EMPIRICAL RESULTS ON OPERATIONS OF BIPOLAR
FUZZY GRAPHS WITH THEIR DEGREE

SOUMITRA POULIK AND GANESH GHORAI

ABSTRACT. Theoretical concepts of crisp graphs are highly utilized
in computer science and applications. They are especially important
in many research areas in computer science like image segmentation,
data mining, clustering, network routing, and image capturing. If
the role of vertices and edges are uncertain, having two opposite ef-
fects, positive and negative, then bipolar fuzzy graphs always play an
important factor. In this paper, some important results on different
types of operations of bipolar fuzzy graphs are improved. First, we
explain some important theorems about the degree of composition,
tensor product, and normal product of two bipolar fuzzy graphs using
examples.

1. INTRODUCTION

Graph theory is connected with the various objects under consideration
in this paper. In 1965, Zadeh [18] first replaced the classical set by a
fuzzy set, which gives more exactness in both theory and in many real
life applications including computer science, network routing, operation
research, wireless sensor network, medical science, water and electricity
connection in a town, engineering, etc. In 1975, Rosenfeld [15] established
the notion of a fuzzy graph, which has many applications in several fields.
Mordeson [9] explained many operations on fuzzy graphs. Different types
of end nodes in fuzzy graphs and their properties are discussed in [1]. Many
indices with their properties in fuzzy graphs and their real life applications
in human trafficking and illegal immigration in network are described in
[2] and [3], respectively. Domination integrity and its application to fuzzy
graphs are explained in [6]. Mathew and Sunitha [8] introduced different
types of arcs in fuzzy graphs.
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Due to the existence of bipolarity of a given set, Zhang [19] initiated
bipolar fuzzy sets. Yang et al. [17] established generalized bipolar fuzzy
graphs and Ghorai and Pal [4] introduced generalized regular bipolar fuzzy
graphs. Karunambigai et al. [5] introduced domination in bipolar fuzzy
graph. Different types of connectivity in bipolar fuzzy graph are discussed
n [7]. Singh et al. [16] defined many lattices in bipolar fuzzy graphs.

Poulik and Ghorai [11] initiated different types of nodes in bipolar fuzzy
graphs and showed that they could be applied to research in wireless net-
works. Several types of connectivity indices and degrees of vertices in bipo-
lar fuzzy graphs are explained in [10, 12]. Poulik et al. [13] initiated many
operations on interval-valued fuzzy graphs and applications. Rashmanlou
et al. [14] introduced the notion of the product of bipolar fuzzy graphs and
their degrees. Theorems 4.1, 5.1, and 6.1 in [14] are not true in general.
The main purpose of this paper is to establish the generalized version of all
the results and explain them using examples.

2. PRELIMINARIES

Here, some basic definitions of graphs are recalled. These are used later
in the paper.

Definition 2.1. [19] Let X be a non-void set. Then we call a set A =
{(z, pf (), u¥ (z)) : z € X} abipolar fuzzy set on X, where pf : X — [0,1]
and p& : X — [~1,0] are mappings.

If V is a given set, then an equivalence relation ~ on a set V x V —
{(z,x)|x € V} is defined as (z1,y1) ~ (z2,y2) < either (x1,11) = (w2, y2)
or Z1 = Y2, 2 = Y1. The quotient set produced in this way is denoted by
V2 and the equivalent class which contains the element (z,y) is denoted by
Y Or Y.

The definition of generalized bipolar fuzzy graph is given below.
Definition 2.2. [17] If G* = (V, E) is a graph, then a bipolar fuzzy graph
is a pair G = (V, A, B), where B = (uk,u%) is a bipolar fuzzy set in
V2 and A = (uf,p%) is a bipolar fuzzy set in V such that pj(zy) <
min{uf (2), u§ (y)} for all 2y € V2, u (wy) > max{p} (z), p (y)} for all
Yy € V2 and ph(xy) = pl(zy) = 0 for all zy € (V2 — E).

Definition 2.3. [4] Let v be a vertex in a bipolar fuzzy graph G. Then
the degree of v in G is denoted by deg(v) = (deg” (v),deg™ (v)), where
degP(v) = > ph(uv) and deg™ (v) = Y u¥(ww).

vFEU v#U
uwveE uwveE

The definition of composition of two bipolar fuzzy graphs is given below.
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Definition 2.4. The composition of two bipolar fuzzy graphs G; =
(‘/17A1;Bl) of GT = (Vl,El) and GQ = (‘/27442,32) of G; = (VYQ,EQ) is
denoted by G1[G2] = (V, A1 0 Ay, By 0 By) of G* = (V4 x V5, E) and is
defined as

(a1,b1) = min{ply (a1), s, (b1)}
(. © u}) (ar, by) = max{u, (ar), i (b1)} for all (as,by) € V.,

(i) (4, 0 u6) (a1, br)(ax, ba) = min{uf; (1), uf, (biba)}

(13, © ) ((a1,01) (a1, b2)) = max{pu} (a1), u33, (b1ds)} for all
a1 € V7 and b1by € FEs,

(i) (uf, o pup,)((a1,b1)(az,b1)) = min{ug (ara2), i, (b))}

(3, on3,) (a1, b1)(az, b)) = max{ug, (ara2), p, (b1)} for all araz €
E1 and bl S ‘/2,

(iv) (up, o 1p,)((a1,b1)(az,b2)) = min{puky, (b1), phy, (b2), uj, (araz)}
(1, o wiy, ) (a1, b1)(az, ba)) = max{pl (b1), uh, (b2), u§, (a1a2)}
for all (a1,b;1)(az,bs) € E° — E, where V = V; x V, and
E°=FuU {(al, bl)(az, b2)|a1a2 € F,by 75 bg},

E = {(al,bl)(al,bg)\al S Vl,blbg S E2} U {(al,bl)(ag,b1)|a2 €
VQ, aias € El}.

(i) (ph, oply,

)
)
)

The definition of normal product of two bipolar fuzzy graphs is given
below.

Definition 2.5. [14] The normal product of two bipolar fuzzy graphs G; =
(‘/vl,Al,Bl) of GF = (VlaEl) and G2 = (‘/Q,AQ,BQ) of G; = (‘/YQ,EQ) is
denoted by G; @ Gy = (V, A1 @ Ay, By @ By) of G* = (V] x V5, E) and is
defined as

(i) (uh, ® phy,)(a1,b1) = min{ply (a1), ply, (b1)}
(1Y, o pl) ) (a1, b1) = max{puQ (a1), plY (b1)}, for all (a1,b1) € Vi %
Va,

(il) (up, ® puy,)((a1,b1)(ar, b)) = min{ul (a1), pp, (b1ba)}
(3, o 133, ((ar, br)(ar, ba)) = max{ply (a1), upy, (biba)} for all a; €
Vi and biby € EQ,

(iii) (up, ® up,)((a1,b1)(az,b1)) = min{up, (a1az), uhy, (b1)}
(133, ® 13,) (a1, 01)(az, b1)) = max{uy, (araz), u, (b1)} for all
aras € F1 and by € Vs,

(iv) (up, ® ui,)((a1,b1)(az,b2)) = min{up (arasz), pp, (b1b2)},
(133, ® ,) (a1, 01)(az, by)) = max{up (araz), 3, (bib)}
for all a1by € Ey and asby € Ey, where V =V x V5 and
EF = {(abl)(abg)\a € Vi,b1by € EQ} U {(alb)(agb)|a1a2 € FE,b €
Va} U {(a1,b1)(asz, ba)|
a1ao € El,blbg € EQ}.
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The definition of tensor product of two bipolar fuzzy graphs is given
below.

Definition 2.6. [14] The tensor product of two bipolar fuzzy graphs G; =
(‘/lyAl;Bl) of GF = (VlvEl) and GQ = (Vé,AQ,BQ) of G; = <‘/2’E2) is
denoted by G; ® G = (‘/, AL ® Ay, B1 ® Bg) of G* = (‘/1 X ‘/Q’E) and is
defined as

(i) (uh, ® ph,)(ar,b1) = min{p} (ar), ply, (b1)}
(ud, ® plf, ) (a1, b1) = max{pl) (a1), pf, (b1)} for all (a1,b1) € Vi x
Va,

(it) (15, ® pp,)((a1,b1)(az, b2)) = min{ug (araz), pp, (b1ds},
(1, ® pi,)((a1,b1)(ag, by)) = max{uy (a1az), uy, (bi1b2)} for all
aijas € B and
biby € FEs, where V = V3 x Vo and F = {(a17b1)(a2,b2)|a102 €
El,ble c EQ}

The definition of degree of tensor product of two bipolar fuzzy graphs is
given below.

Definition 2.7. [14] The degree of a vertex (aj, b1) in the tensor product
of two bipolar fuzzy graphs G; and Gs is denoted by dg,ga,(a1,01) =
(CZZ@G2 (a1,b1), dg@G2 (a1,b1)) and is defined as

A6 iea,(a1,b1) = Y (up, ® pp,)((a1,b2)(az, b))
= > 1, (a1a2) A pig, (b1bs),
a1az€E1b1b2€E>
and

dgl®G2(a1’b1) = Z(Mgl ®/1‘]l¥2)((a17b2)(a27b1))
= > g, (aras) V pg, (biby).

araz€F;

b1b2€EE>

The definition of degree of normal product of two bipolar fuzzy graphs
is given below.

Definition 2.8. [14] The degree of a vertex (a1,b1) in a normal product
of two bipolar fuzzy graphs G; and G is denoted by dg,eq,(a1,b1) =
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(dgl.G2 (a1,b1), dgl.G2 (a1,b1)) and is defined as

A6y, (01,b1) = S b e uh)((ar,bo)(as b))
((a1,b2)(az,b1))EE

= Z Mil(al)/\u§2(b1b2)+ Z Hi(bl)

ar=az b1 =bo
bib2€E> araz€E;
P P P
A pp, (araz) + E pp, (a1az2) A pp, (b1ba),
ajaz€FE;
biba€E2

dgloGQ (a’17 bl)

Z (Mgl .:qu)((ahb?)(a%bl))

((a1,b2)(az,b1))EE

= Z Mgl(al)\/ug2(b1b2)+ Z ﬂsz(bl)

a1=as b1=b
b1b2€En aléZG%l
N N N
Vo opp (araz) + g g, (a1az) V pg, (b1b2).
araz€E;
bib2€E2

The definition of degree of composition of two bipolar fuzzy graphs is
given below.

Definition 2.9. [14] The degree of a vertex (a1, b1) in the composition of
two bipolar fuzzy graphs G and G is denoted by dg, (g, (a1,01) =
(dgl[cz](al, bl),dgl[GQ](al, b1)) and is defined as

A an(arbr) = > (w5, © p,)((a1,b2)(az, by))
(a1,b2)(a2,b1)€E

= Z uil(al)/\,ugz,(blbz)Jr Z Niz(bl)

bfg?:e(%? 0532:617%1
A pp(ara) + Yl (00) A, (02) A p, (araz),
b1#£bo
ajaz€F
it (e (a1,b1) = Z (13, © 13,)((a1,b2)(az,b1))

(al’b2)(a2;b1)EE
— N N N
= Z ,uAl (Cll) \Y ,UB2 (blbg) —+ Z /J’Ag (bl)

alp=az b1 =bo

biba€ES a1as€E;
Voopg, (aag) + Y, (b1) Vol (b2) V iy, (a1a).
b1#b2
a1az2€E,
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3. COUNTEREXAMPLES

Here we recall Theorems 4.1, 5.1, and 6.1, which are given in [14] and
then show by counterexample that these theorems are not true in general.

Theorem 3.1. (Theorem 4.1 in [14]) Let Gy = (V1,A1,B1) and Gy =
(Va, Az, By) be two bipolar fuzzy graphs. If pli > pf  pll < pl . ph >
ugl, and ,qu < ugl, then

de, ) (u1,u2) = [Valdg, (u1) + da, (u2) for all (ui,us) € Vi x V5.

Theorem 3.1 is not true in general, which is shown in Example 3.2.

a1(.6,—.5) bi(.6,—.7)
® ®
= <)
o <
® o —g
a2(7,*5) b2(77_7) (57 '3) b3(7776)

FiGURE 1. Two bipolar fuzzy graphs G; and Gs.

(.6,—.5) (.7,—.5) (.6,—.5)
(a,br) (.4, -.4) (a1,b2) (.5, -.3) (a1, bs)

N

(2,-3)
(e-C)

(as, b1) (.4, -4) (a2, b2) (.5, -.3) (az,b3)
(.6,—.5) (.7,—.5) (.7,—.5)

FIGURE 2. G1[G2] (Composition of Gy and Gy of Figure 1)).
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Example 3.2. We consider the two bipolar fuzzy graphs G1 and Gy from
Figure 1. The composition of G1 and Go is G1[G3] (see Figure 2). Also,
we assume that the membership value of all vertices of G1[Ga| are the same
as in Gy and Ga, that is (1, —1). Now by Theorem 4.1 in [14], we have
dgl[Gg](al’bl) = de (bl) + “/2|dgl (al) =044+3x (02) = 1.0 and
dgl[GZ](al,bl) = dy, (b1) + |Va|d¥ (a1) = =04+ 3 x (=0.3) = —=1.3. So
de,a,)(a1,b1) = (1.0, =1.3). But actually, dg,(c,)(a1,b1) = (0.8, -1.0). So
Theorem 4.1 in [14] is not true.

Theorem 3.3. (Theorem 5.1 in [14]) Let G; = (V1, A1, B1) and Gy =
(Va, A, Bs) be two bipolar fuzzy graphs. If ph > pp and ply, < pf
then da,ea, (u1,u2) = da, (w1) and if ph > ph and py < ph . then
dG1®Gz (U]_,UQ) = dGl (UQ)-

Theorem 3.3 is not true in general. This is explained in Example 3.4.

ay(1,-1) by(

7

—~

«
1

C\!'\

~—

(-37 “-4)

— = .

as(1,—=1) (1,-2) qg1,—1) b, =1) (5,-6)  by(1,-1)

Ficure 3. Two bipolar fuzzy graphs G; and Gs.

Example 3.4. We consider two bipolar fuzzy graphs G1 and Ga from Fig-
ure 8 and their tensor product G1 ® Ga. This is shown in Figure 4. Also,
we assume that the membership value of all vertices of Gy ® G2 are the
same as in G1 and Ga, that is (1,—1). Now by Theorem 5.1 in [14], we
have

dgl®G2 (al, bl) = dgl (al) =0.2 and dg1®G2 (al, bl) = dgl (al) = —0.3.

So de,9a,(a,b) = (0.2,—-0.3).

But actually, dg,ec,(a,b) = (0.4,—0.6). So Theorem 5.1 in [14] is not
true.

Theorem 3.5. (Theorem 6.1 in [14]) Let Gy = (V1,A1,B1) and Gy =
(Va, Ag, Bs) be two bipolar fuzzy graphs. If uil > '“11;27 ,u%l < ugz, ui >
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(a1,b2) ) (a1, bs)

(a2, b3)

FIGURE 4. G; ® Gy (Tensor product of G and Gy of

Figure 3).

Wy iy S P, M, < iy, and pig, > iy, then daea, = [Valde, (w1) +

dG2 (’UQ) .
Theorem 3.5 is not true in general, which is shown in Example 3.6.

ai(1,—1) bi(l, 1)
ax(1,~1) (1,-2) ag(1e-1) by(1, 1) (5, -0) é(.l,—n

)

F1GURE 5. Two bipolar fuzzy graphs G; and Gs.
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(5,-6)

(5, ~-6) (g, b3)

FIGURE 6. G e G2 (Normal product of G; and Gy of
Figure 5).

Example 3.6. We consider two bipolar fuzzy graphs G1 and Gs of Figure
5 and the normal product of G1 and Go is G1 @ Go (see Figure 6). Also, we
assume that the membership value of all vertices of G, ® G2 are the same
as in Gy and Ga, that is (1,—1). Now by Theorem 6.1 in [14], we have
dgl.G2 (ag,b3) = de (bs) + |V2|dg1 (a2) =0.54+3%(02+0.1) =1.4 and
Ay i, (a2,b3) = d (bs) + |Va|d (az) = —0.6 + 3 x (—0.3 —0.2) = —2.1.
S0 dg,ec,(az,b3) = (1.4,—2.1). But actually, dg,ec,(a,b) = (1.1,—1.6).
So Theorem 6.1 in [14] is not true.

4. MAIN RESULTS

In this section, we provide more generalized results of Theorems 4.1, 5.1,
and 6.1 of [14]. These results are verified with examples also.

Theorem 4.1. (Correction of Theorem 4.1 of [14].) Let Gy = (V1, A1, B1)
and Go = (Va, As, By) be two bipolar fuzzy graphs. Let a € Vi and assume
G1 has m edges incident with a which are aay, aas, ..., aq, and b € Vs
and assume Go has n edges incident with b which are bby, bby, ..., bb,. If
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g, < Ways B3, = 1Y, i, < ply, and pgg > plf,
then dGl[Gg](a7 b) =dg, (b) + (n + 1)dG1 (a)

Proof.
dgl [G2] (a7 b)
- Z (13, © 1p,)((aa;)(bb;))

((aai)(bb;))eE

= > k@ App,®b)+ Y uh,(0) A, (aa)
a=a;bb;EEa b=bjaa; €,

+ > k0 Ak, () A pg, (aas)
aa;€E1bb;€E>

= pp, (b)) + >y, (aai) + [{ph, (0) A ply, (b1) A iz, (aan)
j=1 i—1

+ iy, (0) A gl (b2) A g, (aan) + - -+ puly, (0) A il (bn) A i, (aar)}
+ {uk, (0) A s, (b1) A g, (aas) + ply, (b) A iy, (b2) A iy, (aas)
o i, (0) Ay, (bn) A g, (aag)} + -+
+ {ul, (0) A s, (b1) A i, (aam) + ply, (0) A i, (b2) A i, (aanm)
e i, (0) Ay, (00) A g, (aam)}]
(since pp, < pk and ph < pl)
= dg, (b) + d&, (a) + n[pp, (aar + pp, (aas) + - - + pp, (aam)]
(since pp, < ply, and pp, < pl)
— 4B, (b) + dE, () + nd5, (a) = dE,(b) + (n + 1)dE, (a),
and
A, (¢ (@, b)

= > (uB, onp,)((aai)(bby))

(aa;)(bb;)EE

= > wl@vu,ob)+ Y )V, (aa)
a:aibbJEEg b:bj(L(L{,eEl

+ > w0 v, () v g, (aa;)
aa; €EE1bb;EE>
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= Z/@z (bb) +Zu31 (aa:) + [{u, (0) V X, (b1) V 13, (acn)

bo) V i, (aar) + - --
bn) V uBl (aan)} + {u, () V i, (b1) V 15, (aas)
) )4
bn) V i, (aaz)}
bo) V 3, (adm)
(since pfy, > plf and pf > pfY)

= dg, (b) + dg, (@) +nlug, (aar + uj, (aaz) + - + p, (aam)]
(since pfj, > i, and pjg, > pfy,)

=dg, (b) + d, (a) + ndyy, (a) = d, (b) + (n + 1)dgy, (a).

o e, () v, (1) Vo, (aam)

+
e g, (0) Vg, (bn) V iy, (aam)}]

So
d, (6)(a,0) = (G, (61 (0, ), A, 1, (as b))
= (d&, (b) + (n+ 1)dg, (a), dg, (b) + (n+ 1)dg, (a))
= (d&, (b), (dg, (1) + (n+ 1)(d¢;, (a),dgy, (a))
= dg,(b) + (n+ 1)dg, (a).

Example 4.2. Now using Theorem 4.1 from Figure 2, we have
G, (0 (a1, 1) = dé, (b1) + (14 1)dg, (a1) = 0.4 +2 x (0.2) = 0.8,

because the number of edges incident in by in Go is 1.

¢ @y (a1,01) = d&, (b)) + (1 +1)dg, (a1) = —0.4 4+ 2 x (=0.3) = —1.0,
because the number of edges incident in by in Go is 1. So dg,[g,)(a1,b1) =

(0.8, —1.0) satisfies Theorem 4.1. Similarly the degree of other vertices of
G1]Go) satisfy Theorem 4.1.

Theorem 4.3. (Correction of Theorem 5.1 of [14].) Let Gy = (V1, A1, B1)
and Gy = (Va, Ag, By) be two bipolar fuzzy graphs. Let a € Vi and assume
G1 has m edges aay, aas, ..., aa,, incident with a. Let b € Vo and assume
G2 has n edges bby, bbs, ..., bb, incident with b.
(i) If ugz > ,ugl and Mgz < ,ugl for all edges in Gy and Ga, then
dG1®G2 (CL, b) =n dG1 (a)
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(i) If pp, < pp, and py > piy for all edges in Gy and Go, then
de, 06, (a,b) =m dg, (b)

Proof. (i) Let pf > ph and pf, < pf . So up, (bb;) > ph (aa;) and
iy, (bbs) < pfy (aa;) for 1 <i<mand 1 <j<n.
Now

dgl®G2 (a,b)
= {pp, (aar) A g, (bby) + pi, (aaz) A g, (bbs)
+ o i, (aam) A pi, (0b1)} + {ug, (aar) A pg, (bb2)
+ i, (aag) A g, (bbe) + - - + i, (aam) A i, (bb2) }
+ -+ {pg, (aar) A pg, (bbn) + g, (aaz) A pig, (bbn)
+ o p, (aam) A pi, (bbn )}
= n{up, (aar) + pi, (aaz) + - - + pp, (aam)} = ndg, (a)
and
dg1®G2 (a,b)
= {up, (aar) V pg, (bb1) + p, (aas) V pg, (bbr) + - -
+ 1y, (aam) V g, (1)} + {p3y, (aar) V p3y, (bbe) + i3, (aaz) V piy, (bbs)
+ ot g, (aam) Vo, (bba)} -
+ {p3, (aar) V g, (bbn) + pg, (aaz) V i, (bbn)
+ e g, (aam) V i, (0ba) }
= n{ug, (aar) + pg, (aaz) + - - + ug, (aan)} = ndg, (a).
So
da, 06, (a,b) = (dG,eq,(0,0), d&, g, (a, b))
= (ndg, (a),ndg, (a))
= n(dp, (a),d, (a))
= ndg, (a).
Similarly (ii) can be proved. O

Example 4.4. Now using Theorem 4.3 from Figure 4, we have
A&, wa, (a1,b1) =2 x dg (a1) = 2 x (0.2) = 0.4,

because the number of edges incident in by in Gy is 2.
A&, oa, (a1,b1) =2 x d§, (a1) = 2 x (=0.3) = —0.6,
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because the number of edges incident in by in Gg is 2. So dg, o, (a1,b1) =
(0.4,—-0.6) satisfies Theorem 4.3. Similarly the degree of other vertices of
G1 ® G satisfy Theorem 4.3.

Theorem 4.5. (Correction of Theorem 6.1 of [14].) Let Gy = (V1, A1, B1)
and Gy = (Va, Ag, By) be two bipolar fuzzy graphs. Let a € Vi and assume
G1 has m edges aay, aas, ..., aa,, incident with a. Let b € Vo and assume
G5 hasn edges bby, bba, ..., bb, incident with b. If;ﬂjl > /‘gy ,uf}{l < ﬂ&,
phy, > up, s wh, < g kg, < . and py > g, then dgyec, (a,b) =
da, (b) + (n + 1)dg, (a).

Proof.

dgl.GQ (CL’ b)

= > (uh, *np,)((aa;)(bh)))

((aas)(bby))EE
= > i@ Aaup, )+ D ph,(0) A, (aa)
a:aibbjEEQ b:bjaaieEl

+ > pp(aa;) A pg, (bb))
aa; €Eq bbj €E>

= up,(bb))
j=1

+ Y, (aas) + [{uf, (aa1) A g, (bb1) + pj, (agz) A g, (bby)
=1

+ - g, (aam) A g, (001)} + {up, (aar) A pig, (bb)
+ i, (aaz) A pp, (bba) + -+ + pig, (aam) A pi, (bba)}
+ -+ {pp, (aar) A pp, (bbn) + pi, (aas) A pi, (bby)
+ 4 i, (aam) A p, (bbn)}]

(since ply, > ph and ph, > pp)
= dg, (b) + dg, (a) + n{uG, (aa1) + i, (aaz) + - + i, (aam)}
(since pp, < pg,)

= d, (b) + dg, (a) + ndg, (a) = dg, (b) + (n +1)dg, (a),
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and
dgloGz (av b)

= > (up, e nB,)((aa;)(bh)))

((aa;)(bb;))eE
= Y i @vug o)+ D ) Vg, (aa)
a=a;bb;EE> b=bjaa;€EE,

+ > up (aa) Vg, (bby) = > pp, (bb))
aaiEElbbj €FE> j=1

+ ) up, (aai) + [{pg, (aar) V u, (0by) + p3, (aasz) V p3y, (bby)
=1

o g, (aag) V g, (001)} + {u5, (aar) V g, (bbs)

+ i, (aag) V gy, (Bbs) + -+ + pig, (aam) V g3, (bbo) }

+ o+ {pp, (aar) V pg, (bby) + p3y, (aas) V g, (bby)

+ oo g, (aam) V g, (0b,)}]
(since Y, < pf, and plY, < pgy))

= dg, (b) + dg, (a) + n{uf, (aar) + 3, (aag) + - - + p33, (aam)}
(since pfy, > pfy.)

= dg, (b) + d, (a) + ndg, (a) = dgy, (b) + (n+ 1)dgy, (a).

Example 4.6. Now using Theorem 4.5 from Figure 6, we have
A&, e, (a2,b3) = dg, (bs) + (1 +1)d&, (az) = 0.5+2 x (0.240.1) = 1.1

because the number of edges incident in by in Go is 1.

A o, (a2,b3) = dgy, (b3) + (1 +1)dY, (a2) = —0.6+2x (—0.2—0.3) = —1.6

because the number of edges incident in by in Ga is 1. So dg,ec,(a2,b3) =
(1.1, —1.6) satisfies Theorem 4.5. Similarly the degree of other vertices of
G1 e Gy satisfy Theorem 4.5.

5. CONCLUSION

Graph theory gives many important results for solving different types of
combinatorial problems including algebra, geometry, number theory, opti-
mization, computer science, and operational research. But for the uncer-
tainty of vertices and edges, both in the sense of positive and negative in
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graph, bipolar fuzzy graph gives more useful results for solving many real
life problems. First it has been shown, by examples, that the formulas for
calculating degree of vertices in some operations like composition, normal
product, and tensor product of two bipolar fuzzy graphs are not true in
general. Then we established the updated version of these theorems on
degree of a vertex in different types of product of bipolar fuzzy graphs.
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