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Abstract

Data could be uncertain, and the levels of precision of data are intuitively different. Neutro-
sophic set expressions are considered an alternative to represent imprecise data in such cases.
In this paper, a general definition of neutrosophic conditional probability is introduced as
a generalization of the classical conditional probability. Additionally, the properties of this
neutrosophic conditional probability are presented. The concepts of joint distribution function,
regular conditional probabilities, marginal density function, expected value, and joint density
function in the classical type are generalized to a neutrosophic type with two discrete and
continuous neutrosophic random variables. Various properties and examples are presented to
demonstrate the significance of this study.
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1. Introduction

Crisp is the most important requirement in classical mathematics, whereas real problems
involve uncertain data. Thus, the solution to these problems involves the use of mathematical
principles based on uncertainty (not crisp). Therefore, many scientists and engineers have
been interested in uncertainty modeling to describe and debrief useful information hidden in
uncertain data. To help them deal with this uncertainty, numerous theories such as the fuzzy
set theory [1]], intuitionistic fuzzy set theory [2f], rough set theory [3]], and neutrosophic set
theory [4)5] have been proposed in recent years.

Smarandache proposed the theory of neutrosophic logic as a general framework for the
unification of many existing logics, such as the intuitionistic fuzzy logic. This theory aims to
be a new mathematical tool for handling problems involving imprecise, indeterminant, and
inconsistent data. The main idea of neutrosophic logic is to distinguish each logical statement
in a three-dimensional neutrosophic space, wherein each dimension of the space represents
the truth 7', falsehood F’, and indeterminacy I of the statement under consideration.

The neutrosophic probability given by Smarandache [6], which is a generalization of the
classical and imprecise probabilities in which the chance that an event A occurs is t% true -
where ¢ varies in the subset T', ¢% is indeterminate - where ¢ varies in the subset I, and f% is
false - where f varies in the subset F'. In addition, if n,,, < 1 is in classical probability, then
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nsup < 37 is in the neutrosophic probability. Moreover, the
probability of an event is a subset 7" in [0, 1] in imprecise prob-
ability, not a fixed number p in [0, 1] and the opposite subset F'
from the unit interval [0, 1]. There is no indeterminate subset I
in the imprecise probability.

Although the neutrosophic probability theory is one of the
most important tools and has applications in real life, it has not
received significant attention. However, it has been the focus
of some studies. For more information about neutrosophic
probability, see [6H8]].

In 2003, Smarandache [9]], for the first time, introduced
the notions of neutrosophic measure and neutrosophic inte-
gral. Neutrosophic measure is a generalization of the classical
measure when the space contains some indeterminacy, and the
neutrosophic integral is defined on the neutrosophic measure.
Hanafy et al. [10-13]] studied the correlation coefficient under
uncertainty. Thereafter, Salama et al. [14]] in 2014, introduced
and studied the concepts of correlation and correlation coeffi-
cient of neutrosophic data in probability spaces and some of
their properties. In addition, they introduced and studied the
neutrosophic simple linear regression model and provided a
possibility of its application to data processing. By applying
the neutrosophic probability in physics, Yuhua [[I5] in 2015,
determined the neutrosophic probability of accelerating the
expansion of the partial universe. Some problems and solu-
tions related to the neutrosophic statistical distribution, given
by Patro and Smarandache [[16] in 2016 and Smarandache et
al. [17] in 2017, used proportional conflict redistribution rule
number 5 (PCRS5) to combine the information of two sources
providing subjective probabilities of an event A occurring with
a chance that A occurs, an indeterminate chance that A occurs,
and a chance that A does not occur. Likewise, in 2017, Guo
et al. [[18]] proposed an evidence fusion method based on neu-
trosophic probability analysis in the DSmT framework. They
also introduced some basic theories, including DST, DSmT,
and the dissimilarity measure of evidence. Consequently, in
2017, Gafar and El-Henawy [19] presented a framework of ant
colony optimization and entropy theory and used it to define a
neutrosophic variable from concrete data. In their paper, they
exhibited the incorporation of a hybrid search model amongst
ant colony optimization and information theory measures to
demonstrate a neutrosophic variable. Taking a new step to-
wards the study of neutrosophic probabilities in 2018, Alhabib
et al. [20] introduced and studied some neutrosophic proba-
bility distributions by generalizing some classical probability
distributions such as the Poisson distribution, exponential dis-
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tribution, and uniform distribution to the neutrosophic type.
Subsequently, in 2019, Alhasan and Smarandache studied the
neutrosophic Weibull distribution and the Weibull family along
with the relationship of the functions with the neutrosophic
Weibull—such as the inverse Weibull, Rayleigh distribution,
three-parameter Weibull, beta Weibull, five Weibull, and six
Weibull distributions under the neutrosophic case. A general
definition of neutrosophic random variables was introduced by
Zeina and Hatip [21] in 2021. They studied the properties of
this concept and generalized the probability distribution func-
tion, cumulative distribution function, expected value, variance,
standard deviation, mean deviation, rth quartiles, moment gen-
erating function, and characteristic function from crisp logic
to neutrosophic logic. In this paper, as a generalization of the
classical conditional probability, we introduce a general defini-
tion of neutrosophic conditional probability and its properties.
In addition, we will generalize, from the classical type to the
neutrosophic type, the concepts of joint distribution function,
regular conditional probabilities, marginal density function, ex-
pected value, and joint density function. We do this using two
neutrosophic random variables, discrete and continuous. The
significance of this study is demonstrated by providing numer-

ous properties and examples.

2. Preliminary

In this section, we recall the definitions that are related to this
work. The neutrosophic set, neutrosophic probability, and neu-

trosophic random variables are defined.

2.1 General Definitions

Definition 2.1 [4/5]. Let X be a non-empty fixed set. A
neutrosophic set A is an object having the form

{LE, (,U'A(m)véA(m)vpyA(I)) HEAS X}a

where 114 (2), 04(x), and 4 (x) represent the degree of mem-
bership, degree of indeterminacy, and degree of non-membership,

respectively, of each element = € X to the set A.

Definition 2.2 [7]]. Classical neutrosophic number has the
form a + bI where a, b are real or complex numbers, and I is
the indeterminacy, such that 0./ = 0 and 12 = I, which results
in I"™ = [ for all positive integers n.

Definition 2.3 [9]. The neutrosophic probability of an event
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A occurring is
NP(A) = (ch(A), ch(neutA), ch(antiA)) = (T, 1, F)

where T, I, F" are standard or nonstandard subsets of the non-

standard unitary interval.

2.2 Neutrosophic Random Variable

A neutrosophic random (stochastic) variable is subject to change
due to both randomness and indeterminacy, while the classical
random (stochastic) variable is subject to change only due to
randomness. The values of this variable represent the possi-
ble outcomes and possible indeterminacies. Randomness and
indeterminacy can be either objective or subjective.

Definition 2.4 [9]]. A neutrosophic random variable is a vari-
able that may have an indeterminate outcome.

Definition 2.5 [9]. A neutrosophic random (stochastic) pro-
cess represents the evolution of some neutrosophic random
values over time. This is a collection of random neutrosophic
variables.

Definition 2.6 [21]]. Consider the crisp random variable X,
having a real value, which is defined as follows: X : Q) — R,
where ) is the event space. We define the neutrosophic random
variable X as follows: Xy : Q@ - R(I)and Xy = X + 1
where [ is indeterminacy.

Definition 2.7 [21]. Consider the neutrosophic random vari-
able Xy = X + I, where the CDF of X is Fix(z) = P(X <
x). Then, the PDF and CDF of the neutrosophic random vari-
ables are defined as follows:

1. FXN(J?) :Fx(x—l),

2. fXN(SU) = fX([L' — I)

Definition 2.8 [21]]. Consider the neutrosophic random vari-
able Xy = X + I, where the CDF of X is F'x(z) = P(X <
z). Then, the PDF and CDF of the neutrosophic random vari-
ables are defined as follows:

1. FXN(I'):F)((‘T*I),

2. fXN(Qi) = f_)((:E — I)

Definition 2.9 [21]]. Consider the neutrosophic random vari-
able Xy = X + I. Its expected value is defined as follows:
EXy=EX)+1I

Proposition 2.1 [21]]. Properties of the expected value of a
neutrosophic random variable.

www.ijfis.org

1. E(aXy +b+cl)=aE(Xy)+b+cl,a, b, c€R,

2. If X and Yy are two neutrosophic random variables,
then E(XN + YN) = E(XN) + E(YN),

E(bIXy) = aBE(Xy) +bIE(Xy), a, b € R and

4. |E(XN)| = E[Xp|.

Definition 2.10 [|21]. Consider the neutrosophic random vari-
able Xy = X + I. Then, its variance is equal to X’s variance,
ie, VXy =V (X).

3. Neutrosophic Conditional Probabilities

Smarandache [9] discussed neutrosophic conditional probability
by comparing it with classical probability. In classical probabil-
ity, if A and B are independent events, then P(AgivenB) =
P(A). This is similar to neutrosophic independent events, i.e.,
NP(AgivenB) = NP(A). Additionally, in classical proba-
bility, the Bayesian rule is

P(A)

P(A|B) = P<B|A>P§B),

where the neutrosophic Bayesian rule is
NB(A|B) = (ch(A|B), ch(indeterm a|B), ch(A|B)).

In this section, we introduce the concepts of the neutrosophic
distribution function, neutrosophic regular conditional probabil-
ities, and neutrosophic marginal density function. The proper-
ties of these concepts were proved, and some examples were
obtained.

Definition 3.1. Let (2, 3, P) and let (X, Y") be two-dimen-
sional real random variables whose distribution function is
given by Fxy(z,y) = P(X < z,Y < y). Then, we define

the neutrosophic distribution function as

FXNYN<x7y) :P(XN < $>YN < y)
=P(X+1<2Y+I<y)
—P(X<z-1Y <y—1I).

Definition 3.2. Let R? be a completely separable metric
space. Then, there exist regular conditional probabilities. Now,
given the sub o — algebra o(X) or o(Y') and the related con-

ditional distribution function denoted by
Fxy (@[{w:Y =y}), Fy/x (y{w: X =x}),

Neutrosophic Conditional Probabilities: Theories and Applications | 80
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the neutrosophic regular conditional probabilities are defined as

F[X/Y]N(aj_ﬂ{w—I:YN:y—]})’
Fy/xivn(y=I{w—1: Xy =z —1}).

Remark 3.1. Let f(z, y)AzAy+o(z,y, AzAy) = Pz <
X < z+ Az,y <Y < +Ay), then this equation can be
rewritten as follows:

fle—Ty—DA(@@—-1)A(y—1I)
+o(zr—ITLy—I,A(x—1),A(y—1))

=Plx—-I<Xy<z—I+A(x-1I),
y—I<Yy<y-I+A(y-1I)),

whereo(z —I,y—I,A(x —I),A(y — I)) — O for A(x — 1),
A(y = 1) = (0,0).
For the neutrosophic marginal density function of X,
fXN(Z'—I)A(SU—I) +5(SU—I7A((E—I))

=Pla—I<Xy<z—I+A(x—-1))
st o(x—I,A(x—1)) =0 for A(x—1)— 0,

where fx, (x —I)= [ f(z—1,y—1)dy.
R
Now,

P(y—I<YN<y—I+A(y—I)\
r—-I<Xy<z—-I+A(x-1))
<fxyN(x—Ly—I)A(w—I)A(y—f) )
t+olx—ILy—IL,A(x—1),A(y—1))
fxy@—DA(x—-I)+o(x—I[,A(x—-1)) °

Letting A (x — I) tend to 0, we have
li Ply—I<Yyn<y—-I+A(y—1
Al Py T<¥Yy<sy—I+AWy-1)
r—I<Xy<z—I+A(x—-1))
_fXYN<x_I’y_I>

This relation shows that the function

is the neutrosophic conditional density of Y given X . Simi-

larly, the neutrosophic conditional density of Xy given Yy is
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calculated by

 Ixyy =1,y —1I)
fXN/YN(x_I‘y_I)_ fYN(y_I)

Following are some theorems related to expected value of a

neutrosophic random variable:

Theorem 3.1 (Linearity expected of two neutrosophic ran-
dom variables).
E(XN+YN) :E(X)+E(Y)+21.

Proof. Case 1: Continuous

E(XN +YN)
=FE(X+1I+[Y+1)

- / (X 41+ [V 1) v (w1, y— Ddady

XNYN

= [ X+ Dfxero~ Ly~ Disdy

XNYnN

+ [+ D fxale = Ly - Ddady
XnNYN

= / X fxyvy(@ =1y —Idzdy

XnNYN

+1 / fxnyn(@— 1,y —I)dxdy
XnYnN

+ / YfXNYN(x_Ivy_I)dmdy
XnNYN

+1 / fxnyn(@— 1,y —I)dzxdy
XnYnN

Case 2: Discrete

E(Xn+Yy)
=FE(X+1+[Y +1))

= Y (X+DN+ Y+ fxyvy@—Ty—1)
XNYN

Z ([X+I])fXNYN(z7]7y71)

XNYN

+ Z ([Y+I])fXNYN(:E _I7y_1)
XNYN

= Z XfXNYN(x_I?y_I)
XnNYN
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+1 Z fXNYN(Iflvyil)
XNYN

=+ Z YfXNYN('I_I7y_I)
XNYN

+1 Z fXNYN(x_I7y_I)
XnNYN

EX)+I+EY)+1I
=EX)+EY)+2I O

Theorem 3.2 (Multiplication expected of two neutrosophic
random variables).
E(XnYn)=E(XY)+IE(X)+IE(Y)+I°

Proof. Case 1: Continuous

E(XnNYN)
= EBE(X +1I][Y + 1)),

- / (X + I + 1) fxwya (@ — Iy — D)dady

XNYN
= / (XY +IX+IY +1] fx vy (x—1,y—I)dzdy
XNYN
= / XY fxyvy (@ — 1,y — Idxdy,
XNYN
+ [ IXfra - Ly Ddsdy
XNYN
+ / [IY]fXNYN(x_Iay_I)dxdy
XNYN
+ [ Provie-Ly-1),dedy
XNYn
= / XY fxyvy(x — I,y — Idzdy,
XNYn
+1 [ Xfxuv(o— Ly~ Ddudy
XNYnN

#1 [ Yoo - Ly Ddsdy
/ fxnyn(@—1,y—Ddxdy
=E(XY)+IE(X)+IE(Y)+ I

Case 2: Discrete

E(XNYN)

www.ijfis.org

— BE(X + 1][Y + 1)
Z ([X+I][Y+I])fXNYN(x_ I’y_l>

XNYN
= Y (XY HIX+HIYV+ ] fx vy (z—1,y—1I)
XNYN
= Y XYfxyw(@—Ly—1)
XNYN
+ Y IXfxyvyle—ILy—1)
XNYN
XNYN
+ Z szXNYN(zflvyij)
XNYnN
= Z XYfXNYN(‘r_I’y_I)
XNYN
+1 Y Xfxywy(@w—Ty—1)
XNYN
+1 Z YfXNYN(x_I7y_I)
XNYN
+12 Z fXNYN(x_I7y_I)
XNYN
= B(XY)+IE(X)+IE(Y)+ I°. N

In classical probability, F(X) = E(E(X\Y)). In the fol-
lowing theorem, we show that E(E(Xn\Yy)) = E [Xn].

Theorem 3.3. E(E(Xy\YN)) = E[Xn].
Proof. Case 1: Continuous
E(E(XN\YN))

. / E[Xn\Yy = y]F(Yy)dy
YN

- / EXy\Y =y — I)F(y — 1)dy

YN
_ / / (¢ — DFIXN\Y =y — |F(y — Idydz

Yy Xy

- o pFX=e—LY=y-1 N
_//( I T F(y - Idyd
Yy Xy
://(x—I)F[X:x—I,Y:y—I]dydx

Yy Xy
:/(x—l)/F[X:x—I,Y:y—I]dydx

XN YN

:/(x_I)F[sz—I]dsz[w—ﬂ

XN

Neutrosophic Conditional Probabilities: Theories and Applications | 82
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= E[Xy]. = /r(x,y)/P[X::c—I,Y:y—I]dxdy
Xn Yn
Case 2: Discrete
~ [ r@)PX =2 1) = Elr(a.p).
E(E(Xn\YN)) X
= Z EIXN\Yn =y|P{YN =y} Case 2: Discrete
YN
=Y EIXN\Y =y~ [IP{Y =y~ I} B(B(r(z,y)\Yx))
Y
" = Elr(z,y)\Yy = y|P{Yn =y}
=Y > (a-DPXy=2\Y=y-IP{Y =y—TI} .
Yn X
T _ _ =D Bl y)\Y =y~ [IP{Y =y - I}
P X=z—-1,Y=y—1I]
=YY D=y P =) Z
Y X =D rley)PIXy=2\Y =y~ 1|P{Y =y~I}
=Y (@-DPX=x-1Y =y-1] Yn Xn
YN X P X=x-1,Y=y—1I
o =2 e —pm—,p P¥V=v-1
=Y (@-D> PX=x-1Y=y-1I oy =Y
N YN :ZZr(x,y)P[X:ac—LY:y—I]
=> (¢ —DP[X =x—1I] = E[Xy]. - T Sn
o :Zr(x,y)ZP[X:x—I,Y:y—I]
Xn Yn
Theorem 3.4. For any two neutrosophic random variables = Z r(z,y)P[X =z — I| = E[r(z,y)]. O
X and Yy, assuming that expectations exist, we have that if X
r (z,y) is a function of x and y, then In classical probability, two discrete random variables X
and Y are independent if Pxy (x,y) = Px (x) Py (y), Yz, y.
Elr(z,y)\Yn] = E[r(z,y)]. Equivalently, the two continuous random variables X and Y are
independent if Fixy (z,y) = Fx (z) Fy (y), YV, y. Regarding
Proof. Case 1: Continuous this information and the definition of a neutrosophic random

variable, we can give the following definition:
E(E(r(z,y)\Yn)) o . , ,
Definition 3.3. Two discrete neutrosophic random variables
= / E[r(z,y)\Yny = y|P{YNn = y}dzx X and Y are neutrosophic independent if
YN
_ /E[r(:z:,y)\Y P =y D Pxyyy (#,y) =Pxy (z) Pyy (y)

=Px (z—I)Py (y—1I), Yz, y.

YN
= / / r(z,y) P[Xn =2\Y =y — ] Equivalently, X and Y are continuous, neutrosophic indepen-
Yv XN dent if
x P{Y =y — I}dydx
// ( )p[X:xf[’Y:y,]] Fxyvy (,y) =Fxy (z) Fyy (y)
= r(x
Y P{Y=y_1I} —Fx(z—I)Fy (y—1), Yz, y.
Yn XN
x P{Y =y — I}dydz Theorem 3.5. If X and Yy are two neutrosophic indepen-

_ / / r(a,y)PIX =2 — 1Y =y — Idyds dent random variables, then E(XyYy) = E(XN)E(Yn).

Yiv Xy Proof. Case 1: Continuous
= / r(x,y)/P[X =x—1Y =y — I|dzdy
Xn Yy E(XNYN)
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= E([X +I][Y +1I])

- / / (XY 1))y (2~ T, y—T)didy

XN YN

- / / (XY 1) (2~ )y (y—T)dcdy
XN Yy

- / X +1]fxy (2~ )dz / Y + 1wy (y — D)y
XN YN

= E(XN)E(YN).

Case 2: Discrete

E(XnYw)
= BE(X +1][Y + 1))
=N (X + DY + 1) fxpvn (@

XN YN

=3 (X + DY + 1) fxy (@

XN YN

=Y X+ Nfxy@=DD Y+ fyv(y—1)
XN

YN

—Dfyy(y—1)

= E(XN)E(YN). O

Corollary 3.1. If X and Yy are two discrete neutrosophic
independent random variables, then

PXN/YN(‘TiIkUiI):PXN(xil)'

Proof.
PXN/YN(J:—I|y—I) =PXy=zx—-1|Yyn=y—-1I)
7PXNYN(I*IJJ*I)

B Pyy(y—1)
_Pxy(x—I)Pyy(y— 1)

B PYN(y_I)

:PXN(I—I). O

Corollary 3.2. If X and Yy are two continuous neutro-

sophic independent random variables, then

Fxyiyy@—=1ly—1)=Fxy(x—1).
Proof.
Fxypw(@—1Ily—1)=F(Xy=xz—-I|Yn=y—1I)
 Fxyvyy(x—1,y—1)
B Fyy,(y—1I)
_Fxy(@—1)Fy,(y — 1)
B Fyy(y—1I)

www.ijfis.org

:FXN(J?—I). |

Corollary 3.3. If X and Yy are two neutrosophic indepen-
dent random variables, then

COUX NYN (XN, YN) =F [XNYN] —F [XN} FE [YN] .

Proof.
COUVX YN (XN, YN)

= E[(Xny — E[XN]) (YN — E[YN])]

= E[XnYN] — E[XNE[YN]]
— E[E[XN]YN] + E[E[XN]E[YN]]
= E[XnYn] — E[YN]E[XN]
— E[XN]E[YN] + E[XN]E[YN]
= E[XNYN] — E[YN]E[XN]
= E[XnYN] = E[XN]E[YN]. O

Remark 3.2. If X = Yy then

covxnyn (XN, XN)
= E[XnXN] - E[XN] E[XN],
= E[Xn®] - (B[XN])* = Var (Xn).

Corollary 3.4. If Xy and Y} are two neutrosophic indepen-
dent random variables, then

VCL’I“XNYN (XN =+ YN)

=Var(Xn)+ Var (Yn) —2Cov(Xn,Yy).

Proof.
V(J/I’XNYN (XN + YN)
=F _(XN + Yy 7E[XN +YN])2]
—E|[(Xn+Yy—E[Xy] - E [YN])Z}

=F

(
_E [(<XN ~ B[Xx]) + Yy — E[Yw]))’]
(Xn = E[Xn]) + (Vi - B [Yn))?

—2(Xn = E[XN]) (Vv — E[YN])]
=Var(Xn)+Var (Yn) —2Cov(Xn,Yn). O

XN —

Example 3.1. Let X and Y be random variables with a prob-
ability density function as follows (Figure 1):

fxy(@y) =2 +2y% 0<z<1,0<y<1.
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g =0
K =03
=05
H 1=0.7
B =1

Figure 1. Simulation of fx v (2, y) in Example 3.1| with different
indeterminacy 1.

We can then write a joint neutrosophic density function as
follows:

ForO<z—-I<1,0<y—1<1,

fXNYN(x7y) = fxy(ZZJ—I,y—I)
=@-1)"+2y-1)?
=a2? =2z + I* +y* — 20y + I?,

where I <z <1+, I<y<l1l+41.
To prove that the density function fxy (x,y) is the joint neutro-

sophic density function:

1+11+1

/ I/fXNYN (z,y)dxdy

I
141141

::/‘/{@—If+2@—IfLM@

3
_ [(1_31) + 21y —I)ﬂ) dy
I

([%+2(L+D(y—ff}—[ZHy—If}>dy

214D (y—17° 20@w-11\ "
3 B 3

S
| —
—
—_
+
~

y+2(1+ D -1 -2y -17°])
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:%[<O+J)+2a+j)u+I—IP—2H1+I—If)

~(1+20+ DU -1’ —21(1 - 1)*)]
:%u+1+2+2f—ﬂ—1p:§u+ﬂ=1.

We can find the marginal fx , (z) neutrosophic density function
as follows:
141

Fxn () = / Sy (@ y)dy

e
= / [(x—[)2—|—2(y—1)2} dy
T

1+1
20y — I)°

=(z =12
(@ = 1)y + =3

/ [(x—1)2+§] dzx
I
r 1+1
B @-Iﬁ+2x
N 3 3
L I
(1+I-1)7° 2 (I—1)°
3 34D 3
12 2
=420+ D| - |=1
5+500] =[5
12 2. 1 2 2 2
= = IRy § Sy e g
gtgtl—gl=g+3+30-3
_1i 2
=3+3=

We can also find the marginal fy, (z) neutrosophic density
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function as follows:

1+71

ny(y):/fXNYN(x7y)dx
Lo

= [ [@-07+ 20~ 1] dy

141

3
_ [(—f) 2y m]

3
I

(1+1-1)°

3 +2(y— D’ (1 +1)

(1-1y°
3

+2(y — I)ZI]

= [; +2(y —I)* +2(y — 1’1 — 2(y — 1)21}

1 2
=—+2(y—1)".
3 T2y —1)

To prove its PDF, let fy, (z) = 3 + 2(y — I)*. Then

1417 1+7 1
/ny(y)dy:/ {3+2(y1)2} dy
I I
141
1 (=1
= | — 2 7
3V 3
I
1 (1+1-1)7°
s+ 42
gD+ 3
1 (I-1)y>*
Y
33 1
1 1. 1. 2
= | — — —71 —
[3+3 3 +3]
1 2
= [ — —_ :]_
5+3)

Example 3.2. Let X and Y be random variables with a prob-

ability density function as follows (Figure 2):

Pxy(z,y) = ¢' ?p* z < y.

Then we can write a joint neutrosophic density function as

follows:

Pxyvy(z,y) =Pxy(x—L,y—1)=¢q
r—I<y—-1

www.ijfis.org

y—I—2

p

2
’

L ]
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®
/
»
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|
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~oooo
~N O W

-
HEENEHBN

Figure 2. Simulation of Px v, (2, y) in Example[3.2] with different
indeterminacy I where P = 0.3.

We can find the marginal Py, (x) neutrosophic density function

as follows:

PXN(xay)
=P X=z-1
[e'S)
— Z qy—I—2p2
y=z+1
)
:p2 Z qy7172
y=z+1
_ p2qz+1—1—2 +p2qw+2—1—2 +p2qa:+3—[—2 4o
=p’¢" " T (l+q+FP++..)
1
:qum—l—Il ~ :pqm—l—l7 T = I—l— 1,I+2,

To prove its PDF, let quwflfll—iq =p¢= Ve =T+1,
I+2,.... Then

>
pqxflfl

rx=I+1

o0
=p Z qx—l—I

rx=I+1

=p
=p(¢"+q" +a*+..)
=p(l+q+a*+4¢*+..)
__r 4

1—¢

We can also find the marginal Py, (z) neutrosophic density

function as follows:
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:p2 Z qy7172

rx=I+1
:(y—2—I)p2(q)y_2_I; y=2+1, 3+1, ...

To prove its PDF, let Py, (z) = (y — 2 — I)p*(q)¥ 21,y =
24+ 1,3+ 1,.... Then
> w-2-Dp*e)" !
y=I1+2

— (2 + J—9— ) ( )2+I—2—I
+B+1-2-Dp°(g)*t" !
+@+T—-2-Dp*(g)* 121 4

=(0p*(¢)° + (L)P*(9)" + (2)p ()
=p°q(1+2¢+3¢°+...) = 1.

4. Conclusion

Conditional probabilities are an important topic that contribute
to solving numerous everyday problems. Many researchers
have studied these probabilities under uncertain conditions. In
this paper, conditional probabilities are studied, for the first time,
under the neutrosophic theory. We introduced a neutrosophic
conditional probability as a generalization of the classical con-
ditional probability, and presented its properties. The concepts
of joint distribution function, regular conditional probabilities,
marginal density function, expected value, and joint density
function in the classical type are generalized with the neutro-
sophic type using discrete and continuous cases. Numerous
properties and examples are provided to demonstrate the sig-
nificance of this study. We suggest that researchers use these
results and apply them to bivariate distribution probabilities. We
also suggest expanding these results to the concept of n-valued

neutrosophic logic.
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