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Abstract. This paper proposes an improvement of the knowledge base and inference
engine of the PORUL.DEP medical expert system for diagnosing depressive disorders.
The knowledge base of PORUL.DEP includes more than 850 positive rules. PORUL.DEP has
been tested on more than 260 medical records of depressed patients, giving a correct diagnosis
of more than 95 % with light depressive disorder and without depressive disorder, but the
remaining depressive disorders are not accurate, reaching only over 24 %. A new expert system,
called STRESSDIAG, was developed on combining positive rules (for confirmation of
conclusion) and negative rules (for exclusion of conclusion) for diagnosing depressive disorders.
STRESSDIAG’s knowledge base consists of more than 850 positive rules of PORUL.DEP and
more than 120 negative rules. Abelian group operation of MYCIN is used to improve the
inference engine based on fuzzy relations. STRESSDIAG gives a correct diagnosis of more than
76 % with 4 depressive disorder types and without depressive disorders, achieving an average
percentage of more than 82 %, an increase of nearly 60 % compared to PORUL.DEP.
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Classification numbers: 4.8.3, 4.10.2.

1. INTRODUCTION

According to the World Health Organization, depression is a common mental disorder
characterized by sadness, loss of interest, feelings of guilt or low self-esteem, sleep disorders,
and eating drinking disorders, feeling tired and poor concentration. It affects approximately 264
million people worldwide [1]. Depressive disorder can manifest itself in one of several types,
such as light depressive disorder, middle depressive disorder, serious depressive disorder, and
serious depressive disorder with mental disorder. Depressive disorder is the fourth leading cause
of death worldwide and is predicted to be the second leading cause of death in 2030 [1].
Depressive disorder is one of the most widespread diseases in the world, accounting for about 3 -
5 % of the world's population. In Viet Nam, the number of patients with mental disorders
accounts for about 5 - 7 % of the population. A doctor when diagnosing a depressive disorder
often faces the problem of how to recognize the right type of depressive disorder and prescribe
the right medication for the patient.
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There is a relationship either between symptoms and diseases or symptom combinations
and diseases. Some symptoms always entail the appearance of some other symptoms or negate
the appearance of opposing symptoms. In depressive disorders, for instance, if the patient has
"suicidal" symptoms, there is a small possibility that the patient has a light depressive disorder
or a middle depressive disorder, or a very low depressive disorder. If a patient has
"hallucinations" symptoms, the likelihood that the patient has a light depressive disorder or
middle depressive disorder or serious depressive disorder is very low. In short, "suicide"
symptoms are called negative symptoms of light depressive disorder and middle depressive
disorder; "hallucinations” symptoms are called negative symptoms of light depressive disorder,
middle depressive disorder and serious depressive disorder. These negative symptoms will be
used to differentiate between the diagnostic criteria for depressive disorders [2].

In the paper, we propose an improvement of the knowledge base and inference engine of
the PORUL.DEP medical expert system for diagnosing depressive disorders in order to enhance
the accuracy of diagnosing depressive disorders. The contributions of the paper are as follows:

1) Improving the knowledge base of the PORUL.DEP medical expert system by adding
and modifying negative rules;

2) Improving the inference engine based on fuzzy relations and Abelian group operation
in the MYCIN medical expert system.

The structure of the paper is as follows. Section 2 presents the knowledge base and
inference engine of the PORUL.DEP medical expert system and some experimental
results. Section 3 proposes improved expert system STRESSDIAG for diagnosing depressive
disorders by improving the knowledge base and inference engine of the PORUL.DEP. Finally,
conclusions and future research directions are given.

2. THE KNOWLEDGE BASE AND INFERENCE ENGINE OF PORUL.DEP

The main components of an expert system for diagnosing depressive disorders are
knowledge base and inference engine. The knowledge base is an important component of an
expert system which containing problem-solving knowledge of a particular application. In a
rule-based expert system, this knowledge is represented in the form of rules: if... then.... The
inference engine has the function of processing and controlling the knowledge represented in the
knowledge base in order to respond to questions and user requirements, and to apply the
knowledge to solve real-life problems. It is basically an interpreter for the knowledge base [3 -
6].

2.1. The knowledge base

As mentioned above, the knowledge base is a part of the expert systems. The knowledge
base of PORUL.DEP contains 857 positive rules, which include 124 rules for diagnosing light
depressive disorder, 146 rules for diagnosing middle depressive disorder, 263 rules for
diagnosing serious depressive disorder, and 324 rules for diagnosing depressive disorder with
mental disorder [2, 7 - 11].
2.2. The Inference Engine

The Inference Engine processes and controls the knowledge represented in the knowledge
base to respond to questions and user requests, and apply the knowledge to solve practical
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problems. In other words, it is an interpreter for the knowledge base.

Let S be the set of symptoms, S = {Sy, S, ..., Si, ..., Sn}, Where S;is the i"™ symptom. In our
case, these symptoms included: complexion reduction; loss of interest and pleasure; reduced
energy; reduced attention; reduced self-esteem and self-confidence; having suicidal thoughts;
feelings of guilt, unworthiness, feeling gray, self-destructive / thoughts of suicidal behavior;
sleep disorders, eating disorders, suicide, delusions, and hallucinations. Symptom S; takes the
value g, in [0,1] which indicates the degree to which the patient exhibits symptom S; [2, 12,
13].

Intermediate combinations (fuzzy logical combinations of symptoms and diseases) were
introduced to the model of the pathophysiological states of patients; and Symptom combinations
SC; are combinations of symptoms, diseases and intermediate combinations. A relationship Rpgc
is established, defined by ug,..(Py,SCi) = usc, for patient P, where SC; = {SC;,...,SCp}
formally describes the symptom combinations observed on the patient.

HRPCS (PQ’S) = mln {I’I'Rpsl (PQ’SJ-)’ IJ'RPSZ (PQ’SZ)i A IJRPSi (PQ’Si)’ ’l’lenp(PQ’Sn)} (1)

Let D be the set of diseases, D = {D;, D,,...,Dn}, where D;j is the jth depressive disorder. In
our case, m = 4, including light depressive disorder, middle depressive disorder, serious
depressive disorder, and serious depressive disorder with mental disorder.

A binary fuzzy relationship Rpg is established, defined by pg, (P, S;) = us; for patient Py,
where Py = {Py, ... P,} and S; € {Sy, ..., Sp}. Mrps (Pg, Si) €[0,1].

A symptom-disease relationship Rep is established, defined by pg, (Pg, D;) = uDjfor patient
P,, where D; = {Dy, ... Dp}.

A fuzzy relationship Rsp is established, defined by ug  (S,D;)<[0,1]. This value represents

the degree of confidence in the likelihood of having or not having D; disease when a symptom or
a set of symptoms S is present. Express the symptom-disease relationship as follows:

IF S THEN CONFIRM D WITH (FUZZY DEGREE) (2)

Rsp is now a confirming relationship that the patient has D; disease when there is a symptom or a
set of symptoms S. The value g (S,D;) is a fuzzy degree or rule weight.

A fuzzy relationship Rep is established, defined by pg, (Pq,D;). Determining this
relationship also means making a diagnosis of the patient's likelihood. Based on these fuzzy
relationships, the MaxMin inference is used to deduce the fuzzy value upg, (Pq,D;) which

indicates the degree of confirmation of disease D; suffered by patient P; from the observed
symptoms. This MaxMin composition is as follows:

Rpp = Rps0 Rgp 3
where Rps s relationship of symptom S or combination S (S;, S, ...S,) and patient P, [18 - 19].
MRpp, (Pq:Dj) = maxg,min [, (Po, S), MRy, (S, Dyl
Hrpp (P, Dj,rule) = min [ug, (Pg, S) , Hrg,, (S, Dy, ruley)] 4
= Min{iryg(Si, P )}, Hrgy (S, D), rule))

where pg  (S,Djruley) is the degree of confirming D; disease when there is a symptom S or a
set of symptoms S on the rule, (weight of ruley).
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{ trpp (Pa,Dj, ruley), ..., ur, (P, Dy, ruley), ... ,ug, (P, Dy, ruleg)} t=1,...n.

Calculate pg,, (Pq,D;) from the set of { pg, (Pq,Djruley) } according to formula (3):
uRPD (Pq,DJ) = maXSi [U.RPD(Pq,Dj,rulel), ey IJ.RPD(Pq,Dj,rulen)] (5)
if ude(Pq,Dj) = 1 means absolute confirmation of the conclusion of D;; ude(Pq,D,—) = 0 means

absolute exclusion of the conclusion of Dj; 0 <pg ,(Pq,Dj) < 1 means confirmation of the
conclusion of D;with some fuzzy degree [10].

Example 1. An example of illustrating the calculation of PORUL.DEP. Assuming that patient P,
has symptoms S = {S;, S,, S3, S4, Ss, Se}, with the occurrence of symptoms is, respectively, as
follows:

MRps (Pey S1) = 0.87 ; Hrpg(Poy S2)= 0.92 ; pg, (Po S9)= 0.83; g, (P, Sa)= 0.94; g, (Po,
S5)= 0.78; g, (Pg, Se)= 0.83.

The diagnostic process will take place in the following steps:
Step 1: List all the rules whose premise is a subset of the set S.

Step 2: Group the rules with the same disease conclusion. Supposing that, with the
conclusion that disease D3 = “serious depressive disorder”, we can group a set of rules as
follows:

e Rulel:IFS; THEN D3, 0.3

e Rule 2: IF S, THEN D3, 0.25

e Rule 3:IF S; THEN D3, 0.35

e Rule 4:IF Ss THEN Ds, 0.17

e Rule5:IF S;”S3” Ss THEN D3, 0.76
e Rule6: IFS;~S, THEN D3, 0.33

e Rule7:1IF S;”S; THEN D3, 0.39

Step 3, Step 4: With the group of rules for positive disease Ds, pg,,(Pq, D3) can be
calculated as follows:

e Rulel:IFS; THEN Ds, 0.3
e Rule2: IF S, THEN Ds, 0.25
e Rule3:IFS; THEN D3, 0.35
e Rule 4: IF S; THEN Ds, 0,17
e Rule5:IFS; " S;"Ss THEN D3, 0.76
e Rule6:IFS,»S; THEN D3, 0.33
e Rule7:IFS;~S; THEN D3, 0.39
Using formula (4), uRpoleh(Pq, Dj3) can be calculated as

KRpp e, (Par Da) = Min {hrpg (P, S » Hrgpyyre, (Si Do)}
In this example: i = {1, 2, 3, 4, 5}; j=3; h={1, 2, 3,4, 5, 6, 7}
[Rule 1] urpp, e, (Po: D3) = min {ug, (Pq s S1), MRgpye, (S1 D)}
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= min {0.87, 0.3} = 0.3

[RUIe 2] uRPDFUIEZ (qu D3) = min {HRPS (Pq ’ Sz)’ IJ'RSDruleZ (SZ’ D3))
= min {0.92, 0.25} = 0.25

[RUIe 3] I’lRpDru]e3 (qu D3) = min {IJ‘RPS (Pq ’ 84)1 IJ'RSDI‘U]E3 (84’ D3)}
=min {0.94, 0.35} = 0.35

[Rule 4] HRpprule, (P, Ds) = min {pr,4(Pq, Ss), HRsprule, (Ss, D3)}
=min {0.78,0.17} = 0.17

[RUIe 5] I’lRPDrules (qu D3) = mln {uRPS (Pq 1 Sl)’ I’lRps(Pq ! SS)' I’lRps(Pq ! SS)' uRSDrules (Sl, 3, 5y
D3)}= min {0.87, 0.83, 0.78 , 0.76} = 0.76

[Rule 6] prpp, e, (Pa: Ds) = min {ug,(Pq,S2), HRrpg (P s Sa)s HRrgpyyye, (S24: D3)}
=min {0.92, 0.94, 0.33} =0.33
[Rule 7] urpp, e, (Por Da) = min {ig,(Pg, S1), Mrps (P Sa)s HRgp e, (S13+ Da)}
=min {0.87, 0.83, 0.39} =0.39
Using formular (5), we can calculate pg, (P, Ds) as follows:
MRpp (Por D3) = Max {lrpp e, (Pas Da)s ooy MRppyyre, (P Da)}
In this example j=3;h={1,2,3,4,5,6,7}
MRpp (Po, D3) = Max {kgpp, 16, (Pas D3)s-s MRpp e, (Pas Da)s oo MRpp e, (Pas Da)}
URpp, (Pg, D3) = Max {0.3; 0.25; 0.35; 0.17; 0.76; 0.33; 0.39} = 0.76
Step 5: Make a final conclusion that patient P4 has serious depressive disorder with a fuzzy
degree of 0.76, that is, almost certainly patient P, has serious depressive disorder.

2.3. Experimental Results

Table 1. Comparison of diagnostic results for each type of depressive disorder
(positive rules).

Type of depressive disorder total Inrgg(rj(ljcsal PORUL.DEP rate
light depressive disorder 48 48 46 95.8 %
middle depressive disorder 60 60 Inappropriate
serious depressive disorder 50 50 Inappropriate
fne;:?[lajls giigrrzzsrlve BB T 86 86 Inappropriate
without depressive disorder 20 20 19 95 %

The tests were performed with a data set of 264 medical records, which included 48
diagnosed with light depressive disorders, 60 diagnosed with middle depressive disorder,
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50 diagnosed with serious depressive disorders, 86 medical records diagnosed with serious
depressive disorders with mental disorder, and 20 without depressive disorders.

In the test with the patient data set, the author fully updated the disease information of 264
medical records in the expert system software. The diagnostic results of the expert system were
compared with the medical records, giving details as shown in the table below.

Table 2. Percentage of correct diagnosis of PORUL.DEP.

Total In medical records PORUL.DEP rate
264 264 65 24.6 %

The above experimental data show that the expert system gives good results for light
depressive disorder and without depressive disorder; the remaining depressive disorders are
not accurate because the diagnostic standards for these 4 types of depression overlap with
some of the symptoms.

It can be seen that the cause of the incorrect diagnoses above is due to the overlapping
diagnostic criteria for depressive disorders. To overcome these incorrect diagnoses,
PORUL.DEP needs to be improved by adding negative knowledge (negative rules) to clearly
distinguish the boundary between diagnostic standards and baseline appropriate inference
mechanism for the new knowledge base.

3. IMPROVING FUZZY EXPERT SYSTEM FOR DEPRESSIVE DISORDER
DIAGNOSIS

PORUL.DEP was improved by adding negative rules to the knowledge base. This
expert system, called STRESSDIAG, is presented for the diagnosis of depressive disorders
including positive and negative rules. STRESSDIAG is designed and built with a suitable
inference engine for positive rules and negative rules [12].

3.1. Improving knowledge base

The knowledge base’s PORUL.DEP is improved by adding the rules of the negative form
(rules based on negative knowledge) in the following form:

IFSTHEN EXCLUDED WITH FUZZY DEGREE (6)
where "S" is a symptom or a combination of symptoms that are combined by AND without
using the NOT operator; “D” is a negative disease; "FUZZY DEGREE" is the rule weight, which
indicates the degree of certainty of "Conclusion” with the value in [0,1]. The confidence
coefficient shows the relationship between symptom (or symptom combination) and disease.

The introduction of rules that conclude in the negative form is a strong point of this
inference engine. It helps the expert system not only simulate the confirmatory diagnosis process
of common diseases but also simulate the process of exclusion diagnosis and differential
diagnosis (it is very common in medicine). The knowledge base of STRESSDIAG includes 124
negative rules and 857 positive rules [2].

3.2. Improving inference engine

Fuzzy inference system is the most important modeling tool based on fuzzy set theory.
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Conventional fuzzy inference systems are built based on field experts that they have been used
in automatic control, data classification, decision analysis, and expert systems [14 - 18].

A fuzzy relationship Rbp is established, defined by HEPD (Pq,D;) € [-1,1]. This value
represents the fuzzy degree D; of patient P,

The relationship Rbpis composed of two component relations: Rgyp, is positive relationship
and Ry is exclusion relationship. Rgp is defined in section 2, Rgp is defined as follows:

A fuzzy relationship Rpp, is established, defined by pg,, (Pq,D;) € [0,1].

HRpp (Pa,Dj) = 1 means absolute exclusion of the conclusion of D;.

HRpp (Pa,Dj) = 0 means no exclusion of the conclusion of D;.

0 <pR,,(Pe:Dj) < 1 means absolute exclusion of the conclusion of D; with some fuzzy

degree.

Rpp = Res0 R§p ()

Rps is the relationship of symptom S or combination S (S;, Sy, ...S,) and patient P, defined by
HRps (Pe,S); R§p is exclusion relationship of disease Dj, it is defined by pi_ (S;,D;). Based on
these fuzzy relationships, the MaxMin inference are used to deduce the fuzzy value pg_ (Pq,Dj)
as follows:

MRpp, (Pa,Dj) = maxs,min [ug,s(Pa.S) . KRy, (S.D))] (8)

for each disease Dj, there is a set of negative rules: Rule = {ruley,... rule,...rule,), with

conclusion D = D;, rule;is t" rule ,t=1..n. Then pﬁSDrulet(Pq, D) is the negative degree of the

possibility of getting disease D; of patient P, according to rule;:

KR prate, (Per D) = Min {ug, (Pa, S) » Mo, e, (Si DY} ©)
where{pg..(Pq, Si)}is the set of degrees of symptom S; appearing in patient Py; S; is a symptom
in the hypothesis of rule; IJ'eRSDrulet(Si’ D)) is degree of negative disease D; for symptom S;
according to rule; (it is weight of rule).

Obtaining a set of negative degrees of disease D; corresponding to each rule;
{ IJ'eRPDrulel (Pq’ Dj)"' © ueRPDrulet (Pq’ Dj)"' T I'leRPDrulen (Pq’ DJ)}

we can calculate pg,_ (Pq, D;) from { ueRPDrulet(Pq’ D)) }

IJ'I%PD(Pq’ DJ) = maXSi {ueRPDrulel (Pq' DJ)” l'l'eRPDrulen (Pq’ DJ)} (10)

Operation @ is an ordered Abelian group operation on [-1,1]. We can use an operation from
the medical expert system MYCIN [10], in which the MYCIN group operation @ on [-1,1] is
defined as follows:

X®Y=X+Y-X.Ywhere X,Y>0;

X®Y=X+Y+X.Y where X,Y<0;

X+Y
X@Y—mwhereXxY<0.
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URpp (P Dj) can be calculated as:  pg, (Pa,D)) = Ry, (Pe.D) @ (g, (Pa.D))).
Because pg, (Pq,D;) and —ug, (Pq,D;) are opposite inside, so
Py.Dj)+(- Hg,r, (Pq.Dj))
t P,D'z I’J'RPD(qJ pD\" )
Hiop (P D) 1 -min{|urpp (Pq.Dy)| MG pp (Pa.Dy)|}

HﬁpD (Pg, Dj) = 1 means absolute confirmation of the conclusion of D;; 0.6 < uﬁPD (P, D) <1
means almost confirmation of the conclusion of Dj; & < pgp, (Pe, Dj) < 0.6 means possible
confirmation of the conclusion of Dj; - & <ugpy, (Pq, D)) < & means “unknown” about
confirmation of the conclusion of Dj; - 0.6 <u§PD (Pg, Dj) < - € means possible exclusion of the
conclusion of D, - 1 <pg, (Pe, Dj) < - 0.6 means almost exclusion of the conclusion of Dj
URpp (Pa: Dj) = -1 means absolute exclusion of the conclusion of D;

(11)

Where ¢ is a heuristic value. Let’s recall that D; consists of four types of depressive
disorder including light depressive disorder, middle depressive disorder, serious depressive
disorder, and serious depressive disorder with mental disorder.

Example 2. An example of illustrating the calculation of STRESSDIAG. Assuming that patient
Py has symptoms S = {Sy, S,, S, S4, Ss, Se} with the occurrence of symptoms is, respectively, as
follows:

MRps (Pas S1) = 0.87 ; prp (Pg » S2)=0.92 ; pg,(Pq , S3)=0.83
MRps(Pq s S4)=0.94 ; pr, (Pq, Ss)= 0.78 ; ug,(Pq, Se)= 0.83
The diagnostic process will take place in the following steps:
Step 1: List all the rules whose premise is a subset of the set S.

Step 2: Group the rules with the same disease conclusion. Supposing that, with the
conclusion that disease = D3, we can group a set of rules as follows:

e Rule 1: IF S; THEN D, 0.3

o Rule 2: IF S; THEN D3, 0.25

e Rule 3: IF S; THEN Dj, 0.35

e Rule 4: IF S; THEN D;, 0.17

o Rule5: IF S;” S3™ S5 THEN D3, 0.76

e Rule6: IF S;~ S, THEN D3, 0.33

e Rule7:IF S;~ S; THEN D3, 0.39

o Rule8: IF S;”S,;” Ss THEN EXCLUDE D3, 0.23
e Rule 9: IF S3~ S, THEN EXCLUDE D3, 0.23

e Rule 10: IF S THEN EXCLUDE D3, 0.34

Step 3: With the group of rules for positive disease D
e Rule1: IF S; THEN Dj, 0.3

e Rule 2: IF S, THEN D3, 0.25

e Rule 3: IF S, THEN Dj, 0.35
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e Rule 4: IF Ss THEN D3, 0.17

e Rule5: IF S;”S3” Ss THEN D3, 0.76

e Rule6: IF S~ S, THEN D3, 0.33

e Rule7:IFS;”S; THEN D3, 0.39

We can calculate MR pprue, (Pq, D3) according to formula (4):

HRppruley, (Pg, Dj) = min {pg,s(Pq s Si), HRspruley, (Si, D)}
In this example, i ={1, 2, 3, 4, 5}; j=3; t={1, 2, 3,4, 5, 6, 7}
[Rule 1] prpp, e, (Po: D) = min {ug,¢ (Pq, S1), Hrgp,e, (S0 Da)}
= min {0.87; 0.3} = 0.3
[Rule 2] prpp, e, (Por Ds) = min {ug, (Pq ., S2) » Hrgp,ye, (S20 D3)}
= min {0.92; 0.25} = 0.25
[Rule 3] prpprute; (Pa: Da) = min {urp(Pq s Sa) s MRgp e, (Sar D)}
=min {0.94; 0.35} =0.35
[Rule 4] urpp, e, (Por Da) = min { pr,o(Pq 4 Ss} s HRgp e, (S50 D3)}
= min {0,78; 0,17} = 0.17
[Rule 5] pRpp, e (Par Ds) = Min{iug, (Pq . Sa), HRrpg(Pa s Ss)s Hrpg(Pa s Ss)s MRgp e, (St 3.5
Ds)} = min{0.87; 0.83; 0.78 ; 0.76 } = 0.76

[RUIe 6] uRPDruleG(Pq’ D3) = min {uRps(Pq ! SZ)’ uRps(Pq ! 84)’ uRSDrules(SzA ' D3)}:
min{0.92; 0.94; 0.33} =0.33

[Rule 7] WRpppye, (Pa D3) = min{ug,(Pq » S1), HRrps(Pq + Sg) v HRgppye, (S, 3+ D3)}=
min{0.87; 0.83; 0.39} = 0.39

HRpp (Pg, D3) can be calculated according to formula (5):
HRpp (Pg, Dj) = max {HRpDrulel (P, Dy), .oy HRpprule, (P, D)}
In this example j=3;t=1,.. 7.
HRpp, (Pg, D3) = Max {IJ'RPDruleh (Pg, D3)}= Max {0.3; 0.25; 0.35; 0.17; 0.76; 0.33; 0.39}= 0.76
Step 4: With the group of rules for negative disease D5
e Rule8:IFS;”S,”S; THEN EXCLUDE D3, 0.23
e Rule9: IF S3 S, THEN EXCLUDE D3, 0.23

e Rule 10: IF S THEN EXCLUDE D3, 0.34
We can calculate uﬁpD 1 . (Pq, D3) according to formula (9):
ru Et

s(qu Dj) = min {ug, (P, Si) , MR
In this example i =1...6; j=3; t=8...10

e . .
l/lRPDrule SDrulete (S“ DJ)}
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[Rule 8] H%Pmu]eg (P, D3) = min{ug,4(Pq,S1), MRrps(Pas S2), Hrpg (P s Ss), lleRSDmleS (S1,2,5
D;)}= min{0.87; 0.92; 0.78 ; 0.23} = 0.23

[Rule 9] HﬁPDmleg (P, D3) = min{ug,g (Pq s S3), krpg(Pq s Sa) ”eRsnmleg (Ss.4, Da)}
= min{0.83; 0.94;.0.23} = 0.23
[Rule 10] uﬁpmle% (Pg» D3) = min { ug,((Pq, Se) , uﬁsmlego (Se, D3)}
=min {0.83; 0.34} = 0.34
Calculatepg,, (Pq, Ds)depend on formula(10)
MRpp, (Pg,Dj) = max {uﬁPDruleg (Pa.Dy), ..., HeRPDmleﬁ (Pq,Dy)}

In this example j=3; t={8, 9, 10}
HRpp (Pa,D3) = max {pg (Pq,D3)} = max{0.23; 0.23; 0.34} = 0.34

PDrulef

Step 5: From pg, (Pq,D3) and pg, (Pq,Ds), we can calculate “ﬁpn (Pq,D3) according to
formula (11):

Hﬁ (Pq, D)) = MRpp (Pa-Dj)+ (= Mipp (PaDj))
PD 1 —min{|pgp, (Pq,Dj)|,|u§PD (quDj)|}

uk,,(PoDs) = (0.76-0.34) / (1 - min {{0.76], |- 0.34]) }
= (0.76 - 0.34) / (1 - 0.34) = 0.63

-1 -08 -06 -04 -02 0 02 04 06 038 1

Figurel. Description of the results of the illustration of STRESSDIAG.

Step 6: Similar calculation with other diseases D;in steps 2 to 5.

Step 7: Make a final conclusion that patient P4 has serious depressive disorder with a fuzzy
degree of 0.63, that is, almost certainly patient P, has serious depressive disorder.

3.3. Experimental Results

In these tests, with a data set of 264 medical records as tested in section 2, the
diagnostic results of STRESSDIAG were compared with the medical records, giving details as
shown in the table below.

The above experimental results show that STRESSDIAG gives good results for 4
depressive disorder types and without depressive disorder. The average rate of correct
diagnosis exceeds 82 %, meaning nearly 60 % more than PORUL.DEP. In particular,
STRESSDIAG correctly diagnosed middle depressive disorder, serious depressive disorder,
and serious depressive disorder with mental disorder.
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Table 3. Comparison of diagnostic results for each type of depressive disorder
(positive rules and negative rules).

Type of depressive disorder total I ealieE] STRESSDIAG rate
records

Light depressive disorder 48 48 46 95.8 %
Middle depressive disorder 60 60 46 80 %
Serious depressive disorder 50 50 38 76 %
Serious . depressive  disorder  with 86 86 68 81.4 %
mental disorder

without depressive disorder 20 20 19 95 %

Table 4. Comparison of diagnostic results between the expert system software and the medical record
(positive rules and negative rules).

Total In medical records STRESSDIAG rate
264 264 217 82.19 %

5. CONCLUSION

The paper proposed an improvement of the PORUL.DEP expert system by adding and
modifying the knowledge base of negative rules and improving the inference engine based on
fuzzy relations and Abelian group operation in the MYCIN medical expert system. Abelian
group operation (@) of Mycin is used to provide good diagnostic results for all types of
depressive disorders. The experimental results show that the proposed STRESSDIAG medical
expert system gives good results for 4 depressive disorder types and without depressive
disorder and improves the accuracy of diagnosing compared with the traditional PORUL.DEP
expert system.

To achieve better diagnostic results, it requires time and expertise by repeated "trial and
error” to determine the complete values and functions for each specific problem. This is also a
limitation of building the knowledge base and inference engine in medical diagnostic specialist
systems. In the coming time, the author will continue to research and improve the problem,
considering the importance of symptoms for depressive disorders.
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