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Nomenclature
m-bipolar fuzzy graph m-BPFG
Strongly edge irregular SEIR

Strongly edge totally irregular SETIR

Neighbourly edge irregular NEIR
Neighbourly edge totally NETIR
irregular

Highly irregular HIR

Abstract

In combinatory and theoretical computer science, irregular graphs are crucial. Strongly
irregular graphs belong to a significant class of highly organised graphs. We define SETIR m-
BPFG and SEIR m-BPFG in this study. We establish equivalence between SEIR m-BPFG and
SETIR m-BPFG and investigate a few features of the former and the latter.
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1. Introduction

Each of the nodes and edges of an m-polar fuzzy graph includes components, but those
features are fixed. However, these elements could be bipolar. An m-BPFG has been presented
based on this concept.

Bose [7] was the first to define a strongly regular graph. Regular and irregular fuzzy
graphs were first proposed by Nagoorgani et al. [8, 9]. Radha and Kumaravel [10] were the
ones who initially proposed the idea of a substantially regular fuzzy graph. The paper
introduces the notion of strongly edge irregular and strongly edge entirely irregular m-BPFGs.
Bose [7] was the first to define a strongly regular graph. Regular and irregular fuzzy graphs
were first proposed by Nagoorgani et al. [8, 9]. The idea of SEIR and SETIR m-BPFGs is
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introduced in this study. Additionally, certain aspects of them are investigated to define it and
explored some of their characteristics.

2. Preliminaries

Prior to creating the m-BPFG, we presumptively consider:

Define an equivalency relation <>, Nx N —{(r,r) :reN } on the basis of the following
(71,51)<—>(72,5 )<:> either (y,,9,) = (72, )or 7, =0,,0,=y, foragivenset N .

In this case, the Quotient Set is indicated by N2
Definition 2.1: [5] A 3-tuple Z = (N, A,B) is an m-BPFG of a graph Z* = (N,E), where

A=<[pjO‘I’ﬁ,ij‘P';]:;l>,pj0‘Pﬁ :N —[0,1] and p, 0¥’ : ¥ —[-1,0] is an m-BPFS on
N and B= <[p oW, p o ‘P;]:;l>,pjo‘1’£:}V7—>[0,1]and p, oWy N* >[-1,0] isanm-
BPFS in N? such that p, oW} (z,5) <min{p, ¥’ (1), p, ¥’ (s)}.

p, oWy (r.c) 2 max{p, oW (¢), p, 0¥’ (¢)} forall (r.6) e N*,j = 1,2,-+,m and

p;o¥y(7.¢)=p, ¥, (7,5)=0 forall (r,g)e;\ﬁ—
Definition 2.2: An m-BPFG node's y € N neighbourhood degree in Z = (N , A,B) is

described as d, <[pjod‘]’v,,() p;ody, (¥ ] > <[ Z poi(t) z P,-”’ZU)D

teNb(y) [ENh(}/)

Definition 2.3:The open neighbourhood degree of anode y € N in an m-BPFG
Z= (N, A,B) is defined as

dz(7)=<[p,-°d§( )-p;0d5 (7)) >= 2, P oYi(r.0), 2, po¥i(r:0)

=1
7 y#S y#£8

(7,5)(3E (7,5)(5E =1

Definition 2.4: The closed neighbourhood degree of a node y € N in an m-BPFG
Z = (N, A,B) is defined as

m

@, [N=([p,at[1p, T )= | S 2, o5000). 3 2o (o) | )+([p, i (0)om Wi ()]

y#S y#S j=1

(7.6)0E (7.6pE -1

Definition 2.5: If all of the nodes have the same open neighbourhood degree([n?, n}l ]m 1),
j=
then an m-BPFG Z of Z is said to be ([r)f.’, nj ]m 1)—regular.
J=
Definition 2.6: If all of the nodes have the same closed neighbourhood degree

([yjp, 148 ]m ), then an m-BPFG Z of Z is said to be ([yjp, 148 ]m )-totally regular.
j=1 j=1
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Definition 2.7: An m-BPFG Z of Z is said to be irregular if there exists a node which is
adjacent to node with different degree.
3. Irregular graphs

In this section some irregular graphs are discussed.
Definition 3.1: Let Z of Z* be an m- BPFG. Then Z is said to be HIR m-BPFG if each
node of Z is adjacent to nodes with different degrees.
Definition 3.2: Let Z be an m-BPFG. Then Z is said to be NEIR m-BPFG if each pair of
adjacent edges have different degrees.
Definition 3.3: Let Z be an m- BPFG. Then Z is said to be NETIR m-BPFG if each pair of
adjacent edges have different total degrees.
Definition 3.4: Let Z be an m-BPFG. Then
(1) If each pair of edges has a different degree, then Z is called SEIR m-BPFG. (i.e. no two
edges have the equal degree) [5].
(i1) If each pair of edges has a different total degree, then Z called SETIR m-BPFG. (i.e. no
two edges have the equal degree) [5].

Theorem 3.1: Let Z = (N,A,B) be an m-BPFG of Z" where B is constant. Then Z is
SEIR m-BPFG if and only if Z is SETIR m-BPFG.

Proof: Let B(y,5)= <[P,- Wi (7.6),p,ow; (7.6 ] >= <[k",k”} } > for all (y,6)e E
,where k” €[0,1] and & [-10].
Let Z be SEIR m-BPFG.
&d, (}/1,7/2) #d, (é},é’z)for all (71,}/2),(51,52)6 E
}/1,7/2 <[ n]’:l > (é‘ o ) <[k‘,[",k}' :;l>forall (}/1,]/2),(51,52)€E
<d,(7.7,)+B(7.7,)#d,(6,.6,)+B(6,,6,)forall (7,7,),(5,,5,)e E
otd, (}/1,7/2) #td, (51,52)f0r all (}/1,]/2),(51,52)6 E
< Zis SETIR m-BPFG.
Remark 3.1: B might not be a be a constant function if Z = (N ,A,B ) is both SEIR and
SETIR m-BPFG.
Theorem 3.2: If Z is SEIR m-BPFG, then Z is NEIR m-BPFG.
Proof: As Z is SEIR m-BPFG, therefore each pair of edges in Z have different degrees.
Hence each pair of adjacent edges have different degrees.
So, Z is NEIR m-BPFG.
Theorem 3.3:1f Z is SETIR-BPFG, then Z is NETIR m-BPFG.
Proof: Let Z be an m-BPFG and SETIR.

Each pair of edges in Z has a different total degree, hence each pair of adjacent edges also
has a different total degree, making Z a NETIR m-BPFG.

Theorem 3.4: Let Z = (N,A,B) be an m-BPFG of Z* where B is constant. If Z is SEIR
m-BPFG, then Z is an irregular m-BPFG.

Proof: Let B(y,5)=<[pj01//§(}/, 5), p,ovy(y, 6 ] > <[kp,k;7]?::1> forall (y,6)eE
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,where k7 e [O, 1] and k7 € [—1, O]_As Z is SEIR, we have each pair of edges will have

different degrees. Assume that the two adjacent edges ( 7,6,)and (51, 17, ) having distinct

degrees.
This provides that d, (}/1,51) #d, (51,771)

)
51)—2<[kj’, kj]:il>¢dz(51)+dz(171)—2<[kj’, k] 1>
(m)-

This indicates that the node o, that is adjacent to the nodes y, and 7, have different degrees.
As aresult, Z is irregular.
Theorem 3.5: Let Z = (N,A,B) be an m-BPFG of Z" where B is constant. If Z is
SEIR m-BPFG then Z is HIR m-BPFG.

Proof: Let B(a, ,B)=<[pjot//§(a, B). p,ovy(a, ﬂ)]:l > <[kj”, kj"]11> for all
(a, p)eE, where k” €[0,1] and k7 €[-1, 0]. Assume that &, be any node

adjacent with the nodes «,,a, and a,.Thus (o, a, ), (az, a3), (a,, a,) are

adjacent edges in Z . Let us consider that Z is SEIR m-BPFG. Thus each pair of
edges in Z have different degrees. Hence, each pair of adjacent edges in Z have
different degrees.

Hence, d, (e, o) #d, (e, o) #d, (. @)
:>dz(a1)+dz(a2)—2<[pjot//g(al,aZ),pjoy/g(al,az)]r: -
d,(a,)+d,( 2<[pjoy/3 (o, @), pjo;uB(az,a3)]'j”l>
dz(az)+dz(a4)—2<[p_,ot//é’(%,%) p,owg(azaa4)]r,"l>
=d, (o) +d,(a,)- 2<[k;’,kj] >¢dz(a2)+dz(a3)—2<
a () +d, (a)-2([k7. 6] )

=d, (o) #d, () %d,(a,).

Hence the node «, is adjacent to the nodes «, , ;and «, with different degrees.
As aresult, Z is HIR.
4. Some Properties of Neighbourly Edge Totally Irregular m-BPFGs
In this part, we look at a few SETIR m-BPFG and NETIR m-BPFG features.
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Definition 4.1: A walk in a directed graph Z= (N, E) is a series of steps w =

V1€,V€5 + Vg —1€x—1 U of nodes v; and arcs e, of Z such that the head and tail of e, are v;
and v;,q, foralli =1,2,---,k — 1respectively. If v;=v,, thena walk is said to be closed.
A walk with different arcs is called a trail. A walk with different nodes is called a path. If v,
= vy, then the path v,, v,,-- v, with k = 3 is a cycle. The number of edges on a path or
cycle determines its length.

Definition 4.2: If every edge of an m-BPFG Z = (N , A,B) of Z" is having the equal total
degree (|8 ]p, 57 ]m 1) , thus Z is said to be totally edge regular m-BPFG.
]:

Property 4.1: Let Z = (N, A,B) be an m-BPFG of Z* and B is constant. If Z is SETIR

m-BPFG, thus Z is HIR m-BPFG.
Property 4.2: Let Z = (N, A,B) be an m-BPFG of Z~ that is a path of 2r (r > 1) nodes.

If the membership value of the edges Joo oo fort are

([bpm b.n(l)], 1) ([bpa) bn&)l 1) ([bpa» -1) bn(zr l)l 1)

p() _ pp@) . p2r-D) () < () n(2r—1)
by < < <BFT g B > BT > > BT hen 7 is both SEIR and SETIR.

(Here, f; =VViu fOr = 1, 2’ e (2’, _1) )
Theorem 4.1: Let Z= (N, A4,B) be an m-BPFG of Z" that is a path of cycle

respectively such that

r (r = 4)nodes. If the membership value of the edges Jotos o Jare
([bf’(” o] ) ([b"(z’ b ) ([bf’(” b ) respectively such that
/ Jj=1 j=1

p() _ 1 p(2) _ e pn() () o ()
b <7 <o <b7TL b7 > 07T > > b g oh 7 is both SEIR and SETIR.

Proof: Let /1>/2> 7> /1 be the edges of the cycle Z in that order.
Thus, we get

d, (Vf)z (|:b;7(i—1) _'_bj/_v(i), b}l(i—l) +bf(i)]?:1) fori=2,3,---, r and
d, (v ([bp VAU 1)

I:bp(z 1) +bp(l+1) bn(l 1) +bn(1 1):| )for l—2 3 (],._1),

Jj=1

:([b Db, b b ] 1)

[b”(”+b”“ 1) b”“)+b”(' 1)] )
Jj=1

So, Z is SEIR m-BPFG.
Again, since

tdZ (f) (|:bp(l 1) +b[’(l+l) +bp(l) bn(t 1) +bn(z 1) +bn(z):| )for = 2 3 (}"—1)’

Jj=
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- @ o () @ 4 pa@) 4 )"
i, (f) _([b;’ FBPO 4B O 4 0 4y ]/1)

- ) () rl) pn() () paGe=1) 7"
d, (£)=([B7 + by + by by b ],
as aresult, Z is SETIR m-BPFG.
Theorem 4.2: Let Z = (N,A,B) be an m-BPFG of Z~ that is a star K , If There are no
two edges with the same membership values, thus Z is both SEIR and totally edge regular
m-BPFG.

Proof: Let the nodes adjacent to the node [, be [,1,,*+, 1, .Let the edges of the star Z~ be
fi, f2, -, fr , with the membership values

(I:bji_?(l)’ b.;l(l)}’;:l)’ ([bj’(z), bf(z)]:;)= . ([bj’.’(”, b ]';) such that

([b/{’(l)’ b;l(l) ];”:1) ” ([b]m)’ 57(2)]:11) A, ([bj’”), b_;’(” 'j”l) hen

d,(f, =L, 1))=d,(L,)+d,(1)-2B(l,, L)

- M (2) () ) o pn(2) n(r) " (i) (i) (i) ()
(L7 by b 00 b kO [0, 570 ]-2[b10, b )
— () ©) (r) pn() | pn(2) n() " @) gl
e R e LA/ | IR
All of the edges' degrees can be seen to vary. Z is hence SEIR.

Also td, ( f; = (L 1))

:([bjp(l) +bf(2) +‘,_+bjp(r), b;'(l) +b}1(2) +._.+b7(r):|j=1 _I:b;a(i)’ b;(i):l+|:bf(i)’ b;(i)])

jl)for i=1L2,-,r

As aresult, Z is totally edge regular because all of the edges have the same total number of
degree.

_(THPO L pp@ 4 pp() pnQ) 4 a2 | pa(r)
—([bj +b7 7 44 b7, DT+ BT 4+ b ]

Conclusions
We introduce and investigate the idea of SEIR and SETIR m-BPFGs. SETIR and SEIR m-
BPFGs are described. Researchers have looked into a number of their crucial characteristics.
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