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Résumé—In wireless multi-hop networks, there is a growing the last years. Examples are NS-2, GloMoSim, JiIST/SWANS,
need for the performance evaluation of protocols and distibuted GTSNetS,etc. They all provide an advanced and complete
applications. Due to the high complexity of analytical modis i |ation environment to investigate and evaluate nekingr

and the difficulty of setting up large scale testbeds, simutions tocol d wirel t H th lexity of
are generally considered as the most convenient methodolpg protocols and wireless systems. However, the complexity o

for evaluating the performance of wireless systems. Howege the wireless physical layer (PHY) leads to implementation
evaluating a protocol can be a tedious task as it depends choices during the simulators design. As a consequence, the
on several factors including the physical layer modeling ad  PHY simulation accuracy varies drastically from one simu-
the dimensioning of protocol or environment parameters. In |56 to another. In particular, interference management i

this work, we highlight some main factors that may affect . . .
the accuracy of the performance evaluation of protocols usg probably the point where current simulators differ the most

simulations. First, we focus on the physical layer (PHY) modling. largely. The reason that generally justifies a low accuracy i
Second, we discuss the impact of some protocol parameters onperformance [1]. Moreover, some protocol and environment
the behavior of the evaluated protocols. parameters are generally tuned arbitrarily during the querf
mance evaluation of high level protocols. In this contekt, i
is hard to obtain a representative and an overall performanc
In wireless multi-hop networks, there is a growing need favaluation of protocols. In fact, several previous pultiarzs
the performance evaluation of networking protocols. Contrhave shown that the behavior of wireless networking prdsoco
rily to the reliable physical medium of wired networks, wiremay radically differ from a simulation environment to anaith
less systems rely on a radio medium which is prone to failurene [2], [3], [4].
In such a context, the medium is shared by several nodesn this work, we highlight the main factors that may affect
increasing packet loss due to collision and interferenne. the accuracy of the simulation results. First, we focus on
particular, interference is a major limiting factor for wiess the physical layer modeling which represents a key point for
communication. This issue makes it harder the performange sake of realism and confidence. Second, we investigate
evaluation of wireless networking protocols. the impact of some protocol parameters on the performance
Three main approaches are generally adopted for the pevaluation of application-layer protocols.
formance evaluation of networking protocolsanalytical
analysis, experimentation and simulation. Due to the high
complexity of wireless communications, analytical anslys We propose a short case study to clearly summary the
are often based on unrealistic assumptions and inaccuriatpact of PHY modeling on the scalability and accuracy of
physical layer (PHY) models(., node synchronisation, ideal simulations. We consider a varying number of nodes randomly
MAC layer, homogeneous location model, symmetric radideployed in 2200 x 200 x 0 area. Each node emits periodically
links, disk modelgtc.). In addition, theoretical analysis alwaysa hello packet {00B/s) through an IEEE 802.15.4 868Mhz
focuses on a given layer, ignoring the other network layersompliant radio. We consider three metrics : Hpeedup, the
Concerning the experimentation approach, it can provideerage number of discovered neighbors and the correspon-
valuable insight into the behavior of protocols in wirelesding average number of connex components. The first metric
environments. However, setting up large scale testbeds isllws to assess the impact of radio models on the scaiabilit
tedious task and is not always feasible. Moreover, the nbthi while the two latter metrics show the impact of the PHY
results are strongly correlated to the surrounding enwiremt layer modeling on the evaluation of higher level protocols
and are not easily reproductible. in terms of network connectivity. We performed the same
For these reasons, the use of simulations is generadigt of simulations with various PHY models. Starting from
considered as the most convenient methodology to analyBea basic disk modelrgnge = 50) with no interference
the performance of protocols and distributed applicationsor modulation, we slightly increased the PHY simulation
Several wireless network simulators have been proposedaitcuracy through the introduction ¢ii) path-loss andiii)

I. INTRODUCTION

II. IMPACT OF THEPHY-LAYER MODELING
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Fic. 1. Impact of the PHY modeling accuracy on simulation sppegid results.
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log-normal shadowing with a transmission powerOdfBm. oY I A — Y
Then, we considered cumulative interference with a limited . o A
interference model (range 66) and BPSK modulation fo(iv)
one slot per packet ar(@) n slots per packet. We finished with
the (vi) full interference model. Simulations are performed
using WSNet and the obtained results are shown on Figure 1. '0 P N
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the range model induces a low impact on the speedup._ Still (a) 1 hello packet pebs (b) 1 hello packet pef0s
considering the speedup, the main gap occurs with the intro- o _ _
duction of interference and modulation support which iasge g/(; Fz)r'ot(')g’gd of the hello protocol dimensioning on the behavior of high
the computation overhead. Regarding the behavior of higher
level protocols under variable PHY models, it can be obskrve
that the average number of discovered neighbors and #igongly the network connectivity as well as the behavior of
average number of connex components varie systematitfallynetworking protocols. For the sake of realism and confidence
the largest gap also occurs when interference and modulatig simulation results, using accurate and detailed PHY risode
are introduced, the results still degrade when the accurggythus a key point, despite an increase of the computation
of the interference modeling is increased. This degradatio overhead. Moreover, we have found that the dimensioning of
more important with a high number of nodes. As the number gbme protocol is also important as it impacts the global per-
nodes increases, so does the level of interference andpcim formance of protocols. Thus, the question that arises ishwvhi
on higher protocols. Sensibility to PHY accuracy increasggsrameters should we use when evaluating the performance of
with the network size. a protocol? and what simulation results must be considered
as representative when comparing the performance of devera
protocols?. In general, it is a problem of representatige o

In this section, we analyze the effect of the hello protocéhe obtained simulation results.
dimensioning on the behavior of application-layer proteco
This issue is important, particularly in the context_of s c{i@ E. B. Hamida, G. Chelius, and J. M. Gorce, “Scalabiltysus accuracy
sensor networks (WSN) where most of the layer-3 protoc of physical layer modeling for wireless networks simulagd in In
are based on a hello protocol. We consider three data dissemi proceedings of the 22nd ACM/IEEE/SCS Workshop on Principles of
nation protocols (GHT, XY and LBDD) implemented on top of ~ Advanced and Distributed Smulation (PADS 2008), June 2008,
a greedy geographic routing protocol which exchange pigriod? MZ:% Jih '\r’fggﬁé a;(;j Echﬁgtr\?vg'isf?hitC:‘ngg xgleb;;gﬁ;ﬁuagﬁ '
hello packets. We assume the same simulation parameters Ofviohile Ad Hoc Networking and Computing (MobiHoc), (Long Beach,
last section and we evaluate the average success ratioettai USA), Oct. 2001. o _
at appliation layer protocols according to two hello paato 1 D, Ca1m, ¥, Seeson o &, Shiber, 'on e ccusey oy
dimensioning ice., 1 hello packet / 5s, and 1 hello packet (pome), (Toulouse, France), ACM, Oct. 2002.
/ 10s). Results are shown on Figure 2.We can observe frn Jj. Heidemann, N. Bulusu, and J. Elson, “Effects of detailwireless
Figure 2, that the obtained success ratio vary in functiomef network simulation,” inMulticonference on Distributed Smulation, SCS,
hello protocol parameters. Indeed, we notice a high seitgiti Jan. 2001.
of the application-layer protocols to the layer-3 paramsete
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IIl. | MPACT OF PROTOCOL PARAMETERS
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IV. CONCLUSION

Through intensive simulations, we have found that the
physical layer, in particular interference managemenpaiats

1WSNet is available at : http://wsnet.gforge.inria.fr.



