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Application of Generalized Triangular Fuzzy
Soft Sets in Medical Diagnosis
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ABSTRACT: Fuzzy soft set which is the extension of soft set has become
the most fruitful and interesting area of medicine and decision making
problems. In this article, inspiring the concept of fuzzy soft set, we
introduce the notion of generalized triangular fuzzy soft set, where the
parameter set is generalized by a triangular fuzzy set. Finally, an
application of generalized triangular fuzzy soft set in medical diagnosis
problem is exhibited with a hypothetical case study.
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1. INTRODUCTION

In our real life, we often face various problems with uncertainties in
which precise decision is very essential. But most of our traditional
mathematical tools cannot solve these problems. For solving such
problems, there are some theories such as theory of fuzzy sets [1], theory
of rough sets [2], theory of vague sets [3], theory of intuitionistic fuzzy
sets [4, 5], theory of interval mathematics [5, 6], and so on. However, all
these theories have their intrinsic limitations as pointed out in [7]. To
overcome these limitations in 1999, Molodtsov [7] initiated the idea of
soft sets, which can be seen as an innovative mathematical tool for dealing
with uncertainties. Later based on the concept of Molodtsov, some authors
developed its theoretical aspects and applied them in different fields of
science and engineering. Also the study of combined models involving
soft sets with other mathematical structures is rising as a dynamic research
topic of soft set theory. Roy and Maji [8] considered the concept of a
fuzzy soft set and provided some of its properties. Later a host of
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researcher studied and applied the concept of fuzzy soft set in Decision
making Problem [9-19], Image processing [20], Forecasting [21, 22],
Medical diagnosis [23-27] . In above all the studies of fuzzy sets and the
related topics the researchers are considered fuzzy membership values for
the elements of the universal set, but fuzzyfing parameters may be play
important role in case of decision making. To overcome these facts Zhang
et al. [28] studied the concept of generalized trapezoidal fuzzy soft set and
applied it in medical diagnosis problem. In this article, we developed the
concept of generalized triangular fuzzy soft set. Then we have applied this
generalized triangular fuzzy soft set in medical diagnosis problem with a
theoretical case study. The article is organized as follows: In section 2, we
describe some definitions which are essential to rest of the paper. In
section 3, the generalized triangular fuzzy soft sets are described. In
section 4, an application is illustrated by using the generalized triangular
fuzzy soft sets. Finally, concluding remarks are given.

2. PRELIMINARIES

In this section, we recall some useful definitions which will be helpful in
further pursuit of this study.

Definition 2.1: [1] Let X be a non-empty set and A be subset of X, then
the characteristic function of A4 is defined as follows:

_(lifxeA
“(")‘{0 ifx¢A

That is, a classical set A can be defined as u: A — {0, 1} where as a fuzzy
set can be defined as u: A — [0,1], the usual interval of real number,
where u denote the membership function.We denote by I¥ the set of all
fuzzy sets of X.

Definition 2.2: [7] Suppose that U is an initial universe set and E is a set
of parameters, let P(U) denote the power set of U. A pair (F, E) is called
a soft set of U where F is a mapping given by F: E = P(U). Clearly a soft
set is a mapping from parameters to P(U) and it is not a set, but a
parameterized family of subsets of the universe.

Definition 2.3: [8] Let U be an initial universe set and E is a set of
parameters. A pair (F,E) is called a fuzzy soft set of U where F is a
mapping given by F: E — IV, where IV denotes the collection of all fuzzy
sets of U.
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Definition 2.4: [29] A triangular fuzzy number @ can be defined as
(aq,a3,a3) shown in figure 1 which has the membership function pz(x)
as follows:

Ha (x) 1A i,
( 0 , x <y
xXxX—a
L, ay<x<a,

_Ja—ay ] >
=9 az—x a a a X
3 , Ay <x<as 1 2 3

az—a,

0 , x>as Figure 01: Triangular fuzzy number d.

For given two triangular
fuzzy numbers d = (aq,a,,a3)andb = (by,b,, b3), we define the
maximum and minimum operations are as follows:

(1) dVB=(a1Vb1,a2Vb2,a3Vb3);
(11) C~l/\b=(a1/\b1,a2 /\bz,a3/\b3).
Where V and A denote maximum and minimum operators respectively.

Next we present a defuzzification technique of triangular fuzzy number.
Take a triangular fuzzy number (a4, a,, az) as shown in the figure 1. Then
the defuzzification value t of the fuzzy number is measured from the
figure 1 as follows:

1 1

(t—ax)(1) + E(az —a)(1) = (a —)(1) + 5(03 —az)(1)
1 1

= (t—a2)+5(a2—a1) = (az—t)+§(a3—a2)

1 1
= (t—ay) —(a;—t) =E(a3—a2)—§(a2—a1)
as—a, —a;+a;

= 2t = 2 +a2+a2
a;+a,+a,+a
- ot = 3 22 2 1
a;ta,t+ta,t+a
= 1 24 2 3 0

Definition 2.5: [14] A set which is consisted by triangular fuzzy numbers
is called triangular fuzzy set it is denoted by (TFS). The membership
function of a triangular fuzzy set can capture the vagueness of those
linguistic terms as in figure 2. For example the linguistic term “medium
high” can be represented by a triangular fuzzy set as (0.5, 0.6,0.7)
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Figure 02: Linguistic terms for ratings.

and membership function is

0 , x<0.5
- 22, 05<x<06
HUmediumhigh\X) =\ 0.7—4
eduimitg 07X 06<x<0.7
0.7-0.6
0 , x>0.7

Definition 2.6: [14] Let TFS(U) be the set of all triangular fuzzy sets
inU. A pair (F,A) is called a triangular fuzzy soft set of U where F is a
mapping given by F: E = TES(U).

3. GENERALIZED TRIANGULAR FUZZY SOFT SETS

In this subsection, we generalize the idea of triangular fuzzy soft set by
introducing the membership degree of parameters named as generalized
triangular fuzzy soft set. We also developed some definitions regarding
this generalized triangular fuzzy soft set.

Definition 3.1: Suppose that U is an initial universe set and E is a set of
parameters. The pair (U,E) is called a soft universe. Suppose F: E —
TFS(U) and f is a triangular fuzzy set of E, i.e., f: E = TFS. We say that
(Ff, E) is a generalized triangular fuzzy soft set of (U, E) if and only if Ff
is a mapping defined by

Fp:E - TFS(U) X TFS,

where, Fr(e) = (F(e), f(e)), such that for all e € E, F(e) € TFS(U) and
f(e) € TFS.

Here for each parameter e;, Fr(e;) = (F(e;),f(e;)) is not a triangular
fuzzy set of U, but also the triangular fuzzy set E.
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Also a generalized triangular fuzzy soft set (Ff, E') can be represented as a
matrix such as:

Apsn = [aij] (i=1,2:- m,j=1,2, n), where

ij — .

J 0 ifbjgA
Example 01: Suppose that U = {s;, s,, 53,54} is a set of cricket players
and which may be characterized by a set of parameters E = {e;, e, €3},
where ej,e;and e; stand for batting, bowling and fielding

respectively. The linguistic variables for each player under these
parameters are given in table 1.

Table 01: The ratings of four players under these parameters.

U Batting (eq) Bowling(e,) Fielding(es)
51 Medium Very medium Very medium
S Medium low  Very high Medium

53 Low Medium Medium low
Sy Very high Low Medium

f High Medium high Medium

The generalized triangular fuzzy soft set (Fr, E) of the universe (U, E)

through the rule of conversion between linguistic variables and
numerical variables is

(0.3,0.4,0.5)” (0.2,0.3,0.4) ’ (0.1,0.2,0.3)” (0.7,0.8,0.9)

Ff(el)z({ 51 S2 53 St },(0.6,0.7,0.8)),

— S1 S2 S3 Sa
\ Ff(eZ) - <{(0.4,0.5,0.6)' (0.7,0.8,09) ’ (0.3,0.4,0.5)° (0.1,0.2,0.3)}‘ (0'5’0'6’0'7))‘

— S1 S2 S3 Sa
ka(e3) - <{(0.4,0.5,0.6)' (0.3,0.4,0.5) ’ (0.2,0.3,0.4)’ (0.3,0.4,0.5)}’ (0'3’0'4’0'5))

This generalized triangular fuzzy soft set (Ff, E) can also be represented
as matrix
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Asxs
0.3,0.4,0.5 0.2,0.3,04 0.1,02,03 0.7,0809 0.6,0.7,0.8

=104,05,06 0.7,08,09 0.3,04,05 0.1,0.203 0.50.6,0.7].
0.4,0.5,0.6 0.3,04,05 02,0304 03,0405 0.3,04,0.5

Definition 3.2: A matrix which elements are generalized triangular fuzzy
soft sets is called generalized triangular fuzzy soft matrix. Let A = (a;;)
and B = (by;) are two generalized triangular fuzzy soft matrices, then the
max-min multiplication are defined as follows:

A®B = max [Min(a, by;)].
4. APPLICATION

In this section, we have extended Sanchez’s method [30] for medical
diagnosis in generalized triangular fuzzy soft set. In medical some of the
symptoms cannot represent in any numerical value in this case vagueness
arise, for example a patient tells to the doctor that his headache is “very
high” with linguistic assessments. In this case any numerical values
cannot represent this patient’s headache “very high” but we can
characterize patient’s headache by a triangular fuzzy number such
as (0.7,0.8,0.9). Hence we know that the membership function of
triangularfuzzy number can state vagueness information. The
methodology involves mainly the following three jobs:

1. Determination of symptoms.

2. Formulation of medical knowledge based on generalized triangular
fuzzy soft sets.

3. Determination of diagnosis on the basis of composition of on
generalized triangular fuzzy soft sets.

4.1. Procedure

LetP = {py,py, -+ = Pm} be a set of m patients for medical diagnosis
with a set of n symptoms
S ={s1,5p, - e spyand D = {d,dy, -+ dy} be a set of k diseases

related of the symptoms. Now we build a triangular fuzzy soft set(F, P)
over S where F is a mapping F: P —» TFS(S). This triangular fuzzy soft
set provides a matrix @ called patient-symptom matrix, where the entries
are triangular fuzzy numbersd;; = (ailj, aizj, ai3j) forl<i<mandl<
J < n. The patient-symptom matrix Q is given as follows:
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Sl 52 eee Sn

Pi[air Az o Qip

0= P2 | Gz1 Gz2 Qzn
Pmlami Qumz - Qmn

Then, we create a generalized triangular fuzzy soft set (G’g,S) over D,
where 5g is a mapping Gg:S — TES(D) X TFS, this generalized fuzzy
soft set presents also a matrix, say R called symptom-diseases matrix,
where each element denote the weight of the symptoms for a certain
diseases. These elements are also taken as generalized triangular fuzzy
soft set. The symptom-diseases matrix R is given as follows:

di dy  dy g
S1 ?11 1512 §1k I§1k+1
R = S:Z b_21 bgz by _b2k+1
Sn Enl an o Enk Bnk+1

where the last column represents the values of § which is a triangular
fuzzy seton S.

Now executing the process Q@R we get the patient-diagnosis matrix D
as follows:

dy dy  d g

Pi[Ci1 Gz =+ Cik Cik+1

_P2|Ca1 Cap -+ Gk Cog4n
Dl_‘ : : : :

Pm anl @mz  Cnk  Cmk+1

Then defuzzifying the matrix D; by (1) we get the classical diagnosis
matrix as

dy dy e dye g
P1 [ Vi1 Vi2 o D1k Vik+1
D2 | V21 V22 o Vg Vok+1
D, =" : : :
Pm|Vm1 Vmz - Vmk Vmk+1

Finally, v;; = vj4qfor 1 < i <mand 1 <[ < k; then we terminate that
the patient p;is suffering from disease d;.
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4.2. Algorithm

Step I: Input the triangular fuzzy soft set (F' , P) to get the patient-
symptom matrix Q.

Step II: Input the generalized triangular fuzzy soft set (Gg,S) to get the
symptom-disease matrix R.

Step III: Execute the operation Q@ ® R to get the patient diagnosis
matrix D;.

Step 1V: Defuzzify all the elements of the matrixD; by the equation (1) to
get the matrix D, .

Step V: Find [ for which v;; = v; yqfor 1 <i<mand 1 <[ < k; then
we terminate that the patient p; is suffering from disease d;.

4.3. Case Study

In hospital, suppose there are three patients, Joni, Moni and Toni for
medical diagnosis in the company of the symptoms: temperature,
headache, cough, and muscle and joint painsand the possible diseases
regarding to the above symptoms be Covid-19, typhoid, and Dengue. Let
P be a set of three patients under consideration of a doctor to diagnose,
which is denoted by P = {p;,p,,p,}, where p;,p,and p; represents
patient Joni, Moni and Toni respectively. Let S = {s4, s, 53,54} be a set
of symptoms, where sq,5;,53 and s, represent symptoms: temperature,
headache, cough, and muscle and joint pains, respectively. Let D =
{dy,d,,d3;}be a set of disecases, where d;,d, and d; represent the
diseases: Covid-19, Typhoid, and Dengue, respectively. Observing the
symptoms of three patients’ doctor can construct the following table with
their linguistic assessments.

Table 02: Linguistic assessments of three patients.

Q si: Temparature s,: headache  s3: cough symuscle and
joint pains

p; High Medium high Medium high Medium low

p, High Very medium Medium low  Medium high

p3;  Medium high Very medium Very medium High
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Now, we have a corresponding triangular fuzzy soft set(F,P) over S
according to the rule of conversion between linguistic terms and
numerical values showed in figure 2. This triangular fuzzy soft set(F, P)
can be represented by the matrix Q, called patient-symptom matrix and is
given as follows:

S1 S2 S3 Sy
p11(0.6,0.7,0.8) (0.5,0.6,0.7) (0.5,0.6,0.7) (0.2,0.3,0.4)

Q0 =12((0.6,0.7,08) (0.4,0.5,0.6) (0.2,0.3,04) (0.5,0.6,0.7)
P3[(0.5,0.6,0.7) (0.4,0.5,0.6) (0.4,0.5,0.6) (0.6,0.7,0.8)

Now we make a generalized triangular fuzzy soft set ((75, S) overD,
where Gg is a mapping Gg: S = TFS(D) x TFS, which is determined from
expert medical documentation. This matrix R is called symptom-diseases
matrix and is given as follows:

d; d; ds g
s, 7(0.8,0.9,1.0) (0.5,0.6,0.7) (0.1,0.2,0.3) (0.8,0.9,1.0)
s,1(0.4,0.5,0.6) (0.5,0.6,0.7) (0.5,0.6,0.7) (0.6,0.7,0.8)

s3] (0.6,0.7,0.8) (0.1,0.2,0.3) (0.6,0.7,0.8) (0.3,0.4,0.5)
$41(0.3,04,05) (0.7,0.8,0.9) (0.7,0.8,0.9) (0.8,0.9,1.0)

Then, executing the operation Q@R, we get the patient-diagnosis matrix
D, as follows:

R =

& W

dq d, ds g

p1 [(0.6,0.7,0.8) (0.5,0.6,0.7) (0.5,0.6,0.7) (0.6,0.7,0.8)
D, =p2|(0.6,0.7,0.8) (0.5,0.6,0.7) (0.5,0.6,0.7) (0.6,0.7,0.8)
P3((0.5,0.6,0.7) (0.6,0.7,0.8) (0.6,0.7,0.8) (0.6,0.7,0.8)

Now, defuzzifying the matrix D; by the equation (1), we get the classical
diagnosis matrix as

dl d2 d3 g

P1[0.7 0.6 0.6 0.7
D,=p2(07, 06 06 0.7
rslo6 07 07 07

From the matrix D, we conclude that Joni is suffering from the disease
Covid-19, Moni is also suffering from Covid-19, Toni is suffering from
two diseases typhoid and Dengue. This is a simple example more accurate
result is possible if we can employ specialist about disease.
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5. CONCLUSIONS

After the introduction of fuzzy set by Zadeh, it has become an important
tool in modern sciences. On the other hand soft set which has been
invented by Moldtsov is rapidly growing its application in many branches
of science and engineering. In this article, we have studied the combined
tool of fuzzy set and soft set by generalized triangular fuzzy soft set and
applied it in medical diagnosis. We also have represented a case study.
This research will be helpful for further study of fuzzy soft set and its
application in many branches of mathematics and engineering sciences.

REFERENCES

[1] Zadeh L A, (1965) Fuzzy sets, Inform. Control, 8, pp. 338-353.

[2] Pawlak Z (1982) Rough sets, Int. J. Infor. Comput. Sci., 11, pp.
341-356.

[3] Gau WL, Buehrer DJ (1993) Vague sets, IEEE Trans. Syst., Man
Cybern. 23 (2), pp. 610-614.

[4] Atanassov K (1986) Intuitionistic fuzzy sets, Fuzzy Sets Syst., 20,
pp. 87-96.

[5] Atanassov K (1994) Operators over interval valued intuitionistic
fuzzy sets, Fuzzy Sets Syst., 64, pp. 159—-174.

[6] Gorzalzany M B (1987) A method of inference in approximate
reasoning based on interval-valued fuzzy sets, Fuzzy Sets Syst., 21,
pp. 1-17.

[7] Molodtsov D (1999) Soft set theory-first results, Comput. Math.
Appl., 37, (4-5), pp.19-31.

[8] Maji P K et al. (2001) Fuzzy Soft Sets, Journal of Fuzzy
Mathematics, 9(3), pp. 589-602.

[9] Roy R A and Maji P K (2007) A fuzzy soft set theoretic approach
to decision making problems, J. Comput. Appl. Math., 203 (2), pp.
412-418.

[10] Feng F et al (2010 adjustable approach to fuzzy soft set based
decision making, Journal of Computational and Applied
Mathematics, 234(1), pp. 10-20.

[11] Kalaichelvi D A, Malini P H (2011) Application of fuzzy soft sets

to investment decision making problem, International Journal of
Mathematical Sciences and Applications, 1 (3), pp. 1583-1586.

64



Tangent Similarity Measures of Picture Fuzzy Sets and Their Applications
to Pattern Recognition

[25]

[26]

(27]

(28]

[29]

[30]

Murat K (2020) Medical decision making with respect to the fuzzy
soft sets, Journal of Interdisciplinary Mathematics, 23(4) pp., 767-
776.

Aziz et al. (2021) Fuzzy soft set theory: Application of
classification rules in decision making during medical diagnosis,
Journal of Intelligent & Fuzzy Systems, 41(1), pp. 2377-2385.
Muhammad L J, Algehyne EA (2021) Fuzzy based expert system
for diagnosis of coronary artery disease in nigeria. Health Technol
(Berl), 11(2), pp-319-329.

Zhang H, Shu L and Liao S (2014), Generalized Trapezoidal Fuzzy
Soft Set and Its Application in Medical Diagnosis, Journal of
Applied Mathematics, Article ID 312069.

Klir G J, Yuan B, (1997) Fuzzy sets and fuzzy logic Theory and
Applications, Prentice-Hall of India Private Limited, New Delhi,
pp.1-117.

E. Sanchez, Inverse of fuzzy relations - Application to possibility
distributions and medical diagnosis, Fuzzy Sets and Systems, 2(1)
(1979), 75-86.

66



[20]

[21]

UITS Journal of Science and Engineering «* Volume-10, Issue-1

Kong Z, Wang L, Wu Z (2011) Application of fuzzy soft set in
decision making problems based on grey theory. J. Comput. Appl.
Math., 236, pp. 1521-1530.

Basu T M et al. (2012) A balanced solution of a fuzzy soft set
based decision making problem in medical science, Applied Soft
Computing, 12(10), pp. 3260-3275.

Das S, Kumari P and Verma A K (2015) Triangular fuzzy soft set
and its application in MADM, Int. J. Computational Systems
Engineering, 2(2), pp. 85-93.

Ozgiir, N'Y, Tas, N (2015) A note on "application of fuzzy soft sets
to investment decision making problem". Journal of New Theory, 1
(7), pp. 1-10.

Tang H X (2015) A novel fuzzy soft set approach in decision
making based on grey relational analysis and Dempster—Shafer
theory of evidence,” Applied Soft Computing, vol. 31, pp. 317— 325.
Liu Z C (2017) A method for fuzzy soft sets in decision-making
based on an ideal solution,” Symmetry, 9 (10), pp. 246.

Nitin B and Pallvi S (2021) An Advanced Uncertainty Measure
Using Fuzzy Soft Sets: Application to Decision-Making Problems,
Big Data Mining And Analytics, 4(2), pp94—103.

Esra K, Cemal O, Mustafa K (2023) An application of fuzzy soft
sets to a real-life problem: Classification of wood materials to
prevent fire-related injuries and deaths, Applied Soft Computing,
Volume 132, 109875.

Hurtik P and Mockot J (2022). SECOI: an application based on
fuzzy soft sets for producing selective-colored images. Soft
Computing, 26(17), pp.8845-8855.

SUN Z, LIU X (2011) Application of fuzzy soft sets in tax
combined forecasting, Systems Engineering - Theory & Practice,
31(5), pp. 936-943.

S.S Begam et al (2019) Application of lattice ordered multi-fuzzy
soft set in forecasting process, Journal of Intelligent & Fuzzy
Systems 36 (3), pp.2323-2331.

Xiao Z et al. (2012) The trapezoidal fuzzy soft set and its
application in MCDM, Applied Mathematical Modelling, 36, pp.
5844-5855.

Celik and Yamak (2013) Fuzzy soft set theory applied to medical
diagnosis using fuzzy arithmetic operation, Journal of Inequalities
and Applications 2013:82.

65



