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Abstract

In this critique, twin proper neutrosophic fuzzy graphs and totally twin proper
neutrosophic fuzzy graphs are portrayed. Collasion of these two graphs were given through
exemplifications. Provided is the unavoidable circumstance under which these two graphs
were coequal. The characterisation of twin correct neutrosophic fuzzy graphs with a cycle as
the underlying crisp graph is studied. The applicability of the results to fully twin accurate
neutrosophic fuzzy graphs is also explored.
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1. Introduction

The neutrosophic theory has demonstrated its superiority over other
approaches and theories in handling data, especially in its capability to consider
indeterminate data. In this paper, we consider nonregular graphs. The focus is
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mainly on the case of graphs in which all the vertices takes any one of the two
degree values. Liangsong Huang et.al., [1] introduced the concept of Regular
NFGs. Researchers Muzychuk .M and Klin. M [2] investigated biregular graphs.
These urge us to examine some of the features of entirely twin proper NFGs as
well as twin proper NFGs. For more details see [1, 2].

2. Preliminaries

For easy reference while reading the work provided in this article, we
provide some well-known definitions of fuzzy graphs and NFGs.

Definition 2.1: [4] A fuzzy graph G : (o, ) is a pair of functions (o, p), where
6 : V —[0,1] is a fuzzy subset of a non empty set Vand p: VXV —[0, 1]isa
symmetric fuzzy relation on ¢ such that for all u, v in V, the relation p(u, v) <
o(u) A o(V) is satisfied. A fuzzy graph G is called complete fuzzy graph if the
relation p(u, v) = o(u) A o(V) is satisfied.

Definition 2.2: [4] The strength of connectedness between two vertices u and v
is defined as p” (u, v) = sup {u*(u, v) : k=1, 2, ...}, where p*(u, v)=sup {u(u, u,)
A p(ug, up) A oo A u(ug-g, V) 1, Ug, U, ..., Ug-p, VIS a path connecting u and v of
length k}.

Definition 2.3: [3] Let G : (N, M) be a single - valued neutrosophic graph where
N and M are represented by two neutrosophic sets on V and E, respectively,
which satisfy the following.

Tw(a, b) < min(Ty (a), Tn (b)), v (a, b) > max(Iy (a), In (b)), Fu(a, b) >
max(Fx (), Fy (b))

Here a and b are two vertices of G and (a, b) € E is an edge of G. Where
Ty denote the truth value, I; denoted the indeterminacy value and Fy; denoted
the false value.

Definition 2.4: [3] Let G : (N, M) be an single - valued neutrosophic graph and
a € V be vertex of G. The degree of vertex a is the sum of the truth membership
values, the sum of the indeterminacy membership values, and the sum of the
membership values of falsity of all the arcs that are adjacent to vertex a .The
degree of vertex a is denoted by d(a) = (dr (a), d; (a), dg (a)) where dr (a) = Z.ey
TM(a’ b)sdl (a) = ZaEV IM(as b)adF (a): ZaEV FM (a> b) .

Here dr (a),d; (a), and dg (a) are the degree of the truth membership value,
the degree of the indeterminacy membership value, and the degree of falsity
membership value, respectively, of vertex a.

Definition 2.5: [3] Let G : (N, M) be an single - valued neutrosophic graph. G is
called regular neutrosophic fuzzy graph if all the vertices of the graph have the
same degree (h; h, h;).
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Definition 2.6: [3] Let G : (N, M) be an single - valued neutrosophic graph. The
total degree of the vertex a in G is defined as td(a) = (tdr (a), td; (a), tdr (a))
where tdr (a) = dr (a) + T(a), td; (a) = d; (a) + I(a), tdr () = dg (a) + F(a). It can
also be defined as td(a) = d(a) + N(a).

Definition 2.7: [3] Let G : (N, M) be an single - valued neutrosophic graph. G is
called totally regular NFG if all the vertices of the graph have the same degree
(rly 1, r3)'

3. Twin Proper Neutrosophic Fuzzy Graphs

This section introduces both entirely twin proper NFGs and twin proper
NFGs.

Definition 3.1: Let Gy : (N, M) be a NFG on G*y: (V, E). Gy is called a twin
proper NFG if the degree of each vertex is either (py, pa, p3) or (P4, Ps, Ps)- Then
G is said to be ((p1, p2, P3), (P4, Ps, Ps))-twin proper NFG.

Example 3.2: Deem a NFG on G*y: (V, E).

1(0.2,0.3,0.6)

(0.1.04,0.6) 0.2,04,0.7)

£(0.2,0.4,0.6) 02,04.0.7)  10.2,04,0.7)
Figure 1

Here, as in figure.1 d(j) = (0.3, 0.8, 1.3), d(f) = (0.3, 0.8, 1.3), d(k) = (0.3,
0.8, 1.4). This graph is ((0.3, 0.8, 1.3),(0.3, 0.8, 1.4))—twin proper NFG.

Definition 3.3: Let Gy : (N, M) be a NFG on G*y: (V, E). Gy s said to be totally
twin proper NFG if the total degree of each vertex is either (hy, h,, h;) or (hy, hs,
he). Then G is said to be ((h;, hy, hs),( hy, hs, hg))-totally twin proper NFG.

Example 3.4: Deem a NFG on G*y: (V, E).

(0.3,0.7,0.9)

(0.3,0.7.0.9) (0.3,0.7,0.9)
[ ® ® 9
j(0.3.0.5.0.8) k(0.4, 0.6, 0.8) 1004, 0.6, 0.8) £(0.3,0.5.0.8)
Figure 2

Here as in figure.2, td(j) = (0.6, 1.2, 0.7), td(k) = (1.0, 1.8, 2.6), td(1) = (1.0,
1.8, 2.6), td(f) = (0.6, 1.2, 1.7). This graph is ((0.6, 1.2, 0.7), (1.0, 1.8, 2.6))-
totally twin proper NFG.
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Remark 3.5: A twin proper NFG need not be totally twin proper NFG.
Remark 3.6: A totally twin proper NFG need not be twin proper NFG.
Remark 3.7: A twin proper NFG is also a totally twin proper NFG.

Theorem 3.8: Let Gy : (N, M) be a NFG on G*y : (V, E). The following
conditions must hold in order for N to be a constant function.

(1) Gyis a twin proper NFG.
(il)) Gyis a totally twin proper NFG.

Proof: Intend that N is a constant function. Let N(z) =( h;, h,, h;) be a constant
for all z € V . Assume that Gy is a ((p1, P2, P3)s (P4, Ps, Ps)) twin proper NFG.
Then, let d(z) = (p1, p2, p3) and d(w) = (p4, ps, Ps) for some z, w € V . Now, td(z)
=d(z)+N(z) for all z € V = td(z) = (p1, pa, p3)+( hy, hy, h3), for some z € V and
td(w) = d(w) + N(w), for some w € V = td(w) = (p4, ps, ps) + (I, hp, h3) for
some w € V . Hence Gy is totally-twin proper NFG.

Thus (i) = (ii) is proved.

Now Intend Gy is a ((p1, p2),( p3, ps))-totally twin proper NFG. Then td(z)
=d(z) + N(z) = (p1, p2, p3) for some z € V = d(z) + N(z) = (p1, p2, p3), for some
2 €V = d(z) + (hy, hy, h3) = (p1, pa, p3), for some z € V = d(z) = (p1, p2, p3)—(
hy, hy, ), for some z € V and td(w) = d(w) + N(w) = (p4, ps, ps) for some w €
V= d(w) + N(W) = (ps, s, pe)sfor some w € V = d(w) + (h, ha, hs) = (pa, ps,
ps), for some w € V = d(w) = (ps, ps, ps) — (1, hy, h3), for some w € V and so
Gy is twin proper NFG. Thus (ii) = (i) is proved. Hence (i) and (ii) are
equivalent.

Conversely, assume that (i) and (ii) are equivalent. That is Gy is twin
proper NFG if and only if Gy is totally twin proper NFG. Intend N is not a
constant function, then N(z) # N(v) # N(w) for some vertices u, v, w € V. Let
Gnbe a((p1, P2, p3)s( Ps, Ps, Pe)) -twin proper NFG. Then d(z) = (pi, p2, p3), d(v)
= (p1, P2, p3) and d(w) = (p4, ps, pe) and so td(z) = d(z) + N(z) = (p1, p2, p3) +
N(2), td(v) = d(v) + N(v) = (p 1, pa, ps) + N(v) and td(w) = d(w) + N(W) = (ps, ps,
ps) T N(w). Since N(z) # N(v) # N(w),we have td(z) #td(v) # td(w) for some
vertices u, v, w. So Gy is not totally twin proper NFG which is a contradiction to
our assumption.

Now let Gy be a totally twin proper NFG. Then let, td(z) = td(v) = (hy, hy,
h3) and td(w) = (hy, hs, i) = d(z) + N(z) = d(v) + N(v) = (hy, hy, h;) and d(w) +
N(W) = (hs, hs, he) = d(z) = (hy, ho, h) = N(2), d(v) = (hy, hs, hy) — N(v) and
d(w) = (hy, hs, hg) — N(w). Intend N(z) # N(v) #N(w) then Gy is not twin proper
NFG which is contradiction to our assumption. Hence N is a constant function.

Theorem 3.9: If a NFG Gy : (N, M) is both twin proper neutrosophic and totally
twin proper neutrosophic. Then N is a constant function.
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Proof: Let Gy be a ((p1, p2, P3)>(Ps> Ps, Ps))-twin proper neutrosophic and ((h;,
hy, 1i3),( hy, hs, hg))- totally twin proper NFG . So d(z) = (p1, p2, p3) for some z €
V, d(w) = (ps, ps, ps) for some z € V and td(z) = (hy, hy, hi;) for some z € V,
td(w) = (hy, hs, hg) for some z € V . Now td(z) = (h,, hy, h;) for some z € V =
d(z) + N(z) = (;, hyp, h3) for some z € V = (py, pa2, p3) + N(z) = (y, I, hz) for
some z € V = N(z) = (hy, hy, hz) — (p1, pa, p3) for all z € V . Hence N is a
constant function.

Remark 3.10: The above theorem’s inverse need not be true.

Theorem 3.11: Let Gy : (N, M) be a NFG on G*y: (V, E), a cycle on N vertices.
. . _ (hl,hz,h3) i = 1,2,...,7’1— 1
If N is a constant function and M(e;) = {(h4, he, hy) i=n
Then Gy is both twin proper neutrosophic and totally twin proper
neutrosophic fuzzy graph.

Proof: Let ey, e, . . ., e, be the edges of the cycle S,. Let N(z) = (py, p2, p3), for
all z € V be a constant function.

(h1'h2'h3) i= 1,2, ey, — 1

(h4,h5,h6) l =n

Then d(vy) = (hy, by, hi3) + (hy, hs, he) = d(v,).  Also d(vy) = 2(hy, by, h3) for
i=2,...,n—1.

SO, GN is ((hl, hz, h3) + (h4, hs, hé), 2(h1, hz, h3)) twin proper NFG AISO,
td(vy) = (hy, hy, 'hs) + (hy, hs, hig) + (p1, P2, P3) = td(vy,) and td(vy) = 2((hy, by, h3) +
(pla P2, p3)) fOr 1= 29 39 NS (e 1 Hence GN 1S (((hls h2s h3) + (h49 hS) h6) + (pla
P2, P3)), 2(1y, hp, h3) + (py, P2, p3)) totally twin proper NFG. Hence Gy is both
twin proper neutrosophic and totally twin proper NFG.

Let M(e;) = {

Theorem 3.12: Let Gy : (N, M) be a neutrosophic fuzzy graph G*y: (V, E),a
path on 2n vertices. If M is constant function or alternative edges take same
membership values then Gyis twin proper neutrosophic fuzzy graph.

Proof: Lete, e,, . . ., €, be the edges of the path.

Case (i): M is constant function. Then M(e;) = (h,h,,hi;) for all i.
d(v) = { (h,,h,,h3) ifiis pendant vertex
V) = 2(hy,hy,hy) ifiis internal vertex
Hence Gyis ((hy, hy, h;), 2(h, hy, hj)) twin proper NFG.

Case (ii): Alternate edge take same membership values.

Let the edges ey, €3, . . . , €| takes the membership values (h;, h,, h;) and
the edges e, €4, . . ., €, takes the membership values (hy, his, hy).
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d _{ (hy,hy,h3) if i is pendant vertex
()= V(hy, by hy) + (hy hg hy) if i is internal vertex

Hence Gyis ((hy, i, h3),((hy, hy, hi3) + (hy, his, he))) twin proper NFG..

Remark 3.13: The theorem mentioned above is not applicable to totally twin
proper neutrosophic fuzzy graphs.

Theorem 3.14: Let Gy : (N, M) be a NFG on G*y: (V, E) a cycle on n vertices.
Let M be a constant function and alternative vertices takes same membership
values then Gy is totally twin proper NFG.

Proof: Let vy, vy, . . ., v, be the vertices of the cycle h , and
_ ((p1,p2,p3) ifiisodd
Nev) = {(94, ps,pg) ifiiseven

Since M is constant M(e;) = (h;, hy, h3), for all i. Then d(v;) = 2(hy, hy, hiz)
and
2(hy, By, hs) + (p1, P2 p3)  ifiisodd
2(hy, 0y, h3) + (P4, ps, pg)  ifiis even

Hence GN is (2(h1> hZa h3) + (pla P2, p3)7 z(hla h27 h3) + (p49 Ps, p6)) be a
totally twin proper NFG.

tdw) = dv) + N =

Remark 3.15: The above theorem does not hold for twin proper NFG, since M
is constant function, d(z) = (py, pa, p3) forallz € V.

Theorem 3.16: Let Gy : (N, M) be a NFG on G*y : (V, E) an even cycle on n
vertices. If alternate vertices takes same membership values and alternate edges
takes same membership values then Gy is totally twin proper NFG.

Proof: Letuy, uy, . . ., u, be the vertices of the cycle C, and
_ ((hy,hy,hy) ifiisodd
Let N(w) = {(m, he ho) ifiiseven

Since alternate edges takes same membership values and Gy is an even
cycle, d(u;) = (pi, pa.p3), for all i.
(hy, hy,h3) + (p1, p2,p3)  ifiisodd
(hy, hs, hg) + (p1, P2, p3) ifiiseven

SO, GN is ((h17 h29 h3) + (pla P2, p3)3(h49 hS) hf)) + (pla P2, p3))- tOtally
twin proper NFG.

Now, td(u;) = {
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Theorem 3.17: If the ladder on n vertices take constant vertex membership
value (hy, hy, h3) and constant edge membership value (p;, p, p3). Then Gy is
both twin proper NFG and totally twin proper NFG.

Proof: Letuy, u,, . . ., Uy, be the vertices of the ladder and ey, e,, . . . €3,-, be the
edges of the ladder.

Let N(w;) = (hy, hy, 1), for all i and M(e;) = (py, p2, p3), for all i. Then

d(w) = {Z(pl,pz,p3) if i is end vertex
' 3(p1, P2, p3) ifiisinternal vertex
So, Gnis(2(p1, P2, P3), 3(P1, P2, P3))-twin proper NFG. Now,
td(u) = {Z(pl, P2, p3) + (hy, by, hs) if i is end vertex
' 3(p1, p2, p3) + (hy,hy, hy) if i is internal vertex

Hence Gy is ((2(p1, p2, p3) + (hy, hy, B3), 3(p1, p2, p3) + (hy, hy, h3))-
totally twin proper NFG.

Theorem 3.18: Let Gy : (N, M) be a NFG on G* : ((V, E), a cycle on n
vertices. If

_ (hl,hz,h3) lfl = 1,2,...,7’1—1
M(e;) = {(m, hg, hiy) ifi =n

where (hy, iy, hs) < (hy ks, he), then Gy is a fuzzy cycle.

Proof: Letey, ey, . . ., ¢, be the edges of the cycle h,. Assume that
_ (hl’hZ’h3) lfl = 1,2,...,7’1— 1
M(e) = {(m, he, hg) ifi = n

where (hy, hy, h3) < (hy, hs, h).

So there does not exists unique edge e, such that M(e,) = A{M(e;) : ¢; € E}.
Hence Gy s a fuzzy cycle.

Theorem 3.19: Let Gy be a NFG on G*y: (V, E), a path on n vertices. If M is
constant function, then Gy does not have fuzzy bridge.

Proof: Assume that G*y : (V, E) is a path on N vertices. Since M is constant
function, Gy is twin proper neutrosophic fuzzy graph. Also, Since M is constant,
removal of any edge does not reduce the strength of connectedness. Hence Gy
does not have fuzzy bridge.
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