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Abstract- The Wireless Mesh Network backbone is
usually comprised of stationary nodes that are not
uniformly distributed and connectivity is traditionally
assured by requiring that all nodes use their maximum
transceiver powers. The use of maximum transceiver
powers may actually not be necessary to ensure network
connectivity and this realization has led to the
development of two distinct types of network
connectivity strategies in the literature. This paper
focuses on the network-size-dependent Critical Number
of Neighbors (CNN) strategy. An evaluation of several
well-known examples of this strategy was undertaken on
an indoor test-bed. The evaluation indicates that nonuniform node placement necessitates the use of greater
CNN values and that the scheme devised by Xue and
Kumar was most suitable when both network
connectivity and transceiver power consumption were
considered. The implications of the use of network-sizedependent connectivity strategies in the real world are
also considered.
Index Terms—Wireless Mesh Networks, connectivity,
CNN, power control, topology control
I. INTRODUCTION
Infrastructure Wireless Mesh Networks (WMNs) are a
sub-class of ad hoc networks that possess a two-tier
architecture consisting of an access and a backbone network.
Client devices connect to the mesh backbone which is
typically self-organizing and self-configuring and backbone
nodes are usually co-located with existing infrastructure in
real-world deployments [1], [2]. These backbone nodes,
comprising Mesh Points (MPs), Mesh Access Points
(MAPs) and Mesh Portals (MPPs), collaborate amongst
themselves to maintain network connectivity and deliver
traffic to the intended destinations (see Fig. 1).
Despite the stationary nature of the infrastructure WMN
backbone, maintaining network connectivity is made
difficult by the transient nature of wireless links, making
them unreliable when deployed [3], [4], [5]. Traditionally,
network connectivity is assured by ensuring that each device
in the WMN backbone utilizes its maximum transceiver
power. The disadvantages of this approach are the high
levels of interference, increased contention for the
transmission medium, a reduction in network capacity and
unnecessary transceiver power consumption.
Network connectivity determines the network topology

Fig. 1. - Infrastructure WMN Architecture [12]
which has been shown to have significant influence on the
ability of a network to provide QoS support. As a result
several studies have been undertaken to devise strategies for
optimal network connectivity and the results of these studies
have the potential to be utilized in Topology Control [6]
schemes. These connectivity studies have demonstrated that
the various strategies employed possess the ability to create
interference-efficient network topologies [7], [8] as well as
providing route redundancy in some cases [9], [10], [11]. To
the best of our knowledge a test-bed evaluation of the ability
of previously proposed connectivity strategies’ ability to
maintain network connectivity when nodes are not
uniformly distributed is yet to occur.
The use of network connectivity strategies in real-world
WMN backbones is dependent upon the backbone nodes
being capable of transceiver power control. This capability
is required so that transceiver powers can be adjusted
according to the connectivity strategy being employed.
In this paper various connectivity strategies based on the
variable Critical Neighbor Number (CNN) approach [13],
[11], [14], [6] are evaluated on an indoor test-bed consisting
of Linksys WRT54GL devices. These devices are popular
WMN backbone nodes and the test-bed evaluation indicates
that most of the connectivity strategies being evaluated were
able to achieve transceiver power savings but that some
strategies achieved these savings at the expense of network
connectivity. Those strategies that did achieve network
connectivity were subsequently tested to determine the time
taken to converge upon a connected network topology.
These convergence results indicate that there exists an
inverse relationship between the power savings achieved
and the network convergence time. The connectivity

strategy defined by Xue and Kumar in [13] was found to be
most suitable when transceiver power consumption, network
connectivity and network convergence time were
considered.
The remainder of this paper is organized as follows.
Section 2 contains our literature review and the indoor testbed that was used to evaluate the chosen connectivity
strategies is introduced in Section 3. The measurement
methodology used is presented in Section 4 whilst the
results of the performance comparison of the selected
network-size-dependent CNN-based connectivity strategies
are contained in Section 5. Section 6 discusses some of the
implications of the results obtained with regards to Power
Control and Topology Control and finally, the paper is
concluded in Section 7 where avenues for future work are
also given.
II. LITERATURE REVIEW
Connectivity in the backbone of infrastructure WMNs can
be achieved by using one of three possible approaches. The
first approach specifies that each node utilizes its maximum
transceiver power. The second approach determines the
minimum transmission range, also dubbed the Critical
Transmitting Range (CTR), required to maintain a
connected network and the transceiver power output for all
nodes is adjusted to sustain this transmission range. The
third approach determines the optimal number of neighbors
to be maintained in order to ensure network connectivity.
The CTR approach results in the homogeneous assignment
of transceiver powers and may not minimize total
transceiver power output. This approach is highly
susceptible to the effect of outlying nodes that force a high
common power level (or equivalently, transmission range)
[15]. Using the CTR to achieve network connectivity may
be done in one of three ways, each with its own
disadvantages. The first technique requires that a central
node determine the appropriate CTR and this value is
subsequently broadcast throughout the network. Each node
then automatically adjusts its own transceiver power output.
The second technique also requires that the CTR is
determined at a central location but the network nodes are
manually adjusted to maintain this transmission range, as
described in [16]. The third technique requires that all nodes
broadcast their positions and the CTR is subsequently
determined locally at each node, generating high messaging
overheads. Thus, the practicality of the use of the CTR
approach becomes limited when mobile nodes or dynamic
network sizes are taken into account.
An alternative approach is to maintain an optimal number
of one-hop neighbors, also referred to as the CNN. This
approach may result in heterogeneous transceiver power
outputs, potentially maximizing transceiver power savings.
In addition, the CNN is less affected by the distribution and
position of network nodes so there is no need to assume a
uniform or homogeneous backbone node distribution or a
GPS-enabled device. Lastly, maintaining connectivity via a
CNN potentially eliminates human intervention (if a
proactive routing protocol is employed) which is of
fundamental importance if true autonomous configuration is
to be realized in WMNs.
Prior research has produced CNN values that are both

independent and dependent of the network size (total
number of nodes), which are discussed below.
A. Network-Size-independent CNN
The work in [17] proposed a CNN of 6 which was later
adjusted to 8 in [18]. The work in [19] suggested that the
transmission range be dynamic and adjusted at the
beginning of every transmission and the modeling of the
adaptive transmission strategy resulted in each node having
an optimal CNN of 3. CNN values of 8 and 6 were also
proposed in [20]. It must be noted that these constant CNN
values were derived for the optimization of packet
forwarding strategies and that network connectivity was not
explicitly considered.
Works that have taken network connectivity into account
have also produced size-independent CNN values. In
particular the work in [21] shows that the CNN converges to
6 as the network size approaches ∞. This result is shown to
hold when the connectivity requirement is relaxed such that
at least 95% of the nodes find themselves in the giant
component of the original network.
B. Network-Size-dependent CNN
Works taking network connectivity into account have also
provided ranges within which the CNN can be found. The
first such work was described in [22] which proposed that
the CNN could be found within the range expressed in (1),
2.186 < CNN < 10.588

(1)

Subsequent research has seen a continuous tightening of
the upper- and lower-bounds, firstly in [23] and
subsequently in [13]. The work done in [13] found that the
network is asymptotically disconnected with probability 1 as
n increases if each node is connected to less than
0.074log(n) nearest neighbors and that the network is
asymptotically connected with probability 1 as n increases if
each node is connected to more than 5.1774log(n) nearest
neighbors, where n refers to the number of network nodes.
This result was shown in [8] to be valid for square
deployment regions containing both sparse and dense ad hoc
networks.
A further tightening of the upper-bound derived in [13]
was obtained in [11] resulting in connectivity being assured
with
high
probability
if
a
maximum
of
2.718log(n) neighbors are maintained (shown in (2)),
CNN < α2.718log(n)

(2)

where any real number α> 1 and n is the number of nodes in
the backbone network and provided that n < 10000.
Experiments conducted in [13] suggest that the critical
value of α may be close to 1.
The connectivity bounds were further improved in [14]
for both directed and undirected graphs, but it has been
shown in [6] that the only way to guarantee full network
connectivity in an ad hoc network is to ensure worst-case
connectivity where each node is connected to every other
network node.
These size-dependent CNN-based connectivity strategies,
except for the worst-case strategy, have been shown to
create connected networks with increasing probability as the

Fig. 2 - Test-bed layout at max. tx. power
network size increases to infinity but to the best of our
knowledge, their effectiveness has not been evaluated in the
real-world where network connectivity needs to be ensured
regardless of the size of the network being considered and
where network nodes are not uniformly distributed.
III. TEST-BED SETUP
The mesh test-bed consists of 14 nodes placed in a 6m x
4m area as shown in Fig. 2. The node placement is
determined by the availability of plug points (which is
somewhat analogous to the coupling of nodes with existing
infrastructure in real-world WMN deployments), resulting in
a sparse backbone network consisting of nodes that are not
uniformly distributed. This layout allows us to re-create the
placement of back-bone nodes in real-world WMN
deployments.
Each node in the mesh backbone consists of a mainspowered, Linksys WRT54GL router with the OpenWRT
firmware used to provide mesh functionality. These routers
possess a 200MHz processor, 16Mb of RAM, 4Mb flash
memory and a Broadcom 802.11b/g radio chipset. The
wireless chipset allows transceiver power output levels to be
set from 0 to 19.5dBm, which is the maximum power output
recommended by the manufacturer. Each node is connected
via Ethernet through a switch to a central data collection
point.
IV. MEASUREMENT METHODOLOGY
All data was collected at the central server via the node’s
Ethernet ports, thus having no effect on the wireless
interface. The following measurement processes were used
for each of the metrics being measured.
1) Transceiver Power Consumption: The transceiver
power levels for each test-bed node are logged every minute
using the wl utility. These values are summed to produce the
total transceiver power consumption of the network. This
value is compared to the maximum transceiver power
consumption.
2) Network Connectivity: All test-bed nodes are connected
to the backbone network whilst utilizing maximum
transceiver powers, resulting in a maximum of 182 (14 x 13)
possible node pairs. Network connectivity is assured if all
possible node pairs remain connected. Standard ping packets
are sent between each node pair and the availability of paths
is determined when the ping utility reports destination
responses.
3) Convergence Time: The routing tables of each node are
monitored to determine whether entries for all other nodes
are present. This is possible since the test-bed utilizes a

Fig. 3 - Power Consumption
proactive routing protocol. The convergence time is
subsequently measured as the time required to for all
network nodes to acquire routes to all the other network
nodes.
V. COMPARISON OF CONNECTIVITY STRATEGIES
In this Section we determine the effectiveness of the
chosen CNN connectivity strategies. The effectiveness will
be determined by the strategies’ ability to maintain network
connectivity whilst achieving transceiver power savings.
A. Transceiver Power Consumption
Each test-bed node initially utilized a maximum
transceiver power output of 89mW, resulting in a linear
transceiver power increase as the network size increased.
The Worst-Case connectivity strategy can be proven to
approach maximum transceiver power usage as the network
size increases and thus it is no surprise that this particular
strategy consumed the maximum transceiver power for all
network sizes (see Fig. 3).
The upper-bound of the connectivity strategies defined by
Wan and Yi in [11] and Balister et al. in [14] achieved
significant transceiver power savings that were contributed
to by every network node. These strategies were also largely
unaffected by changes in network size.
Fig. 3 also indicates that the upper-bound of the connectivity
strategy defined by Xue and Kumar in [13] did not achieve
the same degree of power savings as those achieved by the
other CNN strategies. This can be attributed to the higher
upper-bound (up to double the upper-bound defined in Wan
and Yi [11]) as well as the observation that only nodes
situated at the logical center [24] of the network achieved
any power savings. These “central” nodes possessed higher
numbers of one-hop neighbors, thus this strategy did not
require these “central” nodes to utilize their maximum
transceiver powers. This particular strategy was also
observed to require larger network sizes in order to begin
achieving transceiver power savings. The transceiver power
savings achieved do however compare favorably with the
max. transceiver power consumption and worst-case
connectivity strategies, saving approximately 25.6% in
transceiver power output.
B. Network Connectivity
Network connectivity was determined by the availability of
paths between all node-pairs. The number of node pairs

Fig. 4 - Connectivity

Fig. 5 - Convergence Time at the Network Layer

connected using the maximum transceiver power was
compared to the number of node pairs connected using the
various network connectivity strategies (see Fig. 4).
The Worst-Case strategy achieved full network
connectivity as the maximum transceiver power was
utilized. The strategies defined by Wan and Yi in [11] and
by Balister et al. in [14] were not able to maintain a
connected network as the CNN upper-bounds employed
meant that disjoint clusters were formed and these clusters
were not observed to merge as the resultant transceiver
power levels were too low.
The strategy defined by Xue and Kumar in [13] was also
able to maintain network connectivity despite achieving
transceiver power savings. This strategy benefitted from a
higher CNN upper-bound which eventually allowed disjoint
clusters to converge.

dependent connectivity strategies may be suitable for
maintaining connectivity in WMN backbone networks
where nodes are not uniformly distributed. The feasibility of
such a strategy depends on backbone nodes that possess the
ability to change transceiver power levels which may lead to
the integration of such strategies with Topology Control
schemes. In this Section both aspects are explored in more
detail.

C. Convergence Time
In this Section we measure the time taken to establish a
fully connected network. Thus, only the Max. Power,
Worst-Case and the strategy defined by Xue and Kumar in
[13] were considered as these were the only strategies to
have produced fully connected networks.
Fig. 5 shows that both the Max. Power and Worst-Case
strategies show little increase in network convergence time
as the network size increases. The Worst-Case strategy does
however incur additional delay due to the need to determine
the network size and subsequently maintain the required
CNN.
The strategy defined by Xue and Kumar in [13] is shown in
Fig. 5 to produce an increase in convergence time as the
network size increases. This increase can be attributed to the
time taken to determine the network size, compute the
required CNN and subsequently adjust the transceiver power
output to maintain the CNN value. Since this scheme
specifies the smallest CNN to be maintained, smaller
transceiver powers are required and a maximum number of
nodes adjust their transceiver powers. A granularity of 3dB
was used to adjust node transceiver powers resulting in
multiple adjustments to an individual node’s transceiver
powers, with each adjustment adding a finite amount of time
to the network convergence latency.
VI. IMPLICATIONS OF THE USE OF A NETWORK-SIZEDEPENDENT CONNECTIVITY STRATEGY
The previous Section has indicated that network size-

A. Feasibility of Transceiver Power Control
Typical WMN backbone nodes need to be capable of
transceiver power control for network connectivity
strategies to be employed in the real-world. Studies
establishing the ability of off-the-shelf wireless cards to
provide transceiver power control have been conducted in
[25]. In this Section we will attempt to establish, using a
similar methodology to the one employed in [25], whether a
popular WMN backbone device, the Linksys WRT54GL
router, is capable of transceiver power control. In addition
we will determine the latencies involved when changing
power levels.
1) Ability to Change Transceiver Power Output
The OpenWRT [26] firmware installed on the Linksys
WRT54GL router allows for the adjustment of the
transceiver power output. The firmware specifies a power
output of 19.5dBm by default and after experimentation we
adopted the use of a 3dBm increment/decrement. This value
is a compromise between the time taken to reach the
necessary power level and ensuring that power consumption
is minimized.
One Linksys WRT54GL router broadcast frames at 1second intervals while a laptop was used to capture the
frames and log the associated RSSI values. The Linksys
router was configured to increase its transceiver power
output by 3dBm every two minutes. Figure 6 depicts the
association between the Linksys router’s transceiver power
output and the RSSI values logged by the laptop. The RSSI
values presented are the average of five runs.
It can be observed that the Linksys device exhibits a
gradual increase in received RSSI as the transceiver power
is increased. Attempting to set the transceiver power to
0dBm proved fruitless as the device automatically reverted
to the maximum power.
2) Latency during Transceiver Power Adjustment
The second component of this feasibility study
determined the latency involved when changing between
transceiver power levels. The same setup used in the

Fig. 6 - Received RSSI values for varying transceiver
powers

Fig. 7 - Transceiver power-change Latency
previous experiment was employed and the power level
was changed every two minutes.
The Linksys WRT54GL router was observed to change
transceiver power levels almost instantaneously but required
approximately 6 seconds before stabilizing at the required
level. This particular latency, shown in Fig. 7, was a result
of the process involved when changing power levels. With
this particular device, the new power level needs to be
stored in the NVRAM (non-volatile random access memory)
partition and the wireless settings need to be reloaded before
the power level change is effected. The RSSI values were
observed to stabilize once this process completed.
The Linksys WRT54GL router is a popular WMN
backbone device and its ability to perform power control
means that the possibility exists for Topology Control
schemes to be developed for those WMN deployments that
utilize these devices as backbone nodes.
B. Relevance of Network-size-dependent Connectivity
Strategies to Topology Control Schemes
The previous Subsection has highlighted that the use of a
connectivity strategy in the WMN backbone requires nodes
that are capable of transceiver power control and that a
popular WMN backbone device possesses such ability. This
Section discusses the relevance of variable CNN-based
connectivity strategies and power control to the
development of real-world Topology Control (TC) schemes.
TC schemes aim to preserve network connectivity and
provide QoS whilst minimizing transceiver power output.
The primary aim of maintaining network connectivity can
be achieved if a network size-dependent connectivity

strategy that maintains a CNN is employed. The strategy
devised by Xue and Kumar in [13] has been shown in
Section V to be able to maintain network connectivity even
if the network nodes are not uniformly distributed. The
secondary aim of minimizing transceiver power output, if
possible, can only be achieved with WMN backbone nodes
that are capable of transceiver power control (which the
previous Subsection has confirmed).
A set of design criteria for the real-world development of
TC schemes has been proposed in [6] and the use of a
variable CNN-based connectivity strategy such as the one
devised in [13] can aid in specifically meeting the subset of
criteria shown below:
• Fully distributed
• Localized information requirements
• Small node degree
The use of a network size-dependent CNN-based
connectivity strategy provides several benefits for a realworld TC scheme. Firstly, it allows the TC scheme to be
fully distributed since the CNN value to be maintained can
be computed locally. Secondly, the computation of the CNN
value can be performed using locally available information,
such as the number of nodes in the network, if a proactive
routing protocol is used. Thirdly, the use of a CNN-based
connectivity strategy may result in the maintenance of small
node degrees at network nodes.
Thus, the use of a network size-dependent CNN-based
connectivity strategy, nodes capable of transceiver power
control and a proactive routing protocol can result in fully
autonomous TC schemes that are able to respond to changes
in network size and network density in order to maintain
optimal connectivity.
VII. CONCLUSIONS AND FUTURE WORK
In this paper various approaches to maintaining network
connectivity in a WMN backbone were discussed. The CNN
approach was focused on due to its distributed nature and its
capacity for producing transceiver power savings. A test-bed
evaluation of the effectiveness of five CNN-based network
connectivity strategies was conducted. The evaluation has
indicated that when the placement of WMN back-bone
nodes is dictated by existing infrastructure (as is often the
case in real-world WMN deployments), some CNN
connectivity strategies may be too optimistic in their
specification of the optimal CNN value.
The network connectivity strategy defined by Xue and
Kumar in [13] was found to be the most suitable of all the
strategies compared. This particular strategy maintained
network connectivity whilst reducing transceiver power
consumption. The results conducted also highlighted a
trade-off between transceiver power savings and the
network convergence time. Strategies that did not achieve
transceiver power savings produced minimal convergence
latencies and vice-versa.
The use of the results obtained in developing a Topology
Control scheme has been discussed and two further avenues
for future work can be exploited. Firstly, a larger scale testbed evaluation is required that also evaluates the effects of
the various connectivity strategies on network traffic.
Secondly, we intend devising a method for maintaining
network connectivity via a CNN when the network utilizes a
reactive routing protocol. The use of a reactive routing
protocol means that the CNN is to be determined without

knowledge of the total number of network nodes.

ACKNOWLEDGMENT
The authors would like to acknowledge the financial
support provided by the Meraka Institute as well as the
support of the Centre of Excellence for Mobile e-Services
housed within the Dept. of Computer Science at the
University of Zululand.
Special thanks also go to members of the Wireless Mesh
Network research group situated within the Centre and the
anonymous reviewers.
REFERENCES
[1] Mpumalanga Mesh Network Project
http://wirelessafrica.meraka.org.za/wiki/index.php/Mpu
malanga Mesh [19 May 2009].
[2] global.freifunk.net http://global.freifunk.net/ [19 May
2009]
[3] Allen W, Martin A, Rangarajan A. Designing and
Deploying a rural ad hoc community Mesh Network
Testbed. Proceedings of the IEEE Conference on Local
Computer Networks; November 2005, 740–743.
[4] Lundgren H, Ramachandran K, Belding-Royer E,
Almeroth K, Benny M, Hewatt A, Touma A, Jardosh A.
Experiences from the Design, Deployment and Usage
of the ucsb meshnet Testbed. IEEE Wireless
Communications 2006; 13(2):18–29.
[5] Camp J, Robinson J, Steger C, Knightly E. Measurement
Driven Deployment of a Two-Tier Urban Mesh Access
Network. Proceedings of the 4th International
Conference on Mobile systems, applications and
services; June 2006, 96–109.
[6] Santi P. Topology Control in Wireless Ad Hoc and
Sensor Networks. Wiley: Chichester, 2005.
[7] Gupta P, Kumar PR. Critical Power for Asymptotic
Connectivity. Proceedings of the IEEE Conference on
Decision and Control 1998; December 1998, 1106–
1110.
[8] Santi P, Blough DM. The Critical Transmitting Range
for Connectivity in Sparse Wireless Ad Hoc Networks.
IEEE Transactions on Mobile Computing 2003; 2(1):
25–39.
[9] Penrose MD. On k-connectivity for a Geometric
Random Graph. Random Structures and Algorithms
1999; 15(2): 145–164.
[10] Bettstetter C. On the Minimum Node Degree and
Connectivity of a Wireless Multihop Network.
Proceedings of the 3rd ACM International Symposium
on Mobile Ad Hoc Networking and Computing; 2002,
80–91.
[11] Wan P, Yi C. Asymptotic critical Transmission Radius
and critical Neighbor Number for k-connectivity in
wireless ad hoc networks. Proceedings of the fifth ACM
International Symposium on Mobile Ad Hoc
Networking and Computing; May 2004, 1–8.
[12] Wang X, Lim AO. IEEE 802.11s Wireless Mesh
Networks: Frameworks and Challenges. Ad Hoc
Networks 2008; 6(6): 970-984.
[13] Xue F, Kumar P. The Number of Neighbors Needed for
Connectivity of Wireless Networks. Wireless Networks
2004; 10(2): 169-181.

[14] Balister P, Bollob´as B, Sarkar A, Walters M.
Connectivity of random k-nearest-neighbour graphs.
Advances in Applied Probability 2005; 37(1):1–24.
[15] Kawadia V, Kumar PR. Principles and Protocols for
Power Control in wireless ad hoc networks. IEEE
Journal on Selected Areas in Communications: Special
Issues on Wireless Ad Hoc Networks 2005; 23(1):76–
88.
[16] Valera P, Lee PWQ, Wong YF, Seah WKG, Tan HP,
Ju H. An experimental study on Connectivity and
Topology Control in Real Multi-hop Networks.
Proceedings of the fourth International Wireless
Internet Conference ; November 2008.
[17] Kleinrock L, Silvester J. Optimum transmission radii
for packet radio networks or why six is a magic
number.
Proceedings
of
the
National
Telecommunications Conference; December 1978,
4.3.1–4.3.5.
[18] Takagi H, Kleinrock L. Optimal Transmission Ranges
for Randomly Distributed Packet Radio Terminals.
IEEE Transactions on Communications 1984; 32(2):
246-257.
[19] Hajek B. Adaptive Transmission Strategies and
Routing in Mobile Radio Networks. Proceedings of the
Seventeenth Annual Conference on Information
Sciences and Systems; March 1983, 373-378.
[20] Hou T, Li VOK. Transmission Range control in
Multihop Packet Radio Networks. IEEE Transactions
on Communications 1986; 34(1): 38-44.
[21] Blough D, Leoncini M, Resta G, Santi P. The kneighbors Approach to Physical Degree Bounded and
Symmetric Topology Control in ad hoc networks.
Instituto di Informatica e Telematica, Pisa, Technical
Report IIT-TR-142003, 2003.
[22] Hall P. On continuum percolation. The Annals of
Probability 1985; 13(4): 1250–1266.
[23] Philips T, Panwar S, Tantawi A. Connectivity
properties of a packet radio network model. IEEE
Transactions on Information Theory 1989;35(5): 770–
777.
[24] Souihli O, Frikha M, Hamouda MB. Load-balancing in
MANET shortest-path routing protocols. Ad Hoc
Networks 2009; 7(2): 431-442.
[25] Kowalik K, Bykowski M, Keegan B, Davis M.
Practical Issues of Power Control in IEEE 802.11
Wireless Devices. Proceedings of International
Conference on Telecommunications; June 2008, 1–5.
[26] OpenWRT http://openwrt.org/ [11 November 2008].

Pragasen Mudali received his MSc degree in 2007 from the
University of Zululand and is presently a PhD candidate at the same
institution. His research interests include energy-efficiency and QoS
in wireless ad-hoc and mesh networks.

