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ABSTRACT
Recentsensornetworksresearchhasproduceda classof datastor-
ageandqueryprocessingtechniquescalledData-CentricStorage
thatleverageslocality-preservingdistributedindexeslikeDIM, DIFS,
andGHT to ef�ciently answermulti-dimensionalrangeandrange-
aggregatequeries. Thesedistributed indexes offer a rich design
spaceof a) logical decompositionsof sensorrelationschemainto
indexes, as well as b) physicalmappingsof theseindexes onto
sensors.In this poster, we explore this spacefor energy-ef�cient
data organizations(logical and physicalmappingsof tuplesand
attributesto sensornodes)anddevisepurely local queryoptimiza-
tion techniquesfor processingqueriesthatspansuchdecomposed
relations.We proposefour designtechniques:(a) fully decompos-
ing thebasesensorrelationinto distinctsub-relations,(b) spatially
partitioningthesesub-relationsacrossthe sensornet,(c) localized
queryplanningandoptimizationto �nd fully decentralizedoptimal
join orders,and (d) locally cachingjoin results. Together, these
optimizationsreducethe overall network energy consumptionby
4 timesor morewhencomparedagainstthestandardsinglemulti-
dimensionaldistributedindex onavarietyof syntheticquerywork-
loadssimulatedover both syntheticand real-world datasets.We
validatethe feasibility of our approachby implementinga func-
tionalprototypeof ourdataorganizerandqueryprocessoronMica2
motesandobservingcomparablemessagecostsavings.
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1. INTRODUCTION AND MOTIVATION
Wirelesssensornetworks arean emerging classof highly dis-

tributedsystemswith widespreadapplicability. In suchnetworks,
nodesgenerate,processandstoresensorreadingswithin the net-
work. This architectureis necessitatedby the relatively high en-
ergy costof wirelesscommunication—thiscostmakesit infeasible
to considercentrally collecting and processingvoluminoussen-
sor data. An importantcomponentof thesenetworks, then, is an
energy-ef�cient systemthatenablesusersto querythestoreddata.

Existing approachesto organizingdataandprocessingqueries
fall underoneof the two broadcategoriesnamely, Data-Centric
Routing(DCR)andData-CentricStorage (DCS).In DCR,thedata
generatedby thesensorsis storedat thenodesthatgeneratethem,
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and queriesare �ooded throughoutthe network. Data from the
sensorsin the sensornetis then aggregatedalong the query tree
that is built during the query �ooding phaseon a per-query ba-
sis.Thisapproach,pioneeredby earlysystemssuchasTinyDB [5]
andCougar[1], is ef�cient for continuous(long-running)queries,
wherethehigh energy costincurredduringthequery�ooding and
per-querydataaggregationphasesis amortizedover time.

DCSis a relatively new classof datastorageandquerymethod-
ologiesproposedin [7]. In DCS,datageneratedby asensoris �rst
storedintelligentlyat remotenodesassoonasit is generated.This
is donewith aneyetowardexploiting datalocality duringquerying
becauserelatedsensordatagetsstoredtogetherregardlessof where
in thesensornetthedataoriginates.Consequently, queriescanbe
directedto precisedata locationsof thenetwork during thequery
propagationphasewithout�ooding, and,datacanbeef�ciently and
locally aggregatedduring the queryprocessingphase. Thus, the
overall (insertion+query)costfor DCS is lower thanfor DCR for
many ad-hoc(short-lived)workloads.

DCScanuseany locality-preservinggeographicallydistributed
index structuresuchasDIM [4], GHT[6], DIFS [3], andDIMEN-
SIONS[2]. In this poster, our focusis to examinetechniquesthat
improve the overall energy performanceof vanilla DCS basedon
sucha family of distributedindexes:

1. We exploit the �exibility offeredby thesedatastructuresto
derivebetterperformingdataorganizations(mappingsof tu-
plesandattributesto network nodes)comparedto thenä�ve
andrigid mappingusedtoday.

2. We study decentralizedand high performancequery plan-
ningandoptimizationin suchDCSsystems.

2. APPROACH
Considerasensornetwork with anm-relationschemahuuid;a1;a2;

: : : ;ami . Sucha relationschemais calleda baserelation. Tuples
in this schemacan be storedin one DIM. Alternatively, we can
fully decomposetheminto m DIM' s eachof which storesa single
relationof theform huuid;ai i , andwe canthenjoin onuuid onde-
mandto evaluatequeries.A spectrumof partialdecompositionsof
thebaserelationinto sub-relationsof theform huuid;ai ; : : : ;a j i is,
of course,alsoconceivable. Clearly, we canexpectthesedifferent
dataorganizationsto yield different performanceunderdifferent
workloads. Our measureof performanceis the total energy cost
incurredfor a givenworkload,includingdatainsertsandqueryre-
trievals. (We approximatetheenergy costof a singlemessageasa
productof thesizeof themessage(in bits) andthenumberof hops
themessagetraverses.)

In thiswork, wewantto analyticallyandexperimentallyexplore
thedesignspaceof datastorageandqueryprocessingin sensornets.



We useDIM' s [4] asthedistributedindex for our basestorage,in-
dexing, andqueryinglayer. We found that, in many cases,fully
decomposingthebaserelationperformsbetterthanzeroor any par-
tial decomposition,evenif thedecompositionis carriedoutwith an
eye towarda givenqueryworkload.We alsoproposethreerelated
mechanismsthat can improve the ef�ciency of query processing
whena baserelationis fully decomposedinto multipleDIM' s:

Spatially Partitioning Sub-Relations Eachfully decomposedsub-
relationis storedin a DIM, andall DIM' s areassignedspa-
tially disjoint sectionsof thesensor�eld.

Ef�cient Query Planning via DecentralizedJoin-Ordering Weim-
portthedatabasenotionof joinsinto sensornetsfor rangeand
range-aggregatequery processingwithin our system. Our
systemcompilesanSQL queryat thequeryissuerandcon-
structsan ef�cient queryplan that includesan optimal join
orderusingonly locally availableinformationin theform of
a histogram.We arguethat it is importantto choosea good
join order during query optimizationand demonstratethat
it is possibleto do so usingonly summarizedglobal infor-
mationin the form of a low overheadcoarse-grainedmulti-
dimensionalhistogramthatapproximatesthedistribution of
datastoredwithin the network. Our queryoptimizercom-
putesthetotalqueryenergy costas:

E = jā1j � D(ā1; ā2) + jJ(ā1; ā2)j � D(ā2; ā3)+
jJ(ā1; ā2; ā3)j � D(ā3; ā4)j + : : :+

jJ(ā1; : : : ; ¯ak� 1)j � D( ¯ak� 1; āk) + jJ(ā1; : : : ; āk)j � å āk

(1)
whereāi denotesthequeryrangeonattributeai , jā1j denotes
thenumberof tuplesthatwouldbeproducedby the�rst step
of therangeselection,D(āi ; ā j ) denotestheaveragedistance
betweenthe nodesin the DIM' s containingāi andā j , and
ā j ), andjJ(ā1; ā2; : : : ; āi)j denotesthenumberof tuplesthat
would be producedafter the ith join operationin the query.
In particular, jJ(ā1; ā2; : : : ; ¯ak� 1)j denotesthenumberof tu-
plesthat would be producedby k � 1 joins beforethe �nal
join step;this latteryields jJ(ā1; : : : ; āk)j tuplesthatneedto
be aggregatedwithin DIM DIMak for an averageaggrega-
tion costper tupleof å āk

. Thequeryoptimizerthenpicksa
join orderthatminimizesthisenergy cost.Thevariousterms
in theabove equationareestimatedusingthehistogramand
queryselectivity factors.

Ef�cient Query Executionvia Optimistic Join-Caching Wepro-
posea simpleandrobustmechanismto locally cachethere-
sultsof partialjoinsacrosssub-relationsateachsensornode.
This cachingstrategy enhancesqueryperformanceby elimi-
natingredundanttuplemovementduringqueryexecution.

3. EVALUATION

3.1 Simulation
Weevaluatedtheperformanceof ourapproachusingsimulations

over bothreal-world (GreatDuck Island)andsyntheticdatasetson
a wide variety of queryworkloads. We observed a performance
bene�t well overa factorof 4 comparedto thebasecaseof asingle
full-dimensionalDIM. We alsocomparedour performanceagainst
schemesthatdonotperformjoin orderoptimization,andthosethat
donotperformjoin tuplecachingto understandtheindividual per-
formancecontribution of eachof thetechniquesmentionedin Sec-
tion 2.

In Figure1, we comparethebit energy performanceof our full
scheme(calledoptimized),our schemewith randomjoin ordering
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Figure 1: Bit-energy costs of 4-DIM, Optimized, Random,
Worst, and Uncachedfor with 100queries
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Figure2: Topologyusedfor Implementation

(calledrandom),our schemewith worst-casejoin ordering(called
worst), basecasesinglevanilla DIM on four attributes(called4-
DIM), andourschemewithout join caching(calleduncached).

3.2 Implementation
In Figure2, we show the topology we usedfor an implemen-

tation prototypeon Mica2 motesin which we observed a perfor-
mancebene�t of 2:7X with just two attributes.
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