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Giéi thiéu
[
o Dbi sanh chudi
o Tu khoa: String matching, String searching, Pattern
searching, Text Searching

o Mot trong nhitng thudt todn quan trong va c6 ung dung
rong rai.

C&u truc dir liéu va gidi thuat - HCMUS 2015

Gi&i thiéu
T
o Ung dung cta dbéi sanh chubi:

o May tim kiém

o Trinh soan thao van ban

o Trinh duyét web

o Sinh hoc phan tir (Tim mau trong ddy DNA).

o..
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Giéi thiéu
[
® Muc tiéu:

o Kiém tra su ton tai cua mot chudi ky tu (mau, pattern) trong
mot chuoi ky tu ¢6 kich thudce 16n hon nhiéu (van ban,
text).

o Néu ton tai, tra vé mdt (hodc nhi€u) vi tri xuat hién.

o Quy wéc:
o MAu can tim: P (chiéu dai m).
o Vin ban: T (chiéu dai n).
o PvaTcocung tap hiru han ky tu ). (3. = {0, 1};
Y={A,..,.Z},...)

om<n
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Giéi thiéu
[
o Dbi sanh chubi:
o Bang cach 1an lugt dich chuyén (cira s6) P trén T.
o P ton tai trén T tai vi tri bat ddu 1a i (0 <i<n—m)néu
mT[i+]]=P[]véimoi0O<j<m-1.

o Vidu: 01234567 891011

o P = abbaba T |albla[b]a] a]
o T = ababaabbabaa p _

=i=5
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Gi®i thiéu
N
o Céac thuat toan tiéu biéu:

o Brute Force

o Morris-Pratt

o Knuth-Morris-Pratt

o Rabin-Karp

o Boyer-Moore

o...
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Y twéng
e

o Lan lwgt kiém tra diéu kién P[0...m-1] =
T[i...i+m-1] tai moi vi tri c6 thé cua .

o Vidu
o Tim kiém P = aab trong T = acaabc

[alc[ala[p]c] [afc]afa|p]c] [a]c[a]afplc]| [af[c|afafb]c]

(a) (b) (©) (d)
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Cai dat
(N
bruteForceMatcher(T, P)

n «— length[T]

m «— length[P]

forie—0Oton-m

if P[0..m-1] =T[i...i+m-1]
return i
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Panh gia
e
o Truweng hop tét nhat — khéng tim thay: O(n).

o Trudng hop xau nhat — khéng tim thay: O(n*m).

o Trwong hop trung binh: O(n+m).

C&u truc dir liéu va gidi thuat - HCMUS 2015

Pac diem chinh
e
o Khoéng can thao tac tién xi ly trén P.

o Luén ludn dich chuyén mau (ctra sb) sang phai
mot vi tri.

© Thqo tac so sanh co thé thyc hién theo bt Ky
chiéu nao.

o Trwdng hop xau nhat: O((n-m+1)*m).
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Pat van de

(L
o Diém han ché cla thuat toan Brute-Force:
o Khong ghi nhd dugce thong tin da trung khop (trudce)
khi x4y ra tinh trang khong so khop.

o Phai so sanh lai tir dau (trén P) trong tat ca truong hop
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Pat van de

e
o Vidu:
o T: 10101011101001;
o P:10100

o Brute Force: 1=0,) =4, T[i+j] '=P[j]=>1=1,j=0
= T:10101011101001
= P: 10100

o Cachkhac?i=0,j=4, T[i+j]'=P[j]=>i=2,j=2
= T:10101011101001
m P; 10100

C&u truc dir liéu va gidi thuat - HCMUS 2015

Peé xuat ciha thuat toan

ey
o Ghi nhan lai nhirng phan cua T da trung véi P
truvde do.

o Cb gang tang s6 buwéc dich chuyén P trén T
(thay vi 01 don vi).

o CO gang bé qua mét s6 bwéc so sanh gitva P
va T tai vi tri mé&i (thay vi j=0, gan j bang mét s6
thich hop).
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Pe xuat cuia thuat toan

[ —
o Gia su:
o i 1a vi tri bat dau su ddi sanh (trén T).
o j la vi tri dang so sanh (trén P). (Ky tu twong g trén
T tai vi tri i+]).
o T[i+j] !'= P[j] => khong so khop

i i+
T | [ u

[f]
P w o] ]

a
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Peé xuat ciha thuat toan

(T ——
o Tim:
o Vi tri méi iy (trén T) va j; (trén P) sao cho
® i+ = i;+j; (ngay tai vj tri dang xem xet)
mV =T[i; ... i;+j;—1] la doan so khép mai gilba P va T.
o Khi dé:
o Poan dich chuyén cira s6: j — j,.(do j; <)
o C6 thé tim iy dya trén j,.

ity
T | [« T#]
P s Tl ]
P o] |

Cau trdc dir liéu va giai thuat - HCMUS 2015




© FIT-HCMUS

Pe xuat cuia thuat toan

[
o Van dé:
o Tim gié tri j, dua trén j.

o Céach thuec:
o Tinh sén cAc gia tri cia j; tng v6i mdi vi tri j (trén P).

o Cau hoai:
o C6 thé lam dugc khdng? Tai sao?

C&u truc dir liéu va gidi thuat - HCMUS 2015

Xay dwng bang NEXT
|
o Bang NEXT:

o Bang chtra cac gia tri j; tng voi cac gia tri .

o Vidu:
| j 0] 1/2]3]4|5][6
3, -1 0 1 1 0 3 2

Cau trdc dir liéu va giai thuat - HCMUS 2015
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Xay dwng bang NEXT
e
o Hoan toan dwa trén P.

o Cach thire:
o NEXT[0] =-1
0 V6i moi vi tri j > 0, gid tri cua NEXT[j] (j,) 12 50 k 16m
nhat (k < j) sao cho:
= k ky tw d4u tién khop véi k ky tw cubi ciing clia chubi
trwdre vi tri j.
= Nghia la P[0..k-1] = P[j-k ..j-1]

C&u truc dir liéu va gidi thuat - HCMUS 2015

Xay dwng bang NEXT
|
o Vidu:

o P =AAATA

o Bang NEXT:
= NEXT[0] = -1

Cau trdc dir liéu va giai thuat - HCMUS 2015
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Xay dwng bang NEXT
[ Iy
o P = AAATA

o)j=1
o NEXT[1] = 0

C&u truc dir liéu va gidi thuat - HCMUS 2015

Xay dwng bang NEXT

T ——
o P =AAATA

©)]=2
o NEXT[2] =1

Al AT A
A AT A
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Xay dwng bang NEXT
[ Iy
o P = AAATA

©]=3
o NEXT[3] = 2

A A e A
O U S I -
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Xay dwng bang NEXT
|

o P = AAATA
©]=4
o NEXT[4]=0

Cau trdc dir liéu va giai thuat - HCMUS 2015
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Xay dwng bang NEXT
[
o P = AAATA
o Bang NEXT
= NEXT[0] = -1
= NEXT[1] =0
= NEXT[2] =1
= NEXT[3] = 2
= NEXT[4] =0
I CE N R N
0 1 2 0

NEXT =il

C&u truc dir liéu va gidi thuat - HCMUS 2015

Xay dwng bang NEXT
(T ——
o Xay dwng bang NEXT cho P = 10100

o Xay dwng bang NEXT cho P = ABACAB

o Xay dwng bang NEXT cho P = GCAGAGAG

o Xay dwng bang NEXT cho P = AABAABA

Cau trdc dir liéu va giai thuat - HCMUS 2015
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Xay dwng bang NEXT
[
o P =10100

| o | 1 | 2 ]| 3 | 4 |
0 0 1 2

NEXT -1

o P=ABACAB

| o |1l 2] 3 | 4 | 5|
0 0 1 0 1

NEXT -1

C&u truc dir liéu va gidi thuat - HCMUS 2015

Str dung NEXT trong thuat toan

[
© Muc tiéu :
o Xac dinh vi tri méi iy (trén T) va j; (trén P) sao cho
® i+ = i;+j; (vi tri dang xem xét)
®V =T[i; ... i;+j;—1] l& doan so kh&p mai gilba P va T.
o D& co j; = NEXTIj]
o Vay, i; =i+ ] —NEXT[]

itj
T | [« T3]
Pl u .l
P [CoTe] |

Cau trdc dir liéu va giai thuat - HCMUS 2015
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Str dung NEXT trong thuéat toan

O
o Vidu:

o T = AATAAAATA

o P =AAATA

T e e e e ]
NEXT -1 0 1 2 0
o i =0 AATAAAATA
o j=0AAATA

o i=0 AATAAAATA
o j=1AAATA

C&u truc dir liéu va gidi thuat - HCMUS 2015

Str dung NEXT trong thuat toan

N
o Vidu:
o T =AATAAAATA
o P =AAATA
[ e [aes 7]
NEXT il 0 1 2 0

o i =0 AATAAAATA
o j =2 AAATA

oi=1AATAAAATA  (i=0+2-1)
oj=1 AAATA (i=1)

Cau trdc dir liéu va giai thuat - HCMUS 2015
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Str dung NEXT trong thuéat toan

O
o Vidu:
o T = AATAAAATA
o P =AAATA
T e e e e ]
NEXT -1 0 1 2 0
0i=2AATAAAATA  (i=1+1-0)
Dj=0 AAATA (i=0)

oi=3AATAAAATA  (i=2+0-(-1)
mj=0  AAATA (i=0)

C&u truc dir liéu va gidi thuat - HCMUS 2015

Str dung NEXT trong thuat toan

N
o Vidu:
o T =AATAAAATA
o P =AAATA
[ e [aes 7]
NEXT il 0 1 2 0

o i = 3 AATAAAATA
nj=3  AAATA

0i=4AATAAAATA  (i=3+3-2)
mj=2 AAATA  (j=2)
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Str dung NEXT trong thuéat toan

[
o Vidu:
o T =AATAAAATA
o P =AAATA
I I N N N
0 1 2 0

NEXT -1

oi=4AATAAAATA
oj=4 AAATA
(Hoan toan so khép, vi tri xuét hién ciia P trong T tai i=4)

C&u truc dir liéu va gidi thuat - HCMUS 2015

Do phirc tap

ey
o Tinh NEXT: O(m)
o Tim kiém: O(n)
o Téng: O(n+m)

Cau trdc dir liéu va giai thuat - HCMUS 2015
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C&u truc dir liéu va gidi thuat - HCMUS 2015

Y twéng
ey
o Thuat toan Knuth-Morris-Pratt cai tién Morris-
Pratt bang cach
o b sung thém diéu kién a # ¢ (vi néu a va ¢ nhuw nhau
thi sé khoéng khop ngay sau khi dich chuyén).

i i+j
T [« T[] |
P[w Ta[ ]
P [CoTe] |
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Y twéng

o

o Thay dbi cach tinh bang NEXT:
oNéup[i] #p[j] thi NEXT[4i]
o Nguoc lai NEXT[i] = NEXT[]]

j

o Thao tac tim kiém van khéng thay dbi

C&u truc dir liéu va gidi thuat - HCMUS 2015

Xay dwng bang NEXT
|
o P =10100

o | 1 | 2 ]| 3 | 4 |
MP il 0 0 1 2
KMP

o P=ABACAB
| o | 1l 2 ] 3 | 4 | 5|
MP -1 0 0 1 0 1
KMP
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C&u truc dir liéu va gidi thuat - HCMUS 2015

Gi&i thiéu

T

o L& thuat toan tim kiém chudi dwoc dé xuat
b&i Michael O. Rabin va Richard M. Karp vao
1987.

® St dung phép bam(hashing).

Cau trdc dir liéu va giai thuat - HCMUS 2015
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Y twwéng thuat toan

(T —
o T=“AADCABADCA”
o P=“BACD”

C&u truc dir liéu va gidi thuat - HCMUS 2015

Y twéng thuat toan

(T —
% Giai phap: Rolling Hash

% Tan dung dugc ma hash cua lan tinh trude.
% Lan tinh ké tiép khong phu thudc vao do6 dai chudi con.

Cau trdc dir liéu va giai thuat - HCMUS 2015
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Y twwéng thuat toan

“*Ham bam cua Rabin-Karp
= h(x) = x mod g (g la s6 nguyén t6 16n)

= x; =afild™t+afi + 1]Jd™ 2+ ... +a[i +m — 1]
«dlacosd

0 i i+l i+2 i+3 itm-1 | #m n-1

f
m
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Y twéng thuat toan

[
o Vidu: T ="abracadabra” P ="“arb” d=10
m = length(P) = 3
x_P =[a].10% + [r].10* + [b].10°
Xo = [a].10? + [b].10% + [r].10°
X; = [b].10? + [r].10* + [a].10°

X, = [b].10 + [1].10% + [a].10°

o Dung co s6 nham giam kha nang dung do.
o Han ché:

o Gia tri ham hash tang rat nhanh.

o Chi phi tinh toan 16n.

Cau trdc dir liéu va giai thuat - HCMUS 2015
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Y twwéng thuat toan
e

+* Rolling Hash
= x; =afild™ ! + a[i + 1]d™ 2+ ... + a[i +m — 1]
n

0 i i+l i+2 i+3 itm-1  i+m n-1

C&u truc dir liéu va gidi thuat - HCMUS 2015

Cai dat
]

function RabinKarp(string s[l..n],
string sub[l..m])

hsub := hash(sub[l..m]);
hs := hash(s[1l..m])
for i from 1 to n-m+1

if hs = hsub

if s[i..i+m-1] = sub
return 1

hs := hash(s[i+1..i+m])

return not found

Cau trdc dir liéu va giai thuat - HCMUS 2015
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Cai dat

e

RABIN-KARP-MATCHER( T, P, d, g )
n « length[ T ]

m «~ length[ P ]
h « d™! mod g

p<—O
ty « O
for i « 1 tom » Preprocessing
do p« (d*p + P[ 1 ] ) mod g
Tty « (d*ty + T[ 1 ] ) mod g
for s <« 0 ton - m » Matching
do if p = t
then if P[ 1..m ] = T[ s+1 .. s+m ]
then print “Pattern occurs with shift” s
if s < n - m then
tgpp « (d* (g, - T[ s+ 11 *h)
+ T[ s +m+ 1] ) mod g

C&u truc dir liéu va gidi thuat - HCMUS 2015

Nhan xét vé thuat toan
|
o Gan nhu tuyén tinh

o DO phurc tap:
o T6t nhét: O(m + n)
o X4u nhat: O(m.n)
o Trung binh: ~ O(m + n)

o Puwoc sir dung trong tim kiém da mau (multiple
pattern search)

Cau trdc dir liéu va giai thuat - HCMUS 2015
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