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Abstract

The universalload balancingsystem“Virtual Data Spacé (VDS is the mainfocusof this
dissertation.The systemsupportswell-knovn load balancingtechniquesand nev methodshat
arepresentedherein detail.

Thedissertatiorconsistf 7 chapterslt startswith a discussiorof the scalabilityof parallel
algorithms. Chapters3 and4 presentnew staticschedulingalgorithms,and Chapterb explores
static load balancingof independentasks. Chapter6 overviens the main conceptsof VDS.
Finally, Chapter7 shavs how VDS is usedto parallelizethe Descartesnethodfor polynomial
realrootisolation.

Chapter2 presents formal definitionof theisoeficiengy concepintroducedoy Kumaretal.
Somefundamentapropertiesresultingfrom the definition arederived. The definition malesit
possibleto analyzetheisoeficieng of algorithmswhoseefficiengy doesnotsolelydependonthe
sequentiatomputingtime. The classof problemsthatcanbe solved by a parallelalgorithmwith
polynomialisoeficieng/ turnsout to be a strict sub-clasf the classEP introducedby Kruskal
etal.

Chaptei3 discussestaticschedulingalgorithmsfor the pyramiddag. A pyra-

mid dagof heightn consistsof nodes(:, j) where0 < i, j < n andi + j < n. /.\
Thecomputatiorassociatedvith node(z, j) needsesultsfrom the predecessors /.\ /.\
(i—1, j) and(i, j—1). Dependenciesf thiskind aretypically generatetby algo- /.\/.\
rithmsthatmale useof dynamicprogrammingsuchastriangulationof polygons. ¢ o
Applicationsfrom computeralgebrainclude the completeHornerschemeand the Taylorshift.
Schedulingalgorithmscomputea mappingof the dagnodesto processors.

First, lower boundsaregivenfor theisoeficieng/ of pyramid dagcomputationsTheisoefi-
cieng functionin the numberP of processorss shavn to be Q(P?2) if all nodeshave the same
computingtime. Even quite simple mappingschemesre optimal with respecto isoeficiengy.
However, the known mappingschemesre lessefficient than pie-mapping a nev schemethat
partitionsthe daginto contiguouszones. Doing so reduceshe communicationoverheadfrom
a quadraticdependengc on the pyramid heightto a linear one. This gain of efficiengy becomes
apparenin experimentseven whenthe nodecomputationsareperformedsimply level-by-level.
A furtherimprovementis achieved by orderingthe nodeswithin eachzoneaccordingto a block
schemeTheblock orderis shavn to allow moretime for communication.

Chapter4 considersa differentload balancingproblem. A setof m independentasksis
given, and eachtask canbe computedin parallel. The tasksare assumedo be uniform in the
sensethatthey all have the samecomputingtime function#(p) in the numberp of processors;



also,t(p) is assumedo be known in advance. The problemcanbe statedasfollows. Givena
numberP of processorsainda computingtime function ¢(p), computefor eachtaska number
of processorsand a starttime suchthat no processorcomputesmore thanone task at a time
andsuchthat the makespanis minimized. The mostinterestingsituationariseswhenthe tasks
areoutnumberedy the processors For non-uniformcomputingtime functionsthe problemis
known to beNP-hardn thestrongsenseavenfor afixednumberof processorskor uniformtasks,

an algorithmwith a schedulingtime of O (m (2m + 1)P27P2P) is presented.This boundcan

bereducedo O (m (Zz‘(l))P_1 2P) if thecomputingtimesarerational. Here,/ is the smallest

commonmultipleof¢(1),...,¢(P). Sincethecomputingtime grows exponentiallyin thenumber
of processorshis algorithmis worthlessin practice. The problemis solved by introducingan
approximatioralgorithmthatcomputegphase-paallel schedulesin time ©(m?). Themakespan
of anoptimal phase-paralledchedulas at mosttwice the makespanof anoptimalschedule.

Chapters considerghe distribution of independentaskswhentasksoutnumberprocessors.
The tasksare assumedo be uniform; initially, every taskis assignedo one processor The
load balancingalgorithmmustre-distritute thetaskssothatevery processors assignedhe same
numberof tasks.This problemwasstudiedfor data-parallehpplicationsn adissertatiorby Diek-
mann.In thatdissertationtherelationshipdetweernthetasksgenerateanonicalineighborhoods
of processorsBasedon theseneighborhoodsgiffusion schemesreappliedin orderto balance
the systemload. The sametechniquesanalsobe usedfor independentasks. However, dueto
missingtaskrelationshipghereareno a priori neighborhoodsHence,load balancingpartners
needo bedefinedby specifyingavirtual topology Thischaptetriesto identify topologicalprop-
ertiesthatallow efficientload balancing.Two loadbalancingalgorithmsareconsideredbothare
basedon diffusion, andboth operatein two phases.In the first phase called flow computation
phase a balancingflow is computed;in the secondphase called migration phase the load is
re-distritbutedaccordingto the computediow.

An experimentalevaluationof the two phaseshaws thattopologicalpropertiessuchasthe
maximumdegreeandthe numberof distinctLaplacianeigervaluesinfluencetherunningtime of
theloadbalancingalgorithm;sodo propertiesof the balancingflow. While abalancedlow leads
to a shortermigration phaseit doesrequirea longerflow computation. So, thereis a tradeof
betweerthe effort for flow computatiorandthe effort for migration.

Chaptel6 givesa detaileddescriptionof the load balancingsystemvDS. Its underlyingcon-
ceptmalesVDS universallyapplicablejndeed,VDS supportsvariousprogrammingparadigms
and alsothe combinationof different paradigmsin the sameapplication. A small exampleis
provided to shav how VDS applicationsare programmed. Comparingsystemssuchas Cilk,
Athapascari, andDOTS experimentallywith VDS shavs that VDS providesthe mostefficient
supportof strictly multithreadedcomputation®n distributedmemorymachines.

Chapter7 usesVDS to parallelizethe Descartesnethodfor polynomialreal root isolation.
The parallelDescartesnethodrequiresthe combinationof differentprogrammingparadigms—
strictly multithreadeccomputationgndstatictaskgraphs.Theresultingparallelprogramis eval-
uatedexperimentally;its isoeficiengy functionis analyzedandshawvn to be O(P? log? P).



