Annals of Pure and Applied Mathematics
Vol. 23, No. 1, 2021, 27-36

. Annals of
|SSN: 2279-087X (P), 2279-0888(online) &
Published on 4 March 2021 Pure and Applied
www.researchmathsci.org »
DOI: http://dx.doi.org/10.22457/apam.v23n1a05689 Mathe—n‘atlcs

Edge Regularity on m-Bipolar Fuzzy Graph

Ramakrishna Mankena®, T.V. Pradeep Kumar?
Ch. Ramprasad® and J. Vijaya Kumar*

'Acharya Nagarjuna University and Department of Mathtics
Malla Reddy College of Engineering, Hyderabad, dndi
“Department of Mathematics, University College ofjEeering
Acharya Nagarjuna University, Nagarjuna Nagar
% “Department of Mathematics, Vasireddy Venkatadriitme of Technology
Namburu, 522 508, India
Emails:rams.prof@gmail.copipradeeptvs @gmail.corfiyotvij@yahoo.com
Corresponding Authorramprasadchegqul1984@gmail.com

Received 30 November 2020; accepted 5 February 2021

Abstract. In this article, a new idea of m-bipolar fuzzy dgnafm-BPFG) is initiated.
Further, degree of an edge and total degree ofiga are defined and also determined
necessary and sufficient condition under which edggilar m-BPFG and totally edge
regular m-BPFG are equivalent.
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1. Introduction
Fuzzy sets are introduced for the parameters tee sotoblems related to vague and
uncertain in real life situations were given by 2ad12] in 1965. The limitations of
traditional model were overcome by the introductidipolar fuzzy set concept in 1994
by Zhang [13]. This was further improved by Chenlef4] to m-polar fuzzy set theory.
Free body diagrams using set of nodes connectéidds/representing pairs are good
problem solving tools in non-deterministic reakl8ituations. Thus, Rosenfeld [10] first
initiated the fuzzy graphs by taking fuzzy relasoon fuzzy sets in 1975. Akram [1]
introduced the notion of bipolar fuzzy graphs andli®d some isomorphic properties on
it. Pal and Rashmanlou [7] studied irregular inddmwalued fuzzy graphs and several of
their classifications. Rashmanlou et al. [11] stddicategorical properties of bipolar
fuzzy graphs. Radha and Kumarvel [9] initiated tlotion of edge regular bipolar fuzzy
graphs. Ghorai and Pal [5, 6] introduced generdlizepolar fuzzy graphs and studied
some isomorphic properties and density of an mfpbélazy graph. Banasode and
Umathar [2] introduced minimum total edge domingitémergy of a graph. Bera and pal
[3] introduced the concept of m-polar interval-vadufuzzy graph and studied the
algebraic properties like density, regularity anggularity etc. on m-PIVFG. Pal et al.
[8] studied intersection graphs and provides tdotsapplying fuzzy mathematics and
graph theory to real world problems.
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This paper attempts to develop theory to analyzarpeters combining concepts
from m-polar fuzzy graphs and bipolar fuzzy grapissa unique effort. The resultant
graph is turned to m-BPFG and studied propertieis. on

2. Preliminaries
In this section, basic terminologies of bipolar Zuzgraph (BPFG) and m-polar fuzzy
graph (m-PFG) are studied.

For a given seV, define an equivalence relatioa onV xV —{(k, k) -k DV} as
follows: (k;, 1) « (k,, 1,) = either (k;, I,) =(k,, 1,) or k =1, I, =K,. The quotient

set got in this way is denoted W

Definition 2.1. A bipolar fuzzy graph of a graplc* =(V, E) is a pairG = (V, S, T)
where S= [lﬂsp, ng] is a bipolar fuzzy set iv and T = [z//Tp, lpT“] is a bipolar fuzzy
relation on V? such that ¢f(st)< min{(/lg(s) NV (t)} (s t) =2
max{@s(s) w3 (t)} for al (st)OVZ and ¢f(s t)=¢q(s,t)=0 for al
(s,t)OVZ-E.

Definition 2.2. An m-polar fuzzy graph of a graph G*=(V, E) is a pair
G=(V,S,T) where S:V -[0,1" is an m-polar fuzzy set inV and

T:VZ ., [O,ZI]m is an m-polar fuzzy set in V? such  that
poT(s t)s min{ p,S(s).p; o S(t) } for all (s, t)D\F, j=12,--,m and
T(st)=(0,0., 9 for al (s t)O[VZ~E). Here, p, =S(s) and p,T(s 1)

represents thejth component of the degree of membership value ovémex ‘S’ and
the edge (S, t)’ .

3. Regularity on m-bipolar fuzzy graphs

All the vertices and edges of an m-polar fuzzy prégave m components and those
components are fixed. But these components mayigwab. Using this idea, m-BPFG
has been introduced. Before defining m-bipolar fugaph, we assume the following:

Definition 3.1. An m-bipolar fuzzy set (m-BPFS3 onV is defined by

S(9)={([ o2 (9. prota(9)], [ Poot2(9), Paotla(9)], . oot () Poot(s)])}
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for all SOV or shortly S(S) :{<[ p; opd (S) P oiq (S)]T:l>|SDV}

where the functiong, o442 :V - [0, 1] and p, o¢2:V - [~1, ( denote the positive
memberships and negative memberships of the elemmgpectively.

Definition 3.2. Let S be an m-BPFS on a skt. An m-bipolar fuzzy relation on a set
Sisan m-BPFST of VxV,

T(s) = ([meg(st), megh(st)], [pow(st), paotsi(s8)]. -
[Pt (sit), Pnowy ( St}>}
for all s, t0V or shortly T(St):{<[pJ ozpﬁ(st),goz/ﬁ(s,t)]zl>s,tﬂq such that

o (s t)<minp og2(8) b oy(t) . pyowr (s t) 2 max{ b ogd(s) by owi(t)}
for everyj =1, 2,--- ,m ands, t[JV.

Definition 3.3. An m-bipolar fuzzy graph (m-BPFG) of a gra =(V, E) is a pair
G=(V, ST) where S=<[pj Y2, p o¢/g]“ﬂ>, po¢f NV -[0,} andp, o¢£:V -~ [-1, G
is an m-BPFS onV; and T:<[pj WP, p, oz//;‘]?ll>, p, oV [0, 1 and
p, ot :VZ . [-1, 0 is an m-BPFS itv? such that

py o (k. 1) < min{ p oy (K), py o (1)} oy o4 (K, 1) = max{ p, o (K) . py ot (1)}
for all (k1) OV, j =1, 2, m and p, o (K, 1) = p, o (k, 1) = O for all
(k,1)DVZ -E.

Example 3.1. An example of a 3-BPFG is as shown in Figure 1.

1 </0.8,-0.9], [0.3, -0.5], [0.7, -0.6] > </0.5, -0.6}, [0.2, -0.4], [0.3, -0.5] > B <[0.9,-0.8], [0.9, -0.8], [0.7, -0.9] >

<10.8,-0.6], [0.2, -0.4], [0.1,-0.3] >

<[0.3,-0.5, [0.1,-0.3], [0.2,-0.5] 3 <[0.3,-0.5], [0.4,-0.4], [0.1,-0.2] >

<[0.3,-0.5], [0.1,-0.3], [0.1, -0.2] >

D < [0.7, -0.6], [0.4, -0.5], [0. J:-rl.n'/ - C </[0.9,-0.9], [0.5, -0.5], [0.3, -0.5] >

Figure 1: 3-Bipolar fuzzy grapHs
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Definition 3.4. The degree of a vertex in an m-BPFGG =(V, S, T) of G'=(V, E} is
o (1)={[ P, o2 (), pyoc2(r)],) where poc(r)= 3" po¢#(r,9) andp, odl(r)=

D, pioyr(r,s).

(r.90E
r#s

(r.s)0E

Definition 3.5. The degree of an edg@, S)DE in an m-BPFGG=(V, S,T) of
C-}":(V, E) is dg (r, s)=<[ P, odl(r,s), p, odg(r,s)]T:1> where

pyoe(r, )= py=de (1) + b, 2 (5) 20, 42 (1. 9).

p;odg(r. s) = podg(r)+p; odg(s)-2p; s (r,s).
Definition 3.6. The total degree of an edg(er, S)D E in an m-BPFGG =(V, S, T)
of G* =(V, E)is td (r, S)=<[ p; otd® (r, s), p; otdg (r, S)]rjn:1> where

Pt (1, 9)= py =2 (1) + B, 202 () b, -4 (1, 9).

p;otdg (r. s) = p;odg (r)+p;edg(s)—pyowr (r. ).
Definition 3.7. If each vertex of an m-BPFG5 = (V, S, T) of G* =(V, E) is having

the same degre<e[5jp,5]” :|rjn:1> , thenG is called regular m-BPFG.

Definition 3.8. If each edge of an m-BPFGS =(V, S, T) of G*=(V, E) is having

the same degre<e[5j”,5;1 }m > , thenG s called an edge regular m-BPFG.

j=1
Definition 3.9. If each edge of an m-BPFG5 =(V, S, T) of G* =(V, E) is having

the same total degre{%d}p,é}’ ]rjn:l> , thenG s called totally edge regular m-BPFG.

Theorem 3.1. Let G=(V, S,T) be an m-BPFG on a cycl&* =(V, E). Then

dYds(v)= D ds(vw)

v OV (v i )OE 12k
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Proof: Suppose thaG =(V, S, T) is an m-BPFG ané5* is a cycle VYV, -V V,.

ThenZd (Vi) = <{i p, odg(vl,VHl),ipi odg (v ,v|+1)L>

1=1 =1

Now for | =1, 2,---,
t
Z P 2 dE (VW) = Pyodd (ViV,) + Py odd (Vobg) +++ pyodE (v )
whereV,, =V,
=p, odd (v,)+ p; o dg (v,) - 2p; ol (vov,) + Py odg (V) + pyed (V)
_2pj°¢‘rp(V21V3)+ +pjOdg(Vt)"'pjOdg(vl)_ijolﬂF(Vt'Vl)

t
= 22 P odg (V|)_ 22 P oYy (Vl ’V|+1)
vv =1
t
= Z P odg (V|)+ Z P odg (V|)_22 P oy (V| ’V|+1)
v vov =1

= Z P odg (V|)+2|Z_: P off (Vl ’V|+1)_ 2|Z_: P off (V| ’V|+1) = Z P odg (V|)-

v v

t
Similarly, > p, od3(V,V,) = > pyodg (1) Hence, > ds ()= > ds(v.)-
=1 v

v (v 4 )OE 12k

Remark 3.1. Let G = (V, S, T) be an m-BPFG oiG* =(V, E). Then

> dG(v,vk)=<L Y de ()P (M), D Ao (U M) P et (U ,vk)}>

v, Vi JOE v V. JOE v W JOE
1Yk Yk ("

where dg. (v,V,) =dg () +dg (v, )= 2for all (v,, v, )OE.

Theorem3.2. Let G= (V S, T)be an m-BPFG on a-regular graphG* = (V E)

Then > ds(v.v)=(c=1) D ds(v).

(U M )OE v OV
Proof: From Remark 3.1., we have

> de(v,vk)=<{ > G () oot (vn), 2 de(viu)pe¢i(u VK} >

(vim)IE (v viHE (vm)HE

:<{(”%E(dg(w)+dg(vk)-2)q W(uv) 2 G (v)+ds (k) -2m 44 Wk”

(4, u)E
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Since G* is a regular graph, we have the degree of everiewen G* is ¢. So

Z dg (V| 7Vk) = (C+C_2)<|:(VVZ;,DE p; olff (V| ’Vk)’(u;DE p; off (Vl ’Vk)jl'_ >

(v v )OE

» ds(v,vk)=z(c—1)<[ S peptvn) X pesily )} >
v Vi JOE (vi v )JOE (v v JoE j=1
) dG(vl,vk):(c—l)VlzD;dG(v,).

VWV JOE

(
(
Theorem 3.3. Let G= (V, S, T) be an m-BPFG on a crisp grafdf =(V, E). Then,

T ) =<L%D;’@(” wn-utlin), 3 o lnw)ourn)| >
> ([pewr(am). pwr (4n)]).

(v i )OE
Proof: From the definition of total edge degree, we have

Y e ()= > (de (v 'Vk)+<|: P o7 (Vi) IR (v, 'Vk)]rjn:l>)

(v v JOE (v i )OE
= > dmm)r X ([pewvim).pewr (v
(v v )oE (W v )OE

From Remark 3.1., we have

> tde(l/.,vk)=<L Y A (M) e (um), D de (U)ot (v, ,vk)}>+

vV CE v W JOE v,V JOE
(B3 (B (R

S (et (1), b o0t ()] )

(v, v JOE

Theorem 3.4. Let G =(V, S, T) be an m-BPFG on a crisp gragh =(V, E). Then

T =<[ B; olf, p; o(//?]:il> is a constant function if and only if the subseduwemditions

are equivalent:

(i) Gisanedge regular m-BPFG .

(i) Gis atotally edge regular m-BPFG .

Proof: Let ussuppose thal be a constant function.

Then<[p] wh(ap. p oz/)r"(a,,B)L> {[y;’,y; ]:11> for all (@, B) OE, where
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y].p D[O, :I] ,V.“ D[—l, (} Let G be an edge regular m-BPFG. Then for(alll,vy) OE,

d (I/I y) = <[5p 5“ ]m1> Now we prove thafs is a totally edge regular m-BPFG.
]:

Now

e (1) =)+ ([ 2, w2 (19). 0 .0 ) )
:<[51p’5;]:n=1>+<[yip’ynl 1> <[5p+yp 5”+W] >for all (v,,v,)OE. Then

G is a totally edge regular m-BPFG.
Now, let G be a<[hp h? ] > totally edge regular m-BPFG.

Thentdg (V, y) <[hp h”] 1> for all (v,,v )DE. So, we have

td, (V, y) ds (V. y) <[p,°‘//T (Vl y) p]"‘/jT(VI y)} > <[hip’hln]r‘n:1>'
Hence, ds (V, y) <[hp h"] 1> <|:pj {24 (Vl y) pJOwT(V' y)]:“>

:<[th _yjp,h]f1 —y;“ ]j:1> for all (V, ,I/y) OE.ThenG is an <[th _yjp,h;1 —y,-” ]m >

j=1
-edge regular m-BPFG.
Conversely, we assume that conditions (i) andafi equivalent. Now we have
to show that the functiofl is constant. In a contrary way suppose that, thetion T is

not constant. Theré[p]ow?(vl,vy),r)JolﬂF(l/.,Vy)] > <[p] YR (VsV) P ot (v, s)]:n~1>

for at least one pair of edgeéyl ,vy), (I/J,I/S) OE. Let G be a<[5j",51“ ]T:1> -edge

regular m-BPFG. Therd, (V, y) dg (Vs.Vs) = <[5p 5”]m

J:1>' Then for (v, ,Vy),

(Vs V) DE,we  havetd, (v,v,) =dg (v.v,) + <[pJ o (Vi) pyou (v y)]:n:1>
=([ar.1 ")+ <[p,o¢T (i), oyt (v, >and

tdg (V5,v.) = dg (Vy,0,) + <[p,owT (Vsivs), By oy (v s)]Tl>

< a1 )+ [pyew (o). pyogr (vsw)]T,).

inc

oy ot (1), B, ()7 ) # ([ 2wt o) 0t ()] )

/\(D
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we havetd (l/I ,vy) #1tdg (VJ, ) HenceG is not a totally edge regular m-BPFG.

This is a contradiction to our assumption and sotifee functionT is constant.

Similarly, we can show that the functidn is constant, whefs is a totally edge
regular m-BPFG.

Theorem 3.5. Let G* = (V, E) be ah-regular crisp graph an@® = (V, S, T) be an m-

BPFG onG*. Then, the functioﬁl'=<[ P oY, P 041/”] > is constant if and only i€5
is both regular m-BPFG and totally edge regular R+8 .

Proof: Let T be a constant function. Th%ﬁpJ Y(ap), po (a,ﬁ)]:l> :<[ylp V ]L>

for all (a’,,B)DE whereyj and yJ” are constants. From the definition of degree of a
vertex, we get

&u)={| X pedtv) X opegrum)| )=t 2ok X H
u#, U#, U#v, U=,
(v,)E () E j=1 (Mm)E  (w)E =

= <[hyjp,hyjf1 ]T:1> forall v, OV . Sodg (V)= <[hyjp,hyj” ]T:1> forall v, OV .

Therefore,G is a regular m-BPFG.
Again,

th(v,,l/y): Y P (v 2 Pyt (v, +

2y 2y

(VI ’VZ)DE (VI ’VZ)DE j:l

Z; P, oz/lf(vz,vy), Z; P, olﬂ?(vz,vy) +<[p,- °¢TP(V| ’Vy)ipj pr(Vn ’Vy)]rjn:l>

(v ) (v =
= Zy <[VJP’V?]T:1>+ 2 <[VJP'VHT:1>+<[VJP’V? JT=1>
(v v.)E (v, )E

=(-)([y; )+ (-3 T )+ v 1)

:(2h—1)<[yjp ,y].” ]j >for all (v,, )DE.
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Conversely, assume th& is both regular and totally edge regular m-BPFG.
Now we have to prove thatlT is a constant function. SinGEs regular,
dG(vl):<[zp z' ]m1> for all v,0V. AlsoG is totally edge regular. Hence,
J:

177

tdg (v, ) = <[hp h"] > for all(v,,v,)OE. From the definiion of totally edge
cegree, we g (1,;) =[p, 2 (u). p o<1 <[p, celv).n (v,
—<[pi P (vv,), by o (v v )] >f0ral| (vi.v,)DE

(e T)= 22T )+ {22 <[pj°% uw)op e (0]
<[,oj (v, b, ot (v ,vy)];> 2<zpz" > [Tz -1z KT

for all (v, ,vy) OE. HenceT is a constant function.

4. Conclusions

In this article, edge degree and total edge degire® m-BPFG are defined. Further, an
equivalence condition for edge regular m-BPFG atdlly edge regular m-BPFG is
given. In future we intend to extend our work tansiey of m-BPFG and morphism
between two m-BPFGs and study some of its propsertie
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