
Construct DFA For KMP 



KMP

• whenever we detect a mismatch, we already know some of the 
characters in the text (since they matched the pattern characters 
prior to the mismatch).
• We can take advantage of this information to avoid backing up 

the text pointer over all those known characters. 
• How?
• Using DFA to record how far to back up the pattern pointer



DFA for Pattern
ptg

 

 DFA simulation. A useful way to describe this process is in terms of a deterministic 
finite-state automaton (DFA). Indeed, as indicated by its name, our dfa[][] array pre-
cisely defines a DFA. The graphical DFA represention shown at the bottom of this page 

consists of states (indicated by circled 
numbers) and transitions (indicated by 
labeled lines). There is one state for each 
character in the pattern, each such state 
having one transition leaving it for each 
character in the alphabet. For the sub-
string-matching DFAs that we are con-
sidering, one of the transitions is a match
transition (going from j to j+1 and labeled 
with pat.charAt(j)) and all the others 

are mismatch transition (going left). The states correspond to character compares, one 
for each value of the pattern index. The transitions correspond to changing the value 
of the pattern index. When examining the text character i when in the state labeled j, 
the machine does the following: “Take the transition to dfa[txt.charAt(i)][j] and 
move to the next character (by incrementing i).’’ For a match transition, we move to 
the right one position because dfa[pat.charAt(j)][j] is always j+1; for a mismatch 
transition we move to the left. The automaton reads the text characters one at a time, 
from left to right, moving to a new state each time it reads a character. We also include a 
halt state M that has no transitions. We start the machine at state 0: if the machine reach-

es state M, then a substring of the text 
matching the pattern has been found 
(and we say that the DFA recognizes the 
pattern); if the machine reaches the 
end of the text before reaching state 
M, then we know the pattern does not 
appear as a substring of the text. Each 
pattern corresponds to an automaton 
(which is represented by the dfa[][]
array that gives the transitions). The 
KMP substring search() method is 
a Java program that simulates the op-
eration of such an automaton. 

To get a feeling for the operation of 
a substring search DFA, consider two 
of the simplest things that it does. At 

public int search(String txt) 
{  // Simulate operation of DFA on txt.
   int i, j, N = txt.length();
   for (i = 0, j = 0; i < N && j < M; i++)
      j = dfa[txt.charAt(i)][j];
   if (j == M) return i - M;  // found
   else        return N;      // not found 
}

KMP substring search (DFA simulation)

DFA corresponding to the string A  B  A  B  A  C 
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Implementation
public KMP(String pat) {

this.R = 256;

this.pat = pat;

// build DFA from pattern

int m = pat.length();

dfa = new int[R][m];

dfa[pat.charAt(0)][0] = 1;

for (int x = 0, j = 1; j < m; j++) {

for (int c = 0; c < R; c++)

dfa[c][j] = dfa[c][x]; // Copy mismatch cases.

dfa[pat.charAt(j)][j] = j+1; // Set match case.

x = dfa[pat.charAt(j)][x]; // Update restart state.

}

}



Procedure

ptg

Constructing the DFA for KMP substring search for A  B  A  B  A  C
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X = dfa[pat.charAt(j)][X];

7675.3 ■ Substring Search



Procedure

ptg

Constructing the DFA for KMP substring search for A  B  A  B  A  C

0 1 2 3 4 5 6A B A A

B,C

A

CB,CC

B

AB,C A

B C

     0   1   2   3   4   5
     A   B   A   B   A   C
     1   1   3   1   5   1
     0   2   0   4   0   4
     0   0   0   0   0   6

dfa[][j]
A
B
C

X

X j

X

X

X

X

j

j

j

j

j

0 1 2 3 4 5A B A A

B,C

A

CB,CC

B,C A

B

     0   1   2   3   4
     A   B   A   B   A
     1   1   3   1   5
     0   2   0   4   0
     0   0   0   0   0

dfa[][j]
A
B
C

X

0 1 2 3 4A B A

A

CB,CC

B,C A

B

     0   1   2   3 
     A   B   A   B
     1   1   3   1 
     0   2   0   4
     0   0   0   0

dfa[][j]
A
B
C

X

0 1 2 3A B A

B,CC

B,C A

     0   1   2   
     A   B   A 
     1   1   3 
     0   2   0
     0   0   0

dfa[][j]
A
B
C

X

0 1 2A B
C

B,C A     0   1
     A   B
     1   1
     0   2
     0   0

dfa[][j]
A
B
C

X

0 1A

B,C     0 
     A 
     1 
     0 
     0 

dfa[][j]

pat.charAt(j)
j

pat.charAt(j)
j

pat.charAt(j)
j

pat.charAt(j)
j

pat.charAt(j)
j

pat.charAt(j)
j

A
B
C

copy dfa[][X] to dfa[][j]

dfa[pat.charAt(j)][j] = j+1;

X = dfa[pat.charAt(j)][X];

7675.3 ■ Substring Search



Procedure

ptg

Constructing the DFA for KMP substring search for A  B  A  B  A  C

0 1 2 3 4 5 6A B A A

B,C

A

CB,CC

B

AB,C A

B C

     0   1   2   3   4   5
     A   B   A   B   A   C
     1   1   3   1   5   1
     0   2   0   4   0   4
     0   0   0   0   0   6

dfa[][j]
A
B
C

X

X j

X

X

X

X

j

j

j

j

j

0 1 2 3 4 5A B A A

B,C

A

CB,CC

B,C A

B

     0   1   2   3   4
     A   B   A   B   A
     1   1   3   1   5
     0   2   0   4   0
     0   0   0   0   0

dfa[][j]
A
B
C

X

0 1 2 3 4A B A

A

CB,CC

B,C A

B

     0   1   2   3 
     A   B   A   B
     1   1   3   1 
     0   2   0   4
     0   0   0   0

dfa[][j]
A
B
C

X

0 1 2 3A B A

B,CC

B,C A

     0   1   2   
     A   B   A 
     1   1   3 
     0   2   0
     0   0   0

dfa[][j]
A
B
C

X

0 1 2A B
C

B,C A     0   1
     A   B
     1   1
     0   2
     0   0

dfa[][j]
A
B
C

X

0 1A

B,C     0 
     A 
     1 
     0 
     0 

dfa[][j]

pat.charAt(j)
j

pat.charAt(j)
j

pat.charAt(j)
j

pat.charAt(j)
j

pat.charAt(j)
j

pat.charAt(j)
j

A
B
C

copy dfa[][X] to dfa[][j]

dfa[pat.charAt(j)][j] = j+1;

X = dfa[pat.charAt(j)][X];

7675.3 ■ Substring Search



Procedure

ptg

Constructing the DFA for KMP substring search for A  B  A  B  A  C

0 1 2 3 4 5 6A B A A

B,C

A

CB,CC

B

AB,C A

B C

     0   1   2   3   4   5
     A   B   A   B   A   C
     1   1   3   1   5   1
     0   2   0   4   0   4
     0   0   0   0   0   6

dfa[][j]
A
B
C

X

X j

X

X

X

X

j

j

j

j

j

0 1 2 3 4 5A B A A

B,C

A

CB,CC

B,C A

B

     0   1   2   3   4
     A   B   A   B   A
     1   1   3   1   5
     0   2   0   4   0
     0   0   0   0   0

dfa[][j]
A
B
C

X

0 1 2 3 4A B A

A

CB,CC

B,C A

B

     0   1   2   3 
     A   B   A   B
     1   1   3   1 
     0   2   0   4
     0   0   0   0

dfa[][j]
A
B
C

X

0 1 2 3A B A

B,CC

B,C A

     0   1   2   
     A   B   A 
     1   1   3 
     0   2   0
     0   0   0

dfa[][j]
A
B
C

X

0 1 2A B
C

B,C A     0   1
     A   B
     1   1
     0   2
     0   0

dfa[][j]
A
B
C

X

0 1A

B,C     0 
     A 
     1 
     0 
     0 

dfa[][j]

pat.charAt(j)
j

pat.charAt(j)
j

pat.charAt(j)
j

pat.charAt(j)
j

pat.charAt(j)
j

pat.charAt(j)
j

A
B
C

copy dfa[][X] to dfa[][j]

dfa[pat.charAt(j)][j] = j+1;

X = dfa[pat.charAt(j)][X];

7675.3 ■ Substring Search



Procedure ptg

Constructing the DFA for KMP substring search for A  B  A  B  A  C

0 1 2 3 4 5 6A B A A

B,C

A

CB,CC

B

AB,C A

B C

     0   1   2   3   4   5
     A   B   A   B   A   C
     1   1   3   1   5   1
     0   2   0   4   0   4
     0   0   0   0   0   6

dfa[][j]
A
B
C

X

X j

X

X

X

X

j

j

j

j

j

0 1 2 3 4 5A B A A

B,C

A

CB,CC

B,C A

B

     0   1   2   3   4
     A   B   A   B   A
     1   1   3   1   5
     0   2   0   4   0
     0   0   0   0   0

dfa[][j]
A
B
C

X

0 1 2 3 4A B A

A

CB,CC

B,C A

B

     0   1   2   3 
     A   B   A   B
     1   1   3   1 
     0   2   0   4
     0   0   0   0

dfa[][j]
A
B
C

X

0 1 2 3A B A

B,CC

B,C A

     0   1   2   
     A   B   A 
     1   1   3 
     0   2   0
     0   0   0

dfa[][j]
A
B
C

X

0 1 2A B
C

B,C A     0   1
     A   B
     1   1
     0   2
     0   0

dfa[][j]
A
B
C

X

0 1A

B,C     0 
     A 
     1 
     0 
     0 

dfa[][j]

pat.charAt(j)
j

pat.charAt(j)
j

pat.charAt(j)
j

pat.charAt(j)
j

pat.charAt(j)
j

pat.charAt(j)
j

A
B
C

copy dfa[][X] to dfa[][j]

dfa[pat.charAt(j)][j] = j+1;

X = dfa[pat.charAt(j)][X];

7675.3 ■ Substring Search



Procedure

ptg

Constructing the DFA for KMP substring search for A  B  A  B  A  C

0 1 2 3 4 5 6A B A A

B,C

A

CB,CC

B

AB,C A

B C

     0   1   2   3   4   5
     A   B   A   B   A   C
     1   1   3   1   5   1
     0   2   0   4   0   4
     0   0   0   0   0   6

dfa[][j]
A
B
C

X

X j

X

X

X

X

j

j

j

j

j

0 1 2 3 4 5A B A A

B,C

A

CB,CC

B,C A

B

     0   1   2   3   4
     A   B   A   B   A
     1   1   3   1   5
     0   2   0   4   0
     0   0   0   0   0

dfa[][j]
A
B
C

X

0 1 2 3 4A B A

A

CB,CC

B,C A

B

     0   1   2   3 
     A   B   A   B
     1   1   3   1 
     0   2   0   4
     0   0   0   0

dfa[][j]
A
B
C

X

0 1 2 3A B A

B,CC

B,C A

     0   1   2   
     A   B   A 
     1   1   3 
     0   2   0
     0   0   0

dfa[][j]
A
B
C

X

0 1 2A B
C

B,C A     0   1
     A   B
     1   1
     0   2
     0   0

dfa[][j]
A
B
C

X

0 1A

B,C     0 
     A 
     1 
     0 
     0 

dfa[][j]

pat.charAt(j)
j

pat.charAt(j)
j

pat.charAt(j)
j

pat.charAt(j)
j

pat.charAt(j)
j

pat.charAt(j)
j

A
B
C

copy dfa[][X] to dfa[][j]

dfa[pat.charAt(j)][j] = j+1;

X = dfa[pat.charAt(j)][X];

7675.3 ■ Substring Search



Another Example

• AAABAAC
1 2 3 3 5 6 3
0 0 0 4 0 0 0
0 0 0 0 0 0 7


