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This lectureis talking abouta digital fountainapproacho asynchronougeliablemulticast,andaccessingnultiple mirror sites
in parallelby using Tornadocodes.CombineTornadocodeswith layeredmulticast,to enable‘digital fountain” from which you
canstartdrinking at ary time andadaptyour drinking rateto your bandwidth thenstopafterreceving ary distinctl out of (k +

I) pacletsto reconstructheoriginal data.

8.1 Requirementsof An ldeal Protocol

A protocolfor distributing the softwareusingmulticastshouldbe:
e Minimize: keepnetwork traffic to aminimum.

Scalable: Senerloadremainsconstantwhetherthereareoneor amillion recevers.

Reliable: An exactcopy of theoriginalfile is reconstructedby eachother

pacletsatthereceveris minimal.

Server independent: No coordinatiorbetweerseners.

8.2 Digital Fountain

Receptionefficient: Thetotal numberof pacletseachrecever needgo reconstructhefile is minimal.

Time efficient: Theamountof processingequiredto generat@acletsatthesenerandto reconstructhefile from receved

Time independent: Differentreceversmay startthe downloadat disparatdimesandmay sporadicallydovnload.

Tolerant: Theprotocolshouldtoleratea heterogeneousf recevvers,especiallya vatiety of pacletlossratesanddatarates.

¢ DF is the streamof encodingpacletsproducedy oneof the senersin idealizedsolutionwhich achievesall the require-

mentsmentionedabove.
n Source ¢ o0 000
{, Instantancous
Encoding 4 6 00060000808 sos
Stream
l Trimsnission
#  Receivedl o @ e ® = @
# Imstantancous
i Messagge © 0 0 0 0 0 Can recover file
from any sct of
n encoding packets.
Figure 8.1. Digital Fountain
e Features:

— Userscaninitiate the downloadat their discretion

8-1



cs591B1 Lecture 8 — March 18,2002 Spring 2002
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Figure 8.2. Digital FountainSolution

8.3 RSvs.Tornadovs.LT
8.3.1 Reed-SolomorCodes

Features:

e n=k+ | where
n: total numberof encodingpaclets
k: numberof sourcedatapaclets
I: numberof redundanpaclets,| redundanpacletsarealinearcombinationof the sourcedatapaclets.

e Decodinginefficiency:

—is 1.
— Thisis adensesystemwhich hasa high decodingtime.

e RScodingguaranteethatreceptionof exactly k distinctencodingpacletsis enoughto reconstructhe sourcedata.
e Limitations:

— Receptiorof redundantata
— Inefficiency of encoding/decoding

8.3.2 Tornado Codes
Features:
e Fasterencoding/decoding
e Needalittle morethank pacletsto reconstrucsourcedata
e Encoding/decodingme is dominatedby numberof xor in the systemof equations

e Sparseandomequationsareusedto build codes
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e Equationsareof theform y3 = x1 + x4 + X7 is bitwisexor

Redundanpacletsmaybe createdrom otherredundanpaclets

¢ Theentirecodingis performedaheadf time andthenpacletsaresentoutin randomorderfrom the source.

Decodinginefficiency:(1+ € )k pacletsareneededo reconstructhe data. e is not fixed. It dependn losspatternsand
randomchoicesusedto constructhe codes.

Trade-of asmalldegradationin decodingefficiengy for a substantialmprovementin encodinganddecodingime.
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Figure 8.3. TornadoEncodingStructue andEncoding/Decodingrocess

8.3.3 Luby’ s Transform

Features:

e No predeterminedalueof n, asthe equationglacedinto eachencodingpaclet are generatedndependentlyof all other
encodingpaclets.

e Stretchfactoris inherentlyunlimited.

e Theaveragenumberof xorsto generateeachencodingpacket andto reconstruceachsourcepacletis upperboundedby
theaveragenumberof variablesn eachequation.

e Eachencodingpaclet is producedon-the-flyfrom an extremelylarge setof possibilitiesat the sameaverageprocessing
costasevery otherencodingpaclet.

8.3.4 Comparisons
SeeTablel andTable2.

8.4 Application 1— AsychronousReliable Multicast
8.4.1 Digital Fountain Prototype

e Build ontop of IP multicast
e Toleratingheterogeneity

— Layeredmulticastwith multiple multicastgroups
— TCP-friendly recever-drivencongestiorcontrol
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| ||| Toroado | Beed-Sckmon |

Decoding mefficiency || 1 + € required 1
Encoding times nnf{lfe) P kfn — K1AP/2
Decoding, times nnf{l/e) P kin — K)AP/2

Table 1: Properties of Tornado va. Reed-Solomon codes when a fixed stretch factor is employed

| T LT | Reed-3clomen |
Decoding inefficiency Asymptotically 1 1
Per packet encoding times In{k}) P kAD/D
Decoding times Eln(k) P k{n — KVAD/2

Table 2: Properties of LT va. Ieed-Solomon on-the-fly eodes.
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Figure 8.4. Multicast: save bandwidth
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8.4.2 Implementation

A simulationfor distributing bulk datato alarge numberof heterogeneouceiverswho mayaccesshe dataasynchronously

Integrating with Layered CongestionControl

e Themainideaof layeredmulticastis to enablehesourceo transmitdataacrossnultiple multicastgroupstherebyallowing
thereceversto subscribeo anappropriatesubsebf theselayers.

e Thesenertransmitsdataover multiple layers,wherethe layersareorderedby increasingransmissiomate. e.g. transmis-
sionratesBi = 2(i-1) is therateof theith layer. (note:thereareotherlayeredschemessuchascumulatvedlayersis thata
recever subscribeso layeri alsosubscribeso all layersbeneattit.)

¢ Using SP5 - synchronizatiorpointsto achiere congestioncontrol. A recever can attemptto join a higherlayer only
immediatelyafteran SP Lower bandwidthreceversaregivenmorefrequentopportunitiego addhigherlayers.

e Thesener generateperiodicburstswhich createsimilar congestiorconditionswith an explicit join. If no paclet losses
during andafterthe burst, therecever adda layer at the next SP Otherwise therecever doesnt adda layeror dropto a
lower level.

SchedulingTransmissionsAcrossMultiple Multicast Groups

With constanstretchfactorc, it isimportantto scheduldransmissionacrosgshemultiple layersto minimizetheduplicatepaclets
ontherecevers.With LT codesthe encodingprocesss on-the-flyandmemoryless.

Reconstructionat the Recever

Two methods:
¢ Incrementabpproachdecodingaftereachpacletarrives.

e Patientapproachdecodingwaitsuntil afixednumberof pacletsarrive.

8.5 Application 2 — Paraloading

8.5.1 Paradigms:
SeeFigure8.5.
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Figure 8.5. ParallelDownload: reducedateny

Features:
e Onereceverobtainsfile from multiple sendergo improve downloadingspeed.
e Many to mary distribution: simutaneousnulticast/multigither

— Sourcesnulticastor broadcast
— Receversdownloadfrom multiple sourcesn parallel
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8.5.2 The Techniquesof Parllel Accesssingo Multiple Mirr or Sites

e UsingTornadocodes.

Usedin conjunctionwith TCP-friendlyregulatorymechanisms.

¢ RequirementsPossibleo createbottle-disjointpaths meangeceversshouldnot bethebottinect.

Primarybenefit:the speedupf the download.

Main cost: bandwidth;A moderatenumberof additionalpaclketsmaybeinjectedinto the network by the mirror sits.

8.5.3 Tornado codesolutions

Givena setof k pacletsandproducea setof | redundanpacletsfor atotal of n = ck = k+| encodingpacletsall of fixedlength
p. cis thestretchfactorc = n/k.

Feedbackfr eesolution

Sendergncodemessagéhe sameway.

Sendergycle throughpermutatiorof encoding

Whenrecever obtainary 1.05kdistinctpaclets,it candecodeo obtainthe message.
e Pros:

— Simple

— Lossprotection

— Gooddownloadspeedups

— No feedbackgoordination
— Solvesmary-to-mary

e Cons:

— Extrabandwidthfor Tornadocodes5.5%)
— Extrabandwidthfrom paclet duplicates(Dependingon ¢, numberof sendersyariationin rates.)

Rare Feedback- Solutionswith minimal control information

e Limit thedistinctnessnefficiengy.
e Sendersisesamepermutatiornf encoding.
e Receverstell eachof s senderdo sendl/sof theencoding.

— If ¢ > s, eachsendehasl file worth of data
— In rarecasesrengotiate,or have sendersendtherestin randomorder
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