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Abstract: In this paper we have successfully constructed the literal neutrosophic
Kumaraswamy probability distribution. We mean by literal neutrosophic probability
distribution that parameters of the distribution and the values that the random variable
describing the distribution all take literal neutrosophic numbers of the form 8y = a +
bl ;1? =1 which differs from interval-valued neutrosophic probability distributions in
which parameters of theses distributions take the form 6y € [L, U]. We have derived the
neutrosophic form of the probability density function, cumulative distribution function,
statistical properties and maximum likelihood estimations of the parameters. Finally, a
simulation study is performed to show the efficiency of the estimators provided by the

neutrosophic MLE method.

Keywords: Literal Neutrosophic Numbers; Probability Distributions Theory; Maximum

Likelihood Estimation; Kumaraswamy Distribution; Simulation.

1. Introduction

Neutrosophic probability distributions from one point of view are a generalization of
the concept of crisp probability distributions and fuzzy probability distributions that allow

for the modeling of indeterminacy and uncertainty. In traditional probability theory,
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probabilities are assigned to events and are represented as real numbers between 0 and 1.
In neutrosophic probability theory, probabilities are assigned as a triplet of values (T, I, F)
where T represents the degree of truth, I represents the degree of indeterminacy and F
represents the degree of falsity. These values are used to model the degree to which an event
is certain, uncertain, or false [1-6,32-38].

From another point of view according to the fact that neutrosophic field of reals R(I)
is a generalization of the field of reals R, literal neutrosophic probability theory is another
way of generalizing crisp probability theory where each probability can be presented in the
form P =P, + P,1;P;,P, € [0,1],12 =1 [7-14].

Neutrosophic probability distributions can be used in a variety of fields such as decision
making, artificial intelligence, and data analysis, where traditional probability distributions
are inadequate to model the uncertainty and indeterminacy present in real-world systems.
[15-29]

The Kumaraswamy distribution [30] is a two-parameter continuous probability
distribution that is commonly used in Bayesian statistics, reliability theory and other fields.
The probability density function (PDF) of the classical Kumaraswamy distribution is
defined as:

f(x; a,b) = a b x* 1 (1—x%)P"1;x €[0,1] (1)

Where a and b are the shape parameters of the distribution, and they are both positive

real numbers. The cumulative distribution function (CDF) is given by:
F(x; a,b) = 1 — (1 —x%)P )

The Kumaraswamy distribution is a generalization of the beta distribution, in the sense
that the beta distribution is a special case of the Kumaraswamy distribution when a = b.

Many generalizations of the Kumaraswamy distribution were made to provide more
flexibility in modeling various types of data, and they are widely used in various fields.

It's worth noting that the Kumaraswamy distribution has some desirable properties
such as it is closed under convolution, it has increasing failure rate, and it has increasing
hazard rate. These properties make it useful for modeling various types of data in different

fields.
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In this paper, we are going to construct the neutrosophic form of Kumaraswamy
distribution and study some properties of it depending on the One-Dimensional AH-

Isometry.
2. Preliminaries

Definition 2.1 [7]

Let R(I)={a+bl;ab€eR,[>?=1} be the neutrosophic field of reals. One-
dimensional AH-isometry presented by Abobala and Hatip and its inverse are given by:
T:R(I) > R?: T(a+bl) =(a,a+b) 5)
T-L2R2>R(D): T Y (a,b)=a+ (b—a)l (6)

Note:

Let xy, ¥y € R(I) and T be the AH-Isometry, since T is an algebraic isomorphism then it

has the following properties:

1. T(xy+yn) =T(xy) +T(yy)
2. T(xy-yn) =T(xy) Ty

3. T is correspondence one-to-one.

Definition 2.2 [8]

Let f:R(I) > RU);f =f(xy) where xy=x+yl€R(I) then f is called a

neutrosophic real function with one neutrosophic variable.

Definition 2.3 [9]
Neutrosophic gamma function is a special function is defined by:

I(ay) =T(a) + I (a; +ay) —T'(a)};ay =a; +ayl 1> =1

Where:
r'(a) = f x4 e *dx ;a >0
0
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Definition 2.4 [9]

Neutrosophic beta function is a special function can be defined in one of the following

forms:

1

B(ay,by) = fxa,\,—1(1 — x)PNv"Ydx = B(ay, by) + {B(ay + ay, by + by) — B(ay, by}

0

_ I'(an)I(by)

_F(aN+bN) ,aN=a1+a21,b1+b21,12=1

Definition 2.5 [9,11]

A neutrosophic random variable is defined as follows:
Xy=X,+X,1;12=1,0-1=0 7)
Where X,Y are crisp random variables taking values on R.
Definition 2.6 [8]
Neutrosophic power of neutrosophic numbers is defined as follows:
(a + b = qf + [[(a + b)°*® — a] 8)
Definition 2.7 [10]

Let Xy = X1y, X2n, .., Xpv be a neutrosophic random sample of random variables, we call:
Ly = L(Xy;0p) = f(Xp; On) = 21 f (Xin; On) = L(X;01) + [LIX + Y; 0, + 0,) —
L0011 (9)

The neutrosophic likelihood function.

Definition 2.8 [10]

Let Xy = X1y, X2n, .., Xpv be a neutrosophic random sample of random variables, we call:
Ly = InL(Xy;0y) (10)

The neutrosophic loglikelihood function and we have:

Ly =L(X;0)+[LX+Y;0, +0;,) — L(X;0)]] (11)
4. Neutrosophic Kumaraswamy probability distribution

In this section we are going to construct the neutrosophic form of Kumaraswamy
probability distribution function, cumulative probability distribution function, statistical
properties and MLE estimations. Building this probability distribution and its properties

will be in an algebraic approach depending on the one-dimensional AH-Isometry.

Mohamed Bisher Zeina, Mohammad Abobala, Ahmad Hatip, Said Broumi, Sarah Jalal Mosa, Algebraic Approach to Literal
Neutrosophic Kumaraswamy Probability Distribution



128

3.1 Probability density function and cumulative distribution function

Definition 3.1

Neutrosophic Kumaraswamy probability density function is defined as follows:
fGens an,bw) = ay by 2y (1= 2g")"™ sy €[0,1] (12)
Where: xy = x; + x50, ay = a; + al,by = by + b1, 12 =11
Theorem 3.1
The neutrosophic formal form of (12) is:
fows awb) = ay by 27 (1= 2)"
+1[ (@3 + @) (by + by) (xy +22)™4%70 (1= (xy + ) Cate)) 027
—a, by 27 (1- xfl)bl_l] ix; € [0,1]& x; + x5 € [0,1]
Proof
T[f(xn; an, b1 =T [aN by xzc\l/N_l (1 - xlc\lIN)bN_ll
= TlayTlby IT[ g T [(1 = i)™ ']
= (ay, a1 + az)(by, by
+ b)) (T, (g + xp) Mt ((1 —x Pt (1—(x; + xz)a1+a2)b1+b2'1)
= (@ubyx (1= x)" 7 (ay + a3) by
+by) (g + x)% 271 (1 = (g + xz)a1+a2)b1+b2_1)
= (f(x1;a1,b1), f (%1 + x35a0 + @z, b1 + by) )
Taking T ':s
f(xn; ay, by) = alblel_l(l - xfl)bl_l
+ [(a1 +az)(by + by) (g + x5) 4% %271 (1 = (g + xp) P12 brtbe1
— a1 - 2) i
= f(x1;a1,b1) +1[f (1 + x3;a1 + az, by + by) — f(x1;a4, b1)]
Theorem 3.2
Equation (12) represents probability density function in classical sense.
Proof

We have:
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1 1
1
T U f(xn; an, by) de] = ff(xﬁ as, by)dx, :ff(x1 + X35 a4 + ay, by + by)d(x; + x3)
0
0 0

1

1
= falblel_l(l - xfl)bl_ldxpf(‘h + az)(by
0 0

+by) (g + x2) ML — (g + x) TP d (xy + )

1

1
= _fd(l - x;ll)bl.—fd(l — (x; + xp)0ataz)bitb=1 ) = (11)
0

0

So:

1
f f(xN; aN,bN) de = T_l(l,l) =1
0

Also, depending on [7] it is easy to see that T[f(xy; ay,by)] are two continuous functions
on [0,1] € R so f(xy; ay,by) is continuous on [0,1].
Depending on previous results we can prove that given neutrosophic function is a
neutrosophic probability density function in classical sense.
Theorem 3.3
Cumulative distribution function of neutrosophic Kumaraswamy distribution is:

Flxw; awby) = 1 — (1—x™)  (13)

Proof

XN

F(xy; ay,by) = f f(ty; ay, by) dty
0
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T[F(xy; ay,by)] = U f(tn; an,by) dtN]
X1 x1+x2

f f(t1;aq,by)dty, f f(t1 +ty; a1 +az, by + by)d(ty +t)
0 0

X1 X1+xy
;311 a;\b1—1
= f a1b1 (1 - t]. dtl » f (a1 + az)(bl
0 0

+ by)(ty + t5)0 %2 (1 — (8 + tp) % )outb2"l g () + t,)

X1 X1+Xx;
= —f d(1-t)™, - f d(1 — (t; + ty)@+32-1)br+br-1
0 0

(1= (1=2)" 1= (1 = (g + ) +e)brta)
So:
Flty; anby) =T [1= (1= x)", 1= (1= (g + ) @+a2)n0em1]
=1— (1) + 1= (1= (g + )40t - 14 (1—xg2) ™1
Which is the neutrosophic formal form of the function:
F(xy; ay,by) =1 — (1 —x,‘f,”)bN
3.2 Statistical properties of Kumaraswamy distribution
Theorem 3.4
Let Xy be a neutrosophic random variable following Kumaraswamy distribution with

parameters ay, by then:

D EGG) = biB (F+1,b0) + (b1 + 5B (5 + by +by) = BB (Z 4+ 1,b1)| 1
2) E(n) = bif (7 + 1,b1) + [(by + 2B (o + Lby + b2) = biB (- + 1.by )| 1
3) V) = b (F+1,b1) + [(by + 5B (o + Loy + b2) = biB (Z+ 1,y ] 1 -

|58 (5 + 1.b1) + (01 + 5B (5 + Lba + b2) = biB (- + 1.y 1]

1 ; 1 i
(1 - Z‘W)a”az - (1 - z‘E)”]I

1

1\a;
4) Median=<1 — z‘H) fr

Proof
1) We have:

by—1
xyf(xy; ay,by) = ay by xaN+r ! (1 - xI‘\lIN) "
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Tlxnf(xn; an, by)] = TIxyIT[f (xn; ay, by)]
= (], (g + 1)) (ayby 7 (1= )7 (g + @) by
+by) (1 + X)L (xy o+ xp) )b
(alblxa1+r (1 —xi n (a1 + ay)(by
+ by) (g + x,)UFHT1(] — (xp + xz)a1+a2)b1+b2—1)

So:

1

T fxﬁf(xN; ay,by) dxy
0
1

= fa1b1Xa1+r 1(1 a1 e dxl:f(al + az) (b,
0

+by) (g + x) M FEHTTHL = (g + 2) W F)PHP T (xy + xp) | = (L, R)

-
In L let x{* =t then x] = t@ and a;x*" 'dx, = dt so:
1

fblta(l — )14t = blﬁ( +1, bl)

0
.
In R similarly we let (x; +x,)%1%% =1t so (x; +x,)" =tu*e2 and (a; + ay)(x; +

x,)4 192714 (x; 4 x,) = dt that yields:

r r
R= f(b1 + by)tdtaz (1 — t)brtba=lge = (b, + bz)[)’< +1,b, + b2>
a, +a,
0

Then we have:

1
T lj xyf(xn; ay,by) dxy | = <b1ﬁ (L +1, b1). (by + bz)ﬁ( : +1,b + b2)>
aq a, +a,
0
So:
1
BOR) = [ 38 Gons aw,by) dy = (blﬁ( + 1Dy ), (b + BB (L by + bz))
1+ a;

0

- blﬁ( +1, b1> [(b1 + bR <a1 r b+ bz) blﬁ( +1, bl)]

2) By substituting r = 1 we get the required formula directly.
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3) Straightforward from definition of variance (see [9]).
4) Median is the point that 50% of the area under the density curve is preceded by it,

so it satisfies the following:

Median

f f(xN; ay, bN) de =0.5
0

Or equivalently:
F(Median; ay,by) = 1 — (1 — Median®V)Pn = 0.5

By solving the previous equation with respect to the Median we get:

1

_1\an
Median = (1 -2 bN)

Following rules of calculating neutrosophic powers presented in equation (8) we get:

1 1 1 1
_1\ay _1\a; __1 \aj+a 1\a;
Median = <1 -2 bN) = <1 -2 bl) + <1 -2 b1+b2> <1 -2 b1> 1

4.3 Parameters’ estimation using neutrosophic MLE method

Let Xy = X1y, X2p, ..., Xpy be aneutrosophic random sample drawn from neutrosophic
Kumaraswamy distribution presented in equation (12) then the neutrosophic likelihood

function will be:

n

n
Ly = L(Xy; 0y) = f(Xy; 0y) = Hf(XiN;aNJbN) = naN by XSVN_l (1 XaN

i=1 i=1

_ aN bN HXaN 1 1_[(1 X N\bPN—1

So, the loglikelihood function will be:

by-1

Ly =InL(Xy;0y) =nlnay +nln by + (ay —1) X InXjy + (by — 1) X, In(1 -
XN (14)

IN

Taking partial derivatives of equation (14) with respect to ay, by yields to:

9 aN lnX
mﬁN = % + Xt InXyy + (by — 1) 1L —N (15)
P
o ln = % + 3% In(1— XN (16)

Equations (15-16) are equivalent to the following four equations in R? (using the AH-

Isometry):
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3}
aLl = al‘i' Z?:1lnxi1 + (bl - 1) 2?21
1 1

ay ay
—Xi1 lnXi1

_y%

1-Xy
0(L1+Ly) _ n

+ Y In(Xiy + X)) + (by + b — 1) XLy

—(Xi1+X2) 41492 In(X;1 +Xp) 1492

d(ai+ay) - a;+a,
(17)

a n a
a_blLl = b_1 + 2?2111’1(1 - Xi11
0(L1+L;) _ n

d(bi+by)  bi+b,

(18)

+ X In(1 — (X1 + Xj5) %17 9%2)

1-(Xj1+Xp)01+a2

Solving these sets of equations is not easy analytically, we will provide simulation study

to show the efficiency of these neutrosophic MLE estimation.

4.4 Simulation study and random numbers generating

To do a simulation study we first derive a formula for random numbers generating

noticing that equation (13) can be written as follows:

FCty; ayby) = 1 — (1—x™)" = p, +p,] = Py

Where Py is neutrosophically uniform distributed on [0,1] So:

1
1—xy" = (1—Py)bn

1

Xy = (1 —1- PN)ﬁ)a (19)

Taking AH-isometry to equation (19) yields to the following two equations:

a=(1-0- pl)i)% 0)

—1 a a
X+ x, = (1 —(—-p,— pz)b1+b2) 7 (19)

We can use equations (20-21) to generate random numbers following classical

Kumaraswamy distribution with selected parameters, and takin T~! to the generated

numbers yields to neutrosophic Kumaraswamy distribution.

Now, performance of MLE estimators will be evaluated based on Monte Carlo simulation

to the Kumaraswamy neutrosophic probability distribution with total replication of N =

10000 times and with sample sizes of 5,15,30,50 and 100 and with fixed parameters ay =

3+ 2L by =2+4I.

Goodness of estimation is assessed depending on average bias and root mean square error

defined below: [31]
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X, (Bni — 6w)
B N

~ 2
i jzgil(em—ew)
N

AB

Where 8y; is the it estimator of 6.
4

Table 1. Simulation results of neutrosophic Kumaraswamy distribution parameters

estimation

N Average @y RMSE(ay) AB(ay) Average by RMSE(by)  AB(by)

4.287 2.380 1.287 3.311 2.522 1.311

° + 1.6421 —0.2371 —0.358/ + 2.109/ —0.2791 —1.891/
3.434 1.109 0.434 2.586 1.344 0.586

o + 2.1491 + 0.3901 + 0.149! + 3.3651 + 0.615] —0.635]
3.209 0.714 0.209 2.297 0.807 0.297

30 + 2.0751 + 0.270/ + 0.075! + 3.9531 + 0.923/ —0.0471
3.093 0.503 0.093 2.139 0.522 0.139

>0 + 2.090/ + 0.233/ + 0.090/ + 4.1231 +0.9771 + 0.123/
100 3.043 0.339 0.043 2.063 0.330 0.063

+2.0171 + 0.1691 + 0.0171 + 4.140/ + 0.8691 + 0.140!

Table (1) shows results of simulation analysis for neutrosophic Kumaraswamy
distribution where we notice that average bias of estimators is when sample size increases,

which proves by simulation that proposed estimators are asymptotically unbiased.

5. Conclusions and future research directions

We have derived the neutrosophic Kumaraswamy probability distribution function,
cumulative distribution function and statistical properties of the distribution, such as the
mean, median, variance, and general moments. Additionally, we have derived the
maximum likelihood estimations of the distributions” parameters.

The simulation study demonstrated the efficiency of the derived estimators and have
shown that the estimators are unbiased. These results indicate that the neutrosophic
Kumaraswamy distribution and its associated estimators can be useful in a variety of

applications, including those involving uncertain or incomplete information.
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Overall, this work has contributed to the development of neutrosophic probability

theory and has practical implications for data analysis in various fields. Further research can

be done to explore the potential of the neutrosophic Kumaraswamy distribution in other

statistical applications.

References

[1]

(2]

3]

[4]

5]

(6]

[7]

(8]

(9]

H. Wang, F. Smarandache, Y. Zhang and R. Sunderraman, "'Single Valued Neutrosophic Sets,"

Multispace and Multistructure, vol. 4, pp. 410-413, 2005.

F. Smarandache, Introduction to Neutrosophic Measure, Neutrosophic Integral and

Neutrosophic Probability, Craiova: Sitech, 2013.
F. Smarandache, "Plithogenic Probability & Statistics are generalizations of MultiVariate
Probability & Statistics," Neutrosophic Sets and Systems, vol. 43, pp. 280-289, 2021.

S. K. Patro and F. Smarandache, "The Neutrosophic Statistical Distribution - More Problems,

More Solutions,”" Neutrosophic Sets and Systems, vol. 12, pp. 73-79, 2016.

M. B. Zeina, "Linguistic Single Valued Neutrosophic M/M/1 Queue," R.J of Aleppo Univ, vol.

144, p. 17, 2021.

F. Masri, M. B. Zeina and O. Zeitouny, "Some Single Valued Neutrosophic Queueing Systems

with Maple Code," Neutrosophic Sets and Systems, vol. 53, pp. 251-273, 2023.

M. Abobala and A. Hatip, "An Algebraic Approach to Neutrosophic Euclidean Geometry,"

Neutrosophic Sets and Systems, vol. 43, pp. 114-123, 2021.

M. Abobala and M. B. Zeina, "A Study of Neutrosophic Real Analysis by Using the One-
Dimensional Geometric AH-Isometry,” Galoitica: Journal of Mathematical Structures and
Applications, vol. 3, no. 1, pp. 18-24, 2023.

M. B. Zeina and M. Abobala, "A Novel Approach of Neutrosophic Continuous Probability
Distributions using AH-Isometry used in Medical Applications," in Cognitive Intelligence with

Neutrosophic Statistics in Bioinformatics, Elsevier, 2023.

Mohamed Bisher Zeina, Mohammad Abobala, Ahmad Hatip, Said Broumi, Sarah Jalal Mosa, Algebraic Approach to Literal
Neutrosophic Kumaraswamy Probability Distribution



136

[10] A. Astambli, M. B. Zeina and Y. Karmouta, "On Some Estimation Methods of Neutrosophic
Continuous Probability Distributions Using One-Dimensional AH-lsometry," Neutrosophic

Sets and Systems, vol. 53, pp. 641-652, 2023.

[11] M. B. Zeina and A. Hatip, "Neutrosophic Random Variables," Neutrosophic Sets and Systems,

vol. 39, pp. 44-52, 2021.

[12] C. Granados and J. Sanabria, "On Independence Neutrosophic Random Variables,"

Neutrosophic Sets and Systems, vol. 47, pp. 541-557, 2021.

[13] C. Granados, " New Notions on Neutrosophic Random Variables," Neutrosophic Sets and

Systems, vol. 47, pp. 286-297, 2021.

[14] A. Astambli, M. B. Zeina and Y. Karmouta, "Algebraic Approach to Neutrosophic Confidence

Intervals,” Journal of Neutrosophic and Fuzzy Systems, vol. 5, no. 2, pp. 8-22, 2023.

[15] A. A. Abd El-Khalek, A. T. Khalil, M. A. Abo El-Soud and I. Yasser, "A Robust Machine
Learning Algorithm for Cosmic Galaxy Images Classification Using Neutrosophic Score

Features," Neutrosophic Sets and Systems, vol. 42, pp. 79-101, 2021.

[16] K. Alhasan and F. Smarandache, "Neutrosophic Weibull distribution and Neutrosophic Family

Weibull Distribution,” Neutrosophic Sets and Systems, vol. 28, pp. 191-199, 2019.

[17] K. Alhasan, A. Salama and F. Smarandache, "Introduction to Neutrosophic Reliability Theory,"

International Journal of Neutrosophic Science, vol. 15, no. 1, pp. 52-61, 2021.

[18] H. Hashim, L. Abdullah, A. Al-Quran and A. Awang, "Entropy Measures for Interval
Neutrosophic Vague Sets and Their Application in Decision Making," Neutrosophic Sets and
Systems, vol. 45, pp. 74-95, 2021.

[19] M. B. Zeina, "Erlang Service Queueing Model with Neutrosophic Parameters," International

Journal of Neutrosophic Science, vol. 6, no. 2, pp. 106-112, 2020.

[20] M. B. Zeina, "Neutrosophic Event-Based Queueing Model,” International Journal of

Neutrosophic Science, vol. 6, no. 1, pp. 48-55, 2020.

Mohamed Bisher Zeina, Mohammad Abobala, Ahmad Hatip, Said Broumi, Sarah Jalal Mosa, Algebraic Approach to Literal
Neutrosophic Kumaraswamy Probability Distribution



137

[21] M. Miari , M. T. Anan and M. B. Zeina, "Single Valued Neutrosophic Kruskal-Wallis and
Mann Whitney Tests," Neutrosophic Sets and Systems, vol. 51, pp. 948-957, 2022.

[22] M. Ahsan-ul-Hag, "A new Cramer-von Mises Goodness-of-fit test under Uncertainty,"
Neutrosophic Sets and Systems, vol. 49, pp. 262-268, 2022.

[23] M. Miari, M. T. Anan and M. B. Zeina, "Neutrosophic Two Way ANOVA," International

Journal of Neutrosophic Science, vol. 18, no. 3, pp. 72-83, 2022.

[24] A. A. S. A. K. a. M. G. Z. Khan, "Statistical Development of the Neutrosophic Lognormal
Model with Application to Environmental Data," Neutrosophic Sets and Systems, vol. 47, pp.

1-11, 2021.

[25] Z. K. H. A. A. B. a. A. A. S. Salem, "The Neutrosophic Lognormal Model in Lifetime Data

Analysis: Properties and Applications," Journal of Function Spaces, p. 9, 2021.

[26] A.A.-B.M. M. A. A.a.F. S. A. Z. Khan, "On Statistical Development of Neutrosophic Gamma

Distribution with Applications to Complex Data Analysis," Complexity, p. 8, 2021.

[27] Z. K. M. G. a. A. K. W.-Q. Duan, "Neutrosophic Exponential Distribution: Modeling and

Applications for Complex Data Analysis," Complexity, p. 8, 2021.
[28] M. A. Z. K. M. M. A. A. a. F. S. A. F. Shah, "On Neutrosophic Extension of the Maxwell
Model: Properties and Applications,” Journal of Function Spaces, p. 9, 2022.

[29] Z. K. a. M. Gulistan, "Neutrosophic Design of the Exponential Model with Applications,"

Neutrosophic Sets and Systems, vol. 48, pp. 291-305, 2022.

[30] P. Kumaraswamy, "A Generalized Probability Density Function for Double-Bounded Random

Processes," Journal of Hydrology, vol. 46, no. 1-2, p. 79-88, 1980.

[31] Z. Khan, A. Al-Bossly, M. M. A. Almazah and F. S. Alduais, "On Statistical Development of
Neutrosophic Gamma Distribution with Applications to Complex Data Analysis," Complexity,

p. 8, 2021.
[32] Khaldi, A., " A Study On Split-Complex Vector Spaces™', Neoma Journal Of Mathematics and
Computer Science, 2023.

[33]

Mohamed Bisher Zeina, Mohammad Abobala, Ahmad Hatip, Said Broumi, Sarah Jalal Mosa, Algebraic Approach to Literal
Neutrosophic Kumaraswamy Probability Distribution



138

Ahmad, K., " On Some Split-Complex Diophantine Equations”, Neoma Journal Of

Mathematics and Computer Science 2023.

Ali, R., " On The Weak Fuzzy Complex Inner Products On Weak Fuzzy Complex Vector
[34] Spaces", Neoma Journal Of Mathematics and Computer Science, 2023.

Von Shtawzen, O., " On A Novel Group Derived From A Generalization Of Integer Exponents
[35] and Open Problems”, Galoitica journal Of Mathematical Structures and Applications, Vol 1,
2022.

Hatip, A., "An Introduction To Weak Fuzzy Complex Numbers ", Galoitica Journal Of

[36] Mathematical Structures and Applications, VVol.3, 2023.

Merkepci, H., and Ahmad, K., " On The Conditions Of Imperfect Neutrosophic Duplets and
[37] Imperfect Neutrosophic Triplets”, Galoitica Journal Of Mathematical Structures And
Applications, Vol.2, 2022.

Muhammad Ahsan-ul-Hag, Neutrosophic Kumaraswamy Distribution with Engineering
[38] Application, Neutrosophic Sets and Systems, Vol. 49, 2022, pp. 269-276.

Received: December 12, 2022. Accepted: March 27, 2023

Mohamed Bisher Zeina, Mohammad Abobala, Ahmad Hatip, Said Broumi, Sarah Jalal Mosa, Algebraic Approach to Literal
Neutrosophic Kumaraswamy Probability Distribution



