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Abstract

Weshow anactive applicationto build bidirectionalmulticasttrees,basedon thedynamicdeployment
of agentson top of anactive network infrastructure,andinterconnectedby unicast.Suchtreesareusedto
build a repairservicethatseeksto maintainapplication-level connectivity in thepresenceof network-level
multicastfailures.Reflectortreesarebuilt ondemandin adecentralizedway, usingthreeelementaryagent
operations:clone,migrate,andmerge.They terminateautomaticallywhenno longerneeded.In thispaper
we show how agentsmake decisionson which setof operationsto usein orderto producea low costtree
configuration,takingnodeandlink resourcesinto account.

1 Intr oduction

Several yearsafter its initial standardizationefforts, the currentlevel of deploymentof IP multicastis still
unsatisfactory. Activenetworking(AN) is thereforeapromisingtechnologyin thiscontext [10,17]. Wehave
addressedthis issueby proposingan autonomousreflectorservicethat seeksto maintainapplication-level
connectivity in thepresenceof network-levelmulticastfailures[18,19]. Thispaperis ashortsynthesisof the
currentstateof ourwork on this subject.

A reflectoris a user-level gateway applicationthatactsasa proxy betweena multicast-enablednetwork
anda setof unicastusers.It forwardspacketsfrom themulticastgroupto a setof unicastclients,andfrom
every unicastclient to themulticastgroupandto all otherunicastclients.This enablessessionconnectivity
whensomeor all participantshavenoaccessto IP multicast,orwhenmulticastfailuresoccur. Existingreflec-
tor softwaremusttypically bemanuallyinstalled[6,8,9,12], or have limited autoconfigurationcapabilities
[11]. Besidesthat, they cangeneratea significantamountof redundanttraffic that contributesto network
congestion,andthereforedo not scaleto largesessions.

Our reflectorsarebasedon mobile code,andrun on top of active network [16] or active server (AS)
nodes[2, 6]. They areableto decidewhento migrateto othernodes,clonein orderto copewith increasing
demand,mergewith otherreflectors,or disappearwhenno longerneeded.Thedecisionsarebasedon local
knowledgeavailableat theterminalsor active nodeswherethey run, anda minimumamountof knowledge
abouttheirneighbornodes.Usingsuchascheme,a treeof reflectorsemergesasa resultof failuredetection,
anddisappearsby itself whenthefailureis repaired.

2 AutonomousReflectors

The schemerelies on a default unicastrouting serviceinterconnectingall active nodes,suchthat at any
momentit is possiblefor anactiveapplicationto obtainthenext hopto a givendestination.Thisservicecan
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take theform of default IP routingor anactive routingservice[7].

Thereflectorsstartat leafnodesandthenprogressivelymove,cloneandmergewith otherreflectorsalong
their respectiveunicastpathstowardsa rootnodeor rendez-vouspoint (RP).Whenrepairingmulticasttrees,
theRPis themainsourceof contentin thesession(e.g. lecturer’s site). Figure1 shows a treeconstruction
examplefor a sessionconsistingof anRPor mainsourcenodeSandthesessionmembersR1,R2 andR3.

Wedistinguishtwo typesof reflectors:terminalandintermediate.Terminalreflectorsarelocatedasclose
aspossibleto theendsystemsanddonotmove,while intermediatereflectorsaredynamicallyplacedonother
activenodesin thenetwork, andmightmovefrom onenodeto anotheraccordingto thenetwork conditions.
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Figure1: Treeconstructionexample.

Whena participantdetectsa multicastfailure, its terminal reflectorsendsanotherreflectorto the next
activehoptowardstheRP. Thisoperationis calledupstreamcloning(Fig. 1(a)).Theclonereflectorspawned
in this way is not anexactcopy of theoriginal reflector, sinceit is anintermediatereflector, but it servesthe
samesessionandhasthesamegoals.In our case,thegoal is to restoreapplicationconnectivity whennative
multicastfails,suchthatat leastthedatacomingfrom themainsessionsourcereachesall sessionmembers.

Theintermediatereflectorlistensto themulticastgroupfor awhile,andif nomulticastactivity is detected
it migratesto the next active hop towardsthe RP (upstreammigration, Fig. 1(c)). When two reflectors
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belongingto thesamesessionmeetat thesameactive node,they mergeinto a singlereflector(Fig. 1(a)(c)).
A reflectorthathasmorethanonechild mightdecideto cloneupstreaminsteadof migrating,thereforeadding
onemorehierarchylevel to thetree(Fig. 1(e)).A reflectormightdecideto mergewith anupstreamreflector
in orderto reducecosts.

This treebuilding processis completedwhenareflectorreachesanodewheredatafrom themainsource
is received,eithervia multicastor via anotherreflector(Fig. 1(f)). Sinceeachagentreflectsevery packet
receivedto everyotherdirectlyattachedreflector, theresultis a bidirectionalsharedtree.

A repair treeof reflectorsprogressively grows in this way towardsthe RP, until failure pointsaresuc-
cessfullybypassed.A reflectorthatsucceedsbypassingthefailurepointbecomestheroot of a reflectortree.
Thetreeis organizedin aclient-serverhierarchy, whereaparentreflectorservesanumberof child reflectors
(clients).

This bottom-uptreeconstructionalgorithmhastwo consequences:First, not only onetreebut several
onesmight arisein responseto a failure. Second,theserepairtreesarelocatedascloseaspossibleto the
participantsaffectedby thefailure,anddonotinterferewith therestof thesessionrunningin nativemulticast.

A reflectorthatrunsoutof clientsautomaticallyterminatesitself. Whenmulticastconnectivity is restored,
reflectorsstart receiving datafrom the main sourcevia the multicastchannel,and disconnectfrom their
upstreamreflectors.Thelatterwill eventuallydieout dueto lackof clients.

AN Capsulesareusedto implementasignalingmechanismamongneighboringreflectorssothatagiven
intermediatereflectorcaninform its downstreamclientsof its currentlocation,andto keepthereflectortree
alive. Capsulesarealsousedto prospectthestateof anupstreamnodebeforemakinga decisionto cloneor
migrate,andto enabletwo agentsto takemergedecisionsjointly, aswill beexplainedin thenext section.

3 Reflector decisions

In orderto takeadecisionto eithercloneor to migrateto anupstreamnode,areflectorfirst needsto estimate
the coststhat would result from choosingeitheroption. It alsohasto take into accountwhetheranother
reflectoris alreadypresentin the upstreamnode,suchthat a merging operationmust take place. Sucha
decisionprocessmaybecomplex. At presentweadoptasimplifiedapproachto theproblemthatreliesonan
estimationof thesessionbandwidth(thatmustbeavailableat thebeginningof thesession)in orderto select
theconfigurationwith thelowestcost.

Threecostcomponentsaretaken into account,correspondingto the threemain typesof resourcescon-
sumed:processing,link andmemorystorage.Sincenetwork packetsconstitutethebulk of thedatatreated
by a reflector, theprocessingcostsduringa giveninterval increasewith thenumberandsizeof thepackets
treated,which in turn increasewith the numberof connectedclients. The link usagecostsaredueto the
bandwidthusedfor thetransmissionof packets,andalsoincreasewith thenumberof packetstreated.Since
reflectorsdo not maintaininternalpacket buffers,theamountof memorystorageusedvarieslittle with the
amountof clients. Thusthestoragecostscorrespondessentiallyto thefixedcostsof usingthemobilecode
platform.

With theaboveassumptionsin mind,in [18] weshowedthatif weadoptasimpledecisionstrategy which
is to choosetheconfigurationwith thelowestcost,thefollowing rulecanbeappliedwhenareflectorlocated
at node

�
hasto decidewhetherto sendacloneto node� or to migratethere:

if �������
	 �
���������
	 ����� thencloneelsemigrate. (1)

where:
����� �
	 � is thecostof theresultingconfigurationaftermigration
����� ��	 � is thecostof theresultingconfigurationaftercloning
and:

��������	 ������������	 ������� ��!"���"�$#&%'%(�*)+%-,��.	 �/��%$%(�102�3�4���'#&%'%(�5)6%(,��.	 �
07���98:� (2)
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where:
�4� is total rateof thesession(sessionbandwidth)
!"� � is thecurrentnumberof clientsof thereflectorthatrunsatnode

�
%'%(� and%$%(� arethe(constant)processingpricesperbit persecondatnodes� and

�
, respectively

%(,��.	 � is thepriceperunit of bandwidthon node� ’s outgoinglink towardsnode
�

�98;� is thefixed(storage)costat node
�

When !"��� is high, themigrationconfigurationtendsto becomemoreexpensive thanthecloningconfig-
uration.Thereforethecloningconfigurationwill generallybepreferredfor high !"��� , unlessthefixedor pro-
cessingcostsatnode

�
areprohibitive.Equation2 alsoappliesto thecaseof non-activemulticastalgorithms,

whenonly link resourcesaretypically taken into account.In this casewe canmake %'%(�<�=%$%(�>�?�98:�>�@� ,
andcloningbecomesthedefaultchoiceexceptin thetrivial case( !"���7ACB ).

In a subsequentwork [19] we have enhancedthe analysisby putting specialemphasison the merging
mechanism.We have shown thatundera few simplifying assumptions,thesamerule canstill beappliedto
take a joint mergedecisioninvolving two reflectors.Theresultingmergeprocedureconsistsin considering
as if all clientsof the reflectorat node � that sharethe outgoinginterfacetowards

�
( !"�.�.	 � ) werealready

attachedto node
�

sothatwe canmake !"�9�4DE!"���/)F!"�9�.	 � in Equation2; andthenapplyRule1. If therule
says“migrate” thenthereflectoratnode

�
migratesto � . Otherwise(“clone”)

�
attachesitself to � asaclient,

and � transfersits !"� �.	 � clientsto
�
.

To implementsuchdecisionmechanism,aProspectingcapsuleis first sentfrom node
�
to � . If noreflector

for thegroupis runningat � , thecapsulecomesbackwith thevaluesof %'%(� and%-,��.	 � . Thereflectorat
�

then
usesthesevaluesin Rule1 to take a localdecisionto cloneor to migrate.

If anotherreflectoris running,theProspectingcapsulecommunicatesits valuesof !"��� , %'%-� , and �98:� to it
andreceivesbackanadviceof type “clone” or “you decide”. Theadviceis calculatedby the reflectorat �
usingRule1 with thevaluesprovidedby theProspectingcapsuleand !"�9�GDH!"���I)F!"�9�.	 � . If therule advises
a clonedecisionand !"� �.	 � �J� , thenthe resultingadviceis “clone”, andthe reflectorat � will take action
to transferits !"� �.	 � clientsto ! � . Otherwiseno actionis requiredfrom ! � andthereforetheadviceis “you
decide”,meaningthatthedecisioncanbetakenlocally by ! � .

The costsfor the intermediatelinks on the direct andreversepathsbetweennodes
�

and � have to be
takeninto accountaswell. TheProspectingcapsulepartiallydoesthis by accumulatinginto %(, �.	 � thesumof
the link costsfor theactive nodeson thepathfrom node � to node

�
. Whennot all thenodesareactive, an

approachsimilar to the equivalentlink abstraction[15] canbe usedto estimatethe transmissioncostsof a
non-activenetwork cloud.

Thedecisionruleshown isonly validundertheassumptionsof linearcostsandsymmetricpaths,whichdo
not alwayshold in practice.Asymmetriclinks andpathsarebecomingmoreandmorecommon,routesmay
change,andpricesmaychangein responseto demandandotherfactors.If resourcesandroutesarestable
enoughduring the time scaleof changesin thetree,reflectorscanmake quick decisionsconsideringlinear
costsandthencorrecttheir decisionslater by reshapingthe tree. Furtherdiscussionson how to overcome
suchlimitationscanbefoundin [19].

4 Simulation results

We have simulatedthetreeconstructionalgorithmfor therepairof multicasttreesusingautonomousreflec-
tors. The reflectorsrun on top of a simulatedexecutionenvironmentimplementedfor ns-2. The topology
usedin thesimulationsconsistsof a randomtreeof 64 nodes.All nodesareactive andhave thesameprices
for resources,and �.8��KB��ML��MN where N is thesizeof themobilecodein bytes.Theresultingshapeof the
treeis a trade-off betweenthenumberof reflectorsplacedandthenumberof copiesof packetssentover the
samelink (link stress).
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Figure2: Impactof processingpriceson the link stress(left) andnumberof reflectorson tree(right). All
nodesareactiveand%(P���%-,"�@B .

Figure2 shows theeffect of differentprocessingpriceson thetreeconstructionbehavior, for a constant
link price %(,Q�@B , and%(PR���98"ST#UL���N�0 . Whentheprocessingprice %$% increasesthelink stressalsoincreases
(Fig. 2 (left)), indicatingthat fewer reflectorsareplaced,andthesereflectorsneedto serve a largernumber
of clients. This is confirmedby Fig. 2(right), that shows that the numberof reflectorsdecreaseswith the
increasein processingprice. Furtherresultscanbefoundin [18,19], includingreactiontimes,thedynamic
of codemobility operations,theimpactof varyinglink pricesandnon-activenodes.

5 RelatedWork

Mobile reflectorsthat cancloneor migrateappearedin [3], aspart of a videoconferencearchitecturefor
active networks. However, theauthorsfocusedon softwaredesignissues,anddid not cover algorithmsand
criteriafor placingreflectors.

Theproblemof choosingactivenodesto placeagivenprogrammablefunctionalityhasbeenidentifiedas
aroutingproblem[4,14]. Thepotentialof activeroutingis broadlydiscussedin [13].

6 Conclusionsand Futur eWork

Theself-organizingnatureof theautonomousreflectorschemeensuresits robustness,scalabilityandauton-
omyproperties,whichmake it suitablefor sessionsof any size.Theapproachexploits thetrade-off between
nodeandlink resourcesto producelow costtreesthatadaptto theavailableresources.Theubiquitousde-
ploymentof sucha temporaryconnectivity repairservicein a hardwiredmannerwouldn’t makesense.This
is asampleapplicationwhereactivenetworkingcanbeusefulin practice,includingin therelativeshortterm,
if a few activenodescanbemadeavailable.

We arecurrentlyworkingon theloadcontrolandtreereshapingmechanisms.We arealsoimplementing
themobilereflectorsin Java. Theimplementationis briefly describedin [18]. In a nearfuture,experiments
over theMBonecanbeenvisagedin theframework of theEuropeanCOSTAction 264[5] andwith thehelp
of existingactivenetwork overlayssuchastheABONE [1].
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