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Abstract. Among the arithmetic alternatives for Pentagonal Fuzzy Numbers (PFN) proposed by
different authors, addition, subtraction, and scalar multiplication are generally defined in a sim-
ilar manner. In contrast, multiplication and division are defined differently across the literature.
However, the arithmetic offered for any pentagonal fuzzy number does not necessarily have an
inverse, and the application of PEN matrix with fuzzy soft sets and fuzzy soft matrix is done sep-
arately. Therefore, this paper will present the arithmetic of pentagonal fuzzy numbers that yields
an inverse and will directly apply the application of pentagonal fuzzy number matrix with fuzzy
soft sets and fuzzy soft matrix simultaneously. By applying this concept, two pentagonal fuzzy
number matrices were formed. The relationship between matrices is calculated, and the robust
ranking values are used to predict the disease diagnosis. From the calculation example, the results
obtained are consistent with the medical diagnosis.
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1 Introduction

Fuzzy logic was first introduced by Zadeh [1] through his 1965 paper on fuzzy set theory. The
term fuzzy refers to something vague or unclear. Fuzzy logic is not an imprecise logic, but rather
a logic used to describe vagueness. Fuzzy logic is an extension of crisp logic. If in crisp logic the
value of a true item is 1 and the value of a false item is 0, then in fuzzy logic an item can be both
true and false based on its degree of membership, which ranges from O to 1.

A fuzzy set is a set of ordered pairs of an object and its membership value, and it is a new tool
for solving problems related to sets that do not have a clear definition. Fuzzy sets then continued to
develop, one of which became pentagonal fuzzy numbers. In general, a pentagonal fuzzy number is
a subset of Riil Numbers that have five parameters as introduced in previous studies [2], [3], [4], [5],
and [6]. Researchers define the arithmetic of fuzzy pentagonal numbers differently. Panda and Pal
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[4] as well as Pathinathan and Ponnivalavan [5] have defined the operations of addition, subtraction,
multiplication, and scalar multiplication on pentagonal fuzzy numbers element-wise, but they did not
define the division operation. The research reviewed by Mondal and Mandal [3] defines addition on
pentagonal fuzzy numbers by adding elements element-wise and defines subtraction on pentagonal
fuzzy numbers by subtracting elements in reverse order, but it does not define the multiplication and
division operations. Arfina and Mashadi [2] as well as Tilopa and Mashadi [6] offer an alternative
method for multiplication, division, and inverse arithmetic for any pentagonal fuzzy number, so that
the goal of alternative multiplication, division, and inverse arithmetic is to ensure that any pentagonal
fuzzy number dpry exists uniquely (dppy)~! = ! = ippy. Furthermore,
the constructed arithmetic is also used to determme the inverse of a pentagonal fuzzy number matrix
using a modification of elementary row operations resulting in Appn ® y —— = Ippn.

Aggarwal [7] define diagnosis as the process of identifying a dlsease based on a patient’s symp-
toms, medical history, and physical test results. To determine the patient’s illness, the doctor first
asks about the symptoms the patient is experiencing. The symptoms experienced by the patient will
point toward the diseases the patient might be suffering from. Certain diseases can be easily iden-
tified due to their characteristic symptoms that are not present in other diseases, but some diseases
have similar symptoms, leading to problems and uncertainty in the disease identification process.

The similarity of symptoms between diseases is one factor that can lead to misdiagnosis in
patients. It is not uncommon for more than one diagnosis to be required to obtain accurate results
regarding the patient’s illness. Common Cold, Pharyngitis, and Acute Respiratory Tract Infection
(ARTI) are often misidentified because of the similarity of symptoms found in all three diseases,
namely cough, runny nose, fever, and sore throat. Uncertainty also arises from the descriptions
of symptom severity provided by patients. Therefore, to overcome the problem of uncertainty in
diagnosing diseases, appropriate steps are needed to obtain accurate results.

As science and knowledge have advanced, the application of fuzzy concepts has extended to
various fields, including the medical field for diagnosing diseases. Fuzzy logic was first applied in
the medical field by Sanchez [8]. The method used by Sanchez [8] known as the Sanchez method
and served as a reference for many subsequent studies. Sanchez’s method was generalized by De
et al. [9] to Intuitionistic Fuzzy Sets (IFS), which represent the degree of membership and non-
membership of an element. Then Meenakshi and Kaliraja [10] applied the Sanchez Method to dis-
ease diagnosis using a representation of fuzzy interval number matrices. Based on previous research,
the application of triangular fuzzy numbers in disease diagnosis is discussed. In research conducted
by Elizabeth and Sujatha [11], by combining the concepts of soft sets and triangular fuzzy numbers,
triangular fuzzy number matrices Ry and Rg were formed, representing the relationships between
disease symptoms and patients, respectively. Then, the relationship between these matrices is calcu-
lated and their robust ranking is defuzzified to determine the disease suffered by each patient. Soft
sets were first introduced by Molodtsov [12] as a mathematical tool to handle uncertainty caused by
a lack of parameters.

This article is an extension of research conducted by Elizabeth and Sujatha [11]. In previous
research, triangular fuzzy number arithmetic with the Mean defuzzification method was used to di-
agnose a disease. In this study, the pentagonal fuzzy number arithmetic used by Arfina and Mashadi
[2] as well as Tilopa and Mashadi [6] which satisfies the identity property by writing the pentagonal



fuzzy number in the form dppy = (am, 041, %2, Br1,Br2) With a,, is the center point, oy is the left
spread distance from the center point a,, to the point (a,, — 04), ¢ is the left spread distance from
the point (a,, — 0y1) to the point (a,, — a1 — Q;2), Br1 is the right spread distance from the center
point a,, to the point (a,, + B1), and B, is the right spread distance from the point (a,, + f3,1) to the
point (ay, + Br1 + Br2). On the other hand, the robust ranking defuzzification method has also proven
effective in processing fuzzy logic based data as introduced in previous studies [11], [13], [14], [15],
and [16]. This method allows for a more structured mapping of the relationship between symptoms
and diseases, thus supporting a more systematic medical decision-making process. The data used
is primary data sourced from doctor interviews and patient interviews at a clinic in Pekanbaru. The
data collected consists of interval data on the severity of symptoms’ impact on the disease and in-
terval data on patients’ pain levels related to the symptoms. This data is represented on an interval
scale from O to 10, where 0 means no symptoms or no pain, and 10 means the symptoms are very
severe or the patient’s pain is very high. Then the data is presented in table form, which can be seen
in Table 1 and Table 2.

This article consists of five parts. Part 1 provides an overview of the issues discussed in this ar-
ticle. Part 2 explains some of the theoretical foundations supporting this research. Part 3 contains an
explanation of the core problem, which is the application of pentagonal fuzzy number matrices us-
ing the robust ranking method to diagnose Common Cold, Pharyngitis, and Acute Respiratory Tract
Infections (ARTI). Then, Part 4 contains the conclusion of the problems that have been discussed.
And finally, part 5 contains expressions of gratitude to those who supported this research.

2 Literature review

This section explains some basic definitions that are the main objects of this research, namely
pentagonal fuzzy number, arithmetic of pentagonal fuzzy number, pentagonal fuzzy soft matrix,
pentagonal fuzzy number matrix, robust ranking defuzzification method, and research methodology.

2.1 Pentagonal fuzzy number

According to Zadeh [1], a fuzzy set is an extension of the concept of a crisp set. In a fuzzy
set, each element has a specific degree of membership. Unlike crisp sets, which use a characteristic
function with values of 0 or 1, the membership function in fuzzy sets allows for values between 0
and 1. Thus, fuzzy sets encompass classical sets as a special case. The membership function of a
fuzzy number is described as a curve that maps each point to a membership value within the range
[0,1]. One method for determining these membership values is thru a function approach. Here are
the definitions of fuzzy sets, pentagonal fuzzy numbers, and pentagonal fuzzy numbers in parametric
form, as provided by Panda and Pal [4] as well as Pathinathan and Ponnivalavan [5].

Definition 2.1. A fuzzy set is defined as a membership function that takes values from a domain or
universe and maps them into the interval [0,1]. A fuzzy set A in the universe X is defined as follows:

A={(x,u;(x) [ x X} (1)



with pz7 : X — [0,1] and pz(x) is its degree of membership.

Definition 2.2. A pentagonal fuzzy number denoted as dpry = (am, &1, A2, Br1, Br2) is a fuzzy set
on R whose membership function must satisfy the following conditions:

1. a(x) is upper semi continuous.

2. a(x) = 0 outside the interval [a, — &1 — Oz, am + Br1 + Br2].

3. There exists a real number x in the interval [a,, — 01 — Qy2,a, + Br1 + Br2] such that

* d(x) is a monotonically non-decreasing function on [a,, — a1 — 042, a,y, — 041 ] and [ay,
all bl am} M

* d(x) is a monotonically non-increasing function on [ay,ay + B1] and [am + Br1,am +
Brl + ﬁr2]-

4. d(x) =1 for x = ay,.

The membership function of the pentagonal fuzzy number dpry = (am, 041,02, Br1,Br2) is defined
by [2], [3], [4], [6], [17] as follows:

1 1 /(x—a,+0q
l (x—a
1_*_5 allm —oy <x<ap
1, X=ap
Happy(x) = 1 /x—ay @
1— 2( B )713 am <x<apy+ P
1 1 (x—an+Pn
_<’"’>, am+ B <x < am+ P+ P
2 2 Br2
0, x others

The parametric form of a pentagonal fuzzy number can be written as dppy (r) = [ay(r),a,(r),a; (r),
ay(r)] with:

L. ay(r) = am—(1-2r)op — oy
2. ai(r)=am—(1—r)2ay,
3. ai(r) =am+(1-r)2Bn
4. @y(r) = am+(1-2r)B2+ Br

A pentagonal fuzzy number on R defined as dprn(r) = [ay(7),a,(r),a1(r),a,(r)] must satisfy the
following conditions:

1. a,(r) is right continuous and monotonically non-decreasing on [0,0.5]



2. a,(r) is continuous and monotonically non-decreasing on [0.5, 1]
3. @ (r) is continuous and monotonically non-increasing on [0.5, 1]
4. a(r) is left continuous and monotonically non-increasing on [0,0.5]

The following illustrates the pentagonal fuzzy number in parametric form.

I
:
B : B2

0 |an—an—ap am— 01 am an+Bri ay+ P+ P

Fig. 1. Pentagonal fuzzy number apry = (am, %41, %2, Br1,Br2)

2.2 Arithmetic of pentagonal fuzzy number

Arithmetic of pentagonal fuzzy numbers involves mathematical steps such as addition, sub-
traction, multiplication, and division performed by Arfina and Mashadi [2] as well as Tilopa and
Mashadi [6] considering the membership function within the interval [0, 1]. The following will pro-
vide definitions of pentagonal fuzzy number arithmetic and pentagonal fuzzy number arithmetic in
parametric form.

Definition 2.3. Suppose there are two pentagonal fuzzy numbers with dppy = (@, 1, 02, Br1, Br2)
and bpry = (b, Y1, %2, 81, 6,2), then the addition of two pentagonal fuzzy numbers is defined as
follows:

aprn +bprN = (Gm + by, 01 + Vi1, 02 + Y12, Bri + 61, B2 + 612) 3)

Next, in parametric form, it will be expressed~as follows: B B
Let appn(r) = [ay(r),a(r),a1(r),ax(r)] and bpp(r) = [by(r), by (r),b1(r), ba(r)], then

aprw (r) ® bprw (r) = ay (r) + by (r),a, (r) + by ()@ () + b1 (1), @(r) + ba(1)]

Definition 2.4. Suppose there are two pentagonal fuzzy numbers with dpry = (am, 1, 02, Br1, Br2)
and bppy = (bms Y11, %2, 61, 0r2), then the subtraction of two pentagonal fuzzy numbers is defined
as follows:

dprN — bprn = (am — b, 01 + 61,092 + 62, Br1 + Y11, B2 + Yi2) “4)



Next, in parametric form, it will be expressedNas follows: B B
Let aprn(r) = [ay(r),a;(r),a1(r),ax(r)] and bppn(r) = [by(r), by (r),b1(r), b2 (r)], then
aprn (r) ©bprn(r) = [ay(r) = by (r),ay (r) = by (r),a@1 (r) = b1 (r),@2(r) = ba(r)]

Definition 2.5. Suppose there are two pentagonal fuzzy numbers with dpry = (am, 1, 02, Br1, Br2)
and bpry = (bm, Y11, Y12, 611, 012, then the multiplication of two pentagonal fuzzy numbers is defined
as follows:

aprn X bppNn = [ambm, (041bm + Yi1am), (@m¥iz — 0412 + b @2 — Y1 42, )
(ﬁrlbm + 6r1am)7 (bmﬁrZ + ﬁrl 6}'2 + am5r2 + 6r1ﬁr2)]

Next, in parametric form, it will be expressed~as follows: B B
Let appn(r) = [ay(r),a(r), a1 (r),ax(r)] and bpen(r) = [by(r), by (r),b1(r), b2(r)], then

aprn(r) @ bprn (r) = [ay (r)ma(bprn) + by (r)ma(@pry ) — ma(dprn)ma (bprn ),
a,(rymy (bppn) + by (r)my (Gpen) — mi (Gprn)mi (bpew ),
ay (r)ymy (bppy) + by (r)my (apry) — mi (apry)mi (bpry),
@ (r)my(bppn) + bo(ryma(@pry) — ma(@ppn )ma(bpry)]
—= a 1 a 1 ~ B ~
with my (Gprn) = M, my(dprn) = M, my(bprn) = O ang ma(bprn)

_ b(3)+h(3)
= 2
In scalar calculations, let’s say there exists k € R and dpry (r) = [ay(r),a,(r),a1(r),a2(r)], then

* Fork>0

k-aprn(r) = [kay (r), kay (r), kai (r), kaz(r)]
* Fork <0

k-appn(r) = [kao(r), kai (r), ka, (r), kay (r)]

Definition 2.6. Suppose there are two pentagonal fuzzy numbers in parametric form with appn(r) =
lay(r), a1 (r), @ (r),ax(r)] and bprn (r) = [by(r), by (r), b1 (r), b2(r)], then

aprn(r)  [@(r)my(bprn) — ba(r)ma(Gppn) +ma(apen)ma (bppy)
bprn(r) (m2(bpry))? 7
ay (rymy (bprn) — by (r)my (Gppn) +mi (Gprn)mi (bpry)
(m1(bprn))? ’
a,(r)my(bprn) — by (r)mi(Gppn) +mi (Gppy)mi (bppy)
(my(bprn))? ’

a (r)my(bpry) — by (r)ma(@prn) +ma(@pen)ma (bpry)
(ma(bprn))?




with my (dppy) = 522, my(appn) = f) my (bpry) = M, and  my(bpry)

_ b(3)+h(s)
2

2.3 Pentagonal fuzzy soft matrix

Fuzzy Soft Matrix (FSM) is a representation of Soft Set (SS), Soft Matrix (SM), and Fuzzy Soft
Set (FSS) theories that can be applied to various uncertainty problems. The following definitions of
soft sets are provided by Aktas and Cagman [18] as well as Babitha and Sunil [19], definitions of
soft matrices by Cagman and Enginoglu [20] as well as Vijayabalaji and Ramesh [21], definitions of
fuzzy soft sets by Cagman et al. [22] as well as Celik and Yamak [23], and definitions of fuzzy soft
matrix by Borah et al. [24], Cagman and Enginoglu [25], as well as Neog and Dutta [26].

Definition 2.7. Let X be the universal set and E be the parameter set, P(X) denotes the power set of
X, and A C E. The ordered pair (F4,E) is called a soft set of X, if and only if F maps E to P(X). A
soft set can be written as follows:

(Fa,E) = {(e;Fa(e)) :e € E, Fa(e) € P(X)} (6)

Definition 2.8. Let the ordered pair (F4, E) be a soft set of X, such that a subset of X x E is uniquely
defined as follows:
Ry ={(x,e):e€A,x € Fyle)} (7

The form of the relation (F4, E) with characteristic function Ry is written as

1, if(x,e) €Rx

0, if(x,e) ¢ Ry ®

Xry : X X E —[0,1], given by : xg,(x,e) = {

Let X = {x1,x2,...,xn}, E ={e1,e2,...,¢,} and A C E, if a;; = X, (xi,e;), then the matrix can be
defined as follows:

an an t Aln
ayi ap -+ an

Asm = [aijlmxn = | . . . &)
aml Adm2 - dmn

Agy is called a soft matrix m X n of the soft set (F4,E) over X.

Definition 2.9. Let X be the universal set and E be the parameter set. Let P(X) denote the fuzzy
power set of X and A C E. The ordered pair (F4,E) is called a fuzzy soft set over X, if F4 : A — P(X)
such that F4(e) = 0 if e ¢ A, then the fuzzy soft set can be written as:

(Fo,E) = {(e,Fa(e)):e € E,Fa(e) € P(X)} (10)



Definition 2.10. Let the ordered pair (F4,E) be a fuzzy soft set over X, then the subset of X X E is
uniquely defined as follows:

Ry = {(Uur, (x,e),(x,e) :e € A, x € Fy(e)} (11)

The form of the relation (Fy4, E) with characteristic function Ry4 is written as

HE,(e) (X)v if (X,@) € Ry

. (12)
0, if (x,e) ¢ Ra

Ur, : X X E —[0,1], givenby : ug,(x,e) = {

with pg, (o) (x) is the fuzzy membership value of x in Fy (e).
Let X = {x1,x2,...,xn}, E ={e1,e2,...,e,},and A C E, if u;; = ug, (xi,e;), then the matrix can be
defined as follows:

Hir M1z e Hin
U1 Mp2 -+ Hop

Arsm = [Hijlmxn = | . . ) (13)
Hm1 Hm2 - Himn

Apsy is called a fuzzy soft matrix m x n of the fuzzy soft set (F4,E) of X.

Definition 2.11. Let X be the universal set and E be the parameter set, P(X) denotes the set of all
pentagonal fuzzy numbers from X, and A C E. The ordered pair (Fy,E) is called a pentagonal fuzzy
soft set of X, if and only if F maps E to P(X). Therefore, a pentagonal fuzzy soft set of X can be
written as follows:

(Fo,E) ={(e,Fx(e)):e € E,Fx(e) € P(X)} (14)
Then, a pentagonal fuzzy number matrix can be formed from the pentagonal fuzzy soft set (Fy,E),
which is called a pentagonal fuzzy soft matrix and is defined as follows.

Definition 2.12. Let the ordered pair (F,E) be a pentagonal fuzzy soft set over X, such that the
subset of X x E is uniquely defined as follows:

Ra ={yg,(x,e),(x,e) ce€A,x € Fyle)} (15)

The form of the relation (£, E) with characteristic function R is written as

Vi, (o) (%) if (x,e) € Rq

(0,0,0,0,0), if (x,e) & Ry (16)

Wr: X XE — P(X), givenby : g, (x,e) = {

with Yz (,)(x) is the pentagonal fuzzy number of x in Fy(e).
Let X = {x1,x2,...,xn}, E = {e1,e2,...,e,} and A C E, if a;; = yr(x;,e;), then the matrix can be
defined as follows:
daig dip e din
- a1 dxp e+ Ao
Aprsm = [Gijlmxn = : —_— : (17)

dml dm2 &mn



Aprsy is called a fuzzy soft matrix m x n of the pentagonal fuzzy soft set (Fy, E) of X.

2.4 Pentagonal fuzzy number matrix

A pentagonal fuzzy number matrix has the same concept as a real number matrix. A pentagonal
fuzzy number matrix is a matrix where each element is a pentagonal fuzzy number. Its inter-element
operations use the arithmetic of pentagonal fuzzy numbers, which was explained in Subsection 2.2.
The definitions of pentagonal fuzzy number matrices and operations on pentagonal fuzzy number
matrices given by Panda and Pal [4] as well as Pathinathan and Ponnivalavan [5] are as follows.

Definition 2.13. A pentagonal fuzzy number matrix of order m x n is defined as Appy = (a; j)an
with g;; = (amij, all,‘_ﬂalz['j’ﬁrljjv ﬁrZ,-j) is the ij-th element of Apry. Based on this definition, the
form of a pentagonal fuzzy number matrix of order m X n is as follows:

appy diz - dig

- dpy  dxp -+ doy

Am><n = . . . . (18)
dml dmZ e &mn

Definition 2.14. Let Apry = (d; P)mxn and Bppy = (b; i)mxn be two pentagonal fuzzy number matri-
ces of the same order. Then the addition and subtraction operations are defined as follows:

e Addition

Aprn ® Bprn = (a1 ® bij)mxn
with @;; @ b;; is the element in the i, j position of Apry @ Bpry

¢ Subtraction )
AprN © Bpen = (Gij © bij)mxn (19)
with d;; © 131-]- is the element in the i, j position of Apry © Bpry

In the addition and subtraction operations of pentagonal fuzzy number matrices, the operations be-
tween their elements are calculated using the arithmetic of addition and subtraction of pentagonal
fuzzy numbers as explained in equations 3 and 4.

Definition 2.15. Let Apry = (d; j)mxp and Bppn = (E,- ) pxn be two pentagonal fuzzy number matri-
ces. Then the multiplication operation of these two matrices is defined as follows:

Appn @ Bppn = (8ij)mxn (20)

with ¢;; =Y ag®byjfori=1,2,...,mand j=1,2,...,n.
In calculating the multiplication of two pentagonal fuzzy matrices, the addition and multiplication



between pentagonal fuzzy numbers in the pentagonal fuzzy matrix multiplication operation are cal-
culated using the arithmetic of pentagonal fuzzy numbers as explained in equations 3 and 5.

Definition 2.16. Let Appy = (i j)mxn be a pentagonal fuzzy number matrix. The complement of
the matrix Appy is
(Aprn)¢ = (IprnN —ApFN) 21

with Ippy = [lfz‘j]mxn is a pentagonal fuzzy identity matrix with all entries being i =(1,0,0,0,0).

Definition 2.17. Let Appy = (d; )mxn and Bppn = (Ei i)mxn be two pentagonal fuzzy number ma-
trices of the same order with d;; = (am;, allij’ Olzzijﬁn,-_,-,ﬁrz,-_,-) and b;; = (bm[.j, Vi Yizigs Or1;;5 6,2”,).
Then the maximum of matrices Apgy and Bpgy is as follows:

max{Appyn,Bprn}y = (sup{dij, bij})ij
= (Sup{afn,'j7bm,'j}a Sup{alllj 5 ,yllij}7 Sup{aIZij7 %2,‘1‘}7 (22)
Sup{ﬁfli_/ ’ 6}’1,‘_/ 7sup{ﬁr2,~j7 5"2,'] )lj

2.5 Robust ranking defuzzification method

Defuzzification is the process of converting fuzzy values into crisp values. The defuzzification
method used in this study is robust ranking defuzzification with a-cuts by Jayaraman and Jahirhus-
sian [14] as well as Ngastiti et al. [27]. Because in this study, the fuzzy pentagonal number form
aprn = (am, 01,02, Br1, Br2) is used, the robust ranking of the parametric form of the fuzzy pentag-
onal number is given as follows.

Definition 2.18. The robust ranking for the parametric form of the pentagonal fuzzy number dppy (r)
=lay(r),a,(r),a1(r),a2(r)] = [am — (1 =2r) o — 041, am — (L = r)2041,am + (1 —r)2B1,am + (1 —



2r) B2 + Br1] with 0 < r < 1 is as follows:

R(Apry) = /0 '05 [y, (r),1(7) @)
:/010.5[51,"7(1 —2r) 0t — 041+ — (1= 7)2041 +ap + (1 = 1)2Bp1 + @ + (1 — 27)
Br2 +ﬁr1}d"
= /01 0.5 |:am — 0 +2r0 — 0+ a — 2041 4+ 2rog + a4+ 2B — 2Bt 4 am + Bra—
2”ﬁr2+l3r1}d1’

1
= 0-5/0 [4am — Oy +2rogy — 301 4 2raq 43,1 — 21 4 B2 — 2rﬁr2] dr

20,1 20,72 28,112 2B,0r% 71
=0.5 {461,,1}’—0612}”-1- 2! — 3oy r+ nr +3B,1r— ﬁrzlr + Brar— ﬁr;r }0
=0.5 [4am —ap+op =30+ 0y +3B1 — B+ Bo— BrZ}
—05 [4am — 20y +2Bn
_ [4am —204; + 2ﬁrl]

2
R(Aprn) = 2am — 01 + Bri
(23)

2.6 Research methodology

The research was conducted in the form of a literature study using materials from journals and
textbooks related to this discussion. The stages of this research are as follows.

1. Data collection. The data used in this study is primary data obtained from clinic. The data
collection process was carried out by interviewing doctors and several patients. The expected
outcome is to obtain information about diseases with similar symptoms, and the data collected
from patients includes the symptoms they experience, the level of pain they feel from the
symptoms, and the diagnosis results provided by the doctor.

2. Fuzzification process. Fuzzy set formation is done by determining fuzzy variables and their
sets. The fuzzification method for the interval [p,g] with 0 < p < ¢ < 10 for pentagonal fuzzy
number dpry = (dm, 01,2, Br1, Br2) s as follows:

+
* 0 =am—p
10—p

* =150



* ﬁrl =q—an
o= B

3. Forming a pentagonal fuzzy soft set (Fx, D) over S and a pentagonal fuzzy soft set (Fp,S) over
X.

4. Forming a pentagonal fuzzy soft matrix (£, D) over S representing the symptom-disease re-
lationship, denoted by P, and a pentagonal fuzzy soft matrix (Fp,S) over X representing the
patient-symptom relationship, denoted by Q.

5. Counting the matrix (P),,, using the equation:

(pij)mxn = (?»?7?,?»?)7 24)

with k is the maximum of (ps);; in the matrix P

and the matrix (Q)yem using the equation:

~ (511 q2 43 44 515)
ij

(Gij)mxn = (25)

with / is the maximum (gs);; in the matrix Q.

6. Counting ((P)mem )¢ and ((Q)mem)©.
7. Counting the inter-matrix relationship to obtain a disease diagnosis:
(a) Counting Ry = (Q)mem @ (P)mem, i.e. the relationship between patients and disease symp-
toms.

(b) Counting Ry = (Q)mem @ ((P)mem )¢, Which is called the relation of patients without the
disease.

(c) Counting R3 = ((Q)mem)¢ @ (P)mem» which is called the relation of patients without
symptoms of the disease.

(d) Counting Ry = max{R,R3}.

(e) Counting Rs = R{ © Ry.

(f) Counting Rs = (R((r5)ij))mxn, With matrix Re is the result of the robust ranking calcu-

lation for each element of matrix R5 and represents the predicted diagnosis of the disease
suffered by each patient.

8. Finding the maximum value in each row of matrix Rs. For example, if the maximum value
in the i-th row is (Re);;, then it can be concluded that the i-th patient is most likely suffering
from the j-th disease.



3 Results and discussion

Diagnosis can be defined as the process of identifying a disease based on a patient’s symptoms,
medical history, and physical test results. There is a lot of uncertainty in disease diagnosis, including
in the patient’s description of the severity of symptoms. The similarity of symptoms between dis-
eases also poses a challenge in medical diagnosis. Therefore, based on Elizabeth and Sujatha [11],
the diagnosis prediction for each patient can be calculated using pentagonal fuzzy numbers.

3.1 Data source

In this study, primary data obtained from doctor interviews and patient interviews at the Kelu-
argaku Primary Clinic in Pekanbaru were used. The data collected is in the form of interval values
between 0 and 10, representing the severity of each symptom, where 0 means the symptom does not
appear and 10 means the symptom is very severe. The diseases that are variables in this study are
the Common Cold, Pharyngitis, and Acute Respiratory Tract Infection (ARTI). These diseases have
similar symptoms, namely cough, runny nose, fever, and sore throat. These diseases are commonly
suffered by patients at the Keluargaku Primary Clinic in Pekanbaru.

(i) The Common Cold is the most common upper respiratory tract illness affecting the public.
According to Heikkinen and Jarvinen [28], the common cold can be caused by over 200 dif-
ferent genetic variants of the virus. The common cold is transmitted thru the saliva droplets of
infected people or enters the body thru the eyes or mouth after touching contaminated surfaces.
The common cold usually resolves within an average of 7-10 days.

(ii) Pharyngitis is an inflammation of the pharynx and surrounding tissues. Pharyngitis is caused
by viral, bacterial, and fungal infections. According to Sykes et al. [29], pharyngitis caused
by viruses can resolve on its own, while pharyngitis caused by bacteria or fungi requires
antibiotics to heal.

(iii) ARTT s an Acute Respiratory Tract Infection caused by viral or bacterial infection. According
to Gageldonk et al. [30], ARTI is a significant cause of morbidity in the general population.
Most infections are caused by viruses, especially rhinoviruses, influenza viruses, and respira-
tory syncytial virus. ARTI can easily spread thru saliva droplets, contact with contaminated
objects, and shaking hands with an infected person.

3.2 Processing real data into pentagonal fuzzy number matrices

To process primary data into a pentagonal fuzzy number matrix, the following steps are taken.

(i) Presenting an interval table of the level of influence of symptoms on the disease from doctor
interview data, as well as an interval table of patients’ pain levels for symptoms. The symp-
toms of the Common Cold, Pharyngitis, and Acute Respiratory Tract Infection (ARTI) are
cough, runny nose, fever, and sore throat. From the results of doctor interviews at the Pratama
Family Clinic in Pekanbaru, primary data was obtained and presented in Table 1 as follows:



(i)

Table 1: Interval of the Level of Influence of Symptoms on the Disease

Disease
Symptom
Common Cold Pharyngitis ARTI
Cough 5-7 6-8 6-38
Runny Nose 6-8 5-17 5-17
Fever 4-6 6-8 6-8
Sore Throat 3-5 6-8 5-17

Next, the patient was interviewed about symptoms of cough, runny nose, fever, and sore throat.
The data collected consisted of interval values for the pain level of each symptom experienced
by the patient. The value of that interval is between 0 and 10, with 0 meaning no pain and 10
meaning very high pain. Based on patient interviews, primary data was obtained and presented
in Table 2 as follows:

Table 2: Pain Level Interval of Patients Regarding Symptoms

Patient Symptom

Cough Runny Nose Fever Sore Throat

Patient A 7-9 1-3 4-6 6-8
Patient B 6-8 6-8 7-9 1-3
PatientC 7-9 7-9 4-6 7-9

Converting each interval value in Table 1 and Table 2 into a pentagonal fuzzy number and
form the pentagonal fuzzy number soft sets (F4, D) and (Fg,S).

Let s1, 52, 53, and s4 represent the symptoms of cough, runny nose, fever, and sore throat, and
let di, d>, and d3 be the diseases Common Cold, Pharyngitis, and Acute Respiratory Tract
Infection (ARTI). Let the set x1, x2, and x3 be patients A, B, and C. Let I3(S) be the set of all
pentagonal fuzzy numbers from S and P(X) be the set of all pentagonal fuzzy numbers from X.
Suppose for the interval [5,7] we obtain its midpoint, which is a,, = 6, its left spread, which is
o =6—5=1and ap = 1%5 = 0.5, and its right spread, whichis B,; =7—6=1and f,, =
"{—67 = 0.3, so that a pentagonal fuzzy number can be formed dppy = (6,1,0.5,1,0.3). By
taking the midpoint, left spread, and right spread, a pentagonal fuzzy number can be formed
from each interval value in Table 1. Then, based on equation 14 by mapping the set of diseases
to the set of all pentagonal fuzzy numbers from S, denoted by Fy : D — IS(S ), we obtain:
Fy(dy) = {(51,(6,1,0.5,1,0.3)) , (55,(7,1,0.4,1,0.2)) , (s3,(5,1,0.6,1,0.4)), (s4,(4,1,0.7,1,0.5))}
Fy(dy) = {{s1,(7,1,0.4,1,0.2)), {s2,(6,1,0.5,1,0.3)), (s3,(7,1,0.4,1,0.2)) , {s4,(7,1,0.4,1,0.2)) }
Ex(d3) = {(s1,(7,1,0.4,1,0.2)), (52,(6,1,0.5,1,0.3)), (s3,(7,1,0.4,1,0.2)), (s4,(6,1,0.5,1,0.3))}




Thus, a soft set of fuzzy pentagonal numbers (£, D) can be formed as follows:

D)=

(Fy, {(dy,{(s1,(6,1,0.5,1,0.3)), {s2,(7,1,0.4,1,0.2)) , (53, (5,1,0.6,1,0.4)) {4, (4,1,0.7,1,0.5))}),
(d, {(s1,(7,1,0.4,1,0.2)) , {52, (6,1,0.5,1,0.3)) , (53,(7,1,0.4,1,0.2)), {s4,(7,1,0.4,1,0.2))}),
(

(d3,{(s1,(7,1,0.4,1,0.2)) , (55, (6,1,0.5,1,0.3)) , (s3,(7,1,0.4,1,0.2)), {s4,(6,1,0.5,1,0.3))})}

Then, based on the data from Table 2, an ordered pair soft set of fuzzy pentagonal numbers (Fg,S) from
X was formed by mapping the set S to the set of all fuzzy pentagonal numbers from X, defined by:
Fp : S — P(X). The mapping results obtained are as follows:

Fp(s1) = {{x1,(8,1,0.3,1,0.1)), (x2,(7,1,0.4,1,0.2)) , (x3,(8,1,0.3,1,0.1)) }
Fp(sa) = {(x1,(2,1,0.9,1,0.7)), (x2,(7,1,0.4,1,0.2)), (x3,(8,1,0.3,1,0.1)) }
FB(S3) {<X]7(5,1,0.67170.4)>,<X2,(8,1,0.3,170.1)> <X3,(571,O.6,1,0.4)>}
Fp(sq) = {{x1,(7,1,0.4,1,0.2)), (x2,(2,1,0.9,1,0.7)), (x3,(8,1,0.3,1,0.1)) }
Thus, a soft set of fuzzy pentagonal numbers (£, S) can be formed as follows:

(Fp,S) = {(s1,{{x1,(8,1,0.3,1,0.1)), {x2,(7,1,0.4,1,0.2)), (x3,(8,1,0.3,1,0.1)) }),
(s2,{(x1,(2,1,0.9,1,0.7)), (x2,(7,1,0.4,1,0.2)), (x3,(8,1,0.3,1,0.1)) }),
(s3,{(x1,(5,1,0.6,1,0.4)),(x»,(8,1,0.3,1,0.1)), {x3,(5,1,0.6,1,0.4)) }),
(s54,{(x1,(7,1,0.4,1,0.2)),(x2,(2,1,0.9,1,0.7)), {x3,(8,1,0.3,1,0.1)) }) }

(iii) Forming matrices from the pentagonal fuzzy soft sets (F4,D) and (£3,S).
Based on equation 15, the relation form of the fuzzy pentagonal number soft set (Fy, D) is:

Ry ={((6,1,0.5,1,0.3),(s1,d1)),{(7,1,0.4,1,0.2), (s2,d})),((5,1,0.6,1,0.4), (s3,d})),
((4,1,0.7,1,0.5), (s4,d1)),{(7,1,0.4,1,0.2), (s1,d2)) ,((6,1,0.5,1,0.3), (s2,d2)),
<(7,1,0.4,1,0.2),(S3, )>,<(7,1,O,471,O.2)7(S47 )>7<(771 0.4,1,0.2),(S1,d3)>,
<(6,1,0.571,0.3),(S27 )>,<(7,1,0,471,0.2),(S37 )>7<(631 0571,0.3),(S47d3)>}

The relation R4 can be represented in Table 3 as follows:

Table 3: Relation Representation Ry

Thus, we obtain the matrix from the pentagonal fuzzy soft set (Fy, D), denoted by P, as follows:

Ry d do d3

s1 (6,1,05,1,03) (7,1,0.4,1,0.2) (7,1,0.4,1,0.2)
s (7.1,0.4,1,02) (6,1,0.5,1,0.3) (6,1,0.5,1,0.3)
55 (5,1,0.6,1,04) (7,1,0.4,1,0.2) (7,1,0.4,1,0.2)
si (4,1,07,1,0.5) (7,1,0.4,1,02) (6,1,0.5,1,0.3)

(6,1,0.5,1,0.3)
(7.1,0.4,1,0.2)
(5,1,0.6,1,0.4)
(4,1,0.7,1,0.5)

P=

(7,1,0.4,1,0.2)
(6,1,0.5,1,0.3)
(7,1,0.4,1,0.2)
(7,1,0.4,1,0.2)

(7,1,0.4,1,0.2)
(6,1,0.5,1,0.3)
(7,1,0.4,1,0.2)
(6,1,0.5,1,0.3)



Element p;; of P represents the pain level interval of symptom i for disease j in a pentagonal fuzzy
number.
Based on equation 15, the relation form of the pentagonal fuzzy soft set (Fg,S) is:

Rp = { <(87 1,0.3, 1701)7 (X],S])) ; <(77 1,0.4, 1,0.2),()62,51» P <(87 1,0.3, 1,01)7 (X3,S1)>
((2,1,0.9,1,0.7), (x1,52)),{(7,1,0.4,1,0.2), (x2,52)),((8,1,0.3,1,0.1), (x3,52))
<(57]70'67 170‘4)7 (x1>s3)> ) <(87 ],0.3,],0.])7()62,53» 5 <(57]70-67 17044)7 (X3,S3)>
((7,1,0.4,1,0.2), (x1,54)),{(2,1,0.9,1,0.7), (x2,54)) ,{(8,1,0.3,1,0.1), (x3,54)) }

The relation Rp can be represented in Table 4 as follows:
Table 4: Relation Representation Rp
Rp 51 52 53 54

xi (8,1,03,1,0.1) (2,1,09,1,0.7) (5,1,0.6,1,04) (7,1,0.4,1,0.2)
x  (7,1,04,1,02) (7,1,04,1,02) (8,1,0.3,1,0.1) (2,1,0.9,1,0.7)
x3 (8,1,03,1,0.1) (8,1,0.3,1,0.1) (5,1,0.6,1,0.4) (8,1,0.3,1,0.1)

Thus, we obtain the matrix from the pentagonal fuzzy soft set (F3,S), denoted by 0, as follows:

(8,1,03,1,0.1) (2,1,09,1,0.7) (5,1,0.6,1,04) (7,1,0.4,1,0.2)
0= ((71,04,102) (7,1,04,1,02) (8,1,03,1,0.1) (2,1,0.9,1,0.7)
(8,1,03,1,0.1) (8,1,0.3,1,0.1) (5,1,0.6,1,04) (8,1,0.3,1,0.1)

Element g;; of O represents the pain level of symptom i experienced by patient j in a pentagonal fuzzy
number.

3.3 Determining disease diagnosis

To determine the patient’s disease diagnosis based on Elizabeth and Sujatha [11], matrices
(P)mem and (Q)mem were formed, as well as matrices ((P)yem)¢ and ((Q)mem )¢, and then the re-
lationships between these matrices were calculated. Based on equations 24 and 25, the matrices
(P)mem and (Q)mem Were obtained as follows:

( (
1.000,0.143,0.057,0.143,0.028)  (0.857,0.143,0.071,0.143,0.042) ~ (0.857,0.143,0.071,0.143,0.042)
0.714,0.143,0.085,0.143,0.057)  (1.000,0.143,0.057,0.143,0.028)  (1.000,0.143,0.057,0.143,0.028)
( (

0.857,0.143,0.071,0.143,0.042)  (1.000,0.143,0.057,0.143,0.028)  (1.000,0.143,0.057,0.143,0.028)
0.571,0.143,0.100,0.143,0.071) ~ (1.000,0.143,0.057,0.143,0.028)  (0.857,0.143,0.071,0.143,0.042)

(P)mem = l

~ (1.000,0.125,0.037,0.125,0.012) (0.250,0.125,0.112,0.125,0.087) (0.625,0.125,0.075,0.125,0.050) (0.875,0.125,0.050,0.125,0.025)
(Q)mem — | (0.875,0.125,0.050,0.125,0.025) (0.875,0.125,0.050,0.125,0.025) (1.000,0.125,0.037,0.125,0.012) (0.250,0.125,0.112,0.125,0.087)
(1.000,0.125,0.037,0.125,0.012) (1.000,0.125,0.037,0.125,0.012) (0.625,0.125,0.075,0.125,0.050) (1.000,0.125,0.037,0.125,0.012)

The matrix (P),n represents the symptom-disease relationship, with element p;; representing level

of symptom influence i for disease j. The matrix (Q)men represents the patient-symptom relation-
ship, with element §;; representing the pain level of symptom j experienced by patient i. Then,



based on equation 21, the matrices ((P)uenm )¢ and ((Q)mem )¢ are obtained as follows:

(0.143,0.143,0.071,0.143,0.042)  (0.000,0.143,0.057,0.143,0.028)  (0.000,0.143,0.057,0.143,0.028)

(B)mem)® = (0.000,0.143,0.057,0.143,0.028)  (0.143,0.143,0.071,0.143,0.042)  (0.143,0.143,0.071,0.143,0.042)
mem) = |(0.286,0.143,0.085,0.143,0.057)  (0.000,0.143,0.057,0.143,0.028)  (0.000,0.143,0.057,0.143,0.028)
(0.429,0.143,0.100,0.143,0.071)  (0.000,0.143,0.057,0.143,0.028)  (0.143,0.143,0.071,0.143,0.042)

The matrix ((P)uem)C is the complement of the matrix (P),., and represents the non-symptom-
disease relationship.

~ ¢ (0.000,0.125,0.037,0.125,0.012) (0.750,0.125,0.112,0.125,0.087) (0.375,0.125,0.075,0.125,0.050) (0.125,0.125,0.050,0.125,0.025)
((Q)mem) — |(0.125,0.125,0.050,0.125,0.025) (0.125,0.125,0.050,0.125,0.025) (0.000,0.125,0.037,0.125,0.012) (0.750,0.125,0.112,0.125,0.087)
(0.000,0.125,0.037,0.125,0.012) (0.000,0.125,0.037,0.125,0.012) (0.375,0.125,0.075,0.125,0.050) (0.000,0.125,0.037,0.125,0.012)

The matrix ((Q)mem )¢ is the complement of the matrix (Q) e, and is called the non-patient-symptom
matrix.
Next, the inter-matrix relationship is calculated as follows:

(1) Rl = (Q)mem® (P)mem

(2.052,0.784,0.372,0.784,0.341)  (2.714,0.874,0.346,0.874,0.281)  (2.588,0.856,0.349,0.856,0.292)
R| = |(2480,0.821,0.328,0.821,0.285)  (2.874,0.910,0.357,0.910,0.277)  (2.838,0.892,0.342,0.892,0.270)
(2.874,0.910,0.357,0.910,0.277)  (3.482,1.000,0.342,1.000,0.227)  (3.339,0.982,0.349,0.982,0.241)

Matrix R; is called the patient-symptom-disease relation. Matrix R; is calculated using the
operation of multiplying pentagonal fuzzy number matrices based on equation 20.

(11) R2 = (Q)mem ® ((P)mem)c

(0.696,0.498,0.196,0.498,0.221)  (0.035,0.410,0.104,0.410,0.132)  (0.160,0.428,0.122,0.428,0.150)
Ry = [(0.518,0.535,0.211,0.535,0.225)  (0.125,0.446,0.124,0.446,0.135)  (0.160,0.464,0.140,0.464,0.153)
(0.750,0.624,0.257,0.624,0.233)  (0.143,0.535,0.167,0.535,0.144)  (0.286,0.552,0.185,0.552,0.161)

Matrix R, is called the patient-non-disease relation. Matrix R; is calculated using the opera-
tion of multiplying pentagonal fuzzy number matrices based on equation 20.

(111) R3 = ((Q)mem)c® (P)mem

(1.250,0.570,0.233,0.570,0.246)  (1.142,0.659,0.268,0.659,0.246)  (1.124,0.642,0.261,0.642,0.246)
R3 = [(0.660,0.534,0.197,0.534,0.211)  (0.982,0.624,0.232,0.624,0.210)  (0.874,0.606,0.225,0.606,0.210)
(0.267,0.445,0.108,0.445,0.122)  (0.375,0.535,0.143,0.535,0.122) ~ (0.375,0.517,0.136,0.517,0.122)

Matrix Rj3 is called the patient-non-symptom relationship. Matrix Rj3 is calculated using the
pentagonal fuzzy number matrix multiplication operation based on equation 20.

(iv) R4 = max{Ry,R3} with (74);j = (am, 041,02, Br1, Br2)ij
(1.250,0.570,0.233,0.570,0.246)  (1.142,0.659,0.268,0.659,0.246)  (1.124,0.642,0.261,0.642,0.246)

Ry = |(0.660,0.535,0.211,0.535,0.225)  (0.982,0.624,0.232,0.624,0.210)  (0.874,0.606,0.225,0.606,0.210)
(0.750,0.624,0.257,0.624,0.233)  (0.375,0.535,0.167,0.535,0.144)  (0.375,0.552,0.185,0.552,0.161)

Matrix Ry is calculated based on equation 22.



(V) Rs=R1SRy

(0.802,1.354,0.618,1.354,0.574)  (1.572,1.533,0.592,1.533,0.549)  (1.464,1.498,0.595,1.498,0.553)
Rs = |(1.820,1.356,0.553,1.356,0.496)  (1.892,1.534,0.567,1.534,0.509)  (1.964,1.498,0.552,1.498,0.495)
(2.124,1.534,0.590,1.534,0.534)  (3.107,1.535,0.486,1.535,0.394)  (2.964,1.534,0.510,1.534,0.426)

Matrix Rs is calculated by performing fuzzy pentagonal number matrix subtraction operations
based on equation 19.

(vi) Then counting the robust ranking defuzzification for each element in matrix Rs. This matrix
is denoted by Rg, and the largest element in each row represents the predicted diagnosis of the
disease suffered by each patient. Let’s assume the maximum value in row i is (Rs);;. Then it
can be concluded that patient i is most likely suffering from disease j. Based on equation 23,
the matrix Rg is as follows:

1.604 3.144 2.928
Re= |3.640 3.784 3.928
4248 6.214 5.928

Based on matrix Rg, the predicted diagnosis of the patient’s illness is obtained. The maximum
value in the first row is element (Rg) 12, so it can be concluded that the first patient suffers from
Pharyngitis. The maximum value in the second row is element (R¢)»3, so that the second pa-
tient suffers from Acute Respiratory Tract Infection (ARTI). The maximum value in the third
row is element (Rg)32, so it can be concluded that the third patient suffers from Pharyngitis.

4 Conclusion

This study discusses the application of pentagonal fuzzy number matrices in disease diagnosis
using the robust ranking defuzzification method. From various fuzzy pentagonal number arithmetics,
the author uses the fuzzy pentagonal number arithmetic by Arfina and Mashadl [2] as well as Tilopa
and Mashadi [6] which satisfies the identity multiplication dppy ® Zor, = IppN by ipp is a fuzzy
pentagonal number identity. The data used is obtained from doctor i 1nterv1ews and medical documen-
tation, as well as patient interviews at the Keluargaku Primary Clinic in Pekanbaru. This includes
interval data on the level of influence of symptoms on the disease and interval data on patients’ pain
levels for symptoms, ranging from O to 10. The results of applying the pentagonal fuzzy number
matrix for disease diagnosis discussed in this study are limited to predictions that still require the
opinion of a doctor as a medical expert as in real-world application, there are other factors that must
be considered, and it is not uncommon to require more than one diagnosis to obtain accurate results.
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