Vol. 10 No. 2 September 2022

.38“ PIKSEL

- Penelitian Ilmu Komputer
\—>\ >\—> Sistem Embedded and Logic

Penelitian Ilmu Komputer, Sistem Embedded and Logic
p-ISSN: 2303-3304, e-ISSN: 2620-3553

Vol. 10 (2): 143 — 156 (September 2022)
https://doi.org/10.33558/piksel.v10i2.5606

Web-Based Mail Search Using the Levenshtein Distance

Algorithm

Mayora Lolly Ishimora !, Herlawati 1", Sri Rejeki !

* Corespondence Author: e-mail: herlawati@dsn.ubharajaya.ac.id

! Informatics; Universitas Bhayangkara Jakarta Raya; JI.
Raya Perjuangan No. 81 Margamulya, Bekasi utara,
Bekasi; Telp. (021) 88955882; e-mail:

mayora.lolly@gmail.com, herlawati@dsn.ubharajaya.ac.id
sri.rejeki@dsn.ubharajaya.ac.id

Abstract

The use of information technology in filing letters has been
widely applied, especially in government institutions. In the
Administrative Affairs of the Police Information Technology

Bureau, the archiving of incoming and outgoing letters is
still done manually, by utilizing records in a large agenda
book and stored in a large folder. The absence of a
system capable of assisting mail processing causes work
to be inefficient, especially in terms of searching for
letters. The purpose of this research is to produce a
website that can help search letters by applying the
Levenshtein Distance Algorithm. The design begins with
needs analysis, design, implementation, verification
(system testing), operation and maintenance. A website
that can search letters by applying the Levenshtein
Distance Algorithm was generated. This website is very
helpful in the process of searching for letters to the
Administrative Affairs of the Police Information Technology
Bureau.
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1. Introduction

The use of technology in one of the law enforcement agencies in Indonesia,
Indonesian National Police department (Polri) contributes to solving various
problems that exist within the scope of the Police itself, e.g., in the implementation of
filing letters. The letter, which is said to be an official document in the National
Police, also plays an important role as a form of delivering important written
instructions, orders, and directions (Peraturan Kapolri No 7, 2017).

One of the divisions in the National Police Headquarters is the Information
and Communication Technology Division, called Div ICT Polri. It is one of the work
units that has the duties and functions to carry out management, guidance, and
development, as well as supervision of the Technology, Information and
Communication (ICT) within the Police. The ICT Division of the Police consists of
bureaus that have a role to support the duties of the Head of the ICT Division of the

Police, namely the Communication Technology Bureau (Rotekkom) and the
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Information Technology Bureau (Rotekinfo). In each bureau, there are administrative
affairs that have a role to regulate, run, and distribute the flow of incoming and
outgoing mail (Peraturan Kapolri No 21, 2010).

Administrative affairs, hereinafter abbreviated as Urtu, is an implementing unit
related to incoming and outgoing letters at a work unit at the National Police
Headquarters (Peraturan Kapolri Nomor 17, 2007). Receiving and storing letters at
the Urtu Rotekinfo Div ICT Polri is done manually in its implementation. Writing
agendas for incoming and outgoing letters is still using the ledger. The use of ledgers
as a form of recording incoming and outgoing letters causes inefficiency of members
in carrying out their work, especially in terms of searching for letters. The search for
incoming mail that still must open the ledger, as well as the search for outgoing mail
archives which still require opening a large folder to get to the physical file, causes
members to have difficulty in their work.

To help members in searching for incoming and outgoing mail archives, the
application of the Levenshtein Distance Algorithm is expected to be able to provide
time efficiency for members in searching for letters. The Levenshtein Distance
algorithm is an algorithm that works by measuring the distance between the number
of string differences between two (2) strings. The smaller the distance between two
(2) strings, the higher the level of similarity that will be obtained (Gilleland & Park
Software, 2006).

In previous studies, the Levenshtein Distance Algorithm which was applied to
perform data searches could be carried out and succeeded in finding the desired
data. Researchers built a website-based information system about managing mail
archives in Seberang Ulu Il District and can prove that the Levenshtein Distance
Algorithm can be applied to the data search process based on the number of string
differences between two (2) strings (Vidyarsih dkk., 2016).

Another study conducted by (Sadiah dkk., 2019) focused on the use of the
Levenshtein Distance Algorithm in e-dictionary medicines by applying query
suggestion. The application of this algorithm is intended to obtain information about
drugs based on a search from a string in the database. In this study, the Levenshtein
Distance Algorithm and its operation function was to add, subtract, and substitute a
character string, where the results will be displayed in the form of a query
suggestion, e.g., "Do you mean: paraco ?". The results of the application prove the

accuracy rate up to 90% with 90% precision and 90% recall. It can be concluded
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from this study that the application of the Levenshtein Distance Algorithm to search
for drugs in the e-Dictionary application by applying query suggestion can be done
with a high level of accuracy.

The next previous study discussed search optimization on the information
system dashboard owned by STIKOM Bali by applying the Levenshtein Distance
Algorithm. This research was conducted to be able to search the data in the
database owned by STIKOM Bali by entering the wrong data. therefore, a
suggestion string will appear on the dashboard display to be seen by the user,
whether it is as desired or not. The results of this study indicate that the use of the
Levenshtein Distance Algorithm is proven to increase word search with accuracy up
to 66% of the 100 words tested, where when the dashboard does not apply this
algorithm it only has an accuracy rate of 9% in word search (Sumiari dkk., 2019).

Based on the previous studies, to help users in searching for letters at the
Urtu Rotekinfo Div ICT Polri, it is necessary to create a mail archiving system by
applying the Levenshtein Distance Algorithm as a form of search implementation.

2. Data and Methods

This subsection will discuss the Levenshtein Distance Algorithm and data
collection.
2.1.Research Framework

In this research framework, it will describe the sequence of research so that
the results of the research are in accordance with the objectives intended in the
previous introduction. This research framework is expected to provide an overview of
website-based system design in searching for letters using the Levenshtein Distance
Algorithm. The research framework can be seen in Figure 1.
2.2.Data Collection

In this study, several data collection methods were carried out, including
observations on the object of research, namely Administrative Affairs of the
Information Technology Bureau at the Information Technology and Communications
Division of the Police, interviews with relevant sources in order to obtain accurate
data and in accordance with reality, as well as conducting a literature study with
conduct a search and review of literature on books, journals, and articles that

support research and are related to the theme raised.
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PROBLEMS

1. There is no system that is able to help archive incoming and outgoing
letters

2. There is no digital archive to facilitate archiving

3. Itis difficult to find archived letters, both incoming and outgoing letters

A
DATA COLLECTION

The author carried out several methods of data collection, those are direct
observation of the object of research, interviews with members in the
administrative affairs section, and literature study

v

SYSTEM DEVELOPMENT

Applications are built using the Waterfall Method

Conducting Needs Analysis (conducting interviews and discussions, as
well as observations)

Designing the system to be designed (UML application)

Implement a system that has been designed using a programming
language and the application of the Levenshtein Distance Algorithm to
search letters

Carry out system testing that has been implemented

Perform system operations on the object of research and system
maintenance

v

RESULT

Letter Search Website Using the Levenshtein Distance Algorithm for
Police Technology Administration Affairs

Source: Research Result

Figure 1. Research Framework

2.3.Levenshtein Distance Algorithm

The Levenshtein Distance algorithm was first coined by a scientist from
Russia named Vladimir Levenshtein in 1965. The Levenshtein Distance algorithm
can also be referred to as edit distance or edit distance is a matrix used to calculate
the minimum distance difference between two strings (Gilleland & Park Software,
2006).

The distance calculation applied in this algorithm determines the minimum
number of change operations between two strings capable of converting the first
string into the second string. Mathematically, the Levenshtein distance between

these two strings a, b has the following equation (Qibti Da’iyah, 2019):
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if min(i,j) = 0

max (i, j)
levg,(i- 1,) + 1
Levay(i,j) = min{ leva,(ij- 1) + 1
leva,b(i— 1,j— 1) + 1(ai¢bj)

@)

Where:
a = string (1)
b = string (2)

i = index of character position (1)
| = index of character position (2)

The operations in the Levenshtein Distance Algorithm include operations for
adding characters (insertion), deleting characters (deletion), and swapping
characters (substitution). The use of this algorithm starts from the upper left corner of
the array, a two-dimensional string filled with characters from the first string and the
second string which is the target string and will be assigned a cost value. The cost
value in this algorithm is the number of operations performed by the algorithm that
shows the Levenshtein distance and is in the lower right corner. If a character and
the number of characters in the initial string are equal to the target string, then no
operation will be performed on the string or it can be said to be "0" (Theodosius
Nainggolan, 2020).

The results of the Levenshtein Distance Algorithm calculation will then be
calculated into a similarity calculation, to get the percentage of similarity of search
words to words stored in the database. Equation 2 shows the similarity formula
(Fajar Dewantara, 2013):

) X 100%

— levenshteinDistance(s1,s2)
ey = max(s1],Is2])

2)
Were,

sl = word input by the user

s2 = word stored in the database

3. Results and Analysis
Based on the problems, it is necessary to build a system that is expected to
be able to help staff members of the Urtu Rotekinfo ICT Polri in managing incoming
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and outgoing letters, as well as being able to streamline the search time for mail
archives based on search words in terms of letters using the Levenshtein Distance
Algorithm.
3.1. System Design

The following is the design of the Activity Diagram of the incoming mail
management system in Figure 2, outgoing mail in Figure 3, and the search for letters

based on existing words in the subject of the letter in Figure 4.

URTU ADMIN SYSTEM

Display Homepage

Click the Letters Menu
Choose Incoming Mail

Manage Incoming Mail |«
CQ

T

il

y
Save Valid?

Incoming Mail Page

—

i

Yes

.

Figure 2. Activity Diagram of Manage Incoming Mail

Source: Research Result

The explanation of the Activity Diagram for Incoming Mail Management in
Figure 2 is as follows: (1) Admin logs into the system; (2) The system displays the
homepage display; (3) Admin selects the mail menu; (4) Admin selects the incoming
mail section; (5) Admin manages incoming mail data (create, read, update, delete);
(6) The system validates the entry of incoming mail, if appropriate, the data will be
stored in the database, otherwise it will return to display the data entry page if the
data does not comply with the provisions; (7) The system has successfully saved

incoming mail data.
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URTU ADMIN

SISTEM

Display Homepage

|

Click the Letters menu

[Choose Outgoing Mail]—

~—>[ Outgoing Mail Page ]

Manage Outgoing Mail |<—

(o) (o)

Figure 3. Activity Diagram of Manage Outgoing Mail
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The explanation of the Activity Diagram for Managing Outgoing Mail in Figure

3 is as follows: (1) Admin logs into the system; (2) The system displays the

homepage display; (3) Admin selects the mail menu; (4) Admin selects the outgoing

mail section; (5) Admin manages outgoing mail data (create, read, update, delete);

(6) The system validates the entry of outgoing mail, if appropriate, the data will be

stored in the database, otherwise it will return to display the data entry page if the

data does not comply with the provisions; (7) The system has successfully saved

outgoing mail data.

Source: Research Result

URTU ADMIN SYS

TEM KAURTU

?

l

l

[

Click the Search Letter

Menu

Page

)

Display Search Letter J(_ Click the Search Letter
lenu

!

v

Entered the search word

Search the entered word

based on the using the Levenshtein based on the
regarding letter Distance Algorithm regarding letter

Entered the search word

Display Search
Result

Figure 4. Activity Diagram of Searching for Letters
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The explanation of the Letter Dancing Activity Diagram in Figure 4 is as
follows: (1) Urtu and Kaurtu admins log into the system; (2) The system displays the
homepage display; (3) Urtu and Kaurtu admins select the mail search menu; (4) The
system displays the mail search page display; (5) Urtu and Kaurtu admins enter
search terms based on the subject of the letter; (6) The system searches for letters
using the Levenshtein Distance Algorithm; (7) The system displays the mail search
results.

3.2. Appliaction of the Levenshtein Distance Algorithm

In this study, the Levenshtein Distance Algorithm is used to calculate the
minimum edit distance between the string entered in the letter search column and
the subject of the letter stored in the database.

a. Distance Calculation
In this section, the distance calculation uses the formula described earlier. An
example of a case that can be applied is to calculate the distance between the
strings "HOSTING" and "HOSTIN". Application of calculations using a matrix

table.
Table 1. Matrix Operation Table “HOSTIN

H o) s T | N G
0 1 2 3 4 5 6 7
H 1 0
o) 2
s 3
T 4
| 5
N 6

Source: Research Result

The calculation starts from the top left corner of the matrix, i.e. d(1,1), where
d(0,1) has the character string 'H' which has the same value as the character
string in d(1,0), so nothing changes , then the value is 0. At d(1,2), it can be
calculated by determining the minimum value of the 3 operations performed,
namely by the formula d(1,2) = min(d(0,1)+1, d(0, 2)+1, d(1,1)+1). The results of
the calculation of at least 3 operations are 1. The calculation is carried out so on
until the table in d(6.7) finds the results of the Levenshtein distance which will be
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calculated into the similarity formula. The results of the calculation of the

Levenshtein distance can be seen in table 2.
Table 2. Matrix Operation Table “HOSTIN

H 0 s T | N G

0 1 2 3 4 5 6 7

H 1 0 1 2 3 4 5 6
0 2 1 0 1 2 3 4 5
S 3 2 1 0 1 2 3 4
T 4 3 2 1 0 1 2 3
| 5 4 3 2 1 0 1 2
N 6 5 4 3 2 1 0 1

Source: Research Result

b. Similarity Calculation

After calculating the Levenshtein distance, the distance results will be entered

into the similarity formula. The use of the similarity formula in this study serves to

obtain search results for words that have similarities with words in the subject of

letters stored in the database.

The following is the result of calculating similarity based on the Levenshtein

distance obtained based on the example case above:

1
similarity = (1 — 7) x 100%
6
similarity = (7) x 100%
similarity = 85,71%

The following are the results of a similar calculation on 30 words that were

searched on the system that had been built:

Table 3. Similarity Calculation

No. Source Word Target Word Word Length Distance Similarity
1. Permohonan Permohonan 10 0 100%
2. Permohonan Permohonan 10 1 90%

3. Pemasukan Pemasukan 2 88,89%
4, Pemasukan Pemasukan 2 77,78%
5. Laporan Laporan 7 2 71,43%
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No. Source Word Target Word Word Length Distance Similarity

6. Laporan Laporan 7 3 57,14%

59. Personell Personel 9 1 88,89%

60. Personel Personel 8 2 75%
Average Value of the Similarity 70%

Source: Research Result

Based on the table of similarity calculation results above for 60 source words
entered in the search column with different conditions for each word with a
Levenshtein distance between O to 5, it can be obtained an average similarity
value of 70%. The calculation of the similarity value is closely related to the
maximum word length between the words entered and the words being searched
for. While the resulting Levenshtein distance value is not affected by the length of
the word entered but is related to how many operations in the algorithm are
used, namely the addition, subtraction, and exchange or substitution operations
that are applied to the entered word. The smaller the resulting levenshtein
distance, the more similar the word in terms of the letter will be displayed.

The following are the results of the search for search terms from the subject of

letters stored in the database.
Table 4. Search Word Rediscovery Result

No. Search Word Input Word Found Not Found
1. Permohonan Permohonan

2. Pemasukan Pemasukan

3. Laporan Laporan

4. Surat Surat

5. Penyampaian Penyampaian

6. Protokoler Protokolerrr

60. Surat Kehilangan Surat Kehilangan

Source: Research Result

From the table of recoveries of 60 search words entered into the search column,
there were 3 search words that were not found according to the words you
wanted to find. This is because the value of similarity is small and related to the
operations applied in the Levenshtein Distance Algorithm which can change the
equivalent words in the database according to those entered in the search field.
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c. Interpreation and Result
Based on the calculation of the similarity results in table 3 above, letters that have
the highest level of similarity will appear from the highest to the lowest, according
to the words entered in the letter search section.
3.3. System Implementation
After doing the modeling process, then the system design that has been made
will be implemented by coding the program. The following is the interface of the mail
search website using the Levenshtein Distance Algorithm based on the words
contained in the subject of the letter.
a. Incoming Mail Page View
Figure 5 is a display of the incoming mail page. This menu shows that admin can

add, edit, or delete incoming mail data.

ao

ao

ao

Source: Research Result
Figure 5. Incoming Mail Page View
b. Outgoing Mail Page View
Figure 6 is a view of the outgoing mail page. In this menu Admin can add, edit,
or delete outgoing mail data.

Source: Research Result

Figure 6. Outgoing Mail Page View
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c. Mail Search Page View
Figure 7 is a display of the mail search page, where admin and Kaurtu can

access the page.

E-BERKAS URTU ROTEKINFO =

Source: Research Result

Figure 7. Mail Search Page View

The display of the letter search results by applying the Levenshtein Distance
Algorithm in Figure 8. The search word is taken from the words contained in the

subject of the letter.

E-BERKAS URTU ROTEKINFO =

Admin Urtu - etter
Adin

PENCARIAN SURAT

ao

ao
ao

ao

Source: Research Result

Figure 8. Mail Search Page View

4. Conclusion

Levenshtein Distance Algorithm can be applied to search letters based on the
words contained in the subject of the letter. Searching based on the words contained
in the subject of the letter, is closely related to the distance and also the level of
similarity between words. The smaller the distance calculation results using the
Levenshtein Distance Algorithm, the more accurate the results found and displayed

by the system.
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