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Abstract: Database management systems (DBMSs) play vital 

role in storing and managing the structured data in various 

application domains. Databases are queried by the users and the 

applications many times to access the stored data in different 

formats by using various search conditions. To improve the 

performance of the search operations, indexes are generally 

used by the DBMS. At present, almost all commercially available 

database management systems, performs full table scan (i.e. 

linear search) to answer the queries based on the LIKE ‘%...%’ 

search even if the table is indexed based on the column being 

searched for. Although a number of indexing techniques have 

been proposed in the literature, but there is no index provided by 

the commercial RDBMS to efficiently answer the queries based 

on the LIKE ‘%...%’ search. In order to improve the 

performance of the queries based on LIKE ‘%...%’ operator (or 

pattern matching), a new indexing technique based on the 

frequency count of each character in the text is proposed in this 

paper. The proposed scheme is based on frequency count of each 

character in the string and the frequency is represented using 

B-Tree data structure. The proposed indexing technique is an 

attempt to answer the queries based on the LIKE ‘%...%’ search 

without requiring full table scan which is shown through the 

empirical evaluation of the proposed scheme.  

 

Index Terms: Frequency Based Indexing Technique, Pattern 

Matching, LIKE Operator, B-Tree Index, Database 

Management System (DBMS)  

I. INTRODUCTION 

Database systems are widely used to store and manage the 

transactional data of the organizations. In some applications, 

large textual data is also stored in the database systems. 

Indexing techniques play a vital role in the database system 

to retrieve the requisite information from the databases [1, 2, 

3]. In the absence of inappropriate indexing techniques, 

database search will be performed using full table scan. If 

there is an index available based on the searching key in the 

database then DBMS uses that index to answer the query 

using binary search else DBMS performs full table scan to 

answer the query [1, 2, 3, 4, 5, 6]. Index is a collection of data 

entries plus a way to quickly find entries with given search 

key values. Indexes should be used on the search keys in 

database systems where selection queries are frequent. After 

gone through the various indexes and index structures, it is 

found that [1, 7, 8, 9]: 

 Clustered indexes are better if we require only one index 

for a table.  

 Hash index provides best response time for the equality 

search. 
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 B-tree index works well in range and equality 

comparisons. It also provides the efficient sequential 

access. 

 Bitmap index is best suited with low cardinality of key 

values. But it is not supported by the most commercial 

DBMSs. 

 Reverse key index is better the monotonically increasing 

keys. 

 Inverted index are suitable for full text searches and 

widely used by the search engines. 

 R-tree index, grid file index and quad-tree indexes are 

suitable for multi-dimensional search. 

II. RELATED WORK 

A number of indexing techniques for database systems are 

presented in the literature for the numeric data and some of 

them are effectively used by many commercial RDBMS [7, 8, 

9, 10]. The b-tree index [11, 12] is widely used in the DBMS 

and supported by the most commercial DBMSs as major 

queries are based on the combination of range and equality 

comparisons along with sequential search. Indexes based 

upon suffix trees [13, 14, 15, 16] and suffix arrays [16, 17] 

and related data structures are proficient when several 

searches are to be performed because the text need to be fully 

scanned only once when the indexes are created. In a huge 

variety of applications, the importance is given to suffix 

arrays and suffix trees besides string searching. Their range 

of applications is also growing in molecular biology, data 

compression, and text retrieval [17]. Suffix trees and suffix 

arrays based indexes occupy considerably more space than 

inverted lists which is a major criticism that limits the 

applicability of these indexes. Space requirement in these 

indexes are also especially crucial for large texts. For a text of 

n binary symbols, suffix arrays use n words of log n bits each 

i.e. O (n log n) bits, while suffix trees require between 4n and 

5n words i.e. between O(4n log n) and O(5n log n) bits [18].  

While, in the inverted lists, to create an index for a set of 

words consisting of a total of n bits, it require less than 0.l n / 

log n words (or 0.1 n bits) in many practical cases [19]. 

However, inverted files [27, 28] have less functionality than 

suffix arrays and suffix trees since only the words are 

indexed, whereas all substrings of the text are indexed in 

suffix arrays and suffix trees [17]. In order to reduce the 

space requirements in suffix arrays the concept of 

compressed suffix arrays (CSA) are introduced [17]. 

Similarly, compressed (or compact) suffix tree (CST) are 

introduced to reduce the space requirements. 
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The compressed suffix arrays are probably as good as 

inverted lists in terms of space usage, at least theoretically. 

No previous result supported this finding. In the worst case, 

asymptotically the space complexity of the both types of 

indexes i.e. compressed suffix arrays and inverted lists is 

same; however, compressed suffix arrays have more 

functionality because they support search for arbitrary 

substrings [17]. Compressed suffix trees can be implemented 

in O(n) bits by using compressed suffix arrays and the 

techniques for compact representation of Patricia tries 

presented in [20]. As a result, they occupy asymptotically the 

same space as that of the text string being indexed. 

String B-trees are used as an external-memory indexing 

technique for pattern matching in contrast to the suffix array 

and suffix tree which are internal memory indexing 

techniques.  It is implemented based on the concepts of 

B-trees and patricia tries . In worst case, it also gives best. 

Almost all commercial relational database management 

system (RDBMS) available now days, performs full table 

scan to answer the queries based on the LIKE ‘%...%’ search 

even if the table is indexed based on the column being 

searched for. Presently, there is a lack of index provided by 

the commercial RDBMS to efficiently answer the queries 

based on the LIKE ‘%...%’ search [9, 29, 30, 31].  

In order to avoid full table scan, a new indexing technique 

based on the frequency count of each character in the text is 

proposed for pattern matching in this paper. The detailed 

description of the proposed technique is presented in the 

subsequent sections. This technique is implemented in 

Visual C++ by using feature of basic in-built 

package B-Tree package of Visual C++. The empirical 

evaluation of the proposed technique shows the queries based 

on the LIKE ‘%...%’ search can be answered without 

requiring full table scan.  

III. TERMINOLOGIES USED 

The terminologies used in this paper are: (i) the alphabet  is 

used to represent the finite ordered set of characters, (ii) the 

size of the set is represented with , (iii) the string (or text) 

S of length n represented as an array of characters S[1..n] = 

S[1], S[2] . . . S[n], (iv) substring of S is represented as S[i..j 

] = S[i] . . . S[j] (1 ≤ i ≤ j ≤ n), (v) prefix of S is represented as 

S[i..n], (vi) suffix of S is represented as S[1..j], (vi) text T is a 

set of Strings S*, (vii) pattern string P is defined as P  S 

(length |P|), (viii) problem size N is the total number of 

characters in the text, (ix) memory size M is the number of 

characters that fit into internal memory, (x) block size B is 

number of characters that fit into a disk block, (xi) K is the 

number of records in the table to be indexed, (xii) R is the size 

of the answer. 

IV. FREQUENCY BASED INDEXING TECHNIQUE 

The proposed indexing technique is based on the frequency 

count of each character in the string. Therefore, it is named 

as frequency index. This frequency based index is a kind of 

text index which is referred by the query processor for pattern 

matching. In this indexing technique, separate frequency 

index is created for each character of the set of characters.  

A. Structure of the Index 

As discussed earlier, N indexes are created where N is the 

number of characters in the set of characters. In other words, 

a separate index is created for each character supported by 

the system.  In frequency index, each index comprises the 

physical address of the record and frequency of a particular 

character. For example, if we are considering only alphabets 

in the character set then 26 separate indexes will be created 

for each alphabet (a to z). The index for the alphabet ‘a’ 

consists of physical address of the record and the frequency 

(or occurrence) of ‘a’ in the indexed string for each record in 

the relation which is considered as key value of the index. 

Records in the index are arranged based on the frequency. 

The same process repeated for each character. During the 

search with pattern matching the frequency of each alphabet 

is also computed and the character with highest frequency is 

taken into consideration to select one the multiple indexes to 

search for the given pattern. From the selected index, the 

records that are having the frequency greater than or equals 

to the frequency of the selected character from the pattern are 

considered only for comparison. By using this method, the 

number of comparisons can be reduced and hence the full 

table scan is not required. 

 

Example: 

 

Consider the following table containing the string for which 

the frequency index is created (Table 1). The frequency of 

each of the 26 alphabets is counted and considered for 

creating the separate index for each alphabet (Table 2).  

 

Separate indexes for each of 26 alphabets are to be 

created containing the physical address of the record and the 

frequency count of the respective alphabet in the string of the 

corresponding record. All these indexes are referred while 

answering the queries based on LIKE ‘%...%’ search. Let’s 

suppose we want to search for a pattern ‘%specialized 

database languages%’. Now, the frequency of each letter of 

the pattern is computed. The computed frequencies of the 

alphabets in the pattern are: a-6, b-1, c-1, d-2, e-4, g-2, i-2, 

l-2, n-1, p-1, s-3, t-1, u-1, z-1. After computing the frequency 

of the alphabet in the patter, it will select the highest 

frequency alphabet (say 'a' in the above example pattern) and 

then select the records, by referring the index of alphabet ‘a’, 

those having the frequency of 'a' greater than or equals to 6. 

The rows with rowIDs B081, B082, B083, B085, B086, 

B088, B090, B092, B093, B096, B097, B099, B100 are 

selected in which string contains the frequency of ‘a’ >= 6. 

At last, search the pattern within the selected rows only and 

will return the row with rowID B099 which contain the 

pattern being searched. Hence, the full table scan is not used. 



International Journal of Innovative Technology and Exploring Engineering (IJITEE) 

ISSN: 2278-3075, Volume-8 Issue-7, May, 2019 

 

1853 

 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  Retrieval Number: G6106058719 /19©BEIESP 

Table 1: Sample Table 

 
 

Table 2: Frequency Count of Each Alphabet 
Row 

ID 

Physical 

Address A B C D E F G H I J K L M N O P Q R S T U V W X Y Z 

B075 005094B0 3 0 4 5 6 0 1 0 3 0 0 0 0 5 2 1 0 4 4 2 2 0 0 0 1 0 

B076 0050FA10 2 0 1 2 2 0 0 0 1 0 0 0 1 0 1 1 0 2 1 2 1 1 0 0 1 0 

B077 0050EC40 5 0 2 4 6 0 1 0 1 0 0 1 0 2 2 0 0 4 3 5 1 1 0 0 1 0 

B078 0050F590 5 0 2 2 5 1 1 0 4 0 0 3 2 3 4 4 0 2 1 4 0 1 1 0 0 0 

B079 0050F7F0 5 0 2 4 6 0 1 0 1 0 0 1 0 2 2 0 0 4 3 5 1 1 0 0 1 0 

B080 0050F330 5 1 3 3 6 2 2 0 5 0 0 2 4 4 3 1 0 1 6 5 2 0 0 1 1 0 

B081 005041A8 7 1 1 2 2 1 0 1 1 0 0 1 0 2 2 1 0 4 5 6 2 0 2 0 0 0 

B082 005083A0 11 1 2 1 3 2 2 0 3 0 0 5 2 1 3 3 0 3 4 5 1 1 0 0 1 0 

B083 00508600 6 2 2 2 8 2 1 0 5 0 0 1 4 5 6 0 0 2 10 6 0 3 0 1 2 0 

B084 00508060 5 0 0 2 4 1 2 0 5 0 0 3 2 4 2 1 1 8 3 2 2 0 0 0 0 0 

B085 00508820 6 0 3 6 8 2 2 5 6 0 1 1 3 2 4 3 0 3 3 7 2 0 2 0 1 1 

B086 0050C530 8 1 0 3 10 0 1 3 3 0 0 3 5 1 2 1 0 1 6 8 0 1 0 0 1 0 

B087 00508030 4 0 2 0 6 1 1 0 2 0 0 4 2 1 3 4 0 3 5 3 1 0 1 1 3 0 

B088 0050BEE0 6 1 1 4 7 1 1 2 5 0 0 1 0 2 4 1 0 2 5 4 2 0 2 0 0 1 

B089 0050F090 5 1 0 3 6 1 0 2 3 0 0 1 0 3 4 2 0 3 3 3 0 1 0 0 1 0 

B090 0050D870 7 1 4 3 6 1 1 1 3 0 0 1 2 7 4 1 0 1 3 4 1 0 0 1 0 0 

B091 0050DA90 4 1 0 3 7 1 0 3 3 0 1 1 0 0 5 4 0 6 5 6 1 1 0 0 1 0 

B092 0050D610 6 1 2 0 8 0 4 1 2 0 0 2 2 4 2 4 0 3 6 0 2 0 0 0 0 0 

B093 0050BC80 9 1 2 2 8 1 3 0 2 0 0 4 1 3 3 1 0 2 3 3 1 0 0 0 1 0 

B094 0050D030 5 1 2 1 6 2 0 2 3 0 0 2 0 3 4 1 0 1 6 7 0 2 1 0 3 0 

B095 0050D3A0 5 1 1 0 3 0 0 2 4 0 0 1 0 2 2 2 0 3 2 3 0 0 1 0 2 0 

B096 0050CD60 8 2 3 2 7 1 0 1 2 0 0 1 2 1 2 3 0 5 4 5 1 0 1 0 2 0 

B097 0050D3A4 8 1 0 1 5 1 1 2 3 0 0 1 1 3 1 0 0 2 3 7 0 0 0 0 0 0 

B098 0051F460 2 0 1 5 10 2 2 3 7 0 0 2 0 8 4 1 0 2 4 4 1 1 0 0 2 0 

B099 0051F464 10 1 3 6 9 1 5 1 8 0 0 6 0 7 3 1 0 0 6 4 4 0 0 0 0 1 

B100 0051F468 6 1 1 4 7 1 1 2 5 0 0 1 0 2 4 1 0 2 5 4 2 0 2 0 0 1 
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B.  Data Structures Used 

B-Tree is used as the data structure for this proposed index. 

The frequency of each character is categorized into 16 

categories i.e. 0 to 14 and more than 14. Hence, two level 

using 4-ways b-tree is used in the proposed technique. The 

structure of the index is represented in the figure 1 for the 

sample data given table 1 and 2 for alphabet ‘a’. 

B-Tree is used in the proposed indexing technique 

because it is widely used by most of the existing techniques 

and it is height balanced tree. The number of the levels can be 

reduced by m-way B-Tree. The leaf nodes of the B-Tree 

points to the data pages which contains the physical address 

of the records belongs to the particular value of the search 

key. These data pages are also points to each other which also 

provide the sequential access of the records based on the 

search key. 

  
Figure 1: Index Structure for the Proposed Indexing Technique 

 

C. Algorithms 

This section presents the algorithms for various operations of 

the proposed indexing technique e.g. creation of index 

(CreateIndex), updation of the index UpdateIndex), and 

searching of the pattern (Search).  
 

Algorithm 1: CreateIndex 
Input: Name of the Table T, Name of the Column C -- 

for which index to be created. 

Output: Index 

1. Declare an array f(1..K, 1..) and initialize 
with 0. 

2. For each Record r in the Table t  

3. loop 

4.   For each character c in   
5.   loop 

6.    Increment f(r, c) 

7.   end loop 

8. end loop 

9. For each character c in  
10. loop 
11. Create B-Tree based on the frequency f(1..K, 

c) as described in section 5.1.2. 

12. end loop 

 

Algorithm 2: UpdateIndex 
Input: Name of the Table T, Name of the Column C -- 

for which index to be updated. 

Output: Updated Index 

1. Declare an array f(1..) and initialize with 0. 
2. For each Updated Record r in the Table t  

3. loop 

4.   For each character c in   
5.   loop 

6.    Increment f(c) 

7.   end loop 

Update the B-Tree based on the frequency f(c) 

for the record r 

8. end loop 

Algorithm 3: Search 
Input: Name of the Table T, Name of the Column C, 

Pattern P -- for which index to be updated. 

Output: Set of Records containing P 

1. Declare an array f(1..) and initialize with 0. 
2. Initialize the output list with null. 

3. For each character c in  in P 
4. loop 

5.   Increment f(c) 

6. end loop 

7. Select the character c with Maximum Frequency mf 

8. Select the B-Tree for character c from the Index 

9. Select the set of records sr with frequency >= mf 

10. For each r in sr 
11. loop 
12.   Search the pattern P in r 

13. if found then include in output list else ignore 

the record 

14. end loop 
15. return the output list 
16. end loop 

 

D. Complexity of the Algorithms 

This section presents the time and space complexity of the 

above mentioned three algorithms viz. CreateIndex, 

UpdateIndex and Search.  

 

Complexity of the Algorithm 1: CreateIndex 

 

The complexity of the algorithm CreateIndex is computed as 

under:  
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Declare an array f(1..K, 1..) and initialize with 
0. 

For each Record r in the Table t  

loop 

For each character c in   
loop 

Increment f(r, c) 

end loop 

end loop 

For each character c in  
loop 

Create B-Tree based on the frequency f(1..K, c) as 

described in section 5.1.2. 

end loop 

Time Complexity 

 

O(K) 

 

O(..O(K) 
times 

O(K.) 
 

 

O() 
 

O(log416.K)  

i.e. O(K) 

---------- 

O(K...2K)  

Space Complexity 

O(K. 
 

 

 

 

 

 

 

 

 

O((N/B). 

log(M/B)(N/B)) 

---------- 

 

 

The statement at step 6, which calculates the frequency of 

each character for all records, will execute K.|| times i.e. the 

time complexity is O(K.||). The statement at step 11, which 

creates the index based on the frequencies calculated by 

creating one B-Tree for each character, will execute log416.K 

i.e. 2K times i.e. the time complexity is O(K). Therefore, the 

total time complexity of this algorithm is O(K.||) + O(K) = 

O(K.||). The space complexity for internal memory is 

O(K.||) and for external memory (i.e. disk) is O((N/B). 

log(M/B)(N/B)). 

 

Complexity of Algorithm 2: UpdateIndex 

The complexity of the algorithm UpdateIndex is computed as 

under: 

 

Declare an array f(1..) and initialize 
with 0. 

For each Updated Record r in the Table t  

loop 

For each character c in   
loop 

Increment f(c) 

end loop 

Update the B-Tree based on the frequency f(c) 

for the record r 

end loop 

Time Complexity 

 

 

O(K/2) or O(K) 

 

O(O(K) times 

O(K. 
 

 

O(log416.K)  

i.e. O(K) 

---------- 

O(K.2K)  

Space Complexity 

O( 
 

 

 

 

 

 

 

O((N/B). 

log(M/B)(N/B)) 

---------- 

 

 

The statement at step 6, which calculates the frequency of 

each character for all updated records whose search key is 

updated, will execute from || to K.|| times that is on 

average K/2.|| i.e. the time complexity is O(K/2.||) and 2 is 

a constant than it can be O(K.||). The statement at step 8, 

which creates the index based on the frequencies calculated 

by creating one B-Tree for each character, will execute 

log416.K i.e. 2K times i.e. the time complexity is O(K). 

Therefore, the total time complexity of this algorithm is 

O(K.||) + O(K) = O(K.||). The space complexity for 

internal memory is O(K.||) and for external memory (i.e. 

disk) is O((N/B). log(M/B)(N/B)). 

Complexity of Algorithm 3: Search 

 

The complexity of the algorithm UpdateIndex is computed as 

under:  
 

Declare an array f(1..) and initialize with 0. 
Initialize the output list with null. 

For each character c in  in P 
loop 

Increment f(c) 

end loop 

Select the character c with Maximum Frequency mf 

Select the B-Tree for character c from the Index 

Select the set of records sr with frequency >= mf 

For each r in sr 

loop 

Search the pattern P in r 

if found then include in output list else ignore the 

record 

end loop 

return the output list 

end loop 

Time 

Complexity 

 

 

 

O(|P|) 

 

 

O(|P|) 

O(logBN) 

O(K) 

 

 

 

 

 

 

O(K) 

---------- 

O(|P|)K)  

Space Complexity 

O( 
 

O(K) 

 

 

 

 

 

 

 

 

 

 

 

 

O(K) 

--------- 

O(K) 
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The statement at step 5, which calculates the frequency of 

each character of the pattern to be seached for, will execute 

|P| times i.e. the time complexity is O(|P|). The statement at 

step 12, which searches the pattern in the selected records of 

the step 9, will execute less than or equals to K times i.e. the 

time complexity is O(K). Therefore, the total time 

complexity of this algorithm is O(|P|) + O(K) = O(K.|P|). 

Asymptotically the time complexity is O(K) but actually the 

time complexity is less than O(K). The space complexity is 

O(K). 

V. CONCLUSION AND FUTURE WORK 

A number of indexing techniques viz. bitmap index [25] 

suffix array, suffix tree [24], patricia tree [20] , pat tree [21, 

22], suffix binary search tree [23] and string b-tree based 

indexes, etc. are presented in the literature for pattern 

matching. However, a few indexing techniques are suitable 

for the database queries based on pattern matching. As a 

result, in order to answer the pattern matching based queries 

such as queries based on the LIKE ‘%...%’, DBMSs perform 

full table scan (i.e. linear search) [26]. 

In order to avoid the full table scan for the pattern 

matching based queries, a frequency based pattern matching 

indexing technique is proposed in this paper. The proposed 

algorithm is implemented in Visual ++ using in-built B-Tree 

Package. The algorithm was executed on the set of 26 

hypothetic strings mentioned in Table 1. The empirical 

results and the B-Tree represented in Figure 1 shows that the 

proposed indexing technique is better for the queries based 

on the comparison based on LIKE ‘%...%’ operator because 

of not using the full table scan to answer the queries based on 

pattern matching. Although the asymptotically, the 

complexity of the algorithm signifies the full table scan but 

practical it reduces the number of records comparisons. On 

the negative side, the cost of updation of this index is high 

therefore, it is most suitable for the text mining and other 

related applications where the updatation of the search key is 

minimum. 

Further, the proposed technique can be improved to 

reduce the space requirement and the cost of updation by 

optimizing the methods. 
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