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Abstract

In this paper, we propose a distributed broadcasting al-
gorithm for wireless ad hoc networks. In the algorithm, an
efficient strategy is used to determine the forward status of
a node by just checking whether there exists a ring that con-
tains all its neighbors. The proposed algorithm is more ef-
ficient than the existing broadcasting algorithms in the lit-
eratures. That is, the size of the forwarding nodes found by
our algorithm is smaller and the running time is faster than
other broadcasting algorithms. Reducing the number of for-
warding nodes will decrease the probability of transmission
collision, and hence improve the packet delivery ratio. The
algorithm runs inO(d2) time, where d is the maximum node
degree. The full coverage is not guaranteed but as shown by
the simulation results, the probability of full coverages can
be over 99 percent when the network contains 100 or more
nodes.

1. Introduction

A wireless ad hoc network is an interconnection of mo-
bile computing devices, where the link between two neigh-
boring nodes is established via radio propagation. neighbor-
ing nodes can communicate directly when they are within
transmission range of each other and radio propagation con-
dition in the vicinity of these nodes is adequate. Commu-
nication between non-neighboring nodes requires a multi-
hop routing protocol. In a multi-hop wireless network, each
node has a transmission radius and is able to send a packet
to all its neighbors that are located within the radius. In a
broadcasting task, a source node sends the same packet to
all the nodes in the network. It is an important task used
for paging, alarming, location updates, route discoveries or
even routing in highly mobile environments.

Wireless networks consist of static or mobile hosts that
can communicate with each other over the wireless links
without any static network interaction. Each mobile host

has the capacity to communicate directly with other mobile
hosts in its vicinity. They can also forward packets destined
for other nodes. Example of such networks are ad hoc local
area, packet radio, and sensor networks.

For a broadcasting task, we assume the one-to-all model
in which transmission by each node can reach all nodes that
are within radius distance from it. Blind flooding is the most
basic broadcasting approach, in which a source node broad-
casts the packet to its neighborhood. Recursively, each node
that receives the packet first time broadcasts the packet to its
neighborhood. Blind flooding results in redundant transmis-
sions: A node with d neighbors will receive the same packet
d times. Blind flooding ensures the coverage. However, the
redundant transmissions in blind flooding may cause con-
tention and collision [4, 9]. In a collision, several nodes
send packets simultaneously and packets are lost due to in-
terference. In a contention, a node backs off when the chan-
nel is occupied.

Self-pruning is an effective method in reducing broad-
cast redundancy. In self-pruning-based broadcast protocols
[1, 2, 3, 5, 6, 7, 8, 10], each node collects neighborhood
topology information (static information) and extract broad-
casting history information (dynamic information) from in-
coming packets. Each node decides its role in a specific
broadcasting. It either becomes a forwarding node and for-
wards the broadcast packet or becomes a non-forwarding
node and does nothing. If the decision is made based
on only static information, the corresponding protocol is a
static protocol. Otherwise, it is a dynamic protocol.

The forwarding node set derived by static protocols can
be used in any broadcasting while the one derived from dy-
namic protocols is normally used in a specific broadcast-
ing. In general, dynamic protocols can generate smaller
forwarding node set. However, this is done at the cost of
longer completion time of the broadcasting process.

A set of nodes is a dominating set if every node in the
network is either in the set or a neighbor of a node in the
set. If the forwarding nodes, including the source node,
form a connected dominating set then the self-pruning pro-



tocol ensures the full coverage. Self-pruning protocols can
be evaluated by the efficiency in terms of the number of
forwarding nodes, reliability in terms of delivery ratio, and
running time for selecting the set of forwarding nodes.

Some of the previous self-pruning algorithms do not en-
sure the full coverage, the span algorithm [1] for instance.
On the other hand, even a self-pruning algorithm ensures
the full coverage, it cannot ensure 100% delivery due to the
contention and collision [3]. In general, if the number of
forwarding nodes is large, there will be a high probability
to cause contention and collision. In order to increase the
delivery ratio, self-pruning algorithms try to reduce the size
of the forwarding node set.

In this paper, we propose a new static self-pruning
scheme that is more efficient than the algorithms proposed
before. Our algorithm generates a smaller number of for-
warding nodes and runs much faster for selecting the set of
forwarding nodes though the full coverage of the broadcast-
ing cannot be guaranteed. The simulations show that reli-
ability of the broadcasting is 99% or higher for networks
containing 100 or more nodes.

The rest of the paper is organized as follows. Section
2 reviews the previous self-pruning algorithms for selecting
the set of forwarding nodes. Section 3 presents the new self-
pruning algorithm. Section 4 gives simulation results on
the performance of the new algorithm and compares these
results with Rieck’s algorithm. Section 5 concludes this pa-
per.

2. Previous Work

We consider an ad hoc network as a graph G = (V,E),
where V is a set of nodes and E is a set of bidirectional
links. For each node v, N(v) = {u|(u, v) ∈ E} de-
notes its neighbor set. Let F be the set of forwarding
nodes. A broadcasting is successful if every node in G
receives the broadcast packet; that is, V − F ⊂ N(F ),
where N(F ) = ∪v∈FN(v). A broadcasting algorithm is
full coverage if it guarantees successful broadcasting, pro-
viding that G is connected. The key issue in designing a
broadcasting algorithm is to determine a small forwarding
node set based on affordable local information.

A self-pruning is distributed if each node decides its own
status (forwarding/non-forwarding) independently based on
the local information. In the previous distributed self-
pruning algorithms, for each node v, all pairs of neighbors
of v are checked in order to determine its status. For each
pair (u, u′) of neighboring nodes of v, up to k-hops infor-
mation (whether there exists a path of length k from u to
u′ or not) is checked. The value of k determines the time
complexity of the algorithm.

In this section, we review some static self-pruning algo-
rithms. In Wu and Li’s algorithm [11], a marking process is

proposed to determine a set of gateways (forwarding nodes)
that forms a CDS (connected dominating set). A node is
marked as a gateway if it has two neighbors that are not di-
rectly connected. Two pruning rules are used to reduce the
size of the resultant CDS. In rule 1, a gateway v becomes a
non-gateway if all of its neighbors are also neighbors of an-
other node that has higher priority value. In rule 2, a marked
node can be unmarked if its neighbor set is covered by two
other nodes that are directly connected and have higher pri-
ority values.

Dai and Wu [2] extended the Wu and Li’s algorithm by
using a more general rule called Rule k. A gateway be-
comes a non-gateway if its neighbor set is covered by k
other nodes that are connected and have higher priority val-
ues.

Chen et al. [1] proposed the Span protocol to construct
a set of forwarding nodes called coordinators. A node v
becomes a coordinator if it has two neighbors that cannot
reach each other by either directly connected, indirectly
connected via one intermediate coordinator, or indirectly
connected via two intermediate coordinators. Span uses 3-
hop information and cannot ensure a CDS.

Rieck et al. proposed a CDS algorithm that can be
viewed as the enhanced Span [7]. In Rieck’s algorithm, a
node v is a forwarding node if it has two neighbors that
cannot reach each other by either directly connected or in-
directly connected via one intermediate node with higher
priority than v. Rieck’s algorithm requires only 2-hop infor-
mation. Checking every pair requires O(d2) running time,
where d is the maximum node degree of a network. Rieck’s
algorithm also checks an intermediate node that needsO(d)
running time. Therefore, Rieck’s algorithm’s running time
is O(d3),

The algorithm proposed in this paper, called Ring algo-
rithm, is an effort continuing the trend of previous algo-
rithms to generate the set of forwarding nodes with small
size in an efficient way. The algorithm will be described in
the next section.

3. Ring Algorithm

Full coverage of a broadcasting algorithm in ad hoc net-
work can be achieved theoretically by selecting a CDS as
the forwarding node set. However, practically, the delivery
ratio in most of cases is lower than 100% due to collision,
contention, and mobility. Therefore, it is desirable to de-
sign a distributed self-pruning broadcasting algorithm that
is efficient in selecting a small forwarding node set and its
running time is fast although a CDS cannot be ensured. This
is especially important for real-time applications.

The existing algorithms for deciding forward or non-
forward status for a node v need to check every pair of
neighboring nodes of v. If there is any pair of neighbor-



ing nodes of v that are not directly connected nor connected
via 2 or 3 hops, v will be included in the forwarding node
set. Therefore, the size of the forwarding node set might be-
come too large and the time to check forward status might
also be quite long.

Our idea to reduce the size of the forwarding node set
as well as the time for checking is to check whether there
exists a cycle that contains all the neighboring nodes of v.
If such a cycle exists then we mark v as a non-forwarding
node. This idea is motivated by observing that if a cycle
that contains all nodes in the set of neighboring nodes of v
exists then node v will be very likely a redundant node for
forwarding the broadcast packet.

Our algorithm works as follows. Initially, every node is
marked as a non-forwarding node. For each node v that has
more than one neighbor, the algorithm checks its neighbor-
ing nodes in a particular order, e.g., an increasing order of
node ids. Let the neighboring nodes of v listed in this order
be v0, v1, . . . , vr−1, where r = d(v). For each node
pair (vi, v(i+1)mod r), the algorithm checks whether they
are connected directly or connected via a node u that has
a higher priority than v. If such path (cycle) does not exist
then v is remarked as a forwarding node. Otherwise, there
is a cycle of length between d(v) and 2d(v) that includes
all the neighboring nodes of v and the node v remains non-
forward status.

The Ring algorithm is shown in Algorithm 1. We use
my id and my degree to denote node v and d(v), respec-
tively. In the algorithm, my neighbor id, an array of length
my degree, stores the neighbor’s ids of my id. The output
of the algorithm is my status that will be “forward” or “non-
forward”.

Algorithm 1 (Ring)
begin

my status = nonforward;
if my degree > 1
i = 0;
while (i < my degree) and (my status = nonforward)
j = (i + 1) mod my degree;
x = my neighbor id[i];
y = my neighbor id[j];
if (x and y are not directly connected by a link)

if (a node z with higher id than my id that
connects to both x and y does not exist)

my status = forward;
endif

endif
i++;

endwhile
endif

end

Figure 1 shows an example marked by our algorithm.
The nodes with bold cycles are forwarding nodes; the rest
are non-forwarding nodes. Node 1 has 4 neighbors: nodes
2, 3, 5, and 8. These neighbors form a ring in the increasing
order of node ids: Node 2 connects to node 3 directly; node
3 connects to node 5 directly; node 5 indirectly connects to
node 8 via an intermediate node 3 that is higher than node
1; and node 8 indirectly connects to node 2 via node 3. Note
that node 3 is also marked as a non-forwarding node by our
algorithm, but it is marked as a forwarding node by Rieck’s
algorithm.
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Figure 1. An example

For 1-hop checking, since only up to d links are checked,
the computing time is O(d). In practice, to reduce the size
of the forwarding node set, we also check 2-hop connection
between a pair of neighbors, that is, connected via an inter-
mediate node. Therefore, the computing time is O(d2) and
the ring found is of the length between d(v) and 2d(v).

4. Performance Analysis and Simulations

We perform some experiments on Rieck’s algorithm and
our Ring algorithm on ad hoc networks. Our interest here
is on efficiency (the number of forwarding nodes), cover-
age rate (the percentage of the forwarding nodes forming
a CDS), and speedup (the ratio of the running times of the
two algorithms).

All simulations are conducted on static networks with a
collision-free MAC layer. Each ad hoc network is generated
by randomly placing n, 40 ≤ n ≤ 200, nodes in a restricted
200 × 200 area. The transmission ranges are set to be 60,
80, and 100. Both algorithms use 2-hop information and
node id as priority. For each configuration, we test 10,000
times to get the coverage rate and the average efficiency and
speedup.

Figures 2 and 3 show the efficiency of Rieck’s and Ring
algorithms. Figure 2 shows the number of forwarding nodes
for randomly generated ad hoc networks of node ranges
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Figure 2. The numbers of forwarding nodes
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Figure 3. Ratio of the Numbers of forwarding
nodes

from 40 to 200, and the transmission ranges are set to be
60, 80, and 100. From the figure, it is clear that Ring algo-
rithm outperforms Rieck’s algorithm by reducing the num-
ber of forwarding nodes to nearly half for dense (n ≥ 100)
graphs. Figure 3 shows the ratio of the numbers of for-
warding nodes generated by the two algorithms to the total
number of nodes in networks. We can see that the efficiency
becomes better as the transmission radius increases.

Figure 4 shows the rate of successful broadcasting using
Ring algorithm. We generated 10,000 networks for each
network configuration, and obtained the successful rate by
dividing the number of successful broadcastings by 10,000.
From the figure, we can see that the successful rate increases
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Figure 4. Rate of successful broadcasting
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Figure 5. Redundancies of the two algorithms

as the network becomes more dense. The rate is over 99%
for n ≥ 100.

Figure 5 shows the broadcast redundancy, which is de-
fined as the average number of duplicated packets received
at each node when a node broadcasts a packet to all the
other nodes. We can see that Ring algorithm has lower re-
dundancy (higher efficiency) than Rieck’s algorithm.

Figure 6 shows the relative redundancy to Rieck’s algo-
rithm. The relative redundancy is defined as the total num-
ber of packets received by all nodes of Ring algorithm di-
viding by that of Rieck’s algorithm. On avarage, the rela-
tive redundancy of Ring algorithm to Rieck’s algorithm is
54.7%. Lower redundancy will has lower collision rate and
hence improve the delivery ratio.
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Figure 6. Relative traffic to Rieck’s algorithm
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Figure 7. Speedup of Ring algorithm over
Rieck’s algorithm

Figure 7 shows the speedup of Ring algorithm over
Rieck’s algorithm. The speedup is defined as

Speedup =
Execution time of Rieck’s algorithm

Execution time of Ring algorithm

The speedup gets higher as the size of the networks grows
up. The range of the speedup is approximately 2 to 16 for n
from 40 to 200.

The simulation results demonstrated that Ring algorithm
has better efficiency and shorter running time than Rieck’s
algorithm.

5. Concluding Remarks

A new distributed, self-pruning broadcasting algorithm
on ad hoc network was proposed and the performance was
evaluated through simulations. Although the performance
is compared only to Rieck’s algorithm, it is foreseeable that
our algorithm will produce smaller forwarding node set than
the other existing broadcasting algorithms under the same
requirement of neighborhood information.

Our future work includes the extension of our new algo-
rithm to other models, e.g., the dynamic model in which the
graph topology will change through time. We are also inter-
ested in the performance evaluation of the new algorithm in
realistic environments with packet collision and node mo-
bility.
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