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Abstract: Neutrosophic Dombi fuzzy graph is an advancement of the Dombi fuzzy graph and
intuitionistic Dombi fuzzy graph. In this paper, we have initiated a new concept of the Fermatean
neutrosophic Dombi fuzzy graph. Further, we identified a few products of the direct, cartesian,
composition of Fermatean neutrosophic Dombi fuzzy graphs. Also, we examined the related
proposition with suitable illustrations with graphs.
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1. Introduction

In 1965, Zadeh [17] developed the idea of a fuzzy set and the term degree of membership to
address imprecision. Using the degree of non-membership in the fuzzy set idea as an independent
variable, Antanassov [5] proposed intuitionistic fuzzy sets (IFS) in 1983. Florentin Samarandache
created a neutrosophic set with a degree of indeterminacy in 2005 [15] by utilizing the concept of
intuitionistic fuzzy sets. The neutrosophic sets are defined by truth, indeterminacy, and false
membership function.

In many fields, including geometry, number theory, topology, optimization, and computer
science, graph theory is utilized to solve combinatorial problems. A graph is made up of nodes and
arcs. Fuzzy logic is an extension of classical logic, where each and every item has a different grade of
membership. The concept of fuzzy graphs was first introduced and explained by Kaufmann in 1975
[10]. IFS relationships and intuitionistic fuzzy graphs were discussed in 2006 by Shannon
andAtanassov [14]. Neutrosophic graphs were first developed by Ghoei and Pal[8], and they are used
to model a variety of real-world problems.

The Dombi operator with relevant parameter was inaugurated by Dombi [7] in 1982, and the
concept of the Dombi fuzzy graph was developed by Ashraf et al. (2018) [4]. The Dombi operator is
crucial in simulating and resolving numerous problems encountered in everyday life. In order to take
use of this advantage, Mijanur Rahman Seikh and Utpal Mandal (2021) [11] applied Dombi operations
to intuitionistic fuzzy graphs and created a multiple attribute group decision-making problem. The
neutrosophic Dombi graph was invented and refined by Tejindarsingh lakhwani, Karthick [16].In
addition to proposing Pythagorean neutrosophic fuzzy graphs using the Dombi operator, Ajay et
al.[1] presented an innovative concept of a Pythagorean neutrosophic fuzzy graph. In this research,
we introduced a new emergent notion of the Fermatean neutrosophic Dombi fuzzy graph using the
Dombi operator. the primary consideration, In Section 2, we developed and remembered the
fundamental concepts and notions used in this part. In Section 3, we described the new concepts of
Fermatean neutrosophic Dombi fuzzy graphs and establish their proposition with relatable
illustrations and graphs.
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2. Preliminaries

2.1. Definition: Let ¥, be anon-empty set. A fuzzy set A* in 9jis distinguished by its membership
function a,,(9p):~[0,1]and pup(n) isinterpreted as the degree of member of elementn” in a fuzzy
set N*, for each n* € Jp It is clear that N* is determined by the set of tuples of N¥=
{(n“,aMD (ﬁD)'n# € ﬁD}'

2.2. Definition: An intuitionistic fuzzy set (briefly IFS) N is an object of having the form
Ar={<n*",a, (9p), By, (Op)> : n* € Ryn} where the functions a,, (95):=~[0,1] and B,,(I5):=[0,1]
denote the degree of membership and the degree non-membership of each element n* € 9pto the set
G respectively, and 0< a,,(9p)+B,,(¥p) <1 for each n* € ¥p. Denote by IFS(Ryx), The set of all
intuitionistic fuzzy sets in Jp. An intuitionistic fuzzy set G* in 9, is simply denoted by = NH=<nH,
@, (9p), By, (9p)> instead of denoting A¥= {(n*,a,, (Ip), By, (Op)) : n* € Ip}.

2.3. Definition Let 9, be a non-empty set. A Neutrosophic set (NS) A* in Upis characterized by a
truth-membership function a,,, an indeterminacy-membership function §,,, and a falsity -
membership functiony,, , is a,,(¥p), By, Op), ¥y, (Ip) are real or non-standard subsets of] 07,1*[on
Ip.

ie)a,, (9p):9p = 107,17[

ﬁyD(ﬁD): 9p = 107, 17[

ny(ﬁD):ﬁD - 107, 17[

2.4. Definition: A fuzzy graph of the graph D*=(¢p,Sp) is a pair of D =(up,vp ), Where up — [0,1]
is a fuzzy set on ¢p and v, :@pX¢@p — [0,1] is a fuzzy relation on ¢, such that v, (n,t)<

Up (M)A pp (1),Y(,H)E @pXp.

2.5.Definition: A binary function ¥ :[0,1]X[0,1] — [0,1] is known as triangular norm (t-norm) if
for all n,t,s € [0,1], it satisfied the following conditions

(1)  (Neutral property or boundary condition) #(n,1) =n

(2)  (commutativity) #(n,t) = #(t,n)

(3)  (associativity) #(n,(t,s)) = #(n,t)s)

(4)  (monotonicity) #(n,t) <#(s,d) if n< s and t< d

2.6.Definition: A binary function M :[0,1]X[0,1] — [0,1] is known as triangular conorm (t-
conorm) if and only if there exists a t-norm 7 for all #(n,t) € [0,1]X[0,1]
M (n,t)=1-F(1-n,1-t)
Preferred options for t-norms are:
e The minimum operator M (n,t)=MIN(n,t)
e The product operator P(n,t)=nt

1

1-n\19 | 11—t 3'6>0
(5] +H(Fn03

e The dombi’s t-norm,

Preferred options for related t-conorms are:
e The maximum operator M *(n,t)=MAX (n,t)
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e The Probabilistic sum P*(n,t) =n+t-nt

1
LD

e The Dombi’s t-conorm ,0 >0

-5

(5]

_nt
n+t—-nt

One more pair of F-operator is #(n,t)

P(n,t)=%_;tm,which is obtained by substituting § =1 in dombi’s t-norm and t-conorm. Also

" < M(nt) and M*(nt) < < priy t),

n+t-nt 1-nt

P(n,t)<

2.7. Definition: A dombi fuzzy graph with a countable set ¢pas the elementary set is a pair
D=( pp,vp )where up —[01] is a symmetric fuzzy on ¢, such that g¢p(nt) <

@p(M)¢p(t)
ep(M)+ept)—ppM)ep(t) ’

vn,t€Eqpp.

2.8. Definition: Let D*=(¢p, gp) be a crisp undirected graph contain no self loop and parallel edges.
Let up = (a#Dlﬁ#D,y#D)such that a,, :9p — [0,1],B,, :9p = [0,1],v,, :9p = [0,1] &, : ¥p — [0,1],
By, : 9p = [01] ,¥y,: 9p = [0,1] Here a,,,a,, - The membership function, B,,,B,, — The
indeterminacy function, y,,,7, — The falsity function in the neutrosophic dombi fuzzy graph,
6r € 9pXIp Then the neutrosophic dombi fuzzy graph, D = (¢p tip, vp)

App (Mg, (t)
appM+ap, (O)-ap,M)ap, )

ag, (nt) < vV nt € gp

Bup (M Byp, ()
Bup MW +Byup, O=Bup (MByp, ) 7

Be, (nt) < v nt €gp

Yvp M +ryp (O—2yyp MWyy, (O
1= yyvp My )

Yo, (nt) < , Vnt €gp

3. Fermatean Neutrosophic Dombi Fuzzy Graph

3.1 Definition: A fermatean neutrosophic dombi fuzzy graph is defined [its indicated by FNDFG]
with a finite elementary set Ypof its order pair d= (¢p,p) where ¢p:9p = [0,1].Here we consider,
Up = (a(pDﬁuD’va) such that a,, : 9,-[01] , B, : 9 —-[01] , n, : 9p-[01],
a9y = [0,1] , Bu,: 9p —~ [0,1] , 1%, 9p = [0,1] Here a,,,a,, - The membership function,
Bup By, = The indeterminacy function, y,,,¥, = The falsity function in the Fermatean
neutrosophic dombi fuzzy graph, ¢r € X9, Then the fermatean neutrosophic dombi fuzzy graph,
d=(¢p,Hp,Vp)

App(M)app (t)
a.. (nt) < #p- 9D ,Vnte
SD (nt) app M) tapn ()—apn (Mg, (t) Sp
t
B, (nt) < Pup Whup © , Vnt €y

Bup M+Bup (O)=Bup MBup ()

Yvp (n)‘H’vD (t)_ZVvD (n)YvD ®
1-vvp (n)YVD ®

Yep (nt) < , Vat€g, And 0<a, ® (mt)+ B, ° Mty 1y, @mt) <2 ; 0<

a,, 2(mt)+y,, 3(nt) < 1;0< B, *(nt)< 1.

D. Sasikala and B.Divya, A Newfangled Interpretation on Fermatean Neutrosophic DOMBI Fuzzy Graphs



Neutrosophic Systems with Applications, Vol. 7, 2023 39
An International Journal on Informatics, Decision Science, Intelligent Systems Applications

31 Example: Define a graph D=( ¢p,5p ). Here ¢p ={ nyny;nynyansng }  and
Sp={niny, nyNg, NyNz, NyNs, N3Ny, N3Ng, NyNs, NsNg }.Let @, and 6, be fermatean neutrosophic dombi

fuzzy graph vertex set and fermatean neutrosophic dombi fuzzy edge set specified on ¢p,sp

respectively.
n4(0.6,1,0.7)
(0.5,0.5,0.7) (0.5,0.6,0.7)
g 1n3(0.9,0.6,0.4)
n<(0.8,0.5,0.6) _8
S 2 ©S
o ~ ~
© o
w o
© ©
~ o
n,(0.8,0.5,0.7) n,(0.8,1,0.4)
(0.5,0.4,0.8) (0.5.0.7.0.8)
n4(0.6,0.7,0.8)
Fermatean Neutrosophic Dombi Fuzzy graphs
M M2 M3 N4 M5 T NNz MiNe MaN3 Nafls M3Ng M3Me MaMs Mshe
0.6°08°09’06°08"0.8 052’052’ 073" 066 056’073’ 052’ 0.66
_ N nz M3 Mg M5 M — |z Mife MaMz TaMls TM3Ms M3Ne MaNs Nshle
Op = 071’06’ 1’05’07 50~ | 707 " 041’ 06 ' 05 ' 06 ' 037’ 05 ' 033
M1 Nz N3 M4 M5 Me MiNy NN NNz MNalls N3Ny N3Ng NyNs Nshg

08’04’0407’ 0.6 0.7 082’086 062" 071" 075’075’ 0.79 " 0.79

Definition 3.2: Consider, {, ={nt,@; (nt), u, (nt),v¢, (nt), nt € gp} be a fermatean neutrosophic
dombi fuzzy edge setin D:
e The order of O, is established by p(0p) =[¥nep Dy Xnep Uy » Zinep Vol from illustration 3.1,
order of D, p(0Op) =1[3.44.3,2.9]
e The size of O, is symbolized by ps(0p)=[Xnep D (nt), Xnep ke (ML), Xneyp ve(nt)] from
illustration 3.1, order of D,ps(0p) =[5.33,4.71,6.95]
e The degree of vertex n€ ¢, is denoted by dijits described by
dJDN=[dJ% n), iy, n), diy,, (n)],where

%ppMapp®)
op Mg, O)-apyMapy®) ’

dJ(Z)(p (n)=2n,t¢ne¢ ®g (nt) =Zn,t¢ne¢ p

Z BﬂD (n)BuD (t)
WEERER g () +Bup (O)=Bup (B, &
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Yvp MW +yyp (O—2yy, (M yy, (0
1-yyp MWy, ()

Zn,t::nap

From illustration 3.1,dsp,=| o777  Ters ' 1o’ Taa’ T1r

2.54’2155"2125"2.4° 229’ 2.4

e The Total degree of vertex n € ¢, is specified by T[ dyp, lits explained by
T[dpy =g, (), oy, (M), dyy,, ()], where

Apn(M)apn(t)
Tds = t)= 0D
° I ]% (W)=Lntenep O (M)=Xin,t2nep appM+agy, (O-ap, (MWap, () 0oy (M)

Bup MBup (£
HD HD LQ({J/,LD (Tl),

Zntznep s (M) =Zntancy Bup MW+Bup O-Bup (M Bup ©)

Yvp (n)+YvD (t)_ZVvD (n)YvD (t)L

Zn,t#nego ' Q)VD (n)

1- Yvp (n)YvD ®

from illustration 3.1, [Tds]p,=| soo o Tos T Ton S as

294’265’2725’ 28" 211 3.1

Definition 3.3: Let d = (@p,upvp) and F = (@, urvr) of the graphs D*=(¢p,qp) and F*=(¢r,Gr)
respectively and its established by the union of two fermatean neutrosophic dombi fuzzy graphare
D UF= (@p U @p, tup U g, vp U V).

Op U Or=[20,upp Bopuop Yopuor]

tp Y tr={Qu 0 Bupupp Yipuue]

Vp U VF:[avDqu; ﬂVDUVF’ ]/VDUVF] such that

[auD](X): ifx € op — ¢r

[@,:100,ifX € o — @p
[a/.LDU/.LF](X) ={ bF
aup Q+au, -2au, au, X
“p KD KD [ JfX € @p N @p

1-app Wapy 00

[Bup100,if X € p — @F

_ [B}LF](X)' ifx € or —@p

Buponr] (00 Bup 00+Bup 00~2Bup 0By 00
1= Bup 00Bup 00

JifX € op N @p

[Vup] 00, if X € 05 — 95
[yMDUMF](X) = { [yﬂp](X):ifX € Or — Qp

y”'D (X)VuD (X) .
,ifx € n
kmD CO+Yup CO-Yup COYup @) X&¢p 0 Pr

[auD](nt), ifnt € Sp—GSF
[avDUVF](nt) = { [a#F](nt), ifnt € Sr—¢<p

ayp (nt)+avD (nt)—zavD (nt)avD (nt) .
1= ayp (n)ay, (nt) ifnt € 6p N p
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[Bu,](nt), if nt € g — g
[ﬂVDUvF](nt) = { [ﬁy.p](nt), ifnt € Sp—Sp

Bvp MO)+By, (n)=2By,, (M) By, (nt)
,ifnt€gp N
1= By, (n) By, (nt) 1rn Sp NGF

( [y,,,] (1), if nt € 6 — G5
) [, (nt), if nt € 5z — 5
[YVDUVF](nt) - { Yvp (nSV‘VD (nt)

,ifnt € N
Gap G070y (Do (D7vp (D) S0 (Y or

Where 0< a,, 3(nt)+f,, °(nt)+y,, 3(nt) < 2

Example 3.3: Let us consider D = (@p,upvp) and F = (@p, urvp) D*= (¢p,5p) and F*=(¢r,Sr)
separately. Here ¢, = { ab,c}, gz ={ab,bc,ca}, ¢r={b,c,d} ,sr={bc,cd,da}.Then the union of two
neutrosophic dombi fuzzy graphs,@p U ¢ is

(0.6,0.7,0.8) (0.8,1,0.4) (0.8,0.5,0.6)
. (0.6,0.7,0.8) (0.8,1,0.3)
[
(0.5,0.7,0.8) (0.5,0.7,0.8)
) ~
d o= o
2 v o E)
= o o N
e w > 8
d o
s 2 5 °
= K]
(0.7,0.3,0.6)
(0.7.0.3.0.6)
. o
(0.8,05,0.7) (0.6.1.0.4) 090604 (08103 (0.9.0.6.0.4)
D F D UF

Definition 3.4: Let D = (@p, upvp) and F = (@, ur vr) of the graphs D*= (¢p,Sp) and F*=(@g,Sr)
respectively and its established by the intersection of two fermatean neutrosophic dombi fuzzy graph
dNFis

dnF= (@p N Br,up N up,vp Nvp).Here,

Bp N Br=[@0pn0p Bopnog: Yopnor]

i N U=l p0pp Bup o Yupour)

Vp N VE=[y ;v Byp v Yupovg ] Such that

_app Q+ay, CO—2au, Wau, G0

* [@upnpel (X) = D00 JifX € op N op
_ Bup GO+Bup 00-2Bup GOBup X .
[Bupnuel(X) 1= By 0Bup 00 Jif X € @p N g

V;I.D (X)Vp.D (X)
Yup CO+Yup C0=Yup QOVup &)’

Viupnupl(X) = ifx € pp N @p
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_ayp, (nt)+avD (nt)—ZavD (nt)avD (nt)
1-ayp, (nt)avD (nt)

° [a‘VDﬂ‘VF](nt) 1] lf nt gD n gp

_Byp (6)+Byy, (nD)=2By,, (nD)Byy, (nt)
1= Byp, (D) Byy, (nt)

[Bypavel(nt)

,ifnt € ¢p Ngp

YVD (nt)YVD (nt)
Yvp (MO+yy, (MD=yyp (Dyy ) (1) ’

[Y‘VDO‘VF](nt) = lfnt € gD n gF

Example 3.4: Let us consider the two neutrosophic dombi fuzzy graphs D = (@p,upVvp) and
F=(@r, up vp)D™= (¢p,sp) and F*=(¢f,sr) separately. Here ¢, = { a,b,c}, 5r ={ab,bc,ca}, ¢r={b,cd}
,sr={bc,cd,da}.Then the intersection of ¢, N @p is

Definition 3.5:[Direct product] Let @; be a fermatean neutrosophic fuzzy subset of ¢, and g; be a
neutrosophic fuzzy subset gpof ¢;=1,2,3.The direct product of fermatean neutrosophic dombi fuzzy
graph. d = (@p, up vp) and F = (@r, ur vr) D*=(¢p,Sp) and F*=(@r, §r) separately is established by dXF
is

dXF= (BpXOp, upXup, VpX V).

(i.e) PpXPr=l[ap,x0s Bopxor Yopxor]

U X =[x up Bupxup Yupxus)

VDXVF=[avDXVF'ﬁvDXvFvvaXvF] such that

$Spxr =M ng), (0, t2): X € pp,nyt; € GptU{(ny, 2), (N2, 2) : My, € Gp, 2 € @} such that,

for all (ny,n,) € PpXxQr,

agp (n1)“®p (n2)

agp, (M) +ag, (n2)-ag, (nagy (n2)

" gy xer (M1 N2)=

Buup (1) Byup (n2)
ﬁuD (n1)+ﬁup(n2)_BuD (X)Bup(nz)

ﬁﬂDXﬂF(nl' nz) =

_Yvp M)+ (M2)-2yyp (Mg (12)
y‘UD (nl)YVF (nZ)

)
]/VD XVvp (nl' ny)

Sag), (nqtq) Sag (natz)

’ t,tp) = ’
(Spx5r)(n1, 1) (61, E2) Sagy, (n1t1)+§a¢F (nztz)—CamD (nqtq) Sagy (natz2)

SBup (M1t1) Spyp (N2t2)

SBup (Mt (M2t2)=sp,  (M1t1)sp, . (natz)

Syvp (Mat1) Syyp M2t2) =Gy (M1t1) Gy, (N282)

1=Syyp (M1t1) Syy (n2t2)
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For all n,t; € ¢p,n,t, € ¢p

Example 3.5: Consider two neutrosophic dombi fuzzy graphs d = (@p, up vp) and
F=(®r, upve).Here @p={abl,@r={xy,2},5p = {ab}, gr={xy,yz} where

_ { a b } ={ x y z } _ { ab }
#p (0.6,0.7,0.8)’ (0.8,0.5,0.7) Pr (0.6,1,0.7)(0.9,0.6,0.4)’ (0.8,1,0.4) /Sp (0.5,0.4,0.8))’

Xy yz
(0.5,0.6,0.7)”(0.7,0.6,0.5)

¢p={ }. Then we have

(@px@r)(ab) =(0.5,0.4,0.8), (ppxr)(xy)=(0.5,0.6,0.7), (@px¢r)(y,2)=(0.7,0.6,0.5),
(ppx@r)(a,x)=(0.4,0.7,0.8), (¢px@r)(a,y)=(0.5,0.4,0.8), (@pxpr)(az)=(0.50.7,0.8)
(@pxr)(b,x)=(0.5,0.5,0.8), (@px¢@r)(b,y)=(0.7,0.4,0.7), (@px¢r)(b,z)=(0.6,0.5,0.7)
(Spxsr)(a, x) (b, ¥)=(0.4,0.3,0.8),(5pXSr)(a, ¥) (b, z) = (0.3,0.3,0.8),
(spxsp)(b, x)(a,¥)=(0.4,0.3,0.8), (spxsz)(b,y)(b,2)=(0.3,0.3,0.8).

Y(0.9.0.6.0.4)

(a,x)(0.4,0.7,0.8) (b,X)(0.5,0.5,0.8)

v)(0.5,0.4,0.8
x(0.6,1,0.7) 7(0.8,1,0.4) @y)( ) (by)(0.7.04,0.7)
D
(0.5,0.4,0.8)
®- -9
a(0.6,0.7.0.8) b(0.8,0.5,0.7)
(2.2)(0.5.0.7.0.8) (b,x)(0.6,0.5,0.7)
F
D X

Theorem 3.1: The direct product of two fermatean neutrosophic dombi fuzzy graph is a fermatean
neutrosophic dombi fuzzy graph.

Proof:

Let d and F be the fermatean neutrosophic dombi fuzzy graphs d = (@p, ttp vp) and

F = (@, ur vr) respectively .

Consider, for all n,t, € gp,n,t, € ¢r such that
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(SpXSF)(ny, ) (1, t2)
The direct product d XF=T[¢p(nt1),5r(n2t;)]

op (711)05®D (n2)
| app (711)+05®D (nz)—“q)D (n1)fl<z)D (n2)’ |
ﬁHD (n1)ﬁp_D (n2)
- ﬁHD (n1)+ﬁHD (le)—ﬁuD (le)ﬁuD (n2)’
Yvp (M) +yyp (2)=2yyp (M1)yyp (n2)
Yvp (M)vvp (n2)

(SpXSp)(ny, ) (1, t2)
(ppx@r)ag, (Nyny)(@pX@r)ag, (t1ts)
(ppx@p)ag, (nin,) + (@px@p)ag, (tity) — (Ppx@p)ag, (nin,) (Ppx@p)ag, (tit;)’
((PDX(PF)[”;LD (nan)((pDX(pF)ﬁup(tl t2)
(@px@pByu, (Miny) + (@pX@r)Bus(titz) — (Ppx@r)Buy (Min2) (@pX@r) By, (tity)’
(@ox@p) Yy, (1) (F@pXPR) Yy (E12) — 2(0pXPE) Yy, (M11)(PpXPE) Ao (t112)
1 — (@pX@p) Vv, (M) (@pXPr)ag, (E1t7)

Corollary 3.2: The product of two fermatean neutrosophic dombi fuzzy graph is the fermatean
neutrosophic dombi fuzzy graph

From the illustration 3.5

(ppx9r)(ax)=(0.4,0.7,0.8), (ppx¢@r)(b,y)=(0.7,0.4,0.7),(spxsr)(a, y) (b, z) = (0.3,0.3,0.8)

(5px5p)(a, ) (b, z) = (0.3,0.3,0.8)

(9px9Fp)ag, (N1n2)(PpXPF)apL(t1t2)
| (PoxeR)g), (1n2)+(@DXPF) Aoy (t1t2)=(PDXPF) gy, (N112) (PDXPF)App (t1l2) ’
_ (@px@F)Bup (M1n2)(@DXPF)Bup(t1tz)
_4 (@px@FBup (M112)+(PpXQF)Bup (E1t2)~(PDXPF) By, (M112)(PDXPF) Bup(t1ts)’
(@pxepR)yyp M1n2) (+@pXPR)VyE (t1t2)—2(9DXPF)Vvp (M1n2) (PDXPF)agE (t1t2)
1=(@pxPF)yvp (N1n2)(@pXPF)ag(t1ts)

=(0.34,0.34,0.86)
Therefore the product of two fermatean neutrosophic dombi fuzzy graph is fermatean neutrosophic

dombi fuzzy graph.

Definition 3.6:[Cartesian product] Let @; be a fermatean neutrosophic fuzzy subset of ¢, and g;
be a neutrosophic fuzzy subset gpof ¢;=1,2,3.The cartesian product of fermatean neutrosophic dombi
fuzzy graph.d = (@p, up,vp) and F = (@, pr,vr) D*= (¢p,sp) and F*=(¢p, ) separately is established
by d O F is defined as

dD F= (@p0@F, upOurp, vpOVp).

(i.)@p 00 r=[p, 007 Bopoor Yopoor]

U OUr=Qu o Bupoup Yupour]

VpOVp=[ay o By powe Yopove]

$por =1{(n,ny), (0, t5): x € @pnyt; € GplUf(ny, 2), (N3, 2) : NNy € Gp, 2 € PplU

{(ny, ) (8, t2):nyn; € 6, my # £}

For all (ny,n,) € ¢px¢@r such that,
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agp, (n1)ag, (n3)

app (1) +apg (n2)-ag, (n)agg (n2)’
Bup m1)Buy (n2)

Bup M)+Bup 2)=Bup (n1)Bup (n2)’

Yvp (1) +Yyp (N2)-2vy, (MY (n2)
Yvp M) Yvg (n2)

D) @pD@p(ng,ny) =

(PawD n) CawF (nztz)

‘Pozq)D (n)+§0l®F (nZtZ)_(paq)D (n) gqu (nZtZ) ’
Ppup W Spy, M2t2)
gy, MW+spy, (2t2)=¢p, (s, . (M2t2) ’
Prvp ) CVVF (nztz)—(Pva ) SYve (natz)

1_<Pva m) §va (nat2)

i) (5pOsp) (n,ny) (L, t;) =

For all n € ¢, and n,t, € ¢
Sagy, (nqtq) Sagp (nztz)

| Sag (n1f1)+§a0F (nzfz)—CaQD (natq) Sagy (natz) ’

SBup (M1t1) spy, . (N2t2)
O ny,n t ) t = )
(SpDSr) (n1,m2) (t, £2) {I SBup (n1f1)+§/3#p (nzfz)—%#D (n1tq) SBup (nat2)

| Syvp (M1t1) Syyp M2t2)=Gyy ) (M1t1) Sy, (N2t2)

1=Gpyp (M1t1) Sy, (M2t2)

For all n1t1 € CD,nztz € CF
Example 3.5: Consider two Fermatean neutrosophic dombi fuzzy graphs d = (@p, up,vp) and

F= (®F' ‘LI,F'VF).HEI'G (pD={X/y1Z}/ (pF={a/b}rgD = {Xy' yz }' SF= {ab}Where

x y z } _ { a b } _ { ab }
(0.7,0.6,0.5) ’ (0.8,0.7,0.5) * (0.9,1,0.6) Pr (0.7,0.8,0.5)’ (0.8,0.7,0.6))” SF (0.6,0.5,0.7)

¢p ={

_ xy vz
5o = {(0.6,0.5,0.7)' (0.7,0.7,0.7)}' Then we have

@p0r(xy)=(0.6,0.5,0.7), ¢p0¢r(y,z) = (0.7,0.7,0.7), pp0O¢r(a, b) = ((0.6,0.5,0.7),
@p0@p(x,a) = (0.5,0.5,0.7), pp,0¢r(x, b) = (0.6,0.5,0.7), o, D¢r(y,a) = (0.6,0.6,0.7),
@pD@r(y,b) = (0.6,0.5,0.7), pp,0¢r(z,a) = (0.6,0.8,0.7), pp0¢x(z,b) = (0.7,0.7,0.8),

(spOsk)(x,a)(x,b) = (0.47,0.37,0.76), (sp Osr) (v,a)(y,b) = (0.52,0.41,0.76)

(spOsk)(z,a)(z, b) = (0.56,0.5,0.79),(spO5r) (X,a)(y,a)=(0.47,0.44,0.76),

(spOsk)(y,a)(z,a)=(0.53,0.6,0.76),(spO5r) (X,b)(y,b)=(0.52,0.41,0.79)

(spOsr)(y,b)(z,b)=(0.6,0.53,0.79).
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a(0.7,0.8,0.5)
x(0.7,0.6,0.5)
[ ]
S
o
o
o
o
3
y(0.8,0.7,0.5)
®
2(0.9,1,0.6) b(0.8,0.7.0.6)
F
(x,a)(0.5,0.5,0.7) (v,2)(0.6,0.6,0.7) (2,2)(0.6,0.8,0.7)
—~ 4 4 |
» b(0.8,0.7,0.6) > b(0.8,0.7,0.6) o
° S 2
= 5 &
N o
2 o 3
2 > L
b(0.8,0.7,0.6) = b(0.8,0.7,0.6)
B » s
(x,0)(0.6,0.5,0.7) (v,0)(0.6,0.5,0.7) (z,0)(0.7,0.7,0.8)

DoF

Corollary 3.3: The Cartesian product of two fermatean neutrosophic dombi fuzzy graph is not
necessiarily to a fermatean neutrosophic dombi fuzzy graph.

From the graphd O F,
(gD DgF) (yla)(YIb)=(052/041/076)
(spOsE)(v,a)(y,b)

(ppD9r)agy (v,.0)(PpO@F)ag, (y.b)
(ppDPR)agy, (v,a)+(@pOPF)ag, (y,b)~(9pOPr)ag, (v,a)(PpDPF)ap,(¥.b) ’
3 (¢p09F)Bup (v,a)(@p0@F)Bup(v.b)
B (¢pD@R)Bup (,0)+H(@pO@E) By (v.0)~(9pD@F)Buy, (7,@) (@pOQF)Bup(v.b)’
(9pD@R)Yvp (V,.0)+(@pDPF)Yvp(V.D)—2(9p0@FR) Vv, (¥v,0)(9pO@F) AR (V,D)
1-(¢pO@F)Yvp (v.a)(@pDO@F)ag,(v.b)

=(0.42,0.375,0.72)
(5p06r)(y,a)(y,b)=(0.52,0.41,0.76)% (0.42,0.375,0.72)
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From the illustration, Cartesian of two fermatean neutrosophic dombi fuzzy graph is not
neutrosophic dombi fuzzy graph.

Definition 3.7: [Fermatean neutrosophic dombi fuzzy edge graph]

D*is defined the fermatean neutrosophic dombi fuzzy edge graph if a neutrosophic fuzzy fuzzy by a
truth-membership function, an indeterminacy-membership function, and a falsity - membership
function is attached from (0,1) to each edge of the fermatean neutrosophic dombi fuzzy edge graph
D*of a graph d and each vertex ¢ is crisply ind.

Theorem 3.2: The cartesian product of two fermatean neutrosophic dombi fuzzy edge graph is a
fermatean neutrosophic dombi fuzzy graph

Proof:

Let d and F be the fermatean neutrosophic dombi fuzzy edge graphs d = (@p, up,vp) and F = (@, i vr)
D*=(¢p,sp) and F*=(¢p, ¢r) separately Then the Cartesian product J4OF

Consider,

i)For all n € ¢p,n,t, € gp such that

(SpOsE) (1, nz) (1, t2)= Tlep (n),6r(n2t2)1=T[1,5k(N2t,)]

(SpOsE)(n,nz) (1, t7)

agp, p(M)aggs(natsz)
| @op #M+agps(natz)-ag, 9Maggpsnata)” |
< Bup 9By s(natz)
= | Bup 9+ Bug s(natz)=Bup ¢ (W) Bug s(nztz)’
Yvp ¢ +yyp ((M2t2)—2vy, @MYy s(n2tz)
Yvp @MYy s(natz)

agp, (n2)age (t2)
agpy (n)+apL(t2)—ap, (n2)agp(tz) ’
_ Bup (n2)Buy (t2)
Sr(nztz)= Bup M2)+Bup (62)~Bup n2)Buy (t2)”
Yvp (M2)+Yyp(t2)=21 (M2)Vvp (t2)
Yvp M2y (t2)

(epO@FR)ag, (Mnz)(@pOPF)ap,(ntz)
(ppOYR)ag, (nn2)+(@pOer)ap, (Nt2)~(pOYr)ag, (nn2)(@pDPF) g, (nt2) *
_ (@p0QF)Bup (n2)(PpDYF)Bup(nt2)
") (9p00R) By (MN2)+H(PpOYR)Bup(Mt2)~(@pDPF) By, (n2)(@pDPF) By (nit2)’
(9pD@R)Yvp (MN2)+(PpOPF)YyE(Mt2)—2(@pDPF)Yyp (NN2)(PpOYF)agy (n,t2)
1-(¢pDYF)Yvy (Mn2)(@pOYF)ag,(ntz)

@
Forall n € gp,n,t, € ¢x
i) Now consider n,t; € gp ,z € @p

(SpOsk) (n4,2)(t1,2) =Tlsp(n1te),9r(2)]
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ag, (n)ag, (t1)

agp () + ag, (t1) — ag, (n)ag, (t)
Bup, (1) By, (E1)

By (1) + By (1) — Buy )Py, (1)

Yop () + 14, (81 — 215, ()Y, (81)
Yo ()Yyp, (1)

sp(nity) <

(9pDYFR)ag, (n1,2)(PpOPF) AL (t1,2)
| (po@F)agy, (n1,2)+(@p0PF)agL(t1,2)~(PDOPFI A, (M1,2) (PDOPF) Ay (£1.2) ’
B (ppB@F)Bup (11,2)(PpDPF)Bup(t1,2)
") (9p00R) By (n1,2)+(@DOYF) Buy (t1,2)~(PDD@F)Bup (11.2)(PpO@F) Buy (t1,2)”
(9pBYR)Yvp (M1,2)+(@pOYR)YvE(t1,2)-2(9pOPF) Vv (N1,2)(PDOPF)Ag (t1,2)
1-(¢pOYr)Yvp (n1,2)(9pDYF)ag, (t1,2)

(2)
For all nt; €gp and z € ¢@p

From (1) & (2)

Every Cartesian product of two fermateanneutrosophicdombi fuzzy edge graph is a
fermateanneutrsophicdombi fuzzy edge graph.

Definition 3.8: [Composition or Lexicographic product]: Let @; be a fermatean neutrosophic fuzzy
subset of ¢, and ¢; be a fermateean neutrosophic fuzzy subset of ¢;=1,2,3.The composition of
fermatean neutrosophic dombi fuzzy graphs d= (®p, upvp) and F = (@, urve) D*= (¢p,sp) and
F*=(¢p, gr) separately is established by d oFand it is defined as

doF= (@p © @r, Up © pp, vp © vp).Here,

@p © O =[a®D°®F'ﬁ®D°®F’y®D°®F]

Hp ° “F=[aMD°MF' 'B#D"#F' yﬂD°ﬂF]

Vp °Vp =[“vDovF, .BVDovF' VvDovF]

$ por=1{(Mnz), (0, t5): x € pp,nyny € GpiU{(ny, 2), (N2, 2) © MyNy € Gp, Z € PpiU

{ (n,n2) (1, t2): 4, € Gp,, My # B3}

agy, (n)agy (n2)

agp, (n)+ag, (n2)-ag, (n)agy (n2)’
ﬁ#D (nl)BuF (n2)

Bup m)+Bup M2)—Bup (n1)Bup (n2)

Yvp (M) +yyp (M2) =2y, (M) yvy (M2)
Yvp M)yvg (n2)

D(@p ° @r)(ny,ny) =

For all (ny,n;) € ¢p ° ¢ such that,

i1)(Sp ° 5r) (M, n3) (L, t3)
‘Pocq)D (D] CaQ)F (nat2)

‘PaQ)D (n)"'gaoF (nztz)_‘PaoD () §a®F (natz) ’
Ppup M sy, (M2tz)
Py, M5, (M2t2)=9g, (Mg, (Matz) ’
Pyvp MW Sy (M2t2) =Py, ) (M) Sy, (Mat2)

1_‘P)/VD n) Syvp (natz2)

Forall n € ¢, and n,t, € ¢
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agp(2agy (nity)
| @oF D+agp, (t)-agp (Dag, (n1t1) ’
ﬂl"F(z)ﬁl‘D (nqtq)
Bup(@+Bup, (n1t)~Bugp(@Byy, (n1ty)’
Ywp(@+yvp (n1t1)—2yyp @y (N1t1)
YVF(Z)VVD (nqtq)

i)(Sp o Gr) (ny,2)(t1,2) =

ii) (Sp °Sr) (N4, m3)(Eq, t5)

agp (N2)Agp (t2)§a0D (n1t1)

|( age (n2)agy (t2)+ag, (fz)CaQD (nit)+agg (M2)Say, (Nit)ap; (M2)ag, (tz)ga@D (n1ty) ’
_{ Bup(m2)Bugp(t2)sp,  (n1t1)

Brir M) Brag () B ()5 (MaE0)+ B (1255, (162)~2Byag () Brag (02)55,0 (matn)”
Ywp(M2)Vvp(t2)+vvp (fz)Cva (n1t1)+YvF(n2)§va (nltl)_ZVvF(nZ)VvF(tZ)Cva (n1t1)

1-yyr (M2 Vv (t2)5y,,, (N1t1)
F F D

For all n1t1 € gD,nz * tz

Example 3.6: Consider two Fermatean neutrosophicdombi fuzzy graphs d= (@p, 1ip vp) and
F= (®F, up,vr)-Here @p={xy,z},@r={abl,sp = {xy,yz},¢r= {ab}where

_ { x y z } _{ a b } _{ ab }
% (0.7,0.6,0.5) ’ (0.8,0.7,0.5)’ (0.9,1,0.6) Pr (0.7,0.8,0.5)” (0.8,0.7,0.6) /SF (0.6,0.5,0.7))

Xy yz
(0.6,0.5,0.7)” (0.7,0.7,0.7)

sp ={ }, .Then we have

©p ° Pr(xy)=(0.6,0.50.7), @po°@r(y,z) =(0.7,0.7,0.7), ¢y ° pr(a,b) = (0.6,0.5,0.7),
@p ° @r(x,a) = (0.5,0.5,0.7), ¢p © @r(x,b) = (0.6,0.5,0.7), pp ° pr(y,a) = (0.6,0.6,0.7),
@p ° p(y,b) = (0.6,0.5,0.7), pp ° pr(z,a) = (0.6,0.8,0.7), ¢p ° ¢r(z,b) = (0.7,0.7,0.8),
(sp ° gr)(x,a) (x,b) =(0.47,0.37,0.76), (Sp © sr)(y,a)(y,b) =(0.52,0.41,0.76),
(sp °sp)(z,a)(z, b) = (0.56,0.5,0.79), (sp °sr) (x,a)(y,a) = (0.47,0.44,0.76),
(Sp ° 5p)(y,a)(z,a)=(0.53,0.6,0.76), (Sp ° §r)(x,b)(y,b)=(0.52,0.41,0.79),
(Sp © 5r)(y,b)(z,b) = (0.6,0.53,0.79), (5p ° sr)(x,a)(y,b) =(0.29,0.27,0.82),
(Sp © 5r)(y,a)(z,b)=(0.32,0.32,0.82),(sp ° 5r)(x,b)(z,a)=(0.29,0.29,0.82).
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\(0.7.0.6,05) a(0.7,0.8,0.5)
®

S

o

[=)

o

©

>

v(0.8,0.7,0.5)
Y
5 09108 b(0.8,0.7,0.6)
F
(x,a)(0.5,0.5,0.7) (v,2)(0.6,0.6,0.7) (2,2)(0.6,0.8,0.7)

= >
S g
(= (<
w o
_5‘ ©
= g
(xb)(0.6,0.50.7 (v:0)(0.6,0.5,0.7) (2,0)(0.7,0.7,0.8)

D oF

Corollary 3.4: The composition of two fermatean neutrosophic dombi fuzzy graph is not necessarily
to a fermatean neutrosophic dombi fuzzy graph. (sp ° 5¢)(y,a)(z,a)=(0.53,0.6,0.76)
Edge product of (y,a) and (z,a) is

_[ 0.6X0.6 0.6X0.8 0.7X0.7
0.6+0.6—(0.6X0.6) ’ 0.6+0.8—(0.6X0.8) ’ 0.7X0.7—(0.7X0.7)

[-(042,052,0.82)

(0.53,0.6,0.76)%(0.42,0.52,0.82)

Theorem 3.4: The Composition of two fermatean neutrosophic dombi fuzzy edge graph is a
fermatean neutrosophic dombi fuzzy graph.

Proof:

Let d and F be the fermatean neutrosophic dombi fuzzy edge graphs d = (®p, up,vp) and F = (@, ir vr)
D*=(¢p,sp) and F*= (@r, 5r) separately Then the Composition product d oF
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Consider, For all n € ¢p,n,t, € ¢z such that
(Sp ° sp) (M, n2) (M, t2)= Tl@p (n),Sr(N2t2)1=T[1,55(n2t2)]
(Sp °sp)(nny) (M, ty)

agp (M)aggs(nats)
| @op #+agps(natz)-agy, pMapps(nats)’ |
<T Bup ¢(M)Buy s(natz)
T | Bup ¢ +Bup s(at2)—Bup (M) Pup s(naty)’
Yvp @MW +¥yp ((M2t2) =21y @MYy s(n2t2)
Yvp ¢ (M)yyg s(nzt2)

agp, (n2)agy (t2)
agp, (2)+agpp(ta)-agy (2)agg(t2) ’
Bup (n2)Bup (t2)
Bup M) +Bup (¢2)~Byup, (n2)Bup (¢2)”
Yvp (M2)+Yyp(t2)-21p (M2)Vy (t2)
Yvp M2y (t2)

Sr(naty)=

(¢pepr)agy, (Mn2)(Ppe@F)ag, (ntz)
| @peer)agy, (un2)+(@pe¢r)aes(Mt2)=(9po@F) g, (Mn2)(@pe@F)dgL(Mt2) ’
_ (@D°¢F)Bup (Mn2)(Pp°PF)Buy(tz)
) (@pe@R)Bup (n2)+H(@poPF)Bup(Mit2)—(PDe@F)Bup (n2)(Pp@r) By (nit2)’
(@p°@R)yvp (MN2)+(@po@F)YyE(Mt2)—2(9p°PF)Yvp (NN2)(@peYFr)ag, (n.t2)
1=(¢p°@r)yvp (Mn2)(Ppo@r)ag,(nt2)

Forall n € gp,n,t, € ¢x

i) Now consider n,t; €, ,z € Qg

(Sp °SF) (n4,2)(t4,2) =T[sp(N1t1),@r(2)]

ag, () ag, (t1)
ag, () + ag, (t1) — ag, (n)ag, (t;)
Bup (1) By, (£1)
Bup (1) + Bupy (61) = Bup (M) Byy, (81D
Yvp () + 13, (61) — 21, ()Y, (E1)
Yvp (M) Vo, (t1)

Sp(nity) <

(ppewr)ag, (11,2)(PpPF)ap,(t1,2)

(ppopr)agy (11,2)+(@peYr)ap, (t1.2)~(9pe@Fr)ap, (M1,2)(Pp@Fr)ap,(t1.2) ’
(Pp°PF)Bup (n1,2)(PD°PF)Bup(t1.2)

(@p°9F)Bup M1,2)+(@poPr)Bup (t1,2)~(@p°PF)Bup M1.2)(@poPF)Bup(t1,2)’

(@po@R)vvp (M1,2)+H(PDPF)Vvp(t1.2)=2(@D°PF)Yvp (N1,2) (PDPF) g (t1,2)
1=(@pe¢r)Yvp (N1,2)(PpoPF)ag, (t1,2)

For all n,t; € ¢p and z € g

Now consider nyt, € gp,n, = t,.

(Sp °5r) [(n1,n2) (81, 62)] =T[T(@r(n2), 9r(t2),5p(M1t1))]
=TI(T(1,1),5, (n121)),(T(0,0),6y,(11))

= TI(T(L,0), T(L,0))(T(Spp, (M1t1),Gvp (N11))

)
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(ppopr)ag, (N1.n2)(PpoPF)ap, (t1tz)
(Ppopr)agy (n1,n2)+(@powF)ag,(t1,t2)~(@po@F) g, (N1,n2)(@DoPR) gy (t1.t2)
< @p°¢r)Bup 1) (Ppo9F)Pppttnts) 5)
=) @pe@R)Bup (M1n2)+(Ppo@F) Bup (t1.62)~(PD°@F) Bup (N1.12)(PDo@F)Bup(t1.t2)’
(@p°9R)Yvp (N1,12)+(@D°PF)Yvp (t1,t2)=2(@D°@F)Yvp (N1,12)(@DePF)Ap; (t1,t2)
1=(¢p°@F)Yvp (M1.12)(@p°@F)agy (t1,t2)

From (3), (4) & (5)
Every Composition of two fermatean neutrosophic dombi fuzzy edge graph is a fermatean

neutrsophic dombi fuzzy edge graph.

4. Conclusion

Dombi neutrosophic fuzzy graph is more and more interesting by researches. There are many
theoretical and applied results on neutrosophic fuzzy graphs that are built and developed. The
concept of neutrosophic graphs can be used in many applications like decision-making problem,
transportation, and computer networks. In this paper, we have introduced Fermatean neutrosophic
Dombi fuzzy graphs and then we presented and studied some of its properties. Also, we investigated
the relationship between the other existing Dombi neutrosophic fuzzy graphs. This shall be extended
in the future to investigate the operations of the strong,semi-strong, complement of Fermatean
neutrosophic Dombi fuzzy graphs with few real-life applications with relatable illustrations.
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