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ABSTRACT

Thesetofnodesconstitutingaminimumconnecteddominatingset(MCDS)inawirelessadhoc
network(WANET)couldbeconsideredastheminimumnumberofnodesthatarerequiredtoforward
abroadcastmessagesothatthemessagereachesallthenodesinthenetwork.WithregardstoMCDS
construction,wenoticethatsmallerthetransmissionrangeforthenodes,thelargerthesizeofthe
MCDSandvice-versa.Hence,fromanenergyefficiencypointofview,itisimperativetodetermine
theminimum transmission range (weassumeuniform transmission range for all thenodes) that
wouldbeneededtoconstructaMCDSofacertainthresholdsizeinWANETs.Inthispursuit,we
proposeabinarysearchalgorithmoflogarithmictimecomplexitytodeterminetheminimumuniform
transmissionrangethatwouldbesufficienttoobtainaconnectednetworkandconstructaMCDS
whosesizeiswithinathreshold.
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1. INTRoDUCTIoN

Awirelessadhocnetwork(WANET)isanetworkofwirelessdevices(nodes)formedinanimpromptu
fashionwithoutapreexistinginfrastructure(norouters;SivaRamMurthyandManoj,2004).Two
nodesinaWANETcoulddirectlycommunicateiftheyarewithinthetransmissionrangeofeach
other.Inthispaper,weassumethatallnodesinaWANEToperateatthesame/uniformtransmission
range.Amessagetransmittedbyanodereachesallthenodeswithinitstransmissionrange.Theenergy
spenttotransmitamessageisproportionaltothedistance(typicallytothesquareorthefourthpower
ofthedistance,referredtoasthepathlossexponent)overwhichthemessageistransmitted(Xiao
etal.,2014).Dengetal(2007)observedthattheper-hopuniformtransmissionrangeformaximal
energyefficiencydecreaseswithincreaseinnodedensity(ratherthannetworkcoverage)forpath
lossexponentoftwobutremainsalmostconstantforpathlossexponentoffour.Also,asmaller
transmissionrangeneednotnecessarilyreduceenergyconsumptionasitcomeswiththeoverheadof
involvingseveralrelaynodesthatunnecessarilyloseenergytoreceiveapacket(Chenetal.,2003).

AcommonoperationperformedinaWANETisthebroadcastoperationinwhichamessage
transmittedbyanodereachestherestofthenodesinthenetwork(SivaRamMurthyandManoj,2004).
Sincenodesoperatewithalimitedtransmissionrange,aWANETwouldneedoneormorenodesto
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forwardabroadcastmessageintheirrespectiveneighborhoods(theneighborhoodofanodeisthe
setofnodesthatarewithinitstransmissionrange).Aminimumconnecteddominatingset(MCDS)
isadatastructurethatistypicallyconsideredtorepresenttheminimumnumberofnodesneededto
forwardabroadcastmessage(Guha&Khuller,1998).Aconnecteddominatingset(CDS)isaset
ofnodesinthenetworksuchthateverynodeinthenetworkiseitherintheCDSorisaneighborof
atleastonenodeintheCDS(Guha&Khuller,1998).ACDSisthusconsideredtocreateavirtual
backboneforroutinginwirelessnetworks(Ephremidesetal.,1987).Notethatlowerthetransmission
rangeforthenodes,thelargerthenumberofnodesthatneedtobepartoftheMCDS(referredtoas
theMCDSnodesize)andvice-versa.

Traditionally,theproblemsofassigninganoptimaltransmissionrangeandidentifyinganefficient
communicationtopologyareconsideredseparately.Someoftherecentworksintheliterature(below,
welistsomesampleworks)aretakingaparadigmshiftfromthistraditionalapproachbyconsidering
bothrangeassignmentandcommunicationtopologyselectionasajointoptimizationproblem,and
ourapproachinthispaperisalsointhisdirection.Khalily-Dermany(2019)developedaformulation
toviewrangeassignmentandroutingasajointoptimizationproblemandcameupwithadistributed
algorithm.Tranetal.(2019)proposedthesetofCDSnodesasthesearchspaceforidentification
ofintermediatenodesfordynamicchannelselectionandroutingincognitiveradiovehicularadhoc
networks.Overlay-basedbroadcast(Nikolov&Haas,2015)hasbeenproposedforcontrolledflooding
inhighlydenseadhocnetworksoflownodemobility.Tothebestofourknowledge,noworkinthe
literaturehasfocusedondeterminingtheminimumtransmissionrangethatwouldbesufficientto
obtainaCDSofcertainsize(representingthenodesthatcouldforwardabroadcastmessage)inad
hocnetworks.

Inthispaper,weproposeanefficient(logarithmictimecomplexity)binarysearch-basedapproach
todeterminetheminimumtransmissionrangethatwouldbeneededtoconstructaMCDSwhose
fractionofnodesize(fractionofthenumberofnodesinthenetworkconstitutingtheMCDS)is
withinathreshold(TD).Thesearchspaceforthebinarysearchalgorithmrangesfromaleftindexto
rightindexwhosevaluessatisfythefollowinginvariantthroughouttheexecutionofthealgorithm:
whentheleftindexisusedasthetransmissionrangeforanode,thenetworkiseithernotconnected
orthefractionofMCDSnodesizeisgreaterthanTDandthatwhentherightindexisusedasthe
transmissionrangeforanode,thenetworkisconnectedandthefractionofMCDSnodesizeisless
thanorequaltotheTD.Thealgorithmrunsiniterationsuntilthedifferencebetweentherightindex
andleftindexisgreaterthanorequaltoaminimumpermissiblevalue(ε).Theoveralltimecomplexity
ofthealgorithmdependsonthenumberofiterations(whichisalogarithmicfunctionofthenetwork
dimensionsandε)andthetimecomplexityoftheheuristicusedtoapproximateaMCDS.

ThoughweexpectaninverserelationshipbetweenthethresholdfractionofMCDSnodesizeand
thetransmissionrangepernode,simulationresultsindicatethatwiththeuseofanyMCDS-heuristic
(designedtominimizethenumberofnodesthatarepartofaCDS),thereexistacriticalthreshold
forthefractionofMCDSnodesize(observedtobeinthevicinityof0.3…0.4)beyondwhichthe
minimumtransmissionrangeneededtooperatethenetworkdoesnotdecrease(werefertosucha
transmissionrangeasthecriticalMCDS-transmissionrange).Byoperatingthenodesatthecritical
MCDS-transmissionrange,wecouldavoidunnecessaryenergylossduetoredundantretransmissions
andmultiplereceptionsthatarecharacteristicofnetwork-wideflooding.Wethusclaimthatourwork
willenabledecidingonanappropriatetransmissionrangeforenergy-efficientCDS-basedbroadcasting
androutinginadhocnetworks,eventuallycontributingtoalongernetworklifetime.

Therestof thepaper isorganizedasfollows:Section2presentsadegree-basedheuristic to
approximateaMCDSforagraph.Section3presentsthebinarysearchalgorithmtodeterminethe
minimumtransmissionrangethatwouldbesufficienttooperateaWANETsothatthefractionof
MCDSnodesize(theratioofthenumberofMCDSnodesandthetotalnumberofnodesinthe
network)iswithinathreshold.Section3alsopresentsthetimecomplexityandspacecomplexity
issuesassociatedwiththebinarysearchalgorithmaswellasincludesanexampletoillustratethe
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