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Deluge,areliabledatadisseminatiomprotocolfor
propaatinglarge dataobjectsfrom oneor moresource
nodesto mary othernodesover a multihop,wireless
sensomnetwork.

1. Introduction
ProtocolDescription
ExperimentaEvaluation
Conclusions
Comparisorwith P2P
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Deluges goalis the propagtionof completebinary
Imageso thenodesof the network.

Network programmingthe programmingdf nodes
by disseminatinggodeover the network) is useful:
Applicationrequirementganchange.
Thousand®f nodesembedded.

Also usefulfor deluggingandtesting.
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Issuesdn reliabledisseminatiorof large dataobjects
from few to mary nodesof a multi-hopWSN:

Large dataobjectsvs constrainegtoragenierarcly:
Paclet (32 bytes)« RAM (4K) « program(128K) <
external ash (512K)

High nodedensity(hinderstransmission).

Completereliability required,evenwith highly lossy
links.

All nodesneedto receve the navestcodeversion.
Fastpropag@tionis desired.
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DelugeProtocol Overview

Nodes follow strictly
localrules:

= Advertise
= Reguestata
» Broadcast
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Eachnodeoccasionallyadertises by broadcasting)
the mostrecentversionof the dataobjectit has
available.

If anoderecevesanadwertisementrom anolder
node,it respondswith its objectpro le.

Theoldernodedeterminesrom the objectpro le
which portionsof its dataneedupdatingand
requestshemfrom arny neighborthatadwertiseshe
availability of theneededlata.

Nodesreceving therequesthenbroadcasary
requestediata.

Nodesthenad\ertisenewly receveddatain orderto
propagteit further
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Density-avare(redundanadwertisementsand
requestaresuppressed).

Rolustto asymmetridinks (three-phase
handshaking).

Switchesbetweerguick propagtionandquite
phasegdynamicallyadjustableadwertisementate).

Minimizesthe setof nodesconcurrently
broadcastinglatawithin acell.

Allows paralleltransfersof data(spatial
multiplexing).
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CRCsat pageandpacletlevel ensurecorrect
transmission.
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Advantage®f x ed-sizepages:

Reducednemoryrequirement$or maintainingstate
aboutwhich pacletsareneeded.
Enablesef cient incrementalipdatesising:

A monotonicallyincreasing v for
every update.

An adescribesow old apageis.
An IS de ned by thetuple(v,a).

Allows for spatialmultiplexing.
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Spatial Multiplexing

= Propag@tionin “waves” (pipeliningthe page
transfers).

= Exploitsthelimited rangeof radioto allow for
concurrenbroadcasts.

» Reduceshecompletiontime from o(d*Sobj)to
o(d+Sobj).
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Advertiseversionandfractionof imagethatis
complete(versionnumberandhighestpage
available,sincenodesrequespagessequentially).

DelugeusesTrickle to controltheadwertisement
broadcasts.

Usessuppressiomo decreas¢he adwertisementate
asneighborancrease.

Boundsad\ertisementateindependenof node
density(by suppressinghetransmissiorof
redundanadwertisements).

Allows for quick propa@tionduringanupgradeand
low resourceconsumptionn the steadystateby
decreasin@ndincreasingheadertisementat
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Maintain State Transitions

» Transitionto Transmit
Whenreceving arequest.

= Transitionto Request
Whenreceving anadwertisementvith newer data,
unlessarequesbr datapaclet wasrecently
overheard.
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Transmitarequestfterrandombacloff time.

Suppres# ary similarrequest®f datapacletsare
overheardduringthe bacloff period.

Minimize senderdy unicastingrequestso thenode
thatadwertised.

Transitionto maintainafterreceving all pacletsof a
pageor afterk requestgto protectagainst
asymmetridossylinks).
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Transmitall requestegaclets.

Pacletsaresentin round-robinorderto provide
falrnessamongrequesters.

Transitionto maintainafterall requestegaclets

have beentransmittecandno new pacletshave been
requested.
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EXperimental Evaluation

» Real-world deployment(77 Mica2-dotnodes)n a
building).

= Simulation(TOSSIM,upto 800nodesjn asquare
grid).
Metrics:
= CompleteReliability
= CompletionTime
= RAM Usage
= Enegy Consumption
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Completiontime s linearwith the objectsize.

Overall Completion Time vs. Object Size
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Without suppressioimt would have beententimesmore.

Advertisement Rate
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Many nodestook advantageof the broadcasthanneland
did not needto transmitrequestdo receve entirepages.

Transmittied Requests
(20 page object)
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Real\World Data Redundancy

On averagea noderecevesabout3.35timesthe
minimumnumberof requireddatapaclets,dueto the
single-channelroadcashetwork.

Received Data Ratio
(20 page object)
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Spatialmultiplexing Is effective (propagtiontime is the
sumof the network diameterandobjectsize).
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Completiontime s linearwith the objectsize.
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Completiontime increasesvith density
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Constantrate,wavefrontpattern.
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olmulated Propagation Iime Tor a
DenseNetwork

Propagtionfastontheedgesslow in themiddle.
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Nodesin the centerhave moreneighborsandaremore
proneto collisions.
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Lower Bound on DisseminationRate

= Disseminations slowerthanroutingasingle
messagacrossthenetwork.

= Spatialmultiplexing providesgreatimprovement.

= Empirically dataredundang ratio is usuallyless
than5.
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Deluge,areliabledatadisseminatiomprotocolfor
propaatinglarge dataobjectsfrom a few nodeso
mary nodesof a multi-hopWSN.

Epidemicprotocol,achieres90 bytes/second
disseminatiomate.

Partof TinyOS1.1.8.
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Mobile peerto-peemetworksdiffer from WSNsin a
numberof ways:

Built for differentpurposes.

Nodesaremorepowerful, allowing for more
complicatedprotocols.

Direct connectiondetweerthe nodesarepossible.
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Nodesbuild contentsynopse®f their databasedn
Bloom Filters.

Adaptvely disseminate¢hemto the mostappropriate
nodesof the network.

Basedon thesynopseshey forwardqueriesto the
nodeswith the highestprobability of providing the
desiredresults.
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minationStrategies




Questions/comments?
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