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GRID-TLSE Project: Tests for
Large Systems of Equations

Main Main purposepurpose: : SparseSparse linearlinear algebraalgebra Web expert site.Web expert site.
GRIDGRID--TLSETLSE Project: ACI GRID, 01/03 Project: ACI GRID, 01/03 –– 01/06. 01/06. 
AcademicAcademic partnerspartners: CERFACS, IRIT, LaBRI, : CERFACS, IRIT, LaBRI, LIPLIP--
ENSLENSL;;
NowNow::
•• ANRANR--CICG05CICG05--1111 LEGOLEGO Project 2006Project 2006-- 2009. 2009. AcademicAcademic partnerspartners: LIP, : LIP, 

IRISA, INRIA Futurs, IRIT, CERFACS, IRISA, INRIA Futurs, IRIT, CERFACS, CRALCRAL..
•• ANRANR--0606--CIS6CIS6--010 010 SOLSTICESOLSTICE Project 2007Project 2007--2010. 2010. PartnersPartners: : INRIA, INRIA, 

CERFACS, CERFACS, INPTINPT--IRITIRIT, , CEACEA--CESTACESTA, EADS CCR, EDF, , EADS CCR, EDF, CNRSCNRS--
CNRMCNRM--LALA..

•• CNRS / JST CNRS / JST REDIMPSREDIMPS Project 2007Project 2007--2009. 2009. PartnersPartners: JAEA : JAEA andand
academicacademic partnerspartners ofof thethe TLSE Project (CERFACS, IRIT, TLSE Project (CERFACS, IRIT, LaBRiLaBRi / / 
INRIA Futurs, LIP ENS Lyon / INRIA)INRIA Futurs, LIP ENS Lyon / INRIA)

Sparse Matrices Expert Site ?
Expert siteExpert site: Help : Help usersusers in in choosingchoosing thethe rightright
solverssolvers andand itsits parametersparameters for a for a givengiven problemproblem
ChosenChosen approachapproach: Expert : Expert scenariosscenarios whichwhich
answeranswer commoncommon user user requestsrequests
Main goalMain goal: : ProvideProvide a a friendlyfriendly test test environmentenvironment
for expert for expert andand nonnon--expertexpert usersusers ofof sparsesparse
linearlinear algebraalgebra software.software.
EasyEasy accessaccess toto::
•• Software Software andand toolstools;;
•• A A widewide range range ofof computer architectures;computer architectures;
•• MatrixMatrix collections;collections;
•• Expert Expert ScenariosScenarios..
AlsoAlso : : ProvideProvide a a testbedtestbed for for sparsesparse linearlinear
algebraalgebra softwaresoftware
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Why do we use a Grid ?
SparseSparse linearlinear algebraalgebra software software makesmakes use use ofof
sophisticatedsophisticated algorithmsalgorithms for (for (prepre--/post/post--) ) 
processingprocessing thethe matrixmatrix..
Multiple Multiple parametersparameters interfereinterfere for efficient for efficient 
executionexecution ofof a a sparsesparse direct direct solversolver::
•• OrderingOrdering;;
•• AmountAmount ofof memorymemory;;
•• Architecture Architecture ofof computer;computer;
•• LibrariesLibraries availableavailable..
•• DeterminingDetermining thethe bestbest combinationcombination ofof parameterparameter

values values isis a a multimulti--parametricparametric problemproblem..

WellWell--suitedsuited for for executionexecution overover a a GridGrid..

Additional Benefits of Using a 
Computational Grid

ProvidesProvides accessaccess to:to:
•• Large range Large range ofof software software andand toolstools

((academicacademic or or industrialindustrial););
•• WideWide range range ofof architectures;architectures;
•• ComputationalComputational resourcesresources..
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Examples of user request
MemoryMemory requiredrequired to to factorfactor a a givengiven matrixmatrix..
ErrorError analysisanalysis as a as a functionfunction of of thethe thresholdthreshold pivotingpivoting valuevalue
Minimum time on a Minimum time on a givengiven computer to computer to factorfactor a a givengiven
unsymmetricunsymmetric matrixmatrix
WhichWhich orderingordering heuristicheuristic isis thethe best one for best one for solvingsolving a a givengiven
problemproblem??

TwoTwo types of types of usersusers::
Standards Standards usersusers thatthat wantwant to to proceedproceed to to somesome tests tests overover theirtheir
matricesmatrices
Experts Experts thatthat deploydeploy toolstools andand specifyspecify whatwhat isis thethe expert expert 
procedureprocedure

TheThe GRIDGRID--TLSETLSE PlatformPlatform

ExecutionExecution ofof aa
straightforwardstraightforward
scenarioscenario

User expert request

Request for expertise

Workflow (set of experiments
in WEAVER format) 

XML description of experiments

GRID5000

Executions

Matrices

Solvers

Web Portal

Expert engine

Middleware

Grid adaptor
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Key ideas in describing expert 
procedures

WeWe do not do not wantwant askingasking an expert in an expert in sparsesparse
linearlinear algebraalgebra to to deploydeploy services services overover thethe gridgrid
atat thethe usualusual levellevel i.e. i.e. describingdescribing interfaces, interfaces, 
GridRPCGridRPC callscalls, . . , . . 
WeWe have have thenthen introducedintroduced::
•• AA highhigh levellevel -- graphicalgraphical -- description of description of thethe

expert expert processprocess thatthat wewe call call scenariosscenarios
•• A A semanticsemantic basedbased description of software, description of software, 

control control parametersparameters andand matrices matrices basedbased on on 
metameta--datadata

Main Software Issues
TheThe samesame interface interface providesprovides thethe usersusers withwith
accessaccess toto
•• severalseveral expertise expertise scenariosscenarios;;
•• severalseveral solverssolvers andand theirtheir parametersparameters ((usingusing middleware middleware 

to to accessaccess thethe GRID).GRID).
Experts Experts provideprovide scenariosscenarios whichwhich
•• reducereduce thethe combinatorialcombinatorial nature;nature;
•• produceproduce usefuluseful syntheticsynthetic comparisoncomparison..

ItIt shouldshould bebe easyeasy toto
•• addadd new new solverssolvers whichwhich cancan bebe usedused by by oldold scenariosscenarios;;
•• addadd new new scenariosscenarios whichwhich use use oldold solverssolvers;;
•• use use thethe characteristicscharacteristics of new of new solverssolvers in new in new scenariosscenarios..
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Semantic-based description
MetaMeta--datadata whichwhich describedescribe for for eacheach package:package:
•• To To describedescribe a service:a service:

functionalitiesfunctionalities: : assembledassembled//elementalelemental entriesentries, type , type ofof
factorisations (factorisations (LULU, , LDLLDLTT ,,QRQR), ), multiprocessormultiprocessor, multiple , multiple 
RHS;RHS;
algorithmicalgorithmic propertiesproperties: : unsymmetricunsymmetric//symmetricsymmetric solversolver, , 
multifrontalmultifrontal, , leftleft//rightright lookinglooking, , pivotingpivoting strategystrategy..

•• To To describedescribe a a scenarioscenario in addition to service in addition to service parametersparameters::
metricsmetrics: : memorymemory, , numericalnumerical precisionprecision, , timetime, , ……
control: type control: type ofof graphgraph for postfor post--processingprocessing, user , user levellevel

Addition of new Addition of new metameta--datadata andand possible values possible values 
shouldshould bebe easyeasy

PRUNE : Web interface for editing abstract 
parameters
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Expert Scenarios
ScenariosScenarios describeddescribed in a in a datadata--flowflow likelike wayway
StructuredStructured hierarchicallyhierarchically: a : a scenarioscenario maymay call call 
existingexisting onesones
AnalysisAnalysis / / executionexecution of a of a scenarioscenario maymay have have 
severalseveral stepssteps
WeWe have have introducedintroduced::
•• CharacteristicsCharacteristics (e.g. (e.g. numbernumber of flops, of flops, memorymemory, . . . ), . . . )
•• OperatorsOperators: Transformation, : Transformation, FilteringFiltering, , GenerationGeneration
•• . . .. . .

Graphical Description of Scenarios

Goal: Goal: identifyidentify thethe combinationcombination of of orderingordering andand
factorizationfactorization thatthat providesprovides thethe minimal minimal executionexecution time.time.

Figure: 
Example of 
description of 
an expert 
scenario
corresponding
to the
Minimum 
Time Scenario.
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Graphical Interface for Describing
ExpertiseScenarios (GEOS)

Relationship between GEOS and
PRUNE
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BibliographyBibliography tooltool

AdvancedAdvanced toolstools for for managingmanaging
bibliographybibliography ((bibtexbibtex, html, , html, ……))
AllowingAllowing::
•• Commit Commit ofof referencesreferences
•• Management Management ofof bibtexbibtex andand indexesindexes
•• CheckingChecking for for duplicatedduplicated referencesreferences
•• ……....
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StatusStatus ofof thethe TLSE TLSE PlatformPlatform
Final version Final version isis
currentlycurrently bebe
assembledassembled andand
testedtested
Parts Parts ofof thethe
Web sire are Web sire are 
availableavailable::
•• UploadUpload for for 

matrices matrices 
includingincluding
validationvalidation

•• BibliographyBibliography
tooltool
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SparseSparse solverssolvers

SolverSolver packages installations:packages installations:
•• CurrentlyCurrently in TLSE: MUMPS, in TLSE: MUMPS, SuperLUSuperLU, , 

UMFpackUMFpack;;
•• BeingBeing integratedintegrated: TAUCS;: TAUCS;
•• Future: HSL Future: HSL MAxxMAxx, , PaStiXPaStiX, SPOOLES, , SPOOLES, 

OBLIO, PARDISO, . . .OBLIO, PARDISO, . . .
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Conclusion
Key points: Key points: highhigh levellevel description of description of scientificscientific

software software andand use of use of scenariosscenarios for for generatinggenerating
dynamicdynamic workflowsworkflows
PracticalPractical consequencesconsequences::
•• AddingAdding / / removingremoving solverssolvers doesdoes not not requirerequire to to 

update update scenariosscenarios ((itit willwill bebe automaticallyautomatically
discovereddiscovered))

•• Introduction of new Introduction of new scenariosscenarios makemake use of use of 
deployeddeployed softwaresoftware

•• TheThe approachapproach describeddescribed isis intendedintended to to bebe genericgeneric: : 
wewe explore explore thethe use of use of thisthis approachapproach in in otherother areasareas

REDIMPS REDIMPS ProjectProject
TLSE TLSE cancan bebe usedused as a as a predictionprediction systemsystem
for for sparsesparse solverssolvers --> > increasedincreased efficiencyefficiency
in in solvingsolving problemsproblems in in physicsphysics andand
engineeringengineering
JAEA JAEA isis promotingpromoting gridgrid researchresearch (ITBL) (ITBL) 
andand developingdeveloping sparsesparse solverssolvers
AllAll partnerspartners (JAEA, CERFACS, IRIT, LIP, (JAEA, CERFACS, IRIT, LIP, 
LaBRILaBRI) are / ) are / willwill bebe involvedinvolved in validation in validation 
andand testingtesting ofof thethe firstfirst release release ofof TLSETLSE
Goal: promotion Goal: promotion ofof an international expert an international expert 
systemsystem for for sparsesparse linearlinear algebraalgebra


