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Abstract: Fuzzy graphs find numerous applications in real life. Fermatean
Fuzzy Sets (FFS) is on extension of the Ortho pair fuzzy sets which can be
able to carried out uncertain evaluation more actively in decision — making
environment one of the extensions of fuzzy graph is fermatean fuzzy graph.
The concept of fermatean fuzzy structures is introduced and investigate in
this article. Some interesting operations, cartesian product, union,
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with suitable examples. Finally, decision making applications has to be
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1. Introduction: The father of graph theory was the great Swiss mathematician
Leonhard Euler who’s famous 1736 paper. “The seven bridges of Konigberg “was the
first treatise on the subject. The fuzzy graph theory as a generalization of Euler’s
graph theory was first introduced by Rosenfeld in 1975. the fuzzy relations between
fuzzy sets was first considered by Rosenfeld and he developed the body of fuzzy
graphs obtaining analogs of several graph theoretical concepts fermatean fuzzy
environment is the modern tool. For handling uncertainty in many decision-making
problems. Atanassov [1] established the fuzzy sets to intuitionistic fuzzy sets which
incorporated the degree of hesitation called hesitation margin == 1—a — f with
membership values @ and a non- membership values (5. Shannon and Atanassov [10]
proposed the concept of intuitionistic fuzzy graph by considering intuitionistic fuzzy
relations on IFSS. To overcome this situations Yager developed a new type of fuzzy
sets called the Pythagoras fuzzy sets which satisfies the constraint that the sum of the
squares of membership grades and the non-membership grades is Yuval to less than
one but they still have obvious shortcomings in which Pythagorean fuzzy set and
intuitionistic fuzzy set who failed to over a situation in which the sum of the
membership grade and non — membership grade is greater than 1 and sum of the
squares is still greater than 1, in order to solve this situation Senapati and yager [11]
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developed a modern idea called fermatean fuzzy set and has the constraints as the sum
of the third power of the membership grades and the non- membership grades is less
than 1. Senapati and Yager[11] define basic operations over fermatean fuzzy sets in
2019. Yager proposed a g — rung Ortho pair fuzzy sets, as a new conception of Ortho
pair fuzzy sets in 2017 . In this article, Fuzzy graphs find numerous applications in
real life. fermatean fuzzy sets (FFS) is on extension of the Ortho pair fuzzy sets which
can be able to carried out uncertain evaluation more actively in decision — making
environment one of the extensions of fuzzy graph is fermatean fuzzy graph. the
concept of fermatean fuzzy structures is introduced and investigate in this article.
Some interesting operations, cartesian product, union, composition, lexicographic
product of fermatean fuzzy structures are defined with suitable examples. Finally,
decision making applications has to be explained using fermatean fuzzy graph
structures.

2.Preliminaries

Definition 2.1 [L.A. Zadah]:A Fuzzy set (class) A in X is characterized by a
membership (characteristics) function a,(x) which associates with each point in X a
real number in the interval [0,1], with the value of a,(x) at x representing the grade
of membership of x in A.

Example 2.2: let X = {a, b, c, d} be a given set. then the fuzzy set is

X A b c d

a,(x) 0.2 0.4 0.7 0.8

Definition -2.3 [ K.T Atanassov]: Let X be a non-empty set. An intuitionistic fuzzy
set A in X is an object having the form A = { (x, a,(x) ,84(x) / x € X } where the
functions a,(x) ,8,4(x): X — [0,1] define respectively the degree of membership and
degree of non-membership of the element x€ X to the set A and for every element
XeX , 0= a,(x) +6,(x) = 1.

Example 2.3: in the case of election for a public office a candidate can have vote for
(membership), vote against (non- membership) and undecided (hesitancy) by the
electoral.

Definition 2.4: [ R.R. Yager] :A Pythagoras fuzzy sets (PFS) A on a universe of
discourse X is a structure having the form as A = {Xx, a,(x) ,£4(x)/ x EX } where
a,(x): X — [0,1]indicates the degree of membership and £,(x) : X — [0,1]indicates
the degree of non-membership of every element x € X to the set A respectively, with
the constraints:0= (a, (x))% +(B,(x))? < 1.

Definition 2.5 :[ Senapati and Yager]:A fermatean fuzzy graph (FFG) on a
universal set X is a pair G: (P, Q) where P is fermatean fuzzy set on X and Q is a
fermatean fuzzy relation on X Such that; A fuzzy graph G(a,B) on G(V,E) is a pair

of functions a:V —[0,1] and B:V xV —[0,1] where for all u,v,eV . We have

a(uv) <min{B(u), p(v)},B(u) =0.4,p(v) =0.5,p(w) =0.7,
o(u,v) =0.2,a(u,v) =0.4,a(v,w) =0.3

Nanotechnology Perceptions 20 No. 6 (2024) 3235-3251



AN INTRODUCTION TO FERMATEAN |. Sagaya Rebecca 3237

Example 2.6:

B(v)=0.50a(v,w) =0.7 B(w)=0.7
Fuzzy Graph

Definition 2.7: An intuitionistic fuzzy graph is defined as G =(V, E, a, B), where
()V ={v,,V,..v, } be a non-empty set such that ¢, :V —[0,1] and 4, :V —[01] denote
the degree of membership and non-membership of the element B,eV respectively
and O <o, (v)+B,(v,) <1 forevery V. eV,i=12..n

()E < V x V where a,:VxV—[01] and p,:VxV —[0, I] are such that

o, (wv;) <min{a, (v), (o, (v;)}

B, (v, v;) <max{B,(V;),B,(v))} andO <ot, (v,v;) +B,(viv;) <1,

O <a,(vVv;),B,(vv;), n(v,v;) <1 where mn(vyv;)=1-a,(v,v;)-B,(vv;) for every
(vi,v;)eE,E=12,..n

Definition 2.8: A Pythagorean fuzzy graph on a Universal set X is a pair G=(P,Q)
where ‘p’ is Pythagorean fuzzy set on X and Q is a Pythagorean fuzzy relation on X

such that o (u,v) <min {a? (u), o2 (v)} and B3 (u,v) =max {B2 (u), B3 (v)}
and O <ag(u,v)+p5(u,v)<1 for all uVeX where ay:XXX —[0,1] indicates
degree of membership and degree of non-membership of Q, correspondingly.

Definition 2.9: A fermatean fuzzy graph (FFG) on a Universal set X is pair G: (P,Q)
where P is fermatean fuzzy set on X and Q is a fermatean fuzzy relation on X such
that,

ag (u,v) <min {a (u), o (v)}
B3 (U, v) = max {B3 (u), B3 (v)}

where a, :XxX—>[01] , B, :XxX—[0,1] indicates degree of membership and

degree of non-membership of Q, corresponding. Here P is the fermatean fuzzy vertex
set of G and Q is the fermatean fuzzy edge at of G.

and O<od(u,v)+B3(u,v)<1 for all uVeX,
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Fermatean fuzzy graph G
Section-3 Fermatean fuzzy graph structures

Definition 3.1:Let G'=(U,Ej,E,.. E,) be a graph structure (GS). Then
(35 =(A,B1,B,..... By) is called an fermatean fuzzy graph structure (FFGS) of G with
underlying vertex set U if the following conditions are satisfied;

(i) A is a fermatean fuzzy set on U with a,:U —(0, 1) and B,:U —(0, 1), the
degree of membership and the degree of non-membership of x eU , respectively, such
that O <o (X)+B5(X) <LVxeU .

(ii) Bjis fermatean fuzzy set on E, for all i and the membership functions

ag (B, —(0, 1) and By :E —(0,1) are restricted by

ag, (xy) <min {oc (%), o (¥)}

By, () =max (B3 (x),BA(Y)}  such that O<oj (xy)+Bj(xy)<1 for all
xy e ECUxU, i=12,...n. Now we will illustrate the example of fermatean fuzzy
structure.

Example 3.2: Let G'= (U, E1,Ey) be a GS such that U={a1,a,,a3,a4,a5}, E1= {aiaa,
azasyand E;={aias, a1y, azas, asas, azds, asas}. Let A, B, and By be fermatean fuzzy
subsets of Uy, E1, and E; respectively, such that
A={(a;, 0.3, 0.4), (az, 0.2, 0.3), (a3, 0.5, 0.3), (a4, 0.3, 0.6), (as, 0.6, 0.6)}

B1= {(a;a4, 0.3, 0.5), (asas, 0.2, 0.3) }and

B,= {(aias, 0.3, 0.5), (a1a,, 0.3, 0.4), (azas, 0.3, 0.4), (asas, 0.5, 0.6), (aza4, 0.2, 0.3),

(asas, 0.1, 0.3)}. It is easy to see from simple calculations that Gs=(A,B1,B>) is a
fermatean fuzzy graph structure as shown in fig-1
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Definition: 3.3: Let C~581 and észbe respective fermatean fuzzy structure of graph
structure G, and G, . Then the calculation product of 581 and C~582 is defined as C~5Sl
X C~582 IS
(i) 0y OF) = (0, >y )Oy) =min{as, (X), 065, ()}
By OF) = (BS, x B3, )(xy) =max (B, (X), B, (%)
(i) oy e,y (OV)0Y,)) = (e, x oy ) (O9,)(0y,) ) = minfod, (%), o (v,Y,)3}
Bo, e, () (0Y2)) = (Boss % Baar ) (xv1)(xy,)) = max {BR(x), B3, (¥,Y,)}
(i) oy x By ((XY)00Y)) = (ady; % 03 ) ((4Y)(%,¥)) = min {a, (), 0t (%,,)
B3, xBar ((4)(%:¥)) = (B3, xBa, ) ((4y)(%,y)) =max{B, (¥), By (x.Y,)}
forall xeU,,yeU,,xx, eE,;
Example 3.4: Let (381 and (32 be respective fermatean fuzzy structure of graph
structures CES1 and 52, where  U;={a;,az,a3,a4}.U>={b1,b,,b3},E11={a1,a,},

E1,={a3,a4}, Ez={b1,bsb1,bs},Exo={bs,bs}, then GS,xG, is diagrammatically
represented as

(0.5,0.7) (0.3,0.4)

a,hs (0.1,0.2)
(0.5,0.6)

(0.4,0.5) by

Nanotechnology Perceptions 20 No. 6 (2024) 3235-3251



3240 1. Sagaya Rebecca AN INTRODUCTION TO FERMATEAN
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Cartesian product of FFGS

Proportion 3.5: Let G*, be the certain product of graph structure Gy and G, ™. Let
GS, and GS, be respective fermatean fuzzy graph structure of G, and G, Then GS,

and 652 is a fermatean fuzzy graph structure of G*.

Proof:_ It is clear that AixA; is fermatean fuzzy set of UixU, and By X By is a
fermatean fuzzy set of Ej; x Ey;i. First we have to show that

B1ixBy; is formation fuzzy relation A;xA,. For this, we discuss some following cases.
Case(i): When ueU,,bb, € E,,

= min{a, (u), o3, (bb,) }
<min{ o, (u), min {o}, (by), o, (b,)}}
- min{min{az (u), o, (B)} . min{ar, (u), o, (bz)}}
=min {O‘?AixAz)(Ubl)’o‘?AixAz)(sz)}
B (B xB.i) ((ub;)(ub,))
=max {B;, (u), B3, (bb,)}
> max {B, (u), max {B} (b,),B, (b)}}
= maxc{ maxc {3, (u), B, (u)}, min {B, (u), B3, (u)}}
== Max {Biy.n, (UB), B, (UD,)}

Case(ii): When ueU,,bb, eE;
e, e, = (B0 (D))
_mln{ o, (U), o )}

min {ac (u), min {3, (b1), a3, (b2)}}
mln{m 2, W), OLAi(bl)} min { (u),ocil(bz)}}
mm{a ? o (BU), 07, (B, u)}
O, e,y = ((BU) (b))
=max {5, (u), B3, (b, )}
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> max B}, (u), max {B}, (by), B3, (b))}, max {3, (u), B3 (b,)}

= max {B?AixAz) (blu)’ ﬁ?Alez) (bzu)}
For bu,b,ueU, xU,. both cases hold for i=1,2,.....n. Hence, B, xB, is a fermatean

fuzzy relation on A;xA; and so, C~581xc~5s2 Is fermatean fuzzy set of G.
Hence the proof.

Definition 3.6: Let ésland (352 be two fermatean fuzzy graph structure of graph

structures Gi* and G, and let U;NU,=¢. The union Gsluészz(mUAz,Bﬂ
UB321,B12UB4n.....B2n), Where A U A, is defined by

A (A UA)(X) = (05 U, )(X) = max{asy (X), o, (X))
B (A UA)(X) = (B3 UB3,)(X) = max {B5, (x), 85, (X)}
for all xeU, UU, assuming o (x) =0,B5% (x) =1,16x U, j=1,2,.. And By U By;
for i=1,2......n defined by a’(B, UB,)(xy) = (o, Uag )(xy) =max{a (xy),o, |
B, (B, UB,)(xy) = (B, Uoxg )(xy) =max {B; (xy), BS, (%)}
Xy € E; UE, assuming o, (xy)=0, Bgﬁ (xy)=1for xy¢E; j=1,2.

Example 3.7 : Let ésland éSz be two fermatean fuzzy graph structures as shown

below.
2, (0.1,0.2) a, (0.4,0.3)
b3(0.2,0.1) By (0.2,0.3) b,(0.2,0.3)
B
(0.11,0.2) (%1.%,0.3)
a A
(0.5%.5) 0.2,02) 0.30.3)

o)
Q)
N
o
3
o]
(0.2,0.3)
a a
(0.2,0.3) (0.1,0.2) b3(0.2,0.1) a3(0.3,0.3) a,(0.4,0.3)
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Proportion 3.8: Let G* be the Union of graph structure G;” and G;". Let Gg; and Gs,
be two fermatean fuzzy graph structures of Gy*and G, Then 582 UCES2 IS a
fermatean fuzzy graph structure of G*.

Proof: We have to prove that éslu (§S2 is fermatean fuzzy graph structures of G*.

Clearly, AjUA; is fermatean fuzzy set of U; U U, and B1UB; is fermatean fuzzy set of
E1iUE2i. We discuss the following cases.
Case(i): Suppose u,,u, €U, , then by def (2)

aiz (w)= aiz (u,)= 0‘?32 (u,u,)=0

Bi\g (ul) :]-’Biz (uz) = Bgz (ul’uz) =1.

So we have
O‘?Blusz) (Wu,) = max {OL?B“ (uu,), OLZZ (uluz)}
=max{og, (Uy,),0}
< [min{ocil (OR (uz)},O]
= min{max{ocf;i (ul),O},max{oc'j'Ai (uz),O}}

_mm{ A pun, (W), O('A1UA2 (u, )}
Also,

B, us, (i) = Min{ B3, (uu,), B3, (U, )
= min{BE‘Bli (uluz),l}
> min{maxBil(ul) Biz(yz),l}
= max{m BAi(ul) 1 mln{BAl(uz) 1}}
= max{B(,iUAg)(u ). Biaun, (U, )}
for uu, e E; UE,
Case(ii): When u,u, € U,, then by def (2),
o () = (u,) =0 (Uu,) =0,
B (u) =B} (u,) =B (uu,) =1,
We have,
Ol sy (Ul,) = Max { e, (UyU,), ot (UyU,)}
= max{0, e, (uu,)}
< max{o m|n Ag(ul),aiz (u, )}}
- mm{m o (W), o, (u)}, max ol (u,), o}, (uz)}}
= Min {0ty ) (U, OGp s (U )}
Also
Bl e,y (W) = Min {B3, (Uu,), B3, (U,)}
=min {1, Bs, (uluz)}
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in {1, max{[}i2 (u). B%, (uz)}}

{min {133, (u)}, min {1, (uz)}}

ax{min {B}, (), B3, (u,)}, min (B3, (u,), B3, (u)}}
{Bun, (), Baun) (U2)]

for uu, e E; UE,

Hence, GS,UGS, is a fermatean fuzzy graph structure of G, and G, .

Definition 3.9: (Composition):Let ésland 552 be two fermatean fuzzy graph
structures of G;~ and G, " the composition of GS, and GS, is defined by

Oy (X9) = (0, 001, ) (xy) = min {ocs, (%), oy ()}
Binon (%) = (B 085, ) () = max {83, (), B3, (V)] xy eU,xU,
O o) OV ) (XY,) = (015, 005 ) (X¥,)(XY,)

= min{a (X), 0, (¥,Y,)}
Blaos,) OV (XY,) = By, 0Bs, ) (9,)(%y,)

=min {3, (X), B3, (V1Y,)}
xeU,,V,y, €E,
O o) 1Y) (%,Y) = (et 0005 ) (%, Y)(%,Y)

= min{a (X), o, (%%,)}
Baes,) (4 Y)(X,¥) = (B3 0B, ) (xY)(X,Y)

= max {B5, (¥),B3, (4,)}
yeU,,xX, eE;
O om) Y1) (%,¥5) = (@ 00 ) (X, y)(X,¥))

=min{as, (¥,), 00, (¥,), o3, (%)}
Baon,) (XY (0Y,) = (B3, 083, ) (X ¥)(%Y,)

= max{B3, (v,).B3, (¥,),B3, (%)
XX, € E:,y,Y, €U suchthat y, #y,.

Example 3.10: Let GS, and GS,be the two fermatean fuzzy graphs defined as
follows:

G1 ={{(V1,0.2,0.3),(V2,0.4,0.3)}.{V1V2,0.2,0.3)},
{(V1,0.4,0.1),(V2,0.7,0.2),(V3,0.3,0.4)}
{V1V2,0.4,0.1),(V2V3,0.2,0.3)(V3V1,0.2,0.2) }}

G2*={(u1,0.7,0.2),(u2,0.5,0.3),(u3,0.8,0.1),
(U1U2,0.5,0.2),(U2U3,0.4,0.2),(U3U1,0.6,0.1)}
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Composition of fermatean fuzzy graph

Proportion 3.11: Let G* be the composition of graph structures G, and G;™. Let GS,

and GS, be two fermatean fuzzy graph structures of G;" and G,” Then GS, and GS,
is also a fermatean fuzzy graph structures of G*.
Proof: It is enough to show A 0A,is clearly a fermatean fuzzy set of U,oU,and

B,0B, is fermatean fuzzy set of E,oE, .Therefore, We have to prove BoB, is
fermatean fuzzy relation on A 0A,
Case(i): Suppose ueU,, bb, e E,.

O 0,y ((UB)(Ub,)) = min {oc; (u), og (Bb,)}
< min {a; (u), {minfec, (by), o, (bz)}}
= min {min{ai\ (u), o, (b))} min{oc, (u), o, (bz)}}
= min{ oy (UB), 0y (UD)]
Bles,, ((Ub))(ub, )) = max {B5, (u), B3, (bb,)}
> max B, (u), {max{B}, (b,), B3, (b,)}}

= max {BY, s, (UD,), By, (Ub,) } fOT U, Ub, € Uj0 U,
Case(ii):
When ueU,,bb, €eE;

05, (BUY(B,)) = min {a?, (u), a2, (bb,)]
<min {aiﬁ (u), min {oci1 (b), (bz)}}
min {min {ocji2 (u), & (B), min {Oﬂiz (u), e (bz)}}}

= min {afw) (Bu), ayon, (bzu)}
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Baes, ((B)(b,u)) = max (B, (u), B3, (bb,)}
> max{;, (u), max{B3, (b),B, (0,)}}
= max { max{B;, (u), B, (b))}, max{B;, (u), B3, (b,)}}

= max {B?AloAz) (blu)’ B?A&OAQ) (bzu)}
for all bu,b,ueU,oU,

Case(iii): When bb, e E;,uu, €U, such that u, #u,

O, (1) (B,U,)) = min{od, (u,), o, (U,), 03, (Bb,)]
<min{min{(o, (u), 065, (u,)}, min{as, (by), o, (b,)}
= min {min{(c}, (u), 0}, (b,)}, min{as, (u,), ot} (b,)}
=min {(O‘?AoAz) (), 0, (bzuz)}

Baes, ((BU)(0,U,)) = max (B, (u,),B3, (u,), B, (bib)}
> max {max{B, (u,), B3, (u,)}, max{B, (), B (b,)}}
= max {max{, (), B, (B)}, max{B, (u,), B (0,)}]

= max {Bs s, (BU), Bl e, (BU))
for bu,b,ueU,0U,

Hence, ésland éSz is fermatean fuzzy graph of G.
Definition 3.12: Lexicographic product of fermatean fuzzy graph.

Let (381 and (ES2 be two fermatean fuzzy graph structures of graph structures G; and
G, .The lexicographic product of fermatean fuzzy graph is defined as

o s, (XY) :(o{j;1 o )(xy) = min{ocii(x),oc‘,‘_\2 (y)}
By, 5, (06 (y,)) = (g, a3, ) (09)(3y,))
=min {ocAi (X), 0, (ylyz)}
B, 5, () 09,)) = (B3, B3, ) (v)(xy,))
= max{B}, (), B, (¥,¥,)}
Ay, 6, (V) (%, Y,)) = (0, 0t ) ((XY1)(X,Y,))
=min {ag“ (X %,), 0t (yzyz)}
B, 6, (YY) = (B3, BE. )(%¥)(X,Y,))

= max (B3, (4,), B, (1,)}
forall xx, €E,, vy, €E,

Example 3.13: Let C~581 and 682 be two fermatean fuzzy graph structure of G;* and
G,* respectively.
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b, by
0303 (0.4,0.3)

(0.1,0.2)
0.303) GS; (0.2,0.2) GS,
Then the lexicographic product of CESl and CES2
a1h, a1bs
(0.3,03)  (0.3,0.3) (0.4,0.3) (0.4,0.3)
agh,
(0.4,0.3)
(0.3,0.5) abg
ab, ™ (0.3,0.5)
(0.3,0.5) (0.3.0.5)
(0.2,0.3) (0.2,0.3)
ah; by abs
(0.2,0.3) (0.2,0.2) (0.2,0.3)

Proportion 3.14 : Let G* be the lexicographic product of graph structures G; *and
Gy*. Let GS, and GS, be two fermatean fuzzy graph structures of G;* and G,*. Then

C~581 and 682 is fermatean fuzzy graph structures of G*.

Proof: It is enough to show that A 0A, is clearly fermatean fuzzy set of U,oU,and
B,0B,. is fermatean fuzzy set of E,.oE,.. So the proof requires only to show that

B,0B,; is fermatean fuzzy relation on A,0A,. The following cases are arise.
Case(i): When ueU,, bb, €E, .

0, ((UB)(UD,)) = min{oc, (u), o, (Bb,))
<min {az (u), min{a} (by), o, (bz)}}
= min{min{az (u), o, (bl)},min{ocii (u), o, (bz)}}
{

=min{o, (Ub), o, (sz)}
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Bl05,) ((UB)(ub,)) = max {B5, (u), B, (bib,)}
> max {B, (u), max (B, (by), B3, (b,)}}
= max {max (B, (u), B3, (u)}, max {3, (u), B}, (W)}
= N { B 0n, (UBY). Bps, (UD,)

for all ub,ub, eU,0U, .

Case(ii): Suppose a,a, e E;,bb, € E,,

o e, ((aD)(@sh,)) = min{og (a,a,), 0 (bb,)}
= min {min{oci1 (a,), o, (8,)} min{a, (a,), o), (az)}}
=min{aj, (ab), o, (ah,)]

Bl om, ((@01)(8,0,)) = max {B, (8,3,).B5, (b,b,)}
> max {max{By, (a,), B, (@,)} max{B;, (a).B3, (,)}}
= max {max{B;, (a,), B, (&)} max{B}, (2,). B3, (b,)}]
= Min{B s, (A0, Biaen,) (@:0,)}

for ab,,a,b, eU,0U, . Also holds for i=1,2,......n.

Hence, B,o0B,, is fermatean fuzzy relation in A,0A, . (581 and (552 is fermatean
fuzzy relation of G*.The proof is completed.

4. FERMATEAN FUZZY GRAPH DECISION MAKING APPROACH
Algorithm

Step-1:The choice parameters |1 ,......| Sfor the selection of objects.

Step-2:The fermatean fuzzy set (¢, M) over V and fermatean fuzzy relation (N,M) on

V.

Step-3:Form the adjacency matrix w.r.t the parameters.
Step-4:Compute the resultant adjacency matrix.
Step-5:Calculate the score value Sj;.

Step-6:Calculate the choice value ZSU of each objects.
Step-7:Calculate the decision is maximum value.
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(0.5,0.7)

(0.4,0.6)
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Goe?

)
Q-
@/

A software house wants to select the best software development product, a project
with the greatest business impact, the least effort required and the highest probability
of success. V={V1,V2,V3,V4,V5,Vs,V:} where,
Let Vi;={E-Commerce development protect}

V, = {Custom development protect}

V3 = {Applications development protect}

V4= {Game development Protect}

Vs = {Browser development protect}

Ve = {Web development protect}

V7 = {System integration protect} be the set of software developments profits
under considerations.

M={ | 1, | 2, | 3}Where

| ;={ensure protect success}

| ;={technologically feasibility}

| s=(Commercial viability be the set of decision parameters correspond to the
venture set V=={V1,V2,V3,......... V7}

We consider on fermatean fuzzy graph G ={<|),7L, M}Where (6,M) is
fermatean fuzzy set over V which describes the membership and non-membership
values of the protects based the given parameters. (+,M) is fermatean fuzzy set over
E < VXV describes the membership and non-membership values of the relationship
between two protects corresponding to the given parameter |1 ,and | ,.

A fermatean fuzzy graph G={H1),} is given in Table -1.

(1) V1 V2 V3 V4 V5 VG V7
I, |(0.3,04)](0203) [ (0.1,04) | (0.2,0.4) | (0.2,05) | (0.3,05) | (0.2,0.6)
I, |(0.1,03)[(0.1,04) | (0.2,04) | (0.3,04) | (0.305) | (0.2,0.6) | (0.1,0.5)
I, |(0203)](0:3,04)(0.3,05) ] (0.405) | (0.40.6) | (0.30.5) | (0.2,0.4)
Table-2

() ViV, ViV3; ViV7 V1Vs V2Vs
I (0.3,0.4) (0.5,0.6) (0.6,0.5) (0,0) (0,0)

l, (0.3,0.8) (0,0) (0.4,0.7) (0,0) (0.4,0.6)
l, (0,0 (0.1,0.5) (0.1,0.6) (0.5,0.6) (0.2,0.7)

Nanotechnology Perceptions 20 No. 6 (2024) 3235-3251




3250 I. Sagaya Rebecca AN INTRODUCTION TO FERMATEAN

Table-3
) VsV, V4Vs V4Vs V4V,
l (0.5,0.5) (0.3,0.2) (0.7,0.6) (0,0
I, (0.4,0.6) (0.4,0.7) (0,0 (0,0
l, (0,0) (0.3,0.5) (0,0) (0.4,0.7)
Table-4
) V1V4 VsV3 V3V, VsV7
Iy (0.4,0.3) (0,0) (0,0) (0.3,0.5)
I, (0.5,0.7) (0,0) (0,0 (0,0
I, (0.5,0.7) (0.3,0.7) (0,0) (0.4,0.5)
Table-5
) V3V7 VsV3 VsV7 VsVs V4V;
I, (0,0 (0,0) (0.6,0.7) (0,0 (0,0
I, (0.3,0.8) (0.2,0.5) (0,0) (0.3,0.2) (0,0
I, 0,0 (0,0) (0,0) (0,0 (0.3,0.6)
The adjacency matrix of the resultant fermatean fuzzy graph.
V1 Vg V3 V4 V5 V6 V7
Vy (0,0 (0,0 (0,0) [(0.4,07)| (0,0 (0,0) |(0.3,0.6)
2 (0,0) (0,0) (0,0) (0,0) (0,0) ](0.3,05)| (0,0)
H | Vv, (0,00 [(0.3,05) | (0,0 (0,0) |(0.5,0.6) | (0,0 (0,0
V, |(0.4,0.7) | (0,0) (0,0) (0,0) (0,0) |(0.2,06) | (0,0
Vs (0,0) (0,00 |(0.5,06)| (0,00 |(0.5,0.6)| (0,0 (0,0
Vs (0,00 [(0.3,05)| (0,00 |(0.4,0.6)| (0,0 (0,0 (0,0
V7 1(0.3,0.6) | (0,0) (0,0) (0,0) (0,0 (0,0 (0,0

The score values of resultant fermatean fuzzy graph title is computed with score
function.

Joi + (B, -1 + 7
Yo+ By =+ + floy P+ B+

and S; [011].

Table-6

V1 V, V3 V4 V5 Vs V7 Total
V; 0.5 0.5 0.5 0.73 0.5 0.5 0.43 141
V; 0.5 0.5 0.5 0.5 0.5 0.53 0.5 0.83
V3 0.5 0.53 0.5 0.5 0.47 0.5 0.5 1.25
V, 0.73 0.5 0.5 0.5 0.5 0.41 0.5 1.39
Vs 0.5 0.5 0.47 0.5 0.47 0.5 0.5 1.19
Vs 0.5 0.53 0.5 0.41 0.5 0.5 0.5 1.19
V7 0.43 0.5 0.5 0.5 0.5 0.5 0.5 0.73
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From the Table-6, it follows that the maximum choice Value is 1.41 and so the
optimal decision is to select the browser development protect after specifying weights
for different parameters.
Conclusion: Graph theory is natural to deal with vagueness and uncertainly using the
methods of fuzzy sets. Since fermatean fuzzy set has explained more advantages is
handling vagueness and uncertainly then fuzzy set. In this article, we have applied the
concept of fermatean fuzzy sets to graph structures. We also discussed with
operations on fermatean fuzzy structures.
Future work: We will extend our work to Pythagorean fuzzy soft graph, Roughness
various graph structures.
References
[1] Atanassov .K .T, Intuitionistic Fuzzy Sets, Fuzzy Sets and Systems, Vol. 20,
1986, 87-96.
[2] Du, W. S. Minkowski-type distance measures for generalized Orthopair Fuzzy
Sets, International Journal of Intelligent Systems, Vol. 33, 2018, 802- 817.
[3] Kauffman .A, Introduction to a Theoriedes Scus-emsembles Flous, Masson et Cie,
Vol. 1, 1973.
[4] Lee-Kwang .H, Lee .M .M, Fuzzy Hypergraphs and Fuzzy Partition, IEEE
Transactions on Systems, Man and Cybernetics, 27(1997), 725-733.
[5] Lia .P and Wang .P, Some g-rung Orthopair Fuzzy Aggregation Operators and
Their Applications to Multiple Attribute Decision-Making, International Journal
of Intelligent Systems, Vol. 33, 2018, 259-280.
[6] Mordeson .J .N, Nair .P .S, Fuzzy Graphs and Fuzzy Hypergraphs, Second edition,
Physica Verlag, Heidelberg, 1998.
[7] Pradeepa .J and Vimala .S, Regular and Totally Regular Intuitionistic Fuzzy
Hyper- graph (IFH), Indian Journal of Mathematics and its Applications, VVolume
4, 2016, 137-142.
[8] Rosenfeld .A, Fuzzy Graphs, Fuzzy Sets and their Applications, (Zadeh .L .A, K.
S. Fu, M. Shimna, Eds.), Academic Press, New York, 1975,77-95.
[9] Ronald R.Yager, Generalized Orthopair Fuzzy Sets, IEEE Transactions on Fuzzy
System, Vol. 25, 2016, 1222-1230.
[10] Shannon .A, Atanassov .K .T, A First Step to a Theory of the Intuitionistic Fuzzy
Graphs, Proceeding of FUBEST (Lakov. D. Ed), Sofia, 1994, 59-61.
[11] Sanapati . T and Yager.R.Yager, Fermatean Fuzzy Sets, Journal of Ambient
Intelligence and Humanized Computing, 11, 2019, 663-674
[12] Samanta T.K and Sumit Mohinta Generalized Strong Intuitionistic Fuzzy Hyper-
graph, Mathematica Moravica,18(1),2014,55-65.
[13] Zadeh .L .A, Fuzzy Sets, Information and control, 8, 1965, 338-353.

Nanotechnology Perceptions 20 No. 6 (2024) 3235-3251



