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Chapter 1

Intr oduction

WARNING: This document is the Technical Guide to version 2.1 of the DDL. The specificationof
the Library is still under review and the implementation is far from complete. Thus any similarity
betweenthe Library systemdescribedhere and the Library software is entirely fortuitous!

You havebeenwarned!

Any commentswill begratefully received.. .and maybeeven actedupon!

This documentdescribestheSparseDistributedDataLibrary (SparseDDL, or simply DDL), a library
intendedto easethedevelopmentof parallelsparsematrixapplications.Thisdocumentdescribesthedesign
of theLibrary andits datastructures,andshowshow Library proceduresmaybewritten. It shouldberead
in conjunctionwith theLibrary User’s Guide[1] whichdetailsthehigh-level userinterfaceto theLibrary.
TheSparseDDL is built onalibrary providing core2 dimensionaldistributedobjectsfor imageprocessing
applications[2].

The documentis arrangedas follows. The next chaptergivesan overview of distributedobjectsas
implementedby theDDL. Thenin Chapter3 we describethedatastructuresusedto implementthehier-
archical,distributedobjectmodel. Finally, in Chapter4 we sketchout waysin which theDDL couldbe
enhancedin thefuture. Descriptionsof two of thehigh-level proceduresincludedin theDDL aregivenin
AppendixA. Thesedescriptionsareintendedto illustratehow Library proceduresmaybewritten.
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Chapter 2

Distributed objects

TheDDL usestheconceptof opaqueobjectsfor thedistributeddatastructuresthatit supports.Thismeans
that,in general,theuserdoesnothave directaccessto DDL data,but insteadmanipulatesthedatathrough
calls to DDL procedures.This hidesthedetailsof the implementationof thedatastructures,allowing the
implementationto bechangedata laterdate,andalsohelpsto avoid errorsdueto userprogramming.The
userpassesa DDL objectto a procedureby providing a handleto thatobject. TheDDL managessystem
memory, allocatingspacefor new objectsanddeallocatingunwantedobjects.TheDDL alsoallowsa user
to have directaccessto theraw datavaluesof a distributedobject.

The DDL supportsseveral different typesof distributedobjectsandallows new typesto be added.
Currently, theDDL supportsvectorandsparsematrixdistributedobjects.Eventuallywe intendto support
densematricesaswell.

For eachtype of object the DDL may supporta numberof differentformats. Eachof the different
formatsspecifiestheparticulardatastructurethatshouldbeusedto representtheobject. The featuresof
thedifferentdatastructuresmaymakeonestructurebetterthananotherfor a particularapplication.Thus
thechoiceof datastructureis left to theuser, sothathecanselecttheoptimalstructurefor hisapplication.
However, oneof theaimsof theDDL is to hidethedetailsof thedatastructureandthedatamanipulations
requiredto performan operation.HenceDDL proceduresshouldacceptobjectsof any type compatible
with the specifiedoperation. As examples,I/O proceduresshouldbe able to readandwrite any of the
objecttypes,anda matrix-vectormultiply procedureshouldacceptbothdenseandsparsematricesof any
type.

2.1 Basicobject types

2.1.1 Densevectors

Densevectorobjectsof typeDDL Vec aresupported.

2.1.2 Sparsematrices

TheDDL supportsasparsematrixobject,DDL Spa. Currently, sparsematricesmustbesquare.

Singleprocesssparsematrices

On a singleprocessthreevectorsareusedto representa sparsematrix, ia, ja anda. ia andja are
vectorsof type integer anda is a vectorof type real or double. Thesethreevectorsareusedfor three
maindatastructuresfor sparsedatacalledthetriad,row packedandcolumnpackeddatastructures.

With triad format,elementsia(j) andja(j) containthex andy indicesof thematrix coefficient
valuein a(j) (seeFigure2.1). Theelementsareunordered.

In therow packedformat(seeFigure2.2), ia containsa setof pointers,onefor eachrow of thesparse
matrix. Thesepointerspoint into theja anda vectorsto the startof matrix elementsin that row of the
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2. Distributedobjects 4
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Figure2.2: Row packedformat

matrix.a againcontainsthecoefficientvaluesfrom thematrixandja containsthecolumnindicesfor the
coefficients.Elementswithin eachrow areorderedfrom lowestcolumnnumberto highest.

In thecolumnpackedformatja containsasetof pointersto thestartof eachcolumnin ia anda, and
ia containstherow indicesof thecoefficientsstoredin a. Elementswithin eachcolumnareorderedfrom
lowestrow numberto highest.

In the row (andcolumn) packedformats,for a matrix with n rows (columns)andnelt non-zero
elementsthepointervectorhaselementn+1 settonelt+1.

Distrib uted sparsematrices

Distributedsparsematrixobjectsareof typeDDL Spa.
Thedistributedsparsematrix formatsarebasedon thesingleprocesssparsematrix formats.
Currently, theonly fully supportedformatis thepackedrow distributedsparsematrixformat,DDL PCK ROW.

Many otherdistributedsparsematrix formatshave beenproposedincludingpaddedformats,whereeach
row (or column)of thematrix is paddedoutwith extraemptyslotsfor laterfill-in, andtriad formats,where
elementsarestoredastriads.TheUserGuide[1] includesmoredetailsof theseproposedformats.

The distributedrow packedsparseformat is basedon the row packedformat (seeFigure2.3). The
sparsematrixis distributedovertheprocessesby wholerows,with eachprocessholdingablockof adjacent
rows. On eachprocessthe rows arestoredin thesingleprocessrow packedformatwith minor changes.
Thevariablesn andnelt now referto thenumberof rowsheldona processandthenumberof elements
on thatprocessrespectively. ia only haspointersfor rows heldby a process,with therows renumbered
locally from one.

2.2 Distrib utions

All the objectsthat the DDL supportshave the samegeneraldistribution pattern(seeFigure2.4). This
distributionis a subsetof thedistributionsprovidedby HPF.
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Thedistributionof a vectorof length � from a programrunningon ������� processesis asfollows. The
vector is partitionedinto blocksof contiguouselements,with all processesbut the last having the same
numberof elements.This might meanthatnot all of the � ����� processescanbeused.Thesizeof these
blocks is ��������� � �!���#" . The actualnumberof processesthat canbe usedis then �$�%���&� . The last
processblock is of size �(')�+*,�-'$.0/ .

A matrix may be distributedby either rows or columns. The rows (or columns)of the matrix are
partitionedinto contiguousblocksin thesamemannerasfor avector.

Theblock sizeusedby this distributiondoesnot provide themostevenbalanceacrosstheprocesses.
Neitherdoesit alwaysmakeuseof all theavailableprocesses.However, in many instancesit is theeasiest
partitioningto work with sinceyou know thatall usedprocessesexceptthelasthave thesameblocksize.

Objectscanalsobedistributedusingaparameter, block, whichspecifiesthatblocksof block contiguous
elementsare indivisible. This forcesthe distribution mechanismto partition the dimensioninto blocks
whicharea multipleof block in size.

2.3 Properties

It is often useful to be able to associateinformation or propertieswith a distributedobject. The DDL
implementsa propertylist to allow the userto specify optional propertiesfor an object. The Library
providesproceduresto add,find andremove propertiesfrom thepropertylist. Propertiescanincludesuch
thingsaspermutations(Section2.4) andcommunicationpatterns(Section2.5).

Thepropertylist alsoallowstheuserto extendthefunctionalityof theLibrary by definingnew proper-
tiesfor distributedobjects(seeSection2.6).

For moreinformationaboutthepropertylist seeSection3.3.

2.4 Permutations

TheDDL implementsa permutationpropertywhich allows theuserto specifya reorderingof anobject’s
data.Thepermutationspecifiesa1-to-1mappingbetweentheindicesof anobject’sdatain physicalstorage
andthe logical dataindices.Thephysicalindex of anelementis the index usedto locatethatelementin
distributedmemory. The logical index of anelementis the “mathematical”index for that element.For
example,the elementof a vector, 12*43�/ , hasa logical or mathematicalindex 3 , but this elementmight be
mappedto a physicalstoragelocationwith index 5 , i.e., 12*65+/ . A permutationis representedby a vector �
suchthat �7*�34/ specifiesthelogical index of physicalindex 3 .

Currently, only thesparsematrix objectmakesuseof this property, allowing theuserto specifya row
and/orcolumnpermutationfor thematrix. Permutingtherows and/orcolumnsof a sparsematrix is often
usefulto getthenonzerosinto a structurethatis moresuitedto theapplication.

Note thatspecifyinga permutationpropertydoesnot causetheobject’s datato beredistributedusing
the new indices. The physicalstorageremainsthe same,with the permutationpropertyspecifyingthe
new logical indices. This avoids a potentiallyvery costly communicationoperation. It would be useful
to have procedureswhich redistributedthedataaccordingto a givenpermutationbut thesehave not been
implementedyet.

Notealsothatnotall DDL proceduresusethelogical indicesgivenby thepermutationproperties.The
mathematicalprocedures,suchasmatrix-vectormultiply andtriangularsolve, do usethe logical indices,
but theI/O proceduresstill usethephysicalindices.

Permutationsmay increasethe costof an operationsuchasthe matrix-vectormultiply or triangular
solve. This is becausetheregularalignmentof elementsgivenby theinitial distribution maybelost once
a permutationis applied.Thusmorecommunicationmaywell berequiredto fetchall thedatathata pro-
cedureneeds.The increasein costwhenpermutationsareappliedwill vary from procedureto procedure
andbetweendifferentpermutations.In view of this, it maybeworthconsideringpermutingtheentireinput
dataset.Thusthedatais distributedin its permutedform andnoadditionalpermutationpropertiesarere-
quired.Now theprocedurescanusethemoreefficientnon-permutedalgorithms.If differentpermutations
arerequiredatdifferentpointsin anapplicationthepermutationpropertiescanbechangedaccordingly.
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For moreinformationabouttheimplementationof permutationsseeSection3.5.

2.5 Communication patterns

Communicationsystemsfor distributedmemoryparallelsystems,suchasMPI andPVM, have recognised
the needfor flexible, efficient, generalpurposecommunicationsprocedures.In particular, thesesystems
provide all-to-all collective operationsthat exchangeblocks of contiguouselementsbetweenprocesses.
However, for sparsematrix communicationsthe elementsareusuallynot contiguousin memory. Using
MPI or PVM, the sendermust thereforeprepackthe scatteredelementsinto a buffer beforecalling the
communicationprocedure.Thereceiver might thenhave to unpackthe elementsfrom the receive buffer
beforecontinuing. Recognisingthat suchoperationsarevery commonin sparsematrix applicationsthe
DDL definescommunicationpropertiesfor sparsematrix objects.Thecommunicationpropertiesprovide
thedatanecessaryto invokeanall-to-all collective communicationof scattereddataelements.Associated
with thecommunicationpropertydatastructuresis theDDL all-to-all collectivecommunicationprocedure.

By holdingthesecommunicationpatternsasobjectpropertiesthey canbecalculatedonceat thestart
of a userprogramandthenreusedeachtime therelevantLibrary procedureis invoked. This reducesthe
run-timeof a programat theexpenseof morememory.

The communicationpatternscan be describedas follows. Eachprocessoccupiedby an object has
a numberof dataitems(thesemight be elementsof a vector for example). The communicationpattern
specifiesfor eachprocessa subsetof thesedataitems which shouldbe sentto eachother process. A
processcansenddifferentdatasubsetsto differentprocessesincludingan emptyset. The datastructure
holdstheindicesof dataitemsto besentto eachprocess.

Thesedatastructuresareintendedto begeneralpurposebut anumberof slightly differentcommunica-
tion datastructuresmayberequiredby differentapplications.Currently, theLibrary definestwo commu-
nicationpropertystructures,onewith the informationorderedby processnumber, andtheotherwith the
informationorderedby index number.

For moreinformationabouttheimplementationof communicationpropertiesseeSection3.4.

2.6 Extending DDL objects

Currently, only a smallnumberof distributedobjectsaresupported,but thedesignof theDDL is intended
to be flexible andallow for enhancementsto the datastructures.Theseenhancementscantakeplaceon
two levels. Firstly, eachDDL object includesa propertylist (seeSection2.3), which allows the userto
associateparticularpropertieswith a distributedobject,suchasa permutation.The propertylist allows
theuserto extendthe functionalityof theLibrary by definingnew propertiesfor distributedobjects.For
example,futuresolverswill neednew communicationsstructures.

Thesecondway in whicha usercanextendtheLibrary is by definingnew high-leveldistributedobject
types.Thesenew objectsaredefinedin termsof theexisting distributedobjects.Definingnew high-level
objectscanbeusedto hidedatacomplexity from thecallingprogram.For example,if anapplicationneeds
to manipulatea matrix in its LU factorizedform thena new DDL sparsematrix distributedobjectcanbe
definedwhich containsthesparseL andU sub-matrices.A possiblestructurefor this objectis shown in
Figure2.5. (SeeChapter3 for a full descriptionof thedatastructures.)

Thusweseethatobjectscanbeextendedin two directions.First,anobjectcanbeextendedby adding
new propertiesto thepropertylist. Thesepropertiesall applyto thebasicobjectpropertyat theheadof the
propertylist. The seconddirectionof extensionis hierarchical:new objectsdefinedin termsof existing
objects. In this casethe highest-level objectcontainsembeddedsub-objectswhich may in turn contain
moresub-objects.This resultsin a treestructureof objects.Eachnodein this tree,anentireobject,may
include its own propertylist. How, andwhether, object propertiesin the tree areappliedto objectsat
different(lower) levelsof thetree,for exampleto createdefaultproperties,is notyet certain.Thework on
thisaspectof DDL objectsis only beginning.
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Chapter 3

Data structures

The SparseDDL is basedon a numberof basicdatastructuresusedto representthe distributedobjects
which theuser’s programmanipulates.This chapterdescribesthosedatastructuresandshows how these
structurescanbeusedto enhancetheLibrary.

A DDL distributedobjectis representedby a groupof datastructureswhich specifypropertiesof the
distributedobject.Thenumberandtypeof propertiesfor any objectmayvary, but all objectsarebuilt from
thesamebasesetof propertydatastructures.

3.1 The header

Every propertydatastructurestartswith a headerrecord,DDL Prop, which identifiesthe propertyand
thusthedatastructure(Figure3.1). Theentriesaredefinedasfollows:

type (integer)
Thetypeof theproperty. This is usedto identify thepropertythat is passedto a Library procedure
sothattheappropriateactioncanbetaken.Currentlysupportedvaluesare:

DDL PROP VECTOR densevector
DDL PROP SPARSE sparsematrix
DDL PROP GLOB communicationspattern(processordered)
DDL PROP IND communicationspattern(index ordered)

Thereis a differentvaluefor eachdifferentpropertydatastructure.Somepropertyvaluesrepresent
distributedobjects(suchasvectorsandmatrices)andothervaluesrepresentpropertiesof distributed
objects(suchascommunicationpatterns).New propertytypescanbedefinedto extendthefunction-
ality of theLibrary (seeSection2.6).

tag (integer)
The tag field is usedto givea uniquenameto a propertyof anobject.This is neededsinceanobject
mayhaveseveralpropertiesof thesametype eachrepresentingdifferentpropertiesof theobject.For

type
8
tag
8
prop9
data
:

Figure3.1: Headerrecord
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Figure3.2: Vectordatastructure

examplea sparsematrix may requiretwo DDL PROP VECTOR propertiesto specify the row and
columnpermutationsof thematrix. Currentlysupportedvaluesare:

DDL PX row permutationfor a matrix
DDL PY columnpermutationfor amatrix
DDL IPX inverserow permutationfor a matrix
DDL IPY inversecolumnpermutationfor a matrix
DDL COMM PX row communicationpatternfor matrix-vectormulti-

ply
DDL COMM PY column communicationpattern for matrix-vector

multiply andlinearequationsolver

New tagscanbedefinedto extendthefunctionalityof theLibrary.

prop (pointer)
Thepointerto thenext propertydatastructurein thepropertylist.

data (pointer)
Thepointerto thetype-specificrecordcontainingtheactualpropertyinformation.

Thehandleauserprogramhasfor adistributedobjectis apointerto thepropertyheaderrecordfor the
object.

3.2 Basicdistrib uted objects

ThecurrentLibrary definestwo basicdistributedobjecttypes. Thesearea distributedvector, DDL Vec,
anda distributedsparsematrix, DDL Spa. The Library alsodefinesa DDL Object type which canrep-
resentboth DDL Vec and DDL Spa. All of thesetypesare identical to the headerDDL Prop and may
be usedinterchangeably. The Library usesdifferenttypesto improve the readabilityof the code. Users
areencouragedto usethe typesDDL Vec andDDL Spa. All Library procedureshave parametersof type
DDL Object. Someprocedurespermitbothvectorandmatrix objectparameterswhilst othersmayaccept
morethanoneobjecttypein thefuture. All proceduresshouldchecktheheaderfield objecttype (with the
DDL Objecttype procedure)of anobjectto ensurethattheobjectis of thecorrecttype.This checkis not
currentlyimplemented.

DDL Vec andDDL Spa consistof aheaderrecordDDL Prop with thedata entrypointingtoaDDL Vector
andDDL Sparse datastructurerespectively. Thesedatastructuresareshown in Figures3.2and3.3.

Thedistributedvectorentriesaredefinedasfollows:

format (integer)
Theformatof thedensevectordata.Not currentlyused.
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Figure3.3: Sparsematrixdatastructure

block (integer)
Theblocksizeusedin calculatingthedistributionof thevector. Elementsof thevectorareallocated
to processesin blocksof sizeblock.

image (pointer)
A pointerto a DDL Imageobjectwhich containstheactualelementdatavaluesandotherinforma-
tion [2].

Thesparsematrixdistributedobjectis anexampleof how theLibrary canbeextendedby definingnew
objecttypesin termsof existing objecttypes.In this casethenew sparsematrixobjectis definedin terms
of thedensevectorobject.Anotherexampleof extendingtheLibrary is givenin Section2.6.

Thesparsematrixentriesaredefinedasfollows:

comm (handle)
TheMPI communicatorfor theobject.

type (integer)
Thedatatypeof elementsof thesparsematrix. Valid valuesare:

MPI DOUBLE doubleprecisionfloatingpoint
MPI FLOAT singleprecisionfloatingpoint

subtype (integer)
Thesubtypeof thematrix. Valid valuesare:

DDL UPPER uppertriangularmatrix
DDL LOWER lower triangularmatrix

All othervaluesareconsideredto begeneralsparsematrices.
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format (integer)
Theformatof thesparsematrix. Thisentryspecifieshow thesparsematrixdatais storedin thethree
distributedvectorsa, ia andja. SeeSection2.1.2andtheUserGuide[1] for full details.

n (integer)
Thenumberof rows(columns)in thematrix.

mxnelt (integer)
Themaximumnumberof nonzeroelementsthatthedistributedobjectcanhold.

size[2] (arrayof integer)
size[0] givesthenumberof rows(columns)heldon thisprocess.size[1] givesthemaximumnumber
of nonzeroelementsthatcanbeheldon thisprocess.

offset (integer)
Thenumberof thefirst row (column)heldon thisprocess.

block (integer)
Theblock sizeusedin calculatingthedistributionof thematrix. Rows (columns)of thematrix are
allocatedto processesin blocksof sizeblock.

nelt (integer)
Thenumberof nonzeroelementscurrentlyheldon thisprocess.

a (DDL Vec)
Thecoefficientvaluesfor thelocalsparsematrixelements.

ia (DDL Vec)
Row indicesor pointersfor thelocal sparsematrixelements.

ja (DDL Vec)
Columnindicesor pointersfor thelocalsparsematrixelements.

For moredetailsof thedifferentsparsematrix formatsseeSection2.1.2andtheUserGuide[1].

3.3 The property list

Thetwobasicdistributedobjectdatastructuresdescribedaboveallow theuserto defineadistributedobject
andfill it with datavalues. In additionto this basicinformationit is often usefulto beableto associate
otherinformationor propertieswith thedistributedobject. TheDDL implementsa propertylist to allow
theuserto addandremove optionalpropertiesto anobject.

The propertylist is a chainof propertydatastructuresconnectedby the prop pointerin the property
header. TheLibrary providesproceduresto add,find andremove propertiesfrom thepropertylist.

TheLibrarycurrentlyincludestwodifferentpropertystructuresin additionto theDDL Vec andDDL Spa
objectstructures.TheseareDDL Glob andDDL Ind. Thesedatastructuresareidentifiedby thefollowing
valuesfor the type entriesin thepropertyheader:DDL PROP GLOB andDDL PROP IND. Thestructures
aredescribedin thefollowing sections.

Thepropertylist allows theuserto extendthe functionalityof theLibrary by definingnew properties
for distributedobjects(seeSection2.6).

3.4 Communication properties

TheDDL Glob andDDL Ind properties(seeFigures3.4and3.5) representgeneralcommunicationpatterns
requiredfor Library procedures.By holdingthesecommunicationpatternsasobjectpropertiesthey canbe
calculatedonceat thestartof a userprogramandthenreusedeachtime therelevantLibrary procedureis
invoked.This reducestherun-timeof a programat theexpenseof morememory.
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Figure3.4: Communicationsdatastructure(processordered)

type
8
tag
8
prop9
data
:

sn
d

rc
v

nind

ind
ptr9
cnt;
proc9
nind

ind
pind9
proc9

DDL_Ind
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1 snd.nproc=
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Figure3.6: DDL Glob sendstructure

The communicationpatternscan be describedas follows. Eachprocessoccupiedby an object has
a numberof dataitems(thesemight be elementsof a vector for example). The communicationpattern
specifiesfor eachprocessa subsetof thesedataitems which shouldbe sentto eachother process. A
processcansenddifferentdatasubsetsto differentprocessesincludingan emptyset. The datastructure
holdstheindicesof dataitemsto besentto eachprocess.

Thedifferencebetweenthetwopropertystructuresis theorderingof thecommunications.TheDDL Glob
structureordersthecommunicationsby processes.Thusall theindicesof dataitemsto besentto aprocess
arestoredcontiguouslyin thestructure.This structureis usefulwhenall thedataitemsfor a processare
availableat thesametime anda singlemessagecontainingall thesedataitemscanbesentto theprocess.
TheDDL Ind structureordersthecommunicationsby thedataitem indices.Thusthestructurestorescon-
tiguouslythenumbersof all theprocesseswhichwill besenta dataitem. Thisstructureis usedwhendata
itemswill only beavailableoneat a timeandsoa smallmessagecontainingthesingleitem is sentto each
process.This type of communicationis clearly fine-grainedandshouldbe avoidedwherepossible,but
sometimesit will berequired,for examplein a triangularsolve procedure.

Figure3.6 illustratestheuseof thesendstructureof DDL Glob. Thereceive structureis similarexcept
for theadditionof a permutedindex vectorpind. Thesendentriesaredefinedasfollows:

snd.nproc (integer)
Thenumberof processeswhich thisprocesssendsmessagesto.

snd.proc (arrayof integer)
A vectorcontainingtheprocessnumbersof theprocesseswhich thisprocesssendsmessagesto.

snd.ptr (arrayof integer)
A vectorof indicesinto thesnd.ind vector. snd.ptr[i] is theindex of thefirst elementin snd.ind thatis
to besentto processsnd.proc[i].

snd.cnt (arrayof integer)
A vector giving the numberof elementsto be sentto eachprocess. snd.cnt[i] is the numberof
elementsin snd.ind to besentto processsnd.proc[i].

snd.ind (arrayof integer)
A vectorof indicesof elementsto be sentto processes.The indicesarefirst orderedby process
numberandthentheindicesfor eachprocessarearrangedin increasingorder.

Thereceive entrieshave similar interpretationsto thesendentries,with thefollowingaddition:

rcv.pind (arrayof integer)
A vectorof logical permutedindicesof elementsto be received from otherprocesses.The indices
areorderedby processnumber, but unorderedwithin eachprocess.This vectoris requiredby some
procedureswhich needto know boththephysicalindex of anitem,givenin rcv.ind, andthe logical
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index of the item after permutationsareapplied,given here. rcv.ind[i] is the physicalindex of the
elementwith logicalpermutedindex rcv.pind[i]. SeeSection2.4for moredetailsaboutpermutations.

The index orderedcommunicationstructure,DDL Ind, is similar to the processorderedstructure,
DDL Glob. Thesendentriesaredefinedasfollows:

snd.nind (integer)
Thenumberof indiceswhich thisprocessmustsend.

snd.ind (arrayof integer)
A vectorcontainingtheindiceswhich this processmustsend.

snd.ptr (arrayof integer)
A vectorof indicesinto the snd.proc vector. snd.ptr[i] is the index of the first processnumberin
snd.proc which is to besenttheindex snd.ind[i].

snd.cnt (arrayof integer)
A vectorgiving the numberof processeseachindex is to be sentto. snd.cnt[i] is the numberof
processesin snd.proc to besentindex snd.ind[i].

snd.proc (arrayof integer)
A vectorof processnumbersto besenteachindex. Theprocessnumbersarefirst orderedby index
numberandthentheprocessesfor eachindex arearrangedin increasingorder.

Thereceive entriesaredifferentfrom thesendentries:

rcv.nind (integer)
Thenumberof indiceswhich thisprocessmustreceive.

rcv.ind (arrayof integer)
A vectorcontainingtheindiceswhich this processmustreceive arrangedin ascendingorder.

rcv.pind (arrayof integer)
A vectorof logical permutedindicesof elementsto be received from otherprocesses.The indices
areunordered.This vectoris requiredby someprocedureswhich needto know both the physical
index of an item, givenin rcv.ind, andthe logical index of the item afterpermutationsareapplied,
givenhere.rcv.ind[i] is thephysicalindex of theelementwith logical permutedindex rcv.pind[i]. See
Section2.4for moredetailsaboutpermutations.

rcv.proc (arrayof integer)
A vectorof processnumbersindicatingwhereeachindex is to bereceivedfrom. Index rcv.ind[i] is to
bereceivedfrom processrcv.proc[i].

The two communicationpropertystructuresdescribedabove canbe usedfor generalpurposecom-
municationpatterns.Specificinstancesof thesestructuresareusedto hold the communicationspatterns
requiredby differentLibrary procedures.To distinguishbetweenthe differentinstances,the headertag
entryis used.Currentlythreespecificinstancesaredefinedby tags:

DDL COMM PX row communicationpattern;matrix-vectormultiply
andtriangularsolve

DDL COMM PY columncommunicationpattern;matrix-vectormul-
tiply

DDL COMM IND columncommunicationpattern;triangularsolve

AppendixA describesmorefully the useof communicationpropertiesin the matrix-vectormultiply
procedures.
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3.5 Permutation property

A permutationpropertycanbeassociatedwith eachdimensionof any distributedobject. Currentlyonly
thesparsematrixobjecttypemakesuseof permutationproperties.Dif ferentinstancesof apermutationare,
like otherpropertytypes,identifiedby differenttag values.Thesparsematrix objectmayhave a total of
four differentpermutations:arow permutation(andits inverse)andacolumnpermutation(andits inverse).

DDL PX row permutation
DDL PY columnpermutation
DDL IPX inverserow permutation
DDL IPY inversecolumnpermutation

A permutationis representedby adistributedvectorobject,DDL Vec, thesamesizeasthedimensionof
theobjectto bepermuted.Eachentryin thepermutationvectorspecifiesthelogical index of theassociated
physicalindex of theobject.SeeSection2.4for adescriptionof permutations.

3.6 Examplesparsematrix data structur e

Figure3.7 shows an exampledatastructurefor a sparsematrix distributedobject. As well asthe basic
sparsematrix datastructure,consistingof threedistributedvectors,thestructurealsoincludesa property
list. This propertylist hasprocess-orderedcommunicationsproperty, an index-orderedcommunications
property, anda permutationproperty.

Anotherexampleof a typical sparsematrix structuremight be that of the matrix usedin the tfqm-
rnc solver exampleprogramprovided with the SparseDDL. This matrix structureincludesa DDL Glob
communicationspropertyfor usein thematrix-vectormultiply andtriangularsolve procedures,aDDL Ind
communicationspropertyfor the triangularsolve, andup to threeDDL Vec permutationpropertiesfor a
row, columnandinverserow permutation.
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Chapter 4

The futur e of the DDL

Work on thedesignof a distributeddatalibrary beganat Liverpoolduring theEspritSupernodeI project
in 1988. Back then, the work wasbasedaroundOCCAM andtransputers.In the following years,the
library work progressedthrougha numberof stages. The implementationlanguagehaschangedfrom
OCCAM, to FORTRAN and OCCAM, to FORTRAN and C. The communicationshasmoved from
OCCAM channelsto PVM andthento MPI. Thecurrentimplementation,writtenmainly in C with high-
level FORTRAN proceduresandusingthe MPI system,is portableandusesmainstreamlanguages,and
providesa goodfoundationfor developmentover thenext few years.

Thedevelopmentof paralleliterativesolversusingtheDDL, andtheirincorporationintoanoil reservoir
simulationpackage,within thePARSIM project,hasdemonstratedthat thebasicLibrary designis usable
andflexible. In orderto developtheLibrary furtherit is essentialto getotherapplicationdevelopersusing
theLibrarysothatthestrengthsandweaknessesof theLibrarycanberevealedto directfuturedevelopment
work.

At this stagetherearealreadya numberof areaswherefuturework is desirable:

C performancetestingona rangeof currentparallelmachines,

C addingsupportfor densematrices,

C providing full supportfor moresparsematrix formats,asdescribedin theUserGuide[1],

C investigatingnew high-level objects,suchastheLU factoredmatrix,

C investigatingnew objectproperties,

C increasingtherangeof high-level operationssupported,

C investigatingintegrationof theLibrary with HPF.

18



Appendix A

ExampleDDL procedure: sparse
matrix-v ector multiply

Thischapterdescribesthesparsematrixdensevectormultiply proceduresfrom theDDL asanexampleof
theway in whichDDL proceduresmaybewritten. Theseproceduresarelistedin full in SectionA.2. The
next sectioncommentsonthematrixvectorcode,describingthecodestructureandhighlighting important
features.Thecodemakesuseof many DDL procedures.Someof theseproceduresarefrequentlyusedin
user-level programsandaredescribedin theDDL User’s Guide[1]. Otherlow-level procedureshave no
documentationotherthanthecommentsin theDDL sourcecodefor theprocedure.A Library writer will
thereforeneedto bereasonablyfamiliar with thesourcefor theexisting procedures,which provide much
of thefunctionalityrequiredby a generalLibrary procedure.

A.1 Description

Thesparsematrixdensevectormultiply maybewrittenas

D �FEHGJILKNM D

where G is thesquare,sparsematrix; I is the initial densevector; D is theresultvector;and E and M are
constants.Thesethreedistributedobjectsmustall bedistributedover thesameprocesses,usingthesame
MPI communicator.

The sparsematrix-vectormultiply proceduresassumethat the matrix is distributedby rows, andal-
low the rows and/orcolumnsto be permuted.The proceduresusethe propertylist both for the permu-
tation propertiesDDL PX andDDL PY, andfor the matrix-vectormultiply communicationpatternprop-
erties.ThecommunicationpatternsDDL COMM PX andDDL COMM PY arecalculatedby theprocedure
DDL Smv comm (lines5–148),whilst theactualmatrixvectormultiply is performedby DDL Smv (lines
151–355).For a givensparsematrix, DDL Smv comm only needsto becalledonceby a userprogram,
thenDDL Smv canbecalledany numberof timesprovidedthestructureof thematrix is not changed.

Thepropertylist proceduresare: DDL Create prop to adda propertyto the list; DDL Find prop to
find anexisting propertyin thelist; andDDL Free prop to remove apropertyin thelist.

A.1.1 DDL Smv comm

Thisprocedurecalculatesthecommunicationspropertiesfor thesparsematrix,andonly needsto becalled
onceprovidedthestructureof thematrix is notchanged.

Theprocedurestartswith somerudimentaryerrorchecking(lines17–26).Lines28–38extract impor-
tantinformationaboutthematrixusingproceduresdescribedin theUserGuide[1].

Lines40–91calculatethecolumncommunicationpatternpropertyDDL COMM PY. This patternrep-
resentsthe elementsof the initial densevector I that mustbe communicatedbetweenprocessesfor the

19



A. ExampleDDL procedure:sparsematrix-vectormultiply 20

matrix vectormultiply. If a processhasa nonzeromatrix elementin column 3 thenthat processneeds
element3 of thevector I . DDL COMM PY is a datastructurethatholdstheinformationaboutwhich pro-
cessesneedwhich elementsof I andwhich processestheseelementsareheld on. This information is
held in the process-ordereddatastructureDDL Glob. SeeSections2.5 and3.4 for further detailsabout
communicationsproperties.

First theprocedurechecksif thepropertyalreadyexists(line41). If thepropertydoesnotexist thenit is
created(line 48)andspacefor thecommunicationsstructureis allocated(lines49–57).If thepropertydoes
alreadyexist thentheprocedurewill recalculatethecommunicationspropertyassumingthat theuserhas
changedthematrixstructure.Someof theallocatedarraysin thecommunicationsstructurearepotentially
very largeandto save memorythey aretruncatedto the minimum sizenecessaryoncethe structurehas
beencalculated.Therefore,beforerecalculatingthecommunicationpattern,theprocedurereallocatesthese
arraysto full size(lines60–65).

If the matrix hasa columnpermutation(checkedin line 70) thenthe proceduregetsa pointerto the
permutationvector data(line 73) and allocatesspacein the communicationspropertystructurefor the
permutedindex vector (lines 74–76). The procedureDDL Col is then called to calculatethe column
communicationpatternandstoreit in theallocatedarrays(lines78–86).Thearraysarethentruncatedin
lines88–91.

Lines93–146calculatethepossiblerow communicationpatternpropertyDDL COMM PX. Thispattern
representstheelementsof theresultvector D thatmustbecommunicatedbetweenprocessesfor thematrix
vectormultiply. This propertyis only requiredif thematrix hasa row permutation.For thematrixvector
multiply, if a processholdslogical row 3 of the sparsematrix thenthat processwill calculateelement3
of the resultvector D . Before the multiply startstheseelementsof D mustbe fetchedfrom their owner
processesandwhenthemultiply is complete,theupdatedelementsof D mustbereturnedto their owners.
DDL COMM PX is a datastructurethatholdsthe informationaboutwhich processeswill calculatewhich
elementsof D andwhich processestheseelementsmustbereturnedto. This informationis againheldin
theprocess-ordereddatastructureDDL Glob.

Lines 95–96checkfor a row permutation. If noneexists then nothing needsto be done. If there
is a permutationthenthe communicationsstructureis calculatedusingcodevery similar to that already
describedfor thecolumnpermutation.

A.1.2 DDL Smv

Thisprocedureperformstheactualmatrixvectormultiply.
Lines177–209performcheckson theparametersto ensurethey arecompatible.Thesechecksinclude

checkingthat all objectshave the samedatatype(lines 189–191);the objectshave compatibledimen-
sions(lines 192–194);the objectshave the sameMPI communicator(lines 197–204);andthe matrix is
distributedby rows(lines206–209).

Lines211–222extractimportantinformationabouttheobjects.
Lines224–228checkwhetherthematrix-vectormultiply communicationspropertieshave beencalcu-

latedalready. If they have not, thenthey arecalculatedhere.
Lines230–245getpointersto therow andcolumncommunicationsstructuresDDL Glob.
Thematrixvectormultiply resultelementsarestoredin atemporaryvectoroneachprocess(line 248).
Lines 250–275fetch the requiredinitial elementsof the result vector to eachprocessif thereis a

row permutation. This makesuseof the row communicationdatastructureDDL COMM PX calculated
by DDL Smv comm. Firstly, two temporarybuffersareallocatedon eachprocess(lines252–256):one
buffer yrcv buf will hold the initial valuesof the resultvectorsentfrom otherprocesses;while the other
buffer ysnd buf will hold theelementsof thevectorthat this processmustsendto otherprocesses.Lines
258–260packthevectorelementsinto the sendbuffer asdirectedby thecommunicationsdatastructure.
Lines 261–170thenperforma collective all-to-all communicationoperationDDL Alltoallvs usingthese
databuffersandtheinformationin thecommunicationdatastructure.After thecommunicationoperation
theinitial resultvectorelementsin thereceive buffer areunpackedinto the temporaryresultvector(lines
272–274).

If thereis no row permutationthenlines 277–279copy the initial resultvaluesfrom the distributed
resultvector D to thetemporaryresultvector.
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Lines 282–307fetchelementsof the I vectorusingthe columncommunicationsdatastructure.The
codeis verysimilar to thecodewhichfetchestheinitial resultvalues.

A local sparsematrix-vectormultiply is performedin lines309–313usingthelocal sparsematrix, the
temporaryinitial D valuesandthetemporaryI values.

Lines315–342updatethedistributedD vectorwith theresultvalues.If therewasarow permutationthen
lines315–337returnthecalculatedresultelementsto theirownerprocessesusingtherow communication
datastructureandthecollective communicationDDL Alltoallvs. Otherwise,theprocedurejust copiesthe
new resultvaluesinto theresultvectorobject(lines338–342).

Theremaininglines344–354just tidy upby freeingthetemporaryarraysallocatedby theprocedure.

A.2 Listing

1 /* sparse matrix vector multiply with permutations */
2 /* assumed row packed format */
3
4 /* calculate communication pattern for sparse matrix-vector multiply */
5 int DDL_Smv_comm(DDL_Object a)
6 {
7 int ierr = DDL_SUCCESS;
8 int nproc, proc, dummy, offset, ret;
9 int rcv_tot_data, snd_tot_data;

10 int *ia, *ja, *py, *px, *tmp;
11 int nr, nc, n, size[3], i, j, low, high, subtype;
12 int format, block;
13 MPI_Comm comm;
14 DDL_Prop p;
15 DDL_Glob g;
16
17 /* check parameters */
18 if (a == NULL) {
19 ierr = DDL_Error(DDL_ERR_UNALLOCATED, DDL_ERR_HARD, DDL_SMV_COMM);
20 if (ierr > 0) return ierr; /* cleanup and exit with error */
21 }
22 /* only packed rows supported at the moment */
23 ierr = DDL_Format_sparse(a, &format);
24 if (format != DDL_PCK_ROW) {
25 ierr = DDL_Error(DDL_ERR_IFORMAT, DDL_ERR_HARD, DDL_SMV_COMM);
26 return ierr;}
27
28 ierr = DDL_Get_ia(a, &ia);
29 ierr = DDL_Get_ja(a, &ja);
30 ierr = DDL_Gsize_sparse(a, size);
31 nr = size[0]; /* total number of rows */
32 nc = size[1]; /* total number of columns */
33 ierr = DDL_Size_sparse(a, size);
34 n = size[0]; /* number of rows I have */
35 ierr = DDL_Block_sparse(a, &block);
36 ierr = DDL_Comm(a, &comm);
37 ierr = MPI_Comm_size(comm, &nproc);
38 ierr = MPI_Comm_rank(comm, &proc);
39
40 /* create COMM_PY global comms data structure for matrix */
41 ierr = DDL_Find_prop(a, DDL_COMM_PY, &p);
42 if (ierr != DDL_SUCCESS) {
43 ierr = DDL_Error(ierr, DDL_ERR_HARD, DDL_SMV_COMM);
44 if (ierr > 0) return ierr; /* cleanup and exit with error */
45 }
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46 if (p == NULL) {
47 /* create communication structure */
48 ierr = DDL_Create_prop(a, DDL_COMM_PY, &p);
49 g = (p->data);
50 g->rcv.proc = malloc(nproc*sizeof(int));
51 g->rcv.ind = malloc(nc*sizeof(int));
52 g->rcv.cnt = malloc(nproc*sizeof(int));
53 g->rcv.ptr = malloc((nproc+1)*sizeof(int));
54 g->snd.proc = malloc(nproc*sizeof(int));
55 g->snd.ind = malloc(n*nproc*sizeof(int));
56 g->snd.cnt = malloc(nproc*sizeof(int));
57 g->snd.ptr = malloc((nproc+1)*sizeof(int));
58 }
59 else {
60 /* structure already exists-just make ind vectors full size */
61 g = (p->data);
62 free(g->rcv.ind);
63 free(g->snd.ind);
64 g->rcv.ind = malloc(nc*sizeof(int));
65 g->snd.ind = malloc(n*nproc*sizeof(int));
66 }
67
68 /* calculate column communications
69 ie which elements of result vector x I need */
70 ierr = DDL_Find_prop(a, DDL_PY, &p);
71 py = NULL;
72 if (p != NULL) {
73 ierr = DDL_Get_vector(p, &py);
74 /* allocate space for permuted receive index vector */
75 free(g->rcv.pind); /* in case there was an old vector */
76 g->rcv.pind = malloc(nc*sizeof(int));
77 }
78 ierr = DDL_Col(ia, ja, n, nc, block, py,
79 proc, nproc, comm,
80 &(g->rcv.nproc), &(g->snd.nproc),
81 &rcv_tot_data, &snd_tot_data,
82 g->rcv.proc, g->snd.proc,
83 g->rcv.ptr, g->snd.ptr,
84 g->rcv.cnt, g->snd.cnt,
85 g->rcv.ind, g->snd.ind,
86 g->rcv.pind);
87
88 /* now truncate rcv.ind, and snd.ind since these are *BIG* */
89 ierr = DDL_Truncate(&(g->rcv.ind), rcv_tot_data);
90 ierr = DDL_Truncate(&(g->snd.ind), snd_tot_data);
91 if (py != NULL) ierr = DDL_Truncate(&(g->rcv.pind), rcv_tot_data);
92
93 /* look at row swapping;
94 if no row permutation vector px then skip this */
95 ierr = DDL_Find_prop(a, DDL_PX, &p);
96 if (p != NULL) {
97 ierr = DDL_Get_vector(p, &px);
98 /* need COMM_PX row data structure for elements of RHS vector b */
99 /* create COMM_PX comms data structure for matrix */
100 ierr = DDL_Find_prop(a, DDL_COMM_PX, &p);
101 if (ierr != DDL_SUCCESS) {
102 ierr = DDL_Error(ierr, DDL_ERR_HARD, DDL_SMV_COMM);
103 if (ierr > 0) return ierr; /* cleanup and exit with error */
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104 }
105 if (p == NULL) {
106 /* create communication structure */
107 ierr = DDL_Create_prop(a, DDL_COMM_PX, &p);
108 g = (p->data);
109 g->rcv.proc = malloc(nproc*sizeof(int));
110 g->rcv.ind = malloc(n*sizeof(int));
111 g->rcv.pind = malloc(n*sizeof(int));
112 g->rcv.cnt = malloc(nproc*sizeof(int));
113 g->rcv.ptr = malloc((nproc+1)*sizeof(int));
114 g->snd.proc = malloc(nproc*sizeof(int));
115 g->snd.ind = malloc(n*nproc*sizeof(int));
116 g->snd.cnt = malloc(nproc*sizeof(int));
117 g->snd.ptr = malloc((nproc+1)*sizeof(int));
118 }
119 else {
120 /* structure already exists-just make ind vectors full size */
121 g = (p->data);
122 free(g->rcv.ind);
123 free(g->rcv.pind);
124 free(g->snd.ind);
125 g->rcv.ind = malloc(n*sizeof(int));
126 g->rcv.pind = malloc(n*sizeof(int));
127 g->snd.ind = malloc(n*nproc*sizeof(int));
128 }
129
130 /* calculate row communications
131 ie which elements of RHS vector b I need */
132 ierr = DDL_Row(ia, ja, n, nr, block, px,
133 proc, nproc, comm,
134 &(g->rcv.nproc), &(g->snd.nproc),
135 &rcv_tot_data, &snd_tot_data,
136 g->rcv.proc, g->snd.proc,
137 g->rcv.ptr, g->snd.ptr,
138 g->rcv.cnt, g->snd.cnt,
139 g->rcv.ind, g->snd.ind,
140 g->rcv.pind);
141
142 /* now truncate rcv.ind and snd.ind since these are *BIG* */
143 ierr = DDL_Truncate(&(g->rcv.ind), rcv_tot_data);
144 ierr = DDL_Truncate(&(g->snd.ind), snd_tot_data);
145 ierr = DDL_Truncate(&(g->rcv.pind), rcv_tot_data);
146 }
147 return ierr;
148 }
149
150 /* parallel sparse matrix, dense vector multiply */
151 int DDL_Smv(DDL_Object sp, DDL_Object x, DDL_Object y,
152 double alpha, double beta)
153 {
154 int ierr, i, j, low, high, next, ret;
155 int x_size, x_itype, x_offset, y_offset;
156 MPI_Comm x_comm;
157 MPI_Datatype x_type;
158 void *x_data;
159 int y_size, y_itype;
160 MPI_Comm y_comm;
161 MPI_Datatype y_type;
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162 void *y_data;
163 int sp_size[3], sp_itype;
164 MPI_Comm sp_comm;
165 MPI_Datatype sp_type;
166 int *ia, *ja;
167 void *a, *tmp, *res, *ysnd_buf, *yrcv_buf, *snd_buf, *rcv_buf;
168 int *snd_cnt, *rcv_cnt;
169 int format, size;
170 MPI_Aint typesize;
171 int n, m, nelt;
172 DDL_Prop p, p1;
173 DDL_Glob gx, gy;
174
175 ierr = DDL_SUCCESS;
176
177 /* check input parameters */
178 ierr = DDL_Gsize_vector(x, &x_size);
179 ierr = DDL_Gsize_vector(y, &y_size);
180 ierr = DDL_Gsize_sparse(sp, sp_size);
181 m = sp_size[1];
182 ierr = DDL_Type_vector(x, &x_type);
183 ierr = DDL_Type_vector(y, &y_type);
184 ierr = DDL_Type_sparse(sp, &sp_type);
185 ierr = DDL_Comm_vector(x, &x_comm);
186 ierr = DDL_Comm_vector(y, &y_comm);
187 ierr = DDL_Comm_sparse(sp, &sp_comm);
188
189 if ((x_type != y_type) || (x_type != sp_type)) {
190 ierr = DDL_Error(DDL_ERR_ITYPE, DDL_ERR_HARD, DDL_SMV);
191 return ierr;}
192 if ((x_size != sp_size[1]) || (y_size != sp_size[0])) {
193 ierr = DDL_Error(DDL_ERR_ISIZE, DDL_ERR_HARD, DDL_SMV);
194 return ierr;}
195 /* check communicators are **identical**
196 same number of processes and ranking of processes */
197 ierr = MPI_Comm_compare(x_comm, y_comm, &ret);
198 if (ret != MPI_IDENT) {
199 ierr = DDL_Error(DDL_ERR_ICOMM, DDL_ERR_HARD, DDL_SMV);
200 return ierr;}
201 ierr = MPI_Comm_compare(x_comm, sp_comm, &ret);
202 if (ret != MPI_IDENT) {
203 ierr = DDL_Error(DDL_ERR_ICOMM, DDL_ERR_HARD, DDL_SMV);
204 return ierr;}
205
206 ierr = DDL_Format_sparse(sp, &format);
207 if (format != DDL_PCK_ROW) {
208 ierr = DDL_Error(DDL_ERR_IFORMAT, DDL_ERR_HARD, DDL_SMV);
209 return ierr;}
210
211 /* get pointers to raw data values */
212 ierr = DDL_Get_vector(x, &x_data);
213 ierr = DDL_Get_vector(y, &y_data);
214 ierr = DDL_Get_ia(sp, &ia);
215 ierr = DDL_Get_ja(sp, &ja);
216 ierr = DDL_Get_a(sp, &a);
217 ierr = DDL_Size_vector(x, &x_size);
218 ierr = DDL_Offset_vector(x, &x_offset);
219 ierr = DDL_Offset_vector(y, &y_offset);
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220 ierr = DDL_Size_sparse(sp, sp_size);
221 n = sp_size[0];
222 ierr = MPI_Type_size(x_type, &typesize);
223
224 /* check global comms. data exists, else create */
225 ierr = DDL_Find_prop(sp, DDL_COMM_PY, &p);
226 ierr = DDL_Find_prop(sp, DDL_COMM_PX, &p1);
227 if (p == NULL && p1 == NULL)
228 ierr = DDL_Smv_comm(sp);
229
230 /* get global comms strcutures */
231 ierr = DDL_Find_prop(sp, DDL_COMM_PY, &p);
232 if (ierr != DDL_SUCCESS) {
233 ierr = DDL_Error(ierr, DDL_ERR_HARD, DDL_SMV);
234 if (ierr > 0) return ierr; /* cleanup and exit with error */
235 }
236 gy = (DDL_Glob)(p->data);
237 ierr = DDL_Find_prop(sp, DDL_COMM_PX, &p);
238 if (ierr != DDL_SUCCESS) {
239 ierr = DDL_Error(ierr, DDL_ERR_HARD, DDL_SMV);
240 if (ierr > 0) return ierr; /* cleanup and exit with error */
241 }
242 if (p != NULL)
243 gx = (DDL_Glob)(p->data);
244 else
245 gx = NULL;
246
247 /* temporary buffer for result vector */
248 res = malloc(n*typesize);
249
250 /* get elements of result y I need for permutation */
251 if (gx != NULL) {
252 /* allocate temporary buffers */
253 size = gx->rcv.ptr[gx->rcv.nproc];
254 yrcv_buf = malloc(size*typesize);
255 size = gx->snd.ptr[gx->snd.nproc];
256 ysnd_buf = malloc(size*typesize);
257
258 /* pack ysnd_buf */
259 for (i=0;i<gx->snd.ptr[gx->snd.nproc];i++)
260 ((double*)ysnd_buf)[i] = ((double*)y_data)[gx->snd.ind[i]];
261 /* do alltoall */
262 ierr = DDL_Alltoallvs(ysnd_buf, gx->snd.nproc,
263 gx->snd.proc,
264 gx->snd.cnt,
265 gx->snd.ptr, x_type,
266 yrcv_buf, gx->rcv.nproc,
267 gx->rcv.proc,
268 gx->rcv.cnt,
269 gx->rcv.ptr, x_type,
270 sp_comm);
271
272 /* unpack yrcv_buf to res */
273 for (i=0;i<gx->rcv.ptr[gx->rcv.nproc];i++)
274 ((double*)res)[gx->rcv.ind[i]-y_offset] = ((double*)yrcv_buf)[i];
275 }
276 else {
277 /* gx == NULL just copy my elements of y */
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278 for (i=0;i<n;i++)
279 ((double*)res)[i] = ((double*)y_data)[i];
280 }
281
282 /* now get elements of x I need */
283 /* allocate temporary buffers */
284 size = gy->rcv.ptr[gy->rcv.nproc];
285 rcv_buf = malloc(size*typesize);
286 size = gy->snd.ptr[gy->snd.nproc];
287 snd_buf = malloc(size*typesize);
288 tmp = malloc(m*typesize);
289
290 /* pack snd_buf */
291 for (i=0;i<gy->snd.ptr[gy->snd.nproc];i++)
292 ((double*)snd_buf)[i] = ((double*)x_data)[gy->snd.ind[i]];
293
294 /* do alltoall */
295 ierr = DDL_Alltoallvs(snd_buf, gy->snd.nproc,
296 gy->snd.proc,
297 gy->snd.cnt,
298 gy->snd.ptr, x_type,
299 rcv_buf, gy->rcv.nproc,
300 gy->rcv.proc,
301 gy->rcv.cnt,
302 gy->rcv.ptr, x_type,
303 sp_comm);
304
305 /* unpack rcv_buf to tmp */
306 for (i=0;i<gy->rcv.ptr[gy->rcv.nproc];i++)
307 ((double*)tmp)[gy->rcv.ind[i]] = ((double*)rcv_buf)[i];
308
309 /* do matrix-vector multiply */
310 ierr = DDL_Smv_seq(n, m, ia, ja,
311 a, sp_type,
312 nelt, format, tmp, res,
313 alpha, beta);
314
315 /* send back elements of result vector if permutation */
316 /* opposite to fetching y values at start:
317 use rcv.ind to pack sending vector etc */
318 if (gx != NULL) {
319 /* pack yrcv_buf */
320 for (i=0;i<gx->rcv.ptr[gx->rcv.nproc];i++)
321 ((double*)yrcv_buf)[i] = ((double*)res)[gx->rcv.ind[i]-y_offset];
322
323 /* do alltoall sending rcv structure */
324 ierr = DDL_Alltoallvs(yrcv_buf, gx->rcv.nproc,
325 gx->rcv.proc,
326 gx->rcv.cnt,
327 gx->rcv.ptr, x_type,
328 ysnd_buf, gx->snd.nproc,
329 gx->snd.proc,
330 gx->snd.cnt,
331 gx->snd.ptr, x_type,
332 sp_comm);
333
334 /* unpack ysnd_buf to y_data */
335 for (i=0;i<gx->snd.ptr[gx->snd.nproc];i++)
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336 ((double*)y_data)[gx->snd.ind[i]] = ((double*)ysnd_buf)[i];
337 }
338 else {
339 /* gx == NULL just copy my result elements to y */
340 for (i=0;i<n;i++)
341 ((double*)y_data)[i] = ((double*)res)[i];
342 }
343
344 /* free temporary arrays */
345 if (gx != NULL) {
346 free(ysnd_buf);
347 free(yrcv_buf);
348 }
349 free(snd_buf);
350 free(rcv_buf);
351 free(res);
352 free(tmp);
353
354 return ierr;
355 }
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