Bai 8. Cac thuat toan tim kiem



8.1. Bai toan tim kiém

Bai toan tim kiém cd thé phat biéu nhw sau:
Cho mdt ddy gdm n ban ghi r[o...n-1]. MOi
ban ghi r[i] twong ng v&i mot khoa k[i]. Hay
tim ban ghi co gia tri khoa bang X cho trwdrc.
X dugc goi la khoa tim kiem.
Két qua clia qua trinh tim kiém:
Thanh cdng: Tim dwo'c ban ghi cé khod bang X
leét bai: Khong tim dwgc ban ghinao cé khoa
bang X ca



8.1. Bai toan tim kiém

Ta coi khoa cua mét ban ghi la dai dién cho
ban ghi do.
Kiéu di liéu:
#define n .. [/ SO khod trong day khod
typedef .. TKey //Ki€u di¥ liéu mdt khoa
typedef TKey|[n+l] TArray;
TArray k; //Daykhoa
Bai toan tim kiém: tim chi sO i clla phan tl cé gia tri
bang X trong mang k




8.2. Tim kiém tuan tw

Thuét toan: bat dau tlr ban ghi dau tién, Ién lwo't so
sanh khoa tim kiém v&i khoa twong wng cUa cac ban
ghi trong danh sach, cho t&i khi tim thay ban ghi

maong muOn hoac d3 duyét hét danh sach ma chwa
thay

int SequentialSearch (TKey X) {
int 1 = 0;
while ((1 < n)é&&(k[1]!'=X)) 1++;
1f (1 >= n) return -1;
else return 1;



8.2. Tim kiém tuan tw

Trong cai dat, ta co thé st dung ky thuat “linh cam canh” dé
giam sO thao tac so sanh: thém phan tt c6 gia tri = X vao cu0i
day, dé dam bao tim kiém ludn thanh cong

int SequentialSearch (TKey X) {
k[n] = X;
int 1 = 0;
while (k[1] '= X) 1++;
1f (1 >= n) return -1;
else return 1;
oL, . .
Dé thay rang dO phtrc tap cla thuat toan tim ki€ém tuan tw
trong trvd’ng hop tOt nhat la O(a), trong trvdO'ng hg'p xau
nhat la O(n) va trong trivd’ng ho'p trung binh la O(n).



8.3. Tim kiém nhi phan

Trén thyc té, cd nhiéu triro'ng hop ma day khoa da
dworc sap xép, khi dé ta cé phwong an tim kiém
tOt hO’n
Gia sty ta can tim_khoa X trong doan k[I .h], trirdc
hét ta xét khoa nam gilra day k[m] v&i m = (I +h)/
2[
Néu k[m] =X = tim kiém thanh cong, két thuc
Néu k[m] < X thi X phai nam & doan sau (k[m+1..h]. Tiép
tuc tim ki€m trong doan con néy
Néu k[m] > X thi X phai nam & doan dau (k[o..m-1]). Tiép
tuc tim kiém trong doanconnay
Qua trinh tim kiém sé that bai néu dén moét budc
nao do, doan tim kiém la rong (I > h).



8.3. Tim kiém nhi phan - cai dat

Cai dat:
int BinarySearch (TKey X) {
int L, H, m;

L = 0, H = n-1;

while (L £ H) {
m = (L + H) / 2;
1f (k[m] == X) return m;
1f (k[m] < X) L = m + 1;
else H =m - 1;

return -1;

Dé thay db phlrc tap tinh toan cua thuat toan tim kiém nhi
phan trong trong hop tot nhat la O(1), trong trvong hop
xau nhat la O(logn) va trong trwdng ho'p trung binh Ia
O(logn).



8.3. Tim kiém nhi phan - cai tién

MGt chut cai tién: trong phép cai dat trén, trong vong
lap ta ré 3 nhanh, trc la can 2 phep so sanh (==X va <
X), ta co theé giam b&t phép so sanh nay nhuw sau:
int BinarySearch (TKey X) {
int L, H, m;
L = 1; H = n-1;
< H) {

1f ((L==H) && (k[L] == X)) return L;
else return -1;



8.3. Tim kiém nhi phan - vi du

Trd choi doan s0: ¢d 2 ngudi choi
Ngwdi thtr nhat nghitrong dau 1 50 tw nhién X tir 1 dén
100

Ngw0’| thwr 2 can dodn ra dwoc con sO dd bang cach hoi
ngwdi thtr nhat cac cau hdi ma ngwdi thtr nhat chi trd
[o] “Dung” hoac “Sai”

Bai toan: ngudi thtr 2 hoi nhw thé nao dé so cau
hoi la it nhat. Bap an:
“SO d6 b < 50 kh(“)ng7”
Néu “dung” hoi tlep SO dd o < 25 khong?”, ngwore lai,
hoi tiép SO doé cé < 75 khong?”

..sau log,100 = 7 cAu hdi ta sé c6 dwgc két qua



8.3. Tim kiém tuan tw vs tim kiém

nhi phan

Tim kiém tuan tw
Cham hon
Lam viéc dwgc trén day bat ky (chwa sép xép)

Lam vieéc dwgc trén danh sach lién két (khong co
thao tac truy cap ngau nhién)

Tim kiém nhi phan
Nhanh hon rat nhiéu
Danh sach phéi dwoc sap xép trudc khi tim kiém

Khoéng dung dwo'c cho danh sach truy clp tuan tw
(danh sach lién két)




8.4. Cay nhi phan tim kiém (Binary

Search Tree - BST)

Cho n khoa k[o..n-1], cay nhi phan tim kiém rng
v&i day khod dé 1a mot cAy nhi phan ma moi nit
chtra gia tri mQt khoa trong n khoa da cho va co
tinh chat:
Moi khod nam trong cay con trai clia nit dé déu nhé
hon khoa rng v@i nut do.
Moi khod ndm trong cdy con phai clia nUt dé déu
|&'n ho'n khoa (rng v&'i nut do



8.4. Cay nhi phan tim kiém (Binary

Search Tree - BST)

Cac thao tac trén cdy nhj phan tim kiém:
Tim kiém khoa X trong cay
Thém khoa m&i vao cay
Loai bo nut khoi cay




8.4.1. Tim kiém trén cay nhi phan

tim kiem

Thuat toan: khoa tim kiém X dwoc so sanh v&i

khoda & goc cay, va 4 tinh hudng co thé xay ra:
Khong cé gOc (cay rbng) — phép tim kiém that bai
X tring v&i khod & gOc — tim kiém thanh cong
X nhé hon khod & goc, phep tim kiém dworc tiep
tuc trong cay con trai cUa gOc v&i cach lam twong
tw

X 1&n ho'n khod & goc, phép tim kiém dworc tiép tuc
trong cay con phai cua goc v&i cach lam twong tw



8.4.1. Tim kiém trén cay nhi phan

tim kiém

Cai dat:
TNode * BSTSearch (TKey X) {

TNode * p = Root;

while (p !'= NULL) {
1f (X == p->Info) break;
else 1f (X < p—>Info) p=p->Left;

else p = p—->Right;
}

return p;



8.4.2. Dwng cay nhi phan tim kiém

Thuét toan: ta chén lan lwort cac khod vao cay:
Néu khoa dé da cé trong cay = bd qua,
Néu khda chwa co trong cay:

Tao nut moi chtra khoa
can chen

NOi nUt dé vao cdy nhj phan
tim ki€m tai moi lién két
vlra ré sang khién qua trinh
tim kiém that bai
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8.4.2. Dwng cay nhi phan tim kiém

Cai dat:
vold BSTInsert (TKey X) { . ]
TNode * p = Root; [/Batdauvgip=nutgoc
TNnode * g = NULL; //qchaydulitheosaup
| =

while (p NULL) {
q = Ppr
1f (X == p->Info) break;

else 1f (X < p->Info) p = p->Left;
else p = p—->Right;
}

if (p == NULL) { //KhoaXchwacotrongBST
p = <cap phat ntt méi, gia tri X>
1f (Root == NULL) Root = p;

else [[Mocnut moipvao nutchaq
1f (X < g->Info) g->Left = p;
else g->Right = p;
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8.4.3. X0a nut khoi cay nhi phan tim

kiém

Thuat toan: triedc hét tim ndt D chira khda X can
X0a
Néu D I3 ndt1a > loai bo D khoi cay bang cach gan
NULL cho lién két dén ndt D

Néu D chi cé 1 nhanh con = dem nut goc clla nhanh con
d6 thé vao ch6 clia D

Néu D cé 2 nhanh con, ta c6 2 cach x ly
Ho&c tim nut chlra khoa nhé nhat trong cay con phai, dwa gia
tri chtra trong do sang nut D, rOi xoa nut nay (co khong qua 1
con)

Hoac tim nut chtra khoa Ion nhat trong cay con trai, dwa gia tri
chlra trong d6 sang nut D, rdi xoa nut nay (c6 khéng qua 1 con)

Sau cung |a gidi phdng bd nhé bi chiém dung b&i D



8.4.3. X0a nut khoi cay nhi phan tim
kiem

Xoda nut bac 2



8.4.3. X0a nut khoi cay nhi phan tim

kiem
Cai dat:

vold BSTDelete (TKey * p) {

TNode * g, Node, Child;

g = NULL;

<duyetdetwnrunp)dﬂfakhoaXﬁqchaytheosaulachacuap>

if (p==NULL) return; //nutcanxoakhdngton taitrongBST

if ((p->Left != NULL) && (p->Right != NULL) { //pcOo2con
Node = p; [/Gilrlainut chtra khoa X
q = p; p = p->Left; //Chuyensangnhanhconhaldetwnnutcwcphal
while (p->Right != NULL) { g = p; p = p->Right; }
Node->Info = p->Info; //Chuyén gia tritl nUttim dwoclén Node

} . .
/I NUt bi x0d gi®& day la ndt p, no chi cé nhiéu nhat mot con trai la Child

if (p->Left != NULL) Child = p->Left;

if (p == Root) Rogt = Child; //Nutp bixoala goc cay

else [/ pkhong phaiglc, lay mOindi ttr cha cla nod la g ndi thang t&i Child
1if (g->Left == p) g->Left = Child;

else g->Right = Child;
delete (p) ;
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8.4.4. Cay nhi phan tim kiém - nhan

xet

Trwdng ho'p trung binh, thi cac thao tac tim kiém, cheén,
xoa trén BST co do phtrc tap la O(lgn).

Trueong hop xau nhat (cay suy blen) O(n).

Khac phuc trvong hop suy blen cay nhi phan can bang
AVL, cay nhi phan tim kiém toi wu, cay do den, ciy xoay
ra ngoai (splay tree), cay tango

C6 thé mé rong BST dé cé thé chira cac khda bang nhau
Khi duyét BST theo thr tw gilra (inorder traversal), ta sé
thu dwoc day khoa tang dan > Tree sort vO' O(nlogn)
U'u diém so v&i tim kiém nhi phan trén mang da sap xép:
thao tac chen va xo6a trén BST c6 dQ phlrc tap trung binh
la O(logn), trong khi v&i mang sap th tw la O(n).



8.5. Phéep bam (Hash)

Trong mOt sO trrong hop, co thé dé dang thu
hep pham vitim kiém mot cach nhanh chong
bang cach xac dinh khéa X can tim ndm trong
MmOt nhdm nho cac khoa co dac tinh chung nao
do.

Viéc chia cac khoa thanh cac nhom co mot dac
diém chung (khdng c6 trong cac nhém khac)
nhw vay goi la phep bam.



8.5. Phéep bam (Hash)

Vi du:

Trong cuOn t dién Anh-Viét, cac ban sinh vién
thwéng dan vao 26 manh gidy nho vao cac trang dé
danh dau trang khoi dau clla mot doan chira cac tir
¢4 cung chip cai dau. Ta néi cudn tir dién dworc
“bam” thanh 26 nhém, tlr trong moOi nhém cé cung
chlr cai dau tién

Trén day cac khod sO tw nhién, ta cé thé "bam” ra
|am m nhém, mo6i nhdm gém cac khod dong dw theo
mo-dun m
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8.5. Phéep bam (Hash)

Co nhiéu cach cai dat phép bam:
Chia déy khod |am cac doan, moi doan chira nhirng khoa
thudc cung mOot nhom va gh| nhan lai vi tri cac doan do.

Pé khi c6 khoa tim kiém, cé thé xac dinh dwoc ngay can
phai tim khoa dé trong doan nao

Chia day khoa lam m nhom, mo6i nhédm 13 mOt danh sach
noi don cacgla tri khoa va gh| nhan lai chot clia moi
danh sach nGi don. V&i mOt khoa tim klem ta xac dinh
dwoc phai tim khoa do trong danh sach nOi don nao va
tién hanh tim kiém tuan tw trén danh sach ndi don dé.

Chia day khoa lam m nhom, m0| nhom dworc lwu triy
dwoi dang cay nhi phan tim kiém va ghi nhan lai goc
cUa cac cay nhi phan tim kiém do
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8.6. Khoa so v&i bai toan tim kiém

Poi v&i cac bai toan tim kieém ma khoa 1a cac s,
tOn tai nhirng thuat toan rat tOt dwa trén tinh

chat “s6” clia khda

Trong bai todn tim kiém tdng quat, taco t
hda cac khda thanh cac s6 sao cho 2 khda
nhau luén dwoc ma hda thanh 2 s6 khacn

Né Ma
khac

nau,

khi d6 ta co thé ap dung cac thuat toan noi trén.
Lwuy: phwong phap ma hoa nay khong dung

dwoc vai bai toan sap xép



8.7. Cay tim kiém so0 hoc (Digital

Search Tree - DST)

MOi gia tri khod sO X O hé nhi phan c6 z chir sO
(z bits), dwgc danh sO tlr o t0’| z - 1 tlr phai sang
trai: ot 2

11 = 1 0 1 1 (z=4)

Cay tim kiém sO hoc:
NUt gOc c6 tdi da 2 cdy con
Tat ca nhing khod cé bit cao nhat (bit z-1) [ 0 nam trong
cay con trai,
Tat ca nhing khod cé bit cao nhat 13 1 ndm & cay con phai.
POi v&i hai ndt con clia nut goc, van dé twong tw doi
vOi bit z - 2 (bit drng thw nhi tw trai sang).
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8.7. Cay tim kiém so0 hoc (Digital

Search Tree - DST)

0110
0101
0010
0111
1000
1010
1100
1011
0100




8.7. Cay tim kiém so0 hoc (Digital

Search Tree - DST)

So v&i cdy BST, DST chi khac vé cach chia hai cay
con trai/phai: tai nut goc murc d thi chia cay con
dwa trén bit thip d tinh tlp trai sang (bit z - d) cua
mOi khoa

Giong BST: VOi mOi nUt nhanh, MOi gia tri chira
trong cay con trai déu nhd hon gia tri chtra trong
cay con pha|

Cac thao tac trén DST twong tw nhw trén BST. Cau

truc nut:
typedef struct node {
int Info;
TNode * Left;
TNode * Right;
} TNode;



8.7.1. Tim kiém trén cay tim kiém

sO hoc

Thuat toan tim khoa X tren DST:
Ban dau dirng & nUt gOc, xét lan lwot cac bit clia X
tlr trai sang phai (t bit z - 1 t&i bit 0), hé gap bit
bang o thi ré sang nut con trai, néu gap bit bang 1 thi
ré sang nut con phai. Qua trinh c tiép tuc nhw vay
cho t&i khi gap mOt trong hai tinh hudng sau:
Pi t&i mOt nUt rOng- qua trinh tim kiém that bai
Pi t&i mOt nUt mang gia tri dung bang X - qua trinh
tim kiém thanh cong



8.7.1. Tim kiém trén cay tim kiém

sO hoc

Cai dat:
TNode * DSTSearch (TKey X) {
int b = z;

TNode * p = Root; NBétdéuvéﬂnUtgéc

while ((p!=NULL) && (p->Info!=X)) {
b--; //Xét bit b cua X
if <BitbclaXlao>then p=p->Left;
else p = p—->Right;

}

return p;

}
Phép lay bit b cia X trong C: bit = X & (1<<b) >> b



8.7.2. Dwng cdy tim kiém so hoc

Ta chén lan lwot cac khod vao cay, thao tac chén
twong tw thao tac tim kiém: tim xem khod do
da co trong cay hay chwa,
néu da cé rbi thi bé qua,
néu chwa co thi ta moc nut moi chira khoa can chén
vao cay tim kiem so hoc tai moi nOi rOng vira ré sang
khién qua trinh tim kiém that bai
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8.7.2. Dwng cdy tim kiém so hoc

Cai dat:
vold DSTInsert (TKey X);
int b = z;

TNode * p = Root;
TNode * g; [/qchaytheosaup,lachaculap
<Duyét cay dé tim nut p chtra khoa X>
if (p == NULL) { //GiatriXchwa cotrongcay
p = <tao nut mOichtra X>;
if (Root==NULL) Root = p; [/Caydangla
rong thi nit m@i thém tré thanh goc |
else [/ Khdngthi méc p vao moi ndi vira ré sang tir g
if <BitbcUaXlao>g->Left = p;
else g->Right = p;
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8.7.3. X6a nut khoi cay tim kiém so

hoc

Thuat toan xoa bo mét gia tri khoi cay tim kiém
sO hoc:
trwd’c hét ta tim nUt D chira gia tri can xo03

trong nhanh cay goc D ra mot nGt 14 bat ky, chuyén
gia tri chtra trong nut la do sang nut D r0i xoa nut la.



8.7.3. X6a nut khoi cay tim kiém so

Cai dat:
vold DSTDelete (TKey X) {
int b = z;

TNode * p = Root; .
TNode * qg; //qchaytheosaup,lachacuap
<Duyét cay dé tim nut p chtra khda X>

if (p == NULL) return; [/XkhongtimduqQc, két thuc
TNode * Node = p; [/Gillainutchrakhoa can xoa
while ((p->Left!=NULL) || (p->Right!=NULL) {
qd = Pbr
1f (p—->Left != NULL) p = p->Left;

else p = p->Right;
} >
Node->Info = p->Info; [/Chuyén giatritw nutlapsangnut Node

if (Root == p) Root = NULL; //CAay chigOm 1 nUtgoc, xoa ca goc
else [/CatmOinbitw qtdip
if (g->Left == p) g->Left = NULL;

else g->Right = NULL;
free (p); //gidiphdongp
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8.7.4. Cay tim kiém so6 hoc — nhan

xet

V& mat trung binh, cac thao tac tim kiém, chén,
xo0a trén cay tim kiém sO hoc déu c6 do phirc
tap la O(min(z Iogn))

Trwd'ng hop xau nhat, do phtrc tap cUa cac thao
tac do la O(z), bdi cay tim kiém sO hoc ¢ chiéu
cao khongquaz+1

Cay tim kiém s0 hoc cé thé mé rdng véi cay K-
phan, & dé moi nUt c6 thé cd t&i K nit con
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8.8. Nhirng nhén xét cuoi cUng

Tim kiém la cOng vi€c nhanh hon sap xép nhung
lai dwoc sty dung nhiéu hon

Bai toan tim kiem trong thirc té rat da dang: tim
ban ghi mang khoa I&n hon hay nhé hon khod tim
<iém, tim ban ghi mang khoa nho nhat ma |on
nO'n khoa tim kiém...

Tim kiém chudi ky tw cing cong viéc khac dwoc st
dung rong rai va co nhirng gidi thuat dac thu riéng:
thuat toan BRUTE-FORCE, KNUTH- MORRIS-
PRATT, BOYER I\/IOORE RABIN- KARP...

Khong nén danh gia giai thuat tim kiém nay tOt
non gidi thuat khac va phai st dung thuat toan
ohu h@'p vOi tlrng yéu cau cu thé
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