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The Problem of String Matching

Given a string ‘S’ , the problem of string matching deals with
finding whether a pattern ‘p’ occursin ‘S’ andif ‘p’ does
occur then returning positionin ‘S” where ‘p’ occurs.

An O(mn) Algorithm =
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Compare S and P one by one
If mismatch, then move to S’ s next and restart from P’ s first

until found
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String S alb|clajbjalalb|c|a|bla|c

Pattern p alblala
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How O(mn) Works

¢ Step 1: compare p[1] with S[1]
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1‘;§ S alblcla|bjala|b|c|alb|a]c
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Step 2: compare p[2] with S[2]

S alblcla|bjajalb(c|a|b|a|c

P alblala
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How O(mn) Works
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Step 3: compare E3] with S
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Mismatch occurs here

Restart comparison from here
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How O(mn) Works

S abcaba#bcabac
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Finally, a match would be found after shifting ‘p’ three times to the right side.

Each S’s element, we need m comparisons in the worst case. There are n
elements in S, and therefore the worst running time is O(mn).
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Algorithm

Knuth, Morris and Pratt proposed a linear time algorithm for the
string matching problem.

A matching time of O(n+m) is achieved by avoiding comparisons
with elements of ‘S’ that have previously been involved in
comparison with some element of the pattern ‘p° to be
matched. i.e., backtracking on the string ‘S’ never occurs
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Observations
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Observations

. S baaba.ababacaca I
g 0 aba.ac

3 D =
< a/bja/bjajc| ?

ablalbalc

KRR ELBURIB LG, MiziERTii 2 > ?
KR p Kt AT

T K F/ %) = #/2023



More Observations
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Much More Observations
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E X FEpartial(prefix, next)

y Pattern , p def E:”artial (zelf, pattern):

“ Calculate partial match table: String
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7|§ N Iz%pﬂggﬂ ret = [0]
\§ oy i — f i i :
% N 113§:§UHU—4\E§, Eai or jl :I;::S_gi(ll,] len(pattern))
‘?i '&EgmatCh while j > 0 and pattern[j] != pattern[il]: ’
> j=ret[j - 1]
§ > j=ret[i'1], !ll] % Z: ret.append(j + 1 if pattern[j] == pattern[i] else j)
match, MFEREI I kv
ob = ,*J‘Iﬁhﬁ'ﬁzl- print(ret)
geRImicmatch, 53 return ret
FZElmatch, %Fj=0

y W8 match, j=j+1
» tNERAmatch, j=0
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E X FEpartial(prefix, next)

y The partial function, ret

The partial function, ret for a pattern
encapsulates knowledge about how the
attern matches against shifts of itself.
his information can be used to avoid =
useless shifts of the pattern ‘p’ . In other

words, this enables avoiding backtracking
on the string 'S’ .
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E X FEpartial(prefix, next)

é& class KMP:
?E > Pattern o p def partial (self, pattern :
g:él: """ Calculate partial match table: String —-> [Int]"""
° = _
*\g y Epﬂgggl ret = [0]
\§ ° ] — f 9 1 .
i y JIERIIBI—1"TTE, =& . J.l :’;;aﬁgf(ll’] =nlpattern) :
‘?i '&EgmatCh while j > 0 and pattern[j] != pattern[il: ’
> j=ret[j - 1]
§ N j=ret[i-1], yu % Z: ret.append(j + 1 if pattern[j]l == pattern[i] else j)
%
matCh' mu&@%ﬁm printiret)
‘ﬂ‘gﬂgﬂaﬁﬁ match , EE“ return ret

#FZImatch, Ej=0
y W% match, j=j+1
» tNERAmatch, j=0
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def partial (self, pattern):

for 1 in range(1, len(pattern)):

j=ret[i - 1]
p a b a b a c a vhile § - 0 and patternls] 1 patcern[il:
] - 1]

i =retl]

ret.append(j + 1 if pattern[j] == pattern[i] else j)

print(ret)

Initially: ret[0] =0 retuen vet
]=0 -
i O (1 (2 |3 |4 |5 |6
Step1l: i=1,j=0 D
retf1]=0
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Step2:i=2,)=0,
ret[Z] = j+]_:]_ P a b a b a [C a

/&)

Step3:i=3,j=1
ret[3] = j+1=2 P la|b|a|b|a|c |a

ret/0 (0O (1 |2

b7 K5/ % = #/2023



def partialiself, pattern):
""" Calculate partial match table: String -> [Int
ret = [0]
Exa m ple for i in range(l, len(pattern)):
j=ret[i - 1]
while j > 0 and pattern[j] != pattern[i]:
j=ret[j-1]
ret.append(j + 1 if pattern[j] == pattern[i] else j)
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print (ret)

return ret

Step 4: i=4,j=2 i O |1 |2 |3 |4 |5 |6
ret[4] =j+1= 3
141 =) Plalblal|b|a|c |a
ret/O0 (O (1 |2 |3
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(Step5:i=5,j=3 i [0 |1 |2 |3 |4 |5 |6
j=ret[j-1]=ret[2]=0
ret[5] =0 P la|lb|a|b|a]|c |a

-

Step6:i=6,j=0
ret[6] = j+1=1 P la|b|a|b|a|c |a
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KMP Main Program

> iETHgtBE{S‘ZE def searchiself, T, Pi:
y J%Pmthﬁ{ﬁﬁ KEMP search main algorithm: String —> String —-> [Int]

Retwurn all the matching position of pattern string F in

) ﬁ;xthﬁﬁw' j partial, ret, j = self.partial(F), [], O
7 Bk 2 partial[j-

1 for i in range(len(T)):
] while j > 0 and T[i] != P[jl:
] = partiall[j — 1]
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if T[i] == P[j]: j =1

if j == len(P):
ret.append(i — ({j — 1))
j = partiallj — 1]

print (ret)

return ret

lemp=EMP ()
lmp. search(’ bacbabababacaab’,’ aaabaca’)
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alblalblalcla
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alblalblalc|a
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REEREDH

;k& class KMP: class KMP: I
?E def partialiself, pattern): def partialiself, pattern):
Q:l: """ Calculate partial match table: String -> [Int]""” """ Calculate partial match table: String -> [Int]""”
N ret = [0] ret = [0]
19
\% for i in ranse(l, len(patterr)): for i in ranse(l, len(patterr)):
§ j=retli - 1] j=retli - 1]
gi while j > 0 and pattern[j] != pattern[il: while j > 0 and pattern[j] != pattern[il:
j=ret[j - 1] j=ret[j - 1]
@ ret. append(j + 1 if pattern[j] == pattern[i] else j) ret. append(j + 1 if pattern[j] == pattern[i] else j) ’
~
g printiret) printiret)
S return ret return ret
-~

- IHEP—iE, O(m) - IT@T—iE, O(n)
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