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an intuitionistic  fuzzy graphs. We determine the
domination numbers s, s JJsc . Jsc @nd the total
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I.LINTRODUCTION

The study of domination set in graphs was
begun by ore and Berge. The connected domination
number was first introduced by E.Sampathkumar and
H.B.Walikar[8] Rosenfield[6] introduced the notion of
fuzzy graph and several fuzzy analogs of graph
theoretic concepts such as path, cycles and
connectedness. A Somasundram and
S.Somasundaram[10] discussed domination in fuzzy
graphs. K.T. Atanassov[1] initiated the concept of
intuitionistic fuzzy relations and intuitionitic fuzzy
graphs. R.Parvathi and M.G. Karunambigai[6] gave a
definition of IFG as a special case of IFGS defined by
K.T Atanassov and A.Shannon. R.Parvathi and
G.Thamizhendhi[7] was introduced dominating set
and domination number in IFGS. In this paper, we
discuss some new kinds of connected domination
number of an intuitionstic fuzzy graphs and obtain the
relationship with other known parameters of an IFG
G.

Il. PRELIMINARIES
Definition :2.1
An Intuitionistic Fuzzy Graph (IFG) is of the

form G =(V, E) where
(i) V=4V, V,, ..., Vp}suchthat o; : V — [0, 1]
and o, .V — [0, 1] denote the degree of

membership and non-membership of the element
vie V respectively and 0 <01 (V) + o5 (v)
<1, for every vie V
(ii) Ec VXV where
VXV — [0, 1] and p, : V XV — [0, 1] are
such that
Ha (Viv VJ) < min {Gl(vi)v Gl(vj)}
Hz (Vi V) < max {o2(Vi), o2(V))}
ando SH]_(Vi, VJ) + HZ(Vil VJ) <1
for every (v;, vj))e E.

Note : when py;; = ;=0 for some i and j then there is
no edge between v; and v; otherwise there exits an
edge between v; and v;.

Definition : 2.2

An IFG H = (V' E") is said to be an IF
subgraph (IFSG) of G = (V, E) if V'c E and E' c E.
That is of; <oy} 0% > 0 and kg <y ; ;> iy, for

everyi=1,2....n

Definition : 2.3

The intuitionistic fuzzy subgraph H = (V', E')
is said to be a spanning fuzzy subgraph of an IFG G =
(V, E) if o] (U)=0;(u) and o} (u) =o,(u) for all u
e V' and pi(u,v)<p, (u,v) and p(u,v) > p,(u,v)
foralluve V.

Definition :2.4
Let G = (V, E) be an IFG. Then the vertex
cardinality of G is defined by

PV X %(Hcsl(vl)—c2 (v,)) for all v; e V
Viev

Definition :2.5
Let G = (V, E) be an IFG. Then the edge
cardinality of E is defined by

ISSN: 2249-2593

http://www.ijcotjournal.org

Page 22




International Journal of Computer & Organization Trends (IJCOT) —Volume 6 Issue 1- January to February 2016

q4EE ¥ %(1+p1(vi,vj)—pz(vi,vj)) forall(v,v,)eE

ViV eE

Definition :2.6
Let G = (V, E) be an IFG. Then the
cardinality of G is defined to be |G| =|V| + |E| =p +q

Definition :2.7

The number of vertices is called the order of
an IFG and is denoted by O(G). The number of edge is
called size of IFG and is denoted by S(G).

Definition :2.8

The vertices v; and v; are said to the
neighbors in IFG either one of the following
conditions hold

(M) pa (Vi Vi) > 0, pa (i, vj) > 0

(i) pa (Vi, Vi) =0, pa (vi, vj) >0

(iii) ue (Vi V) >0, we (vi, vj) =0, v, vje

Vv

Definition :2.9
A path in an IFG is a sequence of distinct

vertices Vi, Vo, ...v, such that either one of the
following conditions is satisfied.
(i) w (vi, vj) > 0, wp (vi, vj) > 0 for some i
and j
(ii) w (vi, vj) =0, wp (vi, vj) > 0 for some i
and j
(iii) w (vi, vj) > 0, wp (vi, vj) = 0 for some i
and j

Note :The length of the path P = vy, v,, ... vhe (N> 0)
isn

Definition :2.10
Two vertices that are joined by a path is
called connected.

Definition :2.11

An edge e=(x,y) of an IFG G = (V, E) is
called an effective edge if pu; (x, y) = min {o1(X),
o1(y)} and H (X, y) = max {o2(x), c2(Y)}-

Definition :2.12

An IFG G = (V, E) is said to be complete
IFG if Wajj = min {Glirclj} and Hojj = Max {GZi: sz} for
every v;, vje V.

Definition :2.13
The complement of an IFG, G = (V, E) is an

IFG, G =(\_/, E) , Where

(i) V=V
(i) G_li:Gliandc_Zi:GZi ,foralli=1,2,...n
(i) py;=min {Gli : Glj}—unj

(iv) Hojj = maX{GZi,sz}—pzij foralli=1,2, ...

n

Definition :2.14
An IFG, G = (V, E) is said to bipartite the
vertex set V can be partitioned into two non empty
sets V7 and V, such that
(I) 1 (Vi, Vj) =0 anduz (Vi, Vj) =0ify, Vje
Vi (or) Vi, Vj€ Vs,
(i) (v, Vj) > 0 and pp (v Vj)> 0 if
vieVsand vjeV, for some i and j or
1 (Vi, Vj) =0 and Ho (Vi, Vj) >0 if vieV,
and vjeV, for some i and jor
w (vi, vj) > 0 and p, (vi, vj) = 0 if vieV,
and vjeV,for some i and j

Definition :2.15
A bipartite IFG, G = (V, E) is said to be
complete if
w1 (Vi, Vi) = min {o1(vi), o1(vj)}
2 (Vi, Vi) = max {o2(Vi), o2(vy)}
forall vieV, and v;eV,.

It is denoted by K(

G162, WMo )

Definition :2.16

A vertex u € V of an IFG G = (V, E) is said
to be an isolated vertex if w; (u, v) =0and p, (u, v) =
0, for all v € V. That is N (u) = ¢. Thus an isolated
vertex does not dominate any other vertex in G.

Definition :2.17

LetG=(V,E)beanIFGon V. Letu, Vv € V,
we say that u dominate v in G if there exitsaeffective
edge between them.

Definition :2.18

Let G = (V, E) be an intuitionistic fuzzy
graph G on the vertex set V.Letx,yeV,

we say that x dominates y in G if

1 (X, y)=min{oy(x), oi(y)}andp(x,y)= max {c(x),
o,(Y)}.A subset D of V is called a dominating set in
IFG G if for every veV — D, there exists u € D such
that u dominates v.A dominating set D of an IFG is
said to be minimal dominating set if no proper subset
of D is a dominating set.

1. INTUITIONISTIC FUZZY CONNECTED
STRONG DOMINATION NUMBER

Definition :3.1

Let G = (V, E) be a IFG without isolated
vertices. A subset D, of V is said to be an
intuitionistic fuzzy connected strong domination set if
both induced subgraphs<D.> and <V-D.> are
connected. The intuitionistic fuzzy connected strong
domination number v,(G) is the minimum
intuitionistic fuzzy cardinality taken over all
connected strong dominating sets of G.
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Example :3.1.1
V,(0.2,0.3) V,(0.1, 0.5)
(0.1,0.5)
0.1,05
(0.1,0.3) ( )
(0.1,0.3)
V3(0.1,0.2) V,4(0.3, 0.3)
<D> and <V-D.> are connected
Yes(G) =0.75
Definition : 3.2

Let G = (V,E) be an IFG. A subset D¢ of V is said to
be an intuitionistic fuzzy total connected strong
domination set if

0] D¢ is connected strong dominating set

(ii) N[Dc] =V

The intuitionistic fuzzy total connected

strong domination number vys(G) is the minimum
intuitionistic fuzzy cardinality taken over all total
connected strong dominating sets in G.

Proposition 3.1
Yes(Pn)=Min{%(1+{p1-01(V1)-p2-c2(V1) },Y2{1+{ps-
Gl(Vn)' pZ'GZ(Vn)}}

Proposition 3.2
YCS(CH) = 1/2

{1+min{r§cl(vi),_nifcsl(vi),...,_ﬁj Gl(vi)} - max
{"g:cz(vi),gcz(vi),...,_:i_zcz(vi)

Proposition 3.3

Yes(Wn) = V2{1+04(V) - 02(V)}
Vv is the centre vertex = |vj|

Proposition 3.4

Yes(Kn) = Y2{1+G1(V) - o5(V)} ,
v is the vertex of minimum cardinality.

Proposition 3.5

Yos (Star) =
(1+01(v) - 52(v)
= |vi| + |vj| ,vi is a vertex adjacentwith all other vertices
and v; is the all pendent vertices of minimum
cardinality, except one pendent vertex has maximum
cardinality.

% (ltoy(v) - op(v) + %

Proposition 3.6

Vcs(Kcch,MmZ) = min {Ivll} + min {lvjl} where v; eV,
and vje V..
Where |v|= % (1+61(v)-05(V))

Proposition 3.7

Let G be the Peterson graph, (i) If all
intuitionistic fuzzy vertices having equal membership
and non-membership value then
Yes(G) = 5|Vvi|= 5/2 (1+61(vi) — (52(vi)), i=1t010
(ii)If an unequal intuitionistic fuzzy vertex cardinality
then,

Vs 5V4 10
1@ =minS1v 1, 5 v, I

Theorem 3.1
A connected strong dominating set D¢ of an
IFG is a minimal dominating set iff for each vertex d
€D, one of the following condition holds
i. N(d) "\Des= o
ii. There exist ¢ € V — D¢ such that
N(c)NDs = {d}

Proof :

Suppose that D is minimal and there exist a
vertex v €D such that v doesnot satisfy any one of
the above conditions. Then by condition (i) and (ii),D’
= D¢s — {v} is a dominating set of IFG G, This implies

that D’ is connected strong dominating set of G,
which is contradiction.
Theorem 3.2

For any IFG, G = (V,E),ys(G) < 1is(G) <
2y5(G)

Proof :Since every total connected strong dominating
set is a connected strong dominating set. Therefore
Tes(G) < v1es(G). Let Des be a connected strong
dominating set with finite vertices say {vi,Va,...,vo}.
For each v;eDg, choose one vertex ujeV-Dg such that
v; and u; are adjacent.

This is possible since G has no isolated
vertices. Now the set {vi,V,,...vy, Ug,Us,,...u,} is a total
connected strong dominating set of IFGG.

2 Yes(G) < Y1es(G)=2yes(G).
Example :3.2.1

V1 V2 V3 V4

Veé V5
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o1(vi) = 0.1, o,(v;)) = 0.1, for all vieV
},Ll(Vi,Vj) =0.1, uz(Vi,Vj) =0.1, forall (Vi,Vj)EE

D¢s = {V2,V3}, 7s = 0.5
Dyes = {V21V3}: Yics = 0.5
2 Yes (G) £ Yies (G) £ 2v65(G)

Theorem 3.3
If G = (V,E) is a connected intuitionistic
fuzzy graph, then,

Yes(G) < || '{%(1+G1(VI)702(V|))+%(1+01(VJ)762(VJ)}

=|v| - Ya
{2+(0,(v)) +0,(v ) ~(0,(v) +0,(v) |
Where v;,v; are the vertex having first two
maximum intuitionistic fuzzy cardinality among the
all vertices.

v V3 5
V7 8
V. V4 6
Theorem 3.4

If G = (V,E) is a fuzzy graph then

Vil < ves(G) < V] - |vil

i) 2|vi| < v(G) - |vil <|V|, viis the vertices
of intuitionistic fuzzy minimum cardinality.

Proof :
Let G = (V,E) be an IFG.
By definition of intuitionistic fuzzy dominating set,
V(G) < |V
Clearly v(G) < v5(G)
Suppose all fuzzy vertices are isolated then y(G) = |V,
clearly ye(G) < |V|.
Therefore, |vil <v,(G) when G is complete or not
~ Vil £ 7es(G) < [V - Vil

Theorem 3.5

If G = (V,E) is an intuitionistic fuzzy path, all
connected strong dominating set are minimal
dominating sets.

Proof : By theorem 2.5, G has exactly two
different connected strong dominating sets.

ie) D1:{V1,V2, .. -Vn-l}

D2={V2,V3, .. .Vn}

Obviously D;-{v;} is not a connected strong
dominating set, for all v;eD;.

Hence D; is a minimal connected strong
dominating set. Similarly for D,.

..Both D; and D, are minimal connected
strong dominating sets of an IFG.

Theorem 3.6

If G = (V, E) is an intuitionistic fuzzy path
then G has exactly two connected strong dominating
set.

Proof :

Let V = {v,v,,...v,} be an intuitionistic
fuzzy vertex set of G, by definition 3.1

Clearly D, = {Vl,Vz,...Vn.l} and D, =
{V,,vs,...v,} are the two intuitionistic fuzzy connected
strong dominating sets.

IV. INTUITIONISTIC FUZZY DISCONNECTED
STRONG DOMINATING NUMBER

Definition 4.1

Let G = (V, E) be an IFG without isolated
vertices. A subset Dy of V is said to be an intuitionstic
fuzzy disconnected strong dominating set if both
induced  subgraphs<Dgs> and <V-Dy4>  are
disconnected. The intuitionistic fuzzy disconnected
strong domination number y4(G) is the minimum
intuitionistic  fuzzy cardinality taken over all
disconnected strong dominating sets of G.

Example :4.1

Vi V3

(0.1, 0.1)vy

c1(vi) = 0.1, o,(v;) =0.1, for all v;ieV

pa(Vi,vy) = 0.1, po(vi,vy) = 0.1, for all (vi,v;) €E
Dds = {V7,V8}, V_ Dds = {V11V21V31V4!V5iv6}
<Dys> and<V-Dys> are disconnected.

Yas(G) =1
Proposition : 4.1
Yas(Pn) = EJ|VI| , Each v; having equal

intuitionistic fuzzy cardinality, n is the order of an
IFG.

Proposition : 4.2

Yas(Cr) = Ew |vil, each v; having equal
intuitionistic fuzzy cardinality, n > 4.
Proposition : 4.3

o (Keto) = min (19,1, 51,
Wherevie Viand vje V,.

Theorem 4.1
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For any IFG, G = (V,E)
V|- [E < 7s(G) < V[ - A

Proof : Let V be a vertex of an intuitionistic fuzzy
graph, such that dN(v) = Ajthen V/N(v) is a
dominating set of an intuitionistic fuzzy graph G.
So that yg(G) < [VIN(V)| = |V] - A
Definition : 4.2
Let G(V,E) be an IFG G, A subset Dy of V
is said to be an intuitionistic fuzzy total disconnected
strong dominating set if
i) Dygs is  disconnected
dominating set
ii) N[Dws] =V
The intuitionistic fuzzy total disconnected
strong dominating number yygs is the minimum
cardinality taken over all total disconnected strong
dominating set in G.

strong

V. INTUITIONISTIC FUZZY LEFT SEMI
CONNECTED DOMINATION NUMBER

Definition 5.1

Let G = (V,E) be an intuitionistic fuzzy graph
without isolated vertices. A subset Di,. of V is said to
be a fuzzy left semi connected strong dominating set if
the induced intuitionistic fuzzy subgraph<D> is
connected and induced intuitionistic  fuzzy
subgraph<V-Ds.> is disconnected.

The intuitionistic fuzzy left semi connected
domination number y(G) is the minimum
intuitionistic fuzzy cardinality taken overall left semi
connected dominating sets of G.

Example 5.1
(0.1,03)
. Vs (02,03)

(01,03 (0.1,03) (0.1,03)

(02,01) o 0102 ve (01,02)
(0.1,0.1) (01,02)
(01,0.4)
(0.2,0.4) vy (03,0.2)
(03,0.4)
Dy = {V11V4}’

<Dys> is connected
<V- D> is disconnected
YIsc(G) =10

Proposition 5.1
Yisc(Pn) = V] = (vl + [Val)

Proposition 5.2
TseWn) = 3y, all
intuitionistic fuzzy cardinality.

Vi’s having equal

Proposition 5.3

Tisc(star) = |vi|, where v; is the intuitionistic
fuzzy vertex having maximum effective degree.

Proposition 5.4
YISC(kGIGZ,pl,pZ) =
min
{i(ui)+min{| v,l,j=1ton} ,¥|v, [+min{|v, i =1tom)}
i=1 i=1

Theorem 5.1
For any intuitionistic fuzzy graph G, y(G) <
VIsc(G)

Theorem 5.2

Let G = (V,E) be an intuitionistic fuzzy
connected graph, and H = (V',E’) be an intuitionistic
spanning fuzzy subgraph of G, if H has a left semi
connected dominating set then yis.(G) < yis.(H).

Theorem 5.3
For any intuitionistic fuzzy graph G = (V,E),

11(G) * Y1 (G ) < 2|V], where (G ) s the left
semi connected domination number of G and equality
holds iff0 < py(u,v) <o1(U) Acy(v) and 0 < py(u,v)
>o,(U) vo,(v) forallu,v eV.

VI. INTUITIONISTIC FUZZY RIGHT SEMI
CONNECTED DOMINATION NUMBER

Definition 6.1

Let G = (V,E) be an intuitionistic fuzzy graph
without isolated vertices. A subset D, of V is said to
be an intuitionistic fuzzy right semi connected
dominating set if the induced intuitionistic fuzzy
subgraph<D,.> is disconnected and induced
intuitionistic fuzzy subgraph<V-D,> is connected.
The intuitionistic fuzzy right semi connected
domination number y,(G) is the minimum
intuitionistic fuzzy cardinality taken over all right
semi connected dominating sets of G.

Example :6.1
(0.4,0.3)
(04, o.z)V5 04,03) “
(0.2,0.3)

(0.1,05) (0.1,0.2)
(01,05) vs |(0.1,05) < oLon)| 010 "
(01.05) 01,0.1) 01,04)

" 0.1,04 Vs
02,01) (01,04) (0.1,04)

Drsc: {V11V4},

V-Dysc = {V2,V3,V5,V6,V7}
<D,s> is disconnected and
<V-D,> is connected

Trse(G) = 0.95
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Proposition 6.1

1 ) = min v, 13, L 31V, v, |
Proposition 6.2

Yrse(Pn) = [%—llvl | .V vi’s having equal
intuitionistic fuzzy cardinality
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