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ABSTRACT 

A Mobile Ad-hoc NETwork (MANET) Is an self reliant series of mobile users that 

communicate over exceedingly bandwidth constrained wireless hyperlinks. One of the 

primary issues in such networks is performance- in a dynamically changing topology; the 

nodes are expected to be strength-aware because of the bandwidth restrained network. 

Another trouble in such networks is protection - given that every node participates within 

the operation of the community similarly, malicious nodes are difficult to come across. 

There are numerous packages of cell ad hoc networks together with catastrophe healing 

operations, warfare area communications, etc. To study those problems, a situation based 

simulation evaluation of a comfortable routing protocol is performed and is in 

comparison with conventional non-cozy routing protocols. The situations used for the 

experiments depict essential actual-international packages which includes battlefield and 

rescue operations, which generally tend to have contradicting desires.  An analysis of the 
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tradeoffs between overall performance and safety is finished to advantage an insight into 

the applicability of the routing protocols beneath consideration. 

Introduction 

Overk thek pastk fewk yearsk therek hask beenk ak growingk interestk ink thek researchk communityk 

fork simulationk studyk ofk performancek ink MANETsk sincek therek isk ak lackk ofk necessaryk 

infrastructurek fork MANETsk tok bek deployedk ink ak realistick scenario.k Ak simulationk studyk 

givesk usk ank ideak ofk howk ak protocolk performsk whenk itk isk practicallyk employed.k Thisk 

approachk isk similark tok thek prototypingk modelk ink softwarek engineeringk realm.k 

However,k thek maink challengek ink thek simulationk studyk ofk MANETsk isk thek dynamick 

naturek ofk thek networkk topologyk andk thek physicalk environmentk ink whichk thek nodesk 

operate.k Ink orderk tok gaink ank insightk ofk howk ak protocolk performsk whenk deployedk ink ak 

realistick scenario,k itk isk imperativek thatk thek simulationk capturek thek exactk naturek ofk thek 

physicalk environmentk andk thek movementk ofk thek nodesk ink thek network,k whichk mightk 

notk bek possiblek ink allk cases.k Fork examplek considerk ak scenariok wherek ak setk ofk nodesk 

arek deployedk ink ak rescuek operation.k Evenk thoughk thek mobilityk ofk thek nodesk cank bek 

capturedk withk certaink realistick mobilityk models,k thek nodek doesn’tk capturek thek exactk 

physicalk environmentk ink whichk thek nodesk operate,k suchk ask unevenk terrains,k 

catastrophick failurek ofk thek nodes,k etc.k  

kThisk chapterk discussesk thek simulationk studyk ofk performancek ink MANETsk usingk thek 

networkk simulatork ns-2k andk certaink realistick mobilityk modelsk usedk tok modelk thek 

movementk ofk thek nodes.k Itk isk followedk byk ak step-by-stepk tutorialk fork simulationk studyk 

ofk MANETk routingk protocolsk usingk ns-2.k Ak setk ofk experimentsk conductedk tok studyk 

thek performancek ofk AODVk ink ak battlefieldk scenariok isk thenk explained. 

Thek ns-2k networkk simulator 

Ns-2k isk ank openk sourcek discretek eventk simulatork usedk byk thek researchk communityk fork 

researchk ink networkingk [30].k Itk hask supportk fork bothk wiredk andk wirelessk networksk andk 

cank simulatek severalk networkk protocolsk suchk ask TCP,k UDP,k multicastk routing,k etc.k 

Morek recently,k supportk hask beenk addedk fork simulationk ofk largek satellitek andk adk hock 

wirelessk networks.k Thek ns-2k simulationk softwarek wask developedk atk thek Universityk ofk 
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Berkeley.k Itk isk constantlyk underk developmentk byk ank activek communityk ofk researchers.k 

Thek latestk versionk atk thek timek ofk writingk thisk thesisk isk ns-2k 2.28.k  

Thek standardk ns-2k distributionk runsk onk Linux.k However,k ak packagek fork runningk 

ns-2k onk Cygwink (Linuxk Emulationk fork Windows)k isk available.k Ink thisk mode,k ns-2k runsk 

ink thek Windowsk environmentk onk topk ofk Cygwink ask shownk ink thek figurek 4.1.k Thek 

simulationsk performedk (discussedk ink followingk sections)k havek beenk runk ink thisk 

environment.k  

 

 

 

k  

 

Figure.4.1:k ns-2k overk Cygwin 

NS-2k providesk ak split-programmingk model;k thek simulationk kernelk isk 

implementedk usingk C++,k whilek thek Tclk scriptingk languagek isk usedk tok expressk thek 

definition,k configurationk andk thek controlk ofk thek simulation.k Thisk split-programmingk 

approachk hask provenk benefitsk overk conventionalk programmingk methods.k Also,k NS-2k 

cank producek ak detailedk tracek filek andk ank animationk filek fork eachk adk hock networkk 

simulationk thatk isk veryk convenientk fork analyzingk thek routingk behavior.k  

Wirelessk Supportk  

Thek Monarchk researchk groupk atk Carnegie-Mellonk Universityk developedk supportk fork 

simulationk ofk multi-hopk wirelessk networksk completek withk physical,k datak link,k andk 

mediumk accessk controlk (MAC)k layerk modelsk onk NS-2.k Itk providesk toolsk fork generatingk 

datak traffick andk nodek mobilityk scenariok patternsk fork thek simulation.k Also,k fourk adk hock 

networkk routingk protocolsk (AODV,k DSDV,k DSRk andk TORA)k havek beenk 

implemented.k  

Ink NS-2,k thek Distributedk Coordinationk Functionk (DCF)k modek ofk IEEEk 802.11k 

fork wirelessk LANsk isk usedk ask thek MACk layerk protocol.k Thek radiok modelk usesk 

characteristicsk similark tok ak commercialk radiok interface,k Lucent’sk WaveLANk [30].k 

WaveLANk isk modeledk ask ak shared-mediak radiok withk nominalk bitk ratek ofk 2Mb/sk andk ak 

ns-2k ver.k 2.27 

Cygwink 4.3.2 

WindowsXPk  
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nominalk radiok rangek ofk 250k meters.k Thek signalk propagationk modelk combinesk bothk ak 

freek spacek propagationk modelk andk ak two-rayk groundk reflectionk model. 

Otherk add-onk utilities 

Thek standardk ns-2k distributionk comesk withk severalk “add-on”k utilitiesk whichk cank bek 

usedk tok modelk thek motionk ofk thek nodes,k specifyk thek traffick flowk betweenk themk ork 

visualizek thek networkk topologyk andk traffick flowk ask ank animation.k Somek ofk thesek 

utilitiesk usedk fork thek experimentsk arek furtherk describedk below- 

(i)k cbrgen.tcl:k Thek nsk –packagek comesk withk ak traffick generatork utilityk whichk cank bek 

foundk ink thek folderk ~ns/indep-utils/cmu-scen-gen/k (wherek ~nsk denotesk thek ns-

directory,k fork example,k /home/administrator/ns-allinone2/ns-2.27/k fork thek ns-2.27k 

version)k .k Thisk utilityk isk usedk tok generatek tracek filesk fork specifyingk thek type,k durationk 

andk thek ratek ofk traffick flowk ink thek network.k Thek utilityk cank bek invokedk byk callingk thek 

Tclk scriptk cbrgen.tclk ask follows- 

k $k nsk cbrgen.tclk [listk ofk parameters] 

Listk ofk Parameters: 

▪ Typek ofk traffic:k CBRk ork TCP 

▪ Seed:k startingk numberk fork randomk numberk generator 

▪ Nr:k numberk ofk node 

▪ Nc:k maximumk numberk ofk connection 

▪ Rate:k numberk ofk packetk perk secondk (bitk rate) 

Thek outputk valuesk cank bek writtenk tok ak filek usingk thek >k directivek onk thek commandk line.k 

Thisk filek cank bek usedk ask ank inputk tok thek Tclk scriptk whichk isk describedk ink ak laterk 

section.(ii)setdestk utility:k Thek setdestk utilityk developedk atk CMUk isk usedk tok generatek 

nodek movementsk accordingk tok thek Randomk Waypointk Modelk [31].k Itk isk availablek 

underk ~ns/indep-utils/cmu-scen-gen/setdestk directoryk andk consistsk ofk setdest{.cc,.h}k 

andk Makefile.k Thek utilityk cank bek runk withk thek followingk arguments-k  

./setdestk [-nk num_of_nodes]k [-pk pausetime]k [-sk maxspeed]k [-tk simtime]k \ 

k [-xk maxx]k [-yk maxy]k >k [outdir/movement-file] 
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Thek outdir/movementk filek specifiesk thek outputk filek whichk cank bek integratedk withk thek 

simulationk scriptk ask describedk ink thek tutorialk section.k  

(iii)k Networkk Animatork (nam):k Thek networkk animatork (nam)k isk ak graphicalk toolk 

usedk tok visualizek thek simulationk resultsk graphicallyk andk tracek thek packetk flowk ink ak 

networkk ask shownk belowk - 

 

Figurek 4.2:k Screenshotk ofk Namk window 

Advantagesk andk Disadvantagesk ofk ns-2 

Thek maink advantagek ofk thek ns-2k simulatork isk thatk itk isk ank open-sourcek softwarek andk 

hencek freelyk available.k Further,k itk isk alsok easilyk extensible;k anyk additionk ork 

modificationk tok existingk routingk protocolsk isk relativelyk easy.k However,k thek flipk sidek isk 

thek complexityk ofk codingk –k Ank understandingk ofk twok languages,k C++k andk Tclk isk 
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neededk tok developk anyk newk protocolsk duek tok thek split-programmingk approach.k 

Besides,k thek userk interfacek isk alsok notk attractivek andk thek learningk curvek isk steep.k 

 Mobilityk Modeling 

Ink orderk tok simulatek thek movementk ofk nodesk ink ank adk hock network,k severalk mobilityk 

modelsk havek beenk proposedk [31].k Itk isk quitek importantk thatk thek mobilityk modelk chosenk 

representk thek movementk ofk thek nodesk exactlyk sincek thek mobilityk ofk thek nodesk impactsk 

theirk performance.k Thek mobilityk modelsk cank bek classifiedk intok twok categoriesk basedk 

onk thek temporalk andk spatialk dependencyk betweenk thek nodesk ink thek networkk –k entityk 

mobilityk modelsk andk groupk mobilityk models.k Thek followingk sectionsk describesk thesek 

mobilityk modelsk ink detailk – 

Entityk mobilityk models 

Thek entityk mobilityk modelsk representk thek movementk ofk nodesk wherek eachk node’sk 

movementk isk independentk ofk otherk node’sk movement.k Manyk suchk mobilityk modelsk 

havek beenk proposed.k Thisk sectionk discussesk ak fewk ofk themk usedk fork research. 

i. Randomk Waypointk Mobilityk Modelk : 

Ask thek namek suggests,k thek randomk waypointk mobilityk modelk representsk thek randomk 

motionk ofk nodesk ink ak terrain.k Thek movementk patternk ofk ak nodek ink thisk modelk isk ask 

followsk –k first,k thek nodek staysk ink ak locationk fork certaink periodk ofk timek calledk thek 

pausek time.k Oncek thisk timek expires,k itk choosesk ak randomk destinationk ink thek simulationk 

areak andk ak velocityk thatk isk uniformlyk distributedk betweenk [minspeed,k maxspeed].k Thek 

mobilek nodek thenk travelsk towardsk thek newlyk chosenk destinationk withk ak uniformk speed.k 

Afterk reachingk thek destination,k itk isk againk statick fork thek durationk ofk pausek timek andk 

continuesk thek process.k Thek RWMk hask beenk extensivelyk usedk ink modelingk thek 

movementk ofk nodesk fork thek studyk ofk protocolk performancek [5]k [10]k [11]k [16].k  

Thek RWMk hask foundk tok bek insufficientk tok capturek thek realistick movementk ofk nodes.k 

Further,k itk alsok failsk tok convergek whenk thek pausek timek increasesk andk thek averagek 

speedk ofk thek nodesk decreasesk overk timek [31].k Onek ofk thek solutionsk proposedk fork thisk 

http://www.ijfans.org/


e-ISSN 2320 –7876 www.ijfans.org 

Vol.11, Iss.9, Dec 2022 

© 2012 IJFANS. All Rights Reserved 
Research Paper 
 
 

 

 

  

 

 

935 

 

problemk isk tok setk ak non-zerok minimumk speedk fork thek nodes.k Anotherk solutionk isk tok 

“cutk off”k somek initialk partk ofk thek simulationk sok thatk thek nodes’k movementsk stabilize. 

Groupk mobilityk models 

Thek entityk mobilityk modelsk depictk independentk motionk ofk thek nodesk ink ak MANET.k 

However,k therek arek scenariosk ink whichk thek nodesk formk clusters,k andk thek movementk ofk 

thek nodesk withink thek clustersk isk dependentk onk thek movementk ofk otherk nodes.k Fork 

examplek considerk thek battlefieldk scenariok wherek groupsk ofk soldiersk arek deployedk ink ak 

battlefield.k Ink thisk casek everyk soldier’sk movementk ink thek groupk isk dependentk uponk thek 

troopk leader.k Thek groupk mobilityk modelsk capturek suchk movementsk ofk nodes.k Ink thisk 

section,k onek ofk thek groupk mobilityk models-k thek Referencek Pointk Groupk Mobilityk 

(RPGM)k modelk isk explained. 

i. Thek Referencek Pointk Groupk Mobilityk (RPGM)k Model 

Thek RPGMk modelk representsk thek randomk motionk ofk ak groupk ofk nodesk ask wellk ask thek 

motionk ofk thek individualk nodesk withink thek group.k Ank individualk nodek ink ak groupk 

movesk randomlyk dependingk uponk thek directionk andk velocityk ofk itsk “logicalk center”,k 

whichk isk updatedk atk predefinedk timek intervals.k Thek logicalk centerk ofk ak groupk isk usedk 

tok calculatek ak groupk motionk vector,k whichk completelyk characterizesk thek movementk ofk 

thek nodesk withink itsk group.k Further,k eachk nodek alsok selectsk isk directionk andk velocityk 

accordingk tok ak randomk motionk vectork andk ak fixedk referencek point.k Thek randomk 

motionk ofk bothk thek logicalk centerk andk thek individualk nodesk arek calculatedk usingk thek 

Randomk Waypointk Model.k  

k Thek RPGMk modelk cank bek usedk tok depictk severalk scenariosk ofk deploymentk suchk ask 

movementk ofk soldiersk ink ak battlefield,k avalanchek rescue,k etc.k  

Scenario-basedk Experimentsk fork Performancek Evaluationk ofMANETk Routingk 

Protocols 

Ink orderk tok analyzek thek performancek ofk routingk protocolsk ink MANETsk ink thek realk 

world,k ak scenariok basedk simulationk analysisk isk neededk sincek therek isk ak lackk ofk 

necessaryk infrastructurek fork theirk deployment.k Mostk ofk thek earlierk workk donek ink thisk 

areak [5]k [10]k [11]k havek assumedk thek Randomk Waypointk model,k whichk failsk tok capturek 

thek realistick movementk ofk thek nodes.k Ink thisk section,k wek describek ak setk ofk experimentsk 
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conductedk tok analyzek thek performancek ofk thek AODVk routingk protocolk ink ak battlefieldk 

scenario.k Initiallyk ank explanationk ofk thek experimentalk metricsk andk thek setupk isk 

described,k followedk byk thek scenariosk usedk fork ourk simulations.k Thek resultsk givek ank 

ideak ofk howk thek protocolk behavesk ink thek givenk scenariok andk helpsk identifyk thek metricsk 

fork optimalk performancek ofk thek protocol.k  

Performancek evaluationk ofk AODVk ink ak battlefieldk scenario 

Ask explainedk ink sectionk 2.4.2,k thek AODVk routingk protocolk usesk ak combinationk ofk 

table-drivenk andk reactivek methodsk tok achievek optimalk performance.k Itk hask beenk foundk 

previously,k thatk AODVk achievesk ak higherk packetk deliveryk fractionk andk lowerk latencyk 

thank thek table-drivenk protocols.k Further,k itk alsok adaptsk wellk tok nodek mobilityk andk linkk 

changes.k Ink followingk sectionsk wek describek thek experimentsk carriedk outk tok analyzek thek 

performancek ofk AODVk ink ak battlefieldk scenario.k Itk isk foundk thatk AODVk achievesk highk 

packetk deliveryk fraction,k lowk endk tok endk delayk andk normalizedk routingk loadsk ink 

mediumk sizek networksk withk lowerk mobilityk ofk nodes. 

Experimentalk Setupk andk Metrics 

Thek ns-2k simulatork wask usedk fork thek experiments.k Wek nowk describek thek traffick 

pattern,k thek scenariok descriptionk andk thek metricsk thatk werek usedk fork thek experiments.k  

(i)k Thek traffick pattern 

Thek traffick patternk filek wask generatedk usingk thek “cbrgen.tcl”k scriptk (explainedk ink 

sectionk 4.2.2).k Thek parametersk usedk werek ask followsk –k  

Typek ofk traffick  Constantk Bitk Ratek  

Packetk Size 512k bytes 

Packetk Rate 4k pkts/sec 

Maximumk numberk ofk 

connectionsk  

20 

Tablek 4.1:k Traffick pattern 

(ii)k Scenariok description 

Thek scenariok wask generatedk usingk thek BonnMotionk software.k BonnMotionk isk ak Java-

basedk softwarek whichk createsk andk analysesk mobilityk scenarios.k Itk generatesk thek 
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movementsk ofk nodesk ink ank adk hock networkk ask ak tracek filek whichk cank bek importedk intok 

ns-2k (explainedk ink thek tutorialk providedk ink appendix-B).k Itk hask supportk fork severalk 

mobilityk modelsk suchk ask thek RPGM,k Randomk Waypointk model,k Gaussk Markovk 

mobilityk model,k etc.k Thek followingk metricsk werek usedk tok depictk ak battlefieldk scenario.k  

Dimensionsk  2000*2000 

Mobilityk Model Referencek Pointk Groupk Mobilityk 

Modelk (RPGM) 

No.k ofk nodes 50 

Min.k speed 1k m/s 

Max.k speedk  5k m/s 

Averagek numberk ofk nodesk 

ink ak group 

10 

Probabilityk ofk groupk 

change 

0.01 

Pausek timek  60k sec 

Tablek 4.2:k Parametersk fork thek battlefieldk scenario 

(iii)k Metrics:k  

Thek followingk metricsk werek usedk fork performancek evaluation- 

a. Packetk Deliveryk Fractionk (PDF):k Thisk isk thek ratiok ofk totalk numberk ofk packetsk 

successfullyk receivedk byk thek destinationk nodesk tok thek numberk ofk packetsk sentk byk 

thek sourcek nodesk throughoutk thek simulation.k  

ntPacketsnumberOfSe

etsceivedPacknumberOf
PDF

Re
=  

Thisk estimatek givesk usk ank ideak ofk howk successfulk thek protocolk isk ink deliveringk packetsk 

tok thek applicationk layer.k Ak highk valuek ofk PDFk indicatesk thatk mostk ofk thek packetsk arek 

beingk deliveredk tok thek higherk layersk andk isk ak goodk indicatork ofk thek protocolk 

performance. 
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b. Normalizedk Routingk Loadk (NRL):k Thisk isk calculatedk ask thek ratiok betweenk thek no.k ofk 

routingk packetsk transmittedk tok thek numberk ofk packetsk actuallyk receivedk (thusk 

accountingk fork anyk droppedk packets). 

ceivedtaPacketsnumberOfDa

tsSentutingPackenumberOfRo
NRL

Re
=  

Thisk metrick givesk ank estimatek ofk howk efficientk ak routingk protocolk isk sincek thek numberk 

ofk routingk packetsk sentk perk datak packetk givesk ank ideak ofk howk wellk thek protocolk 

maintainsk thek routingk informationk updated.k Higherk thek NRL,k higherk thek overheadk ofk 

routingk packetsk andk consequentlyk lowerk thek efficiencyk ofk thek protocol. 

c. Averagek endk tok endk delayk (AED)k :k Thisk isk definedk ask thek averagek delayk ink 

transmissionk ofk ak packetk betweenk twok nodesk andk isk calculatedk ask follows- 

ceivedrOfPacketstotalNumbe

SenttimePacketceivedtimePacket

AED

n

i

i

Re

)Re(
0

i
=

−

=  

Ak higherk valuek ofk end-to-endk delayk meansk thatk thek networkk isk congestedk andk hencek 

thek routingk protocolk doesn’tk performk well.k Thek upperk boundk onk thek valuesk ofk end-to-

endk delayk isk determinedk byk thek application.k Fork examplek multimediak traffick suchk ask 

audiok andk videok cannotk toleratek veryk highk valuesk ofk end-to-endk delayk whenk comparedk 

tok FTPk traffic.k  

(iv)k Researchk methodology 

Threek parametersk ink thek battlefieldk scenariok werek variedk -k pausek time,k thek totalk 

numberk ofk nodesk andk averagek numberk ofk nodesk ink ak groupk andk theirk impactk onk thek 

threek metricsk describedk abovek werek studied.k Thek resultsk arek discussedk ink thek nextk 

section. 

Results 

i. Effectk ofk varyingk thek numberk ofk nodes 

Thek numberk ofk nodesk wask variedk fromk 50k tok 100k andk thek effectk onk PDF,k NRLk andk 

AEDk wask studied.k Thek resultsk cank bek foundk ink tablek 4.3k andk figuresk 4.3,k 4.4k andk 4.5. 
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No.k Ofk 

Nodes 

Packetk Deliveryk 

Fractionk (%) 

Averagek End-

endk delayk (sec) 

Normalizedk 

Routingk Load 

50 99.91438 0.006738278 0.2570694 

60 100 0.006566893 0.3088803 

70 100 0.013576984 0.42168674 

80 99.95756 0.032688957 0.47558385 

90 99.95761 0.010179137 0.49618322 

100 99.872444 0.010737591 0.553427 

Tablek 4.3:k Effectk ofk varyingk thek numberk ofk nodes 

Itk isk foundk thatk thek packetk deliveryk fractionk decreasesk ask thek numberk ofk nodesk ink thek 

networkk increases.k Thisk isk duek tok thek factk thatk ask numberk ofk nodesk increases,k thek 

congestionk ink thek networkk alsok increasesk andk hencek thek numberk ofk lostk packetsk duek tok 

retransmissionk alsok increases.k Further,k sincek AODVk usesk ak tablek drivenk approach,k thek 

processingk delayk atk thek nodesk alsok increasesk withk ank increasek ink thek sizek ofk thek 

networkk therebyk accountingk fork thek higherk end-to-endk delay.k Thek normalizedk routingk 

loadk increasesk withk ank increasek ink numberk ofk nodesk duek tok ank increasek ink thek routingk 

packetsk ink thek network. 

No. of Nodes Vs PDF
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Figurek 4.3:k Effectk ofk varyingk thek numberk ofk nodesk onk thek pausek time 
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k Figurek 4.4:k Effectk ofk varyingk thek numberk ofk nodesk onk thek Averagek end-endk delay 
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k Figurek 4.5:k Effectk ofk varyingk thek numberk ofk nodesk onk thek Normalizedk Routingk Load 
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Thek bluek circlesk ink figuresk 4.3,k 4.4k andk 4.5k representk thek “optimalk points”k whichk 

correspondsk tok thek highestk PDF,k lowestk end-to-endk delayk andk thek lowestk normalizedk 

routingk load.k Itk isk foundk thatk fork 60k nodesk wek achievek thisk optimalk point. 

ii. Effectk ofk varyingk thek pausek timek  

Thek effectk ofk varyingk thek pausek timek onk thek threek metricsk arek shownk ink tablek 4.4k andk 

thek correspondingk graphsk arek shownk ink figuresk 4.6,k 4.7k andk 4.8.k Itk cank bek inferredk 

thatk ask pausek timek varies,k thek packetk deliveryk fractionk alsok increases.k Thisk isk duek tok 

thek factk thatk ask pausek timek increases,k thek relativek mobilityk ofk thek nodesk decreases,k 

andk hencek thek congestionk alsok decreasesk ink thek network.k  

 

Pausek 

Timek (sec) 

Packetk Deliveryk 

Fractionk (%) 

Averagek End-to-

endk delayk (sec) 

Normalizedk 

routingk load 

10 99.87218 0.006634372 0.25597268 

20 99.957466 0.006683255 0.25531915 

30 99.91536 0.006524965 0.25412962 

40 100 0.010312819 0.27754056 

50 100 0.010314601 0.2742616 

60 99.91438 0.006738278 0.2570694 

Tablek 4.4:k Effectk ofk varyingk thek pausek time 

k Thek end-to-endk delayk alsok decreasesk ask thek pausek timek isk increased.k Thisk cank bek 

explainedk ask followsk –k ask thek pausek timek increases,k thek networkk topologyk isk relativelyk 

stablek andk hencek thek numberk ofk stalek routesk ink thek routingk tablesk decreases.k Thusk 

routek discoveryk andk maintenancek takek lessk time.k Thisk alsok reducesk thek numberk ofk 

routingk packetsk ink thek network,k therebyk decreasingk thek NRL.k  
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Figurek 4.6:k Effectk ofk varyingk thek pausek timek onk PDF 
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Figurek 4.7:k Effectk ofk varyingk thek pausek timek onk averagek endk tok endk delay 
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Figurek 4.8:k Effectk ofk varyingk thek pausek timek onk NRL 

Fromk figuresk 4.6,k 4.7k andk 4.8k itk cank bek inferredk thatk fork ak pausek timek ofk 20k seck 

(representedk byk ak bluek circle),k wek obtaink optimalk valuesk fork thek threek metrics.k  

iii. Effectk ofk varyingk thek averagek numberk ofk nodes 

Thek effectk ofk varyingk thek averagek numberk ofk nodesk onk thek threek metricsk isk shownk ink 

tablek 4.5.k  

Avg.k Nok ofk 

Nodes 

Packetk Deliveryk 

Fractionk (%) 

Averagek end-

endk delayk (sec) 

Normalizedk 

routingk load 

5 100 0.011443271 0.27754056 

6 99.95726 0.015179819 0.2992732 

7 99.91536 0.006548823 0.25477707 

8 100 0.006707324 0.25575447 

9 99.87288 0.018596672 0.3182011 

10 99.91438 0.006738278 0.2570694 
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Tablek 4.5:k Effectk ofk varyingk thek averagek numberk ofk nodes 

Thek graphsk fork thek threek metricsk arek shownk ink figuresk 4.7.4.8k andk 4.9.k  
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Figurek 4.9:k Effectk ofk varyingk thek averagek numberk ofk nodesk onk thek PDF 

Fromk figurek 4.9k itk cank bek inferredk thatk thek PDFk decreasesk ask thek averagek numberk ofk 

nodesk ink ak groupk isk decreased.k Thisk isk duek tok thek facek thatk ask thek averagek numberk ofk 

nodesk increases,k thek densityk increases,k therebyk causingk morek congestionk ink thek 

network.k Sincek AODVk usesk HELLOk messagesk fork neighbork detection,k ask thek nodek 

densityk increases,k thek numberk ofk suchk packetsk alsok increases,k therebyk decreasingk thek 

PDF. 

k Thek effectk ofk increasingk thek averagek numberk ofk nodesk onk thek averagek end-to-endk 

delayk isk shownk ink figurek 4.10.k Itk isk foundk thatk thek delayk decreasesk thek densityk 

increases,k therebyk indicatingk thatk AODVk scalesk wellk tok thek networkk density.k Furtherk 

byk notk usingk sourcek routing,k itk achievesk lowerk latencyk duek tok ak lesserk packetk 

overhead.k  
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Figurek 4.10:k Effectk ofk varyingk thek averagek numberk ofk nodesk onk thek AED 
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Figurek 4.11:k Effectk ofk varyingk thek averagek numberk ofk nodesk onk thek NRL 
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Figurek 4.10k showsk thek effectk ofk varyingk thek averagek numberk ofk nodesk ink ak groupk onk 

thek routingk load.k Ink general,k AODVk hask lessk routingk overheadk achievingk ak peakk loadk 

ofk aboutk 0.32k whenk thek averagek numberk ofk nodesk ink ak groupk isk 9k (representedk byk 

bluek circlesk ink thek graphs).k Fromk thek graphs,k itk cank bek inferredk thatk thek optimalk pointk 

correspondsk tok 8k nodesk perk group. 

kConclusionk  

Fork thek battlefieldk scenario,k AODVk hask foundk tok performk wellk fork lowerk pausek timesk 

(20k sec),k higherk densityk ofk nodesk (9k perk group)k andk smallerk networks.k Ask thek networkk 

sizek increases,k thek performancek dropsk duek tok ak table-drivenk approach.k However,k sincek 

itk doesk notk usek sourcek routing,k itk hask ak muchk lowerk endk tok endk delayk fork Ink orderk tok 

analyzek thek performancek ofk routingk protocolsk ink practice,k suchk ak scenario-basedk 

approachk isk vital.k Itk alsok helpsk identifyk thek suitablek routingk protocolk fork ank optimalk 

networkk size,k thek mobilityk ofk thek nodes,k thek networkk densityk andk ak givenk traffick 

pattern.k Ak morek comprehensivek studyk ofk otherk routingk protocolsk suchk ask DSR,k 

TORA,k DSDV,k etc.k isk neededk tok choosek thek rightk protocolk fork ak givenk scenario.k  Thisk 

chapterk discussesk aboutk thek simulation-basedk approachk tok performancek studyk ofk 

routingk ink MANETs.k Itk givesk ank introductionk tok thek ns-2k simulatork andk describesk 

somek usefulk utilitiesk fork adk hock networkingk research.k Somek ofk thek prosk andk consk ofk 

thek ns-2k simulatork arek thenk described. 

Thek chapterk alsok discussesk somek mobilityk modelsk usedk fork simulatingk thek 

movementk ofk nodesk ink ank adk hock network.k Severalk otherk mobilityk modelsk arek beingk 

developedk whichk tryk tok mimick thek environmentk ink whichk thek nodesk arek deployed.k 

Suchk modelsk arek veryk usefulk ink gainingk ak deeperk understandingk ofk thek performancek ofk 

routingk protocolsk ink realistick deployments. 

Thek restk ofk thek chapterk describesk ak setk ofk scenario-basedk experimentsk carriedk 

outk tok analyzek thek performancek ofk AODVk protocolk ink ak battlefieldk scenario.k Thek 

experimentsk givek ank insightk intok thek workingk ofk thek protocolk ink suchk ank environment.k   
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