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1. Introduction

Fuzzy sets are introduced for the parameters to solve prob-
lems related to vague and uncertain in real life situations are
demonstrated by Zadeh [11] in 1965. The limitations of tra-
ditional model were overcome by the introduction of bipolar
fuzzy concept in 1994 by Zhang [12, 13]. This was further
improved by Chen et al. [3] to m-polar fuzzy set theory.

Free body diagrams using set of nodes connected by lines
representing pairs are good problem solving tools in non-
deterministic real life situations. Thus, Kaufmann [7] was first
to introduced the idea of fuzzy graph from Zadeh fuzzy rela-
tion. Rosenfeld [8] gave the idea of fuzzy vertex, fuzzy edges
and fuzzy cycle etc. Akram [1] studied the some properties
of bipolar fuzzy graphs. Later Rashmanlou et al. [10] studied
the categorical properties of bipolar fuzzy graphs. Ghorai and
Pal [4-6] introduced the concept of m-polar fuzzy graphs and
studied some properties on it. Ramprasad et al. [9] introduced
the product m-polar fuzzy line and intersection graphs. Bera
and pal [2] introduced the concept of m-polar interval-valued
fuzzy graph and studied the algebraic properties of density,
regularity and irregularity etc. on m-PIVFG.

This paper attempts to develop theory to analyze parame-
ters combining concepts from mpolar fuzzy graph and bipolar
fuzzy graph as a unique effort. The resultant graph is turned
mBPFG and studied properties on it.

2. Preliminaries

All the vertices and edges of an m-polar fuzzy graph have
m components and those components are fixed. But these
components may be bipolar. Using this idea, m-BPFG has
been introduced.

Before defining m-bipolar fuzzy graph, we assume the
following:

For a given set V, define an equivalence relation <+ on
VxV —{(k,k):keV}asfollows: (k1,l1) <> (ka,l2) <> either
(k1,01) = (ka, o) or ky = Ip,1; = ky. The quotient set got in

this way is denoted by V~.

Definition 2.1. An m-bipolar fuzzy set (m-BPFS) S onV is

defined by

S(s) ={([prowg(s),p1ows(s)], [p2ow§(s), p2oys(s)]
Ty [Pmo ‘I/_é)(s)apmo %’(S)] >}

for all s € V or shortly

S(s) = {<[P/0w§’<s)w/0‘l’?<s)]7:1> |s€ V}

where the functions pjoy¥t : V — [0,1] and pjoyi:V —
[—1,0] denote the positive memberships and negative mem-
berships of the element respectively.

Definition 2.2. Let S be an m-BPFS on a set V. An m-bipolar
fuzzy relation on a set S is m-BPFS T of V x V,T(s,t) =



{{[prowi(s,0).p1owi(s,0)], [p2oW7(s.1),p2o Wi (s.1)],
< [Pmo Wl (s,1), pmo Wi (s,1)] )} for all s,t €V or shortly

7(5.0) = {([pj o wh(s.0).po W (s.0)) 7, ) [ €V}

such that pjoylg(s,t) < min{pjoy/g(s),pjowg(t)} pjo
Wi (s,0) > max { p; oW (s),p; o WR()  for every j = 1,2,
-~ mands,t €V,

Definition 2.3. An m-bipolar fuzzy graph (m-BPFG) of a
graph G* = (V,E) is a pair G = (V,S,T) where

§= <[Pjollf§’,Pj°1I/§’]f?:1>,

pjoyt vV —10,1]and pjoy}:V — [—1,0] isan m—BPFS
onV;and T = <[pjoy/7’f7pjoy/ﬂ7:l>,pjoy/]’f:\72—> [0,1]
and pjoyl: V2 — [—1,0] is an m— BPFS in V> such that
pjo vy (k1) <min{p;oyg(k),pjows ()}, pjovi(kl) >
max{pjol,llgl(k),pjol/lg(l)}forall(k,l) ev?j=12,---,m
and pjoyr(k,0) = pjoyi(k,l) =0 forall (k)€ \ﬁ—E.

Definition 2.4. Let G = (V,S,T) be an m-BPFG of a graph
G* = (V,E). An m-BPFG N = (Q,C,D) is said to be an m-
bipolar fuzzy subgraph of G induced by Q if Q CV C(s) =

S(s) for all s € Q and D(s,t) =T (s,t) for all (s,t) € Q°.

Definition 2.5. An m-BPFG G = (V,S,T) of a graph G* =
(V,E) is complete if for every s,t €V and j=1,2,---m
satisfying pjo yy(s,t) = min{p;owl(s),pjowl (1)} pjo
Wi (s,1) = max { pj o Wi(s),pjo V(1) ).

Definition 2.6. An m-BPFG G = (V,S,T) of a graph G* =
(V,E) is strong if for every (s,t) € E and j=1,2,--- 'm

. o wl - mi ow? ow? .
satisfying pjo yy(s,t) = min {pj oy (s),pjo v (t)} pjo
Wi (s,1) = max {p; o yi(s), pjo W5 (1)

3. Density of an m-BPFG

In this section, complement, density, balanced, strictly bal-
anced and self complementary of an m-BPFG are defined and
studied some of its properties.

Definition 3.1. Let G = (V,S,T) be an m-BPFG of G* =
(V,E). The complement of G is an m-BPFG G = (V,§8,T) of

G* = (V7 W) such that § = S and T is defined by

ijV/T(S,I) = [pjollllfj(sﬂ),pjolll%(s,t)}
piowh(s,t) ={pjowf(s) Apjowl(t)} —pjowy(s,t)
pjoVi(s,t) ={pjowi(s)Vpjowi(t)} — pjoyq(st)

for every (s,t) € V:and j=1,2,---m.
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Definition 3.2. The density of an m-BPFG G = (V,S,T) of
G* = (V,E) is

1G) = ([psox"(G).pjo "GN}, ) =
< ZZS,IEijol/I;(S’t)

Yinee {piovE(s)Apjowl(t)}’
Definition 3.3. An m-BPFG G = (V,S,T) of G* = (V,E) is

2%ev Pjo YR (s,1) :
Z(sJ)EE {Pj ° Vfg(s) Vpjo Wg(t)} 1
balanced if x(Q) < x(G) for all non-empty subgraphs Q of
G. ie forall j=1,2,---m, we have pjox?(Q) < pjox’(G)

j=
and pjox"(Q) < pjox"(G).

Definition 3.4. An m-BPFG G = (V,S,T) of G* = (V,E) is
strictly balanced if X (G) = x(Q) for all non-empty subgraphs
0 of G.

Example 3.5. Consider a 2-BPFG G = (V,S,T) of G* =
(V,E) as shown in the Figure 1.

P < 0.8, -0.5], [0.4, -1.0] >

<[0.2, -0.4], (0.3, -0.9] > < (0.2, -4, (0.3, -0.9] >

<[0.2, -0.4/, {0.3, -0.9/ > ™

Q< [0.8, -0.5], [0.4, -1.0] > R < [0.8, -0.5], [0.4, -1.0] >

Figure 1. Strictly balanced 2 -BPFG G

For this 2 -BPFG, we have x(G) = ([0.5,1.6],[1.5,1.8])
and the densities of a non-empty subgraphs of G are

X (Hi = (P,Q)) = x (H= (Q,R)) = x (H3 = (R,P)) =
([0.5,1.6],[1.5,1.8]). Therefore G is a strictly balanced 2 -
BPFG.

Definition 3.6. Ler G| = (V1,81,T1) and Gy = (V2,82,T»)
be two m-BPFGs on crisp graphs G} = (Vi,E1) and G5 =
(Va, Ey) respectively. An isomorphism between G| and G,
is a bijective mapping ¢ from Vi to V, such that for each

J=12,mpjoyg (s)=pjovs (9(s),pjovs (s) =pjo
Ilfg’z(gb(s))Vs eV

piovr (s:t) =p;o vy (9(s),0(t)).pjo vy, (s.1) =
Piovr,(9(s),9(t))

V(s,t) € V?

Definition 3.7. An m-BPFG is said to be self-complementary
ifG=G.

Theorem 3.8. Every complete m-BPFG is balanced.



Proof. Let G = (V,S,T) be a complete m -BPFG and Q be a
non empty subgraph of G. Then for every j =1,2,---m

[pjox"(G),pjox"(G)]

_ ZZ.Y,IEijowg(S’t)
Yisoee {Piows(s) Apjowl(t)}

ZZs,tEijol//¥(svt)

Z(s,z)eE {pj © ‘I’§'(S) Vpjo Wf(f)}

_ 2Ysrev {pjowi(s) Apjowg ()}
Y(sr)ce 1Pjo Vs (s) Apjows(n)}
2Zs,tev {PJOWS( VPJOWS (t } =[2,2]
Z(s,z)eE {P/OW§‘(S \/p/OWS 4 } ’

)

)

[pjox"(Q),pjox"(Q)]
:l 2Yssevio P/OW?(SJ)

Y(sa)ek(Q {pJOwS s)Apjovg (1)}
2YsieviQ) Pjo Wi (s:1)

Z s,t)€E(Q {PJOV’S )\/pjowg(t)}
< lZZsteV {pjol//s /\pJOIVS(t }
" | X(sa)eE {PJO‘I’S s)Apjows(t)}

2Ysev(0) {Pj oyg(s)Vpjoyg ([)}

Yisner(o) {pioWe(s)Vpjowi(r)}

(where V(Q) and E(Q) represents the vertex set and edge set
of Q). Thus G = (V,S,T) is a balanced m-BPFG. O

)

= [272]

Corollary 3.9. Every strong m-BPFG is balanced.

Theorem 3.10. The complement of a strictly balanced m-
BPFG is strictly balanced.

Proof. Follows from the definition. O

Theorem 3.11. Let G = (V,S,T) be a strictly balanced m-
BPFG and let G = (V,§,T) be its complement. Then x(G) +
x(G) =([2,2],[2,2],---,[2,2])

Proof. Let Q be any non-empty subgraph of G. Since G
is strictly balanced m -BPFG then x(Q) = x(G) for every

Q C G. Now, forall (s,t) € V2and j=1,2,---
={pjov§(s)Apjoys ()} —piowi(s,)
)}7p.iow,T1(Svt)

)} on both sides, we

,m we have
) ponVT 5,t)
(i) pjowi(s,t) {PJO‘I/S s)Vpjowg(t

Dividing (i) by {p;owE(s) Apjoys(t

get

Pjovr(s,1)

{piowg(s)Apjows ()}

pioV(s,1)

sev {PjO‘Vsp(S)/\Pjollfg(f)}

piovr(st)
—2-2 : ;
Z Torowl0) o 0]

oYy (s.t)
{piowl(s)Apjowgn)}
oYy (s.t) 3
StV {Pj ° Wg(s) Apjo ll/?(t)} -
5 PjoVi(s.1)
sy Apjowi(s)Apjowl ()}
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—2—p,ox?(G). Similarly, p;o x" ((;):2—
(12,2],12,2],-,[2, 2%.

ie. pjox?(G)
pjox"(G). Therefore x(G)+ x(G) =

Corollary 3.12. Every balanced m-BPFG is need not be com-
plete.

Theorem 3.13. Let G =
then G is balanced.

(V,S,T) be a strong m-BPFG graph,

Proof. Suppose that G is a strong m-BPFG. Then for all
(s,t) €E and j=1,2,--- ,m. We have
pjoyr(s.t) =min{p;oyi(s),pjoys(t
max {p;o Y§(s),pjo ¥5 (1)}

From G, for all (s,r) € Eand j=1,2,---

)} »Pj o IV;’"(S»[) =
,m we have

}_pjowg(svt)
} —Pjoll’?(s»f)-

piowE(s,t) ={pjowl(s)Apjowl()
ol[/"st {pjollfs S)ijollffs“(f)

As G is strong, we get
[pjo Wg(svt)vpjo ‘I/’_l(sat)] =

(s, t)EEandp]oq/Tst {pjovwl(s)Apjoyl(t)} and
pioWi(s,1) = {pjowi(s)Vpjow(r)} forallV(s,t) €E.

Hence, G is a strong m — BPFG and it implies that G is bal-
anced. O

[0,0],

Theorem 3.14. Let G =
m-BPFG of G* = (V,E).
1,2,

We have Zs;étPJOWT(S t) 3 Zs;él {Pj o lVS ) Apjo Wé’(f)}
Zs;élij'VT(s t) 22_?75[ (PJOWS( )VPJOV’?(I))~

Proof. Suppose that G = (V,S,T) is a self complementary
m-BPFG of G*. Then there exists an isomorphism ¢ from G
to G such that p; o yg(s) = pjo yf (9(s)), pjo ys(s) = pjo
Wi (9(s)) Vs €V and pjoyr(s,t) = pjo Wi(9(s),0 (1)), p;o
Vi (s,1) = pj o Wp(9(s), ¢ (1)V(s,1) € V2. Let (s,1) € V2.

Then for j =1,2,---,m, we have

Piov;(9(s),0(t) =

(V,S8,T) be a self complementary
Then for all (s,t) € E and j =

Piovs(9(n)}
PioV7(9(s)

ie. pjowl(s,t)

piowh(s,t) =

Therefore,

Y piovi(9(s),9(1)

s#t s#t
*g{P/O‘I/S Ap/‘”/{g(d’( ))}
—g{l’Jo‘/’s s)Apjows(t)}



That is,
ZZPIOWTSI Z{P}OWS /\p,OlI/S()}
s#t s;ét
Y piowi(st)= Z{PJO‘I’S )APjowg (1)}
s#t s;ﬁt
Similarly
1
Y piowi(st) = 5 X (p0 V() V pjo Wi ().
s#t s#L

O

Theorem 3.15. Let G; = (V1,51,Th) and Gy = (V2,52,T>) be
two isomorphic m-BPFGs. Then if G, is balanced then G is
balanced.

Proof. Since G| and G, are isomorphic, therefore there exists
a bijective mapping ¢ : Vi — V5 such that p;o yfé’l (s)=pjo

Vs, (9(5)), pjows (s) = pjowg, (¢(s))Vs € Vi and
piovr (s,1) =pjowr, (9(s),9(1)),pjo Wi, (5,1)
=pjoy($(s),0(1))
V(s,1) ev?,w: 1,2,

ZSEVI p] © ng (S)
Yo(s)ev, Pjo Vs, (9(s)) and

Z PjOlI’%(SJ)Z Z
o

- ,m. Then,

Piovg, (0(s),9(1)

steV) d(s),0(1)eV,
Y pjow(s,0) = Pjo v, (6(s),0(1))
SIEV) 9(5).9(1)V,

Let Ny and N, be two non-empty subgraphs of G; and G,
respectively. Then, pjoyg (s) = pjoyg (§(s)), pjo W, (s) =
1oy, (0(s)) and pjoyg (s,1) = pjoyz (9(s),9(1), pjo
p] WS p] WTI ) p] WTZ ’ ap]
W;l“l (S7t :ijW’le(¢(S),¢(I)),VS7I S Vl (Nl) 7\V/J = 1725 Tty

m. Here, V| (N;) are the vertices of N;. Since G is balanced,

we have for j =1,2,---

2 ¥

(s,1)€EE2(N2)

smpjox(N2) <pjox(Ga).
pjoyr,(s,1)
piows,(s) Apjows (1)

pjovr, (s,1)
(sieE, PiO VS, () Apjowg (1)

pjoyr (1)

pjos (s)Apjoys ()

pjoyr (s1)
(sh2E; Pio Vs, () Apjoyg (1)

<2

2 X

(s,1)€E1(Ny)

<2

Similarly,

2 X

(s,t)E€EL(Ny)

pjo vy, (s,1)
pjos () Apjows (t)
p] © w;l‘l (S7t)
(s.)CE, pjo ng (s) Apjo ng (t)

<2
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ie. pjox(Ni) <pjox(Gi),ie. G is balanced. O

Theorem 3.16. Let G =
(V.E). If

(V,S,T) be a m-BPFG of G* =

1
pjowr(s,t) =§ {pjovl(s)Apjovi(r)},

pjoyr(s,t) = { oW§(s)Vpiows(n)},

Sorall (s,t) € V?,j: 1,2,---
tary.

,m, Then G is self- complemen-

Proof. Suppose that G = m-BPFG of G* =

(V,E) satisfying

(V,8,T)is a

1
piowl(s,1) :5 {piowl(s)Apjowl(r)},

pjoyr(st) = {OW”()VP;O‘V?(I)}

for all (s,¢) € V?,j =1,2,---,m, then the identity mapping
I:V —V is an isomorphism from G to G. Clearly, p;o
g (s) = pjows (I(s)),pjows(s) = pjowi(I(s))Vs € V and
we have forall j=1,2,---, mand (s,t) € \ﬁ

PO VEUI(S),1(1)) = pyo Wi(s,1)
= {pjowg(s)Apjowg(t)} —pjowi(s,)
= {pso Vi) Ao wl()} — 5 {psoWE(s) Apso v (1))

1
= 5{piows(s)Apiows (1)} = pjowi(s,)

Similarly, pjo wz(I(s),1(t)) = pjo Yr(s1)

ie. pjowr(I(s),I(r)) = pjowy(st),pjowi(I(s),I(r)) =
pjoyp(s,t)forall (s,t) €V, j=1,2,---,m

Therefore G 22 G. i.e. G is self-complementary. ]

Theorem 3.17. Let G = (V,S,T) be an m-BPFG such that
foreach j=1,2,--- ;mand (s,t) € V?,

pioyr(s,t) = {pfo‘»"s s)Apjowg(n)}

pjovr(s,) = {p,ows S)Vpioys(n)}.

<[171]7[171]7"'

Proof. Let G =
j=12,---

Then x(G) = (1L 1).

(V,S,T) be an m-BPFG such that for each
;mand (s,t) € \ﬁ

1
Provis) =3 {pio Vi) Apso VD)),

pjoyr(st) = { oWs(s)Vpjous(n)}



Therefore,
ZZSJEV pj°o W;(Svt)
Y (s1)eE {Pj o 1/’5(5) Apjo ‘Vg(’)} ’
ZZS,IEV pPjo W;l" (Sat)
Y(s0)eE {Pj oyg(s)Vpjo V’g(t)}

<[1’1]7[171]a"'a

= [171]

it follows that ¥ (G) = [1,1]) O

4. Direct product of two m-bipolar fuzzy
graphs

Definition 4.1. Let G; = (V1,51,T1) and G, = (V2,52,T>) be

two m-BPFGs of G} = (V1,E1) and G5 = (Va, E) respectively
such that Vi NV, = @. Then the direct product of G and G,
is defined to be the m -BPFG Gy NGy = (S1NS2, 1 NT) of
the graph G* = (V| X Vo, E) where,

N2
E= {((Sl7t1)7(327t2)) | (51752) € El?(tbtz) € EZ} g <V1 X V2>

and for each j=1,2,--- . m

(i) oW, gy (s:8) =min{ p; o ¥, (5), po vl (1)}
pjo y/(slmz)(s,t) = max {pj o wg’l (s8),pjo wglz(t)}
forall (s,t) € Vi xV,

(i) Pjo Wz, ((s1:11),(52,12))
= min{p; oy (s1,52),pjo v (11,12)}
PjoWrnmy) ((s1,11), (52,12))

:Ilflalx{1!7j<>llf§’~1 (s1,82),pjo Vg (t17t2)}
Sorall (s1,82) € Ey,(t1,1) € Ep

(iil) TlﬂTz (( ) ( r )) =0,
TlﬂTz (( ) (7 )):0
forall ((p,q), (r,5)) € <(v X 2) E>

Theorem 4.2. The direct product G NG, of two m - BPFGs
G and Gy is also an m - BPFG.

Proof. Let ((S],tl) , (Sz,l‘z)) € E. Then (S],Sz) € E|and (l‘],l‘z)
€ E>. Hence for each j = 1,2,--- ,m; we have
PioWinom) ((s1,11), (s2,12))
=pjovy, (s1,2) Apjoyr, (t1,12)
<pjoyg (s1)Apjows (s2) Apjovg (1) Apjoyg (t2)
=Pj° V’(%msﬁ (s1,51) Apjo 1I/(ps|%> (s2,12)

2
Ao, forall (), (o) € ((H702) =) =120

pjo V’(men)((Pa‘I)a (rvs))
=0< pjo Wﬁglmsz)(par) /\pJO w&lmsz)(Qas)'

555

Density of an m-Bipolar Fuzzy Graph — 555/556

Slmllarly’ ijW(T NT») ((Sl atl) ) (SZat2)) > pj° W?S] nS,) (Sl,tl)\/
7 Ws,nsy) (s2,22) . This shows that, G| N G is an m-BPFG.
O

Theorem 4.3. Let G| = (V] ,Sl,T]) and G, = (VQ,Sz,Tz) be

two m— BPFGs of G} = (V1,E1) and Gy* = (V5,E»)  respec-
tively.  Then x(G1)=x(G2)=x(GiNGy) if and
only if x(G1) < x(Gi1NGy)and X (G2) < x(G1NGy)

Proof. Let x(G1) < x(G1NGz) and x (G2) < x(Gi1NGy).
Then for j=1,2,--- ,m
pjox? (Gr)
B 2%, sev Pio Yy, (s1,52)
" Lamen PjoWs (s1) Apjowl (s2)
2Y . r7eV21 pjol[/T (sl,sz)/\pjollls2 (tl)/\pjollfs (2)

1,1 €

o Z;};ZZEC“/’; ijl[/S (S])/\pjolllsl (32)/\]7]01[/52 (tl)/\l)joll’sz (t2)

2Y simev, pJOVfT (SleZ)AP]OWTZ (t1772)

’l 11€V)

Y. nch pjol[/Sl (sl)/\pjollls (sz)/\pjollls2 (tl)/\pjollfs (2)

1.1 €Vy

2291~S2€V1 pjo V’(TIQTZ) ((s1,11),(s2,12))

Yo sz"l Dj Oll/(g NSy) (Sl,ll)/\pjol[/<s ns:) (s2,12)

:P]OXP (G1NG,).

Similarly, pjo x"(G1) > pjo x"(G1NG2) ie. x(Gi) >
X (Gl N Gz).

Similarly, x (G2) > x (G NG,) . Therefore, ¥ (G) = x (G2)
=x(GiNGy). O

Theorem 4.4. Let G| = (V],ShT]) and G, = (Vg,Sz,Tz) be
two balanced m— BPFGs. Then G| NGy is balanced if and
only if x (G1) = 1 (G2) = x (G1 N Gz)

Proof. Let G1 NG, be balanced. Then x (G1) < x (G1NG3)
and x (Gy) < x (G1NGy) . Hence, by Theorem 4.3, we have
2 (G1) =x(G2) =2 (Gi1NG).

Conversely, assume that x (G1) = x (G2) = x (G1 N G2)
and N is a non-empty subgraph of G| N G;. Then there exist
two subgraphs N and N, of G| and G, respectively. Let

lpl"m>
j=1

Z(Gl) :x(GZ) = < [kp7kn

J J

] — P mn P 1n n JP gn P rn
for j =1,2,-- m,l/,ll,kj,kj,cj,cj,d d ej,e],f f

R.

Since G and G, are balanced and

wom”
x(cl>=x<cz>=<[k,,,k,,] >
J1j=1



PLP o PLP PP | £PIP ; /
Thus cjkj—i-ejkj delj +fjl' Akt + ek <d;?l;7+f?l;?

0< ﬁfzm <{([2,2],[2,2],---,[2,2])
— kj[) ) k;l ]=1 - ) ) ) ) ) ) )

j7 ] ]—

..

TF

\/
I

770 J] = J

forall j=1,2,---,m. Hence,

X(N) S<

p P n n
cjte cjte;

14 P
dj+ 1 di+1j
=x(G1NGy).

m p m
— p ) n
j=1 kj kj j=1

Thus, x(N) < x (G NGy) for any subgraph N of G| N G;.
Therefore, G| N G, is balanced. ]

5. Conclusion

In this article, density and balanced m-BPFGs are defined. We
studied the properties on selfcomplementary and density of an
m-BPFG. We will extend our work to study the properties of
morphism between two m-BPFGs and m- bipolar fuzzy line
and intersection graphs.

(11

[2]

[3]

(4]

[51

(6]

[71

(8]

91

References

M. Akram, Bipolar fuzzy graphs, Information Science,
181(2011), 5548-5564.

S. Bera and M. Pal M, Certain types of m-polar interval-
valued fuzzy graph, Journal of intelligent & systems.

J. Chen, S. Li, S. Ma and X. Wang, m-polar fuzzy sets:
an extension of bipolar fuzzy Sets, Hindwai Publishing
Corporation, The Scientific World Journal, (2014), 1-8.
G. Ghorai and M. Pal, On some operations and density
of m-polar fuzzy graphs, Pac. Sci. Rev. A Nath. Sci. Eng,
17(2015), 14-22.

G. Ghorai and M. Pal, Some operations of m-polar fuzzy
graphs, Pac. Sci. Rev. A Nath. Sci. Eng, 18(2016), 38-46.
G. Ghorai and M. Pal, Some isomorphic properties of
m-polar fuzzy graphs with Applications, Springer Inter-
national Publishing, 5(2016), 2104-2125.

A. Kaufmann, Introduction to the theory of fuzzy Subsets,
Academic Press, New York, 1(1975) 402-403.

A. Rosenfeld, Fuzzy Graphs, Fuzzy sets and their Appli-
cation, Academic Press, New York, (1975), 77-95.

Ch. Ramprasad , P. L. N. Varma, S. Satyanarayana and
N. Srinivasarao, Regular product m-polar fuzzy graphs
and product m-polar fuzzy line graphs, Ponte, 73(2017),
264-282.

556

[10]

[11]
[12]

[13]

Density of an m-Bipolar Fuzzy Graph — 556/556

H. Rashmanlou, S. Samanta, M. Pal and A. R. Borzooei,
Bipolar fuzzy graphs with categorical Properties, Inter-
national Journal of Computational Intelligence, Systems,
8(2015), 808-818.

L. A. Zadeh, Fuzzy sets, Inf. Control, 13(1965), 338-353.
W. R. Zhang, Bipolar fuzzy sets and relations: a computa-
tional framework for cognitive modeling and multi agent
decision analysis, Proceedings of IEEE Conf, (1994),
305-3009.

W. R. Zhang, Bipolar fuzzy sets, Proceedings of FUZZY-
IEEE Conf., (1998), 835-840.

ok ok ok ok k& k ok
ISSN(P):2319 — 3786
Malaya Journal of Matematik
ISSN(0):2321 — 5666
Kk Kk k kK Kk k


http://www.malayajournal.org

	Introduction
	Preliminaries
	Density of an m-BPFG
	Direct product of two m-bipolar fuzzy graphs
	Conclusion
	References

