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1. Introduction

The first definition of fuzzy graphs was proposed by Kafmann from the fuzzy relations introduced by
Zadeh. Although Rosenfeld introduced another elaborated definition, including fuzzy vertex and fuzzy
edges, and several fuzzy analogs of graph theoretic concepts such as paths, cycles, connectedness and
etc.. The concept of domination in fuzzy graphs was investigated by A. Somasundaram,S.
Somasundaram and A. Somasundaram present the concepts of independent domination, total
domination, connected domination of fuzzy graphs. C. Natarajan and S.K. Ayyaswamy introduce the
strong (weak) domination in fuzzy graph. The first definition of intuitionistic fuzzy graphs was
proposed by Atanassov. The concept of domination in intuitionistic fuzzy graphs was investigated by
R.parvathi and G.Thamizhendhi .

In this paper, we study efficient domination set using the concept degree of the vertex in intuitionistic
fuzzy graph .We define the efficient domination number y (G) of intuitionistic fuzzy graphs. Also we
disuse these efficient domination in various operations on intuitionistic fuzzy graphs like join, direct
product, semi product, Cartesian product and composition, further we explain the results with suitable
examples.
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2. Preliminaries
An intuitionistic fuzzy graph (IFG) is of the form G=(V,E), where V ={v{,v2,...,Vn} such that
1V —[01], »1:V —[0,1] denote the degree of membership and non-member ship of the element
Vi €V respectively and  0<z4(vj)+71(vj) <1 for every VjeV,(i=12,..n). EcV xV where
4oV xV —[0,1], and y2:V xV —[0,1] are such that

12 (Vi Vi) < (Vi) A (Vi) r2(vin V) < 71 (vi) v (vij)
and

OSyz(Vi,Vj)+J/2(Vi,Vj)S1.

An arc  (vj,vj) of an IFG G is called an strong arc if

2 (Vi Vi) =m i) Am (Vi) 720viVi) =r1(vi) v rivj)-
Let G =(V,E) be a IFG. Then the cardinality of G is defined to be
_Ip @+ (v) =71 (vi) 3+ 45 (vi, V) = 71(vi, V)

VeV VeV

+

]

Let G =(V,E) be a IFG. The vertex cardinality of G is defined to be

6= [(1+ ﬂl(Vi;—Vl(Vi ))]
veV

forall vjeV,(i=12,..n).
Let G =(V, E) be an IFG. An edge cardinality of G is defined to be

L+ u(vi,vj) - nvi.vj))

o= Xt PR

veV

forall (vj,vj)eV xV
An IFG, G = (V, E) is said to be strong IFG if 45 j = min (z4j, 412 ) and vy j =max (1yj,v2 ) forall
(vj ,Vj)e E.
An IFG, G = (V, E) is said to be a complete-u strong IFG if M2 j =min (zai, 12 §) and
v j <max(vij,v2j) forall i and j.
An IFG, G = (V, E) is said to be a complete-v strong IFG if sy <min(zj,upj) and
vp j =max(vyj,vj) foralliandj.
An IFG, G = (V, E) is said to be a complete IFG if 45 j =min (s, 42) and v j =max (vij,v2 )
forevery (vj,vj)eV.
A set D of V is said to be intuitionistic fuzzy dominating set of G if every V€V =D there exits

ueD sych that u dominates v.A fuzzy dominating set D of a fuzzy graph G is called minimal
intuitionistic fuzzy dominating set of G, if every nodeve D, D —{v}is not aintuitionistic fuzzy

dominating set.The fuzzy dominating number »¢(G) of the fuzzy graph G is the minimum
cardinality taken over all minimal intuitionistic fuzzy dominating set of G.
Let G(o, 1) be a fuzzy graph. A set D is subset of V is said to be efficient dominating set of

a intuitionistic fuzzy graph G if every veV —D there is exactly one ue D dominates v i.e
N(u) D ={v}.
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A efficient dominating set D of a intuitionistic fuzzy graph G is called minimal efficient
dominating set of G, if every subset of d is not a efficientintuitionistic fuzzy dominating set. i.e every

node ue D,D—{u}, is not an efficient intuitionistic fuzzy dominating set.

The efficient intuitionistic fuzzy dominating number 7, (G) of the intuitionistic fuzzy graph G is the
minimum cardinality taken over all minimal efficient intuitionistic fuzzy dominating set of G.

3. Main results

Definition 3.1 The join of two intuitionistic fuzzy graphs G,(V,, E,) and G, (V,, E,) are

denoted by G, + G, whose vertex and edge setis (V, +V,) and (E, + E,) respectively and it is
defined by

w(u)if ueV,
Ha (U) If UEV,

v, (u) if ueV,
v, (u) if ueVv,

(4 + #15))(U) = { (v +Vv,)(U) = {

and
w, (uv) if uve E v, (uv) if uve E;
(£, + i )(UV) =1 p1, (UV) if UV e E, (Vi +V)(Uv) =<v,,(uv) if uveE,
4, (U) A w1, (V) otherwise v, (U) v v,, (V) otherwise

Theorem 3.2 The intuitionistic fuzzy graphs G,(V,,E;)and G,(V,,E,) with efficient
dominating sets D, and D, respectively. Then V, or V, is the minimum covering of G,+G, .

Proof. Let G,(V,,E)and G,(V,,E,) be intuitionistic fuzzy graphs with efficient dominating sets
D, and D, respectively. Therefore every vertex in G,(V,,0;, ) and G,(V,,0,, i,) be dominated
by a vertex in D, and D, respectively. In G,+G, the edges of the forms

t,(uv) if uve E; v, (uv) if uveE
(thy + 5, )(UV) = pp (UV) if UV EE, (Vi +v)(UV) = vy, (UV) if uveE,
14,(U) A 14,, (V) otherwise v;, (U) v v,, (V) otherwise

The edges of the form uv e G,+G, if u eV, and v eV, are strong edges in G,+G, the end
vertices are belongs to V, andV, respectively. Therefore V, orV, efficiently dominates the vertices in
G,+G,. Hence proved.
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1(.4,.3) b(.5,.4) €(.3..6)

(4.4)
(2.5 (L4 (3.5 (:3-6)
/ (:3,.6)
(:2,4) ® (.3,.3)l
d(.2,.5) €(.3,.5) g(.5,.3) 1(.4,.2)
G(.E) G, (.E)
Example 3.3
(:4..3)
(-4..3)
(-2,.5) (.1,.4) 3o (-3..6)
(-2..6) (-3,.6)
(2..5) _§£ (:5,-4)
(:2,.4) (:3..5) (3
a(.2.:5 € (.35 g(.5,.3) 1(.4,.2)

(.3..5)
G+G,
From the above example the efficient dominating set of the intuitionistic fuzzy graphs G,(V,, E,) and
G,(V,,E,)are {a,c}and {e} respectively. The efficient dominating number of the intuitionistic
fuzzygraphs G,(V,,E,) and G,(V,,E,) are 0.95 and 0.35. The covering sets of the graph G,+G, is
{a,b,c,d}or{e, f,g}and the efficient dominating number is 1.55.

Definition 3.4 The direct product of two intuitionistic fuzzy graphs G,(V,,E;) and
G, (V,,E,) are denoted by G,*G, whose vertex is V, XV, and edge set is defined by
(#1325 (UV) = 14, (U) A 15, (V)
(Virov,)(UV) = vy, (U) v vy, (V)
and
(g0 14 ) (U ) (V, V5 ) = g, (U V) A gy (U,V,) T U, € B @nd ULy, € B,
(V12 2V )((U U, )(Vy V5 )) = v, (UV;) v v, (U,V,) if Uy, € E; and u,v, € E,

Theorem 3.5 The intuitionistic fuzzy graphs G,(V,,E;)and G,(V,, E,) with efficient
dominating sets D,andD, respectively. Then V,xD, or D,xV, is the minimum efficient
dominating set of G,+G, .

Proof. Let G,(V,E,)and G,(V,,E,) be intuitionistic fuzzy graphs with efficient dominating sets
D,and D, respectively. Therefore every vertex in G,(V,,E;)and G,(V,,E,)be dominated by a
vertex in D, and D, respectively. In G, G, the edges of the forms

(g2 10 )((ULUL ) (VL V,) = a1, (U V) A gy (ULV,)
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if uv, eE, and u,v, €E,. If the edges (uVv,)€E and (u,v,) € E, are both strong edges in
G,(V,,0,, 1) and G,(V,,0,, u,) therefore we get
(212 )((ULU, ) (VyV, ) = g (UpV) A 2, (U, V)
=0,(U) Aoy (Vi) Aoy (Uy) Aoy (Vy)
since (u,v,) € E; and (u,v,) € E, are both strong edges in G,(V,,0,, 1) and G,(V,,0,, i,)
(#1245 ) (UL, ) (ViV)) = 1, (UV) A 5 (U,V,)
= iy (Up) A i (Vi) A 1 (Up) A 1 (V)
=ty (Uy) A 1y (Up) A 1111 (Vi) A 1, (V)
= (g ® f1 (U, ) A (211 @ 1151) (V1Y)
(Vi V2 ) (U, ) (V1V,)) = vy, (UyV) v v, (U, V)
=3 (U) Vv (V) v v (Uy) vivy (V)
=31 (U) Vv, (Uy) vivy (Vi) vivy (V,)
= (1 @V, (U, v (Vg @ vy (V)
This implies (u,u,)(V,v,) € GG, are strong edges whose end vertices belong to
V,x D, or D, xV,. Therefore the edges of the form are efficiently dominated by the vertices in the
sets V;x D, or D, xV,. Hence proved.

Example 3.6 The direct product of intuitionistic fuzzy graphs G,(V,,E,) and G, (V,,E,) in
Figure 3.1

ag(.4,.3) bg(.S,A) cg-3,-5) ) 02(-2,-5)
GG,
From the above example the efficient dominating set of the intuitionistic fuzzy graphs G,(V,,E,) and
G,(V,,E,)are {a,cland {e} respectively. The efficient dominating number of the intuitionistic
fuzzy graphs G,(V,,E;)and G,(V,,E,) are 0.95 and 0.35. The covering sets of the graph G,+G, is
{ae, be, ce, de} or {ae, af, ag, ce, cf, cg}and the efficient dominating number is 1.35.
Definition 3.7 The semi product of two intuitionistic fuzzy graphs G,(V,,E;)and
G, (V,,E,) are denoted by G, © G, whose vertex is V, xV, and edge set is defined by
(1 O 10 )(UV) = 1, (U) A 2, (V)

(v OV, )(uv) = v, (U) v, (V)
and
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1 (U) A 5, (UV,) i Uy =V,
(14 © p15,)((UyU5) (V1 V,)) = i
Hao 22 192/\V1 V2 1, (U V) A a1y, (U,V,)if Uy, € E; and u,y, € E,

Vi (Uy) v vy, (UpV,) if Uy = vy
uu,)(v, v,)) = .
(2 OV22) (i) (v, Vo)) {VlZ (U, v v, (UV,)if uy, € E, and u,v, € E,
Theorem 3.8 The intuitionistic fuzzy graphs G,(V,,E)and G,(V,,E,) with efficient

dominating sets D,and D, respectively. Then V,x D, is the minimum efficient dominating set of
G, 0G,.

Proof. Let G,(V,,E,)and G,(V,, E,) be intuitionistic fuzzy graphs with efficient dominating sets
D, and D, respectively. Therefore every vertex in G, (V,, E;) and G, (V,, E,) be dominated by a
vertex in D, and D, respectively. In G, © G, the edges of the forms

1 (Up) A oy (U,V,) i Uy =y

My (UVL) A 1, (UV,) T Uy, € B andu,y, € B,

(/ulz © /uzz)((uluz)(vl VZ)) = {

Vi (Up) Vv vy, (U,V,) if Uy = v,
(2 OV ) (Uit ) M V) = {Vlz (UVv,) v vy, (U, )if uyv, € E andu,v, € E,
Case (i): (u,u,)(vv,)ifu, =v,and(u,v,)eE, If the edge (u,v,)eE, is strong edges in
G,(V,,0,,u,) therefore we get
(#12 © 1, )((UL U,)(VY,)) = a4, (Uy) A 1 (U,V)
= g (Uy) A 11 (Up) A 151 (V)
since (uU,v,) € E, isastrong edges in G, (V,,E,) .
(15 © ) )((U U, ) (ViV,)) = 41 (Uy) A 15 (U,V5)
= g (U) A iy, (Up) A 11 (V,)
= g (Up) A iy (Up) A gy (Uy) A 01 (V,)
= g (Uy) A 11 (Up) A 113 (Vi) A 15, (V)
Su =V,
= (1 O f50)(UU,) A (13 O ) (V1 V)
(Vi OV )((U; U,)(V,V,)) = vy (W) v vy, (U,V,)
= vy (U) Vv (Uy) vivy (V,)
=3 (U) Vv, (Uy) vivy (Up) vivy, (V)
= vy (Up) v vy (Uy) Vv (Vi) v v, (V)
SU =V,
= (11 OV )(UU,) v (i O V)V, V,)
This implies (u,u,)(v,v,) € G, ©G, if u, =v, and(u,v,) € E, are strong edges whose end vertices
belong to V,x D, . Since (u,V,) € E, is a strong edge such that u, € D, orv, € D,. Therefore the set
V,x D, is efficiently dominated the all other vertices in G, © G, .
Case (ii): If the edges (u,v,) € E, and (u,v,) € E, are both strong edges in G,(V,,o0,, 1) and
G,(V,,0,, u,) therefore we get
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(5 © 1 )((UyU,)(VV,) = i (UV;) A 1y (U,V,)
= py (Up) A 3 (V1) A 5, (U,) A 11 (V5)
(Via OV ) (U, ) (V) = v, (UVy) v vy, (U,Y,)
=V (W) Vv (V) Vv, (Up) vivy (V,)
since (u,v;) € E; and (u,v,) € E, are both strong edges in G,(V,,0,, 1) and G,(V,,0,, 1,)
(L7 © pp ) (UL, )(VyV,)) = 25 (UyVy) A ity (U,V, )
= 15 (Up) A gy (V) A iy (Ug) A g5 (V)
= 143 (Up) A 1ty (Up) A gy (Vi) A (V)
= (145 O 1) (UU,) A (g © £45,)(V,V,)
(Viy OV )(UU,)(V,)) = v, (U ) v vy, (U,V,)
=V (U) Vv (Vi) Vv, (Uy) vivy (V)
=V (U) vV vy (Uy) vivy (Vi) vivy (Vy)
= (v, Ovy)(U,) v (vy; O vy )(VyV,)
This implies (uu,)(v,V,) € G, ©G,are strong edges whose one end vertices belong to
V,;x D, . Therefore the edges of the form are efficiently dominated by the vertices in the sets V,x D, .

From case (i) and (ii) V,x D, is the minimum efficient dominating set of G, © G, . Hence proved.

Example 3.9 The semi product of intuitionistic fuzzy graphs G,(V,,E,) and G,(V,,E,) in
Figure 3.1

ae(.3,.6) 3. ce(.3,.6) dt:[.!...ﬁ]

af(.

ag(.4,.3) bg(..5,.4) cg(.3..5) dg(.2,.5)

GOG

Edges (ae)(bf) | (ae)(bg) | (af)(be) | (af)(bg) | (ag)(be) | (ag)(bf)
(1, O f1y) | 3 3 3 3 3 3

(VlZ @ VZZ) .6 .6 .6 A .6 4
Edges (ae)(bf) | (ae)(bg) | (af)(be) | (af)(bg) | (ag)(be) | (ag)(bf)
(i, O f1y) | 3 3 3 3 3 3
Edges (be)(cf) | (be)(cg) | (bf)(ce) | (bf)(cg) | (bg)(ce) | (bg)(cf)
(i © ) | 3 3 3 3 3 3
Edges (be)(df) | (be)(dg) | (bf)(de) | (bf)(dg) | (bg)(de) | (bg)(df)

812



(1, O 1) |1 1 1 1 1 1
(1, O 1) | 6 6 4 4 6 4
Edges (ce)(df) | (ce)(dg) | (cf)(de) | (cf)(dg) | (cg)(de) | (cg)(df)
(1, O 1) | 2 2 2 2 2 2
(1, O 1) | 6 4 4 6 4
Edges (ae)(af) | (af)(ag) | (ae)(ag) | (be)(bf) | (bf)(bg) | (be)(bg)
(1, O ) | 3 3 3 3 3 3
(1, O 1) | 6 3 6 6 4 6
Edges (ce)(cf) | (cf)(cg) | (ce)(cg) | (de)(df) | (df)(dg) | (de)(dg)
(1, O 1) | 3 3 3 3 3 3
(1, O 1) | 6 5 6 6 4 6

From the above example the efficient dominating set of the intuitionistic fuzzy graphs G,(V,, E,) and
G,(V,,E,)are {a,cland {e} respectively. The efficient dominating number of the intuitionistic

fuzzy graphs G,(V,,E,) and G,(V,, E,) are 0.95 and 0.35. The covering sets of the graph G, ©G, is
{ae, be, ce,de}and the efficient dominating number is 1.35.

Definition 3.10 The Cartesian product of two intuitionistic fuzzy graphs G,(V,, E,) and

G,(V,, E,) are denoted by G, xG, whose vertex is V, xV, and edge set is defined by
(1 X 10 )(UV) = g3, (U) A 1, (V)
(Vg X Vi )(UV) = v, (U) v vy (V)

and

(U A oy (UV,) I U =Y

(g % 155 ) ((ULU,)(V, V) = 45 (Uy) A 1, (U ) i U, =V,

0 otherwise

Vi (U) Vv, (Upv,) if up =V,

(Vg XV J(U U, )V, V,)) = vy (Uy) v vy, (U V) i U, =,

0 otherwise

Theorem 3.11 The intuitionistic fuzzy graphs G,(V,,E;)and G,(V,,E,) with efficient
dominating sets D,andD, respectively. Then V,xD, or D,xV, is the minimum efficient
dominating set of Gy xGy.

Proof. Let G,(V,,E,) and G,(V,,E,) be intuitionistic fuzzy graphs with efficient dominating sets
D,and D, respectively. Therefore every vertex in G,(V;,0,, ) and G,(V,,0,, 1,) be dominated
by a vertex in D, and D, respectively. In Gy x Go the edges of the forms
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£ (U A gy (UV,) I Uy =
(g X 55 ) ((ULU, ) (V1 V) = 0 (Uy) A 1, (U I U, =V,
0 otherwise

vy (Up) v vy, UV, ) if Uy = v,

(Vi XV (U UL )V, V,)) = vy (Uy) v vy, (U V) i U, =,

0 otherwise

Case (i): (U U)(MV2) g u,=v,and(u,v,) e E, If the edge (u,v,)€E,is strong edges in
G,(V,,0,, 1,) therefore we get
(12 X 15 )((U U, ) ViV, )) = 5 (Uy) A 14, (UV,)
= g (Up) A 5, (U) A 15, (V,)
(Via XV ) (U U, ) (ViV,)) = Vig (Uy) Vv vy (U,V,)
=V (U) vy, (Uy) Vv, (V,)
since (u,v,) € E, isastrong edges in G,(V,,0,, 1) .
(o % 15, )((U U, ) (ViV)) = 241, (Uy) A 115, (U, V)
= g (Uy) A 00 (Up) A 051 (V5)
= g (U) A g (Up) A gy (U) A 1 (V)
= 3 (U) A oy (Up) A gy (Vi) A 11,1(V,)
SU =V,
= (g % 1) (UU,) A (281 % 150) (Y, V)
(Va2 XV )((U; U, )(VY,)) = vy (Uy) v vy, (U,V,)
=i (U) v vy (Uy) Vv (V,)
=3 (Up) vV vy (Uy) Vv (Uy) Vv (V)
=3 (U) Vv, (Uy) Vv (Vi) viv,I(V,)
RATREATA
= (Vi XV )(UU,) v (v XV )(V, V)
This implies (uu,)(V,V,) € G, xG, if u, =v,and(u,v,) € E, are strong edges whose end
vertices belong toV,;xD, . Since (u,v,)€E, is a strong edge such that u, e D,orv, € D,.
Therefore the set V,x D, is efficiently dominated the all other vertices in G; xG» .
Case (ii): (uyu,)(vv,) ifu, =v,and(uyv,) € E, If the edge (u,v,)<E,is strong edges in
G,(V,, 0, 1,) therefore we get
(12 % 45 )((U U, )WV, )) = 20 (U ) A g, (UyV,)
=y (U) A 3 (Vi) A i (Uy)
(Viz XV )((U; Uy )(VV,)) = v (U,) v v, (UyV,)
=V (Uy) v vy (V) v vy (U)
since (u,v,) € E, is a strong edges in G,(V,, 0y, 14,) -

814



(o % 55 )((UL Uy ) ViV, )) = 0 (Uy) A 1, (Uy V)
= iy (U) A 13 (Vi) A 1, ()
= g (Uy) A g (Uy) A 153 (U;) A 15, (U)
= g (U) A g (Up) A 1y (V1) A 15 (V,)
Sl =V,
= (g ¥ 1) (UyU) A (pt1g X f150)(V, V)
(Viz XV ) (U U, ) (V1Y) = v, (Uy) v v, (U V)
= vy, (U) v vy (Vi) Vv (Uy)
= vy, (Up) Vv, (Uy) vivy (U) viv, (U,)
= vy (U) Vv, (U) Vv (Vi) viv, (V)
Sl =V,
= (Vg X Vor (U, ) v (Vi XV )(V, V)
This implies (u,u,)(v,v,) € G, xG, if u, =v, and (u,v,) € E, are strong edges whose end
vertices belong to D, xV, . Since (u,v,) € E, is a strong edge such that u, € D, orv, € D,. Therefore
the set D, xV, is efficiently dominated the all other vertices in Gy xGo .

Example 3.12 The Cartesian product of intuitionistic fuzzy graphs G,(V,, E,) and
G,(V,,E,) in Figure.

2€(.3..6) be(.3,.6 ce(.3,.6) de(:2..6)
af(4,83) bi(4,.4 cf(.3..5) df(.2,.5
ag(-4,.3) bg(:s..-l} cg(.3..5) dg(.2..5)
G =G,
Edges (ae)(af) | (af)(ag) | (ae)(ag) | (be)(bf) | (bf)(bg) | (be)(bg)
(1 X fy) 3 3 3 3 3 3
(v, XV,,) .6 3 .6 .6 4 .6
Edges (ce)(cf) | (cf)(cg) | (ce)(cq) | (de)(df) | (df)(dg) | (de)(dg)
(1 X fyy) 3 3 3 3 3 3
(v, XV,,) .6 5 .6 .6 4 .6
Edges (ae)(be) | (be)(ce) | (ce)(de) | (ae)(de) | (be)(de) | (af) (bf)
(1 X fy) 3 3 3 3 3 A4
(v, XV,,) .6 .6 .6 .6 .6 A4
Edges (bf)(cf) | (cf)(df) | (af)(df) | (bf)(df) | (ag)(bg) | (bg)(cg)
(1 X fy,) 3 2 2 1 A4 3

815



(v, XV,,) |5 4 5 4 4 5
Edges (cg)(dg) | (ag)(dg) | (bg)(dg)

(£ % pp) | 2 2 1

(v, xVy) | 4 5 4

From the above example the efficient dominating set of the intuitionistic fuzzy graphs G, (V,, E,) and
G,(V,,E,)are {a,c}and {e} respectively. The efficient dominating number of the intuitionistic
fuzzy graphs G,(V,,E,)and G,(V,,E,) are 0.95 and 0.35. The covering sets of the graph G, xG, is
{ae,be, ce, de} or{ae, af, ag, ce, cf, cg}and the efficient dominating number is 1.35.

Definition 3.13  The Composition of two intuitionistic fuzzy graphs G,(V,,E,)and
G, (V,,E,) are denoted by G, oG, whose vertex is V, xV, and edge set is defined by
(4 © 11 )(UV) = 11, (U) A 115 (V)

(Vg 0v,)(UV) = vy, (U) v vy (V)
and

iy (Up) A, (U,V,) i U =y
(g © 155 ) ((UUL)(Vy V) = gy (Uy) A g, (UVy) iF U, =,
o1 (Up) A 11 (V) A 13, (UpV;) Otherwise
Vg (Uy) v vy, (Uyv,) if Uy = v,
(Vip 2V J(UyU,)(V1 V,) = (v (U) Vv, () if U, = v,
Vv, (U,) v v, (V,) v, (uy,) otherwise

Theorem 3.14 The intuitionistic fuzzy graphs G,(V,,0;,44) and G,(V,,0,,1,) with
efficient dominating sets D, and D, respectively. Then V,x D, or D, xV, is the minimum efficient

dominating set of G, oG, .

Proof. Let G,(V,, 0, 1) and G,(V,,0,, 1,) be intuitionistic fuzzy graphs with efficient dominating
sets D, and D, respectively. Therefore every vertex in G, (V;,0;, ) and G,(V,,0,, 1,) be
dominated by a vertex in D, and D, respectively. In G, o G, the edges of the forms (i). (u, u, )(V,v,)
if u, =v,and(uv,) € E,
(i) (u,u,)(v,v,) if u, =v,and(uv,) € E
(iiiy (uv,) € E; and(u,v,) € E
Case (i): (u,u,)(vv,)ifu =v,and(uy,)eE, If the edge (u,v,)eE,is strong edges in
G,(V,,0,, u,) therefore we get
(£ 145 )((U U, )WV, ) = 21 (U) A 15, (U,V,)
= g (Uy) A 10 (Up) A 15, (V,)
(Va2 0V )((Uy U, ) (Vi) = vy (Uy) v vy, (U,V,)
=V (U) vy (Uy) vivy (v,)
since (u,v,) € E, isastrong edgesin G,(V,,0,, 1,).
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(£ © 15, )((UL U, ) (ViV)) = 81, (Uy) A 25, (U, V)
= g (Up) A 5y (Up) A 11 (V)
= g (Up) A g (Up) A gy (U) A 51 (V)
= 3 (U) A oy (Up) Aty (V1) A 15 (V,)
SU =V,
= (i © 1) (UU,) A (i © 15 ) (V1 V)
(Viz 0V )((U; U, )(VY,)) = v (Uy) v v, (U,V,)
= V3, (U) v vy, (Uy) Vv, (V,)
=3 (Up) v vy (Uy) v vy (Uy) Vv (V)
=y (U) Vv (U) Vv (Vi) viv, (V)
RATRESTA
= (Vi 0V )(Uil,) v (V5 05, )(V, V)
This implies (u,u,)(v,v,) € G, oG, if u, =v, and(u,v,) € E, are strong edges whose end
vertices belong toV,xD, . Since (u,v,)€E, is a strong edge such that u, € D,orv, € D,.
Therefore the set V;x D, is efficiently dominated the all other vertices in G, G, .
Case (ii): (uyuy)(vyv,)ifu,=v,and(uyv,) € E If the edge (u\,)eEis strong edges in
G,(V,, 0, i,) therefore we get
(£12 X 110 ) (U3 U, )(ViV,)) = ity (Uy) A 111, (UV,)
= g (U) A 3 (Vi) A i (Uy)
(Viz XV, )((Uy Uy )(ViV,)) = vy (U,) v v, (W)
= vy (U) vy (Vi) vivy, (U,)
since (u,v,) € E, is a strong edges in G,(V,, 0y, 14,) -
(£ © 110)((UL U, ) (ViV,)) = oy (Uy) A 1, (UyV;)
=ty (U) A 3 (V,) A 15, (U)
= g (Up) A iy (Up) A g (U) A 0y (U)
=ty (Uy) A gy (Uy) A g3 (Vi) A (V)
SUy =V,
= (415 © 145 ) (UU,) A (5 © 115 ) (V1 V)
(Vi 0 v)((U; U, )(V,V,)) = vy (U,) v v, (UV,)
= vy (U) v vy (Vi) Vv (Uy)
=3, (U) Vv, (Uy) vivy (U) viv, (U,)
=33 (U) v vy (Uy) v vy (Vi) v vy (V)
SUy =V,
= (V12 0v)(UiU,) v (Vi 0V, )(V, V)
This implies (uu,)(v,v,) € G, oG, ifu, =v,and(u\,) € E, are strong edges whose end
vertices belong to D, xV, . Since (u,v,) € E, is a strong edge such that u, € D, orv, € D,. Therefore

the set D, xV, is efficiently dominated the all other vertices in G, oG, .
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Case (iii): If the edges (u,v,) € E, and (u,v,) € E; are both strong edges in G,(V,,0;, 44,) therefore
we get

(413 0 1o ) ((UU, ) (VyV5)) = g (Uy) A g (V) A 11, (UyV;)
= 1ty (Uy) A 1ty (V) A 1y (Up) A 1 (V)
(Vi 0V )(UyU, ) (V1V,)) = vy (Uy) v vy (V) v v, (UpVy)
= 1, (U) Vv 1y, (V) v 15 (Uy) V 1 (V)
since (u,v,) € E, are both strong edges in G,(V,,0,, 1) -
(41 © 3 )((UU, ) (ViV5)) = g (Uy) A g (V) A 1, (UyV;)
= 14y (Up) A 2ty (V) A 1y (Up) A 1 (V)
= (45 © a0 )(UyU, ) A (835 © 1) (V1 V)
(Vg 0V (U, ) (VV5)) = vy (Uy) v vy (V) v vy, (UyV, )
=V, (U) vy (V) Vv, (Uy) vivy (Vs,)
= (V12 0V )(UU,) v (Vi 015, ) (VyV,)
This implies (u,u,)(v,V,) € G, oG, are strong edges whose one end vertices belong to
D, xV, . Therefore the edges of the form are efficiently dominated by the vertices in the sets D, xV, .
From case (i) , (ii) and (ii) V;xD, or D,xV, is the minimum efficient dominating set of
G, oG, . Hence proved.

Example 3.15 The Cartesian product of the intuitionistic fuzzy graphs G, (V,, E,) and
G, (V,,E,) in following Figure

ae(.3,.6) _r___ﬂ,_.-f—" bel.3,.6 cel.3,.6) de(.2,.6)
af(.4.5 f(.2..5
L
ag(.4,.3) Dg[:Sy-l} cg(.3,.5) dg(.2,.5)
G G,

Edges (ae)(af) | (af)(ag) | (ae)(ag) | (be)(bf) | (bf)(bg) | (be)(bg)
(14, © i) 3 3 3 3 3 3
(Vi ©Vyp) .6 3 .6 6 4 .6
Edges (ce)(cf) | (cf)(cg) | (ce)(cg) | (de)(df) | (df)(dg) | (de)(dg)
(14, © i) 3 3 3 3 3 3
(Vi ©Vyp) .6 5 .6 6 4 .6
Edges (ae)(be) | (be)(ce) | (ce)(de) | (ae)(de) | (be)(de) | (af) (bf)
(14, © i) 3 3 3 3 3 4
(Vi ©Vy) .6 .6 .6 .6 .6 A4
Edges (bf)(cf) | (cf)(df) | (af)(df) | (bf)(df) | (ag)(bg) | (bg)(cg)
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(:U12 ozuzz) 3 2 2 A A4 3

(v oVy) | 5 4 5 4 4 5
Edges (cg)(dg) | (ag)(dg) | (bg)(dg) | (ae)(bf) | (ae)(bg) | (ae)(df)
(1“12 Oﬂzz) 2 2 A 3 3 2
(Vgvy) | A 5 4 6 6 6
Edges (ae)(dg) | (af)(be) | (af)(bg) | (af)(de) | (af)(dg) | (ag)(be)
(1“12 Oﬂzz) 2 3 4 2 2 3
(viyov,y) | © 6 4 6 5 6
Edges (ag)(bf) | (ag)(de) | (ag)(df) | (be)(cf) | (be)(cg) | (be)(df)
(:U12 oluzz) A4 2 5 ] ] A

Ve ov,) | 2 6 5 6 6 6
Edges (be)(dg) | (bf)(ce) | (bf)(cg) | (bf)(de) | (bf)(dg) | (bg)(ce)
(:U12 oluzz) 3 ] 3 A A 3

(v, oVyy) | B 6 5 6 4 6
Edges (bg)(cf) | (bg)(de) | (bg)(df) | (ce)(df) | (ce)(dg) | (cf)(de)
(/ulzoluzz) 3 A A 2 2 2

(v oVyy) | 5 6 4 6 6 6
Edges (cf)(dg) | (cg)(de) | (cg)(df)

(#4 © 1) 2 2 2

(V12 o V22) .6 .6 4

From the above example the efficient dominating set of the intuitionistic fuzzy graphs G,(V,, E,) and
G,(V,,E,)are {a,cland {e} respectively. The efficient dominating number of the intuitionistic
fuzzy graphs G,(V,,E;)and G,(V,,E,) are 0.95 and 0.35. The covering sets of the graph G, oG, is
{ae,be, ce, de} or{ae, af,ag, ce, cf, cg}and the efficient dominating number is 1.35.

4, Conclusion

In this paper, we study efficient domination set using the concept degree of the vertex in fuzzy graph.
We define the efficient domination number y (G) of intuitionistic fuzzy graphs. Also we disuse these
efficient domination in various operations on fuzzy graphs like join, direct product, semi product,
Cartesian product and composition, Also we explain the results with suitable examples. Further we
study the efficient domination in intuitionistic fuzzy graphs.
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