Position summary: Hinting for goodness sake
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Modern operatingsystemsand adaptve applicationsoffer
an overwhelmingnumberof parametersaffecting applica-
tion lateng, throughput,image resolution,audio quality,

andsoon. We aredesigninga systemto automaticallytune
resourceallocationand applicationparameterst runtime,
with theaim of maximizinguserhappines®r goodness.

Considera 3-D graphicsapplicationthatoperatestvari-
ableresolution,trading outputfidelity for processotime.
Simultaneouslya data mining applicationadaptsto net-
work andprocessoloadby migratingcomputatiorbetween
theclientandstoragenode.We mustallocateresourcede-
tweentheseapplicationsand selecttheir adaptve parame-
tersto meettheusers overallgoals.Sincetheuserlacksthe
time andexpertiseto translatehis preferenceimto parame-
tervalueswe would lik e the systemto do this.

Existing systemdack the right abstractiondgor applica-
tionsto exposeinformationfor automategbarametetuning.
Goodness hints are the solutionto this problem.Applica-
tions usethesehints to tell the operatingsystemhow re-
sourceallocationswill affecttheirgoodnessutility). E.g.,a
videoplayermighthave nogoodnesbelon someallocation
thresholdandmaximumgoodnessboveanotherGoodness
hintsareusedby the operatingsystemto make resourceal-
locationdecisionsandby applicationgo tunetheiradaptve
parametersOur contribution is a decompositiorof good-
nesshints into manageablend independenpiecesand a
methodologyto automaticallygeneratehem.

Onehalf of agoodnessint is a quality-goodness map-
ping which tells us how applicationqualitiestranslateinto
userhappinessQualitiesaremeasuresf performancéla-
tengy, throughput)or of fidelity (resolution,accurag). We
hopeto leverageuserstudiesfrom the human-computein-
teractioncommunityto generatehesemappings.The sys-
tem will alsouseuserfeedbackto dynamicallytailor the
mappingdo specificusers.

A resource-quality mapping forms the other half of a
goodnesshint; our currentresearchfocuseson this half.
This mappingdescribeghe relationshipbetweenan appli-
cation's resourceallocationandits qualities.To do this, we
first mapadaptie parameterso resourcaisageby monitor
ing the application,logging its resourceusagefor various
parametewalues,and using machinelearningto find the

relationshipbetweenparametewvaluesandresourceusage.
We createthis mappingoffline with controlledexperiments
to explore the parametesspaceandupdateit online based
on dynamicbehaior.

Given the resourceusageand allocationof an applica-
tion, we predictits performancaisingsimplemodels.E.g.,
aprocessoboundcomputatiorrequiringl x 10° cyclesand
allocated? x 10°cycleswill have alateng of 0.5sec More
comple applicationswill usemultiple resourcesperhaps
concurrently We will usemachinelearningtechniqueso
specializeour modelsto particularapplications.

Finally, given someresourceallocation,an application
must pick adaptve parametervalues that maximize its
goodnessAn optimizer searcheghe parameterspaceto
find the optimal values.By embeddinghe optimizerin the
goodnesdint, the operatingsystemis alsomadeaware of
whatthe applicationwill chooseThe operatingsystemit-
self usesa similar optimizerto find the resourceallocation
thatwill maximizegoodnesscrossapplications.

We arebuilding a prototypeto validatetheseconcepts.
Currently the prototypesupportswo resourcesprocessor
andnetwork. To mapadaptve parameterso resourcaisage
we uselinearleastsquaresegressionTo searchthroughthe
spaceof applicationparametersand resourceallocations,
we usea stochastioersionof Powell’s conjugatedirection-
setmethod.We have two very differentapplicationsa 3-D
graphicsradiosityapplication[Narayananet al., WMCSA
2000],andanAbacusdataminingapplication[Amiri, etal.,
USENIX 2000].

Our initial resultsare encouragingOur systemgener
atesaccurateresource-qualitymappingsfor both applica-
tions.(Thequality-goodneshkalf wasconstructedy hand.)
In simulation,our resourcellocatoris alwaysableto maxi-
mizeoverallgoodnessyhichis aweightedsumof applica-
tion goodnesseddowever, the overheadf the searchalgo-
rithm is prohibitive,andwe areinvestigatingalternatves.

Thiswork raisesseveralresearclyuestionsHow canwe
talk aboutresourcausageandallocationin a platforminde-
pendentway?Whatis the bestway to combineindividual
applicationgoodnessesto userhappiness®hatkind of
onlinefeedbaclcanwe expectfrom atypical user andhow
canwe useit to dynamicallyrefinegoodnes#ints?



