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                    This chapter addresses the different evaluation techniques used in ad-hoc network analysis. First,
 widely used evaluation techniques for contemporary ad-hoc network research are discussed. Then,
 the techniques used in this report to evaluate Mercury service discovery are introduced.


5.1 Introduction


When designing protocols and algorithms for mobile ad-hoc networks, a major part of the research
 is concentrated on evaluating and analyzing the design in order to prove that the approach is sound
 and hopefully outperforms existing comparable solutions.


Four well-known techniques exist to help evaluation and analysis of ad-hoc network protocols and
 algorithms:


• Analytical modeling


• Simulation


• Emulation


• Real-world experiments


Each of the techniques above has its own set of advantages and disadvantages which will now be
 discussed briefly.


5.1.1 Analytical modeling


Mathematicians often use analytical models to evaluate certain protocol properties. Analytical 
eva-luation is inevitable when analyzing the performance of IEEE 802.11 [6], and to examine 
probabilis-tic mobility models [11]. Analyprobabilis-tical modeling is also a valuable tool when evaluating data structures
such as Bloom filters (analyzed in [8] and in chapter 4 in this report).


Results from analytical modeling are both precise, resource effective and often portable to adjacent
 problems. However, analytical modeling may be hard to understand for fellow researchers without
 in-depth knowledge of the field. Therefore, to make analytical models practicable and possible to
 interpret and adjust, they are usually limited to one single algorithm or part of a protocol. Hence, it
 is rarely feasible to make an analytical model to deal with entire protocol stacks.


5.1.2 Simulation


Simulations is an established and widely used method to conduct performance evaluation of network
 components [51]. Simulators such as ns-2 [97], GloMoSim [96] or OMNeT++ [77] come with 
 built-in support for the most popular network protocols; e.g. IP, TCP, UDP, Ethernet and Wi-Fi. The entire
 protocol stack can thus be simulated at once, enabling validation of new protocols or algorithms
 implemented as additional code or scripts.


The major benefits by performing simulations are the repeatability (other researchers may verify the
 results) and scalability (simulations can cope with hundreds or even thousands of nodes).


Certain approximations and simplifications are, however, often made when simulation models are
 used, which can lead to biased conclusions. Simulations of ad-hoc networks have for example been
 criticized for not using valid mobility models [101] or by relying ononespecific scenario [56]. The
 network simulator itself may also include errors or assumptions such as unrealistic wireless medium
 characteristics [55, 64].


However, despite the many pitfalls and possible errors when performing simulations, performance
 evaluation by simulation is virtually inevitable in order to validate the scaling characteristic of a
 protocol design.


5.1.3 Emulation


Using emulation, hardware- and software components originally designed for real-world 
 deploy-ment are combined with simulation components. The purpose of emulation is often to test protocols
 and algorithms on real hardware preparing for real-world experiments. The emulator can work on
 the physical layer, the MAC layer, or at combinations of different protocol layers. By changing
 various parameters such as antenna attenuation and signal propagation, node movement can be 
 ef-fectively emulated.


Emulations can be done in special test beds as surveyed in [55]. Different emulation test beds are
 used to evaluate distinct features of different ad-hoc network components. Even some network 
 si-mulators, such as ns-2 [97], can be used as a limited-functionality emulator.


Emulation is a valuable tool that is considered a compromise between simulation and real-world
experiments regarding cost, time and repeatability. If software code can be reused, emulation is a
valuable tool to accelerate the switch to real-world experiments.


Analytic 
 model


Network 
 simulation


Network 
 emulation


Real-world 
 experiment


Resources


Realism


Figure 5.1: The resources, such as time money and human hours, necessary to perform validation
 of a protocol or algorithm increases when a high degree of realism is necessary.


5.1.4 Real-world experiments


Real-world experiments have recently gained popularity among researchers to validate simulations
 or analytical models [55]. Real implementations of ad-hoc and mesh networks such as [60, 31] are
 paramount to prove that algorithms and protocols work as expected when deployed in an operational
 network. In a real-world setting, all components and parts of the system are fully functional (albeit
 using an experimental environment). A recent survey of real-world implementations [51] concludes
 that protocols and algorithmsmustbe evaluated in real-world settings in order to address all aspects
 of the design.


The drawback by using real-world experiments is obviously the time, money and human resources
 required to perform the experiments. Further, results from experiments are often non-reproducible
 and hard to validate. It is also difficult to isolate and test one particular behavior of the investigated
 protocol.


5.2 Summary of evaluation methods


Even if the credibility of simulations is a subject of discussion [56], most research in the field of
 mobile networking today purely rely on simulations to evaluate the characteristics of a protocol 
 de-sign. This choice is not unfounded: Time, money and human resources increases when moving from
 simulation to emulation, and increases vastly when moving to real-world experiments, as illustrated
 by Figure 5.1.


Taking into consideration the different benefits by choosing different evaluation methods, 
resear-chers should aim to evaluate new designs by creating a test-bed including several methods. A new
protocol design can for example be evaluated both by a number of initial simulations and then by
implementation and test in a real-world scenario.


5.3 Evaluation techniques for service discovery


Evaluation of a particular service discovery design can be performed using any of the described
 methods—assumed that the researcher takes the different benefits and drawbacks into consideration.


The choice of method also depends on resources, knowledge, hardware availability, the service
 discovery architecture (e.g. which protocol layer it belongs to) and personal preference.


Some service discovery proposals are only evaluated analytically or by an architectural description
 [73, 102]. Others are purely evaluated by simulations [2, 46, 12, 61, 86] while others are 
 implemen-ted for small real-world experiments [37, 40, 41].


Different service discovery proposals often take advantage of completely different scenarios in their
 simulation and experiments. Hence, studies are difficult to compare. The individual choice of 
 sce-nario is, however, not unfounded, as different service discovery solutions are targeted to completely
 different applications—andone singleevaluation approach is most certainly not valid for all 
 solu-tions.


In order to reflect the variety of configurations found in different MANET implementations, Abou
 et al. provide a set of benchmark scenarios to evaluate different service discovery proposals [1].


Although the evaluation scenarios vary to cover a wide range of uses, all the scenarios rely on
 simulations as the one and only validation method and do not consider emulation or real-world
 testing.


5.4 Evaluation of Mercury


In this report, a combined approach is taken. The Mercury service discovery protocol is 
implemen-ted both for the network simulator ns-2 and as a plug-in to OLSR. These two implementations
make both simulations and real-world experiments possible. The next two chapters describe the
implementation details of the two different approaches respectively.
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