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1. Introduction

Grid computationalresouces,aswell asbeingheterge-
neais, may also exhibit unpredctable, volatile behaiour.
Therefore,queryprocessingn the Grid needso be adap-
tivein orderto copewith evolving resouice charateristics,
suchasmachindoadandavailability. To addessthis chal-
lengein aGrid environment,thenon-adaptve OGSA-DQFP*
systendescribedn [1] hasbeenenhacedwith adaptve ca-
pahlities.

In mostcasesthe physical machiresthat are madeac-
cessiblevia Grid middlewvareto participaten thewide area
processingf atypically longrunring distributedquery are
not dedicated As such, mary other tasks may be run-
ning simultaneasly, aggraating the execuion imbalane
problemsthat naturally arise from resouce heterogneity
in terms of CPU speeds,network bandwidh and maxi-
mum amouwunt of memay available. Dynamic rebdanc-
ing by redistrituting workload (i.e., the tupleswaiting to
be processed)basedon runtime measuementof machire
throughput, is a promising way to improve theperfamane@
of quel processing Inded, it may be beneficialeither
to rebdancethe load over machnesthatarealreadybeing
usedto evaluatea query or to chargethe machiresassoci-
atedwith aqueryatruntime. For examge, apartof aquery
execution planmay form a bottleneck and,to addessthis
problem,moremachnesmayneedto beallocated.In addi-
tion, non-dedicatd resouresareproreto failures,andit is
oftenbetterto recover from suchfailuresin a tamgetedway
thanto restartproessingthe quer from scratch.

Taking into considertion the abore charateristics of,
andprobdemsassociatedvith, a Grid ervironmen, OGSA-
DQP hasbeenextendcedto support both adapive workload
partitioning andresourceallocationin respmseto changs
in resourceperfamanceandin the resouce pool, respec-
tively. This demofocuseson the following adaptvity fea-
tures:

e dynamic workload distribution, to ensurethat each
machne recevesafair amount of workloadaccordng
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to its runtimebehaiour;

e dynamic resour ce allocation, to bendit from new re-
sourceshecomimy available after the query plan has
startedexecuing; and

o failurerecovery, especiallyin casesvherethefailed
nock storesintermediatestatethat need to be recre-
atedto guararteethe correctnessof thefinal results.

2. Adaptationsin a Grid context

In OGSA-DQPR query evaluatio is implementedas a
collection of interactingservices,where multiple evalua-
tion serviceson differen grid nodesevaluatedifferentplan
fragments,potentiallyusing partitiored parallelism,asde-
scribedin [1]. In the adapive extersionsto OGSA-DQR
the serviceshave beenextended to suppat notification of
monitoring information,andto includemessagefor adapt-
ing quel evaluationalongthelinesdescribedn Sectionl.

Figurel shavsanexamge pardlel quey planfragment,
whichretrievesdatafrom nodel andnode2, andjoins them
on node3 andnode4 to benefitfrom partitionedparallelism.
Theexchange opegatorg[3] arerespomiblefor datacomnu-
nicationandtuplerouting To achierethis, whenthey actas
dataproducersthey holdadistribution vecta dv, whichde-
scribegthe portion of theworkload eachof their corsumers
will receive. Furthemore, exchanges have beenextenced
with recovery logsfor eachoutgoing edge which cache at
ary point, all thetuplessentupwards in the quel planthat
have not complded their processingn their pareit nodes,
asdescriedin [4]. Theremairderof this sectiondescriles
how themechanismabove arebuilt onto implemen adap-
tive strat@ies. Threesuchstratgiesaredemamstrated:re-
covery from machire failure,dynanic workloadbalancin,
anddynanic resourceallocation.

2.1. Failure Recovery

Failure recovery involves detectingfailures, finding re-
placemat machires and ensuringthat execuion cancon-
tinue after a recovery period. This phaseof the demofo-
cusesnnthelastaspecin its mostchallengng form: when
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Figure 1. An example parallel query plan.

the failed machineholds state. It shavs how the system
incurs low overeadwhenthereis no real failure, andan
accepthle overheadvhenthereis indeal afailure[4].

Givenaquery afaultis artificially injected. This partof
the demoillustratesthe capaliity of the systemto start-
up a replacenent evaluata, recreateon it ary statethat
was previously on the failed machire, andrewire the data
flows from andto the otherevaluatas sothattheevaluation
cancontirue,without any work doneup to this pointbeing
throvn away. For examge, suppsethatnode4 in Fig. 1
fails andis replacedby a new node,node5. In sucha sce-
narig nodel andnode2 updatetheir dvs to includethe new
machne anddiscardtheold one,andthey recreatdéheinter-
mediatestatethat wasinitially onthe failed machinefrom
theirlocal cache(recoverylog).

2.2. Dynamic Workload Balancing

In adaptvre OGSA-DQR the query engire produces
moritoring eventsthat include information abou the ac-
tual praocessingcostof eachoperato instancein the query
planandabaut the actualcommunicationcostof eachdata
block for eachnetwork connectio. The updatefrequeng
is configuable. Basedupm sucheverts, an optimalwork-
load distribution vecta is compued for eachproducerex-
change andis comparedagairst the currer one. If thetwo
vectas differ by morethana pre-specifie@amount, andthe
quey is notcloseto comgetion, thevectorsareupcdated.If
theimbalancegartof the quel planholds state thatstate
is redistrilutedaccoding to the reviseddistribution vector
from the cacheupstream In this way somework is mi-
gratedfrom slov machiresto machiresthat could hande
their load, without the formerbeingresponsike for sucha
task,which coud addfurtherload|[2].

Thedeno queryexaminedretrieves datafrom a storeto
whichanexpensie predicae is appliedby callingaremde
WebServiceg(WS). Thatis, comparedwith thequeryplanin
Fig. 1, thereis asinglescan, andWS callsinsteadof joins.
Thecall to the WS is thedominatingcostfor this quel and
is parallelisedacrossmultiple machires. It is assumedhat

the systemdoesnotknow thedifferert machirescharacter
isticsat comple time, andthustreatsthe participatirg ma-
chinesasif they hadidenticalcapabilities.In this phaseof
thedemaq it is shavn how evalugors sendupdateson their
processingcostsandhow the systemcanroutean amaunt
of datato eachmachire thatis compatilbe with its runtime
behaiour by continwouslyupdatirg thedvs, thusimproving
guer respmsetime.

2.3. Dynamic Resour ce Allocation

There can be mary differentflavours of dynamic re-
sourceallocation In this demo,a simpleexamge is exam-
inedasfollows. Thesystemmonitors quely planbehaiour,
andtries to find which part of the quer planis a perfor-
mancebottieneg, to further pardleliseit onanev machne.
Therespomseconsistof thefollowing steps:informing the
evaludorsthatinteractwith thenew machire, installingthe
new evalugor, andupdding the distribution vectass of the
machiressendirg datato the new evalugor sothatthe lat-
ter canreceve its shareof theworkload. If staterecredion
is required, this is donefrom the cacheupstreamasin the
casef failurerecorery andworkloadbalancim.

The scenarids the sameasin the previous case.How-
ever, in this phaseof the deno, the machineregistry con-
tainsmachires that canbe usedin the execuion but have
not beenselectedat compiletime. The novel featuresof
this demoinclude the capalility of aninstanceof the ex-
ecutionengire, firstly, to spavn a new instanceremotely
andsecondlyto identify at rurtime wherethe bottlene& is
in the queryplan,andto increasehe degree of partitiored
parallelismatthis part.
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