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Abstract

We shav anactive applicationto build bidirectionalmulticasttrees basedn the dynamicdeployment
of agenton top of anactive network infrastructureandinterconnectedby unicast.Suchtreesareusedto
build arepairservicethatseekgo maintainapplication-l@el connectiity in the presencef network-level
multicastfailures.Reflectortreesarebuilt ondemandn a decentralizedvay, usingthreeelementaryagent
operationsclone,migrate,andmeige. They terminateautomaticallywhenno longerneededIn this paper
we shav how agentsmake decisionson which setof operationgo usein orderto producea low costtree
configurationtakingnodeandlink resourcesnto account.

1 Intr oduction

Severalyearsafterits initial standardizatiorefforts, the currentlevel of deploymentof IP multicastis still
unsatishctory Active networking (AN) is thereforea promisingtechnologyin this contet [10,17]. We have
addressedhis issueby proposingan autonomouseflectorservicethat seeksto maintainapplication-leel
connectvity in thepresencef network-level multicastfailures[18, 19]. This paperis ashortsynthesiof the
currentstateof our work onthis subject.

A reflectoris a userlevel gatevay applicationthatactsasa proxy betweena multicast-enabledetwork
anda setof unicastusers.It forwardspacletsfrom the multicastgroupto a setof unicastclients,andfrom
every unicastclient to the multicastgroupandto all otherunicastclients. This enablesessiorconnectvity
whensomeor all participantdhave noaccesso IP multicast,or whenmulticastfailuresoccur Existingreflec-
tor softwaremusttypically be manuallyinstalled[6, 8,9, 12], or have limited autoconfiguratiortapabilities
[11]. Besidesthat,they cangeneratea significantamountof redundantraffic that contributesto network
congestionandthereforedo not scaleto large sessions.

Our reflectorsare basedon mobile code,and run on top of active network [16] or active sener (AS)
nodeg?2, 6]. They areableto decidewhento migrateto othernodesclonein orderto copewith increasing
demandmemgewith otherreflectorsor disappeawhenno longerneeded.The decisionsarebasedon local
knowledgeavailableat the terminalsor active nodeswherethey run, anda minimumamountof knowledge
abouttheir neighbomodes.Usingsucha schemeatreeof reflectorsemepgesasaresultof failuredetection,
anddisappeardy itself whenthefailureis repaired.

2 AutonomousReflectors

The schemerelies on a default unicastrouting serviceinterconnectingll actve nodes,suchthat at any
momentit is possiblefor anactive applicationto obtainthe next hopto a givendestination.This servicecan



take theform of default 1P routingor anactive routingservice[7].

Thereflectorsstartatleafnodesandthenprogressiely move, cloneandmeigewith otherreflectorsalong
theirrespectie unicastpathstowardsaroot nodeor rendez-wouspoint (RP).Whenrepairingmulticasttrees,
the RPis the main sourceof contentin the session(e.g. lecturers site). Figure1 shows a tree construction
examplefor a sessiorconsistingof an RP or mainsourcenodeS andthe sessiormemberdR1, R2 andR3.

We distinguishtwo typesof reflectorsterminalandintermediate Terminalreflectorsarelocatedasclose
aspossibleo theendsystemsanddo notmove, while intermediatereflectorsaaredynamicallyplacedon other
active nodesn the network, andmight move from onenodeto anotheraccordingto the network conditions.
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Figurel: Treeconstructiorexample.

Whena participantdetectsa multicastfailure, its terminal reflectorsendsanotherreflectorto the next
active hoptowardsthe RP. This operatioris calledupsteamcloning(Fig. 1(a)). Theclonereflectorspavned
in this way is notanexactcopy of the original reflector sinceit is anintermediateaeflector but it senesthe
samesessiorandhasthe samegoals.In our casethe goalis to restoreapplicationconnectvity whennative
multicastfails, suchthatat leastthe datacomingfrom themain sessiorsourcereachesll sessiormembers.

Theintermediateeflectoristensto themulticastgroupfor awhile, andif nomulticastactivity is detected
it migratesto the next active hop towardsthe RP (upsteammigration, Fig. 1(c)). Whentwo reflectors



belongingto the samesessiommeetat the sameactive node they memeinto a singlereflector(Fig. 1(a)(c)).
A reflectorthathasmorethanonechild mightdecideto cloneupstreamnsteadf migrating,thereforeadding
onemorehierarchylevel to thetree(Fig. 1(e)). A reflectormight decideto mergewith anupstreanreflector
in orderto reducecosts.

Thistreebuilding processs completedvhenareflectorreaches nodewheredatafrom the mainsource
is receved, eithervia multicastor via anotherreflector(Fig. 1(f)). Sinceeachagentreflectsevery paclet
recevedto every otherdirectly attachedeflector theresultis a bidirectionalsharedree.

A repairtree of reflectorsprogressiely grows in this way towardsthe RR, until failure pointsare suc-
cessfullybypassedA reflectorthatsucceedbypassinghefailure pointbecomesheroot of areflectortree.
Thetreeis organizedn aclient-sener hierarchywherea parentreflectorsenesa numberof child reflectors
(clients).

This bottom-uptree constructionalgorithmhastwo consequencedrirst, not only onetree but several
onesmight arisein responseo a failure. Secondtheserepairtreesarelocatedascloseaspossibleto the
participantaffectedby thefailure,anddonotinterferewith therestof the sessiomunningin native multicast.

A reflectorthatrunsoutof clientsautomaticallyterminatestself. Whenmulticastconnectvity is restored,
reflectorsstartrecevving datafrom the main sourcevia the multicastchannel,and disconnectfrom their
upstreanreflectors.Thelatterwill eventuallydie outdueto lack of clients.

AN Capsulesreusedto implementa signalingmechanismamongneighboringreflectorssothata given
intermediateeflectorcaninform its downstreanclientsof its currentlocation,andto keepthereflectortree
alive. Capsulesrealsousedto prospecthe stateof anupstrearmodebeforemakinga decisionto cloneor
migrate,andto enabletwo agentdo take mergedecisiongointly, aswill be explainedin the next section.

3 Reflectordecisions

In orderto take adecisionto eithercloneor to migrateto anupstreammode ,areflectorfirst needgo estimate
the coststhat would resultfrom choosingeither option. It alsohasto take into accountwhetheranother
reflectoris alreadypresentin the upstreannode, suchthat a meiging operationmusttake place. Sucha
decisionprocessnaybe complex. At presentve adoptasimplifiedapproacho theproblemthatreliesonan
estimationof the sessiorbandwidth(thatmustbe availableat the beginning of the session)n orderto select
the configurationwith thelowestcost.

Threecostcomponentaretakeninto account,correspondingo the threemain typesof resourceson-
sumed:processinglink andmemorystorage.Sincenetwork packetsconstitutethe bulk of the datatreated
by areflector the processingostsduring a giveninterval increasewith the numberandsizeof the paclets
treated,which in turn increasewith the numberof connectectlients. The link usagecostsare dueto the
bandwidthusedfor the transmissiorof paclets,andalsoincreasewith the numberof pacletstreated.Since
reflectorsdo not maintaininternal paclet buffers, the amountof memorystorageusedvarieslittle with the
amountof clients. Thusthe storagecostscorrespondssentiallyto the fixed costsof usingthe mobile code
platform.

With theabore assumptiongé mind, in [18] we shovedthatif we adopta simpledecisionstratey which
is to chooseheconfigurationwith thelowestcost,thefollowing rule canbe appliedwhenareflectorlocated
atnodei hasto decidewhetherto senda cloneto noded or to migratethere:

if ctm; g — cte; ¢ > 0 thencloneelsemigrate. Q)

where:
ctm; 4 is the costof theresultingconfiguratiorafter migration
cte;,q is the costof theresultingconfiguratioraftercloning
and:
ctm; g — cte;a = SR -ne; - (ppa + plai; — ppi) — SR - (ppa + pla:) — cfi (2)



where:

SR is total rateof the sessior(sessiorbandwidth)

ne; is thecurrentnumberof clientsof thereflectorthatrunsat node:

ppg andpp; arethe (constantprocessingricesper bit persecondatnodesd ands, respectiely
plq,; is theprice perunit of bandwidthon noded’s outgoinglink towardsnode;

cf; isthefixed (storage)xostatnodei

Whenng; is high, the migrationconfigurationtendsto becomemoreexpensve thanthe cloning config-
uration. Thereforethe cloning configuratiorwill generallybe preferredfor highnc;, unlessthefixedor pro-
cessingcostsatnode; areprohibitive. Equation2 alsoappliesto the caseof non-active multicastalgorithms,
whenonly link resourcesretypically takeninto account.In this casewe canmake ppg = pp; = cf; = 0,
andcloningbecomeghedefaultchoiceexceptin thetrivial case(nc; < 1).

In a subsequentvork [19] we have enhancedhe analysisby putting specialemphasin the memging
mechanismWe have shavn thatundera few simplifying assumptionsghe samerule canstill be appliedto
take a joint meige decisioninvolving two reflectors.The resultingmemge procedureconsistsn considering
asif all clientsof the reflectorat noded that sharethe outgoinginterfacetowards: (ncq ;) were already
attachedo nodei sothatwe canmake nc; < nc; + ncq,; in Equation2; andthenapplyRule 1. If therule
says‘migrate” thenthereflectoratnodei migratesto d. Otherwise(“clone”) ¢ attachestself to d asaclient,
andd transferdts ncy ; clientstos.

To implementsuchdecisiormechanismaProspectingapsulés first sentfrom node; to d. If noreflector
for thegroupis runningatd, the capsulecomesbackwith thevaluesof ppy andply ;. Thereflectorats then
usesthesevaluesin Rule 1 to take alocal decisionto cloneor to migrate.

If anotherreflectoris running,the Prospectingapsulecommunicateds valuesof nc;, pp;, andcf; to it
andrecevesbackanadviceof type “clone” or “you decide”. The adviceis calculatedby the reflectorat d
usingRule 1 with thevaluesprovided by the Prospectingapsuleandnc; < nc; + neq ;. If therule advises
aclonedecisionandncy; > 0, thentheresultingadviceis “clone”, andthe reflectorat d will take action
to transferits ncq ; clientsto n;. Otherwiseno actionis requiredfrom ng andthereforethe adviceis “you
decide”,meaningthatthe decisioncanbetakenlocally by n;.

The costsfor the intermediatdinks on the direct and reversepathsbetweennodesi andd have to be
takeninto accountaswell. The Prospectingapsulepartially doesthis by accumulatingnto pl 4, ; the sumof
thelink costsfor the active nodeson the pathfrom noded to nodesi. Whennot all the nodesareactive, an
approachsimilar to the equivalentlink abstractio{15] canbe usedto estimatethe transmissiorcostsof a
non-actve network cloud.

Thedecisionrule shavn is only valid undertheassumptionsf linearcostsandsymmetrigpaths whichdo
notalwaysholdin practice. Asymmetriclinks andpathsarebecomingmoreandmorecommon,routesmay
changeandpricesmay changein responseo demandandotherfactors. If resourcegndroutesarestable
enoughduring the time scaleof changesn thetree, reflectorscanmalke quick decisionsconsiderindinear
costsandthencorrecttheir decisiondater by reshapinghe tree. Furtherdiscussion®n how to overcome
suchlimitations canbefoundin [19].

4 Simulation results

We have simulatedthe treeconstructioralgorithmfor the repairof multicasttreesusingautonomouseflec-
tors. The reflectorsrun on top of a simulatedexecutionervironmentimplementedor ns-2. The topology
usedin the simulationsconsistof arandomtreeof 64 nodes.All hodesareactive andhave the sameprices
for resourcesandcf = 1 - 8 - C' where('is the sizeof the mobile codein bytes. Theresultingshapeof the
treeis atrade-of betweerthe numberof reflectorsplacedandthe numberof copiesof pacletssentoverthe
samédink (link stress).
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Figure2: Impactof processingriceson thelink stresg(left) and numberof reflectorson tree (right). All
nodesareactive andps = pl = 1.

Figure 2 shows the effect of differentprocessingriceson thetree constructiorbehaior, for a constant
link pricepl = 1, andps = ¢f /(8 - C'). Whentheprocessingrice pp increaseshelink stressalsoincreases
(Fig. 2 (left)), indicatingthat fewer reflectorsare placed,andthesereflectorsneedto sene a larger number
of clients. This is confirmedby Fig. 2(right), that shows that the numberof reflectorsdecreasesvith the
increasan processingprice. Furtherresultscanbefoundin [18,19], including reactiontimes,the dynamic
of codemobility operationstheimpactof varyinglink pricesandnon-actie nodes.

5 RelatedWork

Mobile reflectorsthat can clone or migrateappearedn [3], aspart of a videoconferencarchitecturefor
active networks. However, the authorsfocusedon softwaredesignissuesanddid not cover algorithmsand
criteriafor placingreflectors.

Theproblemof choosingactive nodesto placea givenprogrammabléunctionalityhasbeenidentifiedas
aroutingproblem([4, 14]. The potentialof active routingis broadlydiscussedhn [13].

6 Conclusionsand Future Work

The self-omganizingnatureof the autonomouseflectorschemesnsurests robustnessscalabilityandauton-
omy propertieswhichmale it suitablefor session®f ary size. Theapproactexploits thetrade-of between
nodeandlink resourcego producelow costtreesthat adaptto the availableresources.The ubiquitousde-

ploymentof suchatemporaryconnectvity repairservicein a hardwiredmannemouldn't make senseThis

is asampleapplicationwhereactive networking canbeusefulin practice jncludingin therelative shortterm,

if afew active nodescanbe madeavailable.

We arecurrentlyworking on theload controlandtreereshapingnechanismsWe arealsoimplementing
themobilereflectorsin Jasa. Theimplementationis briefly describedn [18]. In a nearfuture,experiments
overtheMBonecanbeervisagedn theframeawork of the EuropearCOSTAction 264[5] andwith thehelp
of existing active network overlayssuchasthe ABONE [1].
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