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ABSTRACT

Connected Dominating Sets (CDSs) can serve asalivackbones for wireless networks. A smaller aktu
backbone (minimum size CDS) incurs less commurooadverhead. Unfortunately, computing a minimum
size CDS is NP-hard and thus many algorithms wereldped which concentrates on how to construct
smaller CDSs. Aiming for minimum number of nodesdBS, results in CDSs that are highly unstable.
Here we present four CDS algorithms which are congtd based on strategy, density, Threshold
Neighborhood Distance Ratio (TNDR) and velocity.yAmode in the network can be a strategic node
depending upon the application and need and willddected as the starting node instead of the wditle
highest density which concentrates on minimum €. Simulation methods are used to establish the
efficiency of the proposed algorithm.

Keywords:Mobile Ad Hoc Network (MANET), Connected Dominatiiget (CDS), CDS Node Size, CDS
Algorithms, Broadcast, Strategic Nodes

1. INTRODUCTION common in MANETS. If the transmission range is érg
enough, the number of nodes that locally compets av
Wireless networks, like Mobile Ad hoc Network shared channel increases.

(MANET), is a dynamic distributed system of arhiiiya Wireless networks have no predefined physical
moving wireless nodes. They are easy to deploynto a backbone infrastructure for topology control, which
application field as the cost of creating a netwigk makes routing-related tasks more complicated. Tais
relatively low. However the shortcomings of MANET be overcome by employing a virtual backbone in a
also limit the network performance. The wirelessle®  wireless network. A virtual backbone network has
have limited energy, which affects the life time tbé several benefits in routing and managing a wireless
network. All network functions, such as determinthg network. For instance the concept of virtual baciéo
network topology, multiple access and routing ofada network can be applied in MANETS to minimize the
over the most appropriate multi-hop paths, must bemessage overhead during broadcast communication.
performed in a distributed way, as there is no ssce Traditionally broadcast communication is accomgith
point to have a centralized control. These tasles ar through flooding in which each wireless node reesiv
particularly challenging due to limited communicati a copy of the broadcast message from all of its
bandwidth available in wireless channel. Wirelesdeas neighbors and is also responsible for forwarding th
possess limited transmission range. If any two sate message exactly once to all of its neighbors. Rlogpd
within the maximum transmission range of each gther is often considered to trigger the “broadcast storm
they can exchange messages directly. But fixing theproblem” as it is associated with redundant
transmission range for a wireless node is crititfalhe retransmission of messages. The virtual backbone
transmission range is limited then network gets network is a structure that is similar to the phgbi
partitioned, as a result, multi-hop communicatiswéry backbone infrastructure of packet cellular networks
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First approximation algorithm to compute a minimum overhead in the lifetime of a CDS. Considering oohe
size virtual backbone using a Connected DominaBieg  parameter, such as, density is not sufficient twease
(CDS) in Unit Disk Graphs (UDGs) was introduced by the life time of the constructed CDS. Therefore the
Guha and Kuller (1998), which becomes one of theparameters such as strategy, TNDR ratio and vglocit
major approaches to construct a virtual backbomeafo should also be considered while constructing th&Qb
given graph representing a wireless network. Moade previous works, the starting node of the CDS isimam
hoc networks are often represented as a unit dizsghg  density based (Meghanathan, 2012a), minimum vglocit
in which vertices represent wireless node and abased (Meghanathan, 2010), identity based (Velunnmyl
bidirectional edge represents wireless connectiédn. and Meghanathan, 2010), strong neighborhood based
Dominating Set (DS) is a subset of nodes of a ndktwo (Meghanathan and Terrell, 2012), node stabilityeind
such that every node that is not in the DS is diyec based (Meghanathan, 2012b) and predicted link atiqir
connected to at least one member of DS. A Connectedime based (Fly and Meghanathan, 2010).

Dominating Set (CDS) is defined as a set of nodes i In this study we propose four strategic algorithfors
network such that each node is either in the sainer  construing the CDS. The algorithms are Strategic
hop to a node in the set. In addition, every node CDS ~ Maximum Density (ST-MaxD) CDS, Strategic Strong
should be able to reach every other node in the Byp&  Neighborhood (ST-SN) CDS, Strategic Minimum
path that stays entirely within the CDS. Velocity Minimum Density (ST-MV-MD) CDS and

Previous works (Sakat al., 2008; Sheet al., 2009), Strategic Minimum Density Minimum Velocity (ST-

demonstrate the use of CDS based virtual backbone}P-MV) CDS. Here the CDS will be_having a strategic
node as the starting node; any node in the neteamnkbe

to propagate the broadcast messages so that teey al lected as a strategic ode based on the applicatio

exchgnged only among the nodes in t_he CDS insteacﬁeed_ For example it can be a source, DNS, webyprox
of being broz_:\dcast by all the nodes in the network,internet provider, gateway or door way node, beacon
thus  reducing the number of unnecessarysecyrity key provider, repeater, rescuer, routerceda
retransmissions (Fly and Meghanathan, 2010). Angde is added to the CDS, all its neighbors art tsabe
minimum connected dominating set is the smallestcovered. Then the algorithm prefers to includertbdes
CDS (in terms of number of nodes in the CDS) far th which satisfy the specific criteria.

entire graph. For a virtual backbone-based broddcas The specific criterion of ST-MaxD CDS algorithm
communication, the smaller a CDS, the efficiency of is to include the nodes in the decreasing ordethef
its performance is better. Since each node in anumber of uncovered neighbors until all nodes i@ th
wireless network shares its communication channelneétwork are covered. The ST-SN CDS algorithm is
with its neighbors, a smaller virtual backbone etgf ~ constructed by considering an input parameter dalle
less from the interference problem. Additionally, i e TNDR. For an edge to be part of a strong

also makes the maintenance of the virtual backbond'€ighborhood-based topology, the ratio of the ptgjsi
easier. For this reason, most research studiesign t Euclidean distance between the end nodes of the edg

area focus on reducing the size of a CDS (Ehal., to that of the transmission range per node (edge

2007 2007; Funket ., 2006, Zenge ., 2006). e 12 10 be fess than or eaudl Lo the THDR
Unfortunately, the problem of determining the b g 9 g g g9

- L . : than TNDR the neighbors of the strategic node id sa
minimum connected dominating set in an undlrectedto be covered. The specific criterion of ST-SN CDS
graph is NP-complete. _ algorithm is also to include the nodes in the

The efficiency of broadcasting depends on the CDSdecreasing order of the number of uncovered

node size that directly influences the number of hgighpors until all nodes in the network are codere
redundant retransmissions. If the size of the CO®® The specific criterion of ST-MV-MD CDS algorithm
large, maintenance and searching in time will bezom s to include the nodes in the increasing ordethefr
difficult. If the size of the CDS is too small, sem velocity until all nodes in the network are coverdfd
characteristics in original networks may be losut B there is a tie then the node with minimum number of
aiming for smaller sized CDSs in MANETSs results in uncovered neighbors is chosen. The specific anitecif
CDSs that are highly unstable. The CDS itself loaket ST-MD-MV CDS algorithm is to include the nodes in
frequently rediscovered and this adds considerablethe increasing order of the number of uncovered
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neighbors until all nodes in the network are cogeilé general criteria for CDS node selection, whichtie
there is a tie then the node with minimum veloégy node cannot already be a part@DS-Node-List, the
chosen. If still there is a tie then the node i®gEN node must be in th€overed-Nodes-List and the node
randomly. Further the algorithm also checks whethermust have at least one uncovered neighbour. The
the selected node forms circuits between CDS nodesnodes which are adjacent to the selected node are
as circuits increase the count of retransmissioncovered. The next node to be part of CDS is sefecte
messages. Our contribution in this study is to from theCovered-Nodes-List. This process is repeated
construct a CDS with strategy, longer lifetime and until all the nodes in the network are covered.

minimum communication overhead. Velummylum and Meghanathan (2010), the
authors have proposed an identity based CDS (ID
2. DEFINITIONS CDS) algorithm according to which the nodes with

larger IDs are preferred for inclusion into the CDS

* CDSNode-List: Nodes that b f the CDS.
ode-H odes tha” are members ol te Meghanathan (2010), the author had proposed a

» CDSEdgelist: Edges that exist between any two

CDS nodes. minimum velocity-based CDS (MinV CDS) algorithm
«  Covered-Nodes-List: Nodes that are in th€DS according to which slow moving nodes with lower
Node-List and all nodes that are one hop to at leastvelocity are preferred for inclusion into the CDSy
one member of thEDS-Node-List. and Meghanathan (2010), the authors have proposed a
+ CDSCircuit-List: Circuits that are formed by the predicted link expiration time based CDS (LET CDS)
nodes from th&€DS-Node-List. algorithm according to which, the edge with largest
e Density: A node’s maximum number of uncovered predicted link expiration time is preferred for
neighbors. inclusion into the CDS. Once the edge is includ#d i

» Homogenous network: A network in which all nodes the CDS-Edge-List, the two constituent nodes of the
function under the same fixed transmission range R. edge are included into tf@DS-Node-List.

*  Open neighbourhood of a node i ((NThe set of Meghanathan (2012b), the author has proposed a
neighbor nodes such that the physical Euclideanngge stability index based CDS (NSI CDS) algorithm
distance between node i and each node j in this set according to which the nodes with larger Node Sitsibi

< R. Every node [] ON; is simply referred to as a pgex (NSI) are preferred for inclusion into the €D
“neighbor” of node i. . Meghanathan and Terrell (2012), the authors have
Threshold Neighbor Distance Ratio (TNDR): The 0564 a strong neighbourhood based CDS (SN CDS)
maximum value of the ratio of the physical algorithm according to which the nodes with maximum

humber of d neighb ferred f
its open neighborhood and the transmission range R. umber of Uncovered nelghbors  are - preterred. or

. Strong Neighborhood of a node i (§NThe subset of !I"IC|USIOI’1 into the CDS. This algorithm cor_13|ders an
oo . . input parameter called the Threshold Neighborhood
nodes in its open neighborhood, such that the oditio . .
. . . . istance Ratio (TNDR), for an edge to be part of a
the physical Euclidean distance between node i an A iahborhood-based toool
any node j in SNis less than or equal to the TNDR. strong neighborhood-based topology.

 Edge Weigh{EW): The ratio of physical Euclidean 4. ALGORITHMSTO CONSTRUCT
distance between the nodes constituting the edge to '
STRATEGIC CONNECTED

the fixed transmission range R of the nodes.
* Node Stabiltiy Index (NSI): The sum of predicted DOMINATING SET (ST-CDS)

expiration times of the links (LETs) with the nelgin W he ST-MaxD CDS. ST-SN CDS. ST
nodes that are not yet covered by a CDS node. & present the ST-Max P20 r 20

e Static Network Graph: A snapshot of the network MV'_MD CDS and_ST-MD-MV CDS glgonthms to
topology at a particular time instant. f|naI|z_e the_ nodes into the CDS. The input to hldét
algorithms is a snapshot of the network as showFidn
3. REVIEW OF RELATED WORKS la. In that nodes are symbolized as circles and the
numerical number inside the circle represents #resity
Even though many algorithms are available to of the node and the numerical number outside traeci
identify a CDS, almost all the algorithms followset  represents the ID of the node.
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In the following figures, nodes which are has density 5 as shownfing. 1b and it is included in the
symbolized as dotted circles with a plus symbol are CDS-Node-List and Covered-Nodes-List. Then node 7’s
qualified to be part ofCDS-Node-List, the edges covered neighbors (node 3, 4, 8, 11, 12) are adftted
between any two CDS nodes in t8®SNode-List are  the Covered-Nods-List. The density of the start node
qualified to be a part o€DS-Edge-List and the nodes  (node 7) is changed to 0 and the density of alewoth
which are represented as (_Jlotted circles are gedlifd nodes is computed as showrFiig. 1b.
be a part oCovered-Nodes-List. Then the node which has highest density is chosen

1 _The edtgedv:ceight is repret_sent?r(]j as rleal ”Uwe it from theCovered-Nodes-List as shown irFig. 1c and the
IS _created for representing the vaiues ot identity, process is continued until all the nodes are caver®

gggzgyaggizzlg;g for the initial static graphtiw24 shown inFig. 1c and 1d. The number of CDS nodes in
The general steps for ST-MaxD CDS and ST-SN CDS-Node-List is 11 and the number of edgesGbS
CDS algorithms are: Edge-List is 15 as shown irFig. 1le. There are five

circuits inFig. 1f, soCDS-Circuit-List = 5 and members

* Any node in the network which is strategically of the circuit = {11, 15, 16}, {15, 16, 20}, {10,4, 19,
important can be selected as the start node to basy {15 19, 20} and {14, 18, 19}.

included into theCDS-Node-List and all its one hop ) )
neighbors are said to be covered and they aret2. Strategic Strong Neighborhood CDS (ST-SN
included into theCovered-Nodes-List along with the CDS)
start node. Then
* The density of the start node is changed to 0
» The density of covered nodes is computed

* The next node is chosen from tlevered-Nodes-
List which satisfies the following conditions

*  The node should not be presentdBS-Node- The strong neighborhood network is formed from

. _II_IhSt de should b Clavered-Nodes.List initial static network graphKig. 1a) after pruning the
€ node should be presentiavere-Nodes L edges which as edge weight greater than Bi§. @a).
* The node must have at least one uncovered

. Any node in the strong neighbourhood network can be
neighbour .
. e selected as the starting node.
e The node must satisfy the specific criterion
» Ifthere is a tie, choose arbitrarily
» If a node is chosen from step 2, then it is added t
the CDSNode-List and Covered-Nodes-List and its
entire one hop neighbors are added toGheered- 2
Nodes-List 3
» The density of the selected node is changed talO an g
density of all other nodes (except for CDS nodetk an 6
the nodes whose density is 0) is recomputed again
* The above process is continued until there are nog

The specific criterion of this algorithm is to preuthe
edges of the initial static network whose TNDR ‘eaisl
greater than 0.5. Then select a node with maximum
number of uncovered neighbors. This algorithm is
illustrated below with an example.

Table 1. Parameter values
Identity Density
1

locity

uncovered neighbors in the network 10

e The CDSNodelLit amd CDSEdgelist are ﬁ
computed 13

14

4.1. Strategic Maximum Density CDS (ST-MaxD 15
16

CDS) 17

18

The specific criterion of this algorithm is to selle 19
node with maximum number of uncovered neighbors.20
This algorithm is illustrated below with an example 2%

Any node in the network can be selected as the23
starting node. In this example node 7 is choserchvhi 24

WWNWUIUTTWWOUTUTWA ADWWIDRRWA W
OCONOADNOUIRENNWWONPONWOROR <
ODPOPWOONNWIIDDOOOOUINUINWO DN @
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Fig. 1. Example to construct ST-MaxD CO@) Initial static network graph, (b) Iteration #d) Iteration # 2, (d) Iteration # 3, (e)
Iteration # 11(Last Iteration) (f) CDS Nodes, edged circuits list
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Fig. 2. Example to construct ST-SN CDS, &trong neighborhoodetwork graph, (b)teration # 1, (c)teration # 2, (d)teration #
3, (e)lteration # 11(Last Iteration), (DS Nodesedges and circuits
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Fig. 3. Example to construct ST-MV-MD CDS, (#&)itial staticnetwork graph, (b)teration # 1, (c)teration # 2, (d)teration # 3,
(e) Iteration # 12(Last Iteration), (f) CDS nodesiges and circuits
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Fig. 4. Example to construct ST-MD-MV CDS, (&)itial static network graph, (b)teration # 1, (c)teration # 2, (d)teration # 3,
(e) Iteration # 12(Last Iteration), (DS nodesedges and circuits
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In this example node 7 is chosen which has dedsity included in theCDS-Node-List and Covered-Nodes-List.
as shown irFig. 2b and it is included in th€DS-Node- Then node 7’'s covered neighbors (node 3, 4, 812},
List and Covered-Nodes-List. Then node 7's covered are added into th€overed-Nods-List. The density of the
neighbors (node 3, 4, 11, 12) are added intcCther ed- start node (node 7) is changed to 0 and the deokgijl
Nods-List. The density of the start node (node 7) is other nodes is computed as showFiig. 4b.
changed to 0 and the density of all other nodes is Then the node which has minimum density (greater
computed as shown Fig. 2b. than one) is chosen from th@overed-Nodes-List as
Then the node which has highest density is chosenshown inFig. 4b and the process is continued until all
from theCovered-Nodes-List as shown ifFig. 2c and the  the nodes are covered as showrFig. 4c-e. Whenever
process is continued until all the nodes are cav@®  there is a circuit, a suitable edge can be remseethat
shown |nF|g. 2; and 2d. The number of CDS nodes in 5 make it a tree, usually edges from a vertex Vather
CDSNode-List is 11 and the number of edgesGDS ID will not be removed. The number of CDS nodes in
Edge-List II:S 1% as ggosvén '”,:'?_', 2e. ;’herée are E,WO CDSNode-List is 11 and the number of edgesGbS
circuits inFig. 2f so ircuit-List = 2 and members I -
of the circuit = {11, 15, 16} and {15, 16, 20}. Edge-Listis 10 as shown iRig. 4f.

4.3.Strategic  Minimum  Velocity Minimum 5. SIMULAIONS AND ANALYSIS

Density .(_:DS_(ST_MV_M.D CDS.) _ The proposed solution was implemented on an ad hoc
The specific criterion of this algorithm is to setle peer-peer network by placing around 150 nodes in an
node with minimum velocity. If there is a tie cheoa  MxM area. Nodes were placed randomly and the
node which has minimum number of uncovered yronosed algorithms were performed on a network wit
neighbors (greater than one). This algorithm isstlated varying number of nodes and density. The proposad f

below with an example. . - : )
Any node in the network can be selected as theglgonthms and existing four algorithms were sinbeda

starting node. In this example node 7 is choserchvhi in Visual C++ Express tool. Networks were generated

has density 5 as shownFiig. 3a and it is included in the ~ With sizes of 25, 50, 100 and 150 respectively. e

CDSNode-List and Covered-Nodes-List. Then node 7's  the Breadth First Search (BFS) algorithm on @i@S
covered neighbors (node 3, 4, 8, 11, 12) are ailtted ~ Node-List and CDS-Edge-List and examine whether the

the Covered-Nods-List. The density of the start node underlying CDS is connected or not. The BFS albarit
(node 7) is changed to 0 and the density of aleoth checks whether all the nodes in the CDS are coadect
nodes is computed as showrFiig. 3b. If at least one node is not connected then therighgo
Then the node which has minimum velocity is chosenfaijls, which initiates the necessity for constrogta new
from the Covered-Nodes-List as shown irFig. 3b and CDS. The complexity of ST-MaxD CDS and ST-SN
the process is continued until all the nodes avereml as  cpg algorithm are O fhand the complexity of ST-MV-
shown in Fig. 3c-e. Whenever there is a circuit, @ \mp DS and ST-MD-MV CDS algorithm are O%n
suitable edge can be removed so that to makeriteq t We evaluate the CDS algorithms with respect to the

usually edges from a vertex with lower ID will nbé e ; ;
removed. The number of CDS nodesdbS Node-List tr_]reg mgtrlcs. CDS node S|ze,-CDS edge size and CDS
circuit size where CDS node size represents thebeum

) - L
's 12 and the number of edgesUdSEdge-Listis 11 as of nodes present in theDS-Node-List, CDS edge size

shown infig. 3f. represents the number of edges present iCi&Edge-

4.4. Strategic  Minimum  Density  Minimum Li and CDS circuit size represents the number of
Velocity CDS (ST-MD-MV CDYS) circuits present in th€DS-Circuit-List. The number of

circuits formed and other parameters are showrairie

The specific criterion of this algorithm is to s#la node
2, where n represents number of nodes; e represents

with minimum density (greater than one). If thexa itie or

the density of all the nodes present in Guered-Nodes- number of edges; cn represents number of CDS nodes;
Ligt is less than two, choose a node with minimum Vigloc ~ C€ represents number of CDS edges; c representsenum
This algorithm is illustrated below with an example of circuits. The smallest dominating set for eaetwork

Any node in the strong neighbourhood network canwas recorded. The comparison of four proposed
be selected as the starting node. In this exangale @ is  algorithms with respect to CDS node list and CD§eed
chosen which has density 5 as showfiig 4a and it is list is shown irFig. 5a and 5b.

////4 Science Publications 293 JCS



Victor Ceronmani Sharmila and Amalanathan Georgei/fnhl of Computer Science 10 (2): 285-295, 2014

90 CDS node list
L, 80 - . A
43 -~
= 70 A .
= - B
7 60 - A
SHELEE -
-
T 40 4 e
5 =
2 30 4 p ] ST-MAX
E o9 P —#— ST-SN
z 10 | — A— ST-MV-MD
= B = ST-MD-MV
0 T T T T T T T ]
0 20 40 60 80 100 120 140 160

Number of nodes

@)

1001 CDS edge list

. 901 =

20 804

3 70- -

wn

8 60

2 50+

5 40-

-74’: 304 ST-MAX

5 904 . ST-SN

z 10 - - =A - ST-MV-MD
0' - — H - - ST-MD-MV

0 30 60 90 120 150 180 210 240 270 300

Number of edges

(b)

Fig. 5. Comparison of four algorithms, (epmparison of CDS node list, (bpmparison of CDS edge list

Table 2. Estimation of parameters

Initial MaxD CDS SN CDS

static network

n e cn ce c cn ce c

25 41 11 15 1 11 14 2

49 84 23 33 3 27 34 3

100 191 42 65 10 49 54 7

144 287 60 98 13 68 75 10
MinV CDS ID CDS

25 41 15 22 4 13 17 2

49 84 35 49 7 30 38 5

100 191 58 81 15 49 76 12

144 287 76 116 19 69 106 15
ST-MaxD CDS ST-SN CDS

25 41 11 14 2 11 13 1

49 84 23 32 3 27 32 2

100 191 41 61 8 48 52 5

144 287 60 92 12 67 72 8
ST-MV-MD CDS ST-MD-MV CDS

25 41 14 13 0 12 11 0

49 84 32 31 0 23 22 0

100 191 58 57 0 46 45 0

144 287 83 82 0 70 69 0

6. CONCLUSION

less number of CDS nodes and more number of edges
and circuits. The ST-SN CDS is having moderate
number of nodes, edges and circuits. Hence ST-MaxD
CDS and ST-SN CDS algorithms can be used where
speed of the network matters. The ST-MV-MD CDS is
having more number of CDS nodes, moderate number
of CDS edges and no circuits. The ST-MD-MV CDS
is having moderate number of CDS nodes, less
number of CDS edges and no circuits. Hence ST-MV-
MC CDS and ST-MD-MV CDS can be used when it is
necessary to decide networks with minimum energy.
The results demonstrate that our algorithm outperfo
the other algorithms. In future authors may explore
the possibiliteis for different kinds of networksing

the proposed algorithms.
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