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This lectureis talkingaboutadigital fountainapproachto asynchronousreliablemulticast,andaccessingmultiplemirror sites
in parallelby usingTornadocodes.CombineTornadocodeswith layeredmulticast,to enable“digital fountain” from which you
canstartdrinking at any time andadaptyour drinking rateto your bandwidth,thenstopafterreceiving any distinct l out of (k +
l) packetsto reconstructtheoriginaldata.

8.1 Requirementsof An Ideal Protocol

A protocolfor distributing thesoftwareusingmulticastshouldbe:

� Minimize: keepnetwork traffic to aminimum.

� Scalable:Server loadremainsconstantwhetherthereareoneor amillion receivers.

� Reliable: An exactcopy of theoriginal file is reconstructedby eachother.

� Receptionefficient: Thetotal numberof packetseachreceiverneedsto reconstructthefile is minimal.

� Time efficient: Theamountof processingrequiredto generatepacketsattheserverandto reconstructthefile from received
packetsat thereceiver is minimal.

� Time independent: Differentreceiversmaystartthedownloadatdisparatetimesandmaysporadicallydownload.

� Server independent:No coordinationbetweenservers.

� Tolerant: Theprotocolshouldtolerateaheterogeneousof receivers,especiallyavatietyof packet lossratesanddatarates.

8.2 Digital Fountain
� DF is thestreamof encodingpacketsproducedby oneof theserversin idealizedsolutionwhich achievesall therequire-

mentsmentionedabove.

Figure 8.1. Digital Fountain

� Features:

– Userscaninitiate thedownloadat their discretion
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– Userscancontinuedownloadseamlesslyaftertemporaryinterruption

– Toleratesmoderatepacket loss

– Low server load- simpleprotocol

– Doesscalewell

– Low network load

Figure 8.2. Digital FountainSolution

8.3 RSvs. Tornado vs. LT

8.3.1 Reed-SolomonCodes

Features:

� n = k + l where
n: total numberof encodingpackets
k: numberof sourcedatapackets
l: numberof redundantpackets,l redundantpacketsarea linearcombinationof thesourcedatapackets.

� Decodinginefficiency:

– is 1.

– This is adensesystemwhichhasahigh decodingtime.

� RScodingguaranteesthatreceptionof exactlyk distinctencodingpacketsis enoughto reconstructthesourcedata.

� Limitations:

– Receptionof redundantdata

– Inefficiency of encoding/decoding

8.3.2 Tornado Codes

Features:

� Fasterencoding/decoding

� Needa little morethank packetsto reconstructsourcedata

� Encoding/decodingtime is dominatedby numberof xor in thesystemof equations

� Sparserandomequationsareusedto build codes
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� Equations
�

areof theform y3 = x1 + x4 + x7 is bitwisexor

� Redundantpacketsmaybecreatedfrom otherredundantpackets

� Theentirecodingis performedaheadof time andthenpacketsaresentout in randomorderfrom thesource.

� Decodinginefficiency:(1+ � )k packetsareneededto reconstructthedata. � is not fixed. It dependson losspatternsand
randomchoicesusedto constructthecodes.

� Trade-off a smalldegradationin decodingefficiency for a substantialimprovementin encodinganddecodingtime.

Figure 8.3.TornadoEncodingStructureandEncoding/DecodingProcess

8.3.3 Luby’ sTransform

Features:

� No predeterminedvalueof n, astheequationsplacedinto eachencodingpacket aregeneratedindependentlyof all other
encodingpackets.

� Stretchfactoris inherentlyunlimited.

� Theaveragenumberof xors to generateeachencodingpacket andto reconstructeachsourcepacket is upperboundedby
theaveragenumberof variablesin eachequation.

� Eachencodingpacket is producedon-the-flyfrom an extremelylarge setof possibilitiesat the sameaverageprocessing
costaseveryotherencodingpacket.

8.3.4 Comparisons

SeeTable1 andTable2.

8.4 Application 1 – AsychronousReliableMulticast

8.4.1 Digital Fountain Prototype
� Build on top of IP multicast

� Toleratingheterogeneity

– Layeredmulticastwith multiplemulticastgroups

– TCP-friendly, receiver-drivencongestioncontrol
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Figure 8.4. Multicast: save bandwidth
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8.4.2 Implementation

A simulationfor distributingbulk datato a largenumberof heterogeneousreceiverswhomayaccessthedataasynchronously.

Integrating with LayeredCongestionControl
� Themainideaof layeredmulticastis to enablethesourceto transmitdataacrossmultiplemulticastgroups,therebyallowing

thereceiversto subscribeto anappropriatesubsetof theselayers.

� Theserver transmitsdataover multiple layers,wherethelayersareorderedby increasingtransmissionrate.e.g. transmis-
sionratesBi = 2(i-1) is therateof the ith layer. (note:thereareotherlayeredschemes,suchascumulativedlayersis thata
receiversubscribesto layer i alsosubscribesto all layersbeneathit.)

� Using SP’s - synchronizationpoints to achieve congestioncontrol. A receiver can attemptto join a higher layer only
immediatelyafteranSP. Lowerbandwidthreceiversaregivenmorefrequentopportunitiesto addhigherlayers.

� Theserver generatesperiodicburstswhich createsimilar congestionconditionswith anexplicit join. If no packet losses
duringandafter theburst, thereceiver adda layerat thenext SP. Otherwise,thereceiver doesn’t adda layeror drop to a
lower level.

SchedulingTransmissionsAcrossMultiple Multicast Groups

With constantstretchfactorc, it is importantto scheduletransmissionsacrossthemultiplelayersto minimizetheduplicatepackets
on thereceivers.With LT codes,theencodingprocessis on-the-flyandmemoryless.

Reconstructionat the Receiver

Two methods:
� Incrementalapproach:decodingaftereachpacketarrives.

� Patientapproach:decodingwaitsuntil afixednumberof packetsarrive.

8.5 Application 2 – Paraloading

8.5.1 Paradigms:

SeeFigure8.5.

Figure 8.5. ParallelDownload:reduceslatency

Features:
� Onereceiverobtainsfile from multiplesendersto improvedownloadingspeed.

� Many to many distribution: simutaneousmulticast/multigather.

– Sourcesmulticastor broadcast

– Receiversdownloadfrom multiplesourcesin parallel
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8.5.2 The Techniquesof Parllel Accesssingto Multiple Mirr or Sites
� UsingTornadocodes.

� Usedin conjunctionwith TCP-friendlyregulatorymechanisms.

� Requirements:Possibleto createbottle-disjointpaths,meansreceiversshouldnot bethebottlnect.

� Primarybenefit:thespeedupof thedownload.

� Main cost:bandwidth;A moderatenumberof additionalpacketsmaybeinjectedinto thenetwork by themirror sits.

8.5.3 Tornado codesolutions

Givena setof k packetsandproducea setof l redundantpacketsfor a total of n = ck = k+l encodingpacketsall of fixedlength
p. c is thestretchfactor,c = n/k.

Feedbackfr eesolution
� Sendersencodemessagethesameway.

� Senderscycle throughpermutationof encoding

� Whenreceiverobtainany 1.05kdistinctpackets,it candecodeto obtainthemessage.

� Pros:

– Simple

– Lossprotection

– Gooddownloadspeedups

– No feedback,coordination

– Solvesmany-to-many

� Cons:

– Extrabandwidthfor Tornadocodes(5.5%)

– Extrabandwidthfrom packetduplicates.(Dependingon c, numberof senders,variationin rates.)

RareFeedback- Solutionswith minimal control information
� Limit thedistinctnessinefficiency.

� Sendersusesamepermutationof encoding.

� Receiverstell eachof ssendersto send1/sof theencoding.

– If c � s, eachsenderhas1 file worth of data

– In rarecases,renegotiate,or havesenderssendtherestin randomorder.
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