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Introduction.

The concept of Pythagorean Neutrosophic Set (PNS), was the combination of
Pythagorean fuzzy set and Neutrosophic fuzzy set holding constraints of truth and falsity as
dependent and indeterminacy as independent constraints in which sum of square of truth
membership, false membership and indeterminacy value lies between 0 and 2. The concept of
fuzzy sets, introduced by Zadeh (1965)[15 ], has provided a powerful mathematical framework
for handling uncertainty and vagueness in various real-world problems. Building upon this
foundation, Rosenfeld [7 ] (1975) introduced the concept of fuzzy graphs. Over the years,
several researchers have contributed to the enrichment of fuzzy graph theory. K. Radha and N.
Kumaravel introduced the concept of edge degree, total edge degree in fuzzy graph and edge
regular fuzzy graphs and investigate about edge degree in some fuzzy graphs. N. R Santhi
Maheswari and C. Sekar [10] introduced the concept of edge irregular and edge totally edge
irregular fuzzy graph and discussed its properties. Also they proposed the concept of
neighbourly irregular and neighbourly totally irregular fuzzy graphs[ 9, 11]. Later, NagoorGani
and Radha [ 4] introduced the idea of totally regular fuzzy graphs, which was followed by
several generalizations to accommodate different levels of uncertainty and irregularity. S.
Sivabala et.al.,[10 ] introduced the concept of Neighbourly and highly irregular Neutrosophic
graph. S. P Nandhini et. al.,[6 ] defined the notion of strongly irregular interval valued fuzzy
graphs.N. R Shanthi Maheshwari et. Al.,[12] examined some results on strongly edge irregular
fuzzy graph. Hossein Rashmanlou et. al., [2 ] investigate and give more results on highly
irregular interval valued fuzzy graphs. Ali Asghar Talebi et.al., [14] introduced the novel
properties of Edge irregular single valued Neutrosophic Graphs. Motivated by these
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developments, In this paper we introduce and investigate the concept of edge irregular
Pythagorean Neutrosophic fuzzy magic graphs(PNFMG), including neighbourly edge totally
irregular, strongly edge irregular and strongly edge totally irregular Pythagorean Neutrosophic
Fuzzy magic graph.

1. Preliminaries.

Definition 2.1

A fuzzy graph defined by G = (o,u) 1is a pair of functions o¢:V — [0,1] and
w:VxV - [0,1] where, Vuv €V, u(uv) < o(u) Ao(v)

Definition 2.2

Pythagorean Neutrosophic Fuzzy Graph (PNFG) isG = (V,E) where V =
{v1,vy, ..., vy} such that py,Byand o, from V to[0,1] with 0 < u,(v;)? + B (v)? +
0,(v))? < 2V v; € V signifies membership, indeterminacy and non-membership functions
correspondingly and E € V X V where u,, 5, and o, from V XV to [0, 1] such that

p2(v; V) < ua(vi) A g (v))

B2 (vi vp) < Br(vi) AB1(v))

0, (v; 1) < 01(0) V 01.(v))
With 0 < (1 (v; )” + (B2 (v; v))” + (02(v; v))* <2V vy, € E
Definition 2.3

A Pythagorean Neutrosophic Fuzzy Graph G = (V,E) is said to be Pythagorean
Neutrosophic Fuzzy magic graph if there exist a magic graph M such that

u(;) + a(v; v;) + u(v;) having a constant value denoted by m,

n(v;) + ,B(vl- vj) + n(vj) having a constant value denoted by m' and

§(v;) +y(v; vj) + 8(v;) having a constant value denoted by m” V v;,v; €V

We denote a Pythagorean Neutrosophic Fuzzy Magic Constant by M,(G) = (m,m’,m"")

Definition 2.4

Let G = (V,E) be a connected Pythagorean Neutrosophic Fuzzy magic graph on G’ =
(V',E'). The degree of an edge wv,v;inE is defined by dg (vi, vj) =

(da(vi, vj), dﬁ (vi, vj), dy (vi, vj)) where
de(v;, vj) =d,(v) + d“(vj) - 2a(v;, v]-) Vv,vjEEandi # j
dﬂ(vi,vj) =d,(v;) + dn(vj) - Zﬁ(vi,vj) Vv,vEEandi # j
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dy(vi, vj) =ds(v;) + da(l?j) —2y(v;, vj) Vv,v;EEandi # j
Definition 2.5

Let G = (V,E) be a connected Pythagorean Neutrosophic Fuzzy magic graph on G’ =
(V',E"). The total degree of an edge wv;,v;inE is defined by tdg (v, vj) =

(tde (v v)), tdg (v vy), tdy (v, vy) ) where
tdg(vi,v;) = d,(v) + dy(v;) — a(vi,v)) Vv,v €Eandi#j
tdp(vi,v) = dy () + dy(v;) — B(vi,v;)) Yv,vj€EEandi+j
tdy(vi, vj) =ds(v;) + d(g(vj) —v(v; vj) Vv,v;€EEandi # j

2. Edge Irregularity on PNFMG

Definition 3.1

Let G = (V,E) be a connected Pythagorean Neutrosophic Fuzzy magic graph on G’ =
(V',E"). Then G is said to be an edge irregular Pythagorean Neutrosophic Fuzzy Magic Graph
if there exists atleast one edge which is adjacent to edges having distinct degrees.

Definition 3.2

Let G = (V,E) be a connected Pythagorean Neutrosophic Fuzzy magic graph on G’ =
(V',E"). Then G is said to be an neighborly edge irregular Pythagorean Neutrosophic Fuzzy
Magic Graph if every pair of adjacent edges have distinct degrees.

Definition 3.3

Let G = (V,E) be a connected Pythagorean Neutrosophic Fuzzy magic graph on G’ =
(V',E"). Then G is said to be an neighborly edge totally irregular Pythagorean Neutrosophic
Fuzzy Magic Graph if every pair of adjacent edges have distinct total degrees.

Definition 3.4

Let G = (V,E) be a connected Pythagorean Neutrosophic Fuzzy magic graph on G’ =
(V',E"). Then G is said to be a highly edge irregular Pythagorean Neutrosophic Fuzzy Magic
Graph if every edge in G is adjacent to edges having distinct degrees.

Definition 3.5

Let G = (V,E) be a connected Pythagorean Neutrosophic Fuzzy magic graph on G’ =
(V',E"). Then G is said to be a highly edge totally irregular Pythagorean Neutrosophic Fuzzy
Magic Graph if every edge in G is adjacent to edges having distinct total degrees.

Definition 3.6

Let G = (V,E) be a connected Pythagorean Neutrosophic Fuzzy magic graph on G’ =
(V',E"). Then G is said to be a strongly edge irregular Pythagorean Neutrosophic Fuzzy
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Magic Graph if every pair of edges having distinct degrees or no two edges have same

degree.

Example. 3.1

(0.73,0.62, 0.85)
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5(0.59, 0.48, 0.7
,(0.66,0.55,0.78)
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M720 N1 N 8N
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N 2K N4 N KA

14(0.82,0.71, 0.94)
Figure.1

In this graph , d(v,) = (1.07,0.85,1.55),d(v,) = (1.46,1.13,2.18),
d(v3) = (1.26,0.93,1.98),d(v,) = (0.64,0.42,1.12),d(vs) = (1.44,1.11,2.16),
d(ve) = (1.67,1.34,2.39)

The edge degrees are determined as follows.

d(vy,v,) = (2.53,1.2,2.25),d(vq,v6) = (1.6,1.27,2.32),

d(v,,v3) = (1.82,1.38,2.78),d(v,vs) = (1.88,1.44,2.84),d(v;v,) = (1.32,0.99,2.04),
d(vsve) = (1.89,1.45,3.55), d(v,v5) = (1.38,1.05,2.8), d(vsve) = (1.93,1.51,3.61)

Here, no two edges having same degree. Hence this graph is strongly edge irregular
PNFMG.
Definition 3.7

Let G = (V,E) be a connected Pythagorean Neutrosophic Fuzzy magic graph on G’ =
(V',E"). Then G is said to be a strongly edge totally irregular Pythagorean Neutrosophic
Fuzzy Magic Graph if every pair of edges having distinct total degrees or no two edges have
same total degree.

Example. 3.2

(0.37, 0.28,0.64) v41(0.73,0.65,0.93)

5(0.76,0.68,0.8

0.44,0.35, 0.57)

(0.42, 0.33, 0.54 v,(0.69,0.61, 0.88)

(0.52, 0.43, 0.80)

(0.46, 0.37 , 0.59)
1,(0.58,0.5,0.77)

(0.57,0.48,0.7) v5(0.71,0.63,0.91)

Figure.2
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In this graph , d(v;) = (1.23,0.96,1.75),d(v,) = (0.9,0.72,1.16),
d(vs) = (1.45,1.18,1.83),d(v,) = (1.09,0.91,1.5),d(vs) = (0.89,0.71,1.44)
The edge total degrees are determined as follows.
td(vy,v,) = (1.69,1.33,2.34), td (v, v3) = (2.26,1.81,3.05),
td(v,,vs) = (1.75,1.39,2.55), td (v,v3) = (1.89,1.53, 2.4), td (v3v,) = (1.97,1.61, 2.63),
td(v,vs) = (1.46,1.19,2.14)
Here, no two edges having same total degrees. Hence this graph is strongly edge
irregular PNFMG.

Theorem. 3.1

Let G = (V,E) be a Pythagorean Neutrosophic Fuzzy magic graph. If G is strongly
edge irregular PNFMG then G is neighborly edge irregular PNFMG.

Proof.
Let G = (V,E) be a Pythagorean Neutrosophic Fuzzy magic graph.

Assume that G is strongly edge irregular PNFMG. Then, Every pair of edges having
distinct degrees in G.

So, every pair of adjacent edges having distinct degrees in G.
Hence G is neighborly edge irregular PNFMG
Theorem. 3.2

Let G = (V, E) be a Pythagorean Neutrosophic Fuzzy magic graph. If G is strongly
edge totally irregular PNFMG then G is neighborly edge totally irregular PNFMG.

Proof.
Let G = (V,E) be a Pythagorean Neutrosophic Fuzzy magic graph.

Assume that G is strongly edge totally irregular PNFMG. Then, Every pair of edges
having distinct total degrees in G.

So, every pair of adjacent edges having distinct total degrees in G.
Hence G is neighborly edge totally irregular PNFMG.
Theorem. 3.3

Let G = (V,E) be a Pythagorean Neutrosophic Fuzzy magic graph. If G is strongly
edge irregular PNFMG then G is highly edge irregular PNFMG.

Proof.
Let G = (V,E) be a Pythagorean Neutrosophic Fuzzy magic graph.

Assume that G is strongly edge irregular PNFMG. Then, Every pair of edges having
distinct degrees in G.

So, every edge is adjacent to edges with distinct degrees in G.
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Hence G is highly edge irregular PNFMG

Theorem. 3.4

Let G = (V,E) be a Pythagorean Neutrosophic Fuzzy magic graph. If G is strongly
edge totally irregular PNFMG then G is highly edge totally irregular PNFMG.

Proof.
Let G = (V,E) be a Pythagorean Neutrosophic Fuzzy magic graph.

Assume that G is strongly edge totally irregular PNFMG. Then, Every pair of edges
having distinct total degrees in G.

So, every edge is adjacent to edges with distinct total degrees in G.
Hence G is highly edge totally irregular PNFMG
Theorem. 3.5

Let G = (V,E) be a connected Pythagorean Neutrosophic Fuzzy magic graph on G’ =
(V',E"), a path on 2p(p > 1) vertices. If the degrees of truth membership, indeterminancy
membership and false membership of the edges ey, ey, ..., €51 are x4, X3, ..., X2p—1 such that

X1 < Xy < e < xzp_l, Y1, Y2, ...,yzp_l such that V1 < V2 < < YZp—l and Zq,2Zy, ...,Zzp_l
such that z; > z, > -+ > z,,_; respectively. Then G is both strongly edge irregular PNFMG
and Strongly edge totally irregular PNFMG.

Proof.

Let G = (V,E) be a connected Pythagorean Neutrosophic Fuzzy magic graph on G’ =
(V',E"), apath on 2p(p > 1) vertices. If the edges have the different truth membership
values, indeterminancy membership value and falsity membership value then, a(e;) = x;,
B(e;) = y; and y(e;) = z;, where i = 1,2, ...

Let the degree of truth membership, indeterminancy and falsity-membership value of
edges ey, €y, ..., €351 A€ X1, X, ..., Xop—q SUCh that x; < Xy <o+ <Xy 1, V1, Y2 s Yop-1
such thaty; < y, <+ <y, and zq, 23, ..., Z3p— such that z; > z, > --- >
Zpp—1 respectively. Then,

de (1) = (x1,y1,21)
de(v2) = (e1 + %2, 71 + Y2, 21 + 23)
dG(VZp—1) = (pr—Z + Xop—1,Y2p-2 T Vop-1,Z2p—2 T ZZp—l)
dG(VZp) = (pr—1:3’2p—1:ZZp—1)
Also,
dg(er) = dg(vy) + dg(v2) — 2(a(vyvy), B(v1v2), ¥y (V1))
= (x1,¥1,21) + (e1 + x2,¥1 + Y2, 21 + 72) — 2(x1, Y1, 71)
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= (Xz, yZiZZ)
dg(e;) = dg(vy) +dg(w3) — 2(a(vyv3), f(Vav3), ¥ (VRv3) )

= (X + %2, ¥1 + Y221+ 22) + (X + x3,Y2 + V3,2, + 23) —
2(x2,¥2,23)

= (x1 + x3,¥1 + ¥3,21 + Z3)
dG(eZp—l) = (x2p—3 + X2p—1,Y2p-3 T Vop-1,Z2p-3 T Z2p—1)
dG(eZp) = (pr—l + Xop—2 + X2p_1 — 2X2p_1,V2p-1
+ Vop—2+tYop—1 = 2Yop-1,Z2p-1 + Z2p—2 — 2Z2p—1)
= (x2p—2'y2p—2'22p—2)

We, observe that all the pair of edges have distinct degrees. Hence G is strongly edge
irregular PNFMG

Also, we have
tdg(e;) = dg(e1) + (a(Wyv2), B(v11,), ¥y (V1v2) )
= (x2,¥2,22) + (x1,¥1,21)
= (%1 + x2, 71 + ¥2,21 + 22)
tdg(ez) = dg(ey) + (a(vavs), B(W,v3), ¥ (v,v3) )
= (%1 +x3,¥1 + 3,21 + 23) + (%2, Y2, 22)
= (1 +x3 +x3,y1 + Y2 +¥3,21 + 25 + 23)

tdc(ezzo—z) = (pr—3 + Xop—1 + Xop—2,Vop-3 T Vop-1 + Yop-2,Z2p-3
+ Zzp_l + Zzp_z)

th(‘£’2p—1) = (pr—l + Xop—2,Vop-1 T Vop-2,Z2p-1 t ZZp—Z)
It is observed that any pair of edges having distinct total degrees.

Hence G is strongly edge totally irregular Pythagorean Neutrosophic Fuzzy Magic Graph.
Theorem. 3.6

Let G = (V,E) be a connected Pythagorean Neutrosophic Fuzzy magic graph on G’ =
(V',E"), acycle on p(p = 4) vertices. If the degrees of truth membership, indeterminancy
membership and false membership of the edges e;, ey, ..., e, are X, X3, ..., X, such that x; <
Xy < 0 < Xp, Y1,Y2, -, Yp sSuch that y; < y, <+ <y, and zy, 2y, ..., Z, such that z; >
z, > -+ > zy respectively. Then G is both strongly edge irregular PNFMG and Strongly
edge totally irregular PNFMG
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Proof.

Let G = (V,E) be a connected Pythagorean Neutrosophic Fuzzy magic graph on G’ =

(V',E") is an odd cycle of length 2p + 1. Let the degrees degrees of truth membership,
indeterminacy membership and false membership of the edges ey, e,, ..., ep are Xy, Xz, -, Xp
such that x; < xp < - < Xp, ¥1,¥2, -, Yp sSuch thaty; < y, <+ <y, and 74,2y, ..., 2,
such that z; > z, > -+ > z, respectively. Then

Also,

dg(e) = (aley), Ble), v(e)) = (xi,y;,z) wherei=1,2,..,p,if pisodd

de(vy) = (xl +Xp, Y1t Yp,Z1 + Zp)
de(vy) = (X1 + X2, Y1 + Y2, 21 + 2Z3)

de(vp) = (Xp1 + %p, Yap—1 + Vp Zop-1 + 2)

dg(er) = dg(vy) +dg(vy) — 2(a(vyvy), B(v1v,), ¥ (v1v3) )

= (x1 +Xp, Y1+ Yp 21 + Zp) + (x1 + x2, V1 + V2,21 + 25) —
2(x1,¥1,21)

= (xy + %, Y2 + Vp, 22 + 2)
dg(ey) = dg(vp) + dg(v3) — 2(a(v,v3), f(vav3), ¥ (Vav3) )

=Xy + %2, ¥1 + V2,20 + 22) + (X + x3,Y, + Y3, 2, + 23) —
2(x2,¥2,2)

= (X +x3,¥1 + 3,21 + 23)

dG(ep) =dg (vp) +dg(vy) — 2(“(”19”1)':3(%”1)'V(val) )
= (xp—l + Xp, Yp-1+ Vpr Zp-1 t Zp)
+ (xp + X1, Yp +V1,2p + zl) — Z(xp,yp,zp)

= (xp—l + X1, Yp—1 + V1. Zp_1 + 21)

It is noted that every pair of edges having distinct degrees

Hence G is an strongly edge irregular PNFMG.

Also, we have

tdg(er) = dg(er) + (a(vyvy), B(v1v2),y(v1v2) )

= (xz + xp,yz + yp,Zz + Zp) + (xl,yl,Zl)

677
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=(x + %+ 2%p, V1 + Y2+ Vp 21 + 22 + )
tdg(ez) = dg(ez) + (a(vav3), f(vov3), ¥ (vov3) )

= (%1 + x3,¥1 +¥3,21 + 23) + (%2, 2, 22)

= (1 +x2 +x3,y1 +y2 +¥3,21 + 25 + 23)

th(ep) =dg (ep) + (“(Upvl)'ﬁ(vpvl)'y(vpvl))
= (xp_l + X1, Yp-1 + Y1, Zp-1 + Zl) + (xp,yp,zp)
= (xp_1 + Xp + X1, Yp-1 + Yo + Y1 Zp-1 + Zp + Zl)
It is noted that every pair of edges having distinct total degrees.
Hence G is strongly edge totally irregular Pythagorean Neutrosophic Fuzzy Magic Graph.
Theorem. 3.7

Let G = (V,E) be a connected Pythagorean Neutrosophic Fuzzy magic graph on G’ =
(V',E"), a Star K, ,,. If G having the edges with distinct truth membership, indeterminacy and
falsity membership values then G is a strongly edge irregular PNFMG

Proof.

Let G = (V,E) be a connected Pythagorean Neutrosophic Fuzzy magic graph on G' =
(V',E"). If the edges have the different truth membership, indeterminacy and falsity
membership value. Then

dg(e) = (aley), Ble), v(e)) = (xi,y;,z) wherei=1,2,..,p

Let the truth membership value, indeterminacy value and falsity membership value of
edges of G be xq, X3, ..., Xp, Y1, Y2, -, Yp and Z4, 2, ..., Zp,

DX F X F o F X Y1 F Yo F o F Ypand 2y F 2y F o F 2Z,

Then,
de(wo) = (X1 + Xg+ -+ X, Y1+ Yo+t Yy, 2 + 25 + o+ 2,)
dg(vy) = (x1,y1,21)
dg () = (x2,¥2,22)
dG(”p) = (xp:Yp;Zp)
Also,

dg(eq) = dg(vp) + dg(vy) — 2(a(vvy), B(Wov1), ¥y (Vovy) )
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=0+ x+ - xp i+ Yot A Yz 2zt
Zp) + (1, ¥1,21) — 2(x4, ¥4, 71)

=(xg+ x5+ X0 Va+ Y3+ +Ypzy+ 23+ +2p)
dg(ey) = dg(vg) + dg(v,) — 2(a(vov,), B(wev,), ¥ (vevy) )

=g+t xp i+ Vot AV 2z o+
Zp) + (%2, ¥2,22) — 2(x2,y2, 22)

=(x+x3 4+ Fxp Y1 +yz+ otV z 23+ +

de(ep) = de(Wo) + dg(vp) = 2(a(vovy), B(vovp), ¥(vovy) )
=(+ x+txp i+ Yot A Yz 2zt
2p) + (%p, Yp 2p) = 2(%p, Vp 2p)
=(x+ xg 4+ xp_p, 1+ Vot FVp1,21 25+
+ Zp_l)
Therefore all the edges having distinct degrees.
Hence G is an strongly edge irregular PNFMG.
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