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¢ (ts) = t,+10(t,+10(ts)) = 2 + 10(3+10(5)) = 2 + 10(3+50) =

=2+10-53 =532

& (tg) = 10(¢ (tc) — 10? - t.) + te,, = 10(532 — 100-5) + 3 =
= 10(532 — 500) + 3 = 10-32 + 3 = 323
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j 5 3 4 5 6 7 8 9 10 1 [Longest border size J
P, blc|d|bla|b|c|f|g|n in substr (py,....p))
#() [0]0]o]o]o[1]2][3]0]0 [0 |=m——rxo
[ shift after mismatch t; Xp;.; = ] — #'(p) }
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computing #(p,) from #(p._,) )

L )
1 2 .. k k+1 =1 |
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k k
k = ¢(J]-1) = size of longest border in (p;,p,, ... Pi_1)
y
R
If p=p; then ¢'(p;) = k+1
12 .. k k+l -1 |
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computing ¢'(p;) from ¢'(p;_,)

if p..,#p; then longestborder of (p,,...,p;)
might be the longest border of (p,,...,p,) ...

v?
1 2 1 k k+1 =1 ]
a b...s |? a b...s|z .la b...s |? a b...s |y
AN I J \ J
l 1Y Y
| |
1 Ik k

¢'(K)

...and if it is not then continue search for the longest border

N (Py,...,0 g0) recursively
\ J
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Datové struktury a algoritmy

Knuth - Morris - Pratt algorithm

Compute shift function ¢’
1. (1) «0

2: k<0

3: forj <« 2..length(P) do

4 vWMek>0andpm4¢pjdo
5: k < ¢’[k]

6: end while

7 ifpk+1=;ﬁthenk<—k+1endif
8: #j) <k

9

:end for

- /

Karel Richta a kol. (CVUT FEL) Hledani retézcu B6B36DSA, 2018, Lekce 14, 10/28




~
abcdbabecfgh
P alb|c|d|f|g|h|other
BCS[p] 514 |3]|7(2|1[11]|11
J
/
T: xyabcdbabcdacghagab ...
P. |[2bcdbabcfgh|BCS[b]=4
p|abcdbabcf gh|{BCS[c]=3
4
—>»|abcdbabcfgh BCS[a] =5
3
: - »p labcdbabcfgh
/

B6B36DSA, 2018, Lekce 14, 11/28



[ )
29 .74

\_ /

[ )
29 .74

\_ /

B6B36DSA, 2018, Lekce 14, 12/28



[ )
v
29 .74
\_ /
[ )
v
29 .74
\_ /

B6B36DSA, 2018, Lekce 14, 13/28



Y4

\\

~
29 .74
/
0 o 0.9
J o O 0.9 ()
29 .74 \ |
; Cd e
IS an accepting state @
— 29.74 is accepted Uall
Y, )

B6B36DSA, 2018, Lekce 14, 14/28



I AW |LWO
T+ |||
° DILVIMIO|IWO|LO
O I N|N|N|T|T|WDO
| (o] of <<t o
= IR
N~ OJ I N|N|N|T|T|WO
. O NMSLO
s t
- /
[ ' )
1| [—]|w[w]w|wv]w
+ —A|WD|O|IWO|O|LO
o | |w|w]|m|w]|w|w
o| [n|o|af <<t |w
N| [ NJN|N| | T|W0
< Al | N|N|N[TF|T|WO
~[ [o] [~]ovfeu]st|<r]w
o O NMS IO
S
\ \

B6B36DSA, 2018, Lekce 14, 15/28



.14

29

Ole |+ |-

2({5]11]1

23%5(5]5

213[5[5]|F
415(5]5

4{5|5]|5]|F
9[5]5]5

2

1

021212

1(2]2]2

2 12[2]2

=3 [4]4]4

4 [4]ala

2 |5[5(5

N

Ole |+ |-

2({5]11(1

Y [5]|5]5

213|5|5]|F
4[s5]5(5

4{5|5]|5|F
S5[5]5]5

2

L]

2
2

. (4

29

1

2
2

3 [4]4]4

4 [4]4]4

S |5[5]5

AN

B6B36DSA, 2018, Lekce 14, 16/28



4 4w I
1| |—|[w|[w|[w]wv]|w
+| [=]|wv]|w|[wv]wv]|w
o| |[w[w]|M|w[w]|W
of [~ <[
g LA
222&.445
—| Al ][] | [w
N~ of [~ << [0
o O NMS WO
X t
\ )
4 THTS I
1] [—|w]|w|[w]|wv]|w
+| |[d|w|[w|wv]wv]|w
o| |[w[w]|M|w|[w|w
of [a]afov] ||
™~ <.
NI N EIE
= Al [ <[ <0
N~ o| [N << |0
o O ANM S IO
X t

B6B36DSA, 2018, Lekce 14, 17/28



a I
82 +—

\ )

4 I
82 +—

\ )

B6B36DSA, 2018, Lekce 14, 18/28



a I
¥
82 +—
\ )
4 I
¥
82 +—
\ )

B6B36DSA, 2018, Lekce 14, 19/28



82+ —

~

@is not accepting state — “82+-" is not accepted
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011]2 Ole|+]|-
21212 2151111
2122 2|15]|5]5
21212 2|13|5|5|F
4l4al4 415|5]|5
4(414 4|15(5|5|F
9|55 9|9]|5]|5
J
\
Q: finite set of states @ODO@QR@®
: finite alphabet {0,1,2,...,9, «,+, =}
O: mapping Qx Z —> Q, all labelled arows or the whole table
qo: initial state “0
F: set of final (accepting) states P
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a I
blaln
0 |o|o]o
b 1
a 2
n 3
a 4
n 5
a 6
N J
. B
1: :\[ — ('{Q’[} QI_ I Qm}-. E‘. df (f[}f {QFH}J
2: for Va € X do
3: 0(qo,a) — {qo} {self-loop of the initial state}
4: end for
_ Y,
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bl lal[n||c||d|] ... =1

1olofo]fo].. r=8(0,b) =0

QS O S5 9 T
O 01k WNPEFEO

AN

Y4

- fori — 1..m do
r<— o(qi_1.p;)
d(qi_1,p;) — q; {forward transition}
for Va € X do
9: 6(q;,a) «— o(r,a)
10: end for
11: end for

N Og

)
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e N
bla|n|c|d | =2
0 |[1]0]|0|0]O
b 1 |1|2|0]0]0
a 2 |1]|o]o]o]0 r=98(1,a)=0
n 3
a 4
n b5
L a 6 F )
e N
5. for: — 1..m do
6: 1< d(qi1,pi)
7 O(q;—1,p;) — q; {forward transition}
8: for Va € X do
9 O(q;.a) «— o(r,a)
10 end for
11: end for
N\ J
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e N
blaln|c|d]. 1 =3
0 [1]0]|0|0]0].
b 1 |1|2(0|/0]0].
a 2 |1|0(3|0]0].
n 3 |1{0]0]0f[0]. r=06(2,n)=0
a 4
n 5
\ a b6 F )
e N
5. for: — 1..m do
6: o r’i[g;_l.j_};:]
7 O(qg,_1.p;) — q; {forward transition}
8: for Va € X do
9: O(q;.a) «— o(r,a)
10: end for
11: end for
N\ J
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N\

bla|n|c|d]. | =6
0 [(1|(ofo0f0]0].

b 1 (1|{2]|0]0]0].

a 2 [1|0]|3]0]|0].

n 3 (1(4|0f0]0].

a 4 |1]|0]|5]|0]|0].

n 5 (1(6|0f0]0].

a 6 |1]|0[0|0|0]|]..| F r=8(5a)=0 y
S

5. for: — 1..m do

6: o r’i[g;_l.j_};:]

7 O(qg,_1.p;) — q; {forward transition}

8: for Va € > do

9: O(q;.a) «— o(r,a)

10: end for

11: end for
J
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Algorithm

Preprocessing time

Matching time!

Naive string search

0 (no preprocessing)

O((n-m+1) m)

algorithm

Rabin—Karp string search o(m) average O(n+m),
algorithm worst O((n-m+1) m)
Finite-state automaton

based search Sl |21 el
Knuth—Morrls—Pratt o(m) o(n)

algorithm

Boyer—Moore string o(m + |3]) Q(n/m), O(n)

search algorithm

kde m je délka vzorku a n délka prohledavaného textu
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The End
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