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Abstract : In the recent scenario, the increase in the user base of the internet has been observed at much higher levels.
Because of which the use of the Hindi language for operating purposes has also got enhanced. But still, the internet
operating mechanism is very much dominated by the English language. Thus it is required to enhance and implement
better mechanisms in the Hindi Language so that the user experience of the Hindi Language users may be enhanced
by multiple folds. For that, the crucial problemof string searching is taken into account in this research. Here we have
proposed a novel substring searchingalgorithm in this experiment where we have tried to reduce the no. of comparison done
to find a pattern in a string, especially for the Hindi Language.
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INTRODUCTION

A string is made up of numerous alphabets that have been concatenated together. These alphabets have a distinct number
for each language. The process of finding the occurrence of a shorter string called Pattern in a much larger string
called Text is said tobe Substring Pattern Matching, which is used to solve a variety of real-time issues in computer
science, including spam filtering, intrusion detection, DNA sequencing, and many more. Furthermore, Substring Pattern
Matching assists in time-saving activities across a wide range of industries.

The Algorithms for Substring Pattern matching may be divided into two categories. Exact String Matching, where
exact pattern matching is necessary, such as Robin Karp, Boyer Moore, and KMP Algorithms, and Approximate String
Matching,where fuzzy matching, i.e. approximate matching, is also permitted, such as Hamming Algorithms. Leven
shtein edit distance and edit distance.

There are many algorithms available for the English language. According to a Google-KPMG analysis, by 2021, an
estimated 536 million Indians would utilize regional languages while online, aided by improving device affordability
and data rates, as well as the availability of more local content.

According to the research, by 2021, Hindi Internet users (201 million) would outhumber English Internetusers (199
million). By the same period, India is predicted to have 735 million Internet users, up from 409 million in 2016.

Thus there is a requirement for developmentof algorithms that can work efficiently over Hindi Language .

1. RELATEDWORK

With the rise in the No. of Hindi Users over the internet the requirement of better representation of Hindi Language
over Computer system has increaseda lot.Representation of Hindi Language dates back in 1990’s where different
attempts were made by developing compiler and text editor for Hindi Language [1].

Moreover In [2] Sahu and Joshi have taken the work further and done the statistical analysis of Hindi Language for
creating a Hindi Dictionary.

Joshi and Kushwah [3] gave an error detection method specifically for Hindi Language when it is represented in a
computer.

In [4] Natural Language processing over Hindi Language is applied for enhancing its usage in computer systems.
From OCR, character recognition algorithms for Hindi have been described by Kushwah and Joshi [5].

In further work they have applied the NLP and Text recognition methods for detecting Hindi Language Poems for text
script.[6].
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More generalized work by Wissink [7] has demonstrated the use of unicode for representing Indic language which is
essential for Globalized Software Requirement.

A.Rathod et al [8] have described about the difficulties in typing Indian Languages and the resolution methods for
Computer Representation of Indian Languages taking telugu as the use case

In [9] A.Joshi et al have designed a new layout of Keyboard for typing using the Indic alphabet structure.

Dongre and Mankar [10] have described the database of handwritten numerals and characters of Devanagari Script
and its usage in Hindi handwriting recognition in their Article.

A time efficient model for Substring searching by taking various prefinded algorithms and brute force methods in
consideration is described by Lumburovska [11].

From the related work observed in this section it is clear that a huge amount of work has been done for representing
Hindi Language inComputers. Now performance enhancement is the crucial issue which is taken into account for this
experiment.

2. EXPERIMENTAL SETUP

In this experiment as elaborated in the unicode official document, there are 128 different characters encoded in unicode
for hindi language which contains hindi characters and hindi numerals too. Devanagari ranges from 0900 to 097F in
hexadecimal coding.

The Proposed BSBJ-Algorithm consists of two parts. The working of first part is presented in Figure-1 ,It preprocesses
the string to make the master index list where the indices of each character are stored. And the functioning of second part
is depicted in Figure 2,for the pattern searching. The algorithms are explained below :

Preprocessing

1.

N

S

Start by taking the string in which the pattern is to be found in.

Initialize 128 different data variables may bearray or list depending on the choice of implementational language, one
for each Hindi character encoded in unicode.

Then one by one take the characters in the string and identify the unicode value of the character.

Now on the basis of the unicode enter the index value of the character in the specific variable defined in step 1
Repeat the process observed in step 3 and step 4 for all the characters in the string

Now we have a master index list storing the occurrence of each character in the string

Initialize different variable to
storeindices

Sequentialy select the
characters from the string

Find the Unicode of the
Character

Append its index value in Index
List on the basis of Unicode

Figure 1 : Preprocessing Proposed Algorithm

Pattern Searching Algorithm
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Take the pattern, the string, and the MasterIndex List

Initialize a count variable to store thenumber of Comparisons

Firstly calculate the length of the pattern andstore it in a variable.

Then take the first character of the pattern, find its unicode and on the basis of the unicode. Identify which data

variable stores its occurrence in the string. Also increase thecount variable.

5. Take the variable where all the occurrences of the first character of the pattern are there as the index in the
string.

6. Now one by one starting from the first indexvalue to the last index value stored in the variable specified in step

4, repeat the below

oD
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given steps.

7. Starting from the index value to the pattern length, cut the sub string from the Main string and store it in a
temporary variable.

8. Now match substring identified in step 6 with pattern. And the count variable is also increased. If a perfect
match is found, print the index and the no. of comparison else shift to the next index value.

Take first Character of patternand
findit's Unicode

Onthe basis of Unicode the character
isfoundfrom Index List

Cutthe substringfrom the main string
of length equalto patternlength
startingfromthe index list value

Match substring and pattern

Figure 2 : Proposed pattern searching algorithm

In the next section we present the proposed BSBJ algorithmand observation from the execution of algorithm in Table 1.

BSBJ Algorithm

Initialisation Steps:

Let <S>be the source string of length|S|

Let <P> be the Pattern string of length|P|

Items in source string are indexed by i.

Items in pattern string are indexed by j.

K[M][N] is a 2D array which acts as theMaster Table .

2K 2R

Preprocessing Steps:

- Stepl:Start fromito i=s-1

=> Step 2:Take SJ[i] and calculate its unicodevalue.

= Step 3: According to the unicode value append i in the Master Table where M =unicode character,
N=index of i.

-> Step 4: Stop

Pattern Matching Steps :

= Step 1:Take j= 0 for calculating unicode ofP[j]

= Step 2: Select the row from the Master Tableon the basis of the unicode of P[j].
= Step 3: Let r be the no. of element in row, Nis used for index start N=0 to N=r-1.
= Step 4: K[M][N] where M= unicode valueand N= 0 so K[unicode][0]
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Starting from S[N] to S[N+|P|] Where, X be the intermediate pattern If x==p
Then Pattern found at nelse N++ Repeat step 4,
-> Step 5: Stop

In this experiment, we have considered a dataset of 49,000 Hindi words. Firstly we have made a random string by
randomly concatenating the wordsfrom the dataset. Then sequentially the words from the dataset are tested for the
occurrence in the createdstring by using the proposed algorithm from the methodology. For sample, we have presented
a table

1 where the pattern, its found index and no. of comparison to find it are stated. A plot of index in thestring (Blue Line)
and No. of Comparisons for finding the pattern in the string (Red Line) is presented in Figure 3. The key observation
for table 1land figure 3 is that there exist no relation in index and No. of Comparison making this algorithm better
than conventional algorithms.

Table 1 : Execution outcome as Sample Results

S.No. Pattern Index in thestring No. of Comparison
1 BHARAT 49 10
2 3T dH 1883 270
3 3 d 8719 1176
4 PRIER 75369 5078
5 b, Y 78900 5685
6 gguy 202729 7548
7 SaAt 216001 1882
8 g 38549 787
9 a1 21301 345
10 3o 132697 1398
Index and No. of Comparison
w= [Index == No.of Comparison
250000
200000
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Table 2 : Performance Value of Various Algorithms

Section A-Research Paper

Figure 3: Graph for Index and No. of Comparison inobserved pattern

Parameters Proposed Algorithm
Minimum Comparison 2(31% 3
Maximum Comparison 19909 (ﬁ%’lﬁ)
Average Comparison 4097.317

Standard Deviation 3576.936
Coefficient of Variation 0.872

4. CONCLUSION

From the experiment conducted and the observed results, it can be concluded that our algorithm has reduced the number.
There is the least number of comparisons required to match a pattern in the string. But the solution of a process involves
a process. Also, since our data is stored in Unicode UTF-8 format, the memory space required to store ourdatabase
is very less.
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