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 Digital biology dictionaries are very important to develop because they 
can help biology students, laboratory assistants, and general users in 
searching for biology terms. In the biology dictionary, there are 
biological terms in Latin, which sometimes users mistype in the query 
on the term search form. Therefore, it is important to implement the 
Levenshtein distance algorithm to provide query suggestion 
information to users. This study aims to implement the Levenshtein 
distance algorithm in the digital biology dictionary search function. 
The research stages, namely the development of a search module on 
the digital biology dictionary, implementation of the Levenshtein 
Distance algorithm, query suggestion validation. The Levenshtein 
distance algorithm has been successfully implemented in the digital 
biology dictionary by providing query suggestion output for typing 
errors. Meanwhile, based on the test results, the system can evaluate 
words with the query suggestion function with an accuracy value of 
90%. 
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1. INTRODUCTION 

Biology dictionaries are needed by students, laboratory assistants, or researchers who want to know 
the descriptions and terms of biology. However, the physical biology dictionary is thick enough to make it 
impractical to search. Therefore, it is important to build a digital biology dictionary. In the digital dictionary, 
there is an important function that must be developed, namely the search function. The search function is 
critical because this function is the main function in a digital dictionary where users will start searching for 
terms by utilizing the search function [1],[2],[3]. The number of biological terms and using Latin causes users 
to sometimes make mistakes in typing biological terms in the search function. This makes the system not find 
search results that match the query entered by the user. Users will be disappointed. Therefore, it is important 
to build a query suggestion feature to assist users in informing query suggestions. Query suggestion is a feature 
to provide information in the form of query suggestions to the user when the user makes a typo in the search 
form [4],[5],[6],[7]. This feature can improve the quality of system attributes or usability, especially in the 
search form [1],[8],[9],[10],[11]. This feature can be a solution for users who mistype a query on the digital 
biology dictionary search form. Levenshtein distance algorithm is an algorithm to find the distance between 
the words entered by the user and the words contained in the database. The algorithm will calculate the number 
of differences between the two strings in the form of a matrix [12],[13],[14]. Calculations are represented in 
the form of a matrix or table of Levenshtein distance calculations where the results will be seen in the lower 
right corner [j][k][l]. The final result of the Levenshtein distance algorithm shows the number of operations to 
be performed. The operations contained in the Levenshtein distance algorithm are substitution operations, 
deletion operations, and addition operations [15],[16],[17]. Sadiah et al. (2019) has succeeded in building a 
query suggestion feature in drug e-dictionary [10]. This study aims to implement the Levenshtein distance 
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algorithm in the digital biology dictionary search function. This research is expected to make it easier for users 
to find descriptions of biological terms in a digital biology dictionary. 
 
2. RESEARCH METHOD  
  The method or stages of this research consist of building a search module on a digital biology dictionary, 
implementing the Levenshtein Distance algorithm, and validating query suggestions. 

1. Development of the Search Module on the Digital Biology Dictionary 
The development of a digital biology dictionary search function uses the SDLC (System Development 
Life Cycle) method. SDLC stages, namely analysis, design, implementation, and testing [18],[19]. At 
the analysis stage, the system functionality requirements are collected and the system analysis to be 
developed is identified [20][21]. The data entered into the system are 505 terms. The inputted term data 
is sourced from the physical biology dictionary [22]. 
Then do the search form design. After that, the implementation phase was carried out using the PHP-
MYSQLi programming language and testing [23][24][25]. 

2. Implementation of the Levenshtein Distance Algorithm 
At this stage, the implementation of the Levenshtein distance algorithm is carried out using the PHP 
programming language. The pseudocode in Figure 1 is converted to the PHP programming language. 
Then the algorithm is retrieved on the search module 
 

 
Figure 1. Pseudocode Algorithm of Levenshtein Distance [10] 

 
3. Validate Query Suggestion 

The search function that has been implemented and the query suggestion feature created on the search 
form is then tested for validation. The validation test is done by using a Test scenario. Test scenarios 
can be seen in Table 1. 

 
Table 1 Scenario of Search Form Validation Test 

No Test Scenarios Query Suggestion Validation 

1 
User input Query on the search form by writing the correct 
biological terms 

  

2 User input Query where the input is incorrect, i.e. missing letters   
3 User input Query where the input is incorrect, i.e. excess letters   
4 User input Query where the input is wrong, i.e. wrong letter   
5 User input Query where the entered query is not in the database   

 

3. RESULTS AND DISCUSSION 

In the first stage, an analysis of the system to be developed is carried out. At this stage, the specific 
system flow in the search function is identified. The analysis of the system to be developed can be seen in 
Figure 2. The design of the search system that has implemented the Levenshtein distance algorithm is presented 
in Figure 3. 
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Figure 2. Analysis of the system to be developed 

 
Figure 2 can be described as follows: 

a. Users access the digital biology dictionary application 
b. Users search for biological terms on the search form 
c. If the user input query is empty, the system will display a notification "not yet entered the search term" 
d. If the user inputs a query for biological terms contained in the database, the system will display the 

search results. 
e. If the user inputs a biological term query but it is not available in the database, the system will check 

with the Levenshtein distance algorithm and display a query suggestion along with the results. 
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Figure 3. The design of the search function implemented by the Levenshtein distance algorithm 
  

Figure 3 is a search function design implemented by the Levenshtein distance algorithm which can be 
described as follows: 

a. The user enters a word in the search form, then the word entered by the user becomes data 
preprocessing. 

b. Preprocessing data is data that is processed using the Levenshtein distance algorithm. 
c. Where the number of words = j and the initialization value of n = 1 
d. If n<= j then the system will match the nth word with the Levenshtein distance algorithm 
e. The process is checked simultaneously, namely, the words that are attached, the algorithm 

Levenshtein distance <= 1 if the displayed word is the same. Otherwise n=n+1 and return to the word 
search position. 

f. As for the Levenshtein distance algorithm > 1, the system will immediately return to match words. 
 
After designing the system flow on the search function, the next step is to build a digital biology 

dictionary search function. At this stage, the pseudocode is implemented into the PHP programming language 
to create the query suggestion feature on the search form. The user main page can be seen in Figure 4. 
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Figure 4. User main page 

 
On the user main page, there is a search form. The search form is used for the facility to search for 

biological terms. The search form that has been implemented by the Levenshtein distance algorithm can be 
seen in Figure 5. 
 

 
Figure 5. Query Suggestion Feature on the Search Form 

 
In Figure 5 there is already a query suggestion feature on the search form. The user mistyped the query 

on the search form where it should be "Sel" but the user typed "cel". However, the system managed to provide 
a Query Suggestion with the sentence "Do you mean: sel ?". The computational process of the Levenshtein 
distance algorithm for the case of "cel" to "sel" can be seen in Figure 6. 

 
Based on the Levenshtein Distance Algorithm Pseudocode in Figure 1, the computational process for 

the Levenshtein distance algorithm computation for the case of "cel" to "sel" is as follows: 
 
m = User inputted word = CEL 
n = Words in the database = SEL 

d [0,0] = 0 

Initialize the first row and first column: 0,1,2,. . . m   0,1,2,...n 

 
a. Check each character by character comparison 
b. If the characters are the same then cost = 0 
c. If the characters are different then cost = 1 
d. Check the minimum value 
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d[i,j] 
On = d[i,j]+1 
Side = d[i,j]+1 
Diagonal  = d[i,j]+ cost 

    
e. Compare C with S if different then cost = 1 

 

Check All Values d [i,j] 

On = 1 

Minimum diagonal Diagonal = 0 

Side = 1 

 
f. d [i,j] = d [i,j] + cos  

          = 0 + 1 = 1 

 

 
Figure 6. Computing the Levenshtein distance algorithm for the case of "cel" to "sel" 

 
In Figure 6, it is known that the computational result of the Levenshtein distance algorithm in the 

lower right corner is 1. The result value of 1 is obtained from the minimum diagonal value with a cost value = 
0. This shows that the operation to be performed is substitution by performing 1 letter substitution operation. 
Character substitution operation is an operation to swap a character with another character. In this case, the 
user inputs the query string "cel" in the search form, then the system will recommend the word to be "sel". In 
this case, the character "c" is replaced with the letter "s". 

The search function that has been implemented by the Levenshtein distance algorithm is evaluated by 
the search form function based on the test scenario in Table 1. 

 
Table 2. Validation Test Results of The Query Suggestion Feature 

No Test Scenario Query Suggestion Validation 

1 

User input Query on the search form by writing the correct 
biological terms 
 
Input: sel 

- 
Output: sel term and 

description of sel term 
Valid 

2 

User input Query where the input is incorrect, i.e. missing 
letters 
 
Input: Ace 

Query Suggestion 
with the operation of adding 

letters 
 

Did you mean "Acerang"? 

Output: Acerang term 
and description of 

acerang term 
Valid 

3 

User input Query where the input is incorrect, i.e. excess 
letters 
 
Input: abasiaa 

Query Suggestion 
with letter deletion operation 

 
Did you mean "Abasia"? 

Output: abasia term 
and description of 

abasia term 
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No Test Scenario Query Suggestion Validation 

4 

User input Query where the input is wrong, i.e. wrong 
letter 
 
Input: asacia 

Query Suggestion 
with character substitution 

operation 
 

Did you mean "acacia"? 

Output: acacia term 
and description of 

acacia term 
 

Valid 

5 

User input Query where the entered query is not in the 
database 
 
Input: before 

Query suggestions 
Take the closest word and the 

minimum number of 
operations 

 
Did you mean "biforate"? 

Output: biforate term 
and description of the 

biforate term 
 

Valid 

 
Based on the results of the evaluation of Tables 2 and 3, it is stated that the system can accept spelling 

errors of three operations at once even more on search input and generate query suggestions based on the 
correct proximity of letters contained in the database. In addition to the three operations tested, also tested for 
words that are not in the database. Based on the test results, the system has not been able to display the 
notification "the word is not in the dictionary", but the system displays the word closest to the spelling in the 
database or the most minimal operation. Evaluation of accuracy results is an evaluation of the accuracy of the 
Query Suggestion feature in the application of a biology dictionary. Based on the test results of 100 data from 
the three operations of the Levenshtein distance algorithm, an accuracy value of 90% is obtained. There are 
test data whose results do not match the test scenario, namely 10 data from 100 test data. 

 
4. CONCLUSION  

The system in the digital biology dictionary that has implemented the Levenshtein distance algorithm 
produces a query suggestion feature. The system can accept spelling errors of three operations at once or even 
more on search input and generate query suggestions based on the correct proximity of letters contained in the 
database. Meanwhile, based on the test results, the system can evaluate words with the query suggestion 
function with an accuracy value of 90%. Implementation of the Levenshtein distance algorithm on the search 
form can help users find the term and description of the biology they are looking for 
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