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Overview

Deluge,a reliabledatadisseminationprotocolfor
propagatinglargedataobjectsfrom oneor moresource
nodesto many othernodesoveramultihop,wireless
sensornetwork.

1. Introduction
2. ProtocolDescription
3. ExperimentalEvaluation
4. Conclusions
5. Comparisonwith P2P

CS263-Seminarin DistributedSystems,Winter2005– p.2/31



Network Programming

Deluge'sgoalis thepropagationof completebinary
imagesto thenodesof thenetwork.
Network programming(theprogrammingof nodes
by disseminatingcodeover thenetwork) is useful:

Applicationrequirementscanchange.
Thousandsof nodesembedded.
Also usefulfor debuggingandtesting.
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Requirements

Issuesin reliabledisseminationof largedataobjects
from few to many nodesof amulti-hopWSN:

Largedataobjectsvsconstrainedstoragehierarchy:
Packet (32bytes)« RAM (4K) « program(128K)<
external�ash (512K)
High nodedensity(hinderstransmission).
Completereliability required,evenwith highly lossy
links.
All nodesneedto receive thenewestcodeversion.
Fastpropagationis desired.
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DelugeProtocolOverview

Nodes follow strictly
local rules:

Advertise
Requestdata
Broadcast Maintain

Request

Transmit
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Epidemic Protocol

Eachnodeoccasionallyadvertises(by broadcasting)
themostrecentversionof thedataobjectit has
available.
If anodereceivesanadvertisementfrom anolder
node,it respondswith its objectpro�le.
Theoldernodedeterminesfrom theobjectpro�le
whichportionsof its dataneedupdatingand
requeststhemfrom any neighborthatadvertisesthe
availability of theneededdata.
Nodesreceiving therequestthenbroadcastany
requesteddata.
Nodesthenadvertisenewly receiveddatain orderto
propagateit further.
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ProtocolProperties

Density-aware(redundantadvertisementsand
requestsaresuppressed).
Robustto asymmetriclinks (three-phase
handshaking).
Switchesbetweenquickpropagationandquite
phases(dynamicallyadjustableadvertisementrate).
Minimizesthesetof nodesconcurrently
broadcastingdatawithin acell.
Allowsparalleltransfersof data(spatial
multiplexing).

CS263-Seminarin DistributedSystems,Winter2005– p.7/31



Data Representation1/2

CRCsatpageandpacket level ensurecorrect
transmission.
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Data Representation2/2

Advantagesof �x ed-sizepages:
Reducedmemoryrequirementsfor maintainingstate
aboutwhichpacketsareneeded.
Enablesef�cient incrementalupdatesusing:

A monotonicallyincreasingversionnumberv for
everyupdate.
An agevectoradescribeshow old apageis.
An objectpro�le is de�ned by thetuple(v,a).

Allows for spatialmultiplexing.
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Spatial Multiplexing

Propagationin “waves” (pipeliningthepage
transfers).
Exploitsthelimited rangeof radioto allow for
concurrentbroadcasts.
Reducesthecompletiontime from o(d*Sobj)to
o(d+Sobj).
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Maintain State

Advertiseversionandfractionof imagethatis
complete(versionnumberandhighestpage
available,sincenodesrequestpagessequentially).
DelugeusesTrickle to controltheadvertisement
broadcasts.
Usessuppressionto decreasetheadvertisementrate
asneighborsincrease.
Boundsadvertisementrateindependentof node
density(by suppressingthetransmissionof
redundantadvertisements).
Allows for quickpropagationduringanupgradeand
low resourceconsumptionin thesteadystateby
decreasingandincreasingtheadvertisementrate
respectively.
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Maintain StateTransitions

Transitionto Transmit:
Whenreceiving a request.
Transitionto Request:
Whenreceiving anadvertisementwith newerdata,
unlessa requestor datapacketwasrecently
overheard.
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RequestState

Transmita requestafterrandombackoff time.
Suppressif any similar requestsof datapacketsare
overheardduringthebackoff period.
Minimize sendersby unicastingrequeststo thenode
thatadvertised.
Transitionto maintainafterreceiving all packetsof a
pageor afterk requests(to protectagainst
asymmetriclossylinks).

CS263-Seminarin DistributedSystems,Winter2005– p.13/31



Transmit State

Transmitall requestedpackets.
Packetsaresentin round-robinorderto provide
fairnessamongrequesters.
Transitionto maintainafterall requestedpackets
havebeentransmittedandnonew packetshavebeen
requested.
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Experimental Evaluation

Real-world deployment(77Mica2-dotnodes,in a
building).
Simulation(TOSSIM,up to 800nodes,in asquare
grid).

Metrics:
CompleteReliability
CompletionTime
RAM Usage
Energy Consumption
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RealWorld Completion Time

Completiontime is linearwith theobjectsize.
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RealWorld AdvertisementRate

Withoutsuppressionit wouldhavebeententimesmore.
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RealWorld Transmitted Requests

Many nodestookadvantageof thebroadcastchanneland
did notneedto transmitrequeststo receiveentirepages.
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RealWorld Data Redundancy

Onaverageanodereceivesabout3.35timesthe
minimumnumberof requireddatapackets,dueto the
single-channel,broadcastnetwork.
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Simulated Completion Time for
Varying Network Diameter

Spatialmultiplexing is effective (propagationtime is the
sumof thenetwork diameterandobjectsize).
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Simulated Completion Time for
Varying Object Size

Completiontime is linearwith theobjectsize.
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Simulated Completion Time for
Varying Density

Completiontime increaseswith density.
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Simulated Propagation Time for a
SparseNetwork

Constantrate,wavefrontpattern.

CS263-Seminarin DistributedSystems,Winter2005– p.23/31



Simulated Propagation Time for a
DenseNetwork

Propagationfaston theedges,slow in themiddle.
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The Culprit is the Hidden Terminal
Problem

Nodesin thecenterhavemoreneighborsandaremore
proneto collisions.
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Lower Bound on DisseminationRate

Disseminationis slower thanroutingasingle
messageacrossthenetwork.
Spatialmultiplexing providesgreatimprovement.
Empiricallydataredundancy ratio is usuallyless
than5.
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Conclusions

Deluge,a reliabledatadisseminationprotocolfor
propagatinglargedataobjectsfrom a few nodesto
many nodesof amulti-hopWSN.
Epidemicprotocol,achieves90bytes/second
disseminationrate.
Partof TinyOS1.1.8.
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Mobile P2PvsWSNs

Mobile peer-to-peernetworksdiffer from WSNsin a
numberof ways:

Built for differentpurposes.
Nodesaremorepowerful, allowing for more
complicatedprotocols.
Direct connectionsbetweenthenodesarepossible.
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Data Disseminationin Mobile P2P

Nodesbuild contentsynopsesof theirdatabasedon
BloomFilters.
Adaptively disseminatethemto themostappropriate
nodesof thenetwork.
Basedon thesynopsesthey forwardqueriesto the
nodeswith thehighestprobabilityof providing the
desiredresults.
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DisseminationStrategies
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Thank you!

Questions/comments?
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