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Abstract

The universalload balancingsystem“Virtual Data Space” (VDS) is the main focusof this
dissertation.The systemsupportswell-known load balancingtechniquesandnew methodsthat
arepresentedherein detail.

Thedissertationconsistsof 7 chapters.It startswith a discussionof thescalabilityof parallel
algorithms.Chapters3 and4 presentnew staticschedulingalgorithms,andChapter5 explores
static load balancingof independenttasks. Chapter6 overviews the main conceptsof VDS.
Finally, Chapter7 shows how VDS is usedto parallelizethe Descartesmethodfor polynomial
realroot isolation.

Chapter2 presentsa formaldefinitionof theisoefficiency conceptintroducedby Kumaretal.
Somefundamentalpropertiesresultingfrom the definition arederived. The definition makes it
possibleto analyzetheisoefficiency of algorithmswhoseefficiency doesnotsolelydependonthe
sequentialcomputingtime. Theclassof problemsthatcanbesolvedby aparallelalgorithmwith
polynomialisoefficiency turnsout to bea strict sub-classof theclassEP introducedby Kruskal
etal.

Chapter3 discussesstaticschedulingalgorithmsfor thepyramiddag. A pyra-
mid dagof height � consistsof nodes
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. Dependenciesof thiskind aretypicallygeneratedby algo-
rithmsthatmakeuseof dynamicprogramming,suchastriangulationof polygons.
Applicationsfrom computeralgebraincludethe completeHorner-schemeandthe Taylor-shift.
Schedulingalgorithmscomputeamappingof thedagnodesto processors.

First, lower boundsaregivenfor theisoefficiency of pyramiddagcomputations.Theisoeffi-
ciency function in thenumber� of processorsis shown to be � � ��� �

if all nodeshave thesame
computingtime. Even quite simplemappingschemesareoptimal with respectto isoefficiency.
However, the known mappingschemesare lessefficient thanpie-mapping, a new schemethat
partitionsthe daginto contiguouszones. Doing so reducesthe communicationoverheadfrom
a quadraticdependency on the pyramid heightto a linear one. This gainof efficiency becomes
apparentin experimentsevenwhenthenodecomputationsareperformedsimply level-by-level.
A further improvementis achievedby orderingthenodeswithin eachzoneaccordingto a block
scheme.Theblockorderis shown to allow moretime for communication.

Chapter4 considersa different load balancingproblem. A set of � independenttasksis
given, andeachtaskcanbe computedin parallel. The tasksareassumedto be uniform in the
sensethat they all have the samecomputingtime function � � ���

in the number
�

of processors;
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also, � � ���
is assumedto be known in advance. The problemcanbe statedasfollows. Given a

number � of processorsanda computingtime function � � ���
, computefor eachtaska number

of processorsand a start time suchthat no processorcomputesmore than one task at a time
andsuchthat the makespanis minimized. The most interestingsituationariseswhenthe tasks
areoutnumberedby the processors.For non-uniformcomputingtime functionsthe problemis
known to beNP-hardin thestrongsenseevenfor afixednumberof processors.For uniformtasks,

an algorithmwith a schedulingtime of !#"$� �&% � �'���)(�*)+�,-%�(/.
is presented.This boundcan

bereducedto !#"0� ��1 � �)����� (-2-3 %�(/.
if thecomputingtimesarerational.Here,

1
is thesmallest

commonmultipleof � �)���4�050505$� � � � �
. Sincethecomputingtimegrowsexponentiallyin thenumber

of processorsthis algorithmis worthlessin practice. The problemis solved by introducingan
approximationalgorithmthatcomputesphase-parallel schedulesin time 6 � � � �

. Themakespan
of anoptimalphase-parallelscheduleis atmosttwice themakespanof anoptimalschedule.

Chapter5 considersthedistribution of independenttaskswhentasksoutnumberprocessors.
The tasksare assumedto be uniform; initially, every task is assignedto one processor. The
loadbalancingalgorithmmustre-distribute thetaskssothateveryprocessoris assignedthesame
numberof tasks.Thisproblemwasstudiedfor data-parallelapplicationsin adissertationby Diek-
mann.In thatdissertation,therelationshipsbetweenthetasksgeneratecanonicalneighborhoods
of processors.Basedon theseneighborhoods,diffusionschemesareappliedin orderto balance
thesystemload. Thesametechniquescanalsobeusedfor independenttasks.However, dueto
missingtaskrelationshipsthereareno a priori neighborhoods.Hence,load balancingpartners
needto bedefinedby specifyingavirtual topology. Thischaptertriesto identify topologicalprop-
ertiesthatallow efficient loadbalancing.Two loadbalancingalgorithmsareconsidered;bothare
basedon diffusion, andboth operatein two phases.In the first phase, calledflow computation
phase, a balancingflow is computed;in the secondphase,calledmigration phase, the load is
re-distributedaccordingto thecomputedflow.

An experimentalevaluationof the two phasesshows that topologicalpropertiessuchasthe
maximumdegreeandthenumberof distinctLaplacianeigenvaluesinfluencetherunningtime of
theloadbalancingalgorithm;sodopropertiesof thebalancingflow. While abalancedflow leads
to a shortermigrationphaseit doesrequirea longerflow computation.So, thereis a tradeoff
betweentheeffort for flow computationandtheeffort for migration.

Chapter6 givesa detaileddescriptionof theloadbalancingsystemVDS. Its underlyingcon-
ceptmakesVDS universallyapplicable;indeed,VDS supportsvariousprogrammingparadigms
and also the combinationof differentparadigmsin the sameapplication. A small exampleis
provided to show how VDS applicationsare programmed.Comparingsystemssuchas Cilk,
Athapascan1, andDOTS experimentallywith VDS shows thatVDS providesthemostefficient
supportof strictly multithreadedcomputationsondistributedmemorymachines.

Chapter7 usesVDS to parallelizethe Descartesmethodfor polynomialreal root isolation.
TheparallelDescartesmethodrequiresthecombinationof differentprogrammingparadigms—
strictly multithreadedcomputationsandstatictaskgraphs.Theresultingparallelprogramis eval-
uatedexperimentally;its isoefficiency functionis analyzedandshown to be ! � ��7�8:9�; � � �

.
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