Chuong 1: Gi@i thiéu cau tric dit liéu va gidi thudt
1. MGi lién hé gilta Cau tric dit li€u va Gidi thuat

1.1. Cau triic dirliéu.

C6 th€ néi rang khong c6 1 chuong trinh mdy tinh nao ma khong c6 dit
liéu d€ xr 1y, d(r 1iéu c6 thé€ 1a d{F 1iéu vao, d{I li€u trung gian hodc d{r liéu
ra. Do vay, viéc t0 chlc d€ luu tr(r d{r 1iéu phuc vuU cho chuong trinh c6 y
nghia rat quan trong trong toan bd hé thOng chuong trinh. Viéc xay dung cdu
triic dir liéu quy€t dinh rat 16n dén chat lugng cling nhu cong sUc cla ngUdi
1ap trinh trong viéc thi€t k€ va cai dat chuong trinh.

1.2. Giai thuét.

Khéi niém gidi thudt hay thudt gidi nhi€u khi con dugc goi 12 thudt todn
dung d€ chi phuong phap hay cich thlc d€ gidi quy€t van dé. Gidi thuat cé
th€é dugc minh hoa bang ngdn nglr tu nhién (natural language), bang so do
(flow chart) hoac béng mi gid (pseudo code). Trong thuc t€, gidi thudt
thuOng dugc minh hoa hay th€ hién bang mi gid dua trén 1 hay 1 sO ngoén
ng(t 1p trinh ndo d6 (thudng 1a ngdn nglt ma ngUdi 1ap trinh chon d€ cai dat
thuat to4an) nhu Pascal, C,...

Khi dd xdc dinh dugc CTDL thich hgp, ngudi 18p trinh s€ bat dau tién
hanh xay dung thudt gidi tuong Ung theo yéu cau cla bai toan dat ra trén co
s&@ CTDL da dugc chon. D€ gidi quyét 1 van dé cé th€ c6 nhi€u phuong
phdp, do vay su lua chon phuong phép phit hgp 1a viéc ma ngU0i 1ap trinh
can phai can nhac va tinh todn IUa chon. SU 1ua chon nay ciing gép phan dang
k€ trong viéc gidm bét cong vi€c clia ngudi 1ap trinh trong phan cai dat trén
1 ngon ng(r cu thé.

1.3. Méi lién hé gitta CTDL va GT

*Thuc hién mOt dé 4n tin hoc 1a chuy€n bai toan thuc t€ thanh bai todn c6
th€ gidi quyét trén mdy tinh. MOt bai todn thuc t€ bat ky déu bao gdm cic
doi tuong dir liéu va cdc yéu cau xU 1y trén nhitng d6i tugng dé. Vi thé, dé
xdy dung mOt md hinh tin hoc phdn dnh dugc bai todn thuc t& can chi trong
dén hai van dé:

# TG chlc bi€u dién cdc d6i tugng thuc t€ :

Céc thanh phan dit liéu thuc t€ da dang, phong phi va thuOng ch(ra dung

nh{ing quan hé nio dé vGi nhau, do dé trong md hinh tin hoc cla bai todn, can
phadi t6 chlc , xdy dung céc cdu tric thich hop nhat sao cho vla c6 th€ phdn




anh chinh xdc cdc dr liéu thuc t& nay, vlra c6 th€ dé dang dung mdy tinh dé
xU 1y. Cong viéc nay dudc goi la xay dung cu tric dir liéu cho bai todn.

* Xay dung cic thao tic xUr 1v At liéu:

TU nhing yéu cau xU 1y thuc t€, can tim ra cdc gidi thudt tuong Ung dé
x4c dinh trinh tU céc thao tic mdy tinh phdi thi hanh d€ cho ra két qud mong
muOn, day 1a budc xay dung gidi thudt cho bai toan.

*Tuy nhién khi gidi quy€t mOt bai todn trén mdy tinh, ching ta thudng c6
khuynh huéng chi chid trong dén viéc xiy dung gidi thuat ma quén di tam
quan trong cUa viéc tG chlc dit liéu trong bai toan. Gidi thudt phdn 4nh cic
phép xUr 1y , con d6i tugng xU 1y cla gidi thudt 1ai 1a d{r liéu, chinh d{ li€u
chlfa dung cdc thong tin can thi€t d€ thuc hién gidi thuat. PE xéc dinh dugc
gidi thudt phit hgp can phai biét né tic ddng dén loai dit li€u nao (vi du dé€
1am nhuyén cdc hat ddu , ngudi ta ding cach xay ch(f khong bim bang dao, vi
dau sé ving ra ngoai) va khi chon 1ua cdu tric di li€u ciing can phdi hi€u 1o
nhi{ing thao tdc nao s€ tic dOng dén né (vi du d€ bi€u dién cdc di€m sO cUa
sinh vién ngUi ta ding sO thuc thay vi chuli ky tu vi con phdi thuc hién thao
tac tinh trung binh tU nhitng di€m s d6). Nhu vay trong mOt dé€ 4n tin hoc,
gidi thudt va cdu tric d{f liéu c6 mOi quan hé chdt ché v4i nhau, dugc thé
hi€én qua cong thUc :

Cau tric dit liéu + Gidi thudt = Chuong trinh

#V&i mOt cdu tric d{t li€u da chon, sé c6 nhiing gidi thudt tuong Ung, phil
hop. Khi cdu tric d{f 1iéu thay dGi thulng gidi thudt ciing phdi thay d6i theo
d€ tranh vi€c x(r Iy guong ép, thi€u tu nhién trén mOt cau tric khdng phit hop.
Hon nira, mOt cdu tric dit 1iéu tOt s€ gidp gidi thudt x 1y trén d6 c6 thé phat
huy tdc dung tOt hon, vUra dip Ung nhanh vlra ti€t ki€m vat tu, gidi thudt
cting dé hiéu va don gidn hon.

2. Ki€u dit liéu, mé hinh dir liéu, ki€u dit liéu trltu tuong.

2.1. Ki€u dir liéu va cau tric dir liéu.

Trong cac ngdn ng(r 1ap trinh bac cao, cac di li€u dugc phan 18p thanh cdc
16p dir liéu dua vao ban chat cla d{F liéu. M6i mbt 16p dir liéu duoc goi 1a
mOt ki€u dir liéu. Nhu vay, mOt ki€u T 1a mOt tdp hgp nao d6, cic phan tir
cUa tap duoc goi 1a céc gid tri cUa ki€u. Chang han, ki€u integer 12 tp hop
cdc sO nguyén, ki€u char 1a mOt tap hitu han cic ky hi€u. Cdc ngon nglr 1ap
trinh khédc nhau c6 thé c6 cac kiéu d{ liéu khac nhau. Fortran c6 cac ki€u dit
liéu 1a integer, real, logical, complex va double complex. Cac ki€u dit liéu
trong ngdn nglt C 1a int, float, char, con trG, struct..., Ki€u d{ 1iéu trong ngdn
ng(t Lisp 1ai 1a cdc S-biu thlic. MOt cdch tOng quat, mOi ngdn nglt 1&p trinh
c6 mOt hé ki€u cUa riéng minh. Hé ki€u clla mOt ngdn ng(r bao gbm céc ki€u



d{r 1liéu cO sG va ciac phuong phéap cho phép ta ti cac ki€u d{f liéu da c6 xay
dung nén cic ki€u d{t li€u mdi.

Khi n6i dén mOt ki€u d{f liéu, chiing ta can phdi dé cap dén hai dac
trung sau day:

1. Tap hop cdc gid tri thudc ki€u. Chang han, ki€u integer trong ngdn
ng(t Pascal gOm tat cd cic sO nguyén dugc bi€u di€n badi hai byte, tlc 12 gbm
cic sO nguyén tU -32768 dén + 32767. Trong cic ngdn ng(t 1ap trinh bac cao
mOi hang, bi€n, bi€u th(c hodc ham can phdi dudc gan véi mot kiu dir
liéu xdc dinh. Khi d6, moi bién (bi€u thlc, ham) chi c6 thé nhén cic gid tri
thudc ki€u cla bién (biu thlrc, ham) dé.

Vi du , néu X 12 bi€n c6 ki€u boolean trong Pascal (var X : boolean) thi
X chi c6 th€ nhan mOt trong hai gia tri true, false.

2. V6i mOi ki€u dit liéu, can phdi xdc dinh mOt tdp hgp nao d6 cic
phép todn c6 thé thuc hién dudc trén cdc dif liéu cla ki€u. Chang han, vGi
ki€u real, cdc phép todn c6 thé thuc hién dugc 1a cdc phép todn s6 hoc thong
thudng +, -, *, /, va cdc phép todn so sdnh =, <>, <, <=, >, > =

Thong thuong trong mOt hé ki€u clla mOt ngdn nglt 1ap trinh s& c6 mOt
sO ki€u d{t liéu dugc goi 1a ki€u dir liéu don hay ki€u di liéu phdn tF
(atomic).

Chang han, trong ngdén nglt Pascal, cic ki€u dit liu integer, real,
boolean , char va céc ki€u liét ké dugc goi 1a cac ki€u d(r liéu don. SG di goi
12 don, vi céc gid tri cUa cdc ki€u nay dugc xem la cdc don th€ don gidn nhat
khong th€ phan tich thanh c4c thanh phan don gidn hon dugc nita.

NhU di néi, khi gidi quyét c4c bai toan phUc tap, chi s& dung céac di
liéu don 1a khong dU, ta phdi can dén cic cdu triic dir liéu. MOt cau tric dF
li€u bao gdm mot tap hop nao d6 cic dif liéu thanh phdn, cic dit li€u thanh
phan nay dudgc lién két v&i nhau bdi mOt phuong phap nao d6. Cac dit 1iéu
thanh phan c6 thé 1a d{t liéu don, hodc ciing ¢ thé 1a mot cau tric dit liéu da
dugc xay dung. C6 th€ hinh dung mot cdu tric dit liéu dugc tao nén tU cic
1€ bao (kh6i xdy dung), mOi t€ bao c6 thé xem nhu mOt cdi hdp chira dit liéu
thanh phan.

Trong Pascal va trong nhi€u ngdn ng(t thong dung khic c6 mOt cich don
gidn nhat d€ lién két cic t€ bao, d6 1a sap xEp céc té bao chlfa cic dit liéu
cing mét ki€u thanh mdt day. Khi dé ta c6 mOt cdu tric dit li€u dugc goi Ia
mdng (array). NhU vay, c¢6 th€ néi, mOt mang 1a mOt cdu tric df li€u gbm
mOt ddy xdc dinh cic d{t liéu thanh phan ciing mét ki€u. Ta van thuGng néi
dén mang cdc sO nguyén, mang cic sO thuc, mang cdc ban ghi, ... MOi mOt
dir liéu thanh phan clUa mang dudc gan v6i moOt chi s6 tUr mOt tap chi sO nao
d6. Ta c6 th€ truy cap d€n moOt thanh phan nio d6 clla mang bang cach chi ra
tén mang va chi sO cla thanh phan dé.



MOt phuong phép khac d€ tao nén céc cau tric d{ 1iéu mdi, 13 két hgp
mOt sO t€ bao (c6 th€ chira cdc dif liéu c6 ki€u khic nhau) thanh mOt bdn ghi
(record). C4c t€ bao thanh phan cla bdn ghi dugc g0i 1a cic truOng clia ban
ghi. C4c ban ghi dén lugt 1ai dudc st dung lam cic t€ bao d€ tao nén cic
cau tric d{r liéu khéc. Chang han, mot trong cic cdu tric dir liéu hay dugc st
dung nhat 12 mang cic ban ghi.

Con mOt phudng phap quan trong nita d€ ki€n tao cic cau tric d{f liéu,
d6 1a s dung con trd. Trong phuoOng phap nay, moOi t&€ bao 1a mOt ban ghi
gOm hai phan INFO va LINK, phan INFO c6 th€ c6 mOt hay nhi€u truOng d{f
liéu, con phan LINK c6 th€é chta mOt hay nhi€u con tr0 trd dén céc t€ bao
khac c6 quan hé vdi t€ bao d6. Chang han, ta c6 thé cai dat mOt danh sich
bGi cdu tric d{t liéu danh sich lién két, trong d6 mobi thanh phan cla danh
sach lién k€t 12 ban ghi gOm hai truGng

type Cell =record

element : Item ;
next : NCell ;
end ;

O day, trudng element c6 ki€u dit 1iéu Ttem, mot kiéu dif liéu nao dé
cUa c4c phan tU cUa danh sich. TruOng next 1a con trQ trd t&i phan tUr ti€p
theo trong danh sich. C8u tric d{t liéu danh sich lién két bi€u dién danh sich
(ay, ay,...., a,) c6 th€ dudc bi€u dién nhu trong hinh 1.1

a4y > > g,

Hinh 1.1: Cau tric d{f li€u danh sich lién két.

SU dung con tro d€ lién két cic t€ bao 1a mOt trong cdc phuong phap
ki€n tao cic cdu tric d{f li€u dugc 4p dung nhi€u nhat. Ngoai danh sich lién
két, ngUdi ta con dung céc con trd d€ tao ra cic cau tric dit 1iéu biu dién
ciy, mOt mo hinh d{ li€u quan trong bac nhat.

Trén day ching ta da néu ba phuOng phap chinh d€ kién tao céc cdu
triic d{r li€u. (O day chiing ta chi n6i dén cic cdu tric d li€u trong b0 nhé
trong, cac cau tric d{t li€u & b0 nhG ngoai nhu file chi sO, B-ciy sé& dugc dé
cap riéng.)

MOt ki€u d{f li€u ma cdc gid tri thudc ki€u khong phdi 1a cac d{F liéu
don ma 1a cdc cdu tric dF liéu duoc goi 1a ki€u diF liéu cé cdu tric. Trong
ngdn nglt Pascal, cic ki€u dit li€u mang, ban ghi, tap hop, file déu la céc
kiu d{f liéu c¢6 cau tric.

* Cdc phép todn két hop dirliéu.



1. Céc phép todn sO hoc. D6 1a cic phép todn + , -, * , / trén cdc sO thuc ;
cdc phép todn +, - *, /, div, mod trén cic sO nguyén.

2. Céc phép todn so sanh. Trén cic dOi tugng thulc cic ki€u c6 th(r tu (d6
1a cdc ki€u cO s3 va ki€u tap), ta c6 thé thuc hién cic phép todn so sinh =, <
>, <, <=, >, >=. Can luu y rang, két qua cla cdc phép todn nay 1a mOt gi4 tri
ki€u boolaen (tlc 1a true hodc false).

3. Cac phép toan logic. D6 1a cac phép todn and, or, not dugc thuc hién trén
hai gid tri false va truc cUQa ki€u boolean.

4. C4c phép todn tap hgp. Cac phép toan hgp, giao, hi€u cla cic tap hop
trong pascal dugc bi€u dién bdi +, *, - tudng Ung. Viéc ki€m tra mdt doi
tUong x c6 1a phan tU clia tap A hay khong dugc thuc hi€n bdi phép todn x in
A. K&t qua cUa phép todn nay 1a mot gia boolean.

2.2. M6 hinh dirliéu va kiéu dit liéu tritu tuong
2.2.1. M6 hinh dit liéu.

D& gidi quyét mOt van dé trén MTDT thong thuOng chiing ta can phdi
qua mOt sO giai doan chinh sau day :

1. Bat bai todn

2. Xay dung mo hinh

3. Thi€t k& thudt to4n va phan tich thudt todn

4. Viét chuong trinh

5. Th(& nghiém.

Chiing ta s€ khong di siu phan tich tUng giai doan. Ching ta chi mudn lam
sang t6 vai trd cla mo hinh d{t li€u trong vi€c thi€t k€ chuong trinh. Xét vi du
sau.

Vi du. MOt ngudi giao hang, hang ngiy anh ta phdi chuyén hang tU mot
thanh phO dén moOt s thanh phO khic rdi 1ai quay vé thanh phO xuat phit.
Van dé cla anh ta 13 1am th€ nio c6 dugc mOt hanh trinh chi qua moOi thanh
phO mOt 1an v&i dudng di ngan nhat c6 thé dugc.

Chiing ta th(r gitip ngUdi giao hang mo td chinh x4c bai todn. Trudc hét, ta
can trd 10i cau hoi, nhig thdng tin d bi€t trong bai todn ngUdi giao hang 1a
gi 7 D6 1a tén cla cic thanh phO anh ta phdi ghé qua va d6 dai cdc con dudng
c6 th€ c6 gilra hai thanh phO. Chiing ta can tim cdi gi ? MOt hanh trinh ma
ngUdi giao hang mong mu6n 12 mét danh sich cic thanh phO A} A,..A,,; (gid
s ¢6 n thanh phd), trong d6 cic A, (i=1,2,...,n+1) déu khdc nhau, trlr A,,; = A,.

Véi mOt van dé dat ra tU thuc tién, ta ¢6 th€ md ta chinh xdc van dé dé6
hodc cdc bO phan cla né (van dé con) b&i mOt md hinh todn hoc nao do.
Chang han, md hinh toin hoc thich hop nhat d€ mo td bai toan ngudi giao



hang 12 d0 thi. C4c dinh cUa d0 thi 1a cdc thanh phO, cdc canh cla do thi 1 cic
dudng nOi hai thanh phd. Trong s6 cla cdc canh 1a d6 dai cdc dudng nOi hai
thanh phO. Trong thudt ng(f cUa ly thuyét do thi, danh sich cic thanh pho biu
dién hanh trinh cUa ngudi giao hang, 1a mOt chu trinh qua tat cd cdc dinh cUa
do thi. Nhu vay, bai todn ngUdi giao hang dugc qui v€ bai todn trong 1y thuyét
d0 thi. Tim mOt chu trinh xudt phat t& mOt dinh qua tat cd céc dinh con 1ai véi
d0 dai ngan nhat.

Bai toan ngUdi giao hang 12 mOt trong céc bai todn di trd thanh kinh dién.
N6 dé md hinh hod, song ciing rat khé gidi. Ching ta s€ quay 1ai bai todn nay.

Can luu ¥ rang, d€ tim ra cau tric toan hoc thich hgp vGi mot bai todn da
cho, chiing ta phai phan tich k¥ bai todn d€ tim ra cau trd 10i cho cic cau hodi
sau.

Céc thong tin quan trong cUa bai todn c6 th€ bi€u di€én bdi cic dbi tugng
toan hOc nao?

C6 cac mOi quan hé nao gilta cdc doi tugng?

Cic k€t qua phai tim cUa bai todn c6 thé bi€u di€n bdi cac khdi ni€ém toan
hQc nao.

Sau khi di ¢6 mo hinh todn hoc mo td bai todn, mOt cau hoi dat ra I3, ta
phdi 1am viéc v4i mo hinh nhu thé nio d€ tim ra 10i gidi cUa bai todn ? Chiing
ta s& thi€t k€ thudt todn thong qua cdc hanh d0ng, cdc phép toan thuc hién trén
céc dOi tugng cla md hinh.

MOt md hinh todn hoc cling v&i cdc phép todn c6 th€ thuc hién trén cic doi
tuong cla mo hinh dugc gQi 1a mé hinh dir liéu. Chéng han, trong md hinh
dit liéu d6 thi, trong sO rat nhi€u cdc phép todn, ta c6 thé k&€ ra mOt s& phép
todn sau : tim cc dinh k& cUa moi dinh, x4c dinh duGng di ngan nhat ndi hai
dinh bat kY, tim c4c thanh phan lién thong, tim c4c dinh treo,.. V& mat toin
hoc, danh sdch 1a mOt day h(tu han n phan tU (ay, a,, ..., a,). Trong mo hinh d{
liéu danh sich, ching ta ciing c6 thé€ thuc hién mOt tdp hgp rat da dang cic
phép toan, chang han nhu, xdc dinh d0 dai cla danh sich, xen mOt phan t(r
mdi vao danh sich, loai mOt phan tU nao d6 khdi danh sach, sap x€p 1ai danh
sach theo mOt trat tU nao d6, gdp hai danh sach thanh mOt danh sich.

Trd 1ai bai todn ngudi giao hang. C6 nhi€u thudt todn gidi bai todn nay.
Chang han, ta c6 th€ gidi bang phuong phép vét can : gid st ¢6 n thanh pho,
khi d6 mOi hanh trinh 12 mOt hodn vi cUa n-1 thanh phd (trlr thanh ph6 xuat
phat), thanh 18p (n-1)! hodn vi, tinh d6 dai cUa hanh trinh Ung v&i mobi hodn vi
va so sdnh, ta s& tim dudc hanh trinh ngan nhat. Ta ciing ¢ th€ gidi bai todn
bang phuong phap qui hoach ddng (Phuong phdp nay s€ dugc trinh bay 4 tap
2 cUa s4ch nay). Sau diy ta dua ra mOt thudt todn don gidn. Thudt todn nay
tim ra rat nhanh nghiém "gén didng", trong truOng hop c6 dudng di ndi hai
thanh ph& bat kY. Gia st G 1a mdt db thj (Graph), V 1a tap hop cdc dinh



(Node), E 1a tap hgp céc canh cla né. Gid st c(u,v) 12 d dai (nguyén duong)
cUa canh (u,v). Hanh trinh (Tour) cUa ngUdi giao hang c6 thé xem nhuU moOt
tap hop nio dé cac canh. Cost 1a dd dai cUa hanh trinh. Thudt todn dudgc bi€u
dién bdi thu tuc Salesperson.

procedure Salespersen (G : Graph ; var Tour : set of E ;
var cost : integer) ;
var v, w: Node
U:setof V;
begin
Tour:=[];
Cost :=0;
V 1=V, {V, - dinh xuat phat}
U:i=V-[vl;
while U< >[ ]do
begin
Chon (v, w) 1a canh ngdn nhét véi w thudc U ;
Tour : = Tour + [(v, W)] ;

Cost : =Cost+c (vV,w) ;

Vi=W;
U:=U-[w];
end ;

Tour : = Tour + [(v,V,)] ;
Cost : = Cost + ¢(V,V,) ;
end;

Thuat todn Salesperson dugc xdy dung trén co s& mo hinh d{ liéu do thi
va m6 hinh d{ li€u tap hgp. N6 chla cic thao tic trén do thi, cic phép toan tap
hgp. Tu tuéng cUa thudt todn nhu sau. Xudt phat t& Tour la tap rOng Gia su
ta xay dung dugc dudng di tU dinh xudt phat v, t&i dinh v. Budc ti€p theo, ta
sé thém vao Tour canh (v,w), d6 1a canh ngan nhat tUr v t6i cic dinh w khong
nam trén dudng di tU v, tdi v. D€ c6 dugc chuong trinh, ching ta phdi bi€u
dién d6 thi, tap hgp bdi cédc cdu tric dF liéu. Sau d6 viét cdc thU tuc (hodc
ham) thuc hién céc thao tdc, cic phép todn trén dO thi, tap hop cé trong thudt
toan.



Tém lai, qud trinh gidi mOt bai todn c6 thé quy vé€ hai giai doan k€ ti€p
nhU sau

1. X4y dung cic mé hinh d(r liéu mo ta bai toan. Thi€t k€ thudt todn bang
c4ch s dung céc thao téc, cac phép todn trén cac mo hinh d{r liéu.

2. Bi€u dién cdc md hinh dit liu b6i céc cdu tric dit liéu. V4i cdc cau
tric d{r 1i€u da 1ua chon, cdc phép todn trén cic mod hinh d{ li€u dugc thé
hi€én bai céc thU tuc (ham) trong ngdn ng(r 1ap trinh nao doé.

To4n hQc di cung cap cho Tin hoc rat nhi€u cau triic todn hoc c¢6 thé ding
1am mo hinh d{f liéu. Chang han, cic khai niém todn hoc nhu diy, tap hop,
anh xa, cay, do thi, quan hé, n(fa nhém, nhém, otomat,...Trong c4c chuOng sau
chiing ta s& 1an 1ugt nghién cltu mOt s6 moé hinh d{t liéu quan trong nhat,
dugc sU dung thUOng Xuyén trong cac thuat todn. D6 1a cdc mo6 hinh d liéu
danh séch, ciy, tap hgp. V&i mOi mo hinh dit liéu ching ta nghién cUu cdc
cach cai dat né bdi cic cau tric d{ li€u khic nhau. Trong mOi céach cai dat,
mOt sO phép toan trén md hinh c6 thé dugc thuc hién dé dang, nhung cic
phép todn khéac c6 thé 1ai khong thudn ti€n. Viéc 1ua chon cau tric dif liéu
nao d€ biéu dién mé hinh phu thudc vao tlng 4p dung.

NhU di néi, v&i mOi md hinh df liéu, ching ta c6 thé thuc hién mot tap
hgp cic phép toan rat da dang, phong phi. Song trong nhi€u 4p dung, ching ta
chi st dung m6 hinh vGi mo6t sO x4c dinh cdc phép todn nao d6. Khi d6 ching
ta s& c6 mOt kiéu dif liéu trltu tugng.

Nhu vay, mOt ki€u dir liéu trlru tOng (abstract data type) 12 mOt md hinh
dir liéu dugc xét cting v&i mot s6 xdc dinh céc phép todn nao d6. Chang han,
céc tép hop chi xét v3i céc phép todn : them mOt phan tU vao mot tép da cho,
loai mOt phan tr khdi mOt tdp hop da cho, tim xem mOt phan tU di cho cé
nam trong mOt tap hop hay khong, 1&p thanh ki€u d liéu trlu tugng
(KDLTT) tUr dién (dictionnaire).

Con KDLTT hang (hang dgi) 1a md hinh d{r liéu danh sdch cung v&i hai
phép todn chinh 13 : thém mOt phan t& mdi vao mOt dau danh sich, va loai
mOt phan t& & mOt dau khac cla danh sich. Chiing ta s& nghién clu k§y mOt
sO ki€u d{r liéu trUu tugng quan trong nhat : hang, ngin x€p (stack), tu di€n,
hang uu tién. Vi mOi KDLTT, cdc cau tric d(f liéu d€ bi€u dién né sé dugc
nghién clu. Ching ta ciing s€ ddnh gia hi€u qua cla cdc phép toan trong tUng
cdch cai dat.

2.2.2. Trtru tuong hoa dir liéu

May tinh thuc su chi c6 th€ 1uu trlf d(t li€u & dang nhi phan tho sO. Néu
muOn phdn 4nh dugc d li€u thuc té da dang va phong phid,can phdi xay
dung nhlng phép 4nh xa, nhlmg qui tac t6 chlc phlc tap che 1én tang dir
liéu thd, nham dua ra nhitng khéi niém logic vé& hinh th(c luu tr{t khdc nhau
thudng dugc goi 13 kiéu dir liéu . Nhu di phan tich & phan 1.1, gilta hinh



thUc 1uu tr(r dr li€u va céc thao tic xU 1y trén d6 c6 quan hé mat thi€t vGi
nhau. TU d6 c6 thé dua ra mOt dinh nghia cho ki€u dt 1iéu nhu sau :

2.2.2.1 Pinh nghia kiéu di liéu
Kiéu d{f liéu T duoc x4ac dinh bGi mbt bd <V,0> , v4i :
V : tép cic gia tri hop 1é¢ ma mét doi tuong ki€u T ¢ th€ luu trir
O : tap cac thao tac xU 1y c6 thé thi hanh trén déi tuong ki€u T.
Vi du: Gia s c6 ki€u d{F liéu mau tu = <Vc ,0c> v0i
Vc={azA-7Z}
Oc= { 18y mi ASCII cUa ky tu, bi€n dbi ky tu thudng thanh ky tu hoa...}
Gia sU c6 kiu di{r liéu s nguyén = <Vi ,0i> v0i
Vi = { -32768..32767)
Oi={+,-%/, %}
NhU vy, muOn st dung mOt ki€u dit 1iéu can nam ving ca ndi dung d{r
li€u dugc phép Iuu trlr va cdc xU 1y tdc dOng trén do.
Céc thuOc tinh cla 1 KDL bao gbm:
«Tén KDL
-Mién gi trj
-Kich thudc luu trlr
-Tap céc todn tU tdc dOng 1én KDL
2.2.2.2. Cac ki€u dir liéu co ban
Céc loai d{ li€u cO ban thuOng 1a céc loai d{ li€u don gidn, khong cé
cdu tric. Chiing thudng 13 cdc gia tri vo hudng nhu cic sO nguyén, sO thuc,
céc ky tU, céc gia tri logic ... Céc loai dr li€u nay, do tinh thong dung va don
gidn cla minh, thuOng dudc cic ngon nglt 1ap trinh (NNLT) cdp cao xay
dung san nhu mdt thanh phan cla ngdn nglt d€ gidm nhe coéng vi€c cho
ngUdi 1ap trinh. Chinh vi vay ddi khi ngUdi ta con goi ching 1a cac ki€u dit
li€u dinh san.
Thong thudng, cdc ki€u dif liéu co ban bao gbm :
Ki€u c6 thi tu r&i rac: s6 nguyén, ky tu, logic , liét k&, mién con ...
Ki€u khong roi rac: s6 thuc
Tuy ngdn nglr 1&p trinh, céc ki€u d{f liéu dinh nghia san c6 thé khic nhau
d6i chit. V&i ngdn nglr C, cac ki€u dit li€u nay chi gdm s nguyén, sO thuc,
ky tu. Va theo quan di€m cla C, kiu ky tu thuc chat ciing 12 ki€u s6 nguyén
v€é mat luu trlr, chi khdc vé cich st dung. Ngoai ra, gi tri logic PUNG
(TRUE) va gid tri logic SAI (FALSE) dugc biu dién trong C nhu 14 cdc gid trj
nguyén khéc zero va zero. Trong khi d6 PASCAL dinh nghia tat ca céc ki€u d{t



liéu cO sG da liét ké & trén va phan biét chiing mOt cdch chat ché. Trong gidi
han gido trinh nay ngdn nglt chinh ding d€ minh hoa sé 1a C.

Céc ki€u d(r liéu dinh san trong C gdm cic ki€u sau:

Tén ki€u |[Kthud Mi€n gia tri  |Ghi chii
c
Char 1 bytel-128 dén 127  |C6 th€ dung nhu sO nguyén 1 byte c6 dau hodc
ki€u ky tu
unsign char| 1 bytel0 dén 255 SO nguyén 1 byte khong dau
Int 2 byte|-32738 dén
32767
unsign int | 2 bytel0 d€n 65335  |C6 th€ goi tat 1a unsign
Long 4 byte|-2°2 dén 2°' -1
unsign long| 4 byte|0 dén 2%-1
Float 4 byte|3.4E-38 Gidi han chi tri tuyét d6i.Cic gid tri <3.4E-38
3.4E38 dudc coi = 0. Tuy nhién kiéu float chi c6 7 chi}
sO c6 nghia.
Double 8 byte|1.7E-308
1.7E308
long double| 10 byte(3.4E-4932
1.1E4932

MOt s diéu dang 1uu y doi véi cic ki€u d{F li€u co ban trong C 1a ki€u ky
tu (char) c6 thé diing theo hai céch (sO nguyén 1 byte hodc ky tu). Ngoai ra C
khong dinh nghia ki€u logic (boolean) ma né don gidn dOng nhat mOt gi4 tri
nguyén khic 0 v&i gid tri TRUE va gid tri 0 vGi gi4 tri FALSE khi ¢6 nhu cau
xét céc gid tri logic. Nhu vay, trong C xét cho cung chi ¢c6 2 loai d{ liéu co
bdn 1 s6 nguyén va sO thuc. TUc 1a chi ¢6 d{ liéu sO. Hon nita cdc s6 nguyén
trong C c6 thé dugc th€ hién trong 3 hé co sO 1a hé thdp phan, hé thdp luc
phan va hé bat phan. NhG nhitng quan di€m trén, C rat dugc nhing ngudi 1ap
trinh chuyén nghiép thich dung.

Cic ki€u cO s@ rat don gidn va khong th€ hién 6 sy td chlic df li€u trong
mOt cdu tric, thuOng chi dugc st dung lam nén d€ xay dung cic ki€u d{F
liéu phUc tap khéc.

2.2.2.3 Cac ki€u dit liéu cé cau tric
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Trong nhi€u truGng hdp, chi vGi cic ki€u dit liéu cd s& khong dU d€ phan
anh tU nhién va day dU ban chat cla su vat thuc t€, dan dén nhu cau phai
xdy dung cac ki€u d(f liéu md&i dua trén viéc t0 chlc, lién k€t cac thanh phan
d{r liéu c6 ki€u dit liéu di dugc dinh nghia. Nhing ki€u d{ liéu dugc xay
dung nhu th€ goi 1a ki€u d{ liéu c6 cau triic. Pa sO cic ngdn ng(r 1ap trinh
déu cai dat san mOt s6 ki€u ¢6 cdu tric cO ban nhu mang, chubi, tap tin, ban
ghi...vi cung cap cO ché cho 1ap trinh vién tu dinh nghia ki€u d{ liéu mai.

®Vi du : D€ md ta mOt d6i tugng sinh vién, can quan tim dén céc thong
tin sau:

- M sinh vién: chubi ky tu
- Tén sinh vién: chubi ky tu
- Ngay sinh: ki€u ngay thing
- Noi sinh: chubi ky tu
- Bi€ém thi: s& nguyén
Cic ki€u d{F li€u c0 sG cho phép mo td mOt sO thdng tin nhu
int Diemthi;
Céc thong tin khdc doi hoi phdi st dung cic ki€u c6 cdu tric nhu :
char masv[15];
char tensv[15];
char noisinh[15];
DE& thé€ hién thong tin v& ngay thang nidm sinh can phai xiy dung mot ki€u
ban ghi,
typedef struct tagDate
{
char ngay;
char thang;
char thang;
}Date;
Cu0i cling, ta c6 th€ xay dung ki€u d{r li€u th€ hi€n thong tin vé mOt sinh
vién :
typedef struct tagSinhVien
{
char masv[15];
char tensv[15];

char noisinh[15];
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int Diem thi;
}SinhVien;

Gia st di c6 cdu triic phu hop d€ 1uu tr(t mOt sinh vién, nhung thuc t€ 1ai
can quan ly nhi€u sinh vién, lic d6 ndy sinh nhu cau xay dung ki€u d{F liéu
mdi..Muc tiéu cla vi€éc nghién cUu cdu tric d{t li€u chinh 13 tim nhiing
phuong céach thich hgp dé€ t6 chuc, lién k€t dit 1iéu, hinh thanh c4c ki€u d{F
liéu c6 cau tric tU nhing ki€u dit 1iéu da dugc dinh nghia.

3. Thi€t ké va phan tich gidi thudt.

3.1. Tinh hiéu qua cUa thudt todn.

Khi gidi mOt van dé, chiing ta can chon trong sO cdc thudt toan, mot
thuat todn ma ching ta cho 12 "t6t" nhat. Vay ta can 1ua chon thudt todn dua
trén c0 sG nao? MOt cau tric d{f liéu tOt phdi thda man céc tiéu chudn sau:

*Phdn anh ding thuc té: Dy 1a tiéu chudn quan trong nhat, quyét dinh
tinh ding dan cla toan bd bai todn. Can xem xét kY 1uGng ciing nhu du tri
cdc trang thdi bi€n dGi cla d liéu trong chu trinh sOng d€ c6 th€ chon cau
tric d{r li€u 1uu tr(f th€ hién chinh x4c dOi tugng thuc té.

Vi du : MOt sO tinh hudng chon cau tric Iuu trf sai :

- Chon mOt bi€n sO nguyén int d€ 1uu trf ti€n thudng ban hang (dugc tinh
theo cong thlc tién thudng ban hang = tri gid hang * 5%), do vay s& lam tron
mOi gi4 tri ti€n thudng gy thiét hai cho nhan vién ban hang. Trudng hgp nay
phdi st dung bi€n sO thuc d€ phdn dnh ding k€t qud cla cong thlc tinh thuc
té.

- Trong truOng trung hoc, moi 18p c6 thé nhén tdi da 28 hoc sinh. Ldp
hién c6 20 hoc sinh, mobi thang mobi hoc sinh déng hoc phi $10. Chon mot
bi€n sO nguyén unsigned char ( kha ning luu trlt 0 - 255) d€ 1uu tr(t tdng hoc
phi clia 18p hoc trong thang, n€u xdy ra truGng hop c6 thém 6 hoc sinh dugc
nhan vao 18p thi gia tri tGng hoc phi thu dugc 1a $260, vugt khdi khd ning
luu trlt cUa bi€n da chon, giy ra tinh trang tran, sai 1€ch.

*Phu hop vGi cic thao tac trén dé: Tiéu chudn nay gitp ting tinh hiéu
quad cUa dé 4n: viéc phat tri€n cdc thudt todn don gidn, tU nhién hon; chuong
trinh dat hi€u qud cao hon vé tGc dd x(r ly.

Vi du : MOt tinh hudng chon cdu tric 1uu trlt khong phit hop:

Can xay dung mOt chuOng trinh soan thdo vin ban, cic thao tic xU ly
thuOng xdy ra la chen, xod sUa cdc ky tU trén viin ban. Trong thOi gian xU 1y
vin ban, n€u chon cau tric 1Uu trlt viin ban truc ti€p 1én tap tin thi s& giy khé
khin khi x4y dung céc gidi thudt cap nhat vin ban va 1am cham tOc d0 x{ 1y
cUa chuong trinh vi phdi 1am viéc trén bd nhd ngoai. TruOng hQp nay nén tim
mOt cdu tric df 1iéu c6 thé€ t6 chlic & bO nhd trong d€ 1uu tr(f vin ban sult
th0i gian soan thdo.
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LUUY :

P6i véi mOi Ung dung , can chi y dén thao tic ndo dugdc si dung nhiu
nhat d€ 1ua chon cdu tric dif liéu cho thich hQp.

*Ti€t ki€ém tai nguyén hé théng: Cau tric df liéu chi nén st dung tai
nguyén hé thdng vlUa dU d€ ddm nhi€ém dugc chlc ning cla né.Thong
thudng c6 2 loai tai nguyén can luu tAm nhat : CPU va b0 nhd. Tiéu chudn
nay nén cin nhac tily vio tinh huGng cu th€ khi thuc hién dé 4n . N&u t6 chlc
st dung dé 4n can c6 nhling xU 1y nhanh thi khi chon cau tric dt liéu yéu t0
ti€t kiém thoi gian xU 1y phdi dat ndng hon tiéu chudn sU dung tOi Uu bo
nhd&, va ngugc lai.

Vi du : MOt sO tinh hudng chon cdu tridc Iuu tr(t 1ang phi:

- SU dung bié€n int (2 bytes) d€ luu trlr mOt gia tri cho bi€t thang hi€n
hanh. Bi€t rang thang chi c6 thé nhan cdc gid tri tU 1-12, nén chi can st dung
ki€u char (1 byte) 12 dU.

- P& luu trlt danh siach hoc vién trong moOt 18p, st dung mang 50 phan tl
(gidi han sO hoc vién trong 16p ti da 12 50). Néu sO 1ugng hoc vién that su it
hon 50, thi gy lang phi. TruGng hgp nay can c6 mOt cau tric df 1liéu linh
dOng hon mang- vi du xau lién két

Khi ta vi€t mOt chuong trinh chi d€ s& dung mOt sO it 1an, va cdi gid cUa
thi gian vi€t chuOng trinh vUOt xa cdi gid cUa chay chuUong trinh thi tiéu
chudn (1) 1a quan trong nhat. Nhung c6 truOng hop ta can vi€t cic chuong
trinh (hodc thU tuc, ham) d€ st dung nhi€u 1an, cho nhi€u ngudi st dung,
khi d6 gid cUa thOi gian chay chuong trinh s& vugt xa gid vi€t né. Chang han,
cdc thU tuc sdp x€p, tim ki€m dugc si dung rat nhi€u 18n, béi rat nhi€u
ngUdi trong céc bai todn khéc nhau. Trong truOng hQp niy ta can dya trén tiéu
chudn (2). Ta s€ cai dat thudt toan c6 thé rat phlc tap, mién 1a chuong trinh
nhan dugc chay nhanh hon céc chuong trinh khic.

Tiéu chudn (2) dugc xem 1a tinh hiéu qua cla thudt toan. Tinh hi€u qud
cUa thudt todn bao gdm hai nhan t6 cO ban.

1. Dung lugng khong gian nh& can thiét d€ luu gilr cac dt liéu vao, céac
két qua tinh todn trung gian va céc két qua cUa thuat toén.

2. ThOi gian can thi€t d€ thuc hién thudt toan (ta g0i I thdi gian chay).

Chiing ta s€ chi quan tAm d€n thOi gian thuc hién thudt toan. Vi vay, khi
n6i dén ddnh gid d6 phUc tap cUa thuadt toan, c6 nghia 1a ta néi dén danh gia
thOi gian thuc hién. MOt thuat todn c¢6 hi€u qua dugc xem la thudt toan cé
thOi gian chay it hon cdc thuat toan khdc.

3.2. Tai sao lai c@n thudt todn cé hiéu qua.

KV thudt may tinh ti€n b0 rat nhanh, ngay nay cic may tinh 16n c6 thé dat
tOc dO tinh todn hang trim tri€u phép tinh mOt gidy. Vay thi ¢6 bd cong phai
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tiéu tOn thOi gian d€ thi€t k€ cic thudt todn c6 hi€u qua khong ? MOt sO vi du
sau diy s€ tra 10i cho ciu hoi ndy.

Vi du 1 : Tinh dinh thUc.

Gid sir M 1a m6t ma trdn vudng capn :

all (112 Clln
M az] a22 DY azn
anl anZ ann

Dinh thlc clla ma tran M ky hiéu 1a det(M) duQc x4c dinh dé qui nhu sau:

Néun = 1, det(M) = a,;. NEéu n >1, ta g0i M;; 1a ma trdn con cdp n -1, nhan
dugc tU ma tran M bang c4ch loai bd dong th(i va cOt th(rj, va

det(M)  ( 1)'’a,det M,
i
Dé dang thdy rang, néu ta tinh dinh thic truc ti€p dua vao cong thlrc dé
qui nay, can thuc hién n! phép nhan. MOt con sO khOng 16 v&i n khong 1ay gi
lam 16n. Ngay cd véi tdc d6 clia may tinh 16n hién dai, d€ tinh dinh thlc cla
ma tran cap n = 25, ciing can hang tri€u nim !
MOt thudt todn cO di€n khac, d6 1a thudt toan Gauss - Jordan thudt todn nay
tinh dinh thUc cap n trong thOi gian n’.
PE& tinh dinh thic c8p n = 100 bang thut toan ndy trén mdy tinh 16n ta chi
can dén 1 giay.
Vi du 2 : Bai todn thap Ha NOi.
A B
] ]

10

Hinh 1.2. Bai todn thdp Ha NOi

Bai to4n thap Ha NOi 1 bai todn cdn dua ra mOt thudt toan d€ chuyén n dia
tU cOc A sang cOc B. Ta thU tinh xem, can thuc hién bao nhiéu 1an chuyén dia
tU cOc nay sang cOc khac (khong dat dia to 1én trén dia nhd) d€ chuyén dudgc n
dia tU cOc A sang cOc B. G0i sO d6 1a F(n). TU thudt todn, ta c6 :

F(l)=1,
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F(n)=2F(n-1)+1 v6in> 1.
véin=1,2,3tac6 F(1)= 1, F(2)=3,F3)=7.
Bang cdch qui nap, ta chling minh dugc F(n) =2"- 1.

V3i n = 64, ta c6 F(64) = 2% -1 18n chuyén. Gid s& m0i 1an chuyén moOt
dia tUf cOc nay sang cOc khdc, can 1 gidy. Khi d6 d€ thuc hién 2% -1 lan
chuy€n, ta can 5 x 10" nidm. N€u tudi cUa vii tru 12 10 ti ndm, ta can 50 1an
tudi cla vii tru d€ chuyén 64 dia !.

DP6i v6i mOt van dé c6 th€ c6 nhi€u thudt todn, trong sO d6 c6 thé thudt
todn nay hi€u qud hon (chay nhanh hon) thuat todn kia. Tuy nhién, ciing c¢6
nhiing van dé khong tOn tai thudt todn hi€u qud, tc 1a cé thudt toan, song
thGi gian thuc hién né 1a qua 18n, trong thuc t€ khong thé€ thuc hién dugc, du
12 trén cdc mdy tinh 16n hién dai nhat.

3.3. Pdnh gid thoi gian thuc hién thudt todn nhu thé nao ?

C6 hai cich ti€p can d€ danh gia thOi gian thuc hién cla mot thudt
toan.Trong phuong phip th(r nghi€m, chiing ta vi€t chuong trinh va cho chay
chuong trinh vGi cdc di 1i€u vao khdc nhau trén mOt mdy tinh nao d6. Thoi
gian chay chuong trinh phu thuOc vao cic nhan td chinh sau diy :

1. C4c drli€u vao
2. Chuong trinh dich d€ chuy€n chuong trinh nguOn thanh ma mady.

3. TOc dd thuc hién cdc phép todn cla mdy tinh dudc st dung d€ chay
chuOng trinh.

Vi thOi gian chay chuong trinh phu thuQc vao nhi€u nhén t0, nén ta khong
th€ bi€u dién chinh xdc thOi gian chay 14 bao nhiéu don vi thdi gian chudn,
chang han né 1a bao nhiéu gidy.

Trong phuong phdp ly thuyét (d6 1a phuong phdp dugc st dung trong sich
nidy), ta s€ coi thOi gian thuc hi€n thudt toan nhu 12 ham s6 cUa ¢G dF liéu
vao. CO cla d{r 1iéu vao 12 mbt tham sO ddc trung cho dt li€u vao, né c¢6 dnh
hudng quyé€t dinh dén th0i gian thuc hi€én chuong trinh. C4i ma ching ta chOn
lam c@ cUa d{t liéu vao phu thuOc vao céc thudt toan cu thé. POi vGi cac
thudt todn sap x€p mang, cd cla d(r1iéu 12 sO thanh phan cla mang. POi vGi
thudt toan gidi hé n phuong trinh tuyén tinh v&i n &n, ta chon n 1a ¢8. Thong
thuOng c& cla dit li€u vao 12 mOt s6 nguyén duong n. Ta sé& si dung ham sO
T(n), trong d6 n 1a ¢& d{F liéu vao, d€ bi€u dién thoi gian thuc hién cla mot
thuat to4n.

Thai gian thuc hién thuat todn T(n) néi chung khong chi phu thudc vao c&
cUa d{f liéu vao, ma con phu thudc vao dif liéu vao cd biét. Chang han, ta xét
bai todn xdc dinh mOt d6i tuong a cé mat trong danh sich n phan tl (a,, a,, ...
a,) hay khong. Thudt todn & day 13, so sanh a v&i tUng phan t& cUa danh sich
di tU dau dén cudi danh sich, khi gdp phan tU a; dau tién a; = a thi dUng 1ai,

15



hodc di dén hét danh sich ma khong gdp a; nao bang a, trong truOng hgp nay
a khong c6 trong danh sach. Cac d{r 1i€éu vao 1a a va danh sich (a;, a,, ..., a,) (¢
th€ bi€u dién danh sich bang mdng, chang han). C& cla d{f liéu vao 1a n.
Néu a, = a chi can mOt phép so sanh. Néua, a, a, =a, can?2 phép so sanh.
Conn€ua, a,i=1,..,n-1vaa,=a, hodc akhdng cé trong danh sich, ta can
n phép so sanh. N€u xem thOi gian thuc hién T(n) 13 sO phép toan so sanh, ta
c6 T(n) <= n, trong truOng hop xau nhat T(n) = n. Trong cdc trudng hgp nhu
th€, ta n6i d€n thoi gian thuc hién thudt todn trong triGng hgp xau nhat.

Ngoai ra, ta con sU dung khdi niém th0i gian thuc hién trung binh. D6 1a
thdi gian trung binh Ty(n) trén tat cd cdc d{t li€u vao c6 c¢b n. N6i chung thoi
gian thuc hién trung binh khé xac dinh hon thdi gian thuc hi€én trong trudng
hgp xau nhat.

Chiing ta c6 th€ x4c dinh thdi gian thuc hién T(n) 1a sO phép todn soO cép
can phai ti€n hanh khi thuc hién thudt toan. Cic phep todn sO cap la cic phép
toan ma thOi gian thuc hién bi chdn trén bdi mOt hang sO chi phu thubc vao
cdch cai dat dudc st dung (ngdn nglr 1&p trinh, mdy tinh ...). Chang han céic
phép todn sO hoc +, -, *, /, cac phép todn so sinh =, <>, <, <=,>,>=1a céc
phép todn sG cap. Phép todn so sdnh hai xau ky tu khong th€ xem la phép toan
sO cap, vi th0i gian thuc hi€n né phu thudc vao d0 dai cla xau.

3.4 Ky hiéu é 16m va ddnh gid thoi gian thuc hién thudt todn bang ky
hiéu 6 16m.

Khi ddnh gi4 thoi gian thuc hién bang phudng phap todn hoc, ching ta sé
bd qua nhan tO phu thuOc vao cach cai dat chi tap trung vio x4c dinh d0 16n
cUa thOi gian thuc hién T(n).

Gid s n 12 s6 nguyén khong am, T(n) va f(n) 13 cdc ham thuc khong am. Ta
viét T(n) = 0(f(n)), n€u va chi n€u tOn tai cac hang s duong c va n, sao cho
T(n) cf(n),véimoin n,.

Néu mot thudt todn cé thOi gian thuc hién T(n) = 0(f(n)), ching ta s& néi
rang thudt toan c6 thoi gian thuc hién cap f(n).

Vidu : Gid st T(n) =3n*+5n+ 4. Tacé

3n*+5n+4<=3n"+5n” +4n*=12n%, v6imoin 1.

Vay T(n) = 0(n?). Trong truOng hgp nay ta ndi thudt todn cé thoi gian thuc
hi€n cap n% hodc gon hon, thudt todn c6 thdi gian thuc hién binh phuong.

Dé dang thay rang, néu T(n) = 0(f(n)) va f(n) = 0(f,(n)) , thi T(n)=0(f,(n)).
That vay, vi T(n) 12 6 18n cUa f(n) va f(n) 1a 6 16n cUa f,(n), do d6 tOn tai cac
hang sO ¢, n, ¢;, n; sao cho T(n) ¢, f(n) v&imoin n, vaf(n) c,fi(n) vGi
moin n,. TUdétacé T(n) cocifi(n) véimoOin  max(n,,n,).

Khi bi€u dién cép cUa th0i gian thuc hi€n thudt ton bdi ham f(n), ching
ta s€ chon f(n) 12 ham sO nhd nhat, don gidn nhat c6 th€ dugc sao cho T(n) =
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0(f(n)). Thong thudng f(n) 12 cdc ham sO sau ddy : f(n) = 1 ; f(n)=logn; f(n)=n ;
f(n) = nlogn ; f(n) = n?, n’, ... va f(n) = 2".

Néu T(n) = 0(1) di€u ndy cé nghia la thdi gian thuc hién bi chdn trén bdi
mOt hang sO nao do, trong truOng hOp nay ta néi thudt todn cé thoi gian thuc
hién hang.

Né&u T(n) =0(n), tUc 12 bat dau t& mot n, ndo d6 trd di ta c6 T(n)<=cn v4i
mOt hang sO ¢ nao do, thi ta néi thudt todn c6 thdi gian thuc hi€n tuyén tinh.

DE& thay rd su khac nhau cUa cdc cap thOi gian thuc hién thudt todn, ta xét
vi du sau. Gid s d0i v&i mOt van dé€ nao do, ta c6 hai thudt todn gidi A va B.
Thuat todn A c6 thOi gian thuc hi€n T,(n) = 0(n?), con thuat todn B c¢6 thoi
gian thuc hi€én Tg(n) = O(nlogn). VGi n = 1024, thuat todn A doi hdi khodng
1048.576 phép todn sO cap, con thudt todn B doi hdi khodng 10.240 phép todn
s0 cap. N&u can mdt micro-gidy cho mOt phép todn sO cap thi thudt todn A
can khodng 1,05 gidy, trong khi thudt toan B chi can khodng 0,01 gidy. Néu n
= 1024 x 2, thi thuat todn A doi hdi khodng 4,2 gidy, trong khi thuat todn B chi
doi hdi khodng 0,02 gidy. V&i n cang 16n thi thdi gian thuc hién thuadt to4n B
cang it hon so v&i thOi gian thuc hi€n thudt todn A. Vi vay, néu mdt van dé
nio dé da c6 mOt thudt toan gidi v&i thdi gian thuc hién cdp n% ban tim ra
thudt todn m&i v4i thGi gian thuc hién cap nlogn, thi d6 1a mOt két qud rat c6
y nghia.

Nhing thudt todn c6 thOi gian thuc hi€n cap n*, v4i k 1a s6 nguyén nao d6

1, dugc goi la cdc thudt toan c6 thdi gian thuc hién da thlc.

3.5 Cdc qui tac d€ ddnh gid thoi gian thuc hién thudt todn.

Sau day chiing ta dua ra mOt qui tac can thi€t vé 6 16n d€ danh gia thoi
gian thuc hi€n mOt thuat toan.

Qui tac t6ng : Néu T,(n) = 0(f;(n) va T»(n) = 0(f,(n) thi

Ti(n) + Ty(n) = O(max(fi(n), f2(n))).

That vay, vi Ti(n), To(n) 12 6 16n cla fi(n), f,(n) tuong Ung do d6 tOn tai
hang s6 ¢y, ¢,, nj, 0y sao cho Ti(n) ¢ fy (n) v&imoin n; va To(n)  cofa(n)
véimOin n,. Pat n, = max(nl, n2). Khi d6 véi moin n,, tacé Ti(n) +
Ty(n) (¢ + ¢;) max (fi(n), f5(n)).

Qui tac nay thuOng dugc 4p dung nhu sau. Gia sU thudt todn cla ta dugc
phan thanh ba phan tuan tu. Phan mot c6 thoi gian thuc hién T,(n) dugc ddnh
gia 12 0(1), phan hai c6 thOi gian T,(n) 1a 0(n?), phan ba cé thGi gian T;(n) 1a
O(n). Khi d6 th@i gian thuc hién thuat todn T(n) = T (n) + T(n) + Ts(n) s€ 1a
0(n?), vi n* = max (1,n%n).

Trong sich bdo qudc t€ cic thudt todn thudng dugc trinh bay dudi dang
cdc thU tuc hodc ham trong ngdén ng(r tUa Pascal. DE ddnh gid thGi gian thuc
hi€n thudt todn, ta cdn biét cich ddnh gid thdi gian thuc hi€n cdc ciu 1€nh cla
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Pascal. Trudc hét, ching ta hay xdc dinh cic cau 1énh trong Pascal. Céc cAu
1€nh trong Pascal dugc dinh nghia d€ qui nhu sau :

1. C4c phép gan, doc, vié€t, goto 1a cAu 1énh. Céc 1énh nay dugc goi 1a cic
1énh don.

2.Néu S, S,,..., S, 12 cau 1énh thi
begin S;, S,, ..., Sn end
12 cAu 1€nh. Lénh nay dugc goi la 1énh hgp thanh (hodc khoi).
3.N&u S, va S, la cdc cau 1énh va E 12 biu thiic logic thi
if E then S, else S,
12 cAu 1énh, va
if E then S,
12 cAu 1énh. Cic 1énh nay duQc goi 1a 1énh if.
4. Néu S, S,, ..., Sy 12 céc cau 1énh, E 1a bi€u thlc c6 ki€u th( tu d€m
dudc, va vy, va,...v, 12 cac gid tri ciing kiu v&i E thi
case E of
VS
Va:i S,
Vo Sos
[else Sn+1]
end
12 cAu 1énh. Lénh ndy dugc goi 1a 1€énh case
5. N€u S 12 cau 1énh va E 12 bi€u th(c logie thi
while E do S
12 cAu 1énh. Lénh nay dugc goi 1a 1énh while.
6.NEéu S,, S,, ..., S, 1a cic cau 1énh, va E 1a bi€u thic logic thi
repeat S, S,, ..., S, until E
12 cAu 1énh. Lénh nay dugc goi 1a 1énh repeat.
7. Vi S 1a cau 1énh, E, va E, 1a cdc bi€u cing mOt ki€u th( tu dém duokc,
thi
fori:=E toE,;do S
12 cAu 1énh, va
fori:=E,downto E, do S
14 cau 1énh. Cic ciu 1énh nay dugc goi la 1énh for.
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NhG dinh nghia dé qui cUa cic 1€nh, chiing ta c¢6 th€ phan tich mOt chuong
trinh xudt phét tU cdc 1énh don, rdi tUng budc danh gid cic 1énh phlc tap
hon, cudi cling d4nh gi4 dugc thdi gian thuc hién chuong trinh.

Gid s rang, cic 1énh gan khong chfa cdc 10i goi ham. Khi d6 d€ danh gid
thOi gian thuc hi€én mOt chuong trinh, ta c6 th€ d4p dung phuong phip dé qui
sau day :

1. ThOi gian thuc hién cdc 1énh don : gan, doc, viét, goto 13 0(1).

2. Lénh hgp thanh. Thdi gian thuc hién 1énh hQp thanh dugc x4c dinh bdi
ludt tOng.

3. Lénh if. Gid s{ thdi gian thuc hién cdc 18nh Sy, S, 13 O(F,(n)) va O(fx(n))
tuong Ung. Khi d6 thdi gian thuc hién 1énh if 1a O(max(f,(n), f>(n))).

4. Lénh case. DPugc ddnh gia nhu 1€nh if.

5. Lénh while. Gid sU thOi gian thuc hién 1é€nh S (than cUa 1énh while) 1a
0(f(n)). Gid st g(n) 1a sO tOi da cac 1an thuc hi€n 1€nh S, khi thuc hién 1énh
while. Khi d6 thdi gian thuc hién 1énh while 12 0(f(n)g(n).

6. Lénh repeat. Gid sU thOi gian thuc hién khoi begin S;, S,, ... S, end 1a
0(f(n)). Gid st g(n) 1a sO tOi da cac 1an 1ap. Khi d6 thOi gian thuc hién 1énh
repeat 1a O(f(n)g(n)).

7. Lénh for. Dugc danh gid tuong tu 1énh while va repeat.

Néu 1énh gin c6 chlta cic 10i g0i ham, thi thdi gian thuc hién né khong
th€ xem 12 0(1) dudc, vi khi d6 thOi gian thuc hién 1énh gdn con phu thuc
vao thOi gian thuc hién cdc ham c6 trong 1énh gan. Viéc ddnh gid thOi gian
thuc hién cdc th( tuc (hodc ham) khong d€ qui dudc ti€én hanh bang cach 4p
dung céc qui tac trén. Viéc ddnh gia thOi gian thuc hién cédc thl tuc (hodc
ham) dé quy sé€ khé khin hon nhiéu.

Ddnh gid thu tuc (hoac ham) dé qui.

Trudc hét ching ta xét mOt vi du cu thé. Ta s€ danh gid thdi gian thuc
hién cla ham dé qui sau (hAm nay tinh n!).

function fact(n : integer) : integer ;
begin
if n <=1 then fact : =1
else fact : =n * fac(n-1)
end ;

Trong ham nay c¢@ cUa d{r li€u vao 1a n. Gid sU thOi gian thuc hi€n ham 1a
T(n). VGi n=1, chi can thuc hién 1€nh géan fact : = 1, do d6 T(1) = 0(1). VGin >
1, can thuc hién 1énh gan fact : = n*fact(n-1). Do d6, thOi gian T(n) 12 0(1) (d€
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thuc hién phép nhan va phép gian) cOng vGi T(n-1) (d€ thuc hién 10i goi dé
qui fact(n-1). Tém 1ai, ta c6 quan hé dé qui sau :

T(1)=0(1);

T(n) =0(1) + T(n-1).

Thay céc 0(1) b6i cdc hang nao d6, ta nhan dudc quan hé dé qui sau

T(1)=C,

T(n) = C, + T(n-1)

PE gidi phuong trinh dé qui, tim T(n), chiing ta 4p dung phuong phap thé
13p. Ta c6 phuong trinh dé qui

T(m) = C, + T(m-1), v6i m > 1
Thay m 1an lugt bdi 2,3,..., n - 1, n, ta nhan dUQc cic quan hé sau.

TQ) = C,+T(I)

T3) = GC+T(2)

Tn-1) = C, + T(n-2)

T) = C,+T(n-1)

Bang cé4c phép thé lién ti€p, ta nhan dugc

T(n) = (n-1)C, + T(1)
hay T(n) = (n-1) C, + C,, trong d6 C, va C, 1a cac héng nao dé. Do do,
T(n)=0(n).

TU vi dU trén, ta suy ra phuong phdp tOng quat sau diy d€ danh gid thoi
gian thuc hién thU tuc (ham) dé qui. D€ don gidn, ta gid thi€t rang cic thl
tuc (ham) 1a dé qui truc ti€p. Di€u d6 cé nghia 1a cac thU tuc (ham) chi chlra
cédc 10i g0i dé qui dén chinh né (khong qua mOt thU tuc (ham) khic nao cd).
Gid sU thoi gian thuc hi€n thU tuc 1a T(n), v&in 1a c& d{t li€u vao. Khi d6 thoi
gian thuc hién cac 10i goi dé qui thU tuc sé€ 1a T(m), v&i m < n. DP4nh gi4 thOi
gian T(ny), vGi no 12 ¢& d{F li€u vao nhod nhat c6 thé dudc (trong vi du trén, dé
12 T(1). Sau d6 ddnh gi4 than cUa thU tuc theo céc qui tac 1-7, ta s€ nhan dugc
quan hé dé qui sau day.

T(n) = F(T(ml), T(m2)7 ceey T(mk))
trong d6 m;, m,, ...,m, < n. Gidi phuong trinh dé qui nay, ta sé nhan dugc su
d4nh gid cUa T(n). Tuy nhién, can bi€t rang, vi€c gidi phuong trinh dé qui,
trong nhi€u truOng hop, 1a rat khé khin, khong don gidn nhu trong vi du da
trinh bay.

3.6. Phén tich mét s6 thudt todn.
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Sau diy chiing ta s& 4p dung cdc phuong phéap da trinh bay d€ phan tich d0
phUc tap cla mOt sO thudt toan.

Vi du 1 : Phan tich thudt to4n Euclid. Chiing ta bi€u dién thudt to4n Euclid
bdi ham sau.

function Euclid (m, n : integer) : integer ;
var r:integer ;
begin
(1) r:=m mod n;
(2) whiler<>0do

begin
3) m:=n;
4) n:=r;
(5) r:=mmodn;
end ;
(6) Euclid:=n;
end ;

Thoi gian thuc hi€n thudt toan phu thuOc vao sO nhé nhat trong hai s6 m
vin. Gidsn n>0,dodscdcladlli€u vao la n. Cac 1énh (1) va (6) c6
thOi gian thuc hién 1a 0(1). Vi vay thdi gian thuc hi€n thuat todn 1a thOi gian
thuc hién 1énh while ta d4dnh gi thOi gian thuc hién 1énh while (2). Than cUa
1énh nay, 12 khoi gdm ba 1énh (3), (4) va (5). M6i 1énh c6 thoi gian thuc hién
12 0(1), do d6 khodi c6 thdi gian thuc hién 1a 0(1). Con phdi danh gid sO 16n
nhat c4c 1an thuc hién 1ap khoi.

Ta co :

m=nq;+1,0 r<n

n=rip+rn,0 n<r
Néur, n/2thin<r n/2,dodér,<n/2. Néur,>n/2thiq,=1,tlclan=
I + 1., do d6 r, < n/2. Tém lai, ta ludén cé r, < n/2

Nhu vay, c( hai 1an thuc hién khoi thi phan du'r gidm di mOt n(ra cUa n.
Goi k 1a s6 nguyén 16n nhat sao cho 2 n. SO 1an 1dp khéi tdi da Ia
2k+1 2logon+1. Do d6 thOi gian thuc hi€n 1€nh while 12 0(logyn). D6 ciing 1a
thOi gian thuc hi€én thuat toan.

Vi du 2. Day s6 Fibonacci dugc xdc dinh mOt ciach dé€ qui nhu sau :

f,=0;

fi=1;

fo=f, +fov8in 2
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Cac thanh phén dau tién cla day1a 0, 1, 1, 2, 3, 5, 8, 13, 21, 34, ... Day nay
c6 nhi€u dp dung trong toan hQc, tin hoc va ly thuyét trd choi.

Thuat toan dé€ qui :
function Fibol (n : integer) : integer ;
begin
if n <=2 then Fibol : =n
else Fibol : = Fibol(n-1) + Fibol(n-2)
end ;

C6 th€ danh gid duoc ham nay c6 thOi gian thuc hién 12 0( "), v&i =(1+
V5)/2. TUc 13, thuat todn Fibol c6 thdi gian thuc hi€én mil, né khong c6 y nghia
thuc tién v&i n 10n. Sau day 1a mOt thuat toan khdc, c6 thdi gian thuc hién chi
1a O(n).

funciton Fibo2 (n: integer) : integer ;

var i, j, k : integer

begin
(1) 1:=1;
2) j:=0;
(3) fork:=1tondo
begin
ji=14];
1:=j-1;
end ;
4) Fibo2:=j;
end ;

Ta phan tich ham Fibo2. C4c 1énh gdn (1) , (2) va (4) c6 thOi gian thuc hién
0(1). Than cUa 1énh for(3) c6 thdi gian thuc hi€n 12 0(1), sO 1an 1ap 1a n. Do
d6 1&nh for(3) c6 thdi gian thuc hién 13 0(n). K&t hgp 1ai, ta c6 thOi gian thuc
hi&n ham Fibo2 13 0(n).

Vi n = 50, thudt todn Fibol can khodng 20 ngay trén may tinh 18n, trong
khi d6 thudt todn Fibo2 chi can khodng 1 micrd gidy. VGi n = 100, thdi gian
chay cUa thudt to4n Fibol 12 10° nim ! con thudt todn Fibo2 chi can khodng
1,5 micro gidy. Thudt toan Fibo2 chua phai 12 thudt todn hi€u qud nhat. Ban
tht tim m&t thuadt todn hiéu qua hon.

4. MOt sO vi du vé thi€t ké va phan tich gidi thuat.
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®Vi du 1: MOt chuong trinh qudn 1y di€m thi cUa sinh vién can luu tr(r
cdc di€m sO cUa 3 sinh vién. Do mOi sinh vién c6 4 di€m sO Ung v&i 4 mon
hoc khdc nhau nén d{r li€u c¢6 dang bang nhu sau:

Sinh Moén | Mon | Mon3 | Mon4
vién 1 2

SV 1 7 9 5 2

SV 2 5 0 9 4

SV 3 6 3 7 4

Chi xét thao tac xU 1y 1a xudt di€m s cdc mon cUa tUng sinh vién.
Gia s c¢6 cac phuong 4n t6 chiic 1uu trit sau:
# Phuong 4n 1 : S dung mang mOt chi€u

C6 tat cd 3(SV)*4(Moén) = 12 di€m s6 can luu tr(r, do d6 khai bdo mdng
result nhU sau :

intresult [ 12]={7,9,5, 2,
5,0,9,4,
6,3,7,4};
khi d6 trong mdng result cac phan tl s& dugc 1uu trlf nhu sau:

EX X W3

Va truy xudt di€m sO mon j cUa sinh vién i - 13 phan tU tai (dong i, cOt j)
trong bang - phai s& dung mOt cong thUc xdc dinh chi s6 tuong Ung trong
mang result:

bangdi€m(dong i, cOt j)  result[((i-1)*s6 cOt) + j]
Nguac 1ai, véi mOt phan t& bat ky trong mang, mubn biét d6 1a di€m sO
cUa sinh vién ndo, mon gi, phdi dung cdng thlc x4c dinh sau
result{i] bangdi€m (dong((i/ s6 cOt) +1), cOt (i % sO cOt))
V&i phuong 4n nay, thao tdc xUf Iy dugc cai dat nhu sau :
void XuatDiem() //Xuat diém s6 cUa tat ca sinh vién
{
const int so_mon = 4;
Int sv,mon;

for (int 1=0; i<12; i+)
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SV = 1/so_mon;
mon =1 % so_mon;

printf("Diém mdn %d cUa sv %d 1a: %d", mon, sv,result[i]);

}
® Phuong 4n 2 : SO dung mdng 2 chi€u
Khai bao mang 2 chi€u result c6 kich thudc 3 dong* 4 cOt nhur sau :
int result[3][4]1={{ 7,9, 5, 2},
{5,0,9,4},
{6,3,7,4 1}
khi d6 trong mang result cic phan t& s€ dugc luu tr(f nhU sau :

COt0 Cot1 COt2 COt 3

Dong Ofresult[0][0] =7 [result[0][1] =9 |result[0][2] |result[0][3] =2
=5

Dong 1|result[1][0] =5 [result[1][1] =0 |result[1][2] |[result[1][3] =4
=9

Dong 2|result[2][0] =6 [result[2][1] =3 |result[2][2] |[result[2][3] =4
=7

Va truy xudt di€m s6 mon j cUa sinh vién i - 1a phan tU tai (dong i, cOt j)
trong bang - cling chinh 14 phan t& nam & vi trf (dong i, cOt j) trong mang
bangdi€m(dong i,cdt j)  result] i] [j]
V&i phuong 4n nay, thao tidc xUr 1y dugc cai dat nhu sau :
void XuatDiem() //Xuat diém s6 cUa tat ca sinh vién
{
int so_mon =4, so_sv =3;
for ( int i=0; i<so_sv; i+)
for ( int j=0; i<so_mon; j+)
printf("Diém mon %d cUa sv %d 1a: %d", j, i,result[i][j]);
}
NHAN XET
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C6 thé€ thay ré phuong 4n 2 cung cdp mOt cau tric 1uu trlt phit hop vGi dir
liéu thyc t€ hon phuong 4n 1, va do vay gidi thudt x 1y trén cau tric d{ liu
clla phuOng 4n 2 ciing dOn gidn, tU nhién hon.
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Chuong 2: Cac ki€u dit li€u nang cao
1. Dir liéu ki€u mang

1.1. Khdi niém dit liéu kiéu mang

MOt mdng d{f 1iéu bao gdm moOt sO hitu han phén tl c6 cung ki€u goi 1a
ki€u co ban. SO phan t& cla mdng dugc xdc dinh ngay tU dinh nghia ra
mang. MOi phan t cla mang dugc truy nhdp truc ti€p thong qua tén mang
cling vGi chi dan truy nhap dugc d€ gilra hai ngodc vuong [ ].

Pinh nghia ki€u mang T c6 ki€u cdc phan t& (KPT), c¢6 ki€u chi dan
(KCD) d€ hudng dan cich t6 chlic mang ciing nhU céch truy nhdp vio céc
thanh phan cla mang dugc viét trong Pascal v&i céc tUf khéa nhu sau:

Type
T = Array [KCD] of KPT;

Khi dé, viéc khai bdo mOt bi€n A c6 ki€u d{t li€u 1a ki€u mang c6 thé

dugc viét nhu sau:
Var
A: T;
Hodc khai béo truc ti€p bi€n A cuing v&i ki€u cla mdng trong phan khai
bdo bi€n khong c6 dinh nghia trong phan TYPE:
Var
A : Array [KCD] of KPT;
Vi du ki€u khai bao cho d{t li€u ki€u mang:
Type
Al = Array [1..10] of integer;
AC = Array [1..10] of char;
Color = (Red, Blue, Green, White, Black);
Var
A, B, C: Al;
X, Y:AC;
M1, M2: Array [-3..5] of real;
MC: Array ['A’..’Z’] of integer;
MM: Array [Color] of Boolean;

Al AC 12 hai ki€u mang gbm 10 phén t(f dugc danh s6 th(r tu tir 1 d€n 10

thong qua ki€u chi dan 12 mdt doan con céc sO nguyén 1..10. C4c phan tU cla
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ki€u Al c6 ki€u 1a s6 nguyén, con cic phan tlf cla AC c6 ki€u la cic ki tU' A,
B, C.... 1a céc bi€n c6 kiu 1a AL

M1, M2 1a 2 bi€n dugc dinh nghia ludn khi khai bdo. Pay 12 hai bi€én mdng
gOm 9 phan tU 1a cic sO thuc, dugc danh sO tUr -3 dén 5.

MC 12 mOt bién mang gbm 26 s6 nguyén dugc dinh sO qua cédc chi dan 1a
cdc ch(r cdi tUr ‘A’ dén ‘2.

MM la mOt mang gbm 5 phan t ki€u Boolean, cic phan t& dugc danh
d&u qua cic chi dan 1a tén clla 5 mau sac.

MOt di€u luu y 1a khi khai bdo mang, ki€u chi dan chi c6 thé 1a cic ki€u
don gidn sau: ki tu (nhu bi€n MC), doan con (doan con integer nhU céc bi€n
Al AC), ki€u liét ké do ngudi s dung dinh nghia ra nhu bi€n MM va ki€u
Boolean. Ki€u chi dan khong dugc 1a ki€u Real hodc Integer, nghia 14 khong
dugc viét:

X: Array [Integer] of Integer;
Y: Array [Real] of Integer;

Vié€c truy nhdp vio 1 phan t& nao d6 clla mdng dugc thuc hi€n qua tén

bi€n mang, theo sau 12 gi4 trj chi dan d€ trong ngodc vudng nhu:
MM [Red] := True;
MC ['B’] :=5;

Do th@i gian truy nhdp viao mOt phan t& cUa mdng khong phu thubc vao
gid tri cUa chi dan nén c8u tric mang thubc ki€u cdu tric truy nhap truc tiép.

Vi du: Sap x€p day sO bat ki theo thr tu:

(Gid st ddy sO gom 5 chr sO can dugc sap x€p theo thi¥ tu ting dan)

Program SAP_XEP;

Const
N = 5;

Var
MI: Array[1..N] of Integer;
T: Integer; (* T: bién trung gian *)
I, J: Integer;

Begin
(* Doc céc sb can sap xép vao mang Ml *)
Fori:=1toNdo
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Begin
Write (‘ M[ i,’] = );
ReadIn (MI[i]);
End;
(* Sap xép *)
Fori:=11to N-1do
Forj:=i+1to Ndo
Begin
If MI[i] > MI[j] then
(* BGi chb 2 phan tr cho nhau *)
Begin
T := MI[i];
MI[i] := MI[j];
MI[j] :=T;
End;
(* In ra két qud *)
Writeln;
Writeln (‘Sau khi sap xep: *);
Fori:=1to N do Writeln (MI[i] :6);
End.
1.2. Mang nhiéu chiéu .
Ki€u phan t cla mang khong bi han ché chiéu nhu ki€u chi dan. N6 con
c6 thé 1a céc ki€u c6 cdu tric. Vi du sau cho thdy viéc khai bio mOt mang c6

cdc phan tU ciing 12 mang.

Vi du:
Type
PT: Array [1..5] of real; (*PT: Ki€u phan t*)
Color = (Red, Blue, Green, White, Black);
Var
MPT: Array [1..3] of PT; (*MPT: Mang phan ta*)

Z: Array [1..3, ‘A’.."C’] of Color;
Hodc vi€t mOt 1an nhu sau:
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Var
MPT: Array [1..3] of Array [1..5] of Real;
Hodc thuOng dugc viét gon 1ai:
Var
MPT: Array [1..3, 1..5] of Real;
MPT dudgc dinh nghia nhU trén chinh 12 ma trén 3 chi€u v&i 3 hang va 5

cOt, ta c6 th€ minh hoa ma trdn nay nhU sau:

COT
1 2 3 4 5
1| [1,1] [1,2] [1,3] [1,4] [1,5]
HANG 2| [2,1] [2,2] [2,3] [2,4] [2,5]
3| [3,1] [3,2] [3,3] [3.4] [3,5]

Viéc truy nhap d6i v4i mdng c6 dinh nghia phlc tap nhu MPT dugc ti€n
hanh qua 2 céch:

- Quan 2 1an déng m& ngodc vudng. Thi du: MPT [3] [5] bi€u dién phan
t’r cubi ciing clla mang MPT.

- Hodc thudng dugc viét don gidn trong mOt ngodc vudng cbi cac chi dan
cdch nhau bang dau phdy: MPT [3,5]

Céch viét MPT [i] [j1 va MPT [i, j] Ia tuOng duong nhau. Mang dugc dinh
nghia nhu trén c6 th€ hi€u 12 ma tran nhi€u chi€u. Phan t& MPT [i, j] s€ 1a
phan t& hang th(i, cOt th( j clla MPT.

Vi du: Chuong trinh nhan 2 ma trdn vudéng cap N:

C=A*B
Phan tU clla ma tran tich dugc tinh theo cong thifc:

Program Nhan_ma_tran;

Const

N =3;

Dau_phay = *,’; (*Hang ky tu: Dau phay *)
Var

A, B, C: Array [1..N, 1..N] of integer;

I, |, K: integer;
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Begin
(* Nhap vao gia tri cia ma tran A *)

Fori:=1toNdo (* Chi s6 hang *)
Forj:=1toNdo (* Chi s0 cot *)
Begin

Write (* A[ i, Dau_phay , j,'] = );
ReadIn (A[i,j]);

End;

(* Nhap vao gia tri cia ma tran B *)
Fori:=1toNdo (* Chi s6 hang *)
Forj:=1toNdo (* Chi s6 c6t *)

Begin

Write (‘ B[ °,i, Dau_phay , |, ] = 9);
Readin (BJi,j]);
End;
(* Nhan 2 ma tran vuéng cap N: C = A*B *)
Fori:=1toNdo
Forj:=1toNdo
Begin
Cli, j] = 0;
Fork:=1toNdo
Cli, j] := CIi, j] + Alli, k] * BIK, ];
End;
(* In k&€t qua ra man hinh *)
Writeln (‘Tich cua 2 ma tran = );
Fori:=1toNdo
Begin
Forj :=1to N do write (C][i, j] :5);
Writeln;
End;
End.
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2. Dir liéu ki€u ban ghi.

2.1. Khdi niém dir liéu kiéu ban ghi.

Cau tric d(r liéu ki€u mang dugc tao ra bang mOt tdp hop cac phan tl cé
cing ki€u, d€ tao ra mOt ki€u cdu tric d{f 1iéu mdi vGi cdc phan t& dt liéu
c6 kiu khic nhau nhung c6 lién két vGi nhau, ngUdi ta dinh nghia ra Ban ghi
(hay con goi 1a thé ghi, phi€u ghi; ti€ng Anh 12 Record). N6i 1 cich khic dé
mo td ciing mOt dOi tugng bang cdc phan tU dif li€u c6 md ta ki€u khic nhau,
chiing ta phdi diing cdu tric ki€u Record, d6 12 phuong tién hiéu qud nhat dé
xay dung ki€u d{ liéu mdi.

M6 ta ki€u RECORD dugc viét béng ch( RECORD, theo sau 12 danh sach
mo ta cdc phan t( d{ liéu clla RECORD ma ta g0i 1a cic truOng. MOi truGng
c6 mOt tén trudng va dugc ding d€ chon cic phan t dt liéu clla RECORD,
ti€p theo 12 md ta ki€u cla trudng, md td RECORD bao gid ciing dugc két
thuc béng END;

PE mo ta 1 ki€u T c6 cau tric RECORD v6i danh sich cic truGng cé tén
1a sl, s2, ..., sn va c6 cdc md ta ki€u tuong Ung 1a T1, T2, ..., Tn, ta c6 cdch
viét tOng quat sau:

Type
T = Record
s1:T1;
s2: 12;

End;
Vi du: MOt dia chi bao gdm cédc d{F 1i€u nhu s nha, tén phO, thanh pho.
Ta c6 thé md td Record Dia_chi nhU sau:
Type

Dia_chi = Record
So_nha: integer;
Pho: String[20];
Thanh_pho: String[15];

End;
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Nhu vay ta ¢6 3 trudng 1a So_nha, Pho, Thanh_pho v&i ki€u khéic nhau
va duogc lién két véi nhau d€ md ta dia chi.
Vi du: Mo ta thdi gian DATE ta ¢6 3 truOng 1a ngay, thdng va nim:
Type
Date = Record
Ngay: 1..31;
Thang: 1..12;
Nam: integer;
End;
Hodc theo ti€ng Anh, ngudi ta hay dung thang vGi tén g0i cUa thang:
Type
Date = Record
Day: 1..31;
Month: (Jan, Feb, Mar, Apr, May, Jun, Jul, Aug, Sep, Otc,
Nov, Dec);
Year: integer;
End;
Vi du: DE md ta nhan su hay phi€u cdn b0, ta phdi dung céic trudng HO
tén, Ngay sinh, Cho &, Luong, ...
Type
Nhan_su = Record
Ho_ten: String[30];
Ngay_sinh: Record
Ngay: 1..31;
Thang: 1..12;
Nam: integer;
End;
Gioi_tinh: (Nam, Nu);
Cho_o: Dia_chi;
Luong: Real;
End;
2.2. Sudung RECORD.
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PE& tham nhdp vao 1 truOng cla Record, ta phdi dung tén bi€n kiu
Record, sau d6 12 dau (.) va tén truOng cla Record.
Vi du: V&i mé td ki€u Nhan_su G trén, ta ti€p tuc khai bao bi€n va thuc
hién mOt doan chuong trinh d€ doc dit liéu vao cdc bi€n nhu sau:
Var
Nguoil, Nguoi2: Nhan_su;
Begin
Write (‘Ho va ten nguoi 1:°);
Readin (Nguoil.Ho_ten);
Write (‘Ngay sinh: )
Readin (Nguoi1l.Ngay_sinh.Ngay);
Write (‘Thang sinh: )
Readin (Nguoi1l.Ngay_sinh.Thang);
Write (‘Nam sinh: )
Readin (Nguoi1l.Ngay_sinh.Nam);
Write (‘Cho o: )
Readin (Nguoi1.Cho_0.So_nha);
Write (‘Pho: )
Readin (Nguoi1.Cho_o0.Pho);
Write (‘Thanh pho: )
Readin (Nguoi1l.Ngay_sinh.Thanh_pho);

End.
Tuy nhién can luu y 12 khong thé diing céc thao tic sau:
- Viét ra ma hinh hodc doc tU ban phim cd 1 bién kiéu Record nhu:
ReadIn (Nguoi1); hoac Writeln (Nguoil);

- So sdnh c4c Record bang cic phép todn quan hé <, >, <=, >=. Riéng cic
phép todn so sdnh <> (khdc nhau) va = (bang nhau) thi ¢6 thé dugc dung vGi 2
bi€n c6 ciing 1 ki€u Record.

3. Dir liéu ki€u tap tin.
3.1. Khdi niém dit liéu kiéu tap tin.
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Tap tin (file) c6 th€ xem 1a mOt ki€u dt liéu ddc biét, kich thudc t0i da
cUa tap tin tuy thuOc vao khong gian dia noi luu trlf tap tin. Viéc doc, ghi d{f
liéu truc ti€p trén tap tin rat mat thdi gian va khong bdo ddm an toan cho dit
liéu trén tap tin d6. Do vay, trong thuc t&, chiing ta khong thao tic thuc t€ trén
tap tin ma ching ta can chuy€n tUng phan hodc toan b0 ndi dung cla tap tin
vao trong b0 nhd trong d€ x U 1y.

Tap tin 12 mOt tap hop cac df 1iéu lién quan v&i nhau va cé cung ki€u
dugc nhém 1ai vGi nhau tao thanh 1 day. Tap tin theo nghia rOng cé thé 1a
chuong trinh, s6 liéu, c6 thé 1a cic d{f khac nhu ki tu, viin ban,...

Tap tin 13 1 ki€u d liéu c6 cdu tric, dinh nghia cla t€p c¢é phan nao
gibng mangd chO ching déu la tap hgp cla cdc phan t& dit li€u c6 cing
ki€u, song mang dugc dinh nghia va khai bdo trong chuong trinh vGi s& phan
t(r x4c dinh, con sO phan t cUa tap tin khong dugc x4c dinh khi dinh nghia.

Dinh nghia 1 ki€u tap tin T v&i cdc phan t& c6 ki€u 1a KPT dugc viét
trong phan mo ta ki€u vdi tUr khéa FILE OR nhuU sau:

Type
T = File of KPT
Sau d6 khai bao mOt bi€n tap tin (FileVar) trong phan khai bdo bién:
Var
Bien_tep: T;
Hodc khai bdo truc ti€p mOt bién t€p v&i md ta kiéu:
Var
Bien_tep: File of KPT;
Vi du: M6t s6 dinh nghia ki€u tép:
Type
FileInteger = File of integer;
FileReal = File of real;
Nhan_su = Record
Ten: String[30];
Tuoi: byte;
Luong: Real;
End;
FNhan_su = File of Nhan_su;
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Var
F1, F2: FileInteger;  (* F1, F2 12 2 bi€n t€p c6 cdc phan tlr 1a sO
nguyén *)
F3: FileReal; (* F3 1a bién t€p ki€u sO thuc *)
FNS: FNhan_su; (* FNS: Tép cdc ban ghi nhan su *)
F5: File of Char;
F6: File of Array[1..5] of integer;

Trong vi du:

- F6 13 bién té€p dugc khai bio truc ti€p trong phan VAR vdi cdc phan t0
12 mang 1 chiéu, d0 dai bang 5.

- FileInteger 12 ki€u t€p c6 cdc phan t(r 12 cdc sO nguyén.

- FileReal 1 ki€u t€p c6 cac phan t( 12 cac sO thuc.

Ki€u cla phan t cla tép cé th€ 1a bat ki ki€u d liéu nao (ki€u vo
hudng, ki€u cé cdu tric nhu mang, ban ghi,...) trUr kiu t&€p (nghia 1a khong
c6 ki€u tép cla tép).

3.2. M& tép mbi d€ cat dirliéu.

Chuong trinh chi c¢6 th€ cat d( 1iéu vao tép sau khi ta 1am thU tuc mé tép.

3.2.1. MO tép dé€ ghi.
D& mé tép va ghi d{t liéu ta ding 2 cdp thU tuc di li€n nhau theo th( ty:
Assign (Bi€n_tép, Tén_tép);
Rewrite (Bi€n_tép);
Hay bang ti€ng Anh:
Assign (FileVar, FileName);
Rewrite (FileVar);
Vi du: Gian tén t€p NGUYENTO.DAT cho bién F1:
Assign (F1, ‘NGUYENTO.DAT);
Rewrite (F1);

Tén tép (FileName) 1a tén cUa tép dat trong thi€t bi nh& ngoai dugc dua
vao dudi dang 1a mOt x4u ki tu (String). Ta thuOng dat tén sao cho tén t€p
phdn 4nh dugc y nghia, ban chat hodc ndi dung cUa t€p.

Tén t&p theo quy dinh chung gdm c6 2 phén cich nhau bang ddu (.), phan
th(r nhat 12 tén riéng th€ hién y nghia, ndi dung cUa té&p, phan th( 2 1a phan
ma rOng gdm 3 chit cdi thuGng néi 1én loai tép.
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3.2.2. Ghi cdc gid tri vao t€p v0i thu tuc WRITE.
Thu tuc Write sé dat céc gid tri m&i vao t€p, cach st dung:
Write (FileVar, ltem1,..., ltemN);

Trong dé céc Item c6 th€ 1a hang, cdc bi€n, cic bi€u thlc, tat nhién céc
Item phdi c6 gid tri cing ki€u vGi phan tl cla tép.

Vidu:

Write (F1, 3, i + 2%, k, 5);
Budc cudi cung cla viée dat dir 1iéu vao tép 1a déng t€p lai bang thd tuc:
Close (FileVar);
Vi du: Tao mOt té€p ch(a cic sO nguyén tU 1 dén 100 vdi tén t€p trén b0
nh& ngoai 1a NGUYEN.DAT.
Program Tep_nguyen;

Var
I integer;
F: File of integer;

Begin
Assign (F, ‘NGUYEN.DAT’);
Rewrite (F);
Fori:=1to 100 do write(F, i);
Close (F);

End.

3.3. Doc dirliéu tur tép da co.

Tép gbm 2 loai, t€p truy cap tuan tu (sequential access) va t€p truy cap
truc ti€p (direct access). V&i t€p truy cdp truc ti€p ta c6 thé truy cap dén vi
tri bat kY cUa t€p tai moi thOi di€m, nhung v&i té€p truy cap tudn tu ta khong
th€ vlra doc vira ghi d(f li€u ciing ldc, ban chi c6 thé doc dugc dir 1iéu sau
khi ghi d{t li€u da dudgc ghi vao t€p roi déng 1ai.

3.3.1. MO t€p dé€ doc.

Khi m3 t€p ra d€ doc ta dung 2 thU tiic sau di li€n v&i nhau theo th(r tu:
Assign (FileVar, FileName);
Reset (FileVar);
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Khi chay chuong trinh s& doc phan tlr dit liéu tai vi tri clfa sO dang trd,
sau 1énh RESET, néu tép khong rOng thi clra s6 bao gid ciing tr® vao phan U
dau tién cla t€p va chuong trinh s& copy phan tl cUa tép dugc trd sang bi€n
dém cUa s0.

3.3.2. boc dir liéu tU tép:

Viéc doc cdc phan t{ tir tép ra sau khi mG té€p dugc thuc hién bang thl
tuc READ:

Read (FileVar, Var1, Var2, ..., VarN); Read (Bién tép, céac
bién);

Thuc hi€én: Poc céc gi4 tri tai vi trf ctfa sO dang trd (n€u c6) gan sang bi€n
tuong Ung cung ki€u, sau dé clra sO dich chuyén sang vi trf ti€p theo va doc
gid tri cho bi€n khdc, c( thé doc dén bién culi ciing.

Viéc doc mOt phan tU cla t€p con can c6 di€u ki€n 1a phdi xem tép c6
con phan t khong, tlc 1a clra s6 chua trd dén EOF (End Of File), con tro &
culi tép thi EOF(FileVar) = True, n€u khong thi EOF(FileVar) = False, do
vay trudc khi thuc hién thao tic gi d€ doc té€p gan cho bi€n X can phdi xem
t€p d6 di két thic chua bang cau 1énh:

If not EOF(FileVar) then read(FileVar, X);
hodc n€u mudn doc tat cd cic phan tl cla té€p thi diing:
While not EOF(FileVar) do
Begin
Read (FileVar, X);

End;

Vi du: Poc tat cd cic phan tl cla 1 tép cic sO nguyén nao dé va ghi
ra man hinh gid tri cdc s6 nguyén dé va cudi cuing 1a ghi ra cic phan t cla
t€p. Tén t€p s€ dugc xdc dinh lic chay chuong trinh ch( khong c6é ngay tU
lic 1ap trinh:

Program Doc_tep;

Var

I integer;
Sophantu: integer;
FI: File of integer;
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FileName: String[20];
Begin
Write (“Tentep chua cac so nguyen: ‘);
ReadIn (FileName);
Assign (FI, FileName);
Reset (FI);
Sophantu := 0;
While not EOF (FI) do
Begin
Read (FI,i);  (*Doc 1 phan tirtép ra bién i *)
Writeln (i);
Sophantu := Sophantu + 1;(* D&m s6 phan tu *)
End;
Close (Fl);
Writeln(‘So phan tu cua tep ‘,FileName,’ la ‘,Sophantu);
End.
4. Dit liéu ki€u con trod
4.1. Khdi niém dit liéu kiéu con tré.
Céc ki€u d{r liéu nhu Array, Record 13 ki€u dit liéu tinh bsi ching da
dugc x4c dinh trudc 1 cich ro rang ldc md td va khai bdo bién, sau d6 chiing
duogc dung thong qua tén cUa ching (nén dia chi cdc bi€n tinh ciing dUQc x4c

dinh ngay khi g0i chuong trinh dich). Thdi gian tOn tai cUa cdc bi€n tinh ciing
12 thOi gian tOn tai cla khOi chuong trinh c6 ch(ra khai bdo bi€n nay.

Tiy theo yéu cau, cdc bi€n dOng c6 th€ dugc tao ra lic chay chuong trinh,
cdc bi€n dOng nay khong cé tén (vi vi€c dat tén thuc chat 1a gan cho né mot
dia chi xdc dinh). Viéc tao ra bi€n dOng va x6a né di dugc thuc hién nhd céic
th0 tuc NEW va DISPOSE di c6 san. Viéc truy nhdp céc bi€én dOng duoc
ti€n hanh nhG cdc bi€n con trd. Cic bién con trd dudc dinh nghia nhu bién
tinh (nghia 12 c¢6 tén va dugc khai bdo ngay tU ddu) va dudc ding d€ ch(ra dia
chi cdc bi€n dOng.

Ki€u con trd Tp va bi€n con trd Ptr tuong Ung dugc ding d€ ch(a dia chi
cdc bi€n dOng c6 kiu 1a T dugc dinh nghia nhU sau:

Type
Tp = ~T; (* M6 ta ki€u con tré Tp *)
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Var
Ptr: Tp; (* Khai bao bién Ptr *)

P& tham nhdp vao bi€n dOng c6 dia chi nam trong bi€n con trd Ptr ta ding
k¢ hiéu PtrA,

Vidu:
Type
IntPointer = *nteger;
Var
Ptr: IntPointer;
hodc ta c6 thé khai bio truc ti€p:
Var
Ptr: Ainteger;
Vidu:
Type
Point = *"Nhan_su;
Nhan_su = Record
Ten: string [30];
Tuoi: integer;
Var
P: ANhan_su

Trong vi du trén P 12 bi€n con tr@, "Nhan_su 12 bi€én dbng hay bi€n dugc
tro:

| }—h Nguyen Vin &
______ 20

4.2. Cdc thao tic d6i voi kiéu dit liéu con tro.
4.2.1. Cdc thao tdc d6i v0i con tr0.
Chi c6 mt sO thao tic sau gilra c4c bi€n con trod:
- Phép gan ( :=),
- Phép so sanh bang nhau ( =) va so sanh khac nhau ( <>).

Céc gid tri cQa bi€n con tré khong th€ doc vio tUr ban phim hay in ra truc
ti€p trén man hinh, mdy in, tUc 13 khong thé dung read(P) hodc write(P).
4.2.2. Hang con tr0 NIL.
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NIL 12 mOt gid tri hang dac biét danh cho cic bi€n con tr@ va né dudgc
dung d€ bao rang con trd khong trd vao dau cd, NIL c6 thé dugc dem gin cho
bat c bi€n con tr@ ndo. Puong nhién khi d6 viéc tham nhap vao bi€n ddng
thong qua con trQ c6 gid tri NIL 12 vo nghia, thuc chat NIL 12 con trd ddc biét
chUra gid tri 0.

4.2.3. Cdch tao ra va gidi phong 6 nhd cla bién dlng.

PéE tao ra bi€én dOng P* do con trd P trd tdi ta viét:

New (P);

Sau ciu 1€énh nay, bd nhG danh cho mOt bi€én dOng s& dugc sap x€p. Néu
trong 1 chuOng trinh ta dung n 1an NEW(P) lién tuc thi culi cuing ta ¢6 n bién
dOng song cOntd P s& chi trd vao bi€n ddng dugc tao ra lan cudi cung.

MuOn thu h6i 6 nhé& danh cho bi€n dOng da dugc tao ra sau 1énh NEW
ngU0i ta dung chuOng trinh con DISPOSE:

Dispose (P);
Vi du: C4ch st dung New va Dispose:
Type
Tp = "Mang;
Mang = Array [1 .. 100] of integer;
Var
P, Q: Tp;
Begin

Dispose (P);
Dispose (Q);

Dispose (P);
End;
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Chuong 3: Danh sach
1. Céac khai ni€m co ban vé cau tric dit liéu.

1.1. Cap phit b6 nhé.

Cap phat b0 nhd 1a 1 trong cdc nhi€m vu cla chuong trinh dich, cin c(f
vao muc khai bdo bi€n va khai bdo ki€u dit li€u ma chuong trinh dich sé thuc
hi€n cap phat bd nh§ tuong Ung.

1.1.1. Cdc loai c8p phdt b nho.

C6 2 phudng phap cap phat bO nhd:

- Cép phit tinh b0 nhG: La viéc cap phat bd nhd chi thuc hién 1 1an trudc
khi thuc hién chuong trinh, vi du nhu viéc cdp phat b0 nhG cho cic bién
dudc khai bao trong chuong trinh chinh.

- Cap phat dOng b0 nhd: Thuc hién cap phat bd nhd nhi€u 1an xen ké khi
thuc hién chuong trinh theo nguyén tac cdn dén dau cdp phat dén d6 va sl
dung song phai thu hdi ngay, vi du nhu cdp phat bd nhé cho cic bi€n cuc bo
cUa chuong trinh con.

1.1.2. Cdc phuong phdp luu trir thong tin trong b nhd.

- Luu trir k€ tiép: C6 nhitng ki€u dir liéu ma gid tri thudc ki€u dif liéu
nay dugc luu tr(f trong nhi€u hon 1 don vi b0 nhd co s, néu gi4 tri cla 1
bién dugc 1uu trlt nhu vay thi chudng trinh dich phdi cap phat cho bi€n nay 1
viing b0 nhd c6 dia chi lién ti€p, sau d6 1ay dia chi dau cla ving b nhd da
cap phat gan cho tén bi€n. Vi ding 1 ving bd nhG c¢6 dia chi lién ti€p nén
phuong phap nay goi 1a 1uu tr(r k€ tiép.

- Luu trit méc noi:

Vi du: Khi ta ghi n0i dung cUa 1 file 1én dia, hé di€u hanh s€ ki€m tra toan
b0 dia d€ tim ra nhimg viing b0 nhG con trOng d€ ghi ndi dung cla file 1én
ving b0 nhG tréng d6. Vi ving bd nhG nam rdi réc trén dia 1én khi ghi n0i
dung s& phdi lién k&t c4c viing rdi rdc trén dia d€ chi ra d6 1a ndi dung cUa
cling 1 file. Tai cdc viing Iuu tr(f, ngoai phan b0 nh& danh d€ 1uu tr(f thong tin
cUa file ta can thém 1 phan nhG d€ ch(ra dia chi cUa viing luu tr(t thong tin
ti€p theo, viing dia chi d6 goi 12 mOi nGi hay dia chi lién két (link, Ptr).

Vi cach thUc 1uu tr(f nay ta néi vi€c 1uu trlf n0i dung cla 1 file 1én dia la
theo phuong phép Iuu tr(f méc noi.

Cap thudt ng(r “cap phit tinh — Iuu trlt k€ ti€p” va “cap phit dOng — 1uu
tr(f méc ndi” thudng di li€n véi nhau trong cau tric d{t liéu va gidi thuat.
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1.2. C8p phit tinh b6 nhé va luu trit ké tiép.
1.2.1. Yéu cau d6i v&i ngui ldp trinh:

- Phai du kién t0i da d{r liéu (khong gian nhG) dugc s dung.

- MO0i khi c6 yéu cau truy nhdp thi ngudi 1ap trinh phai cung cap céc tham
sO d€ chudng trinh dich x4c dinh dia chi tai d6 1uu trr gia tri cUa cdc bi€n, cac
tham sO nay hoan toan tuy thuOc vao ki€u dif liéu cla cic bién.

1.2.2. Yéu cdu d6i v&i chuong trinh dich.

- Cin cU vao khai bdo bi€n va ki€u, chuong trinh dich phai danh cho mo0i
bi€n 1 viing b0 nh& c6 dia chi lién ti€p theo kich thudc tdi da ma ngudi 1ap
trinh d khai bdo, sau d6 mang dia chi dau cUa ving bd nhd nay gan cho tén
bién.

- Cin c( vao cic tham s ma ngUdi 1ap trinh da cung cap khi ¢ yéu cau
truy nhap dua theo quy ludt (f) nao dé d€ xéac dinh dia chi cla ving b0 nhd
chta gia tri can 1y ra. Quy ludt nay cé tén 1a ham dia chi, n6 c6 dang tOng
quat sau:

f(thanh phdn th(r i) = A, + tOng b0 nhG danh d€ U trlf moi thanh phan
duoc luu trlr truGc thanh phan th(r i

Vi du: Mdng 1 chi€u x dugc khai bdo t0i da Nmax phan tU:

x: Array [1..NMax] of KPT;

Cin c( ki€u phan t cla mdng ta s xdc dinh dugc sO byte luu trit cla 1
phan t0r 13 C. Ham f(x[i]) dung d€ x4c dinh dia chi phan t( th( i trong mang x:
f(x[i]) = Ao + (1-1)C

1.2.3. Uu nhuoc diém cla phuong phdp.

- Uu di€m: Cho phép truy nhdp nhanh va binh dang d6i v&i moi thanh
phan trong cau tric d{r liéu.

- Nhugc di€m: TOn b0 nhG vi yéu cau cap phat b nhd véi kich thudc tOi
da s& gy ra thi€u b0 nh§ gid tao (bd nh& dugc cdp phit nhung khong diing
hét, hodc do yéu cau 1 viing nhé c6 dia chi lién ti€p vdi kich thudc tdi da nén
néu cé ving bd nhd& con trdng nhd hon yéu cau thi cling khong cap phit
duaqgc)

1.2.4. St dung c8p phdt tinh b0 nhd va luu trit k€ tiép.

Phuong phdp nay dugc s dung khi s& 1ugng phan t( trong 1 cau tric df
liéu it bi€n d6i va khi ¢6 yéu cau truy nhdp 12 yéu cdu truc ti€p hay ngdu
nhién ch(r khdng phdi 14 toan bd cdc phan t( trong cau tric d{r liéu.
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1.3. Cap phdt déng bd nhé va luu trir méc néi.

1.3.1. Yéu cau d6i vOi ngén ng(r 14p trinh va chuong trinh dijch.

- Phai c6 ki€u d{r liéu ma gid tri cla né 1a dia chi (ki€u dit liéu con tro).

- Chuong trinh dich phdi cho cic th( tuc mau d€ thuc hién cap phat va
gidi phéng bd nhé.

- Phdi c6 tén hang d€ mo ta dia chi lién k€t rOng hay dia chi lién két khong
x4c dinh d€ dung cho kh0i thong tin cudi cing trong 1 cdu tric d{F liéu.

ThU tuc mau d€ cap phat bd nhG duge ky hiéu 1a Avail, trong do:

- Viing bd nh& do bién con trd P trd dén dugc cdp phit dOng do s dung
thU tuc xin c@p phat bd nhd cho bién con trd P: Avail P

- D€ gidi phéng b0 nhG dung ky hiéu:  Avail P

1.3.2. Yéu cau dbi v&i ngudi l4p trinh.

- Toan quy€n qudn 1y bd nhG dbi véi 1 cdu tric dit liéu: Can phdi biét
dugc dia chi cUa phan t& dau tién trong cdu tric dit 1i€u hodc trong 1 bién trd
hodc trong 1 phan tU gid goi 1a phan t& dau va dia chi phan t& dau tién dugc
luu trif trong phan dia chi lién két cUa phan t{ gid nay. MOi khi truy nhap 1
phan tU trong 1 cdu tric d{f 1i€u chi ¢6 cach 1a truy nhdp tudn tu do biét dia
chi cUa phan t& dau tién, sao d6 cin c( vao dia chi cla phan t( dau tién ta
bi€t dugc dia chi cla phan tl th(r 2 va c(f nhu vay cho d€n khi két thiic.

1.3.3. Uu, nhuoc diém cla phuong phdp.

- U'u diém: Ti€t kiém bd nh& va khong giy hién tugng thi€u bd nhd gid
tao.

- Nhuoc diém: Truy nhdp chdm va khong binh dang d6i véi cic thanh
phan trong 1 cdu triic d{t li€u do phuong phdp truy nhap la tudn tu.

1.3.4. S0 dung.

Phuong phéap dugc st dung khi sO 1ugng cdc phan t( thay dGi lién tuc va
mOi khi ¢6 yéu cau truy nhdp thi phai truy nhdp tudn tu.
2. Danh sach tuy@n tinh.

2.1. Dinh nghia va cdc khdi niém.

2.1.1. Dinh nghia.

Danh sich tuyén tinh 13 1 tdp hQp cdc phan t& va dugc danh sb tU 1..n.

V@i n = 0 ta n6i danh sach tuy€n tinh rOng (can), v&i n > 0 thi v&i 1 phan tlr
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th(i ta luén x4c dinh dugc duy nhat 1 phan t& dUng lién trude va 1 phan
dUngliénsau i—1vai+ 1)
2.1.2. Cdc phép xt Iy thuOng gdp v&i danh sdch tuyén tinh.
- ThOng ké;)
- Sap x€ép;

Tim kiém: > Chi lién quan dén 1 danh sach tuy&n tinh

Phuong phap nay lam thay dGi sO 1ugng phan t hién c6 trong danh sich
nén phai quan tim dén vi trf phan t& dugc loai bd hay b& sung.

-B6 sung;
J
-Loaib
- Tach;
- Ghép;
2.1.3. Cdc loai danh sdch tuyén tinh dac biét:

?Lién quan dén tU 2 danh s4ch tuy€n tinh trd 1én

- Stack: La danh sach tuy€n tinh dac biét ma phép bl sung va loai bd dugc
thuc hién cung 1 phia cUa danh sich (phia dinh danh sach). Danh sdch nay con
c6 tén LIFO (Last In First Out)

(7 SN

B6 sung Loai bo

Hinh 3.1. Ngiin x€p Stack
- Queue: La danh sich tuy€n tinh ddc biét ma phép bl sung va loai bo
duoc thuc hién & 1 dau goi 1a 16i sau va phép loai bd dugc thuc hién & dau
con 1ai goi 14 16i truGc. Danh sich nay con ¢6 tén FIFO (First In First Out)

Loai béﬁ i | B6 sung

Hinh 3.2. Hang dQi Queue
2.2. Luu trit danh sdch tuyén tinh bang phéin bo ké tiép.

Nguyén tac chung: D€ 1uu trlf danh sich tuy€n tinh ngUdi ta ding mang 1
chi€u, s6 1ugng phan tl trong danh sich va kich thudc t0i da dugc khai bdo
bang khai bdo clla mang 1 chiéu.

2.2.1. Stack.
Stack dugc Iuu trif bang 1 mang S nao d6 dang:
S: Array [1..NMax] of KPT;
- Thudt todn b0 sung phan t& cho Stack:
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V&i S 1a mang 1 chi€u vUa 1 tham sO vao vUa la tham sO ra; n 1 dinh cUa
Stack; X 1a phén t(f can b0 sung vao Stack, ta c6 thudt todn bO sung 1 phan tlr
vao Stack nhU sau:

Procedure Push (S, n, X); (* X: Tham s0 vao *)
Begin
If n = NMax then
Write (‘Stack tran!’);

Else
Begin
n:=n-+1;
S[n]:=X;
End;
End;

- Thudt to4n loai bd phan t khoi Stack:
Procedure Pop (S, n, X);  (* X: Tham soO ra *)

Begin
If n =0 then
Write (‘Stack can!’);
Else
Begin
X = §[nJ;
n:=n-1;
End;
End;
2.2.2. Queue.

Queue ciing dugc luu trlf dudi dang 1 mang Q nao do:
Q: Array [1..NMax] of KPT;

1 2 3 NMax

Q:| | | |

Goi: Flachi sO phan t& nam 6 16i truGe cla Queue;
R 1a chi sO phan t& nam & 16i sau cla Queue;
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- Khi Queue réng ta quy U6c F=R =0

- Khi b0 sung 18n dau tién thi F = R = 1, dy 1a truOng hop duy nhat lam
thay d6i chi sO F khi thuc hién phép b0 sung.

- Nhitng 1an b0 sung ti€p theo thi R := R +1.

Sau khi thuc hién 1 s6 phép b0 sung va loai bo thi hinh dnh b0 nh& cho Q
sé c6 dang:

F R
Hinh dnh b0 nh& nay cla Q sé ludn c6 dang nhU vay cho dén khi ta st
dung dén phan t cudi ciing clla mang Q (R = Nmax)

F R = Nmax
Néu chi s6 R < Nmax thi khi b6 sung ta c6 R :=R +1, nguoc 1ai thi R := 1.
Tuc la:
If R < NmaxthenR =R + 1
Else R :=1;
hoac tuong duong véi: R := R Mod Nmax + 1
Quy ludt thay d6i chi s6 F ciing tuong tU nhu chi s6 R, chid y khi R Mod
Nmax + 1 = F thi dan d€n hién tuong tran b0 nhd cla Q, khi loai bo phan tU
cudi cling cllaQtac6 F=0; R =0.
* Thudt toan b8 sung phan tU vao Queue:
Procedure Qlnsert (Q, F, R, x);
Begin
If R Mod Nmax + 1 = F then
Writeln (‘Queue tran’)

Else
Begin
R := R Mod Nmax + 1;
Q[R] = x;
If F=0then F :=1;
End;
End;

* Thudt toan loai bd phan tU khdi Queue:
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Procedure QDelete (Q, F, R, x);
Begin
If F =0 then
Writeln (‘Queue can’)
Else
Begin
x := Q[F];
If F = R then
Begin
F:=0;
R:=0;
End;
Else
R := R Mod Nmax + 1;
End;
End;
2.2.3. Cdc Ung dung trén danh sdch tuyén tinh.
a. Ding Stack d€ doi 1 s6 nguyén duong tir hé 10 sang hé 2.
* Phan tich gidi thuat:
- Duing Stack S d€ 1uu tr{t phan du cUa phép chia n cho 2
- While n <> 0: ddy phan du cUa phép chia n cho 2 vio stack S dinh k
sau d6 18y phan nguyén cUa phép chia chia ti€p cho 2. Qua trinh nay c( 1dp di
1ap 1ai.
-k <> 0 thi1dy i tU stack S dinh k d€ dua i ra.
* Gidi thuat:
Procedure Doi n (n)
Begin
R:=0;
While n <> 0 do
Begin
Push (S, R, n Mod 2);
n=ndiv2;
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End;
Write (‘ Két qud’);

While k <> 0 do
Begin
Pop (S, k, i);
Write (i);
End;
End;

b. Diing Queue d€ d0i 1 s6 0 < x <1 tlr hé 10 sang hé 2.

* Phan tich gidi thudt: Mang gid tri x nhan lién ti€p vdi 2, gilt 1ai phan
nguyén rOi 1ai 18y phan 1& nhan v&i 2 cho dén khi x = 0 hodc nhan dén liic sO
14n nhan bang sO 1uong sO 1€ ma mdy tinh c6 thé bi€u dién dugc, s6 lugng
sO 1& d6 quyét dinh Nmax trong Queue, n€u Nmax cang 16n thi sai sO cang
han ché.

K&t qud chuyén dGi 1a phan nguyén cUa cdc tich ma ta nhan dugc viét
theo ding th(r tu.

Procedure Doi_co_so (x);

Begin
F:=0;R:=0;
While (x <> 0) and (R < Nmax) do
Begin

R :=Trunc (x * 2);
CQlnsert (Q, F, R, k);
X = X*2 —trunc(x*2)
End;
Write (‘0’);
While F <> 0 do
Begin
CQbDelete (Q, F, R, i);
Write (i);
End;
End;
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c. Ding Stack d€ tinh gid tri bi€u thUc dang hdu 10 .

* Bi€u thirc dang hdu td: Cac thanh phan tham gia vao bi€u thlc c6 thé
bao gOm cdc todn hang (TH) va ddu phép todn ( ). Khi tinh todn phép todn ta
can quan tim dén th( tu thuc hién phép todn.

Chi y: Khi tinh gid tri cUa bi€u thUc ta ludn xdc dinh phép toan thuc hién
cuOi ciing, cin cU vao cdc quy UGc v€ th(r tu thuc hién phép todn. Trong cich
viét thong thuOng ta phdi ding cdc ddu ngodc d€ thuc hién th(r tu phép todn
né€u né nguoc véi th( tu quy udc.

Vidu:x+y*(z-t)—ulv

Bi€u thlc vi€t dang nhU trén goi 12 bi€u thiic dang trung t0. Vi cach sUt
dung d&u ngodc nhu vay thi khi vi€t chuong trinh tinh to4n gi4 tri cUa bi€u
th(c can thém dung lugng b0 nhd d€ 1uu ddu ngodc, d€ gidm su cOng kénh
nay, 1 nha todn hoc ngudi Balan di dua ra phuong phdp bi€u dién bi€u thiic
theo ky phap hdu t0 (Poitfix Notation) hodc tién t0 (Postfix Notation) ma goi
chung la ky phap Balan (Polish Notation)

Vi du:
Biéu thlc dang trung t0 | Bi€u thUc dang hdutd | Biéu thlc dang tién tO
(A+B) *C AB+C* +AB*C
A+B*C ABC*+ +A*BC

Trong da sO cic ngdén nglr 1ap trinh, cic bi€u thlc van dugc viét dudi
dang trung tO thong thuGng, nhung khi vi€c tinh todn trong mdy thi 1ai dugc
chuong trinh dich tu d0ng chuy&n sang dang hdu td hodc tién t0 d€ tinh gid
tri cUa bi€u thifc.

* Quy UGc vé bi€u dién bi€u thitc dudi dang hau to:

- D&u phép todn dat sau cic todn hang tham gia phép todn nay:

TH TH
TH1 TH2 THITH?2

- D&u phép todn thuc hién culi cuing khi tinh gid tri cla bi€u thlc ludn
nam bén phai nhat.

* Cac budc bi€n dbi bi€u thic dang trung tO thanh bi€u thlc dang hau
to:

- Phan tich bi€u thUc d€ xdc dinh dau phép toan thuc hién culi ciing khi
tinh gid tri, N€u c4c toan hang tham gia vio phép toan nay la bi€u thltc con cla
bi€u thlc ban dau thi ti€p tuc phan tich cdc bi€u thUc con dé d€ x4c ding dau
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phép toan dugc thuc hién cudi cling d€ tinh gi4 tri bi€u thlc con d6. Phép todn
c(r thé dugc thuc hién cho d€n khi tat cd moi toan hang déu la nguyén t6 (1a
hang hodc 12 bi€n)

- Thuc hién quy udc 1 d€ chuy€n ddu phép toan ra sau cic toan hang
tuong Ung cla né. Bi€u thic thu dugc ta goi 1a bi€u thlic dang hau t0.

Vi du: Chuyén bi€u thlc x + y * (z — t) — u/v sang bi€u thlic dang hau t0:

x +y * (z - t ) - u [ v
X +y * (z - t ) uw [/ v -
xy * (z - t ) + u v [ -
xy (z - t ) * + u v [ -
X'y z t - * + u v [/ -

* Gidi thudt chuyén biu thUc tU dang trung tO sang bi€u thUc dang hau
to:
Procedure Polish (Q, P);
{Q 1a bi€u thic viét dudi dang trung tO, gidi thudt nay bi€n dGi Q sang dang
hau t0 P, thoat ddu P rOng}
1. Thém d&u “)” vao culi Q; {dé 1am dau két thiic}
Call Push(S,T, “(); {D&u ngodc md nay tuong Ung vGi ddu ngodc
déng m&i thém vio cudi Q)
2. Repeat {Poc ky tu X trong Q khi duyét tU trai qua phdi}
3. Case
X 14 toan hang: B6 sung thém X vao P;
X 1a dau ngoac m@: Call Push (S, T, “(“);
X 1a todn t: While th(r tu Uu tién cUa S[T]  th( tU uu tién cla X
do Begin
Call POP (S, T, W); {BG sugn thém W vao P}
End;
Call Push(S, T, X);
X 1a d&u ngodc déng: reapeat
Call POP(S, T, W); {B0 sung thém W vio P};
Until g3p d&u “(* thi loai d&u “(“ ra khdi Stack S
End Case
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Until Stack rong
4. Return;
* Gidi thudt tinh gid tri cUa bi€u thlc dang hdu t0:
Procedure Eval (P, Val);
1. Ghi thém ddu “)” vao cudi bi€u thlic P d€ lam két thic;
2. Repeat {Doc ky tu X trong P khi duyét tU trdi sang phdi}
3. If X 1a toan hang then
Call Push (S, T, X)
4. Else Begin
Call POP (S, T, Y);
Call POP (S, T, 2);

W:=2Z(X)Y; {(X) chi todn t& X}
Call PUSH (S, T, W)
End;

Until gdp dau két thic “)”;
5. Call POP (S, T, Val);
6. Return;

2.3. Luu trit méc n6i v6i danh sdch tuyén tinh.

Luu tr(r k€ ti€p d0i vGi danh sich tuyén tinh di bOc 10 rd nhugc di€m
trong truOng hop thuc hién thuOng xuyén cic phép b6 sung hodc loai bo
phan tU, truGng hgp xU 1y dOng thGi nhi€u danh sich,... bdi viéc ludn khai
bdo Nmax s€ gay hién tugng tOn bd nh& bdi nhi€u khi khong dung hét, hodc
néu muln b6 sung hay loai bd phan t(f khong phdi 3 dau hodc cudi danh
sach s& doi hdi phdi dOn hodc dan danh sdch trudc khi thuc hién b6 sung
hoac loai bd 1am cham lai qu4 trinh x( Iy thdng tin.

Viéc st dung con trd hodc mdi n0Oi d€ t6 chlc danh sach tuy€n tinh, ma ta
g0i 12 danh sdch méc n6i chinh 12 1 gidi phdp d€ khac phuc cdc nhugc diém
cUa luu trir ké tiép.

2.3.1. Nguyén tac Iuu trir

MOi phan tU trong danh sach dudgc 1uu trf trong 1 phan t& nhd, g0i 1a nit
(node) va c6 th€ nam & vi tri bat ky trong bd nhd, trong mobi nit, ngoai phan
thong tin Ung v&i 1 phan t con cha dia chi cla phan t& dlng sau né trong
danh sach, cau tric cUa 1 nit:
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INFO LINK

Trong do:
Info: Ch(ra thong tin cUa phan t.
Link: Ch(a dia chi cUa niit ti€p theo
- D€ chi nit dau tién cUa danh sach c6 th€ st dung bi€n trd L hodc dung 1
nit gid d€ ky hi€u rang dé 1a nit ddu tién cUa danh sich:
HE AD LINK
- Riéng niit cudi cting thi khdng c6 nit dUng sau n6 1én mOi nOi & niit nay 1a
1 “dia chi dac biét” chi dung d€ danh dau két thic danh siach ch( khong nhu
céc dia chi & cdc nit khéc, ta g0i 12 “m&i nOi khong” va ky hién 1 null
INFO
- D€ ¢6 thé truy nhdp dugc vao moi nit trong danh sich ta ciing bat dau
truy nhap vao niit dau tién, nghia 12 cdn c6 1 con tr0 L trd vao nit dau tién
nay.

- D€ chi mOi ndi tUr danh nit nay sang niit kia cUa danh sich ta ding mii
tén xuat phat t phan LINK cUa niit trudc di téi phan INFO cUa niit ti€p theo
2.3.2. Cdc loai danh sdch tuyén tinh s dung lUu tr(t méc noi.
2.3.2.1. Danh sich n0i don.
- Dang 1: Ghi nh§ dia chi niit ddu tién bang con trd L:

¥

L -7 INFO1 | LINK1 INFO2 | LINK2 [—* -~ —* INFOn

Danh sdch sé rOng khi L = Null.
- Dang 2: SU dung niit gid d€ ddnh ddu nit dau tién cUa danh séach:

_HE, LINK * INFO1 LINK1 |—* -~ —* INFOn

Danh sich s& trOng khi Link (Head) = Null.

Véi cdu triic cla danh sich dang 1 va dang 2 niy d€u c6 chung nhugc
di€m 12 muOn duyét tat cd cic phan tU trong danh sich phdi xudt phat tUr
phan t& dau tién, d€ khac phuc nhuoc di€m nay ta st dung cdu tric luu trlf
12 danh sach n0i vong.

2.3.2.2 Danh s4ch nGi vong.

- Dang 3: V6i phuong phdp luu trlf cUa danh sich nOi vong, d€ duyét

danh sdch ta c6 th€ bat dau tlr bat ky phan t( nao. Nguoi ta ghi nh& dia chi
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clla mOt trong céc niit trong danh sich trong 1 con trd Tp, nit ¢ dia chi ch(ra

trong con trO nay duQc goi 1a nit cuc phai clla danh sich n0i vong.

T

Danh sdch nay rOng khi con trd Tp = Null.

i

INFO LINK » INFO LINK —* - —* INFO LINK
- Dang 4:
m= INFO | LINK — - — m

2.3.2.3. Danh sich ndi kép.

Vi 4 loai cdu tric 1uu trlf trén déu c6 chung 1 nhugc di€m 1a chi duyét
danh sach theo 1 chi€u, d€ khac phuc nhugc di€m nay ngUdi ta thay cdu triic
nit bang cach thém vao 1 dia chi lién két nifa:

LLINK | INFO |RLINK

- Dang 5: D€ c6 th€ duyét danh sach chi€u tU trdi sang phdi dung con trd
L d€ ghi nhan dia chi cla nit ndm bén trdi nhat, d€ duyét danh sich theo
chi€u tU phai sang trdi ding con trd R d€ ghi nhan dia chi cUa nit ndam bén
phai nhat, danh sich rbng khi L = R = Null

L— PE— P m— <R

- Dang 6:

VGi dang danh sich ndy thi danh sich rOng khi LLink (Head) = RLink
(Head) = Head
2.3.3. Cdc phép todn trén danh sdch tuy€n tinh st dung luu trit moc

2.3.3.1. Cé4c phép todan trén danh sach lién két don.
* BO sung 1 niit mGi vao danh séch lién k&t don.
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Danh s4ch lién k€t don chi day khi khong con khong gian nhé d€ cap phit,
gid st ludn con khong gian nhG nghia 1a phép b0 sung 1 phan tl vao danh sich
ludn thuc hién dugc.

Gid sir Q1a 1 con tro trd vao 1 nit ndo dé cla danh sach, ta can bb sung 1
niit m&Gi v3i Info 1a X vao sau nit dugc trd bdi Q, ta c6 gidi thuat:

Procedure InsertAfter (Var L: Pointer, Q: Pointer, X: ltem);

Var
P: Pointer;
Begin
New(P); {Tao
PA.Info := X; mOt niit
If L = Null then
Begin
PA.Link := Null; {Thuc hién b0 sung, n€u danh
sdch rOng thi b8 sung nit mdi
Head := P; A \g LA g.A N
vao thanh ndt dau tién, néu
End khoéng thi b6 sung nit m&i vao
Else Begin sau nit dugc trd bdi Q}
PA.Link := Q”.Link;
QA .Link = P;
End;
End;
Thao tic b8 sung niit m&i c6 th€ md ta bang hinh vé:
/Q
J@@ ——m  al T ™3 L w  ad

* Loai bO 1 nit ra khdi danh sich lién k€t don:

Gid sU ta can loai bd niit dugc tré bdi Q, n€u Q khong trd vao niit dau
tién thi ta can xdc dinh dugc nit dUng trudc Q d€ dua con tré R sang dé rbi
m&i loai bd nit Q:

Procedure Delete (Var L: Pointer, Q: Pointer, X: ltem);
Var
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R: Pointer;

Begin

{TruOng hop danh sich rOng}
If L = Null then
Begin
Writeln (‘Danh sach rong’);
Exit;
End;
{Trudng hop niit trd bGi Q 12 nit dau tién}
If Q = Head then

Begin
Head := Q”.Link;
Dispose (Q);
Exit;
End;
{Tim d€n nit dUng trudc nit trd bdi Q}
R := Head;

While R*.Link <> Q do R := RALink;
{Loai b niit trd b3i Q)
RA.Link := Q.Link;

Dispose (Q);
End;
Phép todn loai bo trén c6 th€ md ta bang hinh vé:
/Q
,]@@ ——m  al — — — —® a3 - — —m a4

I *

* Ghép 2 danh séch lién k&t don.
Gid sU ¢6 2 danh sich lién két don 1an 1ugt dugc trd bdi P va Q, 2 danh
sach nay dugc ghép lai d€ trd thanh 1 danh sich dugc trd bdi P:
Procedure Combine (Var P: Pointer, Q: Pointer);
Var

R: Pointer;
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Begin
{TruOng hgp danh sich tr6 bdi Q rOng}
If Q = Null then Exit;
{TruGng hdp danh sich tré bdi P rong)
If P = Null then
Begin
P:=Q;
Exit;
End;
{Tim dén nit cubi danh sich trd bdi P}
R:=P;
While R”.Link <> Null do
R := R Link;
{Ghép 2 danh sich}
RA.Link := Q;
End;
2.3.3.2. Céc phép todn trén danh sich lién k&t doi.

DE€ truy nhap vao danh sich lién k&t d6i ta dung 2 con tr@, con tré L trd
vao niit dau tién cla danh sich, con tr@ R tré vio niit culi ciing cUa danh sich.
Viéc cai dat danh sich lién két doi s€ tOn nhi€u bd nhd hon so vGi danh sach
lién k€t don nhung 1ai ¢6 nhi€u Uu di€m hon nhU c6 thé duyét danh sich theo
chi€u ti€n hodc 1ui 1ai tuy y, cdc phép todn trén danh sich lién k&t do6i ciing
thuc hién dé dang hon.

Ta c6 thé khai bdo cau tric d{f liéu danh sach lién k€t doi nhu sau:

Type
TRO = *Nut;
Nut = Record
Info: ltem:;
L, R: TRO;
End;

* BO sung 1 nit m&i vao danh sdch: Cho 2 con tr@ L, R 1an 1uot trd t&i niit
dau va cubi cla danh sich lién két doi, M 1a con trd tré t&i 1 niit trong danh
sdch nay, thuc hién bd sung 1 nit m&i vao nit trude nit dugc trd bdi M:
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Procedure Bo_sung;
Var
L, P, P, M: TRO;
X: ltem;
Begin
{Tao ndt m&i)
New (P);
PA.Info = X;
{Xét truOng hop danh sich rong)
If (R = Null) then

Begin
PA.LLink := Null;
PA.RLink := Null;
L:=P;
R:=P;
End
Else
{Trudng hop M trd t&i nit dau tién}
If (M =L)then
Begin
PA.LLink := Null;
PA.RLink := M;
MA.LLink := P;
End
Else
Begin
PA.LLink := MA.LLink;
PA.RLink := M;
MA.LLink := P;
PA.LLink".RLink := P;
End;
End;
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* Loai bO 1 niit trén danh sich:

Cho 2 con trd L, R 1an 1uot trd tdi nit dau va cudi cla danh sach lién két
ddi, M 1a con tr0 tro tdi 1 nit trong danh sdch ndy, thuc hién loai bod nit dugc
trd bdi M:

Procedure Loai_bo;

Var
L, R, M: TRO;
Begin
If R = Null then write (‘Danh sach rong’)
Else
If L = R then
Begin
L := Null;
R := Null;
End
Else
If M = L then
Begin
L := L*.RLink;
LA.LLink := Null;
End
Else If M = R then
Begin
R := RA.LLink;
RA.RLink := Null;
End
Else
Begin
MA.LLink”.RLink := M*.RLink;
MA”.RLink”.LLink := M”.LLink;
End;
End;
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2.4. Luu trir méc néi voi Stack va Queue.

Poi vbi Stack, viéc truy cap chi thuc hién & 1 dau nén viéc cai dat Stack
bang danh sich lién két 12 khd tu nhién. Chang han, vGi danh séch lién két
don dugc trd bdi Head thi c6 th€ coi nhu ddy 1a dinh cla Stack, b0 sung 1 niit
mdi chinh 12 b8 sung 1 nit thanh nit dau tién cla danh sich, loai bo nit dau
tién chinh 12 loai bd nit dau tién cla danh sich.

DPoi véi Queue thi viéc loai bd dudc ti€n hanh G 1 dau va c6 thé coi 1a nit
dau tién cUa danh sdch, b0 sung thi ti€n hanh & dau con 1ai, tdc 1a ta gan thém
ntit vao phia sau nit cudi cling, trong truGng hgp niy ngUdi ta dung 2 con trd
d€ trd ludn vao vi trf dau va vi trf culi cUa danh sidch d€ thudn tién cho bo
sung va loai bo.

2.4.1. Cdc phép todn d6i voi Stack.
Gid st con trd L trd vao dinh cla Stack, cau tric di li€u cla Stack duoc
khai bdo nhu sau:
Type
Tro = *Node;
Node = Record
Info: ltem:;
Link: Tro;
End;
Var L: Tro;

Trong truOng hgp nay Stack rOng khi L = Null. Gid st vi€c cap phat b0
nhG 14 dOng, tUc 13 Stack khong bao gi® day va ta ludn thuc hién dugc phép
toan b0 sung.

L

Ay — -1 — e a1 —

Sau day 12 cdc ham va thU tuc thuc hi€n cic phép todn trén ngin x€p Stack:
* Khoi tao Stack rOng:
Procedure Khoi_tao;
Var
L: Tro;
Begin
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L := Null;
End;
* Ki€m tra Stack rOng:
Function Empty (L: Tro): Boolean;
Begin
Empty := (L = Null);
End;
* BG sung 1 phan tl vao dinh cUa Stack:
Procedure Push (L, X);
Var
P: Tro;
Begin
New(P);
PA.Info = X;
PA.Link := Null;
If L = Null then
L=P
Else
Begin
PA.Link ;= L;
L:=P;
End;
End;

" o

A -

* Lay 1 phan t& & dinh ra khoi Stack:
Procedure Pop(L, X);
Var
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OK: Boolean;
P: Tro;
Begin
If Empty(L) then OK := False
Else
Begin
P:=L;
X := LA.Info;
L := L Link;
OK := True;
Dispose(P);
End;
End;
T

an - 8n = .l —_—

ks

2.4.2. Cdc phép todn d6i v6i Queue.

C&u tric d{ liéu biéu dién Queue:
Type
Tro = *Node;
Node = Record
Info: ltem;
Next: Tro;
End;
Queue = Record
F: Tro; {F: Front}
R: Tro; {R: Rear}
End;
Var
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Q: Queue;

Trong cdch bi€u dién trén, F 12 con trd trd vao nit ddu cla Queue, R 12 con

trd tré vao nit sau cUa Queue:
F

|

dn - dn-1

R

|

al

Vi cich cai dat nhu vay ta ¢6 cac phép todn trén Queue nhU sau:

* Khoi tao Queue rong:
Procedure Creat (Q);

Begin
Q.F := Null;
Q.R := Null;
End;

* Ki€m tra xem Queue c6 rOng hay khong:

Function Empty (Q: Queue): Boolean;

Begin

Empty = (Q.F = Null);

End;

* BG sung phan tU vao culi hang doi:

&

Procedure Add(Q, X);
Var
P: Tro;
Begin
New(P);
PA.Info = X;
PA.Link := Null;

i - =% ——

T

—_—

dn-1

dl
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If Empty (Q) then

Begin
Q.F := P;
Q.R =P;

End

Else

Begin
Q.R*.Link := P;
Q.R =P;

End;

End;
* Lay ra 1 phan t0 & dau Queue:

I

Procedure Del (Q, X);

Var
OK: Boolean;
P: Tro;
Begin
If Empty(Q) then OK := False
Else Begin
P:=Q.F;
X := Q.F*.Info;
Q.F := Q.F~.Link;
OK := True;
Dispose(P);
End;
End;
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Chudng 4: Sap x€p va tim ki€m
1. Sap xé€p.

1.1. Pat van dé.

Sap x€p (sorting) 1a qué trinh bO tri 1ai c4c phan tl cla 1 tap d6i tugng
nao dé, theo 1 th(r tw nhat dinh nham thuc hién tim ki€m thudn 10i, x 1y céc
két qua nhanh chéng,...

D{I liéu trong mdy tinh c6 th€ xudt hién dudi nhi€u dang khic nhau,
nhung G day ta quy Udc tap doOi tuong dugdc sap x€p la tap cdc ban ghi
(record), mOi ban ghi bao gdm cac trudng d{f li€u, tuong Ung 1a cc thudc
tinh d(t li€u kh4c nhau.

Gid sU rang moOi phan t0 dit liéu dugc xem xét c6 1 thanh phan khoa
(key) d€ nhan dién, viéc sap x€p d{F liéu coi nhu sap x€p doi vdi khéa, dé
minh hoa cho cdc phuong phap sap x€p ta coi khéa K, K,..., K, 1a cdc sO va
th( tu sdp x€p 12 ting dan, gid s ddy s6 dugc coi la cic khéa ding minh hoa
cho cdc gidi thuat Ia:

2 23 74 11 65 58 94 36 99 87

1.2. Cdc phuong phdp sap xép co ban.

1.2.1. Sap x€p kiéu lua chon (Selection Sort)

* Tu tu@ng cla phuOng phéap:

- Ban dau diy c6 n phan t ¢6 th( tu ngdu nhién, ta chon phan tU ¢6 gid tri
nhO nhat trong n phan t& chua c6 th( tu nay d€ dua 1én ddu nhém n phan tU.

- Sau 18n th( nhat chon 1ua phan t& nhé nhat va dua 1én dau nhém chiing
ta con 1ai n — 1 phan t& dUng & phia sau cUa diy K chua cé th(r tu. Ching ta
lai ti€p tuc Iua chon phan t& nhd nhat trong n — 1 phan tU nay d€ dua l1én
dau nhém n — 1 phan t{,... Do vay, sau n — 1 1an 1ua chon phan tU nhd nhat
d€ dua 1én dau nhém thi tat cd cic phan tl trong diy M s€ c6 th(r tU ting
dan.

- Nhu vay, thudt todn niy chU y€u ching ta di tim gi4 tri nhi nhat trong
nhém n — i phan t& chua c6 th( tu dlng & phia sau diy K, vi€c nay don gidn
chiing ta van dung thudt toan tim ki€m tudn tu:

* Thudt todn:

Bl:1=1;

B2: Tim phan t& nhé nhat K[min] trong diy tU K[i] d€n K[n];
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B3: Hoén vi K[min] va K[i];

B4: Néui<=n-1thii:=i+ 1;Laplai budc 2
Ngudgc lai: Dung
Diy K di dugc sap x€p diing th(t tu.

Nguyén tac cd ban cUa thudt toan 1a & lugt th(ri (i=1, 2, ..., n) ta s& chon
trong diy khéa K;, K1, ..., K, khéa nho nhdt va d6i chd cla né véi K. Sau j
1ot ta c6 j khéa di sdp x€p diing theo vi tri mong mubn tU th( 1 dén th(j.

* Vi du minh hoQa:

Sap x€p diy sO sau theo phuong phap sap x€p 1ua chon:

K: 42 23 74 11 65 58 94 36 99 87

-Lan 1:i=1, Pos = 1, K[i] = 42, K[min] = 11 < K[i], Pos[min] = 4:

K: 11 23 74 42 65 58 94 36 99 87

-Lan 2:i=2, Pos =2, K[i] = 23, K[min] = 36 > K[i], Pos[min] = 8:

K: 11 23 74 42 65 58 94 36 99 87

-Lan 3:i=3, Pos = 3, K[i] = 74, K[min] = 36 < K[i], Pos[min] = 8:

K: 11 23 36 42 65 58 94 74 99 87

-Lan 4:i=4, Pos = 4, K[i] = 42, K[min] = 58 > K[i], Pos[min] = 6:

K: 11 23 36 42 65 58 94 74 99 87

-Lan5: i=5, Pos = 5, K[i] = 65, K[min] = 58 < K[i], Pos[min] = 6:

K: 11 23 36 42 58 65 94 74 99 87

-Lan 6:i =6, Pos = 6, K[i] = 65, K[min] = 74 > K[i], Pos[min] = 8:

K: 11 23 36 42 58 65 94 74 99 87

-Lan7:i=17, Pos = 7, K[i] = 94, K[min] = 74 < K[i], Pos[min] = 8:

K: 11 23 36 42 58 65 74 94 99 87

-Lan 8:i=28, Pos = 8, K[i] = 94, K[min] = 87 < K[i], Pos[min] = 10:
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K: 11 23 36 42 58 65 74 87 99 94
-Lan9:1=9, Pos =9, K[i] = 99, K[min] = 94 < K[i], Pos[min] = 10:
K: 11 23 36 42 58 65 74 87 94/\99
-Lan 10: i = 10 = n, ddy khéa da dugc sap x€p theo th(r tuU ting dan
* Gidi thuat: (trang 210 — CTDL va GT)
Procedure Select_Soft (K, n);
Begin
Fori:=1ton—-1do
Begin
Pos :=1i;
Forj:=i+1tondo
If K[Pos] < K[j] then Pos :=i

Else

Begin
X = K]i;
K[i] := K[Pos];
K[Pos] := X;

End;

End;
End;

* Phan tich thuat todn:

- Trong mOi truOng hQp ta c6:
+ S0 phép so sanh: S = (n-1) + (n-2) + ... + 1 =n(n-1)/2
+ SO phép hoan vi: H=n— 1.

- TruOng hgp tOt nhat, khi diy khéa K ban dau di c6 th(r tU ting ta c6:
+ SO phép gan: G, = 2(n-1)

- TruGng hgp xau nhat, khi diy khéa K ban dau cé th(r tu gidm ta cé:
+ SO phép gan: G, = n(n-1).

- Trung binh, s phép gin: Gy, = [2(n — 1) + n(n + 1)]/2
1.2.2. S8p x€p ki€u thém dan (Insertion Soft)
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* TU tudng cUa phuong phép: Sap xEp chen (Insertion Soft) 14 mOt thudt
todn sap x€p dua theo cic sap x€p quén bai cla nhling ngudi choi bai, mudn
sap x€p mOt bd bai theo trat tU ngUdi choi bai rit 1an 1ugt tr quan th( 2, so
sanh vGi cic quan dlng trudc né d€ chen vao vi tri thich hgp.

CO sG 1ap ludn cla sap x€p chén c6 th€ mo td nhu sau: Xét danh sdch con
gOm i phan t0 dau K, K,,..., K;. V&i i = 1, danh sdch gdm 1 phan tU da dugc
sap x€p. Gid sU trong danh sich i — 1 phan t& dau K,,..., K, _ ,dd dugc sdp
x€p, d€ sap ti€p phan tI K; = x ta tim vi trf thich hop cla né trong day K,,...,
K;_1, d6 1a vi tri dUng trudc phan t&r 1én hon né va dlng sau phan t& nhé hon
hodc bang né.

Cac phantlr | Vi trf thich Cic phantr>x | Céc phan ti chua sap
X hop x€p

K1 Kj.] X Kj+1 Ki—l Ki+1 Kn

* Vi dU minh hoa:
Sap x€p diy sO sau theo phuong phap sap x€p thém dan:
K: 42 23 74 11 65 58 94 36 99 87

Theo c0 s& 1ap ludn cla phuong phép, ta xem xét diy K, 1an 1ugt dua cic
khéa vao sap x€p ta c6 bang minh hoa:

Luot 1 2 3 4 5 6 7 8 9 10
Khéa dua vao 42 | 23 | 74 | 11 | 65 | 58 | 94 | 36 | 99 | 87
Vi tri sap x€p 1 1 3 1 3 4 7 3 9 8

hop ly
1 42 | 23 | 23 | 11 | 11 | 11 | 11 | 11 | 11 | 11
Tinh — —
2 - 42 | 42 | 23 | 23 | 23 | 23 | 23 | 23 | 23
trang
, 3 - - 74 | 42 | 42 | 42 | 42 | 36 | 36 | 36
cUa
4 - - - 74 | 65 | 58 | 58 | 42 | 42 | 42
day
5 - - - - 74 | 65 | 65 | 58 | 58 | 58
khoa
K 6 - - - - - 74 | 74 | 65 | 65 | 65
7 - - - - - - 94 | 74 | 74 | 74
dang
. 8 - - - - - - - 94 | 94 | 87
sap
» 9 - - - - - - - - 99 | 94
xep
10 - - - - - - - - - 99
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* Gidi thudt: D€ ddm bdo trong moi trudng hgp, ngay ca khi khéa dugc
sap x€p duong nhién c6 vi tri dau tién, déu dugc chén vao gilta khéa nhd hon
va khéa 10n hon né ta dua thém vao 1 khéa gid K, va quy udc gi4 tri cla khéa
nay nhO vo han: K, = -

Procedure Insert_Soft (K, n);
Begin
K[O] :=- ;
Fori:=1tondo
Begin
X = K]i;
ji=i-1;
While X < KJj] do
Begin
K[j + 1] == K[i[;

End;
* Phan tich thuat to4n:
- TruOng hgp tOt nhat, khi diy K ban ddu di c6 th(r tu ting:
+ SO phép gan: Gy =2(n - 1)
+ SO phép so sanh: Spin=14+2+..+(1n—-1)=nn-1)/2
+ SO phép hodn vi: Hy, = 0;
- Trudng hop xau nhat, khi day K ban dau ludn cé th(r tu ngugc vGi th(r
tU can sép xép:
+ SO phép gan: G =2(n- 1)+ [1 + 2 +..4(n - 1)]
+ SO phép so sanh: Sy = (n— 1)
+ SO phép hodn vi: Hyy = 0;
- Trung binh:
+ SO phép gan: G, =2(n- 1) + n(n — 1)/4
+ SO phép so sanh: Sy =n(n— 1)/2+ (n—1)/2=(n+2)(n— 1)/4
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+ SO phép hodn vi: Hy, = 0;
1.2.3. S8p x€p ki€u nbi bot (Bubble Soft).
* TU tudng cla phuong phép: Gid st sap x€p diy khéa K gbm n phan t(,
di tU cubi diy, ta so sdanh 2 phan tU cudi, n€u phan t& ding trudc 16n hon
phan t dling sau thi d6i chO chiing cho nhau. Ti€p tuc lam nhu vay vGi cdp
phan t ti€p theo va ti€p tuc cho dé€n hét tap hgp dit li€u, nghia 12 so sanh (va
d6i chO néu can). Sau budc niay, phan tr ddu tién cla ddy 1a phan t& nho
nhdat cUa diy, ti€p tuc 1a nhu vay cho dén khi khong phai dGi chd bat ¢ cdp
phan t( ndo thi diy da dugc sap x€p xong.
* Gidi thuat:
Procedure Bubble_Soft (K,n);
1. Fori:=1ton-1do

Begin
2. Forj:=ndowntoi+ 1do
3. If K[j] < K[j - 1] then
4. Begin
X = K[[;
K] == K[ - 1];
Kj-1]=X;
End;
End;
5. Return;

* Vi du minh hoa gidi thuat:

Sap x€p diy sO sau theo phuong phap sap x€p n6i bot:

K: 42 23 74 11 65 58 94 36 99 87
VGi mOi 1ugt sdp x€p trong vong 1ap nhod ta sap x€p dugc 1 cap k€ can

nhau ding th( tU va sau 1 vong 18p 16n ta sdp dugc 1 sO trong diy khéa vao
ding vi tri, khi d6 ta c6:

_Lugtl:i=1.

Ptrss | L | 2 | 3| 4|56 ]| 7] 8] 910
J

K[9], 42 | 23 | 74 | 11 | 65 | 58 | 94 | 36 | 87499
K[10]
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K[7], K[8] | 42 | 23 74 11 65 58 | 36 94 87 99

K[6], K[7] | 42 23 74 11 65 36 458 94 87 99

K[5], K[6] | 42 | 23 74 11 36 %5 | 58 94 87 99

K[3],K[4] | 42 | 23 11 474 36 | 65 58 94 87 99

K[2], K[3] | 42 1147”23 | 74 36 | 65 58 94 87 99

KMLK[R2] | 11 49™2 | 23 | 74 | 36 | 65 | 58 | 94 | 87 99

~Luot2:i=2.

Ptlr ss 2 | 3 | 4| 5|6 |7 |89 10
J

K[8], K[9] | 11 42 23 74 36 65 58 87 494 99

K[6], K[7] | 11 42 | 23 74 | 36 | 58 465 87 9 | 99

K[4], K[5] | 11 42 23 36 474 58 65 87 94 99

KI2LLK[3] | 11 | 23 ™2 | 36 | 74 | 58 | 65 87 | 94 | 99

_LUuot3:i=3.

Ptlr ss 3 |4 |5 |6 | 7| 8|9 |10
J

K[5],K[6] | 11 | 23 | 42 | 36 | 584 *74 | 65 87 94 | 99

K[3],K[4] | 11 | 23 | 36 ‘]_’42 58 | 74 | 65 87 9 | 99

_Lugt4:i=4.

Ptlr ss 4 |5 | 6 | 7] 8| 9 |10
J

K3, K[M4] | 11 | 23 | 36 | 42 | 58 65474 | 87 94 | 99

- Pén 1ugt sdp x€p niy, ta thdy cdc khéa dd nam ding vi tri nhU mong
mun, cdc vong 13p ti€p theo van ti€p tuc sap x€p, tuy nhién trong trudng
hQp nay khong c6 gid tri thuc su.
* Phan tich thuat todn.
- Trong mOi tru'Ong hop:
+ SO phép gin: G = 0;
+SO phépsosanh: S=(n—1)+(n—-2)+.+ 1 =nn-1)/2.

- Trong truGng hop tOt nhat khi ddy khéa ban dau da cé th( tU ting:
+ SO phép hodn vi: Hy, = 0;

- Trong truOng hgp xAu nhat khi day khéa ban dau c6 th(r tur gidm:
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+ SO phép hodn vi: Hywe=(n = 1) + (n—=2) +..+ 1 =n(n - 1)/2

- SO phép hodn vi trung binh: Hy, = n(n — 1)/4.

* Nhan xét:

- Thudt toan sap x€p nbi bot khéa don gidn, phan t& nhe dugc nbi 1én
kh4 nhanh sau mOi 1an duyét day tUr cudi nhung phan t(f ndng 1ai chim xulng
rat chdm do khong c6 chi€u duyét diy theo chi€u di xudng.

- Thudt toan nGi bot khong phat hién dugc cic doan phén t& di nam &
ding vi tri d€ c6 th€ gidm bdt sO 1an duyét.

1.3. Phuong phap sap x€p phan doan — Sap x€p nhanh.

1.3.1. Gibi thiéu phuong phdp.

Sap x€p nhanh (Quicksort), con dugc goi 1a sap x€p ki€u phan chia (part
sort) 12 mOt thudt todn sap x€p phat trién bGi C.A.R. Hoare, dua trén phép
phan chia danh sach dugc sap thanh hai danh sich con bang cach so sanh tUng
phan t( cla danh sach vGi mOt phan t& duge chon dudgc goi 1a phan t chot
(pivot). Nhitng phan t& nh® hon hodc bang phan t(f chét dugc dua vé phia
truGc va nam trong danh sich con th(f nhat, cac phan t 16n hon chét dugc
dua vé phia sau va thuQc danh sich dUng sau. CUr ti€p tuc chia nhu vay tdi
khi cdc danh sdch con déu c6 d6 dai bang 1.

1.3.2. Chon phan tu chét.

KY thuat chon phan t& ch6t dnh hudng kha nhi€u dén kha ning roi vao
cdc vong 1ap vd han ddi vGi cdc truGng hop dac biét. TOt nhat 1a chon phan
t(r chOt 14 trung vi cUa danh sich, khi d6 thOi gian thuc hién thudt todn sé 1a
nhanh nhat, tuy nhién rat khé d€ chon dugc phan tU trung vi nay. Cé cac cach
chon phan t& chOt nhu sau:

- Chon phan t& diing ddu hodc dUng cudi 1am phan tU chot.

- Chon phan tl dUmg gilta danh s4ch 1am phan tU chot.

- Chon phan tU trung vi trong 3 phan t& dUng dau, ding gilta va ding
cudi 1am phan t{ chot.

- Chon phan tUf ngdu nhién lam phén t chot. (Cach nay c6 thé dan dén
kha niing r0i vao cdc truOng hgp dac biét)

1.3.3. Phén doan

Sau khi phan t ch6t dugc chon gidi thudt phan chia nén ti€n hanh nhu

thé nao?
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- C4ch 1: Duyét day khéa tU dau dén cudi 1an 1UQt so sanh cic phan tlr
cUa day khéa vGi phan t chot. Theo cdch nay, ta phdi ti€n hanh n phép so
sanh, ngoai ra con phdi danh n don vi b0 nh& d€ luu gilt cdc gid tri trung gian.

- Céch 2: Duyét diy khéa theo hai duGng. MOt dudng tU dau diy, mot
duOng tU cubi ddy. Theo cdch nay, ta tim phan tU dau tién tinh tU trdi 16n hon
phan tU ch6t va phan t& dau tién phia phdi nho hon hodc bang phan tU ch6t
r0i d6i chd cho nhau. Ti€p tuc nhu vay cho dé€n khi hai dudng gdp nhau.

1.3.4. Gidi thuat

Sau khi chon chot, ta s& ti€n hanh phan doan cho day khéa nhd vao chot.
Quy udc L 1a chi s6 phan t& dau cla diy khéa dang xét (bién dudi), R 1a chi
sO phan t{ culi cla diy khéa dang xét (bién trén), K bi€u dién diy khéa dang
xét, j 12 chi sO Ung vGi khéa chOt sau khi di tach ddy khéa thanh 2 phan doan.

* Gidi thuat phan doan:

Procedure Part (K, L, R, j);
1.i:=L+1;):=R;
2. Whilei | do begin
3. While K[i] <K[L]doi:=i+1;
4. While K[> K[L]doj:=j-1:
5. If i < j then begin
KT KT
i=14+1;
j=i-1
6. KIL]  KIL;
7. Return;
1.3.5. Vi du minh hoa.

Luogt | Chot | 42 | 23 74 11 65 | 58 | 94 36 | 99 | 87

1 42 | (11 | 23 | 36) | 42 | (65 | 58 | 94 | 74 | 99 | 87)

11 11 | 23 | 36) | 42 | 65 | 58 | 94 | 74 | 99 | 87

23 1T | 23 | (36) | 42 | 65 | 58 | 94 | 74 | 99 | 87

65 11 23 36 | 42 | (58) | 65 | 94 | 74 | 99 | 87)

94 | 11 | 23| 36 | 42| 58 | 65| 87 | 74) | 94 | (99)

N | B W[

87 11 23 36 | 42 | 58 | 65 | (74) | 87 | 94 | 99
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1.4. Sap x€p vun déng (Head Soft)
1.4.1. Pinh nghia déng.
Diy khéa K, K,,..., K, dugc goi 1a 1 d0ng n€u v&i moi chi s0 i ta ludn c6
Ki> Ky
Ki> Kyiii
Nhu vay diy khéa sé 1a d6ng n€u v&i mQi i = 1.. (n div 2) thda min di€u
kién trén. DUa theo nguyén tac Iuu trlf cdy nhi phan hoan chinh bang mang 1
chiéu, ta c6 th€ coi diy khéa 1a luu tr(t k€ ti€p cUa 1 cAy nhi phan hoan chinh
(1a cay nhi phan c6 c4c nit Ung vGi cac mUc trlf mUc cudi cing d€u dat tot da,
G mUc cudi cling thi cdc nit d€u dat vé bén phdi), mOi niit trén ciy c6 1 gia tri

1a K;, va cay nhi phan s€ c6 dang:

K&t hop dinh nghia v€ d6ng va ciy nhj phin ta c6 dinh nghia khic vé
dOng: POng 1a ciy nhi phan hoan chinh ma mOi niit trén ciy dugc gan 1 gi4 tri
khéa sao cho gid tri khoa cUa nit cha ludn 18n hon gia tri khéa cUa cdc nit con.
Vi ciy nhi phan hoan chinh 12 1 dOng ta ludn cé:

- Céc nut 14 trén cAy nhi phan hoan chinh duong nhién thda min dinh nghia
dong.

- Do tinh chdt phan cap cUa cic nit trén ciy nén nit gOc ludn cé gia tri 16n
nhat.

Vi du: Véi day khoa K:

K 90 87 85 68 77 80 54 25 43 71

1 1 2 3 4 5 6 7 8 9 10

Theo nguyén tac luu tr(f tuy€n tinh, ta s& c6 cAy nhi phan dang:
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Xét céc di€u kién theo dinh nghia ta thdy ciy nhi phan nay 12 1 déng béi
cic khéa cha ludn 16n hon céc khéa con, cic mUc trén dé€u dat tOi da con G
mUc cu0i cling cdc niit déu dat v€ bén tréi.

Tuy nhién, v&i 1 ddy khéa K bat ki ndo d6 ta c6 th€ khdng tao ngay duoc 1
dOng, khi d6 can phdi ti€n hanh xiy dung dOng (vun dOng) tU ciy nhi phan
hoan chinh.

1.4.2. Phép tao déng.

Viéc sap x€p lai céc gid tri tai cdc nidt cUa 1 cy nhi phan hoan chinh ban
dau d€ trd thanh 1 dOng dudc g0i 1 phép tao dOng.

Theo dinh nghia v€ dOng ta thay:

- MOt cay nhi phan hoan chinh di 1a d&ng thi c4c ciy con cUa cdc niit (n€u
c6) ciing 14 cAy nhi phan hoan chinh va dong thdi ciing 1a 1 dOng.

- MOt cay nhi phin hoan chinh ¢6 n nut thi chi ¢6 (n div 2) ndt dugc 1am nt
cha.

- MOt niit 14 bao gi0 ciing c¢6 th€ coi 12 1 dOng.

TU d6 ta thdy c6 thE thuc hién phép tao dOng bang cich thuc hién vun
dOng tUr ddy, nghia 13 bat ddu tU cc ciy con ¢ gOc 1a céc nit c6 s6 th(r tu 12
(n div 2); (n div 2) - 1;...; 1. Bt dau tU cdc ciy con nay tlc 1a ta Iua chon céc
cAy con c6 14 (dd 12 dOng). Ta c6 gidi thuat vun dOng nhU sau:

Procedure Adjust (i, n);

1. ji=2"1
KEY := K{i];
2. While j <=ndo
Begin
3. If j <n)and (K[j] < K[j + 1]) then j:=j +1;
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4. If K[j] < KEY then

Begin
K[j div 2] := K[j];
return
End;
5. K[j div 2] := KI[j];
ji=2%J;
End;
6. K[j div 2] := KEY;
7. Return

Vi gidi thuat nay, viéc tao thanh dOng cho 1 cAy nhi phan hoan chinh cé n
nit s€ dugc thuc hién bai:
Fori:= (n div 2) down to 1 do call Adjust (i, n);
Vi du minh hoa phép tao déng.

1.4.3. Sap x€p vun déng.

Sap x€p ki€u vun dng 12 phuong phap sap x€p dua vao cdu tric dOng,
phan t& 16n nhat nam trén dinh cla dOng khi sap x&p theo th(f tu ting dan sé
dugc d6i chd cho phan tl cubi ciing ndm @ ddy cla dOng, sau khi dGi cho ta
dugc 1 phan t& nam ding vi tri trong ddy can sdp x€p. Néu khong k€ dén
phan tU nay thi cdc phan tU con 1ai nay ciing 1a 1 ciy nhi phan hoan chinh, ta
lai ti€n hanh vun dOng cho ciy nhi phan niy d€ tim dugc phan t{ 16n nhat.
CU ti€p tuc qud trinh nay cho d€n khi cdy chi con 1 niit thi tlc 1a tat cd cic
khéa dia dudgc sap x€p ding vi tri theo th( tU ting dan.

Nhu vay sap x€p diy khéa K theo ki€u vun dOng gdm cic giai doan:

1. Xay dung cay nhi phan hoan chinh.
2. Vun ddng ban dau.
3. Sap x€p.
Thu tuc sap x€p vun déng dugc thé hién bdi gidi thudt sau:

Procedure Head_sort (K, n);

1. Fori:=(ndiv2) downto 1 do

Call Adjust (i, n);
2.Fori:=(n-1)downto1do
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Begin

K[1]  K]i +1];
Call Adjust (1, i);
End;
3. Return.

Vi du minh hoa gidi thudt vun déng:

2. Tim ki€m.

2.1. Khdi qudt vé tim kiém.

Trong thuc t&, khi thao tic, khai thac d{t li€u ching ta hdu nhu ldc nio
cting phdi thuc hi€n thao tic tim ki€m. Vi du tra ctu tU di€n, tim ki€m sich
trong thu vién.

Do cédc hé thong thong tin thuOng phdi luu trl m6t khoi lugng di liéu
dang k€ nén viéc xay dung cic gidi thudt cho phép tim ki€m nhanh s€ cé y
nghia rat 1én. Néu dit liéu trong hé thOng da dugc tG chlc theo 1 trat tU nao
d6 thi viéc tim ki€m s€ ti€n hanh nhanh chéng va hi€u qud hon. Vi du: C4c tUr
di€m duoc sap x€p theo van, trong mOi van lai dudc sap x€p theo trinh tu
alphabet s€ gitip chiing ta tim ki€m nhanh hon.

Vi thé, khi xay dung mOt hé qudn I thong tin, bén canh thudt todn tim
ki€m, cdc thudt toan sap x€p du liéu ciing 1a chl dé dugc quan tim hang dau.

Vié€c tim ki€m nhanh hay cham tuy thubc vao trang thai va trat tu cla d{r
liéu trén d6. K€t qua tim ki€m c6 thé€ 1a khong c6 (khong tim thdy) hodc cé
(tim thdy). N&u k€t qud tim ki€m 13 c6 tim thdy thi nhi€u khi ching ta con
phadi x4c dinh xem vi tri cla phan t& d{ liéu tim thay & dau.

2.2. Tim ki€m tuy@n tinh (Sequential Searching).

2.2.1. CO sO Ii thuyét.

Tim ki€m tuy€n tinh 12 m6t kY thudt tim ki€m rat don gidn va cO dién.
Thuat to4n ti€n hanh so sianh phan t& can tim ki€m X 1an 1uot v&i phan tlr
th(r 1, th(r 2,... cUa diy K cho dén khi gdp dugc phan tl ¢6 khéa can tim hodc
da tim hét mang ma khong thdy X. C4c budc ti€n hanh nhu sau:
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-Budc 1: i := 1; //Bat dau tim tU phan t& ddu tién cUa day.
- Budc 2: So sanh K[i] vGi X sé c6 2 kha ning xay ra:
+ K[i] = X. Tim thdy, dUng 1ai qu4 trinh tim ki€m.
+ K[i] <> X. Chua tim thdy, chuyén sang budc 3.
-Budc 3:i:=i+1 //Xét phan t k€ ti€p trong mang.
+ Né€u i > n. HEt day khéa ma khong tim thdy. DUng qud trinh tim ki€m
va k€t ludn khong c6 phan t can tim trong diy.
+ N€u i <= n thi ti€p tuc 1ap lai budc 2.
2.2.2. Vi du minh hoa.
Cho day khoa:
K: 42 23 74 11 65 58 94 36 99 87
Ne&u gi4 tri can tim 1a 74 thi gidi thuat dudgc ti€n hanh nhu sau:

1=1:| X=
74

v

23 74 1 11 | 65 | 58 | 94 | 36 | 99 | 87

So sanh X = 74 vGi phan t& th( 1 (i = 1), thdy rang X <> K, nén chuyén
sang phan t(r ti€p theo.
1=2: X =
74

mﬂ 11 | 65 ] 58] 94 | 36 | 99 | 87

So sanh X = 74 vGi phan t& th( 2 (i = 2), thdy rang X <> K, nén chuyén
sang phan tU ti€p theo.
74

v

42 2311 65 | 58 | 94 | 36 | 99 | 87

So sanh X = 74 vGi phan t& th( 3 (i = 3), thdy rang X = K; nén dUng lai
qud trinh tim ki€m, k&t ludn da tim thdy phan t can tim 14 phan t th( 3
trong day.

2.2.3. Giai thudt tim ki€m tuyén tinh.
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* Gidi thuat: Gid st diy khéa K gbm n phan tU, gidi thuat tim ki€m phan
t(r X trong ddy khéa. N&u c6 s& dua ra chi sO cla khéa d6, n€u khong sé dua
ra gid tri 0. Trong gidi thuat s& dung khéa phu K., , ma gi4 tri chinh 1a X.
Function Sequen_Search (K, n, X);
1. {Kh&i dau)
i:=1; K[n +1] := X;
2. {Tim khoa trong day}
While K[i] <> X do i := i +1:
3. {Tim thay hodc khéng thay}
If i = n +1 then return(0)
Else return(i);
* P4nh gid gidi thuat: Thong qua udc 1Ugng cic phép so sanh dugc ti€n
hanh d€ tim ra X, ta c¢6 th€ dinh gid d0 phlc tap cUa gidi thudt tim ki€m
tuy€n tinh:

Trudng | SO lan so Giai thich
hop sanh
TOt nhat 1 Phan t{ dau tién c6 gid tri X
Xdau nhat n+1 Phan t{ cudi cling c6 gid tri X
Trungbinh | (n+ 1)/2 | Gid st x4c sudt cic phan t trong mang nhan gid
tri X 12 nhU nhau

* Nhan xét:

- Gidi thuat tim ki€m tuy€n tinh khong phu thuQc vao th( tU cla cic phan
t(r trong ddy khéa, do d6 diy 1a phuong phdp tOng quit nhat d€ tim ki€m trén
1 ddy khéa bat kY.

- MOt thudt todn c6 thé dugc cai dat theo nhi€u cich khdc nhau, kY thudt
cai dat dnh hudng dén tdc d0 thuc hién cUa thudt toan.

2.3. Tim kiém nhi phan (Binary Searching)

2.3.1. CO sO Ii thuyét.

Tim ki€m nhi phin 12 phuong phdp tim ki€m thong dung va thuOng 4p
dung cho cdc truOng hgp tim ki€m trong cdc diy khéa cé th(r tu. PhuOng phap
nay tuong tU phuong phap tim ki€m ma chiing ta 1am khi tra tU di€n hodc tim
sO dién thoai.
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Khi tim ki€m phan t& X trong diy di cé th( tu (gid sU th( tU ting), cdc
phan t{ trong diy c¢6 quan hé K., < K; < K, nén n€u X > K; thi X chi c6 thé
xudt hi€n trong doan [K;, ;, K,], ngudc 1ai n€u X < K; thi X chi c6 thé xudt
hién trong doan [K;, K;_,]. Gidi thudt tim ki€m nhi phan 4p dung nhan xét
trén d€ gidi han pham vi tim ki€m sau mOi 18n so sanh X v&i 1 phan t{ trong
diy. Y tudng cUa gidi thudt 12 tai mOi budc ti€n hanh so sanh phan t& X voi
phan t& ndm & vi tri gilta cUa diy tim ki€m hién hanh, dua vao két qua so
sanh nay d€ quyét dinh gidi han diy tim ki€m & budc k€ ti€p 1a nlra trén hay
nlra dudi cla diy tim ki€m hién hanh. Qua4 trinh tim ki€m dugc ti€p tuc cho
dén khi tim thdy khéa mong mudn hodc diy khéa dang xét d6 trd nén rong
(khong tim thdy)

Gid sU ddy tim ki€m hién hanh nhan K, 12 phan t& dau phia tréi, Ky, 12
phan t& ddu phia phai, khi dé cac budc tim ki€m nhU sau:

-Budc 1: left=1;right=n  {tim ki€m trén tat ca cac phan t0 cla diy}

- Budc 2:

+ mid = ((left + right) div 2) {léy mOc so sanh}
+ So sdnh K., vOi X s€ c¢6 3 kha ning xdy ra:
Ko = X. Pa tim thdy, qud trinh tim ki€m dUng 1ai.
Kumia > X. Tim ki€m ti€p tuc trong diy con Ky .. Kuia - 1, tlc 12
right :=mid - 1.
Kuia < X. Tim ki€m ti€p tuc trong diy con Ky, 1 .. Kign, tlic 12
left := mid + 1.

- Budc 3: Néu left <= right tUc 13 van con phan t(f chua xét, qud trinh tim
ki€m van ti€p tuc 1dp lai budc 2. Ngudc 1ai, da tim hét cic phan tl, qui
trinh tim ki€m dUng 1ai.

2.3.2. Vi du minh hoa.

Cho diy khéa K da dugc sap x€p theo th(r tU ting dan:

K: [11 23 36 42 58 65 74 87 94  99]

left = mid right =
1 10
N&u phan tU can tim 12 X = 74 thi qu4 trinh tim ki€m dugc minh hoa nhu
sau:
- left = 1, right = 10 thi mid = 5. (K;s = 58) < (X =74) nén left =mid + 1 =
6, ddy tim ki€m mdi 1a:
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K: [65 74 87 94 99]

left = mid right =
6 10
- left = 6, right = 10 thi mid = 8. (K;s =87) > (X =74) nén right =mid - 1 =
7 day tim ki€m mdi la:

K: [65 74]
left=right=
6 7

- left = 6, right = 7 thi mid = 6. (Ka = 65) < (X = 74) nén left = mid + 1 = 7,
day tim ki€m mdi 1a:

K: [74]

left = right =7
- left = right = 7 thi mid = 7. (Kye = 74) = (X = 74). D tim thdy X = 74 1a
phan tU th( 7 trong day.
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