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Abstract
In modern networks, data are transferred using packet switching. 
Messages are broken into units called packets, and sent from one 
computer to the other. At the destination, data are extracted from 
one or more packets and used to reconstruct the original message. 
Each packet has a maximum size, and consists of a header and 
a data area. The header contains the addresses of the source and 
destination computers and sequencing information necessary to 
reassemble the message at the destination. Density is the number 
of network nodes per unit area. 
For a given transmission range as density increases each node gets 
a smaller fraction of the channel for itself On the other hand the 
average number of hops for each packet decreases The decrease 
in path length however is linear in the transmission range whereas 
the increase in number of nodes contending is quadratic in the 
range and so one expects that an increase in density would result 
in reduced capacity after a certain point. XTC algorithm is chosen 
to reduce the network density and hence simulated.
The Ad-hoc network using XTC provides a confirmed data 
transmission without any loss of data despite any sort of 
hindrances.
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I. Introduction
Topology control aims to increase the lifetime of an ad hoc network 
by selecting only a subset of the available links to be used for 
routing. The trade-off between keeping the spanner properties 
of the graph while scarifying the graph has been well studied. 
However, it has often been assumed that a sparse graph implicitly 
has low interference, but recent research shows that that is not 
necessarily true.
The goal of topology control is to increase the network 
throughput, for example by reducing interference between 
concurrent transmissions, while simultaneously decreasing the 
energy consumption. To achieve this goal, nodes can adjust their 
transmission powers and restrict communication to a subset of 
their neighbors.
Networks can naturally be modeled as graphs by mapping network 
nodes to graph nodes and possible communication links l = (u; v) 
between two nodes u and v to edges between the corresponding 
nodes in the graph. In wireless networks, the maximum transmission 
power that a node can use is usually limited. In consequence, nodes 
can only communicate directly within a certain communication 
radius. In order to allow communication between more distant 
nodes, multi-hop communication has to be used in which additional 
nodes relay the messages.
Most topology control algorithms have been mainly analyzed 
on a theoretical basis, e.g., by proving upper bounds on node 
degrees or proving certain spanner properties. Experimental and 
simulation-based comparisons are only seldom given.

II. Topology Control
Topology control has been a very vivid research area in the past 
years. The topology control problem has been considered isolated 
as well as combined with other aspects of wireless communication 
such as scheduling, clustering or routing. For both directions, 
a wide variety of algorithms has been proposed. In this work, 
we focus on pure topology control algorithms, as this enables 
us to analyze the effects of topology control apart from other 
influences.
Most topology control algorithms have been mainly analyzed 
on a theoretical basis, e.g., by proving upper bounds on node 
degrees or proving certain spanner properties. Experimental and 
simulation-based comparisons are only seldom given. In the rest 
of this section, we will give an overview on the major real-world 
and simulation-based studies.
For two communicating ad hoc nodes u and v, the energy 
consumption of their communication grows at least quadratically 
with their distance. Having one or more relay nodes between u 
and v therefore helps to save energy.
The primary target of a topology control algorithm is to abandon 
long-distance communication links and instead route a message 
over several small (energy-efficient) hops.
For this purpose each node in the ad hoc network chooses a 
‘handful’ of ‘close-by’ neighbors ‘in all points of the compass’ 
(we are going to fill in the details later). Having only near neighbors 
not only helps reducing energy but also interference, since fewer 
nodes are disturbed by high power transmissions. Clearly nodes 
cannot abandon links to ‘too many’ faraway neighbors in order to 
prevent the ad hoc network from being partitioned or the routing 
paths from becoming non-competitively long. In general there is 
a trade-off between network connectivity and sparseness.
More number of algorithms is implemented in Ad Hoc networks. 
The Algorithm selection is based on the network density of the 
wireless topology control. Generally the network is represented 
in the form graph, which is G= (V, E). V is represented as nodes 
in network and E is represented as path between the nodes.
Let the graph GZ(V, E) denote the ad hoc network before running 
the topology control algorithm, with V being the set of ad hoc 
nodes, and E representing the set of communication links. There 
is a link (u, v) in E if and only if the two nodes u and v can 
communicate directly. Running the topology control algorithm 
will yield a sparse sub graph. GtcZ (V, Etc), of G, where Etc is 
the set of remaining links.
The resulting topology Gtc should have a variety of properties:

A. Symmetry
The resulting topology Gtc should be symmetric, that is, node u is 
a neighbor of node v if and only if node v is a neighbor of node u. 
Asymmetric communication graphs are unpractical, because many 
communication primitives become unacceptably complicated .

B. Connectivity/Spanner
Two nodes u and v are connected if there is a path from u to v, 
potentially through multiple hops. If two nodes are connected 
in G, then they should still be connected in Gtc. Although a 
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minimum spanning tree is a sparse connected sub graph, it is 
often not considered a good topology, since close-by nodes in the 
original graph G might end up being far away in Gtc. Therefore 
the graph Gtc is generally not only being asked to be connected, 
but a spanner. For any two nodes u and v, if the optimal path 
between u and v in G has cost c, then the optimal path between 
u and v in Gtc has cost O(c).

C. Sparseness/Low Degree/Low Interference
The remaining graph Gtc should be sparse, that is, the number 
of links should be in the order of the number of nodes. More 
ambitiously, one might even ask that each node in the remaining 
graph Gtc has a low (constant) degree. Since a low degree alone 
does not automatically imply low interference (after all nodes 
might choose few but very far away neighbors!), some researchers 
have started studying topology control algorithms that concentrate 
on the interference issue.
D. In addition to the properties (i)–(iii) one can often find secondary 
targets. For instance, it is popular to ask the remaining graph to 
be planar in order to run a geometric routing algorithm, such as 
GOAFR.

III. Algorithm Implementation
As there exists a large variety of topology control algorithms 
(many of which are very similar), it is not possible to study all 
of them in detail. For this reason, we chose for our simulations 
a set of well-known algorithms that cover most of the different 
approaches towards topology control. In the following, we give 
a brief overview and short descriptions of the algorithms and 
topologies that are covered in our simulation study.
The first topology that we consider is the topology one gets when 
every sender uses the maximum transmission power and when 
all possible communication links are used. We call this topology 
All-Links-Graph (ALG). Of course, all other topologies are a 
subset of the ALG topology. In XTC, a link between two nodes is 
used if there is no third node within reach that has equal or higher 
signal strength to both of the nodes. The KTC algorithm searches 
triangles in the one-hop neighborhood of a node and discards the 
longest edge of such triangles if this edge is k times longer than 
the shortest edge in the triangle.
This is similar to the approach in XTC. However, XTC discards 
each longest edge within such a triangle. The KTC algorithm is 
more robust towards errors in the perception of the received signal 
strength due to the parameter k and a local consensus on the signal 
strength. So that XTC is still a subset of the Gabriel graph and the 
distinction towards XTC is maximal. In the Inclusive Directed 
RNG (IDRNG), communication links are selected in two steps:
First the DRNG algorithm is executed, which discards 
communication links that do not have an empty relative 
neighborhood. Then each node determines the transmission 
power it has to use in order to reach all neighbors and adds all 
neighbors that can be reached using this transmission power to 
the topology. 
The Localized Euclidean MST is based on a local computation of 
Prim’s algorithm in order to compute a minimum spanning tree. 
Each node computes the minimum spanning tree in its one-hop 
neighborhood and selects the communication links that are used in 
this tree. In the Gabriel Graph (GG), a communication link from 
node u to node v is discarded if the circle with diameter dist (u; v) 
that has u and v on its boundary is not empty. The area that must 
be empty is smaller than the relative neighborhood considered in 
some of the previous algorithms. 

The Yao Graph divides the surroundings of each node in c = 
6 cones of equal angle and adds a communication link to the 
nearest neighbor in each cone. If there are two or more nearest 
neighbors, one neighbor is chosen arbitrarily. Bi-directionality 
of the constructed topology is ensured by forcing uni-directional 
edges to be bi-directional. The k-Neighborhood Protocol (k-Neigh) 
computes a topology consisting of the k
nearest neighbors of each node. K-Neigh does not necessarily 
yield a connected topology for lower values of k. We use k = 8, 
which should easily source to ensure connectivity. Uni-directional 
edges are discarded from the topology.

A. XTC
The algorithms discussed so far all aim at rather sparse topologies. 
To validate whether it is really advantageous to exclude many 
links from the communication, we also implemented a strategy 
that only excludes very weak links and keeps all links for which 
the received signal strength exceeds some threshold.
In our simulations, the resulting topologies usually resulted in very 
good network performance. However, this approach has one major 
drawback: Depending on the considered network, it sometimes 
is necessary to use certain very weak links in order to guarantee 
connectivity of the communication topology. Thus, it sometimes 
happened that the computed topologies were not connected.
To deal with this problem efficiently, we propose the following 
extension of XTC: First, the XTC algorithm is used to create a 
sparse topology that is guaranteed to be connected. Afterwards, 
each node additionally adds all those communication links whose 
signal strengths exceed a given threshold. We experimentally 
determined -86dBm to be a good value for the threshold and 
use this value in our simulations. In the following, we will refer 
to the described extension of XTC as XTCRLS, where the RLS 
reminds of the restricted link strength. Note that similar to XTC, 
the XTCRLS topology can be easily computed in a distributed 
fashion based solely on local information about received signal 
strengths.

IV. Simulation Setup
For our simulations we used version 3.13 of the network 
simulator ns-3, which is designed for network related research 
and implements a wide variety of communication standards and 
protocols. In each simulation run, 60 nodes that are equipped with 
a wireless communication device according to the IEEE 802.11g 
standard are distributed randomly in a square-shaped deployment 
area. To adjust the node density, we vary the base lengths of the 
deployment area between 100m and 600m. Among the 60 nodes, 
18 source-target pairs are randomly selected and each source node 
must transmit 5MB of data to the corresponding target node. Note 
that due to the multi-hop communication this accumulates to up 
to 900MB of data that must be transmitted across the network, 
depending on the average number of hops that are necessary for 
communication between distant nodes.
For the communication, we use end-to-end TCP connections in a 
CSMA/CA1- based network using the Open Link State Routing 
(OLSR) protocol. As ns-3 does not offer a standard framework 
to support topology control mechanisms, e.g., by restricting 
communication to a given subset of communication links, we 
adjusted the OLSR routing protocol such that it only uses the links 
that are selected by the considered topology control algorithm.

V. Result Analysis
Although the main focus of our simulations lies on the effects of 
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different topologies on the throughput and the energy consumption 
in wireless networks, we first want to brief examine some basic 
properties of the computed topologies.
This will allow us later to gain a deeper understanding of why 
certain topologies perform better than others.
First we take a look at the average node degree of the computed 
topologies, which is depicted in fig. 1(a). Apparently, all algorithms 
but ALG and XTCRLS produce topologies with very low node 
degrees. Additionally, for those algorithms the average node 
degree is almost independent of the node density.
In contrast, for high node densities ALG and XTCRLS have rather 
high average node degrees. For example, for the deployment area 
of 100m _ 100m almost all nodes can communicate directly in 
the ALG topology. Not surprisingly, for networks with low node 
density the average node degree of XTCRLS approaches the one 
of XTC.
Concerning the average link length, i.e., the average distance 
between pairs of nodes that are allowed to communicate directly 
with each other, for high node densities ALG and XTCRLS result 
in a higher average link length than the other approaches (cf. Figure 
1(b)). However, while the average link length of ALG increases 
up to more than 100m for large deployment areas, the average link 
length of XTCRLS only approaches the one of XTC and is thus 
lower than the link lengths of most other approaches. The reason 
for this of course is that XTCRLS only adds links with relatively 
high link gain, which means that links that exceed about 50m are 
only chosen if they are also chosen by XTC.

A. Topology Control With Uniform Transmission 
Powers
In this section we study the influence of topology control when 
all senders use the maximum available transmission power. In 
this setting, performance improvements can only be achieved by 
avoiding weak links and by keeping the interference in the network 
low. The most of the considered topology control algorithms try 
to achieve this by using only few links with very high link gain.

B. Topology Control in Combination With Power 
Control
In addition to restricting the communication to a well-chosen 
subset of all possible links, it is also sometimes proposed that the 
network performance can be additionally improved by reducing 
the transmission power that is used for communication between 
nodes that are located close together. In this section, we examine 
the influence of such an additional optimization.

Fig. 1(a): Avg. Node Degree

(b). Avg. Linnk Length

(c)

VI. Conclusion
In this paper, we studied throughput and energy consumption of 
a variety of topology control algorithms. Especially in networks 
with rather low node density, all algorithms were able to improve 
the network throughput and the energy demand considerably. Our 
broad comparison made it then possible to relate the achieved 
performance improvements to basic properties of the computed 
topologies.
Contrary to what is usually assumed, producing sparse topologies 
turned out to be not beneficial. In topologies with low average node 
degree usually more hops were necessary to allow communication 
between distant nodes. As each additional hop also means that the 
packets have to be relayed an additional time, sparse networks 
resulted in lower throughput and higher energy consumption. 
Concerning power control, we showed that contrary to what one 
might expect reducing transmission powers does not necessarily 
result in power savings.
The reason is that standard communication protocols usually 
adjust the data rate according to the measured SINR. Thus, 
lower transmission powers can result in longer transmissions and 
consequently in higher energy consumption.
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