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Abstract

This paper aims to introduce a new concept which is Fermatean Neutrosophic Soft Set (FNSS), which is a combination
of the Neutrosophic soft sets and Fermatean Fuzzy Sets. Some operations and properties of the new model, including
complement, restricted union, and extended intersection are discussed. Further, an application of FNSS is modeled for
multiple attribute decision-making and solved with the help of our newly launched algorithm, that is, the selection of
the most attractive laptop based on a computer simulation report. Finally, a comparative analysis between the initiated
FNSS model and some existing approaches is provided to show its reliability.

Keywords: Fuzzy Set; Soft Set; Fuzzy Soft Set; Fermatean Fuzzy Set; Fermatean Fuzzy Soft Set; Neutrosophic Set;
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1. Introduction

Fuzzy sets were developed by Zadeh [1] to solve problems that contain uncertain information. Some cases cannot deal
with a fuzzy set, so Turksen [2] introduced an interval-valued fuzzy set. Atanassove [3] extended the fuzzy set to the
Intuitionistic fuzzy set. Which is more general than a fuzzy set. Neutrosophy introduced by Smarandache [4] is a new
tool for dealing with problems containing imprecise, indeterminacy, and inconsistent data. Neutrosophic sets which
were introduced by Smarandach in 2005 [5] are a generalization of the Intuitionistic fuzzy set. Soft Set is defined by
Molodtsov [6] as another commonly used method in handling uncertainties in the data. The concept of a fuzzy soft set
was introduced by Maji [7]. Soft Set extended and introduced some of its operations and properties by Maji [8]. Fuzzy
soft set extended to Generalized fuzzy soft sets by Majumdar and Samanta in 2010 [9].Sezgin et al. [ 10] were proved
De Morgan s Law on Soft Set. Neutrosophic Soft Set NSS with basic operation and properties proposed by Maji [11].
The new concept of Generalized neutrosophic soft set GNSS which was introduced by Sahin [12], was the extension
of the concept of NSS defined by Maji [8].NSS was developed by Broumi [13] as a Generalized Neutrosophic Soft
Set with basic definitions and operations. He used this concept for solving decision-making problems.

This paper is structured as follows: Section 2, covers certain definitions and features of FNSS.In Section 3, we
introduce the concepts of FNSS, FN-Soft subset, FN-Soft null set, Absolute FNSS, and FNSS operations. In Section
4 we discuss union and intersection on FNSSs. In Section 5, we present a MADM problem discussing the selection of
the best model for the most attractive laptop based on the computer simulation report and solve it under FNSSs using
a supporting algorithm. Finally, in Section 6, we provide the concluding remarks.
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2. Preliminary

In this section, we present some definitions required in this paper.

Definition 1: Fuzzy Set

Let X be a non-empty set. A fuzzy set A in X is characterized by its membership function Hp - X - [0 ,1] and
H A(X) is interpreted as the degree of membership of element X in fuzzy set A, for each X € X . It is clear that
A is completely determined by the set of tuples A = {(X, Ha(X)):xe X } .

Definition 2: Intuitionistic Fuzzy Set

The intuitionistic fuzzy sets defined on a non-empty set X as objects having the form

A={(X,@,(X), By (X):X € X } where the functions ¢, (X): X —[0,1] and B, (X): X —[0,1], denote
the degree of membership and the degree of non-membership of each element X € X to the set 4 respectively, and
0<a,(X)+ B, (X)<1, for all Xe X .Clearly , when S, (X)=1—a,(X). for every X & X ,the set 4
becomes a fuzzy set.

Definition 3: Fermatean Fuzzy Set

Fermatean fuzzy set F in the universe set U is an object with the type F = {(U, aF(u), BF (u)):u eU } where
aF:U —[0,1] and BF:U —>[0,1], with the condition 0 < (aF (U))* +(BF (u))* <1 forall u €U .
Definition 4: Neutrosophic Set

A Neutrosophic set A on the universe of discourse X is defined as A= {<X TA(X), 1,(%), FA(X)>; Xe X}
where T;1; X —[0,1] and 0 <T,(X)+1,(X)+F,(x) <3.

Definition 5: Fermatean Neutrosophic Set

Let X beanon-empty set (universe). A Fermatean neutrosophic set [FNS] {(X,T (X),1(x),F(x):xe X } , where
T(x), 1(x),F(x) €[0,1],0 < (T(x))* +(1(x))* +(F(x))* < 2. Then
0<(T (X))3 +(I (X))3 + (F(X))3 <2, forall X in X . T(X) is the degree of membership, |(X) is the degree

of inderminancy and F (X) is the degree of non-membership. Here T (X) and F (X) are dependent components and

I (X) is an independent component.
Definition 6: Soft Set

Let U be the universal set and E be the set of attributes with respect to U . Let P(U) be the power set of U and
Ac E. A pair (F, A) is called a soft set over U and its mapping is givenas F : A — P(U). Itis also defined

as, (F,A)={F(e)eP(U):ecE,F(e)=Difeg A}.
Definition 7: Fuzzy Soft Set
Let U be the initial universal set and let E be the set of parameters. Let | v denote the power set of all fuzzy subsets

of U Let Ac E. Apair (F,E) is called a fuzzy soft set over U where F is a mapping given by: F :A— 1V
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Definition 8: Generalized Fuzzy Soft Set

Let U = {Ul, Uy,..., Un} be the universal set of elements and E = {el, €y € } be the universal set of parameters.
The pair (U, E) is called a soft universe. Let F :E — 1Y and g bea fuzzy subsetof E, i.e, f1:E —> 1 = [0,1]
, where | " is the collection of all Fuzzy subset of U . Let F, be the mapping F : E — IV x| be a function defined
as follows: F# (e) = ( F (e) \ u(e)) .where F, €| Y Then Fﬂ is called a Generalized fuzzy soft set (GFSS in short)
over the soft universe (U , E) . Here for each parameter €;, F, (ei ) = ( F (ei ) 7 (ei )) ,indicates not only the degree
of belongingness of the elements of U in F (ei ) ,but also the degree of possibility of such belongingness which is

represented by £4; . So, we can write this as follows:

F(e)= - L. | u(e) |t VueU,ecE

Definition 9: Fermatean Fuzzy Soft Set

Let E be any set of deferent parameters, and let U be the universe, A cC E aFermatean fuzzy soft set (FFSS) on
U is defined as the pair (F,W) where F is mapping givenby F :W — FFS(U), where FFS(U) is the set

of all Fermatean fuzzy sets over U . Here for any parameter € € A, F(€) is the Fermatean fuzzy set given as
F(e) ={(u,aF(e)(u), BF(e)(u)):u U} where aF(e)(u) and BF (e)(u) are corresponding degrees of
membership and non-membership 0 < (@F (€)(u) )’ +( BF (€)(u))’ <1. Hence
(F,A) ={(e{(u,aF (e)(u), BF(e)(u)} ):ec AueU}.

Definition 10: Neutrosophic Soft Set

Let U be an initial universe set and E be a set of parameters. Consider AcCE . Let P(U) denotes the set of all
neutrosophic sets of U . The collection (F, A) is termed to be the soft neutrosophic set over U , where F isa
mapping givenby F: A— PU).

Definition 11: Intuitionistic Fuzzy Soft Set

Consider U and E as a universe set and a set of parameters, respectively. Let P(U) denotes the set of all
Intuitionistic Fuzzy sets of U .Let AcEa pair (F, A) is an intuitionistic fuzzy soft set overU . where F isa
mapping givenby F: A— P(U).

3. Fundamental of Fermatean Neutrosophic Soft Set

Definition 12: Fermatean Neutrosophic Soft Set
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Let U = { (A Cn} be the universe set of elements and E = {el, €€ } be the universal set of parameters.
Then the pair (U, E) will called soft universe. Let F : E — FNS(U) where FNS(U)is the collection of all
Fermatean Neutrosophic subset of U . Let F : E — FNS(U) be a function defined as follows:

F= {(e,;j,VC eU,ee E},Where F(e) e FNS(U), then F is called FNSS.
F(e)(c)

Example 1: Let U ={C, C,, C,} to be set of three houses consider some consideration. Assume E ={e;,e,,€,} be
a set of adjectives where €, =cheap, €,= white, €; = location. We defined a function F : E — FNS(U) as follows:

F(el):{( 4 j’( & jy( G j},
(0.2,0.6,0.1) (0.4,0.2,0.6) (0.3,0.1,0.7)
SO ST [

(0.3,0.4,0.5) (0.2,0.3,0.4) (0.7,0.8,0.2)

o {(ims st sz
(0.6,0.2,0.1) )’'\ (0.3,0.6,0.9) )'{ (0.1,0.2,0.3)

Then F is (FNSS) over (U,E).

In matrix form this can be expressed as:

((0.2,06,0.1)) ((0.4,0.2,06)) ((0.30.10.7))
F=|((0.3,04,05)) ((0.2,030.4)) ((0.7,0.8,0.2))]|.
((0.6,0.2,0.1)) ((0.3,0.6,0.9)) ((0.1,0.2,0.3))

Where i" row vector represents F (ei ) , the i" column vector represent C; . It's clearly that (0.2)3 + (0.1)3 <1

and (0.2)° +(0.6)* +(0.1)° < 2 which satisfy the FN Condition.

Definition 13: Let F and G be two FNSSson (U, E) . Then F is said to be a Fermatean Neutrosophic soft subset
of G, F(e) is a Fermatean Neutrosophic subset of G(€), Ve € E , here we say that Fc G.

Example 2: Let U= {Cl, C,, Cs} be a set of three cars, and let E = {el, e,, 83} be a set of parameters where e; =
cheap, e, = expensive and e;=red. Let F is FNSS over (U, E) defined as follows:

Lo (T .
(0.2,0.3,0.2) )'1 (0.4,0.6,0.4) )’ (0.6,0.1,0.9)
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F (eg) = ) ) N
(05,0308 ) (0.7.0.3,06) )'| (0.1,0.2,0.6)

c, c, C,
| wzees | wavsew Hwmson )
(0.2,0.6,0.3) ) { (0.3,0.5,0.8) ) \ (0.4,0.3,0.7)

Let G:E — FNS (U ) be another FNSS over (U, E) defined as follows:

(0.3,0.4,0.1) ) \ (0.6,0.7,0.2) ) \ €0.7,0.2,0.8)
(0.6,0.4,0.7) ) { (0.9,0.4,0.5) ) \ (0.3,0.5,0.3)

G(e) = , , .
(0.4,0.7,0.1) )’{ (0.6,0.6,0.7) )'\ (0.5,0.4,0.5)

It's clear that F is a FNSS subset of G .

Definition 14: A FNSS is said to be a null FNSS, denoted by F® such that F@ =

{(e.{u,0,0,1}):ecE,ceU}.

Example 3: Let U = {Cl, C,, C3} be a set of three blouses and let E = {el, e,, 93} be a set of qualities where €/

= luminous, e; = colorful and e; = cheap. We defined a function F : E — FNS (U ) which is a FNSS over (U, E)

defined as follows:

F(el):{E ! ) & ) & };

(0,0,1) ) \(0,0,1) )\ €0,0,1)

F(ez)={( ! ) % ) = } 5
(0,0,2) ) { (0,0,1) ) { (0,0,1)

F@)_( o G G|,
77 11¢0,0,1» )'\ (0,0,1) )"\ (0,0,1) )|

((0,0,D) ((0,0,1) (€0,0.1))
F=|(0,0,5) (0,0,)) ({0,0,1)) |
((0,0,D) ((0,0,1) (€0,0.1))
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Then F is a null FNSS.

Definition 15: AFNSS is said to be absolute FNSS, denoted by A, such that A = {(e, <{C,:L, 0, 0}) eeE,ceU }

Example 4: Let U= {Cl, C2,C3} be a set of three buses. Let E = {el, 82,83} be a set of parameters where e, =

Yellow, e, = long and e; = Mercedes. Let F be a FNSS over (U, E).

F(el):{( 4 ]( % j( G ]}
{1,0,0) {1,0,0) ,0,0)
F(ez)={( & j,( % j,( G j}
{1,0,0) {1,0,0) {1,0,0)
F(e3)={( ! j,( % j,( G j}
{1,0,0) {1,0,0) (1,0,0)

(1,0,0)) (,0,0)) (<1,0,0)
F=|(10,0) (,0,0)) (1,0,0)) |

(<1,0,0)) (,0,0)) (<1,0,0))

Then F is called absolute FNSS.

Definition 16: Let F be a FNSS over (U,E). Then the complement of F , denoted by Fis defined by

Fe (e) =D(e), Ve € E where D(€) denoted the Fermatean Neutrosophic complement, where

w(e)=1-uT"(e)=F(e).1°(e)=1(e). F* (e) =T (e)

Example 5: Consider the matrix notation in Example 1 :

((0.2,06,0.1)) ((0.4,0.2,06)) ((0.30.10.7))
F=|((0.3,04,05)) ((0.2,030.4)) ((0.7,0.8,0.2))]|.
((0.6,0.2,0.1)) ((0.3,0.6,0.9)) ((0.1,0.2,0.3))

By using the Fermatean Neutrosophic complement, we have F© =G , where G is:
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((0.1,0.6,0.2)) ((0.6,0.2,0.4)) ((0.7,0.1,0.3))
G=|((0.50.4,0.3)) ((0.4,03,0.2)) ((0.2,0.8,0.7))|.
((0.1,0.2,06)) ((0.9,0.6,0.3)) ((0.3,0.2,0.1))

4. Union and Intersection of FNSSs

Definition 17: The Union of two FNSSs F and G, denoted by F UG ,isa FNSS H : E — FNS(U) defined by
H(e) = ( F(e) O G(e)) U is a Fermatean Neutrosophic union, where :

FUG = {(x,max (T, (x),Ts (X))M min (F- (x), F; (X))}

Example 6: Let U = {01,02,03} aid E = {61,82,93} .Let F be a FNSS know as follows:

F(el)z{( ! j[ G N G ]}
(0.2,0.6,0.1) )| (0.4,0.2,0.6) )| (0.3.0.1,0.7)
SR (PRSP TP

(0.3,0.4,0.5) (0.2,0.3,0.4) (0.7,0.8,0.2)

F(e?,) = ’ ) .
(0.6,0.2,0.1) )'\ (0.3,0.6,0.9) )'\ (0.1,0.2,0.3)

Let G:E — FNS (U ) be another FNSS over (U , E) defined as follows:

G(e1>={( G N <, j[ Cy j}
(0.3,0.2,0.1) (0.2,0.4,0.3) (0.1,0.7,0.2)
(0.2,0.3,0.4) (0.7,0.1,0.2) (0.1,0.2,0.3)

Cl CZ CS
(0.4,0.3,0.5) ) {(0.1,0.7,0.4) ) \ (0.1,0.9,0.3)

To find the union, we use the Fermatean Neutrosophic union method:
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G

H(%):
max<0.2,0.3>,<0'6;0'2

»,min{0.1,0.1) |

)

0.2+0.4y Hinc0.6.0.3)

max(0.4,0.2),(

C3
0.1+0.7
2

— Cl CZ C3
~11¢0.3,0.4,0.2) )’ (0.4,0.3,0.3) )'\ (0.3,0.4,0.2) )|
Similarly, we get.

1) ansan H mosen  wraisen )
27711¢0.3,0.35,0.4) )'{ (0.7,0.2,0.2) )"\ (0.7,0.15,0.2) )|’

1) osos0n ) 305800 rosses)
37711(0.6,0.25,0.1) )’ (0.3,0.66,0.4) )’ (0.1,0.55,0.3) )|

In matrix notation, we write.

max(0.3,0.1),( %, min¢0.7,0.2)

((0.3,0.4,0.1))  ((0.4,03,0.3)) ({0.3,0.4,0.2))
H(e)=|((0.3,0.35,0.4)) ((0.7,0.2,0.2)) ((0.7,0.15,0.2)) |.
((0.6,0.25,0.1)) ((0.3,0.65,0.4)) ((0.1,0.55,0.3))

Definition 17: The Intersection of two FNSSs F and G, denoted by F(1G , is a FNSSs H :E — FNS(U)
defined by H (9) = ( F(e)N G(e)) . is a Fermatean Neutrosophic intersection, where

F(]G::{(x,nﬂn(TF(xyTg(x))fliﬁilglgﬁinﬂaX(Fp(X)’FE(X)n

Example (7): consider (6)
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me) {( X j( j( J}
(0.2,0.6,0.1) w40206> <03010n

) {( y j[ ]( )}
(0.3,0.4,0.5) <ozo3o4> <O7080@

") {( : j[ j( j}
(0.6,0.2,0.1) w30609> <01ozo$

Let G:E — FNS (U ) be another FNSS over (U , E) defined as follows:

(0.3,0.2,0.7) (0.2,0.4,0.3) (0.1,0.7,0.2)
G(e,) :{( G j[ G ]( G j}

02,0304 )\ 07,0102 '\ (01,0203

(04.0.3,05) )'\ (0.1.0.7,04) /' (0.1,0.9,0.3)

To find the intersection, we use the FN intersection method:

C
H(e)= '
min0.2,0.3), (20 +0-2

Y, max(0.1,0.1) |

G,

02+04> max(0.6,0.3)

min{0.4,0.2),¢

C3
0.1+0.7

min{0.3,0.1),¢ »,max(0.7,0.2)

_ Cl C2 C3
~11¢0.2,0.4,0.2) )’{ (0.2,0.3,0.6) )'| (0.1,0.4,0.7) )|
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The Similarly, we got.

o) zaies ez
27711(0.2,0.4,0.5) (020304) (010803>

HGJ:{&Q4§§&&}(@¢§?&% w1090$
Then:
((0.2,04,0.1)) ((0.2,0.3,0.6)) ((0.1,0.4,0.7))
H(e)=|((0.2,0.35,0.5)) ((0.2,0.2,0.4)) ((0.1,0.15,0.3))|.
((0.4,0.25,0.5)) ((0.1,0.65,0.9)) ((0.1,0.55,0.3))

Proposition 1: F | G and H any three FNSSs over (U, E) then the following holds:

LFUG=GUF
HFﬁGzGﬁF
HI.FU(GUH):(FUG)UH
v.FA(GNH)=(FNG)NH

Proof (I)
Do~ ((F0e)
= ((G O F )) since the FNS is commutative under union operation
-GUF
Proof (IT)
Ffio(re)
= ((G ﬁ F )) since the FNS is commutative under intersection operation
=GNF
Proof (I1T)
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FD(GUH):((FO(GUH))

= (( F G) U )) , since the FNS verify Demorgan laws and associative

Proposition 2: Let F and G are two FNSSs over (U, E) then following hold:
~ ¢ ci|~c
L(FNG) =(F°Uc)

w(FUG) =(FNa")

Proof (I)
(Fi) < (r-0c)
(e 0e)

, since U is FNS complement.

Proof (I1)

(FUG) :(FCHGC),since ﬁ is FNS complement.

— ( F c n G c )
5. AND and OR Operations on FNSSs with Applications in Decision Making

In this section, we introduce the definitions of AND and OR operations on Fermatean Neutrosophic Soft Set,
Applications of Fermatean Neutrosophic Soft Set in decision-making problem are given.

Definition 18:(F, A)and(G, B)are two FNSSs then "(F, A)AND(G, B)", defined by (F, A)/\(G, B)is

denotedby(F, A)/\(G, B) :(H , Ax B), Where H (a,,B) :(H (a’,ﬂ)(C)), for all (0!,,3) e Ax B, such

that H (Ol, ﬂ) = ( F (a) NG (,B)), V(a, ﬂ) € Ax B, where ﬁ is Fermatean neutrosophic soft intersection.
479
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Example 8: Assume the universe consists of three cars that is, U = {C C,,C } and there are three parameters

E= {e e,,e } which describe their performances according to certain specific tasks. Suppose Mr.X wants to buy

one such car depending on either of the parameters only. Let there be two observations F and G by two experts
defined as follows:

Cl C2
&)-|(zosar ) waosos ) (wworon |
(0.2,0.6,0.1) ) { (0.4,0.2,0.6) ) \ (0.3,0. 1 0.7)

Cl CZ
[(030405>j (<020304>j (<070802> }

c, c,
(0.6, 0201>J £<O30609>J (<010203> }

J
J
(<03 oz ol>j (<0.2,c§:.24,0.3>] 01,07, 02>j}
| wzssow (wreen amisos |
a )

c, c,
<040305>j ((0107 04>} (<0109 0.3) }

H(e,e)= G

min(0.2,0.3),(>8*92y axc0.1.01) |

G,

0. 2+0 Ay max(0.6,0.3)

min{0.4,0.2),(

C3
0.1+0.7

min(0.3,0.1),¢

1(e0)| 5zor0s ) w20309 ) 0807
v 711¢0.2,0.4,0.1) )’ ¢0.2,0.3,0.6) )’ (0.1,0.4,0.7) )|
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The Similarly, we get.

H (e e )— G
v72/ 711 ¢0.2,0.45,0.4)

{
)

{asieen))
(0.1,0.15,0.7) )| -

(0401506)

H(ene;)= (0.2,0.45,0.5) 0104506 (010507}}
H(e,e) (0&5305J (0203504J 0107502]}
H(e,e,)= ][010503J}

(0108503]}
0104503 }

J(010203J}
H(eg,e3>={ o

(0.4,0.25,0.5)}((0.1,0%5,0.9)] ((0.1,025,0.3)]}

In our matrix notation we get

H(ee)= {@30250@’(@l;30®

|
|
{[(02025 05) ((025204
|
|

H(ese)= (@3;30®J wzggo%}

H(e3,e2):{ G

CZ
(azozao4g{k0303509

((0.2,0.40,0.1))  ((0.2,0.30,0.6))  ((0.1,0.40,0.7))
((0.2,0.45,0.4))  ((0.4,0.15,0.6)) ((0.1,0.15,0.7))
((0.2,0.45,0.5))  ({0.1,0.45,0.6))  ((0.1,0.50,0.7))
((0.3,0.30,0.5))  ((0.2,0.35,0.4))  ((0.1,0.75,0.2))
- |((0.2,0.3505)) ((0.2,0.20,0.4))  ((0.1,0.50,0.3))
((0.3,0.35,0.5))  ((0.1,0.50,0.4))  ((0.1,0.85,0.3))
((0.3,0.20,0.1))  ((0.2,0.50,0.9))  ((0.1,0.45,0.3))
((0.2,0.25,0.4))  ((0.1,0.35,0.9))  (({0.1,0.20,0.3))
((0.4,0.25,05))  ((0.1,0.65,0.3))  ((0.1,0.55,0.3))
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Matrix representation of AND

Definition 19: If (F, A) and(G, B)are two FNSSs then “(F, A)OR(G, B)”, denoted by (F, A)\/(G, B) is

defined by(F, A)V(G, B) :(H ,Ax B), Where H (a,ﬂ) :(H (a,ﬂ)(u)),
H (0(,,3) =(F (a)OG (ﬂ)),for all (a, ﬂ) e Ax B, where O is Fermatean neutrosophic soft union.

Example 9: Consider Example 8§ , where:

C
F(e)= 2
{ (0.2, OGOl)j ((0402 O6>j ((030107)}}

CZ
{((03040@ [(020304>j ((O?OSOZ)]}
ol

C2
(@)= {((030203 ((0.2,0.4,0.3)] <010702>j}

F(e,) =

C2
(0.6,0.2,0.1) [(OBOBOQ)] (<o10203> }

G(e,) =

CZ
(020304> [(O?OlOZ)) ((OlOZOB)j}’

C
G(e) = 2
{<O40305> ((010704>j(<010903>]}

H(e,&e)= (max(o.z,o.?a),(o'ﬁio'zj (010 1
(max(o"l'o-z)’(o';io'ﬂ,min(0.6,o.3)) |
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G

(max(O.B,O.l),(o'lzojj,min(0.7,0.2)j

H(ene)= {(0.3, 00.14,0.1)}((0.4, 523,0.3)]’((0-3’ :-34’0'2)}}

The Similarly, we get.

H(el,ez):{ 4 : G :

(0.2,0.45,0.1) '| (0.7,0.15,0.2)

(03, o.Cis, 0.3)]} ;

(0.4,0%15,0.1) ’ (o.4,o.czi5,o.4) ’ (030%503)}

Cl C2 C3
(0.3,0.3,0.1) )'( (0.2,0.35,0.3) ' (0.7,0.75,0.2)

G G Cs
(0.4,0.35,0.5) J'{ (0.2,0.5,0.4) J'| (0.7,0.85,0.2)

H(eZ’GZ):{ (0.3,0%5,0.4) ’ (0-715-22,0-2) | (07003502)}}

H(e8)= [(06 glz 01)J (0.3,525,0.3)} (010C25 02)}}
|

: (83’62):{ (0.6,025,0.1) ’((0.7,025,0.2)}((0 1 (;:32 0.3) }

H (63,63)2{ (0,5,o(_:;s,o;)M(o,s,0?55,0.4)}((0.1,0?53»5,o.S)J}'

In our matrix notation we get
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((0.3,0.2,0.1))
((0.2,0.3,0.1)
((0.4,0.3,0.1)
((0.3,0.2,0.1)
((0.3,0.3,0.4)
((0.4,0.3,0.5)
((0.6,0.2,0.1)
((0.6,0.2,0.1)
((0.5,0.2,0.1))

)
)
)
)
)
)
)

((0.4,0.2,0.3)
((0.7,0.1,0.2)
((0.4,0.2,0.4)
((0.2,0.3,0.3)
((0.7,0.1,0.2)
((0.2,0.3,0.4)
((0.3,0.4,0.3)
((0.7,0.1,0.2)
((0.3,0.6,0.4)

)
)
)
)
)
)
)
)
)

Matrix representation of OR

0.3,0.1,0.2))
0.3,0.1,0.3))
0.3,0.1,0.3))
0.7,0.7,0.2))
(0.7,0.2,0.2))
(0.7,0.8,0.2))
(0.1,0.1,0.2))
(0.1,0.2,0.3))
< )

0.1,0.2,0.3)

((
((
((
((
(
(
(
(
(

An Application of FNSS in Decision-Making Definition 20

Comparison Matrix is a matrix whose rows are labelled by the object names h11 h2 yeeeny

by the parameters €, €,,....,

h, and the columns are labelled

€., .The entries C;; are calculated by C; =a+ b —C where 'a "' is the integer calculated

as 'how many times T, (ei ) exceeds or equal to Thk (e j ) for hi # hk , th eU ', 'b ' is the integer calculated as

'how many times |hi (ei ) exceeds or equal to |hk (e i ) for hi # hk , th €U and'C'is the integer calculated as 'how

many times Fhi (ei ) exceeds or equal to Fhk (ej )for hi # hk , th eU.

Definition 21: The score of an object N is S;and is calculated as S, = Zj G -

Now we present an algorithm for the most appropriate selection of an object.

Algorithm:

(1) input the Fermatean Neutrosophic Soft Set.

(2) input P, the choice parameters of Mr. X.

(3) consider the FNSS and write it in tabular form.

(4) compute the comparison matrix of the FNSS.

(5) compute the score S; of N, Vh,

(6) find S, = mMax; S,

(7) if K has more than one value then any one of hi could be the preferable choice.
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Example 10:Assume U = {Cl, C,, CS} is a set of three laptops and E = {el, e, 93} = {Price, Battery, CPU} is a set

of parameters which is attractiveness of laptops. Suppose that Mr.X wants to buy the most suitable laptop.

Based on the choice parameters of Mr. X, FNSS, F and G constructed by two experts are as follows:

C C C
F(e)= 1 ’ 2 ’ 3 :
{((O.Z,OB,O.D] (<0.4,0.2,0.6>] ((0.3,0.1,0.7))}

C
F(e,) = 2
<030405> (<020304>j ((O?OSOZ) }

C
F(e) = 2
{((O6 0.2,0.1) [<030609>j (<010203> }

C,

e -
(03, o 2,0.0) '\ (0.2,0.4,0.3) )’ (0.1, o 7 0. 2>

G,

J
J
{ <020304> ((070102>} (<010203>J}
o= |

G(e,) =

C2
<o4o305> ((0107 o4>] (<0109 0.3) }

H(e,e)= % :
min0.2,0.3, (%0 92y maxc0.1,0.1)

G,

0. 2+0 Ay max(0.6,0.3)

min{0.4,0.2),{

C3
0.1+0.7

min{0.3,0.1),({

H(e.e)= G G J ( G j
v 711¢0.2,0.4,0.1) )’ (0.2,0.3,0.6) )’ (0.1,0.4,0.7) )|

The Similarly, we get.

o) ozniges ) wanisen Hwzeden )
1727711¢0.2,0.45,0.4) )'\ (0.4,0.15,0.6) )'| (0.1,0.15,0.7) )|~
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H(el,e3)={[(02 oczlls 05)}((0.1,025,06 M 010507 J}

[030305 J ((02 oC§504)] ( 0107502 }

170l 25, No. 03, PP. 469488, 2025

(0202505) ' (02(;:2204)] ( 010503 J}

Cl C2
{(0303505) ' (0.1,0.5,0.4) (0108503 }

stz sson)

(0.2,0.5,0.9)

|
v )

H(e,.e,)
H(e,.e;)
H(e,.e)
H(e,.e,)
H(e,.e;)

o[ oweom )

{ (0.2, oC§504)] ((0303509

o]
o -

In matrix notation we get

(0.4,0.25,0. 5)] ((0.1, 0%5,0.9)}[(0.1,0.55,0.3)}'

((0.2,0.40,0.1))  ((0.2,0.30,0.6))  ((0.1,0.40,0.7))
((0.2,0.45,0.4))  ((0.4,0.15,0.6))  ((0.1,0.15,0.7))
((0.2,0.45,0.5))  ((0.1,0.45,0.6))  ((0.1,0.50,0.7))
H_ ((0.3,0.30,0.5))  ((0.2,0.35,0.4))  ((0.1,0.75,0.2))
((0.2,0.35,05))  ((0.2,0.20,0.4))  ((0.1,0.50,0.3))
((0.3,0.35,0.5))  ((0.1,0.50,0.4))  ((0.1,0.85,0.3))
((0.3,0.20,0.1))  ((0.2,0.50,0.9))  ((0.1,0.45,0.3))
((0.2,0.25,0.4))  ((0.1,0.35,0.9))  ((0.1,0.20,0.3))
((0.4,0.25,05))  ((0.1,0.65,0.3))  ((0.1,0.55,0.3))

Matrix representation of AND

Now, compute the comparison matrix of the FNSS by using Definition 20
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C e11 e12 el3 eZl e22 e23 e31 e32 e33
c, 9 3 5 4 8 3 3 9 3
c, 6 3 6 2 4 2 5 4 0
c, 12 14 10 1 5 8 6 8 3

Comparsion Matrix of FNSS

Now, compute the score S; of N, Vh, by using Definition 21

C Score(S;)
C, 47
C, 32
C, 60

It’s clearly, the maximum score is 60, scored by the laptops.

Decision Mr. X will choose the laptop C;. In any case, if he does not want to choose C; due to some reasons his

second choice will be C, .

6. Conclusion

In this paper, we have introduced the concept of Fermatean Neutrosophic Soft Set and studied some of its properties
as a complement, union, intersection, AND and OR. Applications of this theory has been given to solve a decision-
making problem.
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