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Motivation

1. Most of pattern matching problems are regular
languages.

2. Absence of finite automata approach for these
problems (with few exceptions like KMP, AC, BM, CW).

3. Many pattern matching algorithms were developed
without of finite automata approach but actually they
simulate run of a finite automaton.
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Finite Automata

Deterministic Finite Automaton (DFA) MDFA = (Q,Σ, δ, q0, F )

Q is a finite set of states,
Σ is a finite input alphabet,
δ is a mapping Q× Σ→ Q,
q0 ∈ Q is an initial state,
F is a set of final states.
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Finite Automata

Deterministic Finite Automaton (DFA) MDFA = (Q,Σ, δ, q0, F )

Q is a finite set of states,
Σ is a finite input alphabet,
δ is a mapping Q× Σ→ Q,
q0 ∈ Q is an initial state,
F is a set of final states.

Nondeterm. Finite Automaton (NFA) MNFA = (Q,Σ, δ, q0, F )

Q is a finite set of states,
Σ is a finite input alphabet,
δ is a mapping Q× (Σ ∪ {ε})→ P(Q),
q0 ∈ Q is an initial state,
F is a set of final states.
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Usage ofNFA

Two possibilities of using NFA:

1. to transform NFA to an equivalent DFA:
running time O(n) (not considering the transformation)
but memory O(2|QNFA|),

2. to simulate the run of NFA in deterministic way:
slower but less memory.
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Transforming NFA to DFA

Σ

aa b

0 1 2 3

δNFA a b c

0 {0, 1} {0} {0}

1 {2}

2 {3}

3
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Transforming NFA to DFA

Σ

aa b

0 1 2 3

δNFA a b c

0 {0, 1} {0} {0}

1 {2}

2 {3}

3

δDFA a b c

0 = [0]
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Transforming NFA to DFA

Σ

aa b

0 1 2 3

δNFA a b c

0 {0, 1} {0} {0}

1 {2}

2 {3}

3

δDFA a b c

0 = [0] [0, 1] [0] [0]

1 = [0, 1]
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Transforming NFA to DFA

Σ

aa b

0 1 2 3

δNFA a b c

0 {0, 1} {0} {0}

1 {2}

2 {3}

3

δDFA a b c

0 = [0] [0, 1] [0] [0]

1 = [0, 1] [0, 1] [0, 2] [0]

2 = [0, 2]
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Transforming NFA to DFA

Σ

aa b

0 1 2 3

δNFA a b c

0 {0, 1} {0} {0}

1 {2}

2 {3}

3

δDFA a b c

0 = [0] [0, 1] [0] [0]

1 = [0, 1] [0, 1] [0, 2] [0]

2 = [0, 2] [0, 1, 3] [0] [0]

3 = [0, 1, 3]
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Transforming NFA to DFA

Σ

aa b

0 1 2 3

δNFA a b c

0 {0, 1} {0} {0}

1 {2}

2 {3}

3

δDFA a b c

0 = [0] [0, 1] [0] [0]

1 = [0, 1] [0, 1] [0, 2] [0]

2 = [0, 2] [0, 1, 3] [0] [0]

3 = [0, 1, 3] [0, 1] [0, 2] [0]
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Transforming NFA to DFA

Σ

aa b

0 1 2 3

aa b
0 1 2 3

ā a

b

a

ā

ā ∩ b̄

δNFA a b c

0 {0, 1} {0} {0}

1 {2}

2 {3}

3

δDFA a b c

0 = [0] [0, 1] [0] [0]

1 = [0, 1] [0, 1] [0, 2] [0]

2 = [0, 2] [0, 1, 3] [0] [0]

3 = [0, 1, 3] [0, 1] [0, 2] [0]
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Basic Simulation Method (BSM)

Algorithm
Input: NFA M = (Q,Σ, δ, q0, F ), input text T = t1t2 . . . tn.
Output: Output of run of NFA.
Method: Set S of active states is used.

S ← εCLOSURE ({q0}), i← 1
while i ≤ n and S 6= ∅ do

S ←
⋃

q∈S εCLOSURE (δ(q, ti))

if S ∩ F 6= ∅ then
write(information associated with each final state in S)

endif
i← i + 1

endwhile
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Basic Simulation Method (BSM)

T = aabaababa, P = aba

Σ

aa b

0 1 2 3
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Basic Simulation Method (BSM)

T = aabaababa, P = aba

Σ

aa b

0 1 2 3

T - a

S 0

output
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Basic Simulation Method (BSM)

T = aabaababa, P = aba

Σ

aa b

0 1 2 3

T - a a

S 0 0
1

output
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Basic Simulation Method (BSM)

T = aabaababa, P = aba

Σ

aa b

0 1 2 3

T - a a b

S 0 0 0
1 1

output
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Basic Simulation Method (BSM)

T = aabaababa, P = aba

Σ

aa b

0 1 2 3

T - a a b a

S 0 0 0 0
1 1 2

output
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Basic Simulation Method (BSM)

T = aabaababa, P = aba

Σ

aa b

0 1 2 3

T - a a b a a

S 0 0 0 0 0
1 1 2 1

3
output 4
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Basic Simulation Method (BSM)

T = aabaababa, P = aba

Σ

aa b

0 1 2 3

T - a a b a a b

S 0 0 0 0 0 0
1 1 2 1 1

3
output 4
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Basic Simulation Method (BSM)

T = aabaababa, P = aba

Σ

aa b

0 1 2 3

T - a a b a a b a

S 0 0 0 0 0 0 0
1 1 2 1 1 2

3
output 4
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Basic Simulation Method (BSM)

T = aabaababa, P = aba

Σ

aa b

0 1 2 3

T - a a b a a b a b

S 0 0 0 0 0 0 0 0
1 1 2 1 1 2 1

3 3
output 4 7
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Basic Simulation Method (BSM)

T = aabaababa, P = aba

Σ

aa b

0 1 2 3

T - a a b a a b a b a

S 0 0 0 0 0 0 0 0 0
1 1 2 1 1 2 1 2

3 3
output 4 7

FASTAR/Espresso NetWorkshop, November 2006—J. Holub: Stringology and Finite Automata – p. 8/43



Basic Simulation Method (BSM)

T = aabaababa, P = aba

Σ

aa b

0 1 2 3

T - a a b a a b a b a

S 0 0 0 0 0 0 0 0 0 0
1 1 2 1 1 2 1 2 1

3 3 3
output 4 7 9
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Bit Implementation of BSM

Si 0 1 0 1

↓

Si+1 1 0 1 1

δ a b · · · ε

0 1 0 1 0 1 1 0 1 · · · 1 1 0 0
1 0 1 1 0 1 0 1 0 · · · 0 1 0 1
...

...
... . . . ...
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Bit Implementation of BSM

Algorithm
Input: |Q|, transition table δ, bit vector F , T = t1t2 . . . tn.
Output: Output of the run of NFA.
Method: Vector Si of active states is used.

S0 ← [100 . . . 0], i← 1
while i ≤ n and Si−1 6= [00 . . . 0] do

Si ← [00 . . . 0]
for j ← 0, 1, . . . , |Q| − 1 do

if Si−1,j = 1 then Si ← Si OR δ[j, ti]
endfor
if (Si AND F) 6= [00 . . . 0] then write(‘NFA has reached a final state’)
endif
i← i + 1

endwhile
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Bit Implementation of BSM

Complexities:

time O(|Q|n⌈ |Q|
w
⌉),

space O(|Q||Σ|⌈ |Q|
w
⌉),

where w is bit-length of computer word.
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Dyn. Programming—Exact String M.

Σ

p4p1 p2

0 1 2 4

p3

3

d1,i d3,id0,i d4,id2,i

Vector of integers—one integer for each depth of NFA.
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Dyn. Programming—Exact String M.

dj,0 = 1, 0 < j ≤ m,

d0,i = 0, 0 < i ≤ n,

dj,i = if ti = pj then dj−1,i−1

else 1 0 < i ≤ n, 0 < j ≤ m.

D a a b a b a a b a b

0 0 0 0 0 0 0 0 0 0 0

a 1 0 0 1 0 1 0 0 1 0 1

b 1 1 1 0 1 0 1 1 0 1 0

a 1 1 1 1 0 1 0 1 1 0 1

b 1 1 1 1 1 0 1 1 1 1 0
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Dyn. Programming—Exact String M.

P = abab, T = aababaabab
Σ

ba b

0 1 2 4

a

3

d1,i d3,id0,i d4,id2,i

D a

d0,i 0

a d1,i 1

b d2,i 1

a d3,i 1

b d4,i 1

FASTAR/Espresso NetWorkshop, November 2006—J. Holub: Stringology and Finite Automata – p. 14/43



Dyn. Programming—Exact String M.

P = abab, T = aababaabab
Σ

ba b

0 1 2 4

a

3

d1,i d3,id0,i d4,id2,i

D a a

d0,i 0 0

a d1,i 1 0

b d2,i 1 1

a d3,i 1 1

b d4,i 1 1
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Dyn. Programming—Exact String M.

P = abab, T = aababaabab
Σ

ba b

0 1 2 4

a

3

d1,i d3,id0,i d4,id2,i

D a a b

d0,i 0 0 0

a d1,i 1 0 0

b d2,i 1 1 1

a d3,i 1 1 1

b d4,i 1 1 1
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Dyn. Programming—Exact String M.

P = abab, T = aababaabab
Σ

ba b

0 1 2 4

a

3

d1,i d3,id0,i d4,id2,i

D a a b a

d0,i 0 0 0 0

a d1,i 1 0 0 1

b d2,i 1 1 1 0

a d3,i 1 1 1 1

b d4,i 1 1 1 1
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Dyn. Programming—Exact String M.

P = abab, T = aababaabab
Σ

ba b

0 1 2 4

a

3

d1,i d3,id0,i d4,id2,i

D a a b a b

d0,i 0 0 0 0 0

a d1,i 1 0 0 1 0

b d2,i 1 1 1 0 1

a d3,i 1 1 1 1 0

b d4,i 1 1 1 1 1
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Dyn. Programming—Exact String M.

P = abab, T = aababaabab
Σ

ba b

0 1 2 4

a

3

d1,i d3,id0,i d4,id2,i

D a a b a b a

d0,i 0 0 0 0 0 0

a d1,i 1 0 0 1 0 1

b d2,i 1 1 1 0 1 0

a d3,i 1 1 1 1 0 1

b d4,i 1 1 1 1 1 0
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Dyn. Programming—Exact String M.

P = abab, T = aababaabab
Σ

ba b

0 1 2 4

a

3

d1,i d3,id0,i d4,id2,i

D a a b a b a a

d0,i 0 0 0 0 0 0 0

a d1,i 1 0 0 1 0 1 0

b d2,i 1 1 1 0 1 0 1

a d3,i 1 1 1 1 0 1 0

b d4,i 1 1 1 1 1 0 1
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Dyn. Programming—Exact String M.

P = abab, T = aababaabab
Σ

ba b

0 1 2 4

a

3

d1,i d3,id0,i d4,id2,i

D a a b a b a a b

d0,i 0 0 0 0 0 0 0 0

a d1,i 1 0 0 1 0 1 0 0

b d2,i 1 1 1 0 1 0 1 1

a d3,i 1 1 1 1 0 1 0 1

b d4,i 1 1 1 1 1 0 1 1
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Dyn. Programming—Exact String M.

P = abab, T = aababaabab
Σ

ba b

0 1 2 4

a

3

d1,i d3,id0,i d4,id2,i

D a a b a b a a b a

d0,i 0 0 0 0 0 0 0 0 0

a d1,i 1 0 0 1 0 1 0 0 1

b d2,i 1 1 1 0 1 0 1 1 0

a d3,i 1 1 1 1 0 1 0 1 1

b d4,i 1 1 1 1 1 0 1 1 1
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Dyn. Programming—Exact String M.

P = abab, T = aababaabab
Σ

ba b

0 1 2 4

a

3

d1,i d3,id0,i d4,id2,i

D a a b a b a a b a b

d0,i 0 0 0 0 0 0 0 0 0 0

a d1,i 1 0 0 1 0 1 0 0 1 0

b d2,i 1 1 1 0 1 0 1 1 0 1

a d3,i 1 1 1 1 0 1 0 1 1 0

b d4,i 1 1 1 1 1 0 1 1 1 1
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Dyn. Programming—Exact String M.

P = abab, T = aababaabab
Σ

ba b

0 1 2 4

a

3

d1,i d3,id0,i d4,id2,i

D a a b a b a a b a b

d0,i 0 0 0 0 0 0 0 0 0 0 0

a d1,i 1 0 0 1 0 1 0 0 1 0 1

b d2,i 1 1 1 0 1 0 1 1 0 1 0

a d3,i 1 1 1 1 0 1 0 1 1 0 1

b d4,i 1 1 1 1 1 0 1 1 1 1 0
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DP—Hamming distance

Σ

0

5 6 87
p2

9 1110

1 2 43

Σ Σ

Σ Σ Σ

Σ

p3 p4

p3 p4

p2p1 p3 p4

d1,i d3,id0,i d4,id2,i

Σ
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DP—Hamming distance

dj,0 ← k + 1, 0 < j ≤ m

d0,i ← 0, 0 ≤ i ≤ n

dj,i ← if ti = pj then dj−1,i−1

else dj−1,i−1 + 1, 0 < i ≤ n, 0 < j ≤ m

replace
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DP—Hamming distance

D - a d c a b c a a b a d b b c a

- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
a 4 0 1 1 0 1 1 0 0 1 0 1 1 1 1 0
d 4 5 0 2 2 1 2 2 1 1 2 0 2 2 2 2
b 4 5 6 1 3 2 2 3 3 1 2 3 0 2 3 3
b 4 5 6 7 2 3 3 3 4 3 2 3 3 0 3 4
c 4 5 6 6 8 3 3 4 4 5 4 3 4 4 0 4
a 4 4 6 7 6 9 4 3 4 5 5 5 4 5 5 0

Simulation of NFA for approximate string matching using
Hamming distace with at most k = 3 errors for pattern
P = adbbca and text T = adcabcaabadbbca.
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DP—Levenshtein distance

Σ

0

5 6 87
p2

9 1110

1 2 43

ΣΣ
ε

Σ

Σ Σ Σ

Σ Σ
ε

Σ
ε

Σ
ε

Σ
ε

ε

ε

p3 p4

p3 p4

p2p1 p3 p4

d1,i d3,id0,i d4,id2,i

Σ
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DP—Levenshtein distance

dj,0 ← j, 0 ≤ j ≤ m

d0,i ← 0, 0 ≤ i ≤ n

dj,i ← min(if ti = pj then dj−1,i−1

else dj−1,i−1 + 1,

if j < m then dj,i−1 + 1,

dj−1,i + 1), 0 < i ≤ n,

0 < j ≤ m

replace
insert
delete
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DP—Levenshtein distance

D - a d c a b c a a b a d b b c a

- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
a 1 0 1 1 0 1 1 0 0 1 0 1 1 1 1 0
d 2 1 0 1 1 1 2 1 1 1 1 0 1 2 2 1
b 3 2 1 1 2 1 2 2 2 1 2 1 0 1 2 2
b 4 3 2 2 2 2 2 3 3 2 2 2 1 0 1 2
c 5 4 3 2 3 3 2 3 4 3 3 3 2 1 0 1
a 6 5 4 3 2 4 3 2 3 4 3 4 3 2 1 0

Simulation of NFA for approximate string matching using
Levenshtein distace with at most k = 3 errors for pattern
P = adbbca and text T = adcabcaabadbbca.
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DP—Damerau distance

Σ

0

5 6 87
p2

9 1110

1 2 43

ΣΣ
ε

p2

p1

Σ

Σ Σ Σ

ΣΣ
ε

Σ
ε

Σ
ε

Σ
ε

Σ
ε

ε

ε

p3

p2

p4

p3

p4

p3

p3

p2

p3 p4

p3 p4

p2p1 p3 p4

12 13 14

15 16

d1,i d3,id0,i d4,id2,i

Σ
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DP—Damerau distance

dj,0 ← j, 0 ≤ j ≤ m

d0,i ← 0, 0 ≤ i ≤ n

dj,i ← min(if ti = pj then dj−1,i−1

else dj−1,i−1 + 1,

if j < m then dj,i−1 + 1,

dj−1,i + 1,

if i > 1 and j > 1

and ti−1 = pj and ti = pj−1

then dj−2,i−2 + 1), 0 < i ≤ n,

0 < j ≤ m

replace, insert, delete, transpose
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DP—Damerau distance

D - a d b c b a a b a d b b c a

- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
a 1 0 1 1 1 1 0 0 1 0 1 1 1 1 0
d 2 1 0 1 2 2 1 1 1 1 0 1 2 2 1
b 3 2 1 0 1 2 2 2 1 2 1 0 1 2 2
b 4 3 2 1 1 1 2 3 2 2 2 1 0 1 2
c 5 4 3 2 1 1 2 3 3 3 3 2 1 0 1
a 6 5 4 3 2 2 1 2 4 3 4 3 2 1 0

Simulation of NFA for approximate string matching using
Damerau distace with at most k = 3 errors for pattern
P = adbbca and text T = adcabcaabadbbca.
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Dynamic Programming

Complexities:

time space
Dynamic Programming O(mn) O(m)

[Galil & Park 1989] O(kn) O(k)
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Dynamic Programming
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Bit Parallelism—Simulation

Σ

0 1 2 43

R0p1 p2 p3 p4

R0 is a bit vector (for 0 errors = exact string matching).
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Bit Parallelism—Exact String Matching

Rl
i =













rl
1,i

rl
2,i
...

rl
m,i













,
0 ≤ i ≤ n,

0 ≤ l ≤ k,
and D[x] =













d1,x

d2,x

...
dm,x













, x ∈ Σ.

r0
j,0 ← 1, 0 < j ≤ m

R0
i ← shr(R0

i−1
) OR D[ti], 0 < i ≤ n
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Bit Parallelism—Exact String Matching

D a b Σ \ {a, b}

a 0 1 1
b 1 0 1
a 0 1 1
b 1 0 1

Table 1: Matrix D for pattern P = abab.
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Bit Parallelism—Exact String Matching

P = abab, T = aababaabab

D a b Σ \ {a, b}

a 0 1 1

b 1 0 1

a 0 1 1

b 1 0 1

Σ

ba b

0 1 2 4

a
3

R0

R0 a

a 1

b 1

a 1

b 1
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Bit Parallelism—Exact String Matching

P = abab, T = aababaabab

D a b Σ \ {a, b}

a 0 1 1

b 1 0 1

a 0 1 1

b 1 0 1

Σ

ba b

0 1 2 4

a
3

R0

R0 a a

a 1 0

b 1 1

a 1 1

b 1 1
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Bit Parallelism—Exact String Matching

P = abab, T = aababaabab

D a b Σ \ {a, b}

a 0 1 1

b 1 0 1

a 0 1 1

b 1 0 1

Σ

ba b

0 1 2 4

a
3

R0

R0 a a b

a 1 0 0

b 1 1 1

a 1 1 1

b 1 1 1
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Bit Parallelism—Exact String Matching

P = abab, T = aababaabab

D a b Σ \ {a, b}

a 0 1 1

b 1 0 1

a 0 1 1

b 1 0 1

Σ

ba b

0 1 2 4

a
3

R0

R0 a a b a

a 1 0 0 1

b 1 1 1 0

a 1 1 1 1

b 1 1 1 1
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Bit Parallelism—Exact String Matching

P = abab, T = aababaabab

D a b Σ \ {a, b}

a 0 1 1

b 1 0 1

a 0 1 1

b 1 0 1

Σ

ba b

0 1 2 4

a
3

R0

R0 a a b a b

a 1 0 0 1 0

b 1 1 1 0 1

a 1 1 1 1 0

b 1 1 1 1 1
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Bit Parallelism—Exact String Matching

P = abab, T = aababaabab

D a b Σ \ {a, b}

a 0 1 1

b 1 0 1

a 0 1 1

b 1 0 1

Σ

ba b

0 1 2 4

a
3

R0

R0 a a b a b a

a 1 0 0 1 0 1

b 1 1 1 0 1 0

a 1 1 1 1 0 1

b 1 1 1 1 1 0
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Bit Parallelism—Exact String Matching

P = abab, T = aababaabab

D a b Σ \ {a, b}

a 0 1 1

b 1 0 1

a 0 1 1

b 1 0 1

Σ

ba b

0 1 2 4

a
3

R0

R0 a a b a b a a

a 1 0 0 1 0 1 0

b 1 1 1 0 1 0 1

a 1 1 1 1 0 1 0

b 1 1 1 1 1 0 1
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Bit Parallelism—Exact String Matching

P = abab, T = aababaabab

D a b Σ \ {a, b}

a 0 1 1

b 1 0 1

a 0 1 1

b 1 0 1

Σ

ba b

0 1 2 4

a
3

R0

R0 a a b a b a a b

a 1 0 0 1 0 1 0 0

b 1 1 1 0 1 0 1 1

a 1 1 1 1 0 1 0 1

b 1 1 1 1 1 0 1 1
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Bit Parallelism—Exact String Matching

P = abab, T = aababaabab

D a b Σ \ {a, b}

a 0 1 1

b 1 0 1

a 0 1 1

b 1 0 1

Σ

ba b

0 1 2 4

a
3

R0

R0 a a b a b a a b a

a 1 0 0 1 0 1 0 0 1

b 1 1 1 0 1 0 1 1 0

a 1 1 1 1 0 1 0 1 1

b 1 1 1 1 1 0 1 1 1
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Bit Parallelism—Exact String Matching

P = abab, T = aababaabab

D a b Σ \ {a, b}

a 0 1 1

b 1 0 1

a 0 1 1

b 1 0 1

Σ

ba b

0 1 2 4

a
3

R0

R0 a a b a b a a b a b

a 1 0 0 1 0 1 0 0 1 0

b 1 1 1 0 1 0 1 1 0 1

a 1 1 1 1 0 1 0 1 1 0

b 1 1 1 1 1 0 1 1 1 1
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Bit Parallelism—Exact String Matching

P = abab, T = aababaabab

D a b Σ \ {a, b}

a 0 1 1

b 1 0 1

a 0 1 1

b 1 0 1

Σ

ba b

0 1 2 4

a
3

R0

R0 a a b a b a a b a b

a 1 0 0 1 0 1 0 0 1 0 1

b 1 1 1 0 1 0 1 1 0 1 0

a 1 1 1 1 0 1 0 1 1 0 1

b 1 1 1 1 1 0 1 1 1 1 0
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BP—Hamming distance

Σ

0

5 6 87

R0

p2

9 1110

1 2 43

Σ Σ

Σ Σ Σ

Σ

p3 p4

p3 p4

p2p1 p3 p4

R1

R2

Σ
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BP—Hamming distance

rl
j,0 ← 1, 0 < j ≤ m, 0 ≤ l ≤ k

R0
i ← shr(R0

i−1
) OR D[ti], 0 < i ≤ n

Rl
i ← (shr(Rl

i−1
) OR D[ti])

AND shr(Rl−1

i−1
), 0 < i ≤ n, 0 < l ≤ k

replace
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BP—Hamming distance

R0 - a d c a b c a a b a d b b c a

a 1 0 1 1 0 1 1 0 0 1 0 1 1 1 1 0

d 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1
b 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1
b 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1
c 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1
a 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0

R1 - a d c a b c a a b a d b b c a

a 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

d 1 1 0 1 1 0 1 1 0 0 1 0 1 1 1 1
b 1 1 1 0 1 1 1 1 1 0 1 1 0 1 1 1
b 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1
c 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1
a 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
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BP—Levenshtein distance

Σ

0

5 6 87

R0

p2

9 1110

1 2 43

ΣΣ
ε

Σ

Σ Σ Σ

Σ Σ
ε

Σ
ε

Σ
ε

Σ
ε

ε

ε

p3 p4

p3 p4

p2p1 p3 p4

R1

R2

Σ
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BP—Levenshtein distance
rl
j,0 ← 0, 0 < j ≤ l, 0 < l ≤ k

rl
j,0 ← 1, l < j ≤ m, 0 ≤ l ≤ k

R0
i ← shr(R0

i−1
) OR D[ti], 0 < i ≤ n

Rl
i ← (shr(Rl

i−1
) OR D[ti])

AND shr(Rl−1

i−1
AND Rl−1

i )

AND (Rl−1

i−1
OR V ), 0 < i ≤ n, 0 < l ≤ k

replace, insert, delete

V =













v1

v2

...
vm













, where vm = 1 and vj = 0,∀j, 1 ≤ j < m.
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BP—Levenshtein distance
R0 - a d c a b c a a b a d b b c a

a 1 0 1 1 0 1 1 0 0 1 0 1 1 1 1 0

d 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1
b 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1
b 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1
c 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1
a 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0

R1 - a d c a b c a a b a d b b c a

a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

d 1 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0

b 1 1 0 0 1 0 1 1 1 0 1 0 0 0 1 1
b 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 1
c 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0

a 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0
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BP—Damerau distance

Σ

0

5 6 87

R0

p2

9 1110

1 2 43

ΣΣ
ε

p2

p1

Σ

Σ Σ Σ

ΣΣ
ε

Σ
ε

Σ
ε

Σ
ε

Σ
ε

ε

ε

p3

p2

p4

p3

p4

p3

p3

p2

p3 p4

p3 p4

p2p1 p3 p4

12 13 14

15 16

R1

R2

S0

S1

Σ
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BP—Damerau distance

Sl
i =













sl
1,i

sl
2,i
...

sl
m,i













, 0 ≤ l < k, 0 ≤ i < n.
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BP—Damerau distance

rl
j,0 ← 0, 0 < j ≤ l, 0 < l ≤ k

rl
j,0 ← 1, l < j ≤ m, 0 ≤ l ≤ k

R0
i ← shr(R0

i−1
) OR D[ti], 0 < i ≤ n

Rl
i ← (shr(Rl

i−1
) OR D[ti])

AND shr(Rl−1

i−1
AND Rl−1

i

AND (Sl−1

i−1
OR D[ti]))

AND (Rl−1

i−1
OR V ), 0 < i ≤ n, 0 < l ≤ k

sl
j,0 ← 1, 0 < j ≤ m, 0 ≤ l < k

Sl
i ← shr(Rl

i−1
) OR shl(D[ti]), 0 < i < n, 0 ≤ l < k

replace, insert, delete, transpose
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BP—Damerau distance
R0 - a d b c b a a b a d b b c a

a 1 0 1 1 1 1 0 0 1 0 1 1 1 1 0

d 1 1 0 1 1 1 1 1 1 1 0 1 1 1 1
b 1 1 1 0 1 1 1 1 1 1 1 0 1 1 1
b 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1
c 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1
a 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0

S0 a 1 1 0 1 1 1 1 1 1 1 0 1 1 1 1
d 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1
b 1 1 1 0 1 1 1 1 1 1 1 0 1 1 1
b 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1
c 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
a 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

R1 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

d 1 0 0 0 1 1 0 0 0 0 0 0 1 1 0

b 1 1 0 0 0 1 1 1 0 1 0 0 0 1 1
b 1 1 1 0 0 0 1 1 1 1 1 0 0 0 1
c 1 1 1 1 0 0 1 1 1 1 1 1 0 0 0

a 1 1 1 1 1 1 0 1 1 1 1 1 1 0 0
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Bit Parallelism

Complexities:

time space
Bit Parallelism O(k⌈m

w
⌉n) O(k⌈m

w
⌉)

where w is bit-length of computer word
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Bit Parallelism
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Work in Progress in PSC

Simulation of NFA

Implemetation of Indexing Automata
suffix (factor) automaton,
compact suffix (factor) automaton

Tesselation Automata
pattern matching in 2D text

2D Pattern Matching
pattern matching in 2D text using 1D searching
automata
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Work in Progress in PSC (cont.)

Regularities in Text
border,
cover,
seed,
evolutive motif,
tandem repeat

Pattern Matching in Indeterminate Strings
string matching

XML Format for Automata

Data Compression

Pattern Matching in Compressed Text
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