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Abstract

In this paper, we introduce and study the concepts of correlation and correlation coefficient of neutrosophic data
in probability spaces. In the case of finite spaces, these results give the results due to Salama et al. [16, 17, 18]
and study some of their properties.
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1. INTRODUCTION

In 1965 [26], Zadeh first introduced the concept of fuzzy sets. Fuzzy set is very

much useful and in this one real value ., (x) €[0,1] is used to represent the grade of

membership of a fuzzy set A defined on the crisp set X. After two decades Atanassov [19,
20, 21] introduced another type of fuzzy sets that is called intuitionistic fuzzy set (IFS)
which is more practical in real life situations. Intuitionistic fuzzy sets handle incomplete
information i.e., the grade of membership function and non-membership function but not
the indeterminate information and inconsistent information which exists obviously in
belief system. Since the world is full of indeterminacy, the neutrosophics found their
place into contemporary research. Smarandache [11, 12, 13, 14, 15] introduced another
concept of imprecise sets called neutrosophic sets. Salama et al. [1, 2, 3, 4, 5, 6, 7, 16,
17, 18] introduced and studied the operations on neutrosophic sets. In statistical analysis,
the correlation coefficient plays an important role in measuring the strength of the linear
relationship between two variables. As the correlation coefficients defined on crisp sets
have been much discussed, it is also very common in the theory of fuzzy sets to find the
correlation between fuzzy sets, which accounts for the relationship between the fuzzy
sets. In this paper we discuss and derived a formula for correlation coefficient, defined on

the domain of neutrosophic sets in probability spaces.

2. TERMINOLOGIES

We recollect some relevant basic preliminaries, and in particular, the work of
Smarandache in [11, 12, 13, 14, 15] and Salama et al. [1, 2, 3, 4, 5, 6, 7, 16, 17, 18].

DE DE GRUYTER
OPEN

10.2478/jamsi-2014-0004
©University of SS. Cyril and Methodius in Trnava




46 .M. Hanafy, A. A. Salama, O. M. Khaled and K. M. Mahfouz

Smarandache introduced the intuitionistic components T, I, and F which represent the

membership, indeterminacy, and non-membership values respectively, where J'O ,1*[is

non- standard unit interval.

DEFINITION 2.1 [26]. Let X be a fixed set. A fuzzy set A of X is an object having
the form A= {(x, ,(x)),x € X} where the function 4, : X —[0,1]define the degree of

membership of the element x e X to the set A, which is a subset of X.

DEFINITION 2.2 [19], [20], [21]. Let X be a fixed set. An intuitionistic fuzzy set A
of X is an object having the form:
A={(X, 1, (X),vA(X)),xe X}, Where the function: z, : X —[01]and v,: X —[0]]
define respectively the degree of membership and degree of non-membership of the
element xe Xto the set A, which is a subset of X and for everyxe X,

0< 1, (X)+v,a(x) <1.

DEFINITION 2.3 [1, 2]. Let X be a non-empty fixed set. A neutrosophic set (NS) A
is an object having the form: A= {(x, 2, (x), 7, (X),VA(X)), X € X Jwhere 1, (x), 7,(x) and
v,(x) represent the degree of membership function, the degree of indeterminacy, and the
degree of non membership function respectively of each element x e X to the set A.

In 1991, Gerstenkorn and Manko [24] defined the correlation of intuitionistic fuzzy

sets A and B in a finite set X ={x,x,,...,x,} as follows:

Com (A B) = - (41 (%)t (%) 4/ (6D () @1)
and the correlation coefficient of fuzzy numbers A,B was given by:
__Cm(AB) (2.2)
ren =T (A T(B)
where
T(A)= Z(,UAZ (%) +VA2 (x)) - (2.3)
i=1

Yu [9] defined the correlation of A and B in the collection F([a,b]) of all fuzzy

numbers whose supports are included in a closed interval [a,b] as follows:
1 b
Cy (A B) = - [ 14 (00 115, () + 5 ()5 (X)X (2:4)

where 4, (X)+v,(x)=1 and the correlation coefficient of fuzzy numbers A, B was

defined by
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_ C,(AB) : (2.5)
JC, (A A)xC, (B,B)

Py

In 1995, Hong and Hwang [10], 25] defined the correlation of intuitionistic fuzzy
sets A and B in a probability space (X, B, P) as follows:
Cun (AB) = I(ﬂA,UB +v,vg)dP (26)
X
and the correlation coefficient of intuitionistic fuzzy numbers A, B was given by

____ Cu(rB) (27)
\/CHH (A’ A) ’CHH (B: B)

Prn

Hung and Wu [25] introduce the concept of positively and negatively correlated and
used the concept of centroid to define the correlation coefficient of intuitionistic fuzzy
sets which lies in the interval [-1,1], and the correlation coefficient of intuitionistic fuzzy

sets A and B was given by:
Ciw (A B) , (2.8)

P o (A A)-Cray (B.B)
where
Crw =M(1,)M(1t5) +M(v, )m(v) (2.9)
) - [RIRENL ) — [x ()ax
T T x 7 T (0
~ IXyB (x)dx ~ IXVB(x)dx
M(ug) = J'ﬂB (x)dx m(vg) = J-VB (X)idX

Hanafy and Salama [16, 17, 18] defined the correlation of neutrosophic data in a
finite set X ={x,,X,,...,x,} as follows:

Cus(AB)= z”: (ea (%) 1 (X)) 74 (X)ve (X)) + 74 (X)) 75 (X)) (2.10)

i=1

and the correlation coefficient of fuzzy numbers A,B was given by:
__Cus(AB) (2.11)

~JT(A)-T(B)

HS
where

T(A) = (2 (%) A (%) + 72 (%) 212)
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T(B) = Y (43 (%) W3 (%) + 7 (6)- (213

3. CORRELATION COEFFICIENT OF NEUTROSOPHIC SETS

Let (X, B, P) be a probability space and A be a neutrosophic set in a probability
space X, A= {(X, :uA(X)’;/A(X)IVA(X)XX € X}’ where :uA(X)’}/A(X)l VA(X) : X —>[0]] are,
respectively, Borel measurable functions satisfying ~0< s, (X)+y,(X) +v,(X) <3,
where ]‘0,1*[ is non-standard unit interval [8].

DEFINITION 3.1. For a neutrosophic sets A, B, we define the correlation of
neutrosophic sets A and B as follows:

C(AB) = [ (ttatts + ya¥e +VaVe)IP- @&.1)

X

Wher P is the probability measure over X. Furthermore, we define the correlation

coefficient of neutrosophic sets A and B as follows:

C(A B)
AB)=— (3-2)
PR rw T@)F

where

T(A) =C(AA) = [ (£ +7, +v})dp and
T(B)=C(B,B)= I(ﬂé +77 +vg)dP-

The following proposition is immediate from the definitions.

PROPOSITION 3.1. For neutrosophic sets A and B in X, we have
C(A,B) =C(B, A), po(A B) = p(B, A).
ii. If A=B,then p(A B)=1.

The following theorem generalizes both Theorem 1 [23], Proposition 2.3 [8] and
Theorem 1 [[10]] of which the proof is remarkably simple.

THEOREM 3.1. For neutrosophic sets A and B in X, we have
0< p(AB)<1. (3.3)

PROOF. The inequality o(A,B)>0 is evident since C(A,B)>0 and
T(A),T(B)=0. Thus, we need only to show that p(A,B) <1, or
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C(A,B)<[T(A)-T(B)]?

For an arbitrary real number k , we have

0< [(utp —kitg)*dP + [ (7o —kyg)?dP + [ (v, —kv)*dP
= .Xf(#i +ya+va)dP - 2k,xf(ﬂAﬂB + VAV +VaVvs)dP
+K? [ (uaf + 7§ +vE)dP-
X
Thus by Cauchy Schwarz [22], we can get:
[ [ttt + 77 +vAvB>dPT < [(h+ 72 +V2AP- [ (s + 75 +vE)dP -
X X X

[c(AB) <T(A)-T(B).C(AB)<[T(A) - T(B)]?

Therefore, we have p(A,B) <1.
THEOREM 3.2. p(A, B) =1iff A=cB for some c e IR.

PROOF. Considering the inequality in the proof of Theorem 3.1, then the equality
holds if and only if P{u, =cu,}=P{y, =cys}=P{v, =cr,}=1, for some celR.
which completes the proof.

THEOREM 3.3. p(A,B) =0 iff A and B are non-fuzzy sets and they satisfy the

condition:
4 +'UB =1 or A +7/B =1 or v, +‘é =1.

PROOF. Suppose that p(A,B) =0, then C(A,B)=0. Since Mo+ vy 20,
then C(A,B) =0 implies P(/i\ MoK Y =0) =1, which means that
P('[f\/é =0)=1, P(}; A =0) =1and P(%vB =0)=1.
If 44 (x)=1,thenwe canget ;4 (x)=0 and y,(x) =v,(x)=0.

At the same time, if , (x) =1, then we can get 4 (x) =0 and y,(x) =v(x) =0,
hence, we have B+ =1.

Conversely, if A and B are non-fuzzy sets and B+ H, =1. If 4, (x) =1, then we

can 4 (x)=0 and y,(x) =v,(x)=0. On the other hand, if , (x)=1, then we can
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have 4 (x)=0 and yg(x)=vg(x) =0, which implies C(A,B)=0. Similarly we can

give the proof when %o+, =10ry + =1.

THEOREM 3.4. If A is a non-fuzzy set, then T( A) =1.
THE PROOF is obvious.

EXAMPLE. For a continuous universal set X =[1,2], if two neutrosophic sets are

written, respectively.
A={(X 2, (<), VA (X), 72 ()|x € [L2D

B ={(x, 15 (%), v (), 4 (X)) x € [L2T}»

where
Ha(X)=05(x-1) , 1<x<£2, s =03(x-1) , 1<x<2
va(x)=19-09x , 1<x<2, vy =14-04x , 1<x<£2
ya(X)=5-x)/6 , 1<x<2 , 7e(X)=05x-03 , 1<x<2

Thus, we have C(A,B) =0.79556, T (A) =0.79593) and T(B) =0.9365.6,
Then we get p(A, B) = 0.936506. It shows that neutrosophic sets A and B have a good

positively correlated.

CONCLUSION

Our main goal of this work is propose a method to calculate the correlation
coefficient of neutrosophic sets which lies in [0, 1], give us information for the degree of
the relationship between the neutrosophic sets. Further, we discuss some of their
properties and give example to illustrate our proposed method reasonable. Thus, we

generalize some conclusions in literature
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