) {
iEmpty(ps)) {
printf("\n Stack Empty");
delay{2000); return{0);
}
return(ps -> node[ps -> top --]):
}
void main(void) {

int n, coso, sodu;
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stack s: s.top = -1;
clrscr();
printf("\n Nhap mét sd n = "); scanf("%d", &n);
printf("\n Co s6 ¢an chuyén:"); scanf(“%d", &coso);
while(n = 0) {
s0du = n % coso;
Push({&s, sodu);
n = nfcoso,
}
while{|[Empty(&s))
printf("%X", Pop(&s)):
getch():
1

Vi du 4.3. Tinh gia tri mdt biéu thifc dang hau 6.

Xét mot biéu thire dang hau t6 chi chifa cac phép toan cong (+), trif (-), nhan
{*), chia {/), Ity thifa ($). Can phdi nhac lai rAng, nha logic hoc Lewinski da chitng
minh dudc rang, moi biéu thic déu co thé biéu dién dudi dang hau t6 ma khong
can dung thém cac ki hiéu phy. Vi du :

23+5*28 = ((2+3)*5)? =625

D& tinh gia tri cla biéu thirc dang hau t3, chung ta sir dung mét stack luu trir
biéu thifc qua trinh tinh toan dugc thuc hién nhu sau:

Lay toan hang 1 (2) -> L3y toan hang 2 (3) -> Lay phép toan '+' -> Lay toan
hang 1 cdng toan hang 2 va ddy vao stack (5) -> LAy toan hang ti€p theo (5), lay
phép toan tiép theo (*), nhan vdi toan hang 1 rdi ddy vao stack (25), 18y toan hang
ti€p theo (2), 18y phép toan ti€p theo (§) va thuc hién, 14y Iuy thifa rdi ddy vao stack.
Cudi cling ta nhan duge 252 = 625. Chuang trinh tinh gia tri biu thire dang hau t6
dudc thuc hién nhu sau;

#include <stdio.h>
#include <stdlib.h>

#include <conio.h>
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#include <dos.h>
#include <string.h>
#include <math.h>
#define MAX 100
#define TRUE 1
#define FALSE 0
typedef struct {
int top;
double node[MAX];
} stack,
it Empty(stack *);
void Push{stack *, double),
double Pop(stack *);
double Dinhtri{char *);
int kakyso(char);
double tinh{int, double, double);
int Empty(stack *ps} {
if(ps -> top = -1) {
printf("\n Stack empty™);
delay(2000); return(TRUE);
¥
return{FALSE);
t
void Push(stack *ps, double p) {
if{ps -> top = MAX -1} {
printf("\n Stack full");
delay(2000}; return;
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ps ->top = {ps -> top) + 1;
ps -> node[ps -> top] = p:
}
double Pop(stack *ps) {
if(Empty(ps)) {
printf("n Stack Empty");
delay{2000); return{0);
}
return(ps -> node{ps -> top - -]);
}
double Dinhtri{char *Bieuthuc) {
int i, ¢, vitri;
double toanhang1, toanhang2, giatri;
stack s;
s.top = -1, vitri = sirlen(Bieuthuc);
for(i = 0; i < vitri; i++) {
if{lakyso(Bieuthuc[i]))
Push{&s, (double)(Bieuthuc[i] -'0"));
else {
toanhang2 = Pop(&s);
toanhang1 = Pop(&s);
giatri = tinh({Bieuthuc(i], toanhang1, toanhang2);
Push(&s, giatri);

}
return{Pop(&s});

}
int lakyso{char kitu) {
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return{kitu >= ‘0’ && kitu <='9');
}
double tinh(int toantu, doubie toanhang1, double toanhang2) {
double ketqua = 0;
switch{toantu} {
case '+ ketqua = toanhang1 + toanhang2; break;
case '-" ketqua = toanhang1 - toanhang2; break;
case """ ketqua = toanhang1 * toanhang2; break;
case '/ ketqua = toanhang? / toanhang?2; break;
case '$" ketqua = pow(toanhang1, toanhang2); break;
}
return(ketqua);
}
void main{void) {
char ¢, bieuthuc{MAX];
int vitri; clrscr();
printf("\n Nhap mét biéu thifc:"); gets(bieuthuc);
printf("\n Gia tri = %f", Dinhtri{bieuthuc));
}
4.2. HANG DOI (QUEUE) _
4.2.1. Gié6i thiéu hang doi
Khac véi stack, hang dgi (queue) 1a mot danh sich tuyén tinh ma
thao tdc bo sung phin ti duoc thurc hién & mot ddu goi 1a 16i vao (rear).
Phép loai bé phan tir duoc thuc hién ¢ mot dau khiac goi 1a 161 ra
(front). Nhu vay, co ché cua queue gidng nhu mot hang doi, di vao &
mot ddu va di ra 0 mot dau hay FIFO (First In First Out).

D¢ truy nhap vao hang doi, chiing ta sir dung hai bién con tré front
chi 161 trudc va rear chi 161 sau. Khi 16i truéc trung véi 16i sau
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{q.front = q.rear) thi queue & trang thai réng (hinh 4.2a), dé thém dit
liéu vao hang dgi cic phan tor A, B, C duge thuc hién thong qua thao
tac insert(q, A), insert(q, B), insert(q, C) dugc mo ta & hinh 4.2b, thao
tdc loai bo phan tr khoi hang dgi duge moé ta & hinh 4.2¢, nhimg thao
tac tiép theo duoc mo ta tat hinh 4.2d, ¢, f.

Céach (6 chirc nay s& dén t6i trudng hop céc phan tir di chuyén
khap khong gian nhé khi thuc hién béd sung va loai bd. Vi du: cif méi
phép b6 sung k&m theo mot phép loai bd s& din t6i trudng hop:

Trang thai réng cla gueue

q.front = -1;
q.rear = -1
a. —

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

b.
C B A
remove (g); g.front =Q
. q.reiir =2 l
C B
insert (g, 0);
J g.rear =3 g.front =1
b b
) C B
remaove {qQ);
q.rear =3 q.fl’ont =2
e. l
D C

Hinh 4.2 Cdc thao tdc trong hang doi
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q.front = g.rear = MAXQUE -1; va phép b6 sung va loai bd khong
thé tiép tuc thire hien. DE khic phuc tinh trang nay. chiing ta ¢6 thé 6
chiic queue nhu mot vong tron, khi d6 g{i] coi nhu ding sau
g MAXQUE -1].

Trong nhiéu trudng hop, khi thuc hién thém hodc loai bo phan wr
clia hang dot chiing ta can xét t6i mot thi tu tu tién nao do, khi do
hang doi dugc goi 1a hang doi ¢ do wu tién (Priority Queue). Vi
priority queue, thi niit ndo ¢6 do vu tién cao nhit dugc thuc hién loat
b6 trude nhat, con véi thao tic thém phan tr vao hang doi ud thanh
thao tac thém phan tir vao hang doi ¢d xét 161 do vu ti€n.

4.2.2. Ung dung hang doi

Moi véin dé ctia thuc t& lién quan 161 cd ché FIFO nhu co che gui
tién, rit tién trong ngan hang, dit vé mdy bay... déu ¢ th€ dng dung
dugc bang hang doi. Hang doi con ¢6 nhiing tng dung trong viéc giai
quyél cdc bii todn ciia hé¢ diéu hanh va chuong trinh dich nhu bai toén
diéu Khién céc qud trinh, diéu khién nap chuong trinh vdo b6 nhd hay
bai todn lap lich. Sau day la nhimg vi du minh hoa vé tng dung cua
hang doi.

Vi du 4.4. Giai quyét bai toan "Ngudi sdn xuét va nha tiéu ding” voi s0 cac
ving dém han ché.

Chung ta hay mo ta qua trinh san xudt va tieu ding nhuf hai qua trinh riéng
biét va thuc hién song hanh, ngudi san xust ¢6 thé san xudt 16i da n mat hang,
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nguai tieu diing cting chi dugc phép st dung trong s6 n mat hang. Tuy nhién, ngudi
san xudt khi san xudt mot mat hang anh ta chi ¢é thé Iy trir vao kho khi va chi khi
kho chua bi déy, dong thai khi d6, néu kho hang khéng réng (kho c6 hang) ngudi
tieu dung c6 thé tieu dung nhimg mat hang trong kho theo nguyén tic hang nao
nhap vao kho trudc duge tiéu ding trudc gidng nhu co ché FIFO cha queve. Sau
day a nhimg thao tac chd y&u trén hang doi dé giai quyst bai toan:

Binh nghia hang doi nhu mét danh séach tuyén tinh gém MAX phan tir méi
phan t& 1a mot cau trac, hai bidn front, rear tré 13i vao va I8i ra trong queue:

typedef struct {
int mahang;
char tenf{20];
} hang;
typedef struct {
int front, rear;
hang node[MAX];
} queue;

Thao tac Initialize: thiét 1ap trang thai ban ddu cla hang doi. & trang thai
nay, font va rear cé cung mét gia tri :MAX -1.

void Initialize (queue *pg) {
pg -> front = pq -> rear = MAX -1;
'

Thao tac Empty: kiém tra hang doi c6 & trang thai réng hay khéng. Hang dgi
réng khi front = rear.

int Empty(queue "pq) {
if(pg -> front = pq -> rear)
return(TRUE);
return{FALSE);
}

Thao tac Insert: thém X vao hang doi Q. Néu viéc thém X vao hang doi duge
thuc hign & dau hang thi rear c6 gia tri 0, néu rear khong phai & diu hang dgi thi
gia tri clia né Gugc tang 1&én 1 don vi,
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void Insert(queue *pg, hang x} {
if{pq -> rear = MAX -1}
pq->rear =0;
else
{pg -> rear)++,
if{pq -> rear = pq -> front) {
printf{"\n Queue full"),
delay(2000}); return,
}
clse
pq -> node[pq -> rear] = x;
}

Thao tac Remove: loai bd phan & & vi tri front khdi hang doi. N&u hang dgi &
trang thai réng thi thao tac Remaove khong thé thuc hién dugc, trong trudng hap
khac front dugc tang 1en mdt don vi.

hang Remove(queue *pq) {
H{Empty(pa)) {
printf("\n Queue Empty");
delay(2000},
}
else {
iflpg -> front = MAX -1)
pg -> front = 0,
else
pq -> front++;
}
return{pq -> nodelpq -> front));
}

Thao tac Traver: Duyét t4t ca cac nut trong hang doi.
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void Traver(queue *pq) {
int i
if(Empty(pa}} {
printf("n Queue Empty™;
return;
}
if{pg - front = MAX -1)
i=0;
else
i = pg ->front+1;
while(i '= pq -> rear) {
print{™n %11d % 15s", pq -> node[i].mahang, pq -> node]i).ten);
if(i = MAX -1)
1=0;
else
i+
}
printf{"™n %11d % 15s", pq -> node[i]. mahang, pq -> nodefi].ten);
}
Sau day la toan bod chuong trinh:
#include <stdio.h>
#include <stdlib.h>
#include <conio.h>
#include <dos.h>
#include <string.h>
#include <math.h>
#define MAX 50
#define TRUE 1
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#idefine FALSE O
typedef struct {
int mahang;
char ten[20];
} hang:
typedef struct {
int front, rear;
hang node[MAX];
} queus;
/* Nguyén mau clla ham */
void Initialize(queue "pg);
int Empty(queue *);
void Insert{(queue ", hang x);
hang Remove(queue *};
void Traver{queue *);
/* M6 ta ham */
void Initialize (queue "pq) {
pq -> front = pq -> rear = MAX -1;
}
int Empty{queue *pq) {
if(pq -> front = pq -> rear)
return(TRUE);
return{FALSE)
}
void Insert{queue *pq, hang x) {
if(pq -> rear = MAX -1)
pq ->rear = 0;

else
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{pg -> rear)++;
if(pq -> rear = pq -> front) {
prind("n Queue full™);
delay(2000); return;
}
else
pg ~> node([pg -> rear] = x;
}
hang Remove(queue *pg) {
if(Empty(pq)) {
printf("\n Queue Empty");
delay(2000);
}
else {
if(pg -> front = MAX -1)
pq -> front = 0;
else
pq -> front++;
}
return(pq -> node[pq -> front]);
} _
void Traver(queue *pq) {
inti;
IHEmpty(pq)) {
printf("\n Queue Empty");
return;
}
if(pg -> front = MAX -1)
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=0
else
i = pq -> front+1;
while(i 1= pq -> rear) {
printf("n %11d % 15s", pq -> node[i]. mahang, pq -> node[i].ten);
if{i = MAX -1)
i=0
else
i++;
}
printf{™n %11d % 15s", pg -> nodefi]. mahang, pq -> nodefi].ten),
}
void main{void) {
queue q;
char chucnang, front1; char ¢; hang mh;
clrser();
initialize(&q};
do{
clrscr();
printf("\n NGUGI SAN XUAT/NHA TIEU DUNG");
printf("\n 1 - Nhap mét mat hang");
printf("in 2 - Xuat mét mat hang™);
printf{("\n 3 - Xem mdt mat hang");
printf("™in 4 - Xem hang mé&i nhap");
printf("\n 5 - Xem tat ca"),
printf(*in 6 - Xuat toan bg");
printf("\n Chifc nang chon:"); chucnang = getch{);

switch{chucnang) {
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case "1
printf("n Ma mét hang:"); scanf("%d", &mh.mahang):
printf("in Tén hang:"); scanf("%s", mh.ten);
Insert(&q, mh}; break:
case ‘2"
if(!Empty(&q)) {
mh = Remove(&q);
printf("\n %5d %20s". mh.mahang, mh.ten):
}

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

}

break;

case ‘3"
front1 = (q.front = MAX -1)?0:q.front+1:
printf("\n Hang xuat"):
printf("in %6d %20s", q.nodeffront1].mahang, q.node[front1).ten);
break;

case ‘4"
printf("\n Hang mdi nhap");
printf{("™\n %5d %20s", g.nodefq.rear].mahang, g.nodelq.rearl.ten);
break;

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

}

} while{chucnang 1= '0');
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Vi du 4.5. Bai toan 1ap lich ¢ uu tién,

Gia sf co n qua trinh thuc hién song hanh trong hé théng, & mdi thai diém
CPU chi dap (ng dudc cho mdt qua trinh. Hay lap lich d& CPU dap ing cho mdi
qué trinh dang thuc hién trong hé, sao ¢cho qua trinh nao cd dd uu tién cao nhat
dudgc dap (mg trudc nhat.

D& gidi quyét bai toan, chung ta td chitc cac qua trinh dang dgi CPU dap (mg nhu
mot hang ddi. M&i phan tr cla hang doi 1& mdt qua trinh va ¢6 thé duge Hé diéu hanh
quan ly bang mot khdi diéu khién cac qua trinh PCB (Proccess Control Block), méi
PCB dugc phan anh bang nhitg thong tin sau:

Painter Register

Memory Limited

IO Driver

List Open File

Pricrity:

Dé dan gian, chung ta coi tat ¢A thong tin phan anh vé qua trinh nhu mét s

nguyén va s8 nguyén doé trung voi dd uu tién cha qua trinh. Khi dé, viéc thuc hién
nap qua trinh vao hang dgi nhu nhdp mét s6 nguyén va nap vao hang dgi sao cho s8
ién han sé duge nap vao phan tir dau tién, véi cach lam nhur vay day cac qua trinh sé
tu dong sdp xép theo thir tif gidm dén clia d6 wu tién. Quéa trinh CPU dap dng gidng
nhu viéc loai bd qua trinh khoi hang doi, qua trinh ndo cé d uu tién 18n nhat sé duge
CPU dap (ng sdm nhat. Sau day 1a chudng trinh giai quyét bai toan Iap lich don gian
cho CPU:
#include <stdio .h>
#include <stdlib.h>
#include <conio.h>
#include <dos.h>

#include <string.h>

#include <math.h>
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#define MAX 100
#define TRUE 1
#define FALSE 0
typedef struct {
int rear;
int node[MAX];
} pqueue;
void Pginitialize(pqueue *pq) {
pq-> rear = -1;
}
int Pgempty(pgqueue *pq) {
if(pq -> rear = -1)
return{TRUEY);
return{FALSE);
}
int Pqueuesize(pgueue *pq) {
return{pq -> rear+1);
}
void Pginsert{pgueue *pq, int x} {
inti, j;
if(pq -> rear = MAX - 1) {
printf(™n Queue full"});
delay(2000); return;
}
for (i = 0; i < Pqueuesize(pq) && pq -> node(i]> = x; i++);
for(j = Pqueuesize{pq); j>i; j - -)
pq -> nodefj] = pq -> nodejj -1];

pq -> nodefi] = x;
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pq -> rear++;
}
int Pgremove(pqueue *pq) {
int x, i;
if(Pgempty(pq)) {
printf("\in Queue full");
delay{2000); return{x);
}
else {
X = pq -> node{0];
for (i = 0; i < pg -> rear; i++)
pq -> nodefi] = pq -> nodefi+1]++;
pq ->rear - -;
}
return(x};
}
void Pgtraver(pqueue *pq) {
inti;
if(Pgempty{pq)) {
printf{"\n Queue Empty");
delay(2000); return;
}
for (=00 < =pq -> rear; i++)
printf{"%5d", pq -= nodel[i]);
}
void main{void) {
pqueue *pq;

int douutien, chucnang; char c;
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Painitialize(pq);
do {
clrscr();
printf("\n QUEUE PRIORITY");
printf("in 1 - Thém nat wu tién™);
printf{"\in 2 - X6a nut uu tién"y;
printf("in 3 - Xéa hang dgi™);
printf("\in 4 - Duyét hang dgi");
printf("in 0 - Két thue™);
chucnang = getchi);
switch{chucnang) {
case ‘1"
printf("in D4 vu tién:"y; scanf("%d", &douutien);
Pginsert(pq. douutien);
break;
case ‘2"
Pgremove(pq}; break;
case '3"
Fainitialize{pq); break;
case ‘4" :Pqgtraver{pq); delay(2000); break;
}
} while{chucnang != '0’);

)
4.3. DANH SACH LIEN KET PON

4.3.1. Giéi thiéu va dinh nghia

Mot danh sdch méc néi, hodc ngin gon hon, mot danh séch, 13
mot diy co thi i céc phin tir duge goi 13 dinh. Danh sdch ¢6 diém bat
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dau, goi la tiéu d€ hay dinh dau. mot diém cudi cing goi 13 dinh cudi.
Moi dinh trong danh sich déu ¢6 cling kiéu ngay ca khi kiéu nay cé
nhiéu dang khac nhau.

Ban chat dong 1a mot trong nhitng tinh chét chinh cla danh sich
mée noi. C6 thé thém hoac bét dinh trong danh sach vio moi lic. moi
vi tri. Vi s6 dinh cla danh siach khong thé du kién truée duoc, nén khi
thue hién. ching ta phai ding con tré ma khong dung dugc mang dé
bao dam viéc thuc hién hiéu qua va tin cay.

Moi dinh trong danh sdch déu gém hai phan. Phdn thi nhit chda di
licu. Di Liéu ¢6 thé chi 12 mot bien don hodc 1a mot cdu irde (hodc con
trd ciu tric) ¢6 kiéu nao d6. Phéan thi hai cia dinh 1A mét con trod chi
vio dia chi cha dinh ti€p theo trong danh sdch. Vi vay ¢6 thé dé dang st
dung cdc dinh cua danh siach qua mot cdu triic tu trd hoac dé qui.

Xem nhu mot thi duy don gidn. ta hily xét trudng hop moi dinh clia
danh sdch chi len gitt mot bién nguyén. C6 thé dinh nghia dinh nhu sau:

~ Dinh cda danh sach don chi chita mdt s6 nguyén */

struct don {
int phantu;
struct don "tiep,
¥
typedef struct don don_t:

Trong trudng hop niy. bién nguyén phantu cua timg dinh chia dix
licu con bign con tro tiep chiia dia chi clia dinh tiép theo. So dd bicu
dién danh sdch méc néi don dwoc biéu dién nhu hinh dudi day

phantu [ —— | phantu

k J

phantu |—+»

Hinl 4.3. Danh sdch méc né6i don



208 Gido trinh Ky thudt Idp trinh

Tong quat hon, méi dinh cita danh sach c6 thé chita nhiéu phan tr
dir liu. Trong trudng hop nay, hop 1y hon ca 1 dinh nghia mot kiéu
célu tric tuong Ung vdi dir lidu cdn luu gilt tai mdi dinh. Phuong phdp
ndy dugc sir dung trong dinh nghia kiéu sau day:

I Binh cla danh sach téng quat */
struct tq {
thtin_t phantu;
struc tq *tiep;
¥
typedef struct tq tq_t;

Kiéu cdu tric thtin_t phii duge dinh nghia trude dé d€ wuong ting
vGi cdc dit liéu sé duoc luu tri tai timg dinh. Danh sach dugc tao nén
tlr ki€u dinh ndy gidng nhu & so dé trong hinh 4.3, ngoai trir viéc moi
phantu 12 mot bién nguyén.

4.3.2. Cac thao tac trén danh sach méc noi

Thao téc cdc danh sich méc néi bao goém viéc cdp phat bo nhé
cho cdc dinh (thong qua cdc ham MALLOC hoac CALLOC) va gén dit
liéu cho con tro. Dé danh séch duoc tao nén ding dan, ta biéu dién cho
phan tir cudi danh sach 1a mot con tré NULL. Con tro NULL la tin
hiéu thong bdo khéng con phan tit nao tiép theo trong danh sich nira.

Tién hon ca 13 ching ta dinh nghia mot con tré t6i danh séch
nhu sau:
struct node {
int infor;
struct node *next;
%
typedef struct node "NODEPTR; / Con tré tdi node
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Cap phat bo nhé cho mot node:
NODEPTR Getnode(void) {
NODEPTR p;
P = (NODEPTR} mallog(sizeof(struct node));
return(p);
}
Giai phong bo nhd ciia mot node:
NODEPTR Freenode{NODEPTR p) {
free(p);
}
Chén mét phan tir méi vao dau danh sach:
Céc bude dé chen mot phédn tr méi vao dau danh séch cin thuc
hién la:
e Cidp khong gian bo nhé dl luu git mot dinh méi;
» Gdn cdc gid tri con trd thich hop cho dinh méi;
o Thiét lap lién két v&i dinh méi.
So dé biéu dién phép thém mot dinh méi vao ddu danh sach dugc
thé hién nhu hinh 4.4.

,—— infor next infor next infor | nexte{ - -»

|
]

infor next

Node can chén vao ddu danh sach méc ndi

Hinh 4.4. Thém dinh mdi vao dau danh sdch méc néi don

void Push-Top(NODEPTR *plist, int x} {
NODEPTR p;
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p = Getnode(); /1 c8p khdng gian nhé cho dinh méi
p -> infor = x; /1 gén gia tri thich hap cho dinh mdi
p -> next = *plist;
*plist = p; /7 thiét lap lién két

}

Thém mét phan tir méi vao cudi danh sach:

Pé thém mot node vao cuédi danh sach, ta can thuc hién qua céc
budc sau:

e Cdp phat bd nhd cho node mai;

e Gén gid tri thich hop cho node mdi;

e Dichuyén con trd t6i phin tlr cudi danh sdch;
¢ Thiél lap lién két cho node mdi.

So do thé hién phép thém mot phan tir mdi vao cudi danh séich
dugc thé hién nhu trong hinh 4.5.
infor next 71
+

infor next e = NULL

¥

infor next st+—| infor nex{ =

Hinh 4.5. Thém node mdi vao cudi danh sdach.

void Push_Bottom{NODEPTR *plist, int x} {

NODEPTR p, q;

p = Getnode(); {/ c8p phat bo nhé cho node mdi

p -> infor = X, i/ gan gia tri théng tin thich hgp

g = "plist; 11 chuyén con trd t6i cudi danh sach

while{q -> next = NULL)

q =g -> next;
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{f g 1a node cudi cung clia danh séch lién két
g->next=p iinode cudi bay gid 14 node p;
p -> next = NULL; i lién két mdi cda p

}

Thém node méi vao giira danh sach (truéce node p):

Pé them node q vio trude node p, ching ta cin luu ¥ node p phai
c6 thuc trong danh sach. Gia sir node p la c6 thuc, khi dé xay ra hai
tinh hudng: hoac node p I node cudi cung cia danh sach hién két tic p
-> next = NULL, hoac node p chua phai 1a cudi ciing hay p -> next !=
NULL. Trudng hop théf nhat, ching ta chi cin goi i thao tic
Push_Bottom(). Truong hop thit 2, ching ta thuc hién theo cac bude
nhu sau:

¢ Cip phit bd nhé cho node moi;

 Gdn gid tri thich hop cho node;

e Thiét lap lien k¢t node q véi node k€ tiép p;

e Thiét lap lién két node node p véi node q:

void Push_Before{NCDEPTR p, int x} {
NODEPTR q; |
if(p -> next = NULL}
Push_Bottom(p, x};
else {
q = Getnode(); i/ c8p phét bd nhd cho node mdi
q -> infor = x; /f gan gia tri thong tin thich hgp
g -> next = p -> next,
/1 thiét lap lién két node q vdi node k& tiép p,
p -> next = q;
/1 thiét lap lién két node p v6i node ké tiép g,



210

Gido trinh Ky thuét Iap trinh

So d6 thém node vao gilta danh séch duoc thé hién nhu sau:

infor next

P
+| infor next '——l -------- * infor | next
> )
Q
infor next NULL

Hinh 4.6. Phép thém phdn nt vao gifia danh sdch lién két don

Xoa mét node ra khoi dau danh sach:

Khi loai bo node khéi dau danh sdch lién két, chiing ta cin chd ¥
rang n€u danh sich dang réng thi khong cdn phai loai bo. Trong
truong hgp con lai, ta thuc hién nhu sau:

» Dung node p trd t6i dau danh sach;

* Dich chuyén vj tri diu danh sich t6i node tiép theo;

o Loai bd lién két véi p;

¢ Giai phdng node p;

void Del_Top(NODEPTR *plist) {

NODEPTR p;
p = *plist;

if{p = NULL) return;

("plist) = {*plist) -> next;

p -=> next = NULL;

Freenode(p);

}

{/ node p trd tdi dau danh sach;

/{ danh sach rong

I dich chuyén node g&c [&n node ké tiép
I/ loai bd lign két véi p

/1 giai phéng p:

Loai bé node 6 cudi danh sach:

Mot node ¢ cu6i danh sich c6 thé xdy ra ba tinh huéng sau:

-
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e Danh sdch réng: ta khong cén thue hién loai bo:

e Danh sich chi c6 diing m6t node: ing véi truong hop loai bo
node goc;

e Trudng hop con lai danh séch c6 nhiéu hon mot node, khi dé
ta phii dich chuyén t6i node gdn node cu6i cing nhat dé thuc
hién loai bo.
void Del_Bottom(NODEPTR *plist) {

NODEPTR p, q;
if(*plist = NULL} return; [/ khéng lam gi
else if((*plist) -> next = NULL}) i danh sach ¢6 mét node
Del_Top(piist};
else {
p = "plist;
while(p -> next = NULL) {

q=p
p=p->next, /f q 14 node sau nede p;
}
/i p la node cudi danh sach;
q-> next = NULL, {f node cuBicung la g
Freenode(p); il gidi phéng p;

}
Loai bo node 6 giira danh sach (tru6c node p):

Cin dé ¥ ring, néu trudc node p 1a NULL (p -> next = NULL) thi
ta khong thuc hién loai bo duoc. Trudng hop con lai chiing ta thuc hi¢n
nhu sau:

e Dang node g tré ti node truée node p;
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® Loai b lién két cla q;
¢ (i phéng q.
void Del_before(NODEPTR p) {
NODEPTR q;
if(p -> next = NULL) return; /f khong lam gi
q = p-> next;
p -> next = q -> next;
Freenode(q);
}

4.3.4. Ung dung ciia danh sach lién két don

Vi du vi€t chuong trinh qudn 1y sinh vién sau s& minh hoa diy du
cho cédc thao tic trén danh sich don.

Vi du 4.6, Viét chuong trinh quan ly sinh vién bang danh sach méc néi don.

D& don gian, ching ta chi quén ly hai thudc tinh ma sinh vién {masv) va ho
tén sinh vién (hoten), con viéc maé réng bai toan coi nhu mét bai tap thuc hanh.

#include <stdio.h>
#include <stdlib.h>
#include <conio h>
#include <dos.h>
#include <string.h>
#include <math.h>
#inctude <allog.h>
#define TRUE 1
#define FALSE O
typedef struct {

int masv;

char hoten[20);
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} sinhvien;
typedef struct node {
sinhvien infor;
struct node "next;
} "NODEPTR;
void Initialize(NODEPTR *plist} {
"plist = NULL,;
t
NODEPTR Getnode(void) {
NODEPTR p;
p = (NODEPTR) malloc(sizeof(struct node));
return(p},
}
void Freenode{NODEPTR p) {
free(p);
}
int Emptynode(NCDEPTR *plist) {
if(*plist = NULL)
return(TRUEY),
return(FALSE),
1
NODEPTR Inserttop(NODEPTR ~plist, sinhvien x} {
NODEPTR p;
p = Getnode(),
p -> infor = x;
ift Emptynode{plist)) {
p -> next = NULL:
*plist = p;
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return(p);
}
p -= next = *plist;
*plist = p;
return(p);
}
int Bottomnode{NODEPTR *plist) {
int i; NODEPTR p;
if(Emptynode{plist))
return{-1);
p="plist;i=0;
while(p = NULL) {
i =i+t
p=p->next
}
return{i);
}
NODEPTR Insertbottom{NODEPTR *plist, sinhvien x) {
NODEPTR p, q; int n, i;
n = Bottomnode(plist);
{n=-1){
Inserttop{plist, x);
return(*plist);
}
p = *plist; i = 0; qQ = Getnode(); q -> infor = x;
while{t < n -1) {
p = p->next;

i=i+1;
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}
p->next=q; q->next=NULL;
delay(2000); return(q).
}
NODEPTR Insertafter(NODEPTR "plist, sinhvien x, int n) {
NODEPTR p, q; int i,
ifin < 0) {
prirttf("\n Vi trf khong hop 18");
delay{2000); return(NULL);
}
p="plist;i=0;
while(p '= NULL && i <n}{

i=i+i;

p = p -> next;
}
if(p = NULL) {

printf("\n Vi trl khong hop (€%},
delay(2000); return(NULL);
}
g = Getnode(); q -> infor = x;
q-> next = p -> next;
p->next=q;
return(q);
}
void Deltop(NODEPTR "plist) {
NODEPTR p, q,
p = "plist;
f(Emptynode(plist)) {
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printf("\in Danb sach réng");
delay(2000); return;
}
4 =p, p=p->next *plist = p;
printf("in Node bi loai b"):
printf("n% -5d% -20s", q -> infor.masv, q -> infor.hoten);
delay(2000); Freenode(q):
}
void Delbottom(NODEPTR "plist) {
NODEPTR p, gq;inti, n;
n = Bottomnode(plist);
if(n = -1){
printf("\n Danh sach réng");
delay(2000); return;
}
ifin=1){
Deltop(plist); return;
}
p = *plist; i = 0;
while(i < n -2) {
p=p->next;
i =i+1;
}
q=p->next, p->next = NULL;

printf("\n Node dugc loai bd");
printf("\n % -5d% -20s", q -> infor.masv, q -> infor.hoten};

delay(2000); Freenode(q);
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void Delcurrent{NODEPTR *plist, int n} {
NCDEPTR p, q; int i;
iffEmptynode(plist)) {
printf("\n Danh sach réng™);
delay{2000); return;

}
ifin = 0) {
Deltop{plist}, return;
}
p=plisti=0;

while{p '= NULL &&i<n-1){
i=i+1;
p=p->next

}

if(p -> next = NULL) {
printf("\n Node khéng hop 1&");
delay({2000); return;

}

q=p->next; p-> next = q -> next;

printf("n Node dugc loai bo");

printf("\n % -5d% -20s", q -> infor.masv, q -> infor.hoten);

delay(2000); Freenode(q):
}
void Travenode{(NODEPTR ~plist) {
NODEPTR p;
iflEmptynode(plist)) {
printf("\n Danh sach rang");
delay(2000); return;
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}
p = *plist;
while(p = NULL) {
printf("\n % -5d% -20s", p -> infor.masv, p -> infor.hoten);
P = p-> next;
}
delay(2000);
}
void Sortnode(NODEPTR *plist) {
NODEPTR p, g; sinhvien temp;
for(p = "plist; p 1= NULL; p = p -» next) {
for(g = p -> next; q 1= NULL:; g = q-> next) {
if{p -> infor. masv>q -> infor.masv} {
temp = p -> infor; p -> infor = q -> infor;

q -> infor = temp;

}
printf("n Danh sach dudc sip x&p™):;
for(p = "plist; p '= NULL; p = p -> next) {
printf("\in % -5d% -20s", p -> infor.masv, p -> infor.hoten);
}
delay(2000),
}
void Searchnode(NODEPTR *plist, int masv) {
NODEPTR p;
p = *plist;

while{p 1= NULL && p -> infor.masv != masv)
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p = p -> next;
ifip = NULL)
printf("\n Node khéng ton tai*);
else {
printf("\n Node can tim™);
printf{"\n % -5d% -20s", p -> infor.masv, p -> infor.hoten);
}
delay(2000);

void Thuchien{void) {

NODEPTR plist; sinhvien x, y; int vitri; char c;

Initialize(&plist},

do{
cIrser();
printf("\n THAO TAC VO SINGLE LINK LIST");
printf("\n 1 - Thém node dau danh sach™);
printf{™n 2 - Thém node cudi dach sach");
printf("\n 3 - Thém node gilrta danh sach"};
printf("\n 4 - Loai bo node diu danh sach™);
printf("\n 5 - Loai bd node cudi danh sach");
printf("\n 6 - Loai bd node gilta danh sach”),
printf("\n 7 - Duyét danh sach”);
printf{"\n 8 - S3p x&p danh sach");
printf(’"\n 9 - Tim ki€m danh sach");
printf("n 0 - Trd v&");
¢ = getch(};
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switch(c) {

case '1"
printf("in Ma sinh vién:;"); scanf("%d", &x.masv);
fflush{stdin); printf("\n Ho va tén:"}; gets(x.hoten);
Inserttop(&plist, x); break;

case 2"
printf("\n Ma sinh viénn:"}: scanf("%d", &x.masy);
fflush(stdin); printf{"\n Ho va tén:"); gets(x.hoten);
Insertbottom{&plist, x), break;

case '3"
printf(™n Vi tri trén:"); scanf("%d", &vitri);
printf("\n Ma sinh vién:"}; scanf("%d", &x.masv);
fllush(stdin); printf("\n Ho va tén:"}; gets(x.hoten);
Insertafter{&plist, x, vitri - 1); break;

case '4": Deltop(&plist): break;

case '5". Delbottom{&plist); break;

case ‘6",
flush{stdin); printf("\n Vi tri loai bo:");
scanf{"%d", &vitri);
Delcurrent(&plist, vitri - 1); break;

case '7" Travenode(&plist); break:

case '8" Sortnode(&piist); break;

case ‘9"
flush(stdin); printi("\n Ma sinh vién:");
scanf("%d", &vitri},
Searchnode(&plist, vitri); break;

}
} while(c '='0');
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}

void main{veid} {
Thuchien();

}

4.4. DANH SACH LIEN KET KEP

Maéi khi thao tic trén danh sdch. viéc duyét danh sich theo cd hai
chiéu 10 ra thuén tién hon cho ngudi sit dung. P6i khi ching ta phai di
chuyén trong danh sich tir node cudi ién node diu hodc nguoc lai bing
cich di qua mot loat cic con iro. Diéu niy ¢6 thé dé dang giai quyét
duoc néu ta tang thong tin chifa tai timg dinh cda danh sdach. Ngoai con
tro chita dia chi dinh ti€p theo, ta thém con trd trudc dé chia dia chi
dimg sau dinh nay. Lam nhu vay, chlng ta thu dugc mot cau tric dit
liéu mai goi la danh sich lién két kép.

struct node {

int infor;
struct node *right; /i con trd tdi node sau
struct node *left; i/ con trd téi node ké tiép
;
typedef struct node *"NODEPTR; /1 dinh nghia con trd téi node
o [ 1R L1 | R SERE NULL

Hinh 4.7. M6 1d mot danh sdach lién két kép.

Céc thao tac trén danh sach lién két kép ciing tuong ty nhu danh
sach lién két don. Nhung cin chi ¥ ring, mdi node p cia danh sich
lién két kép ¢ hai dudng lien két 1a p -> left va p -> right;

Thao tiac thém node méi viao dau danh sach lién két kép:

e (Cap phat bd nhd cho node mdi;
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¢ Gan gia tri thich hgp cho node méi;
» Thiét lap lién két cho node mdi;

void Push_Top(NCDEPTR *plist, int x} {

NODEPTR p;

p = Getnode(); /f cap phat bd nhd cho node
p -> infor = x; # gan gia tri thich hop;

p -> right = *plist; /1 thiét 1ap lién két phai
(*piist) -> left = p; /1 thidt lién két vai *plist

p -> left = NULL; /1 thidt 13p lién két trai

*plist = p;

}

Thao tac thém node vao cuéi danh sach:

¢ Néu danh sich rdng thi thao tdc nay tring véi thao tic thém
node mdi vao dau danh sach.

e Néu danh sdch khong réng ching ta thuc hién nhu sau:
e Cip phat bo nhd cho node;
¢ Gdn gid tri thich hgp cho node;
¢ Chuyén con trd tdi node cudi trong danh sdch;
o Thiét lap lién két trai;
o Thiét 1ap lién két phai;
void Push_Boettom{(NODEPTR *plist, int x) {
NODEPTR p, q;
if(*plist = NULL)

Push_Top{plist, x);

else {
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p = Getnode(); /f cap phat bd nhé cho node
p -> infor = x; / gan gia tri thich hgp
q = *plist; /1 chuyén con tré tdi node cudi danh séach

while(q -> right 1= NULL)

q = q -> right; /1 g la node cudi clng trong danh sach
q->right = p; /1 lién két phai

p->left=q /1 lién két trai

p->right = NULL;  / lién két phéi

}
Thém node vao trude node p:
Muén thém node vao truéc node p thi node p phai ton tai trong
danh sich. Néu node p ton tai thi c6 thé xdy ra hai trudng hop: hoac
node p la node cudi cung cua danh sich hoic node p 1a node chura phai

la cudi cung. Truong hop thé nhit ing v&i thao tic Push_Bottom.
Truong hop thit hai, chiing ta lam nhw sau:

e Cap phdt bo nhd cho node;

o (dn gia tri thich hogp;

e Thiét 1ap lién két trai cho node méi;

o Thiét lap lién két phai cho node mdi;

Qua trinh duge mo ta bdi thu tuc sau:

void Push_Before(NODEPTR p, int x) {

NODEPTR q;
if(p = NULL) return; o khong 1am gi
else if(p -> next = NULL)

Push_Bottom(p, x);

else {
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g = Getnode();

q -> infor = x;

q -> right = p -> right;
(p -> right) -> left = q;
q->left = p;
p->right=q;

}

Loai bo node dau danh sach:

/! cap phat bd nhd cho node mdi
i gan gia tri théng tin thich hop
1/ thiét 1ap lién k&t phai

1 thiét 1ap lién két trai

» Néu danh sich rong thi khong can loai bo;

e Dung node p tro t16i dau danh séch;

e Chuyén gdc Ién node ké tiép:

¢ Loai bo lién két véi node p;

e Gidi phong p;

void Del_Top(NODEPTR *plist) {
NODEPTR p:
H#(("plist) = NULL) return;
p = *plist;
(*plist) = (~plist) -> right;
p -> right = NULL;
{*plist) -> left = NULL,;
Freenode{p});

}

/1 khéng lam gi _
JI p la node dau tién trong danh sach
1 chuy@n node gdc téi node ké tiép
i/ ngét lién két phai cla p;

11 ngét lién két trai véi p

/1 gidi phéng p

Loai b6 node o cudi danh séich:

e Neéu danh sdch rong thi khong cén loai bo;

¢ Néu danh sdch ¢6 mot node thi né 1a trudng hop loai phan tir &

dau danh sich;
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e Néu danh sach ¢6 nhiéu hon mét node thi
e Chuyén con tr6 tdi node cudi cling;

e Ngit lién két trdi clia node;

» Ngit lién két phai ciia node;

¢ Giai phdng node.
void Del Bottom{NODEPTR *plist} {

NODEPTR p, q;

if{(*plist) = NULL) return; i1 khéng lam gi
else if((*plist) -> right = NULL.) Del_Top(plist};

else {

p =*plist;  # chuyén con tré 16i nade cudi danh sach
while{p -> right 1= NULL)

p = p ->right;
if p la node cudi cua danh sach
q=p->left; #f q 14 node sau p;
q -> right = NULL; {1 ng#t lién két phai cla g
p -> left = NULL; If ngét lién két trai cha p
Freenode(p), if gidi phéng p

}
}

Loai node trudc node p:

e Néu node p khéng cé thuc thi khong thé loai bo;

e Néu node p 12 node cuéi thi ciing khong thé loai bo;
o Trudng hop con lai duge thie hién nhu sau:

« Ngit lien két trai voi node p dong thoi thiét lap lién két
phai vdi node (p -> right) -> right;
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* Ngat lién két phai v6i node p déng thai thist lap lien két
trdi vGi node (p -> right) -> right;
* Giai phéng node p -> right.
void Del_Before(NODEPTR p) {
NODEPTR g, r;
if(p = NULL [| p -> right = NULL) return;
" Khdng Jam gi néu node p la khang co thuc hoic 1a node cudi cung */

q = (p ->right) -> right;  // g 1 node trudc node p -> right

r=p -> right; /1 r 1a node cén loai b

r->left = NULL; /i ngdt lién két trai clar

r ->right = NULL; i ngat lién két phai ca r
p->right = q: /1 thiét 1ap lién két phai méi cho p
q->left = p; / thiét iap lién két trai mdi cho p
Freenode(r); # gidi phéng node

}
Chiing ta c6 thé xay dung thém cdc thao tic loai bd node bén trii,
duyét trai, duyét phai trén danh sach méc néi kép. Nhimg thao tic 46
dugce thé hién thong qua vi du sau.

Vi du 4.7. Cung cép thong tin vé tuyén xe Idfa. Bao gdm: thong tin v& mai
hanh trinh, cac hanh trinh di xudi, cac hanh trinh di ngudc cla
m&i doan tau.

#include <stdio.h>

#include <stdlib.h>

#include <conio.h>

#include <dos.h>

#include <string.h>

#include <math.h>

#include <alloc.h>
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#define TRUE 1
#define FALSE O
 Cau truc théng tin chung vé doan tau ™/
typedef struct {
char gatruoc[20];
char gasau{20];
int chieudai;
int thoigian;
} doan,
* CAu truc clia mot nut trong danh sach lién két kép */
typedef struct node {
doan infor;
struct node *left, *right;
3
typedef struct node *NODEPTR;
M C3p phat mdt nit cho danh sach lign két kép */
NODEPTR Getnode{void) {
" NODEPTR p;
p = (NODEPTR) malloc(sizeof(struct node));
return{p);
t
7 Giai phong mot niit cla danb séch lién két kép */
void Freenode{NODEPTR p} {
free(p);
h
M Khdi ddng danh séch lién két kép */
void Initialize(NODEPTR *plist} {
*plist = NULL;
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/* Kiém tra tinh réng cla danh sach lién két kép */
int Empty(NODEPTR "piist) {
if(*plist = NULL)
return(TRUE);
return(FALSEY,
!
* Xac dinh sé nit trong danh sach lién két kép */
int Listsize{NODEPTR ~plist) {
NODREPTR p; int n;
p ="plist, n = 0;
while{p '= NULL) {
p = p -> right;
n++:
}
return(n);
}
I* Xac dinh con tré chi nat thit i trong danh sach lién két kép */
NODEPTR Nodepointer(NODEPTR *plist, int i} {
NCDEPTR p; int vitri:
p = "plist; vitri = 0;
white(p '= NULL && vitri < i) {
p = p->right;
vitri++;
}
return(p);
}
/* Xac dinh vi tri cua nat p trong danh sach lién két kép */
int Position(NODEPTR =plist, NODEPTR p) {
int vitri; NODEPTR q;
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q = "plist; vitri = 0;
while(q != NULL && q = p){
q = q-> right;
vitri++;
}
(g = NULL)
reiurn{-1);
return(vitr);
}
* Thém nat méi vao ddu danh sach lién két kép */
void Push{(NODEPTR *plist, doan x) {
NODEPTR p; p = Getnode();
p -> infor = x;
ifC"plist = NULL) {
p -> left = NULL;
p -> right = NULL;
*plist = p;
}
else {
p -> right = "plist;
("plist) -> left = p;
p-> left = NULL;

"plist = p;

}
I* Thém nGt mdi vao sau nat p */

void Insertright{NODEPTR p, doan x) {
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NODEPTR g, r;
ifip = NULL) {
printf("\n Node khéng ¢6 thuc™);
delay(2000); return;
}
else {
q = Getnode();
q -> infor = x;
r=p ->right;
r-=left =q;
q->right=r;
q-> left = p;
p ->right = g;

}
* Thém nit méi vao trude nat p */
void Insertleft{NODEPTR *plist, NODEPTR p, doan x) {
NODEPTR q,r;
if{p = NULL) {
printf("\n Node khdng c6 thuc");
delay(2000); return;
}
if(p = *plist)
Push{plist, x);
else {
q = Getnode();
q -> infor = x;

r=p->left;
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r->right = q;
q->left=r;
q ->right = p;
p ->left = q;

}
P Xo4 nat 6 dau danh sach */
doan Pop(NODEPTR *plist) {
NODEPTR p; doan x;
if(Empty(plist)) {
printf("\n Danh sach réng");
delay(2000),
}
else {
p = "plist;
X = p -> infor;
if((*plist) -= right = NULL)
*plist = NULL,
else {
*plist = p -> right;
. ("plist) -> left = NULL,
}
Freenode(p);
1
return(x);

}

* Xo4 nut ¢é con tro la p trong danh sach */
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doan Deinode(NODEPTR *plist, NODEPTR p) {
NODEPTR q, r; doan x:
ifftp = NULL) {
printf("™n Node khong cb thuc"):
delay(2000); return{x);
}
if("plist = NULL) {
printf("\n Danh sach rdng");
delay(2000);
}
else {
X = p -> infor;
q=p->left;
r=p->right;
r->left = g;
q->right=r,
Freenode(p);
}
return{x);
}
* Duyét danh sach tir trai sang phai %/
void Righttraverse(NODEPTR *plist) {
NCDEPTR p; int stt;
if{Empty{plist)) {
printf("\n Khéng ¢é doan nao");
delay(2000); return;

}
p = *plist; stt=0;
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while{p !'= NULL} {
printf ("\n %5d %20s %20s %7d%7d", stt++, p -> infor.gatruoc,
p -> infor.gasau, p -> infor.chieudai, p -> infor.thoigian);

p = p ->right;

}
* Duyét danh séch tir phdi sang trai %/
void Lefttraverse(NODEPTR ~piist) {
NODEPTR p; int sit;
if(Empty(plist)) {
printf("\n Khéng ¢é doan nao");
delay(2000); return;
}
stt = 0; p = Nodepointer{plist, Listsize(plist) -1);
while(p 1= NULL) {
printf("n %5d %20s%20s%7d%7d", stt++, p -> infor.gasau,
p -> infor.gatruoc, p -> infor.chieudai, p -> infor thoigian);

p=p->left;

}
* Tim thong tin vé ga truéc */
NODEPTR Search1{NODEPTR *plist, char x[]} {
NODEPTR p = *plist;
while(stremp(p -> infor.gatruoc, x) |= 0 && p = NULL)
p = p ->right;

return{p);
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I Tim théng tin vé ga sau */
NODEPTR Search2(NODEPTR *plist, char x{]} {
NODEPTR p = *plist;
while{stremp(p -> infor.gasau, x) '= 0 && p != NULL)
p = p -> right;
return(p);
¥
* Loai bo toan bd cac nit cua danh sach */
void ClearlisttNODEPTR *plist) {
while("plist = NULL) {
Pop{piist);

}
M Bao 18 trinh céc tuyén */
void Message(NODEPTR *plist, char noidifi, char noiden(], char ¢} {
NODEPTR p, p1; int ke, tg;
if(c = 'x) {
p = Search1{plist, noidi);
if(p = NULL) {
printf("\n Khéng ¢4 19 trinh");
delay(2000); return;
}
if{stremp(noidi, noiden) = 0) {
printf{"\n Nai di tring noi dén");
delay(2000), return;

}
p1 = Search2{plist, noiden);
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if(p1 = NULL) {
printf{"\n Ndi dén khdéng cé thyc");
delay(2000); return;
}
if(Position(plist, p) < = Position(plist, p1)} {
ke =tg =0;
white(p '=p1}{
kc = ke + p -> infor.chieudai;
tg = tg + p -> infor.thoigian;
printf("\n %20s -> %20s: %7d km %7d gid",
p -> infor.gatruoc,
p -> infor.gasau, p -> infor.chieudai,
p -> infor.thoigian);
p = p -> right;
}
kc = kc + p1 -> infor.chieudai;
tg = tg + p1 -> infor.thoigian;
printf("\in %20s -> %20s: %7d km %7d gig",

p1 -> infor.gatruoc,

p1 -> infor.gasau, p1 -> infor.chieudai, p1 -> infor.thoigian),

printf("in Téng chiéu dai:% 7d Thai gian:%7d", kc, tg);

delay(2000);

}

else {
printf("™\n Khong di xudi dudc™);
delay({2000); return;
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if(c = 'n) {
p = Search2(plist, noidi);
if(p = NULL) {
printf("™\n Khong ¢6 16 trinh™);
delay{2000); return;
!

if{strcmp{noidi, noiden) = 0) {
printf{"in Ndi di triing nai dén™;
delay(2000); return;,
}
p1 = Search1{plist, noiden);
iffp1 = NULL) {
printf("\n Ngi dén khong ¢6 thuc™);
delay(2000); return;
}
if(Position(plist, p) < = Position{plist, p1)) {
kc=tg=0;
while(p !'= p1}{
kc = ke + p -> infor.chieudai:
tg = ig + p -> infor.thoigian;
printf("\n %20s -> %20s: %7d km %7d gid",
» -> infor.gatruoe,
p -> infor.gasau, p -> infor.chieudai,
p -> infor.thoigian);
p = p -> right;
}
kc = kc + p1 -> infor.chieudai;

tg = tg + p1 -> infor.thoigian;
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printf{™n %20s -> %20s: %7d km %7d gid",

p1-> infor.gatruoc,
p1 -> infor.gasau, pt -> infor.chieudai, p1 -> infor thaigian};
printf("\n Tdng chiéu dai:% 7d Thoi gian:%74d", ke, tg);
delay(2000):;

}

else {
printf("\n Khdng di ngugc dugc);
delay(2000); return;

}
void main (void) {
NODEPTR plist, p, p1; doan ga; char c, noidi[20], noiden]20];
int vitri, chucnang;
Initialize(&plist);
do{
clrscr();
printf("\n QUAN SAT TREN TAU");
printf("in 1 - Thém mét dean™);
printf("\n 2 - Loai bd mét doan");
printf("\n 3 - Xem I trinh 1");
printf{"\n 4 - Xem I trinh 2");
printf("\in 5 - Xem thdng tin doan i");
printf("n 6 - Hidu chinh thong tin doan i");
printf("\n 7 - Bao 10 trinh™);
printf("™\n 0 - K&t .lhl.'ic chugng trinh™);

orintf("\in Lura chon chire nang:"); scanf("%d", &chucnang);
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switch(chucnang) {
case 1
printf("\n Vi tri cin thém:"); scanf("%d", &vitri);
printf("\n Tén ga trude:"); scanf("%s", ga.gatruoc);
printf("\n Tén ga sau:"); scanf("%s", ga.gasau};
printf("\n Chiéu dai:"); scanf("%d", &ga.chieudai);
printf("n Thadi gian:"); scanf("%d", &ga.thoigian);
if(vitri = 0)
Push(&plist, ga);
else
Insertright{Nodepainter(&plist, vitri -1), ga);
break;
case 2.
printf{™\n Vi tri:"}; scanf("%d", &vitri);
p = Nodepointer(&plist, vitri};
if(p = NULL) {
printf("\n Vi tri khdng hap 18");
}
else {
if(vitri = Q) Pop{&plist);
else Delnode(8plist, p);
k
delay(2000); break;
case 3:
printf("\n LO TRINH DUYET Xubi™;
Righttraverse(&plist}; delay(2000); break;
case 4:
printf("\n LO TRINH DUYET NGUGC™;
Lefttraverse(&plist); delay(2000); break;
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case 5.
printf{"\n Vi tri:"); scanf(%d", &vitri);
p = Nodepointer{&plist, vitri);
if(p = NULL)
printf("™\n Vi tri khéng hop 1&");
else {

printf("\n Doan:%d Ti:%s Bén:%s Chiéu dai:%d Thai
gian:%d", vitri, p -> infor.gatruoc, p -> infor.gasau,

p -> infor.chieudai,
p -> infor thoigian);
}
delay(2000); break;
case 6.
printf("\in Vi tri:"}; scanf("%d", &vitri);
p = Nodepcinter(&plist, vitri);
if(p = NULL)
printf{"™n Vi tri khéng hgp i&");
else {

prAntf("in Boan:%d Tir%s Dén:%s Chiéu dai:%d Thdi gian
:%d", vitri, p -> infor.gatruoc, p -> infor.gasau,

p -> infor.chieudai, p -> infor.thoigian),
printf{"\n Tén ga trudc.%s"); scanf("%s", ga.gatruoc);
printf{"\n Té&n ga sau:%s"); scanf("%s", ga.gasau);
printf{"\n Chiéu dai:%d"); scanf{"%d", &ga.chieudai);
printf("\n Thai gian:%d"); scanf("%d", &ga.thoigian},

}
delay(2000); break;

case 7:
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printf("™\n Bi xudi:x Bi ngugc: n"); ¢ = getche();
printf("\n Noi di:"); scanf("%s", noidi);
printf("\n Noi dén:"); scanf(%s", noiden);
Message(&plist, noidi, noiden, c);
delay(2000); break;

}

} while(chucnang != 0};
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4.1.

4.2.

BAI TAP CHUONG 4

Xau thuan nghich déc 13 xau bit nhi phan ¢6 d¢ dai n ma khi dao
xau ta vin nhan duoc chinh xau d6. Hay hiét ké tat cd cdc xau
thuan nghich doc c¢6 do dai n va ghi lai nhiing xau dé vao (€p
thuang.out theo timg dong, dong dau tién ghi lai gid tri cha n, céc
dong ti€p theo la nhitng xau thuan nghich doc ¢6 do dai n. Vidu:
vdi n = 4, ta ¢6 duge nhitng xau thuin nghich doc c6 dang sau:

4
6 o 0 0
0

I 1 0
1 0 0 1
R G B

Viét chuong trinh quan 1y diém thi clia sinh vién bang single
(double) link list bao gdm nhitng thao tic sau:

- Nhap dir ligu;

- Hién thi dit li¢u theo 16p, xép loai ...
- Sip xép dir lieu;

- Tim kiém dir liéu;

- In an két qua.

Trong do, thong tin vé mdi sinh vién duge dinh nghia thong qua
cau tric sau:
typedef struct {

int masv; / ma sinh vién;
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4.3.

char malop[12]; ' malép
char hoten[30]; /l ho tén sinh vién
float diemki; 1 diém tdng k&t ky 1
float diemkii; 1 diém tdng k&t ky 2
float diemtk; / diém t8ng két ca nim
char xeploai[12]: i1 x&p loai

} sinhvien;

Bi€u dién biéu thitc theo cti phap Ba Lan. Biéu thitc nguyén I
mot ddy duge thanh lap tir cdc bién kiéu nguyén ndi véi nhau
bang cac phép todn hai ngéi (cong: + , trir: - , nhan: *) va cac dau
md ngoac don ‘(‘, déng ngodc don ‘). Nguyén tic dit tén bién
va thi ty thuc hién cdc phép todn duge thuc hién nhur sau:

Qui tac ddt tén bién: La diy céc ki ty chit in thuong hodc ki ty s6
do dai khong qua 8, ki tr bat ddu phai 12 mot chit c4i.

Qui tdc thuc hién phép todn: Biéu thiic trong ngoic don dugc
tinh trudc, phép toan nhan “*’ ¢6 do¢ wu tién cao hon so vdi hai
phép todn cong va trit. Hai phép todn cong ‘+° va trlr ¢6 cung do
wu tién. Vi du: a * b + ¢ phai duoc hiéu 1a: (a * b) + c. '
Dang viét khong ngodc Ba Lan cho biéu thirc nguyén dwoc
dinh nghia nhu sau:

- Neéu e la tén bién thi dang viét Ba Lan cta né chinh la e.

- Neéu¢, vae, la hai biéu thirc ¢6 dang viét Ba Lan twong ing la
d, va d, thi dang vi¢t Ba Lan cha ¢, + e, 1a d, d,+, cliae, - e,
lad, d,-, cae* e, lad dy* (Giita d, va d, c6 diing mot diu
cich, trude dau phép toan khong ¢6 diu cach).

- Néu e la biéu thic ¢6 dang viét Ba Lan la d thi dang viét Ba
Lan cua biéu thic ¢6 ngoac don (e) chinh 1a d (khong con dau
ngoac nita). Vi du: Biéu thic (¢ + b*(f - d)) c6 dang viét Ba
Lanla: cbfd-*+
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4.4,

Cho tép dit liéu balan.in dugc t6 chic thanh timg ddng, méi dong
khong dai qua 80 ky tu la biéu dién cla bi€u thitc nguyén A. Hay
dich cdc biéu thic nguyén A thanh dang viét Ba Lan cta A ghi
vio tép balan.out theo timg dong. Vi du: véi t€p balan.in dudi
day s€ cho ta két qua nhu sau:

balan.in balan.out

a+b a b+

a-b ab-

a*b a b*

(a-Db)+c ab-c+
(a+Db)*c¢ ab+c*
(a+(b-c)) abc-+

(a + b*(c -d)) abcd-*+
((a+b)*c-(d+e)*1) ab+c*de+f* -

Tinh toan gia tri biéu thic Ba Lan. Cho ép dit liéu balan.in
gdm 2*n dong trong d6, dong cé s6 thit tu 1é (1, 3, 5, ...) ghi lai
mot xau la biéu dién Ba Lan cia biéu thicc nguyén A, dong ¢6 s6
thit tu chdn (2, 4, 6, . .) ghi lai gid tri cia cic bién xudt hién trong
A. Hiy tinh gi4 tri clia biéu thic A, ghi lai gid tri ciia A vao tép
balan.out tirg dong theo thi nr: Dong ¢é thi ty 1& ghi lai biéu
thiic Ba Lan ciia A sau khi da thay thé cdc gid tr{ tuong g cla
bién trong A, dong cé thit tw chiin ghi lai gia tri cha biéu thic A.

Vi du v6i tép balan.in duéi day s& cho ta két qua nhu sau:

balan.in balan.out
a b+ 35+
35 8

ab- 73-
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73 4
ab* 43%*
43 12
cab-+ 345+
345 2
4.5. Lap lich vé6i mite d6 wu tién. D€ lap lich cho CPU dip tng cho

cac qua trinh dang doi cia hé théng, ngudi ta bicu dién moi qua

trinh bang mot ban ghi bao gém nhimg thong tin: s qud

trinh(Num) Ia mot s tu nhién nhé hon 1024, tén qué trinh (Proc)

la mot xau ky tu d¢ dai khong qud 32 khong chita ddu trong &

gitta, d6 uu tién qua trinh 1A mot s6 nguyén duong (Pri) nho hon

10, thoi gian thue hién cia qud trinh (Time) 1a mot s6 thue. Cic

qua trinh dang doi trong hé duge CPU dédp dng thong qua mot

hang doi dugce goi 1a hang doi cdc qué trinh, hing doi cdc qué

trinh v&i d6 wu tién dugc xdy dung sao cho nhing diéu kiéa sau

dugc thoa miin:

- Cdc qua trinh duge sap theo thit tw v tien;

- D061 véi nhitng qué trinh ¢6 cing d¢ wu tién thi qud trinh nio
6 thoi gian thuc hién it nhat dwoc xEp 1én trudc nhat.

Cho tép dit liéu lich.in duoc 6 chiic nhu sau:

- Dong dau tién ghi lai mot s6 tw nhién n 12 6 cdc qué trink;

- n dong k€ ti€p, mdi dong ghi lai thong tin vé mot qud trinh
dang doi.

Hay xay dung hang doi cdc qua trinh v6i d6 uu tién. Ghi lai thy

ty cdc qud trinh ma CPU ddp dng trén mot dong cita tép lich.out,

moi qud trinh duge phan biét véi nhau bdi mot hoac vai ky tu

trong, dong k& (i€p ghi lai s6 gidy cdn thiét ma CPU can dép ung

cho cac qua trinh. Vi du véi tép lich.in du6i day sé cho ta két qua

nhu sau:
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4.6.

4.7.

lich.in
7
| Data_Processing 1 10

2 Editor_Program | 20

3  System_Call 3 035

4 System_Interative 3 1

5  System_Action 32

6 Writing_Data 2 20
Reading_Data 2 10

lich.out

3 4 5 7 6 1 2

63.5

Thuat toan RR (Round Robin). Thuat todn SJF dap ing duoc 61
da cdc qua trinh hoat dong trong hé, tuy nhicn s€ ¢4 nhiu qua
trinh ¢6 chi phi théi gian 16n phai doi nhi€u qud trinh ¢6 chi phi
thdi gian nho thue hién. Vi thuat todn SJIF, tinh cong bang cia hé
bi vi pham. D€ khic phuc diéu trén, thuat toin Round Robin thuc
hién chon mot lugng tr thoi gian thich hop, sau d6 dap ung cho
moi qud trinh theo timg vong voi luong tu thoi gian da chon. Uu
diém cuia RR 1 tinh cong bdng cla hé duge dam bao, s6 cic qua
trinh duoc CPU dédp tng trén mot don vi thoi gian chap nhan dugc.
Nhugc diém I6n nhdt cha thudt todn 1a viéc lya chon lugng tir thai
gian dap ng cho mo6i qud trinh sao cho t6i wu khong phai 1a don
gian. Hay viét chuong trinh moé phong thuat todn 1ap lich RR.

Quan Iy bé nhé (Memory Management)

Quan 1y bd nhé 13 qua trinh diéu khién viéc nap cc qua trinh vio
bo nhé. B6 nhd c¢6 thé duoc coi 1a mot mang mot chiéu hodc
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nhiéu chiéu, mdi 6 nhé duoc xdc dinh théng qua dia chi cua né.
Dia cht cia 6 nhé phu thuoe vao phuong phap quéan ly bd nhg,
cac phuong phdp quan 1y bo nhé thong dung hién nay la phan
trang (Paging) hoac phan doan (Segmentation). O méi thdi diém,
¢6 thé ¢6 nhiéu qud trinh duoc nap vio nhimg viing b6 nhd khic
nhau lam cho b nhé c6 nhing 16 hdng du thira goi 13 Hole. Bai
todn dat ra 1a 1am thé nao dé ¢4 thé nap tiép c4c qud trinh vio cac
Hole bo nhd. Nhiing thuat todn cd ban sau sé& gidp ching ta minh
hoa diéu dé:

Thuat todn First Fit: Duyét theo danh séch cdc 16 héng bo nhé,
chon 16 hong bo nhd diu tien 6 thé dé thuc hién viec nap
chuong trinh. Uu diém cita phuong phdp nity 13 phuong phdp cai
dat don gian, t6c do nhanh. Nhuoe diém I6n nhat cha né 13 qud
trinht nap ¢6 the tao nén cdc 16 héng bé nhé min hon.

Thuat toan Best Fit: Duyét theo danh sich cic 16 héng bo nhé,
tim 16 hong bo nhd c6 kich ¢& thich hop nhat dé thuc hién nap
chuong trinh. Uu diém cua phuong phdp nay 1a cic 16 hdng bo
nhé dugc su dung triét dé. Nhuge diém ciia né 1a cai dat phic
tap, qud trinh duyét c¢6 thé mat nhiéu thdi gian.

Thuat toan Worsd Fit: Luon l4y 16 hdng bo nhé lén nhit dé
thue hién viéc nap chuong trinh. Uu diém ctia n6 12 don gian, dé
cai dat. Nhuoc diém cia n6 13 gay lang phi bo nhé.

Comapaction (Iam dac bo nhé): Lam dic bo nhé la phuong
phdp dich chuyén cdc qud trinh da duoc nap vio bo nhd tai cic
mién thich hop, sao cho céc 16 héng bo nhé duge dat canh nhau
dé tao nén mot 16 héng bo nhd I6n nhét c6 thé duoc, Hiy viét
chuong trinh mé phong lai nhing thuat todn quan 1y bo nhé trén.



_ CHUONG 5
CAYU TRUC DU LIEU CAY (TREE)

5.1. PINH NGHIA VA KHAI NIEM

Cay 13 mot tap hop hitu han cdc node ¢6 ciing chung moét kiéu di
liéu, trong d6 ¢ mot node dac biét goi 1a node goc (root). Gilta cic
node ¢6 mot quan hé phan cip goi 1A “quan hé cha con™. C6 thé dinh
nghia mot cdch dé qui vé cay nhu sau:

e Mot node 12 mot cay. Node d6 cling la goc (root) cua cay ay.

e Néu n la mot node va T, Ty, ..., T la cdc cay véi ny, ny, ..., 1
lan lugt 1A goc thi mot cay méi T sé duge tao lap bang cach
cho node n trd thanh cha cua cac node n|, n,, ..., n, hay node n
trd thanh goc va Ty, T,. ..., T, 12 cdc ¢y con (subtree) ciia goc.

Vi du: Cau tric 6 chic thu muc (directory) cia DOS l1a mot cdu

truc cdy.

Hinh 5.1. Vi du vé mor cdy thu muc

Mot cay duoc goi ta réng néu né khong c6 bt ky mot node nao.
S6 cdc node con clia mot node duge goi la cdp (degree) cua node do.
Vi du: trong cay & hinh 5.2, ¢dp cia node A 1a 3, cdp cia node B 1a 2,
cdp cua node D 1a 3, cap cua node H 1a 2.
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Hinh 5.2 Phdn cdap cay thie muc

Node ¢6 cap bang 0 duogc goi 1a 1a (leaf) hay node tan ciing
(terminal node). Vi du: cic node E, F, C, G, I, J, K dugc goi la la.
Node khong 1a 14 duge goi 1 node trung gian hay node nhanh (branch
node). Vi du node B, D, H la cac node nhanh.

Cap cao nhit cia node trén cay goi 1a cép cla cay, trong truding
hop ciy & hinh 5.2 cap cita cay 1a 3.

Goc cua cay ¢6 s6 mic 1a 1. Néu node cha cé sd miec 13 i thi
node con ¢4 s6 muc lai+ 1. Vidu goc A c6 s6 mitc 1a 1, D ¢6 s& mifc
1a 2, G cd s6 mitc la 3, j ¢6 s6 mic 1a 4.

Chicu cao (height) hay chiéu sau (depth) clia mot cay 1a s6 miic
I6n nhat cGa node trén cay d6. Cay hinh 5.2 ¢6 chiéu cao 1a 4.

Pudng di tr node n, dén n, la day cdc node n,, n,, ..., n, sao cho
n; la node cha cia node n;, |, (1 <i < k), do dai cia dudmg di (path
length) dugc tinh bang s6 céc node trén dudng di trit di 1 vi né phai
tinh tir node bat dau va node két thic. Vi du: trong cay hinh 5.2 dudng
di tr node A t6i node G 12 2, dudng di tir node A dén node K 1a 3.

Mot cay dugce goi 1a ¢6 thit ty néu ching ta xét d&n thit tr cc cay
con trong cay (ordered tree), nguge lai 13 cdy khong c6 th
(unordered tree). Thong thudng céc ciy con duoc tinh theo thit tw tix
trdi sang phai.
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5.2. CAY NHI PHAN

Cay nhi phan a2 m§t dang quan trong cha cau tric cdy cé dic
diém 12 moi node trén ciy chi cé t6i da 1 hai node con. Ciy con bén
trdi cua cay nhi phan dugc goi la left subtree, cay con bén phai cua cay
duge goi la right subtree. P6i véi ciy nhi phan, bao gio ciing duoc
phan biét ciy con bén trai va cay con bén phai. Nhu vay, cay nhi phan
1a mot cay ¢d thi tu. Vi du trong hinh 5.3, cdc cay déu 1a cay nhi phan.

Hinh 5.3 Cdc cay nhi phan
Cic cay nhi phan c¢6 dang dac biét bao gém:

¢ Cay nhi phan léch trai (hinh 5.4a): 1a cay nhi phan chi ¢6 cac
node bén trai.

e Cay nhi phan lénh phai (hinh 5.4b): 1a ciy chi bao gom cic
node phai.
¢ Cay nhi phan zic zdc (hinh 5.4¢, 5.4d): node trai va node phai

cua cdy dan xen nhau thanh mot hinh zic zéc.

e Cay nhi phan hoan chinh (strictly binary tree: hinh 5.4e):
mot cay nhi phan duge goi 1a hoan chinh néu nhu node goc va
tit ca cic node trung gian déu c6 hai con.
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s Cay nhi phan day da (complete binary tree: hinh 5.4f): Mot
ciy nhi phan dugc goi la ddy di véi chiéu sau d thi né phai 1a
ciy nhi phan hoan chinh va tdt ca cdc node Id déu cé chiéu sau
la d.

e f.
Hinh 5.4 Cdc cdy nhi phdn c6 dang ddc biét

o Cay nhi phan hoan toan can bang (hinh 5.5): 1a cay nhi phan
ma & tit ca cdc node cta né s6 node trén nhdnh cay con bén tréi
va s0 node trén nhdnh cay con bén phai chénh lénh nhau khong
qua 1. Néu ta goi N, 1a s6 node clia nhanh cay con bén trdi va N,
Ia s6 node clha nhdnh ciy con bén phai, khi d6 cay nhi phan
hoiin toan cén bing chi ¢6 thé & mot trong 3 trudng hop:

» 56 node nhdnh cay con bén trdi bing s6 node nhanh cay
con bén phai bing N, = N, (hinh 5.5a).

* 56 node nhdnh cay con bén trdi bing $6 node nhanh cay
con bén phat cong 1: N, = N, + 1(hinh 5.5b)
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» 56 node nhdnh cay con bén trdi bang s6 node nhanh cay
con bén phai trir 1: N, =N, - [ (hinh 5.5¢).

Hinh 5.5 Cay nhi phdn hoan toan cdn bang
e Cay nhi phan tim kiém: 14 mét cdy nhi phan hoac bi réng
hoac tdt ca cdc node trén cdy théa man diéu kién sau:

* Noi dung cha tit ca cic node thudc nhdnh cay con bén trdi
déu nho hon noi dung cua node goc.

= Noi dung cha tit ca cic node thudc nhdnh cay con bén phai
déu tén hon noi dung cia node goc.

* Cay con bén trdi va cay con bén phai ciing ty nhién hinh
thanh hai cay nhi phan tim kiém.

Hinh 5.6. Vi du vé cdy nhi phdn tim kiém
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5.3. BIEU DIEN CAY NHI PHAN

5.3.1. Biéu dién cay nhi phan bang danh sich tuyén tinh

Trong trudng hop cay nhi phan ddy do, ta ¢ thé dé dang biéu
dién cay nhi phan bang mot mang huu trit k€ tiép. Trong dé node gdc
12 phan tir ddu tién clia mang (phdn tl thit 1), node con thiri = | cia
cay nhi phan 12 phan o thi 2i, 2i + 1 hay cha cua node thi j [a [j/2].
Véi qui tac do, cay nhi phan ¢6 thé biéu dién bing mét vector V sao
cho noi dung cua node thit i duge luu i trong thanh phan V[i] cha
vector V. Nguoce lai, néu biél dia chi cua phén ti tha i trong vector V
chiing ta cling hoan toan xac dinh duge nguoce lai dia chi cita node cha,
dia chi node gdc trong cay nhi phan.

Vi du: Cay nhi phian duege tuu trit ké ti€p nhu trong hinh 5.7.

viop V[T Vi2) V[3] V4] V5] V6]

e ° 30 25 37 22 28 35 40

Hinh 5.7, Luu trit ké'tiép cua cdy nhi phdn

Dai v6i cay nhi phan khong ddy da, viéc luu trit bing mang to ra
khong hi¢u qua vi chiing ta phai bo tréng qua nhiéu phan tr gay lang
phi bd nhé (xem vi du trong hinh 5.8).

Vio}p VI VI2) V3t Vvid] V{5 VI6]

° 30253722¢35¢

Hinh 5.8. Lt trit ké'tiép ciia cay nhi phan khong day dii
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5.3.2. Bi¢u dién cay nhi phan bing danh sach mée néi

Trong cich Iuu trit cay nhi phan bang danh sich méc n6i, mdi
node dugc mo6 ta bang ba loai thong tin chinh: Left, infor, right.

Left la mot con tro tro tdi node bén trdi cua cay nhi phan: infor: la
thong tin vé node, infor c6 thé 1a mot bién don hodc mét ciu tric; right
[a mot con tro tro t6i node bén phai cua ciy nhi phan. Trong trudng
hop node 14 node 14 thi con tro left va con tro right dugce tro t6i con tro
NULL. D61 vGi node léch trii, con tro right s& tro té con tro NULL,
nguge lai doi véi node 1éch phai, con tro left ciing s&€ tro t6i con tro
NULL. Cau triic cua mdt node duge mo ta trong hinh 5.9.

Left Infor Right

Hinl 5.9 Mé ta mét node ca cdy nhi phdn.

Vi du: Cay nhi phan trong hinh 3.10 s& duoc biéu dién bang danh
sich lién két nhu sau:

e | Lett [ 30 | Rignt]
/ N\
25 o ILe\f: T30 Tnow] [ren 37 [nuu]

e ° INul] 22 Twund] [voeL] 35 o]

Hinh 5.10 Biéu dién cdy nhi phdn bdng danh sdch mée noi

5.4. CAC THAO TAC TREN CAY NHI PHAN
5.4.1. Pinh nghia cay nhi phan bfmg danh siach tuyén tinh

Madi node trong cay duge khai bdo nhu mot cdu triic gém 3
trudng: infor, left, right. Toan bo cay ¢6 thé coi nhu mot mang ma méi
phan tr ctta né 1a mot node. Truong infor 1ong quat ¢6 thé 13 mot doi
tuong dif liéu kiéu co bin hodc moét clu tric. Vi du: dinh nghia mot
cay nhi phan luu trir danh sdch cde 80 nguyén:
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#define MAX 100
#define TRUE 1
#idefine FALSE 0
struct node {
int infor;
int left;
int right;
8
typedef struct node nodefMAX].
5.4.2. Dinh nghia cay nhi phan theo danh sach lién két:
struct node {
int infor,
struct node “left;

struct node *right;

1
typedef struct node *NODEPTR

5.4.3. Cac thao tac trén cay nhi phan
Cap phat bo nhé cho mot node méi cia cay nhi phan:
NODEPTR Getnode{void) {
NODEPTR p;
p = (NODEPTR) malloc(sizeof(struct node));
return{p};
}
Giai phong node da duoge cap phat:
void Freenode(NODEPTR p) {
free(p),
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Khgai dong cay nhi phan:

void Initialize(NODEPTR *ptree} {
*ptree = NULL:
}

Kiém tra tinh rong cia cay nhi phan:
int Empty{NCDEPTR “ptree) {
if(*ptree = NULL)

return{TRUE);
return{FALSE);

}
Tao moét node la cho cay nhi phan:

¢ Cip phét bd nhé cho node;
e (Gan gid tri thong tin thich hop cho node;

® Tao lién két cho node 14;

NODEPTR Makenode(int x) {

NODEPTR p;

p = Getnode(), {/ cap phat bd nhé cho node

p - infor = x; ff gan gia tri théng tin thich hgp
p -> left = NULL; i/ tao lién két trai chta node la

p -> right = NULL; i/ tao lién két phai cla node 14
return(p);

}

Tao node con bén trai cua cay nhi phan:

Dé tao dugc node con bén trai 1a node 14 cia node p, chiing ta thuc
hién nhu sau:

¢ Né&u node p khong ¢6 thuc (p == NULL), ta khong thé tao
dugc node con bén trai cua node p;
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e Néu node p da ¢é node con bén trdi (p -> left != NULL), thi
chiing ta ciing khong thé tac dugc node con bén trdi node p;

e Néu node p chua cd node con bén trii, thi viéc tao node con
bén trdi chinh la thao tdc tao node dd duoc xay dung nhu trén;

Hinh 5.11 s& minh hoa cho thao tic tao node con X phia bén trdi
cua node D.

B o

(D <
o e Cr) Ceo e ()
OROROGIOIORCONO

Hinh 5.11 M6 td thao tdc thém node con bén trdi cdy nhi phdn

void Setieft(NODEPTR p, int x ) {
if(p = NULL) {
it Néu node p khong ¢ thuc thi khdng thé thuc hién duge
printf(“\n Node p khdng ¢6 thuc™);
delay(2000); return;
}
* N&u node p ¢b thuc va tn tai la con bén trai thi ciing khong thuc hién dugc */
else if{p -> left = NULL) {
printf(\n Node p da ¢d node con bén trai’};
delay(2000}; return;
}
{f N&u node cd thuc va chira c6 node trai
else

p -> left = Makenode(x);
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Tao node con bén phai cua cay nhi phan:

PE tao dugc node con bén phai 1a node 14 cha node p. chiing ta
lam nhu sau:

e Néu node p khong cé thuc (p = NULL), thi ta khong thé thuc
hién duoc thao tac thém node 14 vao node phai node p;

¢ Néu node p ¢6 thuc (p != NULL) va di ¢6 node con bén phai
thi thao tic ciing khong thé thuc hién dugc;

e Néu node p cé thuc va chua ¢6 node con bén phai thi viéc tao
node con bén phai node p duge thuc hi¢n thong qua thao tic
Makenode();

Hinh 5.12 s& minh hoa cho thao tic tao node con X phia bén phai
cua node E.

Hinh 5.12 M6 td thao tdc thém node con bén phai cdy nhi phdn

void Setrightt NODEPTR p, int x ) {
ifip = NULL} { {f N&u node p khdng cé thuc
printf(*\n Node p khong co thuc”});
delay(2000); return;

#f N&u node p c6 thuc & 33 cb node con bén phai

else if(p -> right 1= NULL) {
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printf(\n Node p da cé node con bén phai™);

delay(2000}; return;

i N&u node p ¢6 thue & chua ¢ node con bén phéi
else
p -> right = Makenode(x);
}

Thao tic xo4 node con bén trai cay nhi phan:

Thao tdc loai bé node con bén trdi node p dugc thyc hién nhu
sau:
» Neéu node p khong ¢6 thue thi thao tdc khong thé thuc hién;
* Neéu node p ¢6 thuc (p == NULL) thi kiém tra xem p cé node
14 bén trai hay khong;
* Neéu node p ¢é thuc va p khong c6 node 14 bén trai thi thao
tdc cting khong thé thuc hién duoc;
* Néu node p ¢6 thyc (p = NULL) va ¢6 node con bén trai 1a
q thi:

- Néu node q khong phai 12 node 14 thi thao tic ciing
khong thé thuc hién duge (q -> left !'= NULL Il q ->
right '= NULL);

- Néu node q la node 14 (q -> left == NULL && q ->
right == NULL) thi:

o Giai phéng node q;
o Thiét lap lién két méi cho node p;
Thuét toan duoc thé hién bing thao tac Delleft() nhu duéi day:

int Delleft{NODEPTR p) {
NODEPTR q; int x;

2B

47
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if(p = NULL)
printf(*\n Node p khdng c6 thuc"); delay(2000);
exit{0);
}
q=p->left; /1 G )a node can xoa;
X = g -> infor; # x 1a ndi dung can xo04
if(q = NULL) { /i Kiém tra p c6 la bén trai hay khong

printf(\n Node p khdng co 1a bén trai”),
delay(2000); exit(0);

}

if{q -> left 1= NULL |} q -> right '= NULL) {
#1 kiém tra q co phai 1 node & hay khéng
printf(\n q khéng & node [a™),
delay{2000}, exit(0);

}

p -> left = NULL; /1 tao lién két mdi cho p
Freenode(q): /! giai phéng q
return(x);

}

Thao tic xoi node con bén phai cay nhi phan:

Thao tdc loai bo node con bén phai node p duge thuc hién nhu sau:

s Néu node p khong cé thuc thi thao tdc khong thé thuc hién;

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

Néu node p ¢o thue va p khong ¢é node 1a bén phai thi thao
tac ciing khong thé thuc hién duoc;

Néu node p ¢6 thuc (p != NULL) va ¢6 node con bén phai
la g thi:
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- Néu node q khéng phai 14 node 14 thi thao tic ciing
khong thé thuc hién dugc (q -> left != NULL il q ->
right '= NULL):

- Néu node q la node 14 (q -> left == NULL && q ->
right == NULL) thi:

o Gidi phéng node q;

o Thiét lap lién k&t mdi cho node p;

Thudt todn duge thé hién bing thao tic Delright() nhu duéi day:

int Delright{NODEPTR p) {
NCOLEPTR q; int x;

iffp = NULL)
printf(\n Node p khang cb thyc™); delay(2000);
exit(0);
}
q = p ->right; i/ q ta node can xoa;
X = q -> infor; 11 x 1a ndi dung cén xo4
if(q = NULL) { 1 kiém tra p ¢6 la bén phai hay khong

printf("\n Node p khdng ¢6 la bén phai*);
delay(2000); exit{0);

}

if(q -> left I= NULL [} g -> right != NULL) {

/ ki€m tra q c6 phai la node la hay khang
printf(*\n q khéng la node 13");
delay{2000); exit(0);

}

p -> right = NULL; i tao lién két cho p
Freenode(q); /7 gidi phéng g
return{x);

}
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Thao tic tim node ¢é ndi dung 1a x trén cay nhi phan:
Pé tim node c6 noi dung 1A X trén cay nhi phan, ching ta ¢6 thé
x4y dung bing thi tuc dé qui nhu sau:
e Néu node goc (proot) ¢6 ndi dung la x thi proot chinh la node
can tim;
e Neéu proot = NULL thi khong c¢é node nao trong ciy ¢ noi

dung la x;

¢ Néu noi dung node géc khdc x (proot -> infor != x) va proot !=
NULL thi:

s Tim node theo nhdnh cdy con bén trai (proot = proot -> left);
* Tim theo nhidnh cay con bén phii;

Thuat todn tim mot node ¢6 ndi dung 1a x trong cay nhi phan dugc
thé hién nhu sau:
NODEPTR Search{NODEPTR proot, int x} {
NODEPTR p:
if(proot -> infor = x) {1 didu kién dimg
return{proot):

if(proot = NULL)

return{NULL);
p = Search(proot -> left, x); {/f tim trong nhanh con bén trai
if(p = NULL) i/ tim frong nhanh con bén phai

Search{proot -> right, x);

return(p);
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55. BA PHEP DUYET CAY NHI PHAN (TRAVERSING
BINARY TREE)

Phép duyét céy la phuong phép tham (visit) cdc node mot cich cé
hé théng sao cho méi node chi dugc tham mot 1an. C6 ba phuong phép
dé duyét cay nhi phan dé 1i:

e Duyét theo thi ty triréc (Preorder Traversal);
¢ Duyét theo thit t gilta (Inorder Traversal);

¢ Duyét theo thit tu sau (Postorder Traversal).

Hinh 5.13 M6 1d phuong phdp duyét cdy nhi phdn
5.5.1. Duyét theo thir ty truée (Preorder Traversal)
e Néu cay rong thi khong 1am gi;
* Néu cay khong réng thi:
* Tham node gdc cla cay;
* Duyét ciy con bén trdi theo thi tu trudc;
* Duyét cay con bén phai theo thit tu trudc;
Vi du: V@i céy trong hinh 5.13 thi phép duyét Preorder cho ta két qua duyét
theo thirty cac node la: A->B->D->E>C->F > G.

V6i cach duyét theo thi tu trudc, ching ta ¢6 thé cai dat cho cay dudc dinh
nghia trong muc 5.4 bang mét thil tuc dé qui nhu sau:



Chuong 5: Céu truc dirliéu cdy (Tree) 263

void Pretraverse (NODEPTR proot } {

if(proot I= NULL} { /f néu cay khéng rong
printf(“%d”. proot -> infor), /1 duyét node géc
Pretravese(proot -> left), i duyét nhanh cay con bén trai
Pretravese(proot -> right); /f duyét nhanh con bén phai

}

} .
5.5.2. Duyét theo thir ty giita (Inorder Traversal)
e N&u cay rong thi khong lam gi;
e Né&u cay khong rong thi:
= Duyét cay con bén trdi theo thi ty giifa;
» Tham node goc ciia cay;
= Duyét ciy con bén phdi theo thif ty giita;
Vi du: Cay trong hinh 5.13 thi phép duyét Inorder cho ta két qua duyét theo
thitucacnodela: D->B->E->A->F->C->G.

Vi cach duyét theo th(r tuf gilfa, chung ta ¢6 thé cai dat cho cay duge dinh
nghia trong muc 5.4 bang mat thii tuc dé qui nhu sau:

void Intravese (NODEPTR proot } {

if(proot 1= NULL) { /f néu cay khéng réng
Intravese(proot -> left); /{ duy@t nhanh cay con bén trai
printf(*%d", proot -> infor); /f duyét node géc
Intravese{proot -> right); {{ Duyét nhanh con bén phai

}

}
5.5.3. Duyét theo thi tu sau (Postorder Traversal)

e Néu cdy réng thi khong l1am gi;
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e Néu cay khong rong thi:
* Duyét ciy con bén trdi theo thut tu sau;
* Duyét cay con bén phai theo thit tv sau;

* Tham node goc cua cay;

Vi dy: Céy trong hinh 5.13 thi phép duyét Postorder cho ta két qua duyét
theo thirtucacnode lAD->E->B->F>G->C-> A,

Véi cach duyét theo thir tv gira, ching ta ¢é thé cai dat cho cay dudc dinh
nghta trong muc 5.4 bng mét thl tuc dé qui nhy sau:

void Posttraverse (NODEPTR proot } {
if(proot = NULL) { /f néu cay khang rdng
Postiravese(proot -> teft); /l duyét nhanh cay con bén trai
Posttravese({proot -> right); / duyét nhéanh con bén phéi
printf(*%d", proot -> infor); /f duyét node géc

}

5.6. CATDAT CAY NHI PHAN BANG DANH SACH TUYEN TiNH
#include <stdio.h>
#include <stdlib.h>
#include <conio.h>
#include <alloc.h>
#include <string.h>
#include <dos.h>
#define TRUE 1
#define FALSE 0
#define MAX 100
typedef struct  {

int infor;
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int left;
int right;
} nodetype;
hodetype node[MAX]; int avail;

int Getnode({void) {
int ;
if(avail == -1) {

printf("\n Hét node danh sach");
return{avail),
}
p = avail;
avail = node[avail].left;
return{p);
}
void Freenode (int p) {
node{p].left = avail;
avail = p;
}
void Initialize(int *ptree) {
*plree = -1;
}
int Empty(int *ptree) {
if(“ptree == -1}
return(TRUE);
return{FALSE);
}
int Makenode(int x) {

int p;
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p = Getnode();
node[p].infor = x;
node(p).left = -1;
node{p].right = -1;
return{p);
}
void Setleft(int p, int x} {
if(p == -1)
printf("\n Node p khang cé thuc");
else {
ifinodefp].left 1=-1)
printf("\n Node p da c6 bén trai");
else
nodefp).left = Makenode(x);

}
delay(2000),

}
void Setright(int p, int x) {
if(p == -1)
printf{"\n Node p khdng cé thuc");
eise {
if(nodefp].right 1= -1}
printf("n Node p da cd bén phai*);
else
node[p].right = Makenode(x);
}
delay(2000);
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int Delleft(int p) {
int g, x;
if(p == -1) {
printf(™\n Node p khong co thue");
delay(2000); return{-1);
}
else {
q = node{p}.left;
x = node[q].infor;
if(q =-1) {
printf{"\n Node p khong cé nat trai");
delay({2000); return{q);
}
else if(node[gl.left |= -1 || node|q).right = -1) {
printf(*\n Q khong la node [a");
delay(2000); return(-1);

}
node[p].left = -1;
Freenode(q); return(x);
}
int Deiright (int p) {
intq, x;
if(p ==-1){
printf("\n Node p khdng ¢6 thyc");
delay(2000); return(-1);
}

eise {
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g = node[p].right;
X = node[q].infor;
if(g ==-1){
printf("in Node p khdng ¢6 node trai");
delay(2000); return{q);
}
else if{node[gl.left |= -1 || node[q].right != -1) {
printf("in Q khdng 1a node 1a");
delay(2000); return{-1);

}
node[p].right = -1:
Freenode(g); return(x);
}
void Pretrav(int proot} {
if(proot '=-1) {
printf("%5d", node[proot}.infor);
Pretrav(node[proot].left);

Pretrav{node[proot].right);

}

void Intrav(int proot) {
if(proot I= -1} {
Intrav(node[proot].left);
printf("\n %d", node[proot].left);
Intrav(node{proot).right);



Chuong 5: Céu trdc dirliéu cdy (Tree)

269

void Pastrav(int proot) {
if(proot 1= -1) {
Postrav(nodefproot].left);
Postrav(nodefproot].right);
printf("\n %d", node{proot].left);

K
int Search(int proot, int x) {
int p;
if(node{proot].infor == x)
return{proot);
if(proot == -1)
return(-1);
p = Search{node{proot].left, x);
if{p == -1)
p = Search(node[proot].right, x);
return{p),
}
void Cleartree(int proot) {
if(proot = -1) {
Cleartree(node[proot].left);
Cleartree(node[proot].right);

Freenode{proot};

}

void main{void ) {

inti, noidung, noidung1, chucnang, p, ptree;

char c; clrscr(); avail = 0;
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for (i = 0; i<MAX; i ++)
nodelil.left =i+ 1;
node[MAX-1] left = -1;
Initialize{&ptree)
do {
clrscr(),
printf("\in CAY NH| PHAN");
printf("\n 1 - Tao node gdc clia cay");
printf(™n 2 - Thém mot node 14 bén trai"};
printf("\n 3 - Thém mét node 14 bén phai”);
printf("\n 4 - Xda mdt node la bén trai");
printf("\n 5 - X6a mét node la bén phai*);
printf("\n 6 - Duyét cay theo thir tuf truGe™);
printf("\n 7 - Duyét cay theo thir tu giira®);
printf("\n 8 - Duyét cay theo thir ty sau”);
printf("\n 9 - Tim kiém trén cay");
printf("in 10 - X6a toan bd cay");
printf(™n 0 - K&t thuc chuong trinh™);
printf("n Chiic nang Iva chon;"); scanf("%d", &chucnang);
switch{chucnang) {
case 1:
if(!Empty{&ptree))
printf("\n Cay da cd node géc");
else {
printf(*"\n Noi dung node géc.™);
scanf("%d", &noidung);

ptree = Makenode(noidung);
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delay(1000); break;
case 2.
if{Empty(&ptree))
printf("\n Cay chua ¢é géc™);
else {
printf(™n Node Ja can thém:");
scanf("%d", &noidung);
p = Search(ptree, noidung);
if{p 1= -1)
printf("\n N6i dung bi trieng®);
else {
printf("\n Noi dung node cha:");
scanf("%d", &noidung1);
p = Search(ptree, noidung1);
if(p ==-1)
printf("™\n Khong thdy node cha");
eilse

Setleft(p, noidung);

}
delay(2000), break;

case 3.
if(Empty(&ptree}))
printf("\n Cay chua c6 géc"),
else {
printf("\n Node !4 cén thém:");
scanf("%d", &noidung);

p = Search{ptree, noidung);
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if{p 1= -1)
printf{"\n N&i dung bi tring");
else {
printf("\n Ndi dung node cha:");
scanf("%d", &noidung1);
p = Search(piree, noidung1};
if(p == -1}
printf("\n Khéng thay node cha");
else

Setright{p, noidung);

}
delay(2000); break;

case 4.
printf{"\n N6i dung node cha:");
scanf("%d", &noidung);
p = Search(ptree, noidung);
if(p == -1}
printf("\in Khdng thay node cha");
else
Delleft(p);
delay(2000); break;
case 5:
pritf{"\n Néi dung node cha:");
scanf("%d", &noidung};
p = Search(ptree, noidung);
if(p == -1)
printf("\n Khéng thdy node cha™y;
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else
Delright{p),
delay(2000); break;
case 6:
printf("in Duyét cay theo NLR:An"),
if(Empty{&ptree))
printf("Cay bi rdng");
else
Pretrav(ptree);
delay(2000); break;
case 7.
printf("\in Duyét cay theo LNR:\n"),
if(Empty{&ptree})
printf("Cay bi réng");
else
Intrav(ptree);
delay(2000); break;
case 8
printf("\n Duyét cay theo LRN:AR"Y;
if(Empty{&ptree))
printf("Cay bi réng");
else
Postrav(ptree);
delay(2000}; break:
case 9.
printf("\n N&i dung ¢an tim:"};
scanf("%d", &noidung};

if{Search{ptree, noidung} != -1)
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printf("in Tim thay");

else

printf("\n Khéong tim thédy");

delay(2000); break;
case 10:
Cleartree(ptree);
printf("OK!1:");
deiay(2000); break;
}
} while {chucnang != 0);
Cleartree(ptree); ptree == -1;
}

5.7. CAI DAT CAY NHI PHAN HOAN TOAN CAN BANG BANG

LINK LIST

Vi cay nhi phan hoan toan can bing cé s& node nhénh cay con bén
trdi va s6 node nhdnh cay con bén phéi chénh Iénh nhau khong qu4 1,
nén chiing ta dinh nghia them mot trudng 13 sonut dé chi s6 node trén

cic nhanh cay:

Dinh nghia cay nhi phan hoan toan can bing:

struct node {

int infor;

int sonut;

struct node "left;
struct node *right;

b

typedef struct node *NODEPTR;
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Thao tic chén mot node (Insrertion Node):

Cic thao tac khdc vdi cay nhi phan hoin todn cin bang cling gidng
nhu cay nhi phan. Riéng thao tdc thém node vio cdy nhi phan hoan
toan can bing sao cho ciy vin dam bao tinh can cin bing, ching ta
coi node méi thém vao sé 1a node 14, node cha clia node mdi c6 sonut
1a | hoiic 2 va duoc diéu khién nhu sau:

e Xét con trd p tai géc cha cay néu: p -> sonode > 2 thi cho p di

xudng: néu p 1a 1& cho p qua nhénh trdi p = p > left. Néu p ->
sonut 12 chin cho p gua nhanh phai: p=p -> right

e Néu p -> sonut = 1: thém node mdi la nit con bén trdi ciia p
e Né&u p -> sonut = 2: thém node mdi 1a niit con bén phai cua p

Giai thuat them node vao cay nhi phan hoan toan ddy di dugc thé
hién nhu sau: '

/* Thém node x vao ¢y nhi phan hoan toan can bang */
void Insert{NODEPTR proot, int x) {
NODEPTR p;
p = proot;
while(p -> sonut != 1 && p -> sonut = 2) {
ifip -> sonut%2 = 1) {
p -> sonut ++ ;
p=p->left
}
else {
p -> sonut ++ ;

p = p -> right;
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if(p -> sonut == 1) {
p -> sonut ++ ;
Setleft{p, x);

}

else {
P -> sonut ++ ;

Setright(p, x);

}
Chuong trinh cai dat cay nhi phan hoan toin can bing dugc thé
hién nhu sau:
#include <stdio.h>
#include <stdiib.h>
#include <conio.h>
#include <alloc.h>
#include <string.h>
- #include <dos.h>
#define TRUE 1
#define FALSE 0
#define MAX 100
struct node {
int infor;
int sonut;
struct node “left;
struct node *right;
2
typedef struct node *“NODEPTR;
NODEPTR Getnode(void) {
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NODEPTR p;
p = (NODEPTR)malloc{sizeof(struct node)};
return(p),
}
void Freenode(NODEPTR p){
free(p);
}
veid Initialize(NODEPTR “ptree) {
*ptree = NULL,;
}
NODEPTR Makenode(int x) {
NODEPTR p;
p = Getnode();
p -> infor = x;
p-> sonut = 1;
p -> left = NULL,;
p - right = NULL;
return{p);
}
void SetleftNODEPTR p, int x) {
if(p,.== NULL)
printf("\n Node p khéng cd thuc™);
else {
if(p -> left I= NULL)
printf("\n Node con bén trai da ton tai");
else

p -> left = Makenode(x);
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delay(2000);
}
void Setright{NODEPTR p, int x) {
if{p == NULL)
printf(™n Node p khéng cé thuc™);
else {
if(p -> right 1= NULL)
printf("\n Node con bén phai da tén tai");
else
p -> right = Makenode(x);
)
delay(2000};
}
void Pretrav(NODEPTR proot) {
if(proot 1= NULL) {
printf(*%5d", proot -> infor);
Pretrav(proot -> |eft);

Pretrav(proot -> right);

}
void Intrav{NODEPTR proot} {

if(proot 1= NULL) {
Intrav(proot -> left);
printf(*%5d", proot -> infor);
Intrav(proot -> right);

}
void Postrav(NODEPTR proot) {
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if(proot = NULL) {
Postrav(proot -> left},
Postrav{proot -> right),

printf("%5d", proot -> infor);

}
void Insert{NODEPTR proot, int x} {
NODEPTR p,
p = proot;
while{p -> sonut |= 1 && p -> sonut = 2) {
if(p -> sonut%2 == 1) {
p-> sonut ++ ;
p=p->left;
}
else {
p -> sonut ++;

p =p->right;

}

if{p -> sonut == 1) {
p -> sonut ++ ;
Setleft{p, x);

}

else {
p -> sonut ++

Setright(p, x);



280 Gido trinh Ky thudt 18p trinh

NODEPTR Search(NODEPTR proot, int x) {
NODEPTR p;
if{proot -> infor == x)
return(proot);
ifiproot == NULL)
return{NULL);
p = Search(proot -> left, x);
if(p == FALSE)
p = Search(proot, x);
return{p):
}
void Cleartree{NODEPTR proot) {
if(proot = NULL) {
Cleartree(proot -> left);
Clearlree(proo;( -> right);

Freenode(proot);

}
void main(void) {
NODEPTR ptree, p:
int noidung, chucnang;
Initialize(&ptree);
do{
clrscr();
printf("\n CAY HOAN TOAN CAN BANG");
printf("n 1 - Thém node trén cay");
printf(*\n 2 - Duyét cay theo NLR");
printf("n 3 - Duyét cay theo LNR"):
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printf{"™\nt 4 - Duyét cay theo LRN";
orintf{(™n 5 - Tim kiém trén cay™);
printf("n 6 - Loai bd toan bd cay™);
printf("™\n 0 - Thoat khdi chuong trinh™);
printf{"\n Lua chon chiic nang:");
scanf("%d", &chucnang);
switch{chucnang) {
case 1.
printf("in Néi dung node mai:");
scanf("%d", &noidung);
if(ptree = NULL)
ptree = Makenode(noidung);
else
Insert(ptree, noidung);
break;
case 2:
printf("\n Duyét cay theo NLR");
if(ptree == FALSE)
printf("™n Cay rong");
. else
Pretrav{ptree);
break;
case 3.
printf{™n Duyét cay theo LNR");
if(ptree == FALSE)
printf("n Cay réng");
else

intrav(ptree);



282 Gido trinh Ky thudt 1gp trinh

break;
case 4:
printf("\n Duyét cay theo NRN™);
if{ptree == FALSE)
printf("\n Cay réng");
else
Postrav{ptree};
break;
case 5;
printf("\n N&i dung cén tim:");
scanf("%d", &noidung);
if(Search{ptree, noidung))
printf("\n Tim th&y");
else
printf("\n Khéng tim th&y");
break;
case 6
Cleartree{ptree); break;
}
delay(1000);
} while{chucnang 1= 0);
Cleartree(ptree); ptree = NULL;
}

5.8. CAI PAT CAY NHI PHAN TIM KIEM BANG LINK LIST

Vi cay nhi phan tim kiém la mot dang dic biét ciia cay nén céc
thao tdc nhu thiét lap cdy, duyét cay vin nhu cay nhi phan thong
thudng riéng, cic thao tic tim kiém, thém node va loai bd node cé thé
‘dugc thue hién nhu sau:
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Thao tiac tim Ki€ém node (Search): Gia sir ta cidn tim ki€m node
6 gid tri X trén cay nhi phan tim kiém, trugc hét ta bat ddu tir géc:

¢ Né&u cay rong: phép tim kiém khoéng thoa min;
e Néu x tring v6i khod g&c: phép tim ki€m thod man;
= Néu x nho hon khod gdc thi tim sang cay bén trai;
= Né&u x 16n hon khod gdc thi tim sang cdy bén phai;
NODEFPTR Search(NODEPTR proot, int x) {
NODEPTR p; p = proot;
if(p 1= NULL) {
if(x <p -> infor)
Search(proot -> left, x};
if(x >p -> infor)

Search{proot -> right, x);
}

return(p);

}
Thao tiac chén thém node (Insert): d¢ them node x vio cay nhi
phan tim ki€m, ta thuc hién nhu sau: |

¢ Néu x trang vdi goc thi khong thé thém node

o Néu x < goc va chua c6 14 con bén trdi thi thuc hién thém node
vao nhanh bén trai.

e Néu x > géc va chua c6 1 con bén phai thi thuc hién thém
node vao nhanh bén phai.
void Insert{NODEPTR proot, int x) {
if{x = proot -> infor) {
printf("\n N§i dung bi trang");
delay(2000); return;
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}

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};

}

Thao tac loai bo node (Remove): Viéc xo4 node trén ciy nhi
phan tim ki€ém khé phtic tap. Vi sau khi x04 node, chiing ta phai diéu
chinh lai cay dé né vén la cay nhi phan tim ki€m. Khi xo04 node trén
cay nhi phan tim ki€m thi node cdn x04 bd ¢6 thé & mot trong 3 trudng
hop sau:

Truomg hop 1: né€u node p cdn xo04 12 node 14 hoic node géc thi
viéc loai bd dugce thuc hién ngay.

Truomg hop 2: néu node p cdn x04 c6 mot cay con thi ta phai 1y
node con cuia node p thay thé cho p.

Truomg hop 3: node p cén xo04 c6 hai cay con. Néu node cin xo4
@ phia cay con bén trdi thi node bén trdi nhat s& duoc chon lam node
thé mang, n€u node cén xo0d & phia cay con bén phai thi node bén phai
nhét s& duge chon lam node th€ mang. Thuat toin loai bd node trén
cdy nhi phan tim ki€m duoc thé hién nhv sau:
NODEPTR Remove(NODEPTR p) {
NODEPTR p, f:
if(p = NULL) {
printf("\n Node p khéng cé thuc");
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delay(2000); return(p);

}

if(p = right == NULL)
p=p->ieft;

else {

if(p = left == NULL)
p = p ~> right;
etse {
f=p;
rp = p -> right;
while(rp -> left 1= NULL) {
f=rp;
rp = rp > left;
} _
if(f 1= p) {
f-> left = rp -> right;
rp -> right = p -> right;
rp -> left = p -> left;
}
else

rp -= left = p -> left;

}
Freenode(p);

return{rp);
}

Cai dat cac thao tac trén cay nhi phan tim kiém:

#include <stdio.h>
#include <stdlib.h>
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#inciude <conio.h>

#include <alloc.h>

#include <string.h>

#tinclude <dos.h>

#define TRUE 1

#define FALSE 0

#define MAX 100

struct node {
int infor;
struct node “left;
struct node *right;

X

typedef struct node *"NCDEPTR,;

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

}

void Freenode(NODEPTR p) {
free(p);

}

void Initialize{NODEFTR *ptree) {
*ptree = NULL;

}

NODEPTR Makenode(int x) {
NODEPTR p;
p = Getnode();
p -> infor = x;
p-> left = NULL;
p -> right = NULL;
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return(p);
}
void Setlef(NODEPTR p, int x) {
if(p == NULL)
printf("n Node p khéng cé thuc™);
else {
if(p -> left 1= NULL)
printf("n Node con bén trai da tén tai");
else

p -> left = Makenode(x);

}
void Setright{NODEPTR p, int x) {
if(p == NULL)
orintf("\n Node p khéng cé thuc");
else {
if{p ~> right I= NULL)
printf("n Node con bén phai da ton tai");
else

p -> right = Makenode(x);

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

Pretrav(proot -> right);

}
void Intrav(NODEPTR proot) {
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if{proot 1= NULL) {
Intrav{proot -> left);
printf("%5d", proot -> infor);
Intrav(proot -> right);

}
void Postrav{NODEPTR proot) {
if(proot 1= NULL) {
Postrav(proot -> left);
Postrav({proot -> right);

printf("%5d", proot -> infor);

}
void insert{NODEPTR proot, int x) {
if(x = proot -> infor) {
printf("\n Nbi dung bi tring™);
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);
3
NODEPTR Search{iNODEPTR proot, int x) {
NODEPTR p; p = proot;



Chuong 5: Céu truc dirligu céy (Tree) 289

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 p, f;
if{p == NULL) {
printf("in Node p khéng cé thyc");
delay(2000); return{p};
}
if(p -> right == NULL)
ip = p -> left;
else {
ifip -> left == NULL)
rp = p ->right;
else {
f=p
| rp = p ->right;
while(rp -> left 1= NULL) {
f=rp;
rp=rp->left;
}
iftf 1= p) {
f -> left = rp -> right;
rp -> right = p -> right;
rp -> left = p -> left;
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}

else

rp -> left = p -> left;

}
Freenode(p);
return{rp);
}
void Cleartree{NODEPTR proot) {
if(proot 1= NULL) {
Cleartree(proot -> left);
Cleartree(proot -> right);

Freenode{proot);

}
void main{void) {
NODEPTR ptree, p;
int noidung, chuchang;
Initialize(&ptree);
do {
clrscr();
printf("\in CAY NHI PHAN TIM KIEM");
printf("in 1 - Thém node trén cay");
printf("in 2 - Xéa node géc");
printf(™in 3 - Xda node con bén trai");
printf("\n 4 - X6a node con bén phai");
printf("\n 5 - Xéa toan bd cay");
printf{"\n 6 - Duyét cay theo NLR");
printf("n 7 - Duyét cay theo LNR");
printf("in 8 - Duyét cay theo LRN");

A
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printf("\n 9 - Tim ki€m trén cay"};
printf("\n O - Thoat khdi chuong trinh™);
printf("\n Luya chon chitc nang:");
scanf("%d", &chucnang);
switch(chucnang) {
case 1:
printf("n Néi dung node méi:");
scanf("%d", &noidungy};
if(ptree == NULL}
ptree = Makenode(noidung);
else
Insert{ptree, noidung);
break;
case 2.
f(ptree == NULL)
printf("\n Cay bi réng"}:
else
ptree = Remove(ptree),
break;
case 3
printf("™\n Néi dung node cha:");
scanf("%d", &noidung);
p = Search(ptree, noidung);
if(p '= NULL)
p -> left = Remove(p -> left);
else
printf("\n Khéng c6 node cha";
break;
case 4:

printf("\n N&i dung node cha:");
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scanf("%d", &noidung);
p = Search(ptree, noidung);
if(p 1= NULL)
p - right = Remove(p -> right);
else
printf("\n Khéng ¢6 node cha™);
break; '
case 5.
Cleartree{ptree);
break;
case 6
printf("\n Duyét cay theo NLR™);
if(ptree == NULL)
printf("\n Cay rong"):
else
Pretrav(ptree);
break;
case 7:
printf(™n Duyét cay theo LNR™);
if(ptree == NULL)
printf("\n Cay rdng"):;
else
Intrav{ptree);
break;
case 8:
printf{"™\n Duyét cay theo NRN");
if(ptree == NULL)
printf(™in Cay réng");
else

Postrav(ptree);
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break;
case 9.
printf("\n N6i dung can tim:");
scanf("%d", &noidung);
if(Search(ptree, noidung)}
printf("\n Tim th&y");

else

printf("\n Kndng tim thay");

break;
}
detay(1000);
} while(chucnang != 0);

Cleartree(ptree}, ptree = NULL;
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5.1.

5.2.

5.3.

5.4.

BAI TAP CHUONG 5

Mot cay nhi phan dugc goi 1a cay nhi phan ding néu node goc
ca cdy va cdc node trung gian déu c6 hai node con (ngoai trir
node 1d). Chitng minh rang, néu cay nhi phan ding c¢6 n node 14
thi cay nay ¢6 tat ca 2n-1 node. Hay tao lap mot cay nhi phan bat
ky, sau d6 ki€m tra xem néu cay khong phai la cay nhj phan
diing hdy tim cdch b6 sung vdo mét s6 node d€ cay trd thanh cay
hoan toan ding. Lam tuong tu nhu trén véi thao tac loai bd node.

Mot cay nhi phan duoc goi 1a cay nhi phan ddy vai chiéu sau d
(d nguyeén duong) khi va chi khi ¢ mic i (0 < i < d) cay cé dung
21 node. Hay viét chuong trinh kiém tra xem mét cay nhi phan c6
phai la mot cay ddy hay khong? Néu cay chua phai 13 cay nhi
phéan day, hiy tim céch b4 sung mot s& node vao cay nhi phan dé
né tr¢ thanh cay nhi phan day.

Mot cay nhi phan dugc goi 1a cay nhi phan gin ddy véi do sau d
n€u véi moi miic i (0 <i<d- 1) né ¢ diing 2' node. Cho cay nhi
phan bét ky, hay kiém tra xem né c6 phai 1 cay nhi phan gin
day hay khong?

Hay xay dung cdc thao tac sau trén cay nhi phan:

- Tao lap cay nhi phan;

- Dém s6 node clia cay nhj phan;

- Xic dinh chiéu sau cla cay nhi phan;

- X4c dinh s6 node 14 clia cay nhi phan;

- Xac dinh s6 node trung gian ca cay nhi phan;

- Xdc dinh s6 node trong timg midc cla civ nhi phan;
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5.5.

Xay dung tap thao tic tuong ty nhu trén déi véi cic nhdnh
cay con,

Thém mot node vao node phai chia mét node; -
Thém node viio node trdi cita mot node;

Loai bo node phai cha mét node;

Loai b node trii cia mot node;

Loai bo ca cay;

Duyét cay theo thit tu truéc;

Duyét cay theo thi giita;

Duyét cay theo thi tu sau;

Cho file dif lieu cay.in duoc t8 chifc thanh timg dong, trén mdi
dong ghi lai mot tir 14 n6i dung’node clia mét cay nhi phén tim
kiém. Hay xay dung céc thao téc sau cho cay nhi phan tim kiém:

Tao lap ciy nhi phéan tim kiém véi node gdc la tur d4u tién trong
file dir liéu cay.in.

Xéc dinh s6 node trén cdy nhi phan tim kiém;
X4c dinh chiéu sau cia cay nhi phan tim ki€ém;
X4c dinh 56 node nhdnh cay bén trai;

Xéc dinh s6 node nhdnh cay com bén phai;
Xdc dinh s6 node trung gian;

Xdc dinh s6 node 14;

Tim node c6 d6 dai 16n nhit;

Thém node;

Loai bo node;

Loai bo ca cay;
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5.6.

5.7.

- Duyét cay theo thit tu trudce;

- Duyét cay theo thit tr giita;

- Duyét cay theo thit tu sau;

Cho ciy nhi phan bat ky hay xay dung chuong trinh x4c dinh xem:
- Cay c6 phai 1a cay nhi phﬁn ding hay khong?

- Cay ¢6 phai la cay nhi phan ddy hay khong ?

- Cay c6 phai la cay nhi phan gin ddy hay khong?

- Cay c6 phdi 1a cay nhj phan hoan toan can bing hay khong?
- Cay c6 phai la cay nhi phan tim ki€ém hay khong ?

Cho tam gidc 56 duge bi€u dién nhu hinh duéi day. Hay viét
chuong trinh tim day cdc s6 c& tdng 16n nhat trén con dudng tir
dinh va két thiic tai dau dé & d4y. Biét ring, méi budc di c6 thé di
chéo xudng phia trdi hogc chéo xuéng phia phai. $6 luong hang
trong tam giéc 12 16n hon 1 nhung nhé hon 100; c4c s6 trong tam
gidc déu la cac sq tir 0 ... 99,

7
3 8
8 | 0
2 7 4 4
4 5 2 6 5

Dit ligu vao cho bdi file cay.in, dong ddu tién ghi lai s6 ty nhién
n la s6 lwong hang trong tam gidc, n hang ti€p theo ghi lai timg
hang méi phdn tir dwoc phan biét véi nhau béi mot hodc vai dau
trong. Ket qua ghi lai trong file cay.out dong déu tién ghi lai téng
s6 16n nhat im duoc, dong k€ ti€p ghi lai diy cdc s 6 tdng 16n
nhat. Vi du véi hinh trén file input va output nhw sau:
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cay.in

5

7

8

8 1 0

2 7 4 4

4 5 2 6 5
cay.dut

30

7 3 8 7 5

5.8. Cho cay nhj phén s6 hoan toan can bing: (s6 node bén nhanh cay
con bén trdi ding bang s node nhanh cay con bén phai, & miic
thi i ¢6 diing 2' node) nhu hinh sau:

Hay tim ddy cdc node xuat phét tir g6¢ t6i mot node 14 nao d6
sao cho tng gid tri clia c4c node 13 16n nhit, biét ring mdi budc
di chi dugc phép di chéo sang node trdi hoic chéo theo node
phai. Dir lieu vao cho bdi file cay.in, dong ddu tién ghi lai s6 tu
nhién n < 50 1a s6 cdc mic cla cay, n dong ké ti€p mbi dong ghi
lai ddy céc s6 1a cac node trén méi mitc. K&t qua ghi lai trong file
cay.out theo thi ty, dong ddu 13 ong 16n nhat clia hanh trinh,
dong k& ti€p 1a day cic node trong hanh trinh. Vi du: véi hinh
trén file input & output duge t6 chiic nhu sau:
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cay.in
3

7

9 2
0 6
cay.out
22

7 9



CHUONG 6
DO THI (GRAPH)
6.1. NHUNG KHAI NIEM CO BAN VE PO THI

6.1.1. Cac loai do thi

Ly thuyét d6 thi 13 linh vuc nghién cu da tén tai tir nhitng nam
ddu cia thé ky 18 nhung lai ¢6 nhimg tng dung hién dai. Nhimg tu
tuong co ban cua ly thuyét do thi duge nha todn hoc ngudi Thuy Si
Leonhard Euler dé xuat va chinh 6éng 1a ngudi ding 1y thuyét d6 thi
giai quyét bai todn ndi tiéng “Ciu Konigsberg”.

Do thi duge sir dung dé gidt quyét nhiéu bai todn thuoc céc Iinh
vuc khic nhau. Ching han, ta c6 thé dung dé thi dé biéu dién nhiing
mach vong clia mot mach dién, ding dé thi biéu dién qud trinh twong
tic gifta cdc loai trong thé gidi dong thuc vat, ding dé thi biéu dién
nhitng d6ng phan cia cdc hop chat polyme hodc biéu dién méi lién hé
gilta cdc loai thong tin khdc nhau. C6 thé néi, 1y thuyét 46 thi duoe
ung dung rOng rdi trong tat ca cac finh vuc Xkhic nhau cia thuc t€ cling -
nhu nhimg linh vuc triru tugng cia 1y thuyét tinh todn.

Do thi (Graph) 1a mot cdu tric dif liéu rdi rac bao gém cdc dinh
va cac canh ndi cdc cap dinh nay. Ching ta phan biét dé thi thong qua
kiéu va 56 lugng canh néi giita cdc cap dinh clia dé thi. D€ minh ching
cho cdc loai d6 thi, ching ta xem xét mot s6 vi du vé€ cdc loal mang
may tinh bao gébm: mdi may tinh 12 mét dinh, méi canh 12 nhing kénh
dién thoai dugc ndi giita hai may tinh v6i nhau. Hinh 6.1 la so dé cla
mang may tinh don kénh thoai.

Trong mang mdy tinh nay, m6i mdy tinh 1a mot dinh ctia dé thi,
modi canh v6 hudng biéu dién cac dinh ndi hai dinh phan biét, khong
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6 hai cap dinh nao ndi cing mot cdp dinh. Mang loai nay c6 thé biéu
dién bang mot don do thi vé hudng.

San Francisco Detroit

Chicago

New York
Denver

Washington
Los Angeles

Hinh 6.1. Mang may tinh don kénh thoai.

Binh nghia 1. Don dé thi vo huing G = <V, E> bao gémV la tdp
cdc dinh, E la tdp cdc cdp c6 thit tw goém hai phdn it khdc nhau cia V
got la cdc canh.

Trong truong hop gita hai mdy tinh nao dé thudng xuyén truyén
tai nhiéu thong tin, ngudi ta néi hai médy tinh b&i nhiéu kénh thoai
khic nhau. Mang mdy tinh da kénh thoai c6 thé duoc biéu dién nhu
hinh 6.2,

San Francisco Detroit
[

Chicago

Denver

L Washington

Los Angeles

Hinh 6.2. Mang mday tinh da kénh thogi

Trén hinh 6.2, gifta hai mdy tinh c6 thé dugc néi véi nhau bdi nhidu
hon mot kénh thoai. V41 mang loai nay, ching ta khong thé diing don
do thi vo hudng dé biéu dién. D4 thi loai nay 1a da d6 thi vo huéng.

DPinh nghia 2. Da doé thi vo huong G = <V, E> bao gom'V la tdp
cdc dinh, E la ho cdc cdp khong cé thit tw gém hai phdn tit khdc nhau
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cua 'V goi la tdp cdc canh. e, e, duge goi la canh ldp néu chiing ciing
twong ung voi mot cdp dinh.

R& rang, moi don d6 thi déu la da d6 thi, nhung khong phai da dé
thi nao cling la don d6 thj vi gifta hai dinh ¢6 thé c6 nhiéu hon mot
canh noi giita ching véi nhau. Trong nhiéu trudng hop, cé mdy tinh ¢é
thé ndi nhiéu kénh thoai véi chinh né. V6i loai mang nay, ta khong thé
diing da d6 thi d¢ biéu dién ma phai ding gia dé thi vo hudng. Gia dé
thi v6 huéng dugc mo ta nhu trong hinh 6.3.

Dinh nghia 3. Gid d6 thi vé hucng G = <V, E> bao gém V la tap
dinh, E la ho cdc cdp khong cé thit tw gém hai phdn it (hai phdn tir
khong nhdt thiét phdi khdc nhau) trong V duoc goi la cdc canh. Canh
e duoc goi la khuyén néu cé dang e = (u, u), trong dé u la dinh nao dé
thuoc V.

San Francisco Detroit

New York

Washington
Los Angeles

Hinh 6.3. Mang may tinh da kénh thoai c6 khuyén

Trong nhiéu mang, cdc kénh thoai néi giita hai mdy tinh ¢6 thé chi
dugc phép truyén tin theo mot chiéu. Chang han mdy tinh dat tai San
Francisco duoc phép truy nhap t6i mdy tinh dit tai Los Angeles,
nhung mdy tinh dat tai Los Angeles khong duoc phép truy nhap nguoc
lai San Francisco. Hoic mdy tinh dat tai Denver ¢6 thé truy nhap dugc
t6i mdy tinh dat tai Chicago va ngugc lai mdy tinh dat tai Chicago
cling ¢6 thé truy nhap nguoc lai mdy tinh tai Denver. D€ mé td mang
loai nay, chiing ta dung khdi niém don dé thi c¢6 huéng. Pon dé thi ¢6
huéng duogc mo ta nhu trong hinh 6.4,
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San Francisco Defroit

Chicaga
New York

Denver

Washington
Los Angeles

Hinh 6. 4. Mang mdy tinh co huong.

DPinh nghia 4. Pon d6 thi c6 huong G = <V, E> bao gom'V la tdp
cdc dinh, E la tdp cdc cdp cé thir ti gém hai phdn i cua V goi la
cdc cung.

D34 thi c6 hudng trong hinh 6.4 khong chifa cac canh boi. Nén dai
v6i cac mang da kénh thoai mot chiéu, d6 thi ¢6 huéng khong thé moé
ta dugc ma ta ding khéi niém da dé thi ¢6 hudng. Mang ¢6 dang da do
thi ¢6 huéng dugc mo ta nhu trong hinh 6.5.

San Francisco Detroit

Washington

" Los Angeles

Hinh 6.5. Mang mdy tinh da kénh thoai mot chiéu.

Binh nghia 5. Da doé thi c6 huéng G = <V, E> bao gém V Ia tdp
dinh, E la cdp ¢6 thit tw gém hai phdn tit ciia V duge goi la cde cung.
Hai cung e;, e, nwong ting véi cang mot cdp dinh duoc goi la cung ldp.

Tit nhimg dang Khdc nhau ctia d6 thi ké trén, ching ta thdy su
khéc nhau giita cdc loai d6 thi duoc phan biét thong qua cdc canh cha
d6 thi ¢6 thit tv hay khong ¢6 thit tu, cdc canh boi, khuyén cé duoc
dung hay khong. Ta cé thé tong két cdc loai d6 thi thong qua bang 6.1.
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Bang 6.1. Phén biét cdc loai dé thi

Loai dé thi Canh Cé canh bdi Co khuyén
Ban d6 thi vo hudng Vd huéng Khédng Khong

Ba dd thi v6 hudng V6 huéng Cé Khéng

Gia dé thi vé hudng Vb huding Co Cé

D6 thi ¢ hudng Co hubng Khédng Co

Da d0 thi c6 hudng C6 hudng Co Cé

6.1.2. Cac thuat ngir co ban

Dinh nghia 1. Hai dinh u va v cua do thi vé huong G = <V, E>
dugc goi la ké nhau néu (u, vj la canh thudc dé thi G. Néu e = (u, v) la
canh cua do thi G thi ta néi canh nay lién thuéc véi hai dinh u va v,
hodc ta néi canh e néi dinh u véi dinh v, déng thoi cde dinh u va v sé
dvoc goi la dinh ddu cia canh (u, v).

Dinh nghia 2. Ta goi bdc cua dinh v trong do thi vé hiudng la sé
canh lién thugc véi no va ky hiéu la deg(v). |

b ' c d
]
®
a f e g
Hinh 6.6 Do thi vo huing G

Vi duy 1. Xét dd thj trong hinh 6.6, ta c6:

deg(a) = 2, deg(b) = deg(c} = deg(f) = 4, deg(e) = 3, deg(d) = 1, deg(g) = 0.

Dinh bac 0 duge goi 1a dinh ¢6 1ap. Dinh bac 1 duoc goi 1a-dinh
treo. Trong vi du trén, dinh g 1a dinh c6 1ap, dinh d 12 dinh treo.

Pinh Iy 1. Gid sir G = <V, E> la do thi vé huomg véi m canh. Khi
dé 2m =Y deg(v).

vel/



304 Gido trinh Ky thudt Idp trinh

Chimg minh: R6 rang méi canh e = (u, v) bat k¥, dugc tinh mot
lan trong deg(u) vA mot 14n trong deg(v). Tir d6 suy ra s6 tong tat ca
cdc bac bang hai lan sé canh.

Hé qua. Trong dé thi vo hudng G = <V, E>, s6 cic dinh bac 18 1a
mot so chan.

Chitng minh: Goi O 14 tap cdc dinh bac chin va V 13 tap cdc dinh
bac 1é. T dinh 1y 1 ta suy ra:
2m = z deg(v) = z deg(v)+ z deg(v)

veY veld veld

Do deg(v) la chan véi v 1a dinh trong O nén t6ng thy hai trong v&
phai ciing 1a mot s6 chén.

Dinh nghia 3. Néu ¢ = (u, vj la cung ctia do thi cé hudng G thi ta
néi hai dinh u va v la ké nhau, va ndi cung (u, v) noi dinh u voi dinh v
hodc cting néi cung nay di ra khoi dinh u va di vao dinh v. Dinkh u (v)
sé duoc goi la dinh dau (cudi) cua cung (u, v).

binh nghia 4. Ta goi bdn bdc ra (bdn bdc vao) cia dinh v trong
do thi c6 huong la s6 cung cia dé thi di ra khoi né (di vao né) va ky
hiculadeg®(v) va deg{v).

Hinh 6.7. D6 thi ¢6 huéomg G.

Vi du 2. Xét d8 thi ¢6 huéng trong hinh 6.7, ta c6:
deg{a) =1, deg(b} = 2, deg{c} = 2, deg'(d) = 2, deg'(e) = 2.
deg'(a) = 3, deg’(b) = 1, deg’(c) = 1, dég*(d) = 2, deg’(e) = 2.
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Do méi cung (u, v) dugc tinh mot 14n trong ban bac vao cha dinh v
va mot lan trong ban béc ra clia dinh u nén 1a cé:

Dinh 1§ 2. Gid sit G = <V, E> 1o d6 thi ¢6 huong. Khi dé
2. deg”(v)= 3 deg (v)=] E |

vel/ vel

Rat nhiéu tinh chat cta 46 thi ¢6 hudng khong phu thube vao
hudng trén cic cung clia n6. Vi vy, trong nhiéu trudng hop, ta bé qua
céc huéng trén cung ciia dé thi. D6 thi vé hudng nhan duoc bing cich
bd qua hudng trén céc cung duoc goi 1a dé thi vo hudng twong dng véi
d6 thi ¢é hudng da cho.

6.1.3 Duong di, chu trinh, d6 thi lién thong

Pinh nghia 1. Duong di dé dai n tit dinh u dén dinh v trén do thi
vé huong G = <V, E> la ddy x;, x;,..., X1, X,

Trong dé n la s6 nguyén duong, x, = u, x, = v, (x,, X, )€E, i = 0,
1,2, n-l1

Pudng di nhu trén con c6 thé biéu dién thanh day cdc canh:
(Xos X1, (X1, X2)yeors (Ko Xa)-
Dinh u 1a dinh ddu, dinh v 14 dinh cudi cha dudng di. Dudng di cé
dinh ddu triing véi dinh cuéi (u = v) dugc goi 1a chu trinh. Dudng di
hay chu trinh dugc goi 1a don néu nhu khong c¢6 canh nao lap lai.

a b c

d e f

Hinh 6.8. Puong di trén do thi
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Vi du 3. Tim cac dudng di, chu trinh trong d& thi vé hudng nhu trong hinh 6.8.

a, d, ¢ 1, e la dudng di don d6 dai 4, d, e, ¢, a khéng la dudng di vi (e, ¢)
khong phai la canh cla dd thj. Day b, ¢, f, e, b |a chu trinh d6 dai 4. Budng di a, b,
e, d, a, b 6 d6 dai 5 khdng phai 1 dudng di don vi canh (a, b) c6 mat hai an.

Khai ni¢ém dudng di va chu trinh trén do thi ¢é hudng duoc dinh
nghia hoan toan twong tu, chi c6 di¢u khic biét duy nhat 1a ta phéi chd
¥y tdi cac cung cta do thi.

Dinh nghia 2. Duong di dj dai n tir dinh u dén dinh v trong doé thi
co huong G = <V, A> la day xy, x,,..., x,,.

Trong dé, n la s6 nguyén duong, u = x,, v = x,, (x,, x;,,) €A.
Dudng di nhu trén ¢6 thé biéu dién thanh ddy c4c cung:
(x(ls xI)s (Xla x2)9"'! (xn_|, Xn)- .

Dinh u dugc goi ia dinh ddu, dinh v duge goi 13 dinh cusi cila
dudng di. Duong di ¢6 dinh ddu trung véi dinh cuéi (u = v) duoc goi 1a
mot chu trinh. Pudng di hay chu trinh duge goi 1a don néu nhu khong
c6 hai canh nao lap lai.

Dinh nghia 3. Pé thi vé hudng Em_src goi la lién thong néu luon
tim dwoc dudng di gitta hai dinh bdt ky cua né.

6.2. BIEU DIEN PO THI TREN MAY TINH

6.2.1. Ma tran ké, ma tran trong so

D€ luu trit d6 thi va thuc hién céc thuat todn khéic nhau, ta cén
phai biéu dién d6 thi trén may tinh, déng thoi sit dung nhitng ciu tric
dir liéu thich hop dé mé td dé thi. Viéc chon ciu tric dit liu nio dé
bicu dién dé thi c6 tic dong rat 16n dén hiéu qua thuét toan. Vi vay,
lva chon cau tric dir liéu thich hop biéu dién d6 thi s& phu thuoc vao
timg bai todn cu thé.
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Xét @6 thi don vo hudng G = <V, E>, v6i tap dinh V = {1, 2....,
n}, tap canh E = {e,, €,,..., €,,}. Ta goi ma tran ké clta d6 thi G 1a ma
tran ¢4 cdc phan tr hoac bang 0 hoidc bang 1 theo qui dinh nhu sau:

A={a;a;=1nfu(j) €k a;=0néu (i, ) ¢Ei,j=1,2,.,
nj.

Vi du 1. Biéu di&n d8 thij trong hinh 6.9 dudi day bang ma tran ké.

2 4 122345686
10 1 1.0 0 0

2010 1100

1 6 31110010
40 100 11

50 0 110 1
3 5 610 00110

Hinh 6.9. D6 thi vo huomg G
Tinh chat cia ma tran ke:
a) Ma tran ké cta do thi v6 hudng 12 ma tran d6i xing A[i, j] =

Alj, i i, j=1,2,... n. Nguoc lai, mbi [0, 1] ma tran c4p n dang
cdu véi mot don do thi vo hudng n dinh;

b) Téng cdc phén ur theo dong i (cot j) ciia ma tran ké chinh bang
béc dinh i (dinh j);

¢) Néu k¥ hiéun:

al,i,j=1,2,...,n lacdc phén tlf cla ma trdn

AP=AA.. A(plan)khidé af,i,j=1,2,...,n,

ij?

Cho ta s6 dudng di khdc nhau tir dinh i dén dinh j qua p-1 dinh
trung gian.
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Ma tran k€ cha d6 thi ¢6 huéng ciing duoc dinh nghia hoan toan
tuong ty, chiing ta chi cdn lwu ¥ t6i huéng cha canh. Ma tran ké cia dé
thi cé hudng 1a khong d6i xing.

Vi du 2. Tim ma tran ké cOa d8 thi ¢ hudng trong hinh 6.10.

1 2

\ K

- 0 0 o0 O =
== I e I e [ v P (]
C o OO a
== R L — I

N B W R
[ B e S R L=

3 F 4 5 L

Hinh 6.10. D6 thi c6 huong G

Trong rdt nhiéu img dung khéc nhau cba 1y thuyét dé thi, méi
canh e = (u, v) clla n6 duge gin bdi mot s6 c(e) = c(u, v) goi la trong
sO cita canh e. D6 thi trong trudng hop nhir vay goi 14 dé thi trong s6.
Trong truong hop d6, ma tran ké clia d6 thi duoc thay bdi ma tran
trong s6 ¢ =c[i, j. 1, j= 1, 2,..., n. ¢[i, j] = c(i, ) néu (i, j) €E, ¢[i, j] =
9 néu (i, j)} e¢E. Trong d6, 6 nhan cic gid tri: 0 o0, -wo tuy theo timg
tinh hu6ng cu thé cia thuit todn.

Vi du 3. Ma tran ké cla d6 thi ¢é trong sé trong hinh 6.11.

O 00 N WO =
o0 0O w N
O WO O~ W
gmo o oo &
WO ®WWw DO
(=R I < I = I = = R

Lo 0 &) I N T N P

Hinh 6.11. Do thi trong s6 G
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Uu diém clia phuong phap biéu dién d6 thi bang ma tran ké (hodc
ma tran trong s6) 14 ta dé dang tra 10i dugce cau héi: Hai dinh v, v c6 ké
nhau trén dé thi hay khong va ching ta chi mat ding mét phép so
sanh. Nhugc diém 16n nhat cia né 12 bat ké d4 thi ¢6 bao nhiéu canh ta
déu mat n* don vi b nhé d¢ luu trir d6 thi.

6.2.2. Danh sach canh (cung)

Trong trudng hop do thi thua (dé thi ¢6 s6 canh m < 6n), ngudt ta
thudng bidu dién d6 thi duéi dang danh sich canh. Trong phép bi€u
dién ndy, chdng ta s& luu trit danh sach 1t ca cdc canh (cung) cta do
thi v6 hudng (c6 huéng). Méi canh (cung) e (x, y) dugc tuong ng véi
hai bién daufe], cuoi[e]. Nhu vay, dé Iuu trit d6 thi, ta cAn 2m don vi
bo nhé. Nhuoc di€m I6n nhét clia phuong phap nay 13 d€ nhan biét
nhimg canh ndo ké véi canh nao ching ta cin m phép so sinh trong
khi duyét qua tat ca m canh (cung) cha d6 thi. N&u 1a dé thi c6 trong -
s8, ta cdn thém m don vi bo nhé dé hau trir trong s6 cia cac canh.

Vi du 4. Danh sach canh (cung) cla d thi vo hudng trong hinh 6.9, dé thi
c6 huéng hinh 6.10, d thi trong s& hinh 6.11.

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 8 ' 4 4 6 5

5 6 5 5 6 9

Danh sach canh Danh sach canh Danh sach trong s&

(cung) hinh 6.9 {cung) hinh 6.10 hinh 6.11
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6. 2.3. Danh sach ké

Trong r&t nhicu ting dung. cdch bidu dién dé thi dudi dang danh
sdch ké thudng duge str dung. Trong biéu dién nay, véi méi dinh v clia
dé thi chiing ta luu trir danh sdch cdc dinh k& v6i né ma ta ky hiéu la
Ke(v), nghia la:

Ke(v) = {ue V: (u, v)eE},
Véi cich bi€u dién nay, méi dinh i ciia dé thi, ta lam tuong ing
vGi mot danh sdch tat ca cdc dinh ké véi né va duogc ky hiéu 1a List(i).

Dé bidu dién List(i), ta c6 thé ding cdc kiéu di lieu kidu tap hop,
mang hoac danh sich lién két.

Vi duy 5. Danh sach ké clia d8 thi vo huéng trong hinh 6.9, d6 thi c6 hudng
trong hinh 6.10 dugc biéu didn bing danh sach ké nhu sau:

List(i) List(j)
Pinh 1 [2 3 Binh 1t [ 3 2
2. 1 3 4 2 4 5
3 /125 3| 4
4 | 25686 5 | 1
5 | 34686
6 | 45

6.3. CAC THUAT TOAN TiM KIEM TREN PO THI

6.3.1. Thuat toan tim Kiém theo chiéu sau

Rat nhiéu thuat todn trén d6 thi duge xay dung trén viéc duyét tat
ca céc dinh clia d6 thi sao cho méi dinh duge viéng thim ding mét
lan. Nhimng thuat todn nhu vay duge goi 1a thuat todn tim ki€m trén d6
thi. Chiing ta ciing s& 1am quen véi hai thuat todn tim ki€m co ban, dé
la tim ki€ém theo chi€u sau (Depth First Search) va tim ki€m theo chiéu
rong (Breath First Search).
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Tu twdng co ban ciia thuat todn tim ki€m theo chiéu sau la bat dau
tai mot dinh v, nao dé, chon mot dinh u bat k¥ ké véi v, va ldy n6 lam
dinh duyét ti€p theo. Cich duyét tiép theo duge thuc hién twong tu nhu
da6i véi dinh v,

Dé kiém tra viec duyét mdi dinh ding mot 14n, chiing ta sir dung
mot mang gém n phin tir (tuong tng v6i n dinh), néu dinh thy i da
duge duyét, phan tlr tuong ng trong mang cé gia tri FALSE. Nguoc
lai, néu dinh chua duoc duyét, phdn tir tuong Gng trong méng cé gia tri
TRUE. Thuat todn tim ki€ém theo chiéu sau bt du tir dinh v ndo d6 sé
duyét 14t ca cdc dinh lién thong véi v. Thuat todn c6 thé duge mo ta
bing th tuc dé qui DFS () trong d6: chuaxet - 1A mang céc gid tri logic
duoc thiét 1ap gid tri TRUE.

Procedure DFS(v);
begin
Tham_Dinh(v); chuaxet[v] := FALSE;
for u eke{v) to n do
if(chuaxetu]) then
DFS{A, n, v, chuaxet);
end,

Thii tuc DFS() s& tham t4t ca cdc dinh ciing thanh phén lién thong
véi v mbi dinh diing mot 1an. DE dam bdo duyét tat ca cdc dinh cba do
thi (c6 thé c6 nhiéu thanh phén lién thong), ching ta chi cin thuc hien:

begin
fori:= 1 tondo
chuaxetfi] ;= TRUE;
forii=1tondo
if(chuaxet[i]) then
DFS(A, n, i, chuaxet);

end;
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Chu y: Thuat todn tim ki€m theo chiéu sau d& dang 4p dung cho
d6 thi c6 huéng. D6i véi d6 thi c6 hudng, chiing ta chi can thay cdc
canh v6 huéng béng cdc cung cla dé thi c6 hudng.

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

10

12

Hinh 6.12. D6 thi vo6 heong G

K&t qua duyét: 1,2, 4, 3,6,7, 8,10, 5,9, 13, 11, 12
Chuong trinh dugc thé hién nhy sau:

#include <stdio.h>

#include <conio.h>

#include <io.h>

#include <stdiib.h>

#include <dos.h>

#define MAX 100

#define TRUE 1

#define FALSE 0

/I Tim kiém theo chidu sau */

void Init(int A[J[MAX], int *n) {



Chuong 6: D6 thi (Graph) 313

FILE *fp:inti, j;
fp = fopen{"DF S.IN", "r');
if{fp == NULL) {
printf("\n Khéng ¢6 tép input®);
delay(2000); return;
}
fscanf(fp, "%d", n);
printf("\n S6 dinh d& thi:%d", *n);
printf("\n Ma tran ké ca dé thi:");
for(i=1;i<="n; i++){
printf("\n*);
for(j=1; j <= *ni j++){
fscanf(fp, "%d", &A{illiD;
printf("%3d", A[illj});

}
void DFS(int A[JIMAX], int n, int v, int chuaxet[]) {
int u;
printf("%3d", v); chuaxet]v] = FALSE;
for(u = 1; u <= n; u++) {
if(A[v][u) == 1 && chuaxet{u])
DFS(A, n, u, chuaxet);

}

void main{void) {
int AIMAXJ{MAX], n, chuaxet{MAX];
Init(A, &n); '
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for{inti = 1, i <= n; i++)
chuaxetfi] = TRUE;

printf("n\n"Y;

for(i = 1;i <= n; i++)
if{chuaxet[i])

DFS(n);
getch();
}

6.3.2. Thuat toan tim Kiém theo chiéu rong (Breadth First Search)

DE ¢ riang, v6i thuat toan tim kiém theo chiéu sau, dinh tham cing
muodn sé trd thanh dinh sém duge duyét xong. D6 1a két qua tat yéu vi
cac dinh tham dugc nap vao stack trong thii tuc dé qui. Khéc véi thuat
toan tim kiém theo chiéu sau, thuat todn tim ki€m theo chiéu rong thay
the€ viéc sir dung stack bang hang doi queue. Trong thil tuc nay, dinh
duge nap vao hang doi ddu tién 1a v, cdc dinh ké vdi v (v, vs,..., v;) dugc
nap vao queue k€ tiép. Qua trinh duge thuc hién twong tu véi cdc dinh
trong hang doi. Thuat todn dimg khi ta dd duyét hét cic dinh ké vdi dinh
trong hang doi. Chiing ta ¢6 thé mo ta thuat toin bang thii tuc BFS.

chuaxet - mang kiém tra cdc dinh da xét hay chua;
queue - hang doi luu trit cic dinh s& duge duyét cuia dé thi,

procedure BFS(u);

begin
queue = ¢;
U <= queue; {* nap uvao hang dgi ™)

chuaxetfu] := false;
while(queue = ¢) do
begin

gueue <= p; (* 18y p ra tu stack *)
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Tham_Dinhi{p};
for v e ke{p) do
if{chuaxet|v]) then
begin
v <= queue; (* nap v vao hang dgi *)
chuaxet[v] := false;
end;
end;
end;

Thi tuc BFS s& tham tat ¢4 ciac dinh dung thanh phéan lién thong
v6i u. D€ tham tit ca cic dinh cha do thi, chiing ta chi cén thuc hién
goi téi thu tuc BFS().

begin
foru € Vtondo
chuaxet[u] := TRUE;
foru eV do
if(chuaxet[u] then
BFS({n),
end,

Chuong trinh cai dit theo BFS dugce thé hién nhu sau:
#include <stdio.h>
#include <conio.h>
#include <io.h>
#include <stdlib.h>
#include <dos.h>
#define MAX 100

#define TRUE 1
#dine FALSE 0
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* Tim ki€m theo chiéu rong */
void Init(int A[J[IMAX], int *n, int *solt, int *chuaxet) {
FILE *fp; int i, j;
fp = fopen("BFS.IN", "r");
if(fp == NULL) {
printf("in Khéng cd tép input™;
delay(2000); return;
}
fscanf{fp, "%d", n);
printf("\n S& dinh d6 thi:%d", *n);
printf("\n Ma tran ké caa aé thi:");
for(i=t;i<="*n; i++){
printf("in");
for(j= 1;j <="n; j++) {
fscanf(fp, "%d", &AL,
printf("%3d", Afil[i]):

}
for{i = 1; i <=*n; i++)
chuaxetfi} = O;
*solt = 0;
} T
void BFS(int A[J[MAX], int n, int i, int *solt, int chuaxetf], int QUEUE[MAX]) {
int u, dauQ, cuoi, J;
dauQ = 1; cuoiQ = 1; QUEUE[cuoiQ] = i; chuaxet[i] = *solt;
while(dauQ <= ¢cuoiQ) { i
u = QUEUE[dauQ); printf("%3d", u); dauQ = dauQ+1;
for(j=1;j<=n;j++){
if(A[ull]] == 1 && chuaxet[j] == 0) {

cuniQ = cuoiQ+1;
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QUEUE[cuoiQ] = |;

chuaxet[j] = *solt;

}
void main(void) {
int AIMAX][MAX], n, chuaxet[MAX], QUEUE[MAX], solt, i;
Init(A, &n, &solt, chuaxet);
printf{"\n\n"};
for(i =1, i <= n; i++)

if(chuaxet[i] == 0) {

solt = solt+1;
BFS(A, n, i, &soit, chuaxet, QUEUEY);
}
getch();
}
Vi du., Ap dung thuat toan tim kiém theo chiéu réng vai dé thi trong hinh
6.13 sau:
2 6 8
1
10
11 °
12

Hinh 6.13 D6 thi v6 huong G
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Buéc 1. Queue = ¢;

Budc 2.

Queue = 1;
Queue = 14,
Queue = 1,
Queue =1,
Queue =1,
Queue = 1,
Queue =1,

Queue =1,

NN PN N NN
W oW W W W W W

11;
i1,
11,

11

1,
11,
11,

6,4;
4,6,12,13;

,4,6,12,13,7, 8;

4,6,12,13,7,8, 9,
4,6,12,13,7,8,9, 10;
4,6,12,13,7,8,9, 10, 5;

6.3.3. Kiém tra tinh lién thong cia do thi

Bai toan: Cho d6 thi G = <V, E>. Trong d6 V 1a tap dinh, E 1a tap
canh cita d6 thi. Hay tim s6 thanh phén lién thong cha d6 thi va cho
bi€t méi thanh phén lién thong clia do thi gdm nhiing dinh nao?

Mot do thi ¢6 thé lien thong hoac ¢6 thé khéng lien thong. Néu dé
thi 1a lién thong (s6 thanh phén lién thong 1a 1), ching ta chi cin goi
161 thi tuc DFS() hodac BFS() mot 1an. Néu d6 thi 1a khong lién thong,
khi d6 s& thanh phin lién théng cua dé thi chinh bing s6 l4n goi t6i
thu tuc BFS() hoac DFS(). Dé xdc dinh s6 cdc thanh phdn lién thong
cuia d6 thi, chiing ta st dung bién méi solt dé ghi nhan cac dinh cling
mot thanh phan lién thong trong mang chuaxet:

- Néu dinh i chua duge duyét, chuaxet[i] ¢ gid tri O;

- Né&u dinh i duge duyét thudc thanh phan lién théng thit j = solt,
ta ghi nhan chuaxetfi] = solt;

- Cac dinh cling thanh phan lién thong néu ching ¢6 ciing gid tri

trong mang chuaxet.
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Procedure BFS(A, n, u, queue, chuaxet),

begin
queue = ¢,
U <= queus; (* nap u vao hang dagi *)

solt := solt+1; chuaxet{u] := solt; (* solt 12 bi&n toan cuc thiét lap gia tri0 )
while{queue = ¢) do
begin
queue <= p; (* 18y p ra tif stack *)
Tham_Dinh(p},
for v e ke(p) do
if(chuaxetlv]) then
begin
¥ <= queue; : (*nap v vao hang dgi )
chuaxet[v] ;= solf;
end;
end,
end;

Vi du. D& thi vd& hudng trong hinh 6.14 s& cho ta két qua trong mang
chuaxet nhu sau:

1 2 3

8@ @9

Hinh 6.14. D6 thi vo huong G.
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BFS(1)%. 1,2, 4, 5;
BFS(3). 3,6, 7;
BFS(8). 8, 9;
chuaxet={1,1,2,1,1,2,2, 3, 3}.
Nhu vay, dinh 1, 2, 4, 5 ciing ¢é gi4 tri 1 thudc thanh phan lién thong thir 1;
Dinh 3, 6, 7 cling c6 gia tri 2 thudc thanh phan lién théng thir 2;
Binh 8, 9 cling ¢ gia tri 3 thudc thanh phan lién théng thir 3.
Chuong trinh dudc thé hién nhu sau:
#include <stdio.h> |
#include <conio.h>
#include <io.h>
#include <stdlib.h>
#include <dos.h>
#define MAX 100
#define TRUE 1
#define FALSE 0
* Tim kiém theo chiéu rong */
void Init{int A{JIMAX], int *n, int *solt, int *chuaxet) {
FILE *fp; int i, j;
fp = fopen{"lienth.IN", "r"};
if(fp == NULL) {
printf("\n Khéng cé tép input");
delay(2000); return;
}
fscanf{fp, "%d", n};
printf("\n S dinh dé thi:%d", *n});
printf("\n Ma tran ké clia dé thi:"):
for(i=1;i<="n; i++){

printf("™n");
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for(j = 1;j <= "n; j++) {
fscanf(fp, "%d", &A[Il]);
printf{"%3d", Afi][il);

}
for(i = 1, 1 <="n; i++)
chuaxet[i] = 0,
*solt = 0,
}
void Resuit(int *chuaxet, int n, int solt) {
printf("™in\n"};
if(solt == 1) {
printf("n DO thi [a lién théng");
getch(); return;
}
for(inti = 1; i <= solt; i++) {
printf("\n Thanh phan lién théng thi %d:", i);
for(intj=1; j <= n; j++) {
if(chuaxet]j] == i)
printf("%3d", j);

}
void BFS(int A[J]MAX], int n, int i, int *solt, int chuaxet[}, int QUEUE[MAX]) {
int u, dauQ, cuoiQ, j;
dauQ = 1; cuoiQ = 1; QUEUE[cu0iQ] = i; chuaxetli] = “solt;
while(dauQ <= cuoiQ) {
u = QUEUE[dauQ]; printf("%3d", u); danQ = dauQ+1;
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for(j=1;j<=n; j#+) {
if(Alulljl == 1 && chuaxet(j] == 0) {
cuoiQ = cuoiQ+1;
QUEUE([cuoiQ] = j;

chuaxet[j] = *solt;

}
void Lien_Thong(void) {
int AIMAX][MAX], n, chuaxet[MAX], QUEUE[MAX], solt, i;
clrscr(); Init{A, &n, &solt, chuaxet);
printf("\n\n");
for(i= 1, i <=n; i++)
if{(chuaxetfi] == 0).{
solt = solt+1;
BFS{A, n, i, &solt, chuaxet, QUEUE);
}
Result{chuaxet, n, solt);
getch();
}
void main(void) {
Lien_Thong();
}

6.3.4. Tim duong di giira hai dinh bat ky cua do thi

Bai todn: Cho d6 thi G = <V, E>. Trong dé V la tap dinh, E 1a tap
canh cla do thi. Hay tim dudmg di tir dinh s €V tdi dinh t eV ¢la G.

211t — 283
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Thu tuc BFS(s) hoic DFS(s) cho phép ta duyét cac dinh cing mot
thanh phdn lién thong véi dinh s. Nhir vay, néu trong s6 cic dinh lién
thong véi s chida t thi chic chian ¢6 dudng di tix dinh s dén dinh t. Néu
trong s cac dinh lién théng v6i dinh s khong chita dinh t thi khong ton
tai dudng di tix dinh s dén dinh t. Do vay, ching ta chi cin goi t§i thu
tuc DFS(s) hoiic BFS(s) va kiém tra xem dinh t ¢6 thuoc thanh phan
lién théng véi s hay khong.

#include <stdio.h>
#include <conio.h>
#include <io.h>
#include <stdlib.h>
#include <dos.h>
#define MAX 100
#define TRUE 1

#define FALSE O
int n, truocfMAX], chuaxet{MAX], queue[MAX];

int AIMAX][MAX]; int s, t;
* Tim ki€m theo chiéu rong */
void Init(void} {
FILE *fp; int i, j;
fp = fopen("lienth.iN", "r");
if(fp == NULL}) {
printf{"\n Khdng cé t&p input"),
delay(2000); return;
}
fscanf(fp, "%d", &n);
printf("\n S& dinh chia dé thi:%d", n};
printf("\n Ma tran ké cla da thi:");

for(i=1;i<=n; i++) {
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printf("n");

for(j=1;j <= n; j++}{
fscanf(fp, "%d", SARI[]):
printf("%3d", ALG;

}
for{i=1,i<=n;i++){
chuaxet[i] = TRUE;

truocli} = 0;

}
void Result{void) {
printf("\n\n");
if(truoclt] == 0) {
printf(n Khéng c6 duang di tif %d dé&n %d", s, t);
getch();
return;
}
printf{(™n Budng di tir %d dén %d 1a:", s, t);
int j = t; printf("%d <= ", 1);
while(truoc[j] 1= s) {
printf("%3d <= ", truoc(j}});
i = truocij];
}
printf(*%3d", s});
}
void in{void) {

printf("im\n");
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for(inti=1; i <=n; i++)
printf("%3d", truoc(i));
}
void BFS(int ) {
int dau@, cueiQ, p, u; printf("\n"};
dauQt = 1: cuoiQ = 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++) {
if(A[u][p] && chuaxet[p]) {
cuoiQt = cuoiQ+1; gueue[cuoiQ] = p;

chuaxet[p] = FALSE; truoc[p] = u;

}

void ducngdi{void) {
int chuaxet[MAX]. truoc[MAX], queue[MAX];
Init(); BFS(s); Result();

h

void main{void) {
clrscr{);
printf("™\n Binh dau:"); scanf("%d", &s);
printi("\n Pinh cudi:"}; scanf("%d", &t);
init(); printf("\n"); BFS(s);
n{); getch();
Result(}; getch{);
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6.4. PUONG DI VA CHU TRINH EULER

Chu trinh don trong dé thi G di qua mdi canh cia d6 thi ding mot
1an duoc goi 1a chu trinh Euler. Pudng di don trong G di qua mdi canh
cla né diing mot lan duge goi la dudng di Euler. D4 thi duoc goi ta 46
thi Euler néu nd ¢6 chu trinh Euler. Dé thi ¢6 dudng di Euler dugc goi
la nura Euler.

R6 rang, moi do thi Euler déu Ia nita Euler nhung diéu nguoc lai
khong ding.

Vi du 1. Xét cac 66 thi G1, G2, G3 trong hinh 6.15,

X ENAN

Hinh 6.15. D6 thi v huomg G1, G2, G3.

D6 thi G1 1a d6 thi Euler vi n6 ¢6 chu trinh Euler a, ¢, ¢, d, ¢, b, a.
D4 thi G3 khong ¢6 chu trinh Euler nhung chida dudng di Euler a, ¢, d,
e, b, d, a, b vi th€ G3 la nira Euler. G2 khong ¢6 chu trinh Euler ciing
nhu duong di Euler.

Vi du 2. Xét cac do thi cé huéng H1, H2, H3 trong hinh 6.16.
a b a b a b
1 > N
c d © d )
Hinh 6.16. D6 thi 6 huéng HI, H2, H3.

D6 thi H2 1a d6 thi Euler vi né chita chu trinh Euler a, b, ¢, d, e, a
vi vay né la d6 thi Euler. D6 thi H3 khong ¢6 chu trinh Euler nhamg ¢é
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dudng di Euler a, b, ¢, a, d, ¢ nén n6 1a do thi nita Euier. Do thi HI
khong chita chu trinh Euler ciing nhir chu trinh Euler.

Dinh 1y. D6 thi vo hitong lién thong G = <V, E> la do thi Euler
khi va chi khi moi dinh ciia G déu c6 bdc chdn. D6 thi vo huong lién
thong G = <V, E> la dé thi nica Euler khi va chi khi né khong cé qud
hat dinh bdc Ié. :

Dé tim mot chu trinh Euler, ta thuc hién theo thuat todn sau:

e Tao mot mang CE dé ghi dudng di va mot stack dé xép cic
dinh ta s& xét. Xé&p vao dé mot dinh iy ¥ u ndo d6 cua do thi,
nghia 12 dinh u s& duoc xét déu tién.

e Xét dinh trén cing cha ngan xé&p, gia su dinh 46 1a dinh v va
thuc hién:
= Néu v la dinh c6 lap thi 18y v khoi ngan xé&p va dua vao
CE;

= Néu v Ia lién thong vdi dinh x thi x€p x vao ngan xép sau
d6 xo04 bo canh (v, x);

e Quay lai budc 2 cho t6i khi ngin x€p réng thi dimg. Két qua
dudng di Euler duge chita trong CE theo thit ty nguoc lai.
Thu tuc Euler_Cycle sau sé cho phép ta tim chu trinh Euler.
Procedure Euler_Cycle;
begin
Stack = ¢; CE := ¢§;
{* Chon u l1a dinh nao dé cia da thi )
u => Stack; ' { nap u vao stack };
while Stack = ¢ do
begin

x := top{Stack); { x 1a phan t&r dau stack }
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if(ke(x) = ¢) then
begin

y := Binh dau trong danh sach ke(x);

Stack <=y,

{ nap y vao Stack };

Ke(x) := Ke{x) \ (y);

Ke{y) .= Ke{y) (x);

end
else
X <= Stack;
CE <= x;
end;
end;

{loai canh (x, y) khéi d8 thj };

{ 1ay x ra khoi stack };

{ nap x vao CE; }

Vi du. Tim chu trinh Euler trong hinh 6.17.

Hinh 6.17. Do thi v6 huong G.

Cac budc thuc hién theo thuat toan sé cho ta két qua nhu bang 6.2.

Bang 6.2 Cdc budc thuc hién chu trinh Euler

Buéc | Gi4 tri trong stack Gié trj trong CE Canh con lai

1 F 1,2,3,4,5,€, 7,8, 9,
10

2 f.a 2,3,4,56,7,8,9 10

3 f,a, c 3,4,56,7,89,10

4 f,a, cf 3,4,5,6,7,9,10




Chuong 6: D6 thi (Graph) 329
5 f,a,c f 3.4,65,6,7,9 10
6 facb 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 3,47, 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 eb f.c 3,4
12 f,a,c,b,d, eb,a f,c 3
13 f.a,c,b,d. e b,ad |fc
14 f,a,c, b, d e b a fcd
15 f.a,c,b,d, e b f,e,d, a
16 f.a,c, b,d e f,e,d, ab
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,ed,b
20 f,a f,c,d,a, b, e db,c
21 f f.c,d,a,b, e db,ca
22 f.c,d a b, e db,c

a,f

Chuong trinh tim chu trinh Euler duge thé hién nhu sau:

#include <stdio.h>

#include <conio.h>

#include <stdlib.h>

#include <math.h>

#inciude <dos.h>
#define MAX 50

#define TRUE 1
#define FALSE 0

int AIMAX][MAX], n, u = 1;

void Init(void) {

inti, j: FILE *fp;

fp = fopen("CTEULER.IN", "r");
fscanf(fp, “%d", &n);
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printf("n S8 dinh 46 thi:%d", n):
printf("n Ma tran ké:"):
for(i=1,i<=n; i++}{
printf("\n"y;
for(f = 1; j <= n; j++) {
fscanfifp, "%d", &A[i}i]};
printf("%3d", A{il[i]);

}
folose(fp);

}
int Kiemtra{void} {
inti, j, s, d;
d=0;
for(i=1;i<=n; i++) {
s=0
for(j = 1;j <= n; j++)
s += Ali]l];
if(s%2) d++;
}
if(d>0) return(FALSE);
return(TRUE);
}
void Tim({void) {
int v, x, top, dCE;
int stack[MAX], CE[MAX];
top = 1; stack[top] = u; dCE = Q;
do{
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v = stack{top]; x = 1;
while(x <= n && A[V][x] == 0)
X+
if(x>n) {
dCE++; CEfdCE] = v; top--;
}
else {
top++; stack[top] = x;
AlV][x] = 0; AlX][v] = 0;
}
} while(top = 0y;
printf("™\n Cé chu trinh Euler;");

for{x = dCE; x>0; x--)
printf("%3d", CE[x]};
}
void main(void) {
clrscr(); Init();
if(Kiemtra())
Tim(},
else printf(™in Khéng ¢ chu trinh Euler”);
getch();

Mot dé thi khéng c6 chu trinh Euler nhung vAn cé thé c¢é duong di
Euler. Khi d6, d6 thi c6 diing hai dinh bac 1¢, titc 1a tdng c4c s6 canh
xuat phdt nr mot trong hai dinh d6 12 s6 1é. Mot dudng di Euler phai
xudt phdt tir mot trong hai dinh dé va két thic & dinh kia. Nhu vay,
thuat todn tim dudng di Euler chi khdc véi thuat toan tim chu trinh
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Euler & chd ta phai x4c dinh diém xuat phat ciia dudng di. Chuong
trinh tim dudng di Euler dugc thé hién nhu sau:
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <math.h>
#include <dos.h>
#define MAX 50
#define TRUE 1
#define FALSE O
void Init{int A[]J[MAX], int *n) {
inti, j; FILE *fp;
fp = fopen("DDEULER.IN", "r");
fscanf(fp, "%d", n);
prntf("n S& dinh dé thi:%d", *n);
printf("n Ma tran ké:");
for(i=1;i <=*n; i++){
printf{"\n");
for(j = 1;] <="n; j++) {
fscanf(fp, "%d", &Ali][]);
printf("%3d", Alillil);

}
fclose(fp);

}
int Kiemtra(int AfJ[MAX], int n, int *u)} {
inti, j, s, d;

d=0;
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for(i=1;i <= n; i++) {
s§=0;
for(j=1;j<= n:.j++)
s+ = Alill]:
if{s%2) {

de+; *u=1i;

}
if(d != 2} return(FALSE);
return{ TRUE);

}

- void DDEULER(int AQ[MAX], int n, int u) {

int v, x, top, dCE;
int stack[MAX], CE[MAX];
top = 1; stack{top] = u; dCE = 0;
do{
v = stack[top]; x = 1;
while{x <= n && A[v][x] == 0)
X++:

if(x>n) {

dCE++; CE[dCE] = v; top~—;

}
eise {
top++; stack{top] = x;
AlV][x] = 0; Alx][v] = 0;
}

} while{top != 0},
printf(™n Co6 dudng di Euler:");
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for(x = dCE; x > 0; x--)
printf("%3d", CE[x});
}
void main{void) {
int AIMAX]IMAX], n, u;
clrscr(); Init(A, &n},
if(Kiemtra{A, n, &u))
DDEULER(A, n, u),
else printf{"\n Kndng c6 duang di Euler");
getch();

Dé tim tat ca c4c dudng di Euler clia mot d6 thi n dinh, m canh, ta
c6 thé diing k¥ thuat dé qui nhu sau:
e Budc 1. Tao mang b ¢ d6 dai m + 1 nhu moét ngan x&p chita
dudng di. Dat b[0] = 1, i = 1 (xét dinh thif nhat cua dudng di);
e Budc 2. Lan luot cho b[i] cdc gid tri 12 dinh ké véi b[i-1] ma
canh (b[i-1], b[i]) khong tring v4i nhitng canh da dung tir b[0]
dén b{i-1]. V&i mdi gia tri chia b{i], ta kiém tra:
= Néu i < m thi ting i lén 1 don vi (xét dinh ti€p theo) va
quay lai buédc 2.
= Néu i = m thi day b chinh la mét dudng di Euler.
Chuong trinh liét ké tdt ca duong di Euler dugc thé hién nhu sau:
#include <stdio.h>
#include <conio.h>
#include <stdiib.h>
#include <math.h>
#include <dos.h>

#define MAX 50
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#define TRUE 1
#define FALSE O
int m, b[MAX], u, i, OK;
void Init(int A{JIMAX], int *n) {
inti, j, s, d: FILE *fp;
fp = fopen("DDEULER.IN", "r);
fscanf(fp, "%d", n);
printf("\n S& dinh d8 thi:%d", *n);
printf("™\n Ma tran ké:");
u=1d=0,m=0;
for(i=1;i<="n; i++) {
printf("\n"); s = 0;
for(j=1;j<="n; j++){
fscanf(fp, "%d", &AJll);
printf("%3d", A[i]lj]);
s+ = Afilfjl:
}
if(s%2) { d++; u =i}
m = m+s;
}
m=m /2,
if(d != 2) OK = FALSE;
else OK = TRUE;
fclose(fp);
}
void Result{void) {
inti;

printf(™n C du’c‘jhg di Euler:");
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for(i = 0; i <= m; i++)
printf("%3d", b[i});
}
void DDEULER(int *b, int A[JIMAX], int n, int i) {
int j, k;
for(j= 1;j<=n;j++){
if(A[b{-1]]0] == 1) {
AIb[i-1]}[] = O; AL}[bli-11] = 0;
bfi] = j:
if{i == m} Result();
else DDEULER(b, A, n, i+1});
A[b{i-1]11i} = 1; AHb[-1]] = 1;

'
void main{void) {
int AIMAX]J[MAX], n:
clrser(); Init(A, &n);
b0]=u;i=1;
if{OK) DDEULER(b, A, n, i);
else printf("\n Khdng cé ducng di Euler™);
getch();
}

6.5. PUONG PI VA CHU TRINH HAMILTON

V&i dé thi Euler, chiing ta quan tam t6i viéc duyét cdc canh cha d6
thi moéi canh ding mot lan, thi trong muc nay, chiing ta xét dé€n mot bai
todn twong tu nhung chi khic nhau 14 ta chi quan tam téi cic dinh cua
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do thi, méi dinh ding mot ldn. Sy thay ddi nay tudng nhu khong ding
ké, nhung thuc t& c6 nhiéu su khéc biét trong khi giai quyét bai toén.

Pinh nghia. Dudng di qua tit ci cic dinh cia d6 thi mbi dinh
ding mot lan dugce goi 1a duong di Hamilton. Chu trinh bat ddu tai mot
dinh v ndo d6 qua tat ca cac dinh con lai mdi dinh ding mét 14n sau d6
quay tré lai v duge goi 14 chu trinh Hamilton. D6 thi duge goi 1 do thi
Hamilton néu né chita chu trinh Hamilton. D6 thi chita dudng di
Hamilton dugc goi l1a do thi nita Hamilton.

Nhu viay, mot dé thi Hamilton bao giy cling la d6 thi nira
Hamilton nhung diéu nguoc lai khong ludn luén ding. Vi du sau s€
minh hoa cho nhan x€t nay.

Vi du. D4 thi hamilton G3, nlta Hamilton G2 va G1.

a a b a b

b [ c d [ d

Hinh 6.18. D6 thi Hamilton G3, nia Hamilton G2 va Gl.

Cho dé&n nay, viéc tim ra mot ticu chuan dé nhan biét d6 thi
Hamilton vin con md, mac du day la vdn dé trung tam cua 1y thuyét
d6 thi. Hon thé nita, cho dén nay ciing vin chua c6 thuat toan hiéu qua
dé kiém tra mot dé thi ¢6 phai 12 d6 thi Hamilton hay khong.

Pé liét ké tdt ci cdc chu trinh Halmilton clta d6 thi, ching ta c6
thé sir dung thuat todn sau:

Procedure Hamilton(k);

(* Liét k& cac chu trinh hamilton clia d8 thi bang cach phat trién day dinh
OX(1], X[21...., X[k-1]) clia d6 thi G = (V. E} ")

begin
for ye Ke(X[k-1}) do
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ifik:= n+1} and (y := v0) then
Ghinhan(X{1), X[2}...., X{n], v0);
else
begin
X[k]:= y; chuaxet]y] = faise;
Hamilton(k+1);
chuaxet(y] := true;
end,
end;
Chwong trinh chinh dugc thé hién nhu sau:
begin
for veV do chuaxet[v] := true; (" thiét iap trang thai cac dinh *)
X[1] := vO; {* v0 1a mét dinh nao dé cha dé thi *)
chuaxet[v0] := false;
Hamilton(2);
end.

Cay tim kiém chu trinh Hamilton thé hién thut todn trén dugec mo
ta nhu trong hinh 6.19.

2

Hinh 6.19. Cdy tim kiém chu trinh Hamilton.

P _ IRR
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Chuong trinh liét ké cdc chu trinh Hamilton duge thé hién nhu sau:
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <math.h>
#include <dos.h>
#define MAX 50
#define TRUE 1
#define FALSE O
int AIMAX][MAX], C[MAX], B[MAX];
intn, i, d;
void Init{void) {
int i, j; FILE *fp; |
fp = fopen("CCHMTON.IN", "r");
if(fp == NULL) {
printf("\n Khdng c6 tép input");
getch(); return;
}
fscanf(fp, "%d", &n);
printf("\n S& dinh d6 thi:%d", n);
printf{"n Ma tran ké:");
for{i = 1; i <=n; i++){
printf("\n");
for(j=1:j<=n;j++){
fscanf(fp, "%d", &A[il};
printf("%3d", ALD:
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}
fclose(fp);

for(i=1; i <= n; i++)
Clil = &;
}
void Result(void) {
int i;
printf("™in ");
for{i=n;i»=0;i—)
printf("%3d", Bi]);
d++;
}
void Hamilton(int *B, int *C, int i) {
intj, k;
for(j = 1;j <= n; j#+) {
fA[BI-1]}] == 1 && C[j] == 0) {
Bli] =j: Clil = %
if(i <n) Hamilton(B, C, i+1);
else if(B[i] == B[0]) Resuit();
Chl=0;

}
void main{void) {
B[0]=1;i=1:d=0;
Init();
Hamilton(B, C, i);
iffd == 0)
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printf("in Khdng cé chu trinh Hamilton"};

getch();

Chuong trinh liét ké tdt cd dudng di Hamilton nhu sau:
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <math.h>
#include <dos.h>
#define MAX 50
#define TRUE 1
#define FALSE 0
int AIMAX][MAX], CIMAX], B[MAX];
intn,i, d;
void nit{void) {
inti, j; FILE *fp;
fp = fopen("DDHMTON.IN", "r");
if(fp == NULL) {
printf("\n Khong cé tép input"),
getch(); return;
}
fscanf(fp, "%d", &n);
printf("\n S& dinh d4 thi:%d", n};
printf("\n Ma tran k&:");
for(i=1;i<=n;i++)}{
printf("\in™);
for(=1;j <= n; j++}{
fscanf(fp, “%d", &A[I][l).
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printf("%3d", A[il{il):

}
fclose(fp);
for(i=1;i<=n;i++)
Clif=0; |
}
void Resuli(void) {
int i;
printf("\n ),
for(i = n; i>0; i--)
printf(*%3d", B[i]);

d++:

}

void Hamilton(int *B, int *C, int i) {

intj, k;

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

IFA[B[I-1])[]] == 1 && C[}] == 0) {

Bii] =j; Clil = 1;

if(i <n) Hamilton(B, C, i+1);

else Result();

Clil =0;

}

void main{veid) {
Bl0]=1,i=1,d=0;

Init(};
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Hamilton(B, C, i);
if(d == 0)
printf{"\n Khéng cé dudng di Hamilten"};
getch(),
}

6.6. CAY BAO TRUM

DPinh nghia 1. Ta goi cdy la do6 thi vo huong lién thong khong c6
chu trinh. DO thi khong c6 chu trinh duge got la riung.

Nhu vay, rimg 13 d6 thi mad m6i thanh phén lién thong cha né la
mot cay. '

Vi du. Rimg gém 3 cay trong hinh 6.20:

T1 T2 T3

Hinh 6.20 Rimg gom 3 cayT1,T2,T3.

Cay dugc coi 1a dang d6 thi don gian nhat clia d6 thi. Dinh 1§ sau
day cho ta mot s6 tinh chit cia cay.

Pinh ly. Gid sit G = <V, E> la d6 thi vé huong n dinh. Khi do
nhitng khang dinh sau la tuong duong:

a) G la mot cdy.
b) G la dé thi vo hudng lién thong khong c6 chu trinh.
¢) G lién thong va c6 diing n-1 canbh.

d) Giirt hai dinh bat kv cua G ¢6 diine mét ducmg di.
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e) G lién thong va méi canh ciia né déu la cdu.

f) G khong chita chu rrinh nhung hé cit thém vao né mot canh 1a
thu dwgc diing mot chu trinh.

Pinh nghia 2. Cho G la d6 thi vé hueong lién thong. Ta goi dé thi
conT cua G la mot cdy bao trivm néu T thod man hai diéu kién:

a) T la mot cay;
b) Tdp dinh ciaT bang tdp dinh ctia G.

Déi v6i cay bao trim, ching ta quan tam t6i nhitng bai todn co
ban sau:

Bai toan 1. Cho G = <V, E> 1a dé thi vo huéng lién thong. Hay
xay dung mot cdy bao trim cta G.

Bai toan 2. Cho G = <V, E> la d0 thi vo huéng lién thong c6
trong s6. Hay tim cay bao trim nho nhit cla G.

6.1.1. Tim mot cay bao trim trén do thi

Dé tim mot cay bao trim trén d6 thi vo hudng lién thong, c6 thé
sU dung k¥ thuat tim ki€ém theo chiéu rong hoac tim kiém theo chiéu
sau d€ thuc hién. Gia st ta can xay dung mot cay bao trim xuét phat
tai dinh u nao d6. Trong ca hai trudng hop, méi khi ta dén duoe dinh v
tic (chuaxet[v] = TRUE) tir dinh u thi canh (u, v) duoc két nap vao cay
bao trom. Hai ky thuat nay dugc thé hién trong hai tho tuc
STREE_DFS(u) va STREE_BFS(v) nhu sau:

Procedure STREE_DFS(u);

begin

/* Tim kiém theo chiéu sau, 4p dung cho bai toan xay dung cay bao trim
cla dd thi vé hudng lién théng G = (V, E); cac bi&n chuaxet, Ke, T 1a toan
cuc

chuaxet[u] = TRUE;

for v e Ke{u} do
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begin
if chuaxet[v] then
begin
T:=Twlu, v}
STREE_DFS{v)
end;
end,
end;
* Chuang trinh chinh */
begin
for ueV do
chuaxet[u] := TRUE:
T:=4¢,
STREE_DFS(root); * root [& mét dinh nao dé cha do thi */
end.
Procedure STREE_BFS(u);
begin
QUUE = ¢:
QUEUE <= u; /* dua u vao hang doi*/
chuaxet{u] := false;
while QUEUE= ¢ do
begin
v <= QUEUE; * 13y v khéi hang dgi */
forp e Ke(v) do
begin
if chuaxet[u] then
begin
QUEUE <= u; chuaxetfu] := FALSE;
T = Tuwlv, p);
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end;
end;
end;
end;
/* Chuang trinh chinh */
begin
forue Vdo
chuaxetfu] := TRUE;
T=¢;
STREE-BFS(root),
end.
Chuong trinh x4y dung mot cay bao trim duge thé hién nhu sau:
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <math.h>
#include <dos.h>
#define MAX 50
#define TRUE 1
#define FALSE O
int CBT[MAX][2], n, AIMAX][MAX], chuaxet{MAX], sc, QUEUE[MAX]; |
void Init{void) {
int i, j; FILE *fp;
fp = fopen("BAOTRUM1.IN", r");
if(fp == NULL) { '
printf("\n Khdng cbé tép input”);
getch(); return;
}
fscanf(fp, "%d", &n);
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printf("™n S8 dinh d8 thi:%d", n);
printf("n Ma tran ké");
for{i= 1; i <= n; i++) {
printf("\n"};
for(j = 1:j <= n; ji+) {
fscanf(fp, "%d", &Af[i));
printf("%3d", A[il[j]);

}
fclose(fp);
for(i = 1; i <= n; i++)
chuaxet[i] = TRUE;
}
void STREE-DFS({int i) {
intj;
if(sc == n-1) return;
for(j=1;j <= n; j++) {
if(chuaxet{j] && Alil[j]) {
chuaxet[j] = FALSE; sc++;
CBT[sc][1] = i; CBT[sc]f2] = j;
if(sc == n-1) return;

STREE-DFS(j);

1
void Result{void) {

inti, j;
for(i = 1; i <= s¢; i++) {

printf("\n Canh %d:", i);
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for(j=1;j <= 2; j++)
printf("%3d", CBT[i](]);
}
getch(};
}
void STREE_BFS(int u) {
int dauQ, cuoiQ, v, p;
dauQ = 1; cuoiQ = 1; QUEUE[dauQ] = u; chuaxet[u] = FALSE;
while(dauQ <= cuoiQ} {
v = QUEUE[dauQ]; dauQ = dauQ+1;
for(p = 1; p <= n; p++) {
if(chuaxet[p] && A[VIip]) {
chuaxet[p] = FALSE; sc++;
CBT[sc]{1] = v; CBT[sc][2] = p;
cuoiQ = cuoiQ+1;
QUEUE[cuoiQ] = p;

if{fsc == n-1) return;

}
void main{void) {
int i; Init(); sc = 0; i = 1; chuaxeti] = FALSE;
* xay dung cay bao trim tai dinh 1 */
STREE_BFS(i); /* STREE_DFS(i) */
Result(); getch(),
1
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6.6.2. Tim cay bao trium ng#n nhat

Bai todn tim cdy bao trim nhd nhit 14 mot trong nhitng bai todn
t0i uu trén d6 thi ¢6 ing dung trong nhiéu [inh vuc khdc nhau clia thuc
t€. Bai todn duge phéat biéu nhu sau:

Cho G = (V, E) la d6 thi v huéng lién thong véi tap dinh V = {1,
2,..., n} va tap canh E gém m canh. Mdi canh ¢ cha dé thi duoc gén
voi mot s6 khong am c(e) duoc goi la do dai coa nd. Giast H = (V, T)
1a mét cay bao triim cta d6 thi G. Ta goi do dai ¢(H) ctia cay bao trim
H 1a tong d6 dai cic canh ciia n6: o(H) =Y c(e). Bai todn dugc dit ra

ceT
1a, trong s6 cic cay khung clia d6 thi hdy tim cay khung ¢6 d6 dai nho
nhit cia do thi.

D¢ minh hoa cho nhiing ting dung ctia bai todn nay, chiing ta c6
thé tham khéo hai mo hinh thuc t& ciia bai todn.

Bai toan néi mang may tinh. Mot mang mdy tinh gém n may
tinh dugc danh s6 tix 1, 2...., n. Biét chi phi ndi mdy i véi mdy j 12 c[i,
jl, 1, =1, 2,..., n. Hay tim c4ch n6i mang sao cho chi phi 13 nho nhit.

Bai toan xay dung hé thong cable. Gia si ta mu6n xay dung mot
hé thong cable dién thoai n6i n di€ém cia moét mang vién thong sao cho
diém bat ky nao trong mang déu c6 dudng truyén tin t6i cic diém khéc.
Biét chi phi xay dung hé théng cable tir diém i dén diém j 1a c[i, j]. Hay
tim cdch x4y dung hé thdng mang cable sao cho chi phi 1a nho nhat.

Dé gidi bai todn cay bao trim nho nhat, ching ta ¢é thé liét ké toan
bo cay bao trim va chon trong s6 d6 mét cay nho nhat. Phuong 4n nhu
vay thuc su khong kha thi vi s6 cay bao trum ctia d6 thi 14 rat 16n ¢& n"?,
diéu nay khong thé thue hién duge véi dé thi véi s6 dinh c& chuc.

D¢ tim mot cay bao trim chiing ta cé thé thuc hién theo cic budc
nhu sau:

- Budc 1. Thiét lap tap canh ctia cay bao trium la ¢. Chon canh
e = (i, J) ¢6 do dai nho nhat bé sung vao T.
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- Budce 2. Trong s6 cac canh thuoc ENT, tim canh e = (i}, J;) ¢6
d6 dai nho nhét sao cho khi bé sung canh dé vao T khong tao
nén chu trinh. DE thuc hién diéu ndy, chiing ta phai chon canh
cd do dai nho nhat sao cho hoaci, € Tvaj, & T, hoac j, € Tva
1, ¢ T.

_ Bude 3. Kiém tra xem T da dii n-1 canh hay chua? Néu T du n-
1 canh thi né chinh 13 cay bao trim ngén nhat cdn tim. Néu
chua i n-1 canh thi thuc hién lai buéce 2.

Vi du. Tim cay khung nhd nht ciia dé thi trong hinh 6.21.

2 33 4
33 B
1 18 p 9 6
17 14
3 4 5

Hinh 6.21. D6 thi vo hudng lién thong G = <V, E>

- Budc 1. DAt T = ¢. Chon canh (3, 5) ¢6 d6 dai nhd nhét b8 sung vao T.

- Budc 2. Sau ba 1an Iap d4u tién, ta lan Iudt bd sung vao cac canh (4, 5),
(4, 6). R6 rang, néu bé sung vao canh (5, 6) s& tao nén chu trinh vi dinh
5, 6 da c6 mat trong T. Tinh hudng tuong tu cling xay ra déi vdi canh (3,
4) 1a canh tiép theo cda day. Tiép d6, ta bd sung hai canh (1, 3), (2, 3)
vao T.

. Budc 3. Tap canh trong Tda dan-1canh: T={(3,5 ), (4, 6), {4, ), (1,
3), (2, 3)} chinh la cay bao trim ngén nhat.

Chugng trinh tim cay bao trim ngn nhat duge thé hién nhu sau:
#finclude <stdio.h>
#include <conio.h>

#include <stdlib.h>
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#include <math_h>

#include <dos.h> .
#define MAX 50
#define TRUE 1
#define FALSE O

int E1{MAX], E2[MAX], DIMAX], EB[MAX], VIMAX];

;*

*t

E1: Luu trir tap dinh dau cha céc canh;
E2: Luu trir tap dinh cudi cda cac canh;
D: B& dai ¢ac canh;

EB: Tap canh cay bao trum;

V: Tap dinh cha dé thi ciing 1a tap dinh clia cay bao trum;

inti, k, n, m, s¢, min, dai;
FILE *fp;
void Init{void) {

fp = fopen{"BAOTRUM.IN", "r"});
if(fp == NULL) {
printf("\in Khéng ¢é tép input"y;
getch(); return;
}
fscanf(fp, "%d%d", &n, &m);
printf("\n S6 dinh do thi:%d", n);
printf("\n S8 canh d& thi:%d", m);
printf("\n Danh sach canh:");
for{i=1;i<=m;i++){
fscanf(fp, "%d%d%d", &E1{i], &E2[i], &DI[i});
printf("\n%4d%4d%4d", E1[i], E2[i], D[i]};
}
fclose{fp);
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for(i = 1; i <= m; i++) EBJi] = FALSE;
for(i = 1; 1 <= n; i++) V[i] = FALSE;
}
void STREE_SHORTEST{void) {
/* Giai doan 1 cla thuat toan 1a tim canh k ¢6 dd dai nhé nhat */
min = D[1]; k = 1; '
for(i=2;i<=m; i++){
if(D[i] <min) {
min = D{i]; k = i;

}
{* K&t nap canh k vao cay bao trim */
EB[k] = TRUE; V[E1[K]] = TRUE; V[E2K]] = TRUE; s¢ = 1;
do{
min = 32000;
for(i=1;1<=m; i++}{
if{EB[i] == FALSE &4 (
((VIEi]]) && (V[E2[i]] == FALSE))i
{(VIE]i]] == FALSE) && (V[EZ[i]] == TRUE)))
&& (D[i] <min}) {
min = Dfi]; k =1i;

}

 Tim k 1a canh nhd nhat théa man diéu kién néu két nap canh vao cay sé
khéng tao nén chu trinh*/

EB[k] = TRUE; V[E1]k]] = TRUE; V[E2[k]] = TRUE; sc = sc+1;

twhile(sc 1= (n-1));
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void Result(void) {
printf("\n Cay bao trom:"),
dai = 0;
for(i=1;i<=m;i++} {
f(EBIi]) {
printf("\n Canh %4d %4d dai %4d", E1[i], E2{i], DQ]);
dai = dai+Dli];

}

printf("\n D4 dai cay bao trum:%d", dai);
}
void main{void} {

tnit():

STREE_SHORTEST{);

Result{);

getch();

Chiing ta s& xét mot vai thuat to4n hiéu qua hon. D6 1a thuat todn
Kruskal va thuét toan Prim.

6.6.3. Thuat toan Kruskal

Thuat toin s& xay dung tap canh T cia cay khung nhé nhat
H = <V, T> theo timg budc nhu sau:

a) Sip xé€p cic canh ciia d6 thi G theo thi tu tang din cua trong
s6 canh;

b) Xuat phat tir tap canh T = ¢, & mbi budc, ta s€ lan luot duyét
trong danh sich cac canh di dugc sap xép, tir canh ¢6 trong
s6 nhd dén canh c6 trong s6 16n dé tim ra canh ma khi bd
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sung nd vao T khong tao thanh chu trmh trong tap cdc canh
d4 dugce bo sung vao T trude dé;
¢} Thuat todn s& két thiic khi ta thu duoc tap T gém n-1 canh.
Thuat todn duge mo ta thong qua thi tuc Kruskal nhu sau:
Procedure Kruskal;
begin
T=4¢;
while | T | < {n-1) and (E= ¢) do
begin ‘
Chon canh e €E [& canh c6 d6 dai nho nhat;
E = E\ {e};
if(T w {e}): khong tao nén chu trinh Y then T := T w {e};
end;
if(| T | <n-1) then (D6 thi khéng lién thong);
end;

Chuong trinh tim cay khung nh6 nhét theo thu4t todn Kruskal
dugce thé hién nhu sau:

#i{nclude <stdio. h>
#include <conio.h>
#include <stdlib.h>
#include <math.h>
#include <dos.h>
#define MAX 50
#define TRUE 1
#define FALSE 0

int n, m, min!, connect:

int dau[500}, cucif500}, w[500];

Re Lol ]

LT
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int daut[50], cucit[50], father[50];
void Init(void) {
inti; FILE *fp,
fp = fopen("baotrum1.in", "r");
fscanf(fp, "%d%d", &n, &my);
printf("\n S48 dinh dé thi:%d", n);
printf("\n S& canh dd thi:%d", m);
printf("\n Danh sach ké 4o thj:");
for(i=1;i<=m;i++) {
fscanf(fp, "%d%d%d", &dauli], &cuoi(i], &WIi]);
printf("\n Canh %d: %5d%5d%5d", i, dauli], cuoili], wii]);
}
fclose(fp); geteh();
}
void Heap(int First, int Last) {
intj, k, t1, t2, t3;
j = First;
while(j <= (Last/2)) {
if{{2"]) <Last && w[2*] + 1] <w[2"j}}
k=2%+1;
else
k = 2%;
if(wik] < wij]} {
t1 = dau[j); t2 = cucilj]; 13 = w[j];
dau[j} = dau[k]; cuoi[j] = cuoilk]; wij] = w[k];
daulk} = t1; cuoilk] = 12; wik} = 13,
j=k;
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else j = Last;

}
int Find(int i) {
int tro = i;
while(father{tro]>0)
tro = fatheritro];
return(tro);
}
void Union(int i, int j) {
int x = father{i]+father(j];
if(father(i]>father[j}} {
fatherfi] = j;
fatherfj] = x;
}
else {
father|j} = i;

fatherfi} = x;

}

void Krusal{void) {
int t, last, u, v, r1, r2, ncanh, ndinh;
for{i=1;i <=n; i++)
fatherfi] = -1,
for(i = m/2; i>0; i++)
Heap(i, m);
last = m; ncanh = @; ndinh = 0; minl = 0; connect = TRUE;

while(ndinh <n-1 && ncanh <m) {
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}

ncanh = ncanh+1:

u = dau[1)]; v = cuoi[1];

r1 = Find{u); r2 = Find{v),

iffr1 !=r2){
ndinh = ndinh+1; Union{r1, r2);
daut[ndinh] = u; cuoit{ndinh] = v,
mint = minl+w[1];

}

dau[1] = daullast];

cuoi{1] = cuoi{last];

wi1] = wllast];

last = last-1;

Heap(1, last);

if(ndinh = n-1) connect = FALSE;

}

void Result(void) {

int i;

printf("\n D6 dai cdy khung nhd nhat:%d", minl);

printf("in Cac canh cia cay khung nhd nh&t:"):

for{t= 1:1i <n; i++)

printf{"\n %5d%5d", daut[i), cuoit[i]);

printf{"\in"});

}

void main{void) {

clrscr(); Init();

Krusal{); Resuit(); getch{);
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6.6.4. Thuat toan Prim

Thuat todn Kruskal 1am viéc kém hiéu qua d6i véi nhitng d6 thi ¢6
sd canh khodng m = n(n-1)/2. Trong nhimg tinh huéng nhu vay, thuat
todn Prim t6 ra hiéu qua hon. Thuat todn Prim con duge mang tén 12
ngudi ldng giéng gan nhat. Trong thuat todn nay, bit ddu tai mot dinh
tuy ¥ s cha do thi, néi s v6i dinh y sao cho trong s6 canh c[s, y] 12 nhé
nhét. Ti€p theo, tir dinh s hoic y tim canh c6 d6 dai nho nht, diéu nay
dan dén dinh thi ba z va ta thu duge cay bo phan gém 3 dinh 2 canh.
Qua trinh duoc tiép tuc cho t5i khi ta nhan duge cdy gém n-1 canh, dé
chinh 1a cdy bao triim nho nhét cdn tim.

Trong qua trinh thuc hién thuat todn, & médi budc, ta ¢ thé nhanh
chéng chon dinh va canh cdn b sung vao cay khung, céc dinh cia do
thi dugc s€ dugc gn cic nhin. Nhdn cla mot dinh v gdm hai phén,
[d[v], near[v]]. Trong d6, phan thit nhat d[v] dung dé ghi nhan d6 dai
canh nho nhat trong s6 céc canh ndi dinh v véi cic dinh cha cay khung
dang xay dung. Phdn thit hai, near[v] ghi nhan dinh cia cay khung gén
v nhat. Thuat todn Prim duge mo6 ta thong qua thi tuc sau:

Procedure Prim;
begin
(* Buéc khdi tac ™)
Chon s 1a mét dinh nao d6 cla da thi:
Vy = {s}; T .= ¢: d[s] := 0; near|s] := s;
for ve VAV, do
begin
D[v] := C[s, v]; near[v] := s;
end;
(* Budc 13p )
Stop = False;
while not stop do

begin
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Tim ue VIV, thod man: d[u] = min {dfv] v8i ue VAV, }};
V=V {u) T=Tw{u, nearful},

if | Vq | = n then

begin
H = {V,,, T) 1a cay khung nhé nhat cha dd thi;
Stop := TRUE;

end

else

forv e VIV, do
if d[v] = C[u, v] then

begin
Div] := Clu, v);
Near[v] ;= u;
end;
end:
end;

Chwong trinh cai dat thut toén Prim tim cay bao trim nhé nhdt
dugc thuc hién nhu sau:
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <math.h>
#include <dos.h>
#define TRUE 1
#define FALSE 0
#define MAX 10000
int a[100]{100];

intn, m, i, sc, w;
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int chuaxet[100];
int cbt[100]{3];
FILE *f;
void nhap(void) {
intp.i,j, k;
for{i = 1, i <= n; i++)
for(j=1;] <= n; j++)
alii] = 0;
f = fopen("baoctrum.in”, "r");
fscanf(f, "%d%d", &n, &my);
printf("n 8¢ dinh: %3d ", n);
printf("in S8 canh: %3d", m);
printf(™n Danh sach canh:");
for(p=1; p <= m; p++) {
fscanf(f, "%d%d%d", &i, &j, &k);
printf{™\n %3d%3d%3d", i, j, k);
afilli] = k; afjli} = k:
}
for(i=1;i <= n; i++) {
printf("\n");
for(j=1;j <=n;j++) {
if(i 1= j && afi][j} == 0)
afllfj] = MAX;
printf(*%7d", afil[j]);

}
fclose(f); geteh();
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void Result{void) {
for(i = 1;i <= sc; i++)
printf{™n %3d%3d", cbtfi][1], cbtfil[2]);
}
void PRIM(void) {
inti, j, K, top, min, [, t, u;
int s[100];
sc=0,w=0;u=1;
for{i = 1,1 <= n; i++)
chuaxetfi] = TRUE;
top = 1; sltop] = u;
chuaxet[u] = FALSE;
while(sc <n-1) {
min = MAX;
for(i = 1; i <= top; i++)} {
t = s[i);
for(i = 1;j <= n; j++}{
if(chuaxet[j] && min>a[t}[i]) {
min = a[t)(i};
k=t 1=]

}

SCH+, W = wHmin,

chi[sc][1] = k; cbi{sc][2] = |,
chuaxet[l]) = FALSE; aik]{l) = MAX;
afllik] = MAX; top++; sftop] = I;
printf("in™);
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}
void main(void) {
clrscr();
nhap(); PRIM().
printf{("™\n B§ dai ngdn nhat:%d", w);
for{i = 1; i <= s¢; i++)
printf("\n %3d%3d", cbtfil[1], cbt{i]{2]};
getch();
}

6.7. BAI TOAN TiM DPUONG PI NGAN NHAT

Xét 46 thi ¢6 huéng G =<V, E>, rong d6 | VI=n, | E| = m. Véi
moi cung(u, v) € E, ta dit twong éng véi né mot sé thuc Adu, v) duoc
gol la trong s6 clia cung. Ta s€ dat A[u, v} = o néu (u, v) ¢ E. Néu diy

P
Vs Vieens ¥ 12 mOt duding di trén G thi ZA[VH ,v.] dugce goi 1a do dai

i=1

cia dudng di.

Bai toan tim dudng di ngén nhat trén d6 thi c6 huéng dusi dang
tong qudt ¢6 thé duge phét biéu dudi dang sau: tim dudng di ngin nhat
tit mot dinh xudt phdt seV (dinh nguén) dén dinh cuéi teV (dinh
dich). Pudng di nhu vay duge goi 1a dudng di ngdn nhat tit s dén ¢, do
dai cha dudng di d(s, t) duge goi 1a khodng cich ngéin nhit tit s dén t
(trong trudng hgp t6ng quat d(s, t) c¢é thé am). Néu nhu khong ton tai
duong di tit s dén t thi do dai duong di d(s, t) = oo. Néu nhu mébi chu
trinh trong do thi déu c6 do dai duong thi trong dudng di ngin nhat s&
khong c6 dinh nao bi lap lai, dudng di nhu vay duge goi 13 dudng di co
ban. Néu nhu d6 thi t6n tai mot chu trinh ndo dé ¢6 dé dai am, thi
duong di ngén nhat cé thé khong x4c dinh, vi ta c6 thé di qua chu trinh
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am d6 mot s6 1dn du 16n dé do dai cha né nho hon bat ky mot so thuc
cho trudc nao.

6.1.1. Thuat toian gan nhan

C6 rdt nhiéu thuit to4n khic nhau dugc xay dung dé tim dudng di
ngin nhdt. Nhung t tudng chung clia cic thuat toan dé c6 thé duoc
mo ta nhy sau:

‘T ma trdn trong s6 Alu, v], u, veV, ta tim can trén d[v] cia
khoang cich tir s dén tdt ca cdc dinh ve V. Méi khi phat hién thay d[u]
+ Alu, v] < d[v] thi c4n wrén d{v] s& dugc lam t6t lén bing cich
dlv] = d[u} + Alu, v]. Qué trinh s& két thic khi n2o ta khong thé lam
t6t hon lén duge bét ky can trén nao, khi d6 d[v] s& cho ta gid tri ngén
nhit tir dinh s dén dinh v. Gid tri d[v] dugc goi la nhan cla dinh v. Tu
tudng trén ¢6 duoc thé hién bing mot thuat todn gan nhin téng quat
nhu sau:

Vi dy 1. Tim dudng di ngdn nhét tU dinh A dén dinh Z trén dd thi
hinh 6.22.

Hinh 6.22. D6 thi trong s6 G
Budc 1. Gan cho nhén dinh A la 0:

- Budc 2. Trong s& cac canh (cung) xuét phat tir A, ta chon canh c6 d6é dai
nhé nhat, sau d6 gan nhan cho dinh d6 bing nhan clia dinh A cong voi d6
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dai canh tugng (ng. Ta chon duge dinh C ¢6 trong s6 AC = 5, nhan d[C] =
0+5=5, '

Budce 3. Tiép dd, trong s6 cac canh (cung) di ti mdt dinh ¢é nhén la A
hodc C G mét dinh chuta dugc gan nhan, ta chon canh {cung) sao cho
nhan cha dinh cdng vai trong s8 canh tuong ihg 1a nhé nhat gan cho
nhén cia dinh cudi cha canh (cung). Nhu vay, ta Ian lugt gan dugc cac
nhan nhu sau: d[B] = 6 vi d[B] < d[C] + | CB| = 5 + 4; d[E] = 8, Tiép tuc
tam nhu vay cho téi khi dinh Z duge gan nhan dé chinh a dd dai dudng di
ngan nhat tir A dén Z. Thyc chat, nhan cla mbi dinh chinh Ia dudng di
ngdn nhat tir dinh nguén tdi nd. Qua trinh ¢6 thé duge mo ta nhu trong
bang dudi day.

Bdng 6.3 Qud trinh tim duong di ngdn nhdt.

Budc

Binh duge gan Nhan céc Pinh da dung dé gan
nhan dinh nhén

@ o~ R AW R -

Khdi tao

0
0+5=5
0+6=6
0+8=8
5+4=9
6+7=13
8+6=14
9+6=15
15+3=18

N O I TOmmwZO >
NOMOoO > P >

Nhu viy, do dai duomg di ngdn nhdt tr A dén Z 1a 18. Puomg di
ngan nhét tir A dén Z qua cac dinh: A >C>D >G> Z.

Chi y rang, thuat todn gdn nhin cé thé dp dung cho ca dé thi vo
hudng hoac c6 hudng.

6.7. 2. Thuat toan Dijkstra

Thuat toan tim dudng di ngan nhat tir dinh s dén céc dinh con lai
duge Dijkstra dé nghi dp dung cho trudng hop do thi ¢6 trong s6 khong
am. Thuat todn duoc thue hién trén co s& gén tam thoi cho cic dinh.
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Nhin ctia méi dinh cho biét can trén cla d6 dai dudng di ngan nhat téi
dinh d6. Cic nhin ndy s& dugc bién déi (tinh lai) nhd mot thi tuc lap,
ma & mdi budc lap mot sé dinh s& c6 nhdn khong thay doi, nhan d6
chinh Ia d& dai dudng di ngan nhét 1 s dén dinh d6. Thuat todn c6 thé
duoc mo ta bing thii tuc Dijkstra nhu sau:
Procedure Diikstra;
(*Pau vao G = <V, E>véindinh cOé matran trong s8 Alu, v]20;s e V)

(*Bau ra 12 khodng cach nhd nhit tr s dén cac dinh con lai div): v € V.
Truoc]v] ghi lai dinh trudc v trong dudng di ngén nhat tir s dén v*)

begin

(* Budc 1: Khdi tao nhan tam thdi cho cac dinh")

for ve V do
begln
d[v] := A[s, v];
truociv]:= s;
end;
d[s]:=0; T :=W({s} (* T 1a tap dinh c6 nhan tam thdi *}
while T 1= ¢ do (* budc lap ™)
begin

Tim dinh ueT sao cho d{u] = min { d[z]: zeT}

T:= T\ {u}; (* ¢8 dinh nhan dinh u *);
for veT do {* Gan lai nhan cho cac dinh trong T*)
begin

if(d{v] > dfu] + Alu, v]} then
begin
dlv] := dlu] + Afu, v];
truoclv] == u;

end:



366 Gido trinh Ky thudt Idp trinh

end;
end;
end,

Chuong trinh cii dat thuat todn Dijkstra tim dudng di ngan nhét tr
mot dinh dén t4t ¢ cdc dinh khéc cha d6 thi ¢6 huéng véi trong so
khong am dugc thuc hién nhu sau;
#include <stdio.h>
#include =<conio.h>
#include <stdiib.h>
#include <math.h>
#include <dos.h>
#define MAX 50
#define TRUE 1
#define FALSE O
intn, s, t;
char chon;
int truocfMAX], d[MAX], CP[MAX][MAX];
int final[MAX];
void Init{void) {

FILE * fp; inti, j;
fp = fopen("ijk1.in", "");
fscanf(fp, "%d", &n);
printf("n S6 dinh:%d", n);
printf("\n Ma trin khodng cach:");
for(i=1; i <= n; i++) {

printf("™n™);

for(j = 1;j <= n; j+4) {

fscanf(fp, "%d", &CPlll);
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printf("%3d", CPLl[j]);
if(CPYil{j] == 0) CP[i][j] = 32000;

}
fclose{fp);

}
void Result{void) {
inti, j;
printf("n Budng d ngan nhét tir %d dén %d ta \n", s, t);
printf("%d <= ", t);
i = truoc]t];
while(i 1= s) {
printf("%d <= ", i);
i = truocfi];
}
printf("%d", s);
printf("n Do dai dudng di la: %d", d[t]);
getch();
}
void Dijkstra({void) {
int v, U, minp;
prntf(\n Tim duéng di ti's = *); scanf("%d", &s);
printf(" d&n "); scanf("%d", &t);
for{v = 1; v <= n; v++) {
d[v] = CP[s][v};
truoc[vl = s;

final[v] = FALSE;
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truoc{s] = 0; d[s] = 0: final[s] = TRUE;
while{!final[t]) {
minp = 2000;
for(v=1; v <= n; v++} {
if((!final[v]) && (minp>djv])) {
u=v;

minp = div];

}
finallu] = TRUE; /1 ula dinh cé nhan tam thdi nhd nhat
if(finallt) {
for(v =1, v <= n; v++} {
if((tfinalfv]) && (dful*+ CPu][v] < dIv])) {
div] = Ju)+CPu]{v]:

trucclv] = u;

}

void main{void) {
clrser(}; Init();
Dijkstra(),
Result(};
getch{);
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6.7.3. Thuat toan Floy

D¢ tim duong di ngin nhdt giita tat cd cdc cip dinh cia d6 thy,
chiing ta ¢é thé sir dung n ldn thuat todn ford_Bellman hodc Dijkstra
(trong trudng hop trong s6 khong am). Tuy nhién, trong ca hai thuat
todn duoc sir dung déu ¢6 do phiic tap tinh todn 16n (chi it 1a O(nY)).
Trong trudng hop tdng quat, ngudi ta thudng ding thuat todn Floy
dugc md ta nhu sau:

Procedure Floy;
(* Tim dudng di ngdn nhat giita tat ca cac cap dinh
Input: D6 thi cho bdi ma tran trong 86 afi, jL. i, j=1.2,...,n.
Output: Ma tran dudng di ngan nhat gilta cac cap dinh d[i, ),
iLj=1,2,..0n
d[i, j] 1& 46 dai ngén nhat tiri dén |.
Ma tran ghi nhan duong di pli, l.i,j=1,2....n
pli. j] ghi nhan dinh di trudc dinh j trong duding di ngén nhat; *)
begin
(" Budc khditao *)
fori:=1tondo
forj:=1tondo
begin
d[i. j] = a[i, JI;
pli, j1:=1,
end;
(" Budc 1ap *}
forki=1tondo
forii=1tondo
forj:=1tondo

ifd[i, ] > dfi, k] + d{k, j}) then
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begin

dli, i} = dfi, k] + dik, iI;
pli, i := plk, j];

end;

end:

Chuong trinh cai dat thuat todn Foly tim dudng di ngan nhit gitia
tdt ca cdc cap dinh cda d6 thi duoe thé hién nhu sau:

#include <stdio.h>
#include <conio.h>
#include <stdiib.h>
#include <math.h>
#include <dos.h=>
#define MAX 16000
#tdefine TRUE 1
#define FALSE 0
int A[50][50}, D[50][50], S{50][50];
intn, u, v, X; FILE *fp;
voia Init{void} {
inti, j, k;
fp = fopen("FLOY1.IN", "r"};
if(fe == NULL}{
printf{"in Khong cd t&p input™);
getch{); return;
}
for(i= 1.1 <= n; i++)
for(j = 1, ] <=n; j++)

AJill;! = 0:

fscanf(fp, "%d%d%d", &n, &u, &v):

24t — 283
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printf("\n S& dinh d& thi:%d", n);
printf("\n B tir dinh:%d d&n dinh %d:", u, v);
printf("\n Ma tran trong s&:");
fori= 1 i1<=n; i++){
printf{"\n"};
for(j=1;j<=n, j++}{
fscanf(fp, "%d", &A[i]{])
printf("%5d", A[[i);
if{i = j && A[iJjj] == 0)
AT = MAX;

Y
fclose(fp); getch();

}
void Result{void) {
f{DIu][vl> = MAX} {
printf("\n Khdng c6 dudng di");
getch(); return;
}
else {
printf("\n Dudng di ngan nhat:%d", D{uj[v]);
printf{"\n Dinh %3d", u);
while({u I= v} {
printf("%3d", S[ulv]);
u = S[uj[v);
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void Floy{void) {
int i, j, k, found,
for{i=1;i<=n;i++){
for(j=1;j <=n; j++) {
DEILT = ALil6];
IO == MAX) S[illi} = 0;
else SIi}[j] = j;

}
* Mang D[, j] 13 mang chura cac gia tri khoang cach ngin nhét titi dé&n |

Mang S[i, j] 12 mang chita gia tri phan tir ngay sau clia i trén dudng di ngén nhat
tri->j

for(k = 1; k <= n; k++) {
for(i = 1, i <=n;i++){
for(j=1;j<=n;j++}{

if(Di]{k] '= MAX && D{il[j}>(DIil{k]+DIkiliN) {

If Tim DI, ] nhd nhat c6 thé ¢b
D] = DO)KI+DK]G];
S[iliil = S[ijlkl;

1 Ung vdi né la gia tri clia phan t ngay sau i

}

}
void main{void) {
clrscr(); tnit();

Floy(); Result();
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6.1.

6.2.

6.3.

6.4.

BAI TAP CHUONG 6

Cho trudc ma trdn ké cia d6 thi. Hay viét chuong trinh tao ra
danh séch ké ctia d6 thi dé.

Cho trudc danh sach ké cua d6 thi, hdy tao nén ma tran ké cilia
do6 thi.

Mot ban ¢ 8x8 duoc ddnh s6 theo cdch sau:

1 2 3 4 5 6 7 8

9 1011|1213} 14 | 16 | 16
177 |18 |19 | 20 | 21 |1 22 | 23 | 24
25 | 26 | 27 | 28 : 20 | 30 | 3 32
33 1 34 |3 | 36|37 | 38 ] 32| 40
41 | 42 | 43 | 44 | 45 | 46 | 47 | 48
49 | 50 | 51 | 52 | 53 | 54 | 55 | 5B
57 | 58 | 59 | 60 | 61 | 62 [ 63 | 64

Mbdi 6 ¢6 thé coi 12 mot dinh cha d6 thi. Hai dinh duge coi 1a ké
nhau néu mot con vua dat & 6 ndy c6 thé nhay sang 6 kia sau mot
buée di, Vidu: 6 1 ké v61 6 2,9, 10,6 11 ké v6i 2, 3, 4, 10, 12,
18, 19, 20. Hay viét chuong trinh tao ma tran ké cta d6 thi, két
qué in ra t&p king.out.

Ban c& 8 x 8 duge ddnh s6 nhu bai trén. Méi 6 ¢6 thé coi 13 mét
dinh ctia d6 thi. Hai dinh dugc goi 1a ké nhau néu mot con ma dat
& 6 nay c6 thé nhay sang 6 kia sau mot nuée di. Vidu 6 1 ké véi
11,18;0 11 kévéi 1, 5, 17, 21, 26, 28. Hay viét chuong trinh 1ap
ma tran ké cta dé thi, két qua ghi vao tép ma.out.
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6.5.

6.6.

Hay lap chuong trinh tim mot dudng di clia con ma trén ban cd tir
0 s dén 6 t (s, t duoc nhap tir ban phim).

Cho co s& dit liéu ghi lai thong tin vé N tuyén bay (N < 100) cla
mot hdng hang khéng. Trong d6, thong tin vé méi tuyén bay
dugc moé td bdi: Diém khdi hanh (departure), diém dén
(destination), khoang cich (length). Departure, destination 13 mot
xau ki tu do dai khong qué 32, khong chia ddu tréng & gifta,
length 1a mot s nhod hon 32767.

Ta goi “Hanh trinh bay” tir diém khéi hanh A t6i diém dén B 1a
day ciac hanh trinh [A, A, 0y}, |A|, Ay, n,)..., [A,, B, n,] v6i A, 12
diém dén clia tuyén i nhung lai 13 diém khéi hanh cla tuyén i +1,
ni la khoang cdch cua tuyén bay thi i (1 < i < k). Trong do,
khoang cdch clia hanh trinh 12 téng khoang céch cia céc tuyén
ma hanh trinh di qua (n,; + n, + ... + n,).

Cho tép dif liéu ki€u text hanhtrinh.in dugc ghi theo timg dong,
s0 céc dong trong tép dir lieu khong vugt qua N, trén mbi dong
ghi lai thong tin vé mot tuyén bay, trong dé departure,
destination, length duge phéan biét v6i nhau bdi mot hoac vai ddu
trong. Hiy tim giai phdp d¢ thoa man nhu cdu ctia khdch hang di
tr A dén B theo mot s8 tinh huéng sau:

Tim hanh trinh c6 khoang cdch bé nhit tr A dén B. In ra man
hinh timg diém ma hanh trinh da qua va khoang céch cta hanh
trinh. Néu hanh trinh khong t6n tai hiy dua ra théng bao “Hanh
trinh khong t6n tai”.

Vi du vé ¢o sG dir liéu hanhtrinh.in
New-York Chicago 1000
Chicago Denver 1000
New-York Toronto 300
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6.7.

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

Vi diém di: New_York. diém dén: Los_Angeles; chiing ta s ¢é
két qua sau:

Hanh trinh ngén nhat:
New_York to Toronto to Los_Angeles; Khoang cach: 2600.

K¢ tuc thanh cong véi khoi 1ap phuong than bi, Rubik sing tao ra
dang phing cia trd choi ndy goi 12 urd choi cac 6 vuong than bi.
D6 1a mot bang gdbm 8 6 vuong bing nhau nhir hinh 1. Ching ta
qui dinh trén méi 6 vudng ¢6 mot mau khic nhau. Cic mau duge
ki hiéu boi 8 s6 nguyén tuong ng véi 8 mau co ban cua man
hinh EGA, VGA nhu hinh 1. Trang thdi cta biang cdc mau duge
cho boi diy ki hieu mau cac 6 duogc viét 1an luot theo chiéu kim
déng ho bat diu tir 6 gbc trén bén trdi va két thic ¢ 6 géc dudi
bén trdi. Vi du: trang théi trong hinh 1 dugc cho bdi diy cdc mau
tuong ting vai day s6 (1, 2, 3, 4, 5, 6, 7, 8). Trang thai nay duoc
goi la trang thai khoi dau.

Biét rang chi céan sir dung 3 phép bién déi co ban ¢6 tén 1a ‘A’,
‘B’, ‘C’ dudi day bao gidr cling chuyén dugc tir trang thai khoi
dau vé trang thdi bat ky:

‘A’: d6i ché dong trén xusng dong dudi. Vi du sau phép bién déi
A. hinh | s€ trd thanh hinh 2: '
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‘B’: thuc hién mot phép hoan vi vong quanh tir trai sang phai trén
timg dong. Vi du sau phép bién d6i B hinh 1 s& trd thanh hinh 3:
‘C’: quay theo chiéu kim déng hé bén 6 & gitta. Vi du sau phép
bién doi C hinh 1 tré thanh hinh 4:

Hinh 1 Hinh 2 Hinh 3 Hinh 4
112134 8[7{6]5 111[(213 1T17]12]4
8i7|6]5 112134 918|7|6 6[3]5

Cho t¢p dir liéu Input.txt ghi lai 8 s6 nguyén trén mot dong, mbi
¢ dugc phan biét véi nhau bdi mot ddu wéng ghi lai trang théi
dich. Hay tim day cic phép bién déi so ban dé dwa trang thai
khdi ddu vé trang théi dich sao cho s6 cac phép bign ddi 12 it nhat
¢6 thé duoc.

Dir liéu ra duge ghi lai trong tép Output.txt, ddng ddu tién ghi lai
s6 cdc phép bi€n d6i, nhiing dong tiép theo ghi lai tén cia cdc
thao tdc co ban di thuc hién, mbi thao tdc co ban dugce viét trén
mét dong.

Ban s€ dugc thém 20 di€m néu sir dung bing mau thich hop clia
man hinh d€ mo ta lai cdc phép bién déi trang thdi cha trd choi.
Vidu vé6i trang thai dich dudi day sé& cho ta két qua nhu sau:
Input.txt Qutput.txt

26845731 7

WO 0w P 0w
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6.8. Cho mot mang thong tin gébm N miit. Trong d6, dudng truyén tin

6.9.

hai chiéu truc ti€p tir niit i d&n ndt j co chi phi truyén thong tuong
ing 1a mot s6 nguyén Afi, j] = Afj, il, véi A[i, j} 2 0, i # j. Néu
dudng truyén tin tir nit i, dén nit i, phai théng qua cac nit i,,.. i,_,
thi chi phi truyén thong dugc tinh bing téng cic chi phi truyén
thong Ali, i), Aliy is).... Afiyy, iJ. Cho trude hai ndt i vA j. Hay
tim mot dudng truyén tin tir ndt i dén nit j sao cho chi phi truyén
thong 1a thap nhat.

Dit liéu vao dugc cho bdi tép TEXT c¢6 tén INP.NN. Trong do,
dong thit nhét ghi ba sd N, 1, j, dong thit k + 1 ghi k-1 s6 A[k, 1],
ALk, 2],.., Alk, k-1], 1 £k <N.

Két qua thong bdo ra tép TEXT c6 tén OUT.NN. Trong d6, dong
thi nhat ghi chi phi truyén thong thdp nhdt tir ndt i dén nit j,
dong tha 2 ghi ldn lugt céc nit trén dudng truyén tin cé chi phi
truyén thong thdp nhat v nit i 16i nit j.

Cho mét mang thong tin gém N nit. Trong d6, dudng truyén tin
hai chiéu tryc ti€p tir niit i dén niit j c6 chi phi truyén théng tuong
ing la mot s6 nguyén Ali, j] = A[j, i], vét A[i, j] = 0,1 # j. Néu
duong truyén tin tir ndt i, dén nut i, phai thong qua cc niit iy,.. i,
thi chi phi truyén thong dugce tinh bang téng cdc chi phi truyén
thong Ali,, iy], Aliy, is],... Ali., i]. Biét ring, giita hai nit bat ky
cia mang thong tin déu t6n tai it nhit mot dudng truyén tin.

bé tiét kiem dudng truyédn, ngudi ta tim céch loai bd di mot s&
dudng truyén tin ma vin dim bao dwgc tinh lién thong ciia mang.
Hay tim mét phuong dn loai bo di nhitng dudng truyén tin, sao
cho ta nhdn dugc mot mang lién thong cd chi phi t6i thiéu nhat
c6 thé duoc.

Dit liéu vao duge cho bai tép TEXT c6 tén INP.NN. Trong do,
dong thit nhat ghi s6 N, dong thi k + 1 ghi k-1 s6 A[k, 1], Ak,
2],.., Alk, k-1], 1 £k <N.
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Két qua thong bdo ra tép TEXT ¢é tén OUT.NN trong dé dong
thit nhét ghi chi phi truyén thong nhd nhdt trong toan mang. Tu
dong thy 2 ghi lan lugt cdc nadt trén dudng truyén tin, mdi duong
truyén ghi trén mot dong.

6.10. Cho tép dit liéu duge té chitc giong nhur bii 6.6. Hiy tim tdt ca cdc

hanh trinh di tir diém s dén t.

6.11. Cho tp dif liéu dugc 16 chiic gidng nhu bai 6.6, Hay tim hanh
trinh di tir diém s dén t sao cho hanh trinh di qua nhiéu node nhit.

6.12. Cho tép dit lieu duoc 16 chiic gidng nhu bai 6.6. Hiy tim hanh
trinh di tit diém s dén t sao cho hanh trinh di qua it node nhét.

6.13. Tim hiéu thuit todn leo déi trén d6 thi va ting dung cla né trong
linh vuc tri tué nhan tao.



CHUONG 7
SAP XEP VA TIM KIfiM
(SORTING AND SEARCHING)

7.1. PAT BAI TOAN

Sap xé&p 12 qua trinh bo tri lai cdc phdn ti ciia mot tap d6i tuong
nao dé theo mot thir tv 4n dinh ting dan (increasing), hodc giam din
(decreasing). Bai todn sap x&p xuit hién trong bat ky linh vuc nio cla
tin hoc, phuc vu nhitng ting dung riéng ctia hé théng, tr nhitng tng
dung 4n bén trong clia hé diéu hanh nhu bai todn diéu khién qua trinh
(Proccess Control Problem), bai toin lap lich cho CPU (CPU
Schedulling), bai todn quan 1y bd nhd (Memory Management)... cho
té1 nhitng Ung dung thong thuong nhu sip x€p day s6, sap xép cac t,
Ccac cau, cic ban ghi theo thit ty déu ¢6 lién quan t6i qud trinh sap xép.

Tap doi tugng cin dugc sdp xép cé thé xuat hién dudi nhiéu dang
khic nhau, cic d6i tuong d6 ¢6 thé 1a cic d6i twong dit liéu kiéu co
ban nhu sip xép day so, sap x€p ki tu, sip x€&p string hodc 14 cic dai
tuong téng quit nhu mot ciu tnic bao gém mot s6 trudng théng tin
phan anh ddi tugng. Chiing ta qui wdc doi tugng cin dugc sap xép la
cdc cdu tric, va qud trinh sip xép duoce thue hién trén moét trudng ndo
dé goi 1a truong kho4.

C6 nhiéu thuat toan sip xép khic nhau d€ sip xép cdc d6i tuong.
Tuy nhién, d€ luta chon mot thuat toan sap x&p t6t, ching ta can danh
gia thudt toan theo cdc hai khia canh: d6 12 su chiém dung bo nhd khi
ap dung giai thuat va thdi gian thuc hién gidi thuat. D6i véi thot gian
thuc hién giai thudt, chiing ta ciing c¢dn dénh gid chi phi thoi gian trong
truong hop t6t nhdt, trung binh va xau nhat d6i véi nguén dit liéu vao.
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Chiing ta cling chi dua ra nhitng k¥ thuat 1ap trinh, thong qua giai thuat
va két qua danh gid thuat todn ma khéng ching minh lai nhimg két
qua dé, vi né da dugc trinh bay trong mot chuyen dé khéc cia tin hoc.

Nhitng thuéat todn sip x€p va tim kiém s& dugc ban ludn trong
chuong nay baogom cdc thudt toan sip xép don gian nhu: chon truc
tiép (Selec'ti'on)Zthuat todn sui bot (Bubble), thuat todn chén truc tiép
(Insertion), cdc thuat todn sdp xép nhanh nhu quick sort, merge sort,
heap sort. Trong 14t ca cdc vi du minh hoa cho giai thudt sap xép va
tim ki€m, chiing ta s€ sl dung tap cdc s6 nguyén dudi day 1am vi du
sdp x&p. Ddy s6 nguyén nay s& khong duge nhidc lai trong khi giai
thich mdi thuat toén sip xép.

42 23 74 11 65 58 94 36 99 87

7.2. GIAI THUAT SELECTION SORT

N61 dung clia Selection Sort 1a 14n lugt chon phén tir nho nhét
trong ddy chi sd k;, k... ., kK, véii=0,1,..n k <k;,; <...kva
déi chd cho phén tir thi k;. Nhu vay, sau j = n - 1 14n chon, ching ta s€
s6 ddy khod dugc sap xép theo thit ty tang ddn. D6i véi day sé trén,
ching ta s€ thuc hién nhu sau:

e Lin chon thit 0: Tim trong khoang tir O dén n - 1 bing céch
thuc hién n - 1 14n so sanh dé xdc dinh phin tir min, va déi chd
cho phan tir & vi tri 0.

e Lin chon thd 1: Tim trong khodng tir 1 dén n - 1 bang cich
thic hién n - 2 ldn so sénh d€ x4c dinh phédn ti min, vi ddi chd
cho phan tit & vi tri 1.

¢ Thuyc hién ti&p céc lan chon thit 2, 3 ...

e Lan chon thit i: Tim trong khoang tir i dén n - 1 bang cach thuc
hién n - i 14n so sanh dé x4c dinh phén tif min; va déi chd cho
phén tir & vi tri i.
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o Thuc hién ti€p cdc lan chonthiti+1,i+ 2, ...

* Lan chon thit n - 2: Tim trong khodng tit n - 2 dén n - 1 bing
cdch thuc hién 1 14n so sdnh d€ x4c dinh phén tir min, , va déi
chd cho phén thr & vi trin - 2.

D¢ phiic tap tinh toén cua giai thuat Selection Sort 1a:
Cmin = Cmax = Clh =n (Il - 1)/2

Qud trinh sdp x&p day s6 duge minh hoa thong qua bang sau:
ki 1 2 3 4 5 ] 7 8 9

42 11 11 11 11 11 11 11 11 11
23 23 23 23 23 23 23 23 23 23
74 74 74 36 36 36 36 36 36 36
11 42 42 42 42 42 42 42 42 42
65 65 65 65 | 65 58 58 58 58 58
58 58 58 58 58 65 65 65 65 65
94 94 94 94 94 94 74 74 74 74
36 36 36 74 74 74 94 a7 87 87
89 99 99 99 99 99 99 99 94 94
87 87 87 87 87 a7 87 94 99 99

W ow N DN kW N O

Chuong trinh duge 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
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printf{("\n Tao lap day s&:");
for(i=0;i<ni++){
Ali] = random(1000};
printf("%5d" A[i]);
}
delay{1000),
}
void Select(int *A, int n) {
register i,j,temp;
for(i=0;i<n-1i++){
for(f=i+1;j<n;j++){
if(Ali] > Al {
temp = A[i};
All] = A[jl;
A[j] = temp;

In(A,n});

}
void In(int *A, int n) {
register int i,
for(i=0;i<n;i++)
printf("%5a", Ali]);
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); Select(A,n});

free(A);

7.3. GIAI THUAT INSERTION SORT

Gidi thuat Insert Sort duge thuc hién dua trén kinh nghiém cia

nhimng nguoi choi bai. Khi trén tay ¢6 1 - | 14 bai di duoc sip x&p dang
¢ trén tay, nay ta thém 14 bai thi i thi 14 bai dé dugc so sdnh véi 12 bai
i-1,1-2,..détim dugc vi uf thich hop va chén vio quan bai thif i.

Vdi nguyén tic sip bai nhu vay, giai thuat duge thuc hién nhu sau:

* Lay phan tir ddu tién i,, duong nhién tap mot phén tir 13 tap da

dugce sip xép.

Lay phén tir thii i; chon vi tri thich hop ctia phén tit thit i, trong
tap hai phan tir va thuc hién déi ché.

Thuc hi¢n ti€p 1dy phan tr thi 1,, i, ...

Lay ti€p phén tl thi i, chon vi trf thich hop clia phan tir thy i,
trong tdp hai i, ., phan tir va thuc hién doi chd, day s& duge sap
x€p hoan toan sau n - | 1an chén phan tit vao vi tri thich hop.

D6 phiic tap bé nhat clia thuat toan 1a: C, = (n - 1);
D6 phitc tap 16n nhat clia thuat todn 1a: n(n - 1)/2 = O(n?)
D6 phitc tap trung binh ciia thuat todn 13: (n? + n - 2)/4 = O(n®)

Qua trinh sap x&p theo Insertion Sort dugc mo ta nhu sau:
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Luat 1 2 3 4 8 9 10
Khoa 42 23 74 " 36 99 87
1 42 23 23 11 11 1 1"
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
7 94 74 74
8 94 a7
9 g9 95
10 99

Thuat toan dugc cai dat nhu sau;
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <alloc.h>
#include <dos.h>
- void Insert(int *, int);
void Init(int ™, int);
void In{int *, int);
void Init(int *A, int n) {
int ;
printf("™n Tao lap day s6:");
for(i=0;i<n;i++){
Ali] = random(1000);
printf("%5d", A[i]);
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delay(1000}),
}
void Insert(int *A, int n) {
register i,j,temp;
for{i=1,i<mi++){
temp = A[i};
for(j=i-1,j>=08&&temp < A[jl;j )
Al +1]1=Al);
Afj + 1] = temp;
printf("™n"),
In(Ai + 1);

}

void In{int A, int n) {
register int i;
for(i=0;i<n;i++)

printf("%5d" Afi]);

delay(1000};

}

void main(void) {
int *A.n; clrscr();
printf("\n Nhap n = "); scanf("%d",&n);
A = (int *) malloc{n"sizeof(int)),
[nit{A,n); Insert(A,n);
free(A);
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7.4. GIAI THUAT BUBBLE SORT

Giai thuét Bubble Sort dugc thuc hién bing cich ddi chd lien tiép
hai phan tir k& can khi ching nguge thd ty. Qud trinh thuc hién dwoc
duyét tir ddy lén dinh. Nhu vay, sau 14n duyét thd nhat, phan tir 16n
nhit s€ duoc x&p diing ¢ vi tri thit n - 1, & 1dn duyét thit k thi k phan tir
16n nhét dd duge xép ding vitrin- 1,n-2, ..., n-k + I. Sau l4n duyét
thi n - 1, toan bd n phén tir s€ duge sap x&p. Vi phuong phap nay, cic
phén tir ¢6 gid tri nho duge ndi ddn lén nhu nude sti bot nhd d6 né ¢
tén goi “phuong phap sti bot™.

D¢ phitc tap ciia thuat todn Bubble Sort 14:

Coin = Crax =G = n(n - 1)/2.

Chuong trinh mo ta thuat toin Bubble Sort duge cai dat nhu sau:
#include <stdic.h>
#include <conio.h>
#include <stdlib.h>
#include <altoc.h>
#include <dos.h>
void Bubble(int *, int);
void nit(int ¥, int);
void In(int *, int);
void Init(int *A, int n) {

inti;
printf("n Tao lap day sé:");
fori=0;i<n;i++){
Ali} = random(1000};
printf("%5d" Afil};
) _

PR . 2R
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delay({1000);
}
void Bubble(int *A, int n) {
register i,j,temp;
for(i=1,i<n;i++){
forj=n-1j>=ij-){
(AL - 11> Al {
temp = A[j - 1];
Ali - 1) = ALk
Alj] = temp;

}
printf("\n K&t qua 1an:%d", i);
in(A,n);

}
void In(int *A, int n) {
register int i;
for(i=0;i<ni++)
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));
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Init(A,n); Bubble(A,n);
free(A);
}

7.5. GIAI THUAT SHAKER SORT

Thuat todn Shaker Sort 1a cai tién cia thuit todn Bubble Sort.
Trong 46, sau mdi 1dn duyét di dé x&p ddng vi tri phdn ti 16n nhat,
ching ta thuc hién duyét lai d€ sip ding vi tri phin tit nho nhat. Day
s& duoc sip sau [n/2] + 1 1dn duyét. Chwong trinh mé ta thuét toan
Shaker Sort duge thuce hién nhu sau:

#include <stdio.h>
#include <conig.h>
#include <stdlib.h>
#include <alloc.h>
#include <dos.h>
void Shaker(int *, int);
void [nit(int *, int);
void In(int ¥, int);
void Init{int *A, int n) {
int i;
printf("\n Tao lap day s6:");
for(t=0;1<n;i++){
Ali] = random(1000);
printf("%5d" Ai]);
}
delay(1000};
}
void Shaker(int *A, int n) {

register i,j.temp, exchange;
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do{
exchange = 0;
fori=n-1i>0;i-){
if(Afi - 1] > Afi]) {
temp = Ali - 1);
Ali - 1} = Alil;
AJi] = temp;

oxchange = 1;

}
for(j=1;j<n j++){
If(AL - 1] > Al {
temp = Al - 1]
Al - 1] = Al);
Alj] = temp;

exchange = 1;

}
printf("\n Két qua 1an:");
in(A,n},
}while{exchange);
}
void Infint *A, int n) {
register int i;
for(i=0;i<n;i++)

printf("%5d" A[il});
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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); Shaker(A,n};
free(A);

}

7.6. GIAI THUAT QUICK SORT

Phuong phdp sip x&p ki€u phan doan 1a mot cai tién clia phuong
phap Selection Sort. Pay 1a mét phuong phdp t6t do C.A.R. Hoare dua
ra va dat tén cho n6 1a giai thuat Quick Sort.

Noi dung chi dao cha phuong phép ndy 1 chon ngiu nhién mét
phén tir ndo d6 ctia diy Iam khod chét. Tinh tir khod chét, céc phén tir
nho hon khod phéi duge xé€p vao trude chot (ddu diy), moi phan tir sau
chot duge x€p vao sau chét (cusi day). D€ 1am duoge viec d6, cic phin
tlr trong day s& dugc so sinh vdi khod chét va tréo déi vi tri cho nhau,
hoac cho khod chét néu phan tir dé 16n hon chét ma lai ndm trude chot

“hodc nho hon chét nhung lai ndm sau chét. Khi viec ddi ché 1an dau
tien da thuc hién xong thi day hinh thanh hai doan: mot doan bao goém
cdc phan tir nhd hon chét, mot doan gém céc phan tir 16n hon chét, con
chét chinh 12 vi tri clia phdn tir trong ddy duoc sip xép.

Ap dung k¥ thuat nhir trén cho méi doan trudc chét va sau chot
cho tdi khi cdc doan con lai hai phan tir thi viéc ghi nhd khong con cdn
thiét nita. Dy s& dugc sap x&p khi tat ca cdc doan duoc xir 1§ xong. Vi
du voi ddy :

42 23 74 11 65 58 94 36 99 87
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Ta chon chét ddu tién 13 42. D€ phat hién ra hai khoa cdn d6i ché
cho nhau, ta diing hai bién 1, j v6i gid tri ban ddu i = 2, j = 10. Néu
k; < 42 thi tiép tuc tang i va 1ap lai cho t6i khi gap phan tir thi k; > 42.
Duyét cdc phan ur thif k; v6i 42 néu k; > 42 thi j giam di mét, cho tdi
khi gap phén tir thit k; < 42 thi phdn tir thit k; va k; duoc déi chd cho
nhau. Qua trinh s€ dugc lap lai v6i k; va k; cho t61 khi 1 = j chinh 1a vi
tri danh cho khod 42. Cugi cuing ching ta d6i chd 42 cho khoa cho k;.

3
42 23 74 11 65 58 94 36 99 87

-+

42 23 74 11 65 58 94 36 99 &7

42 23 36 11 65 58 94 74 99 87
42 23 36 11 65 58 9% 74 99 87
42 23 36 11 65 58 94 74 99 87 (1>])

¥ ¥ _
11 23 36 42 65 58 94 74 99 87

Nhu vay, két thic lan thd nhét, ching ta duge hai doan duge phan
biét bai khod 42 nhu sau:

(11 23 36) (42} (65 58 94 74 99 &I)

Quad trinh dugc lap lai twong tu cho timg phan doan cho t61 khi day
dugc sdp x€p hoan toan. Ching ta c6 thé cai dat giai thuat bang viéc sir
dung stack hoac dé qui.

Do phitc tap tinh todn cia giai thuat Quick Sort:
Trudng hop tot nhit C,, = Cy, = O (n logyn)
Trudng hop x4u nhit C,, = k.O(n?)

Sau day 1a chuong trinh cai dat giai thuat Quick Sort bang phwong
phap dé qui.
#include <stdio.h>

#include <conio.h>
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#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 i;
printf("\n Tao lap day s&:");
for(i=0;i<n;i++){
Ali] = random(1000);
printf("%5d" A[i]);
}
delay(1000);
}
void Quick(int *A, int n) {
qs{A,0,n - 1);
}
void gs(int *A, int left,int right) {
register i,j; int x,y;
i = left; | = right;
x = Al(left + right)/2];
do {
while(Afi] < x && i < right) | ++;
while(A[f] > x && j > left) j - ;
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if(i < = j}{
y = Alil; Ali] = AL Alll = ;
RARES
}
} while (i< =j);
if(left < j} gs(A,left,j);
if(i < right) gs(A.i,right);
}
void In{int "A, int n} {
register int i;
for(i=0; 1 < 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); Quick{A,n); printf("\n");
In(A,n); getch();
free(A),
}

7.7. GIAI THUAT HEAP SORT

Heap 12 mét cay nhi phan dugc biéu dién bing mot mang, méang
d6 biéu dién mét cay nhi phan hoan chinh sao cho khéa & node cha
bao gi¢ cling i6n hon khod cua node con cia no.
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Sip xé&p kiéu Heap Sort duoc tién hanh qua hai giai doan. Giai
doan ddu tién cay nhi phan biéu dién bang khod duoc bién déi dé dua
vé mot heap. Nhur vay, d6i vdéi heap, néu j 1a chi s6 clia node con thi
[j/2] 1a chi s& cha node cha. Theo dinh nghia clia heap thi node con
bao gi¢ cling nho hon node cha. Nhu viy, node goc cua heap la khéa
¢ gid tri 16n nhdt trong moi node. Vi du ciy ban dau 12 cay 7.1a thi
heap cita né1a 7.1b.

Hinh 7.1 Tim kiém theo gidi thudt Heap Sort

Dé chuyén cay nhi phan 7.1a thinh cay nhi phan 7.1b 12 mot heap,
chung ta thuc hién duyét tir duéi 1én (bottom up). Node 1a duong nhién
12 mot heap. NE&u cay con bén trdi va ciy con bén phai déu 1a mot heap
thi toan bo cay cling 13 mot heap. Nhu vy, dé tao thanh heap, ching ta
thuc hién so sdnh noi dung node bén trdi, ndi dung node bén phai véi
node cha ciia né, node nio c6 gia tri 16n hon sé dugc thay déi 1am noi
dung clia node cha. Quad trinh 14n nguoc lai cho téi khi gap node goc,
khi d6 noi dung node géc chinh 1a khod c6 gia tri 16n nhat.

Giai doan thit hai cta gidi thuat 12 dua néi dung cia node géc vé
vi tri cudi cling va ndi dung cta node cudi cing duge thay vao vi tri
node goc, sau d6 coi nhu node cudi ciing nhu da bi loai bo vi thuc t&€
node cudi cung la gia tri 16n nhit trong day so.
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Cay méi duge tao ra (khong ké phén tlr loai bé) khong phai 1a mot
heap, ching ta lai thuc hién vun thanh déng va thyc hién tuong to nhu
trén cho tdi khi déng con mot phan tir 12 phan 1t bé nhat clia diy.

D¢ phite tap thuat todn cia Heap Sort

Coax = Cp = O (nt log,n)

Giai thuat Heap Sort duoc 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 s&:");
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,f,ivalue;

for(k = 1; k < n; k ++) {
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x = AK];

s=k f=(s-1)/2

while(s > 0 && Aff] < x) {
Als] = Alf];
s=f f=(s-1)/2

}

Als]=x;

}
forflk=n-1,k>0; k-}{

ivaiue = ALk[;

AlK] = A{Q];

f=0;

if(k == 1)
s=-1;

else
s=1;

if(k > 2 && A[2] > A[1])
5 =2,

while(s >= 0 && ivalue < Afs}) {
Alf] = Als];
f=sg:s=2"f+1;
ifis+1<=k-18&&A[s]<A[s + 1]}

s=s+1;
ifls>k-1)
s=-1
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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; clrser();
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):

}

7.8. GIAI THUAT MERGE SORT

Sap x€p theo Merge Sort 12 phuong phdp sip x&p bing cach tron
hai danh sdch di dugc sip x&p thanh mot danh sich di dugc sép xép.
Phuong phdp Merge Sort dugc tién hanh thong qua céc budc sau:

- Buéc 1: Coi danh sdch 1a n danh sidch con mébi danh sich con
g6ém mot phén tir, nhu vay cdc danh sdch con di duge sép xép.
Tron timg cap hai danh sich con k& can thanh moét danh sich
c6 hai phan t&r dd dugc sip x€p, chiing ta nhan duoc n/2 danh
séch con da dugce sip xép.
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Buéce 2: Xem danh sdch can sap x&p nhu n/2 danh sdch con di
dugc sdp xép. Tron cap hai danh sach k&€ cén thanh timg danh
sdch c6 4 phédn tir d3 dugc sap xép, ching ta nhan dugc n/4
danh sach con.

Thuc hién ti€p cic buéc 3, 4 ...

Buéc thit i: Lam tuong tu nhu budc i - 1. Qua trinh duoc tiép
tuc khi ching ta nhén duoc danh sdch c¢6 n phan tir da duge sap
xé&p. Vi du véi day:

42 23 74 11 68 58 94 36

Lan1: [23 42] [11 74] [58 68] [94 36]
Lan2: [11 23 42 74] [36 58 68 94]
Lan3: [11 23 42 36 58 68 74 94]

Chuong trinh cai dat giai thuat Merge Sort dugce thuc hién nhu 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 tnit(int *A, int n) {

inti;

printf("\n Tao lap day s8:");

for(i=0; 1< n;i++){
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Ali] = random(1000);
printf{"%5d" A[i});
}
delay(1000);
}
void Merge(int *A, int n) {
int i,j,klow1,up1,low2,up2,size;
int *dstam; size = 1; dstam = (int *) malloc(n*sizeof(int));
while{size < n) {
low1 =0; k = 0Q;
while(low1 + size < n) {
low2 = low1 + size; up1 = low2 - 1;
if{low2 + size - 1 < n)
up2 = low2 + size - 1;
else
up2=n-1;
for(i = low1, j = low2; i < = up? && j < = Up2; k ++) {
H(ALT] < = A[j])
dstam[k] = Afi ++ J;
else
dstamlk] = A[j ++ ],
}
for(; i < = up1; k ++)
dstam[k] = A[i ++];
for(; i < = up2; k ++)
dstam[k] = A]j ++1];
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}

low1 =up2 + 1;
}
for(i = low1; k < n; i +4)
dstam[k ++ ] = A[i];
for(i=0;i<n;i++)
Ali] = dstam([i};
size” = 2,
}
printf("\n Két qua:");

In(A,nY; 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 "An; clrscr();

printf("\n Nhap n = "); scanf("%d",&n};

A = (int ) malloc{n*sizeof(int));
Init{A,n); Merge(A,n); printf("\n"};
free(A);
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7.9. TIM KIEM (SEARCHING)

Tim ki€m la cong viéc quan trong doi véi cdc hé thong tin hoc va
¢é lién quan mat thiét véi qud trinh sap xép dif lidu. Bai todn tim kiém
téng quét ¢6 thé duge phat biéu nhu sau:

“Cho moét bang gdm n ban ghi R,, R, ..., R,. V&i méi ban ghi R,
duoc twong ung vér mot khod k; (trudng thit i trong record). Hay tim
ban ghi cé gia tri cita khod bang X cho trude”.

Néu chiing ta tim dugc ban ghi ¢6 gid tri khéa 1a X thi phép tim
kiém duge thod (successful). Néu khong ¢ gid tri khéa nao 1a X, thi
qua trinh tim ki€m la khéng thoa (unsuccessful). Sau qua trinh tim
ki€m, c6 thé xuét hién yéu cdu bo sung thém ban ghi méi cé gid tri
khéa 12 X thi gii thuat duoc goi 1a gidi thuat tim ki€m b sung.

7.9.1. Tim ki€m tuan tu (Sequential Searching)

Tim ki€m tudn tu 13 k¥ thuat tim ki€m c6 dién trén mot danh sach

chua duge sap x€p. Noi dung ¢o ban clha phuong phap tim ki€m tuan tu
12 duyét tir ban ghi thit nhat cho t6t ban ghi cudi cling, va so sanh lan
luot gia tri cha khod véi gia tri X cdn tim. Trong qud trinh duyét, néu
c6 ban ghi trung v6i gid tri X thi chiing ta dua ra vi tri cia ban ghi
trong day, n€u duyét tdi cudi ddy ma khong ¢6 ban ghi nao ¢é gid tri
cua khod trang véi X thi qua trinh tim ki€m tra lai gid tri - 1 ( - 1 dugc
hiéu 12 gia tri khod X khong thuoc diy). Chuong trinh cai dat phuong
phép tim ki€m tuan tu duoc thuc hién nhu sau:
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <alloc.h>
#include <dos.h>

int Sequential(int *, int, int);



402

Gido trinh Ky thuat Iap trinh

void [nit(int *, int);
void Init(int *A, int n) {

inti;

printf("\n Tao 13p day s&:");

for(i=0;i<n;i++){
AJi] = random(1000);
printf("%5d" Ali]);
}
delay(1000);
'
int Bubble{int *A, int x, int n) {
register i,temp;

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

if(A[l] == X)
return(i);
}
return( -1);

}
void main{void) {

int *A,n, x, k; clrscr();

printf("\n Nhap n = "); scanf("%d",&n};
printf("\n S& x can tim:"); scanf("%d”, &x);

A = (int *) malloc(n*sizeof(int));

k = Sequential(A, x, n);

printf(\n %d & vi tri %d", x, K);
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else
printf(“\n %d khdng thudc day”);
free(A); getch();
}

7.9.2. Tim ki¢ém nhi phan (Binary Searching)

Tim kiém nhi phan 1 phuong phdp tim ki€ém pho bién dugc thuc
hién trén mot diy da dugc sdp thi ty. Noi dung cla gidi thuat duoc
thuc hién nhu sau: 14y khéa cin tim kiém X so sanh véi noi dung cia
khéa cuia phan tir & gilta, vi tri cia phan tir & gifta 1a mid = (low +
hight)/2, trong d6 can dudi low = 0, can trén hight = n - [. Vi day da
duge sip xép nén néu noi dung cla khéa tai vi tri gilta 16n hon X thi
phan tit cin tim thudc khodng [mid + 1, hight], n€u ndi dung cha khoéa
tai vi trf gilta nhd hon X thi phén ti cdn tim thuge khodng {low, mid -
1], néu noi dung cua khéa tai vi tri gifta tring v6i X thi d6 chinh 1a
phén t&r cin tim. & bude tiép theo, néu noi dung cua khoa tai vi tri giia
16n hon X thi ta dich chuyén can dudi fow 1én vi tri mid + 1, néu noi
dung clia khéa tai vi tri giita nho hon X thi ta dich chuyén can trén vé
vi trf mid - 1. Qua trinh dugc lap lai cho téi khi gap khéa ¢6 noi dung
trung v&i X hoic can dudi vugt qué can trén hay X khong thudc day.
Thuat todn tim ki€m nhi phan dugc minh hoa nhu sau:

int Binary_Search(int *A, int X, int n) {
int mid, low =0, hight =n - 1;
while {low < = hight) { /f 1ap néu can dudi van nhd han can trén
mid = (low + hight) / 2; It xac dinh vi tri phan t & gilia
if(X > Ajmid]} low =mid + 1; i X thude [mid + 1, hight]
eise if(X < Ajmid]} hight = mid - 1; #/ X thudc [low, mid - 1}

else return{mid);
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return( -1); # X khéng thudc day
}
Chuong trinh cu the duoc cai dat nhu sau:
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <alloc.h>
#include <dos.h>
int Binary_Search(int *, int, int);
void Bubble(int *, int);
void Init(int *, int);
int Binary_Search(int *A, int X, int n) {
int mid, low =0, hight=n - 1;
while (low < = hight) {
mid = (low + hight)/2;
if(X > Almid]) low = mid + 1;
else if(X < A[mid]) hight = mid - 1;
else return (mid);
}
return( - 1};
}
void Init(int *A, int n) {
int i;
printf("\n Tao lap day s6:");
for(i=0;i<n;i++){

Ali} = random(1000);

27{t) - 283
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printf("%5d", Ali]);
}
delay(1000);
}
void Bubble(int *A, int n) {
register i,j,temp;
for{i=1;i<n;i++){
forj=n-1;j>=ij-){
(Al - 11> ALl {
temp = A[j - 1J;
Alj- 1] = AlL
A[j] = temp;

}
printf("\n K&t qua lan:%d", i);
In{A.n);

}

void In{int *A, int n) {
register int i;
for(i=0;i<n;i++)

printf("%5d", A[i});

detay(1000);

t

void main{void) {

int *An, X, k; clrscr();
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printf("\n Nhap n = "}; scanf("%d",&n);
printf("\n 86 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 4 vi tri s6 %d”, X, k);
else
printf("\n %d khdng thudc day"):
getch();
free(A);
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7.1

7.2,

7.3.

7.4.

7.5.
7.6.
7.7,
7.8.
7.9.

BAI TAP CHUONG 7

Cai dat chuong trinh theo thuét todn Quick Sort khong dung
phuong phdp dé qui ma ding ciu tric stack.

Tim hiéu vé giai thuat Shell - Sort 1 phuong phap cai tién cua
Insertion Sort.

Cai dat lai gidi thuat Bubble Sort sao cho cdc node nhé duge diy
dan vé phia trude.

Mot Ternary Heap 12 cay tam phan gdn ddy dugc cai dat bang
mang mot chiéu, mdi node c¢6 ba node con. Noi dung ciia node
cha bao gidy cling 16n hon hoidc bang néi dung clia node con, céc
node duge dinh s6 tt O dén n - 1, node i ¢6 3 con la 31 + 1,
3i+ 2, 3i + 3. Hay cai dat giai thuat Ternary Heap.

Cai dat giai thuat Bubble Sort trén tép.

Cai dart giai thuat Insertion Sort trén €p.

Cai dat giai thuat Quick trén tép.

Cai dat cac giai thuat sdp xép theo nhiéu khod khéc nhau.

Nghién ciru va cai dat thuat toan tim ki€m tam phan.

7.10. Nghién ciru va cai dat thuét todn sap x&p kiéu hoa nhap thuc hién

trén t€p.

7.11. Viét chuong trinh chuyén déi mét tép dit liéu duge t6 chic theo

khuon dang *.DBF thanh tép kiéu text. Ngugc lai, chuyén déi tép
dit liéu kiéu text thinh mét tép dit liéu theo khuén dang DBF.

7.12. Tim hiéu céch sap xép va tim ki€m theo ki€u index cla cdc h¢

quan tri co sO dit liéu nhu foxpro hodc access.



PHY LUC

Cach hoc lap trinh t6t nhat la viét chuong trinh. Day la bai tap
tong két lai toan bo nhitng Kién thitc co ban nhat da dé cap trong gido
trinh va dugc thé hién lai bang mét chuong trinh. Chdng 161 hy vong
rang, sinh vién s€ hoan thanh n6 trude khi thi hét hoc phan cua gido
trinh nay.

Bai todn: Xay dung hé théng thuc hién nhitmg nhiém vu sau:
1. Xay dung tap thao tic trén tap cac ky tu:

Cho mot byte ky tu bt ky. Hay xay dung nhiing thao tic sau trén
byte k¥ tu do:

1.1. Nhan mot byte ky 1u;
1.2. Bdiky ty in thudng thanh ky tv in hoa;
1.3. Déi ky ty in hoa thanh k¥ tw in thudng;
1.4. Inra manhi phan cua ky t,
1.5. Chan hod byte 1¢ theo k¥ thuat parity;
1.6. Giai mi byte chan theo k¥ thuat parity;
2.  Xay dung tap thao tic trén tap cic s6 nguyén duong a, b:

Cho hai s6 nguyén duong a, b bat ky c6 biéu dién nhi phan tuong
ing la a = (a, a,, ..., a,%; b = (b, by, ..., b,). Hay xay dung tap
thao tic sau trén hat s6 nguyén ava b.

2.1. Nhan hai s6 nguyén duong a, b;
2.2. Chuyén a, b thanh s6 & hé co s6 bét ky;
2.3. Cong hai s6 nguyén a, b;
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2.4.
2.5.
2.6.
2.7.

Trix hai s6 nguyén a, b;
Nhan hai s6 nguyén a, b;
L&y phan du a mod b;

Tim u6c s6 chung 16n nhét cia a, b.

Xay dung tap thao tac trén cic xau ky tu:

Cho hai xau ky tr strl, str2. Trong dé, strlfi} = strl{j],

str2[1} = str2[j} v6i moi i # j. Hiy xay dung tap céc thao tdc sau
trén strl va str2.

3.1
3.2.
3.3.
34.
35.
3.6.

Nhap hai xau ky tu strl, str2;

Tim hiéu hai xau strl\str2;

Tim tich hogp hai xau strlustr?;

Tim giao hai xéu strlstr2;

Sap xép stristr? theo thi ty tir dién cdc ky tw;

Tim k¥ tr x bat ky c6 thudc strlustr2 hay khong bang k¥
thuét binary;

Xay dung tap thao tac trén mang s6 (da thic):

Cho da thitc A bac n, da thitc B bac m véi cdc hé s6 thuc. Hay
xay dung tap thao tac sau cho hai da thic:

4.1.
4.2,
4.3.
4.4.
4.5.
4.6.

Tao lap da thitc A bac n, da thitc B bac n;
Tinh gia tri da thic A, B tai x, cho trudc;
Tim dao ham cdp i cia A, B;

Tim da thic téng C = A + B;

Tim da thic hiéu C = A- B;

Tim da thic tich C = A*B;
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4.7. Tim da thic thuong va da thic phdn du clia A/B.
5. Xay dung tap thao fac trén mang ciac xau ky tu:

Cho mang cic xau ky tr duge Iau trong mot buffer. Trong dé,
mbi xau Ky tu 1a mot tir khod cia ngén ngit lap trinh C. Hay xay
dung cdc thao tdc sau trén tap cac tir khod:

5.1. Tao lap mang céc tir khod;

5.2. Tim tit khod dai nhat;

5.3. Tim tir khod ngin nhat;

5.4. Sap x€p mang tir khod theo thit tu tir dién;

5.5. Tim kiém mot tir khoa theo k¥ thuat Binary;

5.6. Ma hod mang tir khod theo k¥ thuat parity;

5.7. Giai ma mang tir khod theo k¥ thuat parity.
6. Xay dung tap thao tac trén ma tran veong:

Cho hai ma tran vuéng A, B cdp n. Hay x4y dung tap thao tic sau
trén hai ma trdn vuéng A va B.

6.1. Tao lap hai ma tran vudng A, B cédp n;
6.2. Tim hang, cot, dudng chéo cé téng s6 cdc phén tir 12 16n nhat;
6.3. Tim ma tran t1éng C = A + B;
6.4. Timma trantich C= A * B,
6.5. Tim ma tran chuyén vi AT, BT;
6.6. Tim ma tran nghich dao cta A, B.
7. Xay dumg tap thao tic trén cau tric:

Cho hai s6 phic a, b. Méi s8 phitc duge dinh nghia nhu mot cau
tric gom hai thanh phin (phdn thuc va phin 40). Hay xay dung
tap thao tac sau trén cau tric.



412

Gido trinh Ky thudt 18p trinh

10.

7.1.
7.2.
7.3.
7.4.
7.5.
7.6.

Tao lap hai s phiic a, b;

Tim téng hai s6 phttc ¢ = a + b;
Tim hiéu hai s6 phiic ¢ = a- b;
Tim tich hai s6 phic ¢ = a * b;
Tim thwong hai s6 phitc ¢ = a/b;

Tim can bac hai cuia s6 phiic a, b.

Xay dung tap thao tac trén file:

Cho tép viin ban dugc 16 chic thanh timg dong. Hiy xay dung tap
thao tic sau trén tép van ban dé.

8.1.
8.2.
8.3.
8.4.
8.5,
8.6.
8.7.

Pém s6 dong trong tép van ban;

Pém s6 tir trong tép van ban;

Tim dong dai nhat trong tép;

Tim tir dai nhat trong t€p;

Tim tan s6 xut hién cua tir x bat ky trong tép;
Ma hoa tép theo k¥ thuat caresa;

Giai mi tép theo k¥ thuat caresa.

Xay dung tap thao tac trén stack:

9.1.
9.2
9.3.
94.
9.5.
9.6.

Tao lap mot stack;

Kiém tra tinh réng cla stack;
Kiém tra tinh ddy ciia stack;
Thém phan tir vio stack;
Loai bo phan tir trong stack;

Duyét stack.

Xay dung tap thao tac trén hang doi:

10.1. Tao lap mot hang doi;
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11.

12.

10.2. Kiém tra tinh rong cta hang doi;

10.3. Kiém tra tinh ddy cia hang doi;

10.4. Thém phén tir vao hang doi;

10.5. Loai bd phan tir trong hang doi;

10.6. Duyét hang doi.

Xay dung tap thao tac trén tap danh siach moc noi don:

Hay xay dung chuong trinh quan 1y diém cia sinh vién bang mot
danh sdch moéc néi don. Bao gom:

11.1. Tao lap danh sach méc néi don;

11.2. Thém mot phan tir vao ddu danh sach méc néi don;
11.3. Thém mot phan tlt vao cudi danh sach méc néi don;
11.4. Thém mot phan tlr vao giita danh sach méc néi don;
11.5. Loai bo phén tlr & ddu danh sdch méc néi don;

11.6. Loai bo phén tir & cudi danh sdach méc néi don;
11.7. Loai bd phan tir ¢ cudt danh sdch méc noi don;
11.8. Duyét danh sach méc néi don;

11.9. Sdp x&p theo cic phdn tir chia danh séch méc ndi don theo
mot khoa nao d6;

11.10. Tim kiém theo céc phan tit ctia danh sdch theo mét khod
nao do;

11.11. In bang xé&p loai sinh vién.

Xay dung tap thao tac trén danh sich mée noi kép:
12.1. Tao lap danh sach méc noi kép;

12.2. Thém moét phan tit vao dau danh sdch mdc néi kép;

12.3. Thém mot phin tir vao cudi danh sach méc nai kép;
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13.

14.

12.4. Théem mot phan tir vao giita danh séch méc néi kép;
12.5. Loai bo phan tr & ddu danh séch méc ndi kép;

12.6. Loai bo phén tir & cudi danh sdch mée ndi kép;
12.7. Loai bo phén tir & cudi danh sdch méc néi kép;
12.8. Duyét danh sach méc noi kép;

12.9. Sip x&p theo cdc phén tif clia danh sdch méc n6i kép theo
mét khoa nao do;

12.10. Tim ki€m theo cac phan tir cua danh sdch theo mot khod
nao do;

Xay dung tap thao tac trén cay nhi phan:

13.1. Tao 1ap mét cay nhi phan;

13.2. Thém mot node vao nhdnh bén trdi cua mot 14,
13.3. Thém mot node vao nhanh bén phai cua mot 1a;
13.4. Loai b6 node 14 nhanh bén trdi cia mot node;
13.5. Loai bo node 14 nhanh bén phat ctia mot node;
13.6. Loai bo ca cay;

13.7. Xdc dinh do cao cua cay;

13.8. Tim ki€m node trén cay;

13.9. Duyét cay theo thit ty trudc;

13.10. Duyét cay theo thir tu sau;

13.11. Duyét cay theo thi tr giiia;

Xay dung tap thao tic trén cay nhi phan tim kiém:
14.1. Tao lap node goc cla ciy nhi phan tim kiém,
14.2. Thém mot node vao cay nhi phan tim kiém,;

14.3. Loai bo node trdi trdi ciia moét node;
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14.4. Loai bo node bén phai ctia mot node;
14.5. Loai bo ca cay; |
14.6. X4c dinh d6 cao cua cay;
14.7. Tim ki€ém node trén cay;
14.8. Duyét cay theo thit tu trudc;
14.9. Duyét cay theo thi tu sau;
14.10. Duyét cay theo thi tu giira;
15. Duyét va dé qui:
15.1. Duyét cac tap con clia tap gdbm n phan tix;
15.2. Duyét moi tdp con m phan tir tr tdp gébm n phén ti;
15.3. Duyét moi hodn vi cua tap gom n phén ti;

15.4. Duyét moi cach phan chia s6 tu nhién n thanh t6ng céc s6
tu nhién nho hon;

15.5. Duyét moi bd gid tri trong tap céc gia tri roi rac;
15.6. Giai bai toan cdi tii;
15.7. Gii bai toan nguoi du lich.

16. DPudng di chu trinh trén dé thi:

Cho d6 thi G = <V, E> rong d6 V la tap dinh, E 12 tap canh duoc
bi€u dién nhu mot ma tran ké A, Hay xay dung tap thao tic sau
trén do thi:

16.1. Duyét d6 thi theo BFS;

16.2. Duyét do thi theo DFS;

16.3. Tim s6 thanh phan lién théng cia d6 thi theo DFS;

16.4. Tim s6 thanh phan lién théng ctia d6 thi theo BFS;

16.5. Tim dudng di tir dinh i dén dinh j clia d6 thi theo DFS;
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17.

18.

16.6. Tim duong di tir dinh i dén dinh j cia do thi theo BFS;
Do thi Euler & dé thi Hamilton:

Cho d6 thi G = <V, E> trong d6 V 1a tap dinh, E 1a tap canh duge
biéu dién nhu mot ma tran ké A,. Hiy xay dung tap thao tic sau
trén do thi:

17.1. Kiém tra tinh lién thong cua dé thi;

17.2. Kiém tra dé thi ¢6 chu trinh Euler hay khong;
17.3. Tim mot chu trinh Euler cua dé thi;

17.4. Liét ké moi chu trinh Euler cua dé thi;

17.5. Kiém tra do thi ¢6 dudng di Euler hay khong;
17.6. Liét ké moi duc‘mg'di Euler ctia d6 thi;

17.7. Liét ké moi chu trinh Hamilton cta d6 thi;
17.8. Liét ké moi dudng di Hamilton ctia do thi.
Po thi trong so:

18.1. Tim mot cay bao triim cha do thi vo hudng lién thong theo
thuat toan BFS;

18.2. Tim mot cay bao trum ciia do thi vo hudng lién thong theo
thuat toan DFS;

18.3. Tim cay bao trum nhd nhét trén d6 thi vé hudng lién thoéng
o trong so (thuat todn Kruskal);

18.4. Tim dudng di ngin nhat xuft phit tai mot dinh (thuat todn
Ford-Bellman});

18.5. Tim dudng di ngin nhdt xudt phat tr mot dinh t6i 14t ca cic
dinh khéc cha d6 thi trong trudng hop d6 thi ¢d trong s6
khong am (Thuét todn Dijkstra);

18.6. Tim dudng di ngin nhat giita tat ca cdc cip dinh (thuat toin
Floyd).
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19. Cac giai phap sap x€p va tim kiém:
19.1. Sap x€p kiéu lua chon;
19.2. Sip xép ki€u sui bot;
19.3. Sap x€p kiéu trén truc tiép;
19.4. Sap xép nhanh Quick Sort;
19.5. Sap xép kiéu vun déng Heap Sort;
19.6. Tim Kiém tuyén tinh;
19.7. Tim ki€ém nhi phan;
19.8. Tim ki€m trén cay.
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