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Abstract— The concept of Topology Control (TC) is one of 

the most important techniques utilized to reduce energy 

consumption in wireless sensor networks. Fist it is very 

important to locate the topology control algorithm within the 

communication protocol stack and what are the necessary or 

possible interactions with the adjacent layers. This paper 

discusses about the classification of Topology Control 

Mechanisms and Network Topologies relevant for wireless 

networking. 
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I. INTRODUCTION 

The topology control is an iterative process, as shown in 

Figure 1. The first phase is an initialization phase common to 

all wireless sensor network deployments. In this phase, nodes 

discover themselves and use their maximum transmission 

power to build the initial topology. After this initialization 

phase, the second phase builds a new (reduced) topology. We 

call this phase as a Topology Construction. This new 

topology will run for certain amount of time, till the 

participating sensors will consume their energy. Therefore, as 

soon as the topology construction phase establishes the 

reduced network, the Topology Maintenance phase must start 

working. During this phase, a new algorithm must be in place 

to monitor the status of the reduced topology and trigger a 

new topology construction phase when appropriate. Over the 

lifetime of the network, this cycle is repeated many times 

until the energy of the network is depleted. 

The network topology of wireless networks is not 

fixed. It can be changed by varying the nodes properties. We 

can save the energy if the network topology used to route 

message is energy efficient itself. Topology control 

mechanisms are fundamental to achieve good network energy 

efficiency. In this section, we try to organize into a coherent 

taxonomy, the various approaches to the topology control 

problem as it has appeared in the literature.  

 
Fig. 1: Classifications of Topology Control Mechanisms. 

One of the main design choices for any 

interconnection network is the topology, which affects 

directly or indirectly other design considerations such as 

routing, switching and flow control. The diameter is the 

maximum shortest distance between any pair of nodes. 

II. HIERARCHICAL TOPOLOGY CONTROL SCHEMES 

Hierarchical topology control addresses the scalability 

problem and facilitates the aggregation of information for 

additional energy savings. The communication hierarchy is 

created where a reduced subset of nodes is selected and is 

given more responsibilities. This has been done on behalf of 

a simplified and reduced functionality for the majority of the 

nodes. The additional energy can be saved by assigning 

useful functions like information aggregation and filtering, 

and routing and message forwarding. 

 Backbone-Based Technique  

In Backbone based approach the main objective is to achieve 

a subset of nodes. These subsets will guarantee the 

connectivity and communication coverage through the 

deployment area. Every other node in the network is allowed 

to reach at least one node on this Backbone in a direct way. 

A communication backbone can be created by solving 

Connected Dominating Set problem (CDS). A dominating set 

is a set of node D V  belong to the subset in a graph, in 

which all other nodes that do not belong to the subset have a 

link to at least one node in the set. The dominating set is 

defined as in Equation 1.1 bellow, 

 
The smaller the dominating set is the better. 

Therefore finding the Minimum Dominating Set (MDS) and 

the Minimum Connected Dominating Set (MCDS) is very 

important. These problems are described as NP-hard. 

Growing a tree, Connecting Independent Sets and Pruning 

based techniques are used to create Connecting Dominating 

Set (CDS). 

The authors have proposed a modification in the 

algorithm where a pairs of nodes are scanned in a 2-hop 

manner. The algorithm marks gray nodes first black, which 

makes all its neighbors gray. Then, one of the gray nodes is 

also colored black, which makes its neighbors gray. The 

outcome is the total number of gray colored nodes. Finally, 

the pair of nodes with highest outcome is selected as a part of 

tree. The authors have proved the procedure to produce a 

connected dominating set and showed that the 

implementation of this modified greedy algorithm can be run 

in nm steps, where n is the set of nodes and m is the set of 

edges in the original graph. The distributed implementation 

of a growing a tree algorithm is proposed by Labrador M.A. 

et al.. The A3 algorithm has built a non-optimal connected 

dominating set over an originally connected graph 

considering the remaining energy in the nodes and the 

distance between them. This A3 algorithm utilizes a weighted 

distance-energy based metric that permits the network 
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operator to trade off the lengths of the branches (distance) for 

robustness and durability of tree (energy). This mechanism 

seems to be superior in terms of number of active nodes and 

energy efficiency. This protocol presents a low linearly 

bounded worstcase amount of messages per node. This 

message limits the overhead and the energy usage compared 

to a non-linear increase of the EECDS and CDS-Rule-K 

algorithms. CDS tree can be built by creating independent 

sets first and connect the sets later. During the first phase 

Maximal Independent sets are formed. An independent set of 

graph G is a subset V where no two nodes in V have an edge. 

MIS of G is an IS that cannot include more nodes in V. During 

the second phase these DS are connected with the minimum 

number of nodes which forms the tree. 

Energy Efficient Connected Dominating Set 

(EECDS) proposed by Yuanyuan et al. creates a maximal 

independent set during the first phase and then selects 

gateway nodes to connect the independent sets during the 

second phase. The authors showed that the EECDS produces 

CDS with at most 7.6 times the number of nodes given by the 

Minimum CDS. Yuanyuan et al. have proposed a backbone 

recalculation procedure to switch the backbone when the 

minimal energy of the current one decreases by 50%. 

 
Fig. 2: Network Topologies Relevant for Wireless 

Networking 

 
Table 1: Topologies Relevant for Wireless Networking 

Researchers have proposed various topologies. 

Various topologies are shown in Figure (2) like Bus, Fully 

connected or all-to-all, a Circular Ring, a Star, a line, a Binary 

tree, Mesh (Torus), Hypermeshes, or even Random networks. 

In this section, I briefly discuss popular topologies that are 

relevant for wireless networking. Table (1) briefly provide a 

quick overview of that topologies relevance to wireless 

networks. 

1) Bus Topology: The bus topology of Figure (2) has been 

used extensively by LANs. Bus topology is the most 

common type of interconnection networks since it can be 

implemented easily with a cheap hardware cost. A 

unique characteristic of a shared medium is its ability to 

support broadcast, in which all nodes on the medium can 

monitor network activities and receive the information 

transmitted on the shared medium. Although, this 

topology allows only one pair of nodes to communicate 

at any given time instance. This deadly bottleneck makes 

the bus topology saturate quickly for a large number of 

nodes. 

2) Star Topology: star topology is the most common 

infrastructure in wireless networking. It is a single-hop 

interconnect in which all nodes are within direct 

communication range — usually 30 to 100 meters for 

small networks — to the central communication unit. It 

is well suited for Point to Multipoint communication. 

Figure (2) shows a typical star topology network. Star 

topology has also more application in cellular systems, 

WLAN, and satellite systems in which one satellite 

station communicates to multiple ground stations. 

Disadvantage, if the central unit fails then everything 

connected to it is down. 

3) Line or Chain Topology: In Chain, all communication 

nodes reside on a single path line topology to form a 

point-to-point network topology. Each network node 

directly communicates to only one other node. Figure (2) 

shows a typical topology of a point-to-point network. 

Wireless point-to-point systems are often used in 

wireless “backbone” systems such as microwave relay 

communications. The biggest disadvantage of a point-to-

point wireless system is, that it is strictly a one-to-one 

connection. This means that there is no redundancy in 

such a network at all. If the RF link between two point-

to-point radios is not robust, the communicated data can 

be lost. In a line network with N nodes, the diameter is 

(N-1 ), average distance is N−1 2 , and bisection width is 

1. 

4) Ring Topology: ring topology is also a P2P network 

topology. In a ring, each node is connected in the form 

of a closed loop of the communication medium. Signals 

travel in one direction from one node to all other nodes 

around the loop and all nodes are working as repeaters. 

Figure (2) shows a ring topology. A ring makes a poor 

interconnection network due to its large diameter and 

poor fault tolerance since it takes more radio hops to 

reach distant node 

5) Tree Topology: The tree topology is essentially a hybrid 

of the bus and star layouts. This topology has a root node 

connected to a certain number of descendant nodes. Each 

of these nodes is in turn connected to a disjoint set of 

descendants. A node with no descendant is a leaf node. 

Figure (2) shows a tree topology. The biggest drawback 

of the tree topology as a general purpose interconnection 

network is that the root and the nodes close to it become 

a bottleneck. Additionally, there are no alternative paths 

between any pair of nodes. 

6) Fully Connected Mesh Topology: Such a mesh might 

seem an obvious first approach to interconnecting nodes. 

A mesh topology shown in Figure (2) provides each 

device with a P2P connection to every other device in the 

network. These are most commonly used in WAN’s, 

which connect networks over telecommunication links. 

Mesh networks provide redundancy, in the event of a link 

failure. Meshed networks enable data to be routed 
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through any other site connected to the network. Because 

each device has a P2P connection to every other device, 

mesh topologies are the most expensive and difficult to 

maintain. I will investigate this topology under the 

assumption that in a wireless network, each node needs 

one communication channel to communicate with other 

nodes. Using this assumption the number of switches that 

need to have the same topology in wired networks will 

be reduced to N instead of N(N − 1) in wired networks 

to switch from channel to the other. This assumption will 

lead to the configuration present in Figure (2) and I will 

discuss it later. 

7) Spanning Bus Hypermesh: The hypermesh network 

consists of communication nodes, which are constructed 

from routers and switches. Therefore, any node in the 

network can receive and forward data packets on behalf 

of other nodes that may not be within direct transmission 

range of their destination. A typical example of a 2-D 

hypermesh implementation is illustrated in Figure (2), 

which is the spanning bus hypercube (SBH). In addition 

it has been further studied by. The topology has very low 

diameter, and the average distance between nodes scales 

very well with network size. 

8) Distributed Crossbar Switch Hypermesh: Another 

alternative way of connecting multiple computers is to 

simply connect every node to every other node by means 

of multiple channels. Such configuration can be achieved 

with a topology of distributed crossbar switch hypermesh 

cluster proposed and subsequently expanded by Old-

Khaua. This topology gives the best possibilities for 

parallel programming tasks, because it does not require 

complicated node scheduling techniques. It has the node 

degree equal to one and the delay of internode messages 

is equal for every node pair. The number of channels for 

an interconnection of N nodes is equal to N, which makes 

it unsuitable for a large number of nodes. Since the 

number of channels becomes very large, the bandwidth 

will degrade substantially. 

III. METRICS FOR NETWORK TOPOLOGIES 

 Diameter: The distance between the farthest two nodes 

in the network. Metric for worst-case latency. 

 Node Degree: Number of channels connecting that node 

to its neighbours. 

 Bisection Width: The bisection width of a network is the 

minimum number of channels cut when the network is 

divided into two equal halves. 

 Pin-Out: Is the number of pins per node or the number of 

I/Os available per router. 

 Cost: The number of links or switches (whichever is 

asymptotically higher) is an important contributor to 

cost. However, a number of other factors, such as the 

ability to layout the network, the length of channels, 

fanout, etc., also factor in to the cost. 

 Regularity: A network is regular when all nodes have the 

same degree. 

IV. CONCLUSION 

Topology refers to the configuration of the network nodes and 

how data is transmitted through that configuration. In 

addition, it includes characteristics such as the degree and 

diameter of the network. The degree is the maximum number 

of neighbour connected to a node. This paper briefly 

described about the classification of Topology Control 

Mechanisms and Network Topologies relevant for wireless 

networking. 
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