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Introduction

Wireless ad hoc network can be modeled as a unit-disk graph.

All nodes have an equal transmission rate of one unit



Introduction
Although a wireless ad hoc network has no physical backbone 
infrastructure, a virtual backbone can be formed by nodes in a 
connected dominating set of the corresponding unit-disk 
graph. 

Such virtual backbone plays a very important role in routing, 
broadcasting and connectivity management in wireless ad hoc 
networks.

Since network nodes are very limited in resources, the virtual 
backbone should be constructed with low communication and 
computation cost.

Three previous distributed approximation algorithms for CDS 
are presented and analyzed and then a new algorithm is 
proposed.



Lower Bound on Message Complexity

Theorem 1: In an asynchronous rings with point-to-point transmission, 
any distributed algorithm for leader election sends at least Ω(n log n) 
messages.
Theorem 2: In an asynchronous wireless ad hoc network whose unit-
disk graph is a ring, any distributed algorithm for leader election sends at 
least Ω(n log n) messages
Theorem 3: In an asynchronous wireless ad hoc network whose unit-
disk graph is a ring, any distributed algorithm for spanning tree sends at 
least Ω(n log n) messages
Theorem 4: In an asynchronous wireless ad hoc network whose unit-
disk graph is a ring, any distributed algorithm for nontrivial CDS sends at 
least Ω(n log n) messages



Lower Bound on Message Complexity

Proof: Let A be any distributed algorithm for CDS in wireless ad hoc 
network whose unit-disk graph is a ring. Note that for any nontrivial 
CDS of a ring consists of all nodes except either a unique node or two 
neighboring nodes. So after an nontrivial CDS is completed, the leader 
can be elected. The leader then notifies all other nodes in linear number 
of message. Thus from algorithm A, we can derive a distributed algorithm 
for leader election whose message complexity is Ø(n) more than the 
number of messages sent by A. From Theorem 2, the message complexity 
of A is at least Ω(n log n)

Lower bound for CDS algorithms: Ω(n log n)



Lower Bound on Message Complexity



Bharghavan and Das

Consists of three stages:

-The first stage finds an approximation to Minimum 
Dominating Set
-The second stage constructs a spanning forest F. 
Each tree component if F is a union of stars centered  
at the node U
-The third stage expands the spanning forest F to a 
spanning tree T

This is a greedy algorithm with high complexities:
Message Complexity = O(n2)
Time Complexity = O(n2)



Wu and Li

The algorithm first finds a CDS and then removes 
redundant nodes from it. 

The initial CDS U consist of all nodes which have at 
least two non-adjacent neighbors.

A node u in U is considered as locally redundant if it 
has either a neighbor in U with larger ID which 
dominates all other neighbors of u, or two adjacent 
neighbors with larder IDs which together dominates 
all other neighbors of u

Message Complexity = Ø(m)
Time Complexity = O(∆3)



Stojmenovic

Here the author presented three distributed constructions of CDS that 
consists of two types of nodes: cluster-heads and border-nodes. The 
cluster-heads from a maximal independent set (MIS). A node is a border-
node if it is not a cluster-head and there are at lest two cluster-heads 
within its 2-hop neighborhood.

Initially all nodes are colored white. In each stage, all white nodes which 
have the lowest rank among all white neighbors are colored black. Then 
all white nodes adjacent to these black nodes are colored gray and the 
ranks of the remaining white nodes are updated. The algorithm ends 
when all nodes are colored either black or tray, where the black nodes 
are cluster-heads

Message Complexity = O(n2)
Time Complexity = Ω(n)



Proposed Approximation Algorithm for CDS

This algorithm consists of two phases, which construct a maximal 
independent set (MIS) and a dominating tree, respectively



Proposed Approximation Algorithm for CDS

MIS construction: Each nodes maintains local variables: x1, 
levelList, blacklist, x2 (initialized to the number of children) and y 
(number of lower-ranked neighbors)

Dominating tree construction: The root T’ is a gray neighbor of 
the root of T which has the largest number of black neighbors. 
Root sends a QUERY message and the receives a REPORT 
message with the number of every node’s black neighbors. Then 
transmit a ROOT message and nodes become roots. New roots 
transmit INVITE2 if they are black or INVITE1 otherwise, and the 
receivers will send a JOIN message to join to T’



Proposed Approximation Algorithm for CDS

The MIS construction in the first phase uses linear messages and 
takes at most linear time. The construction of the dominating tree 
also uses linear messages and takes at most linear time. Thus 
besides the construction of the tree, the algorithm uses O(n) 
messages and takes  O(n) time.

Since the algorithm used for the construction of the tree has 
O(n log n) message complexity and O(n) time complexity, this 
algorithm has:

Message Complexity = O(n log n)
Time Complexity = O(n)  in Overall



Conclusions

1. They established a Ω(n log n) lower bound on message complexity of 
any distributed algorithm for CDS

2. After comparing the proposed algorithm with three other known 
algorithms, they show their algorithm performs better.
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