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Abstract: For the Triangular, Trapezoidal, Pentagonal, Hexagonal, Heptagonal, Octagonal, Nonagonal, and Decagonal
Intuitionistic Fuzzy Multi Numbers, the Correlation Measure is proposed in this paper. This concept is an extension of
correlation measures for Intuitionistic Fuzzy Multi sets which enables the quantification of the degree of association between
attributes represented with Intuitionistic Fuzzy uncertainty. The properties of the proposed correlation measure are verified,
and numerical examples are presented to demonstrate its applicability and efficiency in modelling complex uncertain
information. This measure provides a valuable tool for decision-making in environments with imprecise and hesitant
information.
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1.  INTRODUCTION

In real life situation, information is often uncertain and incomplete to handle mathematically. To study such uncertainly Zadeh
(1965) [12] introduced fuzzy set, an element which can have a membership value between 0 and 1. Thus, the fuzzy concept
helps to represent uncertain or unclear information but in many real-life situations a single membership value is not enough.
That is, sometimes a person may agree to a statement, disagree with it and still feel unsure at the same time. To handle this
kind of situation, Atanassov (1986,1989) [1,2] introduced intuitionistic fuzzy sets (IFS). In an IFS, every element has three
components namely membership degree (1), non-membership (y) and hesitation degree (r = 1 — u — y). And this helps to
describe human uncertainty more clearly. However, many real-life decisions involve multiple opinions multiple criteria or
multiple observations for the same element. In such cases, having just one membership and one non-membership value may
not be enough. To represent this type of multi-level uncertainty, Fuzzy Multi Number (FMN) and Intuitionistic Fuzzy Multi
Number (IFMN) were developed by Vivek et.al [8,9,10]

An IFMN allows more than one membership and non-membership pair for the same element, which makes it more suitable for
real-world decision-making. The expert analysis and multi-criteria problem as fuzzy and intuitionistic fuzzy themes had
developed different shapes of fuzzy number such as triangular trapezoidal, pentagonal.... decagonal numbers. The multi
numbers offer more accurate modeling for uncertain numerical data as their intuitionistic versions allow both multi membership
and multi non-membership functions.

To compare two fuzzy membership function, the correlation measure was used by Murthy, Pal & Majumder (1985) [7].
Later, in depth the correlation measure for the fuzzy sets was defined by Chiang & Lin (1999) [4] and discussed by Chaudhuri
& Bhattacharya (2001) [3]. The concept was extended to intuitionistic fuzzy set by Gerstenkorn & Manko (1991) [5]. The
correlation coefficient was introduced by Mitchell (2004) [6] and it was developed by Wenyi Zeng & Hongxing Li (2007)
[11].

It was found that the two intuitionistic fuzzy multi numbers were closely associated; when there was a high similarity nearer
to one, while a value close to 0 shows low similarity. Likewise, while dealing with fuzzy and intuitionistic fuzzy numbers for
comparison. the correlation measure can be used to find how closely two intuitionistic fuzzy multi numbers were related.

This article was focused on studying and proposing, the correlation measure for Intuitionistic Fuzzy Multi Numbers.
The section 2, presents the basic definitions required for the study and the section 3, provides the definitions of Correlation
Measure of IFMNs for all the categories namely, triangular trapezoidal, pentagonal, hexagonal, heptagonal, octagonal,
nonagonal, and decagonal forms. The section 4, explains the numerical evaluation, the worked-out examples which shows how
the correlation measure are actually calculated and also authenticate our findings.
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2. PRELIMINARIES
In the section, the basic definition and concepts were discussed in order to support the proposed study.

2.1 Definition:
Let X be a nonempty set. A Fuzzy Set (FS) A in X is given by A= {{x,u,(x))/x € X} where
U+ X — [0,1] is the membership function of the fuzzy set A (i.e.) pu4(x) € [0,1] is the membership of x € X in A.

2.2 Definition:

An Intuitionistic Fuzzy Set (IFS) A in X is given by A= {(x, u,(x), 9,(x))/xeX}, where

Uq: X— [0,1],9,4: X — [0,1] with the condition 0 < p,(x) +9,(x) <1,vx € X. Here, uy(x)and 9,(x) € [0,1] denote
the membership and the non-membership function of the fuzzy set A; for each intuitionistic fuzzy set in X, m,(x) =1 —
Ua(x) = [1 —pua(x)] =0forall xe X thatismy(x) = 1 — py(x) —9,4(x) is the hesitancy degree of x € X.

The complementary set A®of A is defined as A°= {(x,9,(x), us(x)/x € X)}

2.3 Definition:

Let X be a nonempty set. A Fuzzy Multi Set (FMS) A in X is characterized by the count membership function Mc such that
Mc: X — Q where Q is the set of all crisp multi sets in [0,1]. Hence for any xe X, Mc(x) is crisp multi set from [0,1]. The
membership sequence is defined as

(TACINTE P ph(x)) wherep (X) = p3(x) ... = ph(x).
Therefore, An FMS A is given by A = {(x, ps (), i (%), e e yﬁ(x)) /x € X}
2.4 Definition:

Let X be a nonempty set. An Intuitionistic Fuzzy Multi Set (IFMS) A in X is characterized by two functions namely count
membership function Mc and count non-membership function NMc such that Mc: X— Q where Q is the set of all crisp multi

set in [0,1] whose membership sequence is defined as (u}(x), U3 (x), ... ... ... ph(x)) where ph(x) = u%(x) = -+ = ph(x) and
the corresponding non-membership sequence NMc (x) is defined as (9 (x), 92(x), ... ... ... 9P (x)) where the non-membership
can be either decreasing or increasing function. Such that 0< u}(X) + 9i(x) < 1,V x € X and

i=1,2,...... , p. Therefore, an IFMS A is given by

A= {(C0 1y 00, B3 @), oot (1), (OF (), 03 (1), 97 (x)) /x € X}

where 1} (x) > u3(x) = - w5 (x)

2.5 Definition:
Let A be the fuzzy set. Consider, A = [a, c, b] is the Fuzzy Number (FN) with a, b, cin R
A fuzzy set A on R is said to be fuzzy number if the following conditions are satisfied,

1. Alis convex fuzzy set Ax; + (1 — Dx, ey, A€[0,1]

2. Alis normalized fuzzy set H(A)=1

3.The supp(A) must be bounded

2.6 Definition:

An intuitionistic fuzzy subset A = { (x, u,(x),94(x)) / xeX } of the real line R is called an Intuitionistic Fuzzy Number
(IFN) if there exists min r such that p,(m) = 1 and 9,(m) = 0, u,(x) is a continuous function from R— [0,1] such that 0 <
Ua(x) +9,4(x) < 1forallx € X

2.7 Definition:
A Fuzzy Multi Number (IFM) is a generalization of a regular real number. It does not refer to a single value but rather to a
connected set of possible values, where each possible value has its weight between 0 and 1. The weight is called the membership

function. The membership sequence is in the form (u}, (x), p3(x) ... ... uZ(x))

where ph(x) = pi(x) > ... .. > ulh (%))

2.8 Definition:

An Intuitionistic Fuzzy Multi Number (IFMN) is a subset of Intuitionistic Fuzzy Set

A={ (xuu(x),9,(x)) / xeX } of the real line R, if there exists m in R such that u,(m) = 1 and

9,(m) =0 wuy(x) is a continuous function from R [0,1] and 9,(x) is a continuous function from R [0,1] such that 0 <
Ua(x) +9,4(x) < 1forall x € XThe membership sequence is in the

form { (y}l(x), L2 oo Mf;(x)),((a;(x), 92(%) w9 ()}
where (Ui (x) = u3(x) = oo = ph (X)) and (92 (x) = 92(x) = ... oo . = 97 (X))
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2.9 Definition:

The Cardinality of the membership function Mc(x) is the length of an element x in the Intuitionistic Fuzzy Multi Number A
denoted as 1, defined as n = Mc(x)

If A, B and C are the FMS defined on X, then their cardinality 1 = Max {n(A), n(B),n(C)}

2.10 Definition:

p(4,B) is said to be the Similarity Measure between A and B, where A, B € X and X is an FS, as p(4, B) satisfies the
following properties

1.p(4,B) € [0,1]

2p(A,B) =1lif andonlyif A=B

3.p(A4,B) = p(B,A)

2.11 Definition:
Let A ={(x;, pa(x))/x; € X} and B = {(x;, up (x;))/x; € X} be two FSs on the finite universe of discourse
X={x;, x5, oe. ... , X, },then the correlation coefficient of A and B is the Fuzzy Correlation Measure defined as
prs(A,B) = —Sal

JCrs(a,8)+Crs(B,B)
where Crs(A4,B) = ?zl(ﬂA(xi)’.u'B(xi)) Crs(4,A) = X (ua(xpdpa(x))
Crs(B,B) = Xi;(up(xup(x) )

2.12 Definition:
Let X = {x;, X5, ... ... X} be the finite universe of discourse and A = {(x;, 114 (x), 94 (x))/x; € X},

B = {(x;, up(x:), 95(x;))/x; € X} be two IFSs then the correlation coefficient of A and B is the Intuitionistic Fuzzy
Cirs(A,B)

JCirs(A,A)+Crrs(B,B)

where Cyrs(A4,B) = ?:1(:“A(xi).u3(xi) + 9, (xi)ﬁB(xi))

Cirs(4,4) = ?:1(#A(xi)#A(xi) + 9, ()94 (x))

Cirs(B,B) = Y1y (up(x)up(x) + ﬁB(xi)ﬁB(xi))

Correlation measure defined as p;rs(4, B) =

2.13 Definition:
Let X = {xq, X2, v ov oo , X} be the finite universe of discourse and A = {(xi,ujl(x,-)) /xieX}
B= {(xl-,yj(xi)) /xl-EX} be the two FMSs then the correlation of A and B is the Fuzzy Multi Correlation Measure defined

_ Crms(A,B)
as pFMS(A’ B) - VCrms(A,A)%xCrps(B,B)

where Cpys(4, B) = - 27 (X1, (hCe) ih ) )} Crus(4,4) = 281 {31, () b (x0) )}
Crus (B,B) = T 1 {EiLy () G mh(x) )}

2.14 Definition:
Let X = {xq, x5, cvv ver oo , X} be the finite universe of discourse and A = {(xi_ufl(xi), ﬁj(xi)) /xieX}
B= {(xi,,ufl(xi). ﬁj(xi)) /xieX} be the IFMSs consisting of the membership and non-membership function, then the

correlation of A and B is the Intuitionistic Fuzzy Multi Correlation Measure defined as

_ Cirms(4,B)
pIFMS(A’ B) = JCirms(A%Cirms(B,B)

Cirms (A, B) = -3 (S (1 () 1 () + 9] () 95 (x))}
Cirms (4, 4) = - 31 (S (ua () () + 91 (x) 83(x)}
Cirms (B, B) = 27 {Z1 (1 (x) 1 (x) + 93Cx) 93(x)))

3. Correlation Measure for the Intuitionistic Fuzzy Multi Numbers

In this section we introduced a correlation measure for intuitionistic fuzzy multi numbers like triangular, trapezoidal,
pentagonal, hexagonal, heptagonal, octagonal, nonagonal, and decagonal. And also discussed the definition of correlation
measure, formula for IFMNs and checked the properties with numerical examples for the properties.

3.1 Definition:
Let A and B be two IFMNs on the finite universe of discourse X = {x;, x5, ... ... , X, },then the correlation coefficient of A and
B is the Fuzzy Correlation Measure defined as
CirMN(AB)
A,B) = 3.1
Premn ( ) Veirmn (4.4 «Crrmn (B.B) (3.1)
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This formula can be presented in various type of IFMNs like triangular, trapezoidal, pentagonal, hexagonal, heptagonal,
octagonal, nonagonal and decagonal which are derived below

3.2 Definition: S
Let X = {X1, X2, covuvn... , X} be the finite universe of discourse and A = {(aj, bi,c1)(d}, b1, e))}
B = {(ab, b, ci)(ds, b, el)} then the correlation coefficient of A and B, the triangular IFMNSs expressed in equation 3.1
was considered where
1
Cirun(A,B) = ;Z:’zl[(al xa})+2(bi x by) + (¢ x cb) + (d x db) + (e} x e})]
1
Cirmn(4,4) = L XL, [(@) x a}) + 2(b} x by) + (c x cf) + (di x di) + (e x e})]

Cirun(B,B) = %Z;’zl[(aiz xab) +2(bh x by) + (ch x ch) + (di x dj) + (e} x eb)]

3.3 Definition:
Let X ={x;,x2, e v .. X, } be the finite universe of discourse and
A={(al, bl cl,db) (el b, ek, i)} B ={(al, b, ck, db, ) (s, b, cl, £1)} then the correlation coefficient of A and B , the
trapezoidal IFMNs expressed in equation 3.1 was considered where
— 1 n i i
Cirmn(4,B) = B (@) xa3) +2(by x by) +2(ci x cb) + (di xdj) + (e} x eb) + (fi x f5)]

Cirun (A4, A) = z’] J(ai x ab) +2(bi x b)) +2(ci x i)+ (df xdi) + (ef xel) + (fix fi)]

Cirmun(B,B) = -3 [(ab x ab) +2(by x by) + 2(ch x cb) + (db x d) + (e x eb) + (fi x f4)]
3.4 Definition:
Let X ={x1,x2, e v .. X, } be the finite universe of discourse and

A={(al, bl cl,dl, ed)(fl, gl el hi,ib)} B ={(al, bi, ci, di, ef) (£, gb, ¢k, hi, i&)} then the correlation coefficient of A and
B , the pentagonal IFMNSs expressed in equation 3.1 was considered where

Cirun(A,B) = %Z:’:l[(al x ay)+ (by x by) +2(ch xch) + (d xdb) + (el xeb) + (fi x f5) + (g x gb) +
(B + (1 x )]

Cirmn(4,4) = z’] J(ad xad) + (bi x bY) + 2(ci x i) + (di x di) + (e xel) + (fi x fi) + (gi x g}) +

(h x h}) + (11 X ll)]

Cremn (B, B) = -3, [(a} x a}) + (b} x b}) + 2(ch x ) + (df x d}) + (e} x e5) + (Fy x f3) + (g5 x h§) +

(R} x hY) + (i x 12)]

3.5 Definition:
Let X ={x1, X2, e cre e X, } be the finite universe of discourse and

A={(ai,bi,ci, di, el, fi)(gi hi,ci, di, il ji)} B = {(ab, bi, b, d5, ef, £i1) (g5, hb, ¢k, db, 15, j} ) } then the correlation
coefficient of A and B, the hexagonal IFMNs expressed in equation 3.1 was considered where

Cirun(A,B) = %Z'i':l[(al x a})+ (bi x by) +2(ch xch) +2(di xdy) + (el xeb)+ (fixfi)+ (g5 xgb)+
(hi x h%) + (i x &) + (4 x ji)]

Crun(4,4) = %Z'i’:l[(ail xai)+ (b x b)) +2(ci xch)+2(di xdi) + (eh xel)+ (fixfi)+ (g} xg})+
(hi x hY) + (i x &) + (i xji)]

Cirun(B,B) = -27 J(ah x ab) + (b x b)) + 2(ch x cb) + 2(ds x dj) + (el x eb) + (fi x £) + (gh x h}) +
(hS x h%) + (i x &) + (& x j4)]

3.6 Definition:

Let X ={x;, %Xz cer err oo x,,} be the finite universe of discourse and A={(al, bi, ci, di, el, £, gt) (R, it ji, di, ki, 1)}

B ={(ab b, ci, db, el fi, g5 ) (hs, i, j&, db, kb, 1)} then the correlation coefficient of A and B, the heptagonal IFMNs
expressed in equation 3.1 was considered where

Cirun(A,B) = 12:’ (@i xa})+ (b xby) + (ch xch)+2(di xdi)+ (el xeb)+ (fixfi)+ (gt xg5)+
(hi x RS )+(l1><lz)+(11><]2)+(kl x k) + (1 x 15)]
Cirun(4,4) = Z:’ J(ad xab) + (bi x b)) + (i x ci) +2(di xdi) + (e xel) + (fi x fi) + (gl x g%) +
(hi x h}) + (11 i)+ (L xjL) + (K x kb)) + (1) x 1)]
Cirun(B,B) = —Z? J(ah x ab) + (b x b)) + (ch x cb) + 2(ds x db) + (eh x eb) + (i x f5) + (g x h}) +
(i x h) + (12 x b))+ (jh x j) + (K x k) + (1§ x 13)]
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3.7 Definition:
Let X ={x1, %5, v e o X} be the finite universe of discourse and

A={(ai, bi,ci, di, ef, fi, g1, hi) (i1, ji, ki, di, ef, Ui, mi, ni)}

B ={(ab b, ci, db el fi, g5 k) (i, j, kS, db, el, 15, mb, mb )} then the correlation coefficient of A and B, the octagonal

IFMNSs expressed in equation 3.1 was considered where

Cirun(A,B) = %Z?zl[(ai xa})+ (bEx b))+ (ch xch)+2(di xdi) +2(el xeb)+ (fixfi)+ (g xgh)+

(hY x hy) + (i x &) + (i x j&) + (ki x k&) + (I x ) + (m} x m}) + (n} x n})]

Cirun(4,4) = %Z?zl[(ail xai)+ (b x b))+ (ci xch)+2(di xdi)+2(el xel)+ (fixfi)+ (g} xgi)+
i i =i =i i i i i i i i i i i

(Rl x hY) + (@ x i) + (i xj4) + (ki x ki) + (I x 1Y) + (mi x mi) + (nf x ni)]

Cirun(B,B) = %Z?zl[(aiz xab)+ (by xby) + (chxch)+2(dy xdy)+2(eh xeb)+ (foxfi)+ (ghxgh)+

(1l x 1) + (85 85) + (75 x J5) + (i x ) + (8 X 15) + (mh x mb) + (b x )]

3.8 Definition:
Let X ={x;,x2, e v .. X, } be the finite universe of discourse and

A={(al, bl cl, di, el fi, gb, B, i) (ji, Kb, 1L, mi, ef, md, ok, pi, 1)}

B={(al b c ds el fi, g5 hb, ib) (s, kb, 1, mb, el,nb, o}, b5, q1 )} then the correlation coefficient of A and B, the
nonagonal IFMNs expressed in equation 3.1 was considered where

Crrun(4,B) = %z’gzl[(ag x a3) + (by x by) + (ci x ¢5) + (di x d}) +2(e} x e}) + (fi x f) + (g5 x g5) +
(hi x hg) + (& x i) + (i x j5) + (ki x K5) + (I3 x ) + (mf x m5) + (n} x n3) + (0] x 05) + (pi x p5) +
(4} x q3)]

Crrun(4,4) = %z’gzl[(ag x aj) + (by x by) + (ciy x i) + (di x d}) +2(ef x e}) + (fix fi) + (gix gi) +
(hi x hy) + (8 x i7) + (s x i) + (ki x ki) + (8 x 1) + (mi xmi) + (ng x ni) + (05 x 0}) + (pi x p) +
(4} x q})]

Cirun(B,B) = %z;’zl[(a; x ay) + (b x by) + (5 x c§) +2(dj x dj) +2(e} x e5) + (f3 x f5) + (g x hi) +
(hy x h3) + (i x i5) + (5 x J2) + (K; x k) + (I3 x 1) + (mg x m3) + (ng x n3) + (0} x 03) + (p% x p2) +
(a5 x 43)]

3.9 Definition:

Let X ={x1,x2, e cev .. X, } be the finite universe of discourse and

A:{(ai' b{,c{,di,e{,ff, g{,hi,l{,]i)(ki, li' mi' Tli, e{, flil Oi, pil qi' rll)}

B={(al bl c di el fi, g5 hb, ik, jL) (kS 1, mb, mb, ek, £, 0k, b5, gL, 1) } then the correlation coefficient of A and B, the

decagonal IFMNs expressed in equation 3.1 was considered where

Cirun(4,B) = %Z'i’:l[(aﬁ xa})+ (bE x b))+ (ch xch)+ (di xdy)+2(el xeb)+2(fi x )+ (g8 x gb) +

(R x Bb) + (i x i8) + (s x j5) + ( x Kb) + (1 x 1)+ (m§ x m8) + (n x mb) + (o} x 0}) + (b} x ph) +

(45 x 45) + (ry x 75)]

Cirun(4,A) = %Z?:l[(ail xai)+ (b x b))+ (i xch)+ (dixdi)+2(el xel)+2(fix fi) + (gi x gi) +

(R x Rb) + (i x i) + (i xjb) + (kY x kL) + (B x ) + (mi xmi) + (n) xni) + (0] x o) + (P} xp}) +

(a5 x q}) + (ri x )]

Cirun(B,B) = %z'g:l[(a; xab)+ (b xby) + (chxch)+2(ds xdy)+2(eh xeb)+2(fs x fi)+ (gh xhi)+

Eh; X hlz; + gllz X 1‘2))j|— G x j5) + (K x kS) + (15 x 15) + (mh x mb) + (n x nb) + (0} x 0%) + (ph x pb) +
a2 X qz) +(rz X7

3.10 Proposition

The proposed Correlation Measure p;ryn (A, B) between IFMNs A and B satisfies the following properties

1.O<p;un (A,B)<1

2. pirun(A, B) =1l ifand only if A=B

3. pirmn (A, B) = premn (B, A)

Proof

We have considered the triangular IFMNs of A and B for the verification process and the same can be generalized for the

other categories trapezoidal, pentagonal, hexagonal, heptagonal, octagonal, nonagonal, decagonal

1. 0 < p;run (A, B) <1 as the membership and the non-membership function of the IFMNs lies between 0 and 1,
pirmn (4, B) also lies between 0 and 1.
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3.10.1 Example
(3,6,4)(2,6,5) (7,1,3)(6,1,5)
LetA=4(4,73)(3,74); B=4(542)(3,48)
(5,8,2)(4,8,3) (5,8,3)(4,8,6)

here the cardinality n = 3 Cipyn (A, B) =132.66 Cirpyn(A, A) =162  Cppyn(B, B) = 156.33then p;rpn (4, B) =

132.66
TTerxisess 0.8336 hence 0 < p;pyn (A, B) <1

2. pirmn(A, B)=1lifandonly if A=B

" Let two IFMN a and b be equal (i.e) A=B
Cirmn (A, A) = Cipun(B,B) =
%{Z?zl[(ail xal) +2(b' x b)) + (cl x ci) + (di x d}) + (el x eD)]}
Cirmn (A, B) = %{z{;o[(ag x ab) + 2(b' x bY) + (cl x ci) + (di x db) + (e} x eb)]} =
%{Z?zl[(ail xal) +2(b" x b)) + (cl x i) + (dl x d}) + (el xel)]} = Cipmn (A A)
Cirmn(4A,B) _ CirMN(AB) -
JCirmN(A.AXCirpMN (B.B) JCirmN(A.AXCirmN(B.B)

Hence p;pun (4, B) =

L] Let the pIFMN(A' B) =1 4,B)
i . . C A,B
The unit measure possible only if p;pyy(4,B) = \/CIFMN(I:Z)IiC,FMN(B B)

ThlS referS that CIFMN (A, B) = CIFMN(A') = CIFMN (B, B)
hence A= B.

3.10.2 Example

(2,4,5)(1,4,6) (2,4,5)(1,4,6)
LetA={ (356)(258) r B={ (3,56)(258)
(2,10,7)(2,10,9) (2,10,7)(2,10,9)

here the cardinality n = 3 Cipyn(A, B) =199.66  Cipyn (A, A) =199.66 Cirpyn(B, B) =199.66

then pyeyn (4, B) = % =1 hence p;ryy(A, B) =1 ifand only if A= B

3. PIFMN(A. B)_= Pirmn(B,A)
It is obvious that
_ CirmN(AB) _ Cirmn(B,A) _
Premn (4, B) = VCIrMNAADXCirunB.B)  JCrrMnADXCIFMN(BB) Pieun (B, A)
where

Cirun(4,B) = —{ZL,[(a} x a5) +2(b" x b)) + (c} x c}) + (d} x db) + (e} x €b)])
= %{Z?zl[(aiz xal) +2(b' x b)) + (ch x cl) + (dh x di) + (e} x eD)]} = Crpmn (B, A)

3.10.3 Example

(4,8,3)(3,84) (9,8,7)(4,8,9)
Let A= {(57,2)(483); B=1(654)(3,5,6)
(6,3,1)(5,3,2) (3.2,1)(1,24)
here the cardinality n = 3 Cipyn(A, B) =140 Cipyn (A, A) =143 Cipyn(B, B) = 180.33
140 140

then pIFMN(A'B) = m = 0.8718 Similarly pIFMN(BlA) = \/W =0.8718
Hence, pipmn (A, B) = pipmn (B, A)

4. NUMERICAL EVALUATION

In the section, the correlation measure for different Intuitionistic Fuzzy Multi Numbers (IFMN) were analyzed by exercising
several examples considering both in equal cardinalities (table 4.1 & 4.2) and unequal cardinalities (table 4.3 & 4.4). These
examples include the categories of triangular trapezoidal, pentagonal, hexagonal, heptagonal, octagonal, nonagonal, decagonal
IFMNSs. These numerical values are computed to show how the correlation measure can be considered for any real-time multi
decision application as the results of any categories lies from 0 to 1.

@ Firstly, the equal cardinality of = 3 was considered for the two IFMNs A and B.
For all the categories of triangular trapezoidal, pentagonal, hexagonal, heptagonal, octagonal, nonagonal, decagonal IFMNs,
the same three data of intuitionistic fuzzy numbers were considered and represented in the following table.
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Table 4.1: Numerical examples of equal cardinality

Type of Numerical Examples: n = 3 was considered
the IFMNs
Triangular (2,4,5)(1,4,6) (3,5,7)(2,5,9)
A=< (3,56)(2,5,8) ;B=1(3,28)(3,2,10)
(2,10,7)(2,10,9) (4,7,9)(2,7,11)
Trapezoidal (2,3,5,6)(0,3,5,7) (4,59,11)(2,5,9,14)

(1,2,4,5)(1,2,4,9) + B={(6,11,13,15)(4,11,13,15)
(3,5,6,8)(2,5,6,7) (2,3,6,8)(1,3,6,14)

Pentagonal (1,3,5,7,10)(0,3,5,6,11) (2,4,8,13,15)(1,3,8,12,17)
(2,2,4,69)(2,4,4,7,13) + B=4(0,3,7,11,17)(0,4,7,11,19)

(3,5,6,8,12)(1,2,6,8,16) (4,5,8,10,14)(0,5,8,13,16)

Hexagonal (1,3,5,6,8,11)(1,5,5,6,11,12) (6,7,8,9,11,13)(2,3,8,9,9,16)
(0,3,5,7,9,13)(0,4,5,7,13,14) § B=1{(5,6,8,10,12,14)(4,5,8,10,12,14)

(2,3,7,9,12,13)(1,5,7,9,11,15) (2,3,5,9,11,15)(0,3,5,9,10,17)

Heptagonal (1,2,3,4,5,6,7)(0,4,2,4,7,8,10)
(2,3,7,9,12,13,10)(2,5,7,9,11,12,13)

(2,5,7,11,4,8,9)(1,4,8,11,8,9,10)

(7,8,9,10,11,12,13)(6,7,19,10,7,7,14)
(1,2,3,6,8,9,9)(0,5,6,6,8,9,10)
(0,4,8,9,13,16,7)(0,5,6,9,12,13,10)

(6,7,8,9,11,13,14,15)(0,2,3,9,11,12,13,16)
(5,7,9,10,12,14,15,16)(2,4,5,10,12,13,15,17)

(2,4,6,7,8,9,10,11)(1,2,3,7,8,8,9,14)
(1,2,3,4,6,811,14)(1,3,4,4,6,9,11,15)
(0,3,4,7,8,12,13,15)(0,5,7,7,8,14,15,16)

Nonagonal (6,8,10,6,8,11,7,9,10)(5,6,9,5,8,13,5,7,12)
(5,7,9,3,7,8,7,18,12)(4,7,8,4,7,3,2,19,11)

(7,8,9,6,8,9,8,11,12)(2,3,4,4,8,7,9,10,13)

(2,3,6,8,3,1,3,6,14)(1,6,2,9,3,4,6,9,15)
(4,7,9,13,2,3,7,9,13)(3,1,5,7,2,4,6,9,19)
(1,3,5,7,1,0,3,5,6)(1,5,6,8,1,1,2,6,8)

Decagonal (1,2,3,4,5,6,7,8,9,10)(0,9,8,7,5,6,4,3,2,19)
(2,4,5,3,4,6,2,4,7,6)(1,3,5,7,4,6,5,9,8,10)

(1,3,5,2,3,6,1,3,7,8)(1,2,5,8,3,6,3,5,12,16)

Octagonal {(7,8,9,10,11,12,13,14)(3,6,7,10,11,11,12,15)

(5,9,10,8,9,11,7,18,12,13)(4,5,9,10,9,11,7,9,12,14)
B= (1,3,5,1,4,6,3,5,9,12)(0,2,6,8,4,6,5,8,3,15)
(7,8,9,10,11,12,13,14,15,16)(6,7,8,9,10,11,13,16,17,18)

By considering the proposed new correlation measure of IFMNs, the resultant values are tabulated below to analyze in depth
for all the categories of IFMNS.

Table 4.2: Numerical evaluation of equal cardinality

Type of the Correlation Measure of IFMNs

IFMNs

Triangular Cirun (A, B) =204.66 Cippyn (A, A) =199.66 and C,ryn(B, B) =234.33
20

then pirun = Teeis 0.94618
Trapezoidal Cirun(A, B) =320 Cipyn(A, A)=195and C,pyn(B, B) =662
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then pypan = % = 0.89064

Pentagonal Cirun(A, B) =658.33 Cipyn(A, A) = 467.66 and
Cormn (B, B) = 971.66 then ppyy = J% =0.97662

Hexagonal Crrmn(A, B) =844.66 Ci oy (A, A) = 783.66 and C,ppy(B, B) = 971.66
then pypmy = m = 0.93954

Heptagonal Crrun(A, B) =796.66 Cprpun(A, A) = 781.66 and Cpppy(B, B) = 1117.66
then pypan = m = 0.85233

Octagonal Crrmn (A, B) = 1410.33 Cpppun (A, A) = 1834 and  Cyepn (B, B) = 1443.66
then pypan = J% = 0.86674

Nonagonal Cirun (A, B) = 858.33 Crpyn (A, A) = 1307.66 and Cjpyn(B, B) = 844
then pyeay = J% =0.81703

Decagonal Cirun (A, B) = 1086 Cirpyn (A, A) =809 and Cpyy(B, B) =1931.33
then pypan = % = 0.869

(b)  Secondly, the unequal cardinality IFMNs example were considered. Here the IFMNs A and B do not contain the same
number of components. For all the categories of triangular, trapezoidal, pentagonal, hexagonal, heptagonal, octagonal,
nonagonal, decagonal IFMNSs; the different cardinality of A and B were considered and represented in the following table 4.3
& 4.4,

Table 4.3: Numerical examples of unequal cardinality

IFMNs Numerical examples of unequal cardinality
Triangular (2,3,5)(1,3,6)
A=:(52,1)421); B = {(3,56)(2,58)} Here, nof A=3andnofB=1
(7,4,3)(6,4,5)
Trapezoidal (2,3,5,6)(0,3,5,7)
_ ) (12451249 (  _ - -
A= (8.5.6.3)(2.5.6.9) B ={(4,59,11)(2,59,14)} Here, nof A=4andnof B=1
(5,4,3,8)(3,4,3,9)
Pentagonal (1,3,5,7,10)(0,3,5,6,11)

A={(4,7912,15)(3,69,11,8)} B=4 (2,2,4,6,9)(2,4,4,7,13)
(3,5,6,8,12)(1,2,6,8,16)
Here, nof A=1andnof B=3

Hexagonal (1,3,5,6,8,11)(1,5,5,6,11,12)
A={(1,2,3,4,56)(1,3,3,4,9,14)} B ={ (0,3,5,7,9,13)(0,4,5,7,13,14)

(2,3,7,9,12,13)(1,5,7,9,11,15)
Here,nof A=1landnof B =3

Heptagonal (2,3,5,8,6,7,4)(1,5,6,8,9,7,5)
A= (5,3,5,6,8,9,7)(4,8,7,6,7,8,9)
(7,3,4,5,6,7,5)(4,5,6,5,5,67)
(5,4,3,2,9,8,7)(4,3,5,2,7,8,9)
Here, nof A=4andnofB=1
Octagonal (4,8,9,4,5,4,8,7)(3,4,3,4,5,6,8,9)
A=< (8,4,5,3,2,8,4,10)(7,8,9,3,2,7,5,15) ; B={(5,4,8,9,4,9,6,7)(4,3,9,9,4,10,7,8)} Here,
(2,3,4,5,6,7,8,9)(1,2,3,5,6,8,9,10)
nof A=3andnofB=1
Nonagonal A ={(5,4,3,53,8,4,53)(4,8,7,53,7,4,8,5)} B
(4,2,8,9,5,4,3,5,10)(3,9,8,7,5,13,12,10,12)
={ (5,4,8,4,2,9,4,3,8)(2,8,4,5,2,13,12,18,16)
(4,5,4,3,1,8,7,5,9)(3,5,13,10,1,13,14,15,18)
Here, nof A=1andnof B=3
Decagonal (8,4,3,2,1,8,5,4,3,2)(4,3,8,7,1,8,4,5,8,3)
A={(48,7,52,1,8,7,53)(3,9,4,3,2,1,5,4,8,5)
(5,8,4,3,5,4,9,4,7,4)(3,9,3,2,5,4,8,5,6,5)
B ={(9,4,8,9,5,3,5,9,8,1)(8,9,0,3,5,3,8,5,8,8)}
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| | Here, nof A=3andnof B=1 |

By considering the proposed new correlation measure of IFMNS, the resultant values are tabulated below to analyze in depth
for all the categories of IFMNs.

Table 4.4: Numerical evaluation of unequal cardinality

Type of the IFMNs Correlation Measure

Triangular Cirun(A, B) =101.33 Cipyn(A, A) =95.33 and Cjryn (B, B) = 163
then pyemn = % =0.81291

Trapezoidal Cirun(A, B) =314.5 Cipyn (A, A) =203.5and Ciryn(B, B) =549
then pyeay = % =0.9409

Pentagonal Cirun(A, B) =698.33 Cipyn (A, A) = 1086 and
Crran (B, B) = 469.67 then pypay = J% =0.9778

Hexagonal Cremn (A, B) =533 Cprpn (A, A) = 403 and  C,ppyn (B, B) = 784.67
then pyeay = ﬁ = 0.948

Heptagonal Cirun (A, B) =384.75 Ciryn(A, A) =526.75 and Ciryy(B, B) = 363
then pyeun = % = 0.8799

Octagonal Cirun(A, B) =644 Cippn (A, A) =661 and C,ppy (B, B) =659
then p;ryn = NGra 0.9758

Nonagonal Crrmn (A, B) = 719.667 Cippn (A, A) =515 and Cjppn(B, B) =1310
then pyeay = % = 0.8762

Decagonal Cirun(A, B) =585 Cippyn (A, A) =566.33 and Cpp (B, B) =836
then pyemn = % = 0.8502

From the above tables 4.2 & 4.4, it was clear that the correlation measure values for both equal and unequal cardinality
of the IFMNSs for all the categories (triangular, trapezoidal, pentagonal, hexagonal, heptagonal, octagonal, nonagonal,
and decagonal) lies in between 0 and 1 and hence it was authenticated that the proposed measure was a well-defined
one.

Conclusion

The basic concept required to understand the Correlation Measure for Intuitionistic Fuzzy Multi Number (IFMN) is discussed
and proposed in this article. As, the Correlation Measure plays an important role in comparing and determining the deviation
between any two data; the same concept was extended to the comparison of two Intuitionistic Fuzzy Multi Numbers. Here, it
helps to analyze how closely the two IFMNs were related. The numerical evaluation shows the efficiency of the defined
measure. Hence, this idea can be used in human decision making, patten recognitions and many practical applications.
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