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Abstract: Laptop has always been a very useful tool for studies and most university students own at least one
laptop. However, not all university student knows how to diagnose and troubleshoot their laptop when it is not
working right. Most university student would rather hire computer technician to fix their laptop even though the
solution to their laptop problem is rather simple. As cost of living increases every year, so does the cost of hiring a
computer technician. Therefore, an expert system for laptop fault diagnostics was proposed to be developed. The
objective of this study is to develop an expert system capable of diagnosing the cause of a laptop problem by
analyzing user’s answers to the questions displayed by the system. The proposed system would also provide easy to
follow solution to the user on how to solve the problem. The methodological approach to developing this system is
by following waterfall model. There are five phases in a waterfall model, however only four phases will be
executed namely requirement, design, implementation, testing phase. By using this system, user can easily identify
possible root causes to their laptop problem by answering few questions related to their laptop problem. On top of
that, the expert system will provide appropriate recommendation to the diagnosed laptop problem. Using this
system, the time required to diagnose a computer as compared to manual diagnosis will reduce drastically. Most
process in manual diagnosis will be automated and handled by the expert system. Lastly, user can save up
unnecessary expenditure used to hire a computer technician.
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1. Introduction

Nowadays, it is normal to see university students carry laptops around regardless of whether the student is
undertaking computer science major or not. The laptop has always been one of the most important tools for a student as
most students use it on a daily basis. However, regardless of how well built a laptop can be, all laptops are susceptible
to faults and errors [1]. Typically, laptop problems can be categorized into two general types, hardware, and software
errors. There are several factors which can cause a laptop to function abnormally, for instance, if a laptop is attacked by
viruses or malware, when a hard drive is worn out or when the hardware is damaged due to electrostatic discharge [2],

[3].

*Corresponding author: bashar@baus14.edu.iq 41
2021 UTHM Publisher. All rights reserved.
penerbit.uthm.edu.my/ojs/index.php/jscdm



Jern et al., Journal of Soft Computing and Data Mining Vol. 2 No. 1 (2021) pp. 41-52

Usually, when a user found out that their laptop is not functioning properly, their first reaction is attempting to
troubleshoot the problem themselves. The method of troubleshooting varies with the type of problem the user
encounters [4]. In the case of a hardware failure, the process of troubleshooting starts by examining each hardware one
at a time. Once the faulty hardware is found, the hardware will then be replaced with new hardware. However, if the
faulty hardware is not found, the process of checking each hardware is repeated until the faulty hardware is found [5].
The problem with troubleshooting a laptop manually is that not all computer owners are well versed in computer
troubleshooting [6], [7]. The fact is that not all laptop owners are tech-savvy and thus they might have no idea how to
respond when something went wrong with their laptop. On top of that, the time required to manually diagnose a laptop
problem is time-consuming and not everyone has the spare time to diagnose each laptop components one at a time [8].

Therefore, the proposed project aimed to develop an expert system using the forward-chaining approach for laptop
fault diagnostics to overcome the shortcomings of manual troubleshooting. The expert system will function by
analyzing the laptop problem based on the symptoms faced by the user. Once the analysis is completed, the system will
provide appropriate solutions to the laptop problem. The importance of the proposed system is to prevent unnecessary
expenses from hiring a computer technician. Other than that, the proposed system aimed to reduce the time required to
diagnose a laptop.

This work is segmented into sex section starting with the introduction which it is give a background of the work.
Section 2 discussed the related work. Whereas, the research methods have been illustrated under section 3. The system
design and analysis is presented in section 4. Moreover, the implementation and Results have been presented and
discussed under section 5. Lastly, section 6 conclude the work.

2. Related Work

This section is split into three parts. The first part will explain the background of the case study. The second part
will explain about the expert system and the inference method chosen. The third part will describe the comparison
between three existing systems and the proposed system. By definition, laptop fault is when a laptop is not working as
intended, which could either caused by a hardware or software failure. Typically, the user found out about a laptop fault
when they notice the laptop is not operable or it is not functioning as intended [6], [9]. Laptop fault can be categorized
into two categories, which are hardware failure or software failure. The hardest part when dealing with a laptop fault is
trying to Fig. out which of the category the fault falls in. This is because two different laptop faults could share similar
symptoms, even though one is related to hardware failure and another software failure [10].

The expert system can be defined as a type of computer software that uses a process similar to the way humans
think in order to provide people with solutions to problems relating to a particular subject [3]. For a computer system
to be classified as an expert system, it must contain 3 major components: a user interface, a knowledge base, and an
inference engine [11]. The user interface is a component which allows the user and the expert system to interact. The
Knowledge base stores knowledge about an expert’s domain. An inference engine is part of the ex-pert system that
deduce new facts from existing information [12].

The inference engine is a vital part of an expert system as it plays several important roles, and which is also why it
is known as the “brain” of the expert system. The first important role of an inference engine is that it is responsible for
combining facts with rules to establish a conclusion. This is done by analyzing and interpreting facts from the user’s
input and combining them with rules stored inside a knowledge base [13]. However, there are also times when several
rules are applicable to a specific scenario. This is where the inference engine second role comes into play. The
inference engine will resolve conflicts by directing the user interface to receive more inputs from the user. An
inference engine deduces a conclusion based on logic [3], [14]. Inference engine typically employs one of the two
following strategies during logic reasoning: forward-chaining and backwards-chaining. The proposed system will
utilize forward-chaining as the inference method to diagnose and troubleshoot laptop fault.

An inference engine using forward chaining method determines a decision by collecting facts and comparing it
with the inference rules. Forward chaining can be seen as a convergent approach or data-driven approach to logic
reasoning as each IF clause rules are tested to see which of them is satisfied by the current facts. When a true value is
returned, the subsequent THEN clause is chosen as the conclusion. The purpose of this study is to gain a better
understanding of how to develop the proposed system and discover new features from existing systems that have the
potential to be implemented into the proposed system [15]. The following are the three expert system that will be
reviewed and compared: rule-based computer fault troubleshooter expert system, diagnosis and troubleshooting of
computer faults based on expert system and artificial intelligence, and self-learning computer troubleshooting expert
system. Four features will be considered during the comparison, namely admin log in the module, troubleshooting
module, data modification module and diagnosing module.

According to Table 1, all existing systems do not have the administrator log in feature. Other than that, all existing
system only provides diagnosis to the computer problem, however, the systems do not provide recommendations to the
diagnosis result. Due to the fact that all existing systems do not have a data modification module, the administrator is
not able to update or insert newer expert system rules into the system, which will cause the system to be obsolete in the
near future. In short, the proposed system has a more complete functionality when compared to the existing systems.
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Two major take-away from the above comparison is that the proposed system comes with troubleshooting module and
data modification module. Therefore, the proposed system is an improvement over all the existing systems.

Table 1 - The comparison between existing systems and proposed system.

Feature System o Troutle— frbae — Trowoodg i
Administrator Log in Module No No No Yes
Data Modification Module No No No Yes
Diagnosing Module Yes Yes Yes Yes
Troubleshooting Module No No No Yes

3. Methods

This section will discuss the methodology used throughout the development of this project. To select the most
appropriate model for this project, four types of software development lifecycle models were chosen for comparison
and analysis. The selected models are namely waterfall model, incremental model, spiral model and v-shaped model.
Table 2 shows the comparison of the four methodology models.

Table 2 - Comparison of four methodology models.

No  Types of Model Advantage Disadvantage
Waterfall Model Each phase has precise deliverables and a Changing prg]ect scope during life cycle
review process is not advisable
2 Incremental Allows changing of project scope during Each phase is rigid and does not overlap
Model lifecycle with each other
3 Spiral Model Good for large scale project Costly to implement
V-Shaped Model Works well with small scale project Adjusting scope Sgg{lyg lifecycle can be

3.1 Development Model

Upon conducting an analysis on the four SDLC models, waterfall model was selected as the methodology for this
project. The reason why the waterfall model was chosen over the other available models is that the waterfall model
offers more advantages and is ultimately a more suitable model for the project at hand. One of the many advantages
that the waterfall model offers is that it is easy to be implemented by small-scale projects, especially when the project
requirements are well understood [16]. Other than that, due to the rigid nature of the waterfall model, each phase has
clear and concise deliverables, which will allow the developer to review and monitor each phase closely [6], [17]. The
waterfall model can be broken down into five phases, namely requirement analysis, system design, system
implementation, system integration and testing, and system maintenance. However, due to the nature of this project, the
system maintenance phase will not occur during the development of this project.

3.2 System Development

There are a total of four phases from the waterfall model. As shown in Table 3, each phase has its own tasks and
outputs that need to be produced during the entire project development.

Table 3 - Software development activities and their task.

Phase Task Output
Requirement Identify problem statement, objectives, scope, and  Requirement specification documents.
Analysis expected outcome. Data related to domain study.

Conduct interview with Mr Ismadi. Gantt chart.
Collect data regarding the domain study. Project proposal.
Write project proposal.
Design Identify software and hardware requirements. System Design Specification Documents:
Design user interface. Hardware and software
Design database. DFD, ERD and flowchart, and System
interface design.
Impl. System module coding. System modules.
Testing each system module. Unit test cases.
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Test case results.

Testing Perform internal testing. Test cases.
Perform user testing. Test reports.
Make amendments. Defect reports.

Documents each testing.

3.3 Hardware and Software Requirement Analysis

This project is proposed to be executed within a span of 2 semesters. As stated before, the proposed project will be
split into 4 phases namely requirement analysis phase, design phase, implementation phase, and system testing phase.
Whereas, the hardware requirement refers to the device or hardware component required to execute the project.
Software requirements specify the set of programs or operating information used during project development.
However, this section describes the implementation environment. It is divided into software and hardware as described
as follows.

e  Software: the work is run on the Windows 10 with programming tool named Sublime Text, and the most suitable
web page design and programing language of HTML, CSS, PHP, JavaScript and MySQL.

e Hardware: the work is implemented by using one laptop with specifications of Intel® Core i5 4210U 1.7 GHz
processor, 2.40GHz, and 16 GB RAM.

Table 4 provides an outline on the hardware requirements of the proposed system whereas Table 5 contains
information regarding the project software requirements.

4. System Design and Analysis

This section discusses in detailed regarding the analysis and design phase of this project. The aim of system
requirement analysis is to provide a clear definition of users’ expectation of what the system can do. These
requirements are analyzed, validated and documented in three parts namely functional requirement analysis, non-
functional requirement analysis and user requirement analysis [18], [19]. A functional requirement describes the
functions that should be delivered by the developed system. Table 4 shows the functional requirement of the proposed
system.

Table 4 - Functional requirement of the proposed system.

No. Modules Functionalities

1 Registration Module The system should allow administrator to register a new account.

With an administrator account, the system should allow administrator to login to
the system by entering the correct combination of administrator id and password.

The system should alert administrator if either administrator id or password is
incorrect.

The system should redirect user to the main menu if login successfully.
The system should allow administrator to log out from the system.

2 Data Modification The system should allow administrator to enter new diagnosis/solution into the
Module database.

For example, administrator can enter a new topic such as laptop screen category
into the system.

The system should allow administrator to modify existing diagnosis/solution that
exist in the database.

The system should allow administrator to delete existing diagnosis/solution that
exist in the database.

3 Diagnosis Module The system should display a list of topics associated to laptop faults.

The system should display the questions that correspond to the topic that user
chooses.

The system should display the cause of the laptop problem that the user is facing
by analysing the user’s answers.

4 Troubleshooting The system should provide the correct solution to the diagnosis of the laptop
Module problem.

Moreover, Non-functional requirements describe the quality attributes associated with a system and are not covered
by functional requirements. However, the non-functional requirement of the proposed system is illustrated bellow:
e Any interaction between the user and the system should not more than 30 seconds.
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The system should be accessible anytime.

The system should have minimal and easily understood user interface.

The system should be able to work on any web browser.

The system should prevent any unauthorized users from accessing the system.
Only administrator should be able to add/modify/delete any data in the database.

Furthermore, user requirement is a list of activities that the user expects to do when using the system [20]. From a

developer’s standpoint, user requirement act as a guideline during development phase on what the software is supposed
to do and to avoid missing out on the system’s major features. However, the user requirement of the proposed project is
illustrated as following:

Administrators should be able to login to the system by keying in the correct user id and password.
Administrators should be able to view, add, delete and modify computer fault symptoms and solutions.
Administrators should be able to view, add, delete and modify computer fault symptoms and solutions.
Users should be able to select a topic.
Users should be able to answer questions regarding the laptop fault.
Users should be able to view the diagnosis and recommendation to the laptop fault.
This section will elaborate on the system analysis for this project. Con-text diagram, DFD diagrams, ERD diagram

and flowcharts were designed to represent the system processes. DFD diagrams are further broken down into DFD
diagram level 0 and DFD diagram level 1.

4.1 Context Diagram

A context diagram is drawn to define the boundary of the system and to identify the relationship between the

system and the external entities. The main entities of the proposed system are the administrator and user [21]. Fig. 1
shows the context diagram for the proposed system. Furthermore, two cases have been considered as following:

In Data Flow Diagram level 0, there are 4 processes, 2 entities and 8 data stores. The name of each process are as
follows: 1.0 admin registration process, 2.0 admin login process, 3.0 data management process, and 4.0 diagnose
and trouble-shoot process. The two entities are the administrator and user. The eight data stores are tbl problem,
tbl topic, tbl question, tbl rules, tbl solution, tbl ruledetails, tbl tempresponse and tbl admin.

Data Flow Diagram level 1 is created to elaborate on the processes in DFD level 0. Based on the DFD level 0 in
section 4.2.2, there are only 2 processes that can be expanded into DFD level 1.

Registration Details

Topic Selection
Login Confirmation
Admin Login Credentials Questions
Topic/problem/question/ Answers to the Questions
solution/expert system rule
egistration Confirmation Problem Diagnosis and Solutio

Database record of Expert System
Knowledge Base and Rule Engine

Fig. 1 - Context Diagram of the expert system.

The flowchart is the graphical representation of the process flow of a system from start to finish. Two flowcharts

are representing the two target users of this system. Fig 2 shows the flowchart design for users. Users can seek a
diagnosis for their laptop problem by selecting a topic and answering all the questions
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Fig. 2 - Flowchart design for users interaction.

4.2 Entity Relationship Diagram

Fig. 3 shows the ERD of the proposed system. Tbl admin manages one or more tbl topic by inserting, updating
and deleting data. For each topic in tbl_topic, there is at least one or more tbl_question and tbl_problem. Each rule in
tbl_rules includes one and only one tbl _problem, whereas each tbl rules contain one and only one tbl_ruledetails. For
each tbl_questions, it is included in at least one or more tbl_ruledetails. Tbl question and tbl_topic are included at least
one of more in tbl tempresponse. Lastly, for each tbl problem, it contains one and only one tbl solution, but each

tbl_solution can be included by one or more than one tbl_problem.
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Fig. 3 - ERD of the proposed system.
4.3 Rule Design

For the proposed system, forward chaining is used as the inference engine to deduce conclusion by collecting facts
from the user and comparing it with the inference rules stored in the database. One of the ways of representing the
inference rule is by using the decision tree. Fig. 4 shows the decision tree for the audio topic. Inference rule can also be
expressed as IF-THEN rules. There are two parts to an [F-THEN rule, the first part, IF, is used to represent the
condition, or also known as the antecedent [8]. The second part, THEN, is used to represent the consequent of an event,
which is also known as consequent [9].

Q01 Do you have any device ’\
connected to the audio port?

Q02 Do you have a \\
Bluetooth/wireless speaker
connected?

Q03  Is there sound coming out
from your speaker?

Q04  Is the sound coming out
from your speaker scratchy?

Q05  Is the sound coming out
from your speaker
distorted?

Q06 Is the sound coming out
from your speaker rattling?

Q07 | Is the audio bar in the
Volume Mixer window
moving during audio
playback?

Q08 Does changing the volume
from your laptop affect the
sound output?

Q09 Have you ever updated your
audio driver?

Q10  Is the sound coming out
from your speaker too
high/too low?

Fig. 4 - Decision tree for the audio topic.

4.4 Interface Design

This section describes the user interface design for each major processes of the proposed system. The interface is
designed using Adobe Photoshop. Fig. 26 to show the interface design for the system.

Please select the topic of your laptop problem. Please answer all the questions:

Question 1:

Is the laptop making any strange noises?

Category: [Othes T4 O VYes 0 No

Next

Next

Fig. 5 - Interface of question display page.

Whereas, the interface of diagnosis results page is illustrated in the bellow Fig. 555, and the recorded request
illustrated in Fig. 6.
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3

Fault audio driver | Can you control the volume? | Yes | Edit
Faultaudio driver s your audio device vibrating  No | Edit

Solution : Replace storage device

Root Problem:  Faulty Storage Device No Problem Question Answer | Edit |Delete
Explanation : Storage device are susceptible to wear and tear after ] Fault audio driver Is the sound scrappy? Yes Edﬂ M
s Aty s e et |2 o Doy atachdeie | to | G ek
if the storage device is not replaced. 3 | Fault audio driver Is the volume too loud? Yes Edit Delete

4

5

)
D |
o
=y
=

Fig. 6 - Interface of diagnosis result page and display page.

5. Implementation and Results

This section will elaborate on the system implementation according to the requirements specification and design
phase mentioned in the previous chapters. In addition, this section will also accentuate on all forms of testing done on
the system to ensure system behaviour reflects according to what was documented during requirements specification
phase.

The system was designed to be used by two groups of people, namely system administrators and public users. The
administrator website will allow computer technicians, who will act as the system administrator, to manage data
involved in diagnosing laptop faults. This system will also allow public users to access the website to diagnose laptop
fault by answering a series of questions. The software used to develop the system were Notepad++ and XAMPP,
whereas the programming languages involved were PHP, HTML, CSS, JavaScript and MySQLi.

The login function is an essential feature of the system to prevent unauthorized users to access the website.
Administrators who wish to enter the website must first enter the correct match of username and password. The
program code for the login page is stored in the login.php file. Fig. 7 show the user interface of login page

- |

Fig. 7 - User interface of the login page.

Account registration can only be done by an authorized administrator who has logged in to the system. This is to
prevent a public user from able to access the administrative system just by creating an account. To create an account,
the administrator has to enter the new username, password, and confirm password. One of the tasks of an administrator
is to insert new diagnostic information into the database. Currently, this expert system can diagnose 11 different lap-top
faults from 4 categories. The diagnosis of each laptop faults also comes with its solution. To expand the knowledge
base, the administrator can insert the following information: topic, laptop problem, question, solution and rules. Fig. 8
shows the user interface of the insert question page.
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Insert Question

Topic Name Caledt Tanic 2

Question

Fig. 8 - User interface for insert question page.

Furthermore, all information entered by the administrator can be viewed in the view in-formation pages prepared
for each type of data in the knowledge base. Data are organized in tabular format to allow for easy viewing. The
searching function is prepared to allow the administrator to look for specific data from a pool of information. The
administrator can select the search type from the drop-down list and enter the search value in the search bar. Updating
and deleting information have been kept simple as the administrator can perform these actions simultaneously in each
view information page. One of the primary functions of this system is to allow the public user to diagnose potential
laptop fault. The system will return the potential root problem and the recommended solution to the problem based on
the user’s response to a series of questions generated by the system. Prior to answering the questions, the user must first
select the topic of their problem. Each topic comes with a different set of questions tailored to diagnose the problems
that fall in that topic.

Upon answering all questions, the system will produce a diagnostic report that details the findings of the
preliminary questions and answers phase. The diagnostic report primarily conveys three information to the users: the
probability of the problem, which causes the problem and the recommended action to rectify the problem. The
probability of the problem is represented with a numerical percentage and it comes with an explanation of why the
problem occurred to educate the user. Recommended action has its own step-by-step procedure and many complex
solutions are accompanied by video tutorial so the user can follow along if textual instruction is convoluted. To widen
the accessibility of the developed system, the system was developed with mobile users in mind. The website is not only
compatible with most desktop and laptops but also designed to be accessible on mobile and tablet.

The final phase of the software development lifecycle focuses on determining whether the developed software will
function according to the user’s requirements. As per the requirement of this project, the developed software underwent
two types of software testing: functional testing and user acceptance testing. This section will cover the result of
functional testing whereby the developed software is scrutinized against the functional requirements. During the
testing, functions are examined by entering both valid and invalid inputs according to the test plans. The actual outputs
for each iteration of testing are recorded and subsequently compared with the expected outcome. Table 5 represent a
sample of the test plan for each major function of the developed system.

Table 5 - Test plan for administrator login and registration function

No. Test Case Expected Outcome Actual Qutcome

Fill in valid username and . ..
L. password when logging in. Redirect to administrator homepage. Same as expected outcome.

) Fill in invalid username or Error message will pop out warning

password when logging in. user about incorrect username or Same as expected outcome.
password.
3. Fill in valid details when New account added to the database. Same as expected outcome.

registering new account.

Error message appear warning user
about existing account with similar Same as expected outcome.
username.

4 Fill in username that has been
: entered before when registering.

Leave username or password
5 empty when registering new
account.

Error message appear asking user to

fill in all the required textboxes. Same as expected outcome.
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This section discusses the second form of testing that has been conducted on the developed system. User
acceptance testing is a process of proving that the developed system is working as intended for the targeted user. The
testing is conducted by distributing the system to a group of randomly selected user and collecting their feedback. The
feedbacks are then compiled and arranged in bar charts.

In the case of this project, the testers are consisting of two types of people. The first type of testers is the public
users, where 10 students from University Tun Hussein Onn Malaysia are randomly selected to test the public user
website. The second type of tester consists of 2 computer technicians from Baracho Tech and Services Sdn Bhd, which
will be testing the administrator website. Fig. 9 shows the result of the user acceptance test on the system’s graphical
user interface. Based on the feedback, most testers show a satisfactory reaction when navigating through the website
interface.

Graphical User Interface

12
10
8 M Bad
5 M Poor
Average
4 W Good
2 H Excellent
o]
Text Visibility Background/Text Colour Ease of Use System Components
Positioning

Fig. 9 - User acceptance test on the system’s graphical user interface.

Fig. 10 (a) and (b) indicates the findings of user acceptance test on the system’s functions for public users and
administrators. At first glance, testers are generally please about the functional modules of the system. All categories of
the test receive very positive feedback from the testers. Other than view diagnostic information, the other three

categories receive an excellent rating from both testers.

10
X M Bad
6 M Poor
4 .
: I i i M Average
0 M Good
Topic  Question's Diagnosis  Textual B Excollent

(a) User acceptance test

50



Jern et al., Journal of Soft Computing and Data Mining Vol. 2 No. 1 (2021) pp. 41-52

25
2
W Bad
15
H Poor
1 Average
H Good
0.5 m Excellent
0
Login and Account Insert Diagnostic Update/Delete View Diagnostic
Registration Information Diagnosticinformation Information

(b) Functional testing administration

Fig. 10 - User acceptance testing on system’s functions (user and administrator).

6. Conclusion

Expert System for Laptop Fault Diagnostics was successfully developed, and it managed to deliver the project’s
objectives. The system is designed to provide an express diagnosis of potential laptop faults according to the signs that
the user has been noticing when using their laptop. Through using this system, the user can expect a quick and accurate
way of diagnosing laptop faults, instead of having to perform the diagnosis themselves. User can also avoid
unnecessary expenditures in hiring technicians to fix their faulty laptop, and instead follow the step-by-step instructions
provided by the system to fix the laptop themselves. Users do not have to worry about whether the diagnosis results are
obsolete as the expert system also comes with administrative functions that permit authorized user to update the
knowledge base with the newest information. As for future work, more categories of laptop faults can be added to
increase the capability of the expert system. A new feature can also be added to allow the user to list out all the
symptoms they have been noticing without having to select a topic. This feature allows the system to automatically
detect the laptop fault based on the symptoms written by the user. Following on, the system can also utilize artificial
intelligence by introducing self-learning technology that allows the expert system to grow in knowledge with each
iteration of diagnosis. Lastly, new security measures can be taken such as by making sure the PHP version is always
updated and setting up SSL certificates.
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