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Abstract— String matching is a valuable problem in 

computer science. String matching is the problem of finding 

all occurrences of a pattern within a text. String matching 

algorithms are used to display the search result, when we do 

search for a string in any notepad-word pad file, browser or 

database. This paper provides an overview of different string 

matching algorithms, such as Naive algorithm, Rabin-Karp 

algorithm, Boyer-Moore algorithm, Knuth-Morris-Pratt 

algorithm. 
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I. INTRODUCTION 

String matching is a technique to find occurrences of a 

pattern string within another text string. Given a text T[0...n-

1] and a pattern P[0...m-1] where m ≤ n, find all occurrences 

of the pattern within the text. 

Example: T = 010001100010110001 and P = 0001, the 

occurrences are: 

First occurrence starts at T[2] 

Second occurrence starts at T[7] 

Third occurrence starts at T[14]. 

To find pattern within a text several string 

matching algorithms are used. 

II. STRING MATCHING ALGORITHMS 

String matching algorithms are an important class of string 

algorithms that try to find a place where one or 

several strings (also called patterns) are found within a large 

text. It is also known as String searching algorithm [7]. Most 

of string matching algorithms work into two phases: i.e., the 

preprocessing phase and the search phase. Algorithms 

process the pattern in preprocessing phase and use this data 

in the search phase to reduce the total number of character 

comparisons and reduce the overall execution time. The 

efficiency of an algorithm depends on the search phase [9]. 

The main aim behind the string matching algorithms is to 

decrease the total number of character comparisons between 

the pattern and the text to increase the overall efficiency. 

The improvement in the efficiency of a search can be 

succeeded by altering the order in which the characters are 

compare data each attempt and by choosing a shift factor 

that permits the hopping of a predefined number of 

characters in the text, after each attempt String matching 

algorithms scan the text by using window, whose size is 

equal to the length of the pattern [9].After aligning the left 

ends of the window and the text then compare the equivalent 

characters  of  the  window  and the  pattern; this procedure 

is known as attempt. If pattern mismatches, then text 

window is shifted to the right. The question is how many 

characters are required to shift the window on the text [9]. 

This shift value varies based on the formula used by various 

algorithms. This procedure is repeated until the right end of 

the window is within the right end of the text [9]. 

Several string matching algorithms are: 

 Naïve algorithm 

 Rabin-Karp Algorithm 

 Boyer-Moore Algorithm 

 Knuth–Morris–Pratt algorithm 

A. Naïve Algorithm 

The Naïve String Matching Algorithm takes the pattern 

string that is being searched for in the text string and slides 

it across the text string looking for a match. In the case of a 

mismatch or a complete match it shifts exactly one position 

to the right [4].This algorithm is also called the Brute Force 

algorithm. The algorithm can be designed to stop on either 

the first occurrence of the pattern, or upon reaching the end 

of the text [12]. 

1) Algorithm: 

The naive algorithm finds all valid shifts using a loop that 

checks the condition P[1 . . . m] = T[s + 1 . . . s + m] for 

each of the n - m + 1 possible values of s. 

NAÏVE-STRING-MATCHER (T, P) 

1) N ← length [T] 

2) M ← length[P] 

3) For s ← 0 to n –m 

4) do if P[1…m] = T[s+1 .. S+m] 

5) then print “Pattern Occurs with shift” s 

2) Algorithm Time Analysis: 

The worst case is when the algorithm has a substring to find 

in the string it is searching, that is repeated throughout the 

whole string. An example of this would be a substring of 

length a
m
 that is being searched for in a substring of length 

a
n
. 

The algorithm is O ((n-m)+1)*m)  

n = length of string being searched 

m = length of substring being compared 

  The Naïve String Matcher is not an optimal 

solution. It is inefficient because information gained about 

the text for one value of s is entirely ignored in considering 

other values of s. 

Consider the following example. 

T= TWO ROADS DIVERGED IN A YELLOW 

WOODP=ROADS 

TWO ROADS DIVERGED IN A YELLOW WOOD 

Naïve method for string matching algorithm is shown in Fig. 

1 

 
Fig. 1: Naive String Matching Example 

B. Rabin-Karp Algorithm 

The Rabin–Karp algorithm or Karp–Rabin algorithm is a 

string matching algorithm designed by Richard M. 

http://en.wikipedia.org/wiki/String_searching_algorithm
http://en.wikipedia.org/wiki/Richard_M._Karp
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Karp and Michael O. Rabin in 1987.Rabin-Karp string 

matching algorithm compares string‟s hash values, rather 

than string themselves. It calculates a hash value for the 

pattern, and for each M-character subsequence of text to be 

compared[12].If hash values are not same, then algorithm 

will calculate the hash value for next M-character sequence. 

The algorithm will compare the pattern and the M-character 

sequence, when hash values are same. In this way, there is 

only one comparison per text subsequence, and character 

matching is only needed when hash values match [3]. For 

text of length  n and p patterns of combined length m, its 

average and best case running time is O(n+m) in space O(p), 

but its worst-case time is O(nm) [10]. A Rabin-Karp string 

matching algorithm is used for detecting plagiarism. For 

given source material, the algorithm can quickly search 

through a paper for instances of sentences from the source 

material, ignoring details such as case and punctuation [6]. 

1) Algorithm: 

 n = Length [T], m = Length [P] 

 h = d^m-1 mod q 

 p = 0,to = 0 

 for i= 0 to m  

 do p = (d*p + P[i]) mod q 

 to = (d*to + T[i]) mod q 

 For s =0 to n-m 

 do if p=ts 

 then if P[1..m] ==T[s+1..s+m] 

 then “Pattern founds at shift “ s 

 if s<n-m 

 then ts+1=(d(ts-T[s+1]) h+T[s+m+1] 

This algorithm works in two phases i.e. pre-processing 

phase (time complexity Θ(m)), matching phase (time 

complexity average Θ(n+m),worst Θ((n-m+1) m)) [2]. 

Rabin-Karp string matching algorithm is used to find a 

numeric pattern P from a given text T. The first step is to 

divide the pattern with a predefined prime number q to 

calculate the remainder of pattern P, then it takes the first m 

characters from text T at first shift s to compute remainder 

of m characters from text T[2]. We compare the text with 

pattern, when the remainder of the pattern P and the 

remainder of the text T are same otherwise there is no need 

for comparison. The process is repeated for next set of 

characters from text for all possible shifts which are from 

s=0 to n-m. So, according to this, two numbers n1 and n2 

can only be equal if REM (n1/q) = REM (n2/q). 

2) Example: 

For a given text T, pattern P and prime number q 

T=1234567899797797976534356678886756456890975 

54534343424545475655454 

P= 667888 

q=11 

REM (Text) =123456/11 =3 

REM (P) = 667889/11 =2 

REM (Text) ≠ REM (P) 

Now move on to next set of characters from text and 

repeat the procedure. 

C. Boyer-Moore Algorithm 

It was developed by Robert S. Boyer and J. Strother 

Moore in 1977. This algorithm compares the pattern string 

with the text string from right to left and pattern moves left 

to right. If the text symbol that is compared with the 

rightmost pattern symbol does not occur in the pattern at all, 

then the pattern can be shifted by m positions behind this 

text symbol. The worst case time complexity of the Boyer-

Moore method would be O((n-m+1)m). 

1) Algorithm: 

BOYER_MOORE_MATCHER (T, P) 

Input:    Text with n characters and Pattern with m 

characters 

Output: Index of the first substring of T matching P 

Compute function last 

1) i ← m-1 

2) j ← m-1 

3) Repeat 

4) If P[j] = T[i] then 

5) if j=0 then 

6) return i        // we have a match 

7) else 

8) i ← i -1 

9) j ← j -1 

10) else 

11) i ← i + m - Min(j, 1 + last[T[i]]) 

12) j ← m -1 

13) until i > n -1 

14) Return "no match" 

2) Example: 

Pattern Moves Left to Right  

Text:   Several hours_later, Cindy 

Pattern: indy 

Text:   Several hours_later, Cindy 

Pattern: indy 

Text:   Several hours_later, Cindy 

Pattern: indy 

Comparisons are done right to left 

Text: Several hours later, Cindy 

Pattern:             indy 

Text: Several hours_later, Cindy 

Pattern:             indy 

Text: Several hours_later, Cindy 

Pattern:             indy 

Text: Several hours_later, Cindy 

Pattern:             indy 

D. Knuth- Morris-Pratt Algorithm 

The Knuth-Morris-Pratt Algorithm (KMP)  was  created by   

D. Knuth, J. Morris and V. Pratt in 1974. Knuth, Morris and 

Pratt developed a linear time algorithm for the string 

matching problem. In this algorithm, the pattern is compared 

with the text from left to right. In case of a mismatch or 

whole match it uses the notion border of the string [2]. It 

reduces the time of searching compared to the Brute Force 

algorithm. It guarantees that a string search will not require 

more than N character comparison.KMP algorithm‟s 

asymptotic time complexity is O(n).The running time of 

Knuth-Morris-Pratt algorithm is proportional to the time 

needed to read the characters in text and pattern. In other 

words, the worst –case running time is O(m+n) and it 

requires O(m) extra space [11].  

1) Algorithm: 

KNUTH_MORRIS_PRATT(T,P) 

Input: Strings T[0..n] and P[0..m] 

Ouput: Starting index of substring of T matching P 

1) f <- compute failure function of Pattern P 

http://en.wikipedia.org/wiki/Richard_M._Karp
http://en.wikipedia.org/wiki/Michael_O._Rabin
http://en.wikipedia.org/wiki/Rabin%E2%80%93Karp_algorithm#CITEREFKarpRabin1987
http://en.wikipedia.org/wiki/Big-O_notation
http://en.wikipedia.org/wiki/Plagiarism
http://en.wikipedia.org/wiki/Robert_S._Boyer
http://en.wikipedia.org/wiki/J_Strother_Moore
http://en.wikipedia.org/wiki/J_Strother_Moore
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2) i <- 0 

3)  j <- 0 

4) while i <length[T] do 

5) if j <- m-1 then 

6) return i-m+1  // we have a match 

7) i <- i+1 

8) j <- j+1 

9) else if j > 0 

10) j <- f(j-1) 

11) else 

12) i <- i+1 

2) Example: 

String b a c b a b a b a b a c a a b 

Pattern a b a b a c a 

String ba c b a b a b a b a c a a b 

Pattern ab a b a c a 

String b ac b a b a b a b a c a a b 

Pattern ab a b a c a 

String b a cb a b a b a b a c a a b 

Pattern a ba b a c a 

String b a c ba b a b a b a c a a b 

Pattern ab a b a c a 

String b a c b ab a b a b a c a a b 

Pattern ab a b a c a 

String b a c b aba b a b a c a a b 

Pattern aba b a c a 

String b a c b abab a b a c a a b 

Pattern abab a c a 

String b a c b ababa b a c a a b 

Pattern ababa c a 

String b a c b abababa c a a b 

Pattern ababaca 

String b a c b a b ababac a a b 

Pattern ababac a 

String b a c b a b ababacaa b 

Pattern ababac a 

String b a c b a b ababacaa b 

Pattern ababaca 

Pattern „p‟ has been found to completely occur in string „S‟. 

III. APPLICATIONS 

String-matching is a very important subject in the text 

processing. 

 Searching keywords in a file 

 Searching engines (like Google and Open   find) 

 Database searching  

 “Find and replace” in text editors. 

IV. CONCLUSION 

In today‟s online situation finding the correct content in 

minimum time is most important. String matching 

algorithms play an important role for this. For making 

pattern searching faster different groups are working on 

software and hardware levels. The best algorithm for 

different applications is determined by applying different 

algorithms in different applications. Most applications uses 

Boyer Moore, BMH or KMP algorithms for their effective 

functionality and other applications uses the basics of these 

algorithms for their functionalities as the KMP algorithm 

has less time complexity and Boyer Moore and BMH 

algorithms has pre-processing time complexity less. 
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