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1. Introduction

F. Smarandache introduced the notion of neutrosophic probability measure as a function
NP :Y — [0,1]* where Y is a neutrosophic sample space, and introduced the probability
mapping to take the form N'P(B) = (ch(B),ch(neutB), ch(antiB)) = («,f8,7) where 0 <
a,B,y<1land 0 < a+ 3+~ <3 [33]. Moreover, many researchers have investigated many
neutrosophic probability distributions like Poisson, exponential, binomial, normal, uniform,
Weibull,...etc. (See [32], [2], [18], [26]). Furthermore, researchers have introduced the notion
of neutrosophic queueing theory in [35], [36] this is one branch of neutrosophic stochastic
modelling. Besides, researchers have also investigated neutrosophic time series prediction and
modelling in many cases like neutrosophic moving averages, neutrosophic logarithmic models,
neutrosophic linear models and so on. (3], [4], |12].

On the other hand, neutrosophic logic is an extension of intuitionistic fuzzy logic by adding
indeterminacy component (I) where I? = I,....1" = I,0.I = 0;n € N and 1! is undefined
(see [20], [32]). Neutrosophic logic has a huge brand of applications in many fields including
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decision making [29], [19], [25], machine learning [6], [27], intelligent disease diagnosis [30], [11],
communication services [§], pattern recognition [28], social network analysis and e-learning
systems [21], physics [34], sequences spaces [14] and so on. Neutrosophic logic has solved many
decision-making problems efficiently like evaluating green credit rating, personnel selection,
etc. [22], [23], [24], [1]. For more notions related to neutrosophic theory, we refer the reader
to [OL[10l[T4-17].

The study of neutrosophic random variables has become one of the fundamental pillars in
neutrosophic theory and probability. Recent results of great importance can be seen in [37] and
[13]. Taking into account mentioned above, in this article we study independent neutrosophic

random variables and conditioned expectation.

2. Preliminaries

In this section, we show some well-known definitions and properties of neutrosophic logic

and neutrosophic probability which are useful for the development of this paper.

Definition 2.1. (see [31]) Let X be a non-empty fixed set. A neutrosophic set A is an object
having the form {z, (1A(x),0A(z),vA(x)) : x € X}, where pA(x),0A(z) and yA(x) represent
the degree of membership, the degree of indeterminacy , and the degree of non-membership

respectively of each element x € Xto the set A.

Definition 2.2. (see [5]) Let K be a field, the neutrosophic filed generated by K and I is
denoted by (K U I) under the operations of K, where I is the neutrosophic element with the
property I? = 1I.

Definition 2.3. (see [32]) Classical neutrosophic number has the form a + bI where a,b are
real or complex numbers and I is the indeterminacy such that 0.I = 0 and I? = I which

results that I™ = I for all positive integers n.

Definition 2.4. (see [33]) The neutrosophic probability of event A occurrence is NP(A) =
(ch(A), ch(neutA), ch(antiA)) = (T, 1, F) where T, I, F' are standard or non-standard subsets

of the non-standard unitary interval |70, 17].

Recently, Bisher and Hatip [37] introduced and studied the notions of neutrosophic random

variables by using the concepts presented by [33], these notions were defined as follows:

Definition 2.5. Consider the real valued crisp random variable X which is defined as follows:
X:Q0—-R
where () is the events space. Now, they defined a neutrosophic random variable X as follows:
Xn:Q—RU)
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and
Xn=X+1

where [ is indeterminacy.

Theorem 2.6. Consider the neutrosophic random variable Xy = X + I where cumulative

distribution function of X is Fx(x) = P(X < x). Then, the following statements hold:
(1) Fxy(z) = Fx(z — 1),
(2) fxy(@) = fx(z—1T).
Where Fx, and fx, are cumulative distribution function and probability density function of

X, respectively.

Theorem 2.7. Consider the neutrosophic random variable Xy = X + I, expected value can

be found as follows:

B(Xy) = E(X) +1.

Proposition 2.8 (Properties of expected value of a neutrosophic random variable). Let Xy
and Yy be neutrosophic random variables, then the following properties holds:

(1) E(aXny +b+cl)=aE(Xy)+b+cl;a,b,c €R,

(2) If Xy and YN are neutrosophic random wvariables, then E(Xy + E(Yn) = E(Xn) £
E(Yn),
(3) E[(a+bl)XN] =aE(Xy)+bIE(XN);a,b € R,
(4) |[E(XN)| < E|XN|.

Theorem 2.9. Consider the neutrosophic random variable Xy = X + I, variance of Xy is
equal to variance of X, i.e. V(Xn) =V (X).

Now, Granados [13] studied the notions of neutrosophic random vector and joint neutro-

sophic random variable, these notions were defined as follows:

Definition 2.10. A neutrosophic random vector of two dimension is a vector (Xy,Yn)
in which each coordinate is a neutrosophic random variable. Analogously, we can de-
fine a neutrosophic random vector multidimensional as follows (Xn,, Xn,, ..., X, ) in which

XNy, XNy, -y XN, are neutrosophic random variables for each n = 1,2, ....

Definition 2.11. Let (X, Yn) be a neutrosophic random vector, we define probability func-
tion of a neutrosophic continuous random vector (Xpy,Yx). Then, joint probability neutro-
sophic function of a discrete random vector (Xy,Yn) fn(z,y) : R? — [0,00) in which is

non-negative and integrable, and for any (z,y) € R? | it is defined as follows

y—I px—1
POty oYy <) = PX <o 1Y <y-D= [ [ fue v opduda
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Similarly, probability function of a neutrosophic discrete random vector (X, Yy ) is defined

similar by using sum.

Definition 2.12. Let (Xy, Yx) be a neutrosophic random vetor, we define neutrosophic joint
distribution function which will be denoted by F(x yvy)(z,y) = P(Xy <z, Yy <y) = P(X <
x—1Y <y-—1).

Definition 2.13. Let f(x, yv,)(7,y) be a joint probability neutrosophic function of a contin-

uous random variable (Xy,Yx). We define neutrosophic marginal function of Xy as follows:
+o0
fXN(x) = f(XN,YN)(xay)dy

—0o0
and we define neutrosophic marginal function of Yy as follows:

“+oo
fra(y) = / Foxa v (@ 9)da

—0o0
Similarly, joint probability neutrosophic function of a discrete random variable is defined

similar by using sum.

Definition 2.14. Expected value of a neutrosophic random vector (X, Yx ) in which expected
value of X and Yy exist, we define E(Xy,Yn) = (E(Xn), E(Yn)).

Next, we will show some new notions on neutrosophic random variables which have not bee
studied so far and are needed.
Let (Xn,Yn) be neutrosophic vector and ¢ : R> — R be a function, then ¢(Xy,Yy) is a

neutrosophic random variable and its expectation is defined as follows:
+o00
Elp(Xn,Yn)| = /oo (x — I)dFy(xy,vy)(T),
as well as one dimensional case, we are required to find out the distribution ¢(Xy,Y;) by
which can be difficult in some cases. Next, we establish an alternative way in which we
can calculate expectation of ¢(Xy,Yy) without known its distribution, but we must know
(Xn,Yy) distribution. Let (Xx,Yx) be neutrosophic vector and ¢ : R? — R be a function

such that ¢(Xpy,Yn) has finite expected, then:

B V)] = [ | 0la = 1.y = DidFyixy @),

This can be proved easily due to this is a Riemmann-Stieltjes integral in two dimensional.

In case of Xy and Yy be independence (see section 3), this increment is

Fx(z; — I)Fy(y; — I) — Fx(z; — I)Fy (y;—1 — I) — Fx(zi_1 — D) Fy(y; — )
+ Fx(.fvi - I)Fy(yj - I) = AF_}((LL’Z — I)AFy(yj — I),

i.e, bidimensional integral can be separated in two integral and can be written as follows

Carlos Granados, On Independence Nuetrosophic Random Variables



Neutrosophic Sets and Systems, Vol. 47, 2021 @

Bo(Xn V)] = [ 6le = 1.y = DdFx, (2)dFy (1)

When (X, Yy) is a discrete vector, we have

Elp(Xn, Y= > ¢lz—Ly-DP(X=z-1Y =y-1),
z—1y—1I

in which the sum is applied over all possible valued (z — I,y — I) on (Xu, Yn).

Theorem 2.15. Let Xy and Yy be two neutrosophic random variable with finite expectation,

then
E(Xy+Yny)=E(XN)+ E(Yn).

Proof. Let p(x—I,y—I)=ax—I14+y—I1, ¢1(x—IL,y—I)=x—Tand ¢po(x—I,y—1I)=y—1I.
Then,

E(XNy+Yn) = E(0(XN,YN))

= /Rz(x_l_}—y—l)dFXN,YN(xay)

— [ &= DaFxux(e) + [ 0= DiFxyyy (o)
R2 R2
= E(¢1(Xn,Yn)) + E(d2(Xn, Yn))

= E(Xn) + E(YN)

Theorem 2.16. Let Xy and Yy be two independence neutrosophic random variable and g

and h be two functions such that g(Xn) and h(Yn) have finite expected, then

Elg(XNn)h(YN)] = E[g(XN)|E[h(YN)].

Proof.
E[g(Xn = /qu hy — IdFx vy (z,y)
:/R2g y I)dFXN( )dFYN(y)
:/g dFXN( )/g(y_l)dFYN(y)
R R
= Elg(Xn)|E[R(YN)]
0
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3. Independence neutrosophic random variables

Let X and Yy be two neutrosophic random variables. X and Yy are independence if the
events (X <z — ) and (Y <y — I) are independence for any real-value x and vy, i.e., if the

following equality is satisfied
P(X<z—-I)N(Y<y—-ID]|=PX<z-DPY <y-—1). (1)

The left side of the equality (1)) can be written as P(X < x—I1,Y <y—I)or Fxy(z—1,y—1I),
and it is said to be the joint distribution function of Xy and Yy evaluate in the point (x,y).

Therefore, note that can be expressed as follows
FX7y(:E—I,y—I):Fx(x—I)Fy(y—I), forx,yGR. (2)

In this way, in order to determine whether two neutrosophic random variables are indepen-
dent, it is necessary to know both the joint probabilities P(X < z—1,Y < y—1I) as individual
probabilities P(X < z—1I) and P(Y < y—1I), and verify the identity for each real numbers
x and y. Hence, it is enough that there exists a pair (z — I,y — I) for which the equality
does not hold to be able to conclude that X and Y are not independent. Granados |13]
studied on random vectors and explained how to obtain the individual distributions from the

joint distribution of two random variables.

Example 3.1. Let (X, Yxy) be a neutrosophic random vector with density function f(x —
Ly—I)=4z—-I)(y—1I)for I <z,y<1l-—1.
The marginal density function of Xy is calculated as follows for I <x <1-—1
1-1
fre=D= [ e =D Ddy =2~ 1),
I
Analogously, we can prove that fy, (y) =2(y — I) for I <z <1 — I. Therefore, Xy and Yy

are independence, due to Fxy(x — I,y —I) = Fx(z — I)Fy(y — I).

Proposition 3.2. Let Xy and Yy be two independence neutrosophic random variables , and
let g and h be two functions of R — R. Then, the neutrosophic random variables g(Xn) and

h(Yn) are independence neutrosophic random variables.
Proof: Let A= (—oo0,z — I] and B = (—o0,y — ], then

P(g(Xn) < z,h(Yn) <y) = P(9(Xn) € A, h(YN) € B)
(Xn € g HA),Yn € h1(B))
(

(

e B~ B v B v

Xy € g ' (A)P(Yy € h™(B))

g(XN> S A)P(h(YN) € B)

(9(Xn) <2)P(M(YN) < y)
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Theorem 3.3. Let Xy and Yy two discrete neutrosophic random variables, then

(1) Using P(X <z —1,Y <y—1)= Z Z P(X =u,Y =v), we have

ulz—I v<y—I

PX=2-1Y=y-I)=P(X<z—-LY<y—1I)

(2) Using (1), independence condition P(X <x—1,Y <y—1I)=P(X <z —-I1)P(Y <
y—1I) is equivalent to P(X = —1,Y =y—I)=P(X =2—-1)PY =y —1I).

Proof:

(1) This result can be obtained by using the following equality

X=z-1Y=y-1=X<z-LY<y-I)—-(X<z-I-1Y<y-1)
(X <a LY <y-I-1)
+(X<z-I-1,Y<y—-I-1).

(2) Using (1) and by hypothesis of independence, we have

PX=xz-IY=y-I)=P(X<z—-DP(X<y—1I)-
PX<z—I-1)P(Y <y-1I)
~P(X<z—-DPY <y—1I)
+PX<z—-I-1)P(Y <y—I-1)
—[PX<z-I)-P(X<z—1-1)
x[PY <y—-I)-PY <y—-1-1)]
—P(X=z-1PY =y—1).

Theorem 3.4. Let Xy and Yy be two independence neutrosophic random wvariables which

have finite expectation. Then,
E(XnYN) = E(XN)E(YN). (3)

Proof: We prove the case when Xy and Yy are discrete neutrosophic random variables,

the case for continuous neutrosophic random variables are proved similarly.
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Let

E(XyYy) =) (z—I)(y—DP(Xy =2,Yy =)
=> > (@-Dy-NHP(Xy=2Yy=y)
= @-DPXy=2)_(y—DP(Yn=y))

T Y
= E(XN)E(YN).

Definition 3.5. Let Xn,, Xn,, ..., X, be a collection of neutrosophic random variables with
joint function distribution Fx (z1—1I,z2—1,...,z,—1I), and consider marginals functions distri-
bution Fly, (1), Fxy, (72), ..., Fixy, (%n), respectively. Then, we say that Xn,, Xn,, ..., Xn,

are independence if for any real numbers x1 — I,x2 — I, ..., x,, — I the following equality holds
Fx(z1—Liwg— I, ..,z — I) = Fxy (21)Fxy, (22)-.-Fxy, (Tn).

Analogously, we can define it in terms of neutrosophic density function f(x1—1,x9—1, ...,z —1I)

if the following equality holds
flor = Lows — 1, own = I) = fxy, (21) fxy, (22) - fxy, (n).

Example 3.6. Let X and Yy be two continuous neutrosophic random variables with joint
density function
e r vl if gy > 1,
fan(z—TLy—-1I)=
0 otherwise.

Nuetrosophic marginals probability functions are defined as follows

et if o>,
fx(x—1)=
0 otherwise.

and

e vt ify>1,
fr(y—1)=
0 otherwise.
Therefore, fixyy(x — I,y —1I) = fx(x —I)fy(y — I) for any real numbers z — I and y — I,

and hence we conclude X and Yy are independence.

Example 3.7. Let Xy and Yy be two discrete neutrosophic random variables with joint

density function
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1

1 if x,ye{l,1+ 1},
fan(@—Ly—1I)=

0 otherwise.

Nuetrosophic marginals probability functions are defined as follows

S oifre{l1+y,
fx(x—1)=

0 otherwise.

and

% iny{I,1+I},
fry—1)=

0 otherwise.

Therefore, fix yy(r — I,y —1I) = fx(z —I)fy(y — I) for any real numbers z — I and y — I,

and hence we conclude X and Yy are independence.

Remark 3.8. It can be said that an infinite set of neutrosophic random variables is indepen-
dence if any finite subset is independence.
This statement can be useful due to for future work the concepts of neutrosophic central

limit theorem and neutrosophic laws of large numbers can be studied.

4. Conditional expectation

In this section, we introduce the concept of conditional expectation of a neutrosophic random
variable with respect to a o-algebra, and some of its elemental properties are studied. We will
consider that has a base probability space (2, F, P), and G is a sub-algebra of F. We have
defined expectation of a neutrosophic random variable as a Riemann-Stieltjes integral as follows

+00
E(Xy) = / (x — D)dFyx, (z).
—o0

however, to make the notation simpler in this section, it is sometimes convenient to adopt

the notation of measure theory and denote the expectation of a netrusophic random variable

Xn as follows

E(Xy) = /QXNdP.

We shall recall that if we know distribution of neutrosophic vector (Xy,Yy) and we take

valued y — I such that fy (y—1I) = fy, (y) # 0, conditional expectation of X known Y = y—1
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is the function

+oo
y— T EQYy =) = [ (o= DdFxyyy (aly), (4
when fy, (y) # 0. is equivalent to write
+oo
EQYy 1) = [ (o= Dy (aly)de

If we make a change in order of integration, we can see that

400
E(Xy) = E(XN|YN = y) fyy (y)dy,

—00

if we apply this expression by using total probability theorem in terms of expectation. In

the case when (X, Yy) is a discrete neutrosophic vector, we have

E(Xn|Yy =y) =D (& = I) fxy vy (@ly)

=) (- I)P(Xy = z|Yy =y),

considering fy, (y) # 0 and sum is absolutely convergent. Again, applying a change in order

of sum, we have

In any cases, we can also see, when Yy and Xy are independence, we have

E(Xn|YNn =y) = E(XN).

Example 4.1. We will find expectation of E(Xy|Yx = y) for each y € (1,14 I) when Xy

and Yy have the following joint neutrosophic density function.

12 —1)? ifI<z<y<l+]1,
fxy(@—Ty—1)=

0 otherwise.

For I <y <1+1,
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y—1I r— )2
BV =) = [ (@ Do
3 v—1
= (y—f)3/0 (z I)?’d:z
3(y—20*—1
4 (y-Ip

Analogously to (), if @ is an event with positive probability and Xy is a integrable neu-

trosophic random variable, conditional expectation of Xy known @ is

+0o0
E(Xx|Q) = / (z — DdFy,0(2),

P(X <z-1,Q)
P@Q)

show a more generally definition which generalized concepts showed so far.

where Fy, |o(z) = P(Xy < 2[A) = P(X <z —I|A) = . Next, we will

Definition 4.2. Let X be a neutrosophic random variable with finite expectation, and let G
be a sub-algebra of F. Conditional expectation of Xn known G, it is a neutrosophic random

variable which will be denoted by E(Xxy|G) which satisfies the following conditions:

(1) It is G-measurable,
(2) Tt has finite expectation,

(3) For any event G € G, / E(Xn|G)dP = / XndP.
G G

Remark 4.3. Just as it happens in a random variable, part of the difficulty in understanding
this general definition is that an explicit formula is not provided for this neutrosophic random
variable but only the properties it satisfies. The objective of this section is to find the meaning
of this neutrosophic random variable, interpret its meaning, and explain its relationship with

the concept of elementary conditional expectation.

Remark 4.4. When G = o(Yy) for any neutrosophic random variable Yy, conditional ex-
pected will be written by E(Xxy|Yn) instead of E(Xy|o(Yn)).

Remark 4.5. Let @ be any event, then conditional expected E(1g|G) will be denoted by
PQI9).

Now, we will show some properties on F(Xy|Yy) when Yy is a discrete neutrosophic ran-

dom variable.

Let Xy and Yy be two neutrosophic random variables. Now, consider that X has finite

expected and Yy is discrete with possible values y; — I, 42 — I, ... Conditional expectation of
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Xy known event (Yn =y;) = (Y =y; — 1) is E(Xn|Yn = y;), this value depends of the event
(Yn = y;), and we can consider that we have a function defined over Q as follows: If w is such
that Y (w) = y; — I, then

W = E(XN|YN)(w) = E(XN’YN = yj)-

We can see that E(Xy|Yy) takes at much different values as Yy does. Generally, function

can be rewritten in terms of indicator function as follows

o0

B(Xn|YN)(w) = B(XN|YN = y1)1(yy—y,) )-
j=1

In this way, we can define the function E(Xy|Yy) : @ — R which is denoted by

w s B(Xy Vi) (@) = B(Xx| YN = ) if Y(w) =g — T
is a neutrosophic random variable.

Theorem 4.6. Let X be a integrable neutrosophic random variable, and let Yy discrete with

possible values y1 — I,y2 — I,... E(XN|YN) : Q — R is a neutrosophic random variable which

satisfies the following conditions:

(1) It is o(Yn)-measurable,
(2) It has finite expected,

(3) For any event G € o(Yn), / E(Xn|YN)dP = / XndP.
G G

Proof:

(1) Through possibles values, the neutrosophic random variables Yy divides in different
part Q, i.e (Y = 1), (YN = y2), ... are disjunct events. o(Yn) = o{(Yn = 1), (Yn =
y2),...} C F. Since E(Xy|Yy) is constant in each element of partition, implies that
E(Xn|Yn) is 0(Yn)-measurable, and hence it is a neutrosophic random variable.

(2) Taking the event G as € in the third property, we get that Xy and E(Xy|Yn) have
the same finite expectation.

(3) Since each element of o(Yy) is union of disjunct elements of (Yy = y;), by properties

of integral it is enough to show that / E(Xn|YN)dP = / XndP for these simple
G G
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events. Then, we have
/ E(Xn[Yn)(@)dP(w) = E(Xn|Yy = 5;)P(Yy = y;)
(YN y])
- /Q Xn(@)dP(w|Yy = 5;)P(Yy = 1)

= /QXN(W)dP(W;YN Zyj)

- / X (w)dP(w).
(Yn=y;)

Remark 4.7. We have to see the different between E(Xy|Yy = y;) and E(Xn|Yy). First
term is a possible numerical value, second term is a neutrosophic random variable. However,
both expressions are called conditional expectation. We will see next a particular case of this
neutrosophic random variable. Besides, we will show that the conditional expectation can
be seen as a generalization of the basic concept of conditional probability, and it can also be

considered as a generalization of the concept of expectation.

Proposition 4.8. Let Xy be a neutrosophic random variable with finite expectation, then
E(XN{0,9Q}) = E(Xy) = E(X) + 1.

Proof: This proofs follows since E (X y|G) is measurable respected to G, and any measurable

function respected to {(), Q} is constant. Now, for any event G € {0, Q}, / E(XN|{0,Q})dP =
G

/ XydP = / XndP = E(Xy) = E(X) +1.
G Q

Theorem 4.9. Let Xy and Yy be two neutrosophic random variables with finite expectation

and b € R. Then, the following statements hold:

(1) If X > 1, then E(XN|G) >0,

(2) E(0XN +Yn[G) = bE(XN|G) + E(YN|F),

(3) If Xy <Yu, then E(XnN|G) < E(YN|G),

(4) E(E(XN|G)) = E(XN),

(5) If Xn is G-measurable, then E(Xn|G) = Xy a.s. In particular, E(b|G) = b,
(6)

6) If G1 C Go, then

E(E(XN|91)[92) = E(E(XN|G2)|91) = E(XN|G1),

(7) [E(XNI9) < E(IXNII9),
(8) EIE(XNI9)| < E(IXN])-

Proof:

(1) Follows directly from definition and the fact that X > I = Xy > 0.
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(2) For all G € G, we have

/ E(bXy + Yy|G)dP = / (bXn + Yyn)dP
G G

:b/ XNdP+/YNdP.
G G

Now,

/[bE(XN|g)+E(YN|g)]dP:b/ E(XN|g)dP+/ E(Yn|G)dP
G G G

:b/XNdP+/YNdP.
G G

(3) Follows directly from definition and the fact that Xy < Y.
(4) Taking G = Q, we get the equality.

(5) Since Xy is G-measurable, three condition of the definition hold. Now, / E(Xy)dP =
G

E(Xn)dP. Therefore, Xy = FE(Xn|G) a.s.
G
(6) For all G € G1 C G, we have

| BECevigIG)ar = | B(Xyigdr
G G

= / XNdP.
G

Analogously,

/ E(E(Xy(G2)|G1)dP = / E(Xy|G2)dP
G G

= / XNdP.
G

(7) Consider that / |E(XN|G)|dP = |/ E(Xn|G)dP|. Then,
G G

\/ E(Xn|G)dP| —\/ XndP|
G G

< [ 1xniar
G
= / E(|Xn||G)dP.
G
(8) Proof follows from parts (4) and (7) of this theorem.
Definition 4.10. Let Xy be a neutrosophic random variable with finite second moment, and

G be a sub-algebra of F. Conditional variance of Xy known G which will be denoted by

Var(Xn|G), it is defined as a neutrosophic random variable as follows

Var(Xx|G) = E[(Xy — E(Xn|6))?|G).
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We shall recall that neutrosophic conditional variance is not a number, it is a neutrosophic
random variable. Therefore, the only way that we have the neutrosophic variance of a random
variable from conditional variance is Var(Xy) = Var(X) = Var(Xny[{0, 2}).

On the other hand, we have that

Var(Xn|G) = Var(X + 1]G)
= Var(X|G)
= E[(X — E(X]|6))?|9],

this shows that conditional covariance is equal to neutrosophic conditional covariance.

5. Conclusion

In this article we study the notion of neutrosophic random variable taking into account the
notions previously studied by [37] and [13]. These results are of great importance because
convergence on neutrosophic random variables, neutrosophic central limit theorem and neu-
trosophic laws of large numbers can be studied. Secondly, this results can be applied in quality
control, stochastic modeling, reliability theory, queueing theory, electrical engineering and so

on.

Funding

This research received no external funding.

Conflicts of Interest

The author declares no conflict of interest.

References

[1] M. Abdel-Basset, N. A. Nabeeh, H. A. El-Ghareeb and A. Aboelfetouh, Utilizing Neutrosophic Theory
to Solve Transition Difficulties of IoT-Based Enterprises, Enterprise Information Systems, 14(9-10)(2019),
1304-1324.

[2] R. Alhabib, M. M. Ranna, H. Farah and A. Salama, Some Neutrosophic Probability Distributions, Neu-
trosophic Sets and Systems, 22(2018), 30-38.

[3] R. Alhabib and A. A. Salama, The Neutrosophic Time Series-Study Its Models (Linear-Logarithmic) and
test the Coefficients Significance of Its linear model, Neutrosophic Sets and Systems, 33(2020), 105-115.

[4] R. Alhabib and A. A. Salama, Using Moving Averages To Pave The Neutrosophic Time Series, International
Journal of Neutrosophic Science, 3(1)(2020), 14-20.

[5] M. Ali, F. Smarandache, M. Shabir and L. Vladareanu, Generalization of Neutrosophic Rings and Neutro-
sophic Fields, Neutrosophic Sets and Systems, 5(2014), 9-14.

[6] J. Anuradha and V. S, Neutrosophic Fuzzy Hierarchical Clustering for Dengue Analysis in Sri Lanka,
Neutrosophic Sets and Systems, 31(2020), 179-199.

[7] M. Bisher and A. Hatip, Neutrosophic Random variables, Neutrosophic Sets and Systems, 39(2021), 45-52.

Carlos Granados, On Independence Nuetrosophic Random Variables



Neutrosophic Sets and Systems, Vol. 47, 2021 @

(8]

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

18]

[19]

[20]

21]

22]

[23]

[24]

[25]

[26]

[27]
28]

A. Chakraborty, B. Banik, S. P. Mondal and S. Alam, Arithmetic and Geometric Operators of Pentagonal
Neutrosophic Number and its Application in Mobile Communication Service Based MCGDM Problem,
Neutrosophic Sets and Systems, 32(2020), 61-79.

S. Das, R. Das, C. Granados, A. Mukherjee, Pentapartitioned neutrosophic Q-ideals of Q-algebra, Neutro-
sophic Sets and Systems 41(2021), 53-63.

S. Das, R. Das, C. Granados, Topology on quadripartitioned neutrosophic sets, Neutrosophic Sets and
Systems 45(2021), 54-61.

O. A. Ejaita and P. Asagba ,An Improved Framework for Diagnosing Confusable Diseases Using Neutro-
sophic Based Neural Network, Neutrosophic Sets and Systems, 16(2017), 28-34.

L. Esther Valencia Cruzaty, M. Reyes Tomal and C. Manuel Castillo Gallo, A Neutrosophic Statistic
Method to Predict Tax Time Series in Ecuador, Neutrosophic Sets and Systems, 34(2020), 33-39.

C. Granados, New results on neutrosophic random variables. Neutrosophic Sets and Systems (2021).

C. Granados and A. Dhital, Statistical Convergence of Double Sequences in Neutrosophic Normed Spaces,
Neutrosophic Sets and Systems, 42(2021), 333-344.

C. Granados, A. Dhital, New results on Pythagorean neutrosophic open sets in Pythagorean neutrosophic
topological spaces, Neutrosophic Sets and Systems 43(2021), 12-23.

C. Granados, Una nueva nocié de conjuntos neutroséficos a través de los conjuntos *b-abiertos en espacios
topolégicos neutroséficos, Eco Matemtico 12(2)(2021), 1-12.

C. Granados, Un nuevo estudio de los conjuntos supra neutrosophic crisp, Revista Facultad de Ciencias
Bsicas 16(2)(2020), 65-75.

K. Hamza Alhasan and F. Smarandache, Neutrosophic Weibull distribution and Neutrosophic Family
Weibull Distribution, Neutrosophic Sets and Systems, 28(2019), 191-199.

H. Kamaci, Neutrosophic Cubic Hamacher Aggregation Operators and Their Applications in Decision
Making, Neutrosophic Sets and Systems, 33(2020), 234-255.

W. B. V. Kandasamy and F. Smarandache, Neutrosophic Rings, Hexis, Phoenix, Arizona: Infinite Study,
2006.

M. M. Lotfy, S. ELhafeez, M. Eisa and A. A. Salama, Review of Recommender Systems Algorithms Utilized
in Social Networks based e-Learning Systems & Neutrosophic System,Neutrosophic Sets and Systems,
8(2015), 32-41.

N. A. Nabeeh, M. Abdel-Basset and G. Soliman, A model for evaluating green credit rating and its impact
on sustainability performance, Journal of Cleaner Production, 280(1)(2021), 124-299.

N. A. Nabeeh, F. Smarandache, M. Abdel-Basset, H. A. El-Ghareeb and . A. Aboelfetouh, An Integrated
Neutrosophic-TOPSIS Approach and its Application to Personnel Selection: A New Trend in Brain Pro-
cessing and Analysis, IEEE Access, 29734-29744, 2017.

N. A. Nabeeh, M. Abdel-Basset, H. A. El-Ghareeb and A. Aboelfetouh , Neutrosophic Multi-Criteria
Decision Making Approach for IoT-Based Enterprises, IEEE Access, 2019.

N. Olgun and A. Hatip, The Effect Of The Neutrosophic Logic On The Decision Making, in Quadruple
Neutrosophic Theory And Applications, Belgium, EU, Pons Editions Brussels, 2020, 238—253.

S. K. Patro and F. Smarandache, The neutrosophic statistical distribution, more problems, more solutions,
Neutrosophic Sets and Systems, 12(2016), 73-79.

R. Sahin, Neutrosophic Hierarchical Clustering Algoritms, Neutrosophic Sets and Systems, 2(2014), 19-24.
M. Sahin, N. Olgun, V. Uluay, A. Kargn and F. Smarandache, A New Similarity Measure Based on
Falsity Value between Single Valued Neutrosophic Sets Based on the Centroid Points of Transformed
Single Valued Neutrosophic Numbers with Applications to Pattern Recognition, Neutrosophic Sets and
Systems, 15(2017), 31-48.

Carlos Granados, On Independence Nuetrosophic Random Variables



Neutrosophic Sets and Systems, Vol. 47, 2021 ‘

[29] A. Salama, A. Sharaf Al-Din, I. Abu Al-Qasim, R. Alhabib and M. Badran, Introduction to Decision
Making for Neutrosophic Environment Study on the Suez Canal Port, Neutrosophic Sets and Systems,
35(2020), 22-44.

[30] G. Shahzadi, M. Akram and A. B. Saeid, An Application of Single-Valued Neutrosophic Sets in Medical
Diagnosis, Neutrosophic Sets and Systems, 18(2017), 80-88.

[31] F. Smarandache, Neutrosophic Set a Generalization of the Intuitionistic Fuzzy Sets, Inter. J. Pure Appl.
Math., 2005, 287—297.

[32] F. Smarandache, Introduction to Neutrosophic Statistics, USA: Sitech & Education Publishing, 2014.

[33] F. Smarandache, Introduction to Neutrosophic Measure, Neutrosophic Integral and Neutrosophic Proba-
bility, Craiova, Romania: Sitech - Education, 2013.

[34] F. Yuhua, Neutrosophic Examples in Physics, Neutrosophic Sets and Systems, 1(2013), 26-33.

[35] M. B. Zeina, Neutrosophic Event-Based Queueing Model, International Journal of Neutrosophic Science
,6(1)(2020), 48-55.

[36] M. B. Zeina, Erlang Service Queueing Model with Neutrosophic Parameters, International Journal of
Neutrosophic Science, 6(2)(2020), 106-112.

[37] M. B. Zeina and A. Hatip, Neutrosophic random variables. Neutrosophic Sets and Systems, 39(2021),
44-52.

Received: Aug 15, 2021. Accepted: Dec 5, 2021

Carlos Granados, On Independence Nuetrosophic Random Variables



	1. Introduction
	2. Preliminaries
	3. Independence neutrosophic random variables
	4. Conditional expectation
	5. Conclusion
	Funding
	Conflicts of Interest
	References

