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— l BrUte -Force

+Y twdng:
P6i véi vi tri the i cta van ban T (i=0...n-m), ta so sanh
cac ky tw cua P twong rng twr trai sang phai:
P[0O] v&i T[i], P[1] v&i T[i+1],..., P[m-1] v&i T[i+m-1]
P[j] vo'i T[i+]] (j = 0..m-1)

4+ Vi du:
¢ T ="TWO RED ROADS CROSSING”
¢ n =length(T) = 22
¢ P = “ROADS”
¢+ m =length(P) =5
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' l Brute -Force (tt)

4+ Vi du:
¢ Budc 1: TWO RED ROADS CROSSING

ROADS
¢+ Buoc 2: TWO RED ROADS CROSSING

ROADS

¢+ Buoc 5: TWO RED ROADS CROSSING
ROADS

¢+ Buwoc 9: TWO RED ROADS CROSSING
ROADS
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rute -Force (tt)
+ Cai dat bang C:

+ int stringSearchBF (char *P, char *T);

* Két qua:

» -1 :néu P khdng nam trong T, hodc

» >=0:vitrictaPtrong T
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Brute -Force (tt)

Int stringSearchBF(char *P, char *T)

{
for (int 1=0; i<=strlen(T)-strlen(P); i++)
{
intj =0;
while (j < strlen(P))
it (TI+]]==P0]) J++;
else break;
if(j==strlen(P)) return i; // tim th ay
}
return -1 ; I/ khdng tim th ay
}
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Brute -Force (tt)

+Danh gia:

Autumn 2008

¢ Trwdng hop xau nhat O(m*n) — tw chdng minh

1) AAAAAAAAAAAAAAAAAAAAAAAAAAAH
AAAAH
2) AAAAAAAAAAAAAAAAAAAAAAAAAAAH
AAAAH
3) AAAAAAAAAAAAAAAAAAAAAAAAAAAH
AAAAH
4) AAAAAAAAAAAAAAAAAAAAAAAAAAAH
AAAAH
5) AAAAAAAAAAAAAAAAAAAAAAAAAAAH
AAAAH

N) AAAAAAAAAAAAAAAAAAAAAAAAAAAH
AAAAH

Data Structures & Algorithms - String Searching - Nguyen Tri Tuan, DH.KHTN Tp.HCM



Brute -Force (tt)

+Danh gia:
¢ Trwdng hop tot nhat O(n) — tw chdng minh

1) AAAAAAAAAAAAAAAAAAAAAAAAAAAH
OOOOH
2) AAAAAAAAAAAAAAAAAAAAAAAAAAAH
OOOOH
3) AAAAAAAAAAAAAAAAAAAAAAAAAAAH
OOOCH
1) AAAAAAAAAAAAAAAAAAAAAAAAAAAH
OOOOH
5) AAAAAAAAAAAAAAAAAAAAAAAAAAAH
OOOOH

N) AAAAAAAAAAAAAAAAAAAAAAAAAAAH
OOOOH

¢ Trwdng hop trung binh O(n+m) — tw chimg minh
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ring Searching

I Gioithiéu
| - Cac bwérc xtv ly
= Céac céch ti ép can

— Brute-Force
* Knuth -Morris -Pratt
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Pat van de
+ Trong thuét toan Brute-Force: khi xay ra khong so khép
tai moét ky tw, ta da xoa bd tat ca thong tin cé duoc boi

cac phép so sanh trwéc do va bat dau lai viéc so sanh tw
ky tw dau tién cia mau P [i=i+1; j=0]

4+ Vi du:
¢ T=101010100111; P = 10100
+ 101010100111

10100 (khong so khép tai 1=0, j=4)
+ 101010100111
10100 (Brute-Force: bat dau lai tt i=1; j=0)

Dich chuyén i va j ra sao cho c6 logi ?

101010100111
10100  (bat dau lai tlr i=2; j=2)
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+ Huwéng gidi quyét ctia Morris-Pratt;

¢ Loi dung théng tin da biét vé cac ky tw da so sanh

+ Bién j thé hién sb ky tw da dwoc so khép gitba mau
(P) va van ban (T). Khi gap vi tri khdng so khop, thay
vi gan j = 0 dé quay lai tir dau chubi P, ta s€ gan cho
] mét gia tri thich hop
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Morris -Pratt (tt)

/[T wt wédng chinhc dathu &ttoan Morris-Pratt
Il giai doantimki émPtrongT

i :j =0:;
while (i+j < n){
it (pO]==t[i+]]) {
J++;
Il khi da dih é& dédaic wachu 6iP
I > datim dugc P = tr avévitritim duoc
If j==m) return i;

}
else {
/I khi khéng so kh ép,d ichchuy énv évi
I tri NEXTI]]
=i+ )— NEXT[]
if (j > 0) i = NEXTJj];
}
return -1; I/ khdng tim th ay
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- Morris -Pratt (tt)

+ Giai doan tién xt Iy — tinh gia tri bAng NEXT
¢ Xay dwng mang NEXT[0..m-1] (c6 mphan tk)

+ NEXTIj] chira gia tri dung dé dich chuyén con trd j khi
xay ra s khéng khép tai vi tri |
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Morris -Pratt (tt)

+ Vidu:
¢+ T = AATAAAATA
¢+ P = AAATA
0 1 2 3 4

NEXT | -1 0 1 2 0
=0 AATAAAATA
j=0 AAATA
=0 AATAAAATA
J=1 AAATA
i=0 AATAAAATA
J=2 AAATA  (khong so khdp - i=i+j-NEXT[2]=1

J=NEXT[2]=1)
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orris -Pratt (tt)

AATAAAATA
AAATA (khdng so khdp = i=i+j-NEXT[1]=2
j=NEXT[1]=0)
AATAAAATA
AAATA (khdéng so khdp - _i=i0-3j—NEXT[O]=3
J=
AATAAAATA
AAATA (ti€p tuc...)

AATAAAATA
AAATA
(khdéng so khdp = i=i+j-NEXT[3]=4
j=NEXT[3]=2)

AATAAAATA

AAATA (ti€p tuc...)
AATAAAATA

AAATA
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’ Morris -Pratt (tt)

i i

_l_

J

T u

3]
P u [a]

Pl v |c

+ Xét trang thai khong so khép tai vi tri thi j trén mau P
¢ Phan da so khép (u), tr P[0] dén PJ[O..j-1]
+ Néu ton tai v = doan so kh&p gitra phan dau P voi
phan cudi cua PJO0..j-1]
- v la doan dich chuyén cia j
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’ Morris -Pratt (tt)

+ Cach xay dwng bang NEXT:
¢ NEXT[0] = -1
¢ Vi j>0, gia tri cda NEXT[j] 1a s6 k I16n nhat nho hon |
sao cho k ky tu dau tién cia mau P khdp vai k ky tu
cudi cua P[0..j-1]
¢ Vidu: P = AAATA

NEXT[1]=0 |A .
(=1)

NEXT[2]=1 [A
1=2) A

Autumn 2008 Data Structures & Algorithms - String Searching - Nguyen Tri Tuan, DH.K



, Morris -Pratt (tt)

NEXT[3] = 2 A
A
NEXT[4] = 0
4] AlATA|T
AlAIA]|T
0 1 2 3 4
NEXT| -1 0 1 2 0
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orris -Pratt (tt)

/[ Ham tinh gia tr i b ang NEXT (Morris-Pratt)
void initNEXT_MP(char *p, int NEXT][]) {
inti, j;
int m = strlen(p);
| =0;
j = NEXT[O] = -1;
while (i < m-1) {
it ==-11] pl[i] == pl] {
I++; J++;
NEXTIi] = J;
}

else | = NEXTIj];
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Morris -Pratt (tt)
+ Cai dat bang C:

/ Thu attoan  d&di sdnh Morris-Pratt

/I Kétqu a:
/-1 :n éduP khdéngn 3amtrongT,ho  &c
I[>=0 v itic wuwaPtrong T

int stringSearchMP (char *P,char *T) {
int n = strlen(T);
Int m = strlen(P);
Int *NEXT = new int[m];

[ITi énx &ly— Tinh giatr i b ang NEXT
iNitNEXT_MP(p, NEXT);

[ TimP trong T
... (xem slide #23)

}
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— Morris -Pratt (tt)

+ Vi du:
¢ Xay dwng bang NEXT cho P =10100

¢ Xay dwng bang NEXT cho P = ABACAB
¢ Xay dwng bang NEXT cho P = GCAGAGAG

¢ Xay dwng bang NEXT cho P = AABAABA
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Morris -Pratt (tt)

P =10100 0 1 2
NEXT -1 0 0
P = ABACAB 0 1 2 3
NEXT -1 0 0 1

P = GCAGAGAG 0 1 2 3 4

NEXT -1 0 0 0 1
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orris -Pratt (tt)

+ DO phuce tap:
+ Giai doan tién xt ly: O(m) (tinh NEXT)
+ Giai doan tim kiém: O(n)
¢ Téng: O(n+m)
¢ SO phép so sanh I&n nhat cia mét ky tw <= m
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g Knuth -Morris -Pratt

i i
T 1]

2]
P u [a]

_l_

J

Pl v |c

+ Cai tién cua KMP so v&i Morris-Pratt
+ Khi xay dwng bang NEXT, Knuth b6 sung kiém tra
dieu kién c # a dé tranh trwdng hop “mis-match” ngay
vi tri dau tién sau khi dich chuyén |
¢ Gidi thich: réu a == ¢, tic 1a c# b (Vi a# b) 2 ¢ “mis-
match” ngay éin so sanhiau tién sau khi th chuyn |
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nuth -Morris -Pratt (tt)
4+ Tom lai: thuat toan KMP
+ Giai doan tién xt Iy c6 mot cai tién nho:

»Tinh do dich‘chuyén tdt hon = tranh so sanh cuing mot ky tw
trong T hai lan

+ Giai doan tim kiém: hoan toan gidng thuat toan
Morris-Pratt
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nuth -Morris -Pratt (tt)

[fHamt aol &ap b ang NEXT (KMP)
void initNEXT_KMP(char *p, int NEXTT]) {

inti, j;
int m = strlen(p);
| =0;
] = NEXT[O] = -1,
while (i < m-1) {
it g ==-11| p(i] == p0l) {
I++; J++;
it (p[i] = pO]) NEXT[I] = J;
else NEXTI[i] = NEXTIj];
}

else | = NEXTIj];
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nuth -Morris -Pratt (tt)

+ DO phuc tap:
+ Giai doan tién xt ly: O(m) (tinh NEXT)
+ Giai doan tim kiém: O(n)
¢ Téng: O(n+m)
¢ SO phép so sanh I&n nhat cia mot ky tw <= log,m

1+V5
2

Vol a =
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Thank you
for your attention
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