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Abstract: In an efficient design of routing protocols in ad hoc wireless networks, the connected dominating set
(CDS) is widely used as a virtual backbone. To construct the CDS with its size as minimum, many heuristic,
meta-heuristic, greedy, approximation and distributed algorithmic approaches have been proposed in the recent
years. These approaches mostly concentrated on deriving independent set and then constructing the CDS using
Steiner tree and also these algorithms perform well only for the graphs having smaller number of nodes and also
for the networks that are generated in an one fixed 2D simulation area. This paper provides a novel approach
for constructing the CDS, based on the concept of total dominating set and bipartite theory of graphs. Since
the total dominating set is the best lower bound for the CDS, the proposed approach reduces the computational
complexity to construct the CDS through the number of iterations. Moreover the conducted simulation reveals that
the proposed approach finds better solution than the recently developed approaches when all the three important
factors of ad hoc network such as number of nodes, transmission radio range and area of network density varies.

Key–Words: connected dominating set, total dominating set, adhoc, algorithms.

1 Introduction
An ad hoc wireless network is a communication sys-
tem without the aid of any fixed infrastructure. In an
ad hoc wireless network collection of mobile hosts
with wireless network may communicate each other
from a temporary network, without the aid of any
launched infrastructure or any particular administra-
tion. One can see application of ad hoc wireless net-
works in many diverse fields such as mobile com-
merce, search and rescue in a military battlefield. The
problem concerning in the ad hoc wireless networks is
the design of routing protocols for allowing communi-
cation between the hosts, but the nature of ad hoc net-
works makes this problem a challenging one. How-
ever virtual backbone of an ad hoc wireless network
can be modeled as a computing connected dominat-
ing set in a graph where the network is considered as
a graph, mobile hosts of the network treated as nodes
of the graph. This model reduce the problem of ad
hoc wireless network in to the well known minimum
connected dominating set problem (MCDS) in graph
theory.

For an undirected graph G(V,E) with the vertex
set V and the edge set E, a set S of vertices is a dom-
inating set of G if every vertex not in S is adjacent to
at least one member of S. If the subgraph of G in-

duced by S is connected, then S is called connected
dominating set (CDS). A connected dominating set
of minimum cardinality is called minimum connected
dominating set (MCDS) of the given graph G. While
finding CDS(MCDS) in a general graph has shown to
be NP-complete problem [4], it is worthy to note that
finding CDS(MCDS) has many suitable applications.
Many algorithms [2, 8, 9, 12, 14, 16, 19] have been
proposed for finding a MCDS in ad hoc wireless net-
work through virtual backbone.

The existing algorithms for constructing CDS can
be divided into three sets. The first set of algorithms
grows like a tree. In these algorithms the set S initially
contains one node and some neighbours are added re-
peatedly into the set S until it is a CDS. The second
set of algorithms divides the given network into differ-
ent simple regions and correspondingly finds discon-
nected dominating tree for each regions and they join
them finally using minimum spanning tree or Steiner
tree. The third set of algorithms consider the whole
node set as initial CDS and construct the final CDS
by recursively removing the redundant nodes using
Steiner tree, without affecting the dominators in the
nodes.

The rest of the paper is as follows: A brief lit-
erature survey presented in Section II. In Section III
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all the necessary definitions and results related to the
problem are stated. The pseudo-code, description
and implementation of the proposed TD algorithm
through an example problem are discussed in Section
IV. In Section V simulation and results are given and
section VI ends with our conclusion.

2 Related Works
Up-to-date references on the construction of con-
nected dominating set, a virtual backbone, on ad hoc
wireless networks until about 2009 are presented in
[11]. Different routing protocol techniques for ad hoc
wireless networks based on swarm intelligence, based
on data-centric, hierarchical and location and based
on their security aspects clearly surveyed in [1, 5, 17].
Other recent heuristic and meta-heuristic algorithms
proposed for the construction of connected dominat-
ing set includes: Leu and Chang [9] developed a more
recent version of weight value algorithm based on real
time characteristic of mobile ad hoc networks, suit-
able for both static and dynamic environment. But
this algorithm does not offer an improvement to the
increases in the number of covered nodes and also in
the radio range. Potluri and Singh [15] developed two
meta heuristic algorithm namely hybrid genetic algo-
rithm and hybrid ant colony optimization algorithm
for the problem of computing minimum weight dom-
inating set in unit disk graphs. Purohit and Sharma
[16], based on the computation of convex hulls of
sensor nodes, developed an algorithm for constructing
MCDS in unit disk graphs. Yu et al [19] measured the
quality of constructed CDS not only by the size of the
CDS and also by another metric called CDS diameter.
The metric diameter of a given connected graph is the
length of the longest shortest paths between a pair of
nodes in the graph. Based on this metric they devel-
oped a heuristic for constructing connected dominat-
ing sets with minimum size. In [14] Misra and Mandal
proposed a new heuristic called collaborative cover
using the graph theoretic concept, domatic number of
a connected graph. Moreover the following princi-
ple used to define the optimal substructure i.e. subset
of independent dominator preferably with a common
connector considered as optimal substructure. They
claimed that their heuristic is better than that of degree
based heuristics of CDS. Lu et. al. [12] developed an
approximation algorithm for the construction of CDS
in UDG using some geometric features like angle and
area of nodes distribution in UDG. Han [6] combined
the concept of zone and level to scatter the CDS, vir-
tual backbone of a wireless network. Based on these
ideas they partition the wireless network into different
zones. For each zone a dominating tree constructed

and they are connected by inserting additional con-
nectors at the zone borders, it produces the final CDS.

Construction of CDS had also been focused by
various greedy heuristics such as a polynomial time
greedy heuristic developed in [13] focused on most
stable routes in order to get minimum number of route
transitions. This algorithm make use of the complete
knowledge about location of nodes that change in near
future and also concentrated on the change of the com-
munication structure (path, trees, connected dominat-
ing set etc.,) should be in minimum number. A greedy
algorithm based on the concept of steiner tree pro-
posed in [10] which construct a CDS within a factor
of 4.8 + log5, a better performance ratio than previ-
ously developed and some neighbourhood based local
search approach developed in [3].

Other than that of heuristic, meta heuristics and
greedy approaches, commonly used algorithms in the
construction of CDS are distributed algorithms. Here
are some of the recently developed distributed algo-
rithms. Islam et al. [8] presented a distributed algo-
rithm that computes a family of non-trivial connected
dominating sets (CDS) with the goal to minimizing
the number of frequencies of each node in these sets.
Alzoubi et al. [2] developed their own distributed al-
gorithm with two phases which construct a maximal
independent set and a dominating tree respectively.
They have claimed that their algorithm has an approx-
imation factor of at most 8, O(n) time complexity
and O(nlogn) message complexity. In recent Yin et
al. [18] proposed a single phase distributed algorithm
called DSP-CDS for constructing a connected domi-
nating set. In this algorithm each node get the infor-
mation from its one-hop neighbourhood, using this it
makes a local decision that whether to join the domi-
nating set or not. They also guaranteed that at the end,
the algorithm produces connected dominating set be-
cause of each node bases its decision on a key vari-
able.

Major drawback of all the available techniques in-
cludes: most of them initially find independent set
using different approaches and then finds CDS us-
ing Steiner tree and they never use the properties of
dominating set, the construction of MCDS using some
more complicated strategies such as geometric prop-
erties of distribution of nodes in the independent set
and some more complicated logical relations between
the nodes of a graph. These types of method of al-
gorithms causes more time delay and more energy
consumption in the construction of MCDS, because
of this they fail to maintain their actual performance
guarantee. Moreover in the reported computational
experiments of MCDS of existing algorithms, they
were tested their algorithms for small number of mo-
bile hosts and also they particularly considered only
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one square area to generate different random ad hoc
networks. Due to various factors around the world,
change of location (area) of network is unavoidable
one. Similarly we cannot restrict the number of mo-
bile hosts into smaller number. Therefore these fac-
tors are very important to judge the performance of
one algorithm, developed for constructing the CDS.

By considering the above conditions and to make
simple and efficient heuristic, in this paper, we have
proposed our own new heuristic algorithm based on
the parameter total dominating set of a graph. Since
the total dominating set of a graph is the very best
lower bound to CDS of the graph, finding CDS
through total dominating set gives very low compu-
tational complexity than other approaches where they
constructed CDS through dominating set or indepen-
dent set. The proposed approach also has the other
advantages like easy to implement, reduced computa-
tional complexity, less set up cost and provides good
solutions when compared to other existing algorithms
in the literature.

3 Preliminaries
Let G = (V,E) be an undirected simple graph, where
V = {v1, v2, ..., vn} is the set of vertices and E ⊆
V × V (not in ordered pairs) is the set of edges with
cardinality of |V | = n and |E| = m and the comple-
ment graph of G(V,E) is the graph G(V,E), where
E = {(vi, vj) ∈ V, vi ̸= vj and (vi, vj) /∈ E}. Then
we have the following basic definitions relative to the
forthcoming chapters:

Connected graph: A graph G is said to be connected
if there is a path between every pair of distinct vertices
of a graphG. A graph which is not connected is called
disconnected graph.

Neighborhood of a vertex: For each v ∈ V ,
the neighborhood of v is defined by N(v) =
{u ∈ V/u is adjacent to v} and the closed neigh-
bourhood of v is defined by N [v] = {v} ∪N (v).

Degree of a vertex: The degree of a vertex v ∈ V , de-
noted by d(v) and is defined by the number of neigh-
bors of v i.e., d(v) = |N(v)|.
Dominating set: A dominating set for a graph
G(V,E) is a subset D of V such that every vertex not
in D is adjacent with atleast one member of D. The
minimum cardinality of a dominating set is denoted
by γ(G) and is called the domination number of G.

Minimal dominating set: Minimal dominating set
(mDS) is a dominating set (DS) such that any proper
subset of mDS is not a DS; in other words, for any
v ∈ mDS either v is an isolate of the mDS or there

Figure 1: Graph G and its corresponding bipartite
graph V V (G)

exists at least one node u ∈ V - mDS such that u is not
dominated by any node in mDS except v.

Connected dominating set: A dominating set D of
a graph G(V,E) is said to be a connected dominating
set (CDS) if the subgraph induced byD is connected.

Minimal connected dominating set: Minimal con-
nected dominating set (mCDS) is a CDS such that
removing any node from this set will make it no longer
a CDS.

k-Connected k-Dominating set: A vertex set D ⊆ V
is a k-dominating set(or simply k−DS) of G if every
vertex not in D has at least k neighbouring vertices in
D.

A k −DS is a k-connected k-dominating set (or
simply k−CDS) of G if the subgraph G[D] induced
from D is k-vertex connected.

Total dominating set: A subset S ⊆ V is a total dom-
inating set if for every u ∈ V there exists v ∈ S such
that u and v are adjacent. A subset S ⊆ V is called
a minimal total dominating set if no proper subset of
S is a total dominating set. The minimum cardinal-
ity of a minimal total dominating set is called the total
domination number of G and is denoted by γt(G).

Bipartite theory of graphs was introduced by
Stephen Hedetniemi and Renu Laskar [7]. It has been
mentioned that many of the concepts in graph theory
has equivalent formulations as concepts for bipartite
graphs. One such formulation is the Y -dominating set
of a bipartite graph.

Y-dominating set: Let G′ = (X,Y,E) be a bipartite
graph. A subset D of X is a Y -dominating set if for
every y ∈ Y , there exists x ∈ D such that x and y are
adjacent. The Y -domination number ofG′ denoted by
γY (G

′) is the minimum cardinality of a Y -dominating
set.

From a graph G = (V,E) one can con-
struct bipartite graph V E(G), EV (G), V V (G) and
V V +(G). Here we give the method to construct
V V (G) as given in [7].
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Bipartite graph V V (G): Let V ′ be a copy of V . The
bipartite graph V V (G) = (V, V ′, E′) where E′ =
{uv′ : uv ∈ E}.

Example 1 The graph G and its corresponding bi-
partite graph V V (G) is given Fig. 1.

Theorem 2 For any graph G, γY (V V (G)) = γ(G)
[7].

Remark 3 In a connected graph G = (V,E), every
total dominating set is a dominating set of G. Also
every connected dominating set is a total dominating
set. Hence, γ(G) ≤ γt(G) ≤ γc(G).

From the above remark, total domination number
of a graph is a better lower bound to MCDS. Hence,
finding the total dominating set reduces the time com-
plexity in terms of number of iterations.

4 Proposed TD Algorithm
The following algorithm is designed to find the CDS
of a graph. The proposed algorithm is divided into
three phases. In the first phase total dominating set
is constructed and to make the total dominating set as
connected one, in the second phase connector nodes
are found with the help of neighborhood based selec-
tion criteria. In the final phase exhaustive local search
procedure in applied to reduce the number of nodes in
the CDS, make it as an optimal minimum connected
dominating set.

Algorithm 1: Proposed Total dominating (TD) set
based algorithm for CDS

Input: A connected graph G(V,E) with |V | = n
and |E| = m.

Output: Minimum connected dominating set
D ⊆ V .

Intialization:
D ← ϕ; D

′ ← ϕ;
begin

- For the graph G(V,E), corresponding bipar-
tite graph V V (G) is constructed.

- V V (G) = (X,Y,E′) where X = V, Y = V ′

is a copy of V and E′ = {(x, y′)/(x, y) ∈ E}
- D′ ← Y − dom(X,Y,E′)
- D ← D′

- Partition the set D′ into subsets
D1, D2, ..., Dk such that ∃ a path between any
two vertices in Di, i = 1, 2, ..., k

repeat
for i← 1 to k

- Bi = {v ∈ V −D/N(v) ∩Di ̸= ϕ}
end

- Cα ← any one of collection of
(k
α

)
Di, i =

1, 2, ..., k
- Search for the common element v ∈∩

p∈Cα
Bp based on the sets of combination p ∈ Cα

- D ← D ∪ {v}
- combine all the set elements in Cα together

with the last set element of the combination and also
add the vertex into the set. i.e., suppose if v ∈ B1 ∩
B2 for one combination of the sets D1D2 then D2 =
D2 ∪D1 ∪ {v}

- k ← k − α+ 1
until

∩
p∈Cα

Bp ̸= ϕ
while D is not connected do
for i← 1 to k − 1
for j ← i+ 1 to k

- search for N(Di)
∩
N(Dj) = ϕ

- then A
=
{
v ∈ V −D/

(
N2(Di

∩
N(v))

)∩ (
N2(Dj

∩
N(v))

)}
- ∀w ∈ N(v)

∩
A for every v ∈ A

- search for
- D ← D ∪ {v, w}

end
end
end

- local search(V,E,G[D])
return MCDS← D
end

Algorithm 2: Y − dom(X,Y,E′)
Input: bipartite graph V V (G) of given graph

G(V,E)
Output: y - dominating set V V (G) = Total dom-

inating set of G(V,E)
do

- v ← maxv∈X N(v)
- D ← D ∪ {v}
- X ← X − {v}
- Y ← Y −N(v)

while Y ̸= ϕ
Algorithm 3: local search(V,E,G[D])
while D is connected do ∀v ∈ D

- B′ = {N [w]/w ∈ D − {v}}
if N [v]−B′ = ϕ

- then D ← D − {v}
else

- D ← D
end
end
The algorithm operates as follows: The proposed

algorithm proceeds in three phases. Initially the min-
imum connected dominating set D is empty and total
dominating set D′ of a graph G is empty.

In the first phase of the algorithm, for a given
graph G the corresponding bipartite graph V V (G) is
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constructed and its Y-dominating set is found. Pro-
cedure of finding Y-dominating set of a graph is de-
scribed in Algorithm 2. By the Theorem 3.1, we get
the total dominating set D′ of a graph G. Then D is
initialized as D′.

In the second phase, the TD algorithm partitions
the set D′ in to subsets D1, D2, ..., Dk where each
Di’s are connected. Then we search for a common
element v ∈ V − D such that N(v) ∩ Di ̸= ϕ, 1 ≤
i ≤ k. If such an element exists, then D is updated as
D ∪ {v}. Otherwise, we repeat the above procedure
for

(k
α

)
combinations of Di’s where 2 ≤ α ≤ k − 1.

For any one of the combination in
(k
α

)
say p, the above

condition is satisfied then the corresponding element
v ∈ V − D is added into the set D. From the above
if D1, D2, ..., Dp along with v is connected, we as-
sign Dp with Dp ∪ {v} . Now, Dp, Dp+1, ..., Dk

forms a partition of the set D′. This process is re-
peated until there is no common element connecting
at least two of the subsets. Then the algorithm search
for the disconnected sets Di and Dj using the crite-
ria N(Di)

∩
N(Dj) = ϕ where i = 1 to k − 1 and

j = i + 1 to k. Then by neighborhood search proce-
dure technique, the TD algorithm finds two adjacent
vertices in V − D such that one vertex is adjacent to
Di and the other vertex is adjacent to Dj . By this
way, all Di’s are connected.

In the third phase, we drop the redundant ele-
ments in the set D to get a MCDS set using the ex-
haustive local search procedure which is described in
Algorithm 3.

Figure 2: Initial topology of the network

Figure 3: Total dominating set of the network

Figure 4: More connectors are selected

Figure 5: MCDS of the network

Example 4 The problem in [6] is considered as an
example problem to show the procedure of the pro-
posed algorithm. This example shown in the Fig. 2,
3, 4 and 5. Fig 2 shows the topology of network
taken. In which the set of vertices in the graph be-
low with larger radius represents the total dominat-
ing set. The total dominating set is partitioned into
four subsets D1 = {7, 19} , D2 = {13, 22} , D3 =
{9, 14, 21} and D4 = {2, 10}, which is shown in
the Fig 3. Based on the TD algorithm procedure,
now the vertex 16 is added to the total dominating
set. Now, D2 = {13, 22} , D3 = {9, 14, 21} and
D4 = {2, 7, 10, 16, 19}. Similarly the vertex 20 is
added to the total dominating set, which is shown in
the Fig 4. Further the vertex 19 is removed using the
exhaustive local search procedure to get a MCDS set
and final MCDS set shown in the Fig 5.

Theorem 5 The proposed TD algorithm returns a
connected dominating set, and has a time complexity
of O(nm).

Proof. Let G(V,E) be an undirected connected
graph. By the algorithm procedure, it is clear that
first phase of the algorithm produces a total dominat-
ing set D′ and in the second phase of the algorithm
the set D′ partitioned into smaller subsets such that
each subset is a connected set. Moreover every subset
is connected to all the other sets through some other
sets or directly by adding connector nodes between
them using the neighborhood search procedure in the
second phase. The third phase of the algorithm re-
moves some more vertices from D and produces up-
dated CDS D. Therefore it is enough to prove that
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updated D is still a CDS. To take out or maintain a
vertex from D in the third phase, at each iteration, for
every v ∈ D if the difference between the sets N [v]
and {N [w]/w ∈ D − {v}} is empty, we can find at
least one adjacent vertex in D ← D − {v} neighbor
to all the closed neighboring elements of v. This im-
plies that updated D is still a connected dominating
set. If these selected vertices fail to satisfy the condi-
tion described in the Algorithm 3 i.e. phase three of
the TD algorithm it implies that if we remove any one
of the vertex from the set, obtained from the second
phase, it becomes a disconnected one. Therefore in
this case the proposed algorithm returns the set of the
second phase as a final CDS; in this case also D is a
CDS.

The computational complexity of the algorithm
is as follows: In Algorithm 1 while loop is executed
at most n times. Adding or removing the vertices at
each step of the Algorithm 2, determines the connec-
tivity of a graph, to do this, it will be executed at most
O(m(n− d)) times where d represents the size of the
dominating set. To remove redundant nodes in the
CDS, obtained by Algorithm 1 and Algorithm 2, Al-
gorithm 3 will perform its procedures at most d times.
Thus, the computational complexity of the TD algo-
rithm is given by O(mn). ⊓⊔

5 Simulation Results
To test the performance of the proposed algorithm
constructing the CDS for some random networks, we
have conducted extensive simulations. These simula-
tions divided into three sets based on the main param-
eters of a network such as number of nodes, transmis-
sion radio range and area density of the network and
TABLE I gives this information in brief.

Table 1: Parameters position in all the three simula-
tions

Sim. n r Area

1. Varies 150m, 200m 1000m X1000m

2. 300, 600 Varies 1000m X 1000m

3. 50, 100 200m Varies

This section shows the results of conducted sim-
ulations. Simulations were carried out on a Intel Pen-
tium Core2 Duo Processor PC having 1.6GHz CPU
and 1GB RAM. All the procedures of the TD algo-
rithm have been coded and implemented in MATLAB.
To carry out the effectiveness of the proposed TD al-
gorithm, comparison made with the three recently de-

Figure 6: Comparison of average size of CDS for dif-
ferent number of nodes

veloped algorithms of MCDS presented in [6, 14, 19]
and for our convenience those algorithms are noted
such as WVA [6], JY [19] and CH [14]. In all the sim-
ulations carried out in this paper, the following con-
dition is constantly implemented to generate random
network instances i.e. number of nodes considered
is uniformly distributed in a 2D simulation area of
size length× length in some unit measurement at ran-
dom and the link between two nodes are established if
the distance between the nodes are not longer than r
(transmission range) units.

To evaluate the performance of the proposed algo-
rithm under various number of nodes, the correspond-
ing n number of nodes randomly deployed in 1000m
× 1000m 2D simulation area. n varied from 10 to 100
in the interval increment of 10. Each node has been as-
signed to a fixed transmission radio range 150m. For
each fixed number of nodes and the transmission radio
range, 1000 network instances were created. Before
start of the simulation, all the networks are checked
to make sure of that their connectivity. All the four
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algorithms were ran on the 1000 network instances of
each node and the corresponding CDS size was noted.
The above procedure is repeated by assigning another
fixed transmission radio range 200m. Average size of
CDS is taken as the size of the CDS produced by each
algorithm and the obtained results are shown in the
Fig. 6. From the results given in Fig. 6, it is clear
that, for all the four algorithms the size of the CDS
increases when the number of nodes in the network
increases. Moreover from the obtained results we ob-
served that the proposed TD algorithm find better av-
erage results than other compared algorithms.

Figure 7: Comparison of average size of CDS for dif-
ferent transmission ranges

In the second set of simulation, we compare the
size of CDS of all the four algorithms when the trans-
mission radio range varies. Through this simulation
we can judge the performance of proposed algorithm
over different transmission ranges and how it will af-
fect the size of the CDS. In this simulation initially
300 nodes are randomly distributed into a fixed area of
size 1000m × 1000m. Each node has been assigned
to a transmission range starting from 50m, with the

interval difference of 5m, each node further has been
assigned transmission ranges up to 100m. For each n
and r, 1000 network instances were created and simu-
lations are carried out on all these instances. The same
process is repeated for another set of 600 nodes, ran-
domly deployed in the same area. The average size
of CDS constructed by each algorithm for two dif-
ferent set of nodes of different transmission ranges
shown in the Fig. 7. As expected, from the Fig. 7,
we can see that the algorithms JY [19] and CH [14]
deviated highly form the constructed size of the CDS
when compared to WVA [6] and the proposed TD al-
gorithm.

Figure 8: Comparison of average size of CDS in dif-
ferent area densities

Simulations were also carried out to compare the
effectiveness of the proposed algorithm when the area
of the network density is varied. It is important to note
that there are no similar simulations carried out in the
previous literature so far. In this simulation for two
different sets of nodes n = 50 and n = 100, the trans-
mission range of each node was fixed as r = 200m.
The two sets of nodes are randomly deployed in the
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different 2D simulation area from 200m × 200m to
1000m× 1000m with the interval increment of 100m.
1000 network instances were generated for each de-
scribed values of n, r and area and all the four algo-
rithms ran on these instances to construct the CDS and
the average size of CDS obtained by each algorithm
shown in the Fig. 8. From the obtained results we ob-
served that the proposed TD algorithm outperformed
recently developed heuristics not only in the different
number of nodes and different transmission ranges but
also in the different area network density

6 Conclusions
In this paper a novel approach called TD algorithm
is established to construct the CDS, a virtual back-
bone of ad hoc wireless networks, based on the to-
tal dominating set and bipartite theory of graphs. In
the previous research approaches of construction of
connected dominating set, most of them based on
the independent set construction, some complicated
strategies were applied in few papers and some fol-
lows other techniques which are not even contains any
single graph theoretic ideas even though CDS is one
of the well known graph optimization problem. In
this paper the proposed TD algorithm purely based
on the relation between the total dominating set, Y-
dominating set of bipartite graph and the CDS. The
total dominating set is best lower bound for the CDS
than the dominating set, the proposed approach give
the guarantee to reduce the computational complexity.
The conducted simulation over the different impor-
tant factors such as smaller to larger nodes, transmis-
sion ranges and area of network density reveals that
the proposed approach outperforms the recently de-
veloped approaches in the construction of CDS. The
above mentioned advantages and the simplicity of the
proposed heuristics make them an attractive alterna-
tive approach for solving the graph optimization prob-
lems in dynamic environments. As a future work, we
plan to conduct extensive simulation study on the per-
formance of MCDS in carrying out important tasks
such as routing and area monitoring.
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