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Software testing is a crucial stage in ensuring the quality and reliability of the
system before it is implemented operationally. This study aims to evaluate the
accuracy of the program logic flow in the web-based DUKCAPIL service
submission status notification module in Kuningan Barat Village using the
white box testing method with a path testing approach. This method analyzes
the internal structure of the program code to ensure that all logic paths have
been thoroughly tested. The testing process begins with the creation of a
Control Flow Graph (CFG) to map the program control flow, followed by the
calculation of cyclomatic complexity using the McCabe formula, and
determining the basis path to form a representative test set. Each test path
obtained is then tested manually and/or with the help of debugging tools to
ensure the correctness of the logic execution. The results of the study show
that there are 5 basis paths formed from the notification module. All of these

DUKCAPIL . . .
paths have been successfully tested without any anomalies or logical errors
detected. The test shows that the decision-making structure and notification
delivery run as expected, both for approved and rejected submission statuses.
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1. INTRODUCTION

White Box Testing with Path Testing on the Web-Based DUKCAPIL Service Submission Status
Notification Module in Kuningan Barat Village is a software testing process by examining the internal structure
of the module's code to ensure that all paths in the program have been tested correctly. [1]. The research focused
on the login page and the main page of the application, where various scenarios were tested to ensure the system
functions as intended. The testing process includes designing test scenarios, creating test cases, executing test
cases, and collecting and processing test result data.[2].The disadvantage of Path testing on White Box is that
it requires a deep understanding of the internal structure of the code and program logic. Testing the paths in
the code, logic paths that should exist but will not be detected if not implemented. [3] The advantages of path
testing on White Box testing are that it detects logic errors comprehensively, checks all execution paths, so that
it can find logic errors that are not detected by other methods. High test coverage of program control structures
Path testing forces the tester to test all branching structures (if, case, loop), thereby increasing code quality
assurance [4]. Identifying paths that are never executed (dead code) With path analysis, parts of the program
that do not contribute to the output can be found. Improving understanding of algorithm design and program
logic because it requires understanding the structure in the code, path testing helps developers understand the
logic of the system [5]. Can be automated with modern testing tools, many testing tools support path testing to
identify complex paths automatically. [6]. The problem of White Box Testing (Path Testing) in the DUKCAPIL
Submission Status Notification Module is that the submission status notification module has many branching
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conditions such as pending status, verification process, rejected, or approved, resulting in many execution
paths. The notification module usually depends on the results of the submission and verification modules. [7]
The problem in this study is the difficulty of identifying Independent Paths in white box testing, especially path
testing. There are many decision points and loops, which results in a very complex CFG, making it difficult to
determine independent paths manuall [8], [9] The gap analysis in this study is that many studies Testing is done
manually without automation tools. There is no official report on path coverage, Error handling only records
logs without notification to the admin [10].

White box testing is performed at the unit, integration, and system levels to detect logical errors, debug,
and validate programming assumptions. This method includes thorough testing of all code paths, assists in
optimization, and provides guidelines for stopping testing. [11]. Path Testing is one of the techniques in white
box testing that focuses on testing all logical execution paths in the program code. This will produce a more
stable, accurate, and reliable system. [12] White box testing is a software testing method that involves an in-
depth understanding of the internal structure of the program. One of the techniques used in White Box Testing
is Basic Path Testing, which focuses on testing each execution path in the program. This testing aims to ensure
that the program functions properly and can manage the lending process properly [13] White-box testing is
done by analyzing the application source code first, determining the files and functions that must be tested, and
creating a flow graph from the source code [14] The tests produced from white box testing depend on the
flowchart that is transformed into a flowgraph. The white box testing method with the basic path technique
produces test tests that are increasingly large along with the size of the system being tested. White box testing
is also known as structural testing, where the tester has access to the entire structure or logic of the software
being tested [15]. The steps used for path testing are Flowchart/Sourcecode analysis, create Flow Graph,
Cyclomatic Complexity, Independent Path Determination, Test case design. Cyclomatic Complexity is a
measure of the number of different execution paths in a program. The higher the number, the more complex
the code is, and the more difficult it is to test and maintain.

V(G)=E-N+2.

Description:

E = number of edges in the flowgraph

N = number of nodes in the flowgraph,
P = number of predicates nodes in the flowgraph [16].

This study uses White Box testing, namely independent path testing, flow graph development,
cyclomatic complexity calculations, and graph matrix development. [17]. The white box testing method
prioritizes knowledge of the system structure. In real practice, this method can be applied in testing information
system products to ensure their reliability and quality [18]. Research by taking a case study on the inventory
information system of goods in a goods delivery service business. This information system testing technique
uses the black box testing method, with the Equivalence Partitioning testing technique. [19] White box testing
requires a deep understanding of the internal structure of the software and the programming language used.
This makes it less suitable for testing teams that do not have adequate technical knowledge or access to the
source code. White Box Testing functions as Clear Box Testing or Structural Testing to assess the internal
structure of the application and logical functions and programming code. [20].

Web application testing is a software practice designed to ensure quality by verifying that a particular
web application functionality is working correctly or according to the specified requirements. White box testing
is now the most widely used decision. So, this testing also has some features and can be chosen to be used on
a project, but it should be the right choice with an understanding of all the consequences behind it. [21].

This study applies White Box testing with a path testing approach, which includes creating program
flow diagrams, assessing cyclomatic complexity, and identifying and testing independent paths in the code.
This technique is used to ensure that the entire internal logic structure of the program is thoroughly tested.[22].
This study aims to produce a method for optimizing white box testing on Java programs by utilizing branching
and repetition structures using the basis path method [23].

The White box testing method is adapted for transformer-based NLP models. The method includes
Mask Neuron Coverage (Mncover) which measures how thoroughly the attention layer in the model is
implemented during testing. [24]. White box testing focuses on the control structure in the program, to verify
all statements in the program are executed at least once and all logical conditions are executed. Testing is done
to verify functional requirements. It includes equivalence partitioning, boundary value analysis, error-based
testing, randomized testing, partition testing, causal graph techniques.[25]. This research aims to equip
algorithms with explainable Al features to enhance transparency. The findings of this research highlight a
promising path for integrating black-box algorithm performance with the need for transparency in critical
decision-making domains.[26].
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Software testing is an important term for software reliability. Testing provides the original structure and
validity to software for efficient performance under operational conditions.[27]. Evolutionary white-box testing
is a promising approach for the complete automation of structure-oriented test case generation. Evolutionary
testing cannot find valid test data. This can lead to increased efficiency and effectiveness of evolutionary white-
box testing.[28] Evolutionary white-box testing has so far not been able to make statements about the existence
of unattainable test goals, which can be improved with the help of evolutionary software measurements.[29].
This research shows that this method successfully identifies and fixes errors in programming logic as well as
system vulnerabilities, which contribute to a 20% performance improvement, increased stability, and reduced
risk to security threats.[30].

White box testing with path-based techniques is applied to the population administration system
website, which is a computer application for conducting population administration. It was found that the path
of each feature that has been passed has been in accordance with the results of Cyclomatic Complexity and
Flowgraph that were created.[31]. This test explains the steps to perform data flow testing and how to design
a series of tests that take anomalies into account. This approach includes node-based design, trend discovery
coverage, web application comparison, and analytical testing.[32]. This study uses White Box testing, namely
Path Testing. The methodology is by conducting Control Flow Graph (CFG) Analysis of the source code of
each main function, analyzing the program's logic flow such as branching, repetition, and conditions.
Determination of the Basis Path and Independent Path by calculating Cyclomatic Complexity and compiling
test cases based on the specified logic path [33].

2. METHOD

White Box Testing with Path Testing on the Web-Based Population and Civil Registration (Dukcapil)
Service Submission Status Notification Module in Kuningan Barat Village is applied to the Web-Based
DUKCAPIL Service Submission Status Notification Module in Kuningan Barat Village South Jakarta. This
Web-Based DUKCAPIL Service Submission is to serve the community in managing population documents
such as KTP, Family Card, and other civil registration certificates. From the DUKCAPIL Service Submission
Application, the Service Submission Status Notification module is used to be tested using Path Testing on
White Box Testing. The research methodology used is to use the Software Testing Life Cycle (STLC) and
White Box Testing Stages. Regarding STLC and the White Box Testing Stages, they are explained as follows:
Software Testing Life Cycle (STLC) is a systematic process consisting of several stages carried out to ensure
the quality and reliability of software through structured testing.

STLC is a series of stages carried out in the software testing process, starting from test planning to test closing,
with the aim of finding and fixing bugs, and ensuring that the software works according to the expected
specifications. A. Stages in STLC:
a) Requirement Analysis
The QA (Quality Assurance) team analyzes the requirement document to understand what needs to be
tested. Purpose: to identify testing needs and test feasibility.
b) Test Planning
Develop a testing strategy, determine resources, budget, schedule, and tools to be used.Main output:
Test Plan or Test Strategy Document.
c) Test Case Development
Write test cases and test scripts based on functional and non-functional requirements. Also includes test
data preparation.

d) Test Environment Setup
Prepare the environment needed to run the test, such as servers, databases, and supporting software.
e) Test Execution

Run test cases and record the results.Bugs or errors found will be reported using a bug tracking tool.

f) Test Cycle Closure
Evaluate the entire test cycle, document the final results, lessons learned, and submit a final test report.
Figure 1 shows the stages in the Software Testing Life Cycle (STLC))
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Figure 1. Software Testing Life Cycle (STLC)
2.1.  White Box Testing Stages
The research methodology used is taken from the Software Testing Life Cycle (STLC) in step 5 of Test
Execution. In Test Execution, the White Box testing stage is carried out which contains, among others:

Flowchart/Sourcecode analysis, Flow Graph, Cyclomatic Complexity, Independent path, Test Case Design.
The testing stages are as illustrated in Figure 2.

Analisa flowchart/ Buat Flow Cylomatic Penentuan Perancangan

Sourcode Graph Complexity Jalur Indepen Test case

Figure 2. White Box Testing Stages

The explanation of Figure 2 is as follows:
a) Flowchart/Sourcecode analysis, is a graphical representation of a process or logical flow. In software

testing, flowcharts are used to: visualize business processes or system logic. useful for understanding
how the program flow runs, determining critical points for testing (decision points, loops, input-output).

b) Flow Graph is a directed graph that describes the flow of program execution. Nodes represent blocks of
instructions, and edges indicate the direction of program execution.

¢) Cylomatic Complexity is a quantitative measure of the number of independent execution paths in a
program or module. Introduced by Thomas McCabe in 1976, this metric is used to: Assess the logical
complexity of code, Determine the minimum number of test cases required for full path coverage. Assist
in the process of code refactoring and code maintenance.

d) An independent path is a path in the program control flow (flow graph) that passes through at least one
new edge (new direction) that has not been passed by any other path. Represents a unique combination
of branching conditions, loops, or other logical structures. The goal is to: identify all major logical paths
in the code. Design minimal test cases that touch the entire program logic.

e) Test Case Design
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After determining the independent path from the flow graph above, the next step is to create a test case at

least as many independent paths as have been created, ensuring that every possible path that will be passed

is made a test case.
3. RESULTS AND DISCUSSION
3.1. White Box Testing Stages

In the diagram, the main activities that can be done by the user include submitting a service request,

viewing notifications, checking history, and changing profiles. All of these features begin with the login
process, which is a mandatory step to access the system. In addition, users who do not have an account can
first register. This diagram shows the relationship between use cases with the <<include>> element, which
indicates that login is an important part of every activity carried out by the user in the system. From the Usecase
in Figure 3, the description of the use case process above is described, namely, login, registration as a user,
submitting a service request, viewing notifications, changing profiles. A detailed and systematic explanation
is described below. Figure 3 illustrates a user interacting with the system to access various main features.

Submitting a

Service Request

Viewing
Notifications

User

Viewing

<<Include
History d

Registerasa

\ i User

Changing
Profile

Figure 3 Usecase for Submitting Service Requests

1. Login
Table 1. Description of Login Usecase Diagram

Use Case Name: ID: Priority:
Login ucCo1 High
Description Users, Admins and Super Admins must log in first before using the application.
Actor User, Admin and Super admin
Trigger User, Admin and Super admin enter username/NIK and password on the login page.
Pre-Condition The account is already registered in the system.
Post-Condition The system allows access according to the user's role.
Normal Flow 1. User, Admin and Super admin access the login page.

2. User, Admin and Super admin fill in the username and password.

3. The system verifies the credentials.

4. The system checks the role (User, Admin, or Super admin) to determine access.
Subflows -
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Exceptional Flow

The system displays an error message if the username/NIK or password is incorrect.

2. Register as a User

Table 2. Description of Usecase Diagram Registration as User

Use Case Name:
Register as a User

ID:
UCco2

Priority:
High

Description Users must register as users to apply for services.
Actor User
Trigger User selects the registration option.

Pre-Condition

The system has an active registration module.

Post-Condition

User data is saved and account is successfully created.

Normal Flow

1. User opens the registration page.
2. User fills out the registration form.
3. The system saves the new user data.

Subflows

Exceptional Flow

The system displays an error message if the registration data is incomplete or has
already been used.

3. Submitting a Service Request

Table 3 Description of Usecase Diagram Submitting a Service Request

Use Case Name:
Submitting a
Service Request

ID:
UucCo03

Priority:
High

Description Registered users can submit service requests according to their needs.
Actor User
Trigger The user is in the user dashboard.

Pre-Condition

The user has logged into the system.

Post-Condition

Application data is saved and notification is provided.

Normal Flow

1. The system displays the types of services available.
2. The user selects the type of service desired.
3. The system displays the application form.

4. The user fills out the form (if the application is for a Letter of Transfer), uploads
the required files and submits the application.

Subflows

1. The user selects the type of service desired such as: KK, KTP, KIA, or Transfer
Letter.
2. The system saves the type of service along with the request details.

Exceptional Flow

The system displays a message if the application data is incomplete or invalid.

3. Viewing Notifications

Table 4 Description of Usecase Diagram Viewing Notifications

Use Case Name: ID: Priority:

Melihat Notifikasi | UC04 Medium

Description Users will receive a notification regarding the status of their application in the
notification menu.

Actor User

Trigger User selects the notification menu.

Pre-Condition

Notifications are already available in the system.

Post-Condition

Notifications are marked as read.

Normal Flow

1. User opens the notification list.
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2. The system displays all notifications.

Subflows

Exceptional Flow

The system displays a message if no notifications are available.

4. Viewing History

Table 5 Description of Usecase Diagram Viewing History

Use Case Name: ID: Priority:

Viewing History ucCos Medium

Description User request activity is stored in the history menu.

Actor User

Trigger Users select the history menu to view the history of previous activities or requests.

Pre-Condition

The system has historical data of user activity.

Post-Condition

Users can view detailed history of activities or requests that have been submitted.

Normal Flow

1. User selects the history menu.

2. The system displays a list of activity history.

3. User can view the entire history data along with additional messages and files
that have been uploaded.

Subflows

Exceptional Flow

The system displays a message if no activity history is available.

5. Changing Profile

Table 6 Description of Usecase Diagram Changing Profile

Use Case Name: ID: Priority:

Mengubah Profile UcCo6 Medium

Description Users can change their profile photo, username and password and can also delete
their data permanently.

Actor User

Trigger User selects a menu to change profile data.

Pre-Condition

The user has logged into the system.

Post-Condition

New User profile data is saved in the system.

Normal Flow

1. User opens the profile menu.
2. User edits the desired profile data.
3. The system saves the data changes.

Subflows

1. User can change one or both of profile photo and username.
2. User can change password.
3.User can delete user data permanently from database.

Exceptional Flow

The system displays an error message if there is invalid data or if it fails to save.

From Figure 3, a user interface is created regarding the login page, Dashboard, Upload application files, History
page, Notifications. The following describes the User Interface of each of the above, namely:

6. Desktop Version User Interface Display

Figure 4 shows the user interface for Login.
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Masuk

Username [ NIK:
Password:

Show Password

Beburn ermilki akun? Dahar

Figure 4. Login Page
7. User Dashboard

Figure 5 shows the user interface for the Dashboard.

Selamat Datang, Nadya Salsabila!

Pilih jenis pelayanan yang ingin Anda ajukan:

Figure 5 User Dashboard

8. Submission of Application
Figure 6 shows the User Interface for Uploading Application Files.
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Upload Berkas Permohonan
Kartu Tanda Penduduk (KTP)

KTF Asli [Jika KTF Rusak):

Chooss Filg | Mo To chosen

Surat Kehilangan Kepolizian KTP (Jika KTP Hilang):

Chooss Fila | Mo lla choson

'Foto Copy EK:

Choooas Filg | Mo Tl clheesisn

SK PHS/Hanorer'PensiunanPMekerjaan Penting Lainnya (Opticnal):

Crooss Fia | M R chadis

Figure 6 Submission of Application

9. User History
Figure 7 shows the user interface regarding Application History

Riwayat Permohonan
Total Permohonan: 4

Tanggal
No. p Fipa— Jenis Pelayanan Nama Berkas Status
Akt Lohar
Kartu Identitas Anak
1 071220242314 i“l:;’g i Fat Anak Ditotak
! Foto Copy KK
Surat Kehilangan
Karu Tand
P O7-12-2024 23:14 pen:u:u:m:m Kapolisian KTF Panding
Folo Copy KK
Haorry anggara ; Gol, Darah ; O, Pekasjaan : Kary, Swasia
Hanna Michella : Gol. Darah : tidak tahu, pekerjaan : ibu
) rumah 1angga
3 07-12-2024 23113 Hartu Keduarga (KE) LA KH Pending  Gabriel baschin : pekerjaan : belum bekerja, pendidilcan : sd
Akta KawiniCeral
kidas 4
Anastashia angelica : peketjaan : balum bekera, pendidikan
Figure 7 User History

10. User Notification

Figure 8 shows the user notification user interface.
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Notifikasi

PERMOHONAN ANDA UNTUK Kartu Keluarga (KK) TELAH S5ELESAI, SILAHKAN DIAMBIL PADA: "10-12-2024 Pukul 13:30°, NOTE : Mohon
Membawa Berkas Persyaratan Sesuai Jenis Permohonan

PERMOHOMNAN ANDA UNTUK Kartu Tanda Penduduk (KTP) TELAH SELESAI SILAHKAMN DIAMBIL PADA: "10-12-2024 Pukul 11:30°, NOTE :

Mohon Membawa Berkas Persyaratan Sesuai Jenis Permohonan
PERMOHOMAN ANDA UNTUK Karlu Identitas Anak (KIA) TELAH DITOLAK, ALASAN: "Double Input!

PERMOHOMAN ANDWA LNTUK Kartu Identites Anak (KIA) TELAH SELESAI, SILAHKAN DIAMBIL PADW: "10-12-2024 Pukul 10:10°, NOTE : Mohon
Membawa Berkas Persyaratan Sesuai Jenis Permohonan

Figure 8 User Notification

3.2. Flowchart analysis

From Usecase image 3, a use case is taken about viewing notifications, from that use case a flowchart
is made, from that flowchart a flow diagram is made, Cyclomatic Complexity is calculated then an independent
path is determined and from the independent path a test case design is made. Those are the stages of making a
testing path from white box testing. These stages are described below.

3.2.1. Flowchart analysis

From the use case in Figure 3, the Service Request Submission Use case, the flowchart is made as
follows:
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Ctart
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g
L

Dashoard Usar

Chack Motification

higzzass

dizplay Motification
Wiezzape

l

Ia

-
i
y

Stop

Figure 9. Notification Module Flowchart

The explanation of the flowchart in figure 9 is as follows: Enter the user dashboard, after entering the
dashboard, enter the notification menu. In the notification menu ask if there is a notification. If there is a
notification, check the notification message, display the notification message If there is no notification then the
process is complete. After completing the notification stage. The next stage displays the menu whether to return
to the Dashboard. If yes, return to the Dashboard menu. If not, the process is complete.
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3.2.2. Flow Graph

The creation of a Flow Graph from the Flowchart above is as follows:

2
No

Yes 3

4

5

Yes
6
No

7

Figure 10 Flow Graph Notification Module

The explanation of figure 10 is as follows, from figure 9, the flow graph is made start as node 1 which
is symbolized by a circle and written with number 1. Then enter the user dashboard menu called node 2 which
is symbolized by a circle and written with number 2. From node 2, the next stage is node 3, which is symbolized
by a circle and written with number 3. Node 3 shows the question menu, namely whether there is a new
notification if there is a new notification then continue to node 4. Node 4 shows check notification messages.
After going to node 4, continue to node 5. Node 5 shows display notification messages. Then go to node 6.
Node 6 shows the question back to the dashboard, if the answer is yes then the next process is to node 2. If at
node 6, the answer is no then the next process is to node 7. Node 7 shows the process is complete. If the

' White Box T esting with Path Testing on the Web-Based Population and Civil Registration Service (Dukcapil)
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question at node 3 is there a question there is a new notification, if the answer is no there is a new notification
then the process is complete, namely directly to node 7. Node 7 shows the process is complete.

3.2.3. Cyclomatic Complexity

Cylomatic Complexity is calculated from the flowchart analysis in the first stage
V(G)= (E-N) +2
V(G)= Number of Regions
E= Number of edges determined by arrow images
N= Number of graph nodes (nodes) with circle images
VG =(8-7)+2
VG=3
3.2.4. Independent path

From the Flowchart Analysis, the Independent path is determined. The independent path is obtained as follows:
Path 1 =1,2,3,4,5,6,7
Path 2=1,2,3,7

3.2.5. Test Case Design

After determining the independent path from the flow graph above, the next step is to create a test case of at
least the number of independent paths that have been created, ensuring that every possible path that will be
passed has a test case created.

Table 7. Test cases from the created independent path

Path 1
Track 1,2,3,4,5,6,7
Scenario 1. Start

2. Dasboard User

3. Is there any any new notation?, if no
4. Check Notification Message

5. display Notification Message

6. Is it back to dashboard? If no

7. Stop
Test Results Succeed
Path 2
Track 1,2,3,7
Scenario 1. Start

2. Dasboard User

3. Is there any any new notation?, if yes
7. Stop

Test Results Succeed

4. CONCLUSION

Based on the results of white box testing with a path testing approach on the web-based DUKCAPIL
service submission status notification module in Kuningan Barat Village, it can be concluded that all logical
paths contained in the notification module were successfully identified and tested using the control flow graph
method and cyclomatic complexity. The notification module is able to send service submission status
information to users accurately and according to the designed program flow. For future system development
and improvement, the following are recommended: Implementation of Advanced Testing: In addition to white
box testing, black box testing and user acceptance test (UAT) need to be carried out to ensure that the system
also functions according to end user expectations. Automated Testing: The use of automated testing tools is
recommended to speed up the testing process for future system updates. Expansion of the Notification Module
can be further developed with personalization features and integration into other communication media such
as SMS or WhatsApp to reach more users.
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