MACHINE INTELLIGENCE RESEARCH ISSN:2731-538X | E-ISSN:2731-5398
Vol. 18 No. 01 (2024)

DECISION MAKING IN MEDICAL DIAGNOSIS USING IMPROVED
CORRELATION COEFFICIENTS OF TETRA NEUTROSOPHIC SETS

A.Stanis Arul Mary
Assistant Professor, Department of Mathematics, Nirmala College for Women,
Coimbatore, Tamilnadu, India

Abstract: In this paper, we introduce the concept of Tetra Neutrosophic Set [TNS] and studied
its basic properties. The idea of Tetra neutrosophic topological spaces were also discussed with
an example. Finally, we implemented the above technique to the problem of multiple attribute
group decision making in medical diagnosis with improved correlation coefficients.
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1. Introduction

Fuzzy set was introduced by Zadeh [23] in 1965 that permits the membership perform
valued within the interval [0,1] and set theory it's an extension of classical pure mathematics.
Fuzzy set helps to deal the thought of uncertainty, unclearness and impreciseness that isn't
attainable within the cantorian set. As Associate in Nursing extension of Zadeh’s fuzzy set theory
intuitionistic fuzzy set(IFS) was introduced by Atanassov [1] in 1986, that consists of degree of
membership and degree of non membership and lies within the interval of [0,1]. IFS theory wide
utilized in the areas of logic programming, decision making issues, medical diagnosis etc.

Florentin Smarandache [15] introduced the idea of Neutrosophic set in 1995 that provides
the information of neutral thought by introducing the new issue referred to as uncertainty within
the set. thus neutrosophic set was framed and it includes the parts of truth membership
function(T), indeterminacy membership function(I), and falsity membership function(F)
severally. Neutrosophic sets deals with non normal interval of ]-0 1+[. Since neutrosophic set
deals minateness effectively it plays an very important role in several applications areas embrace
info technology, decision web, multicriteria decision making, electronic database systems,
diagnosis, multicriteria higher cognitive process issues etc., To method the unfinished data or
imperfect data to unclearness a brand new mathematical approach i.e., To deal the important
world issues, Wang [16](2010) introduced the idea of single valued neutrosophic sets(SVNS)
that is additionally referred to as an extension of intuitionistic fuzzy sets and it became a really
new hot analysis topic currently. Rama Malik.,et al [14] projected the idea of Penta partitioned
single valued neutrosophic sets that relies on Belnap’s five valued logic and Smarandache’s five
numerical valued logic. In (PSVNS) indeterminacy is divided into 3 functions referred to as
‘Contradiction’ (both true and false) and ‘Ignorance’ (neither true nor false) and an ‘unknown’
membership in order that PSVNS has five parts, T,C,U,F,G that additionally lies within the non
normal unit interval -0 1+[. Further, R. Radha and A. Stanis Arul Mary[7] outlined a brand new
hybrid model of Penta partitioned Neutrosophic Pythagorean sets (PNPS) in 2021.Correlation
coefficient may be  aeffective mathematical toolto livethe strength  of the
link between 2 variables. such a lot ofresearchers paythe attentionto the idea of
varied correlation coefficients of the various sets like fuzzy set, IFS, SVNS, QSVNS. In 1999
D.A Chiang and N. P. Lin [3] projected the correlation of fuzzy sets underneath fuzzy setting.
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Later D.H. Hong [4] (2006) outlined fuzzy measures for a coefficient of correlation of fuzzy
numbers below Tw (the weakest t-norm) based mostly fuzzy arithmetic operations. The concept
of tetra neutrosophic sets and its topological spaces was introduced by Radha[11].

Correlation coefficients playsa very important role in several universe issues like multiple
attribute cluster higher cognitive process, cluster analysis, decision making problems, pattern
recognition, diagnosis etc., therefore several authors targeted the idea of shaping correlation
coefficients to resolve the important world issues in significantly multicriteria decision
making strategies. Jun Ye [19] outlined the improved correlation coefficients of single valued
neutrosophic sets and interval neutrosophic sets for multiple attribute higher cognitive process to
beat the drawbacks of the correlation coefficients of single valued neutrosophic sets
(SVNSs) that is outlined in [22].In this paper, we have applying improved correlation coefficient
on tetra neutrosophic sets and studied with an example.

2. Preliminaries
2.1 Definition [2]

Let X be a universe. A Neutrosophic set A on X can be defined as follows:
A= {<x, Ta(x),la(x),Fa(x) > x € X}
Where T4 , [4,Fa: U — [0,1] and 0 < Ta(x) + la(x) + Fa(x) <3

Here, Ta(x) is the degree of membership, la(x) is the degree of inderminancy and Fa(x) is the
degree of non-membership.

He re, Ta(x) and Fa(x) are dependent neutrosophic components and [a(x) is an independent
component.

2.2 Definition [10]

Let R be a universe. A Neutrosophic Pythagorean set A with T and F as dependent Neutrosophic
Pythagorean components and U as independent component for A on R is an object of the form

A={<x,TaUsFa>r€R}
Where Ta + Fa< 1, (Ta)*>+ (Fa)*<1and

(Ta)?+ (Ua)*+ (Fa)*<2
Here, Ta(x) is the truth membership, Ua(x) is indeterminacy membership and Fa(x) is the false
membership .

2.3 Definition [10]

The complement of a Neutrosophic Pythagorean set A = {<x,T4,Us,Fa>:r € R} with dependent
Neutrosophic Pythagorean components is

AC={<x,Fa, 1 —Ua Ta> r €ER}.
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2.4 Definition [10]
Let A= {<x, Ta, Ua, Fs>: r € R} and B = {< x,T,Up,Fp>: r € R} are two Neutrosophic
Pythagorean sets with dependent Neutrosophic Pythagorean components on the universe R. Then

the union and intersection of two sets can be defined by
A UB = {max (T4, Ts), min (Ua, Up),min (Fa, Fp)},

A N B = {min (T4,Ts), max (Ua, Up),max (Fa, Fp)}.
2.5 Example [10]

LetR = {a, b} and A ={ (a, 0.4,0.5,0.3),(b,0.5,0.2,0.2)}.
Then 7 = {0,1, A} is a topology on R. Then A is a Neutrosophic Pythagorean set.

2.6 Example [10]

LetR = {a, b} and A ={ (a, 0.5,0.6,0.6),(b,0.7,0.6,0.7)".

Thent={0,1, A} isatopology on R. Since Ta+ Fa> 1, then A is not a Neutrosophic Pythagorean
set.

3. Improved Correlation Coefficients

Based on the concept of correlation coefficient of PNPSs, we have defined the improved
correlation coefficients of PNPSs in the following section.

3.1 Definition

Let X be a universe. A tetra neutrosophic set (TNS) A on X is an object of the form
A={<xTala,Fa> x € X}

(Ta)*+ (Ia)*+ (Fa)*< 1

Here, Ta(x) is the truth membership,

La(x) is an indeterminancy membership and

Fa(x) is the false membership

3.2 Definition
Let P and Q be any two TNSs in the universe of discourse R = { r1, 12, 13 ,..., 1 }, then the
improved correlation coefficient between P and Q is defined as follows

K (P, Q) :iZLl [ = ATMy) + @i (1 — AIMy) + 8, (1 — AFMy)

(3.1)
Where

3— ATMy— ATMpqx
3= ATMpin—ATMmay ’

U =

3= AIMg— AlMpyax
(pk  a_ L >
3— AIMpin—AIMmax
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3— AFMyi— AFMpmax
3— AFmin—AOFmax ’

6k:

ATMy = |TME(ry) — TMg(13) |,

AIMy = [IMg(ri) — IM§ (1) |,

AFMy = |FM§ (1) — FM(ry) |

AT My, = ming |TMp (1) — TMg(r) |,
MMy = ming [IME (1) — IM§(1y) |,
AFMy; = ming|[FMg () — FM§(ry.) |
AT My, g5 = maxy |TMp (1) — TM(1y.) |,
MM gy = max, | IME (ry) — IM&(r0) |,
AF Mgy = maxy |[FMg(ry) — FMg(1y,) |
Foranyrc e Randk=1,2,3.....n.

3.3 Theorem
For any two TNSs P and Q in the universe of discourse R = { r1, 12, 13 ,..., 1 }, the improved
correlation coefficient K(P, Q) satisfies the following properties.
1) K@ Q=K(@Q,P)
2) 0<K{PQ<1;
3) K(P, Q)=1iff P=Q.
Proof
(D) Proof is obvious and straightforward.
(2) Here, 0< pp, <1,0< ¢, <1,0< 6 <1, 0 <1 —-ATM, <10 <1 —-AIM, <
1,0 <1 —AFM, < 1. Therefore the following inequation satisfies
0 <up (1 =ATMy) + (1 — AIM) + 6, (1 — AFM,) <3.
Hence wehave 0 < K (P,Q) <1

(3) If K (P, Q) =1, then we get py (1 — ATMy) + @r(1 — AIMy) + 8 (1 — AFMy) =3.
Since 0 < p (1 —ATM) < 1,0 < @p(1 — AIMy) < 1,0 < 8x(1 — AFMy) < 1, there are
e (1 = ATMp) =1, (1 — AIMy) = 1and 6, (1 — AFM,) = 1. And alsosince 0 < p <1,
0 <pp<1,06, <10<1-ATM;, <£1,0<1 - AIM, £1,0 <1 - AFM, <
1.Wegetu, =@ = 6, =1and 1 —ATM; =1 —AIM; =1 —AFM,, = 1. This implies, ATM,; =
ATM iy = ATMpgx =0, AIMy, = AlM iy = AMlMyey = 0, AF, = AF My, = AFMp0, =
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.Hence TMp(1y) = TMqy(1y), IMp(1y,) = IMy(1y.), FMp (1) = FMy(1y), for any 1, € R and
k=1,2,3...n.Hence P=Q.

Conversely, assume that P = Q, this implies TMp(ry) = TMq(rk), IMp(ry) = IMq(ry),
FMp(ry) = FMq(ry) for any ry €R and k = 1,23...n. Thus ATMyg = ATMp;, =
ATM. =0, AIMy = AlMpj, = AlMpay = 0, AFy = AFMyin = AFM,,,, = OHence we
get K (P,Q)=1.

The improved correlation coefficient formula which is defined is correct and also satisfies these
properties in the above theorem . When we use any constant € > 3 in the following expressions

&= ATMy— ATMpax
Mk = T AT™M, ATy

&= AIMy— Al Mg
&= MMpin—AIMpay ’

Pr =

g— AFMy— AFMpax
€— AFM min—AFMmax

81(:

In the following, we define a weighted correlation coefficient between TNS s since the
differences in the elements are considered into an account.

Let wy be the weight of each element ri(k = 1,2...n), wy, € [0,1] and Y-, wy = 1, then the
weighted correlation coefficient between the TNS s A and B

Kw(A, B) = % k=1 Wk[ m(1 = ATMy) + @i (1 — AIMy) + 8 (1 — AFMy) (3.2)

If w=(1/n,1/n,1/n,....1/n) T, then eqation (3.1) reduces to equation (3.2). K, (A, B) also satisfies
the three properties in the above theorem.

3.4 Decision Making using the improved correlation coefficient of TNSs

Multiple attribute decision making (MADM) problems refers to make decisions when several
attributes are involved in real -life problem. For example one may buy a vehicle by analysing the
attributes which is given in tems of price, style,safety, comfort etc.,

Here we consider a multiple attribute decision making problem with pentapartitioned
neutrosophic pythagorean information and the characteristic 0f an alternative A;(i=1,2,...m) on
an attribute C;(j = 1,2...n) is represented by the following PNPS s:

A; = {(Cj, TM4,(G;), IM4, (G;), FM4, (G\ G € C,j = 1,2, ...n}

Where TMp, (G;), M4, (C;), FM4,(C;) € [0,1] and
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0 < TMZ () + IMZ,(Cj) + FME (C) <1 for GG €Cj =12 ..nand[=12,..m.

To make it convenient, we are considering the following five functions
™ Ai(C,—), IMy, (Cj), FM Ai(ci) in terms of tetra neutrosophic value (TNV)

dij = (tmij ,imi]- ,fmij )(l =12, Lm;j = 1,2 n)

Here the values of d;; are usually derived from the evaluation of an alternative A; with respect to
a criteria Cj by the expert or decision maker. Therefore we got a tetra neutrosophic decision

matrix D = (djj) mxn-
In the caseof ideal alternative A* an ideal TNV can be defined by
d;‘ = (tm;‘ , im;, fmf) =(1,1,0)(j = 1,2...n) in the decision making method,

Hence the wighted correlation coefficient between an alternative A;(i=1,2....m) and the ideal
alternative A* is given by,

Where,

3—- Atmi]- — Atmjmax

Hij =

3— AtMjpin —Atmimay’

3— Aimi]- - Aimimax

©j5 =

- . . s
3— AiMjmin—AiMjmax

3—- Afmi]- — Afmimax

j 3— Afmmin—AfMymay’

— 4 *
Atij = |tm” - tm] |,

*

Aiyj = [im§ — im]],

*

— 1fmd

Afmy; = [fmj; — fmy],
— : 4 *

Atmypi, = min; [tmj; — tmy],
*

. _ . .4 .
Aljpin = min; [imj; — imy],

— i 4 *
Afmjpi, = min; [fmj; — fmy],

— 2 *
Atmypax = max; [tmjj — tmy],

*

. _ . 4 .
Aimjy,ax = max; [imj; — imyl,
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*

— 4
Afmipmax = max; |fmj; — fmy|,

Fori=1,2...mandj=12....n.

By using the above weighted correlation coefficient We can derive the ranking order of all
alternatives and we can choose the best one among those.

4.1 Example

This section deals the example for the multiple attribute decision making problem with the given
alternatives corresponds to the criteria alloted under tetra neutrosophic environment.

Due to more complexity in medical diagnosis problem, a large information is needed to the
physicians of modern medical personalities and those are very often incomplete and inconsistent
information in nature. For this example, the three potential alternatives are to be evaluated under
the four diffident attributes. The types of intellectual property rights are the alternatives and the
various cybercrimes are the attributes for this example. The three potential alternatives are A; —
Viral fever, A, —Typhoid and A; — Dengue and the four diffident attributes are C; — tiredness
C, — Temperature, C3 — cough and C, — headache . For the evaluation of an alternative A,
with respect to an attribute C;, it is obtained from the questionnaire of a domain expert.
According to the attributes we will derive the ranking order of all alternatives and based on this
ranking order customer will select the best one.

By assigning the weight vector of the above attributes is given by w = (0.2,0.35,0.25,0.2), Here
the alternatives are to be evaluated under the above four attributes by the form of TNS s, In
general the evaluation of an alternative A; with respect to the attributes C; (i=1,2,3, j=1,2,3,4) will
be done by the questionnaire of a domain expert.

A\ G C, C, Cs C,
A, [0.6,0.7,0.1] [0.5.0.5,02] |[04,04,0.1] |[0.6,0.60.2]
A, [0.4,0.6,0.2] [0.3,0.5,0.1] [0.1,0.2,0.2] [0.5,0.6,0.1]
A, [0.3,0.4,0.4] [0.5,0.6,0.1] [0.4,0.4,0.2] [0.3,0.5,0.2]

Then by using the proposed method we will obtain the most desirable alternative. We can get the
values of the correlation coefficient My (A;, A*) (i = 1,2,3) by using Equation (3.3).

Hence My (A1, A*) =0.6827, My (A2, A*) = 0.6640, My (A3, A*) = 0.67921. Therefore

Thus ranking order of the three potential alternatives is A1>A3>A2. Therefore we can say that
Al viral fever have more medical problems in fever, tiredness, headache and body pain as well
than the other alternatives of medical diagnosis. The decision making method provided in this
paper is more judicious and more vigorous.

5. Conclusion

In this paper, we have defined the new form of set called tetra neutrosophic set and
we've outlined the improved correlation coefficient of TNSs and this is often applicable for a

few cases once the correlation  coefficient of = TNSs  is undefined (or)  unmeaningful
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and additionally we have studied its properties.
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