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1. TheGeneral Structure of the Developed Fuzzy Expert System Software

A fuzzy expert system consists of four main parts. a fuzzifier, fuzzy rule base, fuzzy
inference mechanism and a defuzzifier [1-3]. In the constructed Fuzzy Expert System (FES)
software, cardiological symptoms named as arrhythmia strength (percentage), arteriosclerosis
strength (percentage), systolic blood pressure and the ratio of forced expiratory volume (FEV )
to forced vita capacity (FVC) are used as the input variables. Arrhythmia, arteriosclerosis and
blood pressure and FEV,/FVC ratio are depicted by 4 linguistic variables named as “Low,
Medium, High and Very High”. The output of the developed FES is cardiologic risk factor
which is depicted by 6 linguistic variables named as “Very Low, Low, Medium, High, Very
High and Extremely High”. The rule base consists of 256 rules and Mamdani inference
mechanism is used as the inference mechanism. The center of sums method is used for
defuzzification. The rule base is constructed in the Microsoft Excell table and can be changed
by the user for the test processes. The rules are derived from the Micosoft Excel table by the
prepared software and this specification provides the flexibility and adaptation to new
situations. The fired rules and the firing levels of each rule are also shown by the designed
software. The membership degrees calculated by the FES are a'so shown viathe listboxesin the
designed software. Visual C# programming language is used for implementing the fuzzy expert
system software.

The term "arrhythmia" refers to any change coused in the normal sequence of electrical
impulses of the heart. The eectrical impulses of heart may be too fast, too slow, irregular—
causing the heart to beat too fast, too slowly, or erratically. The other organs may be damaged
for the irregular circulation of blood in the body. Arteriosclerosis is the hardening and
thickening of the walls of the arteries. Arteriosclerosis can occur due to of fatty deposits on the
inner lining of arteries (atherosclerosis), calcification of the wall of the arteries, or thickening of
the muscular wall of the arteries from chronically elevated blood pressure. Arteriosclerosis is
accepted as the second input variable for the constructed FES based software. Although
atherosclerosis is often considered as a heart problem, it can affect arteries anywhere in the
human body. The third input variable is systolic blood pressure that is aso a significant
variable affecting cardiological risk factor [4-5]. The fourth input variable named as the ratio of
forced expiratory volume to forced vital capacity. Forced expiratory volume in one second
(FEV)) is the maximum volume of air that can forcibly blow out from the lungs in the first
moment during the FV C test and measured in litres. Along with FVC it is considered one of the
primary indicators of lung function. Forced vital capacity (FVC) is the volume of air that can
forcibly be blown out after full inspiration, measured in litres. The ratio of FEV; to FVCisa
significant parameter that defines the shortness of breath syndrome observed in Cardiological
diseases.

2. Membership Functions of the Fuzzy Expert System
The FES consists of four input variables named as arrhythmia strength (%),
arteriosclerosis strength (%), blood pressure (cm Hg) and the ratio of FEV, to FVC (%). The

membership functions of the input variables of the developed FES are shown in Figures 2.1a
2.1d. The severity of the arrhythmia and arteriosclerosis disease is depicted by the percentage
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value in the membership functions. The cardiological risk rate (%) is accepted as the output
variable in the designed software and the output variable is depicted in Figure 2.2. The general
appearance of designed software is shown in Figure 2.3. According to data used in this examle
(arrhythmia strength is 45%, arteriosclerosis strength is 35%, blood pressure is 15 cm Hg and
the ratio of FEV; to FVC (%) is 45), the calculated risk factor is 70 %.
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Figure 2.1 The membership functions of the input variables @) Arrhythmia (percentage (%)
of the severity of the disease) b) Arteriosclerosis Strength (%) ¢) Systolic Blood Pressure (cm
Hg)d) FEV./FVC ratio (%)
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Figure 2.2 Membership functions of the output variable named as Cardiological Risk Factor
(%)

3. Mamdani Inference Mechanism

Mamdani inference system is used in prepared FES due to its simpicity. Mamdani inference
system can be summarized as follow (3.1 — 3.3). This implication system uses implication
method as minimum, and aggregation method as the maximum [1-3]. Mamdani inference
mechanism is a successful and suitable approach to transfer the expert intuition and knowledge

to the inference mechanism [6-10].
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Figure 2.3 The genera structure of the fuzzy expert system
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4. Constructed Rule Base and Defuzzification M ethod

The rule base consists of 256 rules. Some of the rules are expressed as below:

Rule 133: If Arrhytmiais High, Arteriosclerosis is Low and Blood Pressure is Medium and

FEV./FVC ratio is Low then the Cardiological Risk Factor is Very High.

Rule 222: If Arrhytmiais Very High, Arteriosclerosisis Medium and Blood Pressureis Very
High and FEV/FVC ratio is Medium then the Cardiological Risk Factor is Extremely High.

The center of sums defuzzification method was used in the software. This process involves the
algebraic sum of individual output fuzzy sets like ¢, and c; instead of their union. Defuzzified
value denoted as z* is calculated by the formula 4.1. Z is the distance to the centroid of the

respective membership functions[1-3].

z

*

.[?.2 uc, (z).dz
J.Zn: uc,(z).dz

T k=1
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5. Conclusions

Successful results were obtained when the designed Fuzzy Expert System is tested. Some of
the results derived from the constructed FES are shown in Figure 5.1.a and 5.1.b. In Figure
5.1.a, the ratio of cardiological risk versus the input variables Arrhythmia and arteriosclerosis
strength is shown when systolic blood pressure is 10 cm Hg and FEV/FVC is %35. Figure
5.1.b depicts the Cardiological risk factor according to Arrhythmia percentage and FEV/FVC
ratio when the Arteriosclerosis strength is %20 and Systolic Blood Pressure is 10 cm Hg (110
cm Hg). The obtained results showed that designed FES has capability and qualification for
supporting cardiologists.
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Figure 5.1 a) Three dimensional graphic of Cardiologica Risk factor according to input
variables Arteriosclerasis Strength and Arrhythmia Strength. b) Three dimensional graphic of
Cardiological Risk factor according to Arrhythmia Strength and FEV,/FV C ratio.
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