Abstract

In this thesiswe considersequentiabndparallelalgorithmsfor the factorizationof sparsepos-
itive definite, linear systems We especiallyfocuson the computatiorof fill-reducing orderings
for agenerakparsematrix A.

Chapterl shavstheimportanceof sparsalirectmethodsn thefield of ScientificComputing
andcompare<holesk’s methodwith iterative algorithms.The numberof iterationsperformed
by aniteratve schemeéhighly depend®n the numericalcharacteristicef A, whereagshe perfor
manceof adirectalgorithmis only determinedby A’s nonzeracstructure.

Chapter2 introducestwo different schemedor the computationof the factor matrix L,
A = LL": thefan-inandthefan-outmethod.Both methodgperformthe samenumberof arith-
metic operations- they only differ in the way the matrix elementsare accessedFurthermore,
we shov how the columnwisefactorizationof A canbe modeledby a sequenc®f elimination
graphs.Finally, we briefly describeghreegeneraklasse®f orderingalgorithms:profile methods,
bottom-upmethodsandtop-davn methods.

In Chapter3 we considerfill-reducing algorithmsfor Laplacematricesthat correspondo
n X h grid problemswith afive pointdifferenceoperator If the+-shapedeparatorsonstructed
by a classicahestedlissectiorschemeaarerotatedto form x-shapeseparatorghe amountof fill
andfloating point operationswill be reducedsignificantly A detailedanalysisof the modified
nesteddissectionorderingshows that the shapeof the elementformed during the elimination
processs responsibldor thisimprovement.

Chapter4 providesuswith a new fill-reducing orderingschemdor generalsparsamatrices
thatis basedon the obsenationsmadein Chapter3. Most state-of-the-arbrderingschemedor
generalsparsematricesarea hybrid of a bottom-upmethodsuchasminimumdegreeanda top
down schemesuchas Geoge’s nesteddissection.In this chapterwe presentan orderingalgo-
rithm thatachievesatightercouplingof bottom-upandtop-dovn methods.In our methodology
vertex separatorsreinterpretedasthe boundariesof the remainingelementsn an unfinished
bottom-upordering. As a consequenceye are using bottom-uptechniguessuchas quotient
graphsand specialnodeselectionstratgiesfor the constructionof vertex separatorsOnceall
separatordhiave beenfound, we are using them as a skeletonfor the computationof several
bottom-uporderings.Experimentakresultsshov thatthe orderingsobtainedby our schemeare
in generabetterthanthoseobtainedby otherpopularorderingcodes.

In Chapters we describesequentiaandparallelalgorithmsfor the symbolicalandnumerical
factorization.We first introducetechniqueghatimprove cacheefficiency andregisterre-useof
the numericalfactorizationprocess.To fully exploit the floating-pointperformancenf modern
computersve implementamultifrontal algorithmthatis basedn Level 3 BLAS operationsWe
thendescribeour parallelalgorithmthat usesa 2-dimensionamappingschemeof A to reduce
the comunicationoverhead.We shaw thatthe orderingsproducedby the new schemearealso
well suitedfor parallelfactorization.

Chapter6 summarizeshe methodghataredescribedn this thesisanddiscussesomeopen
problems.



