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Abstract- Let D € V[ J(G)] be a connected cototal dominating set of J(G), if < V[J(G)]— D > +# @ contain a
dominating set D'such that< V[ J(G)] — D’ > has no isolated vertex and < D’ > is connected, then D’is the
inverse connected cototal dominating set of J(G) with respect to D. The minimum cardinality of a minimal inverse
connected cototal dominating set is termed as, the inverse connected cototal domination number, denoted by
veet| J(G)]. Exact values of some standard graphs, bounds and the relationship of this parameter with other graph

theoretic graph parameters are evaluated.
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1. INTRODUCTION:

All graphs G(p,q) considered here are simple,finite,
connected, undirected with order p and size g. For all
other notations and terminologies we refer [1].

A graph whose vertex set is the edge set of a graph G
is called as a line graph L(G). Two vertices are
adjacent in L(G) if and only if the corresponding
edges are adjacent in G. The graph defined on the
edge set E(G) where two vertices are adjacent if and
only if the corresponding edges in G are non-adjacent
is referred as Jump graph J(G) of the graph G.
Thus, jump graph is the complement of line graph.
Hence the isolated vertices of G, if it exist, has no
partin J(G).

A non-empty subset D of the vertex set V[J(G)] is a
dominating set of J(G), if every vertex not in D is
adjacent to atleast one vertex in D. The minimum
cardinality of a minimal dominating set of J(G) is the
dominating set of J(G) and the cardinality is the
domination number of J(G), denoted by y [J(G)].
Imposing restrictions on the dominating set D,
various domination parameters have been defined.
When <D > is connected then D is a connected
dominating set of J(G) and the minimum cardinality
of a minimal connected dominating set is the
connected domination number, y.[ J(G)].

Restriction on the complement set { V[J(G)] — D}
of the jump graph define many parameters. If there
exist a dominating set D' in { V[J(G)] — D } then
D' is the inverse dominating set with respect to the
dominating set D.When the induced subgraph of the

inverse dominating set D’ is connected, then D' is the
inverse connected dominating set of G, denoted by
¥ (G).

A dominating set D is a cototal dominating set of
J(G) if <V[J(G)]—D >+ ¢ contains no isolated
vertex. The minimal cototal dominating set with
minimum cardinality is the cototal domination
number of J(G), denoted as y..[ J(G)] .

The disjoint domination number, yy(G) of G is the
minimum cardinality of two disjoint dominating sets
in G [9].

In this paper, we discussed about the inverse
connected cototal domination number of a jump
graph and the disjoint connected cototal domination
number of a jump graph have been carried.

Here, we have considered, simple connected graph G
ofsize |[E| =q =4.

2. Inverse Connected Cototal Domination number
of the Jump Graph of a Graph:
Definition: 2.1.

Let D < V[J(G)] be a connected cototal
dominating set of the jump graph of G. In
[V[J(G)] — D], if there exists a dominating set D’
such that < V[J(G)] — D' > contains no isolated
vertex and < D' > is connected, then D’ is the inverse
connected cototal dominating set of J(G) with
respect to D. The minimum cardinality of D' is the
inverse connected cototal domination number,
denoted by y oL [ J(&)].
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Definition: 2.2 set. Thus, |D'| = T, [J(G)] is called the upper
If the cardinality of D’ is maximum with inverse connected cototal domination number.

respect to the minimality condition, then D’ is known

as the upper inverse connected cototal dominating

Theorem: 2.3.
Exact values of Some Standard graphs.
(i). For p > 6, Vet [](P )] =2
(ii).For p > 6, Vet [1(Gp)] =2
(iii).For p > 6, Vet [J(Ky)] =3
, 3, Pm=2p;24
(iv). For p = p, +p,, ycct []( P1P2)]3= { , . pi,pz 223
p =
(v). For p = 6, veee [J(Wp)] = { 0> 6
(vi). For p > 4, Vet [J(By o K1) =2,
(vii). For p > 4, Veat [J(Cy o Kl)] =2
(viii). For the Spider graph of Ky ,, n >3, vzt [J(Kin)] =2
(ix). Fora Fangraph ,F, = Pp_; + K, Yot [J(G)] = {3' ;
(x). For a Friendship graph E,,p > 3, Yeet [J(G)] =2
(xi). For Petersen graph, G =( 10,15), Vet J(@)] =2.
3. Bounds of yz& [J(6)] :
Theorem: 3.1.

The connected cototal domination number of the jump graph J(G) of G is
Veet [J(G)] = 2.

Theorem: 3.2.

If the inverse connected cototal dominating set exist for the jump graph J(G) of G, then, Vi [J(®)] =
2.
Proof:

Let D be the connected cototal dominating set of the jump graph of G, then ID| = yee:[J(G)] =
2. If there exist a connected cototal dominating set D’ in [VIJ(G)] — D]then, |D’| = |D|. Thus,
Yeet [J(G)] = 2.
Theorem:3.3.

Let G (p,q) be any connected graph, then the inverse connected cototal dominating set exist for the jump
graph J(G) only if g = 6.
Proof:

Let D be the connected cototal dominating set of J(G), then by theorem 3.1, ID| = yeer[J(G)] =
2 and [V[J(G)]— D] is a non-empty without isolated vertex. If [V[J(G)] — D], contain a connected cototal
dominating set D', then D' is called the inverse connected cototal dominating set of J(G) and by theorem 3.2,
ID'| = vy [](G)] > 2. Thus, the existence of inverse connected cototal dominating set D' implies that
[V[J(G)] —D'] is anon-empty set containing no isolates. This means |V[J(G)] — D'| = 2.
Theorem :3.4.

The inverse connected cototal dominating set does not exist for the jump graph of a connected graph

G, if G contains an edge with deg(e;) = g — 2, i=1toq.
Proof:
Let there exist an edge e; in the simple connected G, such that deg(e;) = g — 2. Then in the jump graph the vertex
v;" corresponding to e; will be a pendent vertex. But every pendent vertex is a member of the connected cototal
dominating set along with its support vertex. Thus there exists no inverse connected dominating set in J(G).
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Observation:3.5.

The inverse connected cototal dominating set does not exist for all the jump graphs of G.
Theorem:3.6.

If the inverse connected cototal dominating set exist, then,

Veee /(@] < veer [J(G)]

Proof:

Let D’ be the inverse connected cototal dominating set of J(G) then D' is also the connected cototal
dominating set.
Theorem:3.7.

Let J(G) be the jJump graph of G with the inverse connected cototal dominating set, then,

Yeet [J(G@)]+yet [J(G)] < q. Bound is sharp for Ws.

Proof:

We have considered G to be a simple connected graph, hence, |E(G)| = q. Thenin J(G) , |V[J(G)]| =
|E(G)| = q. By Ore[1], the theorem follows.

For the Wheel graph on 5 vertices, equality holds.

Relation between Inverse connected cototal domination of J(G) with other graph theoretic
Parameters:
Theorem: 3.8.
Let G be a connected graph and J(G) be its jump graph, then
Yy L@ < vE [J(@)] < yeer [J(G)]. Bound is sharp for B, C,.
Proof:
Every inverse connected cototal dominating set of J(G) is the inverse cototal dominating set of J(G)and
also it is the inverse dominating set of J(G).
Theorem:3.9.
For the jump graph of a connected graph G, -t [J(G)] < vyt [J(®)].
Theorem:3.10. (Inverse Domination Chain )
Let G be a connected graph and J(G) be its jump graph, then
y @I < v U] <va JO] < ver [1(O]
Theorem:3.11.
Let B, (G) denote the edge independence humber of a connected graph G, then

Yeer [J(G)] < B1(G).

Proof:

Let E= (eq,e;,.....e4) be the edge set of G(p,q), g = 6. Let D be the connected cototal domination number of
J(G)and let S=(e,,e,,.....e,) denote the maximum edge independent set of G with respect to D. Then in J(G) the
vertex set of the corresponding edges of the set S form a connected induced sub graph which is also a dominating set
of J(G). Hence, by the choice of g and S , it is apparent that {V[ J(G)] — D'} is non —empty and connected.
Theorem:3.12.[4]

For the jump graph J(G) with inverse connected cototal dominating set , Year [J(G)] < q — A'(G).
Equality holds for G = K, ,,p = 4.

Theorem: 3.13[ 5]
If G = T, and diam( T ) not less than 4, then, y 2 [ J(G)] = 2

Proof:

Consider a tree T having diameter greater than 3, otherwise, the jump graph of T will have isolated vertices. Let
D be the connected cototal dominating set . Thus in T, with respect to connected cototal dominating set there exists
vertices v; and v, with maximum distance between them. In J(T), the vertices corresponding to the edges e;
and e, adjacent to v; and v, form the minimum connected cototal dominating set of J(T') with respect to connected
cototal dominating set.
4. Disjoint Connected Cototal Domination number of the Jump Graph of a graph:
Definition:4.1.[4]
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Let D, and D, be two disjoint connected cototal dominating sets of J(G) of G. Then the minimum
cardinality of the union of two disjoint minimal connected cototal dominating set of J(G)is called the disjoint
connected cototal domination number, denoted by, ¥t Veee [ J(G)].

(1-8) YectVeer [J(G)] = mini {| D1 ] + |D,}.
The two disjoint connected cototal dominating set whose union has the cardinality  y..:Vee:[ J(G)] is called
VeetYeet [](G)] - pair-

Theorem:4.2.
Exact values of ¥ .Y cet[ J(G)] — for some standard graphs:
1 ycctycct[](Pp)] =4, p=6
2. Yeet ycct[](cp)] =4, D=6
3. Yeet ycct[](Kp)] =6, p=6

8, for G=Kyn,, m=2,n=4
4. YeetYeet [](G)] - {6, fOT' G = Km,n . mn > 3

8, p=>5
5-ycctycct[](vvp)] = {6' p = 6
4 p =7

6. Yeet ]/cct[](G)] = 4' G = Pp ° Kl' p =4

7. ycctycct[](G)] = 4': G = Cp ° Kl

8. For petersen graph, YeceVee: [ J(G)] = 4.

Theorem:4.3.

Let J(G) be the jump graph of a graph G, then

YeetYeee [ J(G)] < q. Equality holds for K, , and Ws.
Proof:

Let D; and D, be two disjoint connected cototal dominating set of J(G). Since |V[J(G)]| = |E(G)| = q,
the theorem follows.

Exact value(Theorem 4.2) proves the equality.
Theorem: 4.4.

Let G be a connected graph, then, every disjoint connected cototal dominating set of J(G)is the disjoint
total dominating set of J(G).

(i.8)  YeeeVeet [ J(G)] = vev:[J(G)], where y, is the total dominating set of G.
Proof:

Let D, and D, be two disjoint dominating set of J(G), with < D, > and < D, > are connected. If <
V[J(G)] — D, > and < V[J(G)] — D, > contain no isolated vertices then D; and D, are the connected cototal
dominating set of J(G). Thus the two disjoint dominating set D, and D, are the total dominating set of J(G).
Theorem: 4.5.

For any connected graph G, 2 yece[J(G)] < VeeeVeee[J(G)]-
Equality holds for the standard graphs given in Theorem 4.2.
Proof:
For a connected graph G, if its jump graph contains two disjoint connected cototal dominating sets D, and D,
then, |D;| < |D,|, since both the sets are minimum cardinality sets.
Equality holds for the graphs given in theorem 4.2
Theorem: 4.6.
For the jump graph J(G) of the graph G, with inverse connected cototal dominating set,
2¥eet[J(@)] £ Veere [JO] + v [J (6]
Equality holds for P,, C,, K,,(p = 6).
Theorem: 4.7.[4]
For the connected graph G(p,d),  yy¥[J(G)] < VeetVeee[J(G)].
Bounds are sharp for B, C,, and K,(p = 6).
Theorem: 4.8.

Let /(G) be the jump graph of G, then, yc,yee[J(G)] < VeeeVeee [J(G)].
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Theorem: 4.9.
Let G = T, then for J(T) with diam(T) > 3, we have
)/)/[](T)] = ]/ctyct[](T)] = ycct]/cct[](T)]'
Proof:

For a tree graph T, let J(T) has y;i[J(T)] —set. This implies we have two disjoint connected cototal
dominating set in J(T). Moreover, for a tree T with diam(T) > 3, there exists two disjoint pair of vertices in J(T)
corresponding to two disjoint pair of edges (e;, eq—;) and (e, e;) which form the minimal dominating set of J(T).
Also < V[ J(T)] — D; > and < V[J(T)] — D, > has no isolated vertices. Thus D,and D, are the two
disjoint cototal dominating set of J(T). By the choice of T, < D, > and < D, > is connected. Thus D, and D, are
the disjoint connected cototal dominating set.

Definition: 4.10.[4]
The jump graph J(G) of a connected graph G is y.ctVeee —minimum ity Veet LJ(G)] = 20 [ J(G)].
Definition:4.11.[4]
The jump graph J(G) of a connected graph G is y ¢t Vece [ J(G)] —maximum if  y... Ve [J(G)] = q.
Definition:4.12.[4]
The jump graph J(G) of a connected graph G IS  yeetVeer [ J(G)] —strong if
YeetVeetlJ(G)] = 2 veee[J(G)] = q.
Example:4.13.
(i). For p=6, all the standard graphs given in theorem. 4.2, are y .;¥cc: —Mminimum.
(ii). The graphs, K, , and W5 are y . Ve[ J(G)] —maximum
(iii). When G is either K, , or W5 ,then G is Y.t Vece [ J(G)] — strong.
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