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Abstract: Changes to services in the medical field will follow the changing of era, no longer relying on a single expert but
can adapt to multiple experts, by offering convenience to help emergency room doctors and specialist doctors.
The technology that will be discussed in this research is building a framework of knowledge of large-scale
medical experts. Knowledge is obtained by relying on medical record data as the results of that knowledge
that are used to distribute the symptoms according to specialist units in the hospital. Therefore, doctors who
are in the emergency unit can do first aid to patients as well as to get the appropriate specialist information
based on a knowledge-based system with the patient’s condition, so that the work of the emergency room
doctor and specialist doctors can utilize the knowledge-based system in conducting care in patients and can
save observation time in examining other patients.

1 INTRODUCTION

In today’s digital era, a lot of research has been done
to develop a system towards digitalization. One part
of computer science that can help make work eas-
ier is artificial intelligence (AI) (Dzierzanowski et al.,
1985). An expert system is a part of AI that is built
based on expert knowledge and information from
books (Gorzalczany and McLeish, 1992). In its ap-
plication, expert systems are often used to diagnose
problems that occur in the community. One of the
development of expert systems is to help in the med-
ical field (Dzierzanowski et al., 1985). During its
development, many systems were built using AI to
improve medical services (Krantz et al., 1988) and
(Cota et al., 2017), decision support (Razzouk et al.,
2006) – and (Navarra, 2016), to assist in diagnos-
ing diseases (Dzierzanowski et al., 1985), (Adlassnig
and Scheithauer, 1989), (Malmir et al., 2017). The
software that was successful in applying AI into the
medical field to diagnose diseases in the 20th cen-
tury included MYCIN, SPHINX, LOCALIZE (Brazis
et al., 2012), PUFF, INTERNIST, and GAITSPERT
(Dzierzanowski et al., 1985), (Chorbev et al., 2009).
AI which is a field of science has many branches that

can be applied in the medical field. This can be seen
in the success of various software that uses differ-
ent methods(Dzierzanowski et al., 1985). MYCIN
has succeeded in becoming a system based on ex-
pert systems that is able to help medical staff provide
clinical consultations (Van Remoortere, 1979), (Li,
2010), SPHINX uses inference and pattern recogni-
tion methods capable of providing consultations re-
lated to jaundice (Sampat et al., 2005), to the IN-
TERNIST which is able to provide diagnoses in vari-
ous diseases (Miller et al., 1982).

In developing AI for medical purepose it is insep-
arable from the role of medical personnel and doc-
tors directly. The combination of knowledge pos-
sessed by experts in the medical field with comput-
ing is an expert system. The expert system was de-
veloped from a simple display that was still in the
form of a command-line interface (CLI) (“Classifica-
tion and diagnosis of diabetes: Standards of medical
care in Diabetesd2018,” 2018) until finally a graphical
user interface (GUI) version was developed that made
it easy for users to interact with the system (Gianni
et al., 2019). Even Bao, et al. (Schiller and Mandvi-
walla, 2007) has been able to develop an expert sys-
tem that can be used in several hospitals in rural ar-
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eas by using virtual machines that are connected to a
network. Further development of the expert system
that is connected to the network allows patients to do
longdistance consultations with several doctors or ex-
perts who are included in a system (Chambers and
Conway, 1992).

The use of expert systems in the medical field it-
self is divided into several types, namely expert sys-
tems based on rules or logic and expert systems based
on mathematical or statistical computations (Liao,
2005).

2 LITERATURE REVIEW

In improving the accuracy of expert system diagnos-
tics in the health sector, researchers conducted a com-
bination of rule-based and statistical-based. This sec-
tion will discuss previous studies related to the expert
system in its application in the health sector or medi-
cal expert system. The expert system was developed
using a rule-based method, based on statistics, or a
combination of both.

2.1 Rule-based (Logic- based) Expert
System

An expert system based on logic leads to a manipula-
tion of objects rather than mathematical computations
(Dzierzanowski et al., 1985), (“Foundations of neural
networks, fuzzy systems, and knowledge engineer-
ing,” 1997), (Herry and Frize, 2003). This is more
due to understanding between the problem domain
and the knowledge held by experts (Dzierzanowski
et al., 1985), (Li, 2010), (Albert et al., 2015). Fur-
thermore, the expert system that is built will greatly
affect the health of the lives of patients (Hyeon et al.,
2016). Knowledge from experts which is applied to
a rule-based expert system is capable of representing
the relationship between problems and consequences
that will occur (Adlassnig and Scheithauer, 1989) in
the form of IFTHEN (Gianni et al., 2019). The ability
to represent these relationships is obtained based on a
logical approach from real-world cases that are trans-
ferred from expert knowledge (Aronson et al., 2005).
The use of rule-based expert systems in the medical
field provides ease in enhancing system capabilities.
If one day the expert has a new experience or the ex-
pert’s knowledge increases in disease, then the rules
can be changed according to expert knowledge. For
example, there are rules which are deleted or added in
the diagnosis of disease to achieve better diagnostic
results, but the addition or deletion of rules cannot be
done instantly but requires verification and validation

so that the expert system that is built remains stable
(Schiller and Mandviwalla, 2007).

In addition to making the expert system that is
built remain stable, verification and validation are also
needed so that every rule and fact stored in the knowl-
edge base is still true and honestly made based on ex-
pert knowledge. Poor accuracy and incomplete rules
are of great concern in the validation of a rulebased
expert system (Lockwood and Chen, 1995), (Eya-
dat and Alsmadi, 2012). However, rule-based expert
systems have drawbacks, one of which is limitations
when the system is unable to explain or make a rule
against disease diagnosis so that it is combined with
several other methods in AI such as fuzzy logic (Sut-
ton et al., 2012) and (Das et al., 2013), data mining
(Mihaela-Adina and Gheorghisă, 2015) , (Fefilatyev
et al., 2007) and semantics (Sakorn, 2016).
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Figure 1: Rule-Based Medical Expert System.

2.2 Quantity Measure based (Statistics
based) Expert System

Expert systems that are based on mathematical com-
putations arise because some researchers consider
that sometimes the systems are not able to make
or explain a rule to achieve the correct diagno-
sis. The development of expert systems of this type
uses mathematical methods such as Bayesian for-
mulas (Sapna and Tamilarasi, 2009), artificial neu-
ral networks (Yahia et al., 2000), data mining tech-
niques (Mihaela-Adina and Gheorghisă, 2015), and

optimization (Mihaela-Adina and Gheorghisă, 2015).
The use of expert systems based on mathematical
computations provides a jump in accuracy and a jump
in the speed of the diagnostic process. Mathematical
computations are not used to replace the rule-based
expert system, but rather to accomplish and improve
performance to cover the deficiencies that exist. Al-
though the system is capable of providing a good
spike in performance, but the use of expert systems
based on mathematical computations is limited to hu-
man ability to label (Valizadegan et al., 2013). This
can trigger debate from other medical personnel who
have different views based on knowledge and views
held (Sadideen et al., 2013). A simple example is a
usage of genes or offspring as a parameter or label in
making a diagnosis (Gay et al., 2013) and (Dharmar
et al., 2002).

Figure 2: Statistics-Based Medical Expert systems.

2.3 Medical Expert Systems Category

Technology development in the world of health is im-
portant. Starting from the examination process, di-
agnosis, to the patient care process must be done with
extreme care and precision. This becomes a challenge
for young doctors and paramedics who are just start-
ing a career in doing so, especially in dealing with
problems with a high degree of difficulty. Artificial
intelligence is a part of technologies that enables the
development of medical tools for junior paramedics
and doctors who are experienced in solving problems
they faced (Dharmar et al., 2002). One part of artifi-
cial intelligence that is often used in the development
of these tools is the expert system (Dzierzanowski
et al., 1985), (Dharmar et al., 2002), (Tan et al., 2016).
The development of expert systems themselves can
be divided into several categories including diagnosis,
repair, instruction, interpretation, prediction, forecast-
ing, design and planning, monitoring, control, classi-
fication/identification, discovery, debugging, and se-
lection (Tan et al., 2016).

2.3.1 Diagnosis

Diagnosis in the world of health requires compre-
hensive medical knowledge because sometimes the
causes of the disease (symptoms) can vary making it
difficult for patients to identify their health conditions
(Sakorn, 2016). An expert system that is capable of
making the right diagnosis is expected to be able to
help patients and medical staff in making a diagnosis.
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2.3.2 Repair

Repair in the medical expert system is referred to as a
system that is capable of providing solutions in treat-
ment for patient recovery.

2.3.3 Instruction

Instruction in the expert system is capable of provid-
ing a sequence of handling of disease.

2.3.4 Interpretation

The interpretation referred to in this medical expert
system is a system capable of processing input from
users both experts, medical personnel, and patients to
be able to provide diagnosis results and good treat-
ment recommendations.

2.3.5 Prediction

The ability of the expert system developed is in mak-
ing predictions about what will happen. Prediction
generated by the system can be in the form of disease
progression towards positive or negative.

2.3.6 Design and Planning

The system is capable of providing a framework and
work plan for handling patients based on the results
of the system’s diagnosis of disease. Planning and
handling generated by the system can be knowledge
given by experts at the time of manufacture and the
results of learning the system (if the expert system
can learn).

2.3.7 Monitoring and Control

The capability of the expert system is in monitoring
patient conditions and comparing them with previous
conditions. Then the system is capable of providing
new treatment solutions to the development of the pa-
tient’s condition. Such monitoring and control capa-
bilities are very helpful for medical personnel in han-
dling patients who must be monitored closely and in
detail.

2.3.8 Classification and Identification

Classification is the ability of an expert system to
classify the type of disease to the patient’s condition.
While identification is the capability of an expert sys-
tem in recognizing patients from their symptoms.

2.3.9 Discovery

In the development, there is an expert system that is
capable of recognizing and/or discovering a new type
of disease based on symptoms and the development
of the patient’s condition.

2.3.10 Discovery

Expert systems with this category are expert systems
that are capable of fixing errors both independently
and with the help of experts.

Figure 3: The Use of Medical Expert System.
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Source of Figure 3 : (Shortliffe, 2012), (Fieschi
et al., 1982), (Brazis et al., 2012), (Aikins et al.,
1983), (Miller et al., 1982), (Dzierzanowski et al.,
1985), (Weissman et al., 1974), (Dharmar et al.,
2002), (Chorbev et al., 2009), (Li, 2010), (Tseng and
Wu, 2011), (Zeki et al., 2012), (Tabibi et al., 2013),
(Toloie and Mohsen, 2010), (Albert et al., 2015),
(Hyeon et al., 2016), (Poli, 2015), (Malmir et al.,
2017), (Sakorn, 2016), (Cioara et al., 2018), (Lee and
Wang, 2010), (Mutawa, 2019), (Biyouki et al., 2015),
(Oyelade et al., 2018), (Nkamgang et al., 2019), (Jana
et al., 2019), (Estefania et al., 2016), (Biyouki et al.,
2015), (Elena et al., 2016), (Hashi et al., 2017), (Fefi-
latyev et al., 2007), (Valizadegan et al., 2013), (Aish-
warya and Anto, 2014).

3 GROUP EXPERT

This research will propose a group expert system
model (GDSS) that can be used in the Emergency
Unit (ER). The GDSS is capable of diagnosing patient
symptoms, physical examinations, and the anamne-
sis, and distribute the results of diagnoses to special-
ist doctors so that they can be followed up faster and
better.
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Figure 4: Group Expert System

Figure 4 is an illustration of the application of the
system carried out in the ER. The doctor on duty in
the ER is responsible for examining the patient’s con-
dition: physical examination, anamnesis and symp-
toms and laboratory results (if previously a labora-
tory examination has been conducted) that the pa-
tient has come to at the ER. Global Knowledge is a
gathering place for all knowledge obtained from the
patient’s medical record, input data: physical symp-
toms, anamnesis, and laboratory examination results
(if a laboratory examination is conducted). Data from
global knowledge is distributed to expert systems that
are owned by each specialist doctor. The final results
of the expert system of each specialist doctor will pro-
vide the results of the diagnosis and treatment care of
the patient in the ER.

3.1 Knowledge Representation

After the knowledge acquisition process has been
completed, the knowledge is transformed into a
knowledge base and a rule base which is then col-
lected, coded, organized and illustrated in another de-
sign form into a systematic form. The way to repre-
sent data into knowledge is in the form of attributes,
rules, semantic networks, frames, logic and produc-
tion rules (Leung and Wong, 1991), (“Proceedings of
the 1997 20th Annual International ACM SIGIR Con-
ference on Research and Development in Information
Retrieval,” 1997). It aims to simplify the data so that it
is easy to understand and make the program develop-
ment process effective. The expert system uses pro-
duction rules derived from decision trees and decision
tables.

3.2 Building a Knowledge Base

In building a knowledge base, two algorithms are
needed, namely an algorithm to receive knowledge

and an algorithm to fill knowledge.
Algorithm for receiving knowledge. The follow-

ing algorithm is the algorithm used in the system to
receive knowledge from experts. This algorithm is
used to fill all specialist medical doctors and symp-
toms data.

Figure 5: Algorithm 1 Receive Input for Knowledge Base

Row 1: Procedure definition, without parameter.
Row 2: Fill in the input Available variable with true
value. As long as input Available variable value is
true, the input is still available to be filled into the
knowledge.
Row 3-6: Looping for data input (code, specialist
medical doctor code, and symptoms). This part is
used to receive input and then fill those input into a
knowledge base (available in algorithm 2).

3.3 Algorithm for Filling Knowledge

There are three parameters to carry out this procedure,
namely code (code of symptoms), specialist code
(code for specialist doctors), and symptoms (knowl-
edge of symptoms).

Figure 6: Algorithm 2 Fill in the Knowledge Base

Row 1: Procedure definition. This procedure
needs 3 parameters: Code (for symptoms code), Spe-
cialist Code (for specialist medical doctor who has the
knowledge about this symptoms), and then Symptoms
(for symptoms knowledge).
Row 2-4: Fill all three parameters into local variabel
for later processing.
Row 5: Persistently write code, spCode, and symp-
toms into knowledge base.
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3.4 Inference Algorithm

The inference algorithm of the system is divided
into two, namely the input distribution algorithm ac-
cording to the patient’s symptoms and the algorithm
to find the appropriate specialist to deal with these
symptoms.

Input distribution algorithm for patient symptoms
Row 1: Procedure definition. It does not need any
parameter and is used for all patient symptoms’ input.
Output of this procedure is an array which consists of
all symptoms’ code for the patient and all specialist
codes who are able to handle the symptoms.

Figure 7: Algorithm 3 Input Symptoms

Row 2: specialist Array initialization. This array
is a 2 dimensions array which consists of [symptom
code] [list of specialist medical doctor]. At the of the
procedure, this array will be filled.
Row3: symptoms Available initialization. This vari-
able is used to mark the symptoms whether they are
still available or not.
Row 4-8: Looping as long as the data still available
for input. For every loop, symptom Code will become
the input and will be filled into local variable (code).
The code variable will become the parameter to find
the specialist in algorithm 4. Upon finishing, this pro-
cedure will return two dimensions array which con-
sists of all symptoms (codes) and all specialist codes
for every symptom (all Specialist Code).

Seeking algorithm for an appropriate specialist
This step, the step where the symptoms of the

patient will be related to the specialist’s knowledge
based on the knowledge of each specialist.

Figure 8: Algorithm 4 Input Symptoms

Row 1: Function definition. This function needs
one parameter: code (code of symptom for which the

specialist doctors are about to find. This function re-
turns array value which consists of all specialist med-
ical doctors for the symptom.
Row 2: array Sp initialization, begins with empty
value.
Row 3: Fill in Code into local variable code.
Row 4-10: Looping to read all records in knowledge
base. In every loop, symptom code in knowledge base
is read and become an input for symptom CodeKb
(row 5). If the code is the same as symptom CodeKb
then specialist medical doctor in knowledge base will
be put into arraySp (row 6-8).
Row 11: Return arraySp value which has already
filled with all specialist medical doctors for the symp-
toms.

4 CONCLUSIONS

The results of this study are an algorithm that will
be implemented in the next journal, which is an al-
gorithm that is implemented in real conditions in the
emergency unit and the distribution of symptoms to
patients received by each Specialist unit based on the
knowledge possessed by specialists in the unit emer-
gency. Knowledge data is extracted from medical
record data obtained at the hospital. The results of
this algorithm are a knowledge base that can produce
a conclusion of the type of disease so that it will help
the work of doctors in the ward of the emergency
unit and specialist units in making further observa-
tions and treatments on these patients.
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