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Abstract

In self-organizing wireless networks, connected domi-
nating sets (CDS) have many applications such as in rout-
ing. Many algorithms for localized computation of CDS
have been proposed. However; in reality, customization is
needed under many situations when certain nodes should
be given higher priority for entering CDS. A gap between
the research and reality exists because the customizability
has not been fully explored so far. In this paper, we attempt
to fill the gap by proposing a purely localized algorithm
that is highly customizable. Its message complexity is also
low. Theoretical analysis is provided for performance ver-
ification. We also customize the algorithm to observe bet-
ter performance. Finally, by simulations, the general (i.e.
non-customized) algorithm and the customized version are
compared with two purely localized algorithms in term of
average CDS sizes.

1 Introduction

As the wireless technology advances rapidly, self-
organizing wireless networks such as wireless mesh net-
works and sensor networks, are on the horizon of ubiquitous
application. The infrastructure of such networks is radi-
cally different from that of the traditional Internet in that
it is formed by the self-coordination among the network
nodes after the networks are deployed, whereas the latter
is defined along with the deployment. In such an impro-
vised infrastructure, connected dominating sets (CDS) can
be leveraged to improve the performance of many functions.
For example, because of the improvisation, it is futile to as-
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sign dedicated routers prior to deployment. The commonly
practiced approach is allowing nodes to decide their own
roles (either as a router or a mere sender/receiver) based
on the topology known only after deployment. Using those
nodes in a CDS (e.g. in [1] [2]) can effectively reduce the
number of routers while still being able to provide end-to-
end connections all over the networks. Other application
areas include media access coordination (e.g. [3]), broad-
cast (e.g. [4]), energy conservation (e.g. [5]) and topology
control (e.g. [6]) etc.

In graph theory, given a graph G = (V, E) where V is
the set of vertices and F is the set of edges, a CDS is such a
set of vertices that any vertex in V is either in the CDS or is
the neighbor of at least one vertex in the CDS. In addition,
the subgraph induced by the CDS is connected. In wireless
networks, a node can be abstracted as a vertex. An edge is
placed between two vertices if the two corresponding nodes
can communicate directly. By this mean, a wireless network
is abstracted as a graph (usually undirected).

When the size (i.e the number of vertices) of the CDS
is minimal, the performance is the best. For example, to
save energy in sensor networks and prolong the network
life time, only sensors in the CDS are used to forward traf-
fic for other sensors. Obviously, the smaller the CDS, the
less energy is consumed, and the longer the network can
last. However, finding minimum connected dominating sets
(MCDS) is NP-Hard [7]. Researchers have been working
on this problem and proposed a number of heuristic algo-
rithms of various performance.

On the other hand, we notice that there has not been
an algorithm that provides customizability. In reality, peo-
ple may want to customize the self-organizing procedure
by giving certain network nodes higher priority to join the
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CDS. For instance, some nodes could be more powerful,
and they are preferred to forward traffic if they are in the
right position. In this paper, we address this problem by
building such capability into the algorithm. The proposed
algorithm has three major features: 1) It is purely local-
ized. Each node only needs information from its neighbors
at most two hops away. The time complexity is O(d + t)
where d is the average node degree, and ¢ is a smaller value
(to be explained in Section 3). 2) It is highly customizable.
Users can assign different priorities to different nodes prior
to deployment by tuning some parameters, or nodes can de-
cide their own priorities for joining the CDS depending on
their situation. 3) It has low message complexity. The total
number of messages sent by each node is at most 3.

Using simulations, we compare the average CDS sizes
resulting from our algorithms with two other also purely lo-
calized but non-customizable algorithms proposed respec-
tively by Adjih et al [8] and by Wu [9]. We do observe
that to achieve the customizability, certain performance is
traded off at acceptable loss. Furthermore, we customize
the algorithm by considering network topologies more care-
fully. The purpose is to demonstrate the customizability and
to also show that the performance of our algorithm has the
potential to be improved by customization. The correctness
of the algorithm is proved by theoretical analysis.

At this stage of our research, we only consider those net-
works with static topology, and we are not yet concerned
with the dynamic update of CDS. These problems are to be
explored in the future.

In the following, we will first briefly discuss the existing
algorithms of CDS computation, followed by the detailed
description and theoretical analysis of our algorithm. Sim-
ulation results and the conclusions are presented at the end.

2 Related Work

There are many different approaches to construct a CDS.
First of all, the algorithms can be categorized as either
centralized or distributed. In centralized algorithms (e.g.
[10, 11]), a central entity has the global knowledge and
controls the construction process. In distributed algorithms,
differentiation can be made between those requiring global
information (e.g. [2, 12]) and those requiring only local
information (e.g. [8, 9]). Although the centralized algo-
rithms and the distributed ones requiring global information
usually achieves better performance, they are not scalable.
Therefore, we only compare the performance of our algo-
rithm with the localized distributed ones, in which category
our algorithm falls in.

The two algorithms MPR [8] and EMPR [9] that we
choose for comparison are both purely localized in that their
time complexity is O(A3) where A is the maximum num-
ber of edges emanating from a vertex. Other algorithms

(e.g. [13]), although they also only require local informa-
tion, their construction processes are actually sequential,
and therefore have the time complexity of O(n) where n
is the number of vertices in a graph. We do not categorize
such algorithms as purely localized.

The MPR algorithm [8] by Adjih et al uses mul-
tipoint relays to help CDS construction. Given V as
a set of vertices, let N (V) be the union of V and its
immediate neighbors. Another vertex set U is covered
by V if U € N(V). The multipoint relay set R(v)
of a vertex v is such a subset of N({v}) that covers
N(N({v})) — N({v}). Each element of R(v) is a multi-
point relay of v. To calculate R(v), the following greedy
algorithm is used (for convenience, we denote Ni(v) =

N({v}) — {v} and Ny(v) = N(N({v})) = N({v})):

Consider a vertex u € Ny (v):

Step 1: add those u’s into R(v), if there is a vertex in Na(v)
covered only by u.

Step 2: add w into R(v), if u covers the largest number of
uncovered vertices in Na(v), i.e. the vertices in Na(v) —
(N2(v) N N(R(v))). Repeat this step until all vertices in
N5 (v) are covered.

After the MPR sets of all vertices are obtained, two rules
are followed for CDS construction. Assuming each vertex
has a unique ID, a vertex z is added to the CDS if 1) z
has the smallest ID among N ({z}) (rule 1), or 2) x is a
multipoint relay of its neighbor y, where y has the smallest
ID among N ({z}) (rule 2).

The EMPR algorithm [9] by Wu is actually an enhanced
version of the MPR one. Two enhancements were proposed
for calculating MPR sets and the CDS respectively. The en-
hanced greedy algorithm for MPR calculation is as follows:

Consider a vertex u € Ny (v):

Step 1: add all free neighbors of v to R(v), where u is a
free neighbor of v if the ID of v is not the smallest among
N({u}).

Step 2: add those u’s into R(v), if there is a vertex in Na(v)
covered only by u.

Step 3: add w into R(v), if u covers the largest number of
uncovered vertices in Na(v), i.e. the vertices in Na(v) —
(N2(v) N N(R(v))). Vertex ID is used to break the tie of
coverage if any. Repeat this step until all vertices in Na(v)
are covered.

The other enhancement is for rule 1 in adding vertices
to the CDS: a vertex x is added to the CDS if x has the
smallest ID among N ({z}) and has two neighbors that are
not adjacent to each other.

With the enhancements, the EMPR algorithm gains
some performance improvement over the MPR algorithm.
Nonetheless, they both rely on vertex IDs. Although it is
possible to replace the IDs with other metrics, the values of
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such metrics have to be unique for each node. Moreover,
the values and metrics cannot change over time, otherwise
the foundation is broken. Therefore, these two algorithms
are not fully customizable. Our algorithm described in the
following avoids these problems.

3 A Customizable Localized Algorithm of
Connected Dominating Set Construction

Our algorithm assumes that each network node has a
unique ID. In fact, as long as such ID’s are unique within
the two-hop neighborhood, the algorithm works fine. We
also assume that all node clocks are synchronized when the
CDS computation starts.!

In the following, we will first elaborate the general ver-
sion of the algorithm, i.e. the one without any customiza-
tion. After that, a customized version will be provided. For
readers’ convenience, the most important notifications to be
used in the algorithm description and analysis are given in
the following table:

Table 1. Notations and their interpretations.

1D, Node identifier of node u
N;(u) The list of i-hop neighbors of node w.
. The list of dominator neighbors that are at
List?
most one-hop away from node .
. The list of dominators that are exactly two-
Listy
hop away from node u.
List;p,; | The list of nodes invited to join the CDS.
g The set of (x,y) such that x € List¥, y €
v Listy,and ID, < ID,,.

3.1 The General Algorithm

The algorithm consists of two phases. The first phase
(Phase I) builds a maximal independent set (MIS) in which
no two nodes are adjacent to each other. The second phase
(Phase IT) connects all pairs of nodes within the MIS that are
two or three hops away. All the nodes within the MIS are
termed dominators and other nodes dominatees. Obviously,
each dominatee has at least one dominator as its neighbor.
Some dominatees will be elected as connectors in Phase II.
All dominators and connectors together form a connected
dominating set.

In the procedure, nodes broadcast messages for co-
ordination. = Three types of messages are involved:
dominator, dominatee, and connector, with their

IThis assumption should not be a problem as usually the CDS is com-
putation right after deployment. Node clocks can be easily synchronized
before that.

content illustrated in Fig. 1. The C'V field in all messages
accommodates custom values, which can be linked to those
operation parameters in the algorithm and make them cus-
tomizable. The values can be in any form, such as numbers
or even function names. Users can assign various values to
this fields depending on their needs. The List;,; field in
the connector message contains all nodes invited to join the
CDS such that the sender of the message and its two-hop
dominator neighbors in Lists can be connected.

Dominator:
Dominatee:

Connector: ‘ ID ‘ CV‘ List2 ‘ List—invi ‘

Figure 1. Message formats.

To distributively control the priorities of different mes-
sage broadcastings, we introduce three time intervals &y,
02, and J3, with 07 < d2 < d3. Moreover, we exploit ran-
dom delays for collision avoidance. A random delay in the
range (0,¢) for node w is denoted by Rand,,(t). Different
instances of Rand, (t) have different values.

3.1.1 Phase I: Computing an MIS

Starting from the beginning Ty, Phase I contains ¢ + 1
rounds. The first ¢ rounds (rounds 0,1,---,¢ — 1), each
lasting §; time as shown in Fig. 2, compute a maximal
independent set. The last round, with variable length, is
used for dominatee message broadcastings. A node with
an undecided role becomes a dominator with probability
min(2¢p, 1) at round i for i = 0,1,---,¢ — 1, where p is
a user-defined parameter that is related to the custom value
and network density, and ¢ is chosen such that 2t*2p <1
and 2!~ !p > 1. Based on this regulation, the probability
of being a dominator increases exponentially and all unde-
fined nodes intend to become dominators at round ¢ — 1.
Note that within each round nodes make decisions proba-
bilistically and independently.

round 0 | round 1 " round t-2 round t—1

b 2p e 12 1

Time ¢

iy T+ 8 T+2 8T+(t-3) §H+t-2) & T
To+(t=1) &

Figure 2. The first ¢t rounds of Phase I.

Initially, the roles of all nodes are undecided. When
more and more rounds are executed as time goes by, more
and more nodes become dominators or dominatees. The be-
havior of each node u during Phase I can be illustrated by
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the state transition diagram in Fig. 3. The states and transi-
tions are explained in details as follows.

Become a

dominator

m probabilistically
3

Dominator
(trial)

Broadcast

a dominatee
message

Dominatee
(trial)

Dominator

Received
a dominator message

Broadcast
a dominator message

Figure 3. Node state transitions in Phase I.

o State 1. Initially all nodes are in state 1. At the be-
ginning of each round ¢ fori = 0,1,---,¢t — 1, anode
u determines whether or not to become a dominator
with probability min(2?p, 1). If not, u stays in state 1;
otherwise, it goes to state 2:

— 1 — 1: u chooses not to become a dominator at
the current round;

— 1 — 2: u chooses to become a dominator at the
current round.

e State 2. Immediately after the decision of being a
dominator is made, w starts a timer set to expire in
Randu(%). This timer is denoted by T'imer.. When
Timeri times out, u broadcasts a dominator mes-
sage and goes to state 3. If receiving a dominator
message before Timer] expires, u goes to state 4. In
fact, the timeout value if we use Rand,, (), and link 7
to the custom value, while still having it less than %1.

-2 — 3: wus timer Timer. expires and a

dominator message is broadcasted.

— 2 — 4: u’s timer Timer} is cancelled by a re-

ceived dominator message. u becomes a dom-
inatee since one of its neighbors has announced
its dominator status.

e State 3. u becomes a dominator successfully. In the
following rounds, v remains in this state.

— 3 — 3: u does not change its state in Phase I after
it goes to state 3.

e State 4. u has at least one neighbor that has claimed
to be a dominator. Thus w stays in the current state.
At the beginning of round ¢, u starts its timer Timer.

set to expire in Rand, (J2). When Timer! expires, u

broadcasts a dominatee message and goes to state 5.

Again, similar to the discussion in State 2, the timeout

value here can be customizable.

— 4 — 4: u becomes a dominatee since it has at
least one dominator neighbor. u stays in this state
before round ¢ starts.

— 4 — 5: u successfully broadcasts a dominatee
message at round ¢.

e State 5. wu has successfully announced its dominatee
status to the neighborhood.

Remarks:

e Phase I requires no a priori neighborhood informa-
tion. Each node broadcasts either a dominator or
a dominatee message exactly once. At the end of
Phase I, a node is either in state 3, or in state 5.

e Limited neighborhood information is collected in
Phase 1. Nodes are assumed to work in the promiscu-
ous mode, which means that they can extract informa-
tion from all messages broadcast by their neighbors.
Therefore, at the end of Phase I, each node © owns the
following information:

— One-hop neighbors, their status (dominator or
dominatee), and their custom values;

— Two-hop dominator neighbors and the corre-
sponding one-hop neighbors from which to reach
the former.

e Even though random delay (Rand(t)) is introduced for
collision avoidance, it is possible that not all collisions
are removed. For simplicity, we assume all nodes can
successfully receive messages from their neighbors.

e Rand(t) is customizable if we link the ¢ to the custom
value. The algorithm will work fine even if we use
values that vary over time for ¢, as it only changes the
order of timeouts. This remark also applies to Phase II
in the coming subsection.

e The value of p depends on the custom values of the
nodes (and is thus customizable) and the network den-
sity. For normal nodes, p can be set to é when all
nodes are randomly and uniformly deployed, where d
is the average degree of the node network. In this case,
we have d = & - (77%), where N is the total number
of nodes, A is the area of the deployment region, and
r is the transmission range of each node. For nodes of
higher priority, p can be set higher than % so that they

are more likely to become dominators.

3.1.2 Phase II: Connecting the MIS

Since round ¢ in Phase I has variable length, it may not be
efficient to ask all nodes to launch Phase II at the same time,
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even though they are synchronized. For simplicity, we as-
sume each node enters Phase II after a dominatee mes-
sage is received if it is in state 3, or after it enters state 5. We
further rely on d3, a multiple of ds, to ensure that a node in
Phase II does not broadcast any messages before all neigh-
boring broadcastings for Phase I finishes.

Let D be the maximal independent set computed in
Phase I, which contains all dominators at state 3 in Fig. 3.
Let { D1, D3} be any partition of D such that D = D1 U Dy
and D; N Dy = ¢. If none of D; and D- is empty, the
shortest distance in hops between D, and Ds is either 2 or
3. Therefore, for any node w, if to u’s knowledge, all domi-
nators that are at most two hops away from v are connected
with each other, D will be connected. In other words, if
w itself is a dominator, v needs to connect to all nodes in
Nsy(u) N D; otherwise, Yv € Nj(u) N D should be con-
nected to Vw € Na(u) N D. Here N;(u) is the set of nodes
that are exactly ¢-hop away from u fori = 1, 2.

Based on these observations, we design a localized pro-
cedure to connect D. Note that the necessary neighborhood
information has been collected in Phase I. Let List} be the
set of dominators that are at most one-hop away from wu.
Therefore if « is a dominator after Phase I, v € List}.
Let Listy be the set of dominators that are exactly two-hop
away from u. Let S,, be the set containing all pairs (u1, u2)
such that u; € List}, ua € Listy, and ID,, < ID,,.
Note that the two nodes of any pair in S, are at most
three hops away. Our objective in Phase II is to connect
all pairs of dominators in S, so that D is connected. If
Sy # ¢, u may join the CDS as a connector and broadcast
a connector message.

When the network density is high, the above mentioned
procedure results in a CDS with very large cardinality. To
overcome this problem, we introduce a distributed compe-
tition among neighboring nodes. Each node v maintains a
timer T'¢mery, which is initialized as ¢; + Rand,,(d1) if u
is a dominator, and to d2 + F'(u) if u is a dominatee. F'(u)
is a customizable function, and will be explained further in
the remarks. When Timery times out, v wins the competi-
tion and broadcasts a connector message to invite other
nodes to join the CDS in order to connect all pairs in S,,. A
neighbor node v is to be invited only if there exist two dom-
inators « and w such that (z,w) € Sy, and u is connected
to w via v (u has the information from Phase I). Note that
for the same w, u only invites one neighbor node. Upon re-
ceiving a connector message before Timery times out,
u stops its timer. If the sender of the connector mes-
sage is v, u updates S,, by removing all pairs of (z,y) in
the S, (Note that v can obtain .S, by checking List§ in the
connector message and List] from Phase I). If u is in-
cluded in the List;,,; field of the received connector
message, u joins the CDS as a connector and broadcasts a

connector message immediately?. No matter v is invited
or not, it needs to update S, further by examining whether
the joining CDS by v (and possible by u) can connect any
pairs in S,,. If u is a dominatee with a non-empty S, but
is not in the invitation list, it re-initializes and restarts its
timer. From the above description, we notice that a domi-
nator has a higher priority over the neighboring dominatees
to invite nodes into the CDS. In addition, a dominator u
always broadcasts a connector message if its S, # ¢.

The following two cases summarize the above descrip-
tion:

e Case I: The node « is a dominator. If S, # ¢,
u broadcasts a connector message inviting just
enough neighbor nodes to connect all pairs in S,,. De-
pending on the custom value of its neighbors, it is pos-
sible for u to prefer some nodes over others. Or, u can
just randomly choose a subset of the neighbors as long
as all pairs in .S,, can be connected.

e Case II: The node « is a dominatee. If » wins the
local competition and S, # ¢, u becomes a CDS node
and broadcasts a connector message inviting other
necessary nodes to join the CDS such that all pairs
in .S, can be connected. The connector message
also serves another purpose of announcing u’s joining
the CDS. Upon receiving a connector message dur-
ing the competition, u stops its timer and updates S,,.
If w is invited to join the CDS by the connector
message, u also wins the competition. Otherwise, if
Su # &, u resets its timer to d; + F'(u) and partici-
pates in the competition as before.

The state transition of a node w in Phase II is illustrated

in Fig. 4. The detailed description is given below.
From state 3 of Phase I From state 5 of Phase I

S is empty
5 i 3

Dominator Non—-CDS Node

Broadcasting
a connector
message

ID is ncluded in a
connector message

CDS Node
(trial)

6( CDS Node

Broadcasting
a connector
message

Figure 4. Node state transitions in Phase Il.

e 3 — 3': The node u is a dominator at the end of Phase
I. u enters Phase II if the media is clear for at least 3
time after receiving a dominatee message.

21t is possible for a connector message to have an empty List;y ;.
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e 5 — 5': The node u is a dominatee at the end of Phase
1. u enters Phase II if the media is clear for at least d3
time after broadcasting a dominatee message.

e State 3'. If S, = ¢, it enters state 6 directly; oth-
erwise, after the media is clear for 61 + Rand,,(d1)
time, u broadcasts a connector message to connect
all pairs in S,,, and then enters state 6.

— 3’ — 6: u enters the final state 6 if u does not
have any two-hop dominator neighbors, or after
it broadcasts a connector message to connect
to all of its two-hop dominator neighbors.

e State 5'. If S, # ¢, Timery is initialized to d2 +
Upon successfully timing out, u does the following:

— 5 — 6: u broadcasts a connector message
and joins the CDS.

Upon receiving a connector message, u updates S,
and conducts one the following state transitions:

- 5 —5: 8, # ¢and uis notin the Listy,; field
of the received message.

— 5§’ — 7: uisinvited to join the CDS by the sender.

If Su = ¢, Timery is initialized to 3. If the timer suc-
cessfully expires, which means no connector mes-
sages have been broadcast in its neighborhood, u be-
comes a non-CDS node.

-5 — 8: As S, = ¢, u turns to be a non-CDS
node.

e State 6. The final state for CDS nodes.

e State 7. If S,, # ¢, u first broadcasts a connector
message as soon as the media is clear, and then goes to
state 6; Otherwise, u goes to state 6 immediately.

— 7 — 6: wu is invited to join the CDS.

e State 8. The final state for non-CDS nodes.

Remarks:

e We exploit 4; and 5 to prioritize the message broad-
castings of Phase II.

e The introduction of the three time intervals 61, do, and
03 is motivated by the SIFS, PIFS, and DIFS in IEEE
802.11 [14]. In this study, we choose d2 = 2 x §; and
03 = 2 X §2. 01 should be long enough for a round-trip
transmission in an one-hop neighborhood.

e F(u) (for node u) is a function of the custom value
CV. For collision avoidance, we also need to add a
small random number such that two nodes with the
same custom value do not broadcast messages at the
same time with very high probability.

3.2 Customization and A Customized Al-
gorithm

The customizability of our algorithm mainly
lies in the decision of node roles (as domina-
tors/dominatees/connectors). If a node decides its
role as a dominator or a connector, it joins the connected
dominating set, and therefore may assume more respon-
sibility (e.g. forwarding traffic) than those not in CDS.
If we have the knowledge that certain nodes should be
placed in CDS (e.g. nodes with more energy or better
communication capability), we can assign higher priority
to them for becoming dominators or connectors. On the
contrary, if some nodes should be refrained from taking
more responsibility and thus from joining the CDS, lower
priority should be given to them.

As a test of the customizability, we provide a customized
version of the general algorithm described above. The goal
is to achieve smaller CDS sizes. The following customiza-
tions are introduced:

1. We assume that before Phase I, all nodes spend some
time to learn the amount of immediate neighbors. In
Phase I that follows, the nodes with more undefined
neighbors have larger initial p and smaller timeout
value for Timer!. In other words, the nodes with more
undefined neighbors have higher priority of becoming
dominators. During the whole course of Phase I, the
number of undefined neighbors are kept updated.

2. In Phase II, the nodes that have the larger number of
different nodes in their S set have higher priority of
sending a connector message. However, we still prior-
itize dominators over dominatees.

3. When inviting neighbors to join CDS, we mimic the
greedy algorithm to build multipoint relay sets. For a
node u, let v be a node such that (z, v) is in S,,. If there
is only one node x that connect u to v, add x into the
invitation list. After adding all such nodes, we prior-
itize the rest neighbors according to their coverage of
uncovered second nodes in .S,, (i.e. v just mentioned).

The performance of the customized algorithm is shown
in the simulation section.
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4 Performance Analysis

In this section, by providing a few theorems, we study
the performance of the general algorithm proposed in the
previous section. Due the space limit, the proof is omitted
and available in the technical report.

Theorem 1 All nodes at state 3 in Phase I form a maximal
independent set.

Theorem 2 All nodes at state 6 in Phase Il form a con-
nected dominating set.

Theorem 3 The time complexity of our localized CDS con-
struction procedure is O(d+t), where d is the average node
degree.

Theorem 4 The total number of messages each node
broadcasts is at most 3.

5 Simulations

To observe the average CDS size, we have run simula-
tions for our general algorithm and the customized version
as well as for the MPR and EMPR algorithms. For our gen-
eral algorithm, we use the same initial p for all nodes, and
the timeout values and invitation sets are all randomly de-
cided based on the same parameters.

The simulations are conducted in an 100 x 100 area with
n nodes randomly distributed on it, where n ranges from 20
to 100 with the step size 10 and from 100 to 1000 with the
step size 100. We have tested two transmission ranges: 20
and 40. We did not test transmission ranges smaller than 20
since it is hard to obtain connected graphs for small number
of nodes. For each setting, we run the simulation 100 times
and calculate the average.

5.1 The Effect of p’s Initial Values

Before comparing the performance of the algorithms, we
have checked with the effects of p’s initial value on the gen-
eral algorithm. We tested six different values of p: 1/2,
1/4,1/8,1/16, 1/32 and 1/64. It turns out that the dif-
ferences between these initial values of p do not change the
performance of our algorithm (the general version) much,
as shown in Fig. 5.

5.2 Comparison among Different Algo-
rithms

Fig. 6 displays the average CDS sizes of all four algo-
rithms for various settings. In the figures, the curves of
the MPR algorithm, the EMPR algorithm, our general al-
gorithm and the customized version are denoted as MPR,

(a) Transmi range = 2
with 20 ~ 100 nodes

with 100 ~ 1000 nodes

(c) Transmimggvigg%nge =40 (d) Transmimsugﬂigﬁwruénge =40
with 20 ~ 100 nodes with 100 ~ 1000 nodes

Figure 5. Insignificant impact of initial p on
the average CDS size.

EMPR, CL and CL-e respectively. The displayed results
of our general algorithm are from p = 1/64. We observe
that the general version of our algorithm cannot achieve as
small CDS on average as MPR and EMPR can. The average
sizes almost double. It is understandable as the cost of cus-
tomizability: in Phase I, some nodes are randomly chosen
as dominators and added into the CDS, and in Phase II, the
connections have to be made based on these nodes while the
connections are made somehow randomly. If the choices
are made more carefully, it is possible to gain better perfor-
mance. In fact, the average CDS sizes of the customized
version are quite close to those of MPR and EMPR. It in-
dicates that the general algorithm has the potential to gain
better performance after being customized.

6 Conclusions

We have proposed a customizable algorithm to construct
connected dominating sets (CDS) distributively using only
local (specifically, within two hops) information. The algo-
rithm can be applied to self-organizing wireless networks to
improve the performance of routing, broadcasting, topology
control and energy conservation, etc.

The algorithm is customizable in that users can tune
some parameters in the network nodes and prioritize them
for joining the CDS. It is purely localized as its time com-
plexity is O(d + t) where d in the average node degree, and
t is usually a small number (please refer to Section 3). The
message complexity is also very low. Each node sends at
most 3 messages during the construction of CDS.

However, the customizability comes at a price. Using
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with 100 ~ 1000 nodes

T

S— - oo S

.................................. o

(c) Transmission rénge =40 (d) Transmission range = 40
with 20 ~ 100 nodes with 100 ~ 1000 nodes

Figure 6. Average CDS sizes of all four algo-
rithms for various settings.

simluations, we compare the average CDS sizes of MPR
[8], EMPR [9] and our algorithm. The former two both
outperform ours. On the other hand, our algorithm has the
potential to obtain better performance with the right cus-
tomization. We show that by giving a customized version
of our general algorithm. In simulations, its average CDS
sizes are close to those of MPR and EMPR. Of course, in
many cases CDS size is not the only metric for performance
evaluation. However, the actual metrics that should be con-
sidered depend on the applications, and thus vary from case
to case. Therefore, we left out other metrics when checking
performance, and only used CDS sizes as it is important in
many aspects.

Future research is planned on CDS construction for dy-
namic network topology and CDS maintenance with the
proposed algorithm as the basis. We will also consider the
impact of customization on other performance metrics.
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