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Abstract
Mesh networking (topology) is a type of networking where 
each node must not only capture and disseminate its own data, 
but also serve as a relay for other nodes, that is, it must collaborate 
to propagate the data in the network. A mesh network can be 
designed using a flooding technique or a routing technique. When 
using a routing technique, the message propagates along a path, 
by hopping from node to node until the destination is reached. 
To ensure all its paths’ availability, a routing network must allow 
for continuous connections and reconfiguration around broken 
or blocked paths, using self-healing algorithms. A mesh network 
whose nodes are all connected to each other is a fully connected 
network. Mesh networks can be seen as one type of ad hoc 
network. Mobile ad hoc networks (MANET) and mesh networks 
are therefore closely related, but MANET also have to deal with 
the problems introduced by the mobility of the nodes. We present 
a scalable approach for dissemination that exploits all the shortest 
paths between a pair of nodes and improves the QoS. Despite the 
presence of multiple shortest paths in a system, we show that these 
paths cannot be exploited by spreading the messages over the paths 
in a simple round-robin manner; nodes along one of these paths 
will always handle more messages than the nodes along the other 
paths. We characterize the set of shortest paths between a pair 
of nodes in regular mesh topologies and derive rules, using this 
characterization, to effectively spread the messages over all the 
available paths. These rules ensure that all the nodes that are at the 
same distance from the source handle roughly the same number 
of messages. By modelling the multihop propagation in the mesh 
topology as a multistage queuing network, we present simulation 
results from a variety of scenarios that include link failures and 
propagation irregularities to reflect real-world characteristics. Our 
method achieves improved QoS in all these scenarios.
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I. Introduction
Wireless mesh networks were originally developed for military 
applications and are typical of mesh architectures. Over the 
past decade the size, cost, and power requirements of radios 
has declined, enabling more radios to be included within each 
device acting as a mesh node. The additional radios within each 
node enable it to support multiple functions such as client access, 
backhaul service, and scanning (required for high speed handover 
in mobile applications). Additionally, the reduction in radio size, 
cost, and power has enabled the mesh nodes to become more 
modular—one node or device now can contain multiple radio 
cards or modules, allowing the nodes to be customized to handle 
a unique set of functions and frequency bands.

A. Mesh Network Topology
Mesh network topology is one of the key network architectures in 
which devices are connected with many redundant interconnections 
between network nodes such as routers and switches. In a mesh 
topology if any cable or node fails, there are many other ways 

for two nodes to communicate. While ease of troubleshooting 
and increased reliability are definite pluses, mesh networks are 
expensive to install because they use a lot of cabling. Often, a mesh 
topology will be used in conjunction with other topologies (such 
as Star, Ring and Bus) to form a hybrid topology. Some WAN 
architecture, such as the Internet, employ mesh routing. Therefore 
the Internet allows sites to communicate even during a war.
There are two types of mesh topologies: full mesh and partial 
mesh:
1. Full mesh topology occurs when every node has a circuit 
connecting it to every other node in a network. Full mesh is 
very expensive to implement but yields the greatest amount of 
redundancy, so in the event that one of those nodes fails, network 
traffic can be directed to any of the other nodes. Full mesh is 
usually reserved for backbone networks.

Fig. 1: Fully Connected Mesh Topology

2. With partial mesh, some nodes are organized in a full mesh 
scheme but others are only connected to one or two in the network. 
Partial mesh topology is commonly found in peripheral networks 
connected to a full meshed backbone. It is less expensive to 
implement and yields less redundancy than full mesh topology.

Fig. 2: Partially Connected Mesh Topology
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Status Dissemination Networks (SDN) are geographically 
distributed critical infrastructure networks. In SDN, the status 
information which includes data and/or control information is 
gathered and distributed to the registered clients through status 
variables according to their QoS specification in a reliable, timely 
and secure manner.
The registered clients include publishers, subscribers or both. 
Publishers are intelligent devices or programs, which post 
information through status variables without knowing the details 
about consumers. Subscribers are programs, which request 
information about status variables with specific QoS constraints 
of redundant path. An underlying communication infrastructure 
routes packets between registered entities. One way to achieve 
reliability is through redundancy. 
Our approach to redundancy is to provision multiple disjoint paths 
between each source and destination. Disjoint paths may be either 
link-disjoint or node-disjoint.

Fig. 3: Shows the Status Dissemination Middleware Logical 
View

In this paper, we consider highly engineered systems comprising of 
nodes arranged in a regular mesh topology. We focus on methods 
for effectively utilizing all the shortest paths available between a 
pair of nodes and present results to show that effective utilization 
of all the available paths significantly improves the Quality of 
Service (QoS).
In many highly engineered systems, one can assume that the nodes 
have fixed relative locations. Often, the systems are designed 
to overlay on an underlying grid. For example, in automation 
systems, the regions demarcated by such a grid are called zones 
[10]; 
Motivated by applications in such domains, we consider regular 
mesh topologies that arise by embedding the nodes in a 2D 
Basegrid. We show in Section 2 that several mesh topologies 
arise when the location in the 2D Basegrid and the
transmission range of the nodes change. Because the grid 
coordinates can specify the nodes, the shortest paths between 
any pair of nodes can be locally computed. Most routing protocols 
select only one of the shortest paths even when multiple such 
paths exist. This results in reduced system level QoS. Extensive 
experiments on real-world data have demonstrated the effectiveness 
and efficiency of the proposed techniques.
Label Transmission Stage
1. Flooding

From source node to sink node• 
2. Label

On listen to the event • 
Source node forms a small information data descriptor • 
Smaller size 
Can be distinguished from other events• 

3. Work Source
Node Broadcasts the label to all its neighboring nodes • 

Effective dissemination of the label over the entire sensor 
network

Fig. 4:

II. Algorithm / Technique

A. Spreading Algorithm
The first strategy we consider for spreading messages over all 
shortest paths will be called Uniform Spreading.

This is a straightforward strategy where the source, as well as 
each intermediate node along every path in the contour, sends 
successive messages in a round-robin fashion to all its immediate 
neighbours in the contour. We present this algorithm and show 
that the nodes along one of the paths will always handle more 
messages than the nodes along other paths whenever this strategy 
is used.

III. Existing System
We study wireless network routing algorithms that use only short 
paths, for minimizing latency, and achieve good load balance, for 
balancing the energy use. We consider the special case when all the 
nodes are located in a narrow strip with width at most √3/2 ≈ 0.86 
times the communication radius. We present algorithms that achieve 
good performance in terms of both measures simultaneously. In 
addition, our algorithms only use local information and can deal 
with dynamic change and mobility efficiently.

A. Embedding Functions
We consider mesh topologies that are obtained by embedding 
nodes on a 2D Basegrid and adjusting the transmission range 
of each node. Each location on a 2D Basegrid is identified by a 
unique ordered pair (i , j). The distance between two consecutive 
locations on the grid, i.e., between (i ,  j) and (i , j ) 1) or between 
(i , j) and (i + 1 ,  j) is b.
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Let N denote a set of nodes. An embedding function _ assigns 
a location on the 2D Basegrid and a transmission range to each 
node, ni in N:

Fig. 5: Other Embedding Examples E6

IV. Proposed System
We characterize the set of shortest paths between a pair of 
nodes in regular mesh topologies and derive rules, using this 
characterization, to effectively spread the messages over all the 
available paths. These rules ensure that all the nodes that are 
at the same distance from the source handle roughly the same 
number of messages. By modelling the multihop propagation in the 
mesh topology as a multistage queuing network, we results from 
a variety of scenarios that include link failures and propagation 
irregularities to reflect real-world characteristics. Our method 
achieves improved QoS in all these scenarios. The Modules 
are:

Network Module• 
Uniform Spreading• 
Loading in Spreading• 
Optimal  Spreading• 
Routing Protocol • 

A. Network Module
Client-server computing or networking is a distributed application 
architecture that partitions tasks or workloads between service 
providers (servers) and service requesters, called clients. Often 
clients and servers operate over a computer network on separate 
hardware. A server machine is a high-performance host that is 
running one or more server programs which share its resources 
with clients. A client also shares any of its resources; Clients 
therefore initiate communication sessions with servers which 
await (listen to) incoming requests.

B. Uniform Spreading
Spreading messages over all shortest paths will be called Uniform 
Spreading. This is a straightforward strategy where the source, as 
well as each intermediate node along every path in the contour, 
sends successive messages in a round-robin fashion to all its 
immediate neighbors in the contour. We present this algorithm 
and show that the nodes along one of the paths will always handle 
more messages than the nodes along other paths whenever this 
strategy is used.

C. Loading in Spreading
Uniform spreading is achieved when all the nodes in the contour 
execute the Uniform Spreading algorithm. To characterize the 
effects of this algorithm, we first define what we call rows in a 
contour.

D. Optimal Spreading
An algorithm for spreading the messages so that all the available 
paths are effectively utilized. Recall that a row is a collection of 
nodes in the contour that are at the same distance from the source. 
Let w be the number of nodes in a row of a contour. We refer to 
w as the width of the row. If the source sends M messages and if 
every node in every row handles messages, then we can say that 
the spreading is the best in the sense that all available paths are 
effectively used. 
Our algorithm for optimal spreading is given below. In the 
algorithm, the array ngbrs[] keeps track of the relevant neighbors 
for any node. As explained above, the middle node in a row has 
two relevant neighbors in the next row that have the same label.
Most Favorable Spreading Algorithm
Let ngbrs[.] be the neighbors of  np in N.
Let np   be in row m that has width w.
Let msgcount be a local variable. 

Initial msgcount  := 0 ;



IJCST Vol. 3, ISSue 3, July - SepT 2012  ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

w w w . i j c s t . c o m 1186   InternatIonal Journal of Computer SCIenCe and teChnology

E. Routing Protocol 
Routing protocols used in traditional wired and wireless networks 
are based on shortest path algorithms such as the Bellman-Ford 
algorithm and Dijkstra’s algorithm. Similar protocols have been 
reported for ad hoc, wireless, and mobile networks.

The QoS achieved in these systems has also been studied. 1. 
The dissemination method 2. 
we describe in this paper is somewhat similar to a gradient 3. 
dissemination scheme with the cost metric being the deviation 
from evenness of load distribution on all available shortest 
paths.

V. Structure of Contours
Definition 1. A contour is the union of all the shortest paths between 
a pair of nodes.
Since the contour depends on the relative position of the source 
and destination nodes, its structure can be characterized by using 
only the differences in the x and y locations of the pair of nodes. 
To this end, we define the following quantities:

Fig. 6: Contour in _8 Enclosed by a Hexagon

When viewed as the union of shortest paths, a contour is not 
symmetric with respect to the source and the sink because the 
paths have direction. In addition, a contour can also be viewed 
as a set of nodes. Anode ns;t is in a contour if and only if it is on 
a shortest path from the source to the destination. In this view, a 
contour is symmetric with respect to the source and the destination. 

From the well-known principle of optimality [12], a node, ns;t, is 
in the contour of ni;j and nq;r if and only if

A. Impact of Contour Structure on Dissemination
In a multihop routing scheme, each node receives messages from 
its upstream neighbor along some path and forwards this message 
to its downstream neighbor.
In this paper, our interest is in mechanisms that exploit all the 
shortest paths. To utilize multiple paths, each node must receive 
messages from a set of upstream neighbors and forward these 
messages to a set of downstream neighbors.
To utilize the results in this paper in practical applications, it is 
assumed that each message packet contains the location of both 
the source and the destination. As the messages propagate through 
the network, every intermediate node could  easily compute (using, 
e.g., the distance criterion) which of its immediate neighbors are 
on a shortest path to the destination. (This is explained further in 
the next section). 
In addition, the results of this section allow the intermediate node 
to know its relative position in the contour. In Section 5, we show 
how this location information can be used to effectively exploit 
all the available shortest paths in a contour.

B. Effects of Uniform Spreading
The first strategy we consider for spreading messages over 
all shortest paths will be called Uniform Spreading. This is a 
straightforward strategy where the source, as well as each 
intermediate node along every path in the contour, sends successive 
messages in a round-robin fashion to all its immediate neighbors 
in the contour. We present this algorithm and show that the nodes 
along one of the paths will always handle more messages than the 
nodes along other paths whenever this strategy is used.

C. Loading under Uniform Spreading in E8
Uniform spreading is achieved when all the nodes in the contour 
execute the Uniform Spreading algorithm. To characterize the 
effects of this algorithm, we first define what we call rows in a 
contour.

Fig. 7. Uniform spreading in E8
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VI. Conclusion
Many future engineered systems that are based on peer-topeer-
connected mesh topologies are likely to have multiple paths 
between a pair of nodes. We defined a contour as the union of all 
shortest paths between a pair of nodes. Using a regular topology, 
we proved that when the messages are spread uniformly over the 
paths in a contour, nodes along one path handle more messages 
than other messages. We presented an optimal strategy for 
spreading messages in such systems, and our results demonstrate 
the effectiveness of the spreading strategy.
Although the results are based on regular topologies, they represent 
upper bounds on what can be achieved in general topologies. 
These results reveal that to achieve optimal dissemination, some 
nodes must disseminate the messages over the available paths, 
and other nodes use only one of the available paths. 
Identifying these sets of nodes in general topologies is an interesting 
problem. In the future, the optimal dissemination techniques can 
be enhanced to improve QoS, mitigate interference, reduce hotspot 
effects, and design next-generation monitoring and surveillance 
systems based on wireless mesh topologies. 

References
[1] [Online] Available: http://www.en.wikipedia.org/wiki/

Wireless_communication
[2] [Online] Available: http://www.ehow.com/facts_4885908 

_what-advantages-wireless-communication.html
[3] S. Amin, A. Cardenas, S. S. Sastry,"Safe and secure networked 

control systems under denial-of-service attacks", In Hybrid 
Systems: Computation and Control, pp. 31–45. Lecture Notes 
in Computer  Science. Springer Berlin / Heidelberg, April 
2009.

[4] D. Angeli, A. Casavola, G. Franz, E. Mosca,"An ellipsoidale 
off-line mpc scheme for uncertain polytopic discrete-time 
systems", Automatica, 44(12), pp. 3113–3119, December 
2008.

[5] R. V. Beard,"Failure accommodation in linear systems 
through self-reorganization", Technical Report MVT-
71-1, Man Vehicle Laborotory, Cambrideg, Massachusetts, 
February 1971.

[6] D. Braginsky, D. Estrin,“Rumor routing algorithm for sensor 
net works”, in Proc. WSNA, 2002, pp. 22–31.

[7] Kranthi K. Mamidisetty, Minlan Duan, Shivakumar Sastry, 
Member, IEEE Computer Society, P.S. Sastry, Senior 
Member, IEEE,“Multipath Dissemination in Regular Mesh 
Topologies”, Vol. 20, No. 8, August 2009.

[8] N. Bulusu, J. Heidemann, D. Estrin,“GPS-less low cost 
outdoor localization for very small devices”, IEEE Personal 
Commun. Mag., Vol. 7, No. 5, pp. 28–34, Oct. 2000.

[9] S. Capkun, J. Hubaux,“Secure positioning of wireless 
devices with application to sensor networks”, in Proc. IEEE 
INFOCOM, 2005, Vol. 3, pp. 1917–1928.

[10] L. Eschenauer, V. Gligor,“A key-management scheme for 
distributed sensor networks”, in Proc. ACM CCS, 2002, pp. 
41–47.

[11] T. He, C. Huang, B. Blum, J. Stankovic, T. Abdelzaher, 
“Range-free localization schemes in large scale sensor 
network”, in Proc. ACM MobiCom, 2003, pp. 81–95.

[12] C. karlof, D. Wagner,“Secure routing in wireless sensor 
networks: Attacks and countermeasures”, in Proc. 1st IEEE 
Int. Workshop Sensor Netw. Protocols Appl., 2003, pp. 
113–127.

[13] B. Karp, H. T. Kung,“GPSR: Greedy perimeter stateless 
routing for wireless networks”, in Proc. ACM MobiCom, 
2000, pp. 243–254.

[14] L. Lazos, R. Poovendran,“SeRLoc: Secure range-independent 
localization for Wireless sensor networks”, in Proc. ACM 
WiSe, 2004, pp.21–30.

[15] L. Lazos, R. Poovendran, S. Capkun,“ROPE: Robust position 
estimation in wireless sensor networks”, in Proc. IPSN, 2005, 
pp. 324–331.

[16] D. Liu, P. Ning,“Establishing pairwise keys in distributed 
sensor networks”, in Proc. ACM CCS, 2003, pp. 52–56.

R.Vidruma was born in Navulru, Mangalagiri, 
Guntur Dt, Andhra Pradesh,India. She 
received B.Tech in C.S.E from JNT 
University, Kakinada, AP, India. Presently, 
she is pursuing M.Tech in C.S.E from Nova 
College of Engineering & Technology 
for Women, Ibrahimpatnam, Krishna Dt, 
AP.Her research interest includes Multipath 
Dissemination in Regular Mesh Topologies. 
Guide Devi Harikrishna


