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Context

FRESH(FResherEncounterSearcH)isanalgorithmforroutediscoveryinad

hocnetworks.

Applicabletoprotocolswhichwork:

�Ondemand

�Blindly(nolocationinfo,noGPS)

Mostrelevantto:Largenetworks(severalhundrednodesatleast)ofmobilenodes.

DesignGoals:

Increasescalabilityofcurrentroutingprotocols.

Generalalgorithmthatcanbeintegratedinexistingprotocols:

Nottiedtooneparticularprotocolorapproach.
Canleverageexistingwork-avoiddoingYAP(YetAnotherProtocol).
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AgeGradient:MakeMobilityworkforyou!

�MobilityIncreasesCapacity[Grossglauser,TseInfocom2001]

�EASE[Grossglauser,VetterliInfocom2003]:Scalablelocationservice.Nodesrememberwhere

andwhentheymetothernodes.

FRESHshowsthatroutingcangaininefficiencyevenifnodesonlyremember

whentheymetothers.ThismakesuseoftheAgeGradient:
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Motivation:ScalingIssues

Scalingtolargernetworksrequirestoreducetheroutingoverhead.

�Routediscoveryinevitablyresortstosomeformofflooding(global,

probabilistic,expandingringsearch,etc).

�Floodingisexpensive,e.g.:

Upto90%ofroutingoverheadinAODV[Das,Perkins,Belding-Royer,Infocom00]

“Thefatisintheflood”...sohowdowetrimitdown?Byrestrictingtheflood

toasmallerareaandtofewernodes!
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Encounters

Definition:AnEncounterbetweentwonodes�and�happenswhenthese

nodesareone-hopneighbors.(Nodesareone-hopneighborswhenwithinxmitrange,

withoutrelaying.)

Eachnodekeepsatableofitslastencountertimeswithallothernodes.

Encountertableatnode�:��.

1.������:timeelapsedsinceS,Dwerelastone-hopneighbors

2.������
	�ifS,Dwereneverone-hopneighbors

3.�����	�

Howdonodes“know”whentheymakeencounters?

1.Overhearinganypacketinpromiscuousmode

2.“Hello”broadcastmessages(Manyschemespossible:periodic,adaptive,..)



BaselineIntuition

1.Severallocalsearchesarecheaperthanoneglobalsearch.
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Therefore,insteadofsearchingforthedestination:

Searchforanynodethatisclosertothedestination,andrepeatfromthere.

2.Howtofindanodewhichisclosertothedestination?

Searchforanodewhichwasaneighborofthedestinationmorerecentlythan

myself.
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FRESHAlgorithm

Source�establishesroutetodestination�:

Startatnode�.

�floodsuntilreachesanode��s.t������������

��floodsuntilreachesanode��s.t��������������

...

until�isreached(forwhich������	�)

Notes:

1.“Flooduntil”�someformofexpandingringsearch.

2.Encounteragedecreasesateachiteration.ThereforeFRESHterminatesand

isloop-free.

3.Eachiterationisequivalenttooneroutediscoverywithastandardprotocol

(AODV,DSR).

4.FRESHworksequallywellwithdistance-vectorroutingaswith

source-routing.



ExampleFRESHRoute
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Sourceincenter,Destatbottom.

Darksurface:areacoveredbyunionof(minimal)fresherencountersearches.

Lightsurface:areacoveredby(minimal)directroutediscoverysearch(existing

protocols).



PerformanceMetrics

RouteQuality:Ratioofeffectiveroutelengthtooptimalroutelength

SearchCost:Totalareaflooded(Note:proportionalto#pktxmits,#nodesinvolved,etc)
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Remarks:

1.Thesetwometricsdonotgohandinhand!

2.FRESHtradesoffsomeroutequalityinexchangeforlowersearchcost.

3.Routequalityvs.searchcostweightingdependsonsessionduration.



SimulationDetails

SimulationDetails:

������nodes

�Squaresurface,sizedtohaveunitdensity

�Randomwalkandwaypointmodels

�Warmuprunsto��%encounterratio

�Idealfloodingapproximation

�Routescomputedsequentially-nocross-traffic.

�SimpleMACLayer

mws(multihopwirelesssimulator):

Designsimilartons-2/Monarch.

Leanandhighlyefficient,optimizedforlarge-scalesimulations.

PublicreleaseexpectedFall2003...sendemailifinterested!

(henri.dubois-ferriere@epfl.ch)
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SimulationResults:SearchCost
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SimulationResults:RouteQuality
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Spacevs.TimeRouting

1.“Traditional”protocolsroutethroughspace:

Useaspatialdistancemetric(e.g.,hops)toadvancetowardsdestination.

2.FRESHroutesthroughtime:

Useatemporaldistancemetric(lastencounterage).

Arebothapproachesexclusive?No:Space-TimeRouting

�Jointlyusesspatialandtemporalmetrics.

�Parametricalgorithm-interpolatesanywherebetweenpurelyon-demandto

purelyproactive

�GeneralizesFRESH,on-demanddistance-vectorrouting(similartoAODV),

andproactivedistance-vectorrouting(similartoDSDV).

Initialresultspromising..moredetailssoon!



FRESH-Conclusions

1.Efficient

�Tenfoldgaindespiteconservativecostmetric.

�Someobviousoptimizationswillfurtherimproveefficiency.

2.General

�Canbeintegratedtocurrentprotocols(AODV,DSR,..)-leverage

existingwork!

�Loop-free

3.Exploitsnodemobility

�SeeEASE[Grossglauser,VetterliInfocom2003]

4.Tradeoffroutequalityforreducedsearchcost.

�Whereistheoptimaltradeoff?

�Canweadjustthetradeoffpointbasedonsessionduration?


