Journal of Computer Science and Information Technology

J,:CSI ‘1 https://jcsitech-upiyptk.org/ojs
2023 Volume 9 Issue 4 Pg 193-198 e-ISSN: 2502-1486

Gastric Diagnosis Expert System using the Fuzzy Mamdani Method

Rozizah Dwi Gusni*, Eva Rianti, Firna Yenila
Universitas Putra Indonesia YPTK Padang, JI. Raya Lubuk Begalung Padang, Sumatera Barat — 25221, Indonesia

* . . .. .
rozizahdwigusnii@gmail.com

Abstract

The stomach is one of the important digestive organs in humans. Gastric disease is inflammation of the stomach lining caused
by microorganisms, this disease is caused more by Helycobacterpylori bacteria, apart from being caused by bacteria, stomach
disease can also be caused by irregular lifestyle and eating patterns. Diseases that attack the stomach are still considered
trivial by the general public, so not many people know about stomach diseases and the symptoms that exist. This is what
causes people to be reluctant to see a doctor when they suffer from pain that attacks the stomach. When a disease attacks the
stomach, people only use experience or intuition to cure it, so it is not treated properly. By using an expert system, patients
can save time going to the hospital and can improve service to patients. The results of the Mamdani fuzzy logic calculations
require a report on the possibility of stomach disease suffered by the user/patient, examples of possibilities are small,
somewhat large and large based on the highest value results. It is hoped that with this system, it will be easier for patients to
diagnose gastric diseases to carry out prevention and early diagnosis and treatment.
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that explains a disease with existing symptoms, so
patients or in this case users have to search one by one

Nowadays, people's lifestyles that always want to be to make an initial diagnosis of the illness they are

practical and tend to be unhealthy make the body suffering from [ 3].

susceptible to disease. Diseases are created from small

habits such as delaying meal times and irregular eating

patterns. Frequently delaying meal times causes the
stomach to produce excess acid, thus triggering various

stomach diseases [ 1].

1. Introduction

Such a manual system can be made easier with an
information system where the patient does not need to
go to the doctor to diagnose the disease the patient is
suffering from. By using an expert system, patients can
save time and improve patient service. An expert
The stomach is one of the important digestive organs in system is a computer program that represents and
humans. Gastric disease is inflammation of the stomach performs reasoning with the knowledge of several
lining caused by microorganisms, this disease is caused experts to solve problems or provide advice. An expert
more by Helycobacterpylori bacteria, apart from being system is a system that uses human knowledge where
caused by bacteria, stomach disease can also be caused this knowledge is entered into a computer and then
by irregular lifestyle and eating patterns [2]. used to solve problems that usually require human
expertise or expertise. This expert system is designed to
imitate the expertise of an expert in answering
questions and solving problems and is very helpful in
making decisions in diagnosing gastric diseases
through the symptoms felt by the patient [ 4].

Diseases that attack the stomach are still considered
trivial by the general public, so not many people know
about stomach diseases and the symptoms that exist.
This is what causes people to be reluctant to see a
doctor when they suffer from pain that attacks the
stomach. When a disease attacks the stomach, people The expert system for diagnosing stomach diseases is
only use experience or intuition to cure it, so it is not implemented using the Fuzzy Mamdani method. The
treated properly. In an examination the doctor will Mamdani fuzzy method is a system built with clear
detect a disease in the patient's body with the patient's definitions, working methods and descriptions based on
symptoms or complaints. The activity carried out by the fuzzy logic theory and has several processes such as
patient is to meet face to face with the doctor and the fuzzy rules, inference, fuzification and defuzzification
doctor will ask about the symptoms that arise in the capable of handling the ambiguity and uncertainty of
patient. The manual system has a weakness in that the the variables used in determining disease. in the
patient has to come to see a doctor to consult or have stomach[ 5][6].

the patient's disease checked and the patient also has to
prepare the costs needed to have the disease checked.
The information currently available is only information

Mamdani fuzzy logic is a method that is very flexible
and has tolerance for existing data. The Fuzzy
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Mamdani method can help minimize the role of internal
medicine doctors, so that patients can detect the type of
stomach disease they are suffering from earlier [ 7][8].

Fuzzy logic is a rule-based decision making method
used to solve gray problems in systems that are difficult
to model or have ambiguity. Fuzzy Mamdani is a
method that is very flexible and has tolerance for
existing data. Fuzzy logic is widely used in various
research because it can be used to make measurements
on various phenomena that have subtle or vague
characteristics and uncertainty. And able to solve very
complex problems and make decisions [9].

Fuzzy logic is widely used in various research, such as
previous research, namely the application of fuzzy
logic in optimizing the production of goods using the
Mamdani method [10]. Determining production
quantities based on demand and supply using fuzzy
logic and the Mamdani method [11]. Research journal
article entitled Application of Fuzzy Logic in
Optimizing Palm Qil Production at Pt. Waru Kaltim
Plantation Using the Mamdani Method, emphasizes and
conveys that, like crisp sets, there are several
operations that are specifically defined to combine and
modify fuzzy sets. The membership value as a result of
2 sets is often known as fire strength or o-predicate
[12]. Design of a fuzzy logic application in determining
production volume using the Mamdani method [13].
Prediction of furniture production quantities using a
fuzzy inference system [14]. System for determining
the calculation of folding gate production quantities
[15].

Based on these problems, the author wants to discuss
and find solutions in building this expert system,
through thesis research with the title "Expert System
for Diagnosis of Gastric Disease Using the Fuzzy
Mamdani Method (Case Study: Dr. Reksodiwiryo
Hospital Padang)". In designing this web-based expert
system, the author used the PHP programming
language and MySQL database. It is hoped that with
this system, it will be easier for patients to diagnose
gastric diseases to carry out prevention and early
diagnosis and treatment.

2. Research methodology

In preparing research, it is necessary to have a
framework with clear stages, this framework is used to
solve a problem that is being discussed by the
researcher, the framework is in Figure 1.

‘Determining Symptom Data. Disease and
Solution Data

|

Determining Weight

l

Determining Decision Trees

!

Computation of Fuzzy Sets and Rule
Components

l

Determining the Value of Assertion

(Defuzzification)

Figure 1. Research Framework

A fuzzy system is capable of processing linguistic
reasoning so that its design does not require
complicated mathematical equations. Fuzzy logic is a
way to map an input space into an output space. The
Mamdani method is the method most often encountered
when discussing fuzzy methodologies. This is possible
because this method was the first method developed
and successfully applied in control system design. The
calculation steps for the fuzzy mamdani method are as
follows:

1. Identifying data such as symptom data, disease type
data and solution data.

Determine the weight of each symptom

Define a decision tree

Fuzzy Sets , In the Mamdani Method, both input
variables and output variables are divided into one
or more fuzzy sets

Rule Composition: Unlike monotonous reasoning, if
the system consists of several rules, then the
inference is obtained from a collection of rules .

wnN

Conformity Value Process Formula

Nilai Bobot(B(a,), U,(a,))

R(B(an), Un(an)) = YNilai BobotU
n

Information :

(B(ay): symptoms input by user B which are
declared as a disease set against symptom A.

U,(a,): a knowledge-based symptoms of a set of
diseases to symptom A, where A={al, a2, a3, ..., an}.

6. Confirmation (Defuzzy fication), The input of the
defuzzy fication process is a fuzzy set obtained
from the composition of fuzzy rules, while the
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resulting output is a number in the fuzzy set 2. Disease Type Data

domain.

P(Uy)
R(Uy)

~ IR(Uy) + R(Uz) + R(Us) + R(U;) + R(Us) + R(Ug)

3. Results and Discussion
3.1 Data analysis

The data analysis stage is the most important stage in
developing a system, because at this stage an evaluation
will be carried out to identify existing problems, system
design and the steps needed for the desired design to
arrive at the expected analysis. Data processing and
assessment will later find solutions to resolve existing
problems. The data variables obtained are a collection
of types of disease, symptoms of disease and solutions
or ways of treating them obtained from various sources
of information such as survey results at Dr. Hospital.
Reksodiwiryo Padang through a direct interview with
Dr. Rasyid, Sp. PD as well as books, journals and the
internet. The following data will be used as research
objects:

1. Symptom Data

The symptom data used in the expert system for
diagnosing stomach diseases includes 25 symptoms.
The symptoms can be seen in Table 1:

Table 1. Symptom Data

No Syénopc'ltgm Symptom

1 G001 Nauseous

2 G002 Vomit

3 G003 The _solar plexus area feels sore, painful and/or
burning

4 G004 Discomfort in the stomach or gastric area

5 G005 Feeling of bloating

6 G006 Reduced appetite

7 G007 Bloody bowel movements

8 G008 Pain in the stomach after eating

9 G009 Stomach cramps

10 G010 Diarrhea

11 G011 Fever

12 G012 Passing watery stools (diarrhea)

13 G013 Burp

14 G014 Bowel sounds are loud

15 G015 Constipation

16 G016 Swelling in the stomach due to fluid buildup

17 G017 Weight loss

18 G018 Difficulty swallowing food

19 G019 Get full quickly

20 G020 Dark colored stools or blood in the stools

21 G021 Vomiting blood

22 G022 Cough that lasts a long time/does not heal

23 G023 Burning feeling in the chest
The taste of food/drink returning to the mouth

24 G024 (regurgitation) so that the mouth feels sour and
bitter.

Source: Dr. Rasyid, Sp. PD

The number of diseases processed in the expert system
for diagnosing stomach diseases is six types of disease,
as in Table 2:

Table 2. Disease Type Data

No Dclsggze Disease

1 P001 Gastritis

2 P002 Gastric Ulcer

3 P003 Gastroenteritis

4 P004 Dipepsia Syndrome

5 P005 Gastric Cancer

6 PO0G G!ERD (Gastroesophageal Reflux
Disease)

Source: Dr. Rasyid, Sp. PD
3. Solution Data

From the diseases above, there are several solutions
that can be done if you suffer from this disease, as in
table 3:

Table 3. Solution Data
Disease
Gastritis

No
1

Solution

a. Gastritis that is not severe

can be given antacid
medication. Antacids can
relieve gastritis symptoms
(especially pain) quickly,
by neutralizing stomach
acid. This drug is effective
for relieving the symptoms
of gastritis, especially acute
gastritis.  Examples  of
antacid drugs that can be
consumed by patients are
aluminum hydroxide and
magnesium hydroxide.

b. Get plenty of rest,

. Eat foods that have been
mashed such as porridge,
jelly, cream soup,

. Avoid eating foods that are
heavily spiced and
stimulating such as chilies,
peppers and similar types
of acids,

. Drink lots of water, such as
tea, ginger water with soda,
or liquids that contain lots
of carbonates.

. Try to eat regularly, before
eating, take 30 minutes of
medication, for example
antacids.

. Increase consumption of
vegetables, whole grains
and fruit that contain
vitamins A and C.

. Consume foods  that
contain probiotics, such as
yoghurt.

. Avoid consuming milk.

. Manage stress well.

. Get enough rest.

. Limit alcohol consumption

. Quit smoking

. Drink electrolyte drinks or
ORS fluids which can be
purchased at pharmacies
without a doctor's

Gastric Ulcer

vDIQ D OO

Gastroenteritis
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No Disease

Solution

prescription. How to treat
diarrhea with ORS is even
said to be more effective
than drinking water alone.

. If you can't go outside, you

can make your own
electrolyte fluid from a
mixture of water, sugar and
salt. This solution can help
the intestines more
efficiently absorb excess
fluid in the feces. As a
result, the texture of the
feces will be denser and
can be excreted more
regularly.

4 Dipepsia Syndrome

. Drink enough water.
. Avoid the habit of lying

down after eating

. Avoid smoking
. Exercise regularly

5 Gastric Cancer

. Maintain

. Stop or stay away from

smoking.

. Adopt a healthy diet, for

example consuming foods
rich in fiber, and reducing
salty foods and processed
foods.

ideal body

weight.

6 GERD
(Gastroesophageal
Reflux Disease)

[

o

. Watch your weight
. Avoid

foods that can
increase stomach acid, such
as spicy, sour foods,
coffee, mint, and so on.

. Avoid alcohol.
. Avoid smoking.

Source: Dr. Rasyid, Sp. PD

3.2 Process Analysis

The process stages use the fuzzy mamdani calculation
method, which uses symptoms of stomach disease
which have a value (weight). The variables (diseases),
symptoms and symptom weights used in this study can
be seen in table 4 and are as follows:

Table 4. Variables, Symptoms and Symptom Weights
Variable Weigh
No (Disease) Symptom tg
G001 : Nausea 5
G002 : Vomiting 5
G003: The solar plexus 5
1 Gastritis area feels. sore, painful
and/or burning
G004: Discomfort in the 3
stomach area
G005: Feeling of flatulence 3
G001 : Nausea 3
G002 : Vomiting 1
G003: The solar plexus 3
area feels sore, painful
and/or burning
- G005: Feeling of flatulence 3
2 Gastric Ulcer G006: Reduced appetite 3
G007:  Bloody  bowel 5
movements
G008: Pain in the stomach 5
after eating
3 Gastroenteriti | G001 : Nausea 1
S G002 : Vomiting 1

Variable Weigh
No (Disease) Symptom t ’
G003: The solar plexus 1
area feels sore, painful
and/or burning
G006: Reduced appetite 3
G009: Stomach cramps 5
G010: Diarrhea 5
G011: Fever 5
G012:  Watery  bowel 5
movements (diarrhea)
G013 : Belching 3
G001 : Nausea 5
G002 : Vomiting 5
G003: The solar plexus 3
area feels sore, painful
and/or burning
4 Dipepsia G004: Discomfort in the 3
Syndrome stomach or stomach
G006: Reduced appetite 3
G008: Pain in the stomach 3
after eating
G014: Loud bowel sounds 5
G015: Constipation 5
G003: The solar plexus 1
area feels sore, painful
and/or burning
G006: Reduced appetite 3
G016: Swelling in the 3
stomach due to fluid
5 Gastric buildup
Cancer G017: Weight Loss 5
G018: Difficulty 3
swallowing food
G019: Get full quickly 3
G020: Dark colored stools 5
or blood in the stools
G021: Vomiting blood 5
G013 : Belching 3
G022: Cough that lasts a 5
long time/does not heal
GERD G023: Burning feeling in 3
6 (Gastroesopha | the chest
geal Reflux | G024: The taste of 5
Disease) food/drink returning to the
mouth (regurgitation) so
that the mouth feels sour
and bitter.

The weight of each symptom is different, but there are
also the same weights. The weight of each symptom
describes the influence of the symptom on stomach
disease. The greater the severity of these symptoms, it
can be concluded that these symptoms are the dominant
symptoms of disease in sufferers of stomach disease.

3.2.1 Decision Tree

A decision tree is a tree that is used as a reasoning
procedure to obtain answers to the problems entered.
The decision tree of the expert system for diagnosing
gastric diseases is depicted in Figure 2 below:
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Figure 1. Decision Tree

3.2.2 Fuzzy Sets

Meanwhile, in the Mamdani method, both input
variables and output variables are divided into 1 or
more fuzzy sets . In this study, three categories of Fuzzy
sets were obtained, namely normal, moderate and
dominant symptoms, where the weight of the set
variables will be entered for each disease symptom as
in the table in table 4. The fuzzy set table can be seen in
table 5 below. :

Table 5. Fuzzy Set Table

Fuzzy Sets Weight
Normal 1

Currently 3

Dominant 5

3.2.3 Rule Components

To find out the type of stomach disease suffered, a
fuzzy value calculation process is needed based on the
symptoms input by the user. The fuzzy value process
consists of two parts, namely: the suitability value of
each symptom for a disease and the calculation of the
fuzzy conditional probability value of a disease based
on the results of user input of symptoms. For example,
the following symptom data entered by user B can be
seen in table 6 below:

Table 6. Case Table

No Symptoms felt Weight
1 Nauseous 5
2 Vomit 5
3 The solar plexus area feels sore, painful 5

and/or burning
4 Discomfort in the stomach area 3
5 Feeling of bloating 3
Table 7. Data Fit Table

Symptom P P P P P P
Code (Uy) | (Uz) | (Uz) | (Uy) | (Us)| (Ug)
G001 5 3 1 5 0 0
G002 5 1 1 5 0 0
G003 5 3 1 3 1 0
G004 3 0 0 3 0 0
G005 3 3 0 0 0 0
G006 0 3 3 3 3 0
G007 0 5 0 0 0 0
G008 0 5 0 3 0 0
G009 0 0 5 0 0 0
G010 0 0 5 0 0 0
G011 0 0 5 0 0 0
G012 0 0 5 0 0 0
G013 0 0 3 0 0 3

Journal of Computer Science and Information

Symptom
Code
G014
G015
G016
G017
G018
G019
G020
G021
G022
G023
G024

—7
N
N~
N
I~
L

-7
-7

=

o|lo|o|o|lo|o|o|o|o|o|o|E .

o|lo|o|o|o|o|o|o|o|o|o|E T

o|lo|o|o|o|o|o|o|o|o|o|E ©

o|o|o|o|o|o|o|o|o|u|u|&E B

o|o|o|u|u|w|lw|u|w|o|o|& '

ul|w|o|o|o|o|o|o|o|o|o|E B

1. Conformity assessment process

Based on the symptoms entered by user B in table 6 of
the case table. Then the suitability value is calculated
based on the sum of the weight values for each disease
Table 7 variables, symptoms and symptom weights .

Nilai Bobot(B(a,),U;(a;)) 5
R(B(a), Ur(a) = SNilai BoblotUll —=3

21
= 0,23809

Nilai Bobot(B(a;),U,(ay)) 3
R(B(a,),U = ke -2
(B(a), Uz(a1)) SNilai BobotU, 23

= 0,13043
Nilai Bobot(B(a;),Us(ay)) 1
R(B(ay),U - o -
(B(a), Us(a1)) SNilai BobotUs, 29
= 0,03448

Nilai Bobot(B(a,),Us(a;) 5
R(B = =
(Ban, Us(an) TNilai BobotU, 32

= 0,15625

Nilai Bobot(B(a,),U;(a;)) 5
R(B = =
(B(az), Ur(a2)) TNilai BobotU, 21

= 0,23809

Nilai Bobot(B(a,), U,(a,))
XNilai BobotU,

1
— = 0,04347
23

R(B(a;), Uz(az)) =

Nilai Bobot(B(a,), Us(a,))
XNilai BobotU,

1
29~ 0,03448

R(BA(a;), Us(a;)) =

_ Nilai Bobot(B(a;),Us(a;) 5
R(B(a2),Us(a2)) = SNilai BobotU, 32

= 0,15625
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__Nilai Bobot(B(a;),U;(a;)) 5
R(B(as), U1 (a)) = SNilai BobotU, 21

= 0,23809
Nilai Bobot(B(a,), U,(a,))
XNilai BobotU,
3
— =0,1304
>3 0,13043

R(B(a3),Uz(a3)) =

Nilai Bobot(B(a,), U3(a,))
YNilai BobotU;

1
— = 0,03448
29

R(B(a3),Uz(a3)) =

Nilai Bobot(B(a;), U,(a;) 3
R(B ,U = — =—=
(B(as), Ua(as)) SNilai BobotU, 32

= 0,09375

Nilai Bobot(B(as), Us(as))
XNilai BobotUg

-2 = 03571
=55 =

R(B(a3), Us(as)) =

Nilai Bobot(B(a),U;(a;)) 3
R(B ,U = — =—
(B(as), U (a4)) SNilai BobotU, 21

= 0,14285

Nilai Bobot(B(a;), U,(ay) 3
R(B ,U = — =—=
(B(as), Ua(as)) SNilai BobotU, 32

= 0,09375

_ Nilai Bobot(B(a;),U;(a;)) 3
R(B(as), U1 (as)) = SNilai BobotU, 21

= 0,14285

Nilai Bobot(B(a;),U,(a,))
YNilai BobotU,

3
— =0,13043
23

R(B(as), Uz(as)) =

From the calculation above, the maximum value for
each disease is determined for each symptom. So the
max value is:

R(U;) = max{(R(B(ay), U;(ay)), R(B(az)' U, (az)),

R(B(as),U3(a2), R(B(as), Us(a)) R(B(as), Us(as))}  0,03448

= max{(0.23809), (0.23809), (0.23809), (0.14285) }
,(0.14285)}
= 0.23809
R(U,) = max{(R(B(a,), U,(a,)),R(B(a;), U(az)),
R(B(as), U,(as))}
= max{(0.13043), (0.04347), (0.13043)}

= 0.13043

R(U3) = max{(R(B(ay), Us(a,)), R(B(ay), Us(ay)),
R(B(a3), Us(a3))}

= max{(0.03448), (0.03448), (0.03448)}

= 0.03448

R(U,) = max{(R(B(ay), U4(a1)),R(B(a2), U4(a2)),
R(B(a3),Us(a3)),R(B(a,), Us(ay)), R(B(as), Uy(as))}
= max{(0.15625), (0.15625), (0.09375), (0.09375)}
,(0.09375)}
= 0.15625
R(U3) = {(R(B(a3), U3(a3))}
= 0.03571

3.2.4 Affirmation ( Defuzzification )

After calculating the symptom suitability value
between the symptoms input by the user and the
symptoms in the knowledge-based system . Next, look
for the fuzzy conditional probability value for each
disease from the knowledge-based max symptom value
of that disease , then you can calculate the fuzzy
conditional probability value from the data above,
namely:

P(U1)
_ R(U,)
" IR(U;) 4+ R(Uy) + R(U3) + R(Uy) + R(Us) + R(Ug)
~0,23809 04001
059496
P(Uz)
_ R(U,)
" ZR(Uy) + R(Uy) + R(U3) + R(U) + R(Us) + R(Ug)
_0,13043 02192
T 0,59496
P(Us)
R(U3)

- XR(U;) + R(U;) + R(U3) + R(U,) + R(Us) + R(Ug)

= 059406 ~ 0579
P(U,)
_ R(Uy)
TR(U;) + R(U,) + R(U3) + R(Uy) + R(Us) + R(Ug)
015625 02626
059496
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P(Us)
_ R(U,)
%R(U;) + R(U;) + R(U3) + R(U,) + R(Us) + R(Uyg)
003714 00628
7 0,59496

From the results obtained from the calculations above,
it is necessary to report the possibility of stomach
disease suffered by the user/patient, examples of
possibilities are small, somewhat large and large based
on the highest value results. The diagnosis result value
for each disease is taken after two commas and
converted into a percentage. So the calculation for the
diagnosis of gastric disease suffered by the user/patient
is:

P(U;) = 0,4001x 100 = 40,01%

From the percentage results above, it is likely that
40.01% of the illnesses suffered by users/ patients are
gastritis.

P(U,) = 0,2626x 100 = 26,26%

From the percentage results above, it is quite likely that
26.26% of the illnesses suffered by users/ patients are
dipepsia syndrome.

4. Conclusion

After building a web-based expert system at Dr.
Reksodiwiryo, users/patients can diagnose stomach
diseases quickly and easily so that users/patients can
minimize the time they have to come to the hospital.
Can provide knowledge for patients to obtain
information in identifying stomach diseases. After
using the Fuzzy Mamdani method to help patients
diagnose gastric disease at Dr. Reksodiwiryo can be
done precisely and accurately. The expert system
diagnoses stomach diseases based on the symptoms felt
by the patient so that they get solutions for treatment so
that the disease does not get worse.
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