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Abstract 
 

Exact string matching is one of the critical issues in the field of computer science. This study proposed a hybrid string matching algorithm 

called E- AbdulRazzaq. This algorithm used the best properties of two original algorithms; AbdulRazzaq and Berry-Ravindran Algorithms. 

The proposed algorithm showed an efficient performance in the number of attempts and number of character comparison when compared 

the original and recent to the standard algorithms. The proposed algorithm was applied in several types of databases, which are DNA 

sequences, Protein sequences, XML structures, Pitch characters, English texts, and Source codes. The Pitch database was the best match 

for E-AbdulRazzaq with the number of attempts involving long and short patterns, while the DNA database was the worst match. No data 

is specified as the best or worst with the E-AbdulRazzaq algorithm in terms of the character comparisons. The E-AbdulRazzaq algorithms 

ranked first in most databases when using short and long patterns, in terms of number of attempts and character comparisons. 

 
Keywords: Exact String Matching Algorithms; E-AbdulRazzaq Algorithm; Database Type. 

 

1. Introduction 

String matching is a searching operation carried out to check the 

optimal alignment by comparing two finite-length strings. The 

function of string matching used in many computer science appli-

cations, such as computational biology, intrusion detection system, 

operating systems, information retrieval, artificial intelligence, web 

search engine, and signal and image processing [1]. Other examples 

of string matching applications are library systems, error correction, 

text processing, speech and pattern recognition, bibliographic 

search, question-answer applications, analyze Protein sequences 

and pattern matching of DNA, and in the literature of dictionaries 

and memorized data [2]. 

The database duplicated in string matching per two years; therefore, 

to perform multiple tasks with increasing memory size and speed 

of computers must use an efficient string matching algorithm [1]. 

String matching depends on two strings, which are text and pattern, 

both of them subject a matching operation to identify their identical 

characters [2]. The efficient algorithm depends on two factors: the 

number of attempts and the number of character comparison [3]. In 

this paper, the proposed hybrid algorithm depends on good proper-

ties of two hybrid exact string matching algorithms and overcome 

the drawbacks of these algorithms which are AbdulRazzaq and 

Berry-Ravindran. All types of databases in benchmark standard are 

used to determine the suitable and unsuitable databases with this 

algorithm. The aim of this paper is to enhance the performance of 

existing string matching algorithms. 

The proposed algorithm in this research depends on two original 

algorithms which are AbdulRazzaq and Berry-Ravindran. Ab-

dulRazzaq algorithm selected the good features of two algorithms 

that are Smith, and Karp-Rabin and it depends on new searching 

technique [1]. There are five steps preprocessing of the AbdulRaz-

zaq algorithm which are, Prime and composite numbers functions, 

the Boyer-Moore bad character (bmBc) step, the quick search bad 

character (qsBc) step and the hashing step. In the searching phase 

of the AbdulRazzaq algorithm, there are three steps. First, the hash-

ing of the prime numbers in the text window is calculated using 

hashing equation and the value is compared with the equivalent 

hashing value of the prime number characters in the pattern. If 

matching is obtained between them, then the prime number charac-

ters of text window and pattern are compared one by one. Second 

step, if matching is occurred, then compared the hashing characters 

in the pattern and text window. The hashing of composite number 

characters in the text window is calculated by the hashing equation. 

When matching is obtained in the hashing value then the pattern 

and text window characters are compared. If matching occurred be-

tween these characters then third step is performed. In the third step 

the character number one in the pattern is compared with that in the 

text window. When a matching or mismatching occurs, the shifting 

of the pattern depend on the maximum value between the m value 

in the bmBc table and on the m+1 value in the qsBc table [1].  

The Berry-Ravindran algorithm is a hybrid of the Zhu-Takaoka and 

Quick-Search algorithms and characterized by left-right character 

comparisons [4]. This algorithm has two phases, which are prepro-

cessing and searching. Preprocessing phase depends on the Berry-

Ravindran bad character (brBc) function, while searching phase de-

pends on the shifting process of next two characters in window of 

text (m+1 and m+2). The comparison operation starts from leftmost 

character of pattern with leftmost character of the text window. 

When a match is get, the comparison will continue to next character 
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until obtain matching for all characters. When matching or mis-

matching occurs the shifting process depends on the next two char-

acters of text window (m+1 and m+2) and the shifting value ob-

tained from the brBc table in the preprocessing phase. 

2. Proposed E-AbdulRazzaq algorithm 

The proposed E-AR algorithm consists of two phases, namely, the 

preprocessing phase and searching phase. 

2.1. Preprocessing phase 

The preprocessing phase in the E-AR algorithm contains the same 

techniques selected from the AbdulRazzaq and Berry-Ravindran al-

gorithms. These techniques are regulated in functions to obtain the 

preprocessing phase in the exact string matching of the E-AR algo-

rithm. These functions are presented as follows: 

2.1.1. Prime and composite numbers functions 

The technique used in these functions is selected from the prepro-

cessing phase of the AbdulRazzaq algorithm, and these functions 

are considered the initial step. The first function is related to the 

division of numbers to prime and composite numbers (Lines 5−10; 

as shown in Figure 1), whereas the second function is related to the 

calculation of the prime and composite numbers in the string. Each 

number is placed in a separate set from another set (Lines 12−18; 

as shown in Figure 1). 

2.2.2. Boyer-moore bad character (bmBc) function 

The technique used in this function is mentioned in the prepro-

cessing phase of the current AbdulRazzaq algorithm. The E-AR al-

gorithm uses this function in the preprocessing phase to prepare the 

bmBc table. The main purpose of using the bmBc table is to deter-

mine and choose the best shifting for each character in the matching 

operation.  

 

 

                              (1) 

 

2.2.3. Berry-Ravindran bad character (Brbc) function 

This function is derived from the preprocessing phase of the Berry-

Ravindran algorithm. The brBc table used the same technique in the 

E-AR algorithm. The technique of the brBc function is to determine 

and choose the maximum value in the shifting process (Lines 20–

34, as shown in Figure 1). 

 

 

                                        (2) 

 

2.2.4. Hashing step 

This function is used in the AbdulRazzaq algorithm and in the hash-

ing technique of the E-AR algorithms. The hashing technique of 

enhanced hybrid algorithm depends on two steps which are, first 

the calculating the hash for the characters that have prime numbers 

in the pattern and are denoted by Ph1, while the second depends on 

calculating the hash for characters that have composite numbers in 

the pattern and are denoted by Ch2. The hashing values will calcu-

lated by using hashing equation. (Lines 44−50; as shown in Figure 

1). 
1.     E-AbdulRazzaq Algorithm (X [0 …..m−1]) 

2.     //Input: Pattern X  

3.    //Output: prime and composite numbers, Shift tables of bmBc),  

         (qsBc) and compute the hush values of (pv) and (npv).  

4.    //Divide the set numbers to prime and composite 

5.     For d   2 to d*d <= S Do 

6.  If S % d == 0 Then 

7.       Output the composite number  

8. End If  

9.     End For  

10. Output the prime number 

11.   // Calculate set numbers of prime and composite in the pattern 

12.   For  K  1 to m−1 Do 

13. If (p(k+1)) Then 

14.      pv[s]  <= k  

15.            Else  

16.      pv[s]  <= k 

17.           End If  

18.   End For  

19.   // prebrBc (preprocessing Berry-Ravindran bad-character function) 

20.   brBc[ASIZE][ASIZE]  //2D array to keep shift values  

21.   For k  0 to ASIZE Do  

22.          For j   0  to ASIZE Do  

23.       brBc[k][j]  m+2  

24.         End For  

25.  End For 

26   For k 0 to ASIZE Do 

27.        brBc[k][x[0]]  m +1  

28. End For 

29. For i  0 to m−2 Do 

30.        brBc[x[i]][x[i+1]]  m − i 

31. End For 

32. For k  0 to ASIZE Do 

33.        brBc[x[m−1]][k]  1 

34. End For 

35. //prebmBc (preprocessing Boyer-Moore bad-character function) 

36. For j  0 to size of alphabet Do 

37.       bmBc[j]  m 

38. End For  

39. For j  0 to m−2 Do 

40.      bmBc [X[j]]  m− j−1  

41. End For 

42. // compute the hush values h = d^S−1 mod q 

43. //calculate the hash values of (pv) and (npv) of pattern characters  

44. c ← x[0] 

45. For r ← 0 to Sp−1 Do 

46.      hx1   (hx1<<1) + x[pv[r]] 

47. End For 

48. For r ← 0 to  Snp−1 Do 

49.     hx2   (hx2<<1) + x[npv[r]] 

50. End For 
Fig. 1: Preprocessing Phase in the E-AbdulRazzaq Algorithm 

2.3. Searching phase 

The searching phase technique in the E-AbdulRazzaq algorithm de-

pends on the searching phase techniques of the AbdulRazzaq and 

Berry-Ravindran algorithms and on some of changing on the 

matching process. There are three steps in the searching phase 

which are first, the hashing value of the prime numbers in the text 

window is calculated (Line 6, as shown in Figure 2). The hashing 

of the prime numbers in the text window is calculated using hashing 

equation. The hashing of prime number characters in the text win-

dow is denoted by (Phw1) and compared with the equivalent hash-

ing value of the prime number characters (Ph1) in the pattern. If 

matching is obtained between them, then each value is individually 

compared with the prime number characters in the text window and 

pattern (Line 8, as shown in Figure 2). If matching is obtained be-

tween these characters, then the second step is performed. However, 

If a mismatch is obtained in the hashing comparison or in the char-

acter comparison the new shift of this algorithm will depend on the 
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maximum value of m from the bmBc table and the (m + 1 and m + 

2) values from the brBc table (Line 20; Figure 2). The m refers to 

the last character in the text window, the m + 1 is the first character 

after the text window, and m+2 is the second character after the text 

window.  

In the second step, if matching is obtained in the first step, the hash-

ing value of the composite numbers in the text window is calculated 

(Line 9, as shown in Figure 2) using hashing equation, and the hash-

ing values of the hashing characters (Ch2) in the pattern and hash-

ing characters (Chw2) in the text window are then compared. The 

hashing of the composite number characters in the text window is 

denoted by (Chw2). If matching occurs among the hashing values, 

then the characters of the pattern and the text are compared. If 

matching is found among these characters, then the third step (L3) 

is performed (Line 11, as shown in Figure 2). If mismatching occurs 

between them, then shifting depends on the same technique used in 

the previous step. 

In the third step, when matching is obtained in the second step, the 

character number one in the pattern (L3) is compared with the char-

acter number one in the text window (Lw3) (Line 13, as shown in 

Figure 2). If matching obtained between the first character of the 

pattern and the same character position in the text window, then the 

shifting depends on the same technique used in the previous steps. 

If mismatching is obtained, then shifting depends on same tech-

nique used in the previous step (Line 20, as shown in Figure 2). 

 
1.    E-AbdulRazzaq Algorithm (X [0 …..m−1], Y [0…….n−1]) 

2.    //Input: Pattern X, Text Y 

3.   //Output: number of attempts and number of character comparisons  

        of pattern with text 

4.    j ← 0 

5.   While j <= n – m Do 

6.                  hy1 ← gethy(j,y,1) //calculate the hash of (Phw1) 

7.                  // Comparing the Ph1 and Phw1 

8.                 If (hx1 == hy1 && match(x,m,y,j,&temp,1) == 1) Then 

9.                        hy2 ← gethy(j,y,0) // calculate the hash of (Chw2) 

10.                      // Comparing the Ch2 and Chw2 

11.                     If (hx2 == hy2 && match(x,m,y,j,&temp,0) == 1) Then 

12.                                 // Comparing the L3 and Lw3 

13.                                 If y[j] == c Then 

14.                                       Count //The first occurrence of the pattern 

                                                         in the text 

15.                                 End If 

16.                  End If 

17.               End If 

18.              Output the first attempt and character comparisons 

19.              //shifting// 

20.              j +=max((brBc[y [j + m]][y[j+m+1]],bmBc[y[j + m − 1]]) 

21.   End While 
Fig. 2: Searching Phase in the E-AbdulRazzaq Algorithm. 

3. Complexity of the E-AR algorithm 

In the preprocessing phase of E-AbdulRazzaq there are five func-

tions which are; dividing the set numbers into prime and composite, 

calculating set numbers of prime and composite, brBc, bmBc and 

hash function. Time complexity dividing set numbers into prime 

and composite function is O (s^1/2), calculating set numbers of 

prime and composite function is O (m + (2^1/2), + (3^1/2), + ... + 

(m^1/2)) = O (m), brBc function is O (m + σ2), the bmBc function is 

O (m + σ) and hash function is O (m). The space complexity and 

time complexity of preprocessing in the E-AbdulRazzaq algorithm 

is O (m + σ2). The next section explains the time complexity of the 

searching phase. 

 

Lemma 1: The searching time complexity in the best case is O (n). 

 

Proof. When each character does not occur in the pattern in the 

matching process, then the shafting depends on the maximum value 

between m and (m + 1and m+2) from bmBc and brBc functions that 

computed in preprocessing phase. The time complexity of the com-

puting the hash values of prime numbers (line 6; Figure 2) in the 

best case, O (n-m+1) / (m+2) ×m=O (n) and the comparisons of the 

hash values will be repeated (n-m+1)/ (m+2) times. However, the 

computing hash values of composite numbers (line 9; Figure 2) and 

the matching operation of the characters (line 11; Figure 2) equal 0 

and 0, respectively. When all characters in the pattern differ than 

those in the text window, then the (j) will be increased m + 2 (line 

20; Figure 2) and the body of the while loop is repeated (n-m+1)/ 

(m+2) times, and the overall time complexity is O (n). 

For example: Text: yyyyyyyyyyyyyyyy 

                      Pattern: xxxx 

 

Lemma 2: The time complexity of the searching phase in worst 

case is O (n × m). 

 

Proof. In the matching process every character in the text does not 

take place more than m times and all the character comparisons for 

n characters of the text do not exceeded than n × m. The calculating 

of the hash values two times in (Lines 6 and 9; Figure 2) will be 

repeated (n-m+1) and (n-m+1), respectively, while time complexity 

is Ө(m) in line 6 and is Ө(m) in line 9. In addition, the matching 

operation (Lines 8 and 11; Figure 2) will be repeated (n-m+1) and 

(n-m+1), respectively. Moreover, the time complexity is Ө(m) in 

line 8 and Ө(m) in line 11. Thus, the total time complexity is O 

(Ө(m) × Ө(n) + Ө (m) × Ө(n) + Ө(m) × Ө(n) + Ө(m) × Ө(n)) = O 

(nm).  

The worst case occurs when all the characters in the pattern and text 

window are totally similar in each attempt. Then the (j) will be in-

creased 1 (line 20; Figure 2) and the time complexity will be O (n 

× m). All paragraphs must be indented. All paragraphs must be jus-

tified, i.e. both left-justified and right-justified.  

4. Experimental design and evaluation of study 

outcomes 

Design of proposed algorithm depended on choosing the good prop-

erties of original algorithms, which are the prime and composite 

numbers functions, hash and bmBc functions from AbdulRazzaq 

algorithm and brBc function from Berry-Ravindran algorithm. The 

proposed algorithm used all types of benchmark standard databases 

and the results of proposed algorithm compared to results of the 

original and recent and standard algorithms. 

4.1. Databases 

This research discuss the differences of string matching algorithms 

in performance and features when used various types of database 

(200 MB data size). Benchmark standard of databases used differ-

ent types of data, such as DNA, Protein, XML Pitch, English text, 

and Source code. These databases were downloaded from the Pizza 

& Chili Corpus Web site (http://pizzachili.dcc.uchile.cl/ (Pizza 

Chili Corpus). There are two pattern lengths used in this study, 

which are: the short pattern length, which ranged from 4 characters 

to 28 characters, and the long pattern length (length power of two), 

which ranged from 2^5 characters to 2^10 characters [5], [6]. The 

DNA data sequence is consists of four nucleotides, namely, Ade-

nine, Guanine, Cytosine, and Thiamine, and these types are en-

coded as A, G, C, and T respectively. [7]. The Proteins are neces-

sary to the structure and function of the cells of an organism. The 

Protein data sequence is consists of 20 amino acids arranged in a 

linear series and encoded using uppercase letters [8], [9]. The XML 

structure database contains the bibliographic information of com-

puter sciences. The Pitch (Midi Pitch values) database contains tun-

ing data used in digital music [10]. The English text database con-

tains all the characters in the English alphabet. The Gutenberg pro-

ject has established this database [7]. The Source program code da-

tabase is consists of all the characters used in the C and Java lan-

guages [11].  

4.2. Implementation and environment 
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The experiment was run on the Al Biruni cluster in the PDCC lab 

of the School of Computer Science, USM (Biruni.cs.usm.my), us-

ing Ubuntu Linux 10.04, 4LTS of 64-bit with NVIDIA CUDA 

Toolkit v2.2 and GNU C Compiler (GCC) v4.4.3. The secure shell 

(SSH) software was utilized in accessing the Biruni cluster to im-

plement the codes. The abbreviated forms of the algorithms were 

used: BR for Berry-Ravindran, AR for AbdulRazzaq, which are the 

original algorithms. The recent and standard algorithms included 

Horspool (H), Quick search (QS), Two-way (T-W), Fast search 

(FS), SSABS (SS), TVSBS (TV), AKRAM (AK), and Maximum 

shift (MS). E-AbdulRazzaq (E-AR).  

For elucidation the results in the number of attempts made when the 

proposed hybrid algorithm was compared with the original, recent, 

and standard algorithms, the following parameters were set: loga-

rithmic scale and base, 10; display units, 10000; minimum number, 

100000. In the number of characters compared for the original, 

standard, and recent algorithms, the logarithmic scale and base (10) 

and the display units (10000) were applied. The evaluation tables 

for the hybrid algorithm were arranged with the best result pre-

sented first, followed by other algorithms results. The results were 

expressed as “first,” “second,” and “third.” To evaluate proposed 

algorithm performance in various types of databases, the result was 

regarded as “best” when the hybrid algorithm performed better in a 

specific database compared with others. “Worst” was used to indi-

cate the lowest performance of the hybrid algorithm for a given da-

tabase. “All databases” was used to indicate when the hybrid algo-

rithm or the other algorithms attained the best performance in all 

databases. “Most databases” was used to indicate that the hybrid 

algorithm or the other algorithms attained the best performance in 

most but not all databases. 

5. Evaluation and results analysis of the E-AR 

algorithm compared with the original algo-

rithms 

5.1. Results and analysis on number of attempts by using 

a 200 MB data size 

The E-AR obtained the best results as compared with the BR and 

AbdulRazzaq algorithms in short and long pattern lengths. The 

Pitch database shows the best results in number of attempts when 

using short and long patterns. The DNA database shows the worst 

results in both short and long patterns (Figures 3 and 4). 

5.2. Results and analysis on number of characters com-

parison by using a 200 MB data size 

The E-AR obtained the best results as compared with the Ab-

dulRazzaq and BR algorithms in short and long pattern lengths. In 

using short and long pattern lengths, no specific data is provided to 

determine the best in number of character comparisons. Further-

more, no specific data is provided to determine the worst database 

by using short patterns. However, Pitch is considered the worst by 

using long patterns (Figures 5 and 6). 

6. Evaluation and results analysis of E-AR al-

gorithm compared with the recent and 

standard algorithms 

6.1. Results and analysis of the number of attempts when 

using a 200 MB data size 

The E-AR algorithm performs the best in all types of databases, 

ranking second only in the DNA algorithm, when a short pattern 

length is used. The Maximum shift algorithm showed the best per-

formance in all databases when using a long pattern, The E-AR al-

gorithm is second best algorithm in all data types. The Two-way 

algorithm shows the worst performance in both short and long pat-

terns (Figures 7 and 8). 

6.2. Results and analysis of the number of character com-

parison when using a 200 MB data size 

The E-AR algorithm performs the best in all types of databases, 

ranking second only in the Pitch and English databases, when using 

short patterns. This algorithm shows the best performance in long 

pattern lengths in all databases but is only the second best algorithm 

in the English database. The Two-way algorithm shows the worst 

performance in both short and long patterns (Figures 9 and 10). 

 

 

 
Fig. 3: Number of Attempts for E-AR against Original Algorithms when Using A Short Pattern and A 200 MB Data Size. 
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Fig. 4: Number of Attempts for E-AR against Original Algorithms when Using A Long Pattern and A 200 MB Data Size. 

 

 
Fig. 5: Number of Character Comparisons for E-AR against Original Algorithms when Using A Short Pattern and A 200 MB Data Size. 
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Fig. 6: Number of Character Comparisons for E-AR against Original Algorithms when Using A Long Pattern and A 200 MB Data Size. 

 

 
Fig. 7: Number of Attempts for the E-AR Algorithm Compared with the Recent and Standard Algorithms when Using A Short Pattern and A 200 MB Data 
Size. 
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Fig. 8: Number of Attempts of the E-AR Algorithm Compared with the Recent and Standard Algorithms when Using A Long Pattern and A 200 MB Data 

Size. 

 

 
Fig. 9: Number of Character Comparisons for the E-AR Algorithm Compared with the Recent and Standard Algorithms when Using A Short Pattern and A 

200 MB Data Size. 
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Fig. 10: Number of Character Comparisons for the E-AR Algorithm Compared with the Recent and Standard Algorithms when Using A Long Pattern and 

A 200 MB Data Size. 

 

7. Discussion and analysis 

7.1. Evaluation of the E-AR algorithm compared with the 

original algorithms 

The performance results of the E-AR algorithm and the original al-

gorithms are compared in terms of the number of attempts and char-

acter comparisons when using short and long pattern lengths with 

different data types and sizes. 

 
Table 1: Comparison of the Results of the E-AR Algorithm and the Original 
Algorithms 

Algorithms 

Data size (MB) 

200 

Short Long 

Best performance  in number of attempts 

Berry-Ravindran Second Second 

AbdulRazzaq Third Third 

E-AR First First 

Best performance  in number of character comparisons 

Berry-Ravindran Third Third 

AbdulRazzaq Second Second 

E-AR First First 

 

The E-AR algorithm shows the fewest number of attempts because 

it depends on the best shifting function by obtaining the maximum 

value between the good shifting functions of brBc and bmBc. The 

algorithm obtains the lowest number of character comparisons be-

cause this algorithm depends on the hash function, which is consid-

ered an efficient function for obtaining the fewest character com-

parisons [12], and on the good shifting of the brBc function (Table 

1.). 

 

 

 

 

 

 

 

 

 
Table 2: Performance of the E-AR Algorithm in Different Database Types 

Performance 

Databases 

Data size 200 MB 

Pattern length Short Long 

Attempts 
Best Pitch Pitch  

Worst DNA DNA 

Character 

comparisons 

Best No specific data No specific data 

Worst No specific data Pitch 

 

The Pitch database shows the fewest number of attempts because 

this algorithm depends on the AbdulRazzaq technique, which has 

efficient functions (bmBc and hash) for managing the Pitch data-

base because data are encoded as MIDI pitch numbers in computer 

applications [13], [14]. The hash function also uses integer numbers 

and the good shifting of the bmBc function to reduce the number of 

attempts. No specific data are found in the E-AR algorithm in terms 

of the number of character comparisons, similar to the results in the 

AbdulRazzaq algorithm. This finding can be attributed to the de-

pendency of the E-AR algorithm on the hash of the prime number, 

that is, characters are selected depending on prime number location 

and not on character data types. The DNA database shows the worst 

results in terms of the number of attempts performed because of its 

small alphabet size (Table 2.).  

7.2. Evaluation of the E-AR algorithm compared with re-

cent and standard algorithms 

The performance results of the E-AR algorithm are compared with 

those of the recent and standard algorithms in terms of the number 

of attempts and character comparisons when using short and long 

patterns with different data types and sizes. The standard and recent 

algorithms employed in this study are Horspool, Quick-search, 

Two-way, Fast search, SSABS, TVSBS, AKRAM, and Maximum 

shift.  
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Table 3: Comparison of the Results of E-AR and Recent and Standard Al-

gorithms 

Algorithms 

Data size (MB) 

200 

Short Long 

Number of attempts 

Best algorithm E-AR (most databases) Maximum shift (all databases) 

Worst algorithm Two-way (all databases) Two-way (all databases) 

Number of character comparisons 

Best algorithm E-AR (most databases) E-AR (most databases) 

Worst algorithm Two-way (all databases) Two-way (all databases) 

 

The E-AR algorithm obtains the fewest number of attempts in short 

patterns because this algorithm relies on the efficient functions 

(bmBc) of the AbdulRazzaq algorithm and (brBc) of the BR algo-

rithm. In long patterns, the Maximum shift algorithm obtains the 

fewest number of attempts because it depends on efficient functions 

(ztBc) and (qsBc), which are useful in long patterns [15]. The E-

AR algorithm obtains the lowest number of character comparisons 

because it depends on the good performance of the AbdulRazzaq 

algorithm. Both these algorithms calculate the hash values of prime 

characters in the first step, thereby reducing the probability of a 

mismatch between the pattern and text window owing to the accu-

rate hash value of all prime characters. The Two-way algorithm ob-

tains the highest number of attempts and character comparisons be-

cause this algorithm depends on its factorization technique in the 

preprocessing step [16] (Table 3.). 

 
Table 4: Ranking of the E-AR Algorithm in Different Database Types 

Databases 

Ranking of E-AR algorithm 

Pattern 

length 

Data size 

200 MB 

Attempts 
Short First in all databases (but second in DNA) 

Long Second in all 

Character 

comparisons 

Short 
First in all databases (but second in Pitch & 

English) 

Long First in all databases (but second in English) 

 

For the number of attempts, the E-AR algorithm ranks first in most 

database types and in all sizes when short patterns are used. This 

algorithm also ranks first in the Source database when long patterns 

are used. For the number of character comparisons, the E-AR algo-

rithm ranks first in most databases when short and long patterns are 

used (Table 4.). 

8. Conclusion 

The proposed algorithm in this study obtain the best results in terms 

of the number of attempts compared with the original algorithms 

when short and long pattern lengths are used. The algorithm ranks 

first in short patterns compared with the recent and standard algo-

rithms and ranks second in some of data types when long patterns 

are used. For the number of character comparisons, the proposed 

algorithm show the best results compared with the original algo-

rithms in short and long pattern lengths. The E-AR algorithm also 

perform better than the recent and standard algorithms in short pat-

tern lengths, while it was the first in long patterns. The Pitch data-

base shows the best performance in the number of attempts with the 

proposed algorithms, whereas the DNA database performs the 

worst. No data is specified as the best or worst with the E-AR algo-

rithm in terms of the number of character comparisons. In terms of 

number of attempts, the E-AR algorithms ranked first in most data-

bases when using short patterns, and ranked first in some databases 

when using long patterns. In terms of number of character compar-

isons the E-AR algorithm ranked first when using short and long 

patterns in most databases. 
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