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Bai toan tim kiém

» Tim kiém (search) 13 mét cong viéc hang ngdy trong cudc
séng.
» Tim kiém |3 mdt trong nhitng bai toan quan trong trong cac
irng dung tin hoc.
» M6t sb thuat toan tim kiém phé bién trén ciu tric dir liéu
mang
» Tim kiém tuln tu
» Tim kiém nhj phan

» Tim kiém chudi ciing dugc xem 13 mot bai toan tim kiém trén
mang
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TIM KIEM TREN MANG
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Bai toan

Dinh nghia 1

Cho mét ddy a c6 n phan tir. H3y tim xem mot phan tir x c6
trong ddy a hay khong? Bai toan nay cé thé yéu ciu thém nhiing
thong tin: Tim vi tri phan tl x trong mang, c¢6 bao nhiéu phan ti
X trong mang
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Tim kiém tuan tu

Y tudng
Duyét tuan tu tirng phan tlr trong mang a va so sanh véi phan tir
X.
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Tim kiém tuan tu (cont.)

1 int LinearSearch(int al[], int n, int x)
2 {

3 for (int i = 0; i < n; i++)

4 if (al[i] == x)

5 return i;

6 return -1;

7 }
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Danh gia do phirc tap

» Danh gi4 chi phi thuc hién dua tham s6 n (sb phan ti)

Trudng hgp Ham uéc lwong O(g(n))
t6t nhat

trung binh

xau nhit
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Tim kiém nhj phan

Y tudng
Néu cac phan tir trong diy c6 quan hé thir tu; nghia 13 c6 thé so
sanh b3ng, 16n hon, nhd hon gitra chiing. Ta c6 thé t8 chirc lai day
a dé c6 thé tim kiém hiéu qua hon.
1. S3p xép lai day a theo thit tu ting dan
2. Xét day {ap, a1, ..., an—2, an—1}, 0 sanh phan tl apig V6i x
2.1 Néu apjg = x thi tim thay
2.2 Néu apjg < x thi tiép tuc tim trong ddy con
{éimid—i-la ey 3n—1} j
2.3 Néu apjg > x thi tiép tuc tim trong day con
{20, -+ amid—1}
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Tim kiém nhi phan (cont.)

Chuong trinh 1: Ham cai d3t tim nhi phan véi gi3 thiét 13 ddy a d3
dugc sdp thir tu ting dan

1 int BinarySearch(int a[]l, int n, int x)
2 {

3 int left = 0, right = n - 1, mid;
4 do

5 {

6 mid = (left + right) / 2;

7 if (x == al[mid])

8 return mid;

9 else if (x < almid])

10 right = mid - 1;

11 else

12 left = mid + 1;

13 } while (left <= right);

14 return -1;

15 }

BB s e R R Higorithm
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Danh gia do phirc tap

» Danh gi4 chi phi thuc hién dua trén tham s6 n (sb phan ti)

Trudng hgp Ham uéc lwong O(g(n))
t6t nhat

trung binh

xau nhit

10
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TiM KIEM TREN CHUOI
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Bai toan tim kiém chubi

» D&i sanh chudi 1a mdt trong nhitng bai todn co ban va tu
nhién nhit trong tin hoc
» C6 rat nhiéu tng dung lién quan dén bai toan dbi sanh chudi

» Chirc ning tim kiém trong cac trinh soan tho vin ban,
hodc trinh duyét Web

» Truy vin co sé dif liéu

» Sinh hoc phan tu

12
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Bai toan tim kiém chubi (cont.)

Phat biéu bai toan
Cho truéc mot chudi T c6 chidu dai n va mot chudi P cé chiéu dai
m. Tim vi tri xuit hién cia P trong T

» Hau hét cac ngdn ngit déu ¢ cung cip ham thu vién dé giai
quyét bai todn nay
» strstr(...) trong C++
» pos(...) trong Pascal

13
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Lich s&r phat trién chia thuat toan tim kiém
chuoi

» Phuong phap Brute Force dudc biét dén nhiéu nhat. Do phiic
tap cla thuat toan cho trudng hop xau nhit O(m.n) va cho
trudng hop tét nhat 13 O(m + n)

» [Cook, 1971] d3 chimg minh mét qud ly thuyét dua ra su ton
tai cha mot giai thuat dé gidi bai toan véi d6 phic tap
O(m + n) cho trudng hop xau nhit

» [Knuth et al., 1977] d3 dua trén co sé ly thuyét clia Cook d3
tim ra mot thuat toan tuong dbi don gian. Dong thdi Morris
cling dua ra mot thuat toan tuong tu. Tuy nhién ho d3 khong
cong bd thuit toan cho dén nim 1977.

» [Boyer and Moore, 1977] trong thoi gian nay ciing da tim ra
mét thuat toan nhanh hon. M&t trong nhitng d3c diém chung
clia cac thuit todn nay 13 déu rit phiic tap va khé ndm bst

BB s e R R Higorithm

14
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Lich st phat trién cha thuat toan tim kiém
chubi (cont.)

» [Karp and Rabin, 1987] cudi cling d3 dua ra mét thuat toan
don gian gan nhu thult toan Brute Force va cé chi phi 13
O(m+n)

15
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Lich st phat trién cha thuat toan tim kiém
chubi (cont.)

» Cac thult toan tiéu biéu

Brute Force
Rabin-Karp
Knuth-Morris-Pratt
Boyer-Moore
Boyer-Moore-Horspool
Apostolico-Giancarlo
Aho-Corasick

v

v

vV vV v v v

16
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Thuat toan Brute-force

Y tudng
Tai vi tri thir i ctia chudi T ta so sanh véi tiing phan tir ctia P
tuong Ung tu trdi sang phai; nghia la, (Po, T;), (P1, Tit1)-..
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Thuat toan Brute-force (cont.)

1 int BF_StringSearch(char *P, char *T)
2 {

3 int n = strlen(T);

4 int m = strlen(P);

5 for (int i = 0; i <= n - m; i++)
6 {

7 int j = 0;

8 while (j < m)

9 if (T[i + jl == P[j])

10 j++;

11 else

12 break;

13 if (j == m)

14 return i; // tim thay

15 }

16 return -1; // khong tim thay
17}

BB hps o RS Rigorithm 18
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Vidul

> Xét chudi T="AAAAAAAAAAAAAAAH" va chudi
P="AAAAH"
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Vidul

> Xét chudi T="AAAAAAAAAAAAAAAH" va chudi
P="AAAAH"

» Lan I3p thr nhat cha vong I3p for
\AHA|AHA|AHA|AHA|AHA|A|AHA|AHA|H\
Alafalaln]

19
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Vi du 1

> Xét chudi T="AAAAAAAAAAAAAAAH" va chudi
P="AAAAH"

» Lan I3p thr nhat cha vong I3p for
\AHA|AHA|AHA|AHA|AHA|A|AHA|AHA|H\
Alafalaln]

» Lan I3p th(r hai clia vong 13p for
Alalalalalalalalafalafalalafaln]
Alalalaln]

19


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Vi du 1

> Xét chudi T="AAAAAAAAAAAAAAAH" va chudi
P="AAAAH"

» Lan I3p thr nhat cha vong I3p for
\AHA|AHA|AHA|AHA|AHA|A|AHA|AHA|H\
Alafalaln]

» Lan I3p th(r hai clia vong 13p for
Alalalalalalalalafalafalalafaln]
Alalalaln]

19
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Vi du 1

> Xét chudi T="AAAAAAAAAAAAAAAH" va chudi
P="AAAAH"

» Lan I3p thr nhat cha vong I3p for
\AHA|AHA|AHA|AHA|AHA|A|AHA|AHA|H\
Alafalaln]

» Lan I3p th(r hai clia vong 13p for
Alalalalalalalalafalafalalafaln]
Alalalaln]

> ...

» Lan I3p cudi cuing clia vong 13p for
Alalafafafafafafafalafalajalaln
Alalalaln]

BB s RS e Higorithen. 19
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Vi du 2

> Xét chudi T="AAAAAAAAAAAAAAAH" va chudi
P="0000H"
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Vi du 2

> Xét chudi T="AAAAAAAAAAAAAAAH" va chudi
P="O000H"

» Lan I3p thr nhat cha vong I3p for
\AHA|AHA|AHA|AHA|AHA|A|AHA|AHA|H\
ofofofofH

20
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Vi du 2

> Xét chudi T="AAAAAAAAAAAAAAAH" va chudi
P="O000H"

» Lan I3p thr nhat cha vong I3p for
\AHA|AHA|AHA|AHA|AHA|A|AHA|AHA|H\
ofofofofH

» Lan I3p th(r hai clia vong 13p for
Alalalalalalalalafalafalalalaln]
olofofofH]

20
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Vi du 2

> Xét chudi T="AAAAAAAAAAAAAAAH" va chudi
P="O000H"

» Lan I3p thr nhat cha vong I3p for
\AHA|AHA|AHA|AHA|AHA|A|AHA|AHA|H\
ofofofofH

» Lan I3p th(r hai clia vong 13p for
Alalalalalalalalafalafalalalaln]
olofofofH]

20
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Vi du 2

> Xét chudi T="AAAAAAAAAAAAAAAH" va chudi
P="O000H"

» Lan I3p thr nhat cha vong I3p for
\AHA|AHA|AHA|AHA|AHA|A|AHA|AHA|H\
ofofofofH

» Lan I3p th(r hai clia vong 13p for
Alalalalalalalalafalafalalalaln]
olofofofH]

> ...

» Lan I3p cudi cuing clia vong 13p for
Alalafafafalafaiafalalalajalaln
ofojofofH]

BB s RS e Higorithen. 20
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Danh gia do phirc tap

» Danh gia chi phi thuc hién dua trén hai tham s& n va m

Trudng hop Ham udc ludng O(g(n, m))
tét nhit

trung binh

xau nhit

21
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Thuat toan Morris-Pratt (MP)

Van dé chia Brute-force

Trong thuit toan Brute-force: khi xay ra khéng so khép tai mot vi
tri ndo d6, ta da x6a bd tat ca cac thong tin cé dudc bdi cac phép
so sanh trudc dé va bit dau lai viéc so sanh tai vi tri dau tién cla
chudi P

» Huéng gidi quyét clia thuat toan MP
» Sir dung théng tin da biét vé cic phan tir d3 so sanh
» Bién j thé hién vi tri cha phan ti hién hanh cia miu P.
Khi xay khéng so khép xay ra, thay vi gan lai j = 0 dé
quay lai so sanh tir dau chudi P thi ta s& gdn j mot gia
tri thich hop. Céng thic xac dinh dua trén bang Next N

i< N; (1)

BB s e R R Higorithm

22
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Bang Next

Khai niém vé chudi con tién t6 va hau tbé

Chubdi con tién t6 va hau té ctia mét chudi "ABCDE”
» Céac chudi con tién t6 13 "A”, "AB”, "ABC" va "ABCD"
» Cac chudi con hau té 13 "E”, "DE”, "CDE" va "BCDE”"

23
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Bang Next

Dinh nghia 2
Bang Next
» M0i phan ti ctia chudi P s& tuong (ing v6i mot phan tir trong
bang N;
> Néuj =0 thi Nj = —1
» Néuj > 0 thi N; = chiéu dai cda chudi con chung dai nhit
gilta cac tap chudi con tién td va hiu td cha chudi Py j—1 |

24


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Cai dit

Chuong trinh 2: X3y dung bang Next cla thuat todn MP

1 void MP_CreateNext (char *P, int N[]) {
2 int m, i, j;

3 m = strlen(P);

4 N[0] = -1;

5 id = 03

6 j = -1;

7 while (i < m-1) {

8 if ((j == -1) || (P[i]l == P[j1)) {
9 i++;

10 j++;

11 N[i] = j;

12 }

13 else

14 j = N[jl;

15 }

25
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O ~NOOT A~ WN

o

Cai dat (cont.)

{

Chuong trinh 3: Thudt toan MP
int MP_StringSearch(char *P, char *T)

// Tao bang Next N
MP_CreateNext (P, N);

// Tim
int n
int m

int i =

strlen(T);
strlen (P);
0, j=0;

while (i<n) {
if (T[il==P[j1) {

1++;

>

jt++;

if (j==m) return i-j;
} else {

if (j>0) j=N[jl;

else i++;

// tim thay

26
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Cai dat (cont.)

18 return -1 ; // khong tim thay
19 }
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Giai thich thuat toan

Xét phan tir T; va P;
» Trudng hop 1: hai phan tif nay khép nhau thi dich i va j sang
phai mot don vi

- 7 N - N
P
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Tiép tuc

» Trudng hop 2: hai phan tir khong khép nhau
» Trudng hop 2.1: Néu j = 0 thi i dich sang bén phai mot
don vi va j gilt nguyén

7 [ ~ [
P

» Trudng hop 2.2: Néu j > 0 thi i giit nguyén j thay ddi
theo cong thitc cua bang Next

T [N ~ S
P
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Minh hoa thuat toan

> Xét chudi T = "AATAAAATA” va miu P = "AAATA"
» Bang Next clia mau P 13
1jofif2]o]
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Tiép tuc

» Bang Next ctia mau P I3

-1

o1]2]0

» BStddui=0,j=0

A

VA

\TUA\AVA\AUT\A\

» Trusng hopl — i=1,j=

A

A

IVIVIVI\

AlalalT]al

> Trudng hgp 1 — i =2, =2

A

A

TlA[AlA]A][T|A]

A

A

AlTIA

31
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Tiép tuc

» Bang Next ctia mau P I3
1lof1]2]0

» Truong hgp 22 — i=2,j=1
AlalTalalalalT]a
AlafalT]al

> Trudng hgp 2.2 - i=2,j=0
AlalT AalAalATA]T]A]
AlalalT]a

» Trudng hgp 2.1 —» i=3,j=0
Ala[T[AlAlA[A]T]A]
AlAlAlTA

32
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Tiép tuc

» Bang Next ctia mau P I3
jofif2]o]

» Trusng hop 1 — i =4,j
’A”A‘T”A}A”A}A

>

o R (I PSS R I P |

» Trudng hop1 — i=25,j
AlalT[alalalA]
AlalalT]

>

w o e

» Trudng hop 1 — i =6,/
A[ATIAA[A]A
AlATA|T

>

33
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Tiép tuc

» Bang Next ctia mau P I3
1lof1]2]0

» Trudng hgp 2.2 = i =6, =2
AlalrafalalalTa
AlafalT]al

> Trudng hgp 1l — i=7,j=3
AlalT]alalalalT]A
AlalalT]a

> Trusng hgp 1l — i=38,j =14
AlAT[A[A[A[A]T]A
AlAlalT]A

34
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Thuat toan Knuth-Morris-Pratt (KMP)

» Diém yéu trong bang Next clia MP

Ll TP fal T T T
P \_ﬂ B
p B | |

» Thuit todn Knuth-Morris-Pratt 13 su cai tién clia Thuat toan

Morris-Pratt

» Cai tién dugc thuc hién trong viéc tinh bang Next

35
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Cai dit

Cai d3t cai tién cach tinh bang Next

1 void KMP_CreateNext(char *P, int N[]) {
2 int m, i, j;

3 m = strlen(P);

4 N[0] = -1;

5 i=0;

6 e =1

7 while (i < m-1) {

8 if ((j == -1) || (P[i] == P[j1)) {
9 it++; j++;

10 if (P[i] !'= P[j]) N[i]l = j;
11 else N[i] = N[j];

12 }

13 else

14 j = N[jl;

15 }

36
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Danh gia do phirc tap

» Danh gia chi phi thuc hién dua trén hai tham s& n va m

Trudng hop Ham udc ludng O(g(n, m))
tét nhit

trung binh

xau nhit

37
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Thuat toan Rabin-Karp (RK)

Nguyén ly
» S dung ky thuat so sanh tiing chudi con clia T véi miu P
nhu thuat toan Brute-force
» St dung ham b3m dé so sanh chudi. Hai chudi gibng nhau
phai c6 gia tri ham b3m giéng nhau, hai chudi khac nhau thi
phdi c6 gia tri ham bam khac nhau

38
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Ham bam

Cong thirc
Coéng thirc ham bidm phd bién cho mét chudi ky tu S cé m ky tu

f(S,m)=Sd™ ' +S1d™ %+ ...+ S, (2)

Véi S; 1a ma ASCII clia ky tu chi s6 i trong chudi va d 3 thira s6
clia ham b3m thudng 13 s6 nguyén t6.

Vidul
» Tinh gia tri hAm b3m clia chudi "hi" véi d = 101
» M3 ASCll clia 'h’ va 'i’ 13 104 va 105. Ap dung céng thiic

F("hi",2) = 104 % 101 + 105

» Gia tri ham b3m clia chudi "hi" 13 10609

B s AR Wigorithm 39
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Mot cach tinh ham bam hiéu qua

Dua trén céng thirc ta c¢6 cach tinh ham bam

» Cho chudi con m phan ti cta T b3t dau tai i la
F(T@G),m)=Tid™ L+ Trd™ 2+ ...+ Titma
» Cho chudi con m phan tir cia T bt dau tai i + 1
F(TG+1),m)=Tiqd™ 4+ Tiod™ 2 4+ o+ Tiim
» Vay ta cd cong thirc

F(TG+1),m)=Ff(T@{),md—-Tid"+Tixm (3)

40
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Danh gia do phirc tap

» Danh gia chi phi thuc hién dua trén hai tham s& n va m

Trudng hop Ham udc ludng O(g(n, m))
tét nhit

trung binh

xau nhit

41
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