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Chapter 1

Intr oduction

WARNING: This documentis the Technical Guide to version 2.1 of the DDL. The specification of
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 have beenwarned!

Any commentswill be gratefully received..and maybeevenactedupon!

This documentescribeshe SparseDistributedDataLibrary (SparseDDL, or simply DDL), alibrary
intendedo easdahedevelopmenbf parallelsparsenatrixapplications Thisdocumentescribeshedesign
of theLibrary andits datastructuresandshons how Library proceduresnay bewritten. It shouldberead
in conjunctionwith theLibrary Users Guide[1] which detailsthe high-level userinterfaceto the Library.
TheSparsdDL is built onalibrary providing core2 dimensionatistributedobjectsfor imageprocessing
applicationd2].

The documentis arrangedas follows. The next chaptergivesan overview of distributed objectsas
implementedby the DDL. Thenin Chapter3 we describehe datastructureausedto implementthe hier-
archical,distributedobjectmodel. Finally, in Chaptei4 we sketchout waysin which the DDL could be
enhancedn thefuture. Descriptionf two of the high-level procedureéncludedin the DDL aregivenin
AppendixA. Thesedescriptionareintendedo illustratehow Library proceduresnay bewritten.



Chapter 2

Distrib uted objects

TheDDL usegheconcepbf opaqueobjectsfor the distributeddatastructureghatit supportsThismeans
that,in generaltheuserdoesnot have directaccesso DDL data,but insteadmanipulateshe datathrough
callsto DDL proceduresThis hidesthe detailsof the implementatiorof the datastructuresallowing the
implementatiorto be changedt a later date,andalsohelpsto avoid errorsdueto userprogramming.The
userpasses DDL objectto a procedureby providing a handleto thatobject. The DDL managesystem
memory allocatingspacefor new objectsanddeallocatinginwantedbjects.TheDDL alsoallowsauser
to have directaccesso theraw datavaluesof a distributedobject.

The DDL supportssereral differenttypesof distributed objectsand allows new typesto be added.
Currently the DDL supportsrectorandsparsematrix distributedobjects.Eventuallywe intendto support
densematricesaswell.

For eachtype of objectthe DDL may supporta numberof differentformats. Eachof the different
formatsspecifieghe particulardatastructurethat shouldbe usedto representhe object. The featuresof
thedifferentdatastructuresnay makeonestructurebetterthananotherfor a particularapplication. Thus
thechoiceof datastructures left to the user sothathe canselectthe optimalstructurefor his application.
However, oneof theaimsof theDDL is to hidethedetailsof the datastructureandthe datamanipulations
requiredto performan operation.HenceDDL procedureshouldacceptobjectsof ary type compatible
with the specifiedoperation. As examples,l/O procedureshouldbe ableto readandwrite ary of the
objecttypes,anda matrix-vectormultiply procedureshouldacceptoth denseandsparsenatricesof ary

type.

2.1 Basicobjecttypes

2.1.1 Densevectors

Densevectorobjectsof typeDDL_Vec aresupported.

2.1.2 Sparsematrices

TheDDL supportsasparsanatrix object,DDL_Spa. Currently sparsematricesmustbesquare.

Singleprocesssparsematrices

On a single procesghreevectorsare usedto represent sparsematrix, i a, j a anda. i a andj a are
vectorsof type integer anda is a vectorof type real or double. Thesethreevectorsareusedfor three
maindatastructuredor sparsedatacalledthetriad, row packedandcolumnpackeddatastructures.

With triad format, elementd a(j ) andj a(j ) containthex andy indicesof the matrix coeficient
valuein a(j ) (seeFigure2.1). Theelementsaareunordered.

In therow packedormat(seeFigure2.2), i a containsa setof pointers,onefor eachrow of thesparse
matrix. Thesepointerspointinto thej a anda vectorsto the startof matrix elementsn thatrow of the
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Figure2.2: Row packedormat

matrix. a againcontainghe coeficientvaluesfrom the matrixandj a containsghe columnindicesfor the
coeficients. Elementswithin eachrow areorderedrom lowestcolumnnumberto highest.

In thecolumnpackedormatj a containsasetof pointersto the startof eachcolumnin i a anda, and
i a containgherow indicesof the coeficientsstoredin a. Elementswithin eachcolumnareorderedrom
lowestrow numberto highest.

In the row (and column) packedformats,for a matrix with n rows (columns)andnel t non-zero
elementghepointervectorhaselemenin+1 settonel t +1.

Distrib uted sparsematrices

Distributedsparsematrix objectsareof type DDL_Spa.

Thedistributedsparsematrix formatsarebasedn the singleprocessparsematrix formats.

Currently theonly fully supportedormatis thepackedow distributedsparsenatrixformat,DDL_PCK_ROW.
Mary otherdistributedsparsematrix formatshave beenproposedncluding paddedformats,whereeach
row (or column)of thematrixis paddedutwith extraemptyslotsfor laterfill-in, andtriad formats,where
elementsarestoredastriads. The UserGuide[1] includesmoredetailsof theseproposedormats.

The distributedrow packedsparseformatis basedon the row packedformat (seeFigure2.3). The
sparsamatrixis distributedovertheprocesseby wholerows, with eachproces$ioldingablock of adjacent
rows. On eachprocesghe rows are storedin the single processow packedformatwith minor changes.
Thevariablesn andnel t now referto the numberof rows held on a processandthe numberof elements
on that procesgespecitiely. i a only haspointersfor rows held by a processwith the rows renumbered
locally from one.

2.2 Distributions

All the objectsthatthe DDL supportshave the samegeneraldistribution pattern(seeFigure2.4). This
distributionis a subsef thedistributionsprovidedby HPE
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Thedistribution of avectorof lengthn from aprogramrunningon p,., processes asfollows. The
vectoris partitionedinto blocksof contiguouselementswith all processe$ut the last having the same
numberof elements.This might meanthatnot all of the ..., processesanbe used. The size of these
blocksis b = [n/pmas|. The actualnumberof processeshat canbe usedis thenp = n/b. Thelast
processlockis of sizen — b(p — 1).

A matrix may be distributed by either rows or columns. The rows (or columns)of the matrix are
partitionedinto contiguoushlocksin the samemannerasfor avector

The block sizeusedby this distribution doesnot provide the mosteven balanceacrosshe processes.
Neitherdoesit alwaysmakeuseof all the availableprocessesHowever, in mary instancedt is the easiest
partitioningto work with sinceyou know thatall usedprocessesxceptthelasthave the sameblock size.

Objectscanalsobedistributedusinga parametemblock, which specifieghatblocksof block contiguous
elementsare indivisible. This forcesthe distribution mechanismnto partition the dimensioninto blocks
which area multiple of block in size.

2.3 Properties

It is often usefulto be able to associaténformation or propertieswith a distributed object. The DDL
implementsa propertylist to allow the userto specify optional propertiesfor an object. The Library
providesprocedureso add,find andremove propertiedrom the propertylist. Propertiesanincludesuch
thingsaspermutationgSectiori2.4) andcommunicatiorpatterngSectiori2.5).

The propertylist alsoallowsthe userto extendthefunctionalityof theLibrary by definingnew proper
tiesfor distributedobjects(seeSectior2.€).

For moreinformationaboutthe propertylist seeSectior3.3.

2.4 Permutations

The DDL implementsa permutatiorpropertywhich allows the userto specifya reorderingof anobject’s
data.Thepermutatiorspecifiesa 1-to-1mappingbetweertheindicesof anobject'sdatain physicalstorage
andthelogical dataindices. The physicalindex of anelements theindex usedto locatethat elementin
distributedmemory Thelogical index of an elementis the “mathematical’index for that element. For
example, the elementof a vector v(i), hasa logical or mathematicaindex ¢, but this elementmight be
mappedo a physicalstoragdocationwith index j, i.e., v(j). A permutatioris representetly a vectorp
suchthatp(:) specifieghelogicalindex of physicalindex i.

Currently only the sparsematrix objectmakesuseof this property allowing the userto specifya row
and/orcolumnpermutatiorfor the matrix. Permutingthe rows and/orcolumnsof a sparsematrixis often
usefulto getthenonzerosnto a structurethatis moresuitedto theapplication.

Note that specifyinga permutatiorpropertydoesnot causethe object’s datato beredistritutedusing
the new indices. The physical storageremainsthe same,with the permutationproperty specifyingthe
new logical indices. This avoids a potentially very costly communicatioroperation. It would be useful
to have proceduresvhich redistributedthe dataaccordingto a given permutatiorbut thesehave not been
implementedyet.

Notealsothatnotall DDL proceduresisethelogicalindicesgivenby the permutatiorpropertiesThe
mathematicaproceduressuchasmatrix-vectormultiply andtriangularsolve, do usethe logical indices,
but the I/O procedurestill usethe physicalindices.

Permutationsnay increasethe costof an operationsuchasthe matrix-vector multiply or triangular
solve. Thisis because¢heregularalignmentof elementgivenby theinitial distribution maybelostonce
a permutatioris applied. Thusmorecommunicatiormaywell be requiredto fetchall the datathata pro-
cedureneeds.Theincreasdn costwhenpermutationsreappliedwill vary from procedureo procedure
andbetweerdifferentpermutationsin view of this, it maybeworth consideringpermutingtheentireinput
dataset. Thusthe datais distributedin its permutedorm andno additionalpermutatiorpropertiesarere-
quired.Now the procedureganusethe moreefficientnon-permutedlgorithms.If differentpermutations
arerequiredat differentpointsin anapplicationthe permutatiorpropertieccanbechangedaccordingly
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For moreinformationabouttheimplementatiorof permutationseeSectior3.5.

2.5 Communication patterns

Communicatiorsystemdor distributedmemoryparallelsystemssuchasMPIl andPVM, have recognised
the needfor flexible, efficient, generalpurposecommunicationprocedures.In particular thesesystems
provide all-to-all collective operationghat exchangeblocks of contiguouselementshetweenprocesses.
However, for sparsematrix communicationshe elementsare usually not contiguousin memory Using
MPI or PVM, the sendemustthereforeprepackthe scatterecelementsnto a buffer beforecalling the
communicatiorprocedure.The recever might thenhave to unpackthe elementsrom the receve buffer
beforecontinuing. Recognisinghat suchoperationsare very commonin sparsematrix applicationshe
DDL definescommunicatiorpropertiedor sparsematrix objects. The communicatiorpropertieprovide
the datanecessaryo invokeanall-to-all collective communicatiorof scatteredlataelements Associated
with thecommunicatiorpropertydatastructuress the DDL all-to-all collective communicatiorprocedure.

By holdingthesecommunicatiorpatternsasobjectpropertieghey canbe calculatedonceat the start
of a userprogramandthenreusedeachtime the relevant Library procedurds invoked. This reduceshe
run-timeof a programat the expenseof morememory

The communicationpatternscan be describedas follows. Eachprocessoccupiedby an objecthas
a numberof dataitems (thesemight be elementsof a vectorfor example). The communicatiorpattern
specifiesfor eachprocessa subsetof thesedataitems which shouldbe sentto eachother process. A
procesansenddifferentdatasubsetso differentprocesseincludingan emptyset. The datastructure
holdstheindicesof dataitemsto besentto eachprocess.

Thesedatastructuresreintendedo begenerapurposebut anumberof slightly differentcommunica-
tion datastructuresnay be requiredby differentapplications.Currently the Library definestwo commu-
nicationpropertystructurespnewith the informationorderedby processiumber andthe otherwith the
informationorderedby index number

For moreinformationabouttheimplementatiorof communicatiorpropertiesseeSectior3.4.

2.6 Extending DDL objects

Currently only a smallnumberof distributedobjectsaresupportedbut the designof theDDL is intended
to be flexible andallow for enhancement® the datastructures.Theseenhancementsantakeplaceon
two levels. Firstly, eachDDL objectincludesa propertylist (seeSection2.3), which allows the userto
associatgarticularpropertieswith a distributedobject, suchasa permutation. The propertylist allows
the userto extendthe functionality of the Library by definingnew propertiedfor distributedobjects. For
example futuresolverswill neednen communicationstructures.

Thesecondvay in which ausercanextendtheLibrary is by definingnew high-level distributedobject
types. Thesenew objectsaredefinedin termsof the existing distributedobjects.Definingnew high-level
objectscanbeusedto hidedatacompleity from thecalling program.For example,if anapplicationneeds
to manipulatea matrix in its LU factorizedform thena new DDL sparsematrix distributedobjectcanbe
definedwhich containsthe sparsd. andU sub-matricesA possiblestructurefor this objectis shovn in
Figure2.5. (SeeChapter3 for afull descriptiorof the datastructures.)

Thuswe seethatobjectscanbe extendedn two directions.First, anobjectcanbe extendedby adding
new propertiego the propertylist. Thesepropertiesall applyto the basicobjectpropertyat theheadof the
propertylist. The seconddirectionof extensionis hierarchical:new objectsdefinedin termsof existing
objects. In this casethe highest-leel objectcontainsembeddedub-objectsvhich mayin turn contain
moresub-objects.This resultsin a treestructureof objects.Eachnodein this tree,an entireobject,may
includeits own propertylist. How, andwhether object propertiesin the tree are appliedto objectsat
different(lower) levelsof thetree,for exampleto createdefaultpropertiesjs notyet certain.Thework on
thisaspecobf DDL objectsis only beginning.
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Chapter 3

Data structures

The SparseDDL is basedon a numberof basicdatastructuresusedto representhe distributed objects
which the users programmanipulates This chapterdescribeshosedatastructuresandshovs how these
structurecanbeusedto enhanceheLibrary.

A DDL distributedobjectis representetdy a groupof datastructuresvhich specify propertiesof the
distributedobject. Thenumberandtype of propertiedor ary objectmayvary, but all objectsarebuilt from
thesamebasesetof propertydatastructures.

3.1 The header

Every propertydatastructurestartswith a headermrecord,DDL_Prop, which identifiesthe propertyand
thusthe datastructure(Figure3.1). Theentriesaredefinedasfollows:

type (integer)
Thetype of the property This is usedto identify the propertythatis passedo a Library procedure
sothattheappropriatectioncanbetaken.Currentlysupportedzaluesare:

DDL_PROP_VECTOR densevector

DDL_PROP_SPARSE sparsematrix

DDL_PROP_GLOB communicationpattern(procesrdered)
DDL_PROP_IND communicationpattern(index ordered)

Thereis adifferentvaluefor eachdifferentpropertydatastructure.Somepropertyvaluesrepresent
distributedobjects(suchasvectorsandmatriceslandothervaluesrepresenpropertiesof distributed
objects(suchascommunicatiorpatterns) New propertytypescanbedefinedto extendthefunction-
ality of theLibrary (seeSectior2.€).

tag (integer)
Thetag field is usedto give a uniquenameto a propertyof anobject. Thisis neededinceanobject
may have severalpropertief thesameype eachrepresentinglifferentpropertief theobject. For

type
tag

prop
data

Figure3.1: Headerecord
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data
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image —»

DDL_Vector

Figure3.2: Vectordatastructure

examplea sparsematrix may requiretwo DDL_PROP_VECTOR propertiesto specifythe row and
columnpermutation®f the matrix. Currentlysupportedraluesare:

DDL_PX row permutatiorfor a matrix

DDL_PY columnpermutatiorfor amatrix

DDL.IPX inverserow permutatiorfor a matrix

DDL.IPY inversecolumnpermutatiorfor a matrix

DDL_.COMM_PX row communicatiorpatternfor matrix-vectormulti-
ply

DDL_COMM_PY column communicationpattern for matrix-vector
multiply andlinearequationsolver

New tagscanbedefinedto extendthefunctionality of theLibrary.

prop (pointer)
Thepointerto the next propertydatastructurein the propertylist.

data (pointer)
Thepointerto thetype -specificrecordcontainingthe actualpropertyinformation.

Thehandleauserprogramhasfor a distributedobjectis a pointerto the propertyheaderecordfor the
object.

3.2 Basicdistrib uted objects

The currentLibrary 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 identicalto the headerDDL_Prop and may
be usedinterchangeablyThe Library usesdifferenttypesto improve the readabilityof the code. Users
areencouragedo usethetypesDDL_Vec andDDL _Spa. All Library proceduredave parametersf type
DDL_Object. Someprocedurepermitbothvectorandmatrix objectparametersvhilst othersmayaccept
morethanoneobjecttypein thefuture. All procedureshouldcheckthe headeffield objecttype (with the
DDL_Objecttype procedurepf anobjectto ensurghatthe objectis of the correcttype. This checkis not
currentlyimplemented.

DDL_Vec andDDL_Spa consisbf aheaderecordDDL_Prop with thedata entrypointingto aDDL_Vector
andDDL _Sparse datastructurerespectiely. Thesedatastructuresareshavn in Figures3.2and3.3

Thedistributedvectorentriesaredefinedasfollows:

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

block (integer)
Theblocksizeusedin calculatingthedistributionof thevector Elementof thevectorareallocated
to processes blocksof sizeblock.

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

Thesparsenatrix distributedobjectis anexampleof how the Library canbe extendedby definingnew
objecttypesin termsof existing objecttypes.In this casethe new sparsematrix objectis definedin terms
of thedensevectorobject. Anotherexampleof extendingthe Library is givenin Sectior2.€.

The sparsematrix entriesaredefinedasfollows:

comm (handle)
The MPI communicatofor the object.

type (integer)
Thedatatype of elementof the sparsematrix. Valid valuesare:

MPI_DOUBLE doubleprecisionfloatingpoint
MPI_FLOAT singleprecisionfloatingpoint

subtype (integer)
The subtypeof the matrix. Valid valuesare:

DDL_UPPER uppertriangularmatrix
DDL_LOWER lower triangularmatrix

All othervaluesareconsideredo be generakparsamatrices.
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format (integer)
Theformatof thesparsematrix. This entryspecifieshow the sparsenatrix datais storedin thethree
distributedvectorsa, ia andja. SeeSectior2.1.2.andtheUserGuide[1] for full details.

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

mxnelt (integer)
The maximumnumberof nonzercelementghatthe distributedobjectcanhold.

size[2] (arrayof integer)
size[0] givesthe numberof rows (columns)heldon this processsize[1] givesthe maximumnumber
of nonzercelementghatcanbe heldonthis process.

offset (integer)
Thenumberof thefirst row (column)heldonthis process.

block (integer)
Theblock sizeusedin calculatingthe distribution of the matrix. Rows (columns)of the matrix are
allocatedo processem blocksof sizeblock.

nelt (integer)
Thenumberof nonzercelementsurrentlyheld on this process.

a (DDL_Vec)
Thecoeficientvaluesfor thelocal sparsematrix elements.

ia (DDL_Vec)
Row indicesor pointersfor thelocal sparsematrix elements.

ja (DDL_Vec)
Columnindicesor pointersfor thelocal sparsematrix elements.

For moredetailsof the differentsparsematrix formatsseeSectior2.1.2andthe UserGuide[1].

3.3 The property list

Thetwo basicdistributedobjectdatastructureslescribedibove allow theuserto defineadistributedobject
andfill it with datavalues.In additionto this basicinformationit is often usefulto be ableto associate
otherinformationor propertieswith the distributedobject. The DDL implementsa propertylist to allow
theuserto addandremove optionalpropertiego anobject.

The propertylist is a chainof propertydatastructuresconnectedy the prop pointerin the property
headerTheLibrary providesprocedureso add,find andremove propertiesrom the propertylist.

TheLibrary currentlyincludeswo differentpropertystructuresn additionto theDDL_Vec andDDL_Spa
objectstructures. TheseareDDL_Glob andDDL._Ind. Thesedatastructuresareidentifiedby the following
valuesfor the type entriesin the propertyheader:DDL_PROP_GLOB andDDL_PROP_IND. Thestructures
aredescribedn thefollowing sections.

The propertylist allows the userto extendthe functionality of the Library by definingnew properties
for distributedobjects(seeSectior2.€).

3.4 Communication properties

TheDDL_Glob andDDL.Ind propertiegseeFigures3.4and3.5) represengeneracommunicatiorpatterns
requiredfor Library proceduresBy holdingthesecommunicatiorpatternsasobjectpropertiegshey canbe

calculatedbnceat the startof a userprogramandthenreusedeachtime the relevantLibrary procedurds

invoked. Thisreducegherun-timeof a programat the expenseof morememory
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Figure3.4: Communicationslatastructure(procesordered)
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Figure3.5: Communicationslatastructure(index ordered)
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1 snd.nproc

snd.ptr

snd.ind

Figure3.6: DDL_Glob sendstructure

The communicationpatternscan be describedas follows. Eachprocessoccupiedby an objecthas
a numberof dataitems (thesemight be elementsof a vectorfor example). The communicatiorpattern
specifiesfor eachprocessa subsetof thesedataitems which shouldbe sentto eachotherprocess. A
procescansenddifferentdatasubsetso differentprocesseincludingan emptyset. The datastructure
holdstheindicesof dataitemsto besentto eachprocess.

Thedifferencebetweerthetwo propertystructuress theorderingof thecommunicationsTheDDL _Glob
structureordersthe communication®y processesrThusall theindicesof dataitemsto besentto aprocess
arestoredcontiguouslyin the structure.This structureis usefulwhenall the dataitemsfor a processare
availableat the sametime anda singlemessageontainingall thesedataitemscanbe sentto the process.
TheDDL.Ind structureordersthe communication®y the dataitem indices. Thusthe structurestorescon-
tiguouslythe numberof all the processewhichwill be sentadataitem. This structures usedwhendata
itemswill only be availableoneat atime andsoa smallmessageontainingthesingleitemis sentto each
process. This type of communicatioris clearly fine-grainedand shouldbe avoided where possible but
sometimest will berequiredfor examplein atriangularsolve procedure.

Figure3.€ illustratesthe useof the sendstructureof DDL_Glob. Thereceve structureis similar except
for theadditionof a permutedndex vectorpind. The sendentriesaredefinedasfollows:

snd.nproc (integer)
Thenumberof processewhich this processendsnessagew.

snd.proc (arrayof integer)
A vectorcontainingthe processiumbersof the processewhich this processendanessage.

snd.ptr (arrayof integer)
A vectorof indicesinto thesnd.ind vector snd.ptr(i] is theindex of thefirst elemenin snd.ind thatis
to be sentto processnd.procfi].

snd.cnt (arrayof integer)
A vector giving the numberof elementsto be sentto eachprocess. snd.cnt[i] is the numberof
elementsn snd.ind to besentto processnd.procfi].

snd.ind (arrayof integer)
A vector of indicesof elementgo be sentto processesThe indicesarefirst orderedby process
numberandthentheindicesfor eachprocessarearrangedn increasingorder

Thereceve entrieshave similar interpretationso the sendentrieswith thefollowing addition:

rcv.pind (arrayof integer)
A vectorof logical permutedndicesof elementdo be receved from otherprocessesThe indices
areorderedby processnumber but unorderedvithin eachprocess.This vectoris requiredby some
proceduresvhich needto know boththe physicalindex of anitem, givenin rcv.ind, andthelogical
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index of the item after permutationsare applied,given here. rcv.ind(i] is the physicalindex of the
elementwith logical permutedndex rcv.pind[i]. SeeSectior2.4for moredetailsaboutpermutations.

The index orderedcommunicationstructure,DDL_Ind, is similar to the processorderedstructure,
DDL _Glob. Thesendentriesaredefinedasfollows:

snd.nind (integer)
Thenumberof indiceswhich this processnustsend.

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

snd.ptr (arrayof integer)
A vector of indicesinto the snd.proc vector snd.ptr[i] is the index of the first processnumberin
snd.proc whichis to be senttheindex snd.ind([i].

snd.cnt (arrayof integer)
A vectorgiving the numberof processegachindex is to be sentto. snd.cnti] is the numberof
processem snd.proc to be sentindex snd.ind[i].

snd.proc (arrayof integer)
A vectorof processiumbergo be senteachindex. The processiumbersarefirst orderedby index
numberandthenthe processefor eachindex arearrangedn increasingprder

Thereceve entriesaredifferentfrom the sendentries:

rcv.nind (integer)
Thenumberof indiceswhich this processnustreceve.

rcv.ind (arrayof integer)
A vectorcontainingtheindiceswhich this processnustreceve arrangedn ascendingrder

rcv.pind (arrayof integer)
A vectorof logical permutedndicesof elementdo be receved from otherprocessesThe indices
areunordered.This vectoris requiredby someproceduresvhich needto know both the physical
index of anitem, givenin rcv.ind, andthelogical index of the item after permutationsare applied,
givenhere.rcv.ind[i] is the physicalindex of theelementwith logical permutedndex rcv.pind[i]. See
Sectior2.4for moredetailsaboutpermutations.

rcv.proc (arrayof integer)
A vectorof processiumbersndicatingwhereeachindex is to berecevedfrom. Index rcv.ind[i] isto
bereceved from processcv.proci].

The two communicatiorproperty structuresdescribedabore canbe usedfor generalpurposecom-
municationpatterns.Specificinstanceof thesestructuresare usedto hold the communicationgatterns
requiredby differentLibrary procedures.To distinguishbetweerthe differentinstancesthe headenag
entryis used.Currentlythreespecificinstancearedefinedby tags:

DDL_COMM_PX row communicatiorpattern;matrix-vectormultiply
andtriangularsolve

DDL_COMM_PY columncommunicatiorpattern;matrix-vectormul-
tiply

DDL_COMM_IND columncommunicatiorpatternitriangularsolve

AppendixA describesnorefully the useof communicatiorpropertiesn the matrix-vector multiply
procedures.
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3.5 Permutation property

A permutatiorpropertycanbe associatedavith eachdimensionof ary distributedobject. Currentlyonly
thesparsenatrixobjecttypemakeauseof permutatiorproperties Differentinstance®f apermutatiorare,
like otherpropertytypes,identified by differenttag values. The sparsematrix objectmay have a total of
four differentpermutationsarow permutatior(andits inverse)anda columnpermutatior(andits inverse).

DDL_PX row permutation

DDL_PY columnpermutation
DDL_IPX inverserow permutation
DDL_IPY inversecolumnpermutation

A permutatioris representedy adistributedvectorobject,DDL _Vec, thesamesizeasthedimensiorof
theobjectto bepermuted Eachentryin thepermutatiorvectorspecifieshelogicalindex of theassociated
physicalindex of the object. SeeSectiori2.4 for adescriptionof permutations.

3.6 Example sparsematrix data structure

Figure 3.7 shavs an exampledatastructurefor a sparsematrix distributedobject. As well asthe basic
sparseamatrix datastructure consistingof threedistributedvectors,the structurealsoincludesa property
list. This propertylist hasprocess-orderedommunicationgroperty anindex-orderedcommunications
property anda permutatiorproperty

Anotherexample of a typical sparsematrix structuremight be that of the matrix usedin the tfgm-
rnc solver example programprovided with the SparseDDL. This matrix structureincludesa DDL_Glob
communicationgropertyfor usein the matrix-vectormultiply andtriangularsolve proceduresa DDL _Ind
communicationgpropertyfor the triangularsolve, andup to threeDDL_Vec permutationpropertiesfor a
row, columnandinverserow permutation.



Figure3.7: Structureof atypical sparsematrix

3. Datastructures 17
type type type type
tag tag tag tag
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Chapter 4

The futur e of the DDL

Work on the designof a distributeddatalibrary beganat Liverpoolduring the Esprit Supernodé project
in 1988. Back then, the work was basedaroundOCCAM andtransputers.In the following years,the
library work progressedhrougha numberof stages. The implementationanguagehaschangedrom
OCCAM, to FORTRAN and OCCAM, to FORTRAN and C. The communicationdhiasmoved from
OCCAM channeldo PVM andthento M PI. Thecurrentimplementationwritten mainly in C with high-
level FORTRAN proceduresndusingthe MPI systemjis portableandusesmainstreantanguagesand
providesa goodfoundationfor developmentover the next few years.

Thedevelopmenof paralleliterative solversusingtheDDL, andtheirincorporatiorinto anoil reseroir
simulationpackagewithin the PARSIM project,hasdemonstratethatthe basicLibrary designis usable
andflexible. In orderto developtheLibrary furtherit is essentiato getotherapplicationdevelopersusing
theLibrary sothatthestrengthandweaknessesf the Library canberevealedo directfuturedevelopment
work.

At this stagetherearealreadya numberof areaswvherefuturework is desirable:

¢ performancéestingon arangeof currentparallelmachines,

¢ addingsupportfor densematrices,

o providing full supportfor moresparsematrix formats,asdescribedn the UserGuide[1],
¢ investigatingnew high-level objects suchasthe LU factoredmatrix,

e investigatinghew objectproperties,

¢ increasingherangeof high-level operationsupported,

¢ investigatingntegrationof the Library with HPF.

18



Appendix A

Example DDL procedure: sparse
matrix-v ector multiply

This chapterdescribeshe sparsenatrix densevectormultiply proceduregrom the DDL asan exampleof
theway in which DDL proceduresnaybewritten. Theseproceduresrelistedin full in SectiorA.2. The
next sectioncommentnthe matrix vectorcode,describinghe codestructureandhighlighting important
features.The codemakesuseof mary DDL proceduresSomeof theseproceduresirefrequentlyusedin
userlevel programsandaredescribedn the DDL Users Guide[1]. Otherlow-level proceduredave no
documentatiomtherthanthe commentsn the DDL sourcecodefor the procedure A Library writer will
thereforeneedto be reasonablyamiliar with the sourcefor the existing procedureswhich provide much
of thefunctionalityrequiredby a generalibrary procedure.

A.1 Description
Thesparsenatrix densevectormultiply maybewritten as
y=aAz+ Py

where A is the square sparsematrix; z is theinitial densevector;y is theresultvector;and« andj are
constantsThesethreedistributedobjectsmustall be distributedover the sameprocessesysingthe same
MPI communicatar

The sparsematrix-vector multiply procedureassumehat the matrix is distributedby rows, andal-
low the rows and/orcolumnsto be permuted. The proceduresisethe propertylist both for the permu-
tation propertiesDDL_PX andDDL_PY, andfor the matrix-vector multiply communicatiorpatternprop-
erties. ThecommunicatiorpatternsDDL_COMM_PX andDDL_COMM_PY arecalculatedby the procedure
DDL_Smv_comm (lines5-148) whilsttheactualmatrix vectormultiply is performedy DDL_Smv (lines
151-355).For a givensparsematrix, DDL_Smv_comm only needgo be calledonceby a userprogram,
thenDDL_Smv canbecalledary numberof timesprovidedthe structureof the matrixis not changed.

The propertylist proceduresre: DDL_Create_prop to adda propertyto thelist; DDL_Find_prop to
find anexisting propertyin thelist; andDDL_Free_prop to remove apropertyin thelist.

A.1.1 DDL_Smv_comm

This procedurecalculategshecommunicationpropertiedor thesparsematrix, andonly needdo becalled
onceprovidedthestructureof the matrix is notchanged.
The procedurestartswith somerudimentaryerrorchecking(lines17—26).Lines 28—38extractimpor-
tantinformationaboutthe matrix usingproceduresiescribedn the UserGuide[1].
Lines40-91calculatethe columncommunicatiorpatternpropertyDDL_COMM_PY. This patternrep-
resentghe elementf the initial densevectorz that mustbe communicatedetweenprocessesor the

19
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matrix vector multiply. If a processhasa nonzeromatrix elementin column: thenthat processneeds
element of thevectorz. DDL_.COMM_PY is a datastructurethatholdsthe informationaboutwhich pro-
cessesieedwhich elementf » andwhich processesheseelementsare held on. This informationis
held in the process-orderedatastructureDDL_Glob. SeeSections2.5 and 3.4 for further detailsabout
communicationgroperties.

Firstthe procedurehecksf thepropertyalreadyexists(line 41). If the propertydoesnotexist thenit is
createdline 48) andspacdor thecommunicationstructurds allocatedlines49-57).If thepropertydoes
alreadyexist thenthe procedurewill recalculatehe communicationpropertyassuminghatthe userhas
changedhematrix structure.Someof theallocatedarraysin the communicationstructurearepotentially
very large andto save memorythey aretruncatedo the minimum size necessarpncethe structurehas
beencalculated Thereforepeforerecalculatinghecommunicationpatterntheprocedureeallocateshese
arraysto full size(lines60—65).

If the matrix hasa columnpermutation(checkedn line 70) thenthe proceduregetsa pointerto the
permutationvector data(line 73) and allocatesspacein the communicationgropertystructurefor the
permutedindex vector (lines 74—76). The procedureDDL_Col is then called to calculatethe column
communicatiorpatternandstoreit in the allocatedarrays(lines 78—86). The arraysarethentruncatedn
lines88-91.

Lines93-146calculatehe possiblerow communicatiorpatternpropertyDDL_COMM_PX. This pattern
representthe elementf theresultvectory thatmustbe communicatethetweerprocessefor the matrix
vectormultiply. This propertyis only requiredif the matrix hasa row permutation.For the matrix vector
multiply, if a processholdslogical row i of the sparsematrix thenthat processwill calculateelement;
of the resultvectory. Beforethe multiply startstheseelementsof y mustbe fetchedfrom their owner
processeandwhenthe multiply is complete the updatecelementf y mustbereturnedto their owners.
DDL_COMM_PX is a datastructurethatholdsthe informationaboutwhich processewvill calculatewhich
elementf y andwhich processegheseelementanustbereturnedto. Thisinformationis againheldin
theprocess-orderedatastructureDDL_Glob.

Lines 95-96 checkfor a row permutation. If none exists then nothing needsto be done. If there
is a permutationthenthe communicationstructureis calculatedusing codevery similar to that already
describedor the columnpermutation.

A.1.2 DDL_Smv

This procedureperformsthe actualmatrix vectormultiply.

Lines177-209erformcheckson the parameter$o ensurghey arecompatible. Thesechecksnclude
checkingthat all objectshave the samedatatype(lines 189—-191);the objectshave compatibledimen-
sions(lines 192—-194);the objectshave the sameMPIl communicatoi(lines 197—204);and the matrix is
distributedby rows (lines206—209).

Lines211-222xtractimportantinformationaboutthe objects.

Lines224—-228checkwhetherthe matrix-vectormultiply communicationpropertieshave beencalcu-
latedalready If they have not, thenthey arecalculatechere.

Lines230—245getpointersto the row andcolumncommunicationstructure©DL _Glob.

Thematrix vectormultiply resultelementsarestoredin atemporaryectoron eachprocesgline 248).

Lines 250-275fetch the requiredinitial elementsof the result vectorto eachprocessif thereis a
row permutation. This makesuseof the row communicationdatastructureDDL_.COMM_PX calculated
by DDL_Smv_comm. Firstly, two temporarybuffers are allocatedon eachprocess(line252—-256):0ne
buffer yrev_buf will hold the initial valuesof the resultvectorsentfrom otherprocesseswhile the other
buffer ysnd_buf will hold the elementof the vectorthatthis procesamustsendto otherprocessesLines
258-260packthe vectorelementdnto the sendbuffer asdirectedby the communicationslatastructure.
Lines 261-170thenperforma collective all-to-all communicatioroperationDDL_Alltoallvs usingthese
databuffersandtheinformationin the communicatiordatastructure.After the communicatioroperation
theinitial resultvectorelementsn the receve buffer areunpackednto the temporaryresultvector(lines
272-274).

If thereis no row permutationthenlines 277—279copy the initial resultvaluesfrom the distributed
resultvectory to thetemporaryresultvector
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Lines 282-307fetch elementsf the 2 vectorusingthe columncommunicationglatastructure. The
codeis very similar to the codewhichfetchegheinitial resultvalues.

A local sparsamatrix-vectormultiply is performedn lines 309—313usingthelocal sparsematrix, the
temporaryinitial y valuesandthetemporaryz values.

Lines315-342ipdatehedistributedy vectorwith theresultvalues.If therewasarow permutatiorthen
lines315-337returnthecalculatedesultelementgo their ownerprocessesasingtherow communication
datastructureandthecollective communicatiorDDL_Alltoallvs. Otherwisethe procedurgust copiesthe
new resultvaluesinto theresultvectorobject(lines338—-342).

Theremaininglines 344—354usttidy up by freeingthetemporaryarraysallocatecby the procedure.

A.2 Listing

1 /* sparse matrix vector nultiply with pernutations */
2 /* assumed row packed format */

3

4 /* calculate communication pattern for sparse matrix-vector nultiply */
5 int DDL_Smv_conmr( DDL_Cbj ect 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, *tnp;

11 int nr, nc, n, size[3], i, j, low, high, subtype;
12 int format, bl ock;

13 MPI _Conm conm
14 DDL_Prop p;
15 DDL_d ob g;

16

17 /* check paraneters */

18 if (a == NULL) {

19 ierr = DDL_Error(DDL_ERR UNALLOCATED, DDL_ERR HARD, DDL_SW_COW ;
20 if (ierr >0) returnierr; /* cleanup and exit with error */
21 }

22 /* only packed rows supported at the nonent */

23 ierr = DDL_Format _sparse(a, & ormat);

24 if (format !'= DDL_PCK _RON {

25 ierr = DDL_Error(DDL_ERR | FORVAT, DDL_ERR HARD, DDL_SW_Caw ;
26 return ierr;}

27

28 ierr = DDL_Get _ia(a, & a);

29 ierr = DDL_Get _ja(a, & a);

30 ierr = DDL_Gsi ze_sparse(a, size);

31 nr = size[0]; /* total number of rows */

32 nc = size[l]; /* total nunmber of colums */

33 ierr = DDL_Si ze_sparse(a, size);

34 n = size[0]; /* nunber of rows | have */

35 ierr = DDL_Bl ock_sparse(a, &bl ock);

36 ierr = DDL_Conmm(a, &comm;

37 ierr = MPl _Conmsi ze(comm &nproc);

38 ierr = MPl _Commrank(comm &proc);

39

40 /* create COW PY gl obal comms data structure for matrix */
41 ierr = DDL_Find_prop(a, DDL_COW PY, &p);

42 if (ierr !'= DDL_SUCCESS) {

43 ierr = DDL_Error(ierr, DDL_ERR HARD, DDL_SW_CGOW ;

44 if (ierr >0) returnierr; /* cleanup and exit with error */

45}
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46 if (p == NULL) {

47 /* create conmunication structure */

48 ierr = DDL_Create_prop(a, DDL_COW PY, &p);
49 g = (p->data);

50 g->rcv.proc = nalloc(nproc*sizeof (int));

51 g->rcv.ind = mall oc(nc*sizeof (int));

52 g->rcv.cnt = mall oc(nproc*sizeof (int));

53 g->rcv.ptr = malloc((nproc+1)*sizeof (int));

54 g->snd. proc = nall oc(nproc*sizeof (int));

55 g->snd.ind = mal |l oc(n*nproc*si zeof (int));

56 g->snd.cnt = mall oc(nproc*sizeof (int));

57 g->snd. ptr = mall oc((nproc+1)*sizeof (int));

58 }

59 el se {

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 = mal |l oc(nc*sizeof (int));

65 g->snd.ind = mal |l oc(n*nproc*si zeof (int));

66 }

67

68 /* cal cul ate col um conmuni cati ons

69 ie which elenents of result vector x | need */

70 ierr = DDL_Fi nd_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 = nmall oc(nc*sizeof (int));

77 }

78 ierr = DDL_Col (ia, ja, n, nc, block, py,

79 proc, nproc, conm

80 &(g->rcv.nproc), &(g->snd. nproc),
81 & cv_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. pi nd) ;

87

88 /* now truncate rcv.ind, and snd.ind since these are *BI G */

89 ierr = DDL_Truncate(&(g->rcv.ind), rcv_tot_data);

90 ierr = DDL_Truncat e( & g->snd.ind), snd_tot_data);

91 if (py '= NULL) ierr = DDL_Truncate(&(g->rcv.pind), rcv_tot_data);
92

93 /* | ook at row swappi ng;

94 if no row pernmutati on 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 COW PX row data structure for elements of RHS vector b */
99 /* create COW PX comms data structure for matrix */

100 ierr = DDL_Find_prop(a, DDL_COW PX, &p);

101 if (ierr !'= DDL_SUCCESS) {

102 ierr = DDL_Error(ierr, DDL_ERR HARD, DDL_SW_GOW ;

103 if (ierr >0) returnierr; /* cleanup and exit with error */
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104 }

105 if (p == NULL) {

106 /* create conmuni cation structure */

107 ierr = DDL_Create_prop(a, DDL_COW PX, &p);
108 g = (p->data);

109 g->rcv.proc = mall oc(nproc*sizeof (int));

110 g->rcv.ind = mall oc(n*si zeof (int));

111 g->rcv.pind = mall oc(n*sizeof (int));

112 g->rcv.cnt = mall oc(nproc*sizeof (int));

113 g->rcv.ptr = mall oc((nproc+l)*sizeof (int));

114 g->snd. proc = mal |l oc(nproc*sizeof (int));

115 g->snd.ind = mal |l oc(n*nproc*si zeof (int));

116 g->snd.cnt = mal |l oc(nproc*sizeof (int));

117 g->snd. ptr = mall oc((nproc+l)*sizeof (int));

118 }

119 el se {

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 = mall oc(n*si zeof (int));

126 g->rcv.pind = mall oc(n*sizeof (int));

127 g->snd.ind = mal |l oc(n*nproc*si zeof (int));

128 }

129

130 /* cal cul ate row conmuni cati ons

131 ie which elenents of RHS vector b | need */
132 ierr = DDL_Row(ia, ja, n, nr, block, px,

133 proc, nproc, conm

134 &(g->rcv.nproc), & g->snd. nproc),

135 & cv_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. pi nd) ;

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_Truncat e( & 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 nultiply */
151 int DDL_Snv(DDL_Cbject sp, DDL_Object x, DDL_Cbject vy,

152 doubl e al pha, doubl e bet a)

153 {

154 int ierr, i, j, low high, next, ret;
155 int x_size, x_itype, x_offset, y_offset;

156 MPI _Conmm x_conm

157 MPI _Dat atype x_type;
158 voi d *x_dat a;

159 int y_size, y_itype;
160 MPI _Comm y_conm

161 MPI _Dat atype y_type;



A. ExampleDDL proceduresparsamatrix-vectormultiply

24

162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219

void *y_dat a;

int sp_size[3], sp_itype;
MPI _Conm sp_conm

MPI _Dat atype sp_type;

int *ia, *ja;

void *a, *tnp, *res, *ysnd_buf, *yrcv_buf, *snd_buf, *rcv_buf;

int *snd_cnt, *rcv_cnt;
int format, size;

MPl _Ai nt typesize;

int n, m nelt;
DDL_Prop p, pil;

DDL_d ob gx, gy;

ierr = DDL_SUCCESS;

/* check input paraneters */

ierr = DDL_Gsize vector(x, &x_size);
ierr DDL_Gsi ze vector(y, &y_size);
ierr DDL_Gsi ze_sparse(sp, sp_size);
m = sp_si ze[ 1];

ierr = DDL_Type_vector(x, &x_type);
ierr = DDL_Type_vector(y, &y_type);
ierr = DDL_Type_sparse(sp, &sp_type);
ierr = DDL_Commvector (x, &x_com);
ierr = DDL_Commvector(y, &_com);
ierr = DDL_Conm sparse(sp, &sp_conmm);

if ((x_type !'=y_type) || (x_type != sp_type)) {
ierr = DDL_Error (DDL_ERR_| TYPE, DDL_ERR HARD, DDL_SW);
return ierr;}

if ((x_size !'=sp_size[1]) || (y_size !'=sp_size[Q])) {
ierr = DDL_Error (DDL_ERR_| SI ZE, DDL_ERR HARD, DDL_SW);
return ierr;}

/* check conmuni cators are **jdentical **
sane nunber of processes and ranking of processes */

ierr = MPI _Conm conpare(x_conm y_comm &ret);

if (ret '= MPI_IDENT) {
ierr = DDL_Error(DDL_ERR_| COW DDL_ERR HARD, DDL_SW);
return ierr;}

ierr = MPI _Conm conpare(x_conm sp_conmm &ret);

if (ret '= MPI_IDENT) {
ierr = DDL_Error (DDL_ERR | COW DDL_ERR_HARD, DDL_SW);
return ierr;}

ierr = DDL_Format _sparse(sp, &format);
if (format !'= DDL_PCK_RON {

ierr = DDL_Error(DDL_ERR | FORVAT, DDL_ERR HARD, DDL_SMV);

return ierr;}

/* get pointers to raw data val ues */
ierr = DDL_Get _vector(x, &x_data);

i
ierr DDL_Get _vector(y, &y_data);

ierr = DDL_Get _ia(sp, & a);

ierr = DDL_Get _ja(sp, & a);

ierr = DDL_Get _a(sp, &a);

ierr = DDL_Si ze_vector (x, &x_size);
ierr = DDL_Offset _vector(x, &x_offset);
ierr = DDL_Offset _vector(y, &y_offset);
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220 ierr = DDL_Si ze_sparse(sp, sp_size);

221 n = sp_size[0];

222 ierr = MPl _Type_si ze(x_type, &t ypesize);

223

224 /* check gl obal comms. data exists, else create */
225 ierr = DDL_Fi nd_prop(sp, DDL_COWM PY, &p);

226 ierr = DDL_Fi nd_prop(sp, DDL_COW PX, &pl);

227 if (p == NULL && pl == NULL)

228 ierr = DDL_Snmv_com{sp);

229

230 /* get gl obal coms strcutures */

231 ierr = DDL_Fi nd_prop(sp, DDL_COWM PY, &p);

232 if (ierr !'= DDL_SUCCESS) ({

233 ierr = DDL_Error(ierr, DDL_ERR HARD, DDL_SMW);
234 if (ierr >0) returnierr; /* cleanup and exit with error */
235 }

236 gy = (DDL_d ob) (p->data);

237 ierr = DDL_Fi nd_prop(sp, DDL_COWM PX, &p);

238 if (ierr !'= DDL_SUCCESS) ({

239 ierr = DDL_Error(ierr, DDL_ERR HARD, DDL_SMW);
240 if (ierr >0) returnierr; /* cleanup and exit with error */
241 }

242 if (p !'= NULL)

243 gx = (DDL_d ob) (p->data);

244 el se

245 gx = NULL;

246

247 /* temporary buffer for result vector */

248 res = mall oc(n*typesize);

249

250 /* get elenents of result y | need for pernmutation */
251 if (gx !'= NULL) {

252 /* allocate tenmporary buffers */

253 Ssize = gx->rcv.ptr[gx->rcv.nproc];

254 yrcv_buf = mall oc(size*typesize);

255 si ze = gx->snd. ptr[ gx->snd. nproc] ;

256 ysnd_buf = mal |l oc(size*typesize);

257

258 /* pack ysnd_buf */

259 for (i=0;i<gx->snd.ptr[gx->snd.nproc];i++)

260 ((doubl e*)ysnd_buf)[i] = ((double*)y_data)[gx->snd.ind[i]];
261 /* do alltoall */

262 ierr = DDL_Alltoal | vs(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_conmm) ;

271

272 /* unpack yrcv_buf to res */

273 for (i=0;i<gx->rcv.ptr[gx->rcv.nproc];i++)

274 ((doubl e*)res)[gx->rcv.ind[i]-y_offset] = ((double*)yrcv_buf)[i];
275 }

276 el se {
277 /* gx == NULL just copy ny elenents of y */
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278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
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305
306
307
308
309
310
311
312
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314
315
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318
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320
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327
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333
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335

for (i=0;i<n;i++)
((doubl e*)res)[i] = ((double*)y data)[i];
}

/* now get elements of x | need */
/* allocate tenmporary buffers */
size = gy->rcv.ptr[gy->rcv.nproc];
rcv_buf = malloc(size*typesize);
size = gy->snd. ptr[gy->snd. nproc];
snd_buf = mal | oc(size*typesize);
tnp = nmal | oc(nftypesize);

/* pack snd_buf */
for (i=0;i<gy->snd.ptr[gy->snd.nproc];i++)
((doubl e*)snd_buf)[i] = ((double*)x _data)[gy->snd.ind[i]];

/* do alltoall */
ierr = DDL_Alltoal | vs(snd_buf, gy->snd. nproc,
gy->snd. proc,
gy->snd. cnt,
gy->snd. ptr, x_type,
rcv_buf, gy->rcv. nproc,
gy- >rcv. proc,
gy->rcv.cnt,
gy->rcv.ptr, x_type,
sp_conm) ;

/* unpack rcv_buf to tnp */
for (i=0;i<gy->rcv.ptr[gy->rcv.nproc];i++)
((doubl e*)tmp)[gy->rcv.ind[i]] = ((double*)rcv_buf)[i];

/* do matrix-vector nultiply */
ierr = DDL_Smv_seq(n, m ia, ja,
a, sp_type,
nelt, format, tnp, res,
al pha, beta);

/* send back el ements of result vector if pernutation */
/* opposite to fetching y values at start:
use rcv.ind to pack sending vector etc */
if (gx !'= NULL) {
/* pack yrcv_buf */
for (i=0;i<gx->rcv.ptr[gx->rcv.nproc];i++)
((doubl e*)yrcv_buf)[i] = ((double*)res)[gx->rcv.ind[i]-y_offset];

/* do alltoall sending rcv structure */
ierr = DDL_Alltoal I vs(yrcv_buf, gx->rcv. nproc,
gx- >rcv. proc,
gx->rcv. cnt,
gx->rcv.ptr, x_type,
ysnd_buf, gx->snd. nproc,
gx->snd. proc,
gx->snd. cnt,
gx->snd. ptr, x_type,
sp_conm) ;

/* unpack ysnd_buf to y_data */
for (i=0;i<gx->snd.ptr[gx->snd.nproc];i++)
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336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355

((doubl e*)y_data)[gx->snd.ind[i]] = ((double*)ysnd_buf)[i];

}
el se {
/* gx == NULL just copy ny result elenents toy */
for (i=0;i<n;i++)
((doubl e*)y data)[i] = ((double*)res)[i];
}

/* free tenporary arrays */

if (gx !'= NULL) {
free(ysnd_buf);
free(yrcv_buf);

}

free(snd_buf);

free(rcv_buf);

free(res);

free(tnp);

return ierr;
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