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Neutrosophic Units of Neutrosophic Rings and
Fields
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Abstract. Let N(R, ) be a commutative Neutrosophic ring with unity. Then the set of all Neutrosophic group units of
N(R, I)is denoted by N(R", I). In this paper, we studied concrete properties of N(R”, I)and presented some standard
examples with construction of different illustrations and also examine properties of N(R™, I) satisfied by certain general

collections of classical rings and fields. Further, we proved an important result N(Z,*x Z,*, 1) 2 N(Z,*, )x N(Z,", I)

m 2

for all positive integers m and n .

Keywords: Classical ring, group units, Neutrosophic ring, Neutrosophic units, Neutrosophic isomorphism.

1. Introduction

In recent years, the inter connection between classical structures and Neutrosophic structures is studied by
few researchers. For such kind of study, researchers defined new algebraic structures whose elements are
generated by elements in classical algebraic set and indeterminate of the real world problem with respect to
algebraic operations on the well defined Neutrosophic elements.

The idea of associating a Neutrosophic structure to a classical structure first appears in [1, 2]. For the
elements of the Neutrosophic set, Vasantha Kandasamy and Smarandache takes all elements of a classical ring

R together with indeterminate / . The notion N(R, I) of Neutrosophic ring was introduced by Vasantha
Kandasamy and Smarandache in 2006 and the Neutrosophic element in N(R, I)is denoted by a+5/ if for all

a,be Rand I’ =1 . Basically, they specify that N(R, I)is not a classical ring with respect to Neutrosophic

addition and Neutrosophic multiplication. Further investigation of Neutrosophic rings was done by Agboola,
Akinola and Oyebolain [3, 4]. Recently, Chalapathi and Kiran studied the enumeration of Neutrosophic self
additive inverse elements of Neutrosophic rings and fields in [5].

Neutrosophic rings are additive Neutrosophic groups with a new binary operation of Neutrosophic
multiplication. This new kind of Neutrosophic multiplication operation constrains the new generated algebraic
structures of classical rings and makes it more benefit than classical rings to obtained elementary structural
theorems of indeterminacy modeled situations. So, the use of Neutrosophic algebraic theory becomes inevitable

when a real world problem contains indeterminacy.

T. Chalapathi and R. V M S S Kiran Kumar. Neutrosophic Units of Neutrosophic Rings and Fields
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In this paper, we study some concepts of Neutrosophic units of Neutrosophic rings and fields explained with
suitable examples, and examine properties satisfied by certain general collections of classical rings. The classical
rings of primary interest are finite, so many of the results about classical groups and Neutrosophic groups will be
helpful fundamentally.

2. Definitions and notations

In this section, we discuss the terminology used when working with the two Neutrosophic operations,
namely Neutrosophic addition and Neutrosophic multiplication, in an abstractly given Neutrosophic rings.
Before going to the abstract definition of a Neutrosophic ring, we get some definitions and notations by
considering the classical rings from [6].

Let R be aring. If there is an element 1 € R such that 1#0and 1a =a =al for each elementa € R,
we say that R is a ring with unity. The ring R is commutative if ab = ba for all a, b€ R. Suppose R has
unity 1. Then R* denote the units of R . So, an element u € R™is a unit of R if there exist u’ € R* such that
uu'=u'u=1,and R forms an abelian group under usual multiplication of R . Next the ring F is a field if its

multiplication is commutative and if every non zero element of F'is a unit. Now we recall that the following

well known results about R* and F”* from [6].

Theorem.2.1 Let R and S be finite commutative rings. Then (RxS)X;RXxSX as groups. Also,
[R s [=|R |5

Theorem.2.2 Let Z, be the ring of integers modulo n . Then (Z,xZ,) =Z, xZ, if and only
ifged(m, n)=1.

Theorem.2.3 Let R be a finite Boolean ring .Then |R*|=1.

Theorem.2.4 Let F' be a finite field of order n > 1. Then its unit group F* is a cyclic group of order n—1.
Now define the Neutrosophic group and these groups in general do not have classical group structure,

which are defined specifically with respect to Neutrosophic multiplication as follows.
Definition.2.5 Let (G, :) be a multiplicative group. Then the set <Gu1> = <a, al :aeG,I'= I) is called a
Neutrosophic group generated by G and [ under the operation on G, where [ is the Neutrosophic element.
Based on this definition we have the following.

1. Neutrosophic group (G ul > of G is also denoted by N(G, I).

2. N(G,I)=GuUGI,where GNGI =¢and Gl ={al : a € G} .

3. Gc NG, Nand NG,z G.

4. Let n2>1be a positive integer. Then (al)" =a"I forevery ae G.

Now we proceed on to define the Neutrosophic ring and consider their basic properties from [2].
Definition.2.6 Let (R,+,) be a ring. Then the Neutrosophic set N(R, I) ={a+bl:a,beR , I’ =1} is called
Neutrosophic ring generated by R and [ under the following Neutrosophic addition and Neutrosophic

multiplication operations.

1. (a+bl)+(c+dl) =(a+c)+(b+d)I.

T. Chalapathi and R. V M S S Kiran Kumar. Neutrosophic Units of Neutrosophic Rings and Fields
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2. (a+bl)(c+dl)=ac+(bc+ad+bd)I .

Properties of N(R, I).2.7

1. Ris a commutative ring with unity 1 < N(R, [)is a commutative Neutrosophic ring with unity 1
and Neutrosophic unity / .

2. IfR is finite ring then |[N(R, 1)|=|R[ .

3. In general, [+ #1 and—I #1, where —/exist in N(R, I). In particular, —/ =7 if and only if
NR, NH=N(Z,, I).

4. ["=Iforeach n>1

For further details about Neutrosophy and Neutrosophic rings the reader should refer [7, 8].

3. Neutrosophic units

In this section we define Neutrosophic units of finite commutative rings, fields and study its concrete
properties which are comparing the group units of classical rings and fields.

Definition.3.1 Let R* be the set of group units of the commutative ring R . Then the set
NR*, ) =(u,ul ueR", I’ = I>
is called Neutrosophic group units or simply Neutrosophic units generated by R*and / under the operations

of R*, where I™' does not exist.
Examples.3.2
1. NZ , I)={,212I}.

2. Nz, 1) ={,51,5I}.

Properties of N(R*, I).3.3
1. N(R", I)is a Neutrosophic group but not a classical group.
2. RRcNR,I)cNR,I).
3. RIcNR,I)cNR, I).
4. R*NnRI=¢and N(R*, I) =R"UR"I.
5. For any u, u' € R, the Neutrosophic element u+u'l is a Neutrosophic unit if and only if either
u=0or u'=0.
6. Let N(R, I) be a Neutrosophic ring without zero devisors. Then for any u,u’eR* ,

ul =vli & ul —vI=0 & (u—v)I=0 ©u=v,since I #0.

R|=|R"I

Theorem. 3.4 For any non-trivial integral domain R we have
Proof. Define a map f:R* — R*I by the relation f(u)=u"'I for every u € R*, I =T and I does not exist.

Trivially, f(1)=1 . Further, for any u,ve R*, fuv)= wv)'I = uv'I= ' D'I) = f(u)f(v) this

T. Chalapathi and R. V M S S Kiran Kumar. Neutrosophic Units of Neutrosophic Rings and Fields
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implies that f is a group homomorphism. Also, for each u € R*, there exist unique u™' € R* such that
fwY=@""'"I=ul, f isonto. Finally, f(u)= f(v)implies thatu™'I =v7'I .
Therefore, (1-uv™")I = 0implies # =Vbecause N(R, I)has no zero devisors and 7 # 0. This proves that there

is a one-one correspondence between R*and R*7, and hence |R*|=|R"[

Theorem.3.5 If |R| =1, then N(R", I)is empty.
Proof. Follows from well-known result that R = {0} if and only if N(R, I)={0}.

R

Theorem. 3.6 For any finite non-trivial commutative ring R we have 2 < |N (R, I )| <2
Proof. Suppose |R| =2. Then R*={l}and N(R*, I)={l, I}. Therefore, |N(R, I)| =2, it is one extremity of
the required inequality. Further, if |R| >2 , then by the definition of N(R, I) , we have
N(R*, I)=R* ORI and R°"R*I=¢. Thus, by the Theorem [3.4], [N(R*, )| =

R*|+|R*I

+

= 2|R*

, which

are maximum number of elements in N(R”, I). This completes the proof.

In what follows here onward, @(n) denotes the well known Euler-Totient function of the integer n > 1,
which gives the number of positive integers less than n that are relatively prime to n . For more details of
@(n) we refer [9]. The immediate results are consequences of the Theorem [3.6].

Corollary. 3.7 Let n > 1 be a positive integer. Then the maximum number of elements in N(Z,", I)is 2¢(n).
Moreover, this bound is sharp.

Proof. We know that Z *is the group of units of the ring Z, of integers modulo » . Then clearly, in view of

Theorem [3.6], |N(an, I)| =2

zZk

=2¢p(n).
Corollary.3.8 Let n>1. If R is a Boolean ring of order 2", then |N(RX, I)| =2.
Proof. By the Theorem [2.3], we know that R is a finite Boolean ring if and only if R* ={1} .
Hence|N(Rx, ])| =2.
Let F be a finite field of order |F | >1. Then F" = F-{0} = F* is a cyclic group with respect to

multiplication on F'. But N(F”™, I)is not a cyclic group with respect to either multiplication or Neutrosophic

multiplication. However, F*I is a Neutrosophic semigroup and it is generated by u/ where u generator of F™.
In this connection we have to prove that the following results and for further information of fields and

Neutrosophic field’s reader refer [10] and [5], respectively.

Theorem.3.9 The Neutrosophic group N(F™, I) is not a cyclic group.

Proof. By characterization of finite fields, it is well known that F be a finite field of order » if and only if F™ is
a cyclic group of order »n—1with respect to multiplication defined on F' . Therefore, for a generator u € F™ we

have F”* :<u>. To complete the proof, it is enough to show that the Neutrosophic group N(F™, I) is not a

cyclic. If possible assume that N(F™, I) generated by its Neutrosophic unit u/ , then

T. Chalapathi and R. V M S S Kiran Kumar. Neutrosophic Units of Neutrosophic Rings and Fields
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INF™, D] =[ul| = (n=1)" =|ul|

— )" =1
2 (1Y
Su" T =1
=>u" =1,
. . . _1? 12 - . . . .
which is not possible because 7 =1, u"™" %1 andu"™"" is not multiplicative inverse of I .

The above theorem proves that the following result, which is of fundamental importance of Neutrosophic rings

and fields.
Theorem. 3.10 F* = (u) ifand only if F*I = (ul) .
Proof. Let u € F* . Then
F*=(u) < u"" =1where n=|F]|

su" ' =1

S =1

< (ul)=F1.

We usually write ul =u =1u for every u in R* and ul #u # Iu for every u#1in R* . So, the

element 1lis unity and / is not unity but it is Neutrosophic unit because 7> =7 and /' does not exist. The

most familiar examples of infinite Neutrosophic units of infinite rings Z and Z[i], respectively, are
N(z*, Iy ={1,-1,1,—1} and N(Z[i]", I) ={1, -1, i, =i, I ,—1, il, —il} where i’ =—land I* =1 . These
examples support our claim that the sum of elements in N(R", I)is zero. However, the following important
results showing that the sum of elements of a Neutrosophic ring is zero when char(R) # 2. This is one of

similar result of classical rings.

Theorem. 3.11 If char(R) = 2 then the sum of elements of N(R*, I)is not zero.
Proof.It is obvious because 1, / € N(R*, I) implies 1+7 #0.

Theorem. 3.12 Let N(R*, I)be a commutative Neutrosophic ring whose characteristic is not equal to 2,

then bl # —bI for every be R.
Proof. Suppose bl = -bI < 2bI =0and
20a=0 ©2(a+bl)=0 ©2a+bl)=0 & char(N(R, 1)):2because a+bl e N(R, I).

Theorem. 3.13 Let F be a finite field. If |F| > 2 then the sum of the elements of N(£™, I)is zero.

Proof. Suppose that |F |=n>2. Then the Neutrosophic units group N(F”™, I)is the disjoint union of

F*and F*I . By the Theorem [3.9] and Theorem [3.10], we have
u"=land wl)' =1 =>1-u"=0 and I —(ul)" =0
=(0-u) A+u+u’+---+u"")=0and

(I —ul) (I+ul +@l)> +-+@ul)™") =0.
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As ul # Iand u #1, these relations becomes
l+u+u’ +-+u"" =0 and

IT+ul +(ul)’ +-+wl)"™" =0.

This implies that the sum of elements in the Neutrosophic units group N(F”, I)is zero. Hence the result.

The following table illustrates the main differences between classical field and their Neutrosophic filed.

Classical filed Neutrosophic filed.

LLF[=p" [N(F, D= p”

2| F*is a group of | N(F*, I) is a Neutrosophic

order p" -1 group of order 2(p" —1)

31 F* is a cyclic | N(F*, I) is nota cyclic group

group

4 P =(u) FI = (ul)

5| 1eF” lg F*I

6| 7z ={1} NZ,, D=1}

4. Isomorphic properties of Neutrosophic units
Isomorphism of finite groups is central to the study of point symmetries and geometric symmetries of

any object in the nature. They also provide abundant relations of abelian and non-abelian groups. If the group
R* is isomorphic to the group §*, we write R* = S, the map f :R* — S™ is an isomorphism if there exist a one-
one and onto map such that the group operation preserved. The concept of isomorphism of groups is analogues

to the concept of Neutrosophic isomorphism of Neutrosophic groups. For this reason the authors Agboola et al.

[3, 4] and Chalapathi and Kiran [5] define Neutrosophic group isomorphism as follows.
Definition.4.1 Two Neutrosophic groups N(R*, I)and N(S™, I) are Neutrosophic isomorphic if there exist a
well-defined map ¢ : N(R", 1) > N(S”, I) such that

1. ¢(1)=1and ¢(/)=1,

2. ¢is a group homomorphism,

3. ¢ is one-one correspondence.

If N(R*, I)is Neutrosophic isomorphic to N(S*, I), we write N(R*, )= N(S*, I).
Theorem.4.2 [6]. Let R and S be any two non-trivial finite commutative rings. Then R = S if and only if
R =S".

An important consequence of above theorem is the following immediate in Neutrosophic rings which

we state as a theorem in view of its importance throughout our study of Neutrosophic ring theory.

Theorem.4.3 If R* = S*then N(R", I)= N(S™, I).

T. Chalapathi and R. V M S S Kiran Kumar. Neutrosophic Units of Neutrosophic Rings and Fields
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Proof. Let R and S™be the set of units of the rings R and S respectively. Suppose, R* = S™. Then there exist
a group isomorphism f: R* — S™ such that f(1)=1. Now define a map ¢:N(R*, I) > N(S™, I) by setting
f(x) if xeR"
P(x) = , )
f)Iif xeRI
for all xe N(R", I) = R* UR"I . Because f is a group isomorphism, we get ¢ is well defined. For 7 € R*I ,

we have ¢(1)=¢(l1) = f(1) =11 =1 . Next, we show that ¢ is a homomorphism. Writing x for u/ and y for

u'l, where u, u' € R, §(xy) = ¢((ul)w'D)) = p(uu'l) = f(uu')] = f () f @) =(f@)D(f@)])
= ¢(x)@(y) .Clearly, ¢ is onto, since f is onto. Finally, we show that ¢is one-one. For this let ¢(x)=g(y),
then f(u)l = f(u) = (f(w)—f(u'))1=0
= f(u)- f(u")=0,since I #0and f is one-one. Hence, N(R*, I)= N(S", I).
In view of the Theorem [2.2] and Theorem [4.3], the proof of the following result is obvious.

Theorem. 4.4 Let mand 7 be two positive integers such that m >1and n >1. Then the following are equivalent.

1. ged(m,n)=1,

2. Z,7=2Z"%xZ",

3. N(Z,*,1)=N(Z,~,)xN(Z

mn 3 m

“I).

n 2

Theorem. 4.5 Let m >1and n > 1 be any two positive integers. Then

N(Z,xZ]

n 2

NZENCZ,), DxNZ,I).
Proof. Let m>1and n>1 be any two positive integers. By Theorem [2.1] and Corollary [3.7] we have

|2, |=¢(m).|z,

= g(m) and|N(Z," x Z,", D)| = 2p(m)p(m) . But

Nz, <Nz, D| =[Nz, DNz, D)

= 4¢(m)p(m) . Hence the result.
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Abstract. In this paper, we propose a new technique for the enhancing images. It will work on removing the noise contained in
the image as well as improving its contrast based on three different enhancing transforms, we commence by embedding the im-
age into a neutrosophic domain; where the image will be mapped in three different levels, a level of trueness, a level of false-
ness and a level of indeterminacy. Hence, we act separately on each level using the enhancement transforms. Finally, we intro-
duce a new analysis in the field of analysis and processing of images using the neutrosophic crisp set theory via Mat lab pro-
gram where has been obtained three images, which helps in a new analysis to improve and retrieve images.

Keywords: Image analysis, Image Enhancement, Image processing, Neutrosophic Crisp Set, Gaussian Distribution, Logarithmic
Transform, Neutrosophic Crisp Mathematical Morphology

1. Introduction

As a discipline, neutrosophic is an active and growing area of image processing and analysis. Mathematically, a gray scale image
is represented by an mxn array I,, =[g(i, j)],,x, With entities g(i, j) corresponding to the intensity of the pixel located at (i, ) .
Presently applications require different kinds of images as sources of information for interpretation and analysis. Whenever an image is
converted from one form to another (such as digitizing, scanning, transmitting, storing, etc.) some form of declination occurs at the
output. Hence, the output image has to undergo a process called image enhancement which consists of a collection of techniques that
seek to improve the visual appearance of an image [12]. Image enhancement is a process which mainly used to improve the quality of
images, removing noise from the images.It has important role in many fields like high definition TV (HDTV), X-rayprocessing, motion
detection, remote sensing and in studying medical images [8]. The fundamental concepts of neutrosophic set, introduced by
Smarandache in [22, 23] and many applications, introduced by Salama et al. in [14-21],[27, 28] provides a natural foundation for
treating mathematically the neutrosophic phenomena which exist pervasively in our real world and for building new branches of
neutrosophic mathematics, as an extension of the concept of the fuzzy set theory introduced by Zadeh [25].

2. Preliminaries

we recall some definitions for essential concepts of neutrosophic sets and its operations, which were introduced by Smarandache in [22,
23] and many applications by Salama et al. in [14-21].

2.1. Image Enhancement

Recent applications are in need of different kinds of images as a source of information for interpretation and analysis. Whenever
an image is transformed from one structure to another, such as: digitizing, scanning, and transmitting, some kind of distortion might oc-
cur to the output image. Hence, a process called image enhancement must be done. The process of an image enhancement contains a
collection of techniques with the aim of providing a better visual appearance of the image; it is to improve the image quality so that the
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resultant image is better than the original image for a specific application. In other words, to convert the image to an appropriate form
for analysis by either a human eye or a machine. Currently, the image enhancement research covers wide topics such as: algorithms
based on the human visual system [6], histograms with hue-preservation [9], JPEG-based enhancement for the visually impaired [24],
and histogram modification techniques [5]. Additive noise, Gaussian noise, Impulse noise and Poisson noise represent several types of
noises that corrupt the image, to remove any of such there are various filters available. For instance: Gaussian filter, Median filter, High
pass filter and Low pass filter; each of these can be used to remove the image noise and, hence, enhance the image. The applications of
image enhancement are in every field where images are needed to be understood and analyzed, as in medical image analysis, and analy-
sis of images from satellites. Generally, the enhancement techniques can be categorized into two main groups, which are the Spatial
Domain Methods and the Frequency Domain Methods [26].

2.2. Spatial Domain for Image Enhancement

The spatial domain is the normal image space, which is a direct handling of image pixels [2]. It is the manipulation or the change
of image representations. Moreover, spatial domain is used in several applications as smoothing, sharpening and filtering images
.Spatial domain techniques such as the logarithmic transforms[7], power law transforms[11], and histogram equalization[13], are basi-
cally to perform on the direct manipulation of the image pixels. In practice, spatial techniques are useful for directly changing the gray
level intensities of individual pixels and consequently the contrast of the entire image. Usually, the spatial domain techniques enhance
the whole image uniformly, which in various cases produces undesirable results and do not make it possible to efficiently enhance
edges or other required information.

2.3 Frequency Domain for Image Enhancement

While in the spatial domain an image is treated as it is, and the value of the pixels of the image changes with respect to the scene,
in the frequency domain we are dealing with the rate at which the values of the pixel are changing in the spatial domain. In all the me-
thods applied, a Fourier transform of the image is firstly computed so that the image is transferred into the frequency domain. Hence,
any operation used for the purpose of image enhancement will be performed on the Fourier transform of the image. Afterward an In-
verse Fourier transform is performed to obtain the resultant image. The main objective of all the enhancement operations is to modify
the image contrast, brightness or the grey levels distribution. Therefore, the value of the pixels of the output image will be changed ac-
cording to the transformation applied on the input values. In image processing and image analysis, the image transform is a mathemati-
cal tool which is used for detecting the rough or unclear area in the image and fix it. The image transformation allows us to move from
frequency domain to time domain to perform the desired task in an easy manner. Various types of image transforms are available such
as Fourier Transform [1], Walsh Transform [10], Hadamard Transform, Stant Transform, and Wavelet Transform [4]. The image trans-
formation to neutrosophic
domain in [3]

3. Hesitancy Degrees with Neutrosophic Image Domain
Salama et al. in [27, 28] presented the texture features for images embedded in the neutrosophic domain with Hesitancy degree.

Definition 3.1 [15,27,28]:

Letd = {( uy ) v, (), gy (6)), xeX¥lon ¥ = {x,. %5, %g, 000, X, ] . Then for a Neutrosophic set 4 = {{ (), vy (x), 3 ()7, xeX} in X,
We call m,(x) =3 — u (x) — va(x) — ¥2(x), the Neutrosophic index of x in A, It is a hesitancy degree of x to A it is obvious that
0=m(x) =3

In this section we are transforming the image /,, into a neutrosophic domain using four functions: T, I, F and 7 . A pixel P(i, j) in the
image is described by a forth (7T'(Z, j); I(i, j) ; F(i, j); =(i, j)). Where T(i, j) is the membership degree of the pixel in the white set,
and F(i, j)is its membership degree in the non-white (black) set; while /(i, j) is how much it is neither white nor black; k and 7z (7, j) is
hesitancy degree. The values of 7(i, j), 1(i, j), F(i,j) and 7(i, j) are defined as follows:

T(i,j)=g(l’j)_gmin , [(i,j):1_5(iaj)_5min 3
_ _ max
& max ~ & min

é‘ >

min

F(l,j)Zl—T(l,j),

A. A. Salama, Florentin Smarandache, Hewayda ElGhawalby. Neutrosophic Approach to Grayscale Images Domain



Neutrosophic Sets and Systems, Vol. 21, 2018 15

7(i, j)=3—-(T(@, j)+ 1, j)+ F(i, j), where g(i, j) is the local mean intensity in some neighborhood w of the pixel,

1 u=i+% v=j+% oo . )
> > g(u,v), 6(,j)is the homogeneity value computed by the absolute value of difference between the
WXW y=i—wj v=j-1}

g, )=
intensity and its local mean value o6(i, j) = abs(g(i, j) — é(i, 7).

4. A Neutrosophic Image Enhancement Filter

Consider an Image G in the neutrosophic domain with four functions (T, I, F, 7 ) describing the three levels of trueness, indeterminacy

and falseness with hesitancy degree as previously explained in 2. The filter we propose to enhance G is two fold. In one hand it aims to

remove the noise from the image, in the other hand it improves the image contrast. To do so, we will work on each level separately.
Firstly, in the indeterminacy level, we will force the stability of this blur area around the mean using the Gaussian distribution.

. e e . t— . .- . .
A general form of the Gaussian distribution is ¢[—yj, where o is the standard deviation and u is the mean value. Secondly, in the
o

falseness level, a logarithmic transform is applied to enhance the details in ; 2 the dark areas while considering the brighter ones. Its
general form is, ¢ log (1 +t), where t is assumed to be non-negative; t> 0, and c is a scaling parameter.

Thirdly, a power-law transform is working over the shattered areas in the trueness level. The power law transformations include the n™
power and the n™ root transformation, these transformations are also known as gamma transformation and can be given by the general

expression, ¢r’ . Variation in the value of  varies the enhancement of the images. Finally, we have got the output image, G of the
enhancement process with the triple (7,7, F,») where
(i, j)=CT"(i, ),

o (UG J)—1)°
> = > 2
(i) aﬂexr{ 02 }( )

F (i, j)=ClIn(1+ F(i, j)),

7=3-7G )+1G j)+F (@, ))

5. A Neutrosophic Crisp Operators for Grayscale Image
5.1. Grayscale Image via Neutrosophic Crisp Domain.

In this section, we introduce a new analysis in the field of analysis and processing of images using the neutrosophic crisp set theory
due to Salama et al. in [14,17] via Matlab program where has been obtained three images representing, which helps in a new analysis
to improve and retrieve images

A grayscale image in a 2D Cartesian domain

-~

Fig. 1: a) Grayscale image
The following figure shows a grayscale image in a neutrosophic crisp components.
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Fig. 1: bj Neutrosophic Crisp Co

At this point, we have noticed that there exist some crisp sets which having the neutrosophic triple structure and are not classified in
either categories of the neutrosophic crisp sets' classification. In this case, the three components of those sets may overlap. In this
section, we deduced a new triple structured set; where the three components are disjoint.

Fig. 2: b) Neutrosophic Crisp Comp_oﬁén-ts £4;, .Az Azl respe-ctively
The following figure shows a grayscale image in star neutrosophic crisp components.

Fig. 3 b Star Neutrosophic Crisp Components {4,, A, ,45) respectively

Definition 5.1
For any triple structured crisp set 4, of the form A = (A, , A, ,As ):the retract neutrosophic crisp set A” is the
structure A” = {A,7, A,", A, )where
AT=A nco(A,UA;), AT =AnN
co(A, UA,) and
AT = A, Nco(A, UA,). Furthermore, the three components A,™ , A, and A, T are disjointand AT © A, ¥Vi=1273.
The following figure shows a grayscale image in a neutrosophic retract crisp components.

Fig.4: b) Neutrosophic Retract Components ¥ 1 4. Az} respectively
5.2. A Grayscale Image & Neutrosophic Crisp Operators

Salama et al. [17] extended the definitions of some morphological filters using the neutrosophic crisp sets concept. The idea behind
the new introduced operators and filters is to act on the image in the neutrosophic crisp domain instead of the spatial domain.

The following figure shows a grayscale image in a neutrosophic crisp Dilation components.

pe e —
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Fig.6: Neutrosophic Crisp Dilation components in type 2 (A1, A3, A3) respectively

The following figure shows a grayscale image in a neutrosophic crisp Erosion components.

Fig.10: Neutrosophic Crisp opening components in type2 { Ay, Ay ,Ag }respectively

The following figure shows a grayscale image in a neutrosophic crisp Closing components.

Fig.11: Neutrosophic Crisp closing components in typel <A1 , A2 , A3> respectively
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- b} -

Fig.12: Neutrosophic Crisp closing components in type2 <Al , A2 , A3> respectively

Conclusion

As a discipline, neutrosophic is an active and growing area of image processing and analysis. In this work, we introduce a neutrosophic
technique for the image processing, analysis and enhancement. The two fold proposed technique aims to remove the noise from the
image, as well as improving the image contrast. To commence, we construct the embedding of the image in the neutrosophic domain; in
which the image is mapped into three different levels, describing the levels of trueness, falseness and indeterminacy. Using the Power-
law, Logarithmic and Gaussian transforms, the proposed a technique acts on each level of the image separately. Our plan next is to
experiment our technique on different types of images, such as medical images.
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Abstract. In this article, a notion of neutrosophic triplet (NT) normed ring space is given and properties of NT normed ring
spaces are studied. We demonstrate that NT normed ring is different from the classical one. Also, we show that a neutrosophic
triplet normed ring can be a neutrosophic triplet norm when certain conditions are met.
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1 Introduction

Neutrosophy is a branch of philosophy, introduced by Smarandache in 1980, which studies the origin, nature
and scope of neutralities, as good as their interactions with distinctive ideational spectra. Neutrosophy is the
basis of neutrosophic logic, neutrosophic probability, neutrosophic set and neutrosophic facts in [1].
Neutrosophic logic is a general framework for unification of many existing logics such as fuzzy logic which is
introduced by Zadeh in [2] and intuitionistic fuzzy logic which is introduced by Atanassov in [3]. Fuzzy set has
best measure of membership; intuitionistic fuzzy set has most effective degree of membership and degree of
non-membership. Thus; they do not explain the indeterminacy states. But neutrosophic set has degree of
membership (t), degree of indeterminacy (i) and degree of non-membership (f) and define the neutrosophic set
on three components (t, i, f). A lot of researchers have been dealing with neutrosophic set theory in [4-22].
Recently; Broumi, Bakali, Talea and Smarandache studied the single valued neutrosophic graphs in [23] and
interval valued neutrosophic graphs in [24]. Liu studied the aggregation operators based on Archimedean
t-conorm and t-norm for the single valued neutrosophic numbers in [25]. Additionally, Smarandache and Ali
introduced NT theory in [26] and NT groups in [27, 28]. The NT set is completely different from the classical
one, since for each element “a” in NT set N together with a binary operation *; there exist a neutral of “a”
called neut(a) such that a*neut(a)=neut(a)*a=a and an opposite of “a” called anti(a) such that
a*anti(a)=anti(a)*a=neut(a). Where, neut(a) is different from the classical algebraic unitary element. A NT is of
the form <a, neut(a), anti(a)>. Also, Smarandache and Ali studied the NT field in [29] and the NT ring in [30].
Recently, some researchers have been dealing with NT set thought. For instance, Sahin and Kargin introduced
NT metric space, NT vector space and NT normed space in [31]. Sahin and Kargin studied NT inner product in
[32].

Normed ring is an algebraic structure. Some of the properties of the normed rings are similarly to some of
the properties of the classical norms, but the normed rings also have their own characteristic properties. Shilov
introduced the notion of commutative normed ring in [33] and Jarden introduced the notion of normed ring in
[34]. Recently Ulucay, Sahin and Olgun introduced normed rings with soft set theory in [35].

In this paper, we introduced NT normed ring space and we give properties of NT normed ring space.
In section 2, we give some preliminary results and definition for NT structures. In section 3, NT normed ring
space is defined and some properties of a NT normed ring space are given. It is show that NT normed ring is
different from the classical normed ring. Also, it is show that if certain conditions are met, every NT normed ring
can be a NT metric and NT norm at the same time. Furthermore, the convergence of a sequence and a Cauchy
sequence in a NT normed ring space are defined. In section 4, conclusions are given.

2 Preliminaries

Definition 2.1. [27] Let N be a set together with a binary operation *. Then, N is called a NT set if for any a€ N,
there exists a neutral of “a” called neut(a), different from the classical algebraic unitary element, and an opposite
of “a” called anti(a), with neut(a) and anti(a) belonging to N, such that

a*neut(a) = neut(a)* a=a
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a*anti(a)= anti(a)* a=neut(a).

The elements a, neut(a) and anti(a) are collectively called as neutrosophic triplet, and we denote it by
(a, neut(a), anti(a)). Here, we mean neutral of a and apparently, “a” is just the first coordinate of a NT and it is
not a neutrosophic triplet. For the same element “a” in N, there may be more neutrals to it neut(a)’s and more

opposites of it anti(a)’s.
Theorem 2.2. [27] Let (N,*) be a commutative NT group with respect to * and a, be N;

i)  neut(a)*neut(b)= neut(a*b);
ii) anti(a)*anti(b)= anti(a*b);

Definition 2.3. [29] Let (NTF,*, #) be a NT set together with two binary operations * and #. Then (NTF,*, #) is
called NT field if the following conditions hold.

i. (NTF,*) is a commutative NT group with respect to *
ii. (NTF, #) is a NT group with respect to #.
iii. a#(b*c)= (a#tb)*(a#tc) and (b*c)#a = (b#a)*(c#a) for all a, b, c € NTF.

Definition 2.4. [30] The NT ring is a set endowed with two binary laws (M,*, #) such that,

a) (M, *) is a commutative NT group; which means that:
e (M, *) is a commutative neutrosophic triplets with respect to the law * (i.e. if x belongs to M, then
neut(x) and anti(x), defined with respect to the law *, also belong to M)
e The law * is well — defined, associative, and commutative on M (as in the classical sense);
b) (M, *) is a set such that the law # on M is well-defined and associative (as in the classical sense);
¢) The law is distributive with respect to the law * (as in the classical sense)

Theorem 2.5. [31] Let (N,*) be a NT group with no zero divisors and with respect to *. Fora £ N,

i)  neut(neut(a))= neut(a)
ii) anti(neut(a))= neut(a))
iii) anti(anti(a))=a

iv) neut(anti(a))= neut(a)

Theorem 2.6. [31] Let (NTV, *, #) be a NT vector space on a NT field. If (NTV, *, #) is satisfies the following
condition, (NTV, *, #) is also a NT field,

1) a#be NTV; for all a, be NTV;

2) at(b#c) = (a#b)#c; foralla, b, c € NTV;

3) a#(b*c) = (a#b)*(a#c) and (b*c)#a = (b#a)*(c#a); forall a, b, c € NTV.

Definition 2.7. [31] Let (N,*) be a NT set and let x*y € N for all x, y € N. If the function
d:NxN—R*U{0}satisfies the following conditions; d is called a NT metric. For all x, y, z € N;

a) d(x, y)=0;

b) If x=y; then d(x, y)=0

¢) d(x, y)=d(y, x)

d) If there exists any element y €N such that;

d(x, z)< d(x, z*neut(y)), then

d(x, z*neut(y)) < d(x, )+ d(y, 2).
Furthermore, ((N,*), d) is called NT metric space.

Definition 2.8. [31] Let (NTV, =,, #.)) be a NT vector space on (NTF, , =, , #,) NT field. If
I.I: NTV -R*+U{0} function satisfies following condition; I.I is called NT normed on (NTV, ,=., #.). Where;

f: NTF X NTV —R*U{0}, f(a,x)= f(anti(a), anti(x))
is a function and for every X, y € NTV and o € NTF;
a) Ixl >0;
b) If x=neut(x), then Ixl =0
¢) la#. xI = f(a,x).Ix|
d) lanti(x)l= IxI
e) If there exists any element k € NTV such that Ix #, yl < Ix =, y = neut(k)l then;
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Ix ., y =, neut(k)I<IxI+lyl.
Furthermore, (NTV, =., #2,), I.I) is called a NT normed space on (NTF, ,=+,, #,) NT field.

Definition 2.9. [34] Let R be an associative ring with 1. A norm on R is a function I.I : R — R that satisfies the
following conditions for all a, b € R.

a) lal>0 and lal = 0 if and only if
a=0; further 111 =1-11=1

b) There is an x £ R with 0< IxI<1

c) la.bl< lal.lbl

d) la+bl< max {lal, Ibl}

3 Neutrosophic Triplet Normed Ring Space

Definition 3.1. Let (NTR,*,#) be a NT ring. If I.I : NTR —R+*U{0} function satisfies following condition; I.| is
called NT normed ring on (NTR,* #). For x,y, z £ NTR,

a) Ixl >0;
b) If x=neut,(x), then IxI =0. Where, neut(x)) is neutral of x with respect to #.
c¢) There is a x € NTR such that
Ineut ()l < llzll = lIneuts ). Where, meut «(x) is neutral of x with respect to # and meut ,(x) is neutral
of x with respect to * .

d) lanti ,(x)I= Ixl. Where, anti,(x) is anti of x with respect to *.
e) If there exists a element k € NTR such that Ix# yl < Ix# y#neut z(k)l; then

Ix# y#meut (k)= IxI.lyl
f) If there exists a element k & NTR such that Ix* yl < Ix* y*neut ,(k)I; then

Ix* y*meut (k) < max {Ixl,lyl}

Furthermore, ((NTR,* ,#) I.l) is called NT normed ring space.

Example 3.2. Let X = {1, 2}, and P(X) be power set of X. From Definition 2.4; (P(X), *, N) is a NT ring. Where,

B\A, s{A)<s(B)NBoA NA'=F
A\B, s(A)>s(B) \NADEB AB =A
A*B = (A\B) ", s(A)=s(BNADB NB A
(B\A)". s(A)<s(B) ABoANAEE
X, s{A)=s(B) \NA+xF
@, A=B

The NT with respect to *;
neut(@)=9, anti(@) = @; neut({1})= {1, 2},
anti({1}) ={2}; neut({2}) = {1, 2},
anti({2}) ={1}; neut({1, 2}) = @, anti({1,2}) ={1, 2};

The NT with respect to N; neut(A) =A and anti(A) = B. Where, B2 A and s(A) is number of elements in
A e P(X) and A" is complement of A £P(X). Now we show that (P(X), *, N), I,I) is a NT normed ring space
such that Al =s(A).
a)lAl=s(A)=0
b)Since neut(@)=0, 10l = s(@) =0
c) For @ eP(X), meut (@)=0, neut,(D)=0;then Ineut,(X)|= ||x]| = ||neut (=)
d) Since anti(@) = @, anti({1})={2}, anti({2})={1},
anti({1,2})={1, 2};
191 =101, 1{1}1 = 1{2}1, 1{1, 2}1 = I{1, 2}I. Thus; lanti(A)l= 1Al for A €P(X).
e) Since neut(@)=0, anti(@)=0;
neut({1})= {1, 2}, anti({1})={2};
neut({2)= {1, 2}, anti({2})={1};
neut({1,2})= 0, anti({1,2})={1, 2};

Memet Sahin, Abdullah Kargin. Neutrosophic Triplet Normed Ring Space



Neutrosophic Sets and Systems, Vol. 21, 2018 23

For @ and 0,
19=@l=101=0 =1 @=@ «neut({1})I=1{1.20=2
Thus; | @= @l =0 < @I+ 1¢1=0

For @ and {1};
Fe*{1}I=1{2}1=1 <I1@*{1}*neut({2})I =1{1}I=1. Thus; | @*{1}I=1 <I@I+ I{1}I=1

For @ and {2};
19*2 M =1{1}1=1 <1 @*{2}*neut({1})I =1{2}I=1. Thus; | @*{2}1=1 <I1@I+ 1{2}I=1

For @ and {1,2};
19*{1,2}1=1{1,2}1=2 <1 @*{1,2} *neut({@})I = 1{1,2}I=2.
Thus; | §*{1, 2}1 =2 <1@I+ 1{1,2}I=2

For {1} and {1};
F{I*{1=101=0 <1 {1}*{1}*neut({2})I =1{1,2}1=2.
Thus; | {1}*{1}1=0<I{1}I+1{1}I=2

For {1} and {2};
{1320 =101 =1 {1}*{2} *neut({2})I
=1{1,2}1=2.
Thus; I {1}*{2}1=0<I{1}I+ I{1}I=2

For {1} and {1,2};
P12 =1{2}1=1 < I {1}*{1,2}*neut({2})l
=[{1}I=1.
Thus; | {1}*{1,2}1 =0 <1{1}I+1{1,2}I=3

For {2} and {2};
F{2}*{2} 1 =101=0 < | {2}*{2}*neut({1})I
=1{1,2}1=2.
Thus; | {2}*{2}1 =0 < I{2} I+ 1{2}1=2

For {2} and {1,2};1 {2}*{1,2}1=1{1}I=1 <I {2}*{1,2}*neut({1})I=1{2}1=1.
Thus; | {2}%{1,2}1 = 1 < 1{2} 1+ 1{1,2}I=3

f) Since A, BeP(X) and neut({1}) = {1, 2} = X; ANBNX = A N B. Thus; IANBI =1 ANBN neut({1})l. Now we
show that;
IANBI=1 ANBN neut({1})l < max{IALIBI}.

For @ and @;
| 9NPI = 0 < max{IBLIGI} = @

For @ and {1};
1@N{11=0 < max{IQLI{1}1} =1

For @ and {2};
BN {211 =0 < max{IL1{2}1} = 1

For @ and {1,2};
19N{1,2}1 =0 <max{Ipl,1{1,2}1} =2

For {1} and {1};
{1} N{1}1 =1 <max{I{1}LI{1}I} =1

For {1} and {2};
{1} N{2}1 =0 <max{I{1}LI{2}I} =1

For {1} and {1, 2};
{1} N{1,2}1 =0 <max{I{1}1,I{1,2}1} =2
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For {2} and { 2};
1{2} N{2}1 = 1< max{I{2}11{2}1} =1

For {2} and {1, 2};
1{2} N{1,2}1 =0 < max{I{2}1,1{1,2}1} = 2.

For {1,2} and {1,2}; 1{1,2} N{1,2}1=2
<max{I{1,2}1,1{1,2}1} =2

Thus; (P(X), *, N), I,I) is a NT normed ring space.

Corollary 3.3. It is clear that NT normed ring spaces are generally different from classical normed ring spaces
since for neut(x) different from classical unit element. However; if certain conditions are met; every classical
normed space can be a NT normed space at the same time.

Proposition 3.4. Let (NTR, *, #), [I. Il) be a NT normed ring space.

a) If there exists a element k € NTR such that
Ix* ylI < Ix* y*neut(k)l and ||zl <ll¥ll then l|x =+ ylI=llv¥ll.
b) If there exists a element k & NTR such that Ix* yl < Ix* y*neut(k)l then |lx= vl = ll=ll + ll¥|l.

Proof.
a) From Definition 3.1, now that there exists a element k € NTR such that
Ix* yl < Ix* y*neut(k)l, it is clear that
Izl < Iz*neut(k)l for x* y =z, zeNTR (1)
Furthermore, from Definition 3.1, now that there exists a element k £ NTR such that
Ix* yl < Ix* y*neut(k)l, Ix* yl = max {Ixl,lyl}.
For |lxll<llvll, itis clear that Ix* y*neut(k)l = lyl.
Assume that Ix* y*neut(k)l= lyl.
From (i), we can take x = k such that Iyl < ly*neut(x)I.
Thus;
lIx = yll=liyll.
b) From definition 1, now that there exists a element k 2 NTR such that
Ix* yl < Ix* y*neut(k)l, it is clear that
Ix* yl = max {IxI,lyl} (i1)
Furthermore,
max {IxI,lyl} = IxI-+lyl (iii)
From (ii) and (iii), it is clear that,
lx » yll < lxll + Nyl

Theorem 3.5. Let (NTR, * #), |l.]l) be a NT normed ring space. If [|.]|: NTR — R*U {0} function and
(NTR,* #), ||. ) satisfy following conditions; it is called NT normed space on (NTR,* ,#), |l.|]). For x, y, z €
NTR,

a) (NTR,* ;#) be a NT vector space.
b) Ix# yl =IxI.lyl

Proof.

Now that (NTR,* ;#)) is a NT ring,
a#tb € NTR; for all a, be NTV;
a#(bttc)=(a#b)#c; foralla,b,c € NTR;
a#t(b*c)= (a#tb)*(a#tc) and
(b*c)#a = (b#a)*(ct#a); for all a, b, c € NTR.

From a), (NTR,* ,#) is a NT vector space. Thus, (NTR,* ,#) be a NT field. Now we show that (NTR,* ,#), II.II) is
a NT normed space.

For x, y, k € NTR,

a) From Definition 3.1, Ixl = 0

b) From Definition 3.1, if x=neut,(x), then IxI =0

¢) Now that (NTR,* ,#) is a NT field and from b),
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Ix# yl =IxI.lyl. Then we can take
f: NTR X NTR — R*U{0}, f(x, y)= Ixl. Where, it is clear that f(x, y) = IxI = lanti ,(xX)| = f(anti.(X), anti (y)).
Thus; Ix# yl = f(x, y).lyl
d) From Definition 3.1, lam#i ,(x)I= Ix]
e) From Definition 3.1, and Proposition 3.4, it is clear that If there exists a element k € NTR such that
Ix*yl < Ix*y*neut(k)l;
then
Ix*y*neut(k)l = IxI+lyl.
Thus; (NTR,* ,#), II. Il) is a NT normed space.

Proposition 3.6. Let (NTR,* ,#), II) be a NT normed ring space. If [[neut (x)|l = 0, for x € NTR, then the func-
tion d: NTR x NTR— R defined by d(x, y) = Ix* anti(y)l provides NT metric space conditions.

Proof.

Let x, y, z € NTR. From the Definition 3.1,

D) d(x, y) = =+ anti (w)I)>0;
2) If x = y then; d(x, y) = llx = anti(v)ll= lly = anti(v)ll = lneut(z)ll = llneut (v)l. Now that [[neut (x)ll = 0,
d(x,y)=0.

3) Now that [lanti(x) [l =llxll, we have d(x, y) = |lx = anti (v)ll =|lanti(x = anti (y))|l. From the Theorem 2.2 and
Theorem 2.5, we have
d(x, y)= llanti(x = anti (y )}l = llanti(x) + anti{antd (y )il = lanti(x) = vl = d(y, x).
4) For any k € NTV; suppose that
d(x, z) =]l x * anti(2)lI<|lx * anti (z) * neut (k)ll=

d(x, z=,neut(k)), then

llx = anti (z)lI<

llx * anti(z) * neut (k) |=

llx = anti(z) = k = anki (k).
Now that NTV is a commutative group with respect to
lx = anti(z) = k = anti (k)ll=

|||[x * nnt:’{k]} + (anti(z) * k]"S
max{ [lx + anti (k) |.Ik + antz (0l } <

Ix » anti (k) I+llk = anti )1l
Thus, if d(X, z) < d(x, z=.neut(k)), then d(x, z=.neut(k)) < d(x, k)+ d(k, z).

1233

, we have

Definition 3.7. Let (NTR,* ,#), ||. ll) be a NT normed ring space, {x,} be a sequence in this space. For all £>0,
for all n >M such that

lx + anti (x,} )I<e
if there exists a Me N; {x,} sequence converges to x. It is denoted by

limy, .. x,=XOr x,—X

Definition 3.8. Let (NTR,* ,#), II.|l) be a NT normed ring space, {x,} be a sequence in this space. For all £>0
such that for all n, m >M

|, + anti( {x Y ill<e
If there exists a M € N, then {x,} sequence is called Cauchy sequence.

Definition 3.9. Let (NTR,* #), |l. |l) be a NT normed ring space, {x,} be a sequence in this space. If each {x,}
Cauchy sequence in this space is convergent to d reduced NT metric; (NTR,* ,#), |l.|l) is called complete NT
normed ring space.

Theorem 3.10. Let (NTR, *, #), |l ll) be a NT normed ring space, {x,} be a sequence in this space. If there exist
a M € N such that ||x,, + anti ({x,, ,})lI< & for all n, m >M and there exista k € NTR such that Ix* yl < Ix*
y*neut(k)l, then {x,} is a Cauchy sequence.

Proof.
Let n>mz M. From Definition 3.1, now that there exist a k € NTR such that
Ix* yl < Ix* y*neut(k)l,
lx,, = anti{x,, JI< llx, = anti{{x B} + neutgx,_ )l (iv)
Thus, from definition 3.1,
||.rﬂ # anti{x,, ]||<
|5, + amti{lx 1) = neut{x,_ Ol =
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2, = amtiCe ) (b antixe, Il <
max{lx, = anti{x,_, WI{x,_,) + antilx,JI}.
Similarly from (iv),
for I(x, )= antilx, JI;
|Gy ) antila, || = max{lx,_, anti{x,,_. W0z, _.) = antilx, I}

for 1, - )+ anti(x,, )l
"{Iﬂl+f] * 3ﬂﬁ{-rﬂ:]" = max{ll_rm” * aﬂﬁ{xﬂl+L ]”7”{-7:?1:+L] * anﬁ{xﬂl]"}' Thus?
x, #anti{x, )l =
max{lx,_, = anti{x,_» W1 {x,_o) = antiCx,_ ). 1(x ¥+ amti (e, )}
and now that ||x,, + anti({x,..,}lI< & it is clear that [lx, =anti{x,. )ll< & Therefore; {x,} is a Cauchy
sequence.

4 Conclusion

In this paper; we introduced NT normed ring space. We also show that NT normed ring different from
the classical one. This NT notion has several extraordinary properties compared to the classical one. We also
studied some interesting properties of this newly born structure. We give rise to a new field or research called
NT structures.
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1. Introduction

The concept of "neutrosophic set" was first given by F. Smarandache [4,5]. A. A. Salama and S. A. Alblowi
[1] presented the concept of neutrosophic topological space (briefly NTS). Q. H. Imran, F. Smarandache, R. K.
Al-Hamido and R. Dhavaseelan [6] presented the idea of neutrosophic semi-ca-open sets in neutrosophic
topological spaces. In 2014, A. A. Salama, F. Smarandache and V. Kroumov [2] presented the concept of
neutrosophic crisp topological space (briefly NCTS). The objective of this paper is to present the concept of
neutrosophic crisp semi-a-closed sets and study their fundamental properties in neutrosophic crisp topological
spaces. We also present neutrosophic crisp semi-a-closure and neutrosophic crisp semi-a-interior and obtain
some of its properties.

2. Preliminaries

Throughout this paper, (U, T) (or simply U) always mean a neutrosophic crisp topological space. The
complement of a neutrosophic crisp open set (briefly NC-0S) is called a neutrosophic crisp closed set (briefly
NC-CS) in (U, T). For a neutrosophic crisp set A in a neutrosophic crisp topological space (U, T), NCcl(A),
NCint(A) and A€ denote the neutrosophic crisp closure of A, the neutrosophic crisp interior of A and the neu-
trosophic crisp complement of A, respectively.

Definition 2.1:

A neutrosophic crisp subset A of a neutrosophic crisp topological space (U, T) is said to be:

(i) A neutrosophic crisp pre-open set (briefly NCP-0S) [3] if A S NCint(NCcl(A)). The complement of a NCP-
0S is called a neutrosophic crisp pre-closed set (briefly NCP-CS) in (U, T). The family of all NCP-OS (resp. NCP-
CS) of U is denoted by NCPO(U) (resp. NCPC(U)).

(ii) A neutrosophic crisp semi-open set (briefly NCS-0S) [3] if A € NCcl(NCint(A)). The complement of a
NCS-0S is called a neutrosophic crisp semi-closed set (briefly NCS-CS) in (U, T). The family of all NCS-0S
(resp. NCS-CS) of U is denoted by NCSO(U) (resp. NCSC(U)).

(iii) A neutrosophic crisp a-open set (briefly NCa-0S) [3] if A S NCint(NCcl(NCint(A))). The complement
of a NCa-0S is called a neutrosophic crisp a-closed set (briefly NCa-CS) in (U, T). The family of all NCa-0S
(resp. NCa-CS) of U is denoted by NCaO(U) (resp. NCaC(U)).

Definition 2.2:
(1) The neutrosophic crisp pre-interior of a neutrosophic crisp set A of a neutrosophic crisp topological space
(U, T) is the union of all NCP-0S contained in A and is denoted by PN Cint(A)[3].
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(i1) The neutrosophic crisp semi-interior of a neutrosophic crisp set A of a neutrosophic crisp topological space
(U, T) is the union of all NCS-OS contained in A and is denoted by SNCint(A)[3].
(iii) The neutrosophic crisp a-interior of a neutrosophic crisp set A of a neutrosophic crisp topological space
(U, T) is the union of all NCa-0S contained in A and is denoted by aNCint(A)[3].

Definition 2.3:

(i) The neutrosophic crisp pre-closure of a neutrosophic crisp set A of a neutrosophic crisp topological space
(U, T) is the intersection of all NCP-CS that contain A and is denoted by PNCcl(A)[3].

(i1) The neutrosophic crisp semi-closure of a neutrosophic crisp set A of a neutrosophic crisp topological space
(U, T) is the intersection of all NCS-CS that contain A and is denoted by SNCcl(A)[3].

(ii1) The neutrosophic crisp a-closure of a neutrosophic crisp set A of a neutrosophic crisp topological space
(U, T) is the intersection of all NCa-CS that contain A and is denoted by aNCcl(A)[3].

Proposition 2.4 [7]:

In a neutrosophic crisp topological space (U, T), the following statements hold, and the equality of each
statement are not true:

(i) Every NC-CS (resp. NC-0S) is a NCa-CS (resp. NCa-0S).

(i1) Every NCa-CS (resp. NCa-0S) is a NCS-CS (resp. NCS-0S).

(iii) Every NCa-CS (resp. NCa-0S) is a NCP-CS (resp. NCP-0S).

Proposition 2.5 [7]:
A neutrosophic crisp subset A of a neutrosophic crisp topological space (U, T) is a NCa-CS (resp. NCa-0S) iff
A is a NCS-CS (resp. NCS-0S) and NCP-CS (resp. NCP-0S).

Theorem 2.6 [7]:
For any neutrosophic crisp subset A of a neutrosophic crisp topological space (U, T), A € NCaO(U) iff there
exists a NC-OS H such that H € A S NCint(NCcl(H)).

Proposition 2.7 [7]:
The union of any family of NCa-OS is a NCa-0S.

Proposition 2.8:

(1) If X is a NC-0S, then SNCcl(K) = NCint(NCcl(X)).

(i) If A is a neutrosophic crisp subset of a neutrosophic crisp topological space (U,T), then
SNCint(NCcl(A)) = NCcl(NCint(NCcl(A))).

Proof: This follows directly from the definition (2.1) and proposition (2.4).

3. Neutrosophic Crisp Semi-a-Closed Sets
In this section, we present and study the neutrosophic crisp semi-a-closed sets and some of its properties.

Definition 3.1:

A neutrosophic crisp subset A of a neutrosophic crisp topological space (U, T) is called neutrosophic crisp semi-
a-closed set (briefly NCSa-CS) if there exists a NCa-CS H in U such that NCint(H) € A S H or equivalently
if NCint(aNCcl(A)) S A. The family of all NCSa-CS of U is denoted by NCSaC(U).

Definition 3.2:

A neutrosophic crisp set A is called a neutrosophic crisp semi-a-open set (briefly NCSa-0S) if and only if its
complement A€ is a NCSa-CS or equivalently if there exists a NCa-OS H in U such that H S A S NCcl(H).
The family of all NCSa-0S of U is denoted by NCSaO(U).

Proposition 3.3:

It is evident by definitions that in a neutrosophic crisp topological space (U, T), the following hold:
(1) Every NC-CS (resp. NC-0S) is a NCSa-CS (resp. NCSa-0S).

(i) Every NCa-CS (resp. NCa-0S) is a NCSa-CS (resp. NCSa-0S).

The converse of Proposition (3.3) need not be true as shown by the following example.

Example 3.4:
Let U ={p,q,7,s}, A = ({p}.{q, s} {r}), B = ({p}. {q}, {r}) . Then T = {@y, A, B, Uy} is a neutrosophic crisp
topology on U.
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(1) Let H = {{p},{q,7,s},0), A S H S NCcl(A) = Uy, the neutrosophic crisp set H is a NCSa-0S but not
NC-0S. It is clear that H ¢ = {{q, 1, s}, {p}, U) is a NCSa-CS but not NC-CS.

(ii) Let X =(@,{q,r,s},{r,s}) and so KX & NCint(NCcl(NCint(¥X))), the neutrosophic crisp set I is a NCSa-
0S but not NCa-0S. Tt is clear that K¢ = (U, {p}, {p, q}) is a NCSa-CS but not NCa-CS.

Remark 3.5:
The concepts of NCSa-CS (resp. NCSa-OS) and NCP-CS (resp. NCP-OS) are independent, as the following
examples show.

Example 3.6:

LetU ={p,q,1,s}, A = {{p}{q}{r}), B = ({r}.{q} {s}).¢ = {{p,7},{q}, 0), D = (@,{q}, {r, s}).

Then T = {@y, A, B,C,D, Uy} is a neutrosophic crisp topology on U. Let H = ({r,s},{p,q},{s}), BES H <
NCcl(B) = ({r,s},{q}, @), the neutrosophic crisp set I is a NCSa-0S but not NCP-0S. It is clear that € =
{s}, {p, q}, {r, s}) is a NCSa-CS but not NCP-CS.

Example 3.7:

Let U ={p,q,1 s} A = ({p}{q}. {r}), A, = ({p}.{q s} {r}). Then T = {@y, A, Az, Uy} is a neutrosophic
crisp topology on U. If A3 = {{p, q}, {r}, {s}), then A is a NCP-0S but not NCSa-0S. It is clear that A3 =
{s},{r}, {p, q3) is a NCP-CS but not NCSa-CS.

Remark 3.8:

(i) If every NC-OS is a NC-CS and every nowhere neutrosophic crisp dense set is NC-CS in any neutrosophic crisp
topological space (U, T), then every NCSa-CS (resp. NCSa-0S) is a NC-CS (resp. NC-0S).

(i) If every NC-0S is a NC-CS in any neutrosophic crisp topological space (U,T), then every NCSa-CS
(resp. NCSa-0S) is a NCa-CS (resp. NCa-0S).

Remark 3.9:

(i) It is clear that every NCS-CS (resp. NCS-OS) and NCP-CS (resp. NCP-OS) of any neutrosophic crisp
topological space (U, T) is a NCSa-CS (resp. NCSa-0S) (by Proposition (2.5) and Proposition (3.3) (ii)).

(i1) A NCSa-CS (resp. NCSa-0S) in any neutrosophic crisp topological space (U, T) is a NCP-CS (resp. NCP-0S)
if every NC-OS of ‘U is a NC-CS (from Proposition (2.4) (iii) and Remark (3.8) (ii)).

Theorem 3.10:

For any neutrosophic crisp subset A of a neutrosophic crisp topological space (U, T). The following properties
are equivalent:

(i) A € NCSaO ().

(ii) There exists a NC-0S, say H, such that H' € A S NCcl(NCint(NCcl(H))).

(iii) A S NCcl(NCint(NCcl(NCint(A)))).

Proof:

(i) = (ii) Let A € NCSaO(U). Then, there exists X € NCaO(U), such that X € A S NCcl(¥K). Hence there
exists H NC-0S such that ' € K S NCint(NCcl(H))(by Theorem (2.6)). Therefore, NCcl(H) € NCcl(X) <
NCcl(NCint(NCcl(H))), implies that NCcl(K) € NCcl(NCint(NCcl(H))).

Then H € K S A S NCcl(K) € NCcl(NCint(NCcl(%))). Hence, H S A S NCcl(NCint(NCcl(H))), for
some H NC-OS.

(ii) = (iii) Suppose that there exists a NC-0S H such that H S A S NCcl(NCint(NCcl(H))). We know that
NCint(A) € A. On the other hand, H S NCint(A) (since NCint(A) is the largest NC-OS contained in A).
Hence NCcl(H) € NCcl(NCint(A)), then NCint(NCcl(#)) € NCint(NCcl(NCint(A))),

therefore NCcl(NCint(NCcl(H))) € NCcl(NCint(NCcl(NCint(A)))). But A S NCcl(NCint(NCcl(H)))
(by hypothesis). Hence A S NCcl(NCint(NCcl(H))) S NCcl(NCint(NCcl(NCint(A)))),

then A S NCcl(NCint(NCcl(NCint(A)))).

(iii) = (i) Let A S NCcl(NCint(NCcl(NCint(A)))). To prove A € NCSaO(U), let K = NCint(A); we
know that NCint(A) € A. To prove A S NCcl(NCint(A)).

Since NCint(NCcl(NCint(A))) S NCcl(NCint(A)).

Hence, NCcl(NCint(NCcl(NCint(A)))) € NCcl(NCcl(NCint(A)))) = NCcl(NCint(A)).

But A S NCcl(NCint(NCcl(NCint(A)))) (by hypothesis). Hence, A S NCcl(NCint(NCcl(NCint(A))))

C NCcl(NCint(A)) = A S NCcl(NCint(A)). Hence, there exists an NC-0S say K, such that X € A C
NCcl(A). On the other hand, X is a NCa-0S (since X is a NC-0S). Hence A € NCSaO(U).
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Corollary 3.11:

For any neutrosophic crisp subset A of a neutrosophic crisp topological space (U, T), the following properties
are equivalent:

(i) A € NCSaC(U).

(ii) There exists a NC-CS F such that NCint(NCcl(NCint(F))) € A S F.

(iii) NCint(NCcl(NCint(NCcl(A)))) € A.

Proof:

(i) = (ii) Let A € NCSaC(U), then A° € NCSaO(U). Hence there is H NC-OS such that H S A€ S
NCcl(NCint(NCcl(3())) (by Theorem (3.10)). Hence (NCcl(NCint(NCcl(H))))¢ € A € H*,

i.e.,, NCint(NCcl(NCint(H°))) € A € HC. Let H¢ = F, where F is a NC-CS in U.

Then NCint(NCcl(NCint(F))) € A < F, for some F NC-CS.

(i) = (iii) Suppose that there exists F NC-CS such that NCint §N6cl(1vcmt(3f))2 C A C F, but NCcl(A) is
the smallest NC-CS containing A. Then NCcl(A) € F, and therefore: NCint(NCcl c/l)) C NCint(F)

= NCcl gwcmt(zvca(cﬂ))s € NCcl(NCint(F)) = NCint(NCcl(NCint(NCcl(A)))) S
NCint(NCcl(NCint(F))) €A = NCint(NCcl(NCint(NCcl(A)))) € A.

(iit) = (i) Let NCint(NCcl(NCint(NCcl(A)))) € A . To prove A € NCSaC(U), ie., to prove A° €
NCSaO(U) . Then A€ < (NCint(NCcl(NCint(NCcl(A)))))¢ = NCcl(NCint(NCcl(NCint(A°)))) , but
(NCint(NCcl(NCint(NCcl(A)))))¢ = NCcl(NCint(NCcl(NCint(A°)))).

Hence A€ € NCcl(NCint(NCcl(NCint(A%)))), and therefore A€ € NCSaO(U), i.e., A € NCSaC(U).

Theorem 3.12:

The union of any family of NCSa-OS is a NCSa-0S.

Proof: Let {cA;};c4 be a family of NCSa-0S. To prove Ujep A; is a NCSa-0S. Since A, € NCSaO(U). Then
there is a NCa-0S By such that By € A; € NCcl(B,), VA € A. Hence U ep By € Ujea Az € Uaea NCcl(B,) <
NCcl(Ujzen By). But Ujep B; € NCaO(U) (by Proposition (2.7)). Hence Ujep Ay € NCSaO(U).

Corollary 3.13:
The intersection of any family of NCSa-CS is a NCSa-CS.
Proof: This follows directly from Theorem (3.12).

Remark 3.14:
The following diagram shows the relations among the different types of weakly neutrosophic crisp closed sets
that were studied in this section:

NCP-CS

NCS-CS

NC-CS NCa-CS

A

A
every nowhere NC-dense

set is a NC-CS \4
)
\_/

every NC-0OS is a NC-CS <+>

| Ncso-cs

Diagram (3.1)
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4. Neutrosophic Crisp Semi-a-Closure and Neutrosophic Crisp Semi-a-Interior

We present neutrosophic crisp semi-o.-closure and neutrosophic crisp semi-o-interior and obtain some of
their properties in this section.

Definition 4.1:

The intersection of all NCSa-CS in a neutrosophic crisp topological space (U, T) containing A is called
neutrosophic crisp semi-a-closure of A and is denoted by SaNCcl(A), SaNCcl(A) = N{B:A S B,Bis a
NCSa-CS}.

Definition 4.2:
The union of all NCSa.-OS in a neutrosophic crisp topological space (U, T) contained in A is called neutrosophic
crisp semi-o-interior of A and is denoted by SaNCint(A), SaNCint(A) = U{B: B < A, B is a NCSa-0S}.

Proposition 4.3:

Let A be any neutrosophic crisp set in a neutrosophic crisp topological space (U, T), the following properties are
true:

(1) SaNCcl(A) = A iff A is a NCSa-CS.

(ii) SaNCint(A) = A iff A is a NCSa-0S.

(iii) SaNCcl(A) is the smallest NCSa-CS containing A.

(iv) SaNCint(cA) is the largest NCSa-OS contained in A.

Proof: (i), (ii), (iii) and (iv) are obvious.

Proposition 4.4:
Let A be any neutrosophic crisp set in a neutrosophic crisp topological space (U, T), the following properties
hold:
(1) SaNCint(Uy — A) = Uy — (SaNCcl(A)),
(i) SaNCcl(Uy — A) = Uy — (SaNCint(A)).
Proof: (i) By definition (2.3), SaNCcl(A) = N{B: A S B, B is a NCSa.-CS}
Uy — (SaNCcl(A)) = Uy — N{B: A < B, Bis a NCSa-CS}
= U{Uy — B: A € B,Bis aNCSa-CS}
=U{H:H S Uy — A ,H is a NCSa-0S}
= SaNCint(Uy — A).
(i1) The proof is similar to (i).

Theorem 4.5:

Let A and B be two neutrosophic crisp sets in a neutrosophic crisp topological space (U, T). The following
properties hold:

(1) SaNCcl(@y) = Dy, SaNCcl(Uy) = Uy.

(ii) A S SaNCcl(A).

(iii) A € B = SaNCcl(A) S SaNCcl(B).

(iv) SaNCcl(ANB) € SaNCcl(A)NSaNCcl(B).

(v) SaNCcl(A)USaNCcl(B) € SaNCcl(AUB).

(vi) SaNCcl(SaNCcl(A)) = SaNCcl(A).

Proof: (i) and (ii) are evident.

(iii) By (ii), B € SaNCcl(B). Since A S B, we have A € SaNCcl(B). But SaNCcl(B) is a NCSa-CS. Thus
SaNCcl(B) is a NCSa-CS containing A.

Since SaNCcl(A) is the smallest NCSa-CS containing A, we have SaNCcl(A) € SaNCcl(B). Hence, A S
B = SaNCcl(A) S SaNCcl(B).

(iv) We know that ANB € A and ANB S B . Therefore, by (iii), SaNCcl(ANB) S SaNCcl(A) and
SaNCcl(ANB) € SaNCcl(B). Hence SaNCcl(ANB) € SaNCcl(A)NSaNCcl(B).

(v) Since A € AUB and B € AUB, it follows from part (iii) that SaNCcl(A) € SaNCcl(AUB)

and SaNCcl(B) € SaNCcl(AUB). Hence SaNCcl(A)USaNCcl(B) € SaNCcl(AUB).

(vi) Since SaNCcl(A) is a NCSa-CS, we have by Proposition (4.3)(i), SaNCcl(SaNCcl(A)) = SaNCcl(A).

Theorem 4.6:

Let A and B be two neutrosophic crisp sets in a neutrosophic crisp topological space (U, T). The following
properties hold:

(i) SaNCint(Qy) = Oy, SaNCint(Uy) = Uy.

(ii) SaNCint(A) € A.
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(iii) A S B = SaNCint(A) S SaNCint(B).

(iv) SaNCint (ANB) € SaNCint(A)NSaNCint(B).
(v) SaNCint(A)USaNCint(B) < SaNCint(AUB).
(vi) SaNCint(SaNCint(A)) = SaNCint(A).
Proof: (i), (i), (iii), (iv), (v) and (vi) are obvious.

Proposition 4.7:

For any neutrosophic crisp subset A of a neutrosophic crisp topological space (U, T), then:

(i) NCint(A) € aNCint(A) S SaNCint(A) € SaNCcl(A) S aNCcl(A) S NCcl(A).

(ii) NCint(SaNCint(A)) = SaNCint(NCint(A)) = NCint(A).

(iii) aNCint(SaNCint(A)) = SaNCint(aNCint(A)) = aNCint(A).

(iv) NCcl(SaNCcl(A)) = SaNCcl(NCcl(A)) = NCcl(A).

(v) aNCcl(SaNCcl(c/l)) = SaNCcl(aNCcl(c/l)) = aNCcl(A).

(vi) SaNCcl(A) = AUNCint(NCcl(NCint(NCcl(A)))).

(vii) SaNCint(A) = ANNCcl(NCint(NCcl(NCint(A)))).

(viii) NCint(NCcl(A)) € SaNCint(SaNCcl(A)).

Proof: We shall prove only (ii), (iii), (iv), (vii) and (viii).

(ii) To prove NCint(SaNCint(A)) = SaNCint(NCint(A)) = NCint(A), we know that NCint(A) is a NC-
0S. It follows that NCint(A) is a NCSa-0S. Hence NCint(A) = SaNCint(NCint(cﬁl)) (by Proposition (4.3)).
Therefore: NCint(A) = SaNCint(NCint(c/l)). ......................................................................... (1)

Since NCint(A) S SaNCint(A) = NCint(NCint(A)) € NCint(SaNCint(A)) = NCint(A) S
NCint(SaNCint(A)). Also, SaNCint(A) € A = NCint(SaNCint(A)) € NCint(A).

Hence: NCint(A) = NCmt(SaNCmt(c/l))Q)

Therefore by (1) and (2), we get NCint(SaNCint(c/l)) = SaNCint(NCint(c/l)) = NCint(A).

(iii) Now we prove aNCint(SaNCint(A)) = SaNCint(aNCint(A)) = aNCint(A).

Since aNCint(A) is NCa-0S, therefore aNCint(A) is NCSa-0S. Therefore by Proposition (4.3):

aNCint(A) = SANCINE(ANCINE(A) ). .eeee et ssseessesesesessssess s ssses 1))

Now, to prove aNCint(A) = aNCint(SaNCint(c/l)), we have aNCint(A) € SaNCint(A) =
aNCint(aNCint(A)) € aNCint(SaNCint(A)) = aNCint(A) S aNCint(SaNCint(A)).

Also, SaNCint(A) € A = aNCint(SaNCint(A)) S aNCint(A).

Hence: aNCint(A) = aNCint(SaNCint(c/l))..............................................................(2)

Therefore by (1) and (2), we get aNCint(SaNCint(A)) = SaNCint(aNCint(A)) = aNCint(A).

(iv) To prove NCcl(SaNCcl(A)) = SaNCcl(NCcl(A)) = NCcl(A). We know that NCcl(A) is a NC-CS, so it
is NCSa-CS. Hence by proposition (4.3), we have: NCcl(A) = SaNCcl(NCcl(c/l))..........(1)

To prove NCcl(A) = NCcl(SaNCcl(A)), we have SaNCcl(A) < NCcl(A) (by part (i)).

Then NCcl(SaNCcl(A)) € NCcl(NCcl(A)) = NCcl(A) = NCcl(SaNCcl(A)) < NCcl(A).

Since A € SaNCcl(A) S NCcl(SaNCcl(A)), then A S NCcl(SaNCcl(A)).

Hence, NCcl(A) € NCcl (NCcl(SaNCcl(A))) = NCcl(SaNCcl(A)) = NCcl(A) S NCcl(SaNCcl(A))
and therefore: NCcl(A) = NCCl(SANCCLIA) ).t 2)

Now, by (1) and (2), we get that NCcl(SaNCcl(c/l)) = SaNCcl(NCcl(c/l)). Hence NCcl(SaNCcl(c/l)) =
SaNCcl(NCcl(A)) = NCcl(A).

(vii) To prove SaNCint(A) = ANNCcl(NCint(NCcl(NCint(A)))), since SaNCint(A) € NCSaO(U) =
SaNCint(A) € NCcl(NCint(NCcl(NCint(SaNCint(A))))) = NCcl(NCint(NCcl(NCint(A))))

(by part (ii)). Hence, SaNCint(A) S NCcl(NCint(NCcl(NCint(A)))), also SaNCint(A) S A. Then:
SaNCint(A) € ANNCclI(NCIint(NCCI(NCINE(A))))eeoreerrereerererieeeeeereeeereeereesssineseneas @)

To prove ANNCcl(NCint(NCcl(NCint(A)))) is a NCSa-0S contained in A.

It is clear that ANNCcl(NCint(NCcl(NCint(A)))) € NCcl(NCint(NCcl(NCint(A)))) and also it is clear
that  NCint(A) € NCcl(NCint(A)) = NCint(NCint(A)) € NCint(NCcl(NCint(A))) = NCint(A) S
NCint(NCcl(NCint(A))) = NCcl(NCint(A)) € NCcl(NCint(NCcl(NCint(A))) and NCint(A) S
NCcl(NCint(A)) = NCint(A) S NCcl(NCint(NCcl(NCint(A)))) and NCint(A) € A = NCint(A) S
ANNCcl(NCint(NCcl(NCint(A)))) . We get NCint(A) € ANNCcl(NCint(NCcl(NCint(A)))) €
NCcl(NCint(NCcl(NCint(A)))). Hence ANNCcl(NCint(NCcl(NCint(A)))) is a NCSa-OS (by Proposition
(4.3)). Also, ANNCcl(NCint(NCcl(NCint(A)))) is contained in A.

Then ANNCcl(NCint(NCcl(NCint(A)))) € SaNCint(A) (since SaNCint(A) is the largest NCSa - OS
contained in A). Hence: ANNCcl(NCint(NCcl(NCint(A)))) S SaNCint(A)............... )

By (1) and (2), we get that SeNCint(A) = ANNCcl(NCint(NCcl(NCint(A)))).

(viii) To prove that NCint(NCcl(A)) S SaNCint(SaNCcl(c/l)), we know that SaNCcl(A) is a NCSa-CS,
therefore ~ NCint(NCcl(NCint(NCcl(SaNCcl(A))))) S SaNCcl(A) (by Corollary (3.11)). Hence
NCint(NCcl(c/l)) C NCint(NCcl(NCint(NCcl(A))) € SaNCcl(A) (by part @iv)). Therefore,
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SaNCint (NCint(NCel(A))) € SaNCint(SaNCel(A)) = NCint(NCcl(A)) € SaNCint(SaNCel(A)) (by
(i1)).

Theorem 4.8:

For any neutrosophic crisp subset A of a neutrosophic crisp topological space (U, T). The following properties
are equivalent:

(i) A € NCSaO(U).

(i) H € A S NCcl(NCint(NCcl(H))), for some NC-0S H.

(iii) X € A € SNCint(NCcl(H)), for some NC-0OS H.

(iv) A S SNCint(NCcl(NCint(A))).

Proof:

(i) = (ii) Let A € NCSaO(U), then A S NCcl(NCint(NCcl(NCint(A)))) and NCint(A) S A. Hence

H S A S NCcl(NCint(NCcl(H))), where H = NCint(A).

(it) = (iii) Suppose H S A S NCcl(NCint(NCcl(H))), for some NC-0S F. But SNCint(NCcl(#)) =
NCcl(NCint(NCcl(H))) (by Proposition (2.8)). Then H S A S SNCint(NCcl(H)) , for some NC-0S H.
(iit) = (iv) Suppose that H € A S SNCint(NCcl()), for some NC-0S H . Since H is a NC-OS contained in
A. Then H € NCint(A) = NCcl(H) S NCcl(NCint(A))

= SNCint(NCcl(H)) € SNCint(NCcl(NCint(A))). But A S SNCint(NCcl(H)) (by hypothesis), then
A S SNCint(NCcl(NCint(A))).

(iv) = (i) Let A S SNCint(NCcl(NCint(A))).

But SNCint(NCcl(NCint(A))) = NCcl(NCint(NCcl(NCint(A)))) (by Proposition (2.8)).

Hence, A S NCcl(NCint(NCcl(NCint(A)))) = A € NCSaO(U).

Corollary 4.9:

For any neutrosophic crisp subset B of a neutrosophic crisp topological space (U, T), the following properties
are equivalent:

(i) B € NCSa.C(U).

(ii) NCint(NCcl(NCint(F))) € B < F, for some F NC-CS.

(iii) SNCcl(NCint(F)) € B < F, for some F NC-CS.

(iv) SNCcl(NCint(NCcl(B))) < B.

Proof:

(i) = (ii) Let B € NCSaC(U) = NCint(NCcl(NCint(NCcl(B)))) € B (by Corollary(3.11))

and B € NCcl(B). Hence we obtain NCint(NCcl(NCint(NCcl(B)))) € B € NCcl(B).

Therefore, NCint(NCcl(NCint(F))) € B € F, where F = NCcl(B).

(ii) = (iii) Let NCint(NCcl(NCint(F))) € B € F, for some F NC-CS. But NCint(NCcl(NCint(F))) =
SNCcl(NCint(F)) (by Proposition (2.8)). Hence SNCcl(NCint(F)) € B € F, for some F NC-CS.

(iii) = (iv) Let SNCcl(NCint(F)) € B < F, for some F NC-CS. Since B € F (by hypothesis), then we have
NCcl(B) € F = NCint(NCcl(B) € NCint(F) = SNCcl(NCint(NCcl(B))) € SNCcl(NCint(F)) € B =
SNCcl(NCint(NCcl(B))) € B.

(iv) = (i) Let SNCcI(NCint(NCcl(B))) S B.

But SNCcl(NCint(NCcl(B))) = NCint(NCcl(NCint(NCcl(B)))) (by Proposition (2.8)).

Hence, NCint(NCcl(NCint(NCcl(B)))) € B = B € NCSaC(U).

5. Conclusion

In this work, we have the new concept of neutrosophic crisp closed sets called neutrosophic crisp semi-o.-
closed sets and studied their fundamental properties in neutrosophic crisp topological spaces. The neutrosophic
crisp semi-a-closed sets can obtain to derive a new decomposition of neutrosophic crisp continuity.

References

[1] A. A. Salama and S. A. Alblowi, Neutrosophic set and neutrosophic topological spaces. IOSR Journal of
Mathematics, 3(2012), 31-35.

[2] A. A. Salama, F. Smarandache and V. Kroumov, Neutrosophic crisp sets and neutrosophic crisp
topological spaces. Neutrosophic Sets and Systems, 2(2014), 25-30.

[3] A. A. Salama, Basic structure of some classes of neutrosophic crisp nearly open sets & possible
application to GIS topology. Neutrosophic Sets and Systems, 7(2015), 18-22.

[4] F. Smarandache, A unifying field in logics: neutrosophic logic, neutrosophy, neutrosophic set,
neutrosophic probability. American Research Press, Rehoboth, NM, (1999).

Riad K. Al-Hamido, Qays Hatem Imran, Karem A. Alghurabi and Taleb Gharibah, On Neutrosophic Crisp Semi
Alpha Closed Sets



Neutrosophic Sets and Systems, Vol. 21, 2018 35

[5] F. Smarandache, Neutrosophy and neutrosophic logic, first international conference on neutrosophy,
neutrosophic logic, set, probability, and statistics, University of New Mexico, Gallup, NM 87301, USA
(2002).

[6] Q. H. Imran, F. Smarandache, R. K. Al-Hamido and R. Dhavaseelan, On neutrosophic semi-o.-open sets.
Neutrosophic Sets and Systems, 18(2017), 37-42.

[7] W. Al-Omeri, Neutrosophic crisp sets via neutrosophic crisp topological spaces NCTS. Neutrosophic Sets
and Systems, 13(2016), 96-104.

[8] Arindam Dey, Said Broumi, Le Hoang Son, Assia Bakali, Mohamed Talea, Florentin Smarandache,

“A new algorithm for finding minimum spanning trees with undirected neutrosophic graphs”, Granular

Computing (Springer), pp.1-7, 2018.

[9] S Broumi, A Dey, A Bakali, M Talea, F Smarandache, LH Son, D Koley, “Uniform Single Valued

Neutrosophic Graphs”, Neutrosophic sets and systems, 2017.

[10] S Broumi, A Bakali, M Talea, F Smarandache, A. Dey, LH Son, “Spanning tree problem with

Neutrosophic edge weights”, in Proceedings of the 3rd International Conference on intelligence computing

in data science, Elsevier, science direct, Procedia computer science, 2018.

[11] Said Broumi; Arindam Dey; Assia Bakali; Mohamed Talea; Florentin Smarandache; Dipak

Koley,"An algorithmic approach for computing the complement of intuitionistic fuzzy graphs" 2017

13th International Conference on Natural Computation, Fuzzy Systems and Knowledge Discovery (ICNC-

FSKD)

[12] Abdel-Basset, M., Mohamed, M., Smarandache, F., & Chang, V. (2018). Neutrosophic Association Rule

Mining Algorithm for Big Data Analysis. Symmetry, 10(4), 106.

[13] Abdel-Basset, M., & Mohamed, M. (2018). The Role of Single Valued Neutrosophic Sets and Rough

Sets in Smart City: Imperfect and Incomplete Information Systems. Measurement. Volume 124, August 2018,

Pages 47-55 [14] Abdel-Basset, M., Gunasekaran, M., Mohamed, M., & Smarandache, F. A novel method

for solving the fully neutrosophic linear programming problems. Neural Computing and Applications, 1-11.

[15] Abdel-Basset, M., Manogaran, G., Gamal, A., & Smarandache, F. (2018). A hybrid approach of

neutrosophic sets and DEMATEL method for developing supplier selection criteria. Design Automation for

Embedded Systems, 1- 22.

[16] Abdel-Basset, M., Mohamed, M., & Chang, V. (2018). NMCDA: A framework for evaluating cloud

computing services. Future Generation Computer Systems, 86, 12-29.

[17] Abdel-Basset, M., Mohamed, M., Zhou, Y., & Hezam, 1. (2017). Multi-criteria group decision making

based on neutrosophic analytic hierarchy process. Journal of Intelligent & Fuzzy Systems, 33(6), 4055-4066.

[18] Abdel-Basset, M.; Mohamed, M.; Smarandache, F. An Extension of Neutrosophic AHP-SWOT

Analysis for Strategic Planning and Decision-Making. Symmetry 2018, 10, 116.

[19] Abdel-Basset, Mohamed, et al. "A novel group decision-making model based on triangular

neutrosophic numbers." Soft Computing (2017): 1-15. DOI: https://doi.org/10.1007/s00500-017-2758-5

[20] Abdel-Baset, Mohamed, Ibrahim M. Hezam, and Florentin Smarandache. "Neutrosophic goal

programming." Neutrosophic Sets Syst 11 (2016): 112-118.

[21] El-Hefenawy, Nancy, et al. "A review on the applications of neutrosophic sets." Journal of

Computational and Theoretical Nanoscience 13.1 (2016): 936-944.

Received: June 18, 2018. Accepted: July 9, 2018.

Riad K. Al-Hamido, Qays Hatem Imran, Karem A. Alghurabi and Taleb Gharibah, On Neutrosophic Crisp Semi
Alpha Closed Sets



INSS |
e Iy Neutrosophic Sets and Systems, Vol. 21, 2018 36

ITTTI University of New Mexico
U ’ 4‘

Rough Neutrosophic Multisets Relation with Application
in Marketing Strategy

Suriana Alias?!, Daud Mohamad?, and Adibah Shuib?

Faculty of Computer and Mathematical Sciences, Universiti Teknologi Mara (UiTM) Kelantan, Campus Machang, Kelantan, 18500,
Malaysia. E-mail: suria588@kelantan.uitm.edu.my
2Faculty of Computer and Mathematical Sciences, Universiti Teknologi Mara (UiTM) Shah Alam, Shah Alam, 40450, Malaysia.
E-mail: daud@tmsk.uitm.edu.my
SFaculty of Computer and Mathematical Sciences, Universiti Teknologi Mara (UiTM) Shah Alam, Shah Alam, 40450, Malaysia.
E-mail: adibah@tmsk.uitm.edu.my

Abstract. The concepts of rough neutrosophic multisets can be easily extended to a relation, mainly since a relation is also
a set, i.e. a subset of a Cartesian product. Therefore, the objective of this paper is to define the definition of rough
neutrosophic multisets relation of Cartesian product over a universal set. Some of the relation properties of rough
neutrosophic multisets such as max, min, the composition of two rough neutrosophic multisets relation, inverse rough
neutrosophic multisets relation, and reflexive, symmetric and transitive rough neutrosophic multisets relation over the
universe are defined. Subsequently, their properties are successfully proven. Finally, the application of rough neutrosophic
multisets relation for decision making in marketing strategy is presented.

Keywords: Neutrosophic Multisets, relation, rough set, rough neutrosophic multisets

1 Introduction

Imperfect information resulted in an incomplete, imprecision, inconsistency and uncertainty information
whereby all the condition must be overcome to represent the perfect information. A relation between each
information from the same universe or object is also an important criterion of the information to explain the
strong relationship element between them. Fuzzy sets as defined by Zadeh [1] has been used to model the
imperfect information especially for uncertainty types of information by representing the membership value
between [0, 1]. This indicates the human thinking opinion by replacing the information of linguistic value.
Many theories were later introduced with the aim of establishing a fuzzy relation structure [2]. Attanassov
introduced an intuitionistic fuzzy set by generalizing the theory of fuzzy sets and introducing two grades of the
membership function, namely the degree of membership function and degree of non-membership function [3].
This theory has made the uncertainty decision more interesting. Meanwhile, Burillo et al. studied the
intuitionistic fuzzy relation with properties [4]. There are also another theory introduced for solving uncertainty
condition such as rough set [5] and soft set [6]. All these studies have extended to rough relation [7] and soft
set relation [8].

Smarandache introduced a neutrosophic set as a generalization of the intuitionistic fuzzy set theory [9]. He
believed that somehow in a life situation, especially for uncertainty condition, there also exist in-between
(indeterminacy) opinion or unexpected condition that cannot be controlled. Instead of two grades of the
membership function, neutrosophic set introduced in-between (indeterminacy) function where there exists an
element which consists of a set of truth membership function (T), indeterminacy function (I) and falsity
membership function (F). Compared to other uncertainty theories, the neutrosophic set can deal with
indeterminacy situation. The study in neutrosophic relation with properties are also discussed [10], [11].

Later, Smarandache et al. refined T, I, Fto Ty, T, ..., Tmand Iy, Io, ..., Inand Fq, Fo, ..., Fr was also known
as a neutrosophic refined set or neutrosophic multisets [12], [13]. Instead of one-time occurring for each
element of T, I, F, the neutrosophic refined set allowed an element of T, I, F to occur more than once with
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possibly the same or different truth membership values, indeterminacy values, and falsity membership values.
The study of the neutrosophic refined set is a generalization of a multi fuzzy set [14] and intuitionistic fuzzy
multisets [15]. Later, Deli et al. have studied the relation on neutrosophic refined set with properties [16], [17].
Latest, Smarandache has discussed in detail about neutrosophic perspectives in theory and application parts for
neutrosophic triplets, neutrosophic duplets, neutrosophic multisets, hybrid operators and modal logic [18]. The
successful application of the neutrosophic refined set in multi criteria decision making problem such as in
medical diagnosis and selection problem [13], [19]-[25] has made this theory more applicable in decision
making area.

Hybrid theories of uncertainty and imprecision condition were introduced, especially with rough set theory,
such as rough fuzzy set and fuzzy rough set [26], rough intuitionistic fuzzy set [27], intuitionistic rough fuzzy
set [28], rough neutrosophic set [29], neutrosophic rough set [30], interval rough neutrosophic set [31], rough
neutrosophic soft set [32], rough bipolar neutrosophic set [33], single valued neutrosophic rough set model
[34] and rough neutrosophic multiset [35]. This is because a rough set theory can handle the imprecision
condition from the existence of a value which cannot be measured with suitable precision. Samanta et al. have
discussed the fuzzy rough relation on universe set and their properties [36]. Then, Xuan Thao et. al have
extended that concept by introducing the rough fuzzy relations on the Cartesian product of two universal sets
[37].

The hybrid theory of a rough set also gives a contribution for solving a problem in decision making area.
Some researchers already proved that hybrid theory such as rough neutrosophic set can handle the decision
making problem in order to get the best solution according to three membership degree (truth, indeterminate
and falsity) [38]-[44].

The objective of this paper is to define a rough neutrosophic multisets relation properties as a hovel notion.
This study also generalizes relation properties of a rough fuzzy relation, rough intuitionistic fuzzy relation and
rough neutrosophic relation over universal. Subsequently, their properties are examined.

The remaining parts of this paper are organized as follows. In section 2, some mathematical preliminary
concepts were recalled for a deeper understanding of rough neutrosophic multisets relations. Section 3
introduces the definition of rough neutrosophic multisets relation of Cartesian product on a universe set with
some examples. Related properties and operations are also investigated. Section 3 also defined the composition
of two rough neutrosophic multisets relation, inverse rough neutrosophic multisets relation and the reflexive,
symmetric and transitive rough neutrosophic multisets relation. Subsequently, their properties are examined.
In section 4, the rough neutrosophic multisets relation is represented as a marketing strategy by evaluating the
quality of the product. Finally, section 5 concludes the paper.

2 Preliminaries

In this section, some mathematical preliminary concepts were recalled to understanding more about rough
neutrosophic multisets relations.

Definition 2.1 ([10]) Let U be a non-empty set of objects, R is an equivalence relation on U. Then the space
(U,R) is called an approximation space. Let X be a fuzzy set on U. We define the lower and upper
approximation set and upper approximation of X, respectively

Ry (X) = {x € U:[x]z € X},

Ry(X) ={x €U:[x]x N X # 0}
where

TR_U(X) = infyeu{Tx(¥): y € [x]z},

Ty (X) = supyeu{Tx (¥):y € [x]z}.

The boundary of X, BND(X) = Ry (X) — &(X). The fuzzy set X is called the rough fuzzy set if BND(X) #
0.

Definition 2.2 ([18]) Let U be a non-empty set of objects, R is an equivalence relation on U. Then the space
(U, R) is called an approximation space. Let X be an intuitionistic fuzzy set on U. We define the lower and
upper approximation set and upper approximation of X, respectively

&(X) ={x e U:[x]g c X}

Ry(X) ={x € U:[x]x N X # 0},
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where

TR_U(X) = inf,eu{Tx(¥): y € [x]z},

Tﬁ(x) = sup,eu{Tx(¥):y € [x]z},

FIR_U(X) = supyey{Fx(¥):y € [x]z},

FE(X) = infyey{Tx(¥):y € [x]z}.
The boundary of X, BND (X) = Ry (X) — Ry (X). The intuitionistic fuzzy set X is called the rough intuitionistic
fuzzy set if BND (X) # 0. o

Definition 2.3 ([6]) Let U be a non-null set and R be an equivalence relation on U. Let A be neutrosophic set
in U with the membership function T, indeterminacy function I, and non-membership function F,. The lower

and the upper approximations of A in the approximation (U, R) denoted by N(A) and N (A) are respectively
defined as follows:

N(A) = {(x, (TE(A)(x)'Iﬂ(A)(x): FQ(A)(X),))b’ € [x]g, x € U},

N(A) = {(x, (T (), Iy (), Freay (), )|y € [x]g, x € U}
where

Ty (%) = Ayeirip TaO)s Ineay(X) = Vyelxip a0, Fuay (%) = Vyelxr FaO),

TN(A)(X) = Vyelr T,(y), IN(A)(X) = Nyelxlp L), FN(A)(X) = Nyelxlp F,(y).
such that,

Ty (x), Inca (x), Fya (x), TR (x):IN(A) (), F5a (x):A €[0,1],

0< TQ(A)(x) + IQ(A)(x) + FE(A)(JC) < 3and

0 < Tiay () + Ifa)(X) + Fra(x) <3

Here A and V denote “min” and “max’’ operators respectively, and [x]y is the equivalence class of the x. T, (y),
I,(y) and F,(y) are the membership sequences, indeterminacy sequences and non-membership sequences of
y with respect to A.

Since N(A) and N(A) are two neutrosophic sets in U, thus the neutrosophic set mappings N, N: N(U) —
N(U) are respectively referred as lower and upper rough neutrosophic set approximation operators, and the

pair of (M(A),N(A)) is called the rough neutrosophic set in (U, R).

Definition 2.4 ([1]) Let U be a non-null set and R be an equivalence relation on U. Let A be neutrosophic
multisets in U with the truth-membership sequence 7}, indeterminacy-membership sequences 7} and falsity-
membership sequences £, The lower and the upper approximations of A in the approximation (U, R) denoted
by Nm(A) and Nm(A) are respectively defined as follows:

Nm = {2, (Timeay GO Hom(ay ), Fitmeay ), |y € 2, x € U},
Nm(A) = {0, (T GO, i (0, i 00, ) |y € [l x € U}
where

i =1,2,..,p and positive integer

Thma ) = Myetxi TAD),
Ty ) = Vyerxp O,
Fm(ay®) = Vyelxig FAD),
Ty ) = Vyelat TAO),
By ) = Ayeta 1500,

E ziv_m(A) () = Ayerxlg FA0)-
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Here A and V denote “min” and “max’’ operators respectively, and [x] is the equivalence class of the x. T} (y),
Ii(y) and Fi(y) are the membership sequences, indeterminacy sequences and non-membership sequences of
y with respect to A.

It can be said that T 00 Ihmey (O Fimay @) €10,1] and 0 < Ty GO + Ly ) +
F,f,m(A) (x)<3. Then, Nm(4) is a neutrosophic  multisets.  Similarly, ~we  have

Ty OO By (), Py () € [0, 1] @nd 0 < T ) () + By (%) + Fr ) (%) < 3. Then, Nm(A)
is neutrosophic multisets.

Since Nm(A) and Nm(A) are two neutrosophic multisets in U, the neutrosophic multisets mappings
Nm, Nm: Nm(U) - Nm(U) are respectively referred to as lower and upper rough neutrosophic multisets

approximation operators, and the pair of (N_m(A),W(A)) is called the rough neutrosophic multisets in
(U, R), respectively.

3 Rough Neutrosophic Multisets Relation

The concept of a rough set can be easily extended to a relation since the relation is also a set, i.e. a subset
of the Cartesian product. This concept is also used to define the rough neutrosophic multisets relation over the
universe.

In the following section, the Cartesian product of two rough neutrosophic multisets is defined with some
examples. We only considered the case where T, I, F are refined into the same number of subcomponents 1, 2,
..., p,and T}, I, and F} are a single valued neutrosophic number. Some of the concepts are quoted from [2],
[10], [12], [36]

Definition 3.1 ([7]) Let A = (U, R) be an approximation space. Let X < U. A relation T on X is said to be a
rough relation on X if T # T, where T and T are a lower and upper approximation of T, respectively defined
by;

T={(x,y) €UXU:[x,ylg € X}
T={(xy) EUxU:[x,ylgNX %0

Definition 3.2 Let U be a non-empty set and X and Y be the rough neutrosophic multisets in U . Then, Cartesian
product of X and Y is rough neutrosophic multisets in U x U, denoted by X x Y, defined as

X x¥ ={< @y, (Tixr 7)) (Hxr 1)), ( By 6, 3)) >: (1, 3) € U x U}
where

Tixy(x,y) = min{TE (%), TE ()},

Ly (x,y) = max{I} (), I (1) },

Fy (,y) = max{Fi(x), ()},

Texys Lixy, Fxxy: U = [0,1],and i = 1,2, ..., p.

Definition 3.3 Let U be a non-empty set and X and Y be the rough neutrosophic multisets in U. We call R ©
U x U is a rough neutrosophic multisets relation on U x U based on the X x Y, where X x Y is characterized
by truth-membership sequence 7, indeterminacy-membership sequences #; and falsity-membership
sequences F% , defined as

R ={< @) (T (@), (FiG.y) > @) e v x U}
with a condition if it satisfies:

1) ) TRlx,y) =1 forall (x,y) € X x Y where X x ¥ = Ry (X) X Ry (Y),

i) Ti(x,y) =0,forall (x,y) €U XU —X xY where X XY = Ry;(X) x Ry (Y),
i) 0<Ti(x,y) <1, forall (x,y) EXXY —XXY.
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(2) i) IL(x,y) =0, forall (x,y) € X XY where X X Y = R;(X) x Ry (Y),
i) IL(x,y) =1,forall (x,y) EUXU—X XY where X x Y = R, (X) X Ry (Y),
i) 0<Ih(x,y) <1, forall (x,y) EX XY —XXY.

(3) i) Fi(x,y)=0,forall (x,y) € X x Y where X x Y = Ry, (X) x Ry (Y),
i) Fi(x,y) =1,forall (x,y) €U xU—X xY where X x ¥ = R;(X) x Ry (),
i) 0< Fi(x,y) <1, forall (x,y) EX XY —X xY.

Remark 3.4: The rough neutrosophic multisets relation is a relation on neutrosophic multisets, so we can
consider that is a rough neutrosophic multisets relation over the universe. The rough neutrosophic multisets
relation follows the condition of relation on neutrosophic multisets which is T (x, ¥) < Tiyy (x,v), 14(x,y) =
I,i(Xy(x,y),Fiﬁ(x,y) > Fi(x,y)forall (x,y) € Ux U,and 0 < Tg,’%(x,y) + I;_%(x,y) + F;}'{(x,y) <3.

Therefore, the rough neutrosophic multisets relation will generalize the following relation:

(1) Rough Neutrosophic Set Relation
When i = 1 for all element T, I, F in definition 3.2, we obtain the relation for rough neutrosophic set over
universe;

R ={< (6,3, (Tu(x, ) (Ix(x, ), ( Fa(x,¥)) >: (x,y) € U x U}.

(2) Rough Intuitionistic Fuzzy Set Relation
When i = 1 for element T and F, and properties (2) in definition 3.3 is also omitted, we obtain the relation
for rough intuitionistic fuzzy set over universe;

R={< (), (Ta(x,), ( Fa(x,y)) >:(x,y) € U x U}.

(3) Rough Fuzzy Set Relation
When i = 1 for element T and properties (2) and (3) in definition 3.3 is also omitted, we obtain the relation
for rough fuzzy set over universe;

R={< (), (Talx,y) > (x,y) € U X U}.

The rough neutrosophic multisets relation can be presented by relational tables and matrices, like a
representation of fuzzy relation. Since the triple (Tj,l};,Fj) has values within the interval [0, 1], the elements
of the neutrosophic matrix also have values within [0, 1]. Consider the following example:

Example 3.5: Let U = {u,, u,, u3} be a universal set and R, = (x,y): xRy is equivalent relations on U. Let

X = (1,0.3),(0.4,0.7),(0.6,0.8) + (0.5,0.7),(0.1,0.3),(0.4,0.5) + (1,0.6),(0.4,0.5),(0.6,0.7) and
Uy Uz us
Y = (0.4,0.6),(0.3,0.5),(0.1,0.7) + (0.5,0.4),(0.1,0.7),(0.3,0.8) + (1,0.7),(0.2,0.5),(0.1,0.7)

uy Uz us
are rough neutrosophic multisets on U.

Here we can define a rough neutrosophic multisets relation R by a matrix. xR,y is composed by R, =
{{uy, us}, {u,}. Based on definition 2.4 and 3.2, we solve for;

fRU(X) _ (1,0.3),(0.4,0.7),(0.6,0.8) + (0.5,0.7),(0.1,0.3),(0.4,0.5) + (1,0.3),(0.4,0.7),(0.6,0.8),

_— Uq Uy Uus

iR_U(X) _ (1,0.6),(0.4,0.5),(0.6,0.7) + (0.5,0.7),(0.1,0.3),(0.4,0.5) n (1,0.6),(0.4,0.5),(0.6,0.7)l
51 Uz us

Ry (Y) _ (0.4,0.6),(0.3,0.5),(0.1,0.7) n (0.5,0.4),(0.1,0.7),(0.3,0.8) n (0.4,0.6),(0.3,0.5),(0.1,0.7)’

- Uuq Uz us

R_U(Y) _ (1,0.7),(0.2,0.5),(0.1,0.7) n (0.5,0.4),(0.1,0.7),(0.3,0.8) n (1,0.7),(0.2,0.5),(0.1,0.7)

Uq Uz us
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We have X x ¥ = Ry(X) x Ry(Y) and X XY = Ry(X) X Ry(Y). Then, by satisfied all the condition in

definition 3.3, we defined R < U X U as a rough neutrosophic multisets relation on U x U based onthe X x Y
by a matrix form;

(0.3,0),(1,1),(1,1) (0,0),(1,1),(1,1) (0.9,0),(1,1),(1,1)
M(®) = (0,0),(1,1),(1,1) (0,0),(1,1),(1,1) (0,0),(1,1),(L1)
(0.4,0),(1,1),(1,1) (0,0),(1,1),(1,1) (0.9,0),(1,1),(1,1)

Now, we consider some properties of a rough neutrosophic multisets relation.

Proposition 3.6 Let R,, R, be two rough neutrosophic multisets relation on U X U based onthe X x Y.
Then R, A R, where

T am, (6, ¥) = min{ T, (x, ), T, (x, )},
Iﬁ;ﬁ/\ 5, (%, ) = max{lgtll(x, y), 1&2.(3(, 2)3
Fionm, (6,¥) = max{Fg, (x,y), Fy, (x, )}
for all (x,y) € U x U, is a rough neutrosophic multisets on U x U basedonthe X x Y andi = 1,2, ..., p.

Proof: We show that R, A R, satisfy definition 3.3.

(1) i)  Since Ty, (x,y) = Ty, (x,y) = 1 forall (x,y) € X x Y then
T, am, (X, ¥) = min{ Ty, (x,¥), Ty, (x,y)} = 1forall (x,y) € X X Y.
i) Since Ty, (x,y) = T, (x,y) = 0 forall (x,y) EUXU -X XY
then T g, (x,y) = min{T§ (x,y), T, (x,y)} = 0 forall (x,y) € Ux U - X X Y.
iii)  Since 0 < T (x,y), Tar, (x,y) < 1, forall (x,y) € X XY — X x Y then
0< Tz}izl/\mz(x')’) = min{Tgél(x,y),Tgaz(x,y)} <1forall (x,y) EX XY —XxY.

(2) i) Since Iy (x,y) = Iy, (x,y) = 0 forall (x,y) € X X Y then
Iy, (6, ) = max{ I (x,y), Iy, (x,y)} = 0 forall (x,y) € X x V.
i) since I (x,¥) = I, (x,y) = 1forall (x,y) €UXU -X XY
then Ig}{l,\ ¢, (%, ¥) = max{ I&l(x, V), 15'12 (x,y)}=1forall (x,y) EUXU—-X X Y.
ill)  Since 0 < Iy, (x,¥), Iy, (x,¥) < 1, forall (x,y) € X XY — X X Y then
0< Ii‘;{l,\mz (x,y) = max{[&l(x, y),Iﬂi12 (x,y)}<1forall (x,y) EXXY —XXY.

Proof (3) for falsity function are similarly to proving (2) for indeterminate function.

Proposition 3.7 Let R,, R, be two rough neutrosophic multisets relation on U X U based onthe X x Y.
Then R; v R, where

Té, v, (6 ¥) = max{ T, (x,), T, (x, )},
I,y s, (6, y) = min{Ig, (x, ), I, (x, )},
Fv o, (6, y) = min{Fg, (x, ), F, (x, )}
for all (x,y) € U x U, is a rough neutrosophic multisetson U X U basedonthe X x Y andi = 1,2, ..., p.

Proof: We show that R, v R, satisfy definition 3.3.

(1) i)  Since Ty, (x,y) = Ty, (x,y) = 1 forall (x,y) € X x Y then
T, vz, (6, ¥) = max{ Ty, (x,¥), Ty, (x,y)} = 1 forall (x,y) € X X Y.
i) Since T, (x,y) = Tg, (x,y) =0 forall (x,y) EUXU —X XY
then Tgi‘lv ¢, (%, ¥) = max{ Tﬁf‘l (x,y), Tﬂétz (x,y)}=0forall (x,y) EUXU—-X X Y.
i) Since 0 < T, (x,¥), T, (x,) < 1, forall (x,y) € X XY — X X Y then
0 < Ty, v, (x,¥) = max{ Ty, (x,y), T, (x,y)} < 1forall (x,y) EX XY - X XY.
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(2) i) Since Iy (x,y) = Iy, (x,y) = 0 forall (x,y) € X x Y then
Ty, (6 ¥) = min{ I, (x, ), I, ()} = 0 for all (x,y) € X X V.
i) Since Iﬁ]if{i(x,y) = Igtz(x,y) =1forall (x,y) EUXU—-XXY
then Igi?lv ¢, (X, ¥) = min{ 1531 (x, y),Ifgz (x,y)}=1forall (x,y) EUxXU—-XXY.
i) since 0 < I, (x,¥),I%,(x,y) < 1,forall (x,y) € X XY — X X Y then
0< I&lvmz (x,y) = min{I&l(x, y),1§22 (x, y)} <1forall (x,y) EX XY —XXY.

Proof (3) for falsity function are similarly to proving (2) for indeterminate function.

Lemma3.8: If 0 < x,y < 1, then

(i) 0<xy<1,
(i) O0<x+y—xy<1l

Since 0 < x,y < 1thenx+y = 2./xy > 2xy > xy > 0, therefore x + y — xy > 0. On the other hand, 1 —

(x+y—xy)=(0—-x)(1—y) > 0then x +y — xy < 1. The following properties of a rough neutrosophic
multisets relation are obtained by using these algebraic results.

Proposition 3.9 Let R;, R, be two rough neutrosophic multisets relation on U x U based on the X X Y. Then
R, ® R, where

T, m, 6 Y) = T, (6, ¥) - Ty, (x, ),

Igiﬁ@mz (x,y) = 1;_{‘1 (x,y)+ Ié(z (x,y) — I;}l(x, y). Iim2 x,y)

F;_,iﬁ@mz (x,y) = F;_,i{1 (x,y)+ FSFiiz (x,y) — FiFih (x, y).FfiRz (x,y)
for all (x,y) € U x U, is a rough neutrosophic multisetson U X U basedonthe X x Y andi =1, 2, ..., p.

Proof: The relation R, @ R,satisfied definition 3.3. Indeed:

(1) i) Since Ty, (x,y) = Ty, (x,y) = 1 forall (x,y) € X x Y then
T, @n, 0 Y) = Ty, (x,¥) - T, (x,y) = 1forall (x,y) EX X Y.
i) Since T, (x,y) = Tg, (x,y) =0 forall (x,y) EUXU —-X XY
then T, g, (0, ¥) = T, (x,¥) - T, (x,y) = 0 forall (x,y) € Ux U - X X Y.
i) Since 0 < T, (x,¥), T, (x,) < 1, forall (x,y) € X XY — X x Y then
0 < Ty, @m, 6, y) = Tg, (x,¥) - T, (x,y) < 1forall (x,y) €X XY — X X ¥ (Lemma 3.8 (i)).

(2) i) Since Iy (x,y) = Iy, (x,y) = 0 forall (x,y) € X X Y then
Ii, @m, (6 Y) = Ig, (6, y) + I, (x,9) — I, (x,y) - 15, (x, ) = 0 forall (x,y) € X x Y.
i) Since Iy, (x,y) =1y, C,y) =1 for all (x,y) EUXU—-XxXY then I on (x,y) =
I;il(x,y) + Iéiz(x,y) — Ié(l(x,y) -Il;_nz(x,y) =1forall (x,y) EUXU—-X x7Y.
ili)  Since 0 < Iy, (x,¥), Iy, (x,¥) < 1, forall (x,y) € X XY — X X Y then

0 < I, @m, (6, ¥) = I, (6, ¥) + I, (x,y) — I (x, ) - I, (x,y) < 1 for all (x,y) EX XY —
X XY (Lemma 3.8 (ii)).

Proof (3) for falsity function are similarly to proving (2) for indeterminate function.

Proposition 3.10 Let R,, R, be two rough neutrosophic multisets relation on U x U based on the X x Y. Then
R, B R, where

T, @, (6 ¥) = T, (6, ¥) + T, (6, ¥) = T, (6, ) - Ty, (x, ),
Ii%1®mz(x'Y) = Iﬂlh(x:y) : ILSRZ(X;)’),
Fg, @, (%,¥) = Fy, (6, ¥) - Fig, (x,5)
for all (x,y) € U x U, is a rough neutrosophic multisetson U x U based onthe X x Y andi = 1,2, ..., p.
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Proof: The relation R, @ R, satisfied definition 3.3. Indeed:

)

)

i)

i)

i)

i)

Since Ty, (x,y) = Ty, (x,y) = 1 forall (x,y) € X x Y then

T, @, (0, Y) = T, (0, y) + Ty, (%, y) = T, (6, y) - Ty, (x,y) = Lforall (x,y) € X x V.
Since Ty (x,y) =Tg,(x,y) =0 for all (x,y) EUXU—-XXY then Ty gp, (x,y) =
Ty, (0, y) + Ty, (x,y) — T, (x,y) - T, (x,¥) = 0 forall (x,y) EUXU—-XXY.

Since 0 < Ty, (x,¥), T, (x,¥) < 1, forall (x,y) € X XY — X x Y then

0< Tgﬁl@mz (x,y) = T;fh(x, y) + T‘fRz (,y) — Tgle(x, y) 'Tsinz (,y)<1 for all (x,y)€
X XY — X xY (Lemma 3.8 (ii)).

Since I, (x,y) = Iy, (x,) = 0 for all (x,y) € X x Y then

I, on, ®,¥) = Iy (x,y) - I, (x,y) = 0 forall (x,y) €X x Y.

Since Iy, (x,y) = Iy, (x,y) = 1forall (x,y) €U XU — X x Y thenly g, (x,y) = Iy, (x,¥) -
I, (x,y) =1forall (x,y) eUX U - X XY.

Since 0 < Iy, (x,¥), Iy, (x,y) < 1, forall (x,y) € X XY — X X Y then

0 <Ii, @n,(%,¥) = Iy, (x,y) - I, (x,y) < 1forall (x,y) EX XY — X X ¥ (Lemma 3.8 (i)).

Proof (3) for falsity function are similarly to proving (2) for indeterminate function.

3.1 Composition of Two Rough Neutrosophic Multisets Relation

The composition of relation is important for applications because if a relation on X and Y is known and if a
relation on Y and Z is known, then the relation on X and Z could be computed over a universe with the useful

significance.

Definition 3.1.1 Let U be a non-empty set and X, Y and Z are the rough neutrosophic multisets in U. Let R,, R,
are two rough neutrosophic multisets relationson U x U, basedon X X Y, Y x Z, respectively. The composition
of R, R, denote as R, o R, which defined on U x U based on X x Z where

T?Tiilo Ry (X, Z) = maXyEU{min[TEYitl (X, J’)' Tifltz (yv Z)]},

191310 %, (x,z) = minyEU{max[lgl@“1 (x,y), Iglaz.(y, Z)]},

Fgom,(x,2) = minyeu{max[Fgﬁt1 (x, ), Fg, (v, Z)]}
forall (x,z) eUxUandi=1,2,..,p.

Proposition 3.1.2 R, o R, is a rough neutrosophic multisets relation on U x U based on X x Z.

Proof: Since R,R, are two rough neutrosophic multisets relations on U x U based on X XY,Y X Z

respectively;

1)

i)

Then T;‘l(x, zZ)=1= Tg"{2 (x,z) forall (x,z) e X X Z. Let (x,z) € X X Z, now

Tg‘l‘lomz (x,2) = maxyeu{min[Tg"{l(x,y), Tg_,"{2 (y, z)]} = 1. This holds for all (x,z) e X X Z.

Let (x,z) EU XU —X x Z. So, Tgitl(x,z) =0= Tifiz(x,z) forall (x,z) eUXU—-X X Z.
Then T;‘lomz (x,z) = maxyeu{min[Tg}'(l(x, y),Tgi{2 (y, z)]} =0forall (x,z) eUxU—-X x Z.
Again, since 0 < Ty (x,2), Ty, (x,2) < 1, forall (x,z) e X X Z — X x Z,

then 0 < maxyEU{min[Tgf{l(x, y),Tg"(2 (y, z)]} <1 such that 0 < Ti}itlf,ﬂ;tz (x,z) <1 for all
(x,z2)EXXZ—-XXZ.

Then I (x,2) = 0 = I (x,z) forall (x,z) € X X Z. Let (x,z) € X X Z, now

15110532 (x,2) = minyeu{max[lgj'(1 (x, y),Igj}Z (y, z)]} = 0. This holds for all (x,z) € X X Z.
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i) Let(x,z) eUXU—-XXZ.S0,I4 (x,z) =1=1I (x,2) forall (x,z) € Ux U — X x Z. Then
Igj}{lomz (x,z) = minyeu{max[1§1(x, y),]éz2 (y, z)]} =1forall (x,z) EUXU—-XXZ.

i) Again, since 0 < I (x,2), I, (x,2z) < 1,forall (x,z) EX XZ — X X Z,
then 0 < minyeu{max[lgjli1 (x, y),1§§22 (y, z)]} < 1suchthat0 < Ii’i.tl°m2 (x,z) < 1forall (x,2) €
XXZ—-XXZ.

Proof (3) for falsity function are similarly to proving (2) for indeterminate function.

Proposition 3.1.3 Let U be a non-empty set. R,, R,, R are rough neutrosophic multisets relations on U x U
basedon X X Y,Y x Z,Z x Z', respectively. Then (R, o R,) o Ry = R, o (R, o R3)

Proof: We only proof for truth function. For all x,y,z,t € U we have

Tty ooy (8 £) = maxyey {min[T§, (6, ), Tioomyy 0, O]}

= max, ey {min[T, (x,y), max,ey {min[Tg, (v, 2), T, (z, O11}}
= maxzeu{min{maxyeu{min[Tgfa1 (x,y), Tgﬁz (y, z)] , Tgfa3 (z, t)]}}}
= m_axzeu{min [T(iinloinz) (x,¥), T9i13 o, t)]}

= T(€R1°5R2)°933 (x, 1);

Similarly proof for indeterminate function and falsity function.

Note that R, o R, # R, o R,, since the composition of two rough neutrosophic multisets relations R,, R,
exists, the composition of two rough neutrosophic multisets relations R,, R, does not necessarily exist.

3.2 Inverse Rough Neutrosophic Multisets Relation

Definition 3.2.1 Let U be a non-empty set and X and Y be the rough neutrosophic multisetsin U. R € U x U
is a rough neutrosophic multisets relation on U x U based on the X x Y. Then, we define R~ € U x U is the
rough neutrosophic multisets relation on U x U based on Y x X as follows:

%1 = {< 3,2, (T5-1.0,0)) (I 0, (Fims (0,20) >: (0, %) € U x U}
where

Ti}ia_l(yﬂx) = T‘Jii(x'y)’ Igiq—l(ylx) = [i;'{(x!y)! ngq—l(ylx) = ste(x'J’)
forall (y,x) eUxUandi=1,2,..,p.

Definition 3.2.2 The relation R~1 is called the inverse rough neutrosophic multisets relation of R.
Proposition 3.2.3 (R"1)™! = R.
Proof: From definition 3.3;

1 0 T(im—l)—l(x, y) = T(_,"(_l(y, x) = Tgﬁ(x, y) =1forall (x,y) e X XY
i) T(im—l)—l(x, y) = T(_,"(_l(y, x) = Tgﬁ(x, y)=0forall (x,y) EUXU—-XXY
i) o< T(im_1)_1(x,y) = Tﬂi{_1(y,x) =Ti(x,y) <1forall (x,y) EX XY —X XY

2 I(iiR_1)_1(x, y) = I;(_l(y, x) = I&(x, y)=0forall (x,y) e X XY
) L1060 y) = g (v,%) = Ii(e,y) = 1forall (x,y) €UXU =X XY
i) 0 < Iym1)-1(6,y) = Ig-1 (7, %) = Ii(x,y) < 1forall (x,y) EX XY —X XY

Proof (3) for falsity function are similarly to proving (2) for indeterminate function.
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It means (R~1)"1 = R.
Proposition 3.2.4 Let R,, R, be two rough neutrosophic multisets relationson U x U, basedon X XY, Y X Z,
respectively. Then (R, 0 R,) 1 =R, 1o R, L.
Proof: Forall x,y,z € U, we have
T(lml"mz)_l (z,x) = Tiﬁﬁmz (x, 2)
= maxyey{min[Ty (x, ), T, (v, 2)|} = max,ey {min [T(Lml)q(y, x), Tg,)-1(2, y)]}
= maxyey {min [T(imz)_1 (z,y), T(iml)_l o, x)]}

1 .
= Tl tomy)~2 (2 %);

Similarly, proof for indeterminate function and falsity function.
That means (R, 0 R,)" 1 =R, "o R,

The representation of inverse rough neutrosophic multisets relation R=! can be represented by rough
neutrosophic multisets relation R by using a matrix M (R)¢, it is the transposition of a matrix M (R).

Example 3.2.5: Consider the rough neutrosophic multisets relation M (R) in example 3.5;

0.3,0),(1,1),(1,1) (0,0),(1,1),(1,1) (0.9,0),(1,1),(1,1)
M®) =1 (0,0),(1,1),(1,1) (0,0),(1,1),(1,1) (0,0),(1,1),(1,1)

(04,0),(1,1),(1,1) (0,0),(1,1),(1,1) (09,0),(1,1),(1,1)

Then the inverse rough neutrosophic multisets relation =1

0.3,0),(1,1),(1,1) (0,0),(1,1),(1,1) (0.4,0),(1,1),(1,1)
M@ =M@ =] (0,0),(1,1),1,1D (0,0),(1,1),1,1) (0,0),(1,1),(11)

(0.9,0),(1,1),(1,1) (0,0),(1,1),(1,1) (0.9,0),(1,1),(1,1)

3.3 The Reflexive, Symmetric, Transitive Rough Neutrosophic Multisets Relation

In this section, we consider some properties of rough neutrosophic multisets on universe, such as reflexive,
symmetric and transitive properties.

Let (U,RR) be a crisp approximation space and X is a rough neutrosophic multisets on (U, R). From here
onwards, the rough neutrosophic multisets relation R is called a rough neutrosophic multisets relation on
(U, R) based on the rough neutrosophic multisets X.

Definition 3.3.1 The rough neutrosophic multisets relation R is said to be reflexive rough neutrosophic
multisets relation if Ty (x, x) = 1, I (x, x) = Fi(x,x) = 0and forall (x,x) e Ux U,i=1,2,...,p.

Proposition 3.3.2 Let R,, R, be two rough neutrosophic multisets relation on U based X. If R, R, are the
reflexive rough neutrosophic multisets relations then R, A R,, R,V R,, R, ® R,, R, D R, and R, o R,
is also reflexive.

Proof: If R, R, are reflexive rough neutrosophic multisets relation, then

Tiﬁl(x, x) = Tgéz (x,x)=1, I&l(x, x) = Igiaz (x,x) =0 and Fgﬁl(x, xX) = Fgﬁz (x,x) =0 for all (x,x) €
U x U. We have

i) T, am, (6, %) = min{ T, (x, %), Ty, (x,0)} = 1;
I a,(x, %) = max{lgjal (x, x), I, (x, x)} = 0; and
Fg am, (6, %) = maX{Fgﬁ‘l(x, x), Fg, (x, x)} =0
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forall (x,x) € U x U and R,; A R, is reflexive rough neutrosophic multisets relation.

i) Tgl%lv %, (X, x) = max{ Tgﬁl(x, x),TgigZ (e, x)} =1,
Igi?lv w, (X, x) = min{l&l(x, x),Igf22 (x, x)} = 0;and
Fg,vq,(x, %) = min{FE,‘%l(x, x), F, (x, x)} =0
forall (x,x) € U x U and R, v R, is reflexive rough neutrosophic multisets relation.

iii) Tgl:{1®m2(x,x) = Tgigl(x,x) . Tginz(x,x) =1;
Iil;{l®m2(x,x) = Igi?l(x,x) + I&Z(x,x) — I&l(x,x) . Il;_RZ(x,x) =0;and
F, g, (6, x) = Fg (x,%) + Fg, (x,x) — Fg, (x,x) - F,(x,x) = 0

forall (x,x) € U x U and R, ® R, is reflexive rough neutrosophic multisets relation.

iv) Tﬂl;tlemz (x,x) = Ts}ci (x,x) + TﬁiRZ (x,x) — Tgitl(x, x) - T{;Rz (x,x) =1;
I;Qiemz (x,x) = I;j}{l (x,x) -Igiz(x, x) = 0; and
Fg, @n,(x,x) = Fg (x,x) - Fg,(x,x) =0

for all (x,x) € U x U and R, ® R, is reflexive rough neutrosophic multisets relation.

V) T, (6x) = maxye {min[TE (6, y), T, 07, )]}
= max,ey{min|Ty, (x,x), T, (x, 0)|} = 1;
Lo, (6, ) = minyey {max[ I, (x, ), I, 7, )]}
= minyeu{max[lgj{l(x,x), 1&2 (x, x)]} = 0; and
Fityom, (6, %) = miny ey {max[F, (x, ), iy, 0, 0]}
= miny e, {max|Fy (x,x), Fg, (x,0)]} = 0

forall (x,x) e U x U,X =Y and R, o R, is reflexive rough neutrosophic multisets relation.

Definition 3.3.3 The rough neutrosophic multisets relation % is said to be symmetric rough neutrosophic
multisets relation if Ty (x, y) = T (y, x), Ii;(x, v) = I (v, x) and Fi(x,y) = Fg(y,x) forall (x,y) e U x U,
i=12,..,p.

We note that if R is a symmetric rough neutrosophic multisets relation then the matrix M (R) is a symmetric
matrix.

Proposition 3.3.4 If R is said to be symmetric rough neutrosophic multisets relation, then R~! is also
symmetric.

Proof: Assume that R is symmetric rough neutrosophic multisets relation, then we have
Tp(x,y) = To(y, %), Ix(x, ¥) = Ix(y,x) and Fy(x,y) = Fx(y, x).

Also,‘if R~1is an inverse roggh neutrosophic muItisets‘reIation, then we have
Ty-1(x,y) = Ty, x), Ig-1 (x, ) = Ix(y,x) and Fy—1 (x,y) = Fy(y,x) forall (x,y) € U x U.

To prove R~1 is symmetric, we must prove that

T;‘_l(x, y) = T;‘_l(y, x), I%_l(x, y) = I&—l(y, x) and nga_l(x, y) = F;%_l(y, x) forall (x,y) e U x U.
Therefore,

Ty (,3) = To(y, %) = Tg(x,y) = Tya (v, 2);

I-1(x,y) = Ig(y,x) = Ig(x,y) = Iz-1(y,x); and

F1(x,y) = Fi(,x) = Fi(x,y) = F-1(y, %)
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forall (x,y) € U x U and R is said to be symmetric rough neutrosophic multisets relation, then R™1 is also
symmetric rough neutrosophic multisets relation.

Proposition 3.3.5 Let R;, R, be two rough neutrosophic multisets relations on U based rough neutrosophic
multisets. If R,, R, are the symmetric rough neutrosophic multisets relations then R; A R,, R,V R, R, @
R, and R, @ R, also symmetric.

Proof: Since R, is symmetric, then we have;
T, (x,y) = T, (v, %), I, (x,¥) = Iy, (¥, %) and Fy, (x,¥) = Fg, (v, x)

Similarly, R, is symmetric, then we have;
Ty, (x,y) = Ty, (, %), In, (x,¥) = Iy, (v, x) and Fy, (x, ) = Fy, (¥, x)

Therefore;

) Tham,(6y) =min{T§ (), Ta, (x,3)}
= min{ Ty, (¥, %), T, (, )} = Tz, 0, %);
Ii, s, (%, y) = max{ly, (x, ), Ii, (x, )}
= max{Ih, (v, %), I, 7, 2)} = Iy v, (v, ); and
Fyinm, (6, y) = max{Fy (x,y), Fy, (x, )}
= max{ Fy,, (¥,%), F, (, X)} = F a5z, (7, %)

forall (x,y) € Ux Uand R, A R, is symmetric rough neutrosophic multisets relation.

i) Tyye, (x,y) = max{ Ty (x,¥), Ty, (x, )}
= max{ Ty (v, ), T, 7, )} = T,y 3, (0, %);
Ig,v 5, (6, ) = min{Ig, (x,y), I, (x, )}
= min{ly, (v, x), Iy, (v, ©)} = I,y %, (7, %); and
Fy v, (%,y) = min{Fg (x,y), Fy, (x, )}
= min{F}, (y,x), F, 7,0} = F 5, 3, %)

forall (x,y) € U x U and R, vV R, is symmetric rough neutrosophic multisets relation.

i) Th on,(6y) =T, (6y)  Th,(6,y) = Th, (3,%) - Tk, (3, X) = Ty, g, (¥, %);
Ii, @0, 6 Y) = Ii, (6,¥) + I, (6, ¥) — I, (x, ) - I, (x,¥)
= Ih, (,%) + 15, (v, %) — I, (%) - I'y, (,%)
= I, gn, (¥, %); and
Fy, om, (%, Y) = F, (%, ¥) + Fg, (x,y) — F (%, ¥) - Fi, (%, )
= Fj, (v, %) + Fy, (v, %) — F§, (0,%) - Fiy (3, %)
= Faiﬁ@mz ¥, %)

forall (x,y) € U x U and R; ® R, is symmetric rough neutrosophic multisets relation.

V) T gn, () = Ty, (x,) + T, (x,¥) — Ty, (x, ) - T, (x,y)
= T, (7, %) + T, (0, %) = T, 0, %) - Ty, (0, X) = T, @, ¥, %);
IiitleBmZ (,y) = 1511 x,y) - 12}12 (x,y) = 1511()’: x) - IfRZ y,x) = I&l@mz (y,x); and
FﬂiileBiRz(x'y) = ngil(x,y) ‘Fsi}tz(x:y) = Fsvizl()’:x) 'Fénz(y'x) = Fs}iale;mz(y;x)

forall (x,y) € U x U and R, @ R, is symmetric rough neutrosophic multisets relation.
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Remark 3.3.6: R, o R, in general is not symmetric, as

Tiﬁlo Ry (X, Z) = mé'leEU{min_[Tﬁ}i{l (x, )’): Tﬁ}liz ()’: Z)]}
= maxyeu{min[T;}{l v, x), Ty, (z, x)]} # Ty,om,(2,%)

The proof is similarly for indeterminate function and falsity function.

But, R, o R, issymmetric if R, o R, =R, o R, for R, and R, are symmetric relations.
Ti,o, (%, 2) = maxy,ey {min[Ty, (x, ), Ty, (v, 2)]}
= maxey{min[Ty, (7, %), T, (2, )|} = max,ey{min[T, (v, ), T, (2, )]}
= max, ey {min[T, (z, ), Té, (0, 0]} = max,ey{min[T, (z,), T8, (v, 0]}
= Ts_ri{lomz (z,x)

forall (x,z) eUxUandy € U.
The proof is similarly for indeterminate function and falsity function.

Definition 3.3.7 The rough neutrosophic multisets relation ® is said to be transitive rough neutrosophic
multisets relation if Ro R € R such that Ta(y,x) = Tao (¥, %), In(y,x) < I, (y,x) and Fi(y,x) <
Fh,q(y,x) forall x,y € U.

Definition 3.3.8 The rough neutrosophic multisets relation R on U based on the neutrosophic multisets X is
called a rough neutrosophic multisets equivalence relation if it is reflexive, symmetric and transitive rough
neutrosophic multisets relation.

Proposition 3.3.9 If R is transitive rough neutrosophic multisets relation, then R~ is also transitive.

Proof: R is transitive rough neutrosophic multisets relation if R o R € R, hence if R™1 o R~1 € R~1, then
R~1 is transitive.
Consider;

Tp-1(6,) = T, %) 2 Ty, 5 (7, %)

= maxzeu{min[Tg}'{ (y,2), Té(z, x)]}

= maxzeu{min[T;‘_l (z,y), T(_,ii_l (x, Z)]} = maszU{min[T;{_l (x,2), Tf;:{_l (z, y)]}
= Ty-1,901 (6, 9);

The proof is similarly for indeterminate function and falsity function.

Hence, the proof is valid.

Proposition 3.3.10 Let R,, R, be two rough neutrosophic multisets relations on U based rough neutrosophic
multisets. If R, are the transitive rough neutrosophic multisets relation, then R, A R, is also transitive.

Proof: As R, and R, are transitive rough neutrosophic multisets relation, R, o R, € R, and R, o R, <
R,. Also

Touno, (6 ¥) 2 Ty amyen ) (6 )
Iﬁlla_l/\ 7, (%, ¥) < 1(1631/\ R)o@1A %) (X, Y); and
F‘}h/\ R (x,y) < F(Li}ﬁ/\ R2)o(R1AR2) (. )

implies that (R, A R,) o (R A Ry) © Ry A Ry, hence Ry A R, is transitive.
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Proposition 3.3.11 If R, and R, are transitive rough neutrosophic multisets relations, then R, v R,, R, &
R, and R, @ R, are not transitive.

Proof:
i) As
T v, (6 y) = max{Tg_(x,9),T§ (x, )},
Iq v, (%, y) = min{I (x,¥),I4, (x, )}, and
F v, (6 y) = min{F§ (x,y), F (x, )}
and, _ _
Ty o1, (6 ¥) < Tiyw )00y 3,) (60 V)
IS%?_lv Ry (x,y) = 1(19?_1v9?2)o(m1v SRZ)(x: y); and
Fg v, (0 Y) 2 Figyymy)e v 3,) (%0 Y)

i) As

T, o0, (0 ¥) = T, (x,¥) - Ty, (x, ),
I, o, (00 ) = Iy (6, 3) + I, (x, ) — I (x,) - I, (x, ), and
Fy o, (6,Y) = F, (x,3) + Fg, (x,y) — Fg, (x,) - Fig, (x, )
and, _ _
T§rlt1 en, (Y) < T(IER1® R)o(R,® ) (6, V) _ '
In, @, (6 Y) = i, @ ,)em,0 51 (6 Y)s AN Fg, @ 2, (4, 7) = Fgt, @ w000, @ 15) (%)

(iii)) As

T, @0, (0 ¥) = T, (6, ¥) + T, (x,3) — T, (x,) - Ty, (x, ¥),
Iy, on, () = 1§, (x,y) - Iy, (x,¥), and
Fy o, (6, ¥) = F, (x,3) - Fiy, (x, )
and
Tr,om, () < Tio mpyemmony ¥ |
Ig, o3, (0 ¥) 2 I, @ w0000 3, (60 ¥); AN Fy, g, (6,Y) = Fi, 0 9,)0m,0 975) (0 V)

Hence, R, V R,, R, @ R, and R, P R, are not transitive.
4 An application to marketing strategy

The aims of multi criteria decision making (MCDM) are to solve the problem involving multi decision by
many expert opinions and many alternatives given and MCDM also try to get the best alternative solution based
on the multi criteria evaluate by many experts. The study of MCDM with the neutrosophic environment is well
established in [38]-[44].

This section gives a situation of solving a real application of the rough neutrosophic multisets relation in
marketing strategy.

Assume | = {jy, j,,j3} denotes for three jeans showed available to be purchased in a shop G. Let R; be a
relation defined onthe J as aR;b if and only if a, b coming from the same continent about quality of the jeans.
aR;b is composed by R; = {ji, j,,jz}. The relation R, is explains the effect of the quality of jeans in shop Z.
We now try to get the opinion from two independent customers about the quality of jeans considering whether
the jeans are comprised of "good texture"”, a level of indeterminacy with respect to the customers which is “no
comment” and whether they feel that the jean is comprised of "a not all that great texture”. In the customers’
opinion, rough neutrosophic multisets, A and B can be defined as follows:

A ={<},,(09,0.2),(0.3,0.6),(0.5,0.7) >,
< j,, (0.4,0.6),(0.2,0.4), (0.5,0.6) >,
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< js, (1.0,0.6), (0.4,0.5), (0.6,0.7) >} and

B = {< j,,(0.5,0.7), (0.4,0.6), (0.2,0.8) >,
< j,,(0.6,0.7),(0.2,0.8), (0.4,0.5) >,
< js, (1.0,0.8),(0.3,0.6), (0.2,0.8) >}

By satisfied all the condition in definition 3.3, we will define the relation of rough neutrosophic multisets R on
qualities of jeans J x J based on customers opinion A x B as follows:

Step 1: Compute lower and upper approximation values for rough neutrosophic multisets.

R, (4) = {< j;,(0.4,0.2),(0.4,0.6), (0.6,0.7) >,
< j,, (0.4,0.2),(0.4,0.6), (0.6,0.7) >,

< js, (0.4,0.2), (0.4, 0.6), (0.6,0.7) >}

R;(B) = {< j,(0.5,0.7), (0.4,0.8), (0.4,0.8) >,

<j,(05,0.7),(04,0.8),(0.4,08) >,
< js,(0.5,0.7), (0.4,0.8), (0.4,0.8) >}

R, (4) = {< j1, (1.0,0.6), (0.2,0.4), (0.5,0.6) >,
< j,, (1.0,0.6),(0.2,0.4), (0.5,0.6) >,
< js, (1.0,0.6),(0.2,0.4), (0.5,0.6) >}

R;(B) = {< j1,(1.0,0.8),(0.2,0.6), (0.2,0.5) >,
< j,,(1.0,0.8),(0.2,0.6),(0.2,0.5) >,
< j3,(1.0,0.8),(0.2,0.6),(0.2,0.5) >}
Step 2: Construct the relation of A X B = R;(A) X R;(B), relationof A x B = ﬁj(A) X ﬁj(B), and relation
of J x J. All the relation was represented in the Table 1, Table 2 and Table 3, respectively.

AXB J1 J2 J3
J1 (0.4,0.2), (0.4,0.2), (0.4,0.2),
(0.4,0.8), (0.4,0.8), (0.4,0.8),
(06,08) (0608 (06 0.8)
j»  (04,02), (0.4,02), (0.4,0.2),
(0.4,08), (0.4,0.8), (0.4,0.8),
(0.6, 0.8) (0.6, 0.8) (0.6, 0.8)
Js (0.4,0.2), (0.4,0.2), (0.4,0.2),
(0.4,0.8), (0.4,0.8), (0.4,0.8),
(0.6, 0.8) (0.6, 0.8) (0.6, 0.8)

Table 1: Relation of A X B

AXB J1 J2 J3
i (10,06), (L0,06), (L0,06),
(04,0.6), (0.4,0.6), (0.4, 0.6),
(05,0.6)  (0.5.0.6) (0.5 0.6)
j»  (10,06), (L0,0.6), (L0,0.6),
(0.4,0.6), (0.4,0.6), (0.4, 0.6),
(05,0.6)  (0.5.0.6) (0.5 0.6)
js  (10,0.6), (L0,06), (L0,06),
(04.06), (04,06) (0.4 06),
(05.06) (0506 (05,0.6)

Table 2: Relation of A X B

Note that T;(a, b) = 1, I4(a, b) = 0 and F}(a, b) = 0 for all (a, b) € A x B. Therefore, the relation of J x J
is
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IR 1 J2 J3
i (1010), (10,10), (10 10),
(00,0.0), (0.0,0.0), (0.0,0.0),
(00,000  (0.0.0.0)  (0.0,0.0)
i, (1L0.10), (L0,10), (L0,10),
(00,0.0), (0.0,0.0), (0.0,0.0),
(0.0.00)  (0.0.0.0) (0.0,0.0)
js (10.10), (10.10), (10 10),
(0.0.00)  (0.0.0.0) (0.0,0.0),
0.0.00)  (0.0.0.0) (0.0,0.0)

Table 3: Relation of ] x ]

Step 3: Construct a rough neutrosophic multisets relation R. Note that, Ti(a,b) = 0, I4(a,b) =1 and
F;}{(a, b) =1 forall (a,b) € ] X ] — A x B. Table 4 represent the rough neutrosophic multisets relation R.

R J1 J2 J3

J1 (t1, 0.0), (t2, 0.0), (ts, 0.0),
(10,10), (1.0,1.0), (1.0,1.0),
(10,10)  (1.0,1.0) (1.0, 1.0)

Jo (ts, 0.0), (ts, 0.0), (ts, 0.0),
(10,1.0),  (1.0,1.0), (1.0,1.0),
(10,10)  (1.0,1.0)  (1.0,1.0)

Ja (t7, 0.0), (ts, 0.0), (to, 0.0),
(1.0,1.0), (2.0,1.0), (1.0,1.0),
(1.0,1.0) (1.0,1.00 (1.0,1.0

Table 4: Rough neutrosophic multi relation R.

Step 4: Compute the values for t; until tqin Table 4.
Note that tq,t,,..,te € [0,1] and 0 < Ty (a, b) < 1, for all (a,b) € A x B — A x B and neutrosophic multi
relation of Tj(a,b) < Tiig(a,b)V (a,b) €] X .

(i) ty = T‘—%(jl’jl) = TjTB(jl’jl) - TAlLB(jl'jl) =1-04=06, T‘Jli(j1'j1) = T/}XB(j1'j1) where 0.6 <
1. Therefore, the possible values of ¢, is 0.9, 0.8, 0.7 and 0.6.

@) t2=T30,1,) = TagUsJo) — Thxe(pJ,) = 1= 0.4 = 0.6, T3y, J,) < T (i.J,) where 0.6 <
1. Therefore, the possible values of ¢, is 0.9, 0.8, 0.7 and 0.6.

(iii)  The same calculation was used for t5 until t9. Therefore, the possible values for t; until ¢, is represent

in Table 5.
ty,,n Possible values ¢, n Possible values
=12,..,9 =12,..,9
ty 0.6,0.7,0.8,0.9 te 0.6,0.7,0.8,0.9
t, 0.6,0.7,0.8,0.9 t; 0.6,0.7,0.8,0.9
ts 0.6,0.7,0.8,0.9 tg 0.6,0.7,0.8,0.9
ty 0.6,0.7,0.8,0.9 ty 0.6,0.7,0.8,0.9
ts 0.6,0.7,0.8,0.9

Table 5: Possible values for ¢, until ¢,

Step 5: We defined R < J x J as a rough neutrosophic multisets relation on J x J based on the A X B by a
matrix form. We can have different values for t; until tq as it is true for all possible values in Table 5. We try
to get some pattern of the rough neutrosophic multisets relation matrix of our study by three possible cases.

Case 1: (j1,jn) > (2, jn) > (s, jn) for all n, and unknown value. Therefore, there are two rough neutrosophic
multisets relation matrix resulted for this case, represented as M (R,) and M (R,), respectively.

(09,0),(1,1),(1,1) (0.9,0),(1,1),(1,1) (0.9,0),(1,1),(1,1)
M(R,) ={(08,0),(1,1),(1,1) (0.8,0),(1,1),(1,1) (0.8,0),(1,1),(1,1)
(0.7,0),(1,1),(1,1) (0.7,0),(1,1),(1,1) (0.7,0),(1,1),(1,1)
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M(R,) =((0.7,0),(1,1),(1,1) (0.7,0),(1,1),(1,1) (0.7,0),(1,1),(1,1)

(0.6,0),(1,1),(1,1) (0.6,0),(1,1),(1,1) (0.6,0),(1,1),(1,1)

(0.8,0),(1,1),(1,1) (0.8,0),(1,1),(1,1) (0.8,0),(1,1),(1, 1)}

Case 2: (j1,jn) < (o, jn) < (j3,jn) for all n, and unknown value. Therefore, there are two rough neutrosophic
multisets relation matrix resulted for this case, represented as M (R;) and M(R,), respectively.

M(R3) =((0.8,0),(1,1),(1,1) (0.8,0),(1,1),(1,1) (0.8,0),(1,1),(1,1)

(0.9,0),(1,1),(1,1) (0.9,0),(1,1),(1,1) (0.9,0),(1,1),(1,1)

(0.7,0),(1,1),(1,1) (0.7,0),(1,1),(1,1) (0.7,0),(1,1),(1, 1)}

M(R,) =((0.7,0),(1,1),(1,1) (0.7,0),(1,1),(1,1) (0.7,0),(1,1),(1,1)

(0.8,0),(1,1),(1,1) (0.8,0),(1,1),(1,1) (0.8,0),(1,1),(1,1)

(0.6,0),(1,1),(1,1) (0.6,0),(1,1),(1,1) (0.6,0),(1,1),(1, 1)}

Case 3: (ji, jn) = (a2, jn) = (3, jn) for all n, and unknown value. Therefor the rough neutrosophic multisets
relation matrix resulted as M (Rs).

(0.8,0),(1,1),(1,1) (0.8,0),(1,1),(1,1) (0.8,0),(1,1),(1,1)
(0.8,0),(1,1),(1,1) (0.8,0),(1,1),(1,1) (0.8,0),(1,1),(1,1)
(0.8,0),(1,1),(1,1) (0.8,0),(1,1),(1,1) (0.8,0),(1,1),(1,1)

M(ERS) =

Case 4: Random possible value for all unknown. Therefore, the rough neutrosophic multisets relation matrix
resulted as M (R,).

M(Re) =((0.8,0),(1,1),(1,1) (0.7,0),(1,1),(1,1) (0.8,0),(1,1),(1,1)

(0.7,0),(1,1),(1,1) (0.6,0),(1,1),(1,1) (0.7,0),(1,1),(1,1)

(0.9,0),(1,1),(1,1) (0.8,0),(1,1),(1,1) (0.9,0),(1,1),(1, 1)}

Step 6: Compute the comparison matrix using the formula D = T, + I — F; for all i, and select the maximum
value for comparison table. The result is shown in Table 6 and Table 7, respectively.

J1 J2 I3

Ry

ji (0.9,0) (0.9, 0) (0.9, 0)
j, (0.8,0) (0.8, 0) (0.8, 0)
js  (0.7,0) (0.7, 0) (0.7, 0)
R,

j, (08,0 (0.8, 0) (0.8, 0)
j, (0.7,0) (0.7, 0) (0.7, 0)
js (06,0 (0.6, 0) (0.6, 0)
R

j,  (0.7,0) (0.7, 0) (0.7, 0)
j» (0.8,0) (0.8, 0) (0.8, 0)
js  (0.9,0) (0.9, 0) (0.9, 0)
R,

j  (0.6,0) (0.6, 0) (0.6, 0)
j, (0.7,0) (0.7,0) (0.7,0)
js  (0.8,0) (0.8, 0) (0.8, 0)
Rs

j (08,0 (0.8, 0) (0.8, 0)
j, (0.8,0) (0.8, 0) (0.8, 0)
js  (0.8,0) (0.8, 0) (0.8, 0)
R

ji (09,0 (0.8, 0) (0.9, 0)
j, (0.8,0) (0.7,0) (0.8, 0)
js  (0.7,0) (0.6, 0) (0.7, 0)

Table 6: Comparison matrix of rough neutrosophic multi relation R.
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J Ji J2 Iz
1

J1 0.9 0.9 0.9
Jo 0.8 0.8 0.8
Ja 0.7 0.7 0.7
I2

J1 0.8 0.8 0.8
Jo 0.7 0.7 0.7
Ja 0.6 0.6 0.6
I3

J1 0.7 0.7 0.7
Jo 0.8 0.8 0.8
Ja 0.9 0.9 0.9
Ja

i 06 0.6 0.6
5, 07 0.7 0.7
s 08 0.8 0.8
Is

J1 0.8 0.8 0.8
Ja 0.8 0.8 0.8
Ja 0.8 0.8 0.8
Je

J1 0.9 0.8 0.9
Jo 0.8 0.7 0.8
Ja 0.7 0.6 0.7

Table 7: Comparison table for rough neutrosophic multisets, J

Step 7: Next we compute the row-sum, column-sum, and the score for all cases as shown in Table 8.

] Row sum Columnsum Score
J1

J1 2.7 2.4 0.3
Ja 2.4 24 0
Ja 2.1 2.4 -0.3
I2

ji 24 2.1 0.3
Ja 2.1 2.1 0
j; 1.8 2.1 -0.3
I3

J1 2.1 2.4 -0.3
Jo 2.4 2.4 0
Ja 2.7 2.4 0.3
n

J1 1.8 2.1 -0.3
Jo 2.1 2.1 0
Ja 2.4 2.1 0.3
Is

J1 2.4 2.4 0
Jo 2.4 2.4 0
Ja 2.4 2.4 0
Js

J1 2.6 2.4 0.2
Ja 2.3 2.1 0.2
J3 2.0 2.4 -0.4

Table 8: Score of three jeans for all cases.

The relation of quality of jeans in shop G is successfully approximate by using rough neutrosophic multisets
relation. Jean type j; has the highest score of 0.3 for case 1, jean type j; has the highest score of 0.3 for case 2,
neither choose a jean or not for case 3, and jeans type j, and j, have a highest score of 0.2 for case 4. The
different selection of jeans has resulted in different cases. From the scoring perspective, the highest value for
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each unknown will resulted in the highest possibility to select the subject. Besides that, it cannot take the same
possible values for each unknown at the same time because the score result will be equal to zero (case 3).

Based on the result, the customers should purchase the jeans of type j, in the shop G and the manager should
sell more jeans of type j;.

Conclusion

The successful discussion of rough neutrosophic multisets relation with application in marketing strategy
is obtained in this paper. Firstly, this paper is defined the rough neutrosophic multisets relation with their
properties and operations such as max, min, the composition of two rough neutrosophic multisets, inverse
rough neutrosophic multisets, and symmetry, reflexive and transitive of rough neutrosophic multisets. The
approximation set boundary of rough neutrosophic multisets was applied for rough neutrosophic multisets
relation. This relation theory is useful to apply in marketing strategy problem by getting the real relation of
goods sold in the market. Decision matrix analysis is further conducted to get the best result. For further work,
the relation of two universe sets can be derived as a rough neutrosophic multisets relation of two universe sets.
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Abstract. In this paper, we state a new class of sets and called them fuzzy neutrosophic Alpha™-closed sets, and we prove some

theorem related to this definition. Then, we investigate the relation between fuzzy neutrosophic Alpha™-closed sets, fuzzy neutrosophic

a closed sets, fuzzy neutrosophic closed sets, fuzzy neutrosophic semi closed sets and fuzzy neutrosophic pre closed sets. On the other

hand, some properties of the fuzzy neutrosophic Alpha™-closed set are given.

Keywords: fuzzy neutrosophic closed sets, fuzzy neutrosophic Alpha™-closed sets, fuzzy neutrosophic topology.

1. Introduction:

The concept of fuzzy sets was introduced by Zadeh in 1965 [14]. Then the fuzzy set theory are extension by
many researchers. The concept of intutionistic fuzzy sets (IFS) was one of the extension sets by K. Atanassov in
1983 [2, 3, 4], when fuzzy set give the digree of membership of an element in the sets, the intuitionistic fuzzy
sets give a degree of membership and a degree of non-membership. Then, several researches were conducted on
the generalizations of the notion of intuitionistic fuzzy sets, one of them was Floretin Smarandache in 2010 [7]
when he developed another membership in addition to the two memberships which was defined in intuitionistic
fuzzy sets and called it neutrosophic set.

The concept of neutrosophic sets was defined with membership, non-membership and indeterminacy
degrees. In the last year, (2017) Veereswari [13] introduced fuzzy neutrosophic topological spaces. This concept
is the solution and representation of the problems with various fields.

Neutrosophic topological spaces and many applications have been investigated by Salama et al. in [ 9-
12]

In this paper, the concept of Alpha™-closed sets in double fuzzy topological spaces [6] were developed.
We discussed some new class of sets and called them fuzzy neutrosophic Alpha™-closed sets in fuzzy
neutrosophic topological spaces, and we also discussed some new properties and examples based of this defined

concept.

2. Basic definitions and terminologies
Definition 2.1 [8]: A neutrosophic topology (NT, for short) on a non-empty set X is a family t of neutrosophic
subsets of X satisfying the following axioms:

i) @N, XNE T.
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i1) AjNA,€ T for any A and A,€ 1.
iii) UA ;€ T for any {4;:jEJ}CS 1.
In this case the pair (X, 7) is called a neutrosophic topological space (NT'S, for short) in X. The elements in T
are called neutrosophic open sets (N-open sets for short) in X. A N-set is said to be neutrosophic closed set (N-

closed set, for short) if and only if its complement is a N-open set.

Definition 2.2 [1, 13]: Let X be a non-empty fixed set. A fuzzy neutrosophic set ( FNS, for short), Ay is an
object having the form Ay = {< X, N (X), Oin (X), Vo (X) >: xe X} where the functions y, o, Vin @ X —* [0,
1] denote the degree of membership function (namely pn(X)), the degree of indeterminacy function (namely o)y
(x)) and the degree of non-membership function (namely v,y (X)) respectively, of each set Ay we have, 0 <

wn(X) T oi(X) + vin (X) <3, for each xe X.

Remark 2.3 [13]: FNS Ay = {< X, U (X), 03x (X), Vo (X) >: X € X} can be identified to an ordered triple <x, u

N> 0N, Van > in [0, 17 on X.

Definition 2.4[13]: Let X be a non-empty set and the FNSs
An and By be in the form:
A= {<X, i (%), 0 (%), Vi (X) >: X € X} and,
By ={< X, ppn (X), opn (X), vpn (X) >: x €X} on X then:
i AW E BN N (X) Sppn (%), v (X) S opn (X) and vy (X) = v gy (x) for all x € X,
il. Ay =Pniff Ay S Py and By € Ay,
jii. In-An = {<X, van (%), 1 — oo (%), pian (%) > X EX}
ive Ay U By = {<x, Max(u (), ppn (%)), Max(oaw(x),
opn (X)), Min(vin (X), vpn (X)) > X E XY,
V. Ay N By = {<x, Min( yx (%), tpx (X)), Min(ox
(), opN ), Max(vin ),

vii Ov=<x,0,0,1>and ly=<x,1, 1, 0>.

<

BN x)) >: X € X3,

Definition 2.5 [13]: A Fuzzy neutrosophic topology (FNT, for short) on a non-empty set X is a family ty of

fuzzy neutrosophic subsets in X satisfying the following axioms.

i QN7 lN € (5N
ii. 7\'N1 n 7\'N2 [SIAN] for any }\‘Nla }VNZ € N,
ii. U 7\'N_| € N, V{XNJ‘] € J} C N

In this case the pair (X, 7y) is called fuzzy neutrosophic topological space (FNTS, for short). The
elements of 7 are called fuzzy neutrosophic open sets (Fy-open set, for short). The complement of Fy-open sets
in the FNTS (X, ty) are called fuzzy neutrosophic closed sets (Fy-closed set, for short).

Definition 2.6 [13]: Let (X, tn) be FNTS and A vy = <X, i) v, 03 v, Vin > be FNS in X. Then, the fuzzy
neutrosophic closure of Ay (FNCI, for short) and fuzzy neutrosophic interior of Ay (FNInt, for short) are defined
by:
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FNCI(Av) = N { Bxn: Pn is Fy-closed set in X and Ay S By },
FNInt (Ax) = U { Pn: By is Fy-open set in X and By € Aw }.
Note that FNCI(Ax) be Fy-closed set and FNInt (A x) be Fy-open set in X.
Further,
1. Ay be Fy-closed set in X iff FNCI (Ax) = A,
ii. Ay be Fy-open set in X iff FNInt (Ay) = An.

Proposition 2.7 [13]: Let (X, tv) be FNTS and Ay, By are FNSs in X. Then, the following properties hold:
i. FNInt(Ax) € Ay and Ay € FNCI(W),

ii. Ay € Py = FNInt (Ay) € FNInt (By) and Ay € By = FNCI(A) S FNCI(By),

iii. Int(FNInt(Ay)) = FNInt(Ay) and FNCI(FNCI(Ay)) = FNCI(Ay),

iv. FNInt (Ay N By) = FNInt(Ay) N FNInt(By) and FNCI(Ay U Bn) = FNCl(Ay) U FNCI(By),

v. FNInt(1x) =1y and FNCI(1y) = 1y,

vi. FNInt(Oy) = Oy and FNCI(Ox) = Ox.

Definition 2.8 [2]: FNS Ay in FNTS (X, ) is called:
i. fuzzy neutrosophic semi-open set (FNS-open, for short) if Ay & FNCI(FNInt(Ly),
ii. fuzzy neutrosophic semi-closed set (FNS-closed, for short) if FNInt(FNcl(Ay)) € Ax,
iii. fuzzy neutrosophic pre-open set (FNP-open, for short) if Ay & FNInt (FNCI(Ay)).
iv. fuzzy neutrosophic pre-closed set (FNP-closed, for short) if FNCI(FNInt(Ay)) € Ay,
v. fuzzy neutrosophic a-open set (FNa-open, for short ) if Ay € FNInt(FNCI(FNInt(\y))),
vi. fuzzy neutrosophic a-closed set (FNa-closed, for short) if FNCI(FNInt(FNCl(Ay))) € Ax.

3. Fuzzy Neutrosophic Alpha™ - Closed Sets in Fuzzy Neutrosophic Topological Spaces.
Now, the concept of fuzzy neutrosophic Alpha™-closed set in fuzzy neutrosophic topological space is introduced,

as follows:

Definition 3.1: Fuzzy neutrosophic subset Ay of FNTS (X, 1y) is called fuzzy neutrosophic Alpha™-closed set
(FNa™- closed set, for short ) if FNint(FNcl (Ay)) € Uy, wherever Ay € Uy and Uy be FNa-open set. And Ay is
said to be fuzzy neutrosophic Alpha™-open set (FNa™-open set, for short) in (X, ty) if the complement 1y-Aybe

FNo™-closed set in (X, Ty).

Proposition 3.2: For any FNS, the following statements satisfy:
i. Every Fy-open set is FNa-open set.
ii. Every FNa-closed set is FNa™-closed set.
iii. Every Fy-closed set is FNa™-closed set.
iv. Every FNS-closed set is FNa"-closed set.

Proof:
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i. Let vy ={<x, iun(X), oan (X), vin (X) >: XE X} be Fy-open set in FNTS (X, 7y).Then, by Definition 2.6 (ii)
we get,
A = FNInt(Ay)...... 1)
And, by Proposition 2.7 (i) we get, Ay S FNCI(y). But, Ay S FNCI(FNInt(Ay)).
Then, FNInt(Ay) € FNInt(FNCI(FNInt(Ay))).
Therefore, by (1) we get, Ay € FNInt(FNCI(FNInt(Ay))). Hence, Ay be FNoa-open set in (X, t).
ii. Let Ay ={<x, n(X), oan(X), Vin(x) >: xE X } be FNo-closed set in FNTS (X, ty).
Then, FNCI(FNInt(FNCI(\y))) € Ax.
Now, let By be Fy-open set such that, AN By
Since, By be Fy-open set then, is FNa-open set by (i). Then, FNInt(FNCl(Ay)) € FNInt(Ay) € Ax € Bn.
Therefore, FNInt(FNCI(Ay)) € Px-
Hence, Ay be FNa"- closed set in (X, Ty).
iii. Let Ay = {<X, n(X), oan(X), van(X) >: xE X } is Fy-closed set in

FNTS (X, tv).Then, by Definition 2.6 (i). We get, Ay = FNcl(Ay).... (1).

And, by Proposition 2.7 (i). We get, FNint(Ay) € Ax...... (2). But,

FNint(FNcl(An)) € FNcl(Ay). Then, by (1). We get,

FNint(FNcl(Ax) € Ax. Now, let By is Fy-open set such that, Ay € Uy. By, Proposition 3.2 (i). If, By is Fx-
open set. Then, is FNa-open set. Then, FNint(FNcl(Ay) € AvEPn. Therefore, FNint(FNcl(Ay)) € Bx.
Hence, Ay is FNa"-closed set in (X, Ty).

iv. Let Ay ={<X, Wun(X), o2n(X), Vin(X) >:xE X } be FNS-closed set in FNTS (X, ty).
Then, FNInt(FNCI(Ay)) Six.
Now, let By be Fy-open set such that, ANE By
Since, By be Fy-open set then, is FNa-open set, by (i)
Then, FNInt(FNCI (Ay)) € A € B,
Therefore, FNInt(FNCI (Ay)) € Bx.
Hence, Ay be FNa™- closed set in (X, 7).

Remark 3.3: The converse of Proposition 3.2 is not true in general and we can show it by the following
examples:
Example 3.4:
i. Let X={x} define FNSs Ay and By in X as follows:

MW={<x,0.7,0.6, 0.5>: x€ X }, By ={<x, 0.8, 0.9, 0.4>:

xEX}.

And the family 7y = {Ox, In, An, Bn } be FNT such that, 1y-tn ={lx, On, <%, 0.5, 0.4, 0.7>, <x, 0.4, 0.1, 0.8>}.
Now if ,
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N = {<x, 0.8, 0.6, 0.5 > xE X }.

Then, FNInt(¢eun) ={<x, 0.7, 0.6, 0.5>: x= X }, FNCI(FNInt(¢wy)) = 1nyand FNInt(FNCI(FNInt(esy))) =1,
Therefore, @y S FNInt(FNCI(ENInt(cwy))).

Hence, iy be FNo-open set. But, not Fy-open set.

ii. Let X={x} define FNSs Ay, Bx, v and Wy in X as follows:

M ={<x,1,0.5,0.7>: xE X}, pn={<x,0,0.9,02>:xE X},

n={<x,1,0.9,0.2>: x=X } and Yy = {<x,0,0.5,0.7>: xE X }

And the family Ty ={Ox, 1n, An, Bn, v, Pn } be FNT .such that, 1n-Ty ={1x, On, <%, 0.7, 0.5, 1 >, <x,0.2,0.1, 0 >,
<x,0.2,0.1,1 > <x,0.7, 0.5, 0 >}

Now if, ain = {<x, 0, 0.4, 0.8>: xE X } and Uy = {<x, 0, 0.5, 0.7>: xE X}.

Where, Uy be Fy-open set such that, cuy € Uy,

Since,Uy be Fy-open set then, is FNa-open set by Proposition 3.2 (i).

Then, FNCI{ aun) ={<x, 0.7, 0.5, 0>: x€ X }and FNInt(FNCl(eun)) ={<x, 0, 0.5, 0.7>: xE X }.

Therefore, FNInt(FNCl(gu)) € U,

Hence, «uy be FNa™- closed set.

But, FNCl(¢un) ={<x, 0.7, 0.5, 0>:xE X },

FNInt(FNCl(eun)) ={<x, 0, 0.5, 0.7>: x€ X } and

FNCI(FNInt(FNCl(twn))) ={<x, 0.7, 0.5, 0>: xE X }

Therefore, ENCI(FNInt(FNCl(euy))) € eun. Hence, auy be not FNo- closed set.

iii. Take, the example which defined in ii. Then, we can see cuy be FNa"-closed set. But, not Fy-closed set.

Take again, the example which defined in ii. Then, ¢y be FNo"-closed set. But, not FNS-closed set.

Remark 3.5: The relation between FNP-closed sets and FNa™- closed sets are independent and we can show it
by the following examples.
Example 3.6: (1) Let X={x} define FNSs Ay and By in X as follows:
M ={<x,0.1,0.2, 04> x= X }, By = {<x, 0.7, 0.5, 0.2>: x= X },
And, the family Ty ={0n, In, An, By } be FNT such that, 1y-ty ={1n, On, <X, 0.4, 0.8, 0.1>, <x, 0.2, 0.5, 0.7>}.
Now if, ey = {<x, 0.1, 0.3, 0.4>: x= X }and
Uy = {<x, 0.7, 0.5, 0.2>: x& X }where, Uy be Fy-open set such that, ¢y S Uy.
Since, Uy be Fy-open set then, is FNa-open set by Proposition 3.2 (i)
Then, FNCI (gun) ={<x, 0.4, 0.8, 0.1>: x& X }and
FNInt(FNCl(¢cun))={<x, 0.1, 0.2, 0.4>: xE X }.Therefore, FNInt(FNCl(gun)) S Un.
Hence, euy be FNa™- closed set.
But, FNInt(¢uy) ={<x, 0.1,0.2, 0.4>: xE X },
FNCI(FNInt (awy)) = {<x, 0.4, 0.8, 0.1>: x& X }.Therefore, FNCI(FNInt (guy)) E why,
Hence, iy be not FNP-closed set.
(2) Let X={a, b} define FNS Ay in X as follows:
A = <X, (a\0.5, b\0.5) , (a\0.5, b\0.5) , (a\0.4, b\0.5) >. And the family 7y ={On, 1n, A } be FNT.
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Such that, 1n-Tny = {1n, On, <X, , (2\0.4, b\0.5), (a\0.5, b\0.5), (2\0.5, b\0.5) >}.

Now if, iy = <x, (2\0.5, b\0.4) , (2\0.5, b\0.5) , (2\0.6, b\0.5) > And, Uy = Ay be Fy-open set such that, ¢y = Uy.
Since, Uy be Fy-open set then, is FNa-open set by Proposition 3.2 (i)

Then, FNInt (¢uy) = Oy and FNCI(FNInt(¢uy)) = O,

Therefore, FNCI(FNInt (¢un)) © ¢un. Hence, cuy be FNP-closed set.

But, FNCI (euy) = 1y and FNInt(FNCl(¢uy)) = 1.

Therefore, FNInt(FNCI(guy)) ‘€ Uy, Hence, cuy be not FNo™- closed set.

Proposition 3.7: If Ay be FNa"- closed set and Ay € nn € FNInt(FNCI(Ay)), Then, ny be FNa™- closed set.
Proof: Let Ay ={<x, W (X), oon (X), Vin (X) >: XxE X} be FNa™- closed set such that, Ay € ny € FNInt(FNCI(Ay)).
Now let By be FNa- open set such that, ny< By.

Since, Ay be FNa™-closed set then, we have

FNInt(FNCI(Ay)) € Bn, Where Ay € By.

Since, Ay € 1y and ny € FNInt(FNCI(Ay)) we get,

FNInt(FNCl(1n)) € FNInt(FNCI(FNInt(FNCl(Ay)))) S FNInt(FNCl(Ay)) S Bx.

Therefore, FNInt(FNCl(ny)) S Bn. Hence, ny be FNa™- closed set in (X, Ty).

Proposition 3.8: Let (X, Ty) be FNTS. So, the intersection of two FNa-closed sets be FNa™-closed set.
Proof: Let Ay and By are FNS-closed sets on FNTS (X, ty)
Then, FNInt(FNCIl(A)) € Ax...... €))
And, FNInt(FNCI(By)) S Bx.-.... )
Consider Ay M Bx = FNInt(FNCI(hy)) N FNInt(FNCI(Bn))
= FNInt(FNCI(Ay) N FNCI(Bn))
= FNInt(FNCIl(Ax 1 Bx)).
Therefore, FNInt(FNCIl(Ay 11 Bn)) S A 1M By
Now, let ny be Fy-open set such that, Ay i1 By € 1.
Since, ny be Fy-open set then it is FNa-open set, by Proposition 3.2 (i).
Then, FNInt(FNCI(Ay M Bn)) € Ax M By € 1,
Therefore, FNInt(FNCI(Ay i1 Bx)) € nn. Hence, Ay 1 By be FNa™-closed set in (X, y).

Remark 3.9: The union of any FNa™-closed sets is not necessary to be FNa™-closed set and we can show it by

the following example.

Example 3.10: Take, Example 3.4 (ii) if,

Ny ={<x, 0.4,0.5, 1>: xi X } and wy, ={<x, 0.2, 0, 0.8>: xi2 X}. And Uy ={<x, 1,0.5, 0.7>: x£ X }
Then, FNCl(¢un) ={<x, 0.7, 0.5,1>: xE X } and FNInt(FNCl(¢u;) = O,

Therefore, FNInt(FNCl(¢cwy;) € Uy,

Hence, ¢uy; be FNa™- closed set.
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And, FNCl() ={<x, 0.2, 0.1,0>: xE X}, FNInt(FNCl( o)) = Ox.
Therefore, FNInt(FNCl(eun2)) € Un, Hence, dun, be FNa™- closed set.

Therefore, ¢ U cono be not FNo™- closed set.

Definition 3.11: Let (X, ty) be FNTS and Ay = <X, N (X), oin (X), van (X)> be FNS in X. Then, the fuzzy
neutrosophic Alpha™ closure of Ay (FNa™Cl, for short) and fuzzy neutrosophic Alpha™ interior of Ay (FNo™Int,
for short) are defined by:

i. FNa"CI(A n) = N{Pn: Bn is FNa -closed set in X and Ay S B},

ii. FNoInt(X v) = U{Bn: Pn is FNa™-open set in X and By S An}.

Proposition 3.12: Let (X, y) be FNTS and Ay, By are FNSs in X. Then the following properties hold:
i. FNa"Cl(0y) = Oy and FNa™Cl (1n) =1,
ii. Ay S FNo"Cl(\),
iii. IfAy S Bn, then FNa™Cl(Ay) € FNa"CI(By),
iv. Ay be FNa"-closed set iff Ay=FNa"Cl (Ay),
v. FNa"Cl(Ay) = FNo"CI(FNa"Cl(Ay)).

Proof:
i. by Definition 3.11 (i) we get,
FNo"CI(0n) = N {Bn: Pn is FNa"-closed set in X and Oy S By } = On.
And,

FNo"CI(1nx) = N {Bn: Pn is FNa"-closed setin X and 1y S By } =1n.

ii. AxS N {Bw: Pn is FNa"-closed set in X and Ay € By } = FNa"Cl (Ay).

iii. Suppose that Ay S B then,
N{Bn: Bn is FNa™-closed set in X and Ay € By } S N{ nx: nn is FNa™-closed set in X and
By € 1y }. Therefore, FNa"Cl(Ay) € FNo"CI(By).

iv. If, Ay be FNa™-closed set, then
FNa™Cl (Ay) = N{Pn: B is FNa -closed set in X and Ay € Bn}...... (1
And, by (ii) we get, Ay € FNa"Cl (Ay)...... (2) but, Ay is necessarily to be the smallest set.
Thus, Ay = N{Bn: Pn is FNa™-closed set in X and Ay S Bn },
Therefore, A y = FNa™Cl (Ay).

Conversely; Let Ay = FNa"Cl (Ay) by using Definition 3.11 (i),we get, Ay be FNa-closed set.
v. Since, by (iv) we get, Ay = FNa™"Cl (Ay)
Then, FNa"Cl (Av) = FNa"CI(FNa"Cl(\)).

Proposition 3.13: Let (X, y) be FNTS and Ay, By are FNSs in X. Then the following properties hold:

i. FNo"Int(Oy) = Onand FNo™Int (1) =lw,

i, FNo™Int() € Ax,

. If iy € By, then FNoInt(Ay) € FNo™Int(By),
iv. A be FNa™-open set iff Ay=FNa Int (Av),

Fatimah M. Mohammed and Shaymaa F. Matar, Fuzzy Neutrosophic Alpha™-Closed Sets in Fuzzy Neutrosophic
Topological Spaces



Neutrosophic Sets and Systems, Vol. 21, 2018 63

v. FNo"Int (Ay) = FNa"Int (FNo"Int (Ay)).

Proof:

i. by Definition 3.11 (ii) we get,
FNo™Int(0n) = U{Bn: Bw is FNa™-open set in X and By S Oy} = Ow,
And, FNa"Int(1y) = U{Bn: By is FNa™-open set in X and By S 1y} =1n.
ii. Follows from Definition 3.11 (ii).
iii. FNoa™Int(A ) = U{Bn: Bn is FNo™-open set in X and By S An}.Since, Ay S By then,
U {Bn: Pn is FNa™-open set in X and By S Ay} SU{ nx: Ny is FNa™-open set in X and ny € Bu }
Therefore, FNo"Int(Ay) S FNa Int(By).
iv. We must proof that, FNa " Int(Ay) € Ay and Ay S FNo"Int(Ay).
Suppose that Ay be FNa"-open set in X.
Then, FNa™Int(Ax) = U{Bn: Bn is FNo™-open set in X and By S An}.
by using (ii) we get, FNo"Int(Ay) € Ax....(1)
Now to proof, Ay € FNa"Int(Ay), we have, For all Ay S Ay, the FNo"Int(Ay) S Ay
So, we get Aoy €& U{Bnx: Bnv is FNu™-open set in X and By S Ay }= FNa"Int(Ay) ...... 2
From (1) and (2) we have, A y = FNa™Int (Ay).
Conversely; assume that A y = FNoa"Int (Ay) and by using Definition 3.11 (ii) we get, Ay be FNa"-open set in X.
v. By (iv) we get, Ay = FNo"Int(Ay)
Then, FNa"Int(Ay) = FNo"Int(FNo " Int(Ay)).

Proposition 3.14: Let (X, Ty) be FNTS. Then, for any

fuzzy neutrosophic subsets Ay of X.

i. 1x- (FNa™nt(Ay)) = FNa"Cl(1x-Ax),
i, 1x- (FNG™Cl(hy)) = FNo™Int(1y-Ay).
Proof:
i. FNa™Int(A v) = U {Bn: Bn is FNa™-open set in X and By S Ay}, by the complement we get,

1n-(FNa™Int(A n)) = 1n- (U{Bn: By is FNa™-open set in X and By S An}).

So, In- (FNa"Int(A v)) = N{ (In-Bw):

(1n-Bw) is FNa-closed set in X and (1n-Anv) € (In-Bw) }.

Now, replacing (1x-Bn) by nn we get,

1n- (FNo™Int(X v)) = N{ nn: n is FNa™-closed set in X and (1x-An) € 1y} = FNo"Cl(1x-Ay).
ii. FNo™CI(A ) = N{Pn: Bn is FNa -closed set in X and Ay S Bu }, by the complement we get,

1n-(FNa™CI(A n)) = 1n- (N{Bn: Bn is FNa"-closed set in X and Ay S Bn }).

So, In- (FNa™CI(A x)) = U {(Ix-Bw): (1n-Bn) is FNa™-open set in X and

(In-Brv) E(An- An)}. Again replacing (1n-Pn) by nn we get,

1n- (FNa™Cl(An)) = U{ 1n: 1 is FNa™-open set in X and 1y S(1n-An)}= FNa int(1y-Ay).

Proposition 3.15: Fuzzy neutrosophic interior of Fy-closed set be FNa™-closed set.
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proof: Let Ay ={<x, Whn(X), o:n(X), Vin(X) >:xEX} be Fy-closed set in FNTS (X, ty).Then, by Definition 2.6
(i) we get, Ay=FNCI(A\). So, FNInt(Ay) = FNInt(FNCI(Ay))...... ),
And, by Proposition 2.7 (i) we get,
FNInt(Ay) EAx -..... 2)
From (1) and (2) we get, FNInt(FNCl(Ay)) € Ax
Now, let By be Fy-open set such that, AnE By
Since, By be Fy-open set, then By is FNa-open set by Proposition 3.2 (i)
Therefore, FNInt(FNCI(\y)) € Bn. Hence, Ay be FNa™-closed set in (X, 7y).

Remark 3.16: The relationship between different sets in FNTS can be showing in the next diagram and the
converse is not true in general.

FNa-closed set FN-closed set FNS-closed set

\(/

FNa"-closed set

#

FNP-closed set

Diagram 1

Conclusion

In this paper, the new concept of a new class of sets and called them fuzzy neutrosophic Alpha™-closed sets. we
investigated the relation between fuzzy neutrosophic Alpha™-closed sets, fuzzy neutrosophic o closed sets, fuzzy

neutrosophic closed sets, fuzzy neutrosophic semi closed sets and fuzzy neutrosophic pre closed sets with some properties.
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Abstract. In this paper, neutrosophic crisp bi-topological spaces, new types of open and closed sets in neutrosophic crisp bi-
topological spaces, the closure and interior neutrosophic crisp set and a new concept of open and closed sets are introduced.
The basic properties of these types of open and closed sets and their properties are studied.
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1. Introduction

Smarandache [1, 2] proposed a new branch of philosophy, called “Neutrosophy”. From neu-
trosophy, Smarandache [1, 2, 3, 4] defined neutrosophic set. Neutrosophic set consists of
three independent components 7, /, and F which represent the membership, indeterminacy,
and non membership values respectively. 7, 7, and F assumes the values from the non-standard
unit interval]0,1°[. Smarandache [1, 2] made the foundation of neutrosophic logic which
generalizes fuzzy logic [5] and intuitionistic fuzzy logic [6]. Salama, Smarandache proposed
the Neutrosophic Crisp Set Theory [16].

Alblowi, Salama and M. Eisa [7, 8] defined studied on neutrosophic sets and defined normal
neutrosophic set, convex set, the concept of a-cut and neutrosophic ideals. Hanafy, Salama
and Mahfouz [9] considered some possible definitions for basic concepts of the Neutrosophic
Crisp Data And Its Operations.

Salama and Alblowi [10] defined neutrosophic topological spaces and established some of its
properties. Salama and Alblowi 11] defined generalized neutrosophic set and defined
generalized neutrosophic topological spaces. In the same study, Salama and Alblowi [11] es-
tablished some properties of generalized neutrosophic topological spaces. Salama and
Elagamy [12] introduced the notion of filters on neutrosophic sets and studied several relations
between different neutrosophic filters and neutrosophic topologies. Salama and Smarandache
[13] studied several relations between different neutrosophic crisp filters and neutroso-
phic topologies.

Salama, Smarandache and Kroumov [14] generalized the crisp topological spaces to the no-
tion of neutrosophic crisp topological space. In the same study, Salama, Smarandache and
Kroumov [14] introduced the definitions of neutrosophic crisp continuous function and neu-
trosophic crisp compact spaces.

In this paper we introduce the concept of neutrosophic crisp bi-topological spaces as generali-
zation of neutrosophic crisp topological spaces. We introduce few new types of open and
closed sets as neutrosophic crisp bi-open sets, neutrosophic crisp bi-closed sets, neutrosophic
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crisp S-open sets and neutrosophic crisp S-closed sets. We investigate the properties of these
new four types of neutrosophic crisp sets.

Rest of the paper is organized as follows: Section 2 presents preliminaries of neutrosophic
crisp set, neutrosophic crisp topology. Section 3 presents Neutrosophic crisp bi-topological
spaces. Section 4 devotes the closure and the interior via neutrosophic crisp bi-open sets (Bi-
NCOS) and neutrosophic crisp bi-closed (Bi-NCCS). Section 5 devotes the neutrosophic crisp
S-open sets (S-NCOS) and neutrosophic crisp S-closed sets (S-NCOS). Section r presents
conclusion of the paper.

2. Preliminaries Of Neutrosophic Crisp Sets:

Definition 2.1. [14] Let X be a non-empty fixed set. A neutrosophic crisp set (NCS) A is
an object having the form 4 ={4,, 4,, 4,}, where 4, A, and 4, are subsets of X satisfy-

ing 4 N4, =¢, A N4 =¢ andd, N4 =¢.
Definition 2.2. [14, 15] Types of NCSs ¢, and X, in X

1. ¢, may be defined in many ways as a N CS as follows:
1. ¢, =(¢,¢,X)or
2. ¢, =(¢,X,X)0r
3.9, =(¢,X,¢)0r
4.4, =(4.4.9).
2. X, may be defined in many ways as a NCS, asfollows:
1. X, =(X,¢,¢)or
2. X, =(X,X,¢)or
3.X, =(X,X,X).
Definition 2.3. [14] A neutrosophic set A is a subset of a neutrosophic set B denoted by
A < B , may be defined as:
1.A cBo A <B,A < B,and B, C 4,.
22AcBs A4 <B,B, c4,and B, C 4,.

Definition 2.4. [14] Let X be a non-empty set, and the NCSs A and B in the form
A = {4, 4,, 4}, B = {B,, B,, B;}. Then:

1. AN B may be defined in two ways:

i) ANB = (AlﬂBl’AZ N BzaAz. U B3)

i) ANB = (4 NB,A4 UB, 4 UB,).

2. AU B may be defined in two ways as a N CSs.

i) AUB = (A1UB1a Az N Bza A3 N B3)

ii) A U B = (41 U Bl, 42 U B2, 43 1 B3).

Definition 2.5. [14] A neutrosophic crisp topology (NCT) on a non-empty set X is a fami-
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ly I' of neutrosophic crisp subsetsin X satisfying the following axioms:
1. ¢,,X, €l
2. 4N 4, €T, forany 4, and 4, T
3.U4, eT,V{4,: jeJicT.
The pair (X, I') is said to be a neutrosophic crisp topological space (NCTS) in X, a set of

elements in I" is said to be a neutrosophic crisp open set (NCOS), neutrosophic crisp set F is
closed (NCCS) if and only if its complement F®is an open neutrosophic crisp set.

Definition 2.6. [14] Let X be a non-empty set, and the NCS A in the form 4 = {4, 4,, 4,}.
Then A° may be defined in three ways as an N CS, as follows:

A" =< A4’,4;,4; >or

ii)A° =< 4;,4,, 4, >or

i) A° =< A4;, 45, 4, >.

3. Neutrosophic Crisp Bi-Topological Space

In this section, we introduce neutrosophic bi-topological crisp spaces. Moreover we intro-
duce new types of open and closed sets in neutrosophic bi-topological crisp spaces.

Definition 3.1. Let I, I', be any two neutrosophic crisp topology (NCT) on a nonempty
set X .Then (X,I'|,I",)is a neutrosophic crisp bi-topological space (Bi-NCTS for short).

Example 3.1. Let X ={1,2,3,4},

1_‘1 = {¢N7XN: Da C}a rz = {¢N’XN> Aa B}>
A =<{1},{2,4},{3} >=C, B =< {1}, {2{,{2,3} >, D=<{1},{2{,{3} >.
Then (X,I,),(X,I’,)are two neutrosophic crisp spaces. Therefore(.X,I',,I,)is a neutro-
sophic crisp bi-topological space (Bi-NCTS).
Definition 3.2. Let (X,I',,T',) beaneutrosophic crisp Bi-topological space (Bi-NCTS) .

The elements inI", UT', are said to be neutrosophic crisp bi-open sets (Bi-NCOS for short ).
A neutrosophic crisp set F is closed (Bi-NCCS for short ) if and only if its complement F¢ is
an neutrosophic crisp bi-open set.

- the family of all neutrosophic crisp bi-open sets is denoted by ( Bi-NCOS(X) ).

- the family of all neutrosophic crisp bi-closed sets is denoted by ( Bi-NCCS(X) ).

Example 3.2. In Example 3.1, the neutrosophic crisp bi-open sets (Bi-NCOS) are :
Bi-NCOS(X) = I',UTl", ={¢,,X,,4,B,C,D}

the neutrosophic crisp bi-closed sets (Bi-NCCS) are :

Bi-NCCS(X) = I'UT, =1{4,,X.4,,B ,C ,D,} where: 4,=<1{2,3,4},{1,3},{1,2,4} >=C,,

B, =<{2,3,4},{1,3,4},{L,2} >,
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D, =<{2,3,4},{1,3,4},{1,2,4} >
Remark 3.1.

1) Every neutrosophic crisp open set in(X ,Fl)or (X ,Fz) is a neutrosophic crisp bi-
open set.

2) Every neutrosophic crisp closed set in (X ,I';)or (X ,T',) is a neutrosophic crisp bi-
closed set.
Remark 3.2.
Every neutrosophic crisp bi-topological space (X ,Fl,Fz) induces two neutrosophic crisp

topological spaces as (X ,Fl) , (X ,Fz).
Remark 3.3.

If (X ,T')be a neutrosophic crisp topological space then (X ,I',T')is a neutrosophic crisp

Bi-topological space.

Theorem 3.1. Let (X ,FI,FZ) be a neutrosophic crisp bi-topological space (Bi-NCTS).

Then, the union of two neutrosophic crisp bi-open (bi-closed) sets is not a neutrosophic
crisp bi-open (bi-closed) set.

The proof of the theorem 3.1 follows from the example 3.3.

Example 3.3.

X:{13233’4}7 rl :{¢N5XN: D> C}, Fz :{¢N,XN, A> B}>

A =<{3},{2,4},{1} >, D =<{1},{2},{3} >, C =<{1},{2,4},{3} >

It is clear that (X ,I')),(X,I,) are neutrosophic crisp topological spaces. Therefore
(X,I,,T,) is a neutrosophic crisp bi-topological space

A,D are two neutrosophic crisp bi-open sets but4 UD =<{1,3},{2,4},¢ >is not neutro-
sophic crisp bi-open set. 4 =<{1,2,4},{1,3},{2,3,4} >, D =<{2,3,4},{1,3,4},{1,2,4} >

are two neutrosophic crisp bi-closed sets but4° U D =< X ,{1,3},{2,4} > is not a neutro-
sophic crisp bi-closed set.

Theorem 3.2. Let (X,I',,T,)be a neutrosophic crisp bi-topological space (Bi-NCTS).

Then, the intersection of two neutrosophic crisp bi-open (bi-closed) sets is a neutrosophic
crisp bi-open (bi-closed) set.

The proof of the theorem 3.2 follows from the example 3.4

Example 3.4. In example 3.3, A4,D are two neutrosophic crisp bi-open sets
but 4 "D =<J,{2},{1,3} > is not a neutrosophic crisp bi-open set.

A =<{1,2,4},{1,3},{2,3,4} >,
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D =<{2,3,4},{1,3,4},{1,2,4} >, are two neutrosophic crisp bi-closed sets but

A°ND° =<{2,4},{1,3},X >1is not a neutrosophic crisp bi-closed set.

4. The closure and the interior via neutrosophic crisp bi-open sets (Bi-NCOS) and
neutrosophic crisp bi-closed (Bi-NCCS)

In this section, we use this new concept of open and closed sets in the definition of closure and interior neu-
trosophic crisp set, where we define the closure and interior neutrosophic crisp set based on these new varieties
of open and closed neutrosophic crisp sets. Also we introduce the basic properties of closure and the interior.

Definition 4. 1. Let (X ,Fl,Fz) be a neutrosophic crisp bi-topological space (Bi-NCTS)

and A is a neutrosophic crisp set. Then, the union of neutrosophic crisp bi-open sets
containing A is called neutrosophic crisp bi-interior of A (NC*'Int(A) for short ).

NCBiInt(A) = W{B :BcA ; B is neutrosophic crisp bi-open set}.
Theorem 4.1. Let (X ,FI,FZ) be neutrosophic crisp bi-topological space (Bi-NCTS), A is
neutrosophic crisp set then:
1. NCPInt(A) c A.
2. NCBiInt(A) is not neutrosophic crisp bi-open set .
Proof :

1. It follows from the definition of NC®'Int(A) as a union of neutrosophic crisp bi-open
sets contains A.

2. Follow from Theorem 3.2.

Theorem 4.2. Let (X,I",T,) beaneutrosophic crisp bi-topological space (Bi-NCTS), A and

B are neutrosophic crisp sets. Then,
AcB = NCPInt(A) = NC*Int(B) .
Proof: The Proof is obvious.

Definition 42. Let (X ,Fl,Fz) be a neutrosophic crisp bi-topological space (Bi-NCTS), A is

neutrosophic crisp set. Then, the intersection of neutrosophic crisp bi-open sets, contained
A is called neutrosophic crisp Bi-closure of A ( NCPL-CI(A)for short ).

NCP-Cl(4)= n{B :BoA ; B is a neutrosophic bi-closed set}.
Theorem 4. 3. Let (X ,Fl,Fz) be a neutrosophic crisp bi-topological space (Bi-NCTS), and A

is neutrosophic crisp set. Then

1. A SNCP%clA) .

2. NCPI(A) is not a neutrosophic crisp bi-closed set.
Proof :

1. It follow from the definition of NCBicl(A) as an intersection of neutrosophic crisp bi-
closed sets, contained in A.

2. It follows from the Theorem 3.2.
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5. The neutrosophic crisp S-open sets (S-NCOS) and neutrosophic crisp S-closed sets (S-
NCOS):

We introduce new concept of open and closed sets in neutrosophic crisp bi-topological
space in this section, as neutrosophic crisp S-open sets (S-NCOS) and neutrosophic crisp S-
closed sets (S-NCCS). Also we introduce the basic properties of this new concept of open
and closed sets in bi-NCTS, and their relationship with neutrosophic crisp bi-open sets and
neutrosophic crisp bi-closed sets.

Definition 5.1. Let (X ,FI,FZ) be a neutrosophic crisp bi-topological space (Bi-NCTS). Then,

a subset A of space X is said to be a neutrosophic crisp S-open set (S-NCOS for short ) if
Ael'yand A e¢l', or Ael',and A ¢I' and its complement is said to be neutrosophic

crisp S-closed set (S-NCCS for short ).
* the family of all neutrosophic crisp S-open sets is denoted by ( S-NCOS(X) ).
* the family of all neutrosophic crisp S-closed sets is denoted by ( S-NCCS(X) ).

Example 5.1. In Example 3.1, B, D are two neutrosophic crisp S-open sets.

Theorem 5.1 Let (X ,Fl,Fz) be a neutrosophic crisp bi-topological space (Bi-NCTS), then

1. Every S-NCOS is Bi-NCOS.
2. Every S-NCCS is Bi-NCCS.
Proof:

1. Let A be neutrosophic crisp S-open set ,then 4 €', and A ¢I', or
A el',and A ¢T'| therefore A is Bi-NCOS.

2. Let A be neutrosophic crisp S-closed set,then A° is neutrosophic crisp S-open set
therefore 4° €l and A ¢T', or A°el,and A°¢T, , so A° is Bi-NCOS
therefore A is a Bi-NCCS .

Remark 5.1. The converse of Theorem 5.1 is not true. It is shown in example 5.2.
Example 5.2. In any neutrosophic crisp bi-topo-logical space, ¢, ,X , are two neutrosophic

crisp bi-open sets, but ¢, ,.X , are not neutrosophic crisp bi-open sets.

Also ¢, ,X , are two neutrosophic crisp bi-closed sets, but ¢, ,X , are not neutrosophic
crisp bi-closed sets.

Theorem 5.2. Let (.X,T,,I,) be aneutrosophic crisp bi-topological space (Bi-NCTS). Then,

the union of two neutrosophic crisp S-open (S-closed) sets is not a neutrosophic crisp S-open
(S-closed) set.

Proof. The proof follows from the following example 5.3.
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Example 5.3. In example 3.4

X ={1,2,3,4}, T, ={¢,.X ,, A},
I, ={gy,.Xy,D,C},4 =<{3},{2,4},{1} >.
D =<{1},{2},{3} >,C =<{1},{2,4},{3} >.

It is clear that (X ,I),(X,I,) are neutrosophic crisp topological spaces, therefore

(X ,Fl,Fz) 1s a neutrosophic crisp bi-topological space.

A,D are two neutrosophic crisp S-open sets but 4 UD =<{1,3},{2,4}, > is not a neu-
trosophic crisp S-open set.

A =<{1,2,4},{1,3},{2,3,4} >, D =<{2,3,4},{1,3,4},{1,2,4} > are two neutrosophic crisp
S-closed setsbut 4 UD‘ =< X ,{1,3},{2,4} >is not a neutrosophic crisp S-closed set.

Theorem 5.3. Let (X ,Fl,Fz) be a neutrosophic crisp Bi-topological space (Bi-NCTS), then

the intersection of two neutrosophic crisp S-open (S-closed) sets is not a neutrosophic crisp
S-open (S-closed) set.

Proof. The proof follows from the following example 5.4.

Example5.4 In example 3.4, A,D are two neutrosophic crisp S-open sets
but A NnD =<J,{2},{1,3} > is not a neutrosophic crisp S-open set.

A =<{1,2,4},{1,3},{2,3,4} >, D =<{2,3,4},{1,3,4},{1,2,4} > are two neutrosophic crisp
S-closed sets but 4° "D =<{2,4},{1,3},X >1is not a neutrosophic crisp S-closed set.
6 Conclusion

In this paper we have introduced neutrosophic crisp bi-topological space, neutrosophic crisp
Bi-open, neutrosophic crisp bi-closed, neutrosophic crisp S-open, neutrosophic crisp S-open
set’s. Also we have studied some of their basic properties and their relationship with each
other. Finally, these new concepts are going to pave the way for new types of open and closed
sets as neutrosophic crisp bi-a-open sets, neutrosophic crisp bi-f-open sets, neutrosophic crisp
bi-pre-open sets, neutrosophic crisp bi-semi-open sets.
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Abstract. In this paper, we first consider a multi-objective Portfolio Selection model and then we add another entropy objective
function and next we generalized the model. We solve the problems using Neutrosophic optimization technique. The models are
illustrated with numerical examples.
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1. Introduction:

Markowitz [5] first introduced the theory of mean-variance efficient portfolios and also gave his critical
line method for finding these. He combined probability and optimization theory. Roll [2] gave an analytical
method to find modified mean-variance efficient portfolios where he allowed short sales. Single objective
portfolio optimization method using fuzzy decision theory, possibilistic and interval programming are given by
Wang et. al.[7].Inuiguchi and Tanino [3] proposed a new approach to the possibilistic portfolio selection
problem.

Very few authors discussed entropy based multi-objective portfolio selection method. Here entropy is
acted as a measure of dispersal. The entropy maximization model has attracted a good deal of attention in urban
and regional analysis as well as in other areas. Usefulness of entropy optimization models in portfolio selection
based problems are illustrated in two well-known books ([4],[6]).

Zadeh [1] first introduced the concept of fuzzy set theory. Zimmermann [13] used Bellman and Zadeh’s
[14] fuzzy decision concept. Zimmermann applied the fuzzy set theory concept with some suitable membership
functions to solve linear programming problem with several objective functions. In traditional fuzzy sets, one
real value u,(x) £ [0.,1] represents the truth membership function of fuzzy set defined on universe of discourse
X. But sometimes we have problems due to uncertainty of , [x) itself. It is very hard to find a crisp value then.
To avoid the problem, the concept of interval valued fuzzy sets was proposed. In real life problem, we should
consider the truth membership function supported by the evident as well as the falsity membership function
against by the evident. So, Atanassov ([8],[10]) introduced the intuitionistic fuzzy sets in 1986. The
intuitionistic fuzzy sets consider both truth and falsity membership functions. But it can only effective for
incomplete information. Intuitionistic fuzzy sets cannot handle when we have indeterminate information and
inconsistent information. In decision making theory, decision makers can make a decision, cannot make a
decision or can hesitate to make a decision. We cannot use intuitionistic fuzzy sets in this situation. Then
Neutrosophy was introduced by Smarandache [11] in 1995. Realising the difference between absolute truth and
relative truth or between absolute falsehood and relative falsehood, Smarandache started to use non-standard
analysis. Then he combined the non-standard analysis with logic, set, probability theory and philosophy.
Neutrosophic theory has various fields like Neutrosophic Set, Neutrosophic Logic, Neutrosophic Probability,
Neutrosophic Statistics, Neutrosophic Precalculus and Neutrosophic Calculus. In neutrosophic sets we have truth
membership, indeterminacy membership and falsity membership functions which are independent. In
Neutrosophic logic, a proposition has a degree of truth(7), degree of indeterminacy(/) and a degree of falsity(F),
where 7,1 F are standard or non-standard subsets of ]0~,1*]. Wang, Smarandache, Zhang and Sunderraman
[12] discussed about single valued neutrosophic sets, multispace and multistructure. S. Pramanik ([15], [16]) and
Abdel-Baset, Hezam & Smarandache ([18], [19]) used Neutrosophic theory in multi-objective linear
programming, linear goal programming. Sahidul Islam, Tanmay Kundu [20] applied Neutrosophic optimization
technique to solve multi- objective Reliability problem. M. Sarkar, T. K. Roy [17] used Neutrosophic
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optimization technique in optimization of welded beam structure. Pintu Das, T.K.Roy [9] applied Neutrosophic
optimization technique in Riser design problem.

Our objective in this paper is to give a computational algorithm for solving multi-objective portfolio
selection problem with diversification by single valued neutrosophic optimization technique. We also take
different weights on objective functions. The models are illustrated with numerical examples.

2. Mathematical Model:

Suppose that a prosperous individual has an opportunity to invest an asset (i.e. a fixed amount of money) in
n different bonds and stocks. Let x =(x;, X,,.........X;)" , where x; is the proportion of his assets invested in the j-
th security. The vector x is called portfolio. Clearly, a physically realizable portfolio must satisfy
x;20,(j =1.2,...,n), LF_, x~1. The agents are assumed to strike balance between maximizing the return and
minimizing the risk of their investment decision. Return is quantified by the mean, and risk is characterized by
the variance, of a portfolio assets. The return R; for the j-th security, (j =1,2,...,n ), is a random variable, with
expected return ri= E(R;). Let R = (R}, R,...... Ry, r=(r, ... 1,)" . The return for the portfolio is thus
R'x=F"_, R;x and expected return Er(x)=E(R"x)=X"_, # x .
Let (5;;)n.mbe the covariance matrix of a random vector R, the variance of the portfolio is Vr(x) = Var(R'x)
:Z i:|= 1 ZF:i O X X7 where
a; 1':ﬂ1'2! i= .-ill

=000, L>=jorj>=Ii

7;* is the variance of R; and g;; is the correlation coefficient between Rjand R, ¥iand j = 1.2,....,1.

2.1 Portfolio Selection problem (PSP):
The two objectives of an investor are thus to maximize the expected value of return and minimize the variance
subject to a constraint of a Portfolio. So the Portfolio Selection Problem (PSP) is:

Maximize Er(x) = X, r;x, (2.1)
Minimize Vr(x) = ?:1 2?21 Tz 555,
subject to

Z;:'i:‘l xf:l’
and x; =0, j =12, ...n.
Markowitz’s mean variance criterion simply states that an investor should always choose an efficient portfolio.

2.2 Entropy:

In physics, the word entropy has important physical implications as the amount of “disorder” of a system but in
mathematics, we use more abstract definition. The (Shannon) entropy of a variable X is defined as

EN(X) = —F"_,x;Inx; , where xis the probabilty that X is in the state x, and x;In x; is defined as 0 if == 0.

2.3 Portfolio Selection problem with Diversification (PSPD):

In real life problem, we introduce another entropy objective function in problem (2.1} which is a Portfolio
Selection Problem with Diversification (PSPD) and it is written as

Maximize EN(X} = —E"_ x;Inx, (2.2)
Maximize Er(x) = ¥7_, rix,
Minimize Vr(x) = 2", 3™, a.,x.x,,
subject to
—x =1,

and x; =0, j =12, ...n.
2.4 Generalized Portfolio Selection problem with Diversification (GPSPD):
For generalization of the above model, an investor can construct a portfolio based on m potential market
scenarios from an investment universe of n assets. Let £t (j = 1.2,...m k = 1.2,...,m)denotes the return of
the j—th asset and let R.{x) = %", R;*x denotes the portfolio return with expected return

En (x) = ., r;%x_and

Jr'fk = [Jika! II‘ =.-ill
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g =p;fafa”, i =jorj=i

Where (&7,%)%is the variance of R,* and p, ¥ is the correlation coefficient between R.,* and R,*
( ¥i,j =1.2,..,n) for the k-th market scenario at the end of investment period, then Vr(x)
— T

=¥"_, X%, ;% x;x, denote the risk for the k — th scenario. So Generalized Portfolio Selection Problem with
Diversification (GPSPD) can be stated as follows:

Maximize EN(X) = — X7, x;Inx, (2.3)
Maximize Eri(x) =X7=, 777X,
Maximize Ery(x)=X"_, r;°x,

Maximize Ery(X)=21_y ;"% ;,

Minimize Vr(x)= X", 22, 7. 'x,x,,
Minimize Vry(x)= 27—, 22, o,  x,x,,
Minimize Vry(x)= X0, X%, 7., Mx. x,
Subject to
E?:‘I xf = 1
x;=0 j=1.2,...n
3. Preliminaries:
3.1 Fuzzy Set:

Fuzzy set was introduced by Zadeh [1] in 1965. A fuzzy set A in a universe of discourse ¥ is
defined as 4 = {(x,u 3(x)):x € X}. Here u 4: X — [0,1] is a mapping which is called the membership function
of the fuzzy set 4 and y ;{x} is called the membership value of x & ¥ in the fuzzy set 4. The larger u 5(x) is
the stronger the grade of membership form in A,

3.2 Neutrosophic Set:

Let X be a universe of discourse. A neutrosophic set A% in ¥ is defined by a Truth-membership
function p,(x), an indeterminacy-membership function g,{x) and a falsity-membership function ,({x) having
the form A% = f= X, u,(x), gy (x), v, (x) =1 x € X1,

Where, p,(x) s X =107, 1%

g (x) 1 X =107, 17

v, (x): ¥ =]07,17[  and there is no restriction on the sum of u ,(x},5,x) and 17, (x].
So, 0™ = supy ,(x) + supa,(x) + supv,(x) < 3%

3.3 Single valued Neutrosophic Set:
Let X be a universe of discourse. A single valued neutrosophic set A" over X is an object with the
form A" = {« X, uq(x),a0, (x), v,(x) =: x € X}, where
uax) : X = [0.1]
g (x) : X —= [0,1]
v lx): ¥ = [0.1]
with 0 = p,(x) + a,0c), +1,(x) = 3. wx e X.

3.4 Complement of Single valued Neutrosophic Set:
Let ¥ be a universe of discourse. The complement of a single valued neutrosophic set A is
denoted by c(A") and is defined by
Hela (x) = VA{X:]
ﬂr;}ﬁ{.r] =1- I:r}{{.r]

Vpran i) = pg(x), ¥x € X,

3.5 Union of two Single valued Neutrosophic Sets:

The union of two single valued neutrosophic sets A% and E™ is a single valued neutrosophic set €™, where
("= A"UEB" and

ueCx) = max (1, (), pz (x))

o.(x) = max (g,(x). o5(x))

v‘r'f,_r] = min {vﬂ{xj,vﬁ{_ﬂj, wx e X,

3.6 Intersection of two Single valued Neutrosophic Sets:
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The union of two single valued neutrosophic sets A7 and E™ is a single valued neutrosophic set(H,
where £ = A% m ™ and
we(x) = min (u (=), ug(x))
g.(x) = min (g,4(x). a5 (x))
v‘r'f,_r] = max {UA{.rl vﬁlixjj,‘u"x e X.

4. Neutrosophic Optimization Method to solve minimization type multi-objective non-linear
programming problem.
A minimization type multi-objective non-linear problem is of the form
Min {f (=), £(x), s, £ () (4.1)
g b, i=12.....9
We define the decision set ™ which is a conjunction of neutrosophic objectives and constraints and is defined

by
p* = (NE_, 6. ") n(NE_, €7) = {(x. uam ()0 (). vgm (D)), where
pam(x) = min{paen (), woen (), v faen (03 poom (), o ()0 s e L paen (X)) 91 € X
gae () = min{een(x), gwn(x), v gpn () gmn (), gon (), v Tmn (2} Wx € X,
vae (x) = max{wen(x), venlx), e m G v (G v n () v (2} WX E XL
Here p zm (x), 0 5n (), v 5n (x} are Truth-membership function, indeterminacy-membership function and falsity-
membership function of neutrosophic decision set respectively.
Now the transformed non-linear programming problem of the problem (4.1} can be written as
Max o (4.2)
Max y
Min £
With gn(x) z @
prmlx) za
Fanlx) =¥
omnlx) =y
Varm {-r:l =8
ver(x) €F,(k=12,...p; j=12...9)
a+f+y=3
a=f
&=y
@ B,y € [01]

5. Computational Algorithm:
Step-1:  First we convert all the objective functions of the problem {23} into minimization type. So the
problem {2.37 becomes

Minimize —EN(X¥) = E%_, x;Inx; (5.1}

Minimize —Er(x)= - S, r;1x,

Minimize —Ery(x) = — %1 %%,

Minimize —Er,(x) = -7, r;"x,
Minimize Vri(x) = ET_, 7, gy x;x;

Minimize Vry(x) = 2?21 Z?m T XX,

Minimize Vry(x) = X7, TF, g™ xx,
Subject to
E:'!:1 X = 1
a0 j=12..n

Let us rename the above {2m + 17 objective functions as f (x), f; (x), ..., fom .y (%) respectively. Now solve
the problem (5.1)as a single objective non-linear programming problem using only one objective at a time and
ignoring the others. These solutions are known as ideal solutions.

Step-2: From the results of step 1, determine the corresponding values for every objective

at each solution derived. With the values of all objectives at each ideal solution, pay-off matrix can be
formulated as follows:
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(£GY £ GY L Fmes (1))
iGN £ GED . fimar &%)
,ﬁ_ {x!m+i] ,ﬁ (x!m+i] ﬁm+1 {x!m+i]
~ ),

Step-3:  For each objective £ (x),{ k= 1,2,...2m + 1}, we now find lower and upper bounds L, * and IJ,.#
respectively for truth-membership of objectives.

Li* = min £ " andU ¥ = max £, (x™ ) ,where r = 1,2,....2m + 1; k = 1,2, ...2m + 1.

The upper and lower bounds for indeterminacy and falsity membership of objectives can be calculated as
follows:

U." =U" and L = L+ t(U:" - L)

U;l-g = .i_r.;l-'u +S{U;l-'u — LR'E:] and LRE = LR_E.

Here £ and s are predetermined real number in (0.1).

Step-4:  We define Truth-membership function, indeterminacy-membership function and falsity-membership
function as follows:

pelfe () =1 for £ () = L*

uel e G)) =(U* = f )/ (" — L), for Li* = £ (1) = UM

wel fi G)) = for f. (x) = U *

ol fi (x)) =1 for fi (x) = L7

ﬂ;;g;; 'ixj% =" — fi W)/ (U" — L"), for Li" = i &) =7
ol fi (X)) =10 for fi x) = U, "

vl fi (x)) =0 for fi (x) = L;°

vl fio () =(f () = L,PV /(U = L%, for B = f, () = UR°
ve(f () =1 for fi () 20"

Step-5: Now by using neutrosophic optimization method, we can write the problem (4.2])as:

Maxa —f +y (5.2)
Such that

el filx)) = @

alfil)) =y

v flx)) =@, for k=12,..2m4+1

a+f+y=3

a=f

&=y

e B,y € [0,1]

glx)=h, i=12 .....q9,

x=0

Again we reduce the problem {5.27 to equivalent non-linear programming problem as:

Maxae —fF +v (5.3)
Such that £ (x) + (I* — L. %) e = UL
fl':-r:] + {U;;F— I-;l-g]-‘]r’ = U;l-f

flx) = (U, - L") = L7,

for k=12,...2m+1

a+f+y=3

o=f

o=y

@ B,y € [01]

gx) =b, i=12.....q9,

x=10

So the problem (3.1} is reduced to equivalent non-linear programming problem as:
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Model-A:

Maxa—f +vy (5.4)

—ENCX) + (U_z* —L_zy wt

—ENCY) 4 (U_z" — l_z

—EN(X) — {U et — L_zy

—Enlx) +

—En(x) + U—Er - L—Er.-

—En{x) - I[U_Er.. —L_=

Vr(x) + (U, 2 - ”]
Vri(x) + Uw.- Ly

v (x) = (Upy.” — Liy." ). B

e+ f+y=3

a=f

o=y

18,y € [01]
X; =1
¥, JI' =1424 —_—

If we take

Moxo

Miny

Ming

in problem (4.2}, then it reduced to equivalent non-linear programming problem as:

Model-B:

Max e —f —y (5.5}
And same constraints as problem ({3.4].

Now, positive weights i}, reflect the decision maker’s preferences regarding the relative importance of each
objective goal f, (x)for k = 1.2,....2m + 1.

These weights can be normalized by taking EW. = 1. If we take weights w for - EN(¥}, w,; for — Ex(x) and
w,; for ¥r(x), where, j=1,2,.....mand w+ X7, w,; + ETo, w,; = 1.

Then the problem (3.4} becomes:

Maxea —f +¥ (5.6)
—wENCY) £ (U_ =L _®la 2wl_oy

—W EL“HT{X:] + {U E\;F - L _E;..rg:].'}' =W U_E;..rg

—wENX) — (U_zy” —L_zy" 0B = wil_gy"

~weiEri(2) Uz # — L )o@ S wei U_gy

—woiEn () + (U5 "~ Lo T oy s we U

_WIQ:'ET?{I] - {U—Er:u - L—Er Y ] E =W, :'I'—Ea-'.-u

wy Vi (x) + {Ulr'r.-'u - I'lr'r.-'”- ] o = g Uy i'.-'u

wy; Vi (x) + i'[‘rb'r.-g - LL’r.-E ]-']" = Wy Ub'r'.-g

wy iV (2) = (Upr.” = Ly ") B S wyiler* L j = 120,

a+f+y=3

a=f

o=y

F.y e [01]
[] j—'lZ,...,

w +Ei:r‘=1“’£. + E.=1W1:i' =1.

a::a::
l.

'-_.u

T R

i

N R

- I'—:-:r.-

|
3]
B

oy IE‘—"\_,'\_#

m B
A A 1A

r-uq.:.'
[S

|
™M
3

"

5
—Er:

v v

Iﬂ
e ETT R A
Tomd
L&
3
I
o
[l
E]

q

ey aun ame

PR

6. Numerical Examples

6.1 Numerical Examples (for PSP and PSPD):
Let us consider the three-security problems with expected returns vector and covariance matrix
given by

(n.m.m ) = (0.073,0165,0.133) and

a,“ = 0.0152 p,,a, 0, = 0.0211, p,q 0,7, = 0.0197

g,% = 0.0678 , gy° = 0.0294, p,, 0,0, = 0.0256
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Let x =(xy, Xa, x3)T , where x; X, X3 is the proportion of an asset invested in the 1-st, 2-nd and 3-rd security

respectively .
So model-1 (PSP) is
Maximize Er(x) =0.073 x,70.165 x,10.133 =,

Minimize Vr(x) =0.0152 x,2+0.0678 x,+0.0294 x,*
+2(0.0211x, x,+0.0197 x, x,+0.0256 x, x)
Subject to
Iy + XIa + Iy = 1,
and x,, x,, x2=0.

And Model-II (PSPD) is

Maximize En(x) = —(xl ln.xl +x2 1n.x2 +x3 lnx3)
Maximize Er(x) =0.073 x,+0.165 x,10.133 x,
Minimize Vr(x) ==0.0152 x,%+0.0678 x,%+0.0294 x,?
+2(0.0211x, x,40.0197 x,x5+0.0256 x, x1)
subject to
3+ x4+ x,=1,
and x,, x4, x5 2X.

Converting problem (.2} into minimization problem, we have

Minimize —En(x) = (X, Inx, +x, Inx, +x; Inx;)

Minimize —Er(x) = —(0.073 x,+0.165 x,+0.133 x.)

Minimize Vr(x) =0.0152 x,2+0.0678 x,2+0.0294 x ;2
+2(0.0211x, %,+0.0197 x, x,50.0256 x,x.)

subject to
X, tax,bx=1,

and x,, x,, x2=0.
Here
L_zy* = —1.008s,
L_gy' = —1.0086 + (—1.0086)¢,
L_gy" = —1.0986
U_gy® = 0.U_zy" = 0, U_zy” == —1.0986 + (—1.0986)s
L_z* = —0.165,
L_z* = —-0.165 4+ 0.002.¢,
L_g " = —0.165
U_g, " =—0.073,
U_g° = —0.165 + 0.092. 5,
U_g' =-0.073
Ly, " = 0.0152,
L,." = 0.0152 + 0.0526.¢,
Ly, " = 0.0152
U,* = 0.0678,
Up,” = 0.0152 + 0.0526.s5,
Uy’ = 0.0678

We take ¢ = 0.4, 5 = 0.6 in all the examples which are considered in this paper.

So optimal solutions for model-1 (PSP) and Model-II (PSPD) are given below (Table-1):

(6.1)

(6.2)

(6.3)
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Model X, X, X, Er(x) Vi(x') En(x)
Model- 1

(PSP) 0 0.20328 0.79602 0.13953 0.02976 o
Model- 11

(PSPD) 0.05328 0.2850 0.6617 2 0.13892 0.03011 0.78721

Table-1: Optimal solutions of Model-I and Model-I1.

We see that model-I has one variable x; with zero value whereas there is no non-zero value of x4, x5, x3in

Model-II. Here entropy is acted as a measure of dispersal of assets investment with small changes of Er(x),
Vr(x). If an investor wishes to distribute his asset in various bonds, the PSPD (Model-II) will be more realistic

for him.

Comparison of Model-A & Model-B are given below (Table-2):

* * *
Model @ ¥ X, X, X, Er(x) | Vi(x) En(x)
Model-A 0.717 0.528 0.053 0.285 0.662 0.139 0.03 0.787
Model-B 0.717 0 0.053 0.285 0.662 0.139 0.03 0.787

Table-2: Optimal solutions of Model-A and Model-B.

In Model-A (where we maximize y), we see that there is an indeterminacy but in Model-B (where we minimize
vY), there is no indeterminacy condition. So we can conclude that Model-B is no longer neutrosophic set, it be-
comes intuitionistic set. The result is only for this particular model which we considered in this paper. We verify
this by taking different problems of Portfolio model and we get same results except the value of y in each prob-
lem. In Model-A, we have positive value of y and in Model-B we get vy as 0.

For using different weights, optimal solution of Model-II is given below (Table-3):

Weights X, X, X3 Er(x) Vr(x') En(x) Type
we= 1/3

wy= 1/3 0.05328 0.28499 0.66173 0.13892 0.03011 0.78721 I
w= 1/3

we= 0.26

w,=0.17 0.109 0.16616 0.72484 0.13178 0.02754 0.77307 I
w = 0.57

we= 0.12

w,= 0.48 0 0.47698 0.52302 0.14826 0.03624 0.69209 I
w=04

Table-3: Optimal solutions of Model-II .

Here, results have been presented for model-II with the different weights to the objectives. Types-I, II and III,
give respectively, the results with equal importance of the objectives, more importance of the expected return
and more importance of the risk.
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6.2 Numerical example of GPSPD :

Consider the three-security problems with expected returns vector and covariance matrix given by
(ntntn')=(0.073,0.165,0.133) and

fﬂHi]f
(o27)°
(n2% 72 %) =(0.104,0.187,0.077) and

(047)° = 00683, 040" 0y%0,° = 0.0171,

(0,7)° = 00327, (037)" = 0.0843, p;5 "0, "0y~ = 0.0121

0.0152, pyy 0y 05t = 0.0211, pya 0y Font = 0.0197
0.0678 (o1 )* = 0.0294, p,5 ', toyt = 0.0256

(n%r %) =(0.082,0.106,0.128) and -
(027)° = 00273, py, 0y %0, ¥ = 0.0133, 5y, %0y % 0% = 0.0152
(0,*)* = 00726, (0;™)* = 0.0147, p,q 0, 0y = 0.0116

So the optimal solutions of GPSPD is

x1= 0.08699 , x, = 0.54754, x;=0.36548,
Er(x) = 0.1453, En(x)=0.139578,

Ery(x) = 0.111953

Vr,(x) = 0.0378765, Vry(x)= 0.028769,
Vr3(x) = 0.0395095, En(x) =0.910089.

For using different weights, optimal solution of GPSPD are given below (Table-4):

Weights Erl(x*) Ery(x") Er3(x*) Vri(x") Vry(x") Vr3(x*) En(x)

Type

We1= We2 = We3 =
Wyl = Wy = Wy3 = 0.1453 0.13958 0.11195 0.03788 0.02877 0.03951 0.91009
w=1/7

We1=™ Wep = We3 =
0.04, 0.14475 0.13728 0.11248 0.03702 0.02948 0.03856 0.91493
Wyl = Wy =Wy3
=0.14,
w =0.46

II

Wel=Wer=We3
=0.12, 0.14538 0.13992 0.11187 0.03801 0.02867 0.03965 0.9092
WV1:WV3:0. 1 .
Wy =0.03
w=0.41

I

We = Wer™ 0.15
Wz = 0.06, 0.14552 0.1405 0.11174 0.03823 0.02851 0.0399 0.90759
Wyl = Wy =Wy3
=0.09,
w =0.37

v

Table-4:Optimal solutions of GPSPD.
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Here, results have been presented with the different weights to the objectives. Types-I, II, III and IV give,
respectively, the results with equal importance of the objectives, more importance of the expected returns, more
importance of the anyone expected return say Er;(x*) and more importance of the any one risk say Vry(x)).

We also consider the condition if we do not consider falsity and indeterminacy membership functions in
objective function. We see that the result remains same except the value of & (truth membership function).

7. Conclusion:

In this paper, we consider a general application of portfolio selection problem in fuzzy environment. We first
consider a multi-objective Portfolio Selection model and then we added another entropy objective function and
next we generalized the model. Neutrosophic optimization technique is used to solve the problems. We also take
different weights on objective functions. The models are illustrated with numerical examples. The method
presented in the paper is quite general and can be applied to other areas of Operation Research and Engineering
Sciences.
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Abstract.Neutrosophic cognitive maps and its application in decision making have become a topic of great importance for re-
searchers and practitioners alike.PEST (Political, Economic, Social and Technological), analysis is a precondition analysis
with the main functions of the identification of the environment within which and organization or project the operates and pro-
viding data and information for enabling the organization to make predictions about new situations and circumstances. In this
paper, a new model PEST analysis for food industry is presented based on neutrosophic cognitive maps static analysis. The
proposed framework is composed of four activities, identifying PEST factors and sub-factors, modeling interrelation among
PEST factors, calculate centrality measures and factor classification andranking. A case study is presented for food industry
environment analysis. Our approach allowsranking of factors based in interrelation and incorporating indeterminacy in the
analysis. Further works will concentrate extending the model for incorporating scenario analysis and group decision making

Keywords:PEST, Neutrosophy, Neutrosophic Cognitive Maps, Static Analysis, Food Industry.

1 Introduction

PEST (Political, Economic, Social and Technological) analysis, is used to assess these four factors in relation to
business or project situation [1]. If environment and legal factors are included it is named PESTEL (Political,
Economic, Socio-cultural, Technological, Environment and Legal) analysis [2]. PEST analysis lacks a quantita-
tive approach to the measurement of interrelation among factors.

Fuzzy cognitive maps (FCM) is a tool for modeling and analyzing interrelations [3]. Connections in FCMs are
just numeric ones therefore relationship of two events should be linear [4]. Neutrosophy can handle indetermi-
nate and inconsistent information, while fuzzy sets and intuitionistic fuzzy sets don’t describe them appropriately
[4].

Neutrosophic cognitive maps (NCM) is an extension of FCM where indeterminacy is included [5, 6]. The
concept of fuzzy cognitive maps fails to deal with the indeterminate relation [7]. Neutrosophic Logic (NL) was
introduced as a generalization of the fuzzy logic [8]. A logical proposition P is characterized by three neutro-
sophic components:

NL (P) = (T,I,F) (1)

T is the degree of truth, F the degree of falsehood, and I the degree of indeterminacy. Neutrosophic Sets (NS)
was introduced by F. Smarandache who introduced the degree of indeterminacy (I) as independent component
[9].

A neutrosophic matrix is a matrix where the elementsa = (a;j) have been replaced by elements in (RUI). A
neutrosophic graph is a graph in which at least one edge is a neutrosophic edge [10]. If indeterminacy is intro-
duced in cognitive mapping it is called Neutrosophic Cognitive Map (NCM) [11, 12]. NCM are based on neutro-
sophic logic to represent uncertainty and indeterminacy in cognitive maps [13]. A NCM is a directed graph in
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which at least one edge is an indeterminacy denoted by dotted lines [14] (Figure 1.). NCMs are generalization of
Fuzzy Cognitive Maps [15]. Recent development on NCM have been presented for example in the classification
of Rheumatoid Arthritis disease with Dynamic Neutrosophic Cognitive Map with Bat Algorithm [16].

Figure 1:Neutrosophic Cognitive Map example.

In this paper a new model PEST analysis based on neutrosophic cognitive maps is presented giving methodolog-
ical support and the possibility of dealing with interdependence, feedback and indeterminacy. Additionally the
new approach make possible to rank and to reduce factors.

This paper is structured as follows: Section 2 reviews some important concepts about PEST analysis framework,
a framework for PEST analysis based on NCM static analysis is presented. Section 4 shows a case study of the
proposed model applied to food industry. The paper ends with conclusions and further work recommendations.

2 Preliminaries

In this section, we first provide a brief revision PEST analysis and the interdependency of its factors.
2.1 PEST Analysis

PEST (Political, Economic, Social and Technological), analysis is a precondition analysis with the mains func-
tion of the identification of the environment within which and organization or project the operates and providing
data and information for enabling the organization to make predictions about new situations and circumstances
[17, 18]. Factors in PEST analyzed are generally measured and evaluated independently [2] not taking into ac-
count interdependency. In [19] a new approach based on fuzzy decision maps is presented taking into account
ambiguity, vagueness in their interrelations

This study presents a model to address problems encountered in the measurement and evaluation process of
PEST taking into account interdependencies among sub-factors. The integrated structure of PESTEL sub-factors
were modeled by NCM and quantitative analysis is developed based on static analysis making possible to rank
and to reduce factors.

For developing a quantitative analysis of PEST factor based on NCM a static analysis is needed. In [5] a model
static analysis model for NCM is presented. The result of the static analysis result is in the form of neutrosophic
numbers a+bl, for a, b € R (all real numbers), which consists in the determinate part a and the indeterminate part
bI[20] . So it can express determinate and/or indeterminate information in incomplete, uncertain, and indetermi-
nate problems.A de-neutrosophication process as proposedby Salmeron and Smarandachecould be applied final
ranking value[21] for the PEST analysis.

3. Proposed Framework
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Our aim is to develop and further detail aframework based on PEST and NCM[22]. The model consists of the
followingfour phases (graphically, Figure 2).

Identifying PEST
factors and sub-

factors

Modeling
interdependencies

Calculate centrality
measures

Factors classification
and ranking

Figure 2: Proposed framework for PEST analysis.

3.1 Identifying PEST factors and sub-factors
In this step relevant PEST factors and sub-factors are identified. PEST factors are derived from the themes: polit-
ical, economic, socio-cultural, technological factors. Identifying PEST factors and sub-factors to form a hierar-
chical structure of PEST model is the main goal.
The model consists of three levels[2]. The first level includes the objective function that is “to analyze the food

industry’s macro environment”. The second level contains the 4 main factors of the PEST analysis. The third
level of the model consists of sub-factors clustered within the main factors.

3.2 Modeling interdependencies

Causal interdependencies among PEST sub-factors are modeled. This step consists of the formation of NCM of
sub-factors, according to the views of an expert orexpert’s team.

When a set of experts (k) participates, the adjacency matrix of the collective NCM is calculated as follows:

E = p(Ey, Ey, . E) 2)

the operator is usually the arithmetic mean [23].

3.3 Calculate centrality measures
Centrality measures are calculated[24] with absolute values of the NCM adjacency matrix [25]:

1. Outdegreeod(v;) is the row sum of absolute values of a variable in the neutrosophic adjacency matrix.
It shows the cumulative strengths of connections (c;;) exiting the variable.

od(vy) = Z{\Izl Cij (3)
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2. Indegreeid(v;) is the column sum of absolute values of a variable. It shows the cumulative strength of
variables entering the variable.

idw) =X, ¢ “

3. The centrality (total degree td(v;)), of a variable is the summation of its indegree (in-arrows) and out-
degree (out-arrows)

td(v;) = od(v;) + id(v;) (5)

3.4 Factors classification and ranking
Factors are classified according to the following rules:
a) Transmitter variables have a positive or indeterminacy outdegree, od (v;) and zero indegree, id (v;).
b) Receiver variables have a positive indegree or indeterminacy, id (v;)., and zero outdegree, od (v;).

¢) Ordinary variables have both a non-zero indegree and. Ordinary variables can be more or less a receiver
or transmitter variables, based on the ratio of their indegrees and outdegrees.

A de-neutrosophication process gives an interval number for centrality based on max-min values of I . A neutro-
sophic value is transformed in an interval with two values, the maximum and the minimum value € [0,1] .

The contribution of a variable in a NCM can be understood by calculating its degree centrality, which shows
how connected the variable is to other variables and what the cumulative strength of these connections are. The
median of the extreme values as proposed by Merigo[26] is used to give an unified centrality value :

Mlay, ap]) =222 (6)

2

Then

A>Beofs i (7)

Finally, a ranking of variables is given.

The numerical value it used for sub-factor prioritization and/or reduction [27]. Threshold values may be set to
the 10 % of the total sum of total degree measures for subfactor reduction. Additionally, sub-factor could be
grouped by parent factor a to extend the analysis to political economical social and technological general factor.

4Case Study

This case study is a demonstrative example from real data modeled by an expert. PEST analysis identifies external
factors which influence a specific business. In this case, we’re examining how the food industry could be affected
by political, economic, social and technological factors.

Public health policies are pushing the food industry to produces with lower sodium and sugar. Additionally,
current policies push for the public to be more conscious when buying foods[28]. Political factor identified in-
clude environmental regulations, and evolving health policies. Economics factor of a country like unemployment
rates can affect the food industry. Healthier alternatives to foods are more expensive to buy compared to fast food
or easy-to-make meals. Economic factor identified are taxation, and consumer spending .

Food industry is not only pushed by governmental authorities, but by consumers, as well. Social factors identi-
fied are lifestyle changes and awareness of citizen about ecological issues[29]. Technology can give a competitive
edge. In food industry Technology is necessary to create packaging, food labels, and the production of food and
for reaching consumers in new and easier methods[30]. As technological factor identified are online presence and
technological access.

Initially factors and sub-factors were identified. Figure 3 shows the hierarchical structure.
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Analyzing the food
industry’s macro
environment

Political Economic Technological

Environmental Lifestyle Online presence

Taxation (E1)

regulations (P1) changes(S1) (T1)

Health policies Consumer AIEITEIEES £ O Technological

(P2) spending (E2) ecolog(lggl) 5SUES access (T2)

Figure 3: The hierarchical model of PEST in the vertical farming project.

Interdependencies are identified and modeled using a NCM. NCM with weighs is represented in Table 1.

P1 P2 | E1 | E2 S1 S2 | Tl T2
P1 0 0 0 -0.3 0 0 0 0
P2 |0 0 0 0 0 0 025 |0
El1 |0 0 0 0.2 0 0 0 0
E2 |0 0 0 0 0 0 0 0.3
S1 04 |1 0 0 0 0 0.3 0
S2 [0 0 0 0 1 0 0 0
T1 |0 0 0 0.2 0 0 0 0
T2 | 0 0 0 035 |0 0 0 0

Table 1:Neutrosophic Adjacency Matrix

The centralities measures are calculated. Outdegree and indegree measures are presented in Table 2.
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Later nodes are classified. In this case, E2 and S2 nodes are receiver. The rest of the nodes are ordinary.

Node | Id Od
Pl 04 (03
P2 I 0.25
El 0 0.2
E2 1.05 | 0.3
S1 1 0.7+1
S2 0 1

Tl 0.55 (0.2
T2 0.3 0.35

Table 2: Centrality measures, outdegree, indegree.

Transmitter Receiver Ordinary
P1 X
P2 X
E1l X
E2 X
S1 X
S2 X
T1 X
T2 X
Table 3: Nodes classification
Total degree (Eq. 5) was calculated. Results are show in Table 4.
td

P1 0.7

P2 0.25+1

El 0.2

E2 1.35

S1 0.7+21

S2 I

T1 0.75

T2 0.65
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Table 4: Total degree

The next step is the de-neutrosophication process as proposes by Salmeron and Smarandache[31]. 1 €[0,1] is re-
placed by both maximum and minimum values. In Table 5 are presented as interval values.

Td

Pl 0.7

P2 [0.25, 1.25]
El 0.2

E2 1.35

S1 (0.7, 2.7]
S2 [0, 1]

T1 0.75

T2 0.65

Table 5: De-neutrosophication, total degree values

Finally we work with the median of the extreme values (Eq 6) [26].

Td
P1 0.7
P2 0.75
El 0.2
E2 1.35
S1 1.7
S2 0.5
T1 0.75
T2 0.65

Table 6: Total degree using median of the extreme values
Graphically the result is shown in Figure 4.
T2 I
T1

52 I

S1

P2 I

P1

Figure 4: Total degree measures

The ranking obtained is as follows:
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SI>E2>P2~T1>P1>T2>52>E1

Lifestyle changes and Consumer spending are the top factors. Centrality measures of sub factor were grouped
according to its parent factor (Figure 5).

W Political
m Economical
Sodial

Technological

Figure 5:Aggregated total centrality values by factors

Based on total centrality measure, factors with less than 10% of totalsum might be eliminated. According to this
rule in current case study E1 could be eliminated. After application of the proposed framework NCM gives a
high flexibility and take into account interdependencies PEST analysis.

4. Conclusions

Food industry is affected by political, economic, social and technological factors.This study presents a model to
address problems encountered in the measurement and evaluation process of PEST analysis in food industry tak-
ing into account interdependencies among sub-factors for modeling uncertainty and indeterminacy. The inte-
grated structure of PEST sub-factors was modeled by NCM and a quantitative analysis is developed based on
static analysis. The proposed framework is composed of four activities, identifying PEST factors and sub-factors,
modeling interrelation among PEST factors, calculate centrality measures, factor classification and rank-
ing.Further works will concentrate in extending the model for dealing scenario analysis. Another area of future
work is the developing a consensus framework for NCM and the development of a software tool.
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Abstract: In this paper, an inventory model is developed without shortages where the production cost is inversely related to the set up cost and pro-
duction quantity. In addition, the holding cost is considered time dependent. Here impreciseness is introduced in the storage area. The objective and
constraint functions are defined by the truth (membership) degree, indeterminacy (hesitation) degree and falsity (non-membership) degree. Likewise,
a non-linear programming problem with a constraint is also considered. Then these are solved by Neutrosophic Geometric Programming Technique
for linear membership, hesitation and non-membership functions. Also the solution procedure for Neutrosophic Non-linear Programming Problem is
proposed by using additive operator and Geometric Programming method. Numerical examples are presented to illustrate the models using the proposed
procedure and the results are compared with the results obtained by other optimization techniques.

Keywords: Neutrosophic Sets, Non-linear Programming, Inventory, Additive Operator, Geometric Programming, Neutrosophic Optimization.

1 Introduction

In general, most of the classical inventory models assume that the unit production cost and the holding cost of an item are constant and independent
in nature. But these assumptions may not be true in real life. In practical situations, unit production cost may depend on the production quantity. Also
the unit holding cost may depend on the amount produced. Cheng [1,2] used these ideas to formulate inventory models and solved them by Geometric
Programming (GP) method and obtained closed form optimal solutions. Later on, Jung and Klein [3] developed three cost minimization inventory
models: Model 1 considered demand dependent unit cost, Model 2 assumed order quantity dependent unit cost and both of demand and order quantity
dependent unit cost is considered in Model 3. All these models are then solved by GP method.

In general, GP is an effective method to solve a class of non-linear problem in comparison with other non-linear methods. The main advantage of
GP method is that in this method a complicated problem with non-linear and inequality constraints (primal problem) is converted into an equivalent
problem with linear and equality constraints (dual problem). Therefore the dual problem is easier to solve than the primal problem. GP method was
first introduced by Zener [4]. Later on, Duffin et al. [5] developed GP method for optimization problems. Kotchenberger [6] was the first Scientist
who tackled the inventory problem by GP method. After that, Lee [7] presented a profit maximizing selling price and order quantity problem where
the demand is taken as non-linear function of price with a constant elasticity and solved by GP approach. After that, Hariri and Ata [8] presented GP
approach for solving a multi-item production lot size inventory model with varying order cost. Later on, Jung and Klein [9] discussed a comparative
analysis between the total cost minimization model and the profit maximization model via GP. Then a constrained inventory model of deteriorated items
was built-up with and without trancation on the deterioration term and solved using GP method by Mandal et al. [10]. Leung [11] proposed an EPQ
model with a flexible and imperfect production process by GP approach and also established more general results using the arithmetic-geometric mean
inequality. In the recent era, Wakeel et al. [12] discussed multi-product, multi-vendors inventory models with different cases of rational function under
linear and non-linear constraints via GP method.

In many inventory models the objective and constraint goals are assumed to be known. The optimum cost in an inventory model is affected by the
restrictions on the storage area, number of orders and production cost. But, in real life, it is not always possible to predict the total cost and resources
precisely. So these may be assumed to be fuzzy in nature. In this case, the inventory problem along with the constraints may be realistically represented
formulating the model under fuzzy environment and the fuzzy model can be solved by different fuzzy programming methods.

In 1965, Zadeh [13] first introduced the concept of fuzzy set theory. Later on, Bellman and Zadeh [14] introduced fuzzy decision making process.
Then Zimmermann [15] solved multi objective linear programming problem based on fuzzy decision making process. Many researchers used fuzzy
set theory in inventory control system. Sommer [16] applied fuzzy concept to inventory model. After that, Roy and Maiti [17] studied and solved
a fuzzy EOQ model with demand dependent unit cost and limited storage capacity by GP and non-linear programming method. Mandal et al. [18]
applied GP method to solve a multi-item inventory problem with three constraints under fuzzy environment. Again, Islam and Roy [19] proposed and
solved a fuzzy production inventory model considering fuzziness in objective function, constraint goals and coefficients of the objective function and
the constraint. Later on, Sadjadi et al. [20] suggested a pricing and marketing planning model where demand and cost function depend on price and
marketing expenditure in imprecise environment and solved the problem by GP method.

In the case, where available information is not sufficient for the definition of an imprecise concept by means of a conventional fuzzy set, the concept
of an Intuitionistic Fuzzy Set (IFS) can be viewed as an alternative approach to define a fuzzy set. The IFS may represent information more abundant and
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flexible than the fuzzy set when uncertainty such as hesitancy degree is involved and hereby seems to be suitable for dealing with natural attributes of
physical phenomena in complex management situations. The IFS uses two indexes, degree of membership and degree of non-membership, to describe
the fuzziness. The degree of membership and degree of non-membership can be arbitrary satisfying the condition that the sum of the both is less than
one.

The concept of IFS was introduced as a successful generalization of the fuzzy set by Atanassov [21]. Atanassov also analysed open problems in IFS
theory in an explicit way. After that, Atanassov and Gargov [22] discussed interval valued IFS. Then Angelov [23] presented an optimization problem
in intuitionistic fuzzy environment and solved the problem by converting into a crisp one. Pramanik and Roy [24-26] applied intuitionistic fuzzy goal
programming approach to solve vector optimization problem, quality control problem and multi objective transportation problem respectively. After
that, Pramanik et al. [27] investigated bilevel programming in intuitionistic environment. Later on, Jana and Roy [28] suggested a new intuitionistic
fuzzy optimization approach for solving a multi objective intuitionistic fuzzy linear programming problem with equality and inequality constraints with
intuitionistic fuzzy goals. They also discussed the application of this approach in transportation problems. After that, Banerjee and Roy [29] considered
a stochastic inventory model with fuzzy cost components and solved by fuzzy GP and intuitionistic fuzzy GP techniques. Banerjee and Roy [30] also
analysed and solved a stochastic inventory model with deterministic constraint by fuzzy GP and intuitionistic fuzzy GP method. A constrained multi
objective inventory model of deteriorating items was solved under intuitionistic fuzzy environment by Mahapatra [31]. In recent era, Jafarian et al. [32]
proposed a process to solve multi objective non-linear programming problem under intuitionistic environment using GP method.

The IFS can only handle incomplete information. In the case of indeterminate or inconsistent information the concept of IFS becomes insufficient.
So, it cannot deal with all types of uncertainties in real life problems. In that case, Neutrosophic Set (NS) was introduced as a generalization of fuzzy
set and IFS. In 1995, Smarandache [33-35] introduced the term ’Neutrosophy’ which means knowledge of neutral thought. Neutrosophic is the deriva-
tive of neutrosophy and it includes neutrosophic set, neutrosophic probability, neutrosophic statistics, neutrosophic logic etc. NS is defined by three
independent degrees; truth (membership) degree, indeterminacy (hesitation) degree and falsity (non-membership) degree. Here all the three degrees are
standard or non-standard subsets of |0—, 1.

Nowadays, NS is used in different fields of research work. Roy and Das [36] solved multi objective production planning problem by neutrosophic
linear programming approach. Banerjee et al. [37] discussed single objective linear goal programming problem in neutrosophic number environment.
In recent era, Pramanik and Banerjee [38] formulated three new neutrosophic goal programming model to solve multi objective programming problems
with neutrosophic number coefficients. Basset et al. [39,40], S. Pramanik [41] analysed neutrosophic goal programming problem under neutrosophic
sets environment. Again, a multi objective neutrosophic optimization technique is investigated and its application to structural design is developed by
Sarker et al. [42]. Then Basset et al. [43] introduced and solved a neutrosophic linear programming model where the parameters are considered as
trapezoidal neutrosophic numbers. Again, Basset et al. [44] represented a framework to estimate different cloud services by providing a neutrosophic
multi-criteria decision analysis approach and devolved a model depending on neutrosophic Analytic Hierarchy Process (AHP) using triangular neutro-
sophic numbers and estimated the quality of cloud services.

There are several papers on decision making using NS and Single Valued Neutrosophic Sets (SVNSs) environment. Basset et al. [45] discussed
AHP decision making model under neutrosophic environment. Also, Basset et al. [46] extended AHP-SWOT analysis in neutrosophic environment.
After that, NS was introduced for decision making and evaluation method to determine the factors influencing the selection of SCM suppliers by Basset
et al. [47]. Basset et al. [48] also introduced a new neutrosophic association rule algorithm for big data analysis and discovered all of the possible
association rules and minimized the losing processes of rules. Afterwards, Mondal and Pramanik [49, 50] explained neutrosophic decision making
model for school choice and clay-brick selection respectively. The research field is then extended to neutrosophic Multi-Attribute Decision Making
(MADM) process by some researchers. Biswas et al. [51] discussed neutrosophic MADM with unknown weight information. Again, Pramanik et
al. [52] investigated the contribution of some Indian researchers to MADM in neutrosophic environment. Later on, Mondal and Pramanik [53] applied
tangent similarity measure to neutrosophic MADM process. Ye and Zhang [54] established MADM with the help of similarity measures between
SVNSs. After that, J. Ye [55] presented MADM model using a proposed form of correlation coefficient of SVNSs under neutrosophic environment.
Recently, Mondal et al. [56] developed MADM process for SVNSs using similarity measures based on hyperbolic sine functions. Moreover, Multi-
Criteria Decision Making (MCDM) approach is presented in neutrosophic environment by Zhang and Wu [57]. Mondal and Pramanik [58] extended
Multi-Criteria Group Decision Making (MCGDM) approach in neutrosophic environment. Mondal et al. [S9] used hybrid binary logarithm similarity
measure to solve Multi-Attribute Group Decision Making (MAGDM) problem under SVNSs environment. Also, Biswas et al. [60] discussed MADM
using entropy based grey relational analysis method under SVNSs environment. In recent era,, Pramanik et al. [61] solved MAGDM problem using NS
Cross entropy.

Rough neutrosophic sets also have been used by several investigators to solve the decision making problems. Mondal et al. [62] discussed decision
making process based on several trigonometric hamming similarity measures under rough neutrosophic environment. Recently, Pramanik et al. [63]
used trigonometric hamming similarity measures to develop MADM model under rough neutrosophic environment. Also, Mondal et al. [64] presented
MAGDM based on rough neutrosophic TOPSIS. Later on, the same authors extended MADM on rough neutrosophic variational coefficient similarity
measure [65]. After that, Mondal and Pramanik [66] proposed tri-complex rough neutrosophic similarity measure and its applications in MADM. In
recent era, Pramanik et al. [67, 68] discussed MCDM using projection and bidirectional projection measures and correlation coefficient under rough
neutrosophic environment respectively. Again, Mondal and Pramanik [69] investigated decision making approach based on some similarity measure
using interval rough neutrosophic sets. The same authors also discussed rough neutrosophic MADM using rough accuracy function [70]. Afterwards,
Pramanik and Mondal [71] investigated rough neutrosophic similarity measures and MADM. Mondal and Pramanik [72] studied rough neutrosophic
MADM based on grey relational analysis. Later on, Pramanik and Mondal [73, 74] used cotangent and cosine similarity measures under rough neu-
trosophic environment and its application in medical diagnosis. Later, Basset and Mohamed [75] proposed a general framework for dealing with
imperfectness and incompleteness using single valued neutrosophic and rough set theories.

There are some developments on neutrosophic programming method which have been applied on some real life problems. Jiang and Ye [76] defined
neutrosophic functions and numbers for optimization models. They formulated a two bar truss structure design problem and minimized its weight under
stress and stability constraints using the neutrosophic number optimization method. Later, Ye [77] applied the neutrosophic number (NN) optimization
method to a three bar planer truss structural design for minimum weight under stress and deflection constraints. Ye [78] and Ye et al. [79] developed
neutrosophic number linear and non-linear programming methods respectively. In both cases, authors made applications under NN environment.

In spite of the above developments, there are several gaps in the literature of Neutrosophic Optimization. Till now, none has demonstrated that a
non-linear Neutrosophic Optimization Problem can be reduced to a Geometric Programming Problem (GPP) with posynomial terms and solved by GP
technique. Thus the motivation of the present investigation is to develop a procedure to reduce a non-linear Neutrosophic Problem to a corresponding
GPP and then to solve it by the appropriate technique depending upon its degree of difficulty. Hence the main contributions of the present paper are the
following.

e Representation of a non-linear Neutrosophic Programming Problem to a corresponding Geometric Programming Problem with posynomial terms.

o For illustration, a virgin non-linear inventory programming problem is formulated under neutrosophic environment.

o The said Neutrosophic Problem is reduced to a GPP with zero degree of difficulty.

e Reduced GPP is now solved by three methods-(i) Fuzzy Optimization technique, (ii) Intuitionistic Optimization method and (iii) Neutrosophic Opti-
mization procedure.

o The superiority of Neutrosophic Optimization procedure is demonstrated with the help of some numerical data.
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In this paper, we formulate an inventory model along with the space constraint. The holding cost has been taken as time dependent and the production
cost has been taken as inversely related with set-up cost and production quantity. The constraint is considered here in neutrosophic environment. The
inventory model is then converted into a crisp programming problem using additive operator and Neutrosophic Optimization Technique. Finally, it has
been solved by GP method. Also a non-linear problem has been considered and solved proceeding the same procedure. At last, the numerical examples
are considered to illustrate the problems.

This research paper is organized as follows. The introduction is described in Section 1. In Section 2, the basic definitions and operations are presented.
Some notations and assumptions are made in Section 3. An inventory model is developed and solved in Section 4. The general form of Neutrosophic
Non-linear Programming problem is given in Section 5. In Section 6, a solution procedure to solve Neutrosophic Non-linear Programming problem is
described. Application of Neutrosophic Optimization Technique on a non-linear inventory model and a non-linear programming problem are illustrated
in Section 7. In Section 8, the numerical experiments are presented. Discussion on numerical experiments is presented in Section 9. The conclusions
and future research scope are described in Section 10.

2 Mathematical Preliminaries
2.1 Fuzzy Set [13]

Let X be a space of points (objects). A fuzzy set A in X is an object of the form A = {(z, pa(z)) : * € X} where g : X — [0, 1] is called the
membership function of the fuzzy set A.

2.2 Intuitionistic Fuzzy Set [21]

Let X denotes the universal set. An intuitionistic fuzzy set A in X is an object of the form A = {(z, pa(x),va(x)) : z € X} with the condition
0<pa(z)+va(z) <1l VaeeX. Herepa,va: X — [0,1] define the membership function and the non-membership function for every element
x in X respectively.

2.3 Neutrosophic Set [35]

Let the set X be a space of points (objects) and € X. A neutrosophic set A in X is defined by a truth (i.e., membership) function p 4 (), an indeter-
minacy (i.e., hesitation) function o 4 () and a falsity (i.e., non-membership) function v 4 (x) and having the form A = {(z, pa(z),c4(z),va(2)) :
x € X}. Here pa(w), 04 (x) and v (x) are real standard or real non standard subset of |0~, 1% [, thatis, pa, 04,74 : X = ]07, 17 [.

There is no restriction on the sum of p 4 (z), o4 (x) and v4(x), s0 0~ < Sup pa(z) + Supoa(z) + Supva(z) <3t V z € X.

2.4 Single Valued Neutrosophic Set (SVNS) [33]

Let the set X be the universe of discourse. A single valued neutrosophic set A over X is an object having the form A = {(z, pa(z),04(x),va(x)) :
x € X}, where pa,04,va : X — [0, 1] with the condition 0 < p4(z) +oa(z) +va(z) <3 Vz € X. pa(z), ca(z) and v4(x) denote the
truth degree, indeterminacy degree and falsity degree of the member x to A respectively.

2.5 Complement of SVNS [33]

The complement of a single valued neutrosophic set A is denoted by ¢ (A) whose truth, indeterminacy and falsity functions are respectively given by
Beay (@) = va(z),
oea)(z) =1 —oa(z),

Ve(ay(z) = pa(=) for all z € X.

2.6 Union of SVNS [33]

The union of two single valued neutrosophic sets A and B is a single valued neutrosophic set C, written as C = A U B, whose truth, indeterminacy
and falsity functions are respectively given by

paup(x) = maz (pa(z), pp(x))

oauB(x) = maz (ca(x),oB(z))

)

vaus(x) = min (va(z), ve(z)

for all z € X.

2.7 Intersection of SVNS [33]

The intersection of two single valued neutrosophic sets A and B is a single valued neutrosophic set C, written as C' = A N B, whose truth,
indeterminacy and falsity functions are respectively given by

pang(z) = min (pa(z), np(z)),
ocang(z) =min (ca(z),op(x)),

vang(z) = maz (va(z),vp(x)) for all z € X.

3 Mathematical Model

An Inventory model is developed under the following notations and assumptions:
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3.1 Notations

The inventory model is developed under the following notations:

D: Demand per unit time (Decision variable).

(S,Q): Total production cost per cycle.

H: Holding cost per unit item, which is time depended.
1(t): Inventory level at any time, ¢ > 0.

Q: Production quantity per batch (Decision variable).
S: Set-up cost per unit time (Decision variable).

T: Cycle of length.

TAC(D,S,Q): Total average cost per unit time.
W: Total storage space area.
wo: Space area per unit quantity.

3.2 Assumptions

Following assumptions have been considered in the model:
a) The inventory system involves only one item.
b) The replenishment occurs instantaneously at infinite rate.
¢) The lead time is negligible.
d) Demand rate is constant.
e) The total production cost is inversely related to set up cost(S) and production quantity(Q) i.e., f(S,Q) =bS~*Q~Y, b,z,y € R(>0).
(It is a fact that modern machineries which may be costlier than the earlier ones perform better in terms of production rate, products’ quality, etc. The
cost of machineries are considered to a part of set up cost. As the high production rate reduces the unit price, set up cost may be considered to be
inversely related to the production cost. Moreover, it is well known that when the quantities are procured in lot, the per unit cost reduces with the size
of procured units, i.e., the production cost is inversely related with the procured amount.)
f) In general, holding cost is assumed to be constant. But it is more realistic if we consider the holding cost increases with time, that is, it is time
depended. Assume H = at.

4 Model Formation

In this model the inventory level gradually decreases to meet the demand (See Fig. 1). Therefore the differential equation describing I(t) at time t
over the time period (0,T) is given by

dI(t
A _ o o<i<rT )
dt
with the initial and boundary conditions 1(0) = Q and I(T") = 0.
(1)
Q
D
0 T 7 l‘t;

Figure 1: Crisp inventory model

The solution of the above differential equation is I(¢t) = Q — Dt.
Also we have, T = %

Inventory holding cost = fOT HI(t)dt = fOT at I(t) dt = ggz .

3

Total inventory related cost per cycle = set up cost + holding cost + production cost = .S + % + f(S,Q)
2

Total average cost per unitcycleis TAC(D, S, Q) = % + % + %

There is a limitation on the available storage space area where the items are to be stored, i.e., wo@Q < W. This restriction on available storage space in
the inventory problem cannot be ignored to derive the optimal total cost.
Thus the primal problem for the inventory model can be written as:

_ _SD | aQ? bD
Min TAC(D,S,Q)—6+67D+W
subject to C(Q) =woQ < W,

D,S,Q > 0.

@

The problem (2) is a constrained posynomial Primal Geometric Programming Problem (PGPP). Here Degree of Difficulty (DD) [It is defined as DD =
total number of terms in objective and constraint functions - total number of decision variables - 1] for the problem = 4-3-1 =0.
Therefore the Dual Geometric Programming Problem (DGPP) of (2) is as follows:

1 wo1 a w2 b wo3 wo \ Wit
Maz de(w) = | — 2 o 3
az de(w) (wm) (61002) (wos) <W> @
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subject to the normality and orthogonality conditions

wo1 + woz + woz = 1,
wo1 — wo2 + wo3 = 0,
wo1 — zwo3 = 0,
—wo1 + 2wo2 — (1 + y)woes + w11 =0,
and the positivity conditions are wo1, W2, Wo3, w11 > 0

where w = (w(n, wWo2, WO3, ’w11)T.
Solving the above equations we get the dual variables and the dual objective function as given below:

1
x 1 1 y—x—1 2a(z + 1) V21 b rwgyy—a—1] 200Fo)
i R ¥ = -, * R o J— , d d* *) — I i) 4
YT o) 2T YT oy T gy M e(w) ( 3 z* <W> @

where w* = (w{;, wy, wis, wi‘l)T.
[Noted that from positivity conditions we have, z > 0 and y > z + 1.]
Now primal-dual relations for obtaining the decision variables are

SD PR * CLQ2 PR * bD PR * UJQQ w;l
o wprde(w™), D - wpade (W), SeQity wpade(w™) and W - wt, )
Solving the above equations (5), the optimum decision variables are obtained as follows:
1
1/2 T /W 3z+y+3] 2(1+=) 1 w
Dt = (7“ ) 1(7) 5= [ (B0 ana @ = ©)
6(x+1) b \wo w wo

The corresponding optimal value of the cost function T.F (D*, S*, Q*) is obtained as

2a(ac—|—1))1/2 {ﬁ(wO)y—x—l}ﬁ o

T*(D*. S* *) hated
c( ’ 7Q) ( 3 w

xrT

5 Neutrosophic Non-linear Programming

A non-linear programming problem can be written in the following general form:
Min f(x)
subjectto  g;(z) <c¢j, (j=1,2,...,n)
_ T
z = (x1,22,...,Zm)" > 0. ®)
Usually the constraint goals are taken as fixed. But in real life one can find that the constraint goals may be imprecise. So let us take the constraint goal
be at least c;jand the maximum allowable tolerance due to impreciseness be c1; for the 4" constraint. For this fact the constraint goals are converted

into neurosophic constraint goals.
Thus the non-linear programming problem reduces to the following Neutrosophic Non-linear Programming (NNP) Problem:

Min f(z)
subjectto  g;(x) = ¢; with maximum allowable tolerance c1;, (j =1,2,...,n)
x> 0. ©

6 Solution Procedure
6.1 Stepl:

To solve the NNP problem (9) following Werner’s Approach the problem is divided into two sub-problems; one sub-problem is considered without
maximum allowable tolerance and another sub-problem is considered with maximum allowable tolerance in the constraints. Therefore the two sub-
problems are as follows:

Sub-problem I:

Min f(x)
subjectto  gj(z) <c¢j, (1 =1,2,...,n)
z > 0. (10)
Sub-problem II:
Min f(z)
subjectto gj(z) <c¢j+c1j, (1=1,2,...,n)
z > 0. (11

Let the optimum solutions for the two sub-problems (10) and (11) be (z*, f(x'*)) and (x2*, f(22*)) respectively.

6.2 StepII:

For Neutrosophic Optimization Problem (NOP) problem we assume that U J‘f (2)’

bounds of the truth, indeterminacy and falsity functions for objective respectively.

n
Ut () Uf () and Lf(r), L% (2> L'f () be the upper and lower
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Now we define those upper and lower bounds as follows:

Ut = mar{ £, £}, LE . = min{fa), 1)},

o _TH © _TH a — M
Uf@) = L@y 700 Wiy = Liay)s Liw = Lf(I)’

v e v L
Uf@) = Uiy LYy = L@y + v Ufe) = L (ay)-

where 0, and §,, are predetermined real numbers in (0, 1).

Similarly, for the j th constraint let U ,ue L UY. and L* s , L be the upper and lower bounds of the truth, indeterminacy
(@) Tgj(x)’ 7 gj(x) gj(z) g;(z) ( )
and falsity functions respectively. Then let us define them as
W . ) w —
Ugj(z) =c¢j + c1j, ng(z) = ¢j,
o Y . o Y
Ugi@) = Lg; @) + €0 L@ = Ly
v _TTH v — T .
Ugi@ =Yg (a) Ly =Lg;@) T evi-

where €, and €, ; are predetermined real numbers in with 0 < €55, €, < c15, j=1,2,...,n

6.3 Step III:

According to the assumptions given in step II the truth, indeterminacy and falsity functions for the objective are defined as follows (See Fig. 2):

. Iz
1 if flo)<L¥
Vi =@
i (@) = U ey~ L) i L@ < (@) <Up,
0 if f( ) f(z)
and
L F@) < L,
_ flo) "I
Uf(-”)(m) - U}’,(m)—L‘;(m) Zf Lf( ) < f(.l‘) < Uf(ac)
0 if f(x)>Uf(x)
and
Of( )L 1) S L
_ )7 () . v v
v ) =< s—2> if L < f(x) <U
f(ac)( ) Uf(z)_Lf(z) f f(z) f( ) f(z)
1 if f( ) f(:c)

M (x).0, Fix) (x),v o0 (x)

1‘
=] ﬂf(x‘-(x)
Cre (®
[—] Vf[x;-(x)
0 o L U 9

Figure 2: Rough sketch of truth, indeterminacy and falsity functions for objective function

Similarly, according to the assumptions the truth, indeterminacy and falsity functions for the j** constraint are defined as follows (See Fig. 3):

1UH o if g( )<Lg (z)
g;(x) 99 .
Hg;(x) ($) = W if LZ](T) < g](:c) < U;‘J(z)
i) Fgj ()
0 if gj( x) > U; (z)
and
L if i) LY ()
= Ugj(z)igj(z) of L° < <U°
Ugj(m)(z) = m if gj(x) = g(z) 9;(x)
0 if gj(z) > Ug (x)
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and
0 3 7'f 9gj (w) S ng (z)
B Qj(E)*ng(x) i L < g;(x) < UV
Vo) () = Uy o Loymy 0 Toi(@) =99 = P
1 if gj(z) >UY

g5 (x)

#g_.(x;.(-’f)=gg__.(x;. (x)=1’g__.(x;.(x)

14

El .vug__ (x)(x)
=] Oen (x)
=] Ve (x)

Figure 3: Rough sketch of truth, indeterminacy and falsity functions for j th constraint

6.4 SteplIV:

In Neutrosophic Optimization Technique the decision maker wants to maximize the degree of truth and to minimize the degree of indeterminacy and
the degree of falsity of the objective and the constraints both. Therefore the NNP problem can be formulated in the following form:

Max B (2) (%), gy () (T)s by (2) (T, s gy, () (2),
min Of(x) (33), Og1(x) (I), Ogo(x) (I), 9 Ogn (x) (33),
min Vi) (@) Vgy (2) (), Vo (2) (T)5 0 Vg, (2) (T)

subject t0 fif(4)(T) 2 0 p() (T), Hig; () (T) 2 g )(@), (G=1,2,...,n)
2 Vi) (@) By (2) (@) 2 Vg @) (@), (
B @) (@) T5(2) (@), V() (@); Bg;(a) (), 0g;(2) (2); Vg (@) € [0,1], (5=1,2,...,n)
x> 0. (12)

K (z) (@)
()

Based on weighted sum approach with equal weights the above problem reduces to the following crisp non-linear programming problem:
Max VEA() = pipa) (@) + D brg; () (@) = 00y () = D 0,y (@) = V(o) (2) = D g (a) ()
j=1 j=1 j=1
subject to  pu (5 (x) 2> T f(a) (), ng(z)(w) > a'gj(z)(x), (Gj=1,2,...,n)
Hf(x) (LL‘) > Vf(x) (:L‘)7 :ugj (z) (x) > ng (z) (CC), (] =12, TL)
Hf(x) (@), Of(x) (), Vf(x) (z), Hg;(z) (z), Og;(x) (), Vg;(x) (z)€ [0,1), (G=12,..,n)

x> 0. (13)
The above problem is equivalent to
Max VFEys(z) = K — VFy1(x)
subjectto  f(x) € [Ly,Uy] and gj(x) € [Lg;,Uq;],(j =1,2,...,m) (14)
x> 0.
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where
H o _JJo M H v . o
1, = — e = Ve e vy = — @Y = Liw i
H _TH 770 o ’ - L _ M v — LY ’
U@ = L@y = Vfw) T L) U@ = L@ T Vs = L
1% o _J70 1% K v B a
Ul ~ Y@l @ U@ ~ Lo ;@) o
ng UM _L* _yUc° + Lo ’ Ugj Ut M T+ Uv _ v ’ (-7 - 1,2,“.,%)
g5 (z) g5 (z) g5 (z) g5 (z) g5 (z) g5 (z) g5 (z) g5 (z)
1% o v n I - v
ke Yo Yie i S Y0 U@ Yy
1 Tk o _ 7O v TV 1 T o _JoO v TV ’
Usw) “Li@y Vi) 5w Ufw ~Liw 55|V ~Louw  Ysw Lo Use ~ L@
and
VFAl(x) = Uﬂ f(m)LN - Ua f(m)La + Ul/ f(z)Lu + U# gj(xi# - Uo gj(ﬁia Uu gj(xz/u
@ " L@ Vi) @ Ufe ~Liwl) S| Yse Loyw Use " Lhe  Yse = Logw

Now it is sufficient to solve the following crisp minimization problem

f(x) f(z) f(=)
UF [P U? . —Le . Tuv . —rv
f@) " P @) ~ Fi@) f@) " Fi@)

subject to the same restrictions as given in (14)

MinV Fay (z) =

[U” gj(z) 9 (@) n g;(z)
J=1 g;j

_TH - o _JO v _ TV
i@ Lo Yghw @ Uge " Lee

15)
P r P; Ajkr
It f(z) =32, Cor [I7Ly 2r®" and gj(x) = Zk]:1+ijl Cik Iy "
where Cj, >0 for k=1,2,..,P;; j=0,1,2,...,n and ajp (k=1,2,..,1+P;_1,...,P;; j=0,1,2,...,n; r=1,2,...,m.) are
real numbers.
Then the problem can be taken as a crisp unconstrained posynomial PGPP with DD = Z?:D P; — m — 1, provided that the optimal solution of

f(z) € [Ly,Uy] and thatof gj(z) € [Lg;,Ug;], j =1,2,...,n.

7 Application of Neutrosophic Optimization Technique
7.1 An Inventory Model

Consider the inventory model (2) and assume that the storage area is flexible. Also assume that the maximum allowable tolerance be wy due to
impreciseness in the space constraint.
Therefore the inventory problem is converted into the NOP with flexible space constraint as given below:
SD  aQ? bD

Min TAC(D,S,Q)ZH"'@"FW

subjectto  we@ =X W with maximum allowable tolerance wy, (16)
D,S,Q > 0.
According to step I following Werner’s Approach we first have to solve the following two sub-problems.
Sub-problem I: ,
Min TAC(D, 5,Q) = %3 n % + %
subjectto  wp@ < W,
D,5,Q > 0. a7
Sub-problem II:
Min TAC(D, S,Q) = sD + ﬁ + oD

Q 6D SeQlty
subject to woQ < W 4 wp,
D,S,Q > 0. (18)

Solving (17) by GP method the optimum decision variables and the corresponding optimal objective T are obtained as:

1

1/2 z /W 3z+y+3] 2(1+=) 1 W

D*: ( - ) : ( ) ’ S* - [bx(w())y] 1+Z7 Q* = ’
6(x+1) b \wo 4% wo

and T = (M)l/z [ﬁ(ﬂ)yﬂ:fﬂ 2(1711)
(19)
Similarly, solving (18) by GP method the optimum decision variables and the corresponding optimal objective Tp are obtained as:
1
D — (L>1/2 ﬁ(u)mﬂm 3(1+7) o {bx($>y}ﬁ . Wi
6(-T + 1) b wo ) T o , - ’
1
2 AREN y—2-1] 2=
and Ty = (M) i (&) .
3 z* \W +wp
(20)
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According to step II assume the upper and the lower bounds for the truth, indeterminacy and falsity functions for the objective respectively as given
below:

UL = maz{To, 1} = T1, LY = min{Ty,T1} = To,
Uf =To + 6o (T1 — To), T = To,
U%:Th L%:To—‘r(s,/(Tl—To).

where 5 and d,, are predetermined real numbers in (0, 1).
Similarly, the upper and the lower bounds for the truth, indeterminacy and falsity functions for the constraint are as follows:

UL =W + wp, LE =W,
U =W +e5, =W,
Ul =W + wp, c=W+e.

where 0 < €5, €, < wp.
Now let us write the truth, indeterminacy and falsity functions for the objective with the help of step III (See Fig. 4).

1 if TAC(D,S,Q) < Ty
pr(TAC(D, 8,Q)) = § L=LAADSD i 1y < TAC(D,S,Q) < Th @n
0 if TAC(D,S,Q)>T
and
1 if TAC(D,S,Q) <To
or(TAC(D, S,Q)) = § Totlellth)ZACD8Q) it 1y < TAC(D, $,Q) < To + 84 (T1 — To) 22)
0 if TAC(D,S,)>To+ éo(Th —To)
and
0 it TAC(D,S,Q) < To +8,(Ty — Tp)
vr(TAC(D, 8,Q)) =  TACLE Mot M=T0)} i 7 4 5,(Ty — Ty) < TAC(D, S,Q) < Ty 23)
1 if TAC(D,S,Q)>T

%(TAC(D‘S‘Q))‘JT(TAC(D-S-QD-VT(TA(ID-S-Q))

=1 & (T44D.5.0))
(=) o-14dD,5.0)
=] v;(TAQD.5.0)

I
I
I
!
I
i
i
|
I
I
1
!
T,

o L+6@-p [+q-p L TAADSO)
Figure 4: Rough sketch of truth, indeterminacy and falsity functions for objective function

In the same way, the truth, indeterminacy and falsity functions for the constraint are respectively as follows (See Fig. 5):

1 it C(Q)<W
no(C(Q) = § HH=CE@ it W < C(Q) S W +w, 24)
0 if C(Q)>W +uw,
and
1 it C(Q)<wW
oc(C(Q)) = WEe=CD if W <CQ <W+e 25)
0 if C(Q) =W +e
and
0 if C(Q)<W+e,
vo(C(Q)) = § SL-ITEL) it Wt e, <CQ) S W +wy (26)
1 if C(Q)>W +uw,

where 0 < €1, €2 < wp.

According to step IV the NOP can be written as an equivalent crisp non-linear programming problem as follows:
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1(C@)). 0, (C(Q)).v,(C(O))

1f :
[=] 4. (C(O) i
=] -(C@) H
(=] v, (C(@) i
0 II?’ W+e, W+e, W+w, C(Q)

Figure 5: Rough sketch of truth, indeterminacy and falsity functions for constraint

Sub-model I:

Max VFa2(D,S,Q) = pr(TAC(D, S, Q)) + nc(C(Q) — o (TAC(D, §,Q)) — 0c(C(Q)) — vr(TAC(D, S,Q)) — vo(C(Q))
subjectto  ur(TAC(D, S,Q)) > or(TAC(D, S, Q)),

re(C(Q)) 2 oc(C(Q)),
wr(TAC(D, S,Q)) 2 vr(TAC(D, S, Q)),
re(C(Q)) 2 ve(C(Q)),
wr(TAC(D, S,Q)),or(TAC(D, 5, Q)), v (TAC(D, S, Q)),
1o (C(@Q)),0c(C(Q)),ve(C(Q)) € [0,1],
D, S,Q > 0. 27)
Above non-linear programming problem can be reduced into the following unconstrained non-linear programming problem.
. a@? bD
Min  VFa3(D,S,Q) = K1 (6+E+W)+KQQ
subject to D,S,Q > 0. (28)
provided that
T1+ (1—6,)T¢ wow 2
TAC(D, S,Q) € {To, M} and Q€ { L} . (29)
2—06, wp wp  (2wp — €)wp
To+8, (T1 =T, v
where VFar(D,8,Q) = (g ) (To - 2o+ TotefsTo) ) W W 4 Weker _ ypy(p, 5, Q),
K = TliTO |:17i+71715,/:| and Ko = [%27%4»711}:86”]
It is an unconstrained posynomial PGPP with DD = 0.
Therefore the DGPP of (28) is as follows:
K wo1 K wo2 bK wo3 K. wo4
oo = () (o) o) (i)
wo1 6wo2 wo3 wo4
subject to the normality and orthogonality conditions,
wo1 + wo2 + wo3 = 1,
wo1 — woz2 = 0,
wo1 — zwo3z = 0,
—wo1 + 2wo2 — ywo3 + wosa =0,
and the positivity conditions are wo1, W02, Wo3, wod = 0
where w = (wo1, wo2, W3, wo) L .
Solving the above equations we get the dual variables as,
1 1 —z—1
wy = L, wie = At wiyg = ————, and wi, = LA 30)
l1+z+y l1+z+y l+z+y l+z+y
Using the above values we get
1
14z y—z—1] TFaFy
o a 242z b Ks
d - _o ) germl (2 @1
n(w) =1 +zty) (6(1+I)) L g (yf:rfl
To find the decision variables, the primal dual relations are,
SDK; aQ?Ky bDK;
0 = wydy, (W), 6D woady, (W*), S0ty = wigdy (W), K2Q = wgydy, (w™). (32)
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By solving the above equations the optimum decision variables and the corresponding optimum objective function 775 (D*, S*, Q*) are obtained as:

1 .
p* = (7>++i(w>++ T e (M)“ (L)
61+2) a® K> ’ a Kily—z—1) :

Q*_ ( a )1+zi (Kl(yfwfl))22+2 ﬁ
T \6(1 + =) x® Ko ’

1
( a )Hz 2 (Kl(yi‘ = 1))1+$_y] B 33)

l1—z+y
d TX(D*,5%,Q") = |aTrety + (1 1
and Tu Q") [m T+t } 6(1+2) = K>

‘We know the fact that in case of neutrosophic set there is no restriction on truth function, indeterminacy function and falsity function other than they
are subsets of |07, 1 [, thus; 0~ < Inf p+ Inf o+ Infv < Sup p+ Supo + Supv < 3%

In the Sub-model I, the indeterminacy function is taken as monotonically non increasing function like truth function. But one can define it as
monotonically non decreasing function like falsity function also. In that case, the indeterminacy function for the objective and the constraint respectively
will be defined as follows (See Fig. 6 and 7):

0 if TAC(D,S,Q) §T0+(5U(T1 —To)
or(TAC(D, S,Q)) = TAC(vava?j;é)T(ﬂlt‘fi()Tl—Tfm if To+ (Ty — To)é1 < TAC(D,S,Q) < Ty (34)
1 if TAC(D,S,q)>T:
and
0 if C(Q)<W +er
oo (C(Q) = § Q=W tee) it w4, < O(Q) < W + 1wy (35)
1 it C(Q)>W +wp

where 65 € [0,1] and 0 < €5 < wp.

.nuf (TAC(D-S- QD‘J;'(TAC(D S- Q)):VT (TAqD-S- Q))

14
= 4 (T44D.S.Q)
(=] o/ (r4AD.5. Q)
=] v {T4dD.S.Q)

1+4GD) a6 T TAADSQO

Figure 6: Rough sketch of truth, indeterminacy and falsity functions for objective in Sub-model II

1(C(O)). o, (CO)). v, (C(O)

14
=] u.(cO)
(=] oLcO)

=1 v.(Cc(@)

0 w Wae, Wtg, g e ()
Figure 7: Rough sketch of truth, indeterminacy and falsity functions for constraint in Sub-model II

Now depending on the choice of indeterminacy function we can change the model formulation. If we take the indeterminacy functions as given in
(34) and (35) and the truth and falsity functions as they are in Sub-model I, then after applying Neutrosophic Optimization technique the problem (16)
reduces to the following crisp non-linear programming problem:
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Sub-model II:
Max VFarr(D,5,Q) = ur(TAC(D, 5,Q)) + pc(C(Q)) — op(TAC(D, 5,Q)) — 00 (C(Q)) — vr(TAC(D, S, Q) — vc(C(Q))
subjectto  pr(TAC(D, S,Q)) > opn(TAC(D, S, Q)),
pe(C(Q)) = 0 (C(Q)),
H‘T(TAC(D7 S? Q)) 2 VT(TAC(D7 Sv Q))7
pe(C(Q)) > ve(C(Q)),
pr(TAC(D, 8,Q)), or(TAC(D, 8,Q)), vr(TAC(D, 5,Q)),

1 (C(Q)),06(C(Q)),re(C(Q)) € [0,1],

D,S,Q > 0.
(36)

In this case also, required restrictions like (29) can be derived as before. Now this problem also can be solved by GP method as shown in Sub-model I.
In another case, one can take the indeterminacy function for the constraint as considered in (35) and consider the indeterminacy function for the
objective and the truth and falsity functions for the objective and constraints both as shown in Sub-model I. In this case, we have

Sub-model I1I:
Max VFar1(D, S, Q) = pr(TAC(D, $,Q)) + uc (C(Q)) — o (TAC(D, 5,Q)) - 00(C(Q)) — vr(TAC(D, 5, Q) - vo(C(Q))
subjectto pr(TAC(D,S,Q)) > or(TAC(D, S,Q)),

e (C(Q) > 06(C(Q)),

ur(TAC(D, S,Q)) > vr(TAC(D, S, Q)),

re(C(Q)) =2 ve(C(Q)),

(TA (D S Q)) JT(TAC(Dv S? Q))7 VT(TAC(Dv S? Q))7

1c(C(Q)),00(C(Q)), ve(C(Q)) € [0,1],

(@
D, 5,Q>0.
3N

Similarly, one can take the indeterminacy function for the objective as given in (34). Now assume that the indeterminacy function for the constraint
and the truth and falsity functions for objective and constraint both are same as in Sub-model I. In this case, the problem (16) reduces to
Sub-model IV:

Max  VFarv(D,8,Q) = pr(TAC(D, S, Q)) + uc(C(Q)) — op(TAC(D, 8,Q)) — 0c(C(Q)) — vr(TAC(D, S, Q) — v (C(Q))
subjectto pr(TAC(D,S,Q)) > UT(TAC(D, S,Q)),

ne(C(Q)) = oc(C(Q)),
,U‘T(TAC(Dz S: Q)) 2 VT(TAC(D7 57 Q))7

c(CQ)) > ve(CQ)),
pr(TAC(D, S,Q)), o7 (TAC(D, S,Q)), vp(TAC(D, 5, Q)),

1o (C(Q)),0c(C(Q)),ve(C(Q)) € [0,1],

D,S,Q > 0.
(38)

In Sub-models III and IV, appropriate restrictions like (29) can be derived and they can also be solved proceeding the same solution procedure as in
Sub-model I.

7.2 A Non-linear Problem

We consider the following non-linear problem with a constraint in neutrosophic environment:

Min  f(a,y2) = oty =2
subjectto  g(z,y,2) = 2 4+ y2 + z < 1 with maximum allowable tolerance 0.5,
z,y,z > 0. 39)

Now proceeding as in 7.1, we get the following four Sub-models.
Sub-model I:

Min  fr(z,y,2) = Ki(z~ly™227%) + K, (2® + % + 2)
subjectto  z,y,z > 0. (40)

where Ky =
Sub-model I1:

1 1 1 r_ 1 1 1
Fi—To [1 — T 1—@] and Kp= [ﬁ ot 7045_@] :

Min  frr(z,y,2) = Kir(ety™227%) + Ky (® 492 + 2)
subjectto  x,y,z > 0. 41)
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where  Kir=pto [l b+ o] and Kp=[gs+ 2+ st

Sub-model I1I:

Min  fror(z,y,2) = Kipr(z 7y ™2273) + Ky (2% + 92 + 2)

subjectto  x,y,z > 0. 42)
where  Kyrp = gk [14 2+ 2| and Kppp = [+ &+ ot |-
Sub-model IV:

. o . . ’
Min  frv(z,y,2) = Ky (e 'y 227) + Ky (28 + 92 + 2)
subjectto  z,y,z > 0. (43)

1 1 1 / 1 1 1
where Ky = 5= [1 -5, t 1761,] and K, = [ﬁ tos=, t 0.5751,] :

8 Numerical Experiments
8.1 For Inventory Model 7.1

A manufacturing company produces machines in lots. The company has a warehouse with total floor area (W)= 1000 sq. ft. which is flexible upto
(wp)=500 sq. ft. to store any excess spare parts, if necessary. The space area per unit quantity is (wo)= 216 sq. ft. The production cost of the machine
is related inversely with the set up (S) and the production quantity (Q). It is known from the past records that the production cost is 5S~1Q~3. The
holding cost per unit item is (H)= 21t.

The decision maker wants to determine the optimal values of demand (D), set-up cost (S), production quantity (Q) and the optimal total average cost
TAC(D, S, Q).
According to the input data, the problem (16) becomes

SD  21Q? 5D
Min TAC(D,S,Q) = 22 4 21 |

Q 6D SQ4
subjectto  216Q) < 1000 with maximum allowable tolerance 500,

D,S,Q > 0.

(44)

The values of pre-assigned real numbers on the indeterminacy and falsity functions for objective and constraints are given in Table 1. The optimum
results of the Sub-models i.e., Sub-model I, II, IIT and IV by Neutrosophic Optimization Technique are given in Table 2 and 3. Now we evaluate the
optimum solutions of Sub-model I by different optimization techniques; Fuzzy Optimization Technique, Intuitionistic Optimization Technique [80] and
Neutrosophic Optimization Technique and present the results in Table 4.

8.2 For Non-linear Problem 7.2

For this problem, the pre-assigned numbers for indeterminacy and falsity functions are assumed as shown in Table 1. The optimum solutions for
all the Sub-models (Sub-model I, II, III and IV) by Neutrosophic Optimization Technique are described in Table 2 and 3. In Table 4, we express the
optimum solutions of Sub-model I of problem 7.2 by different optimization techniques like Fuzzy Optimization Technique, Intuitionistic Optimization
Technique [80] and Neutrosophic Optimization Technique.

Indeterminacy functiuon Falsity function
Model/Problem Objective 6, | Constraint ¢, | Objective 9, | Constraint €,,
Inventory Model 7.1 0.6 250 0.4 240
Non-linear Problem 7.2 0.6 0.3 0.4 0.1

Table 1: Values of pre-assigned numbers in indeterminacy and falsity functions

Optimum dual variables Optimum decision variables Optimum objective
Model/Problem Sub-models o | wt, [ uts | e, | 57/ | Dy | O/ function
Sub-problemI | 0.25 | 0.50 | 0.25 0.25 0.22 27.81 4.3 Ty =5.39
Inventory Model 7.1 Sub-problem I | 0.25 | 0.50 | 0.25 0.25 0.11 69.26 6.94 To = 4.87
Sub-model I 020 | 040 | 0.20 0.20 0.15 51.22 6.07 T (D*,S*, Q%) =5.04
Sub-problemI | 1.00 | 0.33 | 1.00 3.00 0.46 0.55 0.60 f1=19.95
Non-linear Problem 7.2 | Sub-problem IT | 1.00 | 0.33 | 1.00 3.00 0.53 0.67 0.90 fo=5.16
Sub-model I 0.19 | 0.06 | 0.19 0.56 0.51 0.64 0.82 f*(x*,y*, z*) =8.60

Table 2: Optimal solution of Sub-model I

9 Discussion

9.1 Verification of restrictions

Here we verify the restrictions given in (29) using the result in Table 2.

Here T = 4.87, TAC(D*,5%,Q*) =5.04 and %—a‘im’ =5.20. ie, TAC;(D*, 5% Q*)=5.04¢c [4.87,5.20].
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ModelProblem | Sub-models | 0o dechion saiables [ Optimum objectve
Sub-model IT 0.15 48.41 5.93 5.07
Inventory Model 7.1 Sub-model IIT 1.13 2.52 1.59 7.04
Sub-model IV 0.21 948.46 22.59 3.63
Sub-model 1T 0.50 0.61 0.74 13.31
Non-linear Problem 7.2 | Sub-model III 0.44 0.50 0.51 1.66
Sub-model IV 0.58 0.77 1.20 69.91

Table 3: Optimum result of different Sub-models using Neutrosophic Optimization Technique

Model/Problem Technique Opimu deciion vatbles_] Optum obecive
Fuzzy Optimization 0.16 44.39 5.70 5.12
Inventory Model 7.1 Intuitionistic Optimization 0.15 48.67 5.94 5.07
Neutrosophic Optimization 0.15 51.22 6.07 5.04
Fuzzy Optimization 0.49 0.60 0.72 14.72
Non-linear Problem 7.2 | Intuitionistic Optimization 0.50 0.61 0.45 12.44
Neutrosophic Optimization 0.51 0.64 0.82 8.60

Table 4: Optimal solution of Model 7.1 and Problem 7.2 using different optimization techniques

2

w; .
Also Xlo — 4.63, Q* = 6.07 and wﬂo + @ tyey = 615 ie. QF=6.07 € [4.63,6.15].
Similarly for other Sub-models, this type of verifications can be performed.

9.2 Comparison by different methods

Though the fuzzy, intuitionistic fuzzy and neutrosophic fuzzy environments are different, still from the Table 4 it is concluded that Neutrosophic
Optimization Technique gives better optimum solution compared with the other techniques for these models.

9.3 Model with best optimum results

From Table 2 and 3, it is seen that, for the present model 7.1 and problem 7.2, the Sub-model I gives the best result. From this, it does not mean that
always Sub-model I will give the best one. In other models, any of the four Sub-models may give the best results.

10 Conclusions

The main objective of this work is to illustrate how Neutrosophic Geometric Programming Technique can be utilized to solve a non-linear pro-
gramming problem. The concept allows one to define the degree of truth, indeterminacy and falsity functions simultaneously. This research work also
presents how to convert NNP into a crisp PGPP with the help of the above mentioned degrees and solve the problem.

In this paper, we have considered two examples- (i) an inventory model and (ii) a non-linear problem with space constraint under neutrosophic
environment. From the numerical examples of these two problems, one can observe that Neutrosophic Optimization Technique has given better solution
than Fuzzy Optimization and Intuitionistic Optimization Technique. The positive advantages of this technique is that it allows to imitate the real life
situation more accurately and hence furnishes more useful solution to the management. This feature has been nicely illustrated in this paper. The
limitation of the present investigation is that for illustration, we have restricted ourselves to the problem of GP type. Obviously, it limits the scope of
modelling as GP problems demand posynomial expressions with zero degree of difficulty for less computation. However, the proposed method can be
applied to any type of linear and non-linear optimization problems in the areas of supply chain management, portfolio management, etc. In the present
problem, we have considered only one objective function. Present method can also be applied to multi-objective problems using any one of the available
methods to convert multi-objective problem to a single objective one.

Thus, in future, this research work can be extended to develop Neutrosophic Geometric Programming Technique for solving several types of single
objective and multi objective inventory models.

11 Acknowledgement

This research work is supported by Indian Institute of Engineering Science and Technology, Shibpur, Howrah. The first author sincerely acknowledges
the contributions and is very grateful to them.

References
[1] T.C.E.Cheng. An economic order quantity model with demand-dependent unit cost. European Journal of Operational Research, 40(2):252-256,
1989.

[2] T.C.E.Cheng. An economic order quantity model with demand-dependent unit production cost and imperfect production processes. IIE Transac-
tions, 23(1):23-28, 1991.

[3] H. Jung and C.M. Klein. Optimal inventory policies for an economic order quantity model with decreasing cost functions. European Journal of
Operational Research, 165(1):108-126, 2005.

[4] C. Zener. Engineering design by geometric programming. Wiley, NewYork. 1971.
[5] RJ. Duffin, E.L. Peterson, and C.M. Zener. Geometric programming: Theory and application. Wiley, NewYork. 1967.

Chaitali Kar, Bappa Mondal, Tapan Kumar Roy, An Inventory Model under Space Constraint in Neutrosophic
Environment: A Neutrosophic Geometric Programming Approach



(6]
(7]

(8]

(91

[10]

(1]

[12]

[13]
[14]
[15]
[16]
[17]

[18]

[19]

[20]

[21]
[22]
[23]
[24]

[25]

[26]

[27]
[28]

[29]

[30]

[31]

[36]
[37]

[38]

[39]
[40]
[41]
[42]

Neutrosophic Sets and Systems, Vol. 21, 2018 107

G.A. Kochenberger. Inventory models: Optimization by geometric programming. Decision Sciences, 2(2):193-205, 1971.

W.J. Lee. Determining order quantity and selling price by geometric programming: optimal solution, bounds and sensitivity. Decision Sciences,
24(1):76-87, 1993.

A.M.A. Hariri and M.A. El-Ata. Multi-item production lot-size inventory model with varying order cost under a restriction: A geometric pro-
gramming approach. Production Planning & Control, 8(2):179-182, 1997.

H. Jung and C.M. Klein. Optimal inventory policies under decreasing cost functions via geometric programming. European Journal of Operational
Research, 132(3):628-642, 2001.

N.K. Mandal, T.K. Roy and M. Maiti. Inventory model of deteriorated items with a constraint: A geometric programming approach. European
Journal of Operational Research, 173(1):199-210, 2006.

K.N.F. Leung. A generalized geometric-programming solution to an economic production quantity model with flexibility and reliability consider-
ations. European Journal of Operational Research, 176(1):240-251, 2007.

M.F. El-Wakeel, A. Salman and R. Suliman. Multi-product, multi-venders inventory models with different cases of the rational function under
linear and non-linear constraints via geometric programming approach. Journal of King Saud University-Science, 2008.

L.A. Zadeh. Fuzzy sets. Information and Control, 8:338-353, 1965.

R.E. Bellman and L.A. Zadeh. Decision-making in a fuzzy environment. Management Science, 17(4):141-164, 1970.

H.J. Zimmermann. Fuzzy programming and linear programming with several objective functions. Fuzzy Sets and Systems, 1(1):45-55, 1978.
G. Sommer. Fuzzy inventory scheduling. Applied Systems and Cybernetics, 5, 1981.

T.K Roy and M. Maiti. A fuzzy EOQ model with demand-dependent unit cost under limited storage capacity. European Journal of Operational
Research, 99(2):425-432, 1997.

N.K. Mandal, T.K. Roy and M. Maiti. Multi-objective fuzzy inventory model with three constraints: A geometric programming approach. Fuzzy
Sets and Systems, 150(1):87-106, 2005.

S. Islam and T.K. Roy. A fuzzy EPQ model with flexibility and reliability consideration and demand dependent unit production cost under a space
constraint: A fuzzy geometric programming approach. Applied Mathematics and Computation, 176(2):531-544, 2006.

S.J Sadjadi, M. Ghazanfari and A. Yousefli. Fuzzy pricing and marketing planning model: A possibilistic geometric programming approach. Expert
Systems with Applications, 37(4):3392-3397, 2010.

K.T. Atanassov. Intuitionistic fuzzy sets. Studies in Fuzziness and Soft Computing, 35, 1-137. Springer, 1999.
K. Atanassov and G. Gargov. Interval valued intuitionistic fuzzy sets. Fuzzy Sets and Systems, 31(3):343-349, 1989.
P.P. Angelov. Optimization in an intuitionistic fuzzy environment. Fuzzy Sets and Systems, 86(3):299-306, 1997.

S. Pramanik and T.K. Roy. An intuitionistic fuzzy goal programming approach to vector optimization problem. Notes on Intutionistic Fuzzy Sets,
11(1):1-14, 2005.

S. Pramanik and T.K. Roy. An intuitionistic fuzzy goal programming approach for a quality control problem: a case study. Tamsui Oxford Journal
of Management Sciences, 23(3):1-18, 2007.

S. Pramanik and T.K. Roy. Intuitionistic fuzzy goal programming and its application in solving multi-objective transportation problem. Tamsui
Oxford Journal of Management Sciences, 23(1):1-17, 2007.

S. Pramanik, P.P. Dey and T.K. Roy, Bilevel programming in an intuitionistic fuzzy environment. Journal of Technology, XXXXII:103—114, 2011.

B. Jana and T.K. Roy. Multi-objective intuitionistic fuzzy linear programming and its application in transportation model. Notes on Intuitionistic
Fuzzy Sets, 13(1):34-51, 2007.

S. Banerjee and T.K. Roy. Application of fuzzy geometric and intuitionistic fuzzy geometric programming technique in the stochastic inventory
model with fuzzy cost components. Advances in Fuzzy Sets and Systems, 6(2):121-152, 2010.

S. Banerjee and T.K. Roy. A constrained stochastic inventory model: Fuzzy geometric programming and intuitionistic fuzzy geometric program-
ming approach. International Journal of Computational Sciences and Mathematics, 3(2):189-213, 2011.

N.K. Mahapatra. Multi-objective inventory model of deteriorating items with some constraints in an intuitionistic fuzzy environment., Interna-
tional Journal of Physical and Social Sciences, 2(9):342-363, 2012.

E. Jafarian, J. Razmi and M.F. Baki. A flexible programming approach based on intuitionistic fuzzy optimization and geometric programming for
solving multi-objective nonlinear programming problems Expert Systems with Applications, 93:245-256, 2018.

I. M Hezam, M. Abdel-Baset and F. Smarandache. Taylor series approximation to solve neutrosophic multi-objective programming problem.
Infinite Study, 2015.

F. Smarandache. A unifying field in logics: neutrosophic logic, neutrosophy, neutrosophic set, neutrosophic probability. Infinite Study, 2003.

F. Smarandache. Neutrosophic set-a generalization of the intuitionistic fuzzy set. International Journal of Pure and Applied Mathematics,
24(3):287, 2005.

R. Roy and P. Das. A multi-objective production planning problem based on neutrosophic linear programming approach. Infinite Study, 2015.

D. Banerjee and S. Pramanik. Single-objective linear goal programming problem with neutrosophic numbers International Journal of Engineering
Science & Research Technology, 7(5), 454-469.

S. Pramanik and D. Banerjee. Neutrosophic number goal programming for multi-objective linear programming problem in neutrosophic number
environment. MOJ Curr Res & Rev, 1(3), 135-142, 2018.

M. Abdel-Baset, .M. Hezam, and F. Smarandache. Neutrosophic goal programming. Neutrosophic Sets & Systems, 11, 2016.
I.M Hezam, M. Abdel-Baset and F. Smarandache. Neutrosophic goal programming. Infinite Study, 2017.
S. Pramanik. Neutrosophic linear goal programming. Global Journal of Engineering Science and Research Management, 3(7), 01-11.

M. Sarkar, S. Dey and T.K. Roy. Multi-objective neutrosophic optimization technique and its application to structural design, International
Journal of Computer Applications, vol. 148(12), 2016, pp. 31-37.

Chaitali Kar, Bappa Mondal, Tapan Kumar Roy. An Inventory Model under Space Constraint in Neutrosophic
Environment: A Neutrosophic Geometric Programming Approach



108 Neutrosophic Sets and Systems, Vol. 21, 2018

[43]

[44]

[45]

[46]

(471

[48]

[49]
[50]

[51]

[52]

[53]

[54]

[55]

[56]

[571

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(711

[72]

(73]

M. Abdel-Basset, M. Mohamed and F. Smarandache. A novel method for solving the fully neutrosophic linear programming problems, Neural
Computing and Applications, 1-11.

M. Abdel-Basset, M. Mohamed and V. Chang. NMCDA: A framework for evaluating cloud computing services, Future Generation Computer
Systems, 86, 2018, 12-29.

M. Abdel-Basset, M. Mohamed, Y. Zhou and I. Hezam. Multi-criteria group decision making based on neutrosophic analytic hierarchy process,
Journal of Intelligent & Fuzzy Systems, 33(6), 4055-4066.

M. Abdel-Basset, M. Mohamed and F. Smarandache. An extension of neutrosophic AHP-SWOT analysis for strategic planning and decision-
making, Symmetry, 10(4), 2018, pg-116.

M. Abdel-Basset, G. Manogaran, A. Gamal and F. Smarandache. A hybrid approach of neutrosophic sets and DEMATEL method for developing
supplier selection criteria, Design Automation for Embedded Systems, 2018, 1-22.

M. Abdel-Basset, M. Mohamed, F. Smarandache and V. Chang. Neutrosophic association rule mining algorithm for big data analysis, Symmetry,
10(4), 2018, pg-106.

K. Mondal and S. Pramanik. Neutrosophic decision making model of school choice, Neutrosophic Sets and Systems, vol. 7, 2015, pp. 62-68.

K. Mondal and S. Pramanik. Neutrosophic decision making model for clay-brick selection in construction field based on grey relational analysis,
Neutrosophic Sets and Systems, vol. 9, 2015, pp. 64-71.

P. Biswas, S. Pramanik and B.C. Giri. A new methodology for neutrosophic multi-attribute decision making with unknown weight information,
Neutrosophic Sets and Systems, vol. 3, 2014, pp. 42-50.

S. Pramanik, R. Mallick and A. Dasgupta. Contributions of selected indian researchers to multi-attribute decision making in neutrosophic envi-
ronment: An overview, Neutrosophic Sets and Systems, vol. 20, 2018, pp. 109-130.

K. Mondal and S. Pramanik. Neutrosophic tangent similarity measure and its application to multiple attribute decision making, Neutrosophic Sets
and Systems, vol. 9, 2015, pp. 80-87.

J. Ye and Q. Zhang. Single valued neutrosophic similarity measures for multiple attribute decision-making, Neutrosophic Sets and Systems, vol.
2,2014, pp. 48-54.

J. Ye. Another form of correlation coefficient between single valued neutrosophic sets and its multiple attribute decision making method, Neutro-
sophic Sets and Systems, Vol. 1, 2013, pp. 8-12.

K. Mondal, S. Pramanik and B.C. Giri. Single valued neutrosophic hyperbolic sine similarity measure based MADM strategy, Neutrosophic Sets
and Systems, vol. 20, 2018, pp. 3-11.

Z. Zhang and C. Wu. A novel method for single-valued neutrosophic multi-criteria decision making with incomplete weight information, Neutro-
sophic Sets and Systems, vol. 4, 2014, pp. 35-49.

K. Mondal and S. Pramanik. Multi-criteria group decision making approach for teacher recruitment in higher education under simplified neutro-
sophic environment, Neutrosophic Sets and Systems, vol. 6, 2014, pp. 28-34.

K. Mondal, S. Pramanik and B.C. Giri. Hybrid binary logarithm similarity measure for MAGDM problems under SVNS assessments, Neutrosophic
Sets and Systems, vol. 20, 2018, pp. 12-25.

P. Biswas, S. Pramanik and B.C. Giri. Entropy based grey relational analysis method for multi-attribute decision making under single valued
neutrosophic assessments, Neutrosophic Sets and Systems, vol. 2, 2014, pp. 102-110.

S. Pramanik, S. Dalapati, S. Alam, F. Smarandache and T.K. Roy. NS-cross entropy-based MAGDM under single-valued neutrosophic set
environment, Information, 2018, 9 (2), 37.

K. Mondal, S. Pramanik and F. Smarandache. Several trigonometric hamming similarity measures of rough neutrosophic sets and their applications
in decision making, New Trends in Neutrosophic Theory and Application, 2016 (pp. 93-103).

S. Pramanik, R. Roy, T.K. Roy and F. Smarandache. Multi-attribute decision making based on several trigonometric hamming similarity measures
under interval rough neutrosophic environment, Neutrosophic Sets and Systems, vol. 19, 2018, pp. 110-118.

K. Mondal, S. Pramanik and F. Smarandache. Rough neutrosophic TOPSIS for multi-attribute group decision making, Neutrosophic Sets and
Systems, 2016, vol. 13, pp. 105-117.

K. Mondal, S. Pramanik and F. Smarandache. Multi-attribute decision making based on rough neutrosophic variational coefficient similarity
measure, Neutrosophic Sets and Systems, 2016, vol. 13, pp. 3-17.

K. Mondal and S. Pramanik. Tri-complex rough neutrosophic similarity measure and its application in multi-attribute decision making, Critical
Review, vol. 11, 2015, pp. 26-40.

S. Pramanik, R. Roy and T.K. Roy. Multi criteria decision making based on projection and bidirectional projection measures of rough neutrosophic
sets, Neutrosophic Sets and Systems, vol. 19, 2018, pp. 101-109.

S. Pramanik, R. Roy, T.K. Roy and F. Smarandache. Multi criteria decision making using correlation coefficient under rough neutrosophic
environment, Neutrosophic Sets and Systems, vol. 17, 2017, pp. 29-36.

K. Mondal and S. Pramanik. Decision making based on some similarity measures under interval rough neutrosophic environment, Neutrosophic
Sets and Systems, vol. 10, 2015, pp. 46-57.

K. Mondal and S. Pramanik. Rough neutrosophic multi-attribute decision-making based on rough accuracy score function, Neutrosophic Sets and
Systems, vol. 8, 2015, pp. 16-22.

S. Pramanik and K. Mondal. Some rough neutrosophic similarity measures and their application to multi attribute decision making, Global
Journal of Engineering Science and Research Management, 2 (7), 2015, 61-74.

K. Mondal and S. Pramanik. Rough neutrosophic multi-attribute decision-making based on grey relational analysis, Neutrosophic Sets and
Systems, vol. 7, 2015, pp. 8-17.

S. Pramanik and K. Mondal. Cotangent similarity measure of rough neutrosophic sets and its application to medical diagnosis, Global Journal of
Advanced Research, 2(1), 2015, 212-220.

Chaitali Kar, Bappa Mondal, Tapan Kumar Roy, An Inventory Model under Space Constraint in Neutrosophic
Environment: A Neutrosophic Geometric Programming Approach



Neutrosophic Sets and Systems, Vol. 21, 2018 109

[74]1

[75]

[76]

(771

(78]
(791

[80]

S. Pramanik and K. Mondal. Cosine similarity measure of rough neutrosophic sets and its application in medical diagnosis, Journal of New
Theory, 4, 2015, 90-102.

M. Abdel-Basset and M. Mohamed. The role of single valued neutrosophic sets and rough sets in smart city: Imperfect and incomplete information
systems, Measurement, vol-124, 2018, 47-55.

W. Ziang and J. Ye. Optimal design of truss structures using a neutrosophic number optimization model under an indeterminate environment, New
Mathematics and Natural Computation, 2018.

J. Ye. An improved neutrosophic number optimization method for optimal design of truss structures, Neutrosophic Sets and Systems, 2016, 14:
93-97.

J. Ye. Neutrosophic number linear programming method and its application under neutrosophic number environments, Soft Computing, 2017.

J. Ye, W. Cui & Z. Lu. Neutrosophic number nonlinear programming problems and their general solution methods under neutrosophic number
environments, Axioms, 2018, 7(1), 13; P. 1-9.

C. Kar and T.K Roy. An inventory model under space constraint in intuitionistic fuzzy environment: An intuitionistic fuzzy geometric program-
ming approach. To be communicate.

Received: July 27, 2018. Accepted: August 20, 2018.

Chaitali Kar, Bappa Mondal, Tapan Kumar Roy. An Inventory Model under Space Constraint in Neutrosophic
Environment: A Neutrosophic Geometric Programming Approach



NSS -
be I Neutrosophic Sets and Systems, Vol. 21, 2018 110

m University of New Mexico 4“

Bi-level Linear Programming Problem with Neutrosophic
Numbers

Surapati Pramanik"’, Partha Pratim Dey?

! Department of Mathematics, Nandalal Ghosh B.T. College, Panpur, P.O.-Narayanpur, District —North 24 Parganas, Pin code-743126, West
Bengal, India. E-mail: sura_pati@yahoo.co.in
2 Department of Mathematics, Patipukur Pallisree Vidyapith, Patipukur, Kolkata-700048, West Bengal, India. E-mail:
parsur.fuzz@gmail.com
“Corresponding Author: sura_pati@yahoo.co.in

Abstract. The paper presents a novel strategy for solving bi-level linear programming problem based on goal programming in
neutrosophic numbers environment. Bi-level linear programming problem comprises of two levels namely upper or first level
and lower or second level with one objective at each level. The objective function of each level decision maker and the system
constraints are considered as linear functions with neutrosophic numbers of the form [p + q /], where p, q are real numbers and
I represents indeterminacy. In the decision making situation, we convert neutrosophic numbers into interval numbers and the
original problem transforms into bi-level interval linear programming problem. Using interval programming technique, the tar-
get interval of the objective function of each level is identified and the goal achieving function is developed. Since, the objec-
tives of upper and lower level decision makers are generally conflicting in nature, a possible relaxation on the decision vari-
ables under the control of each level is taken into account for avoiding decision deadlock. Then, three novel goal programming
models are presented in neutrosophic numbers environment. Finally, a numerical problem is solved to demonstrate the feasibil-
ity, applicability and novelty of the proposed strategy.

Keywords: Neutrosophic set, neutrosophic number, bi-level linear programming, goal programming, preference bounds.

1 Introduction

Bi-level programming [1, 2, 3, 4] consists of the objective of the upper level decision maker (UDM) at its
upper or first level and that of the lower level decision maker (LDM) at the lower or second level where every
decision maker (DM) independently controls a set of decision variables. Candler and Townsley [3] as well as
Fortuny-Amat and McCarl [4] were credited to develop the traditional bi-level programming problem (BLPP) in
crisp environment. Using Stackelberg solution concept, Anandalingam [5] proposed a new solution procedure
for multi-level programming problem (MLPP) and extended the concept to decentralized BLPP (DBLPP). After
the introduction of fuzzy sets by L. A. Zadeh [6], many important methodologies have been proposed for solving
MLPPs, and DBLPPs such as satisfactory solution concept [7], solution procedure based on non-compensatory
max-min aggregation operator [8] and compensatory fuzzy operator [9], interactive fuzzy programming [10, 11],
fuzzy mathematical programming [12, 13], fuzzy goal programming (FGP) [14], etc.

Goal programming (GP) [15-21] is an significant and widely used mathematical apparatus for dealing with
multi-objective mathematical programming problems with numerous and often conflicting objectives in
computing optimal compromise solutions. In 1991, Inuguchi and Kume [22] introduced interval GP. GP in fuzzy
setting is called fuzzy goal programming (FGP), where unity (one) is the maximum (highest) aspiration level. In
1980, Narasimhan [23] incorporated the concept of FGP by using deviational variables. Mohamed [24]
established the relation between GP and FGP and applied the concept to multi-objective programming problems.
After its inception, FGP received much attention to the researchers and has been applied to solve BLPPs [25, 26,
27], multi-objective BLPPs [28], multi-objective decentralized BLPPs [29, 30], MLPPs [14, 31], multi-objective
MLPPs [32, 33], fractional BLPP [34], multi-objective fractional BLPPs [35-39], decentralized fractional BLPP
[40], fractional MLPPs [41], quadratic BLPPs [42, 43], multi-objective quadratic BLPP [44, 45], water quality
management [46], project network [47], transportation [48, 49], etc.

GP in intuitionistic fuzzy environment [50] is termed as an intuitionistic fuzzy GP (IFGP). IFGP has been
employed to vector optimization [51], transportation [52], quality control [53], bi-level programming [54], multi-
objective optimization problems [55-57], etc.
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In 1998, Smarandache [58] incorporated a new set in mathematical philosophy called neutrosophic sets to

cope with inconsistent, incomplete, indeterminate information where indeterminacy is an independent and
important factor and it plays a pivotal role in decision making. In 2010, Wang et al. [59] defined single valued
neutrosophic set (SVNS) by simplifying neutrosophic set for practical applications. SVNS has been widely
employed to decision making problems [60-75].
Smarandache [76] incorporated the idea of neutrosophic number (NN) and proved its fundamental properties. In
2015, Smarandache [77] also defined neutrosophic interval function (thick function). Jiang and Ye [78] provided
basic definition of NNs and NN functions for optimization model for solving optimal design of truss structures.
Pramanik et al. [79] presented teacher selection strategy based on bidirectional projection measure in neutrosophic
number environment. Mondal et al. [80] proposed score and accuracy functions of NNs for ranking. NNs. In the
same study, Modal et al. [80] defined neutrosophic number harmonic mean operator (NNHMO); Neutrosophic
number weighted harmonic mean operator (NNWHMO) and proved thier basic properties. Mondal et al.[80]
also developed two multi-attribute group decision making (MAGDM) startegies in NN environment.

Ye [81] proposed a neutrosophic number linear programming method for solving neutrosophic number
optimization. Recently, Ye et al. [82] introduced some basic operations of NNs and concepts of NN nonlinear
functions and inequalities and formulated a NN- nonlinear programming method.

Pramanik and Banerjee and [83] suggested a goal programming strategy for single-objective linear
programming problem involving neutrosophic coefficients where the coefficients of objective functions and the
system constraints are neutrosophic numbers of the form p + q 7, p, q are real numbers and / denotes
indeterminacy. Pramanik and Banerjee [84] extended the concept of Pramanik and Banerjee [83] to develop goal
programming strategy for multi-objective linear programming problem in neutrosophic number environment.

Research gap:
GP strategy for BLPP with neutrosophic numbers.

In order to fill the gap, we propose a novel strategy for BLPP through GP with neutrosophic numbers.

At the beginning, we convert the BLPP with neutrosophic numbersinto interval BLPP by interval
programming technique. Then, the goal achieving function is developed by defining target interval of the
objective function of each level. A possible relaxation on the decision variables is considered for both level DMs
to find the compromise optimal solution of the bi-level system. Then, three novel GP models are developed for
BLPP in indeterminate environments. Finally, a BLPP is solved to demonstrate applicability and effectiveness of
the developed strategy.

The remainder of the article is organized as follows: Section 2 presents some basic concepts regarding inter-
val numbers, neutrosophic numbers. Section 3 provides the formulation of BLPP with neutrosophic numbers. GP
strategy for BLPP with neutrosophic numbers is described in section 4. A numerical example is solved in the
next section to show the proposed procedure. Finally, conclusions are given in the last section.

2 Preliminaries
In this section, we present several basic discussions concerning interval numbers and neutrosophic numbers
2.1 Interval number [85]

An interval number is represented by S = [S", SY] = {s: S"<s<SY, se R}, where S*, S are left and right
limit of the interval S on the real line R .
Definition 2.1: Suppose m (S) and w (S) be the midpoint and the width of an interval number, respectively.

Then, m (S) = % [S"+SY]and w (S) =[SV - "]
The scalar multiplication of S by & is represented as follows:
S_<[aSL,aSU],a >,
[aSY,aS"],a<0
The absolute value of S is defined as follows:
[§*,8Y],8" >0,
| S| = { [0, max{-S",SY}],8" <0< SY
[-SY,-S*],8Y <0
The binary operation * between S; = [ S;", S/ 1and S, = [ Sy, S ] is presented as given below.
Si* 8y ={s1*sy: S/ <5< 8,8k <5,< 8 51,5 R}
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2.2 Neutrosophic number [76]

A neutrosophic number is represented by N = p + q I, where p, q are real numbers where p is determinate
part and q / is indeterminate part and 7 € [/, I Y] denotes indeterminacy.
Therefore, N=[p+q 1", p+ql"Y1=[N,N"], (say)

Example: Suppose a neutrosophic number N = 1+ 2/, where 1 is determinate part and 2 [ is indeterminate
part. Here, we consider I €[0.3, 0.5]. Then, N becomes an interval number of the form N =[1.6, 2].
Now, we present some properties of neutrosophic numbers as follows:

Consider, Ny = [py+ qu L1 =[p1 + @I pr + 7 1=[N} N/ Jand Ny = [po+ qu L 1= [p2 + qu Iy, pa +
qzléj] = [NZL ,Néj ] be two neutrosophic numberswhere I, € [IIL,IIU],Iz e[lf,[éj], then

(). N, + N, =[N} + N}, NV +NY 1,

(ii). Ny - N = [ N{ - N, N - Ny ],

(ii). Ny x N, = [Min { N/ x N , N' x Ny , N/ x Nfy , N/ x N }, Max
{N} x Ny , N} x NY N/ x Ny ,N/ x Nj }]

(iv.,. Ny / N, = [Min { N/ ;, Nf , N ;, N, N, Nr , N ; NY }, Max
{N{ /Ny NE NS N Ny NY NS 1, if0g N
3 Formulation of BLPP for minimization-type objective function with neutrosophic numbers

We consider a BLPP for minimization-type objective function at each level. Mathematically, a BLPP with
neutrosophic numbers can be presented as follows:

UDM: ]\/{inf] @) =[Cu+Dudul x1 +[Ciy + Dy Lio] X, + [Ey + Fil13] (1
LDM: A{infz (x) = [Co1 + Doy Ig] x1 + [Coa + Dy Inp] Xo+ [E + Folo3] 2
Subject to

x€ X={x=(x;,x)) € RV|[4, + By ] x, + [4y + By L] x,< p +v I3, x> 0}. (3)

Here, x; = (X11, X12, «--» X, )T: Decision vector under the control of UDM,

X2 = (Xa1, Xp2, +vvs Xy, )": Decision vector under the control of LDM

Ci1, Dy (i=1, 2) are N;- dimension row vectors; Cp, Dj; (i = 1, 2) are N, - dimension row vectors where N =
N; + Ny; and E;, F;(i = 1, 2) are constants. 4;, B;(i = 1, 2) are Mx N;(i = 1, 2) constant matrix and x ,v are M
dimensional constant column matrix. X (# ® ) is considered compact and convex in R". Also, we have I
€ [IL 1Y ,i=1,2,3;j=1,2and [; € [I,L,IiU], i=1, 2, 3. Representation of a BLPP is shown in Fig. 1.

ity i

Upper (First) level

Lower (Second) level

Fig. 1. Depiction of a BLPP
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4 Goal programming formulation for BLPP with neutrosophic numbers

The objective functions of both level DMs of the problem defined in section 3 can be written as:

UDM:
Mj"fl () =[Cii + Didy] x1 + [Cia + Dy Lip] %o + [Ey + Fili3] = {[Ciy + Dy IlLl]xl +[Ciz +D1211L2] X, + [E,

+F1[1L3], [Cu +D11[ﬁ]x1 + [C12+D121f£]x2+[E1 +F11f§]} :[YlL(x);YlU (x)] (say); “4)

LDM:
A{infz (x) = [Coy + Dy In] x; + [Coz + Doy Iy] %+ [Ex+  Folys] = {[Co1 + Doy I5] %1 + [Coa + Dop Iy ] x5+

[E2+F212L;], [Ca +D2112Ul] x;+[Cy +D2212U2] X+ [E> +F212U3]} = [YzL (), YzU (x)] (say); ©)

and the system constrains reduce to

(A1 +B L]x +[da+ By bl xp2 p+vi;

= A+ B x+ Ao+ Boly o, [+ Bl T + [Aa + By L N o} 2 [ +v Iy u+v 1] = g5 8]
(say)

=[2"(x),2" @]> [¢" g"]. (6)

Proposition 6 1. [86]

Suppose ,-’2;1 le/,es)z; 2 [fi, f3], then j%l[e'zj lz; > fi, él[elj lz; > f; are the maximum and minimum value

range inequalities for the constraint condition, respectively.

Now, from the proposition 1 due to Shaocheng [86], the interval inequality of the system constraints (6)
reduce to the following inequalities as given below.

[+ B I 1+ [Ay+ Bo Ly 10> g% [y + Bi I 13+ [y + By L) ] vy > g, 620,i= 1,2,
ie. Z"(x) 2 g%, ZV (x)= g*, x>0.

The minimization-type BLPP can be re-stated as follows:

UDM: Minf; (x)=[Y" x), %’ )],

LDM: Minf, () =[¥;" (x).Y,” ()]

Subject to
[Z"(x),Z2" ]2 [g" "], x20.

For obtaining the best optimal solution of f;, (i = 1, 2), we solve the following problem due to Ramadan [87]
as follows:

Min f, (x) =Y (x),i=1,2

Z%(x) = ghx>0,i=1,2.
Suppose x; = (X}, X}, oy X » Xin, s Xy ), (=1, 2) be the individual best solution of i-th level DM

subject to the given constraints and YI.L (x,.b ), (i=1, 2) be the individual best objective value of i-th level DM.

Now for determining the worst optimal solution of f, (i = 1, 2), we solve the following problem due to
Ramadan [85] as given below.

Min f; (x) =Y (x),i=1,2
Z" (x) = g%, x>0.
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Letx;" = (X{[, X} 5 s Xi\, » Xix,, » - Xix)> (i= 1, 2) be the individual worst solution of i-th level DM subject
to the given constraints and Yl.U (x"), (1=1,2) be the individual worst objective value of i-th level DM.

Therefore, [Yl.L (xD), Yl.U (x;")] be the optimal value of i-th level DM in the interval form.

Suppose that [ Yl.*, Y] be the target interval of i-th objective functions set by level DMs.

Now the target level of i-th objective function can be written as follows:
Y=Y, (=12

Y <YL (=1,2).

Hence, the goal achievement functions are presented in the following form:
Y0+ =-Y, (=12

Yr(x)+Df =Y, (i=1,2)

where DiU , DI.L , (1=1, 2) are deviational variables.

However, since the individual best solutions of the level DMs are not same, cooperation between the two

level DMs is necessary to arrive at a compromise optimal solution. For more details see [27, 30, 31, 36, 37, 42,
44,45, 55, 88].
b b

Let, x; = (X}, X{ s X s X a0 X ) » ( = 1, 2) be the individual best solution of i-th level DM. Suppose

(x}’i - [}; ) and (x}’i + uyp), (i=1, 2, ..., Ny) be the lower and upper bounds of decision vector provided by UDM
where /;; and uy;, (1= 1, 2, ..., N;) are the negative and positive tolerance variables which are not essentially same.
Also, suppose that (xJ, - & ) and (x5 + u57), (i =1, 2, ..., N,) be the lower and upper bounds of decision vector

provided by LDM where /; and uy;, (i =1, 2, ..., N,) are the negative and positive tolerance variables which are
not same in general. Therefore, we can write

(xp- hi)<xp<(xp+uy), (=1,2, .., N
(x5~ hi) Sxp<(xh T up), (1=1,2,..,Np)

Finally, we develop three new GP models (see the flowchart of GP model in Fig.2) for solving BLPP with
neutrosophic numbers as follows:

GP Model L.

Min & (D+D})

Subject to

YY) +DY=-Y,(i=1,2)
Yr(x)+Df=Y",(i=1,2)

Z'w) 2 g% 2" ()2 ¢,
(xp-hi)<xp<(xp+uy), i=1,2,..,N)
(xlz’i - b)) sziS(xgi-i- uy), (1=1,2,...,Ny)

D!,D/,x>0,(i=1,2).

GP Model II.

Min & (w! D} +w/D})

Subject to

Y @+D=-Y,(i=1,2)

Y +Dr=Y,(i=1,2)

Z'x) 2 g% 2= &
(xp-hi)<xp<(xp+uy), i=1,2,..,N)
(xlz’i - b)) sziS(xgi-i- uy), (1=1,2,...,Np)

w’ >0, wh >0,(i=1,2), D', D!, x>0, (i=1,2).
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Here, wannd WiL are the negative deviational variables.

GP Model I11.

Min o

Subject to

Y0 +D=-Y,(i=1,2)

Y +Dr=Y,(i=1,2)

Z'w) > g% 2% ()= &,

(xp- hi)<Sxp<(xp+uy), (=1,2, .., N
(X3~ bi) <x<(x5+uy), (1=1,2,..,Ny)

a>D,a>D}, (i=1,2), D",D’,x>0,(i=1,2).

Each level DM presents his/ her linear objective
function with Smarandache numbers

3

\ 4

System constraints with
neutrosophic numbers are given

!

Convert the original problem into
the BLPP with interval numbers
and goal achievement functions
are constructed

\ 4

Preference upper and lower bounds
are assigned by the DMs

v

GP Models are constructed

0

\ 7
GP Models are solved Step-5

Fig. 2. Flowchart of the GP strategy for BLPP
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5 Numerical Example

Consider the following BLPP with neutrosophic numbers to show the efficiency of the proposed strategy.
We consider 7€ [0, 1].

UDM: Minf, (x)=[1+2[]x+[4+ 5[] x, +[1 +21],
LDM: Minf, (x)=[3 +4I] x;+ [2+ 3] x, + [3 + 21],

Subject to

[4+ 21 x; + [3 + TI] x, = [15+ 101],
[6+ 1] x;+ [-2 + 4] x, >[5+ 31],
X1, XZZO.

The transformed problem of UDM is shown Table 1.

Table 1. UDM’s problem for best and worst solutions

UDM’s problem to find best solution

UDM’s problem to find worst solution

Min ¥ (x) = x; + 4x, + 1
Subject to
6)C1+ IOXZZ 15,
7 X1 + 2)(225,
X1, )QZO.

Min Y (x) = 3x,+ 9x, + 3
Subject to
4 X+ 3)62225,
6 X1 - 2 XZZ 8,
X1, )QZO.

The best and worst solutions of UDM are computed as given below (see Table 2)

Table 2. UDM’s best and worst solutions

The best solution of
UDM

The worst solution of
UDM

Y =3.5at(2.5,0)

Y, =21.75 at (6.25, 0)

The transformed problem of LDM can be presented as follows (see Table 3).

Table 3. LDM’s problem for best and worst solutions

LDM’s problem to find best solution

LDM’s problem to find worst solution

Min Y} (x) = 3x,+ 2x, + 3
Subject to
6x1+ 10 x22 15,
7 x;+ 2 X225,
X1, XZZO.

MinY,’ (x) = 7x,+ 5x, + 5
Subject to
4 x;+ 3)(2225,
6 X1 - 2 x22 8,
X1, XZZO.

The best and worst solutions of LDM are determined as given below (see Table 4)

Table 4. LDM’s best and worst solutions

The best solution of The worst solution of
LDM LDM

Y;: 6.621 at (0.345, Y, =47.615 at (2.846,
1.293) 4.538)

The objective function of UDM with specified targets can be presented as given below.

x1+4x2+ 1S215, 3x1+ 9x2+ 324,

The goal achievement functions of UDM with specified targets can be presented as

X1+ 4x, + 1+ D} =21.5, -3x,- 9x, — 3+ D = -4,

The objective function of LDM with specified targets can be presented as given below.

3x1+2x2+3S47, 7x1+5x2+527,

Also, the goal achievement functions of LDM with specified targets can be written as follows:

3+ 20+ 3+ Dy =47, -7x,- 5x,- 5+ Dy =-7.
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Suppose, the UDM provides preference bounds on the decision variable x; as 2.5 - 1.5< x;<2.5 + 2 and the
LDM offers preference bounds on the decision variable x, as 1.293 — 0.793 < x,<1.293 + 1.207 to reach optimal
compromise solution.

Therefore, the GP models are developed as given below.

GP Model 1.

Min (D + D/ + Dy +Dy)
Subject to

X1+ 4x, + 1+ D} =21.5,

-3x;- 9x, — 3+ D/ = -4,
3x,+2x, + 3+ Dy =47,

SIx1- 5%, - 5+ DY = -7,

6x1+ 10X2215,

7x1+ 2X225,

4x1+3x2225,

6x1— 2X228,

25-1.5<5 %2542,

1.293 -0.793 < x,<1.293 +1.207,
D!, DY >0,(i=1,2)

XI,XZZO.

GP Model II.

Min V(D! + Dy + D} + D)
Subject to

X1+ 4x, + 1+ D} =21.5,

-3x,-9x, — 3+ D = -4,
3x,+2x,+ 3+ Dy =47,

S7x1 - 5%, - 5+ DY = -7,

6)C1+ IO.XZZIS,

7x1+2x225,

4x1+3x2225,

6x1—2x228,
25-1.5<5x25+2,

1.293 -0.793< x,<1.293 + 1.207,
XI,XZZO.

GP Model I11.

Min «

Subject to

X1+ 4x, + 1+ D} =21.5,

-3x1-9x, - 3+ D = -4,
3x,+2x,+ 3+ Dy =47,

S7x1 - 5%, - 5+ DY = -7,

6x1+ 10X2215,

7x1+2x225,

4x1+3x2225,

6x1—2x228,
25-1.5<5x25+2,

1.293 -0.793< x,<1.293 + 1.207,

a>D'a>=D!, (i=1,2)
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D}, D/ >0,(i=1,2)
X1, XZZO.

The solutions of the proposed GP models are shown in the Table 5 as given below.

Table 5. The solutions of the BLPP

Solution point Objective values of UDM Objective values of
LDM
GP Model I (4.5,2.333) [14.832,37.497] [21.166, 37.497]
GP Model I1 (4.5,2.333) [14.832,37.497] [21.166, 37.497]
GP Model (4.375, 2.5) [15.375, 38.625] [21.125, 48.125]
001
Conclusion

The paper presented three new goal programming models for bi-level linear programming problem where the
objective functions of both level decision makers and the system constraints are linear functions with
neutrosophic numbers. Using interval programming technique, we transform the bi-level linear programming
problem into interval programming problem and calculated the best and the worst solutions for both level
decision makers. Both decision makers assign preference upper and lower bounds on the decision variables
under their control to obtain optimal compromise solution of the hierarchical organization. Finally, a new goal
programming strategy has been developed to solve bi-level linear programming problem by minimizing
deviational variables. We obtain the optimal compromise solution of the system in interval form which is more
realistic. A numerical problem involving neutrosophic numbersis is solved to demonstrate the applicability and
efficiency of the proposed procedure.

We hope that the bi-level linear programming technique in neutrosophic number environment will open up a
new avenue of research for future neutrosophic researchers. Furthermore, we believe that the proposed strategy
can be effective for dealing with multi-objective bi-level linear programming, multi-objective decentralized bi-
level linear programming, multi-objective decentralized multi-level linear programming, priority based multi-
objective linear programming problems, real world decision making problems such as agriculture, bio-fuel pro-
duction, portfolio selection, transportation, etc. with neutrosophic numbers information.
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Abstract. Neutrosophic sets and its application to decision support have become a topic of great importance. In this paper, a
new model for decision making in the selection of projects is presented based on single valued neutrosophic number (SVN-
numbers) and the analytic hierarchy process (AHP). The proposed framework is composed of five activities, framework, crite-
ria weighting, gathering information, rating alternatives and project selection. Project alternatives are rated based on aggrega-
tion operator and the ranking of alternatives is based on scoring and accuracy functions. The AHP method is included and al-
lows a correct weighting of different criteria involved. Additionally the common decision resolution scheme for helping deci-
sion maker to reach a reliable decision is used giving methodological support t. A case study is developed showing the appli-
cability of the proposal for information technologies project selection. Further works will concentrate in extending the proposal
for group decision making and developing a software tool.

Keywords: Decision Analysis, SVN Numbers, analytic hierarchy process, project selection.

1 Introduction

Fuzzy logic or multi-valued logic is based on fuzzy set theory proposed by Zadeh [1], for helping in model-
ing knowledge in a more natural way. The basic idea is the notion of the membership relation which takes truth
values in the closed interval of real numbers [0, 1] [2].

The intuitionistic fuzzy set (IFS) on a universe was introduced by K. Atanassov as a generalization of fuzzy
sets [3]. In IFS besides the degree of membership (z,(x) € [0.1]) of each element x € X to a set A there was
considered a degree of non-membership v, (x} € [0.1], such that:

Vr € Nuix) + vax) =1 @9)]

Later the neutrosophic set (NS) was introduced by F. Smarandache who introduced the degree of indetermi-
nacy (i) as indepedent component [4].

Decision analysis is a discipline with the goal of computing an overall assessment that summarizes the in-
formation gathered and providing useful information about each evaluated element [5]. In real world decision
making problems uncertainty is presented and the use of linguistic information to model and manage such an un-
certainty is recommended [6].

Experts feel more comfortable providing their knowledge by using terms close to the way human beings use
[7] by means of linguistic variables. A linguistic variable is a variable whose values are words or sentences in a
natural or artificial language [8].

Because of the imprecise nature of the linguistic assessments new techniques have been developed. Single
valued neutrosophic sets (SVNS) [9] for handling indeterminate and inconsistent information is a relatively new
approach. In this paper a new model of project selection is developed based on single valued neutrosophic num-
ber (SVN-number) allowing the use of linguistic variables [10, 11] and the analytical hierarchy process (AHP)
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for weighting criteria according to its importance [12]. Weighting criteria is important in decision making prob-
lems. In some similar proposals weight are given but no method is explained [13] or [14]. Additionally the
common decision resolution scheme for helping decision maker to reach a reliable decision is used giving solid
methodological support.

This paper is structured as follows: Section 2 reviews some preliminaries concepts about decision analysis
framework SVN numbers and AHP method to find the attributes weight. In Section 3, a decision analysis
framework based on SVN numbers for project selection. Section 4 shows a case study of the proposed model.
The paper ends with conclusions and further work recommendations.

2 Preliminaries

In this section, we first provide a brief revision of a general decision scheme, the use of linguistic information
using SVN numbers project selection and the Analytic Hierarchy Process.

2.1 Decision Scheme

Decision analysis is a discipline with the purpose of helping decision maker to reach a reliable decision.
A common decision resolution scheme consists of following phases [6, 15]:
e Identify decision and objectives.

Identify alternatives.

Framework:

Gathering information.

Rating alternatives.

Choosing the alternative/s:

Sensitive analysis

Make a decision

Inside the framework phase, the structures and elements of the decision problem are defined. Experts provides
information, according to the defined framework.

The gathered information provided by experts is then aggregated in the rating phase to obtain a collective val-
ue of alternatives. In rating phase, it is necessary to carry out a solving process to compute the collective assess-
ments for the set of alternatives, using aggregation operators [16].

Aggregation operator are important in decision making. Aggregation operator , iL[17], are function with the fol-

lowing form::
C:N"—= N 2)

Some example of operators are the Bonferroni mean which is a very useful aggregation operator, and can con-
sider the correlations between the aggregated arguments[18-20], the weighted geometric operator [21, 22], the He-
ronian means for considering the interrelationships between parameters [23, 24] and the power Heronian aggrega-
tion operator [25] among others

Project selection is a multicriteria decision problem [26] . This fact makes the process of selecting information
systems projects suitable for decision analysis scheme model.

2.2 SVN-numbers

Neutrosophy is mathematical theory developed by Florentin Smarandache for dealing with indeterminacy.
[27]. It has been the base for developing of new methods to handle indeterminate and inconsistent information like
neutrosophic sets an neutrosophic logic and specially in in decision making problems [28, 29] .

The truth value in neutrosophic set is as follows [30]:

Let &V be a set defined as: N = {{T.I.F) : T.I.F < [0,1]}, a neutrosophic valuation n is a mapping from
the set of propositional formulas to &V , that is for each sentence p we have v (p} = (T.I, FJ.

Single valued neutrosophic set (SVNS ) [9] was developed with the goal of facilitate real world applications of
neutrosophic set and set-theoretic operators. A single-valued neutrosophic set is a special case of neutrosophic set
.proposed as a generalization of crisp sets, fuzzy sets, and intuitionistic fuzzy sets in order to deal with incomplete
information [10].

A single valued neutrosophic set (SVNS) is defined as follows (Definition 1) [9]:

Definition 1: Let X be a universe of discourse. A single valued neutrosophic set A over X is an object having
the form of:

A= {(x, (%), (%), (x)): x € X} )

wherezig(x )i X — [01] (x).: X — [0,1] and vy (x): X — [0,1] with 0 <y (x) + 13 (x) + 1, (x)< 3 for all
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x € X. The intervals u4Cx), () y 17,(x) denote the truth- membership degree, the indeterminacy-membership
degree and the falsity membership degree of x to A respectively.

Single valued neutrosophic numbers (SVN number) are denoted by A= (a,b,c), where a,b,c€[0,1] and
a+b+c<3 .

Alternatives are frequently rated according Euclidean distance in SVN [31-33].

Definition 2: Let 4 © = (A4;.A4; ....A; ] be avector of n SVN numbers such that 4; * = (g;. by, ¢71j=(1.2, ...,
n) and B; = (B;y, By, ..., Byy) (0= 1,2, ..., m) be m vectors of n SVN numbers such that B;; = (&;, by, €;) (1
=12,...,m),(j =12, ..., n). Then the separation measure between B;'s y A " is defined as follows:

5= G E}Ll {{ |3'ij'aj‘ |}__{ |b1'j'bj‘ }__{ |':1'j":j‘ |}_})

“)

(i=12,...,m)

Some hybrid vector similarity measures and weighted hybrid vector similarity measures for both single valued
and interval neutrosophic sets can be found on [34].

In real world problems, sometimes we can use linguistic terms such as ‘good ’, ‘bad ’ to describe the state or
performance of an alternative and cannot use some numbers to express some qualitative information [35].

The 2-tuple linguistic model could be used[36] for qualitative information but lack indeterminacy. In this pa-
per the concept of linguistic variables [37] is used by mean of single valued neutrosophic numbers [32]for devel-
oping a framework to decision support due to the fact that provides adequate computational models to deal with
linguistic information [37] in decision allowing to include handling of indeterminate and inconsistent in project
selection .

2.3 AHP Method

The Analytic Hierarchy Process (AHP) is a technique created by Tom Saaty [38] for making complex decision
based. The steps for implementing the AHP model are [39]:

1. Decompose the problem into a hierarchy of goal, criteria, sub-criteria and alternatives.

2. Collect data from experts or decision-makers corresponding to the hierarchic structure, in the pairwise com-
parison of alternatives on a qualitative scale.

3. Assign a weight to criteria and sub-criteria.

4. Calculate the score for each of the alternatives through pairwise comparison.

One of the great advantages of the analytic hierarchy process is simplicity. Regardless of how many criteria
are involved in making the decision, the AHP method only requires comparing a pair of elements. Another impor-
tant advantage is that it allows the inclusion of tangible variables such as , cost, time as well as intangible ones as
criteria such as, comfort, beauty in the decision [40].

Weighting criteria is important in decision making problems in some example weight are given but no method
is explained [13] or [14]. In this work the integration of AHP model with project selection allows to assign a
weight to each of the criteria involved this more in line with reality and therefore more reliable.

3 Proposed framework.

Our aim is to develop a framework for project selection based on SVN numbers and AHP method. The model
has been adapted from the common decision scheme that was showed in Fig. 1.

Choosing
Identlfy decision | e identify | 3w | Framewor k | >=| OCatheing | | Rating | best >
and objectives alternatives information altematives alternatives
A
‘ Yes

If further
analysis
needed??

Figure 1: Decision resolution scheme.
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The model consists of the following phases (fig. 2).

Criteria

Weighting

Gathering
information
Rating

alternatives

Project

Figure 2: A framework for project selection.

The proposed framework is composed of five activities:
e  Framework
e  C(Criteria weighting
e  Gathering information,
e Rating alternatives
e  Project selection.
Following, the proposed decision method is described in further detail, showing the operation of each phase

Framework

In this phase, the evaluation framework, the decision problem of project selection is defined. The framework is
established as follows:

o C={Cy:Cnaw.Cy} with n = 2, a set of criteria.
o E={8&, & .6} with k = 1, aset of experts.
e X ={x; %00, Xy} withm = 2, a finite set of information technologies projects alternatives.

Criteria and experts might be grouped. The set of experts will provide the assessments of the decision problem.

Criteria Weighting

The first step in an AHP analysis is to build a hierarchy, also called decision modeling and it simply consists of
building a hierarchy to analyze the decision.
Second step in the AHP process is to derive the relative weights for the criteria. It is called relative because the

obtained criteria priorities are measured with respect to each other using Saaty’s pairwise comparison scale (Ta-
ble I).

TABLE L TABLE 1. SAATY’S PAIRWISE COMPARISON SCALE

Verbal judgment | Numeric value

Extremely im-
portant

Very  Strongly
more important

(S REe NN | fo o) o)

Strongly  more
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important

Moderately
more important

—_N W

Equally impor-
tant

Based on the responses of the experts, a preference matrix is derived for each respondent for each the criteria
involved in the decision with the following format.

TABLE IL PAIRWISE COMPARISON MATRIX OF CRITERIA
Goal Criterial Criteria Criteria n
2
Criteria 1
Criteria 2
Criteria n

Cells in comparison matrices will have a value from the numeric scale shown in Table I, to reflect relative pre-
ference also called intensity judgment or simply judgment in each of the compared pairs [40].

If a;; is the element of row i column j of the matrix, then the lower diagonal is filled using the following for-
mula:

qji = Eiu (5)

Note that that all the element in the comparison matrix are positive, a;; = 0.

For calculating criteria weights the approximate method is considered simplest. Approximate method for AHP
requires the normalization of the comparison matrix adding the values in each column. Next, each cell is divided
by the total of the column.

Another approach is proposed in [41]based on row geometrics means of the pairwise comparison matrix:

|!.;1-[;_:= | EI:_I'
s ®
L=} W =11

Saaty [42] proposed the eigenvalue method by calculating the principal eigenvectorw'. This vector corres-
ponds to the largest eigenvalue, Amax of matrix D, as follows:

Dw' = ;I'-n;r.'rwr (7)

Some discussions have been developed but there is no clear conclusion about the better method for weight de-
termination.

Once judgments have been entered, it is necessary to check that they are consistent. AHP calculates a consis-
tency ratio (CR) comparing the consistency index (CI) of the matrix with our judgments versus the consistency
index of a random-like matrix (RI) [43]:

cr
CR = (8)

Ar

w; =

A consistency ratio (CR) of 0.10 or less is acceptable to continue the AHP analysis. If the consistency ratio is
greater than 0.10, it is necessary to revise the judgments to locate the cause of the inconsistency and then correct it
[43].

Gathering information
In this phase, each expert, &; provides the assessments by means of assessment vectors:
¥=@hi=l..mnj=1..m) ©)

The assessment1;;, provided by each experte;., for each criterion ¢; of each project alternative x;, is expressed
using SVN numbers.

Since humans might feel more comfortable using words by means of linguistic labels or terms to articulate
their preferences, the ratings of each alternative with respect to each attribute are given as linguistic variables cha-
racterized by SVN-numbers in the evaluation process.

Granularity of the linguistic assessments could vary according to the uncertainty and the nature of criteria as
well as the background of each expert.
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Rating alternatives

The aim of this phase is to obtain a global assessment for each alternative. Taking into account the previous
phase, an assessment for each alternative is computed, using the selected solving process that allows to manage
the information expressed in the decision framework.

Information is aggregated selecting aggregation operators in order to obtain a global assessment for each alter-
native that summarizes its gathered information.

In this case alternatives are rated according to single valued neutrosophic weighted averaging (SVNWA) ag-
gregation operator was proposecrl| by Ye [44] for SVN§S as follows[10] :

W - w; wj
E, (A Ay Ay ={1— H (1 -, {,ﬂ) H (1, ) H (F,@) " )
i=1 i=L i=1 (10)
where W = (wy, Wy,..., Wy is the waiting vector of 4; (f = 1, 2,.u,n), wy € [0,1] and &f w; = L.

or the single valued neutrosophic weighted geometric averaging aggregation operator ({r,) [44] :

Gy (Ay Asr o Ay) = (1 — H de-ix]‘”'.ﬁaj{x]‘fi.ﬁfdj.{x]“‘i }

j=1 (11)

where W = (w.wy..... wy ) s the waiting vector of 4; (=12..n, w, e [0,1] and Ef w; = L1

Weights (w) in both cases are obtained by the AHP method in phase 2.

Project Selection

In this phase of the alternatives are ranked and the most desirable one is chosen by the score function [45,
46].According to the scoring and accuracy functions for SVN-sets, a ranking order of the set of the alternatives
can be generated [47]. Selecting option(s) with higher scores.

For ordering alternatives a scoring function is used [48]:

s(¥)=2+T,-F -1, (12)
Additionally an accuracy function is defined 31]:

a(W) =T~ F (13)
And then

1. Ifs(Vj) = s(Vi).then ¥} is smaller thanV”i, denoted by Vj = Vi
2. If s(Vj) = s(Vi)
a. Ifa{(Vj) = a(Vi) then Vjis smaller thanVi, denoted by Vj = Vi
b. IfalVj) = a(Vi) then Vj and Vi are the same, denoted by Vj = Vi
Another option is to use the scoring function proposed in [32]:

s(V;) = (1+T; - 2F, - I))/2 (14)
where s(V;) € [-1.1].
If s(Vj ) = s(Vi), then ¥j is smaller than¥'i, denoted by ¥j = Vi

According to the scoring function ranking method of SVN-sets, the ranking order of the set of project alter-
natives can be generated and the best alternative can be determined.

4 lllustrative Example

In this section, we present an illustrative example in order to show the applicability of the proposed framework
for information technologies project selection.
An information technology project is a temporary effort undertaken by or on behalf of an organization that
[49]:
e Establishes a new technology-based system or service
e Facilitates a significant business process transformation using technology
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e Includes a major change in technology architecture or a system migration beyond that considered as
general maintenance, enhancement, or refresh activity
An information technology project typically performs one or more of these functions:
e Develop a new system or service
Improvements to a system or service
Improve business processes or introduce new ones
Build or enhance infrastructure
Apply new technologies
e  Upgrade enterprise applications
In this case study the evaluation framework is compose by an expert evaluate 3 alternatives (information tech-
nologies development projects).
X CRM
X! ERP
X3: BI
These projects are described in Table #1.

TABLE III. PROJECTS OPTIONS

Id Name Description

1 CRM. Custumer Relation
Management Software

2 ERP Enterprise Relationship
Managemet Software

3 BI Business intelligence System

3 criteria are involved, which are shown below:

c;: Benefits

¢,: Feasibility

c3: Cost

In Table 2, we give the set of linguistic terms used for experts to provide the assessments.

TABLE IV. LINGUISTIC TERMS USED TO PROVIDE THE ASSESSMENTS [32]

Linguistic terms SVNSs
Extremely good (EG) (1,0,0)

Very very good (VVG) | (0.9,0.1,0.1)
Very good (VG) (0.8,0,15,0.20)
Good (G) (0.70,0.25,0.30)
Medium good (MG) (0.60,0.35,0.40)
Medium (M) (0.50,0.50,0.50)
Medium bad (MB) (0.40,0.65,0.60)
Bad (B) (0.30,0.75,0.70)
Very bad (VB) (0.20,0.85,0.80)
Very very bad (VVB) (0.10,0.90,0.90)
Extremely bad (EB) (0,1,1)

Once the evaluation framework has been determined the information about the projects is gathered (see Table
3).

TABLE V. RESULT OF GATHERING INFORMATION
X X2 X3

c MG EG MB

[ G MG M

c3 MG MG G

Using the AHP method the following weights structure (Table IV) was obtained. These are translated into weight
vector associated with the criteria W = (0.55, 0.26, 0.19).

TABLE VL CRITERIA WEIGHTS CALCULATION

Weights

Criteria | | & | & | Weights |
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¢ 1 2 0.55
) 1/3 1 2 0.26
s Y V2 1 0.19

For rating alternatives an initial aggregation process is developed. Then the aggregated SVN decision matrix
obtained by aggregating of opinions of decision makers is constructed by Eq. (10). The result is given in Table V.

TABLE VIIL DISTANCE TO THE IDEAL SOLUTION

Aggregation Scoring Ranking
function
X1 (0.53, 0.4, 0.56) 1.73 2
X2 (0.43, 0.0, 0.0) 243 1
X3 (0.66, 0.52, 0.63) 1.62 3

According the scoring function, three alternatives are ranked as: x, = x; = xj.

5 Conclusions.

Recently, neutrosophic sets and its application to multiple attribute decision making have become a topic of
great importance for researchers and practitioners. In this paper a new model project selection based on SVN-
number applied allowing the use of linguistic variables. The AHP method is included and allows a correct weight-
ing of different criteria involved.

To demonstrate the applicability of the proposal an illustrative example is presented. Our approach has many
application project selection that include indeterminacy and the weighting of criteria
Further works will concentrate extending the model for dealing with heterogeneous information. Another area of
future work is the developing of new aggregation models based like the prioritized ordered weighted average op-
erator [50] and the Choquet integral by considering the correlations between the attributes [51] .
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Abstract. Multi attribute group decision making with VIKOR (VlseKriterijuska Optimizacija I Komoromisno Resenje) strategy has
been widely applied to solving real-world problems. Recently, Pramianik et al. [S. Pramanik, S. Dalapati, S. Alam, and T. K. Roy. NC-
VIKOR based MAGDM strategy under neutrosophic cubic set environment, Neutrosophic Sets and Systems, 20 (2018), 95-108]
proposed VIKOR strategy for solving MAGDM, where compromise solutions are not identified in neutrosophic cubic environment. To
overcome the shortcomings of the paper, we further modify the VIKOR strategy by incorporating compromise solution in neutrosophic
cubic set environment. Finally, we solve an MAGDM problem using the modified NC-VIKOR strategy to show the feasibility,
applicability and effectiveness of the proposed strategy. Further, we present sensitivity analysis to show the impact of different values

of the decision making mechanism coefficient on ranking order of the alternatives.

Keywords: MAGDM, NCS, NC-VIKOR strategy.

1. Introduction

Neutrosophic set [1] is derived from Neutrosophy [1], a new branch of philosophy. It is characterized by the
three independent functions, namely, truth membership function, indeterminacy function and falsity membership
function as independent components. Each of three independent components of NS belongs to [0, 1]. Wang et
al. [4] introduced single valued neutrosophic set (SVNS) where each of truth, indeterminacy and falsity
membership function belongs to [0, 1]. Applications of NSs and SVNSs are found in various areas of research
such as conflict resolution [5], clustering analysis [6-9], decision making [10-39], educational problem [40, 41],
image processing [42-45], medical diagnosis [46, 47], social problem [48, 49], etc. Wang et al. [50] proposed in-
terval neutrosophic set (INS). Mondal et al. [51] defined tangent function of interval neutrosophic set and de-
velop a strategy for multi attribute decision making (MADM) problems. Dalapati et al. [52] defined a new cross
entropy measure for interval neutrosophic set and developed a multi attribute group decision making (MAGDM)
strategy.

By combining SVNS and INS, Ali et al. [53] proposed neutrosophic cubic set (NCS). Zhan et al. [54] presented
two weighted average operators on NCSs and employed the operators for MADM problems. Banerjee et al. [55]
introduced the grey relational analysis based MADM strategy in NCS environment. Lu and Ye [56] proposed
three cosine measures between NCSs and presented MADM strategy in NCS environment. Pramanik et al. [57]
defined similarity measure for NCSs and proved its basic properties. In the same study, Pramanik et al. [57]
presented a new MAGDM strategy with linguistic variables in NCS environment. Pramanik et al. [58] proposed
the score and accuracy functions for NCSs and prove their basic properties. In the same study, Pramanik et al.
[58] developed a strategy for ranking of neutrosophic cubic numbers (NCNs) based on the score and accuracy
functions. In the same study, Pramanik et al. [58] first developed a TODIM (Tomada de decisao interativa e
multicritévio), called the NC-TODIM and presented new NC-TODIM [58] strategy for solving MAGDM in
NCS environment. Shi and Ye [59] introduced Dombi aggregation operators of NCSs and applied them for
MADM problem. Pramanik et al. [60] proposed an extended technique for order preference by similarity to ideal
solution (TOPSIS) strategy in NCS environment for solving MADM problem. Ye [61] present operations and
aggregation method of neutrosophic cubic numbers for MADM. Pramanik et al. [62] presented some operations
and properties of neutrosophic cubic soft set.
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Opricovic [63] proposed the VIKOR strategy for a multi criteria decision making (MCDM) problem with
conflicting criteria [64-65]. In 2015, Bausys and Zavadskas [66] extended the VIKOR strategy to INS
environment and applied it to solve MCDM problem. Further, Hung et al. [67] proposed VIKOR strategy for
interval neutrosophic MAGDM. Pouresmaeil et al. [68] proposed an MAGDM strategy based on TOPSIS and
VIKOR in SVNS environment. Liu and Zhang [69] extended VIKOR startyegy in neutrosophic hesitant fuzzy
set environment. Hu et al. [70] proposed interval neutrosophic projection based VIKOR strategy and employed it
for doctor selection. Selvakumari et al. [71] proposed VIKOR strategy for decision making problem using
octagonal neutrosophic soft matrix. Pramanik et al. [72] proposed VIKOR based MAGDM strategy under
bipolar neutrosophic set environment.

The remainder of the paper is organized as follows: In the section 2, we review some basic concepts and
operations related to NS, SVNS, NCS. In Section 3, we present a modified NC-VIKOR strategy to solve the
MAGDM problems in NCS environment. In Section 4, we solve an illustrative example using the modified NC-
VIKOR in NCS environment. Then, in Section 5, we present the sensitivity analysis. In Section 6, we present
conlcusion and future scope research.

2. Preliminaries

Definition 1. Single valued neutrosophic set

Let X be a space of points (objects) with a generic element in X denoted by x. A single valued neutrosophic set
[4] B in X is expressed as:

B = {<x: (Tz(x),15(x) , Fg(x) )>: xe X}, where Tg(x),I5(x),Fz(x) [0, 1].
For each xe X, Tg(x),I5(x),Fg(x) €[0, 1]and 0 < Tg(x) + Ig(x) + Fz(x) < 3.

Definition 2. Interval neutrosophic set
An interval neutrosophic set [50] A(X) of a nonempty set X is expressed by truth-membership function Ty (x),

the indeterminacy membership function I3 (x)and falsity membership function F5 (x) . For each xe X, Tj (x),

I;(x), F{(x) < [0, 1] and A defined as follows:

AX) = (< x, [T,i(x)/Tg(X)], [I_A(X)/IE(X)], [F;‘\(x),Fg(x)] | V x € X}. Here, T3 (X) ,TX(X) :
I_A(X)’IJ/E\(X)’ Fg(x),F;:(X) :X—>10,1"[and O SsupTZ(x)+supIZ(x)+susz(X)S 3",
Here, we consider T}i (x) ,Tg (%), I/_g (x), I+A (x), Fji (%), Fg (X) : X—> [0, 1] for real applications.

Definition 3. Neutrosophic cubic set

A neutrosophic cubic set [53] in a non-empty set X is defined as N = {< x, A(x) , A(X) > V xeX}, where A
and A are the interval neutrosophic set and neutrosophic set in X respectively. For convenience, we can simply

use N = <A, A > to represent an element N in neutrosophic cubic set and the element N can be called a neutro-
sophic cubic number (NCN).

Some operations of neutrosophic cubic sets: [53]
i. Union of any two neutrosophic cubic sets
Let N1=< Al (x),A7(x) >and Np=< Az (x), A5 (x) > be any two neutrosophic cubic sets in a non-empty set
H. Then the union of N, and N, denoted by N;W N, is defined as follows:
N1UN2 = (A 00U A, (x), A () U A, (), ¥xeX) , where,

Shyamal Dalapati, Surapati Pramanik. A Revisit to NC-VIKOR Based MAGDM Strategy under Neutrosophic
Cubic Set Environment



Neutrosophic Sets and Systems, Vol. 21, 2018 133

AR = < X, [max{ T3 (9, T3 (9 hmax {T§,(4) . T4 (93, [min {13 (9, I3 (9}, min

(15,09, T (031, fmin {F3 (9, F3 (93, min {F} 69, F§_ ()31 xe X} and A;(x)U Ay (x) = (< x,
max {TAl(x), TAz(X) }, min {IAl(x) ’IAZ(X) }, min {FAl(x), FA2(X) 1>V xe X}.

ii. Intersection of any two neutrosophic cubic sets

Intersection of N;and N, denoted by N; N, is defined as follows:

NN, = <A1(X)ﬁA2 00, A ()N A, (X) VX€X> , where Aj () VAy(x) = {<x, [min {T;gl(x) T3, 000
min {T%,09. T3 (9} [max {17 0. Tz (9, max {13 (). T3 (93], [max {Fz ). Fx (9}, max

{Fjil(X) ) FZZ(X) 11> xe X} and Aj(x)MA,(x)= {< X, min {TAl(X) , TAZ(X) }, max {IAl(X) ’IAZ(X) 1,
max <{FAl(X) s Fa,(x) 1>V xeX}.

iii. Complement of a neutrosophic cubic set

Let Nj=< A;(X),A;(x) > be an NCS in X. Then compliment of Nj=< A;(x),A;(x) > is denoted by N¢ = {<
x, AL (x), AS(x)>: V xe X}

mmxﬁzK&PQJ@J&JMLH%M,gﬁ@ngthéﬁH>Vx€m,

1
(0= (13- T7 (9, T;1C<x): - T O, I*Af(x) = {1} - 13,09, IZIC(X) = {1} - 13 0,

1

where, T
A1

F_AlC(X): {13 - F_Al(x), Fglc(X) = {1} - F+A1(X)’ and TAg(X) = {1} - TAl(X), La(¥) = {13 - IAl(X)’

Fac()=1{13 - FA1(X) .
iv. Containment

Let Nyj=< K13A1 >={<x [T,il (x) ’Tgl )1, [Izl (X)/Izl I, (TAl (X),IA1 (X),FA1 (x)) >: xe X} and

~ — + - +
No=<A,,A, >= {<x [ TAZ x), TAz ()1, [IA2 (X)'IA2 (1, (TA2 (9 1x, (%), Fy, (x)) > xe X} be
any two neutrosophic cubic sets in a non-empty set X,

; ; ; = = + + = = + +
then, (i) N, < N, if and only if TAI(X) < TAZ(X) , TA1(X) < TAZ(X) , IA1(X) 2 IAZ(X) , IAl(X) = IAZ(X) >
- - + +
FAl(X) > FAz(x) , FAl(X) > FAz(X) , and TA1 (x)< TA2 (x), IA1 (x) 2 IA2 (x), FAl (x)= FAZ(X) for all x e X.

Definition 4. Distance between two NCNs
Let N1: < [al,aZ]’ [bla bZ]’ [cl, C2]a (ay b, C) >and N2 =< [dla d2]’ [ela 62], [fla f2]9 (da c, f) > be any two NC'
numbers, then distance [58] between them is defined by

H N, N) = %ﬂal —dy|+[ay —dy[+[by —e;|+[by —ep|+]e; —f|+[c; ~fy| +[a—d[ +[b—e|+|c—f] (1
Definition 5. Procedure of normalization

In general, benefit type attributes and cost type attributes can exist simultaneously in MAGDM problem.
Therefore the decision matrix must be normalized. Let ajjbe an NC-number to express the rating value of i-th
alternative with respect to j-th attribute (¥ ;). When attribute W ;e C or W; € G (where C and G be the set of
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cost type attributes and set of benefit type attributes respectively), the normalized values for cost type attribute
and benefit type attribute are calculated by using the following expression (2).
af:{aﬁ if ¥, G .
Vo |1-ayif W, eC
where aj; is the performance rating of i th alternative for attribute *¥';.
3. VIKOR strategy for solving MAGDM problem in NCS environment

In this section, we propose modified NC-VIKOR strategy fro an MAGDM strategy in NCS environment.
Assume that @ ={®;,®,,D5,..., D } be a set of r alternatives and ¥ ={¥|,'¥,,"¥;,....,¥,} be a set of s

attributes. Assume that W={w,,w,,w,,..,w,} be the weight vector of the attributes, where w,> 0

and iwk =1 . Assume that E={E,E,.E;,...E;} be the set of M decision makers and
k=1

2°7730
M
C :{Cl,Cz,C3,...,CM } be the set of weight vector of decision makers, where ¢, 2 0and X é’p =1.
p=1

The proposed MAGDM strategy consists of the following steps:

Step: 1. Construction of the decision matrix

Let DMP = (af),., (=1, 2,3, ..., 1) be the p-th decision matrix, where information about the alternative @;
provided by the decision maker or expertEpwith respect to attribute ¥, (j = 1, 2, 3, ..., s). The p-th decision

matrix denoted by DM P (See Equation (3)) is constructed as follows:

\I’l ‘{’2...‘I‘S
® af al.. aP
DM =l ) b T G)
d a’ a a
2 21 22 2s

O af af.. .af
r rl r2 rs

Herep=1,2,3,...,.M;i=1,2,3,...,1; j=1,2,3,..., s.

Step: 2. Normalization of the decision matrix

We use Equation (2) for normalizing the cost type attributes and benefit type attributes. After
normalization, the normalized decision matrix (Equation (3)) is represented as follows (see Equation 4):

P S 4

*p *Pp *p

D aian.. arn

p_ *p #p *p
DM"=®, a3y an ax Q)

(D *p *p *p
Arl Ar2eee «A s

T

Here,p=1,2,3,...M;i=1,2,3,...,1; j=1,2,3,...,s.

Step: 3. Aggregated decision matrix

For group decision, we aggregate all the individual decision matrices (DM ,p =1,2,...,M) to an aggregated

decision matrix (DM) using the neutrosophic cubic numbers weighted aggregation (NCNWA) [73] operator as
follows:
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a; —NCNWAC(al], al]’ o ajj ) (ClaIJ @Czaq @C3a ®.. @CMaU )=
_ M
([ > 1, z TIPS G, 3 P,
p=1 p=1
M oy M M M
(3 GEP, Y GRS TP, Y P, 3 G EP) | )
p=1 p=1 p=1 p=1 p=1
Therefore, the aggregated decision matrix is defined as follows:

®; ajy app... ag

DM =|®, a, a5, a ()
q)r app g Arg
Here,i=1,2,3,...,1;j=1,2,3,...,s;p=1,2,..... M
Step: 4. Define the positive ideal solution and negative ideal solution
a] —<[maxt1],maxt P [mml] m1n1 ] [mmf m1n1 ] (maxtll,m_infij,m_infij) > (7
1 1
ag :<[m_intﬁ,mjnt;3],[maxii_j,maxii]- ],[maxfll ,maxii]-] (mmt] maxfll,maxf ) > (®)
1 1 1 1 1 1
Step: 5. Compute I, and Z,
I'and Z, represent the average and worst group scores for the alternative A; respectively with the relations
S W ><D(a ,a
-3 i % ©)
j=1 D(au p
w. xD(a;,a;
Z,=max #J) (10)
J D(aj,a;
Here, wjis the weight of ‘I’j .
The smaller values of I';and Z; correspond to the better average and worse group scores for alternative A; ,
respectively.
Step: 6. Calculate the values of ¢,(i=1,2,3, ..., 1)
(I -T7) (Z,-7")
¢y =y ————+(1-y)———— (an
Im-1r) (Z"-2727)
Here, IT :miin Fi, IT :miax Ti s Z; :miin Zi' ZiJr :miax Zi (12)

and vy depicts the decision making mechanism coefficient. Ify>0.5, it is for “the maximum group utility”; If
y<0.5, it is *“ the minimum regret”, and it is both if y=0.5.
Step: 7. Rank the priority of alternatives

Rank the alternatives by ¢; ,I'; and Z; according to the rule of traditional VIKOR strategy. The smaller value
reflects the better alternative.
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Step: 8. Determine the compromise solution

Obtain alternative @' as a compromise solution, which is ranked as the best by the measure ( (Minimum) if the
following two conditions are satisfied:

Condition 1. Acceptable stability: ¢( <I>2)—(p( (Dl)> , where o' , ®? are the alternatives with first and

(-1
second position in the ranking list by (5 r is the number of alternatives.

Condition 2. Acceptable stability in decision making: Alternative @' must also be the best ranked by I' or/and
Z. This compromise solution is stable within whole decision making process.
If one of the conditions is not satisfied, then a set of compromise solutions is proposed as follows:

0 Alternatives ®'and @2 are compromise solutions if only condition 2 is not satisfied, or

q)l, CI)Z, o3 ,..., @' are compromise solutions if condition 1 is not satisfied and @ is decided by

constraint (") —q( cI)l) < for maximum r.

(r-1)
4. lllustrative example

To demonstrate the feasibility, applicability and effectiveness of the proposed strategy, we solve an MAGDM
problem adapted from [74]. We assume that an investment company wants to invest a sum of money in the best
option. The investment company forms a decision making board comprising of three members (E,, E,, E;) who
evaluate the four alternatives to invest money. The alternatives are Car company (®; ), Food company (@, ),

Computer company (D, ) and Arms company (@, ). Decision makers take decision to evaluate alternatives
based on the attributes namely, risk factor (\¥;), growth factor (¥, ), environment impact (V). We consider
three criteria as benefit type based on Pramanik et al. [58]. Assume that the weight vector of attributes is
W =(0.36,0.37,0.27)" and weight vector of decision makers or experts is £ =(0.26,0.40,0.34)" . Now, we apply
the modified NC-VIKOR strategy using the following steps.

Step: 1. Construction of the decision matrix

We construct the decision matrices as follows:
Decision matrix for DM' in NCN form
\Pl ‘{12 \PS
®, <[.7,9L[.1,2L,[.1,.21,(.9,.2,2) > <[.7,.9L[.1,.2L,[.1,.21,(.9,.2,.2) > <[.4,.5],[.4,.5],[.4,.5],(.5,.5,.5) >
@, <[.6,.81,[.2,.31,[.2,.41,(8,.3,.4) > <[.4,.5],[.4,.5],[.4,.5],(.5,.5,.5) > <[.7,.91,[.1,.21,[.1,.21,(.9,.2,.2) >
O, <[.4,.5],[.4,.5],[.4,.5],(5,.5,.5) > <[.6,.8],[.2,.3],[.2,.4],(.8,.3,.4)> <[.4,.5],[ 4,.5],[.4,.5],(.5,.5,.5) >
@, <[.3,.41,[.5,.61.[.5,.71,(4,.6,.7) > <[.4,.51,[.4,.5],[.4,.5],(.5,.5,.5)> <[.7,.91,[.1,.21,[.1,.21,(.9,.2,.2) >
Decision matrix for DM? in NCN form
\Pl lIIZ \P3
5,.61,1.5,.71,(4,.6,.7)> <[.4,.5],[.4,.51,[.4,.51,(.5,.5,.5)> <[.7,.91,[.1,.21,[.1,.2], (.9, .2,.2) >
4,.51,[.4,.5],(.5,.5,.5)> <[ 4,.5],[.4,.5],[.4,.5],(.5,.5,.5) > <[.7,.9],[.1,.2],[.1,.2],(.9,.2,.2) >
1,.21,1.1,.21,(.9,.2,2)> <[.7,.9L,[.1,.21,[.1,.2], (.9, .2,.2)> <[.4,.5],[.4,.5],[.4,.5], (.5, .5,.5) >
2,.31,[.2,.41,(8,.3,.4)> <[4, .5],[.4,.5],[4,.5],(.5,.5,.5) > <[.7,.91,[.1,.21,[.1,.2], (.9, .2,.2) >
Decision matrix for DM? in NC-number form
LI’] \PZ \I’S

@, <[4,.51,[.4,.51,[.4,.51,(.5,.5,.5)> <[ .4,.5],[.4,.5],[.4,.51,(.5,.5,.5) > <[.7,.91,[.1,.2],[.1,.2], (.9, 2,.2) >
D, <[4,.5],[4,.5],[4,.5].(.5,.5,.5)><[.7,9],[.1,.2],[.1,.2], (.9, .2,.2) > <[ .4,.5],[ 4, .5],[ 4,.5], (.5,.5,.5) >
@, <[.7,.91,[.1,.21.[.1,.21, (.9, 2,.2) > <[.6,.81,[.2,.31,[.2, 41, (.8, .3,.4) > <[.6, 81, [.2, .31,[.2, 4], (.8,.3, .4) >

®, <[.7,911.1,21,1.1,.21,(.9,.2,2) > <[ 4,.5],[.4,.5],[.4,.5],(5,.5,.5) > <[.3,.4],[.5,.6],[.5,.7], (4,.6,.7) >

(13)

@, <[3,4],
®, <[4,5],
@, <[7..9],
@, <[6..8],

(14)

—_ o —

(15)

Step: 2. Normalization of the decision matrix

Since all the criteria are considered as benefit type, we do not need to normalize the decision matrices (DM',
DM?, DM?).
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Step: 3. Aggregated decision matrix

Using equation eq. (5), the aggregated decision matrix of (13, 14, 15) is presented below:

W, v, v

@, <[44, 56],[.36, 46], [.36, .51], (.56, 46,.50)> <[.48, .60], [.32, .42], [.32, .42], (.60, .242,442)> <[.62, .80], [.18, .28], [.18, .28?, (.80, .28, .28)>
D, <[.45, 58], [.35, .45, [.35, 47, (.58, .45, 47)> <[.50, .64], [.30, .40], [.30, .40], (.64, .40, 40)> <[.60, .76], [.20, .30], [.20, .30}, (.76, .30,.30)>
@, <[.62,.80], [.18, .28], [.18, .28], (.80, .28, .28)> <[.64, .84], [.16, .26], [.16, .32], (.84, .26, 32)> <[.47, .60], [.33, .43], [.33, .47], (.60, .43, .47)>
@, <[.56, 73], [ 24, 34], [ 24, 41], (.73, 34, 41)> <[.40, .50], [.40, .50], [.40, .50], (.50, .50, .50)> <[.56, .73], [.24, .34], [.24, 37], (.73, .34,.37)>

(16)
Step: 4. Define the positive ideal solution and negative ideal solution

The positive ideal solution a;; =

\Ill \yZ \IIS
<[.62, .80], [.18, .28], [18, .28], (.80, .28,.28)> <[.64, .84], [.16, .26], [.16, .32], (.84, .26,.32)> <[.62, .80], [.18, .28], [.18, .28], (.80, .28, .28)>
and the negative ideal solution

ag =
v v, w,

1
<[44, 56], [.36, 46], [.36, .51], (.56, .46,.50)> <[.40, .50], [.40, .50], [.40, .50], (.50, .50,.50)> <[.47, .60], [.33, .43], [.33, 43], (.60, .43, 47)>

Step: 5. Compute I'; and Z,

1

Using Equation (9) and Equation (10), we obtain
r, :(0.36>< 0.2){0.37 X 0.16) +(0.27>< 0j=0.43’ L :(0.36><0.18j+[0.37><0.14j+(0.27x0.02j:0.42’

0.37 0.25 0.16 0.37 0.25 0.16
r= 0.36x0 + 0.37x0 + 0.27x0.19 ~032, T,- 0.36x0.08 N 0.37x0.25 + 0.27%0.07 ~057.
0.37 0.25 0.16 0.37 0.25 0.16

0.36x0.2) (0.37%x0.16)(0.27x0
And 7 —max x02) 7 ’ 7 024, 7, —max (0.36><O.18j’(0.37><O.14){0.27><0.02j 021,
0.37 0.25 0.16 0.37 0.25 0.16

0.36x0) (0.37x0)(0.27x0.19 0.36x0.08 ) (0.37x0.25) ( 0.27x0.07
Z.=ma s N =0.32, - , , —037.
: X{( 037 )( 0.25 ]( 0.16 ]} Z4 max{[ 037 j[ 025 ][ 016 ]} 037

Step: 6. Calculate the values of ¢,

Using Equations (11), (12) and y=0.5, we obtain

0.43-0.32 0.24-0.21 — _
0, =05 ) +0.5x! ) 031, o, :0.5><(O'420 22'32)+0.5x(0'21 02D o2,
b, =0.5x (0.32-0.32) +0.5x (0.32-0.21) =034, ¢,=0.5x (0.57-0.32) 10.5% (0.37-0.21) 1.
0.16 0.16
Step 7. Rank the priority of alternatives
The preference ranking order of the alternatives is presented in Table 1
@, D, O Dy Ranking order Best alternative
T 0.43 0.42 0.32 0.57 Dy Dy - O, =D, D3
Z 0.24 0.21 0.32 0.37 Dy - O Oy - D, D,
9 (y=0.5) 0.31 0.20 0.34 1 Dy O - Dy - Dy D,

Table 1 Preference ranking order and compromise solution based on I", Z and (0}
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Step 8. Determine the compromise solution

The preference ranking order based on (pin decreasing order and alternative with best position is @, with
¢(P,)=10.20, and second best position @;with ¢(P;)= 0.31. Therefore, @(P;)—¢p(P,)=0.11<0.333 (since,
r=4; 1/(r-1) = 0.333), which does not satisfy the condition 1

2 1
(P =@z

Therefore, we obtain the compromise solution as follows:
O(D))—p(D,)=0.11<0.333, ¢(DP3)—¢p(P,)=0.14<0.333, o(Py)—¢@(D,)=0.80>0.333.

So ®;,D,,D; are compromise solutions.

), but alternative @, is the best ranked by I, Z, which satisfies the condition 2.

5. The influence of parameter y
Table 2 shows how the ranking order of alternatives (®,) changes with the change of the value of y

Table 2. Values of d)i (i=1, 2,3, 4) and ranking of alternatives for different values of Yy .

Values of y Values of ¢, Preference order of alternatives
y =0.1 $,=0.22, ¢,=0.04, $;=0.62, ¢,= 1 DO,- D> D, -D,
y =02 ¢, =0.24, ¢,=0.08, $,=0.55, ¢,=1 D,~ D > O, ~D,
y =03 ¢, =0.26, ¢,=0.12, $,=048, ¢,=1 D,~ D > O, ~D,
y=04 $,=0.29, ¢,=0.16, $;=0.41, ¢,=1 D,~ O, > O, ~D,
y =05 ¢,=0.31, ¢,=0.2, $;=0.34, ¢,=1 DO,~ D > O, ~D,
y =0.6 ¢, =034, ¢,=0.24, $,=0.28, ¢,=1 D,> O~ D, ~D,
y =07 ¢, =0.36, $,=0.28, ¢,=0.21, ¢,=1 Q- D, - O -],
y =028 ¢,=0.39, ¢,=0.32, ¢,=0.14, ¢,=1 Q- D, - O -],
y =09 $,=0.42, ¢,=0.36, $;=0.07, ¢,= 1 O, - D, O -D,

6. Conclusion

In this article, we have presented a modified NC-VIKOR strategy to overcome the shortcomings of obtaining
compromise solution [73]. In the modified NC-VIKOR stratgey, we have incorporated the technique of
determining compromise solution. Finally, we solve an MAGDM problem to show the feasibility, applicability
and efficiency. We present a sensitivity analysis to show the impact of different values of the decision making
mechanism coefficient on ranking order of the alternatives.
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Abstract: In this paper, we first propose the concept of divergence measure on neutrosophic sets. We also provide
some formulas for the divergence measure for neutrosophic sets. After that, we investigate the properties of pro-
posed neutrosophic divergence measure. Finally, we also apply these formulas in medical problem and the classi-
fication problem.

Keywords: neutrosophic set, divergence measure, classification problem.

1 Introduction

The neutrosophic set [25] was first introduced by Smarandache as an extension of intuitionistic fuzzy set [1]
and fuzzy set [36]. It is a useful mathematical tool for dealing with ambiguous and inaccurate problems [4-6, 10,
24, 26-35, 37]. So far, many theoretical and applied results have been exploited on neutrosophic sets as the simi-
larity/distance measures of neutrosophic sets [7-9, 11, 17-19, 22]. Neutrosophic set is applied in the multi-criteria
decision making (MCDM) problem [4-6, 10-16, 23]. A special case of neutrosophic set is Single valued neutro-
sophic set (SVNS) which introduced by Wang et al [29]. In 2014, Ye proposed distance-based similarity
measures of single valued neutrosophic sets and their multiple attribute group decision making method [32]. In
2017, Ye studied cotangent similarity measures for single-valued neutrosophic sets and applied it in the MCDM
problem and in the fault diagnosis of steam turbine [34].

In the study of the applications of fuzzy set theory, the measurements are focused heavily on research.
Measurements are often used to measure the degree of similarity or dissimilarity between objects. One of the
dissimilarity measures of fuzzy sets/intuitionistic fuzzy sets was recently investigated by investigators as a
measure of the divergence of fuzzy sets [3, 12, 20, 21]. Divergence measures also have many applications in
practical problem classes and give us interesting results [3, 12, 20, 21]. Some authors have applied divergence
measure to determine the relationship between the patient and the treatment regimen based on symptoms,
thereby selecting the most appropriate treatment regimen for each patient [3]. Divergence measure is also used in
multi-criterion decision problems [3, 12, 20, 21].

In this paper, we introduce the concept of divergence measure of neutrosophic sets, called neutrosophic
divergence measure. We also give some expressions that define the neutrosophic divergence measures. After that,
we investigate the properties of them. Finally, we use these neutrosophic divergence measure to identify
appropriate treatment regimens for each patient and use them in the sample recognition problem.

The article is organized as follows: In section 2, we recall the knowledge related to neutrosophic sets. In
section 3, we introduce the concept of neutrosophic divergence measure and investigate their properties. We
show some applications of neutrosophic divergence measures in section 4. In section 5, we give conclusion on
neutrosophic divergence measure and its some development direction.

2 Preliminary

Definition 1. Neutrosophic set (NS) [28]:
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A={(x,T,(x),1,(x),F,(x))| xeU} (0
where 7,(x) €[0,1] is a trust membership function, /,(x) € [0, 1] is indeterminacy membership function,

F,(x)e [0, 1] is falsity-membership function of 4.
We denote NS(U) is a collection of neutrosophic set on U . In which
U ={(u,1,l,0)|u € U}
and
@ ={(,0,0,1)|u e U}
For two set 4, B € NS(U) we have:
- Unionof Aand B:
AU B = {(xT4UB (L AUB (N FALB )]

where

T4 5 (%) = max(T 4 (x), T (%)),

14, p () =min(Z 4 (x), 1 p(x))

and

F g = min(F  (x), Fp (x))

forall xe X .

- Intersection of Aand B:

AN B ={(x.T4B ()L 4nB(X).F4nB ()]

where

Ty (X) = min(7 4 (x). T (),

1y~ p (X)) = max({ 4 (x), [ p(x))

and

F 5 (%) = max(F ; (x), F (x))

forall xe X .

- Subset: A B ifonlyif

T ()< Tg(x).1 4 (x) 2 [ (x).F 4 (x) 2 Fg (x)
forall xe X .

- Equalset: A= B ifonlyif Ac B and B C A.
- Complement of A:

A ={(x,F,(x),1-1,(x),T,(x))| xe U}

3 Divergence measures of neutrosophic sets

Definition 2. Let 4 and B be two neutrosophic sets on U . A function D: NS(U)xNS(U) > R is a
divergence measure of neutrosophic sets if it satisfies the following conditions:

Divl. D(A,B)=D(B, A4),

Div2. D(A,B)=0 iff A=B
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Div3. D(ANC,BNC)< D(A,B)forall Ce NS(U),

Divd. D(AUC,BUC) < D(A,B)forall C e NS(U).

We can easily verify that the divergence measures of neutrosophic sets are non-negative. Because, if we choose

C = then conditions Div2 and Div3 in definition 2, then we have
D(A,B)2D(ANC,BNC)=D(3,3)=0.

Now we give some divergence measures of Neutrosophic sets and their properties.

Definition 3. Let 4 and B be two neutrosophic sets on U={u,u,,..,u,} . A function D:NS(U)

XNS(U) — R is defined as follows

1 . ) )
D(4,B)=—3 [D;(4,B)+ Dj(4, B) + Dy (4, B)] @
i=1
where
D) =T i — Ay 2B 3)
U )+ Ty T ) + Ty ()
' 27, () 20, (u,)
Di(AB)=1,(u)lh———" 4] (4)ln——8—2
[( ’ ) A(ul) 144(74;)“‘13(“[)-'_ B(ul) IA(M[)-F[B(LQ) (4)
and
DL(AB) = F )l —25a) oy 260 )
F(u)+Fy(u,) F,(u)+F, ()

To proof that D( A, B) is a divergence measure of neutrosophic sets we need some following lemma.

Lemma 1. Given a € (0,1]. Forall z € [0,1—a] then

f(z)=aln2a+(a+z)inRa+2z)—(2a+z)In(2a +z) (6)
is a non-decreasing function and f(z)>0.
Proof.
0
We obtain ];(Z) =In(2a+2z)-In(2a+2z)>0 forall ze[0,1-a].o
z

Lemma 2. Given b € (0,1] . Forall z € (0,b] then

f(z2)=bIn2b+zIn2z—(b+z)In(b+z) (7
is a non-increasing function and f(z)>0.
Proof.

0

We have /() =In2z-In(b+2z)<0 forall ze(0,b].0

4

Lemma 3. Given a € (0,1]. Forall z €[a,1] then

f(z)y=aln2a—(a+z)In(a+z)+zIln2z 8)
is a non-decreasing function and f(z)>0.
Proof.
I (2)

4

Theorem 1. The function D(A4, B) defined by eq (2, 3, 4, 5) (in definition 3) is a divergence measure of two

We have =In2z-In(a+z)=0 forall ze[a,1].0

Neutrosophic sets.
Proof.

We check the conditions of the definition. For two Neutrosophic sets Aand B on U , we have:
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e Divl: D(4,B)=D(B,A4),

e Div2:

+1f A= B wehave D;(A4,B)=D;(A,B)= D, (A,B)=0.Sothat D(4,B)=0.
+ Assume that

D(4,B) zli[D}(A,B)+Dj(A,B)+D}(A,B)] =0
n

i=1

For each u, €U we have T,(u,)<T,(u,) (or T,(u,)<T,(u,) ). So that, using Lemma 1 with
a=T,u,),z=Ty(u,)—-T,(u,) Gf T,(u,) <T,(u,)) we have

f(z)=aln2a+(a+z)in(2a+2z)—(2a+z)In(2a +z)
catn—2% i (a+ym2¢tD g
a+z 2a+z

We obtain

Buan=ran_ A e T,
T fu)+Tgy) Tfu)+Tg)

and Dh(4,B)=0ifonlyif z =T, (u,) T, (u;) = 0 ice. Ty (u;) =T, ().

By same way, we also obtain D)(4,B)>0 and D)(4,B)=0 if only if I,(u)=1,(u) ;

D;(A,B)Z()and D;(A,B) =0if only if F,(u,)=F,(u;). Those imply that D(A,B) =0 if only if
A=B.

e Div3. Forall C € NS(U)and for all u, eU,(i =1,2,...,n) . Because of the symmetry of divergence meas-

ures, we can consider the following cases:
- With falsity-membership function we have:

I Ty () < Ty (u,) < To.(w;) then T, (u;) =T, (u;) and T (u;) = Ty (u;) so that
D, (ANC,BNC)

— TAmC (ul) ln 2TAmC (uz) + TBmC (ul) ln TBQC (ul)

Tc(u)+ Ty () Tc(u)+ Ty ()
=Tty T
T, () + Ty (u;) T, () + Ty (u;)
= D;(4,B)

+1If T,(u,) ST (u)<Ty(u;) then T, (u,)=T.(u,) and Ty (u,)=T4(u;). So that, according the

lemma 3 with @ =T ,(u,) , we have

Dy (ANC,BNC)
7))y 2 )
T, (u;)+ T (u;) Ty (u)+To(u;)
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7 ZTA(uz) +TC(M[)11'1 2TB(ui)
() + T (u;) Ty (u)+ Ty (u;)

=D;(4,B)
FUF To() ST, () STy() then Tyo(u) =Ty () =Tou) and Ty(u)=To(u)+z with

z€[0,1-T,(u,)] so that according the lemma 1 we have

<T,(u;,)ln

D, (ANC,BNC)
:Tc(ui)lnL(ui)+TC(ui)1nL(”i):
T (u;) + T (u;) T () + T (u;)
<T, () n—La®) 7y 2La) 22
2T, (u,) +z 2T, (u,) +z
=TA(ul.)1n2TA—(ui) +TB(ui)ln2TB—(ui)
T, (u,)+Ty(u,) T, (u)+Ty(u;)
=D;(4.B).

- With indeterminacy membership function: we prove similarly to the case of falsity-membership function.
- With falsity membership function, we have:

+1f F,(u,) < F(u) < F.(u,) then F, .(u,)=F.(u;) and F,_.(u;)=F_(u,)so that according lemma

1 we have

D.(ANC,BNC)

T e
F:{mC(ui)_‘—F;fﬁC(ui ) F;ImC(ui )+F}SMC (ui )

o ) g 2R
Fo(u)+ Fe(u;) Fo(u)+ Fr.(u;)

< F(u)in—25s0) g yin— 25
F,(u)+ Fy(u,) F,(u)+ Fg(u,)

=D}.(4,B)

+1If F(u,)< F.(u)< Fy(u;) then F, .(u))=F.(u,) and Fy .(u,)=F,(u,). So that, according the

lemma 2 with b = F(u;) we have

D,.(ANC,BNC)

o 2R 2R
Fo(u;) + Fy(u,) Fo(u)+ Fy(u;)

< F(u)in—2ta0) gy 25 )
F,(u)+F,(u,) F,(u)+F;(u;)

=D, (4,B).

+1If Fl.(u;) < F,(u;) < Fy(u;) then according the lemma 1 we have

D.(ANC,BNC)

= Fuyin 28 gy 20
Fy(u)+ Fy(u;) F(u)+ Fy(u,)

=D, (4,B).
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Now, we add that with respect to the respective components we have
D(ANC,BNC)

=1Z[D}(A0C,BmC)+D§(AmC,BmC)+Dj,(AmC,BmC)]
nig

Sl—zn: [D}(A,B)+D;(A,B)+D;(A,B)]
n ooy

=D(A4,B)
e Div4. We perform as Div 3. O

Now we consider some properties of the divergence measures defined in definition 3.
Theorem 2. For all Neutrosophic set 4, B € PFS(U). We have

(D1)Forall AC B, or B Awe have
D(ANB,B)=D(A,Au B)< D(A4,B),
(D2) D(ANB,AUB)=D(A,B),
(D3) Forall A< B < C we have
D(A,B)< D(A4,C),
(D4) Forall A< B < C we have
D(B,C)<D(A4,C).
Proof.
(D1).1f AS B then D(AN B,B) = D(A,B) so that, we have
D(A,Au B)=D(A,B).
If B< A4 then D(AN B, B) = D(B,B) = 0so that, we have
D(A,AuB)=D(A4,4)=0.
It means that if 4 C B, or B C A we have
D(ANB,B)=D(A,Au B)< D(A4,B).

(D2). Because of the symmetry of the divergence measure. We consider the cases:
+1If 7,(u,) < T,(u,) then we have

D, (AUB,ANB)

= T2 7 g2l
T, (u)+Ty(u;) T, (u)+Ty(u,)

=D(4,B),

+if T,(u)<T,(u,) then we have

D, (AUB,ANB)

Ry (CORY gt 1) .
T () + Ty (u;) T, (u;)+ Ty (u,)

= D(4,B).

By the same consideration for indeterminacy membership function and falsity membership function, we obtain

D(ANB,AUB)=D(A,B),
(D3). Forall Ac Bc Cand forall u, €U we have:
- With the falsity-membership function:
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From condition 7', (1,) <T,(u,) < T, (u,) and lemma 2 we have:
D;(4,B)

_ 2T, (u,) +T,(u)In 2T, (u,)
() + Ty () T, (u,)+Ty(u;)

#‘FTC(%)IH 27 (u,)
() + T (u;) T (u)+T,(u)

=D;(4,0),

- With the indeterminacy membership function:

=T,(u,)In

=T,(u)In

By the same way as falsity- membership function we have D;(4,B) < D,(4,C),

- With the falsity- membership function:
From condition F,(u,) > Fy(u,) > F.(u;) and lemma 3 we have:

Dj;(4,B)

) gy 20

)+ Fy(u,) Fy(u)+Fy(u,)

. 2F,(u,) +F.(u)ln 2F.(u;)
)+ Fo(w) F )+ Fo ()

= F,(u)ln

<F,(u)ln

=D'.(4,0).
So that, we obtain the result D(A, B) < D(A4,C).

(D4). By the same way as (D4) using lemma 1, lemma 2 and lemma 3, it is easy to derive these results when
considering specific cases. O

4 Applications of divergence measure of Neutrosophic set

In this section we apply the Neutrosophic divergence measures in the medical diagnosis and classification
problems.
4.1 In the medical diagnosis

Now, we applied the Neutrosophic divergence measure for obtaining a proper diagnosis for the data given in
Table 1 and Table 2. This data was modified from the data that introduced in [2]. Usage of diagnostic methods

D = {Viral fever ( 4,), Malaria ( 4, ), Typhoid ( 4;), Stomach problem ( 4, ), Chest problem( A;)} for patients
with given values of symptoms S = {temperature (S, ), headache (5, ), stomach pain (.S, ), cough (S, ), chest
pain (S5)}. In this case, the neutrosophic set is useful to handle them. Here, for each 4, € D, (k=12,...,5),
is expressed in form that is a neutrosophic set on the universal set S = {SI,SZ,S3,S4,SS}, see Table 1. The

information of symptoms characteristic for the considered patients is given in Table 2. In which, for each patient

B,(j =1,2,3,4) is a neutrosophic set in the universal set S = {Spsza S3,S4,S5} .

To select the appropriate diagnostic method we calculate the divergence measure between each patient and
each diagnosis. After that, we chose the smallest value of them. This will be to give us the best diagnosis for
each patient (Table 3).

The divergence measure of a diagnosis 4, € D(k =1,2,...,5) for each patient B,(j=1,2,3,4) is computed
by using the Eq.(2), Eq.(3), Eq.(4), Eq.(5) as follows:

l n ; ; ;
D(4,,B)) :;Z[DT(Ak,Bj)+D1(Ak,B].)+DF(Ak,Bj)]
i=1
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where

and

D}(4,B)=F, ()

Di(4,.B) =T, (u)hn

Dj(4,B)=1, ()

Table 1. Symptoms Characteristics for the Diagnosis

I:Ak (ui)+FB, (ul»)

27, ()

21, ()

2F, (47)

B (D)
T, @)+ Ty @)

Iy ()l

B
IAA (“i)JrIB,(“i) ’

+Fp (u;)In

27, ()
n__ 5
T, )+ Ty ()

20, (1)

IA‘ (ul-)+IB, (ui)

2F, ()

Fy )+ Fy )

Viral f Malari Tvohoid Stomach Chest

trad fever alaria ypaot Problem Problem
Temperature (0.7,0.5,0.6) (0.7,0.9,0.1) (0.3,0.7,0.2) (0.1,0.6,0.7) (0.1,0.9,0.8)
Headache (0.8,0.2,0.9) (0.4,0.5,0.5) (0.6,0.9,0.2) (0.7,0.4,0.3) (0.1,0.6,0.7)
Somach pain (0.8,1,0.1) (0.5,0.9,0.2) (0.2,0.5,0.5) (0.7,0.7,0.8) (0.5,0.7,0.6)
Cough (0.45,0.8,0.7) (0.7,0.8,0.6) (0.2,0.5,0.5) (0.2,0.8,0.65) (0.2,0.8,0.6)
Chest pain (0.2,0.6,0.5) (0.1,0.6,0.8) (0.1,0.8,0.8) (0.5,0.8,0.6) (0.8,0.8,0.2)
Table 2. Symptoms Characteristics for the Patients

Temperature Headache Stomach pain Cough Chest pain

Al(B))) (0.7,0.6,0.5) (0.6,0.3,0. 5) (0.5,0.5,0.75) (0.8,0.75,0.5) (0.7,0.2,0.6)
Bob (B,) (0.7,0.3,0.5) (0.5,0.5,0.8) (0.6,0.5,0.5) (0.65,0.4,0.75) (0.2,0.85,0.65)
Joe (By) (0.75,0.5,0.5) (0.2,0.85,0.7) (0.7,0.6,0.4) (0.7,0.55,0. 5) (0.5,0.9,0.64)
Ted (B,) (0.4,0.7,0.6) (0.7,0.5,0.7) (0.6,0.7,0.5) (0.5,0.9,0.65) (0.6,0.5,0.85)

The computed results of the divergence measures are listed in Table 3. From the results, we see that Al and Ted
should use diagnostic methods corresponding to Stomach Problem, Bob use a Viral fever, Joe use a Malaria.

Table 3. Diagnosis results for the divergence measure using eq. (2)

X . . Stomach Chest
Viral fever Malaria Typhoid Problem Problem
Al 0.81614 0.82946 1.14558 0.75326 1.10798
Bob 0.49750 0.59104 0.73430 0.79456 1.14038
Joe 0.75011 0.60603 0.89659 0.88206 0.79920
Ted 0.48722 0.61785 0.81009 0.36199 0.72614

4.2 In the classification problem

Assume that, we have m pattern {4, 4,

,...,Am} , in which each pattern is a Neutrosophic set on

universal set U = {ul,uz,...,un}. Suppose that, we have a sample B with the given feature information. Our

goal is to classify sample B into which sample. To solve this, we calculate the divergence measure of B with

each pattern Al. (i=1,2,...,m) . Then we choose the smallest value. It gives us the class that B belongs to.

Example 1. Assume that three are three Neutrosophic patterns in U = {”1 U, ,u3} as following
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4, =1{(v,,0.7,0.7,0.2),(u,,0.7,0.8,0.4), (u,,0.6,0.8,0.2)}

A4, ={(v,,0.5,0.7,0.3),(u,,0.7,0.7,0.5),(u,,0.8,0.6,0.1)}

4, ={(u,;,0.9,0.5,0.1),(u,,0.7,0.6,0.4),(u,,0.8,0.5,0.2) }

Assume that a sample

B =1{(u,,0.7,0.8,0.4),(u,,0.8,0.5,0.3),(u;,0.5,0.8,0.5)}

Using the divergence measure in Eq.(2) we have D(4,,B)=0.15372, D(4,,B)=0.26741 D(4,,B)=0.29516.

So that we can classifies that B belongs to class 4.

5 Conclusion

Neutrosophic set theory is more and more interested by researches. There are many theoretical and applied
results on Neutrosophic sets that are built and developed. In this paper, we study the divergence measure of
Neutrosophic sets. Along with that, we offer some divergence formulas on Neutrosophic sets and give some
properties of these measurements. Finally we apply the proposed measures in some cases.

In the future, we will continue to study this measure and offer some of their applications in other areas such
as image segmentation or multi-criteria decision making.
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Abstract. In this paper, we introduce the plithogenic set (as generalization of crisp, fuzzy, intuitionistic fuzzy, and neutrosoph-
ic sets), which is a set whose elements are characterized by many attributes” values. An attribute value v has a corresponding
(fuzzy, intuitionistic fuzzy, or neutrosophic) degree of appurtenance d(x,v) of the element x, to the set P, with respect to some
given criteria. In order to obtain a better accuracy for the plithogenic aggregation operators in the plithogenic set, and for a more
exact inclusion (partial order), a (fuzzy, intuitionistic fuzzy, or neutrosophic) contradiction (dissimilarity) degree is defined be-
tween each attribute value and the dominant (most important) attribute value. The plithogenic intersection and union are linear
combinations of the fuzzy operators tnorm and teonorm, While the plithogenic complement, inclusion (inequality), equality are in-
fluenced by the attribute values contradiction (dissimilarity) degrees. This article offers some examples and applications of these
new concepts in our everyday life.

Keywords: Plithogeny; Plithogenic Set; Neutrosophic Set; Plithogenic Operators.

1 Informal Definition of Plithogenic Set

Plithogeny is the genesis or origination, creation, formation, development, and evolution of new entities from
dynamics and organic fusions of contradictory and/or neutrals and/or non-contradictory multiple old entities.

While plithogenic means what is pertaining to plithogeny.

A plithogenic set P is a set whose elements are characterized by one or more attributes, and each attribute may
have many values. Each attribute’s value v has a corresponding degree of appurtenance d(x,v) of the element x, to
the set P, with respect to some given criteria.

In order to obtain a better accuracy for the plithogenic aggregation operators, a contradiction (dissimilarity)
degree is defined between each attribute value and the dominant (most important) attribute value.

{However, there are cases when such dominant attribute value may not be taking into consideration or may
not exist [therefore it is considered zero by default], or there may be many dominant attribute values. In such cases,
either the contradiction degree function is suppressed, or another relationship function between attribute values
should be established.}

The plithogenic aggregation operators (intersection, union, complement, inclusion, equality) are based on con-
tradiction degrees between attributes’ values, and the first two are linear combinations of the fuzzy operators’ thorm
and teonorm.

Plithogenic set is a generalization of the crisp set, fuzzy set, intuitionistic fuzzy set, and neutrosophic set, since
these four types of sets are characterized by a single attribute value (appurtenance): which has one value (mem-
bership) — for the crisp set and fuzzy set, two values (membership, and nonmembership) — for intuitionistic fuzzy
set, or three values (membership, nonmembership, and indeterminacy) — for neutrosophic set.

2 Formal Definition of Single (Uni-Dimensional) Attribute Plithogenic Set
Let U be a universe of discourse, and P a non-empty set of elements, P € U.

2.1 Attribute Value Spectrum

Let &% be a non-empty set of uni-dimensional attributes 7% = {aa, 0z, ..., om}, M = 1; and a € &€ be a given
attribute whose spectrum of all possible values (or states) is the non-empty set S, where S can be a finite discrete
set, S={s1, S2, ..., si}, 1 < | <oo, or infinitely countable set S = {s1, Sy, ..., s«}, Or infinitely uncountable (continuum)
set S =]a, b[, a<h, where ]...[ is any open, semi-open, or closed interval from the set of real numbers or from
other general set.
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2.2 Attribute Value Range

Let V be a non-empty subset of S, where V is the range of all aztribute’s values needed by the experts for their
application. Each element x € P is characterized by all attribute’s values in V = {vi, Vo, ..., vn}, forn > 1.

2.3 Dominant Attribute Value

Into the attribute’s value set V, in general, there is a dominant attribute value, which is determined by the
experts upon their application. Dominant attribute value means the most important attribute value that the experts
are interested in.

{However, there are cases when such dominant attribute value may not be taking into consideration or not
exist, or there may be many dominant (important) attribute values - when different approach should be employed.}

2.4 Attribute Value Appurtenance Degree Function

Each attributes value v € V has a corresponding degree of appurtenance d(x, v) of the element x, to the set P,
with respect to some given criteria.

The degree of appurtenance may be: a fuzzy degree of appurtenance, or intuitionistic fuzzy degree of
appurtenance, or neutrosophic degree of appurtenance to the plithogenic set.

Therefore, the attribute value appurtenance degree function is:

vx € P, d: PxV- 2([0, 19, 1)

so d(x, v) is a subset of [0, 1]%, and [0, 1]?) is the power set of the [0, 1] %, where z = 1 (for fuzzy degree of
appurtenance), z = 2 (for intuitionistic fuzzy degree of appurtenance), or z = 3 (for neutrosophic degree de appur-
tenance).

2.5 Attribute Value Contradiction (Dissimilarity) Degree Function

Let the cardinal |[V] > 1.
Let c: VXV — [0, 1] be the attribute value contradiction (dissimilarity) degree function (that we introduce now
for the first time) between any two attribute values v; and v,, denoted by

c(v1, v2), and satisfying the following axioms:
c(v1, v1) = 0, the contradiction degree between the same attribute values is zero;
c(v1, V2) = c(Vz, V1), cOmmutativity.

For simplicity, we use a fuzzy attribute value contradiction degree function (c as above, that we may denote
by crin order to distinguish it from the next two), but an intuitionistic attribute value contradiction function (c :
VxV - [0, 1], or more general a neutrosophic attribute value contradiction function (cy : VXV — [0, 1]°) may
be utilized increasing the complexity of calculation but the accuracy as well.

We mostly compute the contradiction degree between uni-dimensional attribute values. For multi-dimensional
attribute values we split them into corresponding uni-dimensional attribute values.

The attribute value contradiction degree function helps the plithogenic aggregation operators, and the
plithogenic inclusion (partial order) relationship to obtain a more accurate result.

The attribute value contradiction degree function is designed in each field where plithogenic set is used in
accordance with the application to solve. If it is ignored, the aggregations still work, but the result may lose
accuracy.

Several examples will be provided into this paper.

Then (P, a,V,d,c) is called a plithogenic set:

e where “P” is a set, “a” is a (multi-dimensional in general) attribute, “V” is the range of the attribute’s values,
“d” is the degree of appurtenance of each element x’s attribute value to the set P with respect to some given criteria
(x €P), and “d” stands for “dz" or “d;r” or “dy”, when dealing with fuzzy degree of appurtenance, intuitionistic
fuzzy degree of appurtenance, or neutrosophic degree of appurtenance respectively of an element x to the
plithogenic set P;

e and “c” stands for “Cr” or “Cie” or “Cn”, when dealing with fuzzy degree of contradiction, intuitionistic fuzzy
degree of contradiction, or neutrosophic degree of contradiction between attribute values respectively.

The functions d(:,-) and c(:,") are defined in accordance with the applications the experts need to solve.

One uses the notation: x(d (x,V)), where d(x, V) = {d(x,v),for all v € V},Vx € P.
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2.6 About the Plithogenic Aggregation Set Operators

The attribute value contradiction degree is calculated between each attribute value with respect to the dominant
attribute value (denoted vp) in special, and with respect to other attribute values as well.

The attribute value contradiction degree function ¢ between the attribute’s values is used into the definition of
plithogenic aggregation operators {Intersection (AND), Union (OR), Implication (=), Equivalence (<),
Inclusion Relationship (Partial Order, or Partial Inequality), and other plithogenic aggregation operators that
combine two or more attribute value degrees - that tnorm and teonorm act upon}.

Most of the plithogenic aggregation operators are linear combinations of the fuzzy thm (denoted Ag ), and
fuzzy teonorm (denoted V), but non-linear combinations may as well be constructed.

If one applies the thorm 0N dominant attribute value denoted by vp and the contradiction between vp and v; is
c(vo, V2), then onto attribute value v, one applies:

[1 - C(VD. VZ)]'tnorm(VD, V2) + C(VD, VZ)‘tconorm(VD, VZ), (2)
Or, by using symbols:
[1 = c(vp, V2)]-(VbARV2) + C(Vp, V2)-(VDVEV2). 3

Similarly, if one applies the teonorm ON dominant attribute value denoted by vp, and the contradiction between
vp and vz is ¢(vp, V2), then onto attribute value v, one applies:

[l - C(VD, VZ)]'tconorm(VD, V2) + C(VD, V2)‘tnorm(VD: V2): (4)
Or, by using symbols:
[1 —c(vp, V2)]:(VbVeV2) + ¢(Vp, V2)-(VDARV2). (5)

3 Plithogenic Set as Generalization of other Sets

Plithogenic set is a generalization of the crisp set, fuzzy set, intuitionistic fuzzy set, and neutrosophic set, since
these four types of sets are characterized by a single attribute (appurtenance): which has one value (membership)
— for the crisp set and for fuzzy set, two values (membership, and nonmembership) — for intuitionistic fuzzy set,
or three values (membership, nonmembership, and indeterminacy) — for neutrosophic set.

For examples:

Let U be a universe of discourse, and a non-empty set P € U. Let x € P be a generic element.

3.1 Crisp (Classical) Set (CCS)

The attribute is a = “appurtenance”;

the set of attribute values V = {membership, nonmembership}, with cardinal |V| = 2;
the dominant attribute value = membership;

the attribute value appurtenance degree function:

d: PxV={0, 1}, (6)

d(x, membership) = 1, d(x, nonmembership) = 0,
and the attribute value contradiction degree function:

c: VxV-{0, 1}, )

c(membership, membership) = c(nonmembership, nonmembership) = 0,
c(membership, nonmembership) = 1.

3.1.1 Crisp (Classical) Intersection

albe{0,1} )
3.1.2 Crisp (Classical) Union

aVbe{0,1} )
3.1.3 Crisp (Classical) Complement (Negation)

—ae{0, 1}. (10)
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3.2 Single-Valued Fuzzy Set (SVFS)

The attribute is a = “appurtenance”;

the set of attribute values V = {membership}, whose cardinal |V| = 1;
the dominant attribute value = membership;

the appurtenance attribute value degree function:

d: PxV-][0, 1], (11)

with d(x, membership) € [0, 1];
and the attribute value contradiction degree function:

c: VxV-[0, 1], (12)
c(membership, membership) = 0.
3.2.1 Fuzzy Intersection

alfebe]0, 1] (13)
3.2.2 Fuzzy Union

aVebel0, 1] (14)
3.2.3 Fuzzy Complement (Negation)

—ra=1-ae[0,1]. (15)

3.3 Single-Valued Intuitionistic Fuzzy Set (SVIFS)

The attribute is a = “appurtenance”;

the set of attribute values V = {membership, nonmembership}, whose cardinal |V| = 2;
the dominant attribute value = membership;

the appurtenance attribute value degree function:

d: PxV-[0, 1], (16)

d(x, membership) € [0, 1], d(x, nonmembership) € [0, 1],
with d(x, membership) + d(x, nonmembership) <1,
and the attribute value contradiction degree function:

c: VxV-[0, 1], 17)

c(membership, membership) = c(nonmembership, nonmembership) = 0,

c(membership, nonmembership) = 1,
which means that for SVIFS aggregation operators’ intersection (AND) and union (OR), if one applies the thorm ON
membership degree, then one has to apply the teonorm 0N NONMembership degree — and reciprocally.

Therefore:

3.3.1 Intuitionistic Fuzzy Intersection

(a1, @2) Nies (by, by) = (ag Ap by, a; Vg by) (18)
3.3.2 Intuitionistic Fuzzy Union
(a1, @) Vies (by, by) = (ay Vi by, a Ap by), (19)

and
3.3.3 Intuitionistic Fuzzy Complement (Negation)

—rs (a1, &2) = (a2, ag). (20)
where Arand Ve are the fuzzy therm and fuzzy teonorm respectively.
3.3.4 Intuitionistic Fuzzy Inclusions (Partial Orders)
Simple Intuitionistic Fuzzy Inclusion (the most used by the intuitionistic fuzzy community):

(a1, 82) <iFs (by, by) (21)
iff a1 <biand a; > by.
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Plithogenic (Complete) Intuitionistic Fuzzy Inclusion (that we now introduce for the first time):

(a1, 32) <p (by, by) (22)
iff 3, <(1-c,)-b,a,>(@-c,) b,
where ¢y € [0, 0.5) is the contradiction degree between the attribute dominant value and the attribute value v { the
last one whose degree of appurtenance with respect to Expert A is (ai1, az), while with respect to Expert B is (b,
b) }. If ¢y does not exist, we take it by default as equal to zero.
3.4 Single-Valued Neutrosophic Set (SVNS)

The attribute is a = “appurtenance”;

the set of attribute values V = {membership, indeterminacy, nonmembership}, whose cardinal |V| = 3;
the dominant attribute value = membership;

the attribute value appurtenance degree function:

d: PxV-[0, 1], (23)

d(x, membership) € [0, 1], d(x, indeterminacy) € [0, 1],

d(x, nonmembership) € [0, 1],

with 0 < d(x, membership) + d(x, indeterminacy) + d(x, nonmembership) < 3;
and the attribute value contradiction degree function:

c: VxV-I0, 1], (24)

c(membership, membership) = c(indeterminacy, indeterminacy) =

c(nonmembership, nonmembership) = 0,

c(membership, nonmembership) = 1,

c(membership, indeterminacy) = c(honmembership, indeterminacy) = 0.5,
which means that for the SVNS aggregation operators (Intersection, Union, Complement etc.), if one applies the
thorm ON membership, then one has to apply the tenorm 0N nonmembership {and reciprocally), while on
indeterminacy one applies the average of tnorm and teonorm, as follows:

3.4.1 Neutrosophic Intersection
Simple Neutrosophic Intersection (the most used by the neutrosophic community):

(a1, &, @3) Ans (by, by, b3) =(a, Ap by,a, v b,,a, v by) (25)
Plithogenic Neutrosophic Intersection:

(a1, a2, as) Ae (by, by, b3) =
(ai Ap bl,%[(az Aeby)+(a, ve bz)],a3 Ve b3)
(26)

3.4.2 Neutrosophic Union
Simple Neutrosophic Union (the most used by the neutrosophic community):

(a1, @z, as) Vns (by, by, b3) =

(a1 Ve b,a, Ap by,a Ag by) @7)
Plithogenic Neutrosophic Union:

(a1, a2, as) Ve (by, by, b3)

1
= (ai Ve bl,z[(a2 Ae b))+ (3, Vi bz)],a3 Ag bsj. (28)

In other way, with respect to what one applies on the membership, one applies the opposite on non-membership,
while on indeterminacy one applies the average between them.

3.4.3 Neutrosophic Complement (Negation)

NS (ay,a3,a3) = (as,az, ay). (29)
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3.4.4 Neutrosophic Inclusions (Partial-Orders)
Simple Neutrosophic Inclusion (the most used by the neutrosophic community):

(a1, a2, a3) <ns (by, by, b3) (30)
iff a1 < b1 and az > by, az > ba.

Plithogenic Neutrosophic Inclusion (defined now for the first time):
Since the degrees of contradiction are

c(al, az) = C(az, a3) = C(bl, bz) = C(bz, b3) =0.5, (31)
one applies: a; > [1- c(a1, az)]b2 or a;>(1-0.5)b, or a;>0.5-by
while

c(as, as) =c(by, bg) =1 (32)
{having a; < b; one does the opposite for az > b3},
whence

(a1, a2, @3) <p (by, by, b3) (33)

iff a; <b;and a, > 0.5-by, az > bs.
4 Classifications of the Plithogenic Set

4.1 First Classification
4.1.1 Refined Plithogenic Set

If at least one of the attribute’s values vk € V is split (refined) into two or more attribute sub-values: via, Via, ...
€ V, with the attribute sub-value appurtenance degree function: d(x, vi) € P ([0, 1]), fori =1, 2, ..., then (P, o,
V, d, c) is called a Refined Plithogenic Set, where “r” stands for “refined”.

4.1.2 Plithogenic Overset / Underset / Offset

If for at least one of the attribute’s values vk € V, of at least one element x € P, has the attribute value
appurtenance degree function d(x, vi) exceeding 1, then (P, a, V, d, ¢) is called a Plithogenic Overset, where “o”
stands for “overset”; but if d(X, vi) is below 0, then (Py, a, V, d, ¢) is called a Plithogenic Underset, where “u”
stands for “underset”; while if d(X, vi) exceeds 1, and d(y, s;) is below O for the attribute values vy, vj € V that may
be the same or different attribute values corresponding to the same element or to two different elements x, y € P,
then (Pott, o, V, d, c) is called a Plithogenic Offset, where “off” stands for “offset” (or plithogenic set that is both
overset and underset).

4.1.3 Plithogenic Multiset

A plithogenic set P that has at least an element x € P, which repeats into the set P with the same plithogenic
components

x(a, ay, ..., @), x(ayq, ay, ..., ay) (34)
or with different plithogenic components
x(ay, ay, ..., ay), X(by, by, ..., by), (35)

then (Pm, a, V, d, c) is called a Plithogenic Multiset, where “m” stands for “multiset”.
4.1.4 Plithogenic Bipolar Set

If vx € P, d: PxV— /A[-1, 0]) x A[0, 1])¥, then (Py, 0, V, d, c) is called a Plithogenic Bipolar Set, since d(x,
v), for v € V, associates an appurtenance negative degree (as a subset of [-1, 0]) and a positive degree (as a subset
of [0, 1]) to the value v; where z = 1 for fuzzy degree, z = 2 for intuitionistic fuzzy degree, and z = 3 for neutro-
sophic fuzzy degree.

4.1.5-6 Plithogenic Tripolar Set & Plitogenic Multipolar Set

Similar definitions for Plithogenic Tripolar Set and Plitogenic Multipolar Set (extension from Neutrosophic
Tripolar Set and respectively Neutrosophic Multipolar Set {[4], 123-125}.
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4.1.7 Plithogenic Complex Set

If, for any x € P, d: PxV— /[0, 1]) x A[0, 1])¥, and for any v € V, d(x, V) is a complex value, i.e. d(x, v)
= My- e/M2 where M; € [0, 1] is called amplitude, and M, < [0, 1] is called phase, and the appurtenance degree
may be fuzzy (z = 1), intuitionistic fuzzy (z = 2), or neutrosophic (z = 3), then (Pcom, @, V, d, ¢) is called a Plitho-
genic Complex Set.

4.2 Second Classification

Upon the values of the appurtenance degree function, one has:
4.2.1 Single-Valued Plithogenic Fuzzy Set

If

Vx € P, d: PxV—[0, 1], (36)
and vv € V, d(x, v) is a single number in [0, 1].
4.2.2 Hesitant Plithogenic Fuzzy Set

If

vx € P, d: PxV- A0, 1]), (37)
and vv € V, d(x, v) is a discrete finite set of the form {ny, n, ..., ny}, where 1< p < oo, included in [0, 1].
4.2.3 Interval-Valued Plithogenic Fuzzy Set

If

vx € P, d: PxV- P ([0, 1]), (38)

and vv € V, d(x, v) is an (open, semi-open, closed) interval included in [0, 1].
5 Applications and Examples

5.1 Applications of Uni-Dimensional Attribute Plithogenic Single-Valued Fuzzy Set

Let U be a universe of discourse, and a non-empty plithogenic set P € U. Let x € P be a generic element.
For simplicity, we consider the uni-dimensional attribute and the single-valued fuzzy degree function.

5.1.1 Small Discrete-Set of Attribute-Values

If the attribute is “color”, and we consider only a discrete set of attribute values V, formed by the following
six pure colors:

V = {violet, blue, green, yellow, orange, red},
the attribute value appurtenance degree function:
d: Pxy-[0, 1], (39)

d(x, violet) = v € [0, 1], d(x, blue) = b € [0, 1], d(x, green) =g € [0, 1],

d(x, yellow) =y € [0, 1], d(x, orange) = o0 € [0, 1], d(x, red) =r € [0, 1],
then one has: x(v, b, g, y, 0, r), where v, b, g, y, 0, r are fuzzy degrees of violet, blue, green, yellow, orange, and
red, respectively, of the object x with respect to the set of objects P, where v, b, g, y, o, r € [0, 1].

The cardinal of the set of attribute values V is 6.
The other colors are blends of these pure colors.

5.1.2 Large Discrete-Set of Attribute-Values
If the attribute is still “color” and we choose a more refined representation of the color values as:
X{ds90, dso1, ..., egg, 700},

measured in nanometers, then we have a discrete finite set of attribute values, whose cardinal is: 700 — 390 + 1 =
311, where for each j € V ={390, 391, ..., 699, 700}, d; represents the degree to which the object x’s color, with
respect to the set of objects P, is of “j” nanometers per wavelength, with d; [0, 1]. A nanometer (nm) is a billionth
part of a meter.
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5.1.3 Infinitely-Uncountable-Set of Attribute-Values
But if the attribute is again “color”, then one may choose a continuous representation:
x(d([390,700])),

having V = [390, 700] a closed real interval, hence an infinitely uncountable (continuum) set of attribute values.
The cardinal of the V is oo.

Foreach j € [390, 700], d; represents the degree to which the object x’s color, with respect to the set of objects
P, is of “j” nanometers per wavelength, with d; €[0, 1]. And d([390, 700]) = {dj,j € [390,700]}.

The light, ranging from 390 (violet color) to 700 (red color) nanometers per wavelengths is visible to the eye
of the human. The cardinal of the set of attribute values V is continuum infinity.

5.2 Example of Uni-Attribute (of 4-Attribute-Values) Plithogenic Single-Valued Fuzzy Set Com-
plement (Negation)

Let’s consider that the attribute “size” that has the following values: small (the dominant one), medium, big,
very big.

Degrees of 0 0.50 0.75 1
contradiction
Attribute values small medium big very big
Degrees of 0.8 0.1 0.3 0.2
appurtenance

Table 1.

5.3 Example of Refinement and Negation of a Uni-Attribute (of 4-Attribute-Values) Plithogenic
Single-Valued Fuzzy Set

As a refinement of the above table, let’s add the attribute “bigger” as in the below table.
The opposite (negation) of the attribute value “big”, which is 75% in contradiction with “small”, will be an
attribute value which is 1 —0.75 = 0.25 = 25% in contradiction with “small”, so it will be equal to

% ["small" + "medium"]. Let’s call it “less medium”, whose degree of appurtenance is 1 — 0.3 = 0.7.
If the attribute “size” has other values, small being dominant value:

Degrees of 0 0.14 0.25 0.50 0.75 | 0.86 1
contradiction
Attribute small | above | less medium | big | bigger | very
values small medium big

(anti- (anti-

bigger) | big)
Degrees of 0.8 0.6 0.7 0.1 03 |04 0.2
appurtenance

Table 2.

The opposite (negation) of “bigger” is 1 - 0.86 =0.14 = 14% in contradiction degree with the dominant attribute
value (“small”), so it is in between “small” and “medium”, we may say it is included into the attribute-value
interval [small, medium], much closer to “small” than to “medium”. Let’s call is “above small”, whose degree of
appurtenance is 1 — 0.4 =0.6.

5.4 Example of Multi-Attribute (of 24 Attribute-Values) Plithogenic Fuzzy Set Intersection, Union,
and Complement

Let P be a plithogenic set, representing the students from a college. Let x € P be a generic student that is
characterized by three attributes:

- altitude, whose values are {tall, short}% {a,, a,};
- weight, whose values are {obese, fat, medium, thin}% {w;, w,, ws, w, };
- hair color, whose values are {blond, reddish, brown}% {h,, h,, h3}.

Florentin Smarandache. Plithogenic Set, an Extension of Crisp, Fuzzy, Intuitionistic Fuzzy, and Neutrosophic Sets
- Revisited



Neutrosophic Sets and Systems, Vol. 21, 2018 161

The multi-attribute of dimension 3 is
Vs ={(a;wj, hy),forall1<i<2,1<j<41<k<3}
The cardinal of V5 is |V53] =2 X 4 X 3 = 24.

The uni-dimensional attribute contradiction degrees are:
clay,az) =1,
1 2
C(W1’W2) = 51 C(Wl' W3) = 5! C(W1'W4) = 11
C(hl,hz) = 0.5, C(hl,h3) = 1.
Dominant attribute values are: a,, w,, and h, respectively for each corresponding uni-dimensional attribute.
Let’s use the fuzzy t, o, = a Arb =ab, and fuzzy t.opnerm = a Veb=a + b —ab.
5.4.1 Tri-Dimensional Plithogenic Single-Valued Fuzzy Set Intersection and Union

Let

Xy = dA(x al,wj,hk) (40)
forall1<i<2,1<j<41<k<3

and

X dB(x al,wj,hk) (41)
B foralll<i<21<j<41<k<3f

Then:

(1-c(ap.a))[da(xa5) Ar dg (x,8) ]
+c(ap,ay)-[d,(x.ap) ve dg (x,8) ] 1<i<2;
(l—C(WD,Wj))-[dA(X,WD)/\F dB(X,Wj)]
+C(WD,WJ-)-|:dA(X,WD)\/F dB(X,Wj):|,1£j§4;
(@=(Ngsh))-[dn (X,0p) Ar g (X1 )]
+c(hy,h)-[da(X.hp) v dg (x,h,) ] 1<k <3.

Xa (3, w.h ) Ap X (8,0, ) =

(42)
and
(1-c(ap.a))[da(xap) Ve dg(x.a)]
+C(ap,a;)-[d,(x.a5) Ap dg xa}lsisZ;
1-c(wy,w, )) [ d
Xa (8, W, h ) ve Xg (8w, by ) = (clw W))[ (X¥o) v )J
+c(WD,wj).[d (X,Wp ) Ag d ( )] 1<j<4
(1-c(hp,h))-[da(xhp) ve dg (x,h) ]
+¢(hp.h ) [da(x.hp) Ap dg (.0 ) | 1<k <3, 43)
Let’s have
x,(dy(a)) = 0.8, dy(w,) = 0.6,d,(hs) = 0.5)
and

XB(dB(al) = 0.4‘, dB(WZ) = 0.1, dB(h3) = 0.7).
We take only one 3-attribute value: (a,, w,, h3), for the other 23 3-attribute values it will be analougsly.
For x, A, x we calculate for each uni-dimensional attribute separately:

[1 - c(ap,a)]- [0.8 A 0.4] +cap, a,) - [0.8 Ve 0.4] =(1-0)-[0.8(0.4)] +0- [0.8 Ve 0.4] = 0.32;
[1 — c[wp, w,] - [0.6 Ap 0.1] + c(wp,wy) - [o.st 0.1]] = (1 - %) [0.6(0.1)] + % [0.6 + 0.1 — 0.6(0.1)]

0.76
= —[0 06] + = [0 64] = ——~ 0.25;
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[1 - c(hp, hs)] - [0.5 A 0.7] + c(hp, hs) - [0.5 v 0.7] =[1-1]-[0.5(0.7)] + 1+ [0.5 + 0.7 — 0.5(0.7)]
=0-[0.35] + 0.85 = 0.85.
Whence x, A, xg(a;, wy, hs) ~ (0.32,0.25,0.85).
For x4 V,, x5 we do similarly:
[1 - c(ap,a,)]- [0.8 Ve 0.4] +c(ap, ay) - [0.8 A 0.4] =(1-0)-[0.8 + 0.4 — 0.8(0.4)] + 0 [0.8(0.4)]
=1-[0.88] + 0 = 0.88;

[1 — c[wp, w,] - [0.6 Ve 0.1] + c(wp, ws) - [0.6 A 0.1]] = (1 - %) [0.6 + 0.1 — 0.6(0.1)] + % [0.6(0.1)]

—2[064]+1[0 06] = 134 0.44;
—3 . 3 . - 3 ~ . )

[1 = c(hp, hy)] - [0.5 Ve 0.7] + clhp, hs) - [0.5 Ag 0.7] = [1 = 1]-[0.5 + 0.7 = 0.5(0.7)] + 1 - [0.5(0.7)]
=0+ 0.35=0.35.
Whence x4 V), xg(a;, wy, h3) ~ (0.88,0.44,0.35).
For —,x4(aq, Wy, h3) = (d4(az) = 0.8,d,(w3) = 0.6,d4(h,) = 0.5), since the opposite of a, is a,, the op-
posite of w, is wg, and the opposite of h5 is h;.

5.5 Another Example of Multi-Attribute (of 5 Attribute-Values) Plithogenic Fuzzy Set Complement
and Refined Attribute-Value Set

The 5-attribute values plithogenic fuzzy complement (negation) of

0 0.50 0.75 0.86 1
x (small, medium, big, bigger, very big)
0.8 01 03 04 0.2

Is:
1-1 1-086 1-0.75 1-0.50 1-0
—pX | anti — very big, anti — bigger, anti — big, anti — medium, anti — small
0.2 0.4 0.3 0.1 0.8

0 0.14 0.25 0.50 1
= pX (small, anti — bigger, anti — big, medium, very big>
0.2 0.4 0.3 0.1 0.8
0 0.14 0.25 0.50 1
= X <small, above small, below medium, medium, very big).
0.2 0.4 0.3 0.1 0.8
Therefore, the original attribute-value set
V = {small, medium, big, bigger, very big}
has been partially refined into:
RefinedV = {small, above small, below medium, medium, very big},

where above small, below medium € [small, medium].

5.6 Application of Bi-Attribute Plithogenic Single-Valued Set

Let U be a universe of discourse, and P c U a plithogenic set.
In a plithogenic set P, each element (object) x € P is characterized by m > 1 attributes a4, @y, ..., &,,, and
each attribute a;, 1 < i < m, hasr; > 1 values:

Vi ={Vis Vigs o Vi 3

Therefore, the element x is characterized by r = r; X r, X ... X 13,, attributes’ values.

For example, if the attributes are “color” and “height”, and their values (required by the application the experts
want to do) are:

Color = {green, yellow, red}
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and
Height = {tall, mediumj},

then the object x € P is characterized by the Cartesian product

Color x Height = {(green, tall), (green, medium), (yellow, tall),}.

(yellow, medium), (red, tall), (red, medium)

Let’s consider the dominant (i.e. the most important, or reference) value of attribute “color” be “green”, and
of attribute “height” be “tall”.
The attribute value contradiction fuzzy degrees are:

c(green, green) = 0,

c(green,yellow) = g,

c(green,red) = 2

31
c(tall, tall) = 0,
c(tall, medium) = %

Suppose we have two experts A and B. Further on, we consider (fuzzy, intuitionistic fuzzy, or neutrosophic)
degrees of appurtenance of each attribute value to the set P with respect to experts’ criteria.

We consider the single value number fuzzy degrees, for simplicity of the example.

Let v; be a uni-attribute value and its degree of contradiction with respect to the dominant uni-attribute value
vp be c(vp, v;) ¥ ¢;.

Let d,(x, v;) be the appurtenance degree of the attribute value v; of the element x with respect to the set A.
And similarly for dg(x,v;). Then, we recall the plithogenic aggregation operators with respect to this attribute
value v; that will be employed:

5.6.1 One-Attribute Value Plithogenic Single-Valued Fuzzy Set Intersection

daCe,vi) Ay dg(x,vi) = (1 — ¢;) - [da(x, v;) Ap dp(x, v)] + ¢ - [da(x, ) Vi d(x, )] (44)
5.6.2 One-Attribute Value Plithogenic Single-Valued Fuzzy Set Union

da(x,v) Vp dp(x,v) = (1 —¢;)  [da(x,v) Ve dp(x, v)] + ¢; - [da(x, ;) Ap dp(x,v))] (45)
5.6.3 One Attribute Value Plithogenic Single-Valued Fuzzy Set Complement (Negation)

v = anti(v) = (1 —¢) " v; (46)

_'pdA(x: I =cvy) = da(x, vy) (47)

5.7 Singe-Valued Fuzzy Set Degrees of Appurtenance

According to Expert A: du: {green, yellow, red; tall, medium} - [0, 1].
One has:

da(green) = 0.6,
da(yellow) = 0.2,
da(red) = 0.7;
da(tall) = 0.8,
da(medium) = 0.5.

We summarize as follows:

According to Expert A:

Contradiction 0 1 2 0 1

Degrees 3 3 2

Attributes’ Values green | yellow | red tall medium

Fuzzy Degrees 0.6 0.2 0.7 0.8 0.5
Table 3.
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According to Expert B:

Contradiction 0 1 2 0 1

Degrees 3 3 2

Attributes’ Values green | yellow | red tall medium

Fuzzy Degrees 0.7 0.4 0.6 0.6 04
Table 4.

The element
x{ (green, tall), (green, medium), (yellow, tall), (yellow, medium), (red, tall), (red, medium) } € P
with respect to the two experts as above is represented as:
x,{(0.6,0.8), (0.6,0.5), (0.2,0.8), (0.2,0.5), (0.7,0.8), (0.7,0.5)}
and
x5{(0.7,0.6), (0.7,0.4), (0.4, 0.6), (0.4, 0.4), (0.6, 0.6), (0.6, 0.4)}.

In order to find the optimal representation of x, we need to intersect x, and x5, each having six duplets.
Actually, we separately intersect the corresponding duplets.

In this example, we take the fuzzy t,,,m: @ Ag b = ab and the fuzzy t.onorm: @ Ve b = a + b — ab.
5.7.1 Application of Uni-Attribute Value Plithogenic Single-Valued Fuzzy Set Intersection
Let’s compute x4 A, Xg.
0 O 0 0 {degrees of contradictions}
(0.6,0.8) A, (0.7,0.6) = (0.6 Ap 0.7,0.8 A, 0.6) = (0.6-0.7,0.8-0.6) = (0.42,0.48),

where above each duplet we wrote the degrees of contradictions of each attribute value with respect to their
correspondent dominant attribute value. Since they were zero, A, coincided with A.

{the first raw below 0 % and again 0 % represents the contradiction degrees}

1 1

0 = 0 =

(o.e’ 025> Ay (0_7, 024> = (0.6 A, 0.7,0.5 A, 0.4) = (0.6 0.7, (1 — 0.5) - [0.5 Ap 0.4] + 0.5 - [0.5 V- 0.4])
' = (0.42,0.5[0.2] + 0.5[0.5 + 0.4 — 0.5 - 0.4]) = (0.42, 0.45).

1 1
1 1
7,20, (3.0 )=(024,04,08,06) = ({ 1- —} [0.2 Ay 0.4] + {—} -[0.2 v 0.4],0.8 - 0.6)
0.8 0.6 3 3
0.2 0.4

~ (0.23,0.48).

1 1 1 1
(5, E)x\p(g, §>=(0.2/\p0.4,o.5/\p0.4)

0.2 0.5 04 04
(they were computed above)

~ (0.23,0.45).

2 0 2 0 2 2
3, Ao | 3 = (0.7 Ap 0.8,0.8 A, 0.6) = ({1 — —}- [0.7 Ag 0.6] + {—} -[0.7 vg 0.6], 0.48)
07 0.8 06 0.6 3 3
(the second component was computed above)

1 2
= (5 [0.7-0.6] + 3 [0.7 + 0.6 — 0.7 - 0.6], 0.48) ~ (0.73,0.48).
And the last duplet:

2 1 2 1
<§, E)x\p(g, 5):(0.7Ap0.6,0.5/\p0.4)

0.7 0.5 0.6 0.4
~ (0.73,0.45)
(they were computed above).
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Finally:
A {(0.42,0.48), (0.42,0.45), (0.23,0.48), (0.23,0.45),}
AT B (0.73,0.48), (0.73,0.45) ’

or, after the intersection of the experts’ opinions A/\rB, we summarize the result as:

Contradiction 0 1 2 0 1
Degrees 3 3 2
Attributes’ Values green yellow | red tall medium
Fuzzy Degrees of 0.6 0.2 0.7 0.8 0.5
Expert A for x

Fuzzy Degrees of 0.7 0.4 0.6 0.6 0.4

Expert B for x
Fuzzy Degrees of 0.42 0.23 0.73 0.48 0.45
Xa N\p Xp
Fuzzy Degrees of 0.88 0.37 0.57 0.92 0.45
x4V »XB

Table 5.

5.7.2 Application of Uni-Attribute Value Plithogenic Single-Valued Fuzzy Set Union
We separately compute for each single attribute value:
dj (x, green) v, dg(x, green) = 0.6 V, 0.7 = (1 —0) - [0.6 V£ 0.7] + 0 [0.6 Az 0.7]
=1-[064+0.7—-0.6-0.7] + 0 = 0.88.
1 1
dj (x,yellow) v, d(x, yellow) = 0.2V, 0.4 = (1 - §> -[0.2vy0.4] + 3 [0.2 Ap 0.4]

2 1
=37 (02+04-02:04) +5(02-04) ~037.

2 2
dj(x,red) v, di(x,red) = 0.7V, 0.6 = {1 — 5} [0.7 vy 0.6] + 3 [0.7 Ap 0.6]
1 2
=5 (0.7+0.6-07-0.6) +5(0.7-06) ~ 057.
df (x, tall) v, df(x, tall) = 0.8 V,, 0.6 = (1 — 0) - (0.8 + 0.6 — 0.8+ 0.6) + 0 - (0.8 0.6) = 0.92.

1 1
dj (x, medium) v,, dj;(x, medium) = 0.5V, 0.4 = > (0.5+0.4—-05-04) + > (0.5:0.4) = 0.45.

5.7.3 Properties of Plithogenic Single-Valued Set Operators in Applications

1) When the attribute value contradiction degree with respect to the corresponding dominant attribute value is
0 (zero), one simply use the fuzzy intersection:

dA,\pB(x, green) = d,(x, green) Ap dg(x, green) = 0.6-0.7 = 0.42,
and
dA,\pB(x, tall) = d,(x, tall) Ap dg(x, tall) = 0.8+ 0.6 = 0.48.

2) But, if the attribute value contradiction degree with respect to the corresponding dominant attribute value is
different from 0 and from 1, the result of the plithogenic intersection is between the results of fuzzy t,,,,m and

fuzzy teonorm-
Examples:

du(x, yellow) Ap dg(x, yellow) = 0.2 Ap 0.4 = 0.2 - 0.4 = 0.08 (tnorm)»
da(x,yellow) Vg dg(x, yellow) = 0.2 Vy 0.4 = 0.2+ 0.4 — 0.2 0.4 = 0.52 (tconorm);

while
ds(x, yellow) A, dg(x, yellow) = 0.23 € [0.08,0.52]
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{or 0.23 = 0.2266... = (2/3)x0.08 + (1/3)x0.52, i.e. a linear combination of ¢y, and teonorm}-
Similarly:

dy(x,red) A, dp(x,red) = 0.7 Ap 0.6 = 0.7 - 0.6 = 0.42 (ty0rm),
ds(x,red) v, dg(x,red) = 0.7 V£ 0.6 = 0.7 + 0.6 — 0.7 - 0.6 = 0.88 (tconorm);

while

d,(x,red) A, dp(x,red) = 0.57 € [0.42,0.88]
{linear combination of t,,y;-, and teonorm-

And

d,(x, medium) Ap dg(x, medium) = 0.5 Ap 0.4 = 0.5+ 0.4 = 0.20,
d,(x, medium) Vp dg(x, medium) = 0.5V 0.4 = 0.5+ 0.4 — 0.5- 0.4 = 0.70,

while

d,(x, medium) A, dg(x, medium) = 0.45,
which is just in the middle (because “medium” contradiction degree is %) of the interval [0.20, 0.70].

Conclusion & Future Research

As generalization of dialectics and neutrosophy, plithogeny will find more use in blending diverse philosoph-
ical, ideological, religious, political and social ideas. After the extension of fuzzy set, intuitionistic fuzzy set, and
neutrosophic set to the plithogenic set; the extension of classical logic, fuzzy logic, intuitionistic fuzzy logic and
neutrosophic logic to plithogenic logic; and the extension of classical probability, imprecise probability, and neu-
trosophic probability to plithogenic probability [12] — more applications of the plithogenic set/logic/probabil-
ity/statistics in various fields should follow. The classes of plithogenic implication operators and their correspond-
ing sets of plithogenic rules are to be constructed in this direction. Also, exploration of non-linear combinations of
thorm @nd teonorm, OF OF other norms and conorms, in constructing of more sophisticated plithogenic set, logic and
probabilistic aggregation operators, for a better modeling of real life applications.
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