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Abstract: The objective of this paper is to study algebraic properties of neutrosophic matrices, where
a necessary and sufficient condition for the invertibility of a square neutrosophic matrix is presented
by defining the neutrosophic determinant. On the other hand, this work intro duces the concept of
neutrosophic Eigen values and vectors with an easy algorithm to compute them. Also, this article
finds a necessary and sufficient condition for the diagonalization of a neutrosophic matrix.
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1. Introduction

Neutrosophy is a general form of logic founded by Smarandache to deal with indeterminacy in all
fields of knowledge science. We find many applications in, decision making [2,3,23], optimization
theory [1], topology [ 7], medical studies [26,27] energy studies [25], and humber theory [1€],
Recently, there is an increasing interesting in algebraic applications of neutrosophy such as
neutrosophic modules [11,17, spaces §,18, rings [14,164, and their generalizations [5,6,19.

After the emergence of the neutrosophic logic at 1995 there werea lot of applications to handle the

indeterminacy notion. It is common for anyone to say that an unknown data is indeterminate than
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saying it is not exist as well in mathematics. Because whenthat the unknown data is not exist to a
common mind it means that this data is absentdoes not exist. However, indeterminacy is suitable,
for we can say to ary layman, "We cannot determine what you ask for", but we cannot say, "your
inquiry is not exist ". Therefore, when we are in a moderate position as we cannot perceive 1 for un
known data, so we felt it is appropriate under these circumstances to introduce the notion of
indeterminacy | where + L + Using this indeterminacy, we construct some notion regarding
neutrosophic matrices, which can be used in neutrosophic models. Researchers have already defined
the concept of neutrosophic matrices and have used hem in Neutrosophic Cognitive Maps model
and in the Neutrosophic Relational Equations models, which are analogous to Fuzzy Cognitive Map
and Fuzzy Relational Equations models respectively.

In [21], Kandasamy et al, proposed for the first time the notion of bi-matrices. Also, a minimal study
of their properties can be found in [ 8,12,13].

In this essay andfor the first time sheds the light on the notion of determinant of a neutrosophic
matrix, and we find the form of its inverse and illustrate them with examples. Also, we introduce
easy algorithms to find Eigen values and vectors for neutrosophic matrices, with a direct application
into the pr oblem of diagonalization.

Neutrosophic matrices are useful in the study of indeterminacy and they have many important
properties in algebra, from this point of view we introduce this work.

All matrices through this paper are defined over a neutrosophic fie Id (:+a

2. Preliminaries

Definition 2.1 [24]: Let : be anon-empty fixed set. A neutrosophic set # is an object having the
form <T&aw: T4k T4k T;;aTD: =, where &:T,, U:T, =J@ (:T;represent the degree of
membership, the degree of indeterminacy, and the degree of non-membership respectively of each
element T B : tothe set #.

Definition 2 .2[10]: Let - be a field, the neutrosophic file generated by A & +Awhich is denoted by
-iE LA &

Definition 2.3 [9]: Classical neutrosophic number has the form =E > -+where =&>are real or
complex numbers and +is the indeterminacy such that r &L r and + L +which results that

£ L +for all positive integers J.

Mohammad Abobala, Ahmed Hatip, Necati Olgun,4Said Broumi, Ahmad A.Salama and Huda EKimlathebraic
Creativity in The Neutrosophic Square Matrices



NeutrosophiSets and Systemgol. 40, 2021 3

Definiton 2.4 (Neutrosophic matrix) [16]. Let /aps L < =y +=yD- +=avhere - :%is a
neutrosophic field. We call to be the neutrosophic matrix.
3. Main discussion
Definition 3.1:
Let / L #E $+a neutrosophic Jquare matrix, where # and $ are two J squares matrices, then
/ is called aninvertible neutrosophic J square matrix, if and only if there exists an J square
matrix 5L & E 5+, where & and 5 are two Jsquare matrices such that
5@& L/ &L 7;45&here 7;,4 denotes the J HJ identity matrix.
Definition 3.2:
Let / L #E $ +be a neutrosophic Jsquare matrix. The determinant of M is defined as
QAR @AE#Q@APES, F@APH
Theorem 3.3:
Let / L # E $ +a neutrosophic square J HJ matrix, where #, $ are two squares J HJ matrices,
then / isinvertible if and only if # and # E $ are invertible matrices and
[ 7S L #75SESH#ES S F#75?
Proof:
If #and # E $ are invertible matrices, then :# E $;7°4#7° are existed, and
[ 75 L #’°E+:#E$,;?%F #75?exists too. Now to prove / ?Ss the inverse of / &
I17°L #ES$+RHPE+H#ES$,?°F#7°2
LA#PE+#8 #ES$,""F#+"ES B PES #ES$," F $47°?

L7;ua E+ #ES$, #ES$,°°F 7,457

L 7504 E+75pa F 7ana?L Tspa L 1 751 .
conversely, we suppose that / s invertible, thus there is a matrix 5L 5 E 5+ with the property
| ®@L5® L Tzps -
/5L #ES+ KERYLEFE+#ES, S ER; FAR?L 7544 Erszus=5/. Hence, we get:
(@Q5#L 45 L 7,4, 8DQ @EBIJRANRH &PL 5
(b):#ES$; S ER;FA5 L S ES;:#ES; F5#L 1;4dhus,

RES;#ES, L #ES$, 5 ER, L#5 L 7545 - Thisimpliesthat :# E $;is invertible.
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Theorem 3.4:

/ is invertible matrix if and only if @ ATMr.

Proof:

From Theorem 3.3 we find that / is invertible matrix if and only if # E $&¢ are two invertible
matrices, hence @ /# E $7Mra@ A Mi which means

QAU @AE#TIH#ES, F@AFMr.

Example 3.5:

Consider the following neutrosophic matrix

.S FsE+

E
/ L#E$-IL.+ {E+

t

S

Where #L (5 "Sa,sL (" Sa
r S S

Q) @ATHAES L <§ LA(ﬂ:#E$; Lud@ AN/t E+uFt?Lt E+MrdAJ?/AEGJRANPE>HA

5

S - S r
(b) We have #°° L L _§M;:#E$;?5 L FF_i 5GHDQ / P5L 475, E+:#ES$;°°F 4757

r P 7

5 5
S - -
LL gI\/E+LF5 ML L

r - F F
7 :

F-+
M

F-+

6

olooln
cloolo

s
5

S+
-

(c) We can compute / / 75 L (f ;AL Tens

Theorem 3.6:

Let / L # E $ +be a neutrosophic J square matrix, were # and $ are two J square matrices, then
ua; | AL HAE+ #ES$AF #2?

ukd ;! EQEHLKEBJRIJHHR&# ES=NAEHLKPAJP
ukd ;! EGEAILKPABP@RIHEBRH# ES=NE@AILKPAJP
Proof:

(3.61) By using mathematical induction, it easy to see 2:NL s; is true.
Suppose 2: G é&hen we must prove Z:CGE <; is true like the following

[ ¥ L/ P® L #PE+#ES$PF#P2R#E+$

LHSE- 4P @B EH#ES,"HE H#ESPRBFA FF+H &2
LA E+#ES$PR#ES; F#°?

L& E+ #E$;F>°F %52
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(2) /isnilpotent EBJ@ JHALT ND0>2/ & L r, this is equivalent to

#E+ #ES$;2F#22L r, thus

# L #E $;2 L r. Which is equivalent to

#& E $ arenilpotent .

(3) The proof is similar to (2).

Theorem 3.7:

Let / L#E$+and O L %E & +be two neutrosophic Jsquare matrices, then
(37) @4 ®;L @AMR@APO

(3.72 t1:/ 7% L @A 7Pa

(3.7.3 @ANAifandonlyif @ATHD ME$; L s

Proof:

(@) | @ L#®E+$®UES GRE#®&R?

L#®E+ HES, . UE & F# O

T/ @;LT1#®ME+TIHHES, UE & cF T1:#®4g
LTI#(TIYE+T1#ES, (11 UYE& FT1#®467

LTf#(TTUE+T1H#ES, (T1UE& FTE# (T

LTI#E+T1#ES$ FTI#2@RTIYE+T1 . YE& F T 1%,

Lt%/ (tf0

(b) We have

T4/ /7% L 11750 L sEDQ@ART T/ 75 L sdOKD= 11/ 7% L:@A “Pa
(c) @ATUsisequivalentto TF#E+tT1:#E$; Ft$#7L s&husitis equivalent to
@ATHD MFE$; L s

Remark: The result in the section (c) can be generalized easily to the following fact:
@ATY@AR&ndonlyif @ATHD MES;

Definition 3.8:

Let / L #E $+be a neutrosophic Jsquare matrix, where # and $ are two Jsquarematrices /
is satisfying the orthogonality property if and only if / / ' L 7544

Theorem 3.9:
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Let / L #E $ +a neutrosophic J square matrix, then

(@ / EO-S "% EEI@RIHABEG f"+ ™" —S %o =ffL"<.aF

(b) +B EO-S' % ‘afZt@ A <sFsFsEt+#sFt-=

Proof:

@ /| EO-S % ‘efz—""e" & BBIJ@IHLT ' L/ ?5 thisis equivalent to

# ES +L #°SE+#ES$,?°F#57thus

5 L& C#HES$?SF425L$ . Thisis equivalent to

5 L4 =0 #E$P LS E#SL S E# L :#E$: . Thus the proof is complete.

(b) If M is orthogonal, we getthat @ A/ ¢/ L@t Tsnas L s This implies

@AT®@ /PLs

't1/ ;5L s hence

@AMB<sFsFsEt+#sFt-=

Definition 3.10:

Let / L #E $ +be a square neutrosophic matrix, we say that M is diagonalizable if and only if there
is an invertible neutrosophic matrix 5L %E & +such that 5°°/5 L & Where & is a diagonal
neutrosophic matrix | B @ L r EEMREJ @ Mr EEL Fo

Theorem 3.11:

Let / L #E $+ be any square neutrosophic matrix. Then M is diagonalizable if and only if #& E
$ are diagonalizable.

Proof:

Consider a diagonalizable neutrosophic matrix M, then there exists an invertible matrix S such that
5?%/5 L - kG ¢3.11,1)

Now, to compute the entries elements Gy solve (3.1.11) agollows :

BSE+UE &5F B PYHE S+ UE &+ L W5 E S WE &5 F WS UE = #E $;:%E &, F
#ORYL WBoH# UE S WE &5 HE $; %E & F %B°# %L & E :& F &;+L - . Where - is a
diagonal matrix, thus &;&% are diagonal, and #& E $ are diagonalizable. Conversely, assume
that #& E $ are diagonalizable, then there are %&awvhere % °# % & &°°:#E $;& L & . Put

5L %E & F %+
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Now we compute 57°/5 L ¢B°E +8&°°F B YH#E $+:%E :& F %+

L BSE+R°F B S UHUE SH#HES$;:& F#IBL YBo°# UE +&°°HE $,&F B°# %

L & E :& F &;+L -.Thus,/ is diagonalizable, that is because &;&% are diagonal matrices.
Remark 3.12:

If %is the diagonalization matrix of # and &is the diagonalization matrix of # E $, then

5L %E :& F % 1s the diagonalization matrixof / L #E $#&

Example 3.13:

Consider the neutrosophic matrix defined in Example 3.5, we have:

(a) #is a diagonalizable matrix. Its diagonalization matrix is %L @ FSSA’ the corresponding
diagonal matrix is & L @ :A we can see that %6°# % & Also, the diagonalization matrix of

s r
#ES$is &L Fes SGthe corresponding diagonal matrix is &g L @ LAIt is easy to check that
6

&5 HES$; &L &

(b) Since #&t E $ are diagonalizable, then M is diagonalizable. The neutrosophic diagonalization

S sF+
matrix of Mis 5L %E :& F %+L FF—5 + EsSEt 4G The corresponding diagonal matrix is
6

.L&5E+h§6F&5?L@§ trE+A

S sF+

(c) Itis easy to see that 57° L %6° E & F %6°?L B, .46
6

+

s sF+ F S sF+
25 SE+ _ r
(d) We can compute 5°°/5 L F_’Z+ FsEt+G@+ tE+AFF—2+ FsEt+G —@rﬁ tE+AL .

Definition 3.14:

Let / L #E $+be a Jquare neutrosophic matrix over the neutrosophic field (:+awve say that
<L : E;+is a neutrosophic Eigen vector if and only if /< L :=E > +< The neutrosophic humber
=E > s called the Eigen value of the eigen vector <&

Theorem 3.15:

Let / L #E $+be a J square neutrosophic matrix, then =E > 4s an egen value of / if and only
if =is aneigen value of # and =E >is aneigen value of # E $ As well as, the eigen vector of /is
<L : E;+ifandonlyif : isthe corresponding eigen vector of #dand : E ; is the corresponding

eigen vector of #E $.
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Proof:

We suppose that <L : E; +is an eigen vector of / with the corresponding eigen value =E >+
hence /< L :=E > < this implies

H#ES$+t E;+ L:=E>%: E;+dDQ@ . E+=#ES$;:: E;;F#:?2L=E+=E>:: E;;F
=:?We get:

#:L=:a#ES$;:: E;;L:=E>;:: E;; so that : is an eigen vector of # : E; is an eigen

vector of # E $ The corresponding eigen value of : is 5 and the corresponding eigen value of

For the converse, we assume that : is an eigen vector of # with =as the corresponding eigen
value, and : E; is an eigen vector of # E $with =E >as the corresponding eigen value, so that
weget #: L =:a#E$;:: E;;L:=E>:: E;).

Let us compute

/< L:#ES$+t: E;¥ L# . E=#ES$,:: E; F#:?

L=E+=E>: E;;F=:?L:=E>+: E;+ L:=E>+4< Thus <L : E;+is an eigen vector
of Mwith =E > +as a neutrosophiceigen value.

Theorem 3.16:

The €gen values of a neutrosophic matrix / L #E $+can be computed by solving the
neutrosophic equation @ A/PF :=E>+7445; L 1.

Proof:

We have @A/PF :=E >+734a: L T3 F =73 ?E S8 F >7,547

LTF#F =734 ?EPTF#ES$, F =E > 7apa) F T3# F =74544 7?Thus, the equation

@ A/PF :=E >+7444; L ris equivalent to

TIHF =705 ?L 1 U XS, &I @ T-H#ES, F 2E>Tanqas FTIHF =7,4:7L 1 (udxd;

From equation :u& x&;awe get =aseigen value of # and from :u& »d ; we get

StE#ES$, Fi=E > 734a; L TI# F =7445 7L 1, thus = E >is an eigen value of # E $.

Example 3.17:

Consider / the neutrosophic matrix defined in Example 3.5, we have
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(a) The eigen values of the matrix A are {1,2}, and {1,3}for the matrix # E $. This implies that the
eigen values of the neutrosophic matrix / are

SE:uFs;#sE:sFs;#t E:uFt;+ E:sFt;+=L SEt+sd E+#& F =

(b) If we solved the equation T 1+ F :=E > %7444 =0 has been solved the same valueswill be
gotten.

(c) Theeigen vectors of A are <sd&;asé s;=he eigen vectors of # E$ are <s&s t;ar&;=Thus,
the neutrosophic eigen vectors of M are

Ds&; E+r&; F:sd&;&asda; E+@éF—2AF 's@;CAsés; E+r&; F :s&s;%sds; E

+B@éF—ZAF 'S& s, EL <s&; E+Fs&;asd; E+rdas t;4s&s; E+Fsd;asds, E+r& t;=L
<sF &t as&Fst ¥dsFHFSEt+as&sEst +=.

To determine the neutrosophic eigen vectors using Theorem 3.15. let : be an eigen vector of
#a= J @be an eigen vector of #E $ hence : E>;; F: 2L : E:; F: ;+isanEigenvectorof / L
HES$+

Conclusion

In this article, we have determined necessary and sufficient conditions for the invertibility and
diagonalization of neutrosophic matrices. Also, we have found an easy algorithm to compute the
inverse of a neutrosophic matrix and its Eigen values and vectors.

As a future research direction, we aim to find the representation of neutrosophic matrices by linear
transformations in neutrosophic vector spaces.
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Abstract: The correlation coefficient between two variables plays an essential part in statistics. In
addition, the preciseness in the assessment of correlation relies on information from the set of
discourse. The data collected for various statistical studies is full of ambiguities. In this article, we
investigated some fundamental concepts that strengthen the current research structure, such as soft
sets, hypersoft sets, neutrosophic hypersoft set (NHSS), and intervalvalued neutrosophic hyper soft
set (IVNHSS). The IVNHSS is an extension of the interval -valued neutrosophic soft set The main
objective of this paper is to develop the conceptof correlation and weighted correlation coefficients
for IVNHSS. We also, discuss the desirable properties of correlation and weighted correlation
coefficients under the IVNHSS environment in the following research. Also, develop a decision-
making technique based on the proposed correlation coefficient. Through the developed
methodology, a technique for solving decision -making concerns is planned. Moreover, an
application of the projected methods is presented for the selection of a medical superintendent in a
public hospital .

Keywords: Hypersoft set, NHSS, IVNHSS, correlation coefficient, weighted correlation coefficient

1. Introduction

Correlation plays a vital role in statistics and engineering; through correlation analysis, the joint
relationship of two variables can be used to evaluate the interdependence of two variables. Although
probabilistic methods have been applied to various pr actical engineering problems, there are still
some obstacles to probabilistic strategies. For example, the probability of the process depends on the
large amount of data collected, which is random. However, large complex systems have many fuzzy
uncertainties, so it is difficult to obtain accurate probability events. Therefore, due to limited
guantitative information, results based on probability theory do not always provide useful
information for experts. In addition, in practical applications, sometimes th ere is not enough data to
correctly process standard statistical data. Due to the aforementioned obstacles, results based on
probability theory are not always available to experts. Therefore, probabilistic methods are usually
insufficient to resolve such inherent uncertainties in the data. Many researchers in the world have
proposed and suggested different methods to solve problems that contain uncertainty. First, Zadeh
developed the concept of a fuzzy set (FS) [1] to solve those problems that contain uncetainty and
ambiguity. It can be seen that in some cases, FS cannot solve this situationTo overcome such
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situations, Turksen [2] proposed the idea of interval -valued fuzzy sets (IVFS). In some cases, we must
carefully consider membership as a non-member value in the proper representation of objects that
cannot be processed by FS or IVFS under conditions of uncertainty.To overcome these difficulties,
Atanasov proposed the idea of intuitionistic fuzzy sets (IFSs) [3]. The theory proposed by Atanassov
only deals with insufficient data due to membership and non -membership values, but IFS cannot
deal with incompatible and imprecise information.

Molodtsov [4] proposed a general mathematical tool to deal with uncertain, ambiguous, and
undefined substances, alled soft sets (SS). Maji et al. [5] Expanded the work of SS and developed
some operations with properties. In [6], they also use SS theory to make decisions. Ali etc. [7]
Modified the Maji method of SS and developed some new operations with its propertie s. By using
different operators, they proved De Morgan's laws [8] under the SS environment. Cagman and
Enginoglu [9] proposed the concept of soft matrices with operations and discussed their properties.
They also introduced a decision-making method to solv e problems that contain uncertainty. In [10],
they modified the operation proposed by Molodtsov's SS. Maji et al. [11] proposed the concept of
fuzzy soft set (FSS) by combining FS and SS. They also proposed an Intuitionistic Fuzzy Soft Set (IFSS)
with basic operations and attributes [12]. Atanassov and Gargov [13] extended the theory of IFS and
established a new concept called Interval Valued Intuitionistic Fuzzy Set (IVIFS). Zulgarnain et al.
[14] utilized the intuitionistic fuzzy soft matrices for diseasediagnosis. Yang et al. [15] proposed the
concept of interval -valued fuzzy soft sets with operations (IVFSS) and proved some important results
by combining IVFS and SS, and they also used the developed concepts for decisiormaking. Jiang et
al. [16] proposed the concept of interval-valued intuitionistic fuzzy soft sets (IVIFSS) by extending
IVIFS. They also proposed the necessity and possibility operations for IVIFSS with their properties.
Zulgarnain and Saeed [17] developed some operations for interv al-valued fuzzy soft matrix (IVFSM)
and proposed a decision-making technique to solve the decision making problem. They also applied
the IVFSM for decision making [ 18], a comparison among fuzzy soft matrices and IVFSM in [ 19]. Ma
and Rani [20] constructed an algorithm based on IVIFSS and used the developed algorithm for
decision-making. Zulgarnain et al. [21] developed the aggregation operators for IVIFSS. They also
extended the TOPSIS techniqueunder IVIFSS and utilized the presented approach to solving multi -
attribute decision making pr oblem. Zulgarnain et al. [22] utilized fuzzy TOPSIS to solve the multi -
criteria decision-making (MCDM) problem.

Maji [23] offered the idea of a neutrosophic soft set (NSS) with necessary operations and
properties. The idea of the possibility NSS was developed by Karaaslan [24] and introduced a
possibility of neutrosophic soft decision -making method to solve those problems which contain
uncertainty based on And-product. Broumi [25 developed the generalized NSS with some
operations and properties and used the proposed concept for decision making. To solve MCDM
problems with single -valued Neutrosophic numbers (SVNNSs) presented by Deli and Subas in [ 26],
they constructed the concept of cut sets of SVNNs.Based onthe correlation of IFS, the term CC of
SVNSs P7] was introduced. In [ 28] the idea of simplified NSs introduced with some operational laws
and aggregation operators such as weighted arithmetic and weighted geometric average operators.
They constructed an MCDM method on the base of proposed aggregation operators. Zulgarnain et
al. [29) presented the generdized version of neutrosophic TOPSIS and utilized the considered
technique to solve the MCDM problem. Hung and Wu [ 30] proposed the centroid method to calculate
the CC of IFSs and extended the proposed method to IVIFS. Bustince and Burillo B1] introduced the
correlation and CC of IVIFS and proved the decomposition theorems on the correlation of IVIFS.
Hong [32] and Mitchell [ 33] also established the CC for IFSs and IVIFSs respectively. Garg and Arora
introduced the correlation measures on IFSS and constructed the TOPSIS technique on developed
correlation measures [34]. Huang and Guo [35] gave an improved CC on IFS with their properties,
they also established the coefficient of IVIFS. Singh et al. 86] developed the one- and two - parametric
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generalization of CC on IFS and used the proposed technique in multi-attribute group decision -
making problem s. Zulgarnain et al. [37] proposed the aggregation operators for Pythagorean fuzzy
soft sets and developed a decisionmaking approach to solving multi -criteria decision making
problems. Sometimes experts considered the subattributes of the given attributes in the de cision-
making process. In such situations, all the above-discussed theories cannot provide any information
to experts about sub-attributes of the given attributes

To overcome the above-mentioned limitations Smarandche [3] extended the concept of soft sets
to hypersoft sets (HSS) by replacing function F of one parameter to multi-parameter (sub-attributes)
function defined on the cartesian product of n different attributes. The established HSS is more
flexible than soft sets and more suitable for decision-making environments. He also presented the
further extension of HSS, such as crisp HSS, fuzzy HSS, intuitionistic fuzzy HSS, neutrosophic HSS,
and plithogenic HSS. Nowadays, the HSS theory and its extensions rapidly progress, many
researchers developed different operators and properties based on HSS and its extensions [8-42).
Abdel -Basset et al. 43] plithogenic set theory was used to eliminate uncertainty and to evaluate the
financial performance of the manufacturing indus try. They then used the VIKOR and TOPSIS
methods to determine the weight of the financial ratio using the AHP method to achieve this goal.
Abdel -Basset et al. §4] presented an effective combination of plithogenic aggregate operations and
quality feature d eployment procedures. The advantage of this combination is to improve accuracy,
as a result, summarizes the decisiormakers. Zulgarnain et al. [45] extended the TOPSIS technique to
an intuitionistic fuzzy hypersoft set and developed some aggregation operat ors under-considered
environment. They also established a decisionmaking approach based on developed TOPSIS to solve
the MADM problem.

Basset et al. [46]proposed the type 2 neutrosophic numbers with some operational laws. They
also developed the aggregdion operators for type 2 neutrosophic numbers and developed the
decision-making technique based on developed operators to solve the MADM problem. Basset et al.
[47] established the AHP and VIKOR methods for neutrosophic numbers and utilized them for
supplier selection. Basset et al. [48] presented the robust ranking technique undera neutrosophic
environment for the green supplier chain management. Basset et al. [49] presented aneutrosophic
multi -criteria decision-making technique to aid the patient and physician to know if a patient is
suffering from heart failure —-S>S—+SE‘'Z 1 1'we12z—SceZ1e 1™ eYZ1e'"Z1 ™>7¢
truthness, indeterminacy, and falsity object of any sub -attribute is given in interval form. We know
that generally, the values vary, for example, medical experts generate the report of any patient we
can observe that the HP level of blood varies from 0-17.5, these values ca not be handled by NHSS.
To handle the above-discussed environment we need to develop IVNHSS. The developed IVNHSS
competently deals with uncertain problems comparative to NHSS and other existing studies. The
main objective of this research is to introduce CC and WCC for IVNHSS.

The following research is organized as follows: In Section 2, we review some basic definitions
used in the following sequels, such as SS,NSS,NH SS,and IVNHSS, etc. Section 3,established the
notions of CC and WCC under IVNHSS and discussed their desirable properties. An algorithm and
decision-making method developed in section 4 is based onthe proposed CC. We also used the
established approach to solve decision making problems in an uncertain environment. Finally, the
conclusion is made in section 5

2. Preliminaries

In this section, we recollect some basic definiions which are helpful to build the structure of the
following manuscript such as soft set, hypersoft set, and neutrosophic hypersoft set.
Definition 2.1[4]
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Let T be the universal set and 13 be the set of attributes concerning 7. Let &:7 ; be the power set
of i and & C R A pair (aad is called a soft set over i and its mapping is given as
aa\ é:;
Itis also defined as:
ad; L <a:B bé:i;aBPRAB L 1 EBNE=

Definition 2 .2[38]
Let i be a universe of discourse and &(i) be a powersetof i and G={G G G,...G 6 0—1A1WilZ1
a set of attributes and set - ya set of corresponding sub-attributes of Gjrespectively with -y O 4y =

1« HAAL WL e HIEFRIGWSIXOY Brall EYE Assume -5 X - X -, %1 601-%t B=
< gH =» H® H =, =be a collection of multi-attributes, where 1 Q DQ U1 Q GQ Uand1 Q HQ
Qand U Uand UD Y. Thenthe pair (& -5x -g% -,% 106 1Y §is said to be HSS over i and
its mapping is defined as
& -5 %X -gX -, Y4102y~ AN E(7).
It is also defined as
(& §= <€ap©Oadpasaz 9 b é:i ;=
Definition 2 .3[38]
Let i be a universe of discourse and &(i) be a powersetof i and G={G, G G,..G d00—1A1Wil1Z1
a set of attributes and set - ;ya set of corresponding sub-attributes of Gyrespectively with -y Ody =

1 e HAA1L W1 e H>IEFAGWOIXOF brall EYAE Assume -5 X -g x -, %1 01-%% &=
< gH = H® H =4 be a collection of sub-attributes, where 1 Q DQ U1 QGQ Yand1l Q HQ
Qand U Yand UP Yand 05' be a collection of all neutrosophic subsets over i. Then the pair
(& -5x -g%x -7Y%161Y%A §is said to be NHSS over i and its mapping is defined as
& -5x -gx -;¥41061YA &\ 05,
It is also defined as
(& & = [k€as:©oadbasas; © D 05 , where a5: € = [AKe,.0:UA16:ULg: GAUDI
where é5.4:U, i1.6:U, and (L.g:U; represent the truth, indetermin acy, and falsity grades of the
attributes such as &.q:U, i3.9:U0, (L.g:0 D >&?and0 Q &.4:U + i5.9:0 + (L.g:0 Q3.
Example 2.4
Consider the universe of discourse i = <QYdi=and G= <L 6ATEJCAM@ KHELIW
5Q > F AP? R ®6 H = G-BeAdDcollection of attributes with following their corresponding attribute
values are given as teaching methodology = .5 = <5sL LNKFA28#A;L ?H=Q@BGOCPOEKJ
Subjects= .= <L /=PDAI=PBE2QPL WKILQBARAERZA 5P=PE®REC&Bses=.; =
<L /=0OPANOL &K?PIN& Hi= .5 x .4 x .7 be a set of attributes
8% 5% 6% 717 Se¥wemH Ssfpeder H Sso6
=\ 55F 65875 & 75556 507 6 & 75 507 697 5 d 55976 657 6 & 5586 797 5 d 5506 7764

- =5 666 597 5 & =5 665 597 6 & =5 666 667 5, & 75 666 667 6 A 75 666 787 5 & 75 665 787 6 &

4= <QaQanxaQaqan a0 aQalaq a9 89 ¢~
Then the NHSS over 1 is given as follows
D& =
~ ka Y dalaa; ; & vpa saalab; ; okbya vy a apalaR; ; & Ypa adlab; ; okEya Ypa spallaah; ; & Yya avalJay; ; oa
@), &y & AEDER; 08y & 2EUIER; OAAGE) &Yy & 2848 4L, 0dk¥y & A0 Ich; OAAER), Ak & FABREY: 0K BAEREA; OA:
i k) & Y& Rabal; ; & Ypa avallaa; ; ok & Ypa sadab; ; & Ypa REAEY; ; kD) & Y& REYER;; & Y& 2asJEDb; ; 04 |
O kY, (f Yoa BAGYER; ; & Ypa 8a8JEA; ; odkl), @ Yod 888 ED; ; & Y& aYaJab; ; o) & Yya B D&, & Y BaEPEA; | 0
Definition 2 .5[42]

Rana Muhammad Zulgarnain, Xiao Long Xin, Bagh Ali, Said Broumi, Sohaib Abdal, Muhammad Irfan Abecisidn
Making Approach Based on Correlation Coefficient with its Properties Under Intsfalaled Neutrosophic hypersoft set
environment



Neutrosophic Sets and Systemasl. 41, 2021 16

Let i be a universe of discourse and &(i) be a powersetof i and G={G G G,...G 6 0—1A1WilZ1
a set of attributes and set - ya set of corresponding sub-attributes of Gyrespectively with -y O 4y =
1« HSHAL WL« HIEFHEA3 613 and E%E Assume -5 X -g X -,%1 01-Y%E &=
< gH =5 H® H =, &=be a collection of sub-attributes, where 1 Q DQ U1 Q G QUand1 Q HQ
Qand U Uand UP Yand +86' be a collection of all interval -valued neutrosophic subsets over
i. Then the pair (&, -5 % -gx -;%10%XY¥A § is said to be IVNHSS over i and its mapping is
defined as
& -5x -gx -;¥410tYA a4\ +86.
It is also defined as

( a |, 8 ) = [I€ga,6g0afspada; € P05 ,  where g =
DUrealeG) U,‘IaleGO U,‘la,e@ U AaUDi Ewhere €a160° U, i la) &' :U, and laleep U, represent the
interval truth, indetermin acy, and falsity grades of the attributes such as ealeeo U =

AO Af

By U8 UG Taiap'l = Ny ULy 00 (el = M e 0AT 610 C

o aaf e 3O e af e B af .
where & @ iUE 40, Ta@ iUAla U, §a 0dl e 10 C x&2 and 0 Q

af Y L T

& U+ 1l U L0 Q3.

Simply an interval -valued neutrosophic hypersoft number (IVNHSN) can be expressed as =
MO0 %A, %0 %A o %P %A e Y Ewhere 0 Q17 4.:% +

Tf:ﬁ;i%& %:ﬁ;:%’ Q3.

3. Correlation Coefficient for Int erval-Valued Neutrosophic Hypersoft Set

In this section, the concept of correlation coefficient and weighted correlation coefficient on
NHSS has been proposed with some basic properties.
Definition 3.1
N o, A0 e .

Let :ad&; = DA, 4 : le, (PRVE o NP Lt,ﬂaf& le, T o A4 (5@ 4D Eand

s 2 A0 e

ad); = DOWBE] o, 1 8 4 1 CNG e, 1AL o il 4 ug,'qé’:@.Lg,G\ (D i Ebe two
IVNHSSs defined over a universe of discourse 1. Then, the informational interval neutrosophic
energies of :a&; and :44); can be described as follows:

. . ~ s o .6 R . 6 o . 6 . . 6 . 6

Aicaiiad = Al Al @8, ¢ Ui0 E K] i li0 ENigq Wi0 ENf g W0 ENJ.q: 00 E

N . 6
M 1o A (1)
24)- = A2 A& 2 R EKS ~ R ER ~ R ERT - E T
Atcaiiad); = Al Al @és W0 EKel 150 EHgq i o ENlg, Wio EN.q:Wo0 E
N . 6
M @i o A 2
Definition 3.2

Let :a&; = I:@béEé;Q;:u;; 2o U G aQ u;,f?a‘% L}E, Q Lg,ftg‘% QA P T Eand
(ad); = E@{ﬂaé;@:Cg;éégiQ;.Lg,CaméQ;.Lg,mff& (s Cad aQ Lg,&g:Q;.L}E,CA ;D i Ebe two
IVNHSSs defined over a universe of discourse 1. Then, the correlation measure between :a &;

and :4d4); can be described as follows:
uztee s @& &;; =
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koK 106 % 010 % ET7 6% Ul T g % ET0q. % 010 . % ET7 ¢ % (17
¢ A M ~
ey 1/9.@;:%; 1@:@;:3/4; 1/f:f,;:%; Lh/!:ﬁ;.%,

3
Proposition 3. 3
Let :ad; = DAER, 4 uE, PN e NP VIS LN u;,c,tqrtlf_cé U A o (b @ 4D i Eand
1ad); = DA, o, 1 8L . 1l ORG 4, u;,nlff& G o (s AL 4 15 (P T Ebe two
IVNHSSs and YAIQA ii:ad; aadl;; be a correlation between them, then the following properties
hold.

1. YA'I'(;Aii:aﬁ;aé-éj;;: AicAiiad,
2. Yajcaiiiad;add;; = aicaiidd;
Proof: The proof is trivial.
Definition 3. 4

Let :ad; = DAES, 4 Lg, 8/ o (U QN g Lg,nm Lg,(éﬂ' o A o 5@ 1D i Eand
ad); = DA, o, 1 8L 4 1 CNG e, 1AL o 1T 4 Lg,*tg:@:tg;o\ (D i Ebe two

IVNHSSSs, then correlation coefficient between them given as L;\,QAI; :adi;aad;; and expressed
as follows:

- N Loz Yoo, 1AA QS 444);;

icAllad&ad);; = AL _ 4
LkICA” N ¥ océiAAéﬁ;U¥ océ1AAéaJ§ ( )
Y 2t @& &;,; =
00 w0 i 1T i O B o %00 i 1 i OF s
A guAgun

I o
) e %0 LA %li/z

5 (5)

U ] U U
B Y A I SO I O Y. IV S S 3 3
A guhigunFl O g %G >FI 7 o %G >F10 o %G >F lﬁo.%,G>F%‘O|ﬁ0.%,G>F1/f|ﬁo.%,Gq

. ] . U U U U U
TR gohgutFl Qg %G SFL T o %G >FI0 g cwie SFIT o e >R o e sFY ¢ %iG g
Proposition 3.5
Let :ad; = DAY, 4 Lg, B o (G Lg,nm Lg, f o A o 5@ 4D Eand

1ad); = DAIAEE; o (U 8L o 1 GG o 1 AL o 1 G N Lg,’l{:ﬂ;.Lg,@\ (D i Ebe two
IVNHSSSs, then CC satisfies the following properties
1. 0 Q Gijcaii:ad;aad);; Q1
2. Gicaiiiad;add;; = Q-,-CAii:édJ;éazﬁ;;
3. If :ad&; = :4d); thatis EEG @0@ L &l ‘;@;-LE: = &G
g W Lina W g = ia 0 and PORVEN RN APAHVERN PR VERS
L{;@;.Lk,,then L{;A”..ai,aaéJ,,—l.
Proof 1. Wicaii-ad@;aadl;; ROis trivial, here we only need to prove that Ujcaii:ad;aadl;;
Q1.
From equation 3, we have
L,t\,QA” ad; aad;;

& 08 G E Ag‘@b;:[b; UAQQ;:Q}' Eiia W Cisa W Ei;@);:u,; fﬁgfb;:tb; E
[ 1 W

2
2
g
a
9

o . PPN ) s .
Mo W Qg Eléf«*b W LILg:@b: s
o Cha Wi 08a i E 8 4 U UBla i Bilg Ui Claa Ui Eilg i Ui * 5
P@ P 03 .00 EC 1; (0
(L Ui 00 o W B 400 W 5005
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Therefore, L;\-.CA];:aﬁ;aan;;ﬁ Q Aicaiiad@®; H ajcaiiad). Hence, by using definition 3.4, we
have
Chicaii:ad;add;; Q1.50,0Q Gjcaiizad;aad;; QL.
Proof 2. The proof is obvious.
Proof 3. From equation 5, we have
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As we know that
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Thus, prove the required result.
Definition 3. 6

N A0 I
Let :aﬁ;: [@lﬁéf:}; LE! af-‘& LIE! af}, ufanafé uE! aQ; LIE!“T’{Q L‘Eia\ L‘EDI Eand
ad); = DO, o, 1 8L 4 1 CNG e, 1AL o il 4 UE,’QLQ;.UE,O\ {,P i Ebe two
IVNHSSSs. Then, their correlation coefficient is given as LA,QA“.aeﬁ;étéafJ;; and defined as
follows:
Ricaii:ad;aad;;
Ricaii-adiaad;; =
€ o u;uea% L{gEE‘a% UEL,éf% LgEu ' Lgﬂa{E UEEla% uEHa% UEE

a:ra;;'UE'Ué:Q;;'UEEla'f‘f@:'waéCfﬁ:'UE’

Yoc,1AA A& 44d4);; (6)
aogocélAAaﬁ;éocélAAéék:

Y
A% AL

. . t t t t t t (7)
%%B_A&_m@;%:tgpElééf:(b;:tgpEli;‘%:ue;pEli;:fé;:qz;pEIlA?.%.:tngFfa'f.@:tquéﬁ
aOeA
SAZ Ac& mear(\, L|5pEIeafb prEIla% L|5pEI| ady” UEpEI Loay Ll;,pEFU’r u;,Gq"\
Proposition 3. 7
Let :ad; = DAES, 4 Lg, 8/ o QN g Lg,nm Lg,(éﬂ' 1 A 1@ LD T Eand
1ad); = DAIAER, o, (U 8L o 1L GG o, 1 AL o 1 G TN LE,FL{;Q;.LE,G\ (P i Ebe two
IVNHSSSs. Then, CC satisfies the following properties
1. 0 Q Ricaii;adadd;; Q1
2. Qicaiiad@aad;; = QRicaiad;aad;;
3. If :a&= :ad); thatis EEG & 410 L &l &5 0= 850
° ° i N F i = ~0 e
g i Liga i Tug il = dag W and (Ta il L0 a0 (a il
Eg:fe;:tg;. Then, Ricaii:ad;aad;; L 1.
Proof 1. L'R-,-QA];:azﬁ;étéziJ;; R 0O is trivial, here we only need to prove that L'E-,-CAii:éﬁ;étééJ;;
Q1.

From equation 3, we have
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FPSEVENUY ETVRR 3V NV R 1 RV
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Ia mAOQ HUR OASQ O Lﬁ UA(:Q U, EI Al - g, LI Qb g, EI L}J Lﬁg:Q;:q;Eq
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By using Cauchy-Schwarz inequality
LRI(;AII a&;444;,° Q
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Ricaii:ad;add;;,° Q aicaiiad; H ajcaiidd;
Therefore, Ricaii:ad;444);,° Q aicaiiad; H ajcaiidd); Hence, by using definition 3.4, we
have
Ricaii:ad;448);; Q1.50,0Q Ricaiiiad;&aad);; QL.
Proof 2. The proof is obvious.
Proof 3. From equation 5, we have
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As we know that
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Thus, prove the required result.

Definition 3. 8

Let :a&; = L@baeeafé uz, af& Ve aQ uz,na% u;, Q 'L‘,L_,"‘f (5@ (P i Eand
ad); = DABE, o, 15 8 4 1 CNG e, 1AL o il 4 Lg,&g:@.l“g,a\ {,P i Ebe two
IVNHSSSs. Then, their weighted correlation coefficient is given as LbA]-QA]; ‘ad;aad);; and
defined as follows:
Baicaiirad;&dd;; =

Veoc 1Ak 2, 44d);;

®)

¥ goc 1 ARAA; 0¥ poc, 14 K4d);
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Definition 3.9

Let :ad; = DAWEE 4 ! u;, &/ o ag&.'tg;r'r;ﬂ.:tk;carff%'tg;ffg:@:tg;(z\ (LD i Eand
ad); = DA, o & 4 1 CNG e 1AL, 1 o A 4 1l DT Ebe two
IVNHSSs. Then, their weighted correlation coefficientis givenas (Bajc4ii:adi;a4ad);; and defined
as follows:

RBaicaii-ad;aad;;

CBA'rc;Ai‘iiéﬁ:étéifJ;;=
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If we consider A= {7, 2868} and @= {3, ;3084 then (hajcaii:adaad;; and
Baicaii:ad;444);; arereducedto Chicaii:ad;&4d);; and Ricaii:ad;adad;; respectively.
Proposition 3. 10
Let éﬁ,= WZQLE! F}J qE! aQ L‘E!naf& LE! {-& L-,E!"tff& L‘ba\ L‘kDI Eand
ad); = DOWBES o, 1 8 4 1 CNG e, 1AL o il T 4 Lg,"t.{;@.l‘g,a\ (D i Ebe two
IVNHSSSs, then WCC between satisfies the following properties
1. 0Q LbA-ch\,;:éig.étéefJ;.i Q1 )
2. Waicaii-ad;aadl;; = LbA'rgAi;:ééJ;éazﬁ;;
3. I iadi= :ad); thatis EEG & 2 LGl 8l = &
aQ uE L Iafe L‘Iin a{a L‘IE - Ia@ L‘IEH and ll A L‘IE L Ua;‘e,l-lzn l;ffaltk,:
Lg:fe;.qz,, then (baicaiiad;aad;; =1

Proof 1. Similar to proposition 3. 5.

4. Application of Correlation Coefficient  for Decision Making Under IV NHSS Enviro nment
In this section, we proposed the algorithm based on CC underlVNHSS and utilize the proposed

approach for decision making in real-life problems.
4.1 Algorithm for Correlation Coefficient under IV NHSS

Step 1. Pick out the set containingsub-attributes of parameters.
Step 2. Construct thelVNH SS according to expertsin form of IVNHSNSs.
Step 3.Find the informational interval neutrosophic energies for IVNHSS.

Step4. Calculate the correlation between IVNHSS by using the following formula
o&a ;=
U,zZtee ’ 1
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lzzﬁo; : Lb' El[zi(f“o; : Lb’ E lAg:(f‘b; : Lb’ CIE{ZQ‘); :Cb;
Step 5. Calculate the CC betweenVNHSSs by using the following formula

Lh »saﬁééw — YocélAAZéﬁ;ééXJ;;
ICAT}- ! " ¥ oo 1aaa® 0¥ oc 14 p8d;

Ad Ad
pas Ales

Step 6.Choose the alternative with a maximum value of CC.
Step 7. Analyze the ranking of the alternatives.
A flowchart of the above -presented algorithm can be see in figure 1.

Figure 1: Flowchart for correlation coefficient under IVNHSS

4.1 Problem Formulation and Application of IV NHSS For Decision Making
Ministry of health advertise s for the one vacant position of medical superintendent (MS) in
hospital. Several medical experts apply for the post of MS, but referable probabilistic along wit h
experiencesimply four experts are considered for further evaluation such as E= €& & & =be a
set of alternatives. The secretary ofthe health department hires a committee of four decision-makers
(DM) i = <} A}4Ld}=for the selection of MS. The team of DM decides the criteria (attributes) for
the selection of MS position such as G= < L 'TLANEZ#}?2ARAA=HBPXXEHHGQ=HEBE®?=PEKJ
be a collection of attributes and their corresponding sub-attribute are given as Experience = °5 =
<SsL IKNAD=JtrédsgL HA@BOJtr=, Dealing skills = ° = <s%sL LQ>HEAR=HEJLC
5P = RBA = HE &l Qualification = ©°; = <L &K?PKAAK NEAA @ E A<Q ?=8EKJ
/I=OPA@AC NAA@E A=®Q ? =R EtKJd= ° x %% x ©°, be a set of subattributes
G'= % x % x 0= <Sehge=H <Sgsbp=H <586
_ 5565875 8 5585557 6 A 55560751 A 5556607618 A1 A AA A A2 AR A £ AR —
- \:;5523%5@75;3:56'5*_653:76;3%6@66%5;3%6'5‘*_663:76; - BF QRN I=be aset
of all multi sub -attributes. Each DM will evaluate the ratings of each alternative in the form of

IVNHSNs under the considered multi sub -attributes. The developed method to find the best
alternative is as follows.

4.1.1. Application of IV NHSS For Decision Making
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Assume E= P& & & =be a set of alternatives who are shortlisted for interview and  G=
S L'TLANEZ32ARA=HBICEH H QG Q =H E B E=be B E&df parameters for the selection of
MS. Experience = % = <L IKNAD=Jtrd&sgL HA@OJtr5 Dealing skills = % = <L

LOQ>HEAR=HEJC 5P=BBA=HEJC and Qualification = 0o, = < 5L

&K?PKERAKENAA@EA-@IQ?=2EKIJ=0PARACNAAQGE ? AHD Q ? =AEKJ = °; x

% x °, be a set of subattributes. The health ministry define s a criterion for the selection of MS for

all alternatives in terms of IVNHSNs given in Table 1.

Table 1. Decision Matrix of Concerning Department
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By using Tables ‘b, compute the correlation coefficient betweéih-.-(;AiiS &S, l}ugij &5,
Gicaiib&E"; (hicaii5&?®; by using equation 5 given as follows:

Chicaii58E%; = 99701 (hjcaii58E%; = 99822 (hjcaii5&"; = 99986 and Uhicaii5 &Y ; =
99759 This shows thatlhic4ii5& " ; P Chicaii5&®; P Ghicaii5&®; P Lhicaii5&E®>; Itcan
be seen from this ranking alternativE ’: is the most suitable alternative. Therefoi&”: is the best alternative

for the vacant position of associate professor, the ranking of other alternatives gi#h BSE® P E® P

E5. Graphical resultef alternatives ratingcan be seen ifigure 2.

Correlation Coefficient
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Figure 2: Alternatives rating based on correlation coefficient under IVNHSS

5. Conclusion

The interval -valued neutrosophic hypersoft set is a novel conceptthat is an extension of the
interval -valued neutrosophic soft set. In this manuscript, we studied some basic conceptswhic h were
necessary to build the structure of the article. We introduced the correlation and weighted correlation
coefficients under the IVNHSS environment. Some basic properties based on developed CC under
IVNHSS were also introduced. A decision-making approach has been developed based onthe
established correlation coefficient and presented an algorithm under IVNHSS. Finally, a numerical
illustration has been described to solve the decision-making problem by using the proposed
technique. In the future, the correlation coefficient, the TOPSIS method based on correlation
coefficient under IVNHSS can be presented. Future research will concentration on presenting
numerous other operators under the IVNHSS environment to solve decision -making issues. Many
other structures such as topological, algebraic, ordered structures, etc. can be developed and
discussed under-considered environment .
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Abstract: Lasers aremedical devises and widely used in surgery to treat; diseased blood vessels
reduce blood loss, infection reduction, and many other purposes. Whereas, Lasers has many types
based on the construction materials. Thus, the right selection of laser for surgery is very important
to accomplish complex medical tasks. With the development of MCDM techniques and neutrosophic
soft set, this problem can be solved with more accuracy and precision. The aim of this paper is to
select the right type of laser for specific surgeries. To, select the right choice, six different laser types
and seven criteria are taken. To find the best alternative, generalized TOP3S, WSM, and WPM along
with MATLAB coding techniques are used. Results are the same and showing the right selection of
the same alternative which is already being used in the field of surgery. This shows that in the future,
these techniques can be appliedin the selection of medical equipment too.

Keywords : Accuracy Function, Fuzzy Soft Set, Neutrosophic Soft Set, MCDM, MATLAB, WSM, WPM, TOPSIS

1. Introduction

All anesthetists need to have fundamental information on laser material science and how laser
radiation can associate with the careful condition, including the patient, sedative mechanical
assembly and careful group. Lasers are finding expanding application in both medication and
medical procedure and their utilization offers ascend to a few perils. The majority of these risks
emerge as an immediate consequence of the idea of laser radiationThe role of laser as a safe, non
corrosive, non-toxic surgical tool in hospitals is very important. The approach of current century is
to advance the medical technology and equipment as a result, the procedures become less invasive,
and low cost for treatment. Due to this importance laser is in the spotlight.

The most commonly used type of laser (CO: laser) was designed by C. Kumar [1, 2], it has
crossed many stages to become important tool in surgicalinstrument [2, 3]. The instrument designer,
Uzi Sharon, was the person who joined the light emission noticeable (red) helium -neon laser with the
undetectable light emission CO: laser. The gadget from the mid-1970swas outfitted with the

necessities of clinical medical procedure [4]. Isaac Kaplan’ce 1 « S —"~ 7 dfathef ol laser medical
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procedure 1 ‘" created various laser-careful procedures that assisted with characterizing new
fundamental conditions in plastic and reconstructive medical procedure [5].

In current century, laser treatments have a bigger number; major surgeries, skin care, ENT
procedures, gall bladder removal procedure and many more [6, 7]. Additionally, lasers made a
difference to build up another interventional method also to traditional medical procedure, the
supposed in situ coagulation which can be performed cursorily, interstitially or intravascula rly [8, 9,
10]. In this issue of Photonics and Lasers in Medicine, Philipp et al. [11] present information of 450
patients determined to have pyogenic granuloma who were dealt with utilizing the Nd:  YAG laser
(1064 nm) in impression strategy or on the other hand by direct coagulation. The outcomes mirror
the significant skill s of this division in applying the in -situ coagulation, guaranteeing not just
supported helpful achievement yet in addition an incredible corrective result.

With the development of fuz zy sets [12] decision making becomes easier but later on this
theory was extended by [13] named as Intuitionistic fuzzy number theory. To deal with more
precision, accuracy and indeterminacy this idea was extended by [14] called as neutrosophy theory.
To, discuss the applications of these theory number of developments were made but the most
important one is the theory of soft set [15]. Later on, fuzzy, intuitionist and neutrosophy theories were
extended to fuzzy softset [16], intuitionistic soft set [17] and neutrosophic soft set [18]. In different
fields the applications of these theories are presented by many researchers [126], but with the
development of TOPSIS, WSM and WPM techniques [27%32] it becomes more powerful tool to solve
the MCDM problems [33 -38]. Many other novel works under neutrosophic environment are done
along with real life applications [43 -46]. In object selection, neutrosophic sets are widely used for
accuracy [47-49].

Now the question arises why we are using these techniques in this case study? To get the
answer of this question, firstly you need to know the attribute and alternatives; since laser are of
many types having different properties which makes it a perfect problem to apply the above -
mentioned MCDM techniques. The neutrosophic theory is used for more accuracy thus the
technigues to solve MCDM problems under neutrosophic environment can be applied.

1.1 Contribution/ Motivation

LASERiswidely used in all over the fields of sciences, especially in the field of medi cine LASERS
play revolutionary role. There are many kinds used in medical field for various surgeons, in surgery
LASERSare used to cut deeply and cauterize. Producing precise and accurate surgical cut. Ablate
tissues and cells from the surface. Internal surgery of patients without visible wound. To evaporate
the damaged cells, there are countless uses of ASER in medical field.

In this research five construction-based types of LASERS are being discussed and we are
finding which type is more efficient and accuratein the surgical field using mathematical tools along
with the use of MATLAB.

1.2 The paper presentation
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The layout of this research is presented in Figure:1. Section 1, consists of introduction of the topic,
literature review and the motivatio n along with contribution. Section 2, preliminaries are presented
in this section. In third section, algorithms of TOPSIS, WSM and WPM are listed along with
flowcharts. In section 5, the case study of LASER selection is done using TOPSIS algorithm and in
section 6, the case study is solved with the help of WSM and WPM using MATLAB code. Finally,
result discussion is done and the present research is concluded with future directions.

Introduction
and Literature
Review

Preliminaries

Figure 1: The layout of the paper

2.Preliminaries

Definition 2. 1: Linguistic Set [39]
Let A= { =, & & & &4} be finite and fully ordered set of discrete termswhere J D 0.

Example: Let us consider a setA={ =& & &g} every element representing a specificlinguistic
term value, which areas;, ~—Z 81 26eZ@E+’'YZ 81 —"02>Se72172e2E'YZ 81 Z++ZE+'YZ 31
Definition 2. 2: Fuzzy Set [12]
In fuzzy set, an element 606is assigned a degree of membership from [0,1]. Mathematically,
represented as & D> &?
Definition 2. 3: Neutrosophic Set [14]
Let 1 «Z1S—1"'—'e'Se17—"YZ>0Se10weZ1S—+1 1<Z1S1@Z3Ekdt™33S-Z+Z>0i1l
represents the set of all neutrosophic sets overi, where F is a mapping given by

+ 7 0

Definition 2. 4. MCDM [ 42
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Multi -criteria decision makings are very complex. To find out the best option MCDM techniques are
used like, TOPSIS, VIKOR, AHP, ELECTREE, WSM, WPM, etc.
Definition 2. 5: Accuracy Function [41]
The process /mathematical form of conversion of neutrosophi ¢ numbers N into crisp numbers is said
to be accuracy function.

BT, E+T, E(:T;?

#:0; L +T060
u

Definition 2. 6: TOPSIS [33]

TOPSISis an acronym that stands for "Technique of Order Preference Similarity to the Ideal Solution'
and is a pretty straight forward MCDA method. As the name implies, the method is based on finding
an ideal and an anti-ideal solution and comparing the distance of each one of the alternatives to those.
Definition 2. 7: LASER [1]

Laser stands for light amplification by stimulated emission of radiation, A laser is a physical device
that radiate light through a process of optical amplification via stimulated emission of

electromagnetic radiation.

3. Algorithm s

In this section three algorithm are presented to solve MCDM problem under neutrosophic
environment .

3.1 Generalized Fuzzy TOPSIS Algorithm

The TOPSIS technique B3] is mainly used for the ranking of alternatives in MCDM and MAGDM
problems. In this method crisp/fuzzy/intuitionistic numbers were used to selectthe best alternative.
Thus, technique of TOPSIS wa extended for the Neutrosophic environment and said to be
Generalized Fuzzy TOPSIS The stepwise algorithm of generalized fuzzy TOPSIS is presented in
Figure: 2.

Step: 1 Consideration of problem.

Step: 2 The formulation and assumptions of the problem.

Step: 3 Construction of linguistic decision matrix.

Step:4 cee’e—'—el el —77e> " ™M EL1—7-<Z>010 0il*"1ZSE‘'le’—e7' e’ ELY
Step: 5 Conversion of neutrosophic numbers into crisp using accuracy function.

Step: 6 Now apply TOPSIS algorithm. (Presented bebw)

TOPSIS Algorithm {Step 1: Construct the Normalized Decision Matrix to transform the
various attribute dimensions into non -dimensional attributes, which allows comparison across the
attributes.

N . &0

Ue——
§A%_ eoé

Step 2: Construct the Weighted Normalized Decision Matrix.
Assume we have a set of weights for each criteriaw; ™ >1“1%1W31X31YO—1i1l Zee’'™Me¢1ZSE'1E
normalized decision matrix N by its associated weight. An element of the new matrix is:
vl Sy Ny
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Step 3: Determine Ideal and Negative -Ideal Solutions, A+={ & & &}, where
8 ={max (8)ifj * J; min (&)ifj * ,7}

,> Associated with the criteria having a positive impact.
# ={ && &}, where & ={min (&)ifj * J; max (&)ifj * ,%}

.7 Associated with the criteria having a negative impact.
Step 4: Calculate the Separation Measure:

0 Ideal Separation

5= §Aéy@18lj\'(|: 8 ;6 EL sda& 4

0 Negative Ideal Separation

5= §Alg: 8 yF87;° ELsdasmd

Step 5: Calculate the Relative Closeness to the Ideal Solution
~ V7 ~
WL, rOfOsa ELsaasd
07O
WLsa EBRyL#
WLra EBRyL#

Step 6: Rank the preference order a set of alternatives can now be preference ranked according to
the descending order of 0/éj} End of TOPSIS algorithm

Step: 7 Rank the alternatives.

Problem Assumptions / Assigning

Consideration Formulation linguistic Val ues

Conversion of
e 1lzeAF |1

Figure 2: Flowchart for generalized fuzzy TOPSIS
3.2 Weighted Sum Model (WSM) Algorithm [27]
The WSM is commonly used for single dimensional problems. In this method the weighted sum
performance rating of each alternative is calculated using the algorithm. The stepwise procedure is
shown in Figure 3;

Step 1:Construction of decision matrix ' from the given problem.
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Step 2:Construction of normalized decision matrix 8 L d);\gﬂ1 Hé\GL sdadd d =JI®@L sdadd @&
Step 3:Construction of weighted normalized decision matrix 5 L cSqugd e = J @7\3@ SyLs

Step 4:Calculation of 52'# 5GL sd & s score of each alternative.
a

5PI&E || Y@D&NYéGL sdad 8 =) @L sdaid &

Step 5: Selection of best alternative i.e.| = T:52' % aGL sdai&d )

{Construction {Construction of {Selection of
of Decision {Construction Weighted {Calculation o best
Matrix of Normalized Normalized Alternative
. . Decision Matrix .
Decision Alternative

Matrix
N

Figure 3: Flowchart for WSM algorithm

3.3 Weighted Product Model (WPM) Algorithm [29]

The WPM is mainly used to find best alternative in MCDM problems. In this method the alternatives
are simplified by multiplying a number of ratios of each criterion. This method is some time known
as dimensionless analysis.The stepwise procedure isshown in Figure 4;

Step 1: Construction of decision matrix ¢ from the given problem.

Step 2: Construction of normalized decision matrix 9 L Ny . GL sdad @ =J@L sdad &
Step 3: Construction of weighted normalized decision matrix 3 L ﬂﬁff’% Ha =J @7\‘3@5 SLs

Step 4: Calculation of 52E%F aGL sd&id & score of each alternative.
a
1A | N N§OSGL sdad@ d =J @L sdaid )
Y@

Step 5: Selection of best alternative i.e. 1= T:52E% 3GL sdaidd & )
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{Construction {Construction of {Selection of
f Decisi : Weighted : best
ot Decision {Construction Normalized {Calculation of est
Matrix of Normalized Decision Matrix Score of each Alternative
Decision Alternative
Matrix

Figure 4. Flowchart for W PM algorithm
4. Case Study

In this section a case study of LASER selection for the surgery in medical is considered and the
selection is made by applying all the above-mentioned algorithms.

4.1 Problem Formulation

LASERS are widely used in all over the fields of sciences, especially in the field of medicine and
surgery. In surgery, LASERS are used to cut deeply and cauterize. Producing precise and accurate
surgical cut. Ablate tissues and cells from the surface. Internal surgery of patients without visible
wound. To evaporate the damaged cells, there are countless uses of LASER in medical field.

4.2 Parameters
Selection is a complex issue, to resolve this problem criteria and alternative plays an important role.
Following criteria and alternatives are considered in this problem formulation.

»'¢75'S 171 SE'1 Sel>

= B = = = E E
Construction Delivery . Pumping .
Type Wavelength Frequency System Medium Method Interaction
Lasers as Alternatives
0 6 7 8 9
Argon KTP Helium Neon YAG YSGG Diode
4.3 Assumptions

Consider - L H&}a+a4=decision makers who will assign linguistic values from Table .1
according to his own interest, knowledge and experience, to the above-mentioned criteria and
alternatives and shown in Table.2.

Sr# No Linguistic variable Code Neutrosophic Number
1 None N (0.0,0.1,0.5)
2 Low Effective LE (0.2,0.4,0.8)
3 Moderate Effective ME (0.4,0.2,0.5)

MuhammadUmer FaroogMuhammad Saglain, and Zaka-RehmanThe selection ¢fASERasSurgical Instrumentin Medical using
Neutrosophic Soft Set with Generalized Fuzzy TOPSIS, WSM and WPM along with MATLAB Coding



Neutrosophic Sets and Systewsl. 40, 2021 36

4 Effective E (0.6,0.2,0.3)
5 High Effective HE (1.0,0.0,0.1)

Table 1: Linguistic variables, codes and neutrosophic numbers

4.4 Application of Proposed Generalized Fuzzy TOPSIS Algorithm

Step 1. Presented in section4.1
Step 2: Presented in section4.2 and 4.3.

Step3: e@’e—'—ele’—e7'Re'EL1YS>'SceZ@1e"1ZSE '1SeeZ>—Se’'YZ®@1S—e1E> 7
Strategies H H H H
o g N ME E ME
E 6 LE E HE E
% . ME HE N HE
‘g . E ME N N
Efi’ o HE N LE LE
‘ N LE ME ME
o LE ME E E
% . ME E HE HE
% . E HE N ME
g g HE ME LE E
Alp o N E ME HE
LE HE E ME
o ME N HE E
9 6 E LE ME HE
S . HE ME E N
i 6 ME E HE LE
' o E HE LE ME
HE ME E N
e a N E HE LE
*Si 6 LE HE N E
2 . ME E E HE
% 6 E HE N LE
ED . HE N LE E
: N ME LE ME
E 9 LE E E E
é 6 ME HE LE HE
i . E ME HE N
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i
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Table 2: Eachdecision maker, will assign linguistic values to each attribute, from Table .1
Step 4: Substitution of neutrosophic numbers (NNs) to eachlinguistic variable .
&) = &) = =2 & &
(0.0,0.1,05) (1.0,0.0,0.1) (0.6,0.2,0.3) (0.6,0.2,0.3) (0.4,0.2,0.5) (0.0,0.1,0.5) (0.6,0.2,0.3)
(0.2,0.4,0.8) (0.4,0.2,05) (0.0,0.1,05) (1.0,0.0,0.1) (0.6,0.2,0.3) (0.2,0.4,0.8) (0.0,0.1,0.5)
(0.4,0.2,05) (0.0,0.1,05) (0.2,04,0.8) (1.0,0.0,0.1) (0.6,0.2,0.3) (0.4,0.2,0.5) (1.0,0.0,0.1)
(0.6,0.2,0.3) (1.0,0.0,0.1) (0.4,0.20.5) (0.2,0.4,0.8) (1.0,0.0,0.1) (0.6,0.2,0.3) (0.0,0.1,0.5)
(1.0,0.0,0.1) (0.2,0.4,0.8) (0.6,0.2,0.3) (0.4,0.2,05) (0.0,0.1,0.5) (1.0,0.0,0.1) (0.4,0.2,0.5)
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(0.4,02,05) (0.0,0.1,05) (1.0,0.0,0.1) (0.6,0.2,03) (0.0,0.1,05) (0.4,0.2,05) (0.6, 0.2,0.3)

Table: 3 Assign neutrosophic number to each linguistic value from table 1.

Step 5: Conversion of fuzzy neutrosophic numbers NNs of step 4, into fuzzy number s by using
accuracy function.

L <TLZeAzan

Ry =3 = = = E E
U 0.200 0.366 0.366 0.366 0.366 0.200 0.366
0.400 0.366 0.200 0.366 0.366 0.466 0.200
0.366 0.200 0.466 0.366 0.366 0.366 0.3666
0.366 0.366 0.366 0.466 0.366 0.366 0.200
0.366 0.466 0.366 0.366 0.200 0.366 0.366
0.366 0.200 0.366 0.366 0.200 0.366 0.366
Table: 4 After applied accuracy function the obtain result converted into fuzzy value
Step 6: Now we apply algorithm of TOPSIS to obtain relative closeness.
Ry Es = = = E E
U 0.2 0.1 0.1 0.1 0 0.266 0.0006
6 0 0.1 0.266 0.1 0 0 0.1666
7 0.034 0.266 0 0.1 0 0.1 0
8 0.034 0.1 0.1 0 0 0.1 0.1666
9 0.034 0 0.1 0.1 0.166 0.1 0.0006
0.034 0.266 0.1 0.1 0.166 0.1 0.0006
Table: 5 Normalized decision matrices
Step 6.1: Calculation of weighted normalized matrix
weighs 0.1 0.3 0.1 0.1 0.1 0.1 0.2
=y =3 = = B E E
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U o2 0.1 0.1 0.1 0 0.266 0.0006

6 0 0.1 0.266 0.1 0 0 0.1666

! 0.034 0.266 0 0.1 0 0.1 0

8 0.034 0.1 0.1 0 0 0.1 0.1666

o 0.034 0 0.1 0.1 0.166 0.1 0.0006
0.034 0.266 0.1 0.1 0.166 0.1 0.0006

Table: 5Weighted normalized decision matrices
Step 6.2: Calculation of the ideal best and ideal worst value,
=Indicates theideal (best)
= Indicates the ideal (worst)
Ry Es & Es = E E

v 0.094677 | 0.072439 | 0.030048 | 0.044721 | 0 0.079928 | 0.000509
0 0.072439 | 0.079928 | 0.044721 |0 0 0.14142
0.016095 | 0.192688 | 0 0.044721 | 0 0.030048 | 0
0.016095 | 0.072439 | 0.030048 | 0 0 0.030048 | 0.14142
0.016095 | 0O 0.030048 | 0.044721 | 0.070711 | 0.030048 | 0.000509
0.016095 | 0.192688 | 0.030048 | 0.044721 | 0.070711 | 0.030048 | 0.000509
0.211244 0.41414 0.3328 0.223607 0.234759 0.3328 0.23561
0.094677 0.192688 0.079928 0.044721 0.070711 0.079928 0.14142

0.130184

Table: 6 Ideal worst and Ideal best values

Step 7: Calculation of rank.

0.153048

0.112088

0.130821

0.116773

0.198464

0.433

0.639
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0.158502 0.080059 0.336 5
0.213991 0.056231 0.208 6
0.093076 0.200726 0.683 1

Table: 7 Calculation of rank by relative closeness
5. Case Study using WSM and WPM MATLAB Code [43]
To run the WSM and WPM MATLAB code for the case study, the variable used in coding are defined
by;

X: this is defined as decision matrix and presented in Table: 4.
W: this is defined as weight of each attribute and presented in Table: 5.
Wecriteria: < (0,1,1,0,0,0,0p

MATLAB COMMAND
Xval=length(X(:,1));
for i=1:Xval
for j= 1:length(W)
if Wcriteria(1,j))==0
Y(i.)=min(X(.))/X(.));
else
Y (i,)=X(1.))max(X(:.));
end
end
end
for i=1:Xval
PWSM(i,1)=sum(Y(i,:).*W);
PWPM(i,1)=prod(Y(i,:)."W);
End
Results
Preference score of WSM = <(0.65641 0.704420.809 0.72181 0.662730.83399 >
Preference score of WPM = <(0.63378, 0.66305, 0.77807, 0.69813, 0.62619, 0.80708) >

6. Result Discussion

To check thevalidity or applicability of algorithms in neutrosophic soft set and MCDM environment
the case study of Laser selection is considered in which six lasers are considered based on the
construction material. Firstly, using the generalized neutrosophic TOPSIStechnique the ranking of
alternatives is calculated. Secondly, WSM and WPM techniques are applied using MATLAB code to
calculate the rank. In these calculations, the ranking of each laser with respect to each criterion is
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calculated which are shown in Table 8 and Figure 5. Result shows that the above-mentioned
techniques can be used to rank medical equipment too.

Alternatives Rank Calculation usingOPSIS, WSM and WPM
Techniques

Figure 5: Ranking comparison of alternatives
Graphical and tabular comparison is presented in Table 8 and in Figure 5, which shows that under

TOPSIS, WSM and WPM technique .x is best alternative whereas, .wis the worst selection
respectively.

Alternative TOPSIS WPM WSM
L1 0.613 0.63378 0.65641
L2 0.583 0.66305 0.70442
L3 0.739 0.77807 0.8099
L4 0.661 0.69813 0.72181
L5 0.538 0.62619 0.66273
L6 0.813 0.80708 0.83398

Table: 8 Alternatives rank comparison using WSM, WPM and TOPSIS
5. Conclusions

Lasers are medical devices that used a precisely focused beam of lights to treat or remove tissues or
blood vessels etc. Based on construction material, lasers are divided intofive main categories which
also have different parameters and attributes. Thus, considering it as a case study, MCDM techniques
are applied in the neutrosophic soft set environment. The results calculated using WSM, WPM and
TOPSIS are the same. The lasers which are being used in medical filed for the surgery already have
the same rarks. This shows that this technique is very helpful to rank the medical equipment in the
future with more accuracy and precision.
el H'1IES— 1<Z1E-™S572+01S1—"1"—71'S®1S™M™M™e Zele'7eZ1+ZE
surgery. In our forthcoming work , we will provide more application of these techniques in medical
filed like nebulizer, infusion pumps and suction devices etc. In future, this study can be used in

some more medical equipment selection.
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Abstract: Neutrosophic quadruple numbers are the mewield studied in neutrosophyNeutrosophic
guadruple numbers, using the certain extent known data of an object or an idea, help us uncover their known
part and moreaar they allow us to evaluate the unknown part by the trueness, indeterminacy and falsity values.
In this study, we generalized Hamming similarity measures for the generalizedlust neutrosophic
guadruple sets and numbers. We showed that generalizathidg measure satisfies the similarity measure
condition. Also,we generalized an algorithfor the generalized setlued neutrogshic quadruple sets and
numberswe gave anulti-criteria decision making applicatidar using the this generalizedgorithm. In this
application, we examined which of the lawsabdished in different situationgere more efficient. Furthermore,

we obtained different result compared to previous algorithm and previoilargymmeasure based on single
valued neutragphic numbersTherefore, we have shown that generalizedvakied neutrosophic quadruplet

sets and numbers, a nédwld of neutrosophic theory, are more useful for decisi@mking problems inaw
science and more precise results are obtaifibd appliction in this study can bdeveloped and used in

decisionmaking applications for law science and other sciences.

Keywords: Neutrosophic quadruple sets, generalized seedaheutrosophic quadruple send numbers

Hammig similarity measure, decisionaking applications, law applications

1 Introduction

Smarandache proposed the neutrosophic logic and the neutrosophic set [3] in 1998. Neutrosophic logic
and neutrosophic sets have a degree of membership T, a degree of indeterminacy | and andegree of
membership F. These degrees are defined independently. Thus, neutrosophic theory is generalized of

fuzzy theory [4] and intuitionistic fuzzy theory [5]. Also, many researchers have studied neutrosophic
$ .DUJOQ $ 'D\DQ DQG 1 @ Hanbrihh Simitart)MedsDre Bdséd Nautrosophic Quadruple Numbers

and Its Applications to Law Sciences
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theory [6- 19]. RecentlySmarandachextendedhe neutrosophic set tefined (rvalued) neutrosophic

set, and to refined neutrosophic logic, and to refimeatrosophic probability, i.e. the truth value T is
refinedsgit into types of subruths sucha 5 ¢ « similarly indeterminacy | isafinedsplit into

types of subindeterminacies 5, ¢ « DQG WKH |IDOV BsHiRiR@GsUpfaldehbod:s 5, H G

« [20]; Peng et al. obtained muftiarametric similarity measure for neutrosopbit [21]; Ye et al.
introducedsimilarity measures of singlealued neutrosophic sets [2260 XoD\ HW DO VWXGLHG
problems with neutrosophic muliets [23];Kandasamy et al. studied refined neutrosophic sets [24];
Hashmi et al. obtained+Rolar neutrosophic topology [25]; Aslan et alidsed Neutrosophic Modeling

of Talcott Pars®@ VIV $FWLRQ > @

Decisionmaking applications and similarity measures are very important in neutrosophic theory. Thus,
manyreseachers studied based on decisioaking applications in neutrosophic theory. Relge Tian

et al. obtained a muttriteria decisioamaking method based on neutrosophic theory [28]; Saetaih

studied single andnulti-valued neutrosophic hypersoft set [29]; Roy et al. introduced similarity
Measures of Quadripartitioned gie-valued bipolar neutrosophic sets [3;0 XoD\ HW DO REWD
decisionmaking method based oreutrosophicsoft expert JJ DSKV > @ uDKLQ HW DO VW
valued neutrogthic sets and applications [32Nabeeh et al. obtaineah integrated nerdsophie

TOPSIS approach and its application to personnel sele@ignNabeeh et al.studied neutrosophic
multi-criteria decisiommaking gproach for loTBased enterprise#]; Abdel-Basset et al. obtained

utilizing neutrosophic theory to solve tratisn dfficulties of loT-Based enterprise4 §|.

In 2015, Smarandache discussed neutrosophic quadruple sets and neutrosophic quadruple numbers [1].
A neutrosophic quadruple set is a generalized form of a neutrosophic set. A neutrosophic quadruple set
is denoted by{ (X, yT, zl, tF): x,y, z, tB9or '}. Here, x is referred to as the known part, (yT,E),ds

the unknown part and T, | afrdare the usual tools of the neutrosophic logic. So, neutrosophic quadruple
sets are generalized of neutrosophic $etghermore, researchers have studied neutrosophic quadruple
sets and numbers [3336]. Recently,Rezaei et al. studied neutrosophic quadrupigeals [38];

Mohseni et al. obtained commutative neutrosophic quadruple ideals [39]; Kandasamy et al.ddtroduc
neutrosophicquadruple algebraic codes [43Iso, u D KL @l. Htwduced generalized salued
neutrosophiqquadruple sets and numbers [3&]generalized setalued neutrosophic quadruple set

denoted by

Ja L <:-a@é.ab%é{ 8@45@&)%(8@;&-8@&8@& %éoa@a o L « Q"
Where 6 1and (¢have their usual neutrosophic logicis a nonemty set, P(X) is power set of X,z
is called the known part and £6,d 04z S called the unknown part. Thanks to this definition,
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neutrosophic quadruple sets have become almilakihe field ofdecisionmakingapplication. Most
importantly, this definition, which has a more general structure than neutrosophic sets, will find more
application areas and will give more objective results to many problemghe help of the knowpart,
unknown parend K, L, M, N sets.

As in many branches of science, many uncertainties are encountered in terms of application and
decisionmaking in law science. In order to cope with these uncertainties, mostly known classical
methods are inadequate cause wrong decisions to be made. In addition, many criteria should be
considered in determining the laws in law science. In addition, it is clear that unknown situations will
arise in the implementation of laws prepared for known situations. Foea# tleasons, in this study,

we have preparedhaapplication in order to determine which of the different legal applications with
multiple criteria will yield mosteffective results.For this applicationwe generalized Hamming
similarity measures for theegeralized setalued neutrosophic quadruple sgEsvNQs)and numbers
(GsvNQn) sinc&svNQs and GsvNQare more useful then neutrgiic setsAlso, we generalized an
algorithm [2] (based on single valued neutrosophic number (SvNn) and set (SvNs))devM@s and
GsvNQn. Also, we gave a mutltriteria decisiormaking application using this generalized algorithm.

In this application, we examined which of the laws established in differeatisnswere more efficient.
Furthermore, we obtained differergsult compared to previous algorithm and previous similarity
measure based on Svilranks tostructure of GsvNQs and GsvNQn

In this paper,n Section 2, we examined neutrosophic sets [3, 8], Hamming similarity measure [22],
GsvNQs and properties [33h section 3, we defined firstly generalized Hamming similarity measure
based on GsvNQn. In Section 4, we firstly generalized an algorithm [2] for GsuNQection 5, we

give a multicriteria decision making application using the generalized algoriti@adtion 4. In Section

6, we compared the results of the generalized algorithm in Section thevitbsults of algorithm ésed

on single valued neutrosophic set and Hamming similarity measure [22]) [2]. In Section 6, we give

conclusions.
2 Preliminaries

Definition 1: [3] Let ' be the universal set. FETD' &” Q6 :T; E+:T, E (o : T; Q u”, by the help
of the functions& & \ ]1*0, s°[, +& \ ]1%*0, s"[and (c & \] *0, s”[ a neutrosophic seton '

is defined by

#L <N Ta T4 . T,ATD' =
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Here, 6 :T;& :T, and (o :T; are the degrees of trueness, indeterminacy and falsityl Bf'

respectively.

Definition 2: [8] Let ' be the universal set. FEETD' & Q6 :T,E+:T; E (o :T; Qu using the

functions6 &8 \ >&7?+d8 \ X&7and (& \ > &7a SvNs#on ' is defined by
#L N Ta T4 T,ATD' =

Here, 6 :T;& :T, and (- :T, are the degrees of trueness, indeteaty and falsity of TD'

respectively.

Definition 3: [22] Let
#5=<6 T, v+ T4 :T;>and#s =<6 T, + T,a6 :T;>

be two SvNns, 58#5 H#g \ > &"e a functionThe Hammiig similarity measure betweets and #g
denoted by5: #5 &g ; such that

5:#sde;=]6 T F6 (U+E+ T, F+ U+E+ T, F( :U}

Theorem 1: [22]Let #5and #gbetwo SVNns, 5845 H#5 \ > &"be a Hanming similarity measure.

5:#5 &4 ; satisfies below properties.

i. r Q5:#sdts; QS

il. S5:#gétg; L sif and only if #5 L #,

iil. S:#géts; L 5:#58s,,

iv. If #5 C#g C#; D', then5:#58,, Q5:#;8#g;and 5:#;&t,; Q 5:#e &7,

Definition 4: [1] Neutrosophic quadruple number is a number of the form
(k, IT, ml, nF)

Here, T, | and F are used as the ordinary neutrosophic logical tools and k, IPr@,on '. For a
neutrosophic quadruple numldér IT, ml, nF), k is named the known part and (IT, ml, nF) is named the
unknown part where k represents any asset suchwaslzen, an idea, an object, efdso,

NQ ={(k, IT, ml, nF): k, I, m,nBb9or '}
is defired by neutrosophic quadruple set.
Definition 5: [33] Let X be a set and P(X) be power set of X. A GsvilZsset of the form

)™ {(#a Spbp Yote Swlad #ap $p % & PP(X) L « Q°

Where, 6; tand (ghave their usual neutrosophic logic means and Gswvii&fined by
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)5 (#o Sobe Yhte Selad:
As in neutrosophic quadruple number, f@BSYNQN( #5 $565 Yats & (s, representing any entity

which may be a number, an idea, an object, étg/is called be known part and%ﬁc@ Vst Sep(ad
is called the unknown part.

Definition 6: [33] Let
)= (o $26e % te &e(x) and)c=(#o $be %t & ()
be two GSVNQNS# = #z, Ham #ao #a= Heey HamHpand 6 L 6y £ L &, (2 L (xif and only if
we say) ¢ isaequalto)c and denoteitby)c L )c.
Definition 7: [33] Let
)o= (#o 326 Y%ete & (x) and)c=(#o $2be %t & ()

be two GSVNQNS#y ? #5, #p ?#e, #Ha ?He #He?#Heand 6, Q6g % Q% (2 Q (& if and only
if we say) ¢ is a subset of) c and denoteitby ¢ ? )c.

3 Generalized Hamming Similarity Measure for Generalized Set -Valued
Neutrosophic Quadruple Number s

Now, we define generalized Hamming similarity measure for GsvNQn. Also, we assume thater, |, F
[0, 1], as in SVNnN, in this paper.

Definition 8: Let X be a nontempty set,

)C_z(#a’:! $a=.'6531 (y%"ée’ &ae(ae) and)@_z(#a;—,‘a $aeeae, Wge-lé, &ae(aa)
be two GsvNQnsps: )¢ H)cy\ [0, 1] be a function. Then,
o bPYiévs P, éYs ; P¥%.é% ; P¢-8¢ s

5:() )c) = SFE.J-?i. > A?A > ¢ 7 EB?L&Wm:.l/Lé%_;é: CW WY 6% 1A= CW b 6% A= cW e ¢, 1A
- T
ALV G )G 6 7 8

is called generalizkHamming similarity measure f@svNQns.
Where, s(A) is the number of element oftX.
Theorem 2:Let X be a nontempty set;
)e.= (Ha B e %ete & (a) )c™ (Ha S2be %t S lx)and)c= (¥ $2bp %t S (p)

be three GSVNQNs55: )¢ H) ¢y \ [0, 1] be generalized Haming similarity measure in Definition
8. Then, 54 satisfies the below conditions.

) 5% ()¢, )¢) BIO, 1]

i) 5%4()c,)c)=12 )c=)¢

i) %4()c,)c)=%0c,)c)

) If )c ?)c ? )¢, then

%0)ci)g) Q% (O)cs)c)andd()c, )g) Q%A()c, )
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Proof:
i) Let )c. = )c- Then,
5A()c_- )c_) =
o g7 8% B &% ; P e%.; Pe-€¢-i
5 1.?21. >A?A > ¢ ?¢ WMDY 6% ;A= cWmbY2 6% ;4= cCWMP Y. 6% ;4= CWnb, _&¢ ;4=
sF-e E !
6 7 8
5 4>4>4 _ 8?%5>5>5>5?

Thus, max{Ss() ¢, ) c)} = 1.

NOW,Iet '5é'6:T, 'Sé'Gzi!/Sé/G:i! 05é06:T, %F%zl, ‘bF‘bzland (5F(6
=1. Then,

P PO bYa 8% ; b2 8% P 8% ; B¢ 8¢ 5
5() Ye)=s FSH2L > APA> ¢ 7 ES?BCWm:E%_é% RS CWrB A 8% A= CW B ¥ 8% [a= cwm:v.(-,_('a;(-,_;-51:0I
A (o] cJ)— 6|l 7 5
5 5>5>5 872A>4>4>4?
=sF- E———C
6 8
=0.

Thus, min{5() ¢, ) ¢)} = 0. Hence, we obtain

5% ()¢ )¢) BIO, 1].
i) Let )¢ = )¢ . From (1)we obtain54() ¢, ) ¢ = 1. We assume that

o o gop PV &% PYseYs; PY:. 8%, ; Pe-8¢.i
5() ) -5 F—5 -2 > A?A > ¢ 7 E TTWMD Ve 8% ;A= CWD Y% 6% 4= cCWHD%_ 6% ;4= cWrm(;_é(;_;éFI
AL ) Co Q(') 6 7 8
=1.
Where, it must be
o o go B PYe &% Pl &% ; P¥%. 8% ; Ple-86.;
5 1?21 >A?A > ¢ ?¢ TTWMbYa 8% ;A= CWrb 8% ;4= cWMD Y 6% ;4= cWrbiy 6 A= _
- H E I=0.
6 7 8
Thus,
&F6 EtF%t E (sF(6=0
and
o ®AeA; xA 8A ; ®/FE &FE ; ®&C.eC ; G4
K_veeh 6A ;&=  k_veA 8A &= k_veAE 6/ ;&= k_v<eC &C ;&= '
(2)
From (2), we obtain that
6EF6= tFt= (sF(s=0
and
aA eA; _ ®Aeh; _ ®ESE; _ ®C eC; =1

k_veeA 6A ;&= k_v<eA 8A ;&= k_v<e/E 8/ ;&= k_v<eC.&C ;&=
Thus, we have that
6L6 5Lt (sL(s-5L-6.5L.6 /5L /g 05L Og
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Therefore, from Definition 6; we obtain

iii)
o o gop P8 P 8% ; DY &% ; Pe8ei
5() ) )_ SI:5|_‘_?|_ > A?A > ¢ ?¢, E TTWrb YV 8% ;A= CWbiYs 8% ;4= cCWDi ¥ 6% ;4= CWrﬂ%-é&.ié:I
- |
A\ ) C.» ] C. 6 7 8
o o gop PV &Y B 6% ; P Y 8%.; P 8o o
_ SF5|_].?|- > A?A > ¢ ?¢ E TREWNB Y, 6. ;A= CWNB % 6% ;4= CWNB Y 6% 4= ch:xg,_é(,.:aZI
- - T
6 7 8

%0 c» )c)
iv)Let )¢ ? )¢ ? ). From Definition 7, we obtain that

6 06 06,
t0+% 06,
(5 O(s O6;
5?67?72

'5?'6 -7

5?21?21
05 ? 0g ? 0~ 3)
From (3), we have that
A eA ; @A eA; @&/ e/ ; ®C. éC ;
k_v<eA éA ;&= k_veA A ;&= k_veAE 8/ ;8= k_veC éC ;&=
®A eA ; @A el ; ®EEM; ®C &G ;
k_v<eA éA ;&= k_veeA 8l ;8= k_veLE éMm ;5= k_veC &C ;&=
(4)
Also, from (4), we have that
6F6 EtFt EGGF(e< 6F6 E tF+% E (sF (7.
(5)
Thus, from (4) and (5), &vobtain that

?

o 878 by &Y ; bis 8% ; bV 8% ; b 8¢
5 ?21 > A?A > ¢ ?¢, E WMDY 8% ;A= cWmPY2 8% ;4= cWMD Y 8% ;4= cwm(;_é(;_;é=|<
|
6 7 8
L 87B PV €Yy blséyy . DY €%y, b¢.€¢/
5 ?l) > A?A > ?¢ CTWP Ve Yy 4= cWPY2 8% 4= CW P Y. 8%/ ,4= CWIﬂI@.é(‘,/;ézl (6)
ol | "
6 7 8

Hence, from (6), we have that

o o gop Ve &Yy P8y ; DY 8%/ ; Ple.8¢/;
SF 5. 1?2l >A?A>¢?y Wb Y 8Yy A= CW D% 6% ,4= CW D Y%_ 6%/ ,a= CWNP; 8,/ 4= k
- T
6 7 8
o o gop Ve & P &Y ; PY:. 8% ; Pl .8¢ s
Sl:5|_].?|_ > A?A > ¢ ?¢, E WD Y. 6% ;4= CWrD % 6% ;4= CWrD%._ 6% ;a= CWrﬂIé.éé_;ézl
°H .
6 7 8

Therefore, we obtairbs() ¢, )¢) Q%) ¢, )c)-
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Also, 55 ()¢, )¢) Q5 ()¢, )g) can be proved similar tés() ¢, )¢) QSa()c, )c)-
Example 1: Let X = {k, I, m, n, p, r}be a set,) ¢ = ({k, |, m}, {k, 1}(0.7), {m, 1}(0.4), {n, p, r}(0.1)),
)= ({k, I, m, n, 1}, {k, I, m, n}(0.8), {n, r}(0.2), {p}(0.2)) be two GsvNQns and4()c., )c) be

generalized Hamming similarity measure @&svNQns. Then,

. o 878 bV &Y ; bs éY b 8% big-8&¢. c
_ 5. .71 >A?A > ¢ ?¢ TEWMP Y 8Ys ;4= cWPY2 8% 4= cWP%. €% ;4= cWrb¢. 8, A=
SA()C—')C.)_SF_G" - E P I

/ . , -
_ o g5 farer> 48748 > 45748 E37%Wrﬂé= CWR0A= CW A= Cwmé=0|
- - T

6 7 8

=0.6125.
Where,
6=0.7, =04, (5=0.1; -5={k, I, m}, .5={k I}, /g={l,m}, O5={n,p, r};
6=0.8,%=0.2,(5=0.2;-6={k, [, m,n, 1}, .g={k, I, m,n}, / g={n, r}, Og={p}
4 Algorithm for Multi  -Criteria Decision -Making Application

In this section, we rearranged ggorithm in Aslan et al. [Zpr GsvNQrs. Also, in thé new algorithm,
we used generalized Hamming similarity measure in section 3. Ssenbe5svNQrs and generalized
Hamming similarity measure instead of SvNns and similarity measure in algorithnid@] we assume

that X is a noampty set.
Step 1:Thecriteria are determined by considering the application. Let the set of criteria of laws be
- LGGAG T
Step 2:The weight values of the criteria for the application. Let the set of weight values be
W= <S;&85:8 &S, =
Where,
the weight value of criterionsis S,
the weight value of criteriongis S,

the weight value of criterion;is S5,
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the weight value of criterion is Sy,
Also, Sy 6[0, 1] and Adg Si= 1.
Step 3:The ideal object is determined as GsvNQs according to criterias in Step 1 such that

+L { *s@#a $a6a %h & (a), *cbfa, $a6a % &(a  « ok By, 33 6 %,
&4, (&), #ry Shy Wy &4 PP(X) L « P’

Step 4:The n objects are determined as GsvNQs according to criterias in Step 1 such that

Is L{+sbfe . 3 6 . % . & (g) 6l . % 6 .,% +.,& (& «
*k G#E'D’ $E'D GE_E! (VE@ t_gi &EQ (Eg)v #E-é $ECJ) (yEé &EODP(X) L «

lo L{ *sb#e , 3¢ 6, % £, & (g) 6l , B 6, % +, & (¢ «
ke B 6 %t & (e,) He g e % & PPIX) L «

1, Y '59#5)_1 $EU_ 6EU_1 O/EU_ 3=V &EU (Eu_)a 'Ga#Eu_: $Eu_ GEU‘, O/EU‘ 'EU.: &EU (EU. «
“ @#Eug, $E0g GEUg’ O/EUQ tuy &EUQ (E(Jg)’ #E05 $E06 O/QUCJ) &EUO PP(X);i=1, 2, « p°

Step 5:The objects given in Step 4 are stated in the form of table (Table 1).
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Table 1.Table of objects

G G « G

A

g (e, % & .% +,& (&) (# . % &, % +.& (¢) (Fe g $e 6, %, 1,0 &, (e,)

A

1 (#e % 6 ,% £, & (&) (#e % &, % £, & (¢) (He g S 6 %t 0 &, ()

]é (#EUJ $Eu, GEUJ O/EUV 'EUJ &EU (EU,) (#Eu_r $Eu_ GEL‘“ cyﬂuv tuvv &EU (EU_) « (#E(er $EUQ, GEUz’ O/EUZ tgzv &EU@ (EU@)

Step 6:In this step, the similarity value of the criteria of the ideal object and the criteria of other objects

are calculated by using Table 1 wifl in Section 3. Sop4( 4 1%3 is calculated forL « Q M
« After all calculations, Table 2 is obtained.

Table 2.Similarity of the criterias of object to the criteria of ideal object

G G « G

15 (% 1sy) (6, 1sy) « 5( B0 1sey,)

1g (% Les) S( 6, ley) « S4By Legy)
«

]é 5a( . 1éo',) Sa( X léov) « 5A(-t’g! 1é02|)

Step 7:The weight value of each criterion given in Step 2 is multiplied by the similarity values in Table

2. Hence, the weightesimilarity of the criterias of object to the criteria of ideal objecTable 3 is

obtained.
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Table 3.Weighted Similarity of the criterias of object to the criteria of ideal object

Se (3 Se (s « Sa G
1s Sy Sa( 6, 1ss) Se@( b, 1sy) « Sa B By 1se,)
1¢ Seéi(+., ley) SedBi( b, Les) « Sa B By Log,)
«
] a Sg 6A( . 1&'10_) SG 66A( "3 ’ 1éQ) « S 5A( _‘5@1 1éqz)

Step 8:1n this last step, the weighted similarity values for eajecs given in Table 7 are added and
the similarityratio of each law over the ideal law is obtained. So,

55(1, 19 = Algs Se 5a( by 14, is calculated forN m After all calculationsTable 4 is
obtained.

Table 4.The similarity value o0 WKH REMHFWY WR WKH LGHDO REMHFW

Similarity Value

1s 5 (1, 19
1g 5 (I, 19
1a 50(, 19
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Show the
objects as

7.

Obtain the table
of weighted
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ideal object

8.
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Similarity value
table of objects
to ideal object

GsVNQs GsvNQs

Graph 1: Diagram of the algorithm.

5 Multi -Criteria Decision -Making Application

We assme that four different state laws should be created to make use of night watchmen in places
where police are inactive at night in four different states. We used the algorithm in Section 4 to find out

which law in which state is more effective after a pgtdtime.
Step l:Let - L <G4 GAG =be set of criterias such that
G = life safety

G = property safety
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G = cost
Step 2:Let W = {0.6, 0.3, 0.1} be set of the weight values such that
0.6 for the criterioneg
0.3 for the criterione g
0.1 for the criterionG,
Step 3:Let the ideal law of state be | such that

Gakds @ dgA& AN AR B R=d8 dcdMB MANB ANR&A &=s;al :r;al :r;04
NGakds 8 g AMANB AYRB R=:8 4 A& AjN&B AR & &=s;al :r;al :r;ob
Gakds & dgdMB MANB NRB B8 dgaM@B AN NR&A R=s;al:r;alr;o

Where, 4;8 dgad & adaN& Ay & & =is known part and

48 dga&d adaN& AR & &R=s;al :r;al :r;is unknown part for each criteria.
Where, T =1, | =0 and F = This means that this law gave exactly the desired result. Therefore, this

law is the ideal law.

Also,

Ls Pecestrian police with night watchmen who drive a vehicle from 7.00 p.m to 10.00 p.m

Lg Pedestrian night watchmen with police who drive a vehicle from 1.00 a.m to 4.00 a.m

L7 Pedestrian police with pedestrian night watchmen from 7.00 p.m to @en00

Lg Police who drive a vehicle with night watchmen who drive a vehicle from 7.00 p.m to 10.00 p.m
M Police who drive a vehicle with night watchmen who drive a vehicle from 7.00 p.m to 10.00 p.m
M: Pedestrian police with pedestrianmigvatchmen from 1.00 a.m to 4.00 a.m

M: Pedestrian night watchmen with police who drive a vehicle from 7.00 p.m to 10.00 p.m

M: Pedestrian police with night watchmen who drive a vehicle from 7.00 p.m to 10.00 p.m
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N Pedestrian police witpedestrian night watchmen from 7.00 p.m to 10.00 p.m

N Police who drive a vehicle with night watchmen who drive a vehicle from 1.00 a.m to 4.00 a.m
N: Pedestrian police with night watchmen who drive a vehicle from 7.00 p.m to 10.00 p.m

N Pedestrian night watchmen with police who drive a vehicle from 7.00 p.m to 10.00 p.m

R Pedestrian night watchmen with police who drive a vehicle from 7.00 p.m to 10.00 p.m

R Pedestrian police with night watchmen who drive a vehicle fr@® 4.m to 4.00 a.m

R: Police who drive a vehicle with night watchmen who drive a vehicle from 7.00 p.m to 10.00 p.m
R Pedestrian police with pedestrian night watchmen from7.00 p.m to 10.00 p.m

Step 4:LetL={.5 .5 .7 .g be set of law of states such that

GakLdgddg=alsds=ra;a<lg=rd;al,=r&;0a
FErAGE&kLdgd dg=aSraadssrand<dgds=r&;0b
Gakdsdgd,dg=asdcd,&rgq;al ir;a<lg=ra;o

GakMajaMa=aMaav=r&;a<M=r&;al :r;oa
&N GakMaaM al=aMajas=raval :r;a<M=r &; odb
GakMajaMad=aMad=r&;aM=r&;aM=rg;o
GakNaAANAY=&N=r§;aNaN=rd a<N=ra;0a
=N Gakayayay=aNayaNay=rg;al:r;al:r;cab
GakNayayaAy=aNaAY=r & A<N=r&; aN=ra; 0
GAkRRPR=-XR=r4;aRR=r&aR=r&;04
FrGKRRPB=-ERB=r,AR=rqaR=rd;od
GakRRPR=-GRBR=r&;aR=ravalr;o

Step 5:We obtin Table 5 according to Step 4
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Table 5.Table of laws

G G G
.5 |<L55’1_Gé_7é|_8=é<1_5é_6=.ré'z;é |<L5e’1_6éi_7é1_8=é<1_7=.ré'1;é<1_5=.rm; |<Lsé_6él_7é_3=é<1_5ét6éi_7é=.rf{;al:r;é
<lLg=rd; &y =rs; <Adg=r; <lg=rd; P

(MMM EMMM=T 2L MMMM=EMNM= a1 MMM A= N8 M=

"6 <M=r&d:r; <M=rd; M=r;
NN =aN=rd . aNN=ra | Nayayay=aaaNay=rd;d |4§lé‘dé\ﬂé}4=é4¥é¥:-fé&ié¢d=-féﬁ%
.7 <N=Ta; l:r; N=ra;

| | BROR=ER=LERMra RBAR=ERB=r4:&0=r0 | RBOR=RAR=r&aQ=ravg
R=rd; R=rd; [

Step 6:We obtainsimilarity of the criterias of lawatthe criteria of ideal law in Table 6.

Table 6.Similarity of the criterias of law to the criteria of ideal law

G G G
.5 0.322917 0.3062D 0.339583
.6 0.400000 0.3%000 0.266667
.7 0.400000 0.483333 0.316667
.8 0.45000 0.333333 0.316667

Step 7:We obtain weighted similarity of the criterias of law to the criterias of ideal law in Table 7
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Table 7.Weighted similarity of the criterias of law to the criterias of ideal law

(0.6) Gg (0.3) G ra;Es
5 0.19375 0.091875 0.033958
6 0.24000 0.1090 0.026667
. 0.24000 0.144999 0.031667
8 0.27000 0.09999 0.031667

Step 8:We obtainVLPLODULW\ YDOXH RI WKH REMHFWY WR WKH LGHDO R

Table8. 7KH VLPLODULW\ t6ihOixddl B4 WKH ODZY

Similarity value

5 55 (I, .0 = raloss3

6 5. (I, .9 = 0.371667

54 (I, .-) = 0.41666

8 550 (], .9 = 0.31958

From Table 8, the laws that work best . £.¢ .5and . g respectively.
6 Comparison Method

In this sectionwe compared the results of the generalized algorithm based on the generalized Hamming
similarity measure and GsvNQn with the results of the algori#jrbased on the &mmirg similarity

measure and SvNn.

If only the T, I, F components of tligsvNQrs arein Section Swe obtain in Table 9.
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Table 9.Table of laws based amly (T, I, F)

G G G
(0.8,0.2, 01) (0.8,0.3,0.1) (0.9,0.0,0.3)
-5
"6 (0.8, 0.4, 0.0) (0.5, 0.0, 0.4) (0.4,0.1,0.7)
(0.9,0.2,0.3) (0.9, 0.0, 0.0) (0.6,0.4,0.3)
-7
8 (0.9,0.1, 01) (0.7,0.5,0.2) (0.4,0.5, 0.0)

If we used the Hamming sitarity measure [22)with algorithm[2] according to Tabl8, we

obtain Table 10 for choosing the best laws.
Table 10. 7KH VLPLODULW\ YDOXH R hceokiidg @ Bianmingrintilatity medsHre [@2]@ri BvNn

Similarity value

55 (I, .0 = r826656

55 (I, .9 =0.74333

50 (I, .-) = 0.833333

550(l, .9 = 0.80333

From Table 10, the laws that work best . £.5 .gand . respectivelyThus, we oldin different

result from Section 5
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7 Discussion and Conclusion s

In this study, we firstly generalized Hamming similarity measures foG&eNQn We showed that
generalized Hamming measure satisfies the similarity measure condition. Also, we firsthligede
an algorithm (based on SvNn) for tBevNQnand we gave a muHgriteria decisiormaking application
using this generalized algorithm. In this application, we examined which of the laws established in

different states were more efficient.

From Talte 8, if we usegeneralized Hamming similarity measamed GsvNQn we obtaithe laws that

work best are
.7 .6 -5and.g
respectively

FromTable 10,if we use Hamming similarity measure and SvMme, obtain the laws that work best

are
-7 -5 .Sand.e

respectivelyThus, we obtain different results according to Hamming similarity measure and SvNn in
this paperln addition, the result we obtained in Table 8 is mote\mecause the generalized-satued
neutrosophic gadruple numbers contain components (T, I, F) of neutrosophic sets and have more
extensive components (known part, unknown part) than neutrosophiésetm be seen in this study,

it is clear that generalizesktvalued neutrosophic structures will gir@re objective results than both

the applications using classical structures and the applications using neutrosophic structures.

Also, using this study or revising this applicati@msearchers can also work otinerlaw applications
and other science apgéitionsfor decisionmaking problemsFurthermore, there are a lot of similarity
measure for neutrosophic sets. Researchergar@ralizehe other similaritymeasursof neutrosophic
setaccording tadGsvNQn Also, in this paper, wase singlevalued neubsophic componeri, |, F B
[0, 1] (as in SVNi). Researchers catudy generalized sehluedneutrosophic quadruple set according
to bipolar neutrosophic component or interval valued msoghic componerdnd researchers caneus

these structures fatecisionmakingapplications.
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Abbreviations

SvNn: Single valued neutrosophic number

SvNs Single valued neutrosophic set

GsvNQn: Generalized set valued neutrosophic quadruple number

GsvNQs Generalized set valued neutrosophic quadruple set
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Abstract: In this paper, the notions of three operators, Basic Belief Assignment Operator, Dynamic
Basic Belief Assignment Operator, and Dynamic Weight Vector Operator in interval neutrosophic
set are defined and presented. The procedue based on Dynamic Basic Belief Assignment and
Dynamic Weight Vector using Dezert -Smarandache Theory is developed to solve the dynamic
decision-making problems in a neutrosophic environment where criteria values take the form of
interval neutrosophic numbe rs collected at various periods. Practical applications for validating
the proposed method and assessing system safety are given taking an example from the marine
industry. The results indicate that the proposed methodology provides a feasible solution for
monitoring and enhancing the safety of systems working in complex and dynamically changing
environment. The model can be applied to solve multicriteria decision -making problems in
diversified areas that require dynamic data.

Keywords: Basic Belief Assgnment Operator; Dezert-Smarandache Theory; Dynamic Basic Belief
Assignment Operator; Dynamic Weight Vector; Evidential Reasoning; Interval Neutrosophic
Number

1. Introduction

Multi -Criteria Decision Making (MCDM) involves either selecting the best alternative or
prioritizing the m after evaluating for the laid down criteria . MCDM takes the required data from
records. In case the data are unreliable or scarceexperts judgments are used for analysis. Such data
contain a lot of uncertainty and hence conventional crisp techniques do not work. To overcome the
limitation of crisp sets, Zadeh [1, 2] proposed the concept of a fuzzy set. The fuzzy setswere further
extended to Interval Valued Fuzzy Set (IVFS) [3], Intuitionistic Fuzzy Set (IFS) [4], and Interval
Valued Intuitionistic Fuzzy Set (IVIFS) [5]. The fuzzy sets are extensively used in solving MCDM
problems [6-18]. But, none of the above fuzzy sets could explain the indeterminacy component
associated with the membership of an element. The fuzzy setscannot handle the possibility of the
statement being true is 0.6, the statement being false is 0.4 and the statement not being sure is 0.3.
Smarandache [19] developed the concept of neutrosophic sets where indeterminacy is explicitly
characterized that overcome the prime limitation of fuzzy set. Neutrosophic set is defined as, a set
Ain a universal set X is characterized independently by a truth membership function T, X ,

indeterminacy membership function |, X , and falsity membership function F, X , wherein

SunayP. Pai and Rajesh S. Prabhu Gaonkgfe safety assessment in dynamic conditions using interval neutrosophic sets



Neutrosophic Sets and Systemsl. , 20 69

X are real or nonstandard subsets of @,1 «. In neutrosophic notation, the above example can be
characterized as A ?0.6,0.3,0.4> . To use neutrosophic sets in practical applications, Wang [20,

21] proposed the concept of a Single Valued Neutrosophic set (SVNS) and an Interval Neutrosophic
set(INS). Neutrosophic sets have wide applications in decision-making problems [ 22-26]. Triangular
neutrosophic numbers [27, 28], pentagonal fuzzy neutrosophic numbers [29-32], cylindrical
neutrosophic numbers [33] are other forms of neutrosophic numbers used in solving MCDM
problems. N-valued neutrosophic sets [34], bipolar neutrosophic sets [35], and neutrosophic refined
sets [36] are also very popular among researchers. Neutrosophic sets are further generalized into
plithogenic sets [37] which are currently used to solve real-life problems [38, 39].

Most of the MCDM problems are solved by taking static data that must be available in advance
for assessment.But, most of the time we need to make decisions in dynamic conditions where
scenarios change very often Several techniques and methods have been poposed in the past to
solve such dynamic decision-making problems [40-46]. Decision making in dynamic conditions
requires a fusion of information gathered at different periods, different operating conditions, and
even by different teams of experts [47]. Amongst the most popular theories of information fusion is
the Dempster-Shafer theory of evidential reasoning [48]. But, this theory suffers from a major
limitation under highly conflicting conditions and gives counter -intuitive results [4 9-51].
Dezert-Smarandache [62] proposed a new DSm rule of combination (DSmT). The classic DSm rule is
simple and corresponds to the Free DSm model. Like D-S theory, the classic DSm rule exhibits the
commutative and associative properties. It does not use the renormalization process and hence does
not suffer from the problems faced by the D-S rule.

Neutrosophic PROMETHEE techniques [53], loT based fog computing model [54], and
neutrosophic analytical hierarchy process [55, 56] are effectively used to solve MCDM problems
with fuzzy information. Neutrosophic sets in combination with rough sets are used to segregate and
apply only the precise/complete data to enhance the quality of service in smart cities [57]. In this
paper, a model is proposed to assess the safety of engineering systemsn dynamic conditions .
Decision-—S"' —e1'—1 @SeZ+¢10>'"lilSeeZoer-72—<1"cl Sarbigldus-1+SS1 E">
judgment. Z1‘SYZ1e"15>Z+¢1~—1 7™ becansd theepast datacare eitherincomplete,
imprecise, or not reliable. The neutrosophic sets are preferredin this study because they can very
easily handle the hesitancy part of the experts judgment. The third component of indeterminacy in
the neutrosophic set eliminates the major limitation of afuzzy set that cannot handle the hesitancy.
The model used the INS because of its greater flexibility and precision over single valued
neutrosophic sets. The fusion of information in dynamic conditions is done using DSmT of
information fusion.

Three operators, Basic Belief Assignment Operator (BBAO), Dynamic Basic Belief Assignment
Operator (DBBAO), and Dynamic weight Vector Operator (DWVO) are proposed in this study to get
the basic belief assignments from Interval Neutrosophic Number (INN) and to combine the
information in a dynamic environment. We have also suggested the utility of the proposed model to
solve real-life problems.

1.1.The motivation for the study

Most of the multi -criteria decision-making problems are solved in static conditions where the
data are available beforehand. But, in reality, there are situations when we need to use data collected
in different periods. This requires the model to be robust which can be used dynamically and
iteratively to ascertain the benefits of the actions taken. Moreover, we need to avoid uncertainty due
to incomplete, imprecise, and missing data. Neutrosophic set has the potential to eliminate such
uncertainty. In this paper, a model is proposed using neutrosophic numbers wherein the data
collected in dynamic conditions can be suitably incorporated.
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1.2.The novelty of the work

Neutrosophic sets are used to develop a model to assess the risk/safety of the system

dynamically in a complex uncertain environment using an evidential reasoning approach. The
primary purpose is to develop,

1. Basic Belief Assignment Operator (BBAO)

2. Dynamic Basic Belief Assignment Operator (DBBAO)
3. Dynamic Weight Vector Operator (DWVO)
4

1-"eZel7® —el Z£Z5¢1 —S>S—eSE'Z ®1l+'Z7>¢ 1" hramKing¥pfabkerdsl e ¢ — S —'E 1+ 7

2. Prelim inaries

2.1.Neutrosophic Set

Smarandache [19] proposed and developed the concept of a neutrosophic set as an
improvement of a fuzzy set. The neutrosophic sets become popular over fuzzy sets due totheir
indeterminacy component which handles the hesitancy efficiently and in a better way than even the
highest level fuzzy set i.e. IVIFS. The neutrosophic set contains three independent components
namely, the truth membership T, the Indeterminacy membership | , and the Falsity membership
F . SVNS and INS help us represent the real world with uncertain, imprecise, incomplete, and
inconsistent information.

2.2. SetDefinition

Definition 2.1 [19]: Let U represent a universe of discourse. A neutrosophic set is:
A DT, X1, X,Fy X, xeU)

where T, X1, X ,F, X ,x * D1 @d

0 dsupT, X supl, X supF, X d3

Definition 2.2 [ 47]: A Dynamic Single -Valued Neutrosophic Set (DSVNS) is:

A XeUxTt,I t,Ft X e A:
for all

T, .,F:8f od1@

X1 x?

T.1F t

where "X’ 'x’7x  gre continuous functions whose arguments is time

A Dynamic Interval Valued Neutrosophic Set (DIVNS) is:

x Pt TVt @ eVt @t Ft (where ttO

T-t Tttt 1Jt,Frt Ftand

X X

Pevt @t vt @ttt @01@

In DIVNS, all intervals are changing w.r.t. time t .
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2.3.Set theretic operations of DIVNS

Let us consider two DIVN numbers:

at  {TAt 10 B (T 10 FA L)
bt et 15t FPt ) (TRt 12t FR )

where t £,t,,...t, is a time sequence at each timet,,1 dl dk

Definition 2.3 [ 47]: Addition of D ynamic Interval Valued Neutrosophic Numbers (DIVNN)

TAL TSt TAL uTP LIt Ut FAL URSt )., ¥
Y% (1)
TAt TPt TAt urPt 1t ullt Rt RSt ) 3

X

at tbt

Multiplication of DIVN N
TAL TS0 12 10 Ul FAL R R uRS )., ¥

X

at .bt

Y
TAt, urPt It 18t 1At uBt FAt, FPt FAt, uF’ tk>z
(2
Scalar Multiplication of DIVN N
11 1 T2t SIry CFA D>1/2
Duat A D A b a 5 3/, (3)
1 1 TAt %12t OFAt > :
Power of the DIVN N
L B BT A B B S D>1/2
at 3 4)
A D A D A
ITAt 1 1 1At C1 1 FxtkD> :

2.4.DezertSmarandache Theo

Dezert-Smarandache b2] developed the theory of information fusion (DSmT) for dealing with

imprecise, uncertain, and conflicting sources of information. It overcame three limitations of D -S

2> C1IZI1SEEZ™e —el ‘SeZ> l-"eZele 510721070 " —1™>"eZ-17—+7>1E
hypotheses to be mutually exclusive and exhaustive, the third middle excluded principle , and the
SEEZ™eS—EZ1 1l Z-™M@eZ> ®©1>72¢Z1 7 ¢1E —<'—Se’"—1S@1+'Z1+>S-2Z ">"1+">
sources of information. DSmT starts with a free DSm model and is denoted as M " 4 , and

considers 4 only as a frame of exhaustive elements, {,i 1,...,Nwhich can potentially overlap.

The free DSm model is commutative and associative.

Definition 2.4 [52): Let 4 AZ’,..., [ Dbe a finite set of nexhaustive elements. The hyper-power

set D* is defined as the set of all composite subsets built from elements of 4 with Y%oand
operators such that

1. 1, T...T+D*
2. If ABeD* then A" BeD%nd A%B *D"*

3. No other elements belong to D4, except those obtained by rules 1 and 2.
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When there is no constraint on the elements of the frame, the classic model is called free DSm model,
M" 4 of two independent sources of evidence over the same frame 4 with belief functions

associated with generalized basic belief assignments M} “and m, "~ and is given by

Cz/*D*m,f,C {mC mA tmB :mAmZB (5)
AB<D*
A°B C

This rule is extended for K t2 independent sources as,
k
Cz/+D*m,f,C {mC mt.1tm @ ! —m X, (6)

4 .
X3, Xp e Xy *D i1
Xp X TTXe A

and m.,/ O

3. Basic Belief Assignment (BBA), Dynamic Basic Belief Assignment (DBBA) and Dynamic
Weight Vector (DWV)

3.1.Basic Belief Assignment (BBA)

Consider an interval neutrosophic set. To use the neutrosophic number in the DSmT evidential
reasoning approach, we need to convert the neutrosophic number into its corresponding BBA. BBA
or mass function assigns evidence to a preposition. BBAO is proposedto transform the interval

— 727 @ MU EL—7—<Z>1"—+ 12> 1E " Zlee,ME andIM| 1’271

m ~ { BBA " mean . @)
sum_of the mean

where mean  finds the mean of the neutrosophic component interval given by

~L ~U

mean~ —— 8
5 (®)

and sum_of the mean” gives the summation of the means of all the three components of

INS.

3.2. Dynamic Basic Belief Assignment (DBBA)

Consider A /A,Az,...,Av\, C /Cl,CZ,...,Cn\, and D lbl,Dz,...,Dh\ be the sets of

alternatives, criteria and decision makers [47]. For a decision maker Dq;q 1...,h, the evaluation
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characteristic of an alternative Aﬂ;a 1,...,V on a criterion Cp; p 1...Nn in time sequence
t, ﬁ,tz,...,tk is represented by

Xaa i Phg X T8 X @ X, 15 %, (B, X, FY, X, (9)

apq -l apq apq ' apq apq apg

DBBA for the above neutrosophic number is obtained by DBBAO and DSmT of information fusion.
Since DSmT is closed on %and ~ , so also truthness and falsity components are exclusive, both
the belief components of T %& and T ~ F are assignedto T %#&- .

Dynamic basic belief mass,

a a 00
k ah [0}
« « P24
| |
m, C {DBBAOC | «— « | «—My Xi (10)
xl,sz,..A.x|:D4 &1l %% *D*? - 1 Y>>
XX € XX %y Gy Yy,

for a 1.,vand p 1..,n

3.3. Dynamic Weight Vector (DWV)

Decision-makers assess various alternatives w.r.t. assigned criteria. These criteria, in turn, are also
evaluated to decide their importance by a group of decision -makers in different periods . These are
generally expressed in linguistic terms. These are to be converted into neutrosophic numbers and
aggregated to get the dynamic weight vector for information fusion. This is done by horizontal
integration of neutrosophic numbers for all the deci sion-makers in all periods using DWVO.

Consider C  €,,C,,....C

and D D,D,,...,.D, be the sets of criteria and decision makers

[47]. For a decision maker Dq;q 1...,h, the evaluation characteristic of a criterion Cp; p 1..,n

in time sequence t, fl,tz,...,tk Cis represented by

L U L U L U
XPq t' I?pq Xt| ,qu Xt| @Pq xt| ’Ipq Xt| @pq Xt| ’qu Xt| G (11)
The averaged aggregation is,
' L T U L U L C U
X, X TV x @ x,1vx @ x,FYx( (12)
where
— ) ak a a h 1/h 0&”( ak a a h 1/h O&/k °
T,X 1 « & & —1 ToX Tom 21 <& & —1TIX o 22
<_$|1<4 - g1 W4>4 <_$|1<q -ooat 1A'Y"*)4;;’4
(13)
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a (0]

ah
le —((—P XJ@» ’ —_— KT XJ@» » (14)
i1 g1 VA i1 41 {}4
and
a J/k\ o
k k @ah
Fp X —_ «— X @ » )\ — «— Pig X @ » » (15)
<|1—ql A i1 -q1 1/, 1}4
The dynamic weight vector is a column vector W W, nu and obtained by DWVO using the
averaged aggregation,
- - mearnl, X meanli, X meanF, X
w, {DWVOX 0 (16)

s

gum _of _the_meanX, @

p1l

4. Dynamic information fusion
Two methods are given below, one to dynamically evaluate and rank the alternatives and the second
one to assess the safety of systems dynamically in &omplex and uncertain environment.

4.1 Method to evaluate and rank the alternatives
consider A W, A...A ,C €.C,...C., D D.,D,...D, and t #£.t,,..t be

the sets of alternatives, criteria, decisionrmakers and periods. The proposed steps are:

Step 1:Let "h'decision-makers evaluate 'V'alternatives w.r.t. 'N'criteriain "K' periods as per the

suitability ratings given in Table 1. Represent the evaluated characteristics in a matrix Xapq '[tI -

given by,
Xt/?LXTUX B X @!LXFUX

(
apq "l apq apq apq t ’ apq apq apq ( (17)

a 1...v; p 1L...n;q L...h;I 1.k

Table 1. Suitability ratings as linguistic variables

Linguistic terms INS
Very Poor (Ve_Po) ([0.1, 0.2], [0.6, 0.7], [0.7, 0.8])
Poor (Po) ([0.2, 0.3], [0.5, 0.6], [0.6, 0.7])
Medium (Me) ([0.3, 0.5], [0.4, 0.6], [0.4, 0.5])
Good (Go) ([0.5, 0.6], [0.4, 0.5], [0.3, 0.4])
Very_Good (Ve_Go) ([o.6, 0.7], [0.2, 0.3], [0.2, 0.3])

Step 2: Applying DSmT on the evaluated characteristic matrix and using DBBAO, get the dynamic
mass of an alternative 'a'for a criterion ' p'using Eq. (10)
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Step 3:Let "h'decision-makers evaluate 'N'criteriain "K' periods as per their weights given in
Table 2

Table 2. Importance weights as linguistic variables

Linguistic terms INS
Unimportant (U_IPA) ([0.1, 0.2], [0.4, 0.5], [0.6, O0.7])
Ordinary_Important (O_IPA) ([0.2, 0.4, [0.5, 0.6], [0.4, 0.5])
Important (IPA) ([0.4, 0.6], [0.4, 0.5], [0.3, 0.4])
Very_Important (V_IPA) ([o.6, 0.8], [0.3, 0.4], [0.2, 0.3])

Absolutely_Important (A_IPA) ([0.7,0.9], [0.2, 0.3], [0.1, 0.2])

Step 4: Find the averaged aggregation of all the 'N'criteria as given by "h'decision-makers in 'K
periods using Eq. (12).

Step 5: Calculate the dynamic weight vector using Eq. (16).
Step 6: Obtain the weighted dynamic basic belief assignments M, for all the alternatives from

the dynamic basic belief assignments M, and the dynamic weight vector \I_VD of the criteria.

Myp,

ap

X W um, X for a 1,..,vand p 1...,n (18)

Step 7: Synthesize the information using weighted dynamic basic belief assignments w.r.t. criteria
and applying the classic DSmT of information fusion to get the dynamic belief masses for all the
alternatives which are further normalized to get the final belief masses.

an o
m,, C : «—Mm,y X » fora L.v (19)
Xy Xz, XpeD* =9 1 Y

X, X, .. X, C
Step 8: To rank the alternatives and choose the best one, compare it with the ideal alternative using
the similarity measure. The similarity measure proposed by Jiang [58] using the correlation
coefficient of belief functions is used.

The flowchart of all the steps to evaluate and rank the alternatives is shown in Fig. 1.

Step 1 | Evaluate alternatives w.r.t. criteria |
Step 2 | Get the dynamigl/mass of alternatives |
Step 3 | Evaluate criteri\ell/in different periods |
Step 4 | Find averaged ag\lg/regation of all criteria |
Step 5 | Calculate dynimic weight vector |
Step 6 | Obtain weighted dynar;l/ic basic belief assignments |
Step 7 | Apply c?l;ssic DSmT |
Step 8 | Rank the alternatives using similarity measure |

Fig.1. The flowchart to evaluate and rank the alternatives
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Definition 4.1. [58]: Consider a discernment frame 4 of N elements. If we denote the mass of two

pieces of evidence by M, and M, , then the correlation coefficient is defined as,

cm,m,
Jem,m ,cm,m,

lgpa M, M, (20)

where the correlation coefficient Igp, ® Bl @nd Cm,m, is the degree of correlation denoted

as:

2 A~ A
cm,m, Illjllrr!LArrEA;‘Ao/A“

(21)

andi, ] 1...2%A, A] are the focal elements of mass and | ris the cardinality of a subset.

The higher value of the correlation coefficient indicates that the belief masses are close to each other.

The ideal and the best interval neutrosophic number is, D 2‘11, 0,0, 0,0 > )
The correlation coefficient I; calculated between Dand any other INN is an unscaled distance.
Higher the value of I; indicates the two numbers are closer to each other. I, 1 indicates D is

the same as the number. I; can be normalized as

E (22)

where, Ei 12,34 represents the degree of matching between D and the given neutrosophic

number.

4.2 Method for assessing system safety
consider F'F,F,....,F, , D D,D,,...D, and t /t\l,tz,...,tk be the sets of failure

modes of a system, decisionmakers and periods. The proposed steps for assessing system safety are,
Step 1:Let 'h'decision-makers identify "V'failure modes of a system.

Step 2: The decision-—S”"Z> 01VY’'Z 1S>7Z1E" -« Xmidre hiodes B+ *l' peAdds as per

the suitability ratings in linguistic terms from Table 1. The evaluated characteristic by 'q
decision-maker on failure mode 'a@'in a period 'l'is represented in a matrix form as,
L u L u L u
Xaq tI v ik />aq xtI ’Taq Xt| Qaq ><tI 'laq xtI ¢aq Xt| ’Faq th ( (23)
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a 1..v;q L..h;I 1..k

Step 3: Horizontal integration is done using DBBAO and by applying DSmT on the evaluated
characteristic matrix to get the dynamic mass of all the failure modes.

Step 4: Vertical integration of the dynamic masses of all the failure modes is done using DSmT to get
the final dynamic mass of the system.

Step 5: The obtained dynamic mass of the system from step 4 above, is mapped back to the safety
expressions of "Poor, 'Average 'Good or using Egs. (20) . (22). The mapping of dynamic

mass with safety expressions gives a distributed assessment in combination of more than one safety
expressions. Safety expressions in linguistic terms are shown in Table 3. The neutrosophic safety
expressions are converted to theirB e lzoe’ —-1 le"170Z1'Z1a'—'¢S>'«¢1-Z2Smez>2Zi
The flowchart of all the steps for assessing system safetyis shown in Fig. 2.

Step 1 | Identify various failure modes |

Step 2 | Collect decision makers views on failure modes |

Step 3 | Carry out horizontal integration applying DSmT |

Step 4 | Carry out vertical integration applying DSmT |

Step 5 | Obtain the safety level of the system |

Fig.2. The flowchart for assessing system safety

Table 3. Safety expressions

Linguistic terms INS

Poor (P) ([o.1, 0.2], [02, 03], [0.8, 09])
Average (A) ([0.4, 05, [04, 05], [0.6, 0.7])
Good (G) ([0.6, 0.7], [0.4, 0.5], [04, 05])
Excellent (E) ([0.8,049], [0.2,03], [0.1, 02))

5. Applications

Two numerical examples are discussed in this section, the first oneto validate and demonstrate the
proposed method. The second example shows the application of the proposed method to estimate
the safety level of the systems onboard the ship.

Example 1: This example is taken from Thong et.al. [47p1«~ 1 ZY S« 7S« 7 perib@ariceZin the 1

case study of ULIS'VNU. Consider five lecturers i.e. A, Ay,...,A; and three decision-makers i.e.

D,, D,, D;. Five lecturers are evaluated with respect to 6 criteria: total publications  C, , teaching
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student evaluations C2 , personality characteristics C3 , professional society C4 , teaching

experience C; , fluency of foreign language C; .

Suitability ratings as given by three decision-makers for lecturers versus defined criteria in three

different periods are given in Table 4. Their dynamic basic belief assignmentsare shown at the right

end in Table 4.
Table 4. Suitability ratings for lect urers
Decision makers Dynamic Basic Belief masses
Criteria Lecturers to tz ts (T, F, TUF)
D: D2 Ds D: D2 Ds D1 D2 Ds
A1 Me Go Go Go Go Go Go Ve_Go Go (0.537456, 0.167772, 0.294773)
Az Go Go Ve_Go Ve_Go Go Ve_Go Ve_Go Go Ve_Go (0.6772300.089733, 0.233037)
Cu As Me o o o o Go o o Ve_Go (0.551952, 0.157914, 0.290134)
As Go Me Go Go Go Go Go Go Go (0.506046, 0.189117, 0.304836)
As Me Go Me Go Go Me Go Go Go (0.445630, 0.231638, 0.322731)
A1 Go Go Go Ve_Go Go Go Go Go Go (0.545188, 0.161556, 0.293256)
Az Ve_Go Go Ve_Go Me Go Go Ve_Go Go Go (0.587106, 0.137222, 0.275673)
C2 As Ve_Go Go Go Go Me Go Go Me Go (0.495164, 0.194219, 0.310617)
As Go Go Go Go Ve_Go Go Go Go Ve_Go (0.592985, 0.134266, 0.272749)
As Ve_Go Go Go Go Ve_Go Go Go Go Me (0.516687, 0.172812, 0.310501)
A Ve_Go Ve_Go Go Go Ve_Go Go Go Me Go (0.547366, 0.152625, 0.300009)
Az Go Ve_Go Go Ve_Go Go Ve_Go Go Go Ve_Go (0.639759, 0.107299, 0.252942)
Cs As Go Ve_Go Ve_Go Go Go Go Go Ve_Go Go (0.6054310.125957, 0.268611)
As Go Go Go Ve_Go Go Go Ve_Go Go Go (0.577997, 0.142833, 0.279170)
As Ve_Go Go Go Go Ve_Go Go Go Go Go (0.564545, 0.147920, 0.287535)
A Me Go Me Go Go Me Me Go Me (0.374181, 0.293782, 0.332038)
Az Go Me Go Go Me Go Go Me Go (0.456588, 0.224954, 0.318457)
Ca As Go Go Go Go Go Me Go Go Ve_Go (0.542148, 0.163564, 0.294288)
As Me Po Me Go Me Me Go Go Me (0.335600, 0.325733, 0.338667)
As Me Me Po Me Me Me Me Go Me (0.279417, 0.384679, 0.335904)
Ai Me Go Me Me Go Go Go Me Go (0.427180, 0.248386, 0.324434)
Az Go Ve_Go Go Ve_Go Go Go Go Ve_Go Go (0.597962, 0.130556, 0.271483)
Cs As Go Go Me Go Go Go Go Ve_Go Go (0.527769, 0.173730, 0.298501)
As Ve_Go Go Go Ve_Go Go Go Ve_Go Go Go (0.597962, 0.130556, 0.271483)
As Go Go Go Go Go Go Go Ve_Go Go (0.557417, 0.155493, 0.287090)
Ai Ve_Go Go Go Ve_Go Go Ve_Go Ve_Go Go Ve_Go (0.668533, 0.094153, 0.2237315)
Az Go Go Go Go Ve_Go Go Go Go Ve_Go (0.592985, 0.134266, 0.272749)
Cs As Ve_Go Go Ve_Go Ve_Go Go Ve_Go Ve_Go Go Ve_Go (0.693488, 0.081472, 0.225040)
As Go Ve_Go Go Go Ve_Go Go Go Go Go (0.564545, 0.147920, 0.287535)
As Go Go Go Ve_Go Go Go Go Ve_Go Go (0.577997, 0.142833, 0.279170)
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The evaluation of criteria by decision -makers as per their importance is shown in Table 5. The right
end column of Table 5 shows the dynamic weight vector.

Table 5. Evaluation of criteria by decision makers

Decision makers

Criteria t1 t2 ts Dynamic Weight vector

D1 D2 Ds D1 D2 Ds D1 D2 Ds

Ci IPA IPA IPA IPA V_IPA IPA V_IPA IPA V_IPA 0.166934

Cz V_IPA V_IPA IPA V_IPA V_IPA V_IPA A_IPA V_IPA V_IPA 0.166570

Cs IPA V_IPA 0.167202

IPA V_IPA IPA IPA V_IPA V_IPA IPA -

Cs IPA V_IPA 0.165894
- IPA IPA O_IPA IPA IPA IPA IPA

Cs IPA IPA 0.166197
IPA V_IPA IPA V_IPA IPA IPA IPA

Cs V_IPA V_IPA 0.167202
- - IPA IPA IPA IPA V_IPA V_IPA IPA

The final normalized weighted dynamic belief masses of lecturers are given in Table 6. Table 7 gives
the normalized correlation coefficients of all the alternatives w.r.t. the best and ideal neutrosophic
number.

Table 6. Final normalized weighted dynamic belief masses

Lecturers Normalized Weighted Dynamic Belief masses

A1 (0.697808, 0.078287, 0.223905)
Az (0.760933, 0.050429, 0.188578)
As (0.796668, 0.042129, 0.161202)
As (0.7011030.077390, 0.221507)

As (0.662146, 0.097506, 0.240348)

Table 7. Normalized correlation coefficients

Lecturers Normalised correlation coefficients

r10%,A1) 0.198675
r20",A2) 0.202459
rs 0°,As) 0.204062
ra0°,A4) 0.198903
rs 0°,As) 0.195901

Referring to Table 7, the order of best performed lecturer to the least performed lecturer is

A TA A A ' A. The ranking order given by [47]is A, ' A, 1 A, A I A Except for

the first two alternatives, the ranking order for the rest of other alternatives is in line with [ 47].
Example 2(a): An example from Ship is taken to illustrate how dynamically we can monitor the
safety level of systems in a complex and uncertain environment using a neutrosophic set. Failure
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modes of Steering Gear on board ship are monitored periodically after maintenance and the safety

level of the system is assessed. Steering Gear failure is common in the maritime industry and

resulted in very serious accidents in the past causing major damage to the ship and its crew. This
¢Z-S—e®@1™Z5' "¢ E1-S'—+eZ—S—EZ1e"1Z2—®2>2Z1S—+1-S"—eS’'—1e'Z1@-""0"]
gear. Two experts from the marine field (two Chief Engineers on the ship with sea sailing experience

of over 20 years) were asked to analyze thesteering gear system and identify the common failure

modes of the system. Equal weights are assigned to the two experts. Experts identified five critical

failure modes (Fig. 3) and their safety level using linguistic terms from Table 1 in two different

periods. The evaluated characteristic matrix by experts in linguistic terms is given in Table 8.

Table 8. Evaluated characteristic matrix for failure modes

) Experts
Failure

Modes

D1 D2 D1 D2
F Me Me Go Go
F Go Go Go Go
Fs Me Go Me Go
Fa Po Po Me Me
Fs Me Me Me Go

System Steering Gear |

Oil Leakage (F1) |

Unsatisfactory Steering (F2) |

—|
—]
> High Oil Temperature (F3) |
—
B

Failure Modes

Malfunctioning of limit switches (F4) |

Rudder Angle Transmitter and Tiller Link failure (F5) |

Fig.3. Steering Gear system with failure modes
Dynamic masses of all the failure modes are obtained by horizontal integration using DSmMT and
DBBAO. These aregiven in Table 9.

Table 9. Dynamic belief masses for the failure modes

Dynamic Belief masses

Failure Modes

m(T) m(F) m(T, F)
F 0.379971 0.281706 0.338324
F2 0.473601 0.212394 0.314005
Fs 0.38612 0.283486 0.330394
Fa 0.194758 0.481636 0.323606
Fs 0.341035 0.323677 0.335288

Vertical integrati ng all the masses of failure mode using DSmT, we get the system aynamic belief
masses as,
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mT 032592, mF 034030, and mT,F 033377

The safety score of the system is mapped back to the safety expressions using similarityneasures
The safety level of the system obtained is,

E,, 023539, E,.. 0266823 £,, 026592, £, 023186

From the above results, it is seen that the steering gear system is assessed asAverage with a
belief of 26.68 %, as ' GoOd with a belief of 26.59 %, as 'POOI' with a belief of 23.54 % and as
' Excellentvith a belief of 23.19%.

The result in graphical form is shown in Fig. 4.

0.28
0.26 A\
024 \\
0.22
0.2
& 2 > &
]° Qé@% C?QO C@\\e
Ao <F

Fig. 4. System safety level

Example 2(b): The system safety level of the same example above is assessed in one more period
SeeZ51¢'71572725>1-8"—«7—S—(E 7] attidd R agiverYinTabld ¥0.Z oce 1

Table 10. Evaluated characteristic matrix for failure modes attime B

Experts
ts
D1 D2
F1 Ve_Go Go
F2 Ve_Go Ve _Go

Failure
Modes

F3 Go Ve_Go
F4 Go Go
F5 Go Ve_Go

System safety level after including the third period B is,

E,, 0190742 B, 0255002, £, 0277084 £, ., 027717

The results show that after inclusion of the third period, the steering gear system is assessed as
'Excelleritvith a belief of 27.72 %, as 'Goodwith a belief of 27.71 %, as ' Averag#with a

belief of 25.50 % and as 'POOI with a belief of 19.07%.With periodic maintenance of the system,
the safety level can be improved. Fig. 5. shows the result in graphical form.
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Fig. 5. System safety level (including the third period)

6. Conclusion

This paper proposed three operators Basic Belief Assignment Operator, Dynamic Basic Belief
Assignment Operator (DBBAO) , and Dynamic Weight Vector Operator (DWVO) to get Basic Belief
Assignment (BBA), Dynamic Basic Belief Assignment (DBBA), and Dynamic Weight Vector (DWV)
from the Interval Neutrosophic Number (INN). Methods are proposed with these operators in
combination with Dezert -Smarandache Theory (DSmT) of information fusion to take decisions
dynamically in the complex uncertain neutrosophic environments using INS. The feasibility and
application of proposed methods are shown by examples from the marine industry. The method
™ ™M~ eZelES—1<Z12@Zele”1-"—"e">1le'Z1eblpeZ-—0 1™Z>¢"5-S—EZ1e¢—S—"
The main benefits of the proposed model are handling of fuzzy/vague data, converting the fuzzy
data in their basic belief masses, combining the evidence using theory of information fusion and
monitoring of the system periodically with different sets of dat a in dynamic conditions. Researchers
can use this model to solve multi-criteria decision-making problems in various diversified research
areas which requires data to be collected dynamically like autonomous ships, medical diagnostic
support systems, weather forecasting, improving safety in transportation, etc. As future research,
this model can be developed further using a plithogenic set which is an extension of a neutrosophic
set.
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Abstract: In this paper, we develop a new method of decision-making algorithm with Hausdorff distance and
Hausdorff similarity measures based on generalized set-valued neutrosophic quadruple numbers. To establish
the algorithm , we define Hausdorff distance measure and Hausdorff similarity measure on generalized set
valued neutrosophic quadruple . Next, we give a new method of decision-making application for impact of
online learning on the learner. Also, we obtain different result from some previous applications (based on
neutrosophic sets) for decision making algorithm . Thanks to our decision-making algorithm and similarity

measure, researchers can obtain new applications forother decision making problems.

Keywords: Generalized set . valued neutrosophic quadruple sets, Hausdorff measures, decision making

applications, adequacy of online education application

1 Introduction

The rapid population growth experienced in the world at the end of the twentieth century and
the inadequacy of classical learning-teaching (education-training) activities and methods in this respect
led to new searches in the field of education. As a result of these searches, online education programs
have been developed. Online education program is the name given to the study carried out with the
curriculum prepared by educational institutions in a certain order to help students practice education
alone. In the most general sense, we can define online education as the education practices that are

structured on environments where teachers and students are separated from each other in terms of time
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and space. In this study, we will define a new similarity mea sure for generalized setvalued
neutrosophic quadruple numbers to assess the competence of online education and remove
uncertainties and provide a more objective assessment, and show the requirements for the similarity
measure. Some of the environmental fectors that affect the competence of online education are
infrastructure, course material, and course hours. The difference of the similarity measure we will define
from other similarity measures is that we add set operations on it. These set operations cawsed the result
of the similarity measure to be seen more clearly. Similarities between human beings, a medicine or a
new law to be exemplified can be examples of the assets we are talking about. In this report, some
criteria will be selected to evaluate the adequacy of online education and the weight values of these
criteria will be determined. A community of experts will then be created and an ideal (I) student
template will be prepared for the assessment of online education, using generalized setvalued
neutrosophic quadruples and numbers. Then, experts will be able to evaluate other students’ criteria as
generalized set- valued neutrosophic quadruple sets and numbers with the help of this ideal student.
The evaluation result of each student will be handled separately and evaluation results of each will be

obtained. Thus, an objective assessment will be made.

Smarandache defined neutrosophic logic and neutrosophic sets [1] in 1998. In terms of
neutrosophic logic and neutrosophic sets, there is a membershp degree (T), an indeterminacy degree
() and a non-membership degree (F). These degrees are defined independently. A neutrosophic value
is in the form (T, I, F). In other words, in explaining an event or finding a solution to a problem, a
condition is handled according to its accuracy, inaccuracy and uncertainty. Therefore, neutrosophic
logic and the neutrosophic sets help us find solutions to many uncertainties around us and in explaining
complexity. Also, the distance measures and similarity measures are useful for decision making
applications in neutrosophic theory. Therefore, many researchers studied neutrosophic theory [2-25]
and decision making for neutrosophic theory [25-31]. Recently, Ulucay et al. [6] introduced neutrosophic
multi -groups and appli cations; Ulucay [7] introduced a new similarity function of trapezoidal fuzzy
—Zee'™e71 —7—<Z>®@1<S@Zel —1-7ee’™eZ1E>'*Z>'S1eZE ' ®® " —1-S""—01kS*"—
arithmetic operators and geometric operators with SVNSs and their application to multi -criteria

T E R 18 el ™, 07— O1kE  —17e180i1y pleeeze Zel@ —21—2 1°™Z,8.
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'—eZ>YSe1VYSeiZel—Z7e> "™  E1®Zee01kS' —1Z1SeilyWVp1l <eS' —Zel>7+' -
methods; Sahin et al. [11] studied extension principle based on neutrosophic multi -fuzzy sets and

SeeZHS EL1"™Z5Se’ " —@01kS ' —1Z+1SeilyWXp1l' —e>"eZEIE1ee MSE 5 TK'SELDL7
YWYpPL —e>"ez@EZel—Z7e>"@" ™ " ELle>’ ™eZe1l—" studied neutrosapiit SUEIPIEK S ' — 1721 ¢
theory; Broumi et al. [15] obtained Hausdroff distance and similarity measure f or neutrosophic set and

numbers; kS*''—1 7«1 Sei1yvoiibihed ciassic neutrosophic sets and double neutrosophic sets;

kS —1 Av] déhedined decision-making applications in professional proficiencies in neutrosophic

theory; Ulucay et al. [18] introduced decision -making method based on neutrosophic soft expert graphs;

Ulucay et al. [19] studied an outranking approach for MCDM -problems with n eutrosophic multi -sets

Hassan et al. [32] studied Qneutrosophic soft expert set and its application in decision making; Bakbak

et al. [33] obtained a theoretic approach to decision making problems in architecture with neutrosophic

e~ee1l e ”Z+01 kB4 inttbduckdSneutrosophic triplet metric topology; Aslan et al. [35] introduced

—Z7e> "™ EL1-"eZe'—e17e1 SeE sl Sse"—0e ®1SE"—01kS*'—1Z+1S-ilyVY\
for multi -criteria decision-making problems with interval -valued bipolar neutrosophic sets; Abdel-

Basset et al.studied a new hybrid multi -criteria decision- making approach for location selection of

sustainable offshore wind energy stations [37]; Abdel-Basset et al. introduced neutrosophic theory

based security approachfor fog and mobile -edge computing [38]; Abdel -Basset et al. studied a model

for the effective COVID -19 identification in uncertainty environment using primary symptoms and CT

scans[39]; Abdel-Basset et al. introduced evaluation of sustainable hydrogen pr oduction options using

an advanced hybrid MCDM approach [ 40].

Smarandache [20] discussed the neutrosophic quadruple set and the neutrosophic quadruple
number. Neutrosophic quadruple sets are a generalized form of neutrosophic set. A neutrosophic
quadruple set is represented by{(k, IT, ml, nF): k, I, m,n B9or '}. Here k is named as the known part,
(IT, ml, nF) is named as the unknown part and T, I, F have the usual neutrosophic logic tools. Also,
kS —1Z7¢1SeilyXWp1l’'—-e>"«2@Eldedneiitrodopbic’ fuAdripge Zets. Unlike neutrosophic
guadruple set and number, in a generalized set-valued neutrosophic set and numbers; k, |, m and n are
sets and T, | and F are not fixed. Thus,generalized setvalued neutrosophic set and numbers are more

useful for decision making applications.
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The organization of this paper is as follows: In section 2, some basis conception of the
neutrosophic sets [1, 4], Hausdorff measures [15], the concept of neutrosophic quadruple sets [20, 21],
Euclid measures [23] and Dice measures P2]. By adding set operations to the known Hausdorff
distance measurement, we will obtain a larger set point Hausdorff distance measurement based on
generalized setvalued neutrosophic quadruple numbers so that we can more clearly deal with the

problems we encounter in section 3. In section 4, we will write an algorithm that we can use on sets of

—Z72e>"@" ™V ELE2Se>72™eZil SeZ581 Z1 ’esle'” 1¢'Z1"°™Z>Sc’e’e¢1"e1l S7ee">

which we developed, by writing a numerical example with a neutrosophic quadruple structure. The
example we gave in section 4 was calculated with other distance measurements in Seciton 5. ad then,
as a result of this calculation, we will comparison that the distance measurement we developed gives

different results. Section 6 presents final conclusions and further research.

2 Preliminaries
Definition 2.1: [1] Let ' be the universal set. For ETD' &” Q6 :T,E+:T; E (. : T; Q u”, by the help of

the functions 6 & \]10,s”[, +d \ ]1:0,s”[and (. & \] 0, s”[ aneutrosophic set #on ' is defined
by

#L A Ta T4 TATD =
Here, 6 :T;& :T;and (. : T;are the degrees of trueness, indeterminacy and falsity of TB"' respectively.

Where, -0=0- Yand s> L SEY.

Definition 2.2: @] Let ' be the universal set. For ETD' & Q6 :T; E+:T; E(-:T; Qu using the

functions 6 & \ >¥&?+4a \ x&%nd (& \ > &7asingle-valued neutrosophic set #on ' is defined

by
#L NS Ta: T4 . T,ATD =

Here, 6 :T;& :T,;and (. : T;are the degrees of trueness, indeterminacy and falsity of TD ', respectively.
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Definition 2.3: [15]Let #5=<6 T, + T, (o _:T>and #=<6 T, + T, (o :T> be two single .
valued neutrosophic numbers . The Hausdorff distance measure beween #sand #g which is shown as

@: #:5 8, is defined as
@L #sd@e, LI=T[6 T,F6 T4 T, F+ T4 (T, F (G [T+,
Also, the Hausdorff similarity measure between #gand #g which is shown as 5;:#5;&#s;is defined as
S L #sds; LSFI=T[H6 T,F6 T4 T, F+ T4 T, F( T+

Theorem 2.4: [15]Let :5& gand : ;be threesingle . valued neutrosophic sets, @be Hausdorff
distance measure.Then the following properties hold.

i. rQ@::sée; Qs

il. s L:gifandonlyif @::sag; LT

iii. @::s5846; L Q::645;

iv. If 15 6 :nthen @Q::5d6; Q@::5d7;and Q::s5ad7; Q@::6d 7

Theorem 2.5: [15]: Let #g&#s and #, be three single . valued neutrosophic sets, 5; be Hausdorff

similarity measure. Then the following properties hold.

i. r Q5y:#séts; Qs

ii.  Gyifsde; LS 7 s L #e

iii. Ry:#sétts; L Oy #edls,

iv. If #5 C#g C#;, D', then 5y:#58#;, Q 5y #s8tg;and 5y:#5é,; Q 5y #edy

Definition 2.6:[20]NQN is a number of the form (k, IT, ml, nF). Here, T, | and F are used as the ordinary
neutrosophic logical tools and k, I, m,n ®9or '. NQ ={(k, IT, ml, nF): k, |, m, n B9or '}is defined by

neutrosophic quadruple set.

For a neutrosophic quadruple numb er (k, IT, ml, nF), k is named the known part and (IT, ml, nF) is

named the unknown part where k represents any asset such as a number, an idea, an object, etc.
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Definition 2.7: [21] Let X be a set and P(X) be power set of X. A generalizedset . valued neutrosophic
quadruple setis a set of the form ) o L < # e 0,044,086 () W x5 P © ;0171%1WE1X81Y01061
n}.

Where 6; tand (ghave their usual neutrosophic logic means and generalized set . valued neutrosophic

guadruple number defined by

) ol e e Ber
As in neutrosophic quadruple number, for a generalized set . valued neutrosophic quadruple number
(#5060 5:28( representing any entity which may be a number, an idea, an object, etc.; #4is
called the known part and ( $5654:; 8=, IS called the unknown part.

Definition  2.8: [20] Let ) L #pfbebe@bte®ep(ay ANd ) o L #Hopdap 6@yt B (4, 0 tWO
generalized set . valued neutrosophic quadruple nUmbers. #g C #zy #yy C Hgy Hay C #Hagy #a C #pand

Be Q Bpdty Q A Q (5 then we say ) ¢ is a subset of ) and denoteitby )c,C)c,.
Definition 2.9:[23] Let #5=<6 T, + T, (o :T> and #;=<6 T, + T, (- :T> be two single .
valued neutrosophic numbers. The Euclid similarity measure between #zand #g which is shown as

@, #5 8, is defined as

~ 6 6 6
@, #s5 85, L SF—?A?(@§@>_ ‘TTF6 " TAE@ T,F+  TAE@ :T;F( :TA

Definition 2.10:[22] Let #5=<6 T, + T, (o :T>and #=<6 T, + T, (- :T> be two single .
valued neutrosophic numbers. The Dice similarity measure between #sand #g which is shown as

@, #5 &g, is defined as

6>@: _:&;d: (E>A &R 18>0 6& &M

S5 #Hydttg; L1- : : : : : :
1@2_ &A>@ _6A>@: &A1 @D: (6A>@ EA>@ &AD
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3 Hausdorff Measures Based on Generalized Set -Valued Neutrosophic Quadruple Numbers and

Sets

In this paper, we take T, I, F [0, 1] like single valued neutrosophic numbers in Definition 2.2.

Definition 3.1: )¢ L #p &g 6 @ 58 (x:and )¢ L kHy 8, 6, Ph 4 & (, Obe two generalized
set . valued neutrosophic quadruple number. We define afunction @sc8)c H )¢ \ > &?suchthat

@ic)c Ac i L @ac: H#ao@e bp P+ 8B (o) AH e B B P 4 B (15

-

L—tSy:T[ﬁae F 6 i F 446 F (ot
i , ’ ’ ’
| = T[Qte Uthp 0K, Uttp0__ 1= T[S, US, 0608, US4
S0 17 TIOeh, O ol | =T[OG sz 08 ER
VT 1=TIO% 0% 0i0% 0% 1= T8 Ul 008 Use:
£ | = T[Ok%, 0Ak%, Oés_ | = T[OK& 0K 08_ | O

Then, @ 4dis called a Hausdorff distance measure on generalized setvalued neutrosophic quadruple
numbers.

Where, s(A) is number of element of set A.

Also, we generalized Hausdorff distance measure for generalized setvalued neutrosophic quadruple
numbers in Definition 3.1.

Theorem  3.2: Let Yo L Kie @6 @4 58 (208 )c L #Hp @6, @4 5 & (.; and
Yo L #5856, @4 + &, (5 be two generalized set . valued neutrosophic quadruple numbers.
Then, @ 4 csatisfies the below conditions.

) @ac)c. Q¢ B ¥&?

i) @ig)cdc: L1z )g L)g

i) @ag)cdc: L @ac)c dc

wvIf )e ? )c ? )g.then

@ic)c dc i Q @aci)c ¢ and @4ici)g d¢ i Q @aci)c dg -
Proof:

i)

Let )¢ L )¢ .From Definition 2.8,
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Hoo L#z S L $o % L%, & L &, 6. L 6, £ L and (x L (&.Thus, we have

S
@ac)c dc L—tH:T["GaeFGae"éHée Ft@fe F (ot
s | = T[Qet Ut 080Kt Ut 0__ 1= T[S US 008, USy;_

V| = T[ Okt 04KH , 055 | = T[ kS 080KS., 055
I =T[k% U% 080% U%; 1=T[k&e U&p 0808 Uy ;
| = T[ k%, 080K%, 0ds_ | = T[ k&g 04K&,, 055 _
S S r r r r
L-HE-F E E E AdLr
t V k#po0 &$.0 K¥%o K&0

Let )¢ M)c.We have #, M#5, $x M$z, % M%, & M&, 6, MG, £ M4, (2 M (e
Inthis case, @ac)c a)c; P
Let )c. MTand )¢ L I.So,

Jo. L #p&e6o@ 88 (e )c L T L :T46,d 14 (»; Since we are looking for the highest
value of the result, we take 6, L 4, L (x L sand 6, L & L (g L 1.

@ac)c ¢ ; L—,[SH:T[46‘ae Fria, Friaf, Fr+

_sFI = T[Oktt, UT 0&X U#aeo_EI:T[O<$ae Ul &0l US$,;
v | = T[Qk#t, OAT &5 _ | = T[S, 0& &5_
I = T[Oeg UT ol UO/%;_EIZT[O(&BE Ul o1 U&se;_G

| = T[Ok%, o& &5_ | = T[(k&e O& &5_

S S
L—tdsE—v:sEsEsEs;th

As the highest value of @4¢)c @ ¢ ;is1andthe lowestvalueis 0, @4ic)c d¢ ; D xa8?

- N &y - 54_ . . 5 a0dac, Pp oy Pp o
@ @ac)e ) i LEd=TIE F 6 F (e F (o E1E0I T e dnt g

a0 gabop, bp oderp p i a0 daktp W odeVp W ;_ _ a0 ok Urp oleVp U ;_ h
a0 gakop, odtoop 08_ a0 dakp, okl 0B_ a0 gaky, ok ob_
= O,
then
=T[4, F 6.4+ F .48 F (x+L r and
5, adgae, P b o b Ppo _addaop U»p_ OéE»pl Bp ;a0 dak, U/p;l Oéﬂl/p_ W ;a0 gakvy U/b_ O@Vp U, ; L r
8 a0 g p oBbCp 0F_ a0 gabop, odoop 05_ a0 ok, olYp oF_ a0 daktp, ol ob_ P
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If 46, F6.+L r,then 6. L 65 if # F & +L r,then & L & if {5 F (x+L r,then (x L (zandif

a0 gap U’p_ 0B° Pp o r a0 gabop U»P o@Ee»p Wy Ly
a0 qacp o p of_ ! a0 qabop, odtop 08_ !

aod 'e{adxl/p_ Ul/p. OéEl/p' Ul/p_ i
a0 gakyp oY 0B_

a0 gakip, L'Jl/;pl o@eYp 7
a0 ok, oY 05_

L, L

then

Ho L #z S L $n % L%, & L &.

Then, from Definition 2.8, we obtainthat )¢ L ).
94

Let )c L )c.Fromi,we have @sc)c dc; L

ii)

@i 8¢ OL < H=T[ F 6,4 F 46s F (o

s | = T[Qe Utty 080Kt Ut 0__ 1= T[S U$ 080KS, USp 0
% | = T[ Okt 5 080KH 5 05 _ I = T[k$ 08KS, 085 _
I = T[k% U%, 0&X% U% 0_E I = T[K&ge Ul 08k& U&g 0

I = T[k%, 0a(k%, 085 _ I = T[ k&g 08(K&E, 035 _

S , .
L H=T6, F 6ot F 48 F (o4
S 1= Tty Uihp 080Kt Ut 0 _ 1= T[Sy USho 0408, U0
\'
|

1= T[Qktty 08K, OB _ | = T[Ok$,, 0A0KS, OGS _
= T[% U% 0dk% U% 0 | =T[K&e U8z 08K&e U&y 0 }
— — — - E — - - - _GL@ACk)Qé)QEOa
I = T[k%, 0a(k%, 085 _ I = T[ k&g 08K&E, 035 _

iv) Let )¢ ? )¢ ? ) From Definition 2.8, we obtain #, ? #5 ? #5, $2 72 $2 ? $5 % ? % ? %,
&e ? & ? & Also, we have

Q#z; QQ#,; QQ#,, 085, Q00%:; Q0%;;, Q%;Q0Q%; QQ%; Q& ; QQ&; QQ&,;
and
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adgaep P b odpd® b Ppo _adgakop l})pl Oéﬂi»p' Wp o a0 gakyp U‘/p oésdxl/p Wp o _ a0 gakvy L’Jl/t,l Oé}kl/p W 0

a0 ok p o p 0b_ a0 qabop, odop 0b_ a0 qakp olp Ob_ a0 qakp, obiblp ob_ Q
adgace, P by 0@ Ppo _aldgaomp l})p/ 0@e»py Wp ;a0 gap, Ul/p/ oY U, ;_ a0 gabd U‘/b/ oYy W, 5
a0 qake p ok by o _ a0 qabkop, odoy ob_ a0 ok, 0y oF_ a0 qap oty ob_

since

Okt Ut 0L Qi U#p0 L Qi Utgo L 1

K$ USo0L K$p U$po L k$p USpo L 1

k% U%oL % U%o L % U%olL 1

k€ U&eOL (K& U8y L k& U&go L T

Q#p Utte; Q Q#ty Uty Q% USe; QQS$, USe: Q% U%; QQ% U%; Q& U&e; QQ&, U
8o

Q#y Uthe; Q Q#y Uty Q%, USy; QQS, USe, Q% U%; QQ% U%; Q& U&.; QQ&, U
L

Also, from Definition 2.8, we obtain

e FO+Q 0, FOet e F Qe FH+ 2 F(2tQ K= F (3¢

B FBp+Q B, FOt He FH+Q+H F 4 o F (+1Q K2 F (5 +

Thus, we have @sK)c ¢c 0 Q @AK) ¢ ¢ 0a

Where, @iK) ¢ @)c, 0 Q @aK) ¢ ) ocan be shown similarto @sK)¢c 8¢ 0 Q @aK) ¢ d¢ 0
Definition  3.3: Let )¢ L #p @060 @b 58 (e;and ) L #8565 &e (o:be  two

generalized set . valued neutrosophic quadruple numbers. We define a function @8)c H )¢ \
> &?such that

SAc)c 8¢ i L Bac He 8 be Bt 8B (o) 8 e Be O P £ B (=)

L sF—tSH:T[-Iﬁae F 6oy F 4 6(n F (ot

_sFI = T[Qkttye Uty 00K U#aeo_E | = T[S U$, 0800$, USe;_
v | = T[ Okt 08CKH,, 055 _ | = T[K$,, 08KS, OG5 _
| = T[k% U% 080% U%é,;_E I = T[K&p U 080 & U ;

| = T[ k%, 08K%, 0ds_ | = T[ K& 08K&, 055 _
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Then, 5 4 ds called a Hausdorff similarity measure on generalized set - valued neutrosophic quadruple
numbers.

Where, s(A) is number of element of set A.

Also, we generalized Hausdorff similarity measure for generalized set - valued neutrosophic quadruple
numbers in Definition 3.3.

Theorem 3.4: Let Jo L Ko @0, 80 58 (20 )¢ L #ep 8r 0 h 5 B (2 and
)o L #5856, @4 + & (5, be three generalized set . valued neutrosophic quadruple numbers.
Then, % 4 csatisfies the below conditions.

) eAc)c ¢ Dads?

i) 2ac)cdci LsZ )cL)c

i) Beac)cdc: L Baci)c dc

) If )c ?)c ? )¢, then

%ac)c g Q%ac)cdcand 54cKc 8¢ 0Q S4ackc ¢ 0a

Proof:

i) From Theorem 3.2,

when @4ic:)c dc i L 1 Sac)cdc: L SF@4ic!)cdc: L sFrLsa

when @4ic:)c dc i L S aci)cdc: L SF@4ic!)cdc: L sFsLr

Then, % 4¢c:)c ¢ D x&?

ii)

From Theorem 3.2,

cedf Baci)cdc i L sthen Baci)cdc i L SF@aci)c dc s
@ac:)cdc: L sF5%4c)c ¢
@ac:)c@c: L sFsLm.

From Theorem 3.2,

:§;8f )o L ) .then @ac:)c 8¢ L r.

Since S:4¢c:)c ¢ L SF@4c:)cdc: L sFrLsonecanwrite :4¢c:)c dc; L s.

iii) From Theorem 3.2,

Since5aci)c.8)c: L SF@aci)c dc:and @aci)cdc; L @aci)c dc. s
S%ic)cdci L SF@ac:)cdc: L sSF@ac:)c@ci L Saci)c e
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v)Let )¢ ? )c ? g
From Theorem 3.2, f #5 ? #5 ? #5 $2 ? $2 ? $5. % ? % ? %, & ? & ? &, then
@ic')cdc: Q @Qac:)c d¢and @4c:)c ¢ Q @aci)c Ag -

@ic)cdc: Q @ic)c A¢s

F@ic!)cdc: RF@aci)c g
SF@ad)c:)c) RsF@acl)c: )g)

S%ac)cdc R B%ac)c g
Also, S 4ci)c ¢ Q Saci)c A canbeshownsimilarto S 4c:)c dc ' R Saci)c g -
Example 3.5:Let : L :<I &% alyal. =<, &l al.=s;d :r;d :r;;and

5 L k<lsal; dlgarl. al-=<Tgalgdlgdl. al. =r &, &Tgal; al. =r &, &lgdlg =rd ;o be two generalized set

valued neutrosophic quadruple numbers.

We calculate @4¢:: @5, namely the distance between X and : 5

S
@A(;::éS;L_tH:T< F6aFtéad F(5=

s 1=TQ U#s;80# U ;=_1=TO U$;0% U ;=_1=T0 U% O%U ;=
vV I=T<Q ;@# &= I=T<Q ;40%;;5= I=T<Q ;d0%,&=
I=T<Q U&;;d8& U ;=
E &5, &5, Ga

I=T<Q ;&&=

S
@ig: &s; L—t H=T<sFr&arFr&arFrd =
E S ;:I = T<Q <, &l; alg al. =L'J<l'5a"l'7a"l'géT; ar_= &0 <I &I, alg &r. ar.=U<T, &l aly al. ==
v | = T<O<Tal; alg &l = & <T5 al; dlg = &=
E I :T<)<rSéT: éT<=U<r6éT8éTQéT: éT ;@465[-85[-95'-: éT =U<r5é.T; é.T<=,=
|=T<O<T5é.T é-r<:;@<r6é-r8é.Tgé.T éI =,$:

| =T<Ql U< 4T, 4l 50 <&l & =Ul ;=_ 1=T<Ql U<TgéT9=,éO<TgéTg=UT;=G
|=T<()<:;@<r6éT7éT’ :;&: |=T<)q)<rgé_rg:;$:

5 a0e6a= _ a0 68 E a0 edq= E éOé<4$=AC
8 B0&8aB= A0ETBB= a0 &dad= a0 edbdb=

@ac: &5 L B=TIaasaa=E
L aa e EY eV EL phL rayvuya
t x Vv w u tp yvuyaw

As @ic:as; L rgvuyW, c:id@s, L sF@acg:as; L sFryvuyw rdwxtw
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4 Decision Making Applications for ~ Adequacy of Online Education

Now, we give an algorithm based on the generalized setvalued neutrosophic quadruple numbers and
Hausdroff measures on the generalized setvalued neutrosophic quadruple numbers for multi -criteria

decision making method applications.

Algorithm 4.1:
Step 1: The criteria are determined. The criteria set get K.

- L GaGAa G =IDb3;

The weight values of the criteria determined to 9 L <S5&5:& 8S;=:J P3;and AlzSyL s Syb3.

Where,
Ssis the weight of criterion 5,
Sgis the weight of criterion g,

S;is the weight of criterion -,

S, is the weight of criterion

Step 2: Let | be the ideal status. For the generalized set. valued neutrosophic quadruple numbers, we

define | such that
+L [G&2::;42:: ;641 sal (5;4Ga2:;;42:; ;641 g4l (5;8 4G aK2:<;42:<;6,al Al (4,0
Where,

6L6GLO®LG LS
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tLEgL@®OLELT
(sL(sL®L (4L r.

Step 3: The adequacy of the efficiency of the criteria should be assessed by samples references according
to each criterion and each status should be identified as a generalized set valued neutrosophic

guadruple numbers.
Let the sets of the samples references be
#s L [Gakis &5 6 &5 4 a5,)(5 08G8Ks &5 6 &5 4 ds,(5 088 & G akss &5 65,8, 5, &5, (5,0

#o L [G8kig &6 6 &6 b Ao, (6 08GEKs 86 65 8 b do,(s 088 E Gk & 658, By &6, (650_

#s L [Gak 4 &5 6 &g 4 &a,(s 080G, 85 6 84 & 8a, (s 084 G 8Kk &y 65,8, 4y &4, (450
and each samples reference is evaluated according to each criterion. Here;
T P20 D201 04P2:<; 071%1WAE1X31Y8166—10101%1%1W31X810!

Step 4: The sample reference criteria are given asgeneralized set valued neutrosophic quadruple

numbers in Step 4. Now show them in Table 1.

Table 1. Example reference criterion table

G G 6 G

#s| K &5 6 &5 % a5,(5.0| Ks 85 6 85,5 8s5,(5 0| 60 | k< & 6,8, 4, 8%, (5,0

#6 k: 6_36. %_aﬁ/ t_é60(6_0 k;6_aﬁl %.36/ %_360(6_0 ) k<6_ é'<6 %Uégﬁ/ -%Ué<60(600
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Ha| Ka@g 6 8g %5 Gs5(a 0 Ka 8a 6 84 % 8a5(a 0 0 | kg &y 6 &, B 8%, (5,0

Step 5: Let's calculate the similarity values of the sample references with the |ideal criterion. While

doing this, calculate SEAQ@,Gé#%Nn Table 2.

Table 2. The | ideal criterion and the similarity values of the sample references

G G 6 G
#s SAcH sy Saich éﬁsol ; 6 5EAQ5‘EU#5Q);
He Each ey XAich é#eso ; 6 E’EAC:'EUé#GQ);
0
#a Each @iy Seach #ay o 5 4G by Fagy;

Step6: —1e’eleSmeeloeeZ™1|—1e¢'Z10e — ¢S>’eC¢1le”7—edl'el’ @l —Z7ee’ ™o’ 70l cC1e

this, use the k-th weight value for each of the similarity valuesin thek-¢‘'1E"¢Z2—-—10"1%TW§1Xd61601—
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get the weighted similarity table in Table 3. The sum of #in Table 3 will be given as &Agusimilarity

value. 0'1%1Wo1EBR 61 —01l0

Table 3. Weighted similarity table

SG S ) S:G A o
I Syl Zac
@b
#s | Ss&each dsy s Sedbeach sy s | O Sade A By sy, 5€A¢5
#He | Scbeac b Hey s Sedbeagh &oy i | O Sade Ay degy 5EAQ6
o]
#a | Sedeach Way Sedbeach &y s | O Sa e Ac by Hay Beac

Example 4.2: The similarity measure is an important mathematical tool to deal with the problems we
encounter in daily life. One of the bad consequences of the epidemic that affects the whole world is that
we have to stop education. Therefore, education and training in stitutions have temporarily started
online education practices so that students do not stay away from education. Of course, it has been seen
that future online education does not have the same effect on students. Some of the factors that
negatively affect students in this process are the environment, internet infrastructure, and the materials
used in the course. In this section, the new similarity measure is applied to an online education problem.
The generalized setvalued neutrosophic quadruple number is just a tool to deal with such cases, and

for each evaluations for an alternative under the criterias can be considered as a generalized setalued
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neutrosophic quadruple number. Now, In the example below, 4 criteria and weight values of these
criteria are determined in the first step. In step 2, the ideal set | to be referenced is written. In step 3, how
to determine the efficiency of online courses, 10 student sets will be determined and these sets will be
written as generalized set-valued neutrosophic quadruple number. The similarity values of these
student sets with ideal set | are calculated and the results are multiplied by the weight values of the
criteria. The similarity values of each criterion are added and the student with the best result is

determined by finding the similarity values of each student separately.

Step 1: Let the set of criteria to be considered in evaluating the students' efficiency in online education

be K.
- L GBGGH
G: Communication. The criterion weight values Sg= 0.4
G: Lesson plan. The criterionweight values Sg L ré&
G : Attendance. The criterion weight values S; L r&
G: Source of Knowledge. The criterion weight values Sg L ra

Step 2:For the | ideal student, in the generalized set valued neutrosophic quadruple set

+L <Gak<aTaT,aTzaTo=&LaTsaT,aTzaTy=s;al :r;al :r;oa
Gakyayauayauy=ayayayayay=s;ai:r;al:r;ca
Gakbavavavtab=savkaviavsas=s;alr;alr;o
GakRaRaRaRAaR=&R4aRaRaR&R=s;al r;alr;q,

Step 3: Each student whose adequacy of the efficiency of the online lessons will be evaluated according
to each criterion and each student is determined as a generalized set valued neutrosophic quadruple

number.

Let the set of the studentsbe A L Hsa#sa#,a#ga#qa# a# a#.a#-a#s =
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#s L Ga<galzalgalg=<lzalg=ra; &zalgalg=rd; &dlg=sra;; agaddjadrdls
{Uagdh=ravaydydd=rd,;addh=ra;;aGa M, Mad=xpMdp=rasa=rd;a
{(Mavah=rd;; &GaRREPRB=-R=rd;&RB=ra,aR=rd;;=

#s L Ga<ah XL osray&Egah=sra&L=r s &Ggaddydgadl=aiadidl=rg; ad=r5;4a
U=rd;; GaMaN=r&ad=rad 18, GARRPAIRR=raaRP=r4;a

{RaR=rd;;=

#, L <G& Ty &l &T, 8, =T 8l 4T, = 1 &; &l Al 4T, dly = 1 4 | &5 4T, dl; = r &y dG & U d by d =
{Uagayag=ra{;auatdy=rawaydpardy=ras; &5a==ra;d r&;d ra;;a
GARRARIVBRPRTY A ryd ry;;=

#y L <GA a8, a=d ravd r&;d r &) &Gaydsdial=ydidl=ra;d rx;a
{Udb=ra, GaMad a2 AL=r;d 13,8V =rd; GARRP RN A
{RR=r&xaRPRR=r& aRP=rd;;=

#o L <GA& Ty aledl, ATedl, =14, 6Tl T, Srat; &l =1 &, G a WY dy a4 dy=rya
{U=r&aQdy=ra; dGa MM =rEa4=rd abdh=rd;; GaRARRA ra;
{BR=rd;aR=rd;;=

# L GATEL=E,=rav,&Lap=rax;al raru;&Gaadrdidl=a
Tiray,d rat;&l=rds; Ga =M M=1&;4
ApasaLAg=rat;d rat;;&Gal &aRB=rarv,;aR®=rat;a
R=ray;=

# L Ga<TELaLE,xTy=r§;&l=ra;d :rdz;;&GaUdsadrasds=a
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{uagardgd=ra;d r&;d &, Gal &sad=r&;d ranag=r{;;a

A

Gald:rq;d r4;d :r&;;=

#. L <G& <Iy &l 4T, T, &Ty =Ty 4T, &T; 8Ty Ty = 1 dl; 4T, 4T, 4T, 8Ty &y = 1 Ay, 4T, AT, 4, Ty dly =1 d ;&
Ga <44=4(0.8), {(0.3), 1(0.1)), G: { \g, 1(0.2), 1(0.02), 1(0.1)),
GARRA rd;d 1&;aR=18;;=

#oL Gald:ra;d:ra;d ra, GaVayay=aydi=rxdy=ravdiacdy=ra{;;a
GadMads M= =r by M=y R AbM=T d; A
GARRPRRIB=rx;aR=rd;aR=rg; =

#5,{G (1, 1(0.01),1(0.02), 1(0.02)), G {4 W U, W WL {4 W U, U4 W04,
Tird&U=r&;;&Gald ras;d:ras;d rdas;;&Gald:rawd rawd :r&;;=

Step 4: We show the criteria of the students which were given as neutrosophic quadruple sets in Table

4.

Table 4. Student criteria table

G G G G
#5 | (Tsdledldlo=a) (Udbardb=a | (vavasav=a | (RRA, B R
{Tedlg=ra&;a | {Yasdy=rava| {\basadp=rasa {20.2),
{Talsdlg=rd;a {Yajdl=rd;a {\4=rd;a {R R}O0.3),
{Tsdle=ra;; {Udb=ra;; | {bajay=ra;; {”0.2)

Decision Making Applications for Adequacy of Online Education
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{75 T30.1))

#e (Te T (W U W W (g, (R R B,
{T3(0.5), {4 W Ww.7), {\4(0.6), {B R0.5),
{U}0.2),
{Te T0.3), {\4(0.3), {R R}0.2),
{4(0.1)) -
{T3(0.1)) 1(0.1)) {RB F}0.2))
#7 ({ T5! T61 T7! T8}v ({ Lb L&! U/! Lé}! ({ \6}! ({RJ I%v B! Fé}v
{TS! T61 T7}(06)1 {Lb L&! U/! {\6}(04)1 {RJ I%v B! I%}O?)a
14(0.09), R R
{T T To 1(0.1), 1(0.7),
T8(0.2), {4 W U}0.05), - -
1(0.3)) 1(0.7))
{Ts T Tg(0.3)) {4 W U,
14(0.01))
#8 ({ T5| T61 T7v T8}v ({ L%! L&! Lév Lb}i ({ \éi \én \61 \é}i ({I?)v I%v Ba I%v Fé}r
1(0.5), {4 & W4, {\& \g(0.8), {B R0.6),
1(0.1), 1(0.6), 1(0.7), {(RRR
- - RHO.1),
1(0.1)) 1(0.8)) {\}(0.3))
{B ’0.2)
#9 ({ TS! T61 T7}! ({ Lé! U7}1 ({ \61 \éi \é}! ({ % I% F&}:
{Te T0.9), {W& UX0.7), {\}(0.1), 1(0.8),
{Ts To {U}0.6), {\g(0.2), {RB R}0.9),
T3(0.02),
{W U}0.4) {V. \g(0.2)) {B(0.9))
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#. {Ts T4 (W U W W, {\& la
{ T4(0.04), 1(0.07), {\6 V5 \g0.4), | {B R}0.004),
{ T, T3(0.086), 1(0.02), TAVARVARVA { R, R}0.02),
0.02),
1(0.003)) { W(0.01)) (002 { B}0.5))
1(0.02))
#; ({ T5! T7v T8! TQ}v ({ Lb L&! U], Lé! (T! (Tv
W -
{ 1(0.9), {\4 \§(0.6), 1 0.9),
{4 WU - -
{T3(0.8), A 1(0.3), 1(0.9),
U}(0.1), 1(0.1),
1(0.08)) A {\3(0.9)) 1(0.1))
1(0.1))
#e ({ Ts &, (¥, (A3 (R R,
T, algdlg, R R N
1(0.8), 1(0.2), 1(0.9),
{ Ts 4T, - -
{y(0.3), 1(0.02), 1(0.1),
T, &ly &15(0.3),
1(0.01)) 1(0.1)) { R}0.1))
{ Tz,
T, &l, &1(0.5),
{ Tzt
T, &y &15(0.2))
#: (T, ({ Lé! U]’ Lé}! ({ \éi \61 \éa \6}1 ({% F%, B! Fé! F&},
1(0.2), {U, W(0.6), {\4(0.1), { R}0.6),
1(0.2), { L§(0.03), {6 V5 \§ { RX0.9),
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1(0.1)) {4, U, 1(0.09) \3(0.7), R%0.9))
{\s 4 \3(0.7))

#s4| (1,100.01), | (4 W U (T, (1,
X w, X .
1(0.02), 1(0.01), 1(0.05),
. {4 WUy X .
1(0.02)) A 1(0.01), 1(0.05),

W(0.4), 1(0.1),
1(0.01)) 1(0.1))
4 40.1))

Step 5: We calculate the individual evaluation values of the students given in Table 4 with respect to
the criteria values of the | ideal student given in Step 3, one by one, using the measure of similarity.

Thus, we obtain Table 5.

Table 5. Similarity table

G G G G

#s 0.4750 | 0.3500 | 0.5250 | 0.4625

#e 0.6750 | 0.6175 | 0.7000 | 0.5125

#7 0.7250 | 0.9125 | 0.4750 | 0.5000

#g 0,7750 | 0.4375 | 0.4875 | 0.7125

#y 0.8250 | 0.5375 | 0.3875 | 0.3750

#. 0.1270 | 0.1600 0.400 0.127

#. 0.9500 | 0.8000 | 0.9750 | 0.5500
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#e 0.6000 | 0.6325 | 0.3125 | 0.7375

# 0.3000 | 0.6500 | 0.4500 | 0.4000

#s4 0.3050 | 0.5875 | 0.2550 | 0.2750

Step 6: We multiply the weights of all criteria in Step 2 with each of the similarity values in Table 6. The

sum of the similarity values of each criterion is given as the similarity value of our student set.

Table 6. Weighted similarity table

r&alG | ral(Gg | ra(G | ralg 8 ]
I SGL Beag’
@3

#5 | 0.19000 | 0.07000 | 0.05250 | 0.13875 SéAQS:é#5; Lrywstw

#s | 0.27000 | 0.12350 | 0.00700 | 0.15375 &ACG: &, L ravwwyvt

#7 | 0.29000 | 0.18250 | 0.04750 | 0.15000 SEA(;:é#ﬂ L r&yrrr

#g | 0.31000 | 0.08750 | 0.04875| 0.21375| 5eal: &f; L r&xrrr

#s | 0.33000| 0.10750 | 0.03875| 0.11250 | 5eal: &g, L révzzyw

#. 0.05080 | 0.03200 | 0.04000 | 0.03810 Beac: @, L r&xr{

#. 0.38000 | 0.16000| 0.09750 | 0.16500 Beac: & ; L rartwr

#. | 0.24000 | 0.12650 | 0.03125| 0.22125| S 4<: & L ratrtw

#- | 0.12000 | 0.13000 | 0.04500 | 0.12000 Seac: &=, L rswrr

#s4 | 0.12200| 0.11750 | 0.02550 | 0.08250 | B5esl™ &5y L ravyw
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# P#, PHgPH . P#qP#sP#s PH. P #s,P#
Similarity values of each student were calculated. According to the results, the most efficient student in
online education is #. student with similarity value of 0.80250.

5 Numerical Comparison Analysis

In this section, we will compar e the results of Euclid similarity measure [23], Dice similarity measure
[22] and Hausdorff similarity measure [15 ] using the only values (T, I, F) for which we calculate the
similarity value with the Hausdorff measures based on generalized set -valued neutrosophic quadrup le

numbers.

i) The result of calculating the similarity value of the students calculated in 4.2 with Hausdorff similarity

measure [15 in Table 7.

Table 7. Result according to Hausdorff similarity measure [15]

#s 0,650
H#e 0.450
#, 0.628
#e 0,550
#o 0,520
#, 0,228
#. 0,860
#. 0,450
" 0,760
#s4 0,283
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#. P#H.P#s P#; P#g Pitg Pifg L # P#s,P#

if) The result of calculating the similarity value of the students calculated in 4.2 with Euclid similarity

measure[23] in Table 8.

Table 8. Result according to Euclid similarity measure [23]

#s 0,7463
#e 0.8244
#, 0.7407
H#e 0,7827
#, 0,7689
#, 0,5308
#, 0,6981
#e 0,8129
#. 0,6836
#s, | 0,6980

Ho P #. Pty Pt Pt P#; P# Pis,P#PH#

iii) The result of calculating the similarity value of the students calculated in 4.2 with Dice similarity

measure [27 in Table 9.

Table 9. Result according to Dice similarity measure [22]
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#s 0,5349
#e 0.7892
#, 0.5911
#e 0,7162
#o 0,7008
#, 0,1303
#, 0,5301
#. 0,6908
#. 0,4528
#5, | 0,1748

Ho P #g Pilg P# P # PHs PH# PH.P#s,P #

From i, ii, iii; we obtain Graphic 1.

Graphic 1: Comparison of similarity measures
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6 Conclusion s

In this study, a new decision making application based on generalized set . valued neutrosophic
guadruple numbers has been developed to calculate the efficiency of students participating in online
education, which is applied to students who have to take a break from their education. We define some
measures for generalized setvalued neutrosophic quadruple sets. We proved that this similarity
measures satisfiesthe similarity conditions. Using this similarity measure, we developed an algorithm
to evaluate the adequacy of online education applied to ensure that students' education is not
interrupted by the epidemic, and we gave an example through this algorithm. In the developed
algorithm and in the example given, we determined the highest efficiency student among the students
taking courses with online education by using the generalized setvalued neutrosophic quadruple
numbers. Also, we obtain different result from some previous applications (based on neutrosophic sets)

for decision making algorithm. In future, we will discuss the following integration of the relate d topics;
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1) This measure and algorithm we have obtained can be used not only for online education, but also to

evaluate the competence of any newly designed application, the competence of the people who will

enter the profession and its effect on a law.

2) For proposed method the effect of a drug on a particular disease.

3) For proposed method more than one expert opinion can be obtained and different weight values can

be created for each expert.

4) In addition, criteria and criterion weights can be sele cted as desired in proposed method.

References

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

Smarandache, F. (1998A unifying field in logics. Neutrosophy: neutrosophic probability, set and logic
Rehoboth: American Research Press.
Smarandache, F. (2019)Iintroduction to Neutrosophic Sociology (Neutrosociology), Pons Publishing
House / Pons asblQuai du Batelage, 51000.Bruxelles, Belgium,
Wang H., Smarandache F., Zhang Y. Q., Sunderraman R. (2010) Single valued neutrosophic sets.
Multispace Multistructure. 4, 410.413.
KS*'—1 181 ee2—1 81 +235¢1 181 S>el—1 71115S—e1 —-S>S—+SE'Z1 i10XVW]iul 1—2
value between single valued neutrosophic sets based on the centroid points of transformed single valued
neutrosophic numbers with applicat ions to pattern recognition, Neutrosophic Sets and Systems, 15, 31
48, doi: 0rg/10.5281/zenodo570934
kS '—381 181 S>ei—1 T1810XVW _ Ul ZZe> "™ "Ele>'™MeZel o> 7™Me]lcSeZel " —107
numbers, Neutrosophic Set and Systems, 30, 122 131
*735¢81 181711kS'—081 11 Zze> @™ ™ ' E1L Ze+e « NMatfemaics 2010, 7)™’ ES«'"—ceil

Ulugay, VI1OXVXVUT1l,”"1 >’eZ5e'1 $5851 Z>-Z1t£72>'—271 S¢Seil H-YehoBBe«1 2.S—0"1
Benzerlik Fonksiyonu. Journal of the Institute of Science and Technology, 10 (2) 12331246 . DOI:
10.21597/jist.64479412.

kS'—081 161 «235¢061 16111 Eidme ndighiet @dthmsticibperators and geometric operators
with SVNSs and their application to multi -criteria decision making problems . Infin ite Study.

kS"'—81 181 «235¢81 i161il Z—2Z7"6281 ilGXVWAUIL "-Z21—7Z 1"™Z>S«'"—cel17+10..

valued neutrosophic sets. Journal of Mathematical and Fundamental Sciences 50(2), 103120.

T1kS"—d1 il Ss>ei—1S—e1 i1 0EZGen&iled Set\ales dehitrdsophic-Quadruple Numbers and

Decision Making Applications for Adequacy of Online Education



NeutrcsophicSets and Systems, Vol. 40, 2021 114

[10] kS*'—381 181 EZ-'681 id1 +23S¢JA017P Réfined -nelirdsbpliic hierarchical clustering
methods. Asian Journal of Mathematics and Computer Research, 283295.
[11] Sahin, M., Deli, I., & Ulucay, V. (2017). Extension Principle Based on Neutrosophic Multi -Fuzzy Sets and
Algebraic Operations Journal of Mathematical Extension, Vol. 12, No. 1, (2018), 690.
[12] kS*'—d81 id1 S>ei—81 16171 0EZd1 110XVXViilMEtie Spexd Meu@Bsophic'Sesel S>e'Sele
and Systems 33(1), 8.
[13] kS*'—81 18171 S>ei—81 T10XVWAUT1 Z 7 eringspdte. NEulresophic Betland Sysibnis 21,
20-27.
[14] kS —081 101 S>el—081 1011l [+el£81GTLAXVW _U1 ZZe> "™ "EL1 > ™eZel 'ZeelS—e1]
Based on Set Valued Neutrosophic Quadruple Number. In Quadruple Neutrosophic Theory and
Applica tions, Pons Editions Brussels, Belgium, EU, vol. 4, 52- 62
[15] Broumi, S., Smarandache, F (2013) Several Similarity Measures of Neutrosophic Sets, Neutrosophic Sets
and Systems, 1, 5462.
[16] kS*'—d81 181 S>el—081 i181i1 —S>S—+SEZ81 T NaK0PhiclSets and- Hurbber§ e e’ E
Double Neutrosophic Sets and Numbers. In Quadruple Neutrosophic Theory and Applications, Pons
Editions Brussels, Belgium, EU, vol. 8, 254265
[17] kS*'—d81 181S—e1 S>el—381 T10XVXViU1l Z 1 ' «SsValtidd Réitmgo ghic Fets Zfl—1 " —e 7
Decision-Making Applications in Professional Proficiencies. In Neutrosophic Sets in Decision Analysis and
Operations Research(pp. 129-149). IGI Global.
[18] +238¢81 i61i1kS'—a81 i1 aManixgMethad Gasex’ 5r-Neutrosophic Soft Expert Graphs. In
Neutrosophic Graph Theory and Algorithms (pp. 33-76). IGI Global.
[19] +23S5¢81 181 [+0381 181 [+«i£61Gid1i1kS*"—81 i10XVW_Uilpreblémgwit —"' —e«1S™ ™
neutrosophic multi -sets.Neutrosophic Sets and Systems 30(1), 17.
[20] Smarandache F. (2015) Neutrosophic quadruple numbers, refined neutrosophic quadruple numbers,
absorbance law, and the multiplication of neutrosophic quadruple numbers, Neutrosophic Set and
Systems, 10, 9698.
[21] kS*'—81 61 S>ei—a81 i1 0XVXV.ivhlugd—nEutfosbphic fumdiple sets and numbers In
Quadruple Neutrosophic Theory and Applications, Pons Editions Brussels, Belgium, EU, 2020 vol. 2, 23
40
[22] Ye, S., & Ye, J. (2014). Dice similarity measure between single valued neutrosophic multisets and its

applicati on in medical diagnosis. Neutrosophic Sets and Systems 6(1), 9.

T1kS"—d1 il Ss>ei—1S—e1 i1 0EZGen&iled Set\ales dehitrdsophic-Quadruple Numbers and

Decision Making Applications for Adequacy of Online Education



NeutrcsophicSets and Systems, Vol. 40, 2021 115

[23] Pramanik, B., Surapati, P., Bibhas C. Giri, (2014) A New Methodology for Neutrosophic Multiple Attribute
Decision making with Unknown Weight Information, Neutrosophic Sets and Systems, Vol. 3 , (4250)

[24] Majumdar, P., & Samanta, S. K. (2014). On similarity and entropy of neutrosophic sets. Journal of
Intelligent & Fuzzy Systems, 26(3), 12451252.

[25] Garg, H. (2020). Novel neutrality aggregation operator-based multi attribute group decision -making
method for single -valued neutrosophic numbers. Soft Computing , 24(14), 1032710349..

[26] Broumi, S., Topal, S., Bakali, A., Talea, M., & Smarandache, F. (2020) A Novel Python Toolbox for Single
and Interval -Valued Neutrosophic M atrixs. In Neutrosophic Sets in Decision Analysis and Operations
Research(pp. 281-330). IGI Global,

[27] Ye J. (2014) Similarity measures between interval neutrosophic sets and their applications in multicriteria
decision . making. J. Intell. Fuzzy Syst. 26 () 165 .172

[28] Bakbak D, Ulugay V, 2019. Chapter Eight Multiple Criteria Decision Making in Architecture Based on Q -
Neutrosophic Soft Expert Multis et. In Neutrosophic Triplet Structures, Pons Editions Brussels, Belgium,
EU, 2019 vol. 9, 108 124

[29] kS —1 @&A-"612835¢1 111S—e1 S>el—1 1010XVW]UL "—=Z1—7 1eZ—75Se’£7¢1Sees57
on centroid single valued triangular neutrosophic numbers and their applications in multi -attribute
decision making, Asian Journal of Mathematics and Computer Research, 16(2): 684

[30] Ulugay, V., Kilig, A., Yildiz, I., & Sahin, M. (2018). A new approach for multi -attribute decision-making
problems in bipolar neutrosophic sets. Neutrosophic Sets and Systems 23(1), 12.

[31] S$7<S$781 161 +235¢81 18111 kS utreddphiclsbiK s&peért imlltiZ set and their application to
multiple criteria decision making. Mathematics, 7(1), 50.

[32] SceeS—061 id1 «235¢81 181 i1kéuttesophic sbii &wen 86t ahd its application in decision
making. International Journal of Fuzzy System Applications (IJFSA), 7(4), 37-61.

[33] Bakbak D, Ulugay V, (2020) A Theoretic Approach to Decision Making Problems in Architecture with

Neutrosophic Soft Set, In Quadruple Neutrosophic Theory and Applications, Pons Editions Brussels,
Belgium, EU, 2020 vol. 9, 113 126

[34] kS''—381 18111 S>el—81 T1OXVW_0i1 ZZe>"ce” ™Ne@Edsophit' St aehd Syste@sRy, ™ ~« “e ¢ i
154-162.

[35] @eS—081 181 S>ei—381 i81i1kS"'—81 i1AXVXVUTLl ZZe>"@" ™ E1L “eZe’'—e1"e1l SeE"™

Making Applications for It. Symmetry, 12(7), 1166.

T1kS"—d1 il Ss>ei—1S—e1 i1 0EZGen&iled Set\ales dehitrdsophic-Quadruple Numbers and

Decision Making Applications for Adequacy of Online Education



NeutrcsophicSets and Systems, Vol. 40, 2021 116

[36] kS*'—81 181 «2ES¢H1 id1il EZ-"6061 i10XVW_i1 — 1-giitefs deciSion-makinds ™ ™ >~ S E 1
problems with interval -valued Bipolar neutrosophic sets. In Neutrosophic Triplet Structures, Pons
Editions Brussels, Belgium, EU, 2019 vol. 9, 108 124

[37] Abdel-Basset, M., Gamal, A., Chakrabortty, R. K., & Ryan, M.(2021)A new hybrid multi -criteria decision-
making approach for location selection of sustainable offshore wind energy stations: A case study. Journal
of Cleaner Productiqr280, 124462.

[38] Abdel-Basset, M., Mangaran, G. and Mohamed, M., (2019) A neutrosophic theory based security
approach for fog and mobile -edge computing. Computer Networksl57, pp.122-132.

[39] Abdel-Basst, M., Mohamed, R., &Elhoseny, M. (2020). <? covid19?> A model for the effective COVIDB19
identification in uncertainty environment using primary symptoms and CT scans. Health Informatics
Journal 1460458220952918.

[40] Abdel-Basset, M., Gamal, A., Chakrabortty, R. K., & Ryan, M. J(2020). Evaluation of sustainable hydrogen
production options using an advanced hybrid MCDM approach: A case study. International Journal of

Hydrogen Energy

Received:Sep 5, 2020. Accepted: Feb 1@021

T1kS"—d1 il Ss>ei—1S—e1 i1 0EZGen&iled Set\ales dehitrdsophic-Quadruple Numbers and

Decision Making Applications for Adequacy of Online Education



Neutrosophic Sets and Systems, Vol. 40, 2021

University of New Mexico

Solvability of System of Neutrosophic Soft Linear Equations

Murugadas P ¥ and Kavitha M 2
PG and Research Department of Mathematics, Government Arts College (Autonomous), Karur - 639 005,
India; bodi _muruga@yahoo.com
l?zDepartment of Mathematics, Bharath Institute of Higher Education and Research, Chennai-73;
kavithakathir3@gmail.com
Correspondence: bodimuruga@yahoo.com; Tel.: (+91 9486594135)

Abstract . This article exposes a system of Neutrosophic Soft Linear Equations (NSLE) of the form A x=b
and is said to be solvable if A x(A;b) = bholds, otherwise unsolvable. We derive conditions under which the
above system is solvable and further using Chebychev Approximation we nd a prinicipal solution if the given
systen is not solvable.

Keywords:  Neutrosophic Soft Set (NSS), Neutrosophic Soft Matrix(NSM), Neutrosophic Soft Eigenvec-
tor(NSEv), System of Neutrosophic Soft Linear Equation(NSLE), Chebychev distance.

1. Introduction

In human judgment, the importance of relations is almost self-evident. But the problem is
mainly to pass from a vague and customary concept to a precisely formulated one. The theory
of fuzzy sets is a step in such a direction and we believe that a straightforward study of fuzzy
relations deserves to be developed for a better interpretation and explanation of real-world
problems. The system of fuzzy relation equations is an important topic in fuzzy set theory.
Sanchez ?9] rst introduced fuzzy relation equations with sup-inf composition in complete
Brouwerian lattices. Since then, many authors investigated the methods for solving fuzzy
relation equations with di erent composite operators over various special Brouwerian lattices.
Among them, for nite fuzzy relation equations with sup-inf composition, Higashi et,al. [00]
showed that the solution set can be determined by minimal solutions and the greatest solution
in the linear lattice [0,1]. The solvability and unique solvability of linear systems in the max-
min algebra which is one of the most important fuzzy algebra, and the related question of
the strong regularity of max-min matrices was considered in%,6]. Cechlarova [7] studied the
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unique solvability of linear systems of equation over the max-min fuzzy algebra on the unit
real interval. In 2010 Sriram and Murugadas discussed the relation between row space, column
space and regularity of Intuitionistic Fuzzy Matrix(IFM) etc.(see [ 25,26,371{ 35]). Pradhan and
Pal [27] introduced the concepts that the Intuitionistic Fuzzy Relation Equation of the form

A x = bis consistent when the coe cient IFM A is regular.

But all these theories have their inherent di culties as pointed out by Molodtsove [24].
The reason for these di culties is, possibly, the inadequacy of the parameterization tools of
the theories. The fuzzy soft set representation of the intuitionistic fuzzy soft set has been
studied by Maiji et.al, [Z3]. Likewise, Rajarajeswari et.al 28], proposed new de nitions for
intuitionistic fuzzy soft matrices and its sort.

The notion of Neutrosophic Set (NS) was introduced by Smarandache3]. Deli [8] de ned
Neutrosophic parameterized Neutrosophic soft sets (npn-soft sets) which is the combination of
NS and a soft set. Deli and Broumi B] rede ned the notion of NS in a new way and put forward
the concept of NSM and di erent types of matrices in neutrosophic soft theory. They have
introduced some new operations and properties on these matrices. For recent development of
NS in decision making theory see the work done by Abdel Basset et.alll{ 3] and N . Nabeeh
et.al, [M8{20]. The minimal solution of NSM was done by Kavitha et.al, [1Z] based on the notion
of NSM given by Sumathi and Arokiarani [4]. As the time goes some works on NSM were done
by Kavitha et.al, [123{1i5,17]. The Monotone interval fuzzy neutrosophic soft eigenproblem and
Monotone fuzzy neutrosophic soft eigenspace structures in max-min algebra were investigated
by Murugadas et.al, [21,27]. Also, two kinds of fuzzy neutrosophic soft matrices are presented
by Uma et.al, [386].

In this paper, we will concentrate on the solvability of the system of NSLEs be solvable of
the form A x(A;b) = b: We derived the maximum solution for a system of NSLEs and we
de ne that particular solution x(A;b) as principal solution. In the concluding section-5, we
have tried to give an algorithm for coe cient NSM A of an unsolvable systemA x = bto
get a principal solution.

2. Preliminaries

In this section, some elementary aspects that are necessary for this paper are introduced.

De nition 2.1. [30] A neutrosophic set A on the universe of discourseX is de ned as
A = fhx; Ta(X); 1a(X); Fa(X)i;x 2 Xg; whereT;I;F : X ! ] 0;1"[ and
0 Ta(x)+ 1a(x)+ Fa(x) 3":(1)]

From philosophical point of view the NS set takes the value from real standard or non-
standard subsets of 1 0; 1* [: But in real life application especially in Scienti c and Engineer-
ing problems it is di cult to use NS with value from real standard or non-standard subset
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of ] 0;1*[: Hence we consider the NS which takes the value from the subset of;[0}: Therefore
we can rewrite equation (1) as 0 Ta(X) + 1a(X) + Fa(x) 3: In short an elementa in the
NS A; can be written asa = ha';a';a"i; wherea' denotes degree of truth,a' denotes degree
of indeterminacy, a~ denotes degree of falsity suchthat0 a' + a' + a& 3:

De nition 2.2. [4] A NS A on the universe of discourseX is dened as A =
X hTaA(X); 1a(X); Fa(X)i;x 2 X g, whereT;I;F : X ! [0;1]and 0 Ta(X)+ 1a(X)+ Fa(X)
3

De nition 2.3. [24] Let U be the initial universe set andE be a set of parameter. Consider
a non-empty setA;A E: Let P(U) denotes the set of all NSs olU: The collection (F;A) is

termed to be the NSS overU; where F is a mapping given byF : A! P(U): Here after we
simply consider A as NSS overU instead of (F; A):

De nition 2.4. [4] Let U = fcy; ¢; il cmg be the universal set andE be the set of parame-
tersgiven byE = fej;e;:i;emg: Let A E: A pair (F;A) be aNSS over U: Then the subset
ofU E isdenedby Ry =f(u;e); e2 A; u2 Fa(e)g

which is called a relation form of (Fa; E): The membership function, indeterminacy member-
ship function and non membership function are written by

TR, :U E! [0;1} IR, :U E! [0;1]]andFgr, : U E ! [0;1] whereTgr, (u;€) 2
[0;1]; IR, (u;€) 2 [0;1] and Fr, (u;€) 2 [0; 1] are the membership value, indeterminacy value
and non membership value respectively ofi 2 U for eache 2 E:

IF[(Ty 5 L Fi )I=[Ti (uisg); Lij (uisg) s Fij (ui; )] we de ne a matrix
2 3
hT11; 111, Faal hTin; l1n; Fanl
. hT21; 121; Foii hTon; l2n; Fani
[T 15 Fijilm n = . . .
ATm1; Im1; Fmal hTmn; Tmn; Fmond

Which is called anm n FNSM of the NSS Fa;E) over U:

De nition 2.5. [36] Let A = (haf; aj; afi); B = hbj; B i) 2 N(mn); NSM of
order m n) and N,y-denotes a square NSM of orden. The component wise addition and
component wise multiplication is de ned as

A B =(supfaj; bfg; supfaj; b g; inf faf; b g)

A B =(inf faf; bjg; inf faj; b g; supfaf; b g)
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De nition 2.6. Let A2N (m.n); B2N (n.p; the composition of A and B is de ned as
|

A B

" !
[ : F
(aj ~ o) (aik Abg) (al b
k=1 k=1 k=1
equivalently we can write the same as

n n

alk h(] (ailk " t:i<j ); (a:T( — u:j )

k=1 k=1 k=1
The product A B is de ned if and only if the number of columns of A is same as the number

of rows of B: Then A and B are said to be conformable for multiplication. We shall useAB
insteadpofA B:
Where = (aj * by ) means max-min operation and

? (af _ H;) means min-max operation.
De nition 2.7. [16] Let V, will denote the set of all n-tuples (W] ;Vvi;vii;:hvl;vl;vii)
over [0 1]

An element of V,, is called a Neutrosophic Soft vector (NSV) of dimensiom:

De nition 2.8. [16] If A 2N (mny and X 2N ) satis es the relation AXA = A then X is
called a generalized inverse(g-inverse) o& which is denoted by A : The g-inverse of an NSM
is not necessarily unique. We denote the set of all g-inverses &f by Af 1g:

De nition 2.9.  [16] Let A = haj;aj ;af i 2N (m;n): Then the elementhe] ;aj ;af i is called
the (i;j ) entry of A: Let A; (A j) denote the i row (column) of A: The row spaceR (A) of A
is the subspace olV,, generated by rowsf A; g of A: The column spaceC(A) of A is the space

of Vin generated by the columnsf A g of A:

De nition 2.10. [16] For NSM A; X 2 N n); are said to be a Moore-Penrose of A, if
AXA = A;XAX = X; (AX)'= AX and (XA)' =

3. Results

De nition 3.1.  (Linear combination of NSVs )

Let S = fhaj;a);ali;ha};ah;abi;:;hal;a,;afig be a set of NSV of dimensionn: The

linear combination of elements of the setS is a nite sum ‘Fp hel;d;cFiha’;al;afi where

hal;al;afi2 Sandhdl;c;ci2 [0;1: The set of all linear Ic:cl)mbinations of the elements of
S is calld the span ofS; denoted by hSi:

Here we illustrate the above concept.

Example 3.2. Let S= fha];al;afi;ha];ab;abi;hal;al;afig be a subset ofvz; where
hef;al;afli = (h0:8;0:7;0:2i; 0:6; 0:5; 0:4i ; 0:4; 0:3; 0:6i );
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het ;ab;abi = (h0:5;0:4; 0:6i ; 0:5; 0:4; 0:6i ; M0:4; 0:3; 0:6i );
and hal;aj; afi = (0:7;0:6;0:3i; M0:7; 0:6; 0:3i; 0:9; 0:8; 0:1i ): Then
hSi = fhel; c}; ¢l i(h0:8;0:7; 0:2i; h0:6; 0:5; 0:2i ; h0:4; 0:3; 0:6i)

+Ic]; ch; ¢§ i (M0:5; 0:4; 0:6i ; h0:5; 0:4; 0:6i ; h0:4; 0:3; 0:6i

+hcl; cy; c§ i (M0:7; 0:6; 0:3i ; H0:7; 0:6; 0:3i ; hD:9; 0:8; 0:1ig :

De nition 3.3  (Dependenece of NSVs) A set S of NSVs is independent if and only if each
element of S can be expressed as a linear combination of other elements &; that is, no
elements 2 S is a linear combination of S nfsg: If a vector can be expressed by some
other vectors, then the vector is called dependent otherwise it is called independent. These
terminologies are similar to classical vectors.

An independent and dependent set of vectors are illustrated below.

Example 3.4. Let S= fha];a};ali;ma);ab;abi;mal;al; afig be a subset ofvz; where
haf;al;afi = (h0:8;0:7,0:2i; M0:6; 0:5; 0:4i ; F0:4; 0:3; 0:6i );

het ;ab;abi = (h0:5;0:4; 0:6i ; 0:5; 0:4; 0:6i ; H0:4; 0:3; 0:6i); and

hal;al; afi = (M0:7;0:6;0:3i; M0:7; 0:6; 0:3i; 0:9; 0:8; 0:1i ):

Here the setS is an independent set.
If not then haj;aj;afi=hT; '; Fihal;a;abi+h T; '; Fihal;al; abi
forh T: ' Fi:-hT: '+ Fi2N : So

hal;a;afi=hT; ', Fi(0:5;0:4;0:6i; M0:5; 0:4; 0:6i ; H0:4; 0:3; 0:6i)

+h T: ' Fi(h0:7;0:6;0:3i; H0:7; 0:6; 0:3i ; H0:9; 0:8; 0:1i

= (hmaxf min(0:5; T); min(0:7; T)g; maxf min(0:4; ');min(0:6; ')g;
minf max(0:6; F);max(0:3; F)g);
(hmaxf min(0:5; T); min(0:7; T)g; maxf min(0:4; ');min(0:6; ')g;
minf max(0:6; F);max(0:3; F)g);

(hmaxf min(0:4; T);min(0:9; T)g; maxfmin(0:3; ');min(0:8; ')g;
minf max(0:6; F);max(0:1; F)g):

It is not possible to ndany h T; '; Fi:h T; ' Fi2 N such that the corresponding
coe cients on both sides will be equal. That is,
haj;aj;afi& h T; '; Fihal;a,;abi+h T; '; Fihal;al;afi: Similarly,
hel;a);abie h T; ', Fihal;al;afi+h T; !'; Fihal;al;afi and
hel;as;afi6 h T; ', Fihal;a,;abi+h T; ', Fihal;al;afi: So the set S is independent.
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Let S= fha];a};ali;ha);a); a5ig be a subset ofvs;
where ha] ; a}; af i = (0:7;0:6; 0:3i; h0:5; 0:4; 0:5i ; M0:6; 0:5; 0:4i ) and
hal;a;abi = (h0:8;0:7,0:2i; M0:5; 0:4; 0:5i ; H0:6; 0:5; 0:4i ):
Hereha];al;afi = hcT;c';chi(ha);ab;abi) for heT;c';cFi = M0:7;0:6;0:3i: So S is a dependent
set.

De nition 3.5 (Basis). Let W be an Neutrosophic Soft Subspace off, and S be a subset
of W such that the elements ofS are independent. If every element ofW can be expressed
uniquely as a linear combination of the elements of5, then S is called a basis of neutrosophic
soft subspacew.

De nition 3.6  (Standard basis). A basis B of an Neutrosophic Soft Vector Space (NSVS)
W is a standaF;d basis if and only if whenever
t‘qT;d;kfi=4 Ta,'J, |thq;q:iformT;d;d:i;qu;q;q:iZN

and hay ; aj; ; af |2 [1;0] then hal ;& ;afiho"; 0 ;0 i = W' ;1 ;00 i:

Example 3.7. Let S = fha];al;afi;ma];a);afi;mal;al; afig be a subset ofvs given by
a; = (h0:5; 0:4; 0:5i; 0:5; 0:4; 0:5i ; D:5; 0:4; 0:5i) and

ap = (h0:5; 0:4; 0:5i; 0:6; 0:5; 0:4i ; D:8; 0:7; 0:2i) and

az = (h0:4; 0:3; 0:6i ; 0:4; 0:3; 0:6i ; h0:8; 0:7; 0:2i):

Then S is independent set, since

hal;al;ali6 hel;c;cli(ha);al;abi)+ hl;chchi(hal;al;ali);

hal;a);abi 6 hel; 35 cKihal;al;afi + hel;c);chihal;al;afi and

hal;as;afi 6 hel;cl;chi(hal;al;afi)+ hl;ck chi(hal;al;abi):

Sofha];al;afi;hal;al;a5i;hal;al;a5ig is a basis forhSi:

+

Now this is a standard basis . For, hal;aj;afi = hc;;cly;chi(ha];al;ali)
hel,; clo; e, (hal; ah; abi) + hely; g cigi(hal ; ak; a5 i) holds if hely;cly; cfi = M0:8;0:7,0:2i;
hel,; €hp; Cli = H0:5;0:4; 0:51 and hclg; ¢l 5; Cigi = M0:6; 0:5; 0:4i:

Also ha];al;afi = hely;c)y; chhi(ha];al;ali) for hey; ¢y chi = h0:8;0:7;0:2i:

imi T.4l. qF; T.-ql-qF;-
Similarly for ha,;ay;a51 and hag;as;a;5i:

4. Solvability

In this section, we are going to study the system of NSLEs of the form,

A x=b(1)
that is
rmaxmln(aj, x1); maxmln(a'J, x| ); mln max(af ;xF)i = hf ;B (2)
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where the NSMA 2 N, ) and the NSV b 2 N,y are given and the NSVx 2 N is
unknown.

The solution set of the system de ned in (1) for a given NSM A and an NSV b will be
denoted by S(A;b) = fx 2 NLjA X = bg:
Now our aim is to nd whether the system (1) is solvable, that is, whether the solution set
S(A; b) is non-empty.

Lemma 4.1. Let us consider the system of NSLEA x = b:

If max(ha ;afi) < hf;H i for somek; then S(Ajb) = ; that is the sysem is not
solvable

Proof: If max(haIJ ;ay ;afi) < ;b ;i for somej; then

mm(m” aj;ali) haj;al;ali max(ha},al'J, Fi) < (0 H )

Hence hnaxmm(a],x,T) maxmln(a”, h; m|n max(af ; x[)i < (h"; B ;i) for somej; and

by equation (2) no valueshx,T ;x! i xFi exists that satisfy the equation (1). Therefor S(A; b) =

1)’ IJ’

Remark 4.2. Let us consider the condition of the Lemmag=1 be

max(raIJ ;ay ;afi) > (H ;B ;i) for somej: Then according to the proof of the Lemmag1,
mln(l’ﬂu aj;api;hix};x[i) haf;af;afi  max(haf;aj;afi)> (H;4;Hi)implies the
onIy possibility is, m” aIJ ,aFl are same for alli: Then two case may arises,

Case-1: If hq ;b] ; kfl are equal for allj: Then the system reduce to one equation. So that
the system is solvable.

Case-2: If Hf;bj ; l:fi are di erent for some j: Then the equation of the system will be such

that, all have the same left side with some di erent right side. Hence the system is not solvable.

Example 4.3. Let us consider the system of NSLESA x = b where,

2H):? 0:6 0:3i h0:3 0:2 (I?i3
= ﬁho:e 0.5 G:4i h0:6 0.5 (I4ig and
h0:8 0.7 0:2i h0:4 0.3 0:6i
2H):4 0:3 O:6i3
b= 2 hi; 1; Oi g :
h0:5 G:4 O:5i
Here forj =2;
maxfh0:3 0:2 0:7i; h0:6 0:5 0:4i; 0:4 0:3 0:6ig = M0:6 O:5 G:4i < hil;1;0i: Hence by Lemmadz,
the system of NSLESA x = bis not solvable.

The following theorem deduce the fact its solvability of a system of NSLEs of the form (1)
depends upon the characteristics of the coe cient NSMA:
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Theorem 4.4. The system of NSLEs of the form (1) has a solution if the non-zero rows of
the coe cient NSM A forms a standard basis for the row space of itself.

Proof. As the non-zero rows of the NSMA forms a standard basis for the row space oA; then
the NSM A be regular. That is there exists a g-inverseA of A such that A A A=A
Now, A x = bgivesA A A x=bhb:

That implies, A A b = b: Which shows, (A b) is a solution of the given sytem.
Therefore the system of NSLE is solvable.

Example 4.5. Let us consider the system of NSLEsA  x = b: with

" #
h0:7 0:6 0:3i h0:6 0:5 0:4i hO:5 0:4 O:5i

h0:5 0:4 0:51 h0:6 0:5 0:4i h0:8 0:7 0:2i

X =[x xEisxd s xbxBis g xh;x§i]" and
" #
h0:6 0.5 0:4i
h0:5; 0:4; 0:5i

Here the non-zero rows of the NSMS are linearly independent and form s standard basis .
So
A is regular and one of itsg inverse is

2r():8 0:7 0:2i hO:5 04 0:5i3
A = 9“):5 0:4 G:5i hO:5 0:4 05 g
h0:5 0.4 0.5 h0:8 0:7 0.2
2r():6 0.5 O:4i3
x=A b= 2hﬁ):5 0:4 O:3ig
h0:5 G:4 O:5i
This is one of the solution of the above system of NSLEs.

The assertion of theg inverse of a NSMA is not unique. So the solution of a system of
NSLEs may have many solution. Among these solutions the maximum solution is de ned as
follows.

De nition 4.6.  Any arbitrary element x of S(A; b) is called a maximum solution of the system
A x=bifforall x2 S(A;b);x x implies x = x:

The following theorem demonstrate how to nd the maximum solution of the system of
NSLEs.

Murugadas P and Kavitha M, Solvability of System of Neutrosophic Soft Linear Equations



Neutrosophic Sets and Systems, Vol. 40, 2021 26

Theorem 4.7. If for a system of NSLESA x = b has a solution denoted byx(A;b) and is

de ned by
8
< e T.4l - qF; T.H - P Qi
= Tl Fi = hi;1;0i if hej;aj;afi h qul 8i
: minthT;q;tfig if mﬁ;a{j ;aﬁi > PqT;b];tfi;
is the maximum solution.
Proof: As the system of NSLESA x = b has a solution, so it is consistent, thenx is a
solution of the system. If x is not a solution, then A x 6 b and therefore
mjaxmin(ag;ij); mjaxmin(ai'j ;xj')mjin max(af ;x[) 6 (hy ;b ;i) for at least one jo: The
above de nition of Xx;
sincetw;x!;xFi h ;4 ;i for eachj; so
b x{;xfi h B ;4 ;4 i By our assumption, mjax(ha{;a}j ;ali < hy b i) for somejo
and by Lemmatl it follows that S(A;b) = ; which is a contradiction. Hencex is a solution
of the systemA x = b:
Now let us prove that x is a maximum solution. If possible let us assume thay = hyT;y';yFi
be a solution of the system such thaty > x; that is
%;yi'o;yfoi > hxiTO;xi'o;xﬁ)i for at least oneig:
Therefore by de nition of x; we havehy[;y| ;yfi > min(qu; q : tfi) when m%j ;ai'oj ;aiFoji >
" B ;b7 i for somej. Again, since S(A;b) 6 ;; by Lemma &1,
miax(rago;a}j o;an i > H e i) for eachjo:
Hence, Hy' ;1 ;i & hniaxmin(ago;yiT);miaxmin(ai'jo;yi');miin max(af ;yF); which contra-

dicts our assumptiony 2 S(A; b):
Therefore, x is the maximum solution of the system of NSLESA x = b:

Example 4.8. Given #
_ 107 0:6 0:3i h0:6 0.5 0:4i h0:5 0:4 O:5i
., H0:5 04 05 [0:6 05 0:4i hO:B 07 0.2
h0:5 G:4 O:5i
h0:6; 0:5; 0:4i

From the de nition of maximum solution,
X1 = h0:5 04 0.5i;xo = H0:6 05 04
X3 = H0:5 04 0:5i: Sox = [0:5 0:4 0:5i;M0:6 0:5 0:4i; H0:5 0:4 0:5i]": Thus, S(A;b) 6 and
A x = bhold. Hencex = [h0:5 0:4 0:5i;h0:6 0:5 0:4i;H0:5 0:4 05i]' = x is the maximum
solution.

Now we consider the de nition P10 of Moore-Penrose Inverse.
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Theorem 4.9. Let us consider a system of NSLEs (1). The system must have a solution, that
is, must be consistent if the coe cient NSM A is a symmetric and idempotent of ordern:
Proof: SinceA is symmetric and idempotent square NSM, that isA itself is a Moore-Penrose
inverse. That is, A = A™: So in the case the solution will be

x = A*b= Ab:

Example 4.10. Consider the systemof NSLESA  x = bwhere,

h0:8 0:7 0:2i h0:6 0:5 0:4i

A= ) ~and
h0:6 05 0:4i hO:7 0.6 O:3i
" #

h0:8 O:7 O:2i

h0:6; 0:5; 0:4i
Here, AT = A and A2 = A: that is, the NSM A is symmetric and idempotent. So the Moore-
Penrose inverseA* of A is itself A. Then the solution will be

X = A"b= Ab=[Hh0:8 0.7 0:2i; 0:6; 0:5; 0:4i ]':

5. Chebychev Approximation

In this section, we describe an algorithm by which we approach the right hand side of the
system of NSLESA x = b by successively changing the original NSMA 2 N,  to a NSM
D2Nm nsuchthat D x = bis solvable.

Let us consider the solution or tolerable solutionxo(A; b) of the system of NSLEs

8
ShLL0iif hel;al;ali h oo 8
L minfhtl ;bW ig if hel;alafi > ho o i (3)

Now if we de ne that the system (1) is solvable if and only if (3) is its solution,

A x= basxo(A;b)z

thatis A x’(A;b) = bholds, but in generalA  x’(A;b) b holds always. So our aim is, by
changing the NSM A and retain the right hand side of the system same to make the system
solvable.

First we have to de ne some importent De nitions.

De nition 5.1.  The Chebychev distance of two NSMsA;B 2 N (i, ) is denoted by (A;B)
and is de ned by

(A;B) = hqjaxjaE by J; rTi];janailj b i; rr;jinjaf;j b ji:
The Chebychev distance of a NSMA 2 N (, ) and the setS2 N, nyisdenedby (A;S)=
Ei‘r;fS (A;B):
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De nition 5.2. We say thata NSM B 2 N, ) is closer to a NSVv 2 N (1) than a NSM
A2Nm nif

Giaisafi hobfh b hovivivEi okl alali h b cEE hovTvivii forall
indicesi 2 M andj 2 N and we denote byA! B v:

Lemma 5.3. Let us consider two NSMsA;C 2 Ny, ) and the NSV b 2 N,y such that
Al C b:Thenx’(C:b x°(A:b):

Proof: From the de nition of the solution of the system of NSLEs of the form A x = bwe
have,

X’(C;b) = ?m;mi it hef i hoBfiH b 8i
- minfhbl ;o ;b ig if hef;cficfi > ;b
3 and

(AL = fh1;1;0i if tef;al;ali h b8

- minfhl ;B ig if kel ;ajafi > g
Now, asA! C b; we have
fi;hel;clicfi > ;0 fig f il ;a);afi > W' ig for eachj 2 N: Sox’(C;b)
0
X (A;b):

Lemma 5.4. Let A and C be two NSMs of order (m n) and b 2 N(,) be a NSV with
Al C Dbilf A x=bissolvable thenC x = bis solvable.

Proof: From our assumption, solvability of A x = b means that A xO(A; b) = b: Then it
equation of which gives,

Tialiali x(AD)= b (4)
j=1

Le us suppose that in (4) the equality has been achieved in ternk:

Thus, haj ;al,;ak i x"(A; ) = by which is only possible if

Toalcali h b;H ;i as well asx, (X;b) h:

Since, A! C  b;we gethal;al;ali hcl;c.;cki ho;0;qi and Lemma 53
gives,x,(C;b)  x,(A;b) h: This implies, hck ;cl ;i x,(C;b) b: Again for any NSM
C.C xo(C;b) b:

Hence the only possibility is, C xO(C; b) = b;thatis, C b= bis solvable.

Lemma 5.5. Let us consider the system of NSLEA x = b and xo(A;b) be its tolerable
solution. If there exists a NSM D such that, D x = bis solvable with (A;D) = ; then
there exists NSMC suchthat A! C band (A;C) with C x = bis solvable.
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Proof: The NSM C can be chosen in three di erent way.

Case-1: If "; ;00 i h a';al;afi h dl;d;dfior
;0 ;8 i ha';a;afi hdl;d;di;we set
cj = hofic;ci=htmaxthl;al (df af)gmaxb;a; (dj aj)g;
minflf;af +(af df)gi
=hmaxfhl;(2aj df)g;maxfi;(2a; df)g;
minfif; (2af  df)gi; or
cj = hef;cicii = tminfb';al +(a] df)gminfd;a; +(a, df)g;
maxftf;af  (df af)gi
= minfh';(2a] d)g;minfl;(2a; dj)g;
. (9aF Fyni-
maxfbf ; (2af  df )gi;
respectively.
Case-2: If m";al;afi h df;d;d"i h b';Q;00 or
hal;al;afi h dl;d;dfi ho';Q;0i;
then take Gj = dij

Case-3: If ";al;afi h b";0;00i hdl;d;dfior

ral;al;afi hbl;H;0fi hdl;d;dfi;

then take ¢; = by

Now from the construction of C by the above three cases, it is obviouse that (A; C)
and A! C b:Moreover,D! C b; hence by Lemmab3Z, C x = bis solvable.

De nition 5.6.  For a given NSM A 2 N, ) and the NSV b2 N,y we denote the NSM

D2Nm n by (A; ! b)such that for eachi 2f1;2;3;::;;mgandj 2f1;2;3;:::;ng;
8
mIT'd-'-'d-Fi=<minfag+ T;ng;minfai'j + ';Iolg;maxfa”F Fifgif aj <b;
ij o Yij o G : . .
: maxfa} T;ng;maxfai'j ';b{g;mlnfaiJF+ Fifgifaj b
It is obvious that, A! (A; ! b)) bforanynon-negatve = h T; ': Fi:More over as

increase, we nally arrive at a NSM D such thatdj = b forall i 2 M;j 2 N; which satisfy
the condition, D xO(D;b) = b: So computation of the NSM D is an iterative process, which
can be described by the following owchart.
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Algorithm MATRIX

begink =0; «=H0;0;0i; A( «) = A;

compute xO(A; b);

If A x(A;b) 6 bthen

repeat ks1 = N go1i jers fea

=h f+minfiAC);  BTHEAC; 8 g,

k+minfiAC )i BiiACL; 6 g
CrminfAC); AL 6 i gi;

k=k+1;

AC )=(A; k! b

until A( ) X(A( ;b= b

output: A( ¥); «

end MATRIX.
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k=0 =(0, 0, 0)

No

AC )=(A; k! b

The following example illustrate the concept of the above owchart.

Let us consider the system of NSLESA x = bwhere,

h0:3 0:2 0:7i h0:6 0:5 0:4i h0:7 0:6 0:3i h0:4 0:5 0:6i h0:2 0:1 0:8i3
h0:6 0:5 0:4i h0:2 0:1 08 h0:9 G:8 0:1i h0:1 0:1 G:9i h0:6 0:5 04
h0:3 0:2 G:7i h0:8 0:7 0:2i h0:5 0:4 0:5i h0:4 0:3 0:6i h0:2 0:1 O:8i
h0:5 0:4 G:5i h0:7 0:6 0:3i h0:3 0:2 0:7i h0:7 0:6 0:3i h0:3 0:2 O:7i

2
Example 5.7. A= g

and

2 3
h0:4 0:3 O:6i

b= h0:9 0:8 0:1i 4
h:3 02 0715
h0:5 0:4 O:5i

Murugadas P and Kavitha M, Solvability of System of Neutrosophic Soft Linear Equations



Neutrosophic Sets and Systems, Vol. 40, 2021 s

The corresponding tolerable solution will be
xO(A; b) =[h0:5 04 0:5i; M0:3 0:2 0:7i; h0:3 0.2 0:7i; 0:3 0:2 O:7i; 0:5 0:4 O:5i ] but

A xD(A; b) bso the system is unsolvable.
In the rst iteration,
1h0:1;0:2; 0:9;A( 1) =

2h):4 0:3 G:6i h0:5 0:4 0:5i h0:6 0:5 0:4i h0:4 0:5 0:61 h0:3 0:2 O:7i °

gl'oﬁ 0:6 0:3i h0:3 0:2 07 h0:9 0:8 0:1i h0:2 0:1 G:8i h0:7 0:6 0:3i
h0:3 0:2 G:7i h0:7 0:6 0:3i h0:4 0:3 0:6i h0:3 0:2 0:7i h0:3 0:2 O:7i
h0:5 0:4 G:5i h0:6 0:5 0:4i h0:4 0:3 0:6i h0:6 0.5 0:4i h0:6 0:5 04

and
xO(A( 1);b)=[hl 10;h0:3 02 07i;0:3 0:2 0:7i; 0:5 0:4 0:5i;0:5 0:4 O5i]:

Here ,A  Xx'(A( 1);b) b
In the second iteration,

2= h0:2 02 08i;A( 2) =

2 3
h0:4 0:3 0:6i h0:4 0:3 0:6i h0:4 0:3 0:6i h0:4 0:5 0:6i h0:4 0:3 O:6i

h0:9 0:8 0:1i h0:5 0:4 05 hO:9 0:8 O:1i h0:4 0:3 0:6i h0:9 0:8 O:1i
h0:3 0:2 0:7i h0:5 0:4 0:5i h0:3 0:2 0:7i h0:3 0:2 0:7i h0:3 0:2 0:7i

h0:5 0:4 0:5 h0:5 0:4 0:5i h0:5 0:4 0:51 h0:5 0:4 0:5i h0:5 0:4 O:5i
and

xO(A( 2 =[M10;0:30207i;h10;M10G;h 1G]

In this case, A xO(A( 2);b) = b:SoD = A( ;) is the Chebychev best approximation of the
coe cient NSM A of the given system ande(A( 2); b) is the principal solution.

6. Conclusion

In this piece of work, we try to nd the conditions under which a system of NSLE is solvable. We
have provided necessary examples to describe the theory. Further using the Chebychev approximation
discussed the principal solution when the given system (1) has no solution. As a future work we are
trying to apply this theory in all operation research problems.
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Ab stract: Multi -criteria decision-making (MCDM) focuses on coordination, choice and planning

issues, including multi -criteria. the neutrosophic soft set cannot handle environments involving

multiple attributes. In order to overcome these obstacles, the neutrosophic hypersoft set (NHSS) and
Interval Value neutrosophic hypersoft set (IVNHSS) are defined. In this paper, we extend the
concept of IVNHSS with basic properties. We also developed some basic operationson IVNHSS
such as union, intersection, addition, difference, Truth -favorite, and Falsefavorite, etc. with their

desirable properties. Finally, the necessity and possibility operations on IVNHSS with properties

are presented in the following research.

Keywords: Soft set; Neutrosophic Set; Intervalvalued neutrosophic set; Hypersoft set; Interval -
valued neutrosophic hypersoft set.

1. Introduction

Anxiety performs a dynamic part in lots of areas of life such as modeling, medicine, and
engineering. However, people have raised a general question, that is, how can we verbalizeanxiety in
mathematical modeling. Several investigators all over the world have recommended and advised
different meth odologies to minimize uncertainty. First of all, Zadeh planned the id ea of fuzzy sets [1]
to resolve these complications which contain anxiety as well as ambiguity. It is seen that sometimes;
fuzzy sets can't deal with scenarios. To overcome such scenarios, Turksen [2] suggested the concept
of interval -valued fuzzy sets (IVFS). In some cases, we need to debate the suitable representation of
the object under the circumstances of anxiety and uncertainty, and regard its unbiased
membership value and non-membership value of the suitable representation of the object, that cannot
be processed by these fuzzy sets or IVFSTo overcome such concerns, Atanassov projected the theory
of IFS in [3]. The theory proposed by Atanassov only considers membership and non-membership
values to deal with insufficient data, but the IFS theory ¢ annot deal with incompatible and imprecise
information. To deal with this incompatible and imprecise data, Smarandache proposed the idea of
NS [4]. Molodtsov [5] proposed a general mathematical tool to deal with uncertain, ambiguous, and
undefined substances, called soft sets (SS). Maji et al. [6] extended the work of SS and defined some
operations and their attributes. In [7], they also use SS theory to make decisions. Ali et al. [8] Modified
the Maji method of SS and developed some new operations with its properties. In [9], they proved
De Morgan's SS theory and law by using different operators. Cagman and Enginoglu [10] proposed
the concept of soft matrices with operations and discussed their properties. They also introduced a
decision-making method to solve problems that contain uncertainty. In [11], they modified the
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actions proposed by Molodtsov's SS. In [12], the author proposed some new operations for soft
matrices, such as soft difference product, soft restricted difference product, soft extended difference
product, and weak extended difference product.

Maiji [13] put forward the idea of NSS with necessary operations and characteristics. The idea of
Possibility NSS was proposed by Karaaslan [14] and introduced a neutrosophic soft decision method
to solve those uncertain problems based on And-product. Broumi [15] developed a generalized NSS
wi th certain operations and properties and used the proposed concept for decision-making. To solve
the MCDM problem with single -valued neutrosophic numbers proposed by Deli and Subas in [16],
they constructed the concept of the cut set of singlevalued neutr osophic numbers. Based onthe
correlation of IFS, the term correlation coefficient of SVNS is introduced [17]. In [18], the idea of
simplifying NS introduced some algorithms and aggregation operators, such as weighted arithmetic
operators and weighted geometric average operators. They constructed the MCDM method based on
the proposed aggregation operator. Zulgarnain et al. [19] extended the fuzzy TOPSIS technique to
the Neutrosophic TOPSIS technique and used the developed approach to solvethe MCDM proble m.
Abdel -basset et al [20] presented the integration of TOPSIS methodology decisioamaking test as well
as evaluation laboratory (DEMATEL) solution (TOPSIS) CIIC environment delivers a new method to
pick out the proper project. Abdel-bassetMohamed [21] developed an MCDM model to discover
along with display screen cancer addressing obscure, anxiety, the incompleteness of reported signs
as well as handicapping apparently within cancer or replaceable ailments in the signs and symptoms.
Abdel -Basset et al. [2Praised the issue of assessment of the smart emergency response techniques is
interpreted as MCDM problem. they suggested a framework by combining three common MCDM
strategies which are AHP, TOPSIS, and VIKOR.

All the above-mentioned studies cannot deal with the problems in which attributes of the
alternates have their corresponding sub-attributes. To handle such compilations Smarandache R3]
generalized the SS to HSS by converting the function to a multi-attribute function to deal with
uncertainty. Saglain et al. [24] developed the generalization of TOPSIS for the NHSS, by using
accuracy function they transformed the fuzzy neutrosophic numbers to crisp form. Zulgarnain et al.
[25] extended the notion of NHSSs and presented the generalized operations for NHSSs, they also
developed the necessity and possibility operations and discussed their desirable features.In [26], the
S7e'"> el ™>~ ™" e ZRIthdgkhic hfetsbft set in matrix form with some basic operations and
properties. Saqglain et al. [27] propo sed the aggregate operators on NHSSIn [28], the author extended
the NHSS approach and introduced IVNHSS, m-polar, and m-polar IVNHSS. Zulgarnain et al. [29]
presented the intuitionistic fuzzy hypersoft set, they developed the TOPSIS technique by developing
a correlation coefficient to solve multi -attribute decision making problems. Many other novel
researchers are done under neutrosophic environment and their applications in everyday life [30 -34].

The following research is organized as follows: Some basic definitions recalled in section 2,
which are used in the following research such as SS, NS, NSS, HSS, NHS&nd IVNHSS. We present
different operators on IVNHSS such as union, intersection, addition, difference, extended union,
extended intersection, truth -favorite, and false-favorite operations in section 3 with properties and
prove the De Morgan laws by using union and intersection operators . We also proposed the necessity
and possibility operators, OR, and operations with some properties in section 4.

2. Preliminaries

In this section, we recollect some basic definitions such as SS, NSS, NHS&nd IVNHSS which use in
the following sequel .

Definition 2.1 [5]

The soft set is a pair (F, B over | ifandonlyif F: E: 2(|)is amapping. That is the parameterized
family of subsets of | known as a SS.

Definition 2.2 [4]
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Let | be a universe and Ebe an NS on | is defined as E= <OQa.:Q4.:Q4a .:Q P aQD| =
where , , | \]r? s[and r? Al Q+ g Q+ gQ Al

Definition 2.3 [13]

Let | and Yare universal set and set of attributes respectively. Let P(|) be the set of Neutrosophic
values of | and EC Y A pair (F, B is called an NSS over | and its mapping is given as

F:E: (])

Definition 2.4 [35]

Let | be a universal set, then interval valued neutrosophic set can be expressed by the setm=
V> >34 n>:8& >, P& b| swhere 9, : ,and ; . are truth, indeterminacy and falsity
membership functions for mrespectively, 9, : nand ; , C[0, 1] foreach > B |. Where

Oni>s = AOf ;80,9

Tm> = MDA mg

P m>i T 6 omiE g

For each point » B|,0 Q 9,»>;E: >, E; »»>:, Q3 and IVN( |) represents the family of all
interval valued neutrosoph ic sets.

Definition 2. 5[23]

Let | be a universal set and X |) be a power set of | and for J A1 W &1 «* Zhdfsfir$p attibutes
suchas G, G, GO1l 6@Gland -5 -4 -701 09 lare sets for corresponding values attributes
respectively with following conditions such as -y O 4y = T (E¥Hand EFO6Y W & X &YThér the pair
(F, -5 % -gx -,%10 214t said to be HSSover | where F is a mapping from -5 x -gx -,%1061%1
-a to A|).

Definition 2. 6[23]

Let | be a universal set and X |) be a power set of | and for J A1 W &1 «* Zhdistir$d attibutes
suchas G, G, GO0l 6@land -5 -4 -701 69lare sets for corresponding values attributes
respectively with following conditions such as -y O 4y = T (E¥Hand EF6Y W & X &YThéri the pair
(F, Bis said tobe NHSS over | if there exists a relation -5 x -4 x -;%101Y¥AE Fisamapping
from -g5x -gx -;%1061%%th A|)and F(-g % -g%x -;%101ht OQ@.:Qad.:Qa .:QP
a0QDb| = where , , are membership values for truthness, indeterminacy and falsity
respectively suchthat , , | \ ]r? sTand r? AlgQ+ gQ+ g:Q Al

Definition 2.7 [28]

Let | be a universal set and X | ) be a power set of | and for J A1 W31« ZdistinSt attiibutes
suchas G, G, Gold6@land -5 -4 -;01 69lare sets for corresponding values attributes
respectively with following conditions such as -y O 4y = 1 (E¥Rand EF6y W & X d}YThér the pair
((, # issaid to be IVNHSS over | if there exists arelation -5 x -gx -;%106 YA # Where

(0 -5x -gX -7¥162¥\ (])and

((-5% -g%x -7%1601-E O@ L:Qal :gqu>~:Qal Qx> £:Qa l :Q?PaQp| =
where & A and Aare lower and !, J,and J are upper membership values for
truthiness, indeterminacy , and falsity respectively for #and >2:Qa!l :Q? >&:Qad :Q=2
>A:Qad :Q?C[0,1]and0 Q OQL:QEOQL:QEOQL.:Q Q3foreach QP |.
Example 1 Assume | = {Q, Q} be a universe of discourse and ' ={ 5 ¢ 7 g be a set of

attributes. Consider (. be an IVNHSS over | can be expressed as follows
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