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Abstract:

In this paper, we discuss balanced bipolar
intuitionistic fuzzy graphs and study some of their
properties

1.Introduction

Graph theory is developed when Euler gave the
solution to the famous Konigsberg bridge problem in
1736. Graph theory is very useful as a branch of
combinatorics in the field of geometry, algebra, number
theory, topology, operations research, optimization and
computer science. Rosenfeld[2] developed the structure of
fuzzy graphs, obtaining analogs of several graph
theoretical concepts. Later on, Bhattacharya[3] gave some
remarks on fuzzy graphs, and some operations on fuzzy
graphs were introduced by Mordeson and Peng[4]. The
complement of a fuzzy graph was defined by Mordeson
and Nair[5] and further studied by Sunitha and
Vijayakumar [6]. Akram[7] has introduced Bipolar fuzzy
graphs and investigated their properties. Balanced graph
first arose in the study of random graphs and balanced IFG
defined here is based on density functions. A graph with
maximum density is complete and graph with minimum
density is a null graph. There are several papers written
on balanced extension of graph [8] which has tremendous
applications in artificial intelligence, signal processing,
robotics, computer networks and decision making Al-
Hawary [9] introduced the concept of balanced fuzzy
graphs and studied some operations of fuzzy graphs.
Shannon and Atanassov[10] introduced the concept of
intuitionistic fuzzy relations and intuitionistic fuzzy
graphs, and investigated some of their properties. Parvathi
et al[l1l].defined operations on intuitionistic fuzzy
graphs.Karunambigai et al [2] introduced balanced
intuitionistic fuzzy graphs and studied some of their
properties.In 2015, D.Ezhilmaran and K.Sankar[16] have
introduced bipolar intuitionistic fuzzy graphs. In this

paper, we discussed balanced bipolar intuitionistic fuzzy
graphs and study some of their properties.

2.Preliminaries

In this section, we first review some definitions of
undirected graphs that are necessary for this paper.

Definition2.1[1].

Recall that a graph is an ordered pair G*= (V,E),
where V is the set of vertices of G*and E is the set of edges
of G*. Two vertices x and y in an undirected graph G* are
said to be adjacent in G* if {x,y} is an edge of G* A simple
graph is an undirected graph that has no loops and no
more than one edge between any two different vertices.

Definition 2.2[1].

A subgraph of a graphG*= (VE) is a graph
H=(W,F) where WC Vand F C E.

Definition 2.3[1].

The complementary graph G*of a simple graph
has the same vertices as G*. Two vertices are adjacent in
G* if and only if they are not adjacent in G*.

Definition 2.4[1].

Consider the Cartesian product G* = G{ X G,
(V,E)of graphs Gi and G5. ThenV =V; XV, and
E={(,x)(x,y)|x €Vy, XYz € Ep}

U{(x,2)0n, 2|z € Vy, x1y1 € E1}.

Definition 2.5[1].
Let G{ = (V4,E;) and G; = (V,, E;) be two simple

graphs. Then the composition of graphs G; and G; is
denoted by GioG;=(V; X V,,E®), where E°=EuU
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{Ge1, %) (1, ¥2) %11 € Ey,x; # y,} and E is defined in
G{ X G;. Note that G oG, # G,0Gj].

Definition 2.6[1].

The union of two simple graphsG; = (V;, E;)and
G; = (V5,E;) is the simple graph with the vertex set
V; UV, and edge set E; U E,. The union of G; and G is
denoted by G* = G; U G; = (V; UV,, E; UE,).

Definition 2.7[1].

The join of two simple graphs G; = (V;, E;)and
G; = (V5,E;) is the simple graph with the vertex set
Vi UV, and edge set E; U E, U E’ where E’is the set of all
edges joining the nodes of V; and V, and assume that
VinV, #@. The join of Gf and G, is denoted by
G'=Gi+G; =, UV, EyUE, UE).

Definition 2.8[13].

A fuzzy subset yonasetXisamap u: X - [0,1].
A map 9: X xX - [0,1] is called a fuzzy relation on X if
9(x,y) < u(x)Au(y) for all xy €X. A fuzzy relation ¥ is
symmetric if 9(x,y) = 9(y, x) forallxy € X.

Definition 2.9[14].

Let X be a non empty set. A bipolar fuzzy set B in
X is an object having the form
B = {(x, u" (x), u¥ (x))|x € X} where u’:X —[0,1] and

uV : X - [-1,0] are mappings.

Definition 2.10[15].

Let X be a non empty set. A intuitionistic fuzzy set
B = {(x,,u(x),y(x))|x € X} Where p:X - [0,1] and
y : X - [0,1] are mapping such that 0 < u(x) + y(x) < 1.

3.Bipolar intuitionistic fuzzy graphs
Definition 3.1[16]

Let X be a non empty set. A bipolar intuitionistic
fuzzy setB={(x, u’ (x), u" (x), ¥’ (x),y"(x))|x € X} where
#P X - [O,l],,LlN X - [_1'0]VP X - [O!l]ny X -
[—1,0] are the mappings such that 0 < u(x) +yP(x) <
1,-1<u"(x)+y¥(x) <0. We wuse the positive
membership degree u’(x) to denote the satisfaction
degree of an element x to the property crossponding to a
bipolar intuitionistic fuzzy set B and the negative
membership degree u"(x) to denote the satisfaction
degree of an element x to some implicit counter property
corresponding to a bipolar intuitionistic fuzzy set.
Similarly we use the positive nonmembership degree
yP(x) to denote te satisfaction degree of an element x to

the property corresponding to a bipolar intuitionistic
fuzzy set and the negative nonmembership degree y"(x)
to denote the satisfaction degree of an element x to some
implicit counter property crossponding to a bipolar
intuitionistic fuzzy set. If u’(x) #0,u"(x) =0 and
P (x) = 0,yV(x) = 0 it is the situation that x regarded as
having only the positive membership property of a
bipolar intuitionistic fuzzy set. If u’(x) =0,u"(x) #0
and y*(x) =0,yY(x) =0 it is the situation that x
regarded as having only the negative membership
property of a bipolar intuitionistic fuzzy set. u’(x) =
0,uV(x) =0 and y?(x) # 0,¥"(x) = 0 it is the situation
that x regarded as having only the positive
nonmembership property of a bipolar intuitionistic fuzzy
setuP(x) =0,y (x) =0 and y°(x) =0,yV(x) #0 it is
the situation that x regarded as having only the negative
nonmembership property of a bipolar intuitionistic fuzzy
set. It is possible for an element x to be such that
uP(x) = 0,uV(x) #0 andy”(x) # 0,y (x) # 0 when the
membership and nonmembership function of the property
overlaps with its counter properties over some portion of
X

Definition 3.2[16].

Let X be a non empty set. Then we call a mapping
(uf, 1l ¥R, vN) + XxX - [0,1] X [-1,0] x [0,1] X [-1,0]a
bipolar intuitionistic fuzzy relation on X such that
iy €01, pf(xy) €[-10],  vitx,y) €[01],
va (e, y) € [-1,0]

Definition 3.3[16].

LetA = (i (), u} (), v (), A () )and
B = (,ug ), u¥ ), vE (), Y (x)) be bipolar intuitionistic

fuzzy setsonasetX. If A = (uﬁ (), 1 (), ¥R (), ¥ (x)) is
a bipolar intuitionistic fuzzy relation on

B = (b (), kY (), v (0,7 ()

if 11y (x, y) < uE COAREY), wlf Ce, ) 2 pf () V i ),
va (6, y) = vg COVYs ya (,y) < vg (AR (x) for all
x,y € X. Abipolar intuitionistic fuzzy relation 4 on X is

called symmetric if i (x, y) = pf (v, ). (x, ) = ) (v, %)
and y; (x,y) = v, %),va (x,y) = v (v, x) for allx, y € X.

Definition 3.4[16].

For any two bipolar intuitionistic fuzzy sets
A = (1 (), 1 (), vE (), ¥ () Jand
B = (kh ), 1 (0, ¥ (), v ()
(AN B)(x) = (uh COARE (), i (Vi (x)
(AU B)(x) = (uh COVp (), ) AR (x))
(AN B)() = (vf COVYE (O, i CIAvE (x)
(AUB)(x) = (¥4 COAVE (), vA OV ()
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Definition 3.5[16].

A bipolar intuitionistic fuzzy graph of a graph G*=
(V,E) is a pair G(A,B) where A=(uf, uY, v, vA) is a bipolar
intuitionistic fuzzy set in V and B = (ub,uy,vf,vg) is a
bipolar intuitionistic fuzzy set in VxV such that

HE(y) < (W CONE () forallxy €V x V,

1l (ey) = (1 GOV (7)) forallxy € V x V,

vE () < (vi OV yf ) forallxy €V x V,

vE (xy) = (v () Ayi' () forallxy € V X V and
b (xy) = pi (xy) = 0 forallxy €V x V —E,
vh(xy) =y¥(xy) =0 forallxy eV XV —E.

Example 3.6.

(0.3.-04, 0.6.-0.6) (0.8,-0.3,02,-0.5)
= ( 0.24,-0.225,0.45.-0.45) Y Vs

o~

{

Vv

(0.24,:0.15,045,-0.525)
)
a
A
Ay
(0.16,-0225,06-0375)

Vi \

& () Vs
0.16,-0.15,0.6,-0.525
( ) (0.2,-0.7,0.8,-03)

G

(05-0.2.04.-0.7)

A bipolar intuitionistic fuzzy graph (BIFG) is of the form
G = (V,E) said to be mini-max BIFG if

1. V={vy v, v} such that uf:vV-J0,1],
u:V - [-1,0]and yF:V > [0,1], uV:V - [—1,0] denotes

the degree of positive membership, negative membership

and degree of positive nonmembership, negative
nonmembership of the element v; € V respectively and
o<uwW+yP<1—-1<pf+y)M <o for every

v, €V(i=1223..n).

2. ECVxV where puf:VxV-[01],u):VxV -
[-1,0]and y£:V x V - [0,1],, ¥:V X V - [—1,0] are such
that £ (v, ;) < (uf WAL (),

W (viy) = (1Y IVl () and

Vs (viyy) 2 (Vf(vi)VVf(vj)).

vy (viy) < (y{v(vi)/\yl’v (vj)) denotes the degree of

positive, negative membership and degree of positive,

negative non membership of the edge (vi,vj) EE
0<uh(viy) +yvi(viy) <1,
-1 < uf (v, v) +v5 (vi,v;) < 0 forevery (v, v;) € E.

respectively, where

A BIFG H=(V,E’) is said to be BIF sub graph of
G = (V,E)if

(1) V' eV where uf(v)) = 1 (v), u(v) = u (v) and
Vf(”i) = Vf(”i): V{V(Ui) = V{V(Ui) for all v € V’:
v,=v,€EVi=123..n

@ Wwny)=w@y), W,y)=m(.y) and
vi (o) =vE(vuy), v8(voy) =vi(vuy) for all
(vi,, vj’) € E’, (vi’, vjl) = (vi,vj) €EEi,j=123..n

A BIFG, G =(V,E) is said to be complete BIFG if
wh (v, ) = (u’f (vl—)/\u’f(vj)),
(v ) = (1 IV () and

vs (i) = (V{’(vi)VVf(vj)),
vy (viy) = (y{v WYY (v])) for every v, v; € V.

A BIFG, G = (V,E) is said to be strong BIFG if
#5(”1’:”}) = (Hf(vi)/\llf(vj)),
(v ) = (¥ @IV () and

(v = (vt (),

v (v vy) = (Y{V(vi)/\y{\’(vj) for every (v, v;) € E.
The complement of a BIFG, G = (V,E) is a BIFG G = (V,E)
where

OV=V
(i) pf () = uf (v),
ul () = (),
ZHCOERACH}
YWw) =yNw) forallv,i =123 ...,n
(i) uf(vuv) = (uf (wOAup (v,-)) - w5 (v, ),
W (v, ) = (uiv(vl-)Vu’lV(vj)) AR )

v (vov) = (Yf 0ONE (%)) = ¥E (v ),

© 2016,IRJET | ImpactFactor value: 4.45

ISO 9001:2008 Certified Journal | Page 808



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395 -0056

JET Volume: 03 Issue: 11 | Nov -2016

www.irjet.net

p-ISSN: 2395-0072

W (oy) = (W eond () - v (vey)
for all v, i,j=123..,n

A BIFG, G = (V,E) is said to be regular BIFG if all the
vertices have the same closed neighbourhood degree.

The density of a complete fuzzy graph G(o,u) is

_ Y ey k(W)
b(G) =2 (Zu,vev/\(o(u),a(v)))'

Consider the two BIFGs Gy = (V4,E;) and G, =
(V5,E;). An isomorphism between two BIFGs G; and G,,
denoted by G; = G, is a bijective map h:V; = V, which
satisfies the following  uf (v) = uf (h(v)), uff (v;) =
1 (hw)), v ) = v{ (h@), ' W) = y{'(h(v))) and
(v vy) = b (h(w), h(v)),

W (viy) = i (), h(v)),
vE(vovy) = vE (v, h()),
vy (viy) = vY (h(vi),h(vj)) for every v;,v; € V.

4. Balanced Bipolar Intuitionistic Fuzzy
Graphs

Definition 4.1.

The density of a BIFG G = (V,E) is D(G) =
(D,f(G),DN(G),D;’(G),DN(G)) where Df (G) is defined by

2 Zu,vEV (#5 (uﬂ]))

DF(G) =
i (6) Swer(uf @t @)

),for u,vevV

2% vev (#év (u,v))
Z:(u,u)EE(# Navey (V)) ’

D} (G) is defined by DY (G) =

for uvev

2 Zu vev (v ()
Sumer(rf @V @)’

Dy (G) is defined by D) (G) =

for u,v € V and

2% vev (Vév (u;V))
Swer(rd @arl @)’

D) (G) is defined by D, (G) =

for uvev

Definition 4.2.

A BIFG G = (V,E) is balanced if D(H) < D(G), that is
D, (H) < D;(6), D, (H) < D (G), Dy (H) < Dy (G),
DY (H) < D) (G) for all subgraphs of G.

Example 3.3. Consider a BIFG G = (V, E) such that

(13040804 (U340508) g2y 0208500

(016015060523

(03420447

G H;
V = {v,,v,, V3,7, }and

E = {(v1,12), (v2,v3), (v3,v4), (W4, 1), (v, v4)}  D(G)
= (1.6,1.5,1.5,1.5)

H, = {vy,v,} D(H,) = (1.6,1.5,1.5,1.5)
HZ = {v1'v3} D(HZ) = (0,0,0,0)

Hs = {vy, vy} D(H;) = (1.6,1.5,1.5,1.5)
H, = {v,, 13} D(H,) = (1.6,1.5,1.5,1.5)

Hs = {vy,v,} D(Hs) = (1.6,1.5,1.5,1.5)
Hg = {v3,1,} D(Hy) = (1.6,1.5,1.5,1.5)

D(H,) = (1.6,1.5,1.5,1.5)
D(Hy) = (1.6,1.5,1.5,1.5)
D(Hs) = (1.6,1.5,1.5,1.5)
D(Hy) = (1.6,1.5,1.5,1.5)
D(Hy;) = (1.6,1.5,1.5,1.5)

H; = {vy,v,,v3}
Hg = {vy1,v3, 04}
Hy = {vy,v,, v4}
Hyg = {vy, v3, 14}
Hyy = {vy, vy, 03,14}

,LlP density D: (G) =2 (0.24+0.16+0.16+0.24+0.4—) =16

0.3+0.2+0.2+0.34+0.5

—0.225-0.225-0.15-0.15-0.15
—0.3-0.3-0.2—-0.2—0.2

uV density DY (G) = 2( ) =15

]/P density D}f) (G) =2 (0.45+0.6+0.6+0.45+0.3) =15

0.6+0.8+0.8+0.6+0.4

yN density D]I,V(G) =2 (—0.45—0.375—0.525—0.525—0.525) =15

—0.6—0.5-0.7—0.7—-0.7

D(6) = (Df(6), DY (), DY (6), DY (6)) = (1.6,1.5,1.5,1.5)
Let  H; = {vy, v}, H, = {vy,v3}, ... Hi1 = {vy,v,, 73,14} be
nonempty subgraphs of G. Density
(Dj(H),DN(H),D;’(H),DN(H))is (H,) = (1.6,1.5,1.5,1.5),
D(H,) = (0,0,0,0),... D(Hy;) = (1.6,1.5,1.5,1.5). So
D(H) < D(G) for all subgraphs H of G . Hence G is
balanced BIFG.

Definition 4.4. A BIFG G = (V,E) is strictly balanced if
for every u,v € V, D(H) = D(G) such that
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V= {VIIUZ!UB! U4,} and
E= {(vlv UZ)I (7.72, v?))l (U?)I v4)l (174, Ul), (Ulr U3)I (UZ! 174_)}

(0.4,-03,0.6-06) (0.3,-0.8,05,-0.2)
- Y

(0.225,-0.24,0.45,-0.45)

Py
vi{_) — Jy
- ~. (-0'3:1) - z
3 s, - <
K‘E ‘-.\:f:j\o ,/' ;‘
Q -6 - “
= S =
=+ e =
a e - =
< ) . <
. ~ab 2
4] o 5L &
= /"‘.)QP"“ ~ o
- BT - =
= o -
Vi (] s
(0.2,-0.5,0.7,-04) (0.15,-0.16,0.525,-0.6 ) (0.7,02,03,-08)

D(G) = (D,f’(c), DY (G),DE(6), D}’,V(G)) = (1.5,1.6,1.5,1.5).

Let Hl = {vl, Uz}, H2 = {vl, v3}, Hll = {Ul, vy, V3, U4} be
nonempty subgraphs of G. Density

(Df (), DY (#), Df (H), DY () ) s

Hy = {vy,v,} D(H,) = (1.5,1.6,1.5,1.5)
H, = {v;, v3} D(H,) = (1.5,1.6,1.5,1.5)
Hy = {v;,v,} D(H,) = (1.5,1.6,1.5,1.5)
H, = {v,, v3} D(H,) = (1.5,1.6,1.5,1.5)
Hs = {v,,v,} D(Hs) = (1.5,1.6,1.5,1.5)
Hy = {vs,v,} D(H,) = (1.5,1.6,1.5,1.5)

D(H,) = (1.5,1.6,1.5,1.5)
D(Hg) = (1.5,1.6,1.5,1.5)
D(Hs) = (1.5,1.6,1.5,1.5)

Hy = {vy, v,,v3}
Hg = {vy, v3,v4}
Hy = {vy,v;,v4}
H10 = {Uz,v3,174} D(HIO) = (15,16,15,15)

H11 = {Ul,VZ,V3,U4} D(Hll) = (15,16,15,15) Hence
D(H) = D(G) for all nonempty subgraphs H of G. Hence G
is strictly balanced BIFG.

Theorem 4.5.

Every complete bipolar intuitionistic fuzzy graph
is balanced.

Proof.

Let G = (V,E) be a complete BIFG, then by the
definition of complete BIFG, we have ub(u,v)=

(1 WA ), ud (w,v) = (1 WVl () and
¥, v) = (yf VY (), vd (w,v) = (1 @Ay (v)) for
everyu,v €V.

Therefore
Zu,vEV ,ng (u, 17) = Z(u,v)EE(:uf (u)/\.uf (TJ))

Eu,veV ”12\] (u, 17) = Z(u,v)eE(”{v (u)V#{V (U))
Eu,veV ]/; (u, 17) = Z(u,v)EE(VIP (u)vylp (U))

Yuwer V¥ W v) = e (v WAYY (v)). Now

D(G)

2 Y wer (15 (w,v)) 2 Y ver (1) (w,v))
Yaner(tl @ A () Tmes (W @Vl (v))’
2 Y ver (1) (W, v)) 2 Y wer (VY (w,v))
Yamer(W @OV 1) Twmer (0 @ A v @)

D(G) = (2,2,2,2). Let H be a nonempty subgraph of G
then, D(H) = (2,2,2,2) for every H<S G. Thus G is
balanced.

Note 4.6. The converse of the above theorem is need not
be true. Every balanced BIFG need not be complete.

(0.5,-0.3,0.4,-0.5)
(0.375.-0.225,0.3.-0.45) .
) v

(06.-0.4.0.4.-06)

-
b /]

v

(03,-0.150.3,-0.525) =
(0.225,-0.225,0.45,-0.375)

Vs

Vit Is

0.225,-0.15,0.45,-0.525
( ) (0.3.-0.7,0.6,-0.3)

G
D(G) = (D,f (), DY (G), D! (G),D;V(G)) where

(0.4-0203.-0.7)

0.375+0.225+0.225+0.31
0.5+0.3+0.3+0.4

D7 (G) =2

/X

) =15,

—0.225-0.225-0.15-0.15
—0.3-0.3-0.2—0.2

D¥(G) =2

N

) =15,

DE(G) =2

N

0.3+0.45+0.45 +0.3)

=15,
0.4+0.6+0.6+0.4

—0.45-0.375—-0.525-0.525
DN(G) =2 ) =15.
14 —0.6—0.5-0.7—0.7

Thatis, D(G) = (1.5,1.5,1.5,1.5).

Let Hy = {vy,v;}, H, = {v1,v3}, Hs = {vy, v}, Hy =
{vy, v3}, Hs = {vy, v4}, He = {v3, 4}, H; = {v1,v5,v3}, Hg =
{v1,v3, 4}, Hy = {v1, 05, 4}, Hyg = {v5, 03,04}, Hyy =
{v{,v5,v3,v4,} be nonempty subgraphs of G. Density
(Dj’ (H), DY (H), DE (H), DY (H)) is
D(H,) = (1.5,1.5,1.5,1.5), D(H,)=1(0,0,0,0), D(H;) =
(1.5,1.5,1.5,1.5), D(H,) = (1.5,1.5,1.5,1.5),
D(Hs) = (0,0,0,0), D(Hy) = (1.51.6,1.5,1.5), D(H,) =
(1.5,1.5,1.5,1.5), D(Hg) = (1.5,1.5,1.5,1.5),
D(Hy) = (1.5,1.5,1.5,1.5), D(Hyo) = (1.5,1.5,1.5,1.5),
D(Hy;) = (1.5,1.5,1.5,1.5). Hence D(H) = D(G) for all
nonempty subgrap. Hence D(H) < D(G) for all subgraphs
H of G. So G is balanced IBFG. From the above graph it is
easy to see that uf(w,v) # (uf WA W)), 1 (w,v) #
(u @Vt () and  yi(wv) = (rf @V @),
¥Ywv) = (y @Ay (v)). Hence G is balanced but not
complete.

/N
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Corollary 4.7.
Every strong BIFG is balanced.
Theorem 4.8.

Let G = (V,E) be a self complementary BIFG.
Then D(G) = (1,1,1,1).

Theorem 4.9.

Let G = (V,E) be a strictly balanced BIFG and
G=(V,E) be its complement then D(G)+ D(G)=
(2,2,2,2).

Proof.

Let G = (V,E) be a strictly balanced BIFG and

G = (V,E) be its complement. Let H be a nonempty sub

graph of G, since G is strictly balanced D(G) = D(H) for
every H € Gandu,v € V.InG,

b, v) = (1 AL ) = uf () ------(1)
u wv) = (W @Vl @) - uY (@, v) - (2)
Y@, v) = (rf @V (@) = v (,v) ----(3)
W) = (¥ A @) = v8 (,v) - (4)
for every u,v € V.

Dividing (1) by (uf W Auf (v)) gives

AR
(1} oAb @)

ub (ww) _
(1} @t @)

Dividing (2) by (uff w)Vul (v)) gives

ud @)
(1 vl @)

n¥y)
(u'lv(u)VuQ'(V))

Dividing (3) by (yf (w)Vy{ (v)) gives

v
(rf wwf @)

viy)
(f wwf )

Dividing (4) by (y{' @) Ay{ (v)) gives

Waw . e
(el @) (¥ ol @)
Then
TP P
uy (u,v) ub )
_ Te 7 = 1 — e’
Zuver (1} o] ) Luvev D)

g e g e e
u,veV (#{v(u)vﬂlfl(”)) u,veV (H{V(u)\/ﬂ{v(v))
Plud) 7
D) r2 (W)
— =1 - TP Pr)
Yuvev (yf vr? (V)) Yuvev (le @yl (v))
Niuo) y
vy (W) vz Wv)
e =1 - T N. A N
Zu,vEV (y{v WA (v)) Zu,vEV (y{v Wy (v))
These implies
T )
2 ﬂz—_ = 2 —_ 2 2—;
Zu,vEV (Mf(u)/\lif(v)) Zu,vEV (Mf(u)/\ﬂf(v))
T N
) w5, PR
Zu,vEV (ullv(u)VullV(V)) Zu,vEV (uﬂv(u)Vﬂﬂv(V))'
P 7
2 ey B ooy daw
Zu,vEV (Vf (u)Vyf (1;)) Zu,vEV (Vip (u)Vyf (,;)) and
Y CTDNEPIP Sy’ 150
——— =2 TN AN ()
w,veEV (VlN(u)/\VlN(v)) w,veV (}/1 WAy, (U))

Therefore Df (G) = 2 — DS (G),

DY(G) =2-DY(6),

D} (G) =2-D;(G) and

DY (G) =2 - DY (6).
Now _
D(G) + D(G) =
(Df(6), DY (6), D} (6), D} (6))

+ (DL (G), DY (), D} (6), D} (&)

D(G) + D(G) =
(Dj’ (G) + DE(G), DY (G) + DY (G), DL (6) +
DyPCDYNG+DyNG=2,2,2,2.

Theorem 4.10.

The complement of strictly balanced BIFG is
strictly balanced.

Example 4.11.

Consider a BIFG, G = (V,E) such that
V ={vy,vy,v3,0s} and
E = {(Ulﬂ UZ)! (UZ! US)! (Ug, U4), (U_4r UI)L(EIJ U3), (U2r 174)}
and its complement G=W,E) such that
V ={v,vy,v3,v4} and
E = {(v1,v), (02, v3), (V3,14), (U4, 1), (v1, v3), (03, v4)}.
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(0.4,-0.3.0.6.-0.6) (0.3.-08.05-02) (04,03

(0.225,-0.24,045,-0.45)

s

v Va

(0.15,-0,24,0,525,-0.45)
[0.225,-0.16,0.375,-0.6)
(0.05,-0.06,0.175,-0.15)

v
Vi 40

(02050

(0.15.-0.16.0 525 .-0.6)

G

(02050704 (0.70.2.03.-08)

D(G) = (D,f(G),DN(G),D]’,’(G),DN(G)) = (1.5,1.6,1.5,1.5),
D(G) = (D,f(G‘),DN(G‘), DE(G), DY (G‘)) = (0.5,0.4,0.5,0.5).
Therefore
D(G) + D(G) = (DF(6), DY (6), D} (6), DY (6)) +
(Df (G, DY (G), D} (6), DY (6))
= (15+0.5,1.6 + 0.4,1.5 + 0.5,1.5 + 0.5,)
=(2,2,2,2).
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