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Despite being a curable disease, Tuberculosis has become the leading cause of death of infectious disease
prior to COVID-19. It has asymptomatic infections that are hard to detect for weeks or years. Although
there have been many studies on Tuberculosis disease detection and prevention, very few of them discuss
the creation of an expert system based on API. Hence, in this study we propose an Expert APl that
implements Forward Chaining and Certainty Factor algorithms for the task of Tuberculosis early
detection. The evaluation of the proposed system was carried out using several testing methods and in-
depth interviews with medical experts. We got a satisfactory result for this study.

Povzetek: Razvita je izvirna metoda za zgodnjo detekcijo tuberkuloze.

1 Introduction

Tuberculosis (TB) is a disease that can be cured with
proper treatment and medicines, but it has become the
leading cause of death of infectious disease (1). Indonesia
is the second-highest contributor to Tuberculosis cases in
2020 (2), and this is evident from Tuberculosis sufferers.
If they do not have proper care and treatment, it can cause
death in 45% of patients who do not have HIV and almost
100% in patients who do have HIV. The World Health
Organization (WHO) aims to eliminate Tuberculosis from
the face of the Earth through its End TB strategy (3).

Tuberculosis is a disease that has asymptomatic
infections that are hard to detect for weeks or even
decades, which led many people that are infected did not
realize it and made the number of cases increase (4).
Therefore, it is often overlooked by medical personnel and
can be difficult to diagnose and treat. Nonetheless, this
disease is very likely to be treated. It is proven from 2000-
2019 that around 63 million Tuberculosis sufferers have
recovered. Tuberculosis itself is a disease that is better
treated when it is in its early stages, but early detection
tools for Tuberculosis have their own challenges in the
form of low accuracy and economic conditions (5).
Anyone can be infected with Tuberculosis, and the disease
itself is very dangerous, especially for people infected
with HIV.

Indonesia has been one of the highest contributors to
Tuberculosis patients in the world, therefore early
detection of tuberculosis is needed in Indonesia to treat
patients before it is too late. The existence of early
detection for Tuberculosis sufferers can help the treatment
process and shorten the medication time period. Early
detection of the disease will also help to realize the ideals
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of Indonesia and the world to eradicate the Tuberculosis
disease.

There has not yet been any research about creating an
expert system based on an Application Programming
Interface (API). Many previous research that was explored
beforehand only created an expert system that is tightly
coupled with the web front-end (6,7). Creating an API
would allow for the expert system to be more portable, as
APIs are technology agnostic and can be consumed by any
interfaces, such as web-based technologies, mobile-based
technologies, Internet of Things devices, and even
command line interfaces.

API is also used to achieve more separation of
concerns and is easier to perform scalability on, as API is
completely separate from the front-end and is able to
communicate with anything as long as it conforms to the
interface (8). The API architecture used in this research
project is Representational State Transfer or REST
architecture (9). Previous research has shown that REST
API can make a system to be more scalable and less
coupled (10). The API will return the response in
JavaScript Object Notation (JSON) format.

The expert system created in this research project will
use Forward Chaining and Certainty Factor algorithms to
determine the level of diagnosis accuracy. The main
technologies used in the creation of this system are Go and
TypeScript. The internal evaluation of the system is
carried out using the white-box testing method with the
use of unit testing and integration testing, which are to test
each and every function in the system and determine
whether they pass the test cases or not. External evaluation
of this system is done by the help of medical experts who
are experienced in dealing with Tuberculosis disease. The
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application is complete with the API, and will also
implement internationalization to provide the application
in multiple languages (English and Bahasa Indonesia) that
conforms to the previous research (11).

It is hoped that this research can be the foundation for
people who want to develop an expert system of their own,
and we hope that this research can help to diagnose
Tuberculosis faster, thus helping the mission of
eradicating Tuberculosis disease from the face of the
Earth.

2 Research methods

This section will explain the research methodology that is
used in this research, the algorithms being used, and also
explain the system design that is chosen to fulfill the
research objectives.

2.1 EXxpert system

An expert system is a system that has the same knowledge
as a human expert and is able to make decisions based on
that knowledge (12). The knowledge is processed by the
system to help the user that does not have such expert
knowledge. The expert system will help to process input
from the users and give an accurate output based on the
knowledge. The system will also give an unbiased
outcome that a human usually has.

2.2 Forward chaining

Forward-chaining algorithm is one of two main methods
that are used by inference engines for its reasoning; the
algorithm can be described as the application of repetition
of modus ponens which consist of one set inference rule
and a valid argument (13). This algorithm is useful for
decision-making on the knowledge base that is given by a
domain expert. Forward chaining is able to process the
knowledge base as a tool to process input and give a
desirable outcome based on the knowledge stored within
the system.

2.3 Certainty factor

The Certainty Factor is usually used as a parameter to
measure the trust level of owed information. This
algorithm has been used in a lot of expert system
applications. The Certainty Factor was created by
Shortliffe Buchanan to make MYCIN - one of the earliest
expert systems, and used to measure its trust level. The
algorithm uses Eq. (1) to determine the trust level (i.e., the
confidence level) (14,15).

CF(H,E) = MB(H|E) — MD(H|E) (1)
where
MB(H|E)
1 )
=<max[P(H|E),P(H)] — P(H)
max[1,0] — P(H) ’

P(H) =1

otherwise
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MD(H|E)
. P(H)=1
=<{min[P(H|E),P(H)] — P(H)
min[1,0] — P(H) ’

and H is hypothesis, E is evidence, P(H) is the probability
of H, P(H|E) is the conditional probability of H given E,
MB(H|E) is the measure of belief of H given E, and
MD(H|E) is the measure of disbelief of H given E.

otherwise

2.4 Proposed system design

Figure 1 describes the process of the system. First, a user
will diagnose him/herself with the symptoms that are
available in the system. Then, the user will send their
symptoms to the REST API to be calculated and processed
further with two algorithms, namely Forward Chaining
and Certainty Factor. If the user’s input is somehow not
valid, then the user will receive an error message and they
have to input their symptoms again. If the input is valid,
the user will receive a JSON API response whose content
is the result of the diagnosis and also the information about
prediction on Tuberculosis disease.

response (JSON)

START Input Process data in
symptoms backend
( FINISH <— Send resuts ‘| _Create APl

Figure 1: Flowchart of the system.

Figure 2 shows the use-case diagram of the system. In
the system, the target users are two kinds of users, i.e.,
ordinary users and medical experts. A user is able to self-
diagnose him/herself and is also able to check information
about Tuberculosis in the system. An expert is able to do
all of the previous use-cases, but s/he has an additional
use-case and that is to evaluate the system. An expert who
uses this system should always evaluate the system as time
progresses in order to ensure that the symptoms, diseases,
and information are always up to date and as accurate as
possible.

//- —— Self-diagnose - —— i

~_/Check information

aluate system —
about TB EERLISIS By

Figure 2: Use-case diagram of the system.
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Figure 3 illustrates the architecture design of the
system. A user is able to send a request to the web front-
end, and said front-end will forward the request to the
REST API back-end. The back-end will process the
request according to the algorithms specified, and it will
return the results (as a JSON response) to the front-end.
Finally, the front-end will send back the response to the
user as a Hyper Text Markup Language (HTML)
document.

1. Request >
Web Frontend
| (React, TypeScript)
5. Response )
User 2. Send data 4. Send data
API Backend
(Go)

3. Process

data/

\

-

Figure 3: System architecture plan.

3 Implementation results

We have successfully implemented the REST API
together with a web application as explained in the
following subsections.

3.1 Data processing

Before delving further into the implementation, it is
necessary to find and gather datasets in order to be used as
the base estimations of the Expert System before
consulting with the pertaining medical experts. In this
research, the dataset used is from Victor Caelina, which is
stored in Kaggle (18). The dataset provides a number of
symptoms and a ‘flag’ to know if the person did
experience the symptom(s) or not. In order to know the
quantitative weight to be used in Forward Chaining and
Certainty Factor algorithms, we calculated them with the
following conditions.

For the Forward Chaining algorithm, we calculated
the weight by calculating the average of each patient’s
total number of symptoms. From this, we can know the
usual number of symptoms that a person usually has when
they are infected with Tuberculosis.

For the Certainty Factor algorithm, we calculated the
weight by calculating the average number of each
symptom. From this, we can know the ‘weight’ of every
symptom in the dataset (the ‘percentage’ of each).

From the data analysis process in a separate
spreadsheet file, it was discovered that people usually
experience seven symptoms if they are positively infected
with Tuberculosis. It is also discovered the symptoms in
the dataset have the following quantitative weights:

o  Fever for two weeks has a weight of 0.513.

e Coughing blood has a weight of 0.475.

e  Sputum mixed with blood has a weight of 0.519.
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Night sweats have a weight of 0.514.

Chest pain has a weight of 0.494.

Back pain has a weight of 0.511.

Shortness of breath has a weight of 0.487.
Weight loss has a weight of 0.521.

Feeling tired has a weight of 0.496.

Lumps appearing have a weight of 0.484.
Continuous coughs have a weight of 0.493.
Swollen lymph nodes have a weight of 0.478.
Loss of appetite has a weight of 0.488.

Certainty Factor requires a user to also input their own
‘certainty weight’ (the quantitative weight of a user’s
certainty level to having experienced the symptom) to also
be used as a metric for the calculation. We assume the
certainty weights to be as follows:

e ‘I do not/never feel that symptom’ has a weight

of 0.
o ‘I sometimes feel that symptom” has a weight of
0.25.

e ‘I often feel that symptom’ has a weight of 0.75.

e ‘I strongly feel that symptom’ has a weight of 1.

From here on, it is now possible to start implementing
the full system (web application and the REST API).

3.2 Technologies

The following technologies are used in order to construct
the system.

e React.js with TypeScript as the front-end engine
of the system;

e Go as the back-end engine of the system (as the
REST API and the inference engine);

e Git and GitHub for the code version control;

e Docker as the containerization technology to
produce deterministic builds and to ease up
deployment;

e  GitHub Actions to perform CI/CD in our system;

e Yarn and Go Modules as the package managers;

e Heroku as the native cloud deployment solution.

The system is built with Go in order to maximize

concurrency processing. From empirical observations,
APIs built with Go are much faster than most interpreted
and compiled languages due to its native support for
concurrency and coroutines, with speed that is second only
to Rust. React is used to build high-performance web
applications with a simple and intuitive Ul. Docker,
GitHub Actions, and Heroku are used to help with the
deployment process.

3.3 Results

The system’s core functionalities are described in this
section. When a user enters the web application, they will
be shown the main page of the application. All of the pages
are developed with UI/UX in mind, and conforms to
Shneiderman’s Eight Golden Rules (19). This is to ensure
that the system is properly designed and is easy to use by
the majority of the users. The main page of the system is
as shown in Figure 4.
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[ ] Expert System — Diagnose Tul X 4

I have a fever for two weeks or more.

I sometimes feel so

| I do not/never feel so ‘

I cough blood

| 1 do not/never feel so

My sputum is mixed with blood

| I do not/never feel so ‘ I sometimes feel so

I sweat at night

| I do not/never feel so ‘ | someti

I suffer from chest pain constantly

| I do not/never feel so ‘ | sometimes feel so

| suffer from pain when breathing (pleuritic pain)
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I often feel so I strongly feel so

I often feel so I strongly feel so
| often feel so I strongly feel so
| often feel so

I often feel so I strongly feel so

Figure 4: System’s homepage.
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Figure 5: Results modal.

The right part of the system’s header shows several
icons that can be clicked, such as a light bulb button (to
switch the system’s theme), a GitHub icon (to access the
GitHub repository), an ‘i’ icon (to show a modal
displaying information about the system), a book icon (to
show a modal displaying disclaimer and terms), and a
Kanji icon (to change the system’s language). A user can
input their own diagnosis by choosing one of the available
choices that suits their own condition the most. After the
user has finished answering all of the questions, the user

can click on the ‘Results’ button and they will be shown
the results modal page, as shown in Figure 5.

The evaluation results will show the probability of a
user’s being infected with Tuberculosis (calculation is
from the Certainty Factor algorithm), and a verdict of the
user’s condition, whether they are infected with
Tuberculosis or not (using Forward Chaining algorithm).
The result from this diagnosis is not recommended to be
taken as it is, and the user will be recommended by the
system to visit a medical expert to further diagnose their
condition.
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In addition, the evaluation results will also show the
raw JSON data (from the API response, as this research is
about the implementation of an API) for people who are
interested in seeing the raw data. The raw JSON data will
return an object consisting of the status of the request, the
status code, a message, and another object (denoted as
‘data’) consisting of the verdict, probability, and the
disease data. The disease data will show the identification,
name, description, treatment, prevention, sources of
information, and the symptoms, complete with the weights
and its name.

The output of this research project could be accessed
from several links, such as the source code at a GitHub
repository in https://github.com/lauslim12/expert-
systems, and the live version of the system at the link
inside the repository. For further information and
contribution to this research project, interested readers are
welcomed to contact the first author at
nicholas.dwiarto@student.umn.ac.id or the corresponding
author.

4 Evaluation and Discussion

For the evaluation part of the built system, we used both
internal and external testing.

4.1 Internal Testing

The internal testing process uses white-box testing method
and implements unit testing and integration testing in
order to make sure that the system works properly. The
unit testing process is satisfactory, and we have received
100% code coverage in our whole API, as shown in Figure
6.

Figure 6: Unit testing coverage.

We have also performed integration tests. Integration
tests are tests that are performed when the application is
running in order to ensure that the application works as
expected in production scenarios. Figure 7 shows the
results of our integration tests, which are successfully
done according to our expectations. It also shows the
JSON response of the system.
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Figure 7: Integration tests.

4.2 External Testing

The external testing process uses black-box testing
method and we relied on medical experts on Tuberculosis
disease to perform a deep evaluation of the system. In
addition, external testing is also performed by conducting
a quick interview to twenty people who may have to utilize
this application to analyze their own health condition (and
the potential of being infected with Tuberculosis).

Halodoc application is used in order to find medical
experts to consult and evaluate our system with. Halodoc
is a medical consulting application that is catered for
people from Indonesia (20). We thoroughly interviewed
two experts and an undergraduate medical student:

Dr. Maria from Halodoc evaluated that our system is
easy to use, fully responsive on many devices, and
accurate. Dr. Maria suggested that the system should focus
more on TB for lungs at the moment, and she also
suggested removing non-relevant TB for lung symptoms.

Dr. Devi from Halodoc evaluated that our system is
easy to use, accurate, and responsive. She suggested fixing
several wordings about TB symptoms in the system, and
also suggested adding a single additional symptom.

Daniel is an undergraduate student in Medical
Science. He was interviewed and stated that the system is
easy to use, informative, helpful, and has the potential of
being used by hospitals if we add more inference engines
for additional diseases.

Non-medical experts whom we have interviewed all
claimed that the system possesses a good user interface,
easy to use, useful, and very informative. They all consider
using the system to diagnose themselves in the future.

4.3 Comparisons

Table 1 describes the relevant works of this research, and
showcases their differences. Metrics used as the
comparisons are evaluation methods, algorithms used, and
the media used to deliver the results of the research.

When compared with previous research as shown in
Table 1, it is depicted that the current research contains
two algorithms, is tested multiple times, and processes the
whole input and output via an APl which is connected to
a website. This is different from the previous papers,
which usually only use one algorithm, only tested by one
evaluation scenario, and use a coupled media.
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Table 1: Related Works.

Authors | Evaluation | Algorithm Media
Kusnadi, Literature Forward Desktop
A. (16) review Chaining application
Didik W, | Interview Forward Mobile
etal. (17) | with Chaining application

experts

Leonardo | Interview Analytical | Web-based
J, etal. (6) | with Hierarchy | application

experts Process

Hossain Interview Fuzzy Web-based
MS, et al. | with application
() experts
This Unit tests, | Forward Web-based
research integration | Chaining application

tests, user | and that is
acceptance | Certainty connected
testing, and | Factor to an API
interview

with

experts

5 Conclusion

In this research, we have successfully built an API, and in
extension of a web application, to self-diagnose
Tuberculosis disease with Forward Chaining and
Certainty Factor algorithms that is accurate and easy to use
according to the reviewers. The system is built by using
mainly Go, React with TypeScript, and Docker, with Test
Driven Development as the programming paradigm.
Evaluation was done with white-box testing (unit tests and
integration tests), and black-box testing (interviews with
general users and medical experts to give feedback to
improve the system even further).

The internal testing processes have been successfully
run and results in 100% code coverage, which means that
the system has passed all test cases and therefore no bugs
are found in the application. All calculations are done
according to the Forward Chaining and Certainty Factor
algorithms and are accurate.

The external testing process has also been
successfully done. Medical experts and general users
whom we have interviewed claim that the application is
accurate, provides a good user experience, responsive,
easy to use, and provides complete information about
Tuberculosis, from its symptoms, general information,
prevention, and its potential treatments.

For future development, we would like to add more
diseases into the system, as we have prepared and added
the data structures, API responses, and data types that
allow for horizontal scalability with minor to no problems
at all. We would also like to create an open-source library
about the expert system, so people who want to integrate
their own applications with our system could just
implement our library in their codebase, resulting in an
integrated and a good developer experience. We would
also like to try and implement different algorithms to try
to diagnose the disease, for example by incorporating
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various Machine Learning and Deep Learning approaches
in detecting TB disease (21, 22).
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