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A Distributed Topology Control Algorithm for Self-Maintenance of
the Minimum-Energy Property of a Wireless Networks Topology

SHEN Zhong CHANG Yi-Lin CUI Can ZHANG Xin

(State Key Laboratory of Integrated Service Networks, Xidian University, Xi'an 710071)

Abstract  The topology of a wireless Ad Hoc network, which is determined by nodes’ positions
and transmission ranges, has a significant effect on network performance. By adjusting transmis-
sion powers of nodes, topology control is capable of optimizing network performance, reducing
energy consumption and increasing network lifetime. In this paper, the authors propose a distrib-
uted topology algorithm for constructing a wireless network topology with minimum-energy prop-
erty. More importantly, such property and the network connectivity can be efficiently maintained
in a responsive manner as the network changes dynamically. Furthermore. the proposed algo-
rithm can be used in both the homogenous and the heterogeneous wireless networks. Simulation
results show that the proposed algorithm achieves considerably better performance than the topol-
ogy control algorithm based on direct-transmission region in terms of average node degree, power

efficiency and the number of responding nodes to a topological change.
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Procedure SMSS for Topology Control
For each node u:
1. Nbrs(u) = NonNbrs(u) = J ;
2. Find the bidirectional reachable neighborhood NBR (u) ;
3. Sort all nodes in NBR (u) in increasing order by
weight;
4. for each v, v&€ NBR(w), in sorted order do
Precede

5. if Ja€ Nbrs(u) . a ——>v then
u

6. NonNbrs(u) = NonNbrs(u) U {v} ;
7. else if NP(v)#J ,NP(v) ={w|wé&
NonNbrs(u) and w Pre:ede v} then
8. Find the node d which has the minimum
weight in NP(v);
9. NonNbrs(u) = NonNbrs(u) —{d} ;
10. Nbrs(u) = Nbrs(uw) U {d};
11. NonNbrs(u) = NonNbrs(u) U {v};
12.  else
13. Nbrs(w) U {v};

14. for each w in Nbrs(u) ., send a Symmetry Request
Message;
15. p(w) =max,e oo P(usa)d;
il AE & 2 Cad iy 75 Y ] B 1 2% op X 195 %
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Procedure SMSS for Topology Maintenance

4

For the case of node failure:

1. When node u detects neighbor m fails by Neighbor
Discovery Mechanism;

2. if m& Nbrs(u) then

3. plw)=pi™;

4. Run Procedure SMSS for Topology Control;

For the case of node join:

1. When node u detects a new node 7 joins the network

by Neighbor Discovery Mechanism;

. Precede
2. if pm=p(u,n) and AvENbDrs(u) , v————>n then

u
3. pluw)=pi™;
4. Run Procedure SMSS for Topology Control;
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Background

A wireless Ad Hoc network is a collection of wireless
nodes that are self-configured to form a network without the
aid of any established infrastructure. Wireless Ad Hoc net-
works are used in situations where temporary network con-
nectivity is needed. The wireless Ad Hoc network topology
has a significant effect on the performance of network. To-
pology control deals with how to assign the transmission
power of each node so that the resulting graph satisfies some
specified properties. The importance of topology control lies
in the fact that it can conserve battery energy, reduce radio
interference and increase spatial reuse of wireless bandwidth.

Since the basic components of Ad Hoc wireless networks
are mostly battery-operated device, power conservation is one
of the key issues of such networks. In an Ad Hoc network, a
packet typically needs to be relayed by several hosts before
reaching its final destination. Therefore, it is desirable for
topology control algorithms to construct a sub-network that
preserves a minimum-energy path between every pair of
nodes, which can also facilitate power-aware routing proto-
cols to efficiently find energy-efficient routes between two
communication nodes. In addition, since the topology of a

wireless network is usually changeable, it is imperative for
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the algorithms to maintain such property with as little over-
head as possible when the network changes dynamically.

The main contribution of this paper is to propose a to-
pology control algorithm for constructing a minimum-energy
path-preserving spanning subgraph for a wireless Ad Hoc
network. Not only does the constructed topology preserve a
minimum-energy path between every pair of nodes, but the
entire network connectivity and the global minimum-energy
path property can be efficiently maintained in a responsive
manner as the network changes dynamically. That is, only
those nodes that detect network changes may need to rerun
the topology control algorithm. and the maintained topology
preserves the global minimum-energy path property. Al-
though several topology control algorithms have been pro-
posed to construct a subgraph that has minimum-energy
property, most of them don't have such self-maintainable ca-
pability except the algorithm based on direct-transmission re-
gion (called SMECN). Therefore, the authors compare their
algorithm with SMECN and simulation results show that
their algorithm achieves considerably better performance than
SMECN in terms of average node degree, power efficiency

and the number of responding nodes to a topological change.



