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Abstract: Pattern matching is commonly used in computer science and information processing such as text editor in computing, 

database queries, bioinformatics, language syntax checker, music content retrieval, DNA sequences matching, search engines 

and many more applications. There are many forms of pattern matching. Among them, the most well-known form is 

bioinformatics application, DNA sequences analysis of various diseases which are stored in database for retrieval and 

comparison. To get high quality results in a short time is to use pattern matching algorithms because of DNA database is very 

complex and huge and not to retrieve easily. This paper presents three pattern matching algorithms, Knuth-Morris-Pratt (KMP), 

Brute-Force and Boyer-Moore. The main process of this system is to find the matched DNA sequence in DNA database that find 

the matched DNA sequence in DNA database using these pattern matching algorithms. In this system, at least two DNA 

sequences are required to analyze. This system compares similarity values with threshold value and stores particular result which 

is diseased or not.  Finally, this system can identify optimal result according to each result using voting. This system is 

implemented with Java programming language and the comparison results are demonstrated with bar graph with respect to 

similarity and processing time of each algorithm. 
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I. INTRODUCTION 

      Exact sequence matching is a vital component of 

bioinformatics which is the application of computer 

technology to management and analysis of biological data. 

Computer technologies are applied to gather, store, analyze 

and merge biological data. Therefore, bioinformatics is an 

interface between biological and computational sciences [2]. 

DNA Pattern matching, the problem of finding subsequences 

within a long DNA sequence has many applications in 

computational biology. As the sequences can be long, 

matching can be an expensive operation, especially as 

approximate matching is allowed [6]. There are many 

biological sequence data in different databases. The 

biological and bibliographical sequence data are growing in 

these databases at an exponential rate. The computational 

demands are to find matched sequence and to analyze these 

sequence data contained in these databases. Exponential 

growth of gene databases enforces the need for efficient 

information extraction methods and algorithms for DNA 

sequencing exploiting existing large amount of DNA 

information available in DNA database. Manually it is very 

tedious and time consuming [1]. 

     Deoxyribonucleic acid (DNA) is an acronym for the 

molecule deoxyribonucleic acid and it is also called a double 

helix because it is a double-stranded molecule. It is mainly 

composed of nucleotides of four types. The four bases in 

DNA are Adenine (A), Cytosine (C), Guanine (G), and 

Thymine (T). A DNA sequence is a representation of a string 

of nucleotides contained in a strand of DNA. For example: 

ATTCGTAACTAGTAAGTTA. The DNA sequencing 

techniques have allowed the vast amount of data to be 

analyzed in a short span of time. So, pattern matching 

techniques plays a vital role in computational biology for 

data analysis related to biological data such as DNA 

sequences[1][2][6]. This paper presents and analyzes three 

pattern matching algorithms to find the matched DNA 

sequence in DNA database. Pattern-matching algorithm 

matches the pattern exactly or approximately within the text. 

The organization of this paper is as follows. SectionII 

presents the related work of pattern matching process. In 

sectionIII, theoretical background for DNA sequence 

matching is given. In sectionIV, proposed system is 

demonstrated. In sectionV, system implementation is 

described. In sectionVI, the experimental results are shown. 

Finally, in sectionVII, the conclusions and references are 

given. 

II. RELATED WORK 

    The pattern matching algorithms can be applied for 

detecting the unusual patterns present in the gene database. It 

can show how the disease can be transformed from parents to 

their children and can identify the presence of the disease on 

hereditary basis and its impact. Moreover, KMP algorithm 

known as DNA sequencing algorithm is used to detect 

unusual patterns in DNA sequences and to analyze these 

sequences in the gene database [1][2]. Approximate String 

Matching Algorithm, fuzzy string searching technique is used 
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to find strings that match a pattern approximately. It is 

applied in finding approximate substring matches inside a 

given string and finding dictionary strings that match the 

pattern approximately. Another application of approximate 

string matching can be effectively used to retrieve fast video 

as it uses the content based video retrieval in contrast with 

the traditional video retrieval which was slow and time 

consuming. String based video retrieval method first converts 

the unstructured video into a curve and marks the feature 

string of it. Approximate string matching is then used to 

retrieve video quickly [3][4].  

III. THEORETICAL BACKGROUND 

A. Pattern Matching 

     DNA pattern matching is a fundamental and upcoming 

area in computational molecular biology. Pattern matching is 

an important task of the pattern discovery process in today's 

world for finding the structural and functional behavior in 

proteins and genes. Although pattern matching is commonly 

used in computer science and information processing, it can 

be found in everyday tasks. The string matching can be 

described as: given a specific strings P generally called 

pattern searching in a large sequence/text T to locate P in T. 

if P is in T, the matching is found and indicates the position 

of P in T, else pattern does not occurs in the given text. As 

the size of the data grows it becomes more difficult for users 

to retrieve necessary information from the sequences. Hence 

more efficient and robust methods are needed for fast pattern 

matching techniques. It is one of the most important areas 

which have been studied in bioinformatics. Pattern matching 

techniques has two categories and is generally divides into: 

 Single pattern matching 

 Multiple pattern matching techniques. 

     Single pattern matching is to find all occurrences of the 

pattern in the given input text. Suppose, if more than one 

pattern are matched against the given input text 

simultaneously, then it is known as, multiple pattern 

matching. Multiple pattern matching can search multiple 

patterns in a text at the same time. It has a high performance 

and good practicability, and is more useful than the single 

pattern matching algorithms [5][6][7]. Let P = {p1, p2, 

p3,...,pm} be a set of patterns of m characters and 

T={t1,t2,t3…,tn} in a text of n character which are strings of 

nucleotide sequence characters from a fixed alphabet set 

called Σ={A C, G, T}[7]. There are various pattern matching 

algorithms. These efficient algorithms are used to the 

sequence of DNA in the DNA database. The present day 

pattern matching algorithms match the pattern exactly or 

approximately within the text [1][2][7]. Among them, this 

paper applies three pattern matching algorithms. They are:  

 Knuth-Morris-Pratt 

 Brute-Force and  

 Boyer-Moore 

B. Knuth-Morris-Pratt (KMP) Algorithm 

      The KMP algorithm is linear sequence matching 

algorithm and plays an important role in bioinformatics, 

DNA sequence matching, disease detection etc. It scans the 

sequence from left to right. This algorithm preprocess the 

pattern string P using failure function. There is a match, 

increase the current indices. If not, consult the failure 

function the new index in P here needs to continue checking 

P against T. The algorithm repeat this process until find a 

match of P (pattern) in T(Text) or index for T reach n, the 

length of T. The main part of the KMP algorithm is the 

while-loop which performs comparison between a character 

in T and a character in P for each iteration. This algorithm 

doesn’t need backtracking and shift more than one position. 

Therefore, KMP is called as an intelligent search algorithm 

[1] [2]. 

TABLE I: Knuth-Morris-Pratt (KMP) Pattern Matching 

Algorithm 

 
 

C. Brute-Force Algorithm 

     The brute force algorithm is a powerful technique that is 

used to search the pattern. This algorithm is simplest string 

method which is used to match each character of pattern to 

the corresponding character in text until all characters are 

found to match successful search; or mismatch is detected. 

This algorithm scans the sequence from left to right direction. 

This algorithm doesn’t need preprocessing phase. It consists 

of two nested loops, with the outer loop indexing through all 

possible starting indices of the pattern in the text, and the 

inner loop indexing through each character of the pattern, 

comparing it to its potentially corresponding character in the 

text [2] [6]. 
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TABLE II: Brute-Force Pattern Matching Algorithm 

 

D. Boyer-Moore Algorithm 

      Boyer-Moore algorithm is an efficient string searching 

algorithm that can determine whether or not a match of a 

particular string exists within another string. So, this 

algorithm is used in bioinformatics mostly, for disease 

detection. This algorithm scans the matching of the two 

sequences from right to left direction. Therefore, this 

algorithm takes backward approach. If no mismatch occurs, 

then the pattern has been found. Otherwise, the algorithm 

computes a shift; that is, an amount by which the pattern is 

moved to the right before a new matching attempt is 

undertaken. In case of a mismatch, the knowledge gained 

from the last occurrence function helps in calculating the new 

index to start the next search. This algorithm preprocesses the 

pattern P using the last-occurrence function L mapping ∑, 

where L(c) is defined as: the largest index i such that P[i] = c 

or -1 if no such index exists [1] [2]. 

E. DNA (Deoxyribonuclei Acid) 

     Deoxyribonucleic Acid (DNA) is a nucleic acid that 

contains genetic instructions. DNA is a double helix 

structure. It contains three components: a five-carbon sugar 

(Deoxyribose), a series of phosphate groups, and four 

nitrogenous bases. The four bases in DNA are Adenine (A), 

Thymine (T), Guanine (G), and Cytosine (C). Thymine and 

adenine always come in pairs. Likewise, guanine and 

cytosine bases come together too. Every human has his/her 

unique genes. Genes are made up of DNA; therefore the 

DNA sequence of each human is unique. The sequence of 

DNA constitutes the heritable genetic information in nuclei, 

plasmids, mitochondria, and chloroplasts that forms the basis 

for the developmental programs of all living organisms 

[1][2][6][7]. 

TABLE III: Boyer-Moore Pattern Matching Algorithm 

 

     The process of determining the DNA sequence is used to 

map out the sequence of the four nucleotides that comprise a 

strand of DNA. Studying the DNA sequence is necessary in 

basic research studying fundamental biological processes, as 

well as in applied fields such as diagnostic and forensic 

research. The four nucleotides (A, T, G, C) are grouped to 

form words and these words make sentences which are called 

genes. The occurrence of unwanted or mutated words causes 

the disease. Every disease will have its own words or 

sequences on the occurrence of the mutated sequence in the 

DNA [1][2][6]. This paper matches the DNA sequences of 

three diseases called HIV, Lung cancer and Leukaemenia. 

IV. PROPOSED SYSTEM 

 This paper presents three pattern matching algorithms for 

DNA sequence matching. The main process of this paper is 

finding the matched DNA sequence in DNA database using 

pattern matching algorithms. When entering human DNA 

sequence (suspected DNA sequence) and the type of disease 

to be checked as input, the matched DNA sequence are 

searched using three pattern matching algorithms: Knuth-

Morris-Pratt (KMP), Brute-Force and Boyer-Moore. The 

total matched indices are got and similarity values with 

respect to entire sequence are computed. Then, the similarity 

values are compared with threshold value (user defined 

value) and stores the particular results which is diseased or 

not. Finally, the optimal result is sent back according to each 

stored result using voting method.  Fig.1 is the proposed 

system architecture for the DNA sequence matching. 
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Fig.1. System Architecture Design. 

V. SYSTEM IMPLEMENTATION 
      This system is implemented using Java programming 

language and tested using different DNA sequence with 

different file size.  Pattern matching techniques are used to 

search the matched DNA sequences in mostly bioinformatics. 

The main process of the system is finding the matched DNA 

sequence in a set of DNA database. The pattern matching 

algorithms are used to find the matched sequence and the 

total matched indices are used to compute similarity value 

with respect to entire sequence. Since DNA sequences are 

very large and complex, it is impossible to analyze the vast 

amount of data in a short of span. The pattern matching 

algorithms are efficient to trace the sequence of DNA in the 

DNA database. These efficient pattern matching techniques 

can give optimal result for particular diseased DNA 

sequence. All the three algorithms require at least two DNA 

sequences. One of these sequences is generally a suspected 

DNA sequence and other is a diseased sequence. Moreover, 

pattern matching techniques is used to optimize the time and 

to analyze the vast amount of data in a short span of time. 

VI. EXPERIMENTAL RESULTS 

     The results of the proposed system are described in this 

section. Fig.3 describes the particular result of checked 

disease for particular algorithm. From this Fig.3, we can 

decide the optimal result for particular disease. Fig.2 (a) is 

the input DNA, Figure 2 (b) presents the types of DNA 

available in this system. Fig.3 describes the result of the 

system. Finally, the similarity and processing time are shown 

as Fig.4 which is two comparison results of three pattern 

matching algorithms. Threshold value used in this system is 

0.75 (user defined value).      

 
(a)  

 
(b) 

Fig.2. (a) Input DNA, (b). DNA Types available in this 

system. 

 
Fig.3. Result of the system. 

Fig.4. Two Comparison Results of Three Pattern 

Matching Algorithms. 

VII. CONCLUSION 

    This paper provides a path in diagnosing the disease by the 

identification of presence of diseased DNA sequence in DNA 

database. The pattern matching algorithms are effectively 

used in matching DNA sequences because of DNA database 

is very complex and huge and not to retrieve easily. The 
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pattern matching process is needed to keep pace with ever 

growing demands in sequence comparison. The required 

sequences are suspected sequence and diseased sequence. 

These algorithms in this system are easy to implement and 

effective in multiple detections of DNA sequences. This 

paper identifies the particular disease on DNA sequence 

using three pattern matching algorithms. Finally, this paper 

gives optimal result according to each result using voting.  
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