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Abstract—Random Walks have been proposed for information a

dissemination/discovery in Wireless Sensor Networks. Inhis
work we propose the Random Walk with Jumps model as an
improvement on the Random Walk without Jumps for sparse 1-a O 1-8
graphs. Our proposal features the incorporation of 'jumps’ (with
random direction and length) in the otherwise simple random
walk movement throughout the graph of sensor nodes. Our
proposal is tested via simulations and is shown to outperfon B
the Random Walk without Jumps both in the average number
of steps required to partially cover the network and in the owrall . .
energy consumption of the nodes in the network. Fig- 1. Random Walk with Jumps Controls
I. RANDOM WALK WITHOUT JUMPS
d%%lnectivity degree in the graph. When connectivity desgea

Researchers have recently proposed the use of Ran , . 2
; . . ' . and ’bottlenecks’ exist in the graph, the cover time incesas
Walks in various networking fields, such as Wireless Sensor. )
The process of a random walk is an uncontrolled process

Networks or P2P networks. The random walk methodology is d therefore it may well be that the walk will go to a neighbor

roposed as a means of executing different networking tas a .
brop 9 9 rpd return back to the same node after one step. Even if such

such as query processing [1], sensor data collection [2] ) ) . )
network sampling [3]. Primary reasons for the considerati move were forbidden, one can not prevent it from happening

of such randomized solutions are simplicity of the proces%ﬂer a few steps. Such revisits of already covered nodes are

locality of computation and robustness to failure [4]. Theg" fact so frequent, that they can significantly deteriotate

particular characteristics apply well to the highly popeth perfor_mance of the (;/v_alk both '? termsd of progress of the_
and dynamic emerging networking structures such as Wi;’eletfﬁogenrgaoprfcess and in terms of wasted energy resources in
Sensor Networks or P2P networks. '

The Random Walk without Jumps on a graph can be 1. RANDOM WALK WITH JUMPS
described by the simple process of visiting the nodes of the i i
graphG in some sequential random order. The process begindn this work, we propose a methodology for accelerating
at a random node € V of the graphG(V, E) and at each short random walks in large networks of wireless sensors. We

step the packet is forwarded to a neighbor of the current no@eveloP & scheme that will induce fewer re-visits to already
w € V uniformly at random. In particular, if(v) denotes covered nodes, this accelerating the covering of the n&twor

the degree of node, a neighbor is chosen with probability OUr Scheme is based on the concept of ‘jumps’ of the walk
P(v,u) equal tol/d(v). for (v,u) € E. within the network, where each jump will have a certain

A property of random walks on graphs frequently examindijrection and length (measure_d in ho.p count). The direction
in literature is the Cover Tim&' of the walk. It is defined @nd number of hops for each jump will be chosen randomly.

as the expected number of steps taken by a random wiljis expected that the addition of long jumps to the otheewis
to visit every node inG. Known results for the cover time standard movement of the random walk will impact positevely
of specific graphs vary from the best case(ffnlog(n)) to on the performance of the walk on the graph towards achieving

the worst case ob(n?). The best cases correspond to denst@ster covering times and reducing the occasions of covered
highly connected graphs, such as the complete gigptor N0des re-visits. . ,
the d-regular graph withl > n/2, where d is the average The proposed scheme is based on the simple, 2-state markov
chain depicted in figure 1. The state changes of the chain
This work has been supported in part by the project ANA (1IS%&9), are executed at each step of the random walk and they
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Fig. 2. Simulation Results

Each point in the figure represents an average over 5 runs for
the given set of parameters. A first comment on the results is

Network area (in units) 106 that the average number of covered nodes revisits is higher f
Number of nodes 20000 the Random Walk without Jumps than for the Random Walk
Wireless comm. range (in units) 25 with Jumps. Furthermore it is straightforward that dedreas

Av. connectivity degree 39.27 values of thes parameter lead to steadily fewer average

number of revisits, thus indicating that for longer average
lengths of the jumps, the performance of the walk in terms of
revisits is steadily improving. This result indicates thet can
have significant gains in energy resources using the Random
Walk with Jumps model because there are fewer wastes of
energy due to reduced number of revisits to already covered
nodes for a given coverage degree in the network.

A further point worth mentioning is that the Random Walk
with Jumps process achieves better coverage degrees for a
given maximum amount of steps of the walk in the network.
Based on the results in Figure 2 we deduce that greater averag
expected lengths for the jumps in the walk lead to improved
covering process of the graph of sensor nodes.

IV. FURTHERPLANS

The results obtained by our simulations indicate that the
Random Walk with Jumps is in fact achieving performance

model. However, when the chain is in state one, the walk wilhprovement over the Random Walk without Jumps in sparse
execute a 'jump’ with a given geometric direction that wilgraphs. Our plans for further work include analytical work o
be maintained for as long as the state does not change; tie new model and comparisons of numerical with simulation
length of this directed jump will be shaped by the parametefissults.

of the Markov model. The parametetisand 5 shown in the
figure are the respective state transition probabilitiesclvh

probabilistically rule the walk’s movement.

IIl. EXPERIMENTAL RESULTS
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range of each other were connected with a link. To perform
the random walk simulation, a RW packet was inserted into
the network at a randomly chosen sensor node. Prior to each
forwarding of the packet the state of the controlling markov
chain was queried and a decision for the next hop neighbor
was accordingly made.

Figure 2 depicts the results obtained after running both
Random Walk models. For the Random Walk with Jumps
model , the parameters and 5 were given values such that
« would remain constan(= 0.3) and 5 would be changing
in order for the expected length of the jumps in the network
to increase. We test the parameter values: 0.9, 0.7 andr0.5. |
order to test the performance of short random walks, we chose
to limit the amount of steps that the walk would be allowed to
run. The limit on the maximum amount of steps was changed
such that different coverage degrees would be reached in the
network.



