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In this paper, we present a topology control algorithm for ad hoc networks. By considering the weight of
the links, each node orders its one-hop neighbors in an ordered list and then the ordered lists are
exchanged between the neighbors. This information enables the nodes to compute their transmission
radius on the basis of its one- and two-hop neighbors’ information. We demonstrate that compared to
the best known algorithms, the degree and transmission radius of the nodes in the topology produced
by the proposed algorithm are smaller. In addition to Euclidean graphs, the algorithm works correctly
on general weighted graphs. Also an extension of our algorithm is proposed which adapts its topology
to network changes. Finally, we use the four metrics, node degree, transmission radius, the power stretch
factor and, packet loss ratio to measure the performance improvements of the presented algorithms
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1. Introduction

An ad hoc network is a group of wireless nodes that communi-
cate over radio. These mobile nodes do not need any infrastructure.
These kinds of networks are very flexible and suitable to use in
applications such as natural disaster recovery or fast deployment
of military units in unpopulated areas. Since the nodes in ad hoc
networks are usually battery equipped, they have a limited amount
of energy which must be used as efficiently as possible. A complete
solution to energy efficiency involves many areas of research, such
as hardware, operating systems, networking, and applications [7].
Our work focuses on a mechanism named topology control. The
goal of topology control is reducing energy consumption by dis-
carding inefficient links, while still satisfying connectivity. The
power required to transmit messages between nodes increases as
the exponent o > 2 [14] of the distance between them. Therefore,
compared to direct transmission, a smaller amount of energy can
be consumed by a node u if it passes on its messages via a series
of intermediate nodes to a node v. The topology control problem
can be formalized as follows.

Let the graph G =(V,E) denote the wireless ad hoc networks,
where V is the set of ad hoc nodes and E is the set of communica-
tion links. Our aim is presenting an algorithm that supplies a con-
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nected subgraph Gi=(V,E,) of G, where E, C E, with the
following properties:

A.1 - Connectivity: The main property of subgraph G is connec-
tivity. Two nodes are connected if there is a path between them. If
two nodes are connected in G, then they should be connected in
Gi. A.2 - Symmetry: G, should contain only bidirectional links, be-
cause most routing protocols for ad hoc networks implicitly assume
that wireless links are bidirectional. In addition, because of the high
overhead needed to handle unidirectional links [11], bidirectional
links are preferred. A.3 - Spanner: Graph G, is a spanner if the ratio
between the minimum power-cost path in G and in G is of a con-
stant order. To study this property, we use the power stretch factor
of Gi.(whichis defined precisely in Section 4). A.4 - Low degree: Since
anode umay cause interference at nodes in its transmission range, a
smaller node degree usually reduces the amount of interference.
Hence, it is desirable if each node has a small constant bounded de-
gree. If the degree of the nodes has a constant bound, then the num-
ber of G,.'s edges is of the order of the number of its nodes, namely
|Eic| = O(]V]). This kind of graphis called a sparse graph. The algorithm
itself should have the following attributes: B.1 - Local and fully dis-
tributed: Since ad hoc networks have no centralized authority, any
node u independently collects the information of its neighbors (at
most two-hop neighbors) in G and then determines the edges of
G- incident in it on the basis of the local information. B.2 — Low-qual-
ity information: Since obtaining very accurate information such as
node locations is usually expensive, the topology control algorithm
should rely on ‘low-quality’ information (e.g. number and identity of
neighbor nodes or the distance between nodes).
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1.1. Related work

Many topology control algorithms have been designed for ad
hoc networks. The topology control algorithms may be classified
as centralized and distributed. In the centralized algorithms
(such as [1,10]), a particular node is responsible for evaluating
an optimum network topology based on global information.
These algorithms cannot be used on distributed nodes and,
therefore, we do not deal with them in this paper. The other
class contains distributed algorithms. CBTC(«) [7] is a distributed
algorithm in which each node finds the minimum power that
ensures it can reach some nodes in every cone of degree «. It
has been shown in [7] that if o < 57/6 then connectivity is pre-
served. The basic idea of the COMPOW [12] and CLUSTERPOW
[6] approaches is that each node uses the smallest common
power required to maintain connectivity. The major disadvan-
tage of COMPOW is its message overhead, since each node has
to exchange link state information with other nodes. Several
geometry structures such as Gabriel graph [3], relative neighbor
graph [16], Yao graph [21], local minimum spanning tree (LMST)
[8], and ESPT [18] have been proposed for topology control in
wireless ad hoc networks which are produced in a distributed
manner. In some structures such as Gabriel graph, relative
neighbor graph, Yao graph, and ESPT, the stretch factor is
bounded but the node degree is not bounded. On the other hand,
in topologies produced by XTC [20] and LMST, the node degree
is bounded but the power stretch factors are not bounded. Still
in some others, such as OrdYaoGG and SYaoGG graphs [15],
the node degree and the power stretch factor are bounded.

Now we introduce the topology control algorithms XTC and
Gabriel graph (GG), and we will compare our contribution with
them in the next sections.

1.1.1. RNG- and GG-based algorithms

Let G be a geometrical graph (i.e. the set of G’s nodes are placed
on the plane). RNG-based algorithms construct a subgraph of G
known as relative neighborhood graph (RNG) [16] by removing
all edges (u,v) € G if there exists a node w such that d(u,v) > d(u,w)
and d(u,v) > d(v,w), where d(u,v) is the Euclidean distance between
u and v. The GG [3] is a special case of RNG, where node w is re-
stricted to the disk with diameter d(u, v).

1.1.2. XTC algorithm

In [20], the XTC topology control algorithm was introduced
exhibiting properties A.1-A.4 and B.1 and B.2. This algorithm oper-
ates on a graph G = (V,E) and produces the topology control graph
Gxrc = (V,Exrc). The algorithm consists of three steps: neighbor
ordering, neighbor order exchange, and link selection. In the first
step, each node u establishes a link meter, denoted by |luv||, which
indicates the quality of the communication link (u,v) between u
and its neighbor v. Then u computes an order <, over all its one-
hop neighbors in G. All u’s neighbors are sorted decreasingly in
=<, with respect to the link meter values, namely a node w appears
before node v in <, if |[uw|| < ||uv|| (this is denoted by w < ,v). In the
second step, node u exchanges its order with all its one-hop neigh-
bors. In the third step, node u selects a node v as its neighbor in
graph Gxgc if there exists no node w with w < ,v and w < ,u.

2. Proposed algorithm for synchronized nodes

We propose our algorithm, denoted by OTTC algorithm to
stand for one- and two-hop topology control algorithm, in this
section. Based on this algorithm, as the majority of the existing
algorithms, each node receives Hello messages from its one-
hop neighbors and then updates its local view when all Hello

messages are received. This scheme works correctly if all nodes
start at the same time, so we assume that all nodes have syn-
chronized clocks. The OTTC algorithm, similar to the XTC algo-
rithm [20], consists of three main steps: (1) Neighbor detection
under a (maximum) normal transmission range and neighbor
ordering. (2) Information exchange. (3) Neighbor selection. In
the first step, each node u collects its neighbor information
through periodic Hello messages and establishes an increasing
ordered list <, on its neighbor set based on the quality of the
links to the neighbors. If the quality of the links is equal, the lex-
ical order of the node IDs of the link endpoints is taken into ac-
count. Node u can use criteria, such as Euclidean distances,
packet arrival rate, or received signal strength, to establish its or-
dered list. In this paper, the quality of each link (u,v) is consid-
ered as its weight, which is denoted by |uv||. We assume that in
addition to the order of the nodes, the ordered list <, contains
the weight of the edges incident in node u. In the second step,
each node broadcasts its ordered list and receives the ordered
lists of its neighbors. After exchanging the ordered lists between
the nodes, each node can know its two-hop neighbors, in addi-
tion to the one-hop neighbors. Therefore, after receiving the or-
dered list <, from a neighbor v, node u computes its relative
two-hop neighbor set, denoted by THN'(u,v), as

THN(u,v) = {w|w e <,, w#u.}.

In the final, node u considers an unprocessed neighbor v of the
smallest order in <,. Then it checks whether there exists a node
w with w < ,u and w < ,v, or whether there exists a node w in <,
such that |juv| > max{|luw|,|vz|,||wz|]} for some =z in
THN(u,v) N THN(u,w). If one of the above conditions is satisfied,
then edge (u,v) is discarded and node v is included in the dis-
carded neighbors set N(u) Otherwise, node v is included in the
neighbor set of u, N(u), in the final topology of the network.
When all the nodes in <, have been checked, this step termi-
nates. After the execution of the algorithm, the topology control
graph Gorrc= (V,Eorrc) is produced where Eorrc is the edge set
of the graph indicated by Eorrc = {(u,v)|v € N(u)}. The pseudo-code
of OTTC is given in Algorithm 2.1.

In summary, there are two differences between XTC and OTTC.
(1) In OTTC we assume that in addition to the order of the nodes,
the ordered list <, contains the weights of the edges incident in
node u. (2) In XTC, the neighbor selection process indicates that
the shortest cycle in Gxyc is of length 4, namely it does not contain
any cycle such as u — v; — v, — u through nodes u,vy,v, [16]. Lines
9-13 of the OTTC algorithm indicate that Gorc does not have cy-
cles such as u—-v; —v,—u and u —v; — v, — v3 — u. Therefore,
the shortest cycle in Gorrc is of length 5.

Algorithm 2.1. OTTC algorithm

1: Establish the ordered list <, over u’s neighbors in G.
2: Broadcast <, to each neighbor in G; Receive ordered lists from
all neighbors.

3: Establish THN(u,v) as the set of two-hop neighbors of u for all
neighbor

:nodesv

N@) = {},Nw) = {}

: while <, contains unprocessed neighbors do

: v := unprocessed neighbors of the smallest order in <,;

2 if (3w € N(u) U N(u) : w=<yu) or (3w € N(u) UN(u) : [uv| >
max{|luw|, [vz|, |wz||}) for some z in

9: THN(u,v) n THN(u,w) then

(¢ NEN e IO, QTN

1 Two-hop neighbor.
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