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1. Introductionand definition

Akramintroduced the notion of BFG in 2011,

anddeliberated the notion of isomorphism of BFG, and

studyseveralsignificant properties. Further, he presented the

concept of strong BFG and study their characteristics. Samanta

and Pal deliberatebipolar fuzzy hyper graphs and irregular BFG.

463



DOMINATING CRITICAL IN BIPOLAR FUZZY GRAPHS PJAEE, 17 (12) (2020)

Again, Akram et al. examinedregular BFG, metric in BFG.
Akramdemarcated different operations on BFG. He also
presented that the automorphism property of BFG.

A Dbipolar fuzzy graph

(BFG) is of the form G = (V,E) whereV ={Vv,,V,,...v,} such
that " : X —[0,1]and 4, : X —[-1, 0], E =V xV where
i,V xV —[0,1]and , :V xV —[-1, 0] Such that
/Uzij+ = ﬂ2+(ViVj) <min(es” (Vi) 4" (v;)) and
,Uzij_ = /Uz_(vivj) = max(sy (Vi) 4y (Vj ) for all (vi,vy) e E
A BFG,G = (V,E)is
called strong BFG if w2, (V, V)= min(e, " (V) 1" (v;))and
H, (v, an) =max(zy (V). 1y (Vj)) for all (v;,v;) €E.
ABFGG = (V,E)is
called complete if ," (v;,v;) =min(z, " (v;), &, (v;)) and
ty (Vi vy) =max(ey (Vi) (v5)) forall (v,,v,)ev..
LetG=(V,E)bea

BFG. Then the vertex cardinality of G(V, E) is defined by

[\/|=ZF+“1+(V‘)+”Z(V1)} forall v,eV.

2

VeV

Thesum cardinality of
all the vertices inBFGis called the order of BFG and it is denoted

by O(G) ’O(G) _ Z|:1+ /u1+ (Vi) + lu{ (Vi):l

2

The degree of a vertex
V in a BFG, G(V,E)is defined to be sum of the cardinality of

strong arcs incident at Vv .It is denoted by dg(v). The

minimum degree of BFG isd(G)=min{d(v)/veV}The
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maximum degree of BFGis A(G) = max{d (v)/veV}.

A vertex U be a vertex
in BFG, G(V, E) then
N(u) ={v, veV and(u, v)isastrongarcin G} is called
neighborhood of Uin G.

A vertex ueVof a

BFG, G(V,E)is said to be isolated vertex if
@, (u,v)=0and w, (u,v)=0 forallveV,u=v. That is
N(u) =0. Thus an isolated vertex does not dominate any other

vertex of G .
In a BFG,G(V,E). Let

u,veV, we say that Udominates V in G if there exists a strong
edge between them.A subset S of V is called dominating set in
G(V,E) if for everyveV —S, there exist ue Ssuch thatu
dominates V.Adominating set S of a BFG,G(V, E) is said to be
minimal dominating set if no proper subset of S is a dominating
set. The Minimum cardinality among all minimal dominating set
is called the domination number of G and is denoted by 7, (G).
In this paper, we
presented an idea of dominating critical in BFG. Further

investigate the properties of dominating critical in different
types of BFG.

2. DOMINATING CRITICAL ONBFG
In this segment, the
definition of dominating critical is presented and investigates
the properties of dominating critical in different types of BFG.
Definition 2.1. In a BFGG(V,E), the set of all

vertices V° = {u‘ybf (G—-u) =y, (G)} is called a null dominating
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critical in G(V,E).The set of all vertices
V= {u‘ybf (G—-u)>yy (G)},is called a positive dominating
critical in G(V,E).The set of all vertices
V™ = { u ‘ 7o (G —U) < 7y (G)} is called a negative dominating

critical in G(V,E).
Remarks: In BFG graphs G(V,E) the vertex set
V=VluVvruv-
Theorem 2.1: Ina complete BFG,G(V,E). D is a
dominating set of G(V,E). Then
(i) D=V~
i) V-D=V°
Proof: (i). In a complete BFG,G(V,E). D is a
dominating set of G(V,E). Therefore D={v}, v is the vertex
having the minimum cardinality in G(V, E) . This implies we get
<G-v>is also a complete BFG and the cardinality of all the
vertices u eV —{v}is greater than cardinality of the vertex v e D
.Since Dis a y,; setof G(V,E). Therefore y, (G—-V) >y, (G)
. This implieswe get D=V ".
(ii).Let u ¢ D,the sub graph <G —u >is also a complete
BFG. Therefore D={v}, v is the vertex having the minimum
cardinality in G(V, E). This implies y,, (G —u) =y, (G), every
vertex U ¢ Dis an element of V°. This impliesV —D=V°.
Example 2.1
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A(.3,-.9) B(.5.-.2)
(-3, -.4) (-4,-.2)
(-5,--2)
D(.5, -.4) L(-‘L - ) me—

C( .4, -.6)
Figure 2.1: G(V, E) Complete BFG

In the Complete BFG, G(V, E), degree of the vertices are
|a| = 0.45,|b| = 0.65,|c| = 0.4and [d|=0.55. The null dominating
critical V° ={a,b,d} and positive dominating critical V* ={c}.

Theorem 2.2: Ina BFGG(V,E)if d(v)=A(G) . Then
veV™.

Proof:iln a BFGG(V,E) , if d (v)=A,(G) . This
implies ve D, Dis a y,; (G) set of G(V,E). Note that D —vis
not a dominating set of G(V,E). There are some vertices
u, € N(v),i=12,...n not dominated by the set D —v. Therefore
(D-Vv)Y{u,},i=12..nis a dominating set of <G—-v>. This
implies y,,(G—-V) >y, (G),weget veV ™.

Theorem 2.3: In a BFGG(V,E) , D is a y, set of
G(V,E).Then DcV™,

Proof:ln a BFGG(V,E) , D is a y, set of G(V,E).

This implies D—{v}is not a dominating set of G(V,E). There
exist some vertex u in BFG <G —v >is not dominated by the set

D —{v}. There is a vertex weV is adjacent to a vertex u such

that (D —{v})u{w}is a minimal dominating set of <G-v>.
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Clearly 7, (G—-V)>y,(G) this suggests every vertex ve D
belongsto V™.

Theorem 2.4: Let veVis an isolated vertex in a BFG
G(V,E).ThenveV"™.

Proof: Let v eV is an isolated vertex in a BFGG(V,E).
Therefore v eV is a vertex dominating itself such that ve D, D
isa y, set of G(V,E). This implies D —{v}is dominating set of
a sub graph <G—{v}>. Clearly we gety, (G—-u) <y, (G) .
Therefore the vertex veV ™.

Example.2.2

a(.3, -.4) b(.5, -.3)
e (-3,-.3) [

N

(_3,__4] [.3.-.2:} (.4.-.1) /l‘.‘[-l,. _5".
\ (:2,-.1)
(.4,-.2) /

o
€4, 4) d(.5,-.2)

Figure 2.2: BFGG(V,E)
In the BFGG(V,E), neighbourhood degree of the

vertices are
d, (@) =175,d,(b)=0.45.d,(c)=0.,d,(d) =0.45d, (e) =45.
The minimal dominating set D={a,c}. The null dominating
critical V° ={b,d,e}, positive dominating critical V* ={a,c}
negative dominating critical V~ ={c}.

Definition 2.2:  Let

A=(u,  p, )and A= (,UA;,,UAZ_) be bipolar fuzzy subsets of V,

andV,. Let B,=(uy " 5 )andB,=(us " 115, ) be bipolar fuzzy

subsets of E,and E,respectively. Then we denote the union of
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two bipolar fuzzy graphs G, and G, of the graphs G, and G,
by G, UG, =(A UA,,B, UB,)and defined as follows
(,uAlJr Ull'lAQ+)(X) = ﬂA1+(X) if xeV,-V,
(ag " Oy, )X) =, () if XV, -V,
(p Yy YX)=p, () if xeV, -V,
(p Dpp YX)=p, (X) if xeV, -V,

(/UB1 UﬂBZ+)(Xy) = IUBZ+(Xy) if xyeE,-E,

{(u% Ut ) (XY) = 1" (xy) if xy € E, —E,
Uty ) () = g, (xy) if xy e E, ~E,
(uBl U g, )(XY) = g, (xy) if XyeE, -F,
Theorem 2.5: Let (G,uUG,)is a union of two BFG

G, (V,E)and G,(V,,E,). The sets D,and D,are y
dominating of sets of G,(A,B))and G,(A,,B,). Then
D,uD,eV" and (D,uD,)eV°.

Proof:Let (G,uG,)is a wunion of two BFG
G, (V,E) and G,(V,,E,). The sets D,and D,are y
dominating of sets of G,(A,B,) and G,(A,,B,). Clearly by the
definition of union D,uUD,is they, dominating of sets of
(G, UG,). Using  theorem 3.3, D,uD, eV'and

{(V, -V,)— (D, uD,)}eV°. Hence proved
Example 2.3.
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a(.3,-4) b{.5, -3) €(5,--3)
(3 -3; -]
(3,-4) <--‘~3>\(“--” (-2.-.3) (:2,-3)
. -i-'-z ‘_ —
Cldnyy d(.5,-2) P e GRS f("z,_“‘)
Gy(A4,, By G,(4;.By)
Figure 2.3
a(.3, -.4) b5, -3) #5-3)
l\:..l. J3) ] e
(.3,~.4) ”R“ -1) (-3.-.3) {.2.-.3)
L] i L 0 R —
€ (4. 4) (e a(.5,.2) 2(-3.-4) h 5 i(.2,-4)
(G, v Gy)
Figure 2.4

In Figure 3.3, the dominating sets of the BFG’s
G(A,By) and G,(A,,B,) are D, ={a,cland D, ={e} . The
domination  number  of = Gy(Ay,B;) and G,(A,,B,)are
7(G,)=0.66,.In G, +G,, V' ={a,c,e} and {b,d, f,g}eV°.

Definition 2.3: Let
A =(uy 1y, )aNdA, =(u, ", u, )be bipolar fuzzy subsets of
V, and V,in whichV;nV,=¢ and let B, =(uy" 1y )and
B, =(us, . 115, ) be bipolar fuzzy subsets of V; xV, and V, xV,
respectively. Then we denote the join of two BFGG, and G, by

G, +G,=(A +A,, B, +B,)and defined as follows
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(eep " + a0, )X) = max(u, " (%), 225" (X))
{(M 12, )00 =min(u,, (X), 1, (X)) if xeV, LV,
{(u; + g, ") (Xy) = max(ug " (XY), pg," (XY))

(g, +ptg, )XY) = min(ug " (xy), e, (xy)) if xy € E, NE,
{(ysf + 15, )XY) = min(ueg " (X), g, " (¥))

(e, +He, YY) = max(ug  (X), pg, () if xyeE,

Where Ell Is the set of all edges joining the nodes of V, and and V,.

Theorem 2.5: Let (G, +G,)is a join of two BFG
G,(V,,E)) and G,(V,,E,). The sets D, and D, are dominating of
sets of G,(A,,B,) and G,(A,,B,).
i) If D, |<|D,| , D,eV*,D, eV°
i)  1f|D,|<|D], D,eV*, D, eV°
Proof:Let (G, +G,) s a join of two BFG G, (V,,E,) and
G,(V,,E,). The sets D,and D,are dominating of sets of
G,(V,E) and G,(V,,E,).
). Assume |D,|<|D,| . Every vertex veV,such that
there exist a vertex U € D, such that u dominates v. since D, is a
minimal dominating set of G,(V,,E;) . By the definition of
(G, +G,), there is a strong edge between vertices in D, and V, .
clearly D, is the minimal dominating set of (G, +G,)since
ID,|<|D,| . In the bipolar fuzzy sub graph, <G-u>, here
u € D,. Therefore there is some vertex v eV, is not dominated by
D, . This implies (D, —u)w{v}is a dominating set of (G, +G,).
Hence we get #(G—u)<y(G)here G=(G,+G,), D,eV ".In the

bipolar fuzzy sub graph, <G —u >, hereu € D,. Note that every
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vertex is dominated by D,. This implies 7(G—u)=y(G), hence
we get D, eV°.

ii).  Assume |D,|<|D,|. Every vertex v eV,such that
there exist a vertex u € D, such that u dominates v. since D, isa
7y Set of G,(V,, E,) . By the definition of (G, +G,), there is a
strong edge between vertices in D, and V,. clearly D, is the y
setof (G, +G,)since |D, |<|Dy| . In the bipolar fuzzy sub graph,
<G —u >, hereu € D,. Therefore there is some vertex VeV, is
not dominated by D,. This implies (D, —u) U{v}is a dominating
set of (G,+G,). In G=(G,+G,)we get y(G—u)< 7(G),
therefore D, eV ".In the bipolar fuzzy sub graph, <G-u>,
here u € D,. Note that every vertex in <G —u > is dominated by
D, . This implies 7(G —u)=#(G), Hence we get D, V°.

Example 2.3.

The join of graphs G;(A;,B;) and G, (Ay,By)in the
figure 3.3 is represented in the figure 3.5

PJAEE, 17 (12) (2020)

(3,-.3)
a(.3,-4 o h{_s...a} (5.-3) e(.5,-.3)
(2,-.4) (2 e 4
(3.-.4) (.3..2) (4 .. 3.3 2..3)
(4-3) (343D \
(. 1, .3
(3,;2’)—'4) : i(.2,-4)

Figure 2.5
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In Figure 3.3, the dominating sets of the BFG’s
Gy(A,By) and G,(A,,B,) are D, ={a,cland D, ={e} . The
domination  number of = Gy(A(,Bp) and G, (Ay,By)are

7(G,)=0.66, : In G, +G,, V* ={e} and
{b,d, f,g}eV {acteV’.
Conclusion

Further we promote the dominating critical idea to
split dominating set, and connected dominating set in bipolar
fuzzy graphs and investigate theproperties of dominating critical
in BFG.
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