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Abstract

Neutrosophical probability is concerned with inequitable and defective topics and processes. This is a subset of
Neutrosophic measures that includes a prediction of an event (as opposed to indeterminacy) as well as a prediction
of some unpredictability. When there is no such thing as a non-stochastic occurrence, the Neutrosophic probability
is the probability of determining a stochastic process. It is a generalisation of classical probability, which states that
the probability of correctly predicting an occurrence is zero. Until now, neutrosophic probability distributions have
been derived directly from conventional statistical distributions, with fewer contributions to the determination of the
for statistical distribution. We introduced the Poission distribution as a limiting case of the Binomial distribution for
the first time in this study, and we also proposed Neutrosophic Exponential Distribution and Uniform Distribution
for the first time. With numerical examples, the validity and soundness of the proposed notions were also tested.

Keywords: Neutrosophic Statistics, Poisson,Uniform,Exponential, Probability distribution.

1.Introduction

The classical probability distributions only work with data that is given to them. The study of classical distributions
with uncertain values, as well as distribution factors such as time intervals, is aided by this research. Neutrosophic
probability distributions are the name given to these distributions. Prof. Florentin Smarandache proposed
neutrosophic statistics for the first time in 1995. This is frequently presented as a novel area of philosophy,
described as a generalisation of formal logic[1] and an extension of the intuitionistic fuzzy logic that underpins
intuitionistic logic[2]. The core notions of Neutrosophic set, as described by smarandach in [3,4,5,6] and salama et
al. in [7,8,9,10], provides a new framework for handling indeterminacy data concerns. The indeterminacy data can
be numbers, and Neutrosophic numbers are well-defined in [11,12,13,14,15,16].
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In this paper, we demonstrate how the Neutrosophic crisp sets theory [17,18] is prone to cater to difficulties that
follow classical distributions while still containing data that isn't precisely described. This paves the way for dealing
with issues such as whether a specific sort of data can hold all of the information it was created to hold. When
classical distributions are extended to be compatible with neutrosophic logic, the parameters of the classical
distribution take on indeterminate values. This aids in dealing with any situation that may emerge while working
with statistical data, particularly unclear and incorrect data. In 2014, Florentin Smarandache [19,20,21] supplied
both the Neutrosophic and Neutrosophic natural distributions.

In this paper, we proposed Poisson distribution as a Limiting case of Binomial distribution ,exponential
distribution and uniform distribution on Neutrosophic numbers with illustrative example for the first time.

The remainder of the paper is laid out as follows. Basic definitions have been supplied in section 2 to aid
comprehension. In section 3, neutrosophic Poisson distribution is proposed as a limiting case of neutrosophic
Binomial distribution. In section 4, one real world problem is solved using the proposed concept. In Section 5
Neutrosophic exponential distribution proposed. In section 6 application problem of Neutrosophic exponential
distribution were discussed, In section 7 Neutrosophic Uniform distribution proposed and in section 8 application of
Neutrosophic uniform distribution were discussed. In section 9, we conclusion of this work is given.

2.Basics Definition

For a better understanding of the proposed notion, we offered basic concepts of neutrosophic statistical distribution
in this part.

Neutrosophic Statistical Distribution:[3]

When we repeat the experiment N = 1times, the Neutrosophic binomial random variable X' is determined as the
number of successes. The Neutrosophic binomial probability distribution is also known as the Neutrosophic
probability distribution of 'x'.

Neutrosophic Binomial Random Variables: It is marked as 'x' and is determined as the number of successes when
we repeat the experiment N 21 times.

Neutrosophic Binomial Probability Distribution: Neutrosophic probability distribution is the name given to the
Neutrosophic probability distribution of 'x'.

Indeterminacy: It is not constrained by the findings of experiments (Successes and Failures).

the {0.1.2....n}

Indeterminacy Threshold: It's the amount of trials when the outcome isn't known where
Let Prob(S) =The probability of success of a given trial
Prob(F) = The probability of a given trial leads to failure, for the two S and F different from indeterminacy.

Prob(l) = The probability of a particular trial results in an indeterminacy.

xe{0,1,2..n},NP={T,1,F,}

For example: for X1oxrx

Tr,: Chances of 'x' success, (n-x) failures, and indeterminacy, with the number of indeterminacy equal to or less
than the threshold of indeterminacy.
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n —
Falx : Chances of ‘y’ success, with Y#X and ( y) failures and indeterminacy is less than the indeterminacy
threshold.

IndX: Indeterminacy probabilities for 'z', when 'z’ is strictly bigger than the indeterminacy threshold.

Tr, +Ind, + Fal, =(Prob(S)+Prob(l)+Pr ob(F))n

For complete probability, /" OP(S)+Prob(l)+Prob(F) =1,

For incomplete probability, 0<Prob(S)+Prob(l)+Prob(F)<1;

For paraconsistent probability, 0 < PT0P(S) +Prob(1) +Prob(F) <3;

Tr,=— = Prob(S)*.> C¥, Prob(l)* Prob(F)™**
x!(n — x)! oy
Now

Tr =1 Prob(S) Z PrOblE'lgnF_’f;E(kF))” -

Equ(1) implies the Truth membership function of Neutrosophic Binomial Distribution.

n

Ind, = >, ——— (n )1 Prob(1)’ {ZC Prob(S)ZProb(F)"Zk}

z=th+1 Z:

n

Indx = Z l(nn—lz)lprOb(|)z|:§&prob(s)k Prob(F)”‘Z‘k}

2=th+ Z k=0 k!(n—z—k)!
n 1 n-z k n-z-k
Ind, = Z &.Prob(l)z. Z Prob(S)" Prob(F)
i 2! k=0 k!(n—z—k)!
.............................. 2)
Equ(2) implies the Indeterminacy of Neutrosophic Binomial Distribution.
n n 1 th k n-y-k
Fal =>'T, zzi Prob(s)’ >’ Prob(l)” Prob(F)
y=0 y=0 yl k=0 kl(n_y_k)'
y#X y#X
.............................................................. 3)
Equ(3) implies the Falsity of Neutrosophic Binomial Distribution.
ul

Where CL‘J' means combinations of ‘u’ elements taken by groups of v elements: Cl\f = ﬁ
viiu—-v)!
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Score Function of a single valued neutrosophic number:[11]

The score function of the single valued Neutrosophic number b = (t (b) J (b), f (b)) can be communicated as

1+t(b)— f (b)
2

follows: S(b) = for s(b) e [0,1]

3. Neutrosophic Poisson Distribution (NPD) - Limiting case of Neutrosophic Binomial Distribution (NBD)

In this section, we proposed NPD as a limiting case of NBD under single valued neutrosophic environment.

The Neutrosophic Binomial probability distribution is a law of success, indeterminacy and failure and in a series of
n’ independent trials is defined in Equation (1)-(3)

Neutrosophic Binomial Distribution under limiting case of Poisson distribution when

0] ‘n’ is indefinitely large (i.e.,) N —> o©
(ii) P(S),P(1),P(S) is very small when P(l),P(F),P(S) tends to zero.
(iii) np = A (afinite quantity)

By the definition of neutrosophic Binomial distribution truth membership of is given in Equ(1) as follows

Moy . o) T

The truth membership function of NPD can be deterned using Eqgn (1).:

Tr = A(S)" tzh:n (n-1)(n-2).......... (n—k—x—1)(;b(|:)]k [1_@jn—x—k

n n

g [ - (1_(k+:1)ﬂ(”’(F)f oy

n n

i n—x—k
Since [n—wo&lim(l——j :e_ﬂ:l
N—o0 n
th */1(|)k/1(|:)

= AS) Z
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which is the truth membership of a NPD.

Using Egn (2) indeterminacy of NPD can be determined as follows:

Ind, = A(1)? tzh““ (N=)(n=2).....c.. (n—k—z—1)(/1(s))k(1_/1(F))“Zk

n n

l n-z-k
Since {n%w&lim[l——j =e“}
nN—o0 n

nd, = 3 4y §e— 260

=il k=0 R )

The falsehood membership function of NPD can be defined as follows using Eqn (3).

o — [Hk:‘l)ﬂ 0

ﬂ, n-y-k
Since n—)oo&limﬂl——j —e*
nN—o0 n

Fal, :A(S)Vtzh:nk {(

th e—l(l)k/l(F)k

Fal, :zl(S)yz "
ﬁg k=0 ST RP (6)

Therefore the neutrosophic poisson distribution can be determined as

-yt - 3B e Sy e AE

z=th+1 k=0 k!
y¢x

4. Application of the neutrosophic poisson distribution:
In this section, we used [23] to apply the proposed notion to a real-world problem.

The atoms of a radioactive element disintegrate at random. Every gramme of this element emits between [0.4-0.9]
alpha particles per second on average. When the indeterminacy threshold is reached during the next second, the
probability of the number of alpha particles emitted from one gramme is exactly two, as shown below using the
proposed NPD.

Solution:
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A(S)=04
Given data: /1(I)=0.6 ;
A ( F ) =0.9
x=2k=2
From Equ(4) the formula for Neutrosophic truth membership function is given by

th *ﬂ“)k/l(F)

= A(S)" Z

2 g 00 09)
= (0.4)°
P

Tr, =0.75

From Equ(5) the formula for Neutrosophic truth membership function is given by

th —i(l)k

y:tx

) 2 e—o 6k (Og)k
=(0.4) kZ(; "
Fal, =0.52

From Equ(4) the formula for Neutrosophic truth membership function is given by

ind, - 3 2y S 2L

z=th+1
n 2, ¢70%(0.4)"
= 06—/
z;hﬂ( ) k=0 kl
Ind, =0.25
(Tr,.Fal,Ind,)=(0.750.52,0.25) ........c..cc......... %

Therefore from Eqn.(7) we applied all the values in [11] we get,
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1+0.75-0.52

S(b) = 5

S(b) =0.615

As a result, the probability that 1 gm will produce 0.615 alpha particles in the following second is 0.615.

5. The Neutrosophic Exponential Distribution (NED):

In this section, we proposed NED’s density function for Truth membership function, Indeteminacy and also for
Falsity. Also proposed mean and variance of NED, and their Distribution function.

Definition:5.1

The Neutrosophic Exponential Distribution (NED) is a generalisation of the traditional exponential distribution. It
can process any type of data, including non-specific data. The density function of NED is written as follows:

Table 1:

Density function for Neutrosophic Exponential Distribution(NED)

Truth Membership Indeteminacy Falsity

fNeu (Tx (X)) = ﬂ’Neu (TX (X))e_(ANeU(TX(X)))X fNeu ( Ix (X)) = ﬂ’Neu ( Ix (X))e_(ANeU(IX(X)))X fNeu (Fx (X)) = ﬂ’Neu (Fx (X))e_(ANeu(Fx(X)))X

Where ‘x’ is a Neutrosophic random variable

Aneu (Tx (X)) - Truth membership function’s distribution parameter.
ﬂ,Neu ( |X (X)) - Indeterminacy membership function’s distribution parameter.

ﬂNeu ( FX (X)) - Falsity membership function’s distribution parameter.

Properties of NED:

Table 2:
Truth Membership Function Indeterminacy Falsity
Expected Value for 1 1 1
NED: E(T)=—~—— E(l)=—F"— E(F)=—
E (X) ZNeu (Tx (X)) ﬂ’Neu ( Ix (X)) ﬂ’Neu (Fx (X))
Variance for NED: 1 1 1
Var (T,) = Var(l,)= Var(F,)=
Var (X x 2 X 2 X 2
( ) (ﬂ“Neu (Tx (X))) ;i“Neu ( Ix (X))> (ﬁ’Neu (Fx (X)))

Table 3:
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Truth Membership . :
Function Indeterminacy Falsity
Distribution Function for NED: B (iNeu(Tx(X)))X) ( B (iNeu(lx(X)))X) ( B —(iNeu(Fx(x)))x)
N(F (T, 1, F.))=NP(X <x) (1 ¢ 1-e 1-e

6. Application of the neutrosophic exponential distribution:
We used the proposed notion in a case study problem from [21] with different intervals in this part.

Consider what amount of time it requires for a bank to end a client assistance's, which follows a dramatic dispersion
with a normal of one moment. Compose a thickness work, mean, change, and dissemination work for the time it
takes to end a customer's administration, and afterward propose the likelihood of ending a customer's administration
in the stretch [1,2] minute.

Assume that x: indicates the time necessary per minute to terminate the client's service.

The average ! =1; L :i=0.6667; ;=%=0.5

AT() A(L(9) 15 A(R.(x)

The probability density function NED:

From table 1:

Frew (T (X)) = Aneu (T, (X))e—(%(w»)X 03679
o (1 (X)) = Ay (1 (x)) & <00~ 0,3347

X

fNeu (FX (X)) = ZNeu (F (X))e_(iNEU(FX(X)))X =0.2707

From Table 2:
= ! =1Var = 1 =
o) e
E(IX) = m =0.6667 ;Var(lx) = (,1Neu (I:t (X)))2 =0.4444
E(FX)=;=O.5;Var(FX): ! > =0.2500

Anes (F. () (A (Fe())

There's a chance that the client's service will be terminated in less than 1,0.67,0.5 minute. :

From Table 3
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Neu(F (T, )) = Neu(P(X <x)) = Neu(P(X <1))= (1—e‘“Neu<Tx<x)))x) ~0.63
Neu(F (1,)) = Neu(P(X <x)) = Neu(P(X <1)) =(1—e“~eu<'x<x>>)x) ~0.4883

Neu(F (F,))=Neu(P(X <x))=Neu(P(X <1)) :(1—e‘(‘NE“(F*(X)))X) ~0.39

Probability that the client's service will be terminated in less than a minute:

Neu(F (T,))=Neu(P(X <x))= (1—e‘““e“(“(*)))*) = (1-eousk)

That is, the likelihood of terminating a client's service in less than a minute ranges between 0.085 and 0.085 when

we use the numbers in [11].

Probability that the client's service will be terminated in less than 1.5 minutes:
Neu(F (1,))=Neu(P(X <x))= (1—e‘“Neu('x(X)))X) = (1-etosions)

When we utilise the numbers in [11], the probability of terminating a client's service in less than 1.5 minutes ranges
between 0.2111 and 0.2111.

Probability of terminating a client's service in under 2 minutes:

Neu (F (F

X

)) = Neu ( P ( X < X)) - (1_ e‘(/lNeu(Fx(X)))x) _ (1_6_[0.5,1.5]2)

When we apply the figures in [11], the probability of terminating a client's service in less than 2 minutes ranges
between 0.435 and 0.435.

7. Neutrosophic Uniform Distribution (NUD):

In this section, we proposed NUD’s density function for Truth membership function, Indeteminacy and also for
Falsity. Also proposed mean and variance of NUD.

Definition:7.1
The numeric value of a continuous variable is its numeric value. Although X is a conventional Uniform distribution,

the distribution parameters an or b, or both, are untrustworthy. For example, a' or 'b," or both," are sets of two or
more components having a< b, and we can use NUD to stand for Truth Membership, Indeterminacy, and Falsity.

K, a(T,)<b(T,)

The following is a NUD definition that has been offered.: f (TX) = {0 herwi
otherwise

Since the total probability always unity
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b(T,)

f (T, )dx=1
a(Ty)

b(Ty)
= j Kdx =1

a(Ty)

b(T,)
[ K ]a(TX) =1
K = 1

Density function of NUD for Truth Membership function is given by
1
frew (Te) = for a(T, ) <b(Ty ). ()

b (Tx ) - a(Tx )
Similiarly we propose NUD for Indeterminacy

1
fNeu(lx)=ﬁfor a(lx)<b(lx) ....................... (9)

Also we propose NUD for Falsity function

fNeu (Fx):

Mean of a NUD:

Mean for NUD for Truth Membership function is given by
o) b(T,)-a(T
E(T,)= (‘[)f(TX)dx:%(X) ..................... (11)
a(T,

Mean for NUD for Indeterminacy is given by

o) b(1,)-a(l,)

E(L)=| f(lx)dx=+ ............................. (12)

a(T,)

Mean for NUD for Falsity is given by

Variance of NUD:

Variance of NUD for Truth Membership function is given by
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(b (Tx ) B a(TX ))2

12

Var (T,) =

Variance of NUD for Indeterminacy is given by

(b(IX)_a(Ix))Z

12

Var(l,)=

Variance of NUD for Falsity function is given by

(b(F,)-a(F,))

Var (F, )=

12

8. Application of the neutrosophic Uniform distribution:

We used the proposed notion in a case study problem from [21] with different intervals in this part.

The station official explained that assuming 'x; is a variable that denotes a person's waiting time for a passenger's

bus (in minutes), the bus arrival time is not mentioned.:

1-the bus arrival time is: either now or in 5 minutes [0,5] or in 15-20 minutes [15,20], then

2- the bus arrival time is: either now or in 5 minutes [0,5], or in 20-25 minutes [20,25], then

3- the bus will arrive in either 5 minutes [0,5] or 25-30 minutes [25,30], depending on when you arrive.

Here a(T,)=a(l,)=2a(F,)=[0,5]

b(T,) = [15, 20];
b(1,)=[20,25];
b(F,)=[25,30];

Then the density

Density function of NUD for Truth Membership function is given by

From Eqn(8)= fy, (T, ) =

Density function of NUD for Indeterminacy is given by

From Eqn(9)= fye, (15)

Density function of NUD for Falsity function is given by

From Eqn(10)= f, (FX) =

b(F,)-a(F.) [25.30]-

1 1 1
o(T,)-a(T,) {520 05 [015] 000
1 1 1 [0050067]
b(1,)-a(l,) [20.25]-[0,5] [1520] 2 [0.025,0.033]
: = = L__ [0.04,0.05]

[0,5] [20,25]
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Mean of the bus arrival time 15-20 minutes is given by

b(T,)-a(T,) _[15,20]-[0,5] _[10,15] _[0.067,0.1]
2 2 2

E(T,)= ~[0.0335,0.05]

Mean of the bus arrival time 20-25 minutes is provided by

£(1)= b(IX);a(IX) _ [20,25]2 —[0,5] _ [15,220] _[o.05, ;).067] [0.025,0.0335]

Mean of the bus arrival time 25-30 minutes is provided by

b(F,)-a(F,) _[25,30]-[0,5] _[20,25] _[0.04,0.05]

E(F )= =10.02,0.025
Variance of the bus arrival time 15-20 minutes is given by

b(T,)-a(T,))" [o. 5
From Eqn(14)= Var (TX) = ( ( X) a( X)) = [0 0335.0 5] = [0.000093,0.0208]

12 12
Variance of the bus arrival time 20-25 minutes is given by
(b(1,)-a(1,))" [0.05,0.067]

From Eqn(15)= Var(IX) = . B L= [ ' ’12' ] = [0.000208,0.000374]
Variance of the bus arrival time 25-30 minutes is given by

b(F,)-a(F,)) [0.04,0.05]
From Eqn(16)= Var(FX) = ( ( X) a( X)) = [0 04,0 05] = [0.000133,0.000208]

12 12

9. Conclusion

Classical probability solely considers determinate data, but neutrosophic probability considers indeterminate
data with varying degrees of indeterminacy. Hence in this paper, we proposed many of the standard distribution
called Poisson distribution as a limiting case of Binomial distribution,NED,NUD under neutrosophic environment.
Also, using the proposed concept probability value has been obtained for a real world problem. In future,
probability distributions may be proposed under different neutrosophic environment.
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