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Chapter 1

Intr oduction to the DDL

This document is the User Guide to Version 2.1 of the DDL library . The specificationof the Li-
brary is still under review and the implementation is far from complete. In particular , only the
DDL PCK ROW sparsedistrib uted data format is fully implementedand there is little error check-
ing. You havebeenwarned!

Any commentswill begratefully received.. .and maybeeven actedupon!

The DistributedData Library (DDL) is a library systemthat permitsa userto exploit the power of
a distributedmemoryparallelcomputerfrom a single-threadedFortranprogram. This dataparallelpro-
grammingmodelis achievedby letting theusercall library routineswhichcreate,manageandoperateon
distributedobjectssuchasmatricesandvectors.

This documentdescribesVersion2.1 of the Library. In this documentwe describethe DDL from a
User’s perspective. Programmerswho areinterestedin developingtheir own DDL proceduresor delving
deeperinto thedesignof theDDL shouldalsoreadtheDDL TechnicalGuide[2].

The documentis arrangedas follows. The next chaptergives a summaryof the conventionsused
in the document.The following two chaptersdescribethe distributedobjectssupportedby the Library
(Chapter3) and the basicproceduresfor objectmanagement(Chapter4) suchascreationanddeletion.
Chapter5 definesthe Level 1 BLAS operationsthat have beenimplementedandChapter6 definesthe
matrix operationscurrentlysupported.File I/O proceduresaredefinedin Chapter7. Low-level access
to the underlyingdatastructuresis discussedin Chapter8. Finally, Chapter9 describesthe high level
preconditionersfor sparselinearequationsolversbuilt on topof thebaseLibrary.

TheAppendicesincludeacompleteexampleprogram(AppendixA). AppendixB containsinformation
abouterrorhandlingin theLibrary.

A bibliographyandanindex to theDDL proceduredescriptionsaregivenat theendof this document.
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Chapter 2

DDL terms and conventions

Thischapterexplainsthetermsandconventionsusedby theDDL. Many of thesearederivedfrom theMPI
standard[1].

2.1 Distrib uted 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 supportsseveraldifferenttypesof distributedobjectsandallowsnew typesto beadded.In C
eachobjecttypehasadifferenthandle:densevectorsareof typeDDL Vec, andsparsematricesareof type
constDDLSpa.ThegenerictypeDDL Object is usedto refer to anobjectof eithertype. In FORTRAN
all handlesareof typeINTEGER.

The DDL managessystemmemory, allocatingspacefor new objectsanddeallocatingunwantedob-
jects.Whena new objectis createdthecreationprocedurewill returna handlefor thenew object.When
thatobjectis deallocatedthehandlebecomesinvalid.

A userwill often want to accessthe raw datavaluesof a distributedobject. In this casethe DDL
includesproceduresthat returna pointerto thepartof anobject’s raw datathat is allocatedto thecalling
process.It is theuser’sresponsibilityto ensurethatall changesto theraw dataareconsistentwith theDDL
specification.

2.2 Constants

TheDDL makesconsiderableuseof specialvaluesof thetypeINTEGER. Thesevaluesareusedto repre-
sentsuchthingsaserrorconditions,datatypes,anddistributedobjectformats.Thesevaluesaredefinedin
headerfiles whichshouldbeincludedin eachuserprogram.For FORTRAN use:

include "ddlf.h"

andfor C use:

#include "ddl.h"

2.3 Procedurespecification

Thisdocumentusesa languageindependentnotationto specifyeachDDL procedure.
Theusageof eachprocedureargumentis specifiedasoneof IN, OUT or INOUT with thefollowing mean-

ings:
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2. DDL termsandconventions 5

IN Theargumentis usedby theprocedurebut notchanged.
OUT Theargumentis notusedby theprocedurebut maybechanged.
INOUT Theargumentis bothusedandchangedby theprocedure.

A specialinterpretationis usedfor objecthandles.If anargumentis a handleon anobject,andtheobjectis usedbut
notchangedby theprocedure,theargumentis markedIN. If theobjectis changedbut notused,theargumentis marked
OUT. Finally, if theobjectis bothusedandchangedby theprocedurethenit is markedINOUT.

A shortdescriptionof eachargumentis alsogivenfollowedby thetypeof theargument.Theargumenttypewill
beoneof integer, float, double, logical, handle, choice or array. Thehandle typerepresentshandlesfor any object
typeor DDL typesandconstants.Thechoice typerepresentsanargumentthatcanhaveoneof a numberof different
types,suchasdifferentfloatingpoint precisions.

The languageindependentdescriptionis followed by languagespecificbindingsfor C and FORTRAN. These
bindingsspecifytheexact languagetypesfor eachargument.The choice argumentsaremarkedvoid * in C and�
type � in FORTRAN.

2.4 Languagebinding
In C all procedureshavenamesbeginningwith MPI , andcaseis significant.Almosteveryprocedurereturnsaninteger
indicatingtheerrorconditionof theprocedureonexit. DDL constantsandtypesalsohavenamesbeginningwith MPI .
Therearespecificdatatypesfor handlesto eachobject.Arraysareindexedfrom 0. Thechoice argumentsarepointers
of typevoid *.

In FORTRAN all procedurenamesarein uppercaseandbegin with MPI . Thelastargumentof everyprocedure
is aninteger, IERR, indicatingtheerrorconditionof theprocedureonexit. DDL constantnamesarealsoin uppercase
andbegin with MPI . Handlesfor objectsandDDL typesandconstantsarerepresentedby INTEGERs. Arraysare
indexedfrom 1. Choiceargumentsmaybeoneof severaldifferenttypes.

2.5 Err or handling
Every Library procedurereturnsanerrorvalueto indicatewhethertheprocedurewassuccessfulor not. TheLibrary
recognizesa numberof different error conditionsand representstheseby the integer value ierr. In FORTRAN
programsierr is thelastparameterin theLibrary procedurecall. In C programsierr is theresultof theLibrary function
call.

It is goodpracticeto checkthevalueof ierr afterevery procedurecall. If thevalueis DDL SUCCESS thenthe
procedureexecutedsuccessfullyandtheprogrammaybecontinued.Any othervalueindicatesthatanerroroccurred
in theprocedureandtheusershouldthendecidewhetherfurtherexecutionis possibleor whethertheprogramshould
beterminated.

Thenormalbehaviour of theLibrary on encounteringanerroris to exit theprocedureimmediatelyanddisplayan
errormessage.The stateof any OUT or INOUT parameterson exit with an error is not defined. In most instances
theseparameterswill beunchangedbut this is not guaranteed.Any IN parameterswill beunchanged.Thesafestuser
responseto anerroris to terminatetheprogram.

More informationabouterrorhandlingcanbefoundin AppendixB.



Chapter 3

Distributed objects

The distributed objectsin the DDL support1- and 2-dimensionalmatrices,the most commonlyuseddimensions.
Objectsbelongto oneof two classes:densedataobjectsor sparsedataobjects.A denserepresentationcanbe used
for objectswhichare1-dvectorsor 2-dmatrices.Thesparserepresentationis for 2-dimensionalmatrixobjects.Each
classis composedof a numberof object types. Eachof thesedifferent typesspecifiesthe particulardatastructure
thatshouldbeusedto representtheobject.Thefeaturesof thedifferentdatastructuresmaymakeonestructurebetter
thananotherfor a particularapplication.Thusthechoiceof datastructureis left to theuser, so thathecanselectthe
optimalstructurefor his application.However, oneof theaimsof theDDL is to hidethedetailsof thedatastructure
andthe datamanipulationsrequiredto performan operation.HenceDDL proceduresshouldacceptobjectsof any
typecompatiblewith thespecifiedoperation.As examples,I/O proceduresshouldbeableto readandwrite any of the
objecttypes,andamatrix-vectormultiply procedureshouldacceptbothdenseandsparsematricesof any type.

3.1 Distrib ution
All theobjectsthattheDDL supportshavethesamegeneraldistribution pattern(seeFigure3.1). Thisdistribution is a
subsetof thedistributionsprovidedby HPF.

The distribution of a vectorof length � from a programrunningon �����	� processesis asfollows. Thevector is
partitionedinto blocksof contiguouselements,with all processesbut the lasthaving the samenumberof elements.
Thismightmeanthatnotall of the�
����� processescanbeused.Thesizeof theseblocksis ������������������ . Theactual
numberof processesthatcanbeusedis then�������� . Thelastprocessblock is of size ��������� �"!�# .

A matrix maybedistributedby eitherrows or columns.Therows (or columns)of thematrix arepartitionedinto
contiguousblocksin thesamemannerasfor avector.

Theblock sizeusedby thisdistribution doesnotprovide themostevenbalanceacrosstheprocesses.Neitherdoes
it alwaysmakeuseof all theavailableprocesses.However, in many instancesit is theeasiestpartitioningto work with
sinceyouknow thatall usedprocessesexceptthelasthavethesameblock size.
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Figure3.1: Distributionof matricesandvectors
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3. Distributedobjects 7

Objectscanalsobedistributedusingaparameter, block, whichspecifiesthatblocksof block contiguouselements
areindivisible. This forcesthedistribution mechanismto partitionthedimensioninto blockswhich area multiple of
block in size.

3.2 Permutations
The DDL allows the userto specifya permutationof an object’s data. This permutationspecifiesa 1-to-1mapping
betweentheindicesof anobject’sdatain physicalstorageandthelogicaldataindices.Thephysicalindex of anelement
is theindex usedto locatethatelementin distributedmemory. The logical index of anelementis the“mathematical”
index for that element. For example,the elementof a vector, *��,+�# , hasa logical or mathematicalindex + , but this
elementmight be mappedto a physicalstoragelocationwith index - , i.e., *��.-/# . A permutationis representedby a
vector� suchthat �0�,+�# specifiesthelogical index of physicalindex + .

Currently, only the sparsematrix objectmakesuseof this property, allowing the userto specify a row and/or
columnpermutationfor thematrix. Permutingthe rows and/orcolumnsof a sparsematrix is oftenusefulto get the
nonzerosinto astructurethatis moresuitedto theapplication.

Note that specifyinga permutationpropertydoesnot causethe object’s datato be redistributed usingthe new
indices.Thephysicalstorageremainsthesame,with thepermutationpropertyspecifyingthenew logical indices.This
avoidsa potentiallyvery costlycommunicationoperation.It would beusefulto have procedureswhich redistributed
thedataaccordingto agivenpermutationbut thesehavenotbeenimplementedyet.

Notealsothatnotall DDL proceduresusethelogical indicesgivenby thepermutationproperties.Themathemat-
ical procedures,suchasmatrix-vectormultiply andtriangularsolve,do usethelogical indices,but theI/O procedures
still usethephysicalindices.

Permutationsmayincreasethecostof anoperationsuchasthematrix-vectormultiply or triangularsolve. This is
becausetheregularalignmentof elementsgivenby the initial distribution maybelost oncea permutationis applied.
Thusmorecommunicationmay well be requiredto fetch all the datathat a procedureneeds.The increasein cost
whenpermutationsareappliedwill vary from procedureto procedureandbetweendifferentpermutations.In view of
this, it maybeworthconsideringpermutingtheentireinput dataset.Thusthedatais distributedin its permutedform
andno additionalpermutationpropertiesarerequired.Now theprocedurescanusethemoreefficient non-permuted
algorithms.If differentpermutationsarerequiredat differentpointsin an applicationthepermutationpropertiescan
bechangedaccordingly.

3.3 Object properties
Eachdistributedobjecthasanumberof propertiesassociatedwith it. Thevaluesof thesepropertiesdefineaninstance
of anobject.Theuserspecifiestheobjectpropertieswhentheobjectis created,andhecanlaterretrieve theproperties
of an object througha collectionof query functions. Propertiesareof two types: eitherglobal propertiesor local
properties.Global propertieshave the samevalueon all processesof the object’s communicator. Local properties
mayhave differentvalueson eachprocessin thecommunicator. Therangeof propertiesvariesfrom oneobjecttype
to another, but therearecorepropertiescommonto all objects.Thesecorepropertiesaregivenbelow. The language
independenttypeof eachpropertyis given in bracketswith thepropertydescription.The language-specifictypecan
befoundby referringto Section2.4.

objecttype (handle, global)
Thebasetypeof everydistributedobjector objectproperty. This is storedsothatDDL procedures,or theuser,
cancheckon thetypeof theobjectreferencedby anobjecthandle.Thisbasetypewill determinewhich other
propertiesanobjecthas.objecttype canhave thefollowing values:

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

tag (handle, global)
This is usedto give a uniquenameto eachpropertyof an object. This is neededsincean objectmay have
severalpropertiesof thesameobjecttype eachrepresentingdifferentpropertiesof theobject. For examplea
sparsematrix mayrequiretwo DDL PROP VECTOR propertiesto specifytherow andcolumnpermutations
of thematrix. Currentlysupportedvaluesare:
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DDL SPARSE highestlevel sparsematrixobject
DDL VECTOR highestlevel vectorobject
DDL PX row permutationfor amatrix
DDL PY columnpermutationfor amatrix
DDL IPX inverserow permutationfor amatrix
DDL IPY inversecolumnpermutationfor amatrix
DDL COMM PX row communicationpatternfor matrix-vectormultiply
DDL COMM PY columncommunicationpatternfor matrix-vectormultiply

andlinearequationsolver

format (handle, global)
The format of the object. format specifiesthe exact distributeddatastructureof an object. The valuesfor
format aretypedependent.Seethefollowing sectionsfor details.

comm (handle, global)
The MPI communicatorcomm specifiesthe processgroup over which an object is distributed. The com-
municatorincludesinformationaboutthe numberof processes,the rank (or number)of eachprocessin the
group and logical configurationof the processes.The communicatorsof all objectsinvolved in an oper-
ation must be compatible. For most operationsthis meansthat the communicatorsmust be identical, i.e.,
MPI COMM COMPARE returnsMPI IDENT. A typicalvaluefor comm is MPI COMM WORLD.

gsize (arrayof integer, global)
Theglobalsizeof anobject. Thesizeof this arrayandtheinterpretationof eachelementaretypedependent.
Seethefollowing sectionsfor details.

type (handle, global)
Thedatatypeof eachelementof thedistributedobject.type maytakeasubsetof theMPI datatypesasvalues:

C FORTRAN Description
MPI FLOAT MPI REAL singleprecisionfloatingpoint
MPI DOUBLE MPI DOUBLE PRECISION doubleprecisionfloatingpoint
MPI INT MPI INTEGER integer

SeetheMPI documentationfor full detailsof MPI datatypes.

size (arrayof integer, local)
Thesizeof thelocalsegmentof anobject.Thesizeof this arrayandtheinterpretationof eachelementaretype
dependent.Seethefollowing sectionsfor details.

offset (arrayof integer, local)
Theoffsetof thelocalsegmentof anobjectwithin theglobalobject.Thesizeof thisarrayandtheinterpretation
of eachelementaretypedependent.Seethefollowing sectionsfor details.

3.4 Densevectors
Dense1-D vectorobjectsareof typeDDL Vec.

A vectoris partitionedby blocksacrosstheprocessesof theMPI communicator. Eachprocessholdsa block of
consecutive elementsof the vectordeterminedby the rank of the processwithin the communicator. The local size
propertyof the vectorobjectis an arraywith a singleelementwhich is thenumberof elementsin the block on this
process.Similarly theoffset propertyis anarraywith a singleelementwhich is theoffsetof thefirst elementin the
block on this processfrom the start of the vector. In FORTRAN the offset propertyis indexed from 1 following
standardFORTRAN practiceandsois 1 greaterthantheC value.Theglobalpropertygsize is anarraywith asingle
elementwhich is thesize,n, of theglobalvectorobject.

3.5 Sparsematrices

3.5.1 Singleprocesssparsematrices
On a singleprocessthreevectorsareusedto representa sparsematrix,ia, ja anda. ia andja arevectorsof type
integer anda is avectorof typereal or double. Thesethreevectorsareusedfor threemaindatastructuresfor sparse
datacalledthetriad,row packedandcolumnpackeddatastructures.
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With triadformat,elementsia(j) andja(j) containthex andy indicesof thematrixcoefficientvaluein a(j)
(seeFigure3.2). Theelementsareunordered.

In the row packedformat (seeFigure3.3), ia containsa setof pointers,onefor eachrow of the sparsematrix.
Thesepointerspoint into theja anda vectorsto thestartof matrixelementsin thatrow of thematrix.a againcontains
thecoefficient valuesfrom thematrix andja containsthecolumnindicesfor thecoefficients. Elementswithin each
row areorderedfrom lowestcolumnnumberto highest.

In thecolumnpackedformatja containsasetof pointersto thestartof eachcolumnin ia anda, andia contains
therow indicesof thecoefficientsstoredin a. Elementswithin eachcolumnareorderedfrom lowestrow numberto
highest.

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

Thesesingleprocesssparseformatsmaybespecifiedby thefollowing format values:

DDL ROW FMT singleprocessrow packedformat
DDL COL FMT singleprocesscolumnpackedformat
DDL TRIAD FMT singleprocesstriad format

3.5.2 Distrib uted sparsematrices
Distributedsparsematrixobjectsareof typeDDL Spa.

Thedistributedsparsematrix formatsarebasedonthesingleprocesssparsematrix formats.
A list of proposedsparseformatsis givenbelow by valuesfor theformat property:

DDL PCK ROW distributedrow packedformat
DDL PCK COL distributedcolumnpackedformat
DDL PAD ROW distributedrow paddedformat
DDL PAD COL distributedcolumnpaddedformat
DDL TRIAD ROW row distributedtriadformat
DDL TRIAD COL columndistributedtriad format
DDL TRIAD distributedtriad format

Thedistributedrow packedsparseformat,DDL PCK ROW, is basedon therow packedformat(seeFigure3.4).
Thesparsematrix is distributedover theprocessesby wholerows,with eachprocessholdingablockof adjacentrows.
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The rows + allocatedto a processarethesameastheelements+ of a densevectorthat is partitionedover the same
processes.On eachprocessthe rows arestoredin the singleprocessrow packedformat with minor changes.The
variablesn andnelt now refer to thenumberof rows heldon a processandthenumberof elementson thatprocess
respectively. ia only haspointersfor rowsheldby aprocess,with therows renumberedlocally from one.

The distributedcolumnpackedsparseformat,DDL PCK COL, is similar to DDL PCK ROW exceptthat pro-
cessesholdblocksof columnsstoredlocally in thecolumnpackedformat.

Thepaddedformatsaresimilar to thepackedformats.For example,theDDL PAD ROW distribution is thesame
asDDL PCK ROW exceptthateachrow isgivenanequal-sizedblockof storageontheprocess(seeFigure3.5). Thus
eachrow maybepaddedoutfrom thepreviousrow by anumberof emptystoragelocations.ia now containspointers
to thenext emptyelementin eachrow. It is mucheasierto addextraelementsto thisformatthanto thepackedformats.

Thetriad formatsareagainsimilar. In theDDL TRIAD formatdatais storedin triad formaton eachprocesswith
no orderingto the elementsat all. The DDL TRIAD ROW andDDL TRIAD COL formatspartition thematrix by
blocksof rowsor columns.Within eachprocess,however, theelementsarestoredin triad formatwith noordering.

Thedistributedsparseobjectshave thesamepropertiesasthedistributeddenseobjects.Thetype-specificproper-
tiesaredefinedbelow for thesparsematrixobjecttype:

gsize (arrayof integer, global)
Thegsize propertyof asparseobjectis anarrayof 3 integers with thefollowing interpretations:

1. thenumberof rowsof thematrix,

2. thenumberof columnsof thematrix,

3. thetotal numberof non-zeroelementsthattheobjectcanhold.

type (handle, global)
Thetype propertygivesthedatatypeof thecoefficientarraya. Thearraysia andja arearraysof integers.

size (arrayof integer, local)
Thelocalsize propertyfor asparseobjectis anarrayof 2 elementswith thefollowing interpretations:

1. thenumberof rows (or columns)of thematrixstoredon thisprocess,

2. thetotal numberof non-zeroelementsthatthis processcanhold.
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offset (arrayof integer, local)
The offset propertyis an arrayof 1 elementwhich gives the offset to the first row (or column)held by this
process.In FORTRAN theoffset propertyis indexedfrom 1, andin C it is indexedfrom 0.

In addition,thesparsematrix objecttypehasthe following extra properties:subtype, permx, permy, nelt and
gnelt.

subtype (handle, global)
Thesubtype propertyof a sparseobjectspecifiesa specialmatrix typefor theobject. Currentlythis property
cantakethefollowing values:

DDL UPPER thematrix is uppertriangular,
DDL LOWER thematrix is lower triangular.

If thispropertyis not setthenthematrix is assumedto begeneralsparse.

permx, permy (handle, global)
Thesepropertiesspecifypermutationvectorsfor thematrix. permx (DDL Vec) specifiestherow permutation
for thematrix,andpermy specifiesthecolumnpermutation.(SeeSection3.2.)

nelt (integer, local)
Thenelt propertyof asparseobjectis thetotalnumberof non-zeroelementsheldon thecallingprocess.

gnelt (integer, global)
Thegnelt propertyof asparseobjectis thetotal numberof non-zeroelementsin thedistributedobject.



Chapter 4

Object management

Thischapterdescribeshow theusercanmanageDDL objectsin hisprogram.Managementoperationsincludecreating
anddestroyingobjects,andqueryingandsettingthepropertiesof objects.All theseoperationsareachievedthrough
DDL procedurecalls.

4.1 Object creationand deletion
A DDL objectis createdby callingatypespecificDDL creationprocedure.TheseproceduresareDDL Create vector
andDDL Create sparse. Dependingon thetypeof theobjectto becreated,differentinformationmustbeprovided
by theuser.

DDL Create vector(size, type, format, block, comm, vector)

IN size arrayof size1 specifyingthesizeof thevector(arrayof inte-
ger)

IN type thetypeof eachelement(handle)

IN format theformatof thevector(handle)

IN block thesizeof indivisible blocks. Eachnodehasa wholenumber
of blocks.(integer)

IN comm communicator(handle)

OUT vector thenew vectorobject(handle)

int DDL Create vector(int size[1], MPI Datatype type, int format, int block,
MPI Comm comm, DDL Vec *vector)

DDL CREATE VECTOR(SIZE, TYPE, FORMAT, BLOCK, COMM, VECTOR, IERR)
INTEGER SIZE(1)
INTEGER TYPE, FORMAT, BLOCK, COMM, VECTOR, IERR

DDL Create sparse(size, type, format, block, comm, sparse)

IN size arrayof size3 specifyingthe size of the sparsematrix. The
elementshave thefollowing meanings:

1. numberof rows in thematrix

2. numberof columnsin thematrix

12



4. Objectmanagement 13

3. maximumnumberof non-zeroelementsin matrix

(arrayof integer)
IN type thetypeof eachelement(handle)

IN format theformatof thesparsematrix (handle)

IN block thesizeof indivisible blocks. Eachnodehasa wholenumber
of blocks.(integer)

IN comm communicator(handle)

OUT sparse thenew sparsematrixobject(handle)

int DDL Create sparse(int size[3], MPI Datatype type, int format, int block,
MPI Comm comm, DDL Spa *sparse)

DDL CREATE SPARSE(SIZE, TYPE, FORMAT, BLOCK, COMM, SPARSE, IERR)
INTEGER SIZE(3)
INTEGER TYPE, FORMAT, BLOCK, COMM, SPARSE, IERR

All thecreationproceduresreturna handleon thenewly createdobject.Theusermustusethis handleto referto
theobjectthroughtherestof hisprogram.

Whenanobjectis no longerrequiredit canbedeallocatedusingagenericprocedureDDL Free.

DDL Free(object)

OUT object theobjectto bedeallocated(handle)

int DDL Free(DDL Object object)

DDL FREE(OBJECT, IERR)
INTEGER OBJECT, IERR

Thisprocedurereclaimsthememoryallocatedto theobjectsotheobjecthandleshouldnotbeusedagainto refer
to thedeletedobject.Also any handlesto sub-objectsor pointersto raw datavaluesbecomeinvalid andshouldnotbe
used.

4.2 Property query procedures
If the userprogramneedsto find out any propertyof an existing object,thereis a setof proceduresfor queryingan
object.Mostpropertieshaveagenericqueryprocedurewhichcanbeusedfor any objecttype.Theexactspecification
of thereturnedvaluesmaybetypedependent.Full detailsof theobjectpropertiesis givenin Section3.3.

Theobjecttype of anobjectcanbefoundby callingDDL Objecttype.

DDL Objecttype(object, type)

IN object theobjectto query(handle)

OUT type theobjecttype(handle)

int DDL Objecttype(DDL Object object, int *type)

DDL OBJECTTYPE(OBJECT, TYPE, IERR)
INTEGER OBJECT, TYPE, IERR

Otherproceduresto find globalpropertiesof anobjectareDDL Tag to find theobjecttag; DDL Format to get
the object format; DDL Gsize to return the global size of the object, gsize; DDL Comm to get the objectMPI
communicatorcomm; andDDL Type to retrieve thetype of objectelements.
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DDL Tag(object, tag)

IN object theobjectto query(handle)

OUT tag theobjecttag(handle)

int DDL Tag(DDL Object object, int *tag)

DDL FORMAT(OBJECT, TAG, IERR)
INTEGER OBJECT, TAG, IERR

DDL Format(object, format)

IN object theobjectto query(handle)

OUT format theobjectformat(handle)

int DDL Format(DDL Object object, int *format)

DDL FORMAT(OBJECT, FORMAT, IERR)
INTEGER OBJECT, FORMAT, IERR

DDL Gsize(object, size)

IN object theobjectto query(handle)

OUT size theglobalsizeof theobject(arrayof integers)

int DDL Gsize(DDL Object object, int *size)

DDL GSIZE(OBJECT, SIZE, IERR)
INTEGER(*) SIZE
INTEGER OBJECT, IERR

Thelengthof size in DDL Gsize dependsontheobjecttype(seeSection3.3).

DDL Comm(object, comm)

IN object theobjectto query(handle)

OUT comm theMPI communicatorfor theobject(handle)

int DDL Comm(DDL Object object, MPI Comm *comm)

DDL TYPE(OBJECT, COMM, IERR)
INTEGER OBJECT, COMM, IERR

DDL Type(object, type)

IN object theobjectto query(handle)

OUT type thedatatypeof objectelements(handle)

int DDL Type(DDL Object object, MPI Datatype *type)

DDL TYPE(OBJECT, TYPE, IERR)
INTEGER OBJECT, TYPE, IERR
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Local propertiesof an object,which may returndifferentvalueson differentprocesses,canbe foundby calling
DDL Size to find thesize of thelocalsegmentof anobjectandDDL Offset to find theoffset of thelocalsegment.

DDL Size(object, size)

IN object theobjectto query(handle)

OUT size thelocalsizeof theobject(arrayof integers)

int DDL Size(DDL Object object, int *size)

DDL SIZE(OBJECT, SIZE, IERR)
INTEGER(*) SIZE
INTEGER OBJECT, IERR

Thelengthof size in DDL Size dependson theobjecttype(seeSection3.3).

DDL Offset(object, offset)

IN object theobjectto query(handle)

OUT offset theoffsetof thelocalsegmentof theobject(arrayof integers)

int DDL Offset(DDL Object object, int *offset)

DDL OFFSET(OBJECT, OFFSET, IERR)
INTEGER(*) OFFSET
INTEGER OBJECT, IERR

Thelengthof offset in DDL Offset dependson theobjecttype(seeSection3.3).
Theadditionalpropertiesof theDDL Spa objecttype,gused andused, canbefoundby callingDDL Gused sparse

andDDL Used sparse respectively.

DDL Gused sparse(sparse, nelt)

IN sparse thesparseobjectto query(handle)

OUT nelt thenumberof non-zeroelementsusedby theobject(integer)

int DDL Gused sparse(DDL Spa sparse, int *nelt)

DDL GUSED SPARSE(SPARSE, NELT, IERR)
INTEGER SPARSE, NELT, IERR

DDL Used sparse(sparse, nelt)

IN sparse thesparseobjectto query(handle)

OUT nelt thenumberof non-zeroelementsusedby theobjectonthecall-
ing process(integer)

int DDL Used sparse(DDL Spa sparse, int *nelt)

DDL USED SPARSE(SPARSE, NELT, IERR)
INTEGER SPARSE, NELT, IERR

DDL Subtype sparse returnsthesubtype of thesparsematrix (seeSection3.5).
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DDL Subtype sparse(sparse, type)

IN sparse thesparseobjectto query(handle)

OUT type thesparseobjectsubtype(handle)

int DDL Subtype sparse(DDL Spa *sparse, int *type)

DDL SUBTYPE SPARSE(SPARSE, TYPE, IERR)
INTEGER SPARSE, TYPE, IERR

4.3 Property settingprocedures
Mostobjectpropertiesaresetoncreationandcannotbechangedthereafter. Howeversomepropertiesmaybechanged
afteranobjecthasbeencreated.Changingmostobjectpropertiesaftercreationis consideredto bealow-level function
of theDDL, greatcareis neededandtheusershouldbeawareof thepossibleoverheadsincurredby changingsome
properties.

The DDL Spa typesuppportsthe following propertysettingfunctions: DDL Setformat setsthe format of the
sparsematrix;DDL Setsubtype setsthesubtype of thesparsematrix (seeSection3.5); DDL Setperm sparse sets
thepermutationvectorsfor thesparsematrix;andDDL Setused setsthelocalpropertyused, thenumberof elements
usedon thecallingprocess.

DDL Setused sparse(sparse, nelt)

INOUT sparse thesparseobjectto change(handle)

IN nelt thenew numberof non-zeroelementsusedby theobjectonthe
callingprocess(integer)

int DDL Setused sparse(DDL Spa sparse, int nelt)

DDL SETUSED SPARSE(SPARSE, NELT, IERR)
INTEGER SPARSE, NELT, IERR

DDL Setformat sparse(sparse, format)

INOUT sparse thesparseobjectto change(handle)

IN format thenew sparseobjectformat(handle)

int DDL Setformat sparse(DDL Spa sparse, int format)

DDL SETFORMAT SPARSE(SPARSE, FORMAT, IERR)
INTEGER SPARSE, FORMAT, IERR

DDL Setsubtype sparse(sparse, type)

INOUT sparse thesparseobjectto change(handle)

IN type thenew sparseobjectsubtype(handle)

int DDL Setsubtype sparse(DDL Spa sparse, int type)

DDL SETSUBTYPE SPARSE(SPARSE, TYPE, IERR)
INTEGER SPARSE, TYPE, IERR
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DDL Setperm sparse(sparse, permx, permy)

INOUT sparse thesparseobjectto change(handle)

IN permx the row permutationvectorfor the sparseobject,or NULL if
no permutation(handle)

IN permx thecolumnpermutationvectorfor thesparseobject,or NULL
if no permutation(handle)

int DDL Setperm sparse(DDL Spa sparse, DDL Vec permx, DDL Vec permy)

DDL SETPERM SPARSE(SPARSE, PERMX, PERMY, IERR)
INTEGER SPARSE, PERMX, PERMY, IERR

Theseproceduresmaybeused,for example,while initializing a sparsematrix object. Theusercouldupdatethe
underlyingvectorsia, ja anda directly, andtheninform theDDL of thechangesusingtheseprocedures.

4.4 Copying and transforming objects
As well assimplycreatinganobjectandfilling it with data,theusermaywantto copydatafrom oneobjectto another.
Simplecopyoperationscould involve two objectsof identicaltypes,formatsandsizes.Theseoperationswould not
involve any communicationand could be implementedefficiently. However, the usermay alsowant to copy data
betweenobjectswith differentproperties,suchasdifferent formats. Thesetransformationoperationswill probably
requirecommunicationandhencewill becostly.

TheDDL usesdifferentproceduresto providesimpleobjectcopyingandmorecomplicatedobjecttransformations.
A genericcopyprocedureDDL Copy allows theuserto copydatabetweenobjects,providedtheobjectsaresimilar
enoughsuchthat no communicationis requiredto performthedatacopy, andthatno datamanipulationis required,
suchasreordering.ThetransformationprocedureDDL Transform sparse allowstheuserto transformsparseobjects
from onedataformatto another, whichmayrequirecommunication.

DDL Copy(src, dest)

IN src thesourceobject(handle)

OUT dest thedestinationobject(handle)

int DDL Copy(DDL Object src, DDL Object dest)

DDL COPY(SRC, DEST, IERR)
INTEGER SRC, DEST, IERR

Note thatall objectsmustusethesamecommunicatorandthusthesamenumberof processes.In orderto copy
objectdatabetweenobjectsusingdifferentnumbersof processestheusermustwrite thedatato file andre-readit. This
restrictionto identicalcommunicatorsis a generalrestrictionin all DDL proceduresandmeansthatprogramswill in
practiceuseasinglecommunicator, e.g.MPI COMM WORLD, throughout.



Chapter 5

Level 1 BLAS

Someof theoperationsdefinedby thelevel 1 BasicLinearAlgebraSubprograms(BLAS1) areavailablefor manipu-
lating DDL Vec objects.TheDDL proceduresdo not supportstrides.Bothsingleanddoubleprecisionfloatingpoint
valuesaresupported.All theparametersmustbeof thesametype, i.e.,MPI FLOAT or MPI DOUBLE.

DDL Dot(x, y, dot)

IN x vectorx (handle)

IN y vectory (handle)

OUT dot thedotproductof x andy (choice)

int DDL Dot(DDL Vec x, DDL Vec y, void *dot)

DDL DOT(X, Y, DOT, IERR)
INTEGER X, Y, IERR� type � DOT

DDL Scal(alpha, x)

IN alpha theconstantscalefactor(choice)

INOUT x vectorx (handle)

int DDL Scal(double alpha, DDL Vec x)

DDL SCAL(ALPHA, X, IERR)� type � ALPHA
INTEGER X, IERR

DDL Nrm2(x, nrm2)

IN x vectorx (handle)

OUT nrm2 the2-normof thevectorx choice)

int DDL Nrm2(DDL Vec x, void *nrm2)

DDL NRM2(X, NRM2, IERR)
INTEGER X, IERR� type � NRM2

18
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DDL Axpy(alpha, x, y)

IN alpha theconstantscalefactorfor x (choice)

IN x vectorx (handle)

INOUT y vectory (handle)

int DDL Axpy(double alpha, DDL Vec x, DDL Vec y)

DDL AXPY(ALPHA, X, Y, IERR)� type � ALPHA
INTEGER X, Y, IERR

Thecopyoperationis describedin Section4.4.
Two otherusefuloperationsareDDL Rand which initialisestheelementsof avectorwith randomnumbers,and

DDL Fill which initialisestheelementsof avectorwith aconstant.

DDL Rand(alpha, x)

IN alpha theseed(double)

OUT x vectorx (handle)

int DDL Rand(double alpha, DDL Vec x)

DDL RAND(ALPHA, X, IERR)
DOUBLE PRECISION ALPHA
INTEGER X, IERR

DDL Fill(alpha, x)

IN alpha theinitializationconstant(double)

OUT x vectorx (handle)

int DDL Fill(double alpha, DDL Vec x)

DDL FILL(ALPHA, X, IERR)
DOUBLE PRECISION ALPHA
INTEGER X, IERR



Chapter 6

Sparsematrix operations

6.1 Sparsematrix vector multiply
Thereis a sparsematrix, densevectormultiply routineDDL Smv. This routinetakesasparsematrix 9 anda pair of
densevectors: and ; andperformsthefollowing operation:

;<>=?9@:BADCE;�F
Thematrixvectormultiply algorithmmustcommunicatedatabetweenprocesses.Thecommunicationpatternwill

dependon thesparsitypatternof thesparsematrix. To improve efficiency whenrepeatedmatrix vectormultipliesare
performedwith thesamematrix, thecommunicationpatternis calculatedbeforethecomputationis performed.The
communicationpatternis thensaved for re-usein subsequentmatrix vectormultiplies. This is achievedby theuser
insertingacall to DDL Smv comm afterthesparsedatahasbeendistributedbut beforeDDL Smv is called.Repeated
calls to DDL Smv canthenbe madewithout recalculatingthe communicationpatternunlessthe sparsitypatternis
changedby updatingthesparsematrix. If thesparsitypatternis subsequentlychanged(or if theuserhaschangedthe
sparsematrixbut doesn’t know whetherthesparsitypatternhaschanged)theusershouldcall DDL Smv comm again
to recalculatethecommunicationpattern.

If the useronly performsa single matrix vector multiply or if the sparsematrix is not changedthen calls to
DDL Smv comm arenot necessarysinceDDL Smv will automaticallycalculatethe communicationpatternfor a
sparsematrix if thepatternhasnotbeencalculatedbefore.

Thisproceduresupportspermutationvectorsfor thesparsematrix.

DDL Smv(a, x, y, alpha, beta)

IN a sparsematrix (handle)

IN x densevector(handle)

INOUT y densevector(handle)

IN alpha scalar(choice)

IN beta scalar(choice)

int DDL Smv(DDL Spa a, DDL Vec x, DDL Vec y, double alpha, double beta)

DDL SMV(A, X, Y, ALPHA, BETA, IERR)
INTEGER A, X, Y, IERR� type � ALPHA, BETA

DDL Smv comm(sparse)

IN sparse sparsematrix (handle)

int DDL Smv comm(DDL Spa sparse)

20
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DDL SMV COMM(SPARSE, IERR)
INTEGER SPARSE, IERR

6.2 Sparsetriangular solve
Thereis a sparsetriangularsolve routineDDL Trisolve. This routinetakesasparsetriangularmatrix 9 anda pair of
densevectors: and � andsolvesthetriangularsystemof equationsfor : :

9@: >��F
Thesparsematrix mustbeeitheruppertriangularor lower triangular. This routineusesthepropertysubtype to

determinewhetherthematrixis upperor lowertriangular. Hencetheusermustcall DDL Setsubtype (seeSection4.3)
to setthis propertybeforecallingDDL Trisolve comm or DDL Trisolve.

Thetriangularsolvealgorithmmustcommunicatedatabetweenprocesses.Thecommunicationpatternwill depend
on thesparsitypatternof thesparsematrix. To improve efficiency whenrepeatedsolvesareperformedwith thesame
matrix, the communicationpatternis calculatedbeforethe computationis performed. The communicationpattern
is thensaved for re-usein subsequent solves. This is achievedby the userinsertinga call to DDL Trisolve comm
after the sparsedatahasbeendistributed but beforeDDL Trisolve is called. Repeatedcalls to DDL Trisolve can
thenbemadewithout recalculatingthecommunicationpatternunlessthesparsitypatternis changedby updatingthe
sparsematrix. If thesparsitypatternis subsequentlychanged(or if theuserhaschangedthesparsematrix but doesn’t
know whetherthe sparsitypatternhaschanged)the usershouldcall DDL Trisolve comm againto recalculatethe
communicationpattern.

If theuseronlyperformsasingletriangularsolveor if thesparsematrixisnotchangedthencallstoDDL Trisolve comm
arenotnecessarysinceDDL Trisolve will automaticallycalculatethecommunicationpatternfor asparsematrix if the
patternhasnotbeencalculatedbefore.

Thisproceduresupportspermutationvectorsfor thesparsematrix.

DDL Trisolve(a, x, b)

IN a sparsematrix (handle)

OUT x densesolutionvector(handle)

IN b denseright handside(RHS)vector(handle)

int DDL Trisolve(DDL Spa a, DDL Vec x, DDL Vec b)

DDL TRISOLVE(A, X, B, IERR)
INTEGER A, X, B, IERR

DDL Trisolve comm(sparse)

IN sparse sparsematrix (handle)

int DDL Trisolve comm(DDL Spa sparse)

DDL TRISOLVE COMM(SPARSE, IERR)
INTEGER SPARSE, IERR

6.3 Conversion betweensparseformats
Thedistributedsparseobjecttypesupportsseveraldifferentformatswhich maybeusefulin differentcircumstances.
TheDDL providesanumberof proceduresto convertdatafrom oneof theseformatsto another.

Implementation note. It is relatively simpleto convertbetweencertaindistributedformats,but toprovidegeneral
conversionbetweenany formatsmight requireconsiderablecommunication.Thustheproceduresprovidednow
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aresequentialandmayonly beusedto operateuponlocal sparsedatastructures.They maybe usefulfor I/O
andfor convertinglocaldatato theformatrequiredby new user-writtenprocedures.

Fully distributedconversionprocedurescanbedevelopedif thereis aneedfor them.

The sequentialproceduresare DDL Triadtorow, DDL Triadtocol and DDL Rowtotriad, DDL Coltotriad. These
proceduresconvertbetweensingleprocesstriadformat(DDL TRIAD FMT) andsingleprocessrow- or column-packed
formats(DDL ROW FMT andDDL COL FMT). After theseroutineshave beenusedto convert local sparsedata
structuresfrom oneformatto another, DDL Setformat sparse mustbecalledto inform theDDL of thechange.

DDL Coltotriad(n, nelt, ia, ja, a, type, isym)

IN n sizeof sparsematrix (integer)
IN nelt numberof non-zeroelementsin matrix (integer)
INOUT ia vectorof row indices(arrayof integer)
INOUT ja on entry, vectorof columnpointers;on exit, vectorof column

indices(arrayof integer)
INOUT a vectorof coefficientvalues(arrayof choice)

IN type thetype of thecoefficientvalues(handle)

IN isym an integer specifyingwhetherthematrix is symmetricor non-
symmetric(integer)

int DDL Coltotriad(int n, int nelt, int ia[], int ja[], void *a,
MPI Datatype type, int isym)

DDL COLTOTRIAD(N, NELT, IA, JA, A, TYPE, ISYM, IERR)
INTEGER N, NELT, IA(NELT), JA(NELT), TYPE, ISYM, IERR� type � A(NELT)

DDL Rowtotriad(n, nelt, ia, ja, a, type, isym)

IN n sizeof sparsematrix (integer)
IN nelt numberof non-zeroelementsin matrix (integer)
INOUT ia on entry, vectorof row pointers;on exit, vectorof row indices

(arrayof integer)
INOUT ja vectorof columnindices(arrayof integer)
INOUT a vectorof coefficientvalues(arrayof choice)

IN type thetype of thecoefficientvalues(handle)

IN isym an integer specifyingwhetherthematrix is symmetricor non-
symmetric(integer)

int DDL Rowtotriad(int n, int nelt, int ia[], int ja[], void *a,
MPI Datatype type, int isym)

DDL ROWTOTRIAD(N, NELT, IA, JA, A, TYPE, ISYM, IERR)
INTEGER N, NELT, IA(NELT), JA(NELT), TYPE, ISYM, IERR� type � A(NELT)
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DDL Triadtocol(n, nelt, ia, ja, a, type, isym)

IN n sizeof sparsematrix (integer)
IN nelt numberof non-zeroelementsin matrix (integer)
INOUT ia vectorof row indices(arrayof integer)
INOUT ja on entry, vectorof columnindices;on exit, vectorof column

pointers(arrayof integer)
INOUT a vectorof coefficientvalues(arrayof choice)

IN type thetype of thecoefficientvalues(handle)

IN isym an integer specifyingwhetherthematrix is symmetricor non-
symmetric(integer)

int DDL Triadtocol(int n, int nelt, int ia[], int ja[], void *a,
MPI Datatype type, int isym)

DDL TRIADTOCOL(N, NELT, IA, JA, A, TYPE, ISYM, IERR)
INTEGER N, NELT, IA(NELT), JA(NELT), TYPE, ISYM, IERR� type � A(NELT)

DDL Triadtorow(n, nelt, ia, ja, a, type, isym)

IN n sizeof sparsematrix (integer)
IN nelt numberof non-zeroelementsin matrix (integer)
INOUT ia on entry, vectorof row indices;on exit, vectorof row pointers

(arrayof integer)
INOUT ja vectorof columnindices(arrayof integer)
INOUT a vectorof coefficientvalues(arrayof choice)

IN type thetype of thecoefficientvalues(handle)

IN isym an integer specifyingwhetherthematrix is symmetricor non-
symmetric(integer)

int DDL Triadtorow(int n, int nelt, int ia[], int ja[], void *a,
MPI Datatype type, int isym)

DDL TRIADTOROW(N, NELT, IA, JA, A, TYPE, ISYM, IERR)
INTEGER N, NELT, IA(NELT), JA(NELT), TYPE, ISYM, IERR� type � A(NELT)



Chapter 7

File I/O

The DDL providestwo setsof I/O procedures:onesetperformsdirect parallelI/O betweenthe file systemandthe
processgroup; the othersetperformsordinary I/O betweenthe file systemandthe processon the hostnode. The
operationsprovidedin eachsetincludefile openingandclosing,objectreadingandwriting, andfile querying.

7.1 Parallel I/O
ThedirectparallelI/O proceduresareDDL Open, DDL Close, DDL Read, DDL Write andDDL Fileformat. These
proceduresprovide parallelI/O operationsfor a groupof processesdefinedby anMPI communicator. All processes
in the groupmustcall theseprocedures,but the userdoesnot needto makeany distinctionbetweenprocessesthat
have I/O capabilityandthosewithout thatcapability. Thephysicallocationof thefile systemis hiddenfrom theuser
program.Theonly requirementis thatoneprocessin theprocessgrouphasI/O capability.

Theseproceduresallow theuserto write distributedobjectsto file andlaterreadtheobjectdatabackfrom file to
adistributedobject.Theusercanusetheseproceduresto readin initial dataandwrite out resultdata,or to implement
a simpleform of checkpointingwhere,underusercontrol,all the distributedobjectscanbe dumpedto file for later
retrieval.

The datafile format implementedin the DDL is intendedto supportcheckpointingin a simplemanner. All the
essentialinformationabouta distributedobjectis recordedin a singlefile. This informationincludesthe following
objectproperties:theobjectDDLtype, format, gsize andtype alongwith theraw datavaluesfor theobject.Thefile
formatis independentof thesizeof theprocessgroupfor anobject,soprogramsusingdifferentnumbersof processes
canreadandwrite thesamedatafiles.

Distributedobjectscanbewritten oneafteranotherto a singledatafile, andlaterreadbackin thesameorder. To
facilitatereadingobjectsfrom file theprocedureDDL Fileformat findstheobjectpropertiesof thenext objectin the
givendatafile. This informationcanthenbeusedto createa compatibledistributedobjectandthatobjectfilled with
datafrom thefile usingDDL Read.

Implementation note. Currently the setof pairsof formats of the datafile objectand the distributedobject
thatareacceptedby theDDL Read procedureis limited. For example,if a row packedsparsematrix object
is written to file, it canonly be readbackinto a row packed,row paddedor row distributedtriad object. This
restrictionmayberelaxedin futureif thereis ademandfor moreflexible I/O.

Thespecificationsfor theseparallelI/O proceduresaregivenbelow.

24
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DDL Open(file, fname, mode, comm)

OUT file ahandleon thenewly openedfile (handle)

IN fname thenameof thefile (arrayof character)
IN mode themodefor file access.Thiscanhaveanumberof values:

DDL READ MODE Openfile for readingfrom thebeginning.
DDL WRITE MODE Openfile for writing, deletingany previouscontentsof file.

(handle)

IN comm the communicatorspecifyingthe processgroupwhich needs
accessto thefile (handle)

int DDL Open(FILE **file, char *fname, int mode, MPI Comm comm)

DDL OPEN(FILE, FNAME, MODE, COMM, IERR)
CHARACTER*(*) FNAME
INTEGER FILE, MODE, COMM, IERR

DDL Close(file, comm)

IN file ahandleon theopenedfile (handle)

IN comm thecommunicatorspecifyingtheprocessgroupwhich hasac-
cessto thefile (handle)

int DDL Close(FILE *file, MPI Comm comm)

DDL CLOSE(FILE, COMM, IERR)
INTEGER FILE, COMM, IERR

DDL Fileformat(file, format, type, info, comm)

IN file ahandleon thefile (handle)

OUT format theformat of thenext objectin thefile (handle)

OUT type thetype of thenext objectin thefile (handle)

OUT info an arrayof extra informationaboutthenext objectin thefile.
The sizeof this arrayandthe interpretationof its elementsis
objecttypedependent.
For DDL Vec objects:

1. thenumberof elementsin thevectorobject.

For DDL Spa objects:

1. thenumberof rows of thesparsematrix,

2. thenumberof columnsof thesparsematrix,

3. thetotal numberof non-zeroelementsin thesparsema-
trix.

(arrayof integers)

IN comm thecommunicatorspecifyingtheprocessgroupwhich hasac-
cessto thefile (handle)

int DDL Fileformat(FILE **file, int *format, MPI Datatype *type, int *info,
MPI Comm comm)

DDL FILEFORMAT(FILE, FORMAT, TYPE, INFO, COMM, IERR)
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INTEGER(*) INFO
INTEGER FILE, FORMAT, TYPE, COMM, IERR

DDL Read(object, file)

IN object theobjectto fill from file (handle)

IN file thefile from which to getdata(handle)

int DDL Read(DDL Object object, FILE *file)

DDL READ(OBJECT, FILE, IERR)
INTEGER OBJECT, FILE, IERR

DDL Write(object, file)

IN object theobjectto write to file (handle)

IN file thefile to whichto write data(handle)

int DDL Write(DDL Object object, FILE *file)

DDL WRITE(OBJECT, FILE, IERR)
INTEGER OBJECT, FILE, IERR

7.2 Host I/O
Thesetof hostI/O proceduresmirror thedirectparallelI/O procedures.ThehostI/O proceduresmustbecalledfrom
a processhaving I/O capability, a host process. The datato be reador written is transferredbetweenthe host file
systemanddatastructuresin thehostprocess.Theseprocedurescanbe usedin sequentialprogramsindependently
of theotherDDL procedures;no DDL or MPI initialization is requiredfor theseproceduresto work. Thismakesthe
proceduresusefulfor takingdatafrom otherprogramsandmassagingit into aformatcompatiblewith theDDL parallel
I/O procedures,or vice versa.

The host I/O procedures are DDL Open host, DDL Close host, DDL In sparse, DDL In vector,
DDL Out sparse, DDL Out vector, andDDL Fileformat host.

DDL Open host, DDL Close host andDDL Fileformat host aresimilar in specificationto theequivalentparal-
lel I/O proceduresdescribedin Section7.1. DDL In sparse, DDL In vector, DDL Out sparse andDDL Out vector
provide readingandwriting of DDL formatdatafiles from datastructureson thehostprocess.Finally, DDL Inhb can
input the commonHarwell-Boeingformat datafiles. The hostdatastructuresusedby theseproceduresaresimple
arraysfor DDL Vec objectsandthedatastructuresdescribedin Section3.5.1for DDL Spa objects.

Thespecificationfor theseproceduresfollows.

DDL Open host(file, fname, mode)

OUT file ahandleon thenewly openedfile (handle)

IN fname thenameof thefile (arrayof character)
IN mode themodefor file access.For full detailsseeSection7.1(han-

dle)

int DDL Open host(FILE **file, char *fname, int mode)

DDL OPEN HOST(FILE, FNAME, MODE, IERR)
CHARACTER*(*) FNAME
INTEGER FILE, MODE, IERR
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DDL Close host(file)

IN file ahandleon theopenedfile (handle)

int DDL Close host(FILE *file)

DDL CLOSE HOST(FILE, IERR)
INTEGER FILE, IERR

DDL Fileformat host(file, format, type, info)

IN file ahandleon thefile (handle)

OUT format theformat of thenext objectin thefile (handle)

OUT type thetype of thenext objectin thefile (handle)

OUT info an arrayof extra informationaboutthenext objectin thefile.
For full detailsseeSection7.1 (arrayof integers)

int DDL Fileformat host(FILE **file, int *format, MPI Datatype *type,
int *info)

DDL FILEFORMAT HOST(FILE, FORMAT, TYPE, INFO, IERR)
INTEGER(*) INFO
INTEGER FILE, FORMAT, TYPE, IERR

DDL In sparse(file, n, nelt, ia, ja, a, type, isym, format)

IN file ahandleon thefile from whichto read(handle)

OUT n thenumberof rows/columnsof thesparsematrix (integer)
OUT nelt thenumberof non-zeroelementsin thesparsematrix(integer)
OUT ia anarrayholdingtherow pointersor row indicesof thesparse

matrix (arrayof integers)

OUT ja anarrayholdingthecolumnpointersor columnindicesof the
sparsematrix (arrayof integers)

OUT a anarrayholdingthecoefficientvaluesof thesparsematrix(ar-
rayof choice)

OUT type thetype of coefficientelementsof thesparsematrix (handle)

OUT isym anintegerspecifyingwhetherthematrix is symmetricor non-
symmetric(integer)

OUT format theformat of thesparsematrix (handle)

int DDL In sparse(FILE *file, int *n, int *nelt, int ia[], int ja[], void *a,
MPI Datatype *type, int *isym, int *format)

DDL IN SPARSE(FILE, N, NELT, IA, JA, A, TYPE, ISYM, FORMAT, IERR)
INTEGER(*) IA, JA
( � type � ) A
INTEGER FILE, N, NELT, TYPE, ISYM, FORMAT, IERR
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DDL Out sparse(file, n, nelt, ia, ja, a, type, isym, format)

IN file ahandleon thefile to which to write (handle)

IN n thenumberof rows/columnsof thesparsematrix (integer)
IN nelt thenumberof non-zeroelementsin thesparsematrix(integer)
IN ia anarrayholdingtherow pointersor row indicesof thesparse

matrix (arrayof integers)

IN ja anarrayholdingthecolumnpointersor columnindicesof the
sparsematrix (arrayof integers)

IN a anarrayholdingthecoefficientvaluesof thesparsematrix(ar-
rayof choice)

IN type thetype of coefficientelementsof thesparsematrix (handle)

IN isym anintegerspecifyingwhetherthematrix is symmetricor non-
symmetric(integer)

IN format theformat of thesparsematrix (handle)

int DDL Out sparse(FILE *file, int n, int nelt, int ia[], int ja[], void *a,
MPI Datatype type, int isym, int format)

DDL OUT SPARSE(FILE, N, NELT, IA, JA, A, TYPE, ISYM, FORMAT, IERR)
INTEGER(*) IA, JA
( � type � ) A
INTEGER FILE, N, NELT, TYPE, ISYM, FORMAT, IERR

DDL In vector(file, vec, type, n)

IN file ahandleon thefile from whichto read(handle)

OUT vec an array holding the elementvaluesof the vector (array of
choice)

OUT type thetype of thevectorelements(handle)

OUT n thenumberof elementsin thevector(integer)

int DDL In vector(FILE *file, void *vec, MPI Datatype *type, int *n)

DDL IN VECTOR(FILE, VEC, TYPE, N, IERR)
( � type � ) VEC
INTEGER FILE, TYPE, N, IERR

DDL Out vector(file, vec, type, n)

IN file ahandleon thefile to which to write (handle)

IN vec an array holding the elementvaluesof the vector (array of
choice)

IN type thetype of thevectorelements(handle)

IN n thenumberof elementsin thevector(integer)

int DDL Out vector(FILE *file, void *vec, MPI Datatype type, int *n)

DDL OUT VECTOR(FILE, VEC, TYPE, N, IERR)
( � type � ) VEC
INTEGER FILE, TYPE, N, IERR
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DDL Inhb(file, n, nelt, ia, ja, a, isym, soln, rhs, xinit, job)

IN file ahandleon thefile from whichto read(handle)

OUT n thenumberof rows/columnsof thesparsematrix (integer)
OUT nelt thenumberof non-zeroelementsin thesparsematrix(integer)
OUT ia anarrayholdingtherow indicesof thesparsematrix (arrayof

integers)

OUT ja anarrayholdingthecolumnpointersof thesparsematrix(array
of integers)

OUT a anarrayholdingthecoefficientvaluesof thesparsematrix(ar-
rayof double)

OUT isym anintegerspecifyingwhetherthematrix is symmetricor non-
symmetric(integer)

OUT soln an array holding the solution vector, if requestedand found
(arrayof double)

OUT rhs an arrayholding the right handsidevector, if requestedand
found(arrayof double)

OUT xinit an array holding the initial x-vector, if requestedand found
(arrayof double)

INOUT job A flag indicatingonentrywhatI/O operationsto perform:

0 Readonly thematrix.

3 Readmatrix,rhs, xinit andsoln (if present).

On exit the flag indicateswhat operationswereactuallyper-
formed:

-3 Unableto parsematrix “code” from input file to deter-
mineif only thelower triangleof matrix is stored.

-2 Numberof non-zeros(nelt) too large.

-1 Systemsize(n) too large.

1 Readin only thematrixstructure,but nononzeroentries.
hence,a is notreferencedandhasthesamereturnvalues
ason input.

3 Readin only thematrix.

7 Readin thematrixandrhs.

15 Readin thematrix,rhs, andxinit.

23 Readin thematrix,rhs, andsoln.

31 Readin thematrix,rhs, soln andxinit.

(integer)

int DDL Inhb(FILE *file, int *n, int *nelt, int ia[], int ja[], double a[],
int *isym, double soln[], double rhs[], double xinit[], int *job)

DDL INHB(FILE, N, NELT, IA, JA, A, ISYM, SOLN, RHS, XINIT, JOB)
INTEGER(*) IA, JA
DOUBLE PRECISION(*) A, SOLN, RHS, XINIT
INTEGER FILE, N, NELT, ISYM, JOB

DDL Inhb canonly input Harwell-Boeingformat datafiles which specifyfloating point valuesusingE for the
exponent,notD.



Chapter 8

Dir ectaccessto object data

The functionality provided by the DDL procedureswill often not be sufficient for the user’s application. In this
casethe DDL allows the userto get direct accessto the objectdatavalues. Thusthe usercan implementany data
manipulationsrequiredby hisapplication.TheDDL providestheuserwith ameansto accessobjectdatavaluesheld
on thelocalprocess.If thedatamanipulationsrequiredataheldon otherprocessesthentheusermustincludeexplicit
communicationsusingMPI. It is alsothe user’s responsibilityto makesurethat the datastructureshe accessesare
maintainedin a DDL-consistentstate. For example,if the useraddsfill-in elementsto a sparsematrix usingdirect
accessto theobjectdata,hemustmaintaintheobjectformat andinform theDDL of hischangesby updatingtheused
propertyto reflectthenew numberof elements,nelt, heldlocally oneachprocess.

8.1 Accessprocedures
The DDL accessproceduresall returnpointersto thearraysof datavaluesthatconstitutetheobject. Theprocedure
DDL Get vector returnsa pointer to the array of datavalueswhich constitutesthe local part of a vector object.
Similarly, DDL Get ia, DDL Get ja andDDL Get a returnpointersto thelocalpartsof the ia, ja anda vectorsof a
sparsematrix,respectively.

DDL Get vector(vector, ptr)

IN vector avectorobject(handle)

OUT ptr apointerto thelocalvectordatavalues(handle)

int DDL Get vector(DDL Vec vector, void **ptr)

DDL GET VECTOR(VECTOR, PTR, IERR)
INTEGER VECTOR, PTR, IERR

DDL Get ia(sparse, ia)

IN sparse asparsematrixobject(handle)

OUT ia apointerto thelocal ia datavalues(handle)

int DDL Get ia(DDL Spa sparse, int **ia)

DDL GET IA(SPARSE, IA, IERR)
INTEGER SPARSE, IA, IERR
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DDL Get ja(sparse, ja)

IN sparse asparsematrixobject(handle)

OUT ja apointerto thelocal ja datavalues(handle)

int DDL Get ja(DDL Spa sparse, int **ja)

DDL GET JA(SPARSE, JA, IERR)
INTEGER SPARSE, JA, IERR

DDL Get a(sparse, a)

IN sparse asparsematrixobject(handle)

OUT a apointerto thelocala datavalues(handle)

int DDL Get a(DDL Spa sparse, void **a)

DDL GET A(SPARSE, A, IERR)
INTEGER SPARSE, A, IERR

8.2 Accessmethods
The methodsfor usingthe returnpointerarelanguage-dependent, andaredescribedbelow with examplecodefrag-
ments.

8.2.1 C
In C thereturnpointeris a normalC pointer. Thus,thepointercanbeusedin theusualmannerto referenceelements
of thearray.

Example8.1 Initialise a distributed vector object to zero. Notice the agreement in type between the pointer double
*data and the type property of the vector object MPI DOUBLE.

DDL_Vec y;
double *data;
MPI_Datatype type;
...
y = DDL_VECTOR_NULL;
type = MPI_DOUBLE;
ierr = DDL_Create_vector(n, type, block, comm, &y);
...
/* initialize vector y */
ierr = DDL_Get_vector(y, &data);
ierr = DDL_Size_vector(y, &size);
for (i=0;i<size;i++) data[i] = 0.0;

Example8.2 Initialise a distributed sparse matrix object to a diagonal matrix. The matrix is initially generated in
triad format, which is usually the easiest format to generate. But notice that the matrix is then converted to row packed
format to be consistent with the DDL format property for the object. Note also that the code updates the used property.

DDL_Spa m;
double *a;
int *ia, *ja;
int sizes[3];
int format, i, size, offset;
...
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/* create DDL sparse matrix */
format = DDL_PCK_ROW;
ierr = DDL_Create_sparse(sizes, type, format, block, comm, &m);
...
/* update sparse matrix vectors directly */
ierr = DDL_Get_ia(m, &ia);
ierr = DDL_Get_ja(m, &ja);
ierr = DDL_Get_a(m, &a);
ierr = DDL_Size_sparse(m, sizes);
size = sizes[0];
ierr = DDL_Offset_sparse(m, &offset);
/* remember FORTRAN indexing and local */
/* row ordered triad format */
/* just create diagonal matrix */
for (i=0;i<size;i++) {

ia[i] = i+1;
ja[i] = offset+i+1;
a[i] = offset+i+1;

}
/* convert to row packed format as specified at creation */
ierr = DDL_Triadtorow(size, size, ia, ja, a, type, 0);
/* update sparse object properties */
ierr = DDL_Setused_sparse(m, size);

8.2.2 F77

In F77 thereturnpointeris heldin anINTEGER sincetheF77 standarddoesnotsupportpointers.Thus,theprogram
cannotdirectly accessthe arrayreferencedby the pointer. Two accessmethodsaresupportedby the DDL, bothof
which requirenon-standardF77.

Using the POINTER data type

Thesimplestaccessmethodmakesuseof thePOINTER datatypesupportedby many F77 compilersincludingthose
from IBM, SUN andSGI. This datatypeassociatesa FORTRAN arrayvariablewith a pointerby usingthepointer
valueasthebasefor all accessesto thearray. Thepointervariableis passedasa parameterto theaccessprocedure,
e.g.,DDL Get vector, andtheassociatedarrayvariableis usedto accesselementsof theDDL object.(Referto your
compilerdocumentationto checkwhetherthisextensionto F77 is supportedby yourcompiler.)

Example8.3 Initialise a distributed vector object to a value. Notice the agreement in type between the array double
precision vec(10) and the type property of the vector object MPI DOUBLE PRECISION.

program demo
integer i, y, n, type
double precision vec(10)
pointer (vecptr, vec)
double precision val
...

c create vector object
type = MPI_DOUBLE_PRECISION
call DDL_Create_vector(n, type, block, comm, y, ierr)
...

c initialize vector
call DDL_Get_vector(y, vecptr, ierr)
call DDL_Size_vector(y, n, ierr)
val = 0.0
do i=1, n

vec(i) = val
end do
...
end
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Using the DDL Access procedure

Thesecondmethodfor accessingtheDDL objectarrayin F77 usesauser-writtensubroutine.Thissubroutineis passed
asa parameterto DDL Access, alongwith thepointerandotherrelevantdata.DDL Access in turn calls theuser’s
subroutinepassingthearrayin asanormalF77 array.

The procedureDDL Access doesnot conformstrictly to the F77 standardsinceit allows a variablenumberof
arguments.However, mostF77 compilersallow thisuse.Theargumentsto DDL Access areasfollows:

! user’s F77 accesssubroutinename,G
thenumber, � , of DDL pointertypeargumentsin thiscall,H

to �IA G the � pointerarguments,
�<A H thenumber, J , of standardF77 argumentsin thiscall,
�<ALK to �IA"JMA H the J standardF77 arguments,
�<ANJOALK the ierr errorargument.

Theuser’saccesssubroutine,namedin thefirst argumentto DDL Access, musthaveanargumentlist thatmatches
theargumentspassedto DDL Access. Theargumentspassedto DDL Access arein turnpassedto theuser’ssubrou-
tine in thefollowing order:

! to � the � arraysreferencedby thepointerarguments,
�<A>! to �IA"J the J standardF77 arguments,
�<ANJOA>! the ierr errorargument.

Thearrayspassedto theuser’ssubroutinearestandardF77 arraysandcannow beaccessedusingnormalFORTRAN
statements.

Thismethodis moreclearlyillustratedby thefollowing exampleswhicharesimilarto theC examplesgivenabove.

Example8.4 Initialise a distributed vector object to a value. Notice the agreement in type between the array double
precision data(n) and the type property of the vector object MPI DOUBLE PRECISION.

program demo
c user access procedures must be declared external

external initvec
integer y, data, n, type
double precision val
...

c create vector object
type = MPI_DOUBLE_PRECISION
call DDL_Create_vector(n, type, block, comm, y, ierr)
...
call DDL_Get_vector(y, data, ierr)
call DDL_Size_vector(y, n, ierr)
val = 0.0

c call access procedure to initialize vector
call DDL_Access(initvec, 1, data, 2, n, val, ierr)
...
end

c access raw data values of vectors
subroutine initvec(ierr, data, n, val)
integer n, ierr
double precision data(n), val
...
do i=1, n

data(i) = val
end do
end

Example8.5 Initialise a distributed sparse matrix object to a diagonal matrix. The matrix is initially generated in
triad format, which is usually the easiest format to generate. But notice that the matrix is then converted to row packed
format to be consistent with the DDL format property for the object. Note also that the code updates the used property.
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program demo
c user access procedures must be declared external

external initsparse
integer sparse, ia, ja, a, type, ierr
integer maxnelt, num_rows, offset
...

c create DDL sparse matrix
type = MPI_DOUBLE_PRECISION
call DDL_Create_sparse(sizes, type, format, block, comm,
& sparse, ierr)
...

c update sparse matrix vectors directly
call DDL_Get_ia(sparse, ia, ierr)
call DDL_Get_ja(sparse, ja, ierr)
call DDL_Get_a(sparse, a, ierr)
call DDL_Size_sparse(sparse, sizes, ierr)
maxnelt = sizes(2)
num_rows = sizes(1)
call DDL_Offset_sparse(sparse, offset, ierr)

c call worker procedure to initialize sparse matrix
call DDL_Access(initsp, 3, ia, ja, a, 5, maxnelt, num_rows,
& offset, type, sparse, ierr)
...
end

c access raw data values of sparse matrix
subroutine initsparse(ierr, ia, ja, a, maxnelt, num_rows,
& offset, type, sparse)
integer maxnelt, ierr, num_rows, offset, type, sparse
integer ia(maxnelt), ja(maxnelt)
double precision a(maxnelt)
...

c remember local indexing
c row ordered triad format
c just create diagonal matrix

do i=1, num_rows
ia(i) = i
ja(i) = offset+i-1
a(i) = offset+i-1

end do
c convert to row packed as specified at creation

call DDL_Triadtorow(num_rows, num_rows, ia, ja, a, type, 0, ierr)
c complete sparse object entries

call DDL_Setused_sparse(sparse, num_rows, ierr)
end

8.2.3 F90

F90 supportsthepointerdatatype,soprogramscanaccessthearraysreferencedby theDDL returnpointersdirectly.
F90 codedealingwith returnpointersis verysimilar to C code.

Example8.6 Initialise a distributed vector object to a value. Notice the agreement in type between the array pointer
double precision, pointer, dimension(:) :: data and the type property of the vector object
MPI DOUBLE PRECISION.

program demo
integer y, n, type
double precision val
double precision, pointer, dimension(:) :: data
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...
c create vector object

type = MPI_DOUBLE_PRECISION
call DDL_Create_vector(n, type, block, comm, y, ierr)
...

c initialise array
call DDL_Get_vector(y, data, ierr)
call DDL_Size_vector(y, n, ierr)
val = 0.0
do i=1, n

data(i) = val
end do
end



Chapter 9

High-level operations

This chapterdescribessomehigh level routinesto supportthe solution of sparsesystemsof linear equations. A
completeDDL programusingtheseroutinesandillustratingtheuseof theDDL is givenin AppendixA.

9.1 Preconditioningfor linear equationsolvers
Theseroutinesareintendedto be usedin conjunctionwith iterative linear equationsolversaspreconditioningtech-
niques.They work by convertingtheoriginalrow packedsparsematrix into afactorizedblockdiagonalmatrix. During
theiterative solve,this preconditioningmatrixcanbeusedto improve theperformanceof thesolver.

Only FORTRAN callableversionsof theproceduresareprovided.

9.1.1 ILU preconditioning
IncompleteLU preconditioningis supportedby two routinesDDL Ilu block andDDL Ilu solve.

DDL Ilu block formstheincompleteLU factorizationof ablock diagonalmatrix. The inputmatrix, a, is in row-
packedformat. Theoutputmatrices,l andu, arein a specialinternalformat(theSLAPcolumnformat)which is only
understoodby theILU procedures.Sincethefactorizationis incompleteno fill-ins will occur.

DDL Ilu block(a, l, u, dinv)

IN a matrix to factorize(handle)

OUT l factoredlower triangularmatrix (handle)

OUT u factoreduppertriangularmatrix(handle)

OUT dinv vectorfor inversediagonalof a (handle)

DDL ILU BLOCK(A, L, U, DINV, IERR)
INTEGER A, L, U, DINV, IERR

DDL Ilu solve solves the equation PEQR:ST� whereLU is the factorizedblock diagonalmatrix formed by
DDL Ilu block.

DDL Ilu solve(l, u, dinv, b, x)

IN l factoredlower triangularmatrix (handle)

IN u factoreduppertriangularmatrix(handle)

IN dinv vectorwith inversediagonalof unfactoredmatrix (handle)

IN b RHSvector(handle)

OUT x solutionvector(handle)

DDL ILU SOLVE(L, U, DINV, B, X, IERR)

36
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INTEGER L, U, DINV, B, X, IERR

9.1.2 ILUnc preconditioning
IncompleteLU preconditioningis supportedby two routinesDDL Ilunc block andDDL Ilunc solve.

DDL Ilunc block forms the incompleteLU factorizationof a block diagonalmatrix. The input matrix, a, is in
row-packedformat. Theoutputmatrices,l andu, arein a specialinternalformat(theSLAP columnformat)which is
only understoodby theILU procedures.Sincethefactorizationis incompleteno fill-ins will occur.

DDL Ilunc block(a, d, ivec, nc, expinv)

IN a matrix to factorize(handle)

DDL ILUNC BLOCK(A, D, IVEC, NC, EXPINV, IERR)
INTEGER A, D, IVEC, NC, IERR
LOGICAL EXPINV

DDL Ilunc solve solves the equationPEQR:MU� whereLU is the factorizedblock diagonalmatrix formedby
DDL Ilunc block.

DDL Ilunc solve(a, d, ivec, x, b, nc, expinv)

IN b RHSvector(handle)

OUT x solutionvector(handle)

DDL ILUNC SOLVE(A, D, IVEC, X, B, NC, EXPINV, IERR)
INTEGER A, D, IVEC, NC, B, X, IERR
LOGICAL EXPINV



Appendix A

ExampleDDL program

Thefollowing completeprogramgivesan exampleof theuseof someof thedistributedsparsematrix routines.The
sourcefor thisprogramis includedaspartof thesparseDDL distribution.

A.1 Description of the exampleprogram
A TransposeFreeQuasiMinimal Residualalgorithmis implementedin order to illustrate someof the featuresof
theDDL library, with particularregardto sparsematrix support.TFQMR is a non-stationaryiterative methodwhich
attemptsto remedytheproblemof irregularconvergencebehaviour associatedwith Bi ConjugateGradient(BCG)and
ConjugateGradientSquared(CGS).Theiteratesof aTFQMR solve arecharacterizedby a quasiminimizationof the
residualnorm,thusleadingtoasmootherconvergencecurve. UnlikeQMR,TFQMR(asthenamesuggests)requiresno
matrixvectormultiplicationswith 9BV , whichmakesit amoreattractivealgorithm,especiallyin aparallelenvironment.
Onemorepointof noteis that,like CGS,TFQMRcanbeproneto breakdownundercertaincircumstances.Therefore,
for a robust implementationof the method,look aheadstepsshouldbe incorporatedinto the algorithm. None of
theHarwell-Boeingdatasetstestedproducedbreakdown, thoughsomeconvergedvery slowly, whensolvedwithout
preconditioners.

Thetwo blockpreconditioningtechniquesintroducedinto thisversionof thedemonstrationenhanceconvergence
ratesconsiderably. Thesemethodsfirstly form a block diagonalmatrix by reducingtheallocatedrows of theoriginal
matrix to theblockdiagonaloneachprocessor. An incompleteLU factorizationthentakesplaceoneachblock in order
to form thepreconditioningmatrix. In thecurrentdemonstration,theprogramautomaticallyallocatesoneblock per
processor. Futuresolverswill allow theuserto specifythenumberof blocksindependentlyof thenumberof processors
required.

For a discussionof the theory behindTFQMR, and a listing of the algorithm seeFreund’s paper1. It can be
seenthatthesourcecodereadsexactly like asequentialfortranimplementation,apartfrom thecreationof distributed
objectsandcalls to DDL ratherthanBLAS routines.Thedemonstrationis providedwith theCOSI001testproblem
test4001.hbf (now in Harwell-Boeingformat).

A.2 Listing
1 c $Id: tfqmrnc.f,v 1.2 1995/06/05 10:49:52 tim Exp tim $
2
3 c MPI sparse DDL demo in FORTRAN (Andy’s tfqmrnc)
4
5 c Copyright 1994 IASC
6
7 c DESCRIPTION DDL based iterative solver for Ax=b.
8 c Block preconditioning techniques are
9 c incorporated into this version.

10

1R. W. Freund,A Transpose-Free Quasi-Minimal Residual Algorithm for non-Hermitian Linear Systems, SIAM J. Sci. Comput,
14, No. 2, pp.470-482,1993.

38
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11 program tfqmrnc
12
13 implicit none
14 include ’mpif.h’
15 include ’ddlf.h’
16
17 character hbfilename*(100), ddlfilename*(100), datadir*(100)
18 character solnfilename*(100), summaryfilename*(100)
19 data hbfilename /’test4001.hbf\0’/
20 data datadir /’../parsim/data/’/
21 data ddlfilename /’tfqmrdata\0’/
22 data solnfilename /’soln\0’/
23 data summaryfilename /’summary\0’/
24
25 c Workspace for ilu blocks & solves 9/1/95
26 integer maxiwork, maxrwork
27 parameter(maxiwork=1000000, maxrwork=1000000) ! local size
28 integer iwork(maxiwork)
29 double precision rwork(maxrwork)
30
31 integer i,n,iter,itmax,loop
32 double precision error,tol(10),gamma,delta,epsilon
33 double precision epsilon2
34 integer nelt, tolno, nc
35 logical rhsexist,ilu,ilunc,expinv
36 logical nopc
37 character*80 ans
38
39 integer infile, outfile
40 integer ierr
41 integer block, format
42 integer comm
43 integer a_ddl, x_ddl, b_ddl, xtrue_ddl, tmp_ddl
44 integer type, fformat, sizes(3), len, precon
45
46 c initialise MPI, DDL
47 call MPI_Init(ierr)
48 call DDL_Init_sparse(MPI_COMM_WORLD, comm, ierr)
49
50 if (DDL_Ishost()) then
51 print *,’ ’
52 print *,’ TFQMR SPARSE DDL SOLVER’
53 print *,’ *************************’
54
55 c********************************************************************
56 c* *
57 c* READ ITERATION PARAMETERS
58 c* *
59 c********************************************************************
60
61 write(*,*) ’Input demonstration options’
62 write(*,*) ’(for default [in brackets] just press RETURN)’
63 write(*,*) ’ ’
64
65 write(*,*) ’Input name of data file [test4001.hbf]’
66 read(*,’(a)’) ans
67 if (ans .eq. ’ ’) then
68 hbfilename =
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69 + datadir(1:index(datadir,’ ’)-1) // ’test4001.hbf’
70 else
71 hbfilename = datadir(1:index(datadir,’ ’)-1) // ans
72 end if
73 c form C file name string for DDL procedures
74 len=index(hbfilename,’ ’)
75 hbfilename(len:len) = ’\0’
76
77 print *,’Is the problem supplied with right hand’
78 print *,’side and solution vectors y/n? [Y]’
79 read(*,’(a)’) ans
80 if (ans .eq. ’ ’) then
81 ans = ’y’
82 end if
83 if ((ans.eq.’Y’).or.(ans.eq.’y’)) then
84 rhsexist = .TRUE.
85 else
86 rhsexist = .FALSE.
87 end if
88 print *,’ ’
89
90 print *,’Enter Max. No. Iterations [100]’
91 read(*,’(a)’) ans
92 if (ans .eq. ’ ’) then
93 itmax = 100
94 else
95 read (ans, *) itmax
96 end if
97
98 print *,’Enter no. of tolerance levels required (max 10) [1]’
99 read(*,’(a)’) ans
100 if (ans .eq. ’ ’) then
101 tolno = 1
102 else
103 read (ans, *) tolno
104 end if
105 print *,’ ’
106
107 print *,’Enter set of tolerances (smallest last)’
108
109 do i = 1,tolno
110 print *,’Enter tolerance ’,i,’ [1e-6]’
111 read(*,’(a)’) ans
112 if (ans .eq. ’ ’) then
113 tol(i) = 1e-6
114 else
115 read (ans, *) tol(i)
116 end if
117 end do
118 print *,’ ’
119
120 print *,’Enter e, where x_initial = x_true + e(rand(0,1))’
121 print *,’(typically e should lie between 0.001 and 1.0):’
122 print *,’An entry of zero gives an initial guess of zero [0]’
123 read(*,’(a)’) ans
124 if (ans .eq. ’ ’) then
125 epsilon = 0.0D0
126 else
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127 read (ans, *) epsilon
128 end if
129
130 print *,’Is block preconditioning to be applied [Y]’
131 read(*,’(a)’) ans
132 if (ans .eq. ’ ’) then
133 ans = ’y’
134 end if
135 if ((ans.eq.’Y’).or.(ans.eq.’y’)) then
136 10 print *,’Choose the preconditioner’
137 print *,’type "ilu" for incomplete LU factorization’
138 print *,’ "inc" for incomplete LUnc factorization [INC]’
139 read(*,’(a)’) ans
140 if (ans .eq. ’ ’) then
141 ans = ’inc’
142 end if
143 if ((ans.eq.’ILU’).or.(ans.eq.’ilu’)) then
144 ilu = .TRUE.
145 print *,’ ’
146 print *,’ILU block preconditioner to be applied’
147 print *,’ ’
148 ilunc = .FALSE.
149 nopc = .FALSE.
150 else if ((ans.eq.’INC’).or.(ans.eq.’inc’)) then
151 ilunc = .TRUE.
152 print *,’ ’
153 print *,’ILU(nc) block preconditioner to be applied’
154 print *,’ ’
155 print *,’Enter nc parameter [4]’
156 read(*,’(a)’) ans
157 if (ans .eq. ’ ’) then
158 nc = 4
159 else
160 read (ans, *) nc
161 end if
162 print *,’Do you want to form explicit cell diagonals? [N]’
163 read(*,’(a)’) ans
164 if (ans .eq. ’ ’) then
165 ans = ’n’
166 end if
167 if ((ans.eq.’Y’).or.(ans.eq.’y’)) then
168 expinv = .TRUE.
169 else
170 expinv = .FALSE.
171 end if
172 ilu = .FALSE.
173 nopc = .FALSE.
174 else
175 print *,’ ’
176 print *,’*Unrecognizeable input* - try again y/n’
177 print *,’ ’
178 read (*,’(a)’) ans
179 if ((ans.eq.’Y’).or.(ans.eq.’y’)) then
180 go to 10
181 else
182 print *,’ ’
183 print *,’No Preconditioning applied’
184 print *,’ ’
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185 nopc = .TRUE.
186 ilu = .FALSE.
187 ilunc = .FALSE.
188 end if
189 end if
190 else
191 print *,’ ’
192 print *,’No Preconditioning applied’
193 print *,’ ’
194 nopc = .TRUE.
195 ilu = .FALSE.
196 ilunc = .FALSE.
197 end if
198
199 print *, ’OK. Starting run...’
200
201 call createinput(hbfilename, ddlfilename, rhsexist)
202
203 end if ! DDL_Ishost
204
205 c broadcast user input to all processes
206 call MPI_Bcast(itmax, 1, MPI_INTEGER, 0, comm, ierr)
207 call MPI_Bcast(rhsexist, 1, MPI_LOGICAL, 0, comm, ierr)
208 call MPI_Bcast(ilu, 1, MPI_LOGICAL, 0, comm, ierr)
209 call MPI_Bcast(ilunc, 1, MPI_LOGICAL, 0, comm, ierr)
210 call MPI_Bcast(nc, 1, MPI_INTEGER, 0, comm, ierr)
211 call MPI_Bcast(expinv, 1, MPI_LOGICAL, 0, comm, ierr)
212 call MPI_Bcast(nopc, 1, MPI_LOGICAL, 0, comm, ierr)
213 call MPI_Bcast(epsilon, 1, MPI_DOUBLE_PRECISION, 0, comm, ierr)
214 call MPI_Bcast(tolno, 1, MPI_INTEGER, 0, comm, ierr)
215 do i = 1, tolno
216 call MPI_Bcast(tol(i), 1, MPI_DOUBLE_PRECISION, 0, comm, ierr)
217 end do
218
219 c open input and output files
220 call DDL_Open(infile, ddlfilename, DDL_READ_MODE, comm, ierr)
221 call DDL_Open(outfile, solnfilename, DDL_WRITE_MODE, comm, ierr)
222
223 c read in the information heading
224 call DDL_Fileformat(infile, fformat, type, sizes, comm, ierr)
225 n = sizes(1)
226 nelt = sizes(2)
227 format = DDL_PCK_ROW
228 block = 4
229
230 c set up size vector
231 sizes(1) = n
232 sizes(2) = n
233 sizes(3) = nelt*2
234
235 c create sparse matrix
236 a_ddl = DDL_NULL
237 call DDL_Create_sparse(sizes, type, format,
238 & block, comm, a_ddl, ierr)
239
240 c create vector for solution
241 x_ddl = DDL_NULL
242 call DDL_Create_vector(n, type, block,
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243 & comm, x_ddl, ierr)
244 c create vector for result
245 b_ddl = DDL_NULL
246 call DDL_Create_vector(n, type, block,
247 & comm, b_ddl, ierr)
248 c create vector for true solution
249 xtrue_ddl = DDL_NULL
250 call DDL_Create_vector(n, type, block,
251 & comm, xtrue_ddl, ierr)
252 c create temp vector
253 tmp_ddl = DDL_NULL
254 call DDL_Create_vector(n, type, block,
255 & comm, tmp_ddl, ierr)
256
257 c read data from file to sparse object
258 call DDL_Read(a_ddl, infile, ierr)
259
260 if (.not. rhsexist) then
261 c initialise xtrue to one
262 call DDL_Fill(xtrue_ddl, 1.0D0, ierr)
263 call DDL_Smv(a_ddl, xtrue_ddl, b_ddl, gamma, delta, ierr)
264 else
265 c read rhs from file
266 call DDL_Read(b_ddl, infile, ierr)
267 c read soln vector from file
268 call DDL_Read(xtrue_ddl, infile, ierr)
269 endif
270
271 c initialise x
272 call DDL_Rand(1.0d0, tmp_ddl, ierr)
273 call DDL_Copy(xtrue_ddl, x_ddl, ierr)
274 if (epsilon.eq.0.0d0) then
275 call DDL_Scal(0.0d0, x_ddl, ierr)
276 else
277 call DDL_Axpy(epsilon, tmp_ddl, x_ddl, ierr)
278 end if
279
280 if (nopc) precon = 0
281 if (ilu) precon = 1
282 if (ilunc) precon = 2
283
284 call DDL_Linsolve(a_ddl, x_ddl, b_ddl, itmax, iter,
285 & tol, tolno, precon, nc, expinv, error,
286 & iwork, maxiwork, rwork, maxrwork, ierr)
287
288 c Why have we stopped?
289 if (DDL_Ishost()) then
290 if(iter .lt. itmax) THEN
291 write (*,*)
292 write (*,’(A22,I4,A11)’) ’TFQMR converged after’,iter,
293 + ’iterations’
294 write (*,*)
295 else
296 write (*,*)
297 write (*,’(A37)’) ’ Specified Max. Iterations reached:’
298 write (*,’(A15,I4,A25,I4)’) ’ Max.iters = ’,itmax,
299 + ’Iterations reached = ’,iter
300 write (*,*)



A. ExampleDDL program 44

301 end if
302 end if
303
304 call DDL_Write(x_ddl, outfile, ierr)
305
306 call DDL_Close(outfile, comm, ierr)
307 call DDL_Close(infile, comm, ierr)
308
309 c check solution is correct
310 if (DDL_Ishost()) then
311 call check(ddlfilename, solnfilename, rhsexist, error)
312 print *, ’Max error is’, error
313 end if
314
315 c delete distributed objects
316 call DDL_Free(a_ddl, ierr)
317 call DDL_Free(x_ddl, ierr)
318 call DDL_Free(b_ddl, ierr)
319 call DDL_Free(xtrue_ddl, ierr)
320 call DDL_Free(tmp_ddl, ierr)
321
322 c tidy up and exit
323 call DDL_Finalize_sparse(comm, ierr)
324 call MPI_Finalize(ierr)
325
326 stop
327 end
328
329
330 c convert Harwell-Boeing file to row-packed triad file
331 c HB file has matrix; and rhs, soln if .rhsexist.
332 c output matrix; rhs, soln if .rhsexist.
333 subroutine createinput(hbfilename, ddlfilename, rhsexist)
334
335 implicit none
336 include ’mpif.h’
337 include ’ddlf.h’
338
339 character*(*) hbfilename, ddlfilename
340 logical rhsexist
341
342 integer maxn, mxnelt, np
343 parameter (maxn = 5005, mxnelt = 40000, np = 10)
344
345 integer infile, outfile
346 integer ierr, format
347 integer type
348 integer ia(mxnelt), ja(mxnelt)
349 double precision a(mxnelt)
350 integer nelt, job
351 integer n, i, isym, size
352 double precision soln(maxn), rhs(maxn), xinit(maxn)
353
354 c read in sparse matrix from file
355 job = 3
356 n = maxn
357 nelt = mxnelt
358 c read in as column gathered
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359 call DDL_Open_host(infile, hbfilename, DDL_READ_MODE, ierr)
360 call DDL_Inhb(infile, n, nelt, ia, ja, a,
361 & isym, soln, rhs, xinit, job, ierr)
362 call DDL_Close_host(infile, ierr)
363 type = MPI_DOUBLE_PRECISION
364 c convert to triad
365 call DDL_Coltotriad(n, nelt, ia, ja, a, type, isym, ierr)
366 c convert triad to row
367 call DDL_Triadtorow(n, nelt, ia, ja, a, type, isym, ierr)
368 c convert row to triad
369 call DDL_Rowtotriad(n, nelt, ia, ja, a, type, isym, ierr)
370 c write out as row ordered triad format
371 c this data file will be used for rest of demo
372 format = DDL_TRIAD_ROW
373 call DDL_Open_host(outfile, ddlfilename, DDL_WRITE_MODE, ierr)
374 call DDL_Out_sparse(outfile, n, nelt, ia, ja, a, type,
375 & isym, format, ierr)
376
377 if (rhsexist) then
378 if (job .eq. 23 .or. job .eq. 31) then
379 c write out rhs & sol
380 call DDL_Out_vector(outfile, rhs, MPI_DOUBLE_PRECISION,
381 & n, ierr)
382 call DDL_Out_vector(outfile, soln, MPI_DOUBLE_PRECISION,
383 & n, ierr)
384 else
385 print *, ’Error reading RHS and SOLN vectors’
386 end if
387 end if
388
389 call DDL_Close_host(outfile, ierr)
390 return
391 end
392
393
394 c check result vector
395 subroutine check(ddlfilename, solnfilename, rhsexist, maxerr)
396
397 implicit none
398 include ’mpif.h’
399 include ’ddlf.h’
400
401 character*(*) solnfilename, ddlfilename
402 logical rhsexist
403 double precision maxerr
404
405 integer maxn, mxnelt, np
406 parameter (maxn = 5005, mxnelt = 40000, np = 10)
407
408 integer infile, outfile
409 integer ierr, format
410 integer type
411 integer n, i
412 double precision soln(maxn), correct(maxn), error
413
414 c get calculated solution vector
415 call DDL_Open_host(infile, solnfilename, DDL_READ_MODE, ierr)
416 n = maxn
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417 call DDL_In_vector(infile, soln, type, n, ierr)
418 call DDL_Close_host(infile, ierr)
419 c get correct solution vector
420 if (rhsexist) then
421 call DDL_Open_host(infile, ddlfilename, DDL_READ_MODE, ierr)
422 call DDL_Skip_host(infile, ierr)
423 call DDL_Skip_host(infile, ierr)
424 n = maxn
425 call DDL_In_vector(infile, correct, type, n, ierr)
426 call DDL_Close_host(infile, ierr)
427 else
428 c set to 1
429 do i=1, n
430 soln(i) = 1.0D0
431 end do
432 end if
433
434 c check for differences
435 maxerr = 0.0D0
436 do i=1, n
437 error = ABS(ABS(soln(i))-ABS(correct(i)))
438 if (error .gt. maxerr) then
439 maxerr = error
440 end if
441 end do
442
443 return
444 end
445
446
447 c DDL procedure to solve sparse linear system of equations
448 subroutine DDL_Linsolve(a_ddl, x_ddl, b_ddl, itmax, iter,
449 & tol, tolno, precon, nc, expinv, error,
450 & iwork, iwork_dim, rwork, rwork_dim, ierr)
451
452 implicit none
453 include ’mpif.h’
454 include ’ddlf.h’
455
456 c DDL object handles
457 integer a_ddl, x_ddl, b_ddl
458
459 integer itmax, iter, tolno, precon, nc, ierr
460 double precision tol(tolno), error
461 logical expinv
462 integer iwork_dim
463 integer iwork(iwork_dim)
464 integer rwork_dim
465 double precision rwork(rwork_dim)
466
467 c local variables
468 c tfqmrnc variables
469 integer i,n,m
470 double precision alpha,theta,betan,
471 + tau,omega,rhon,rhonm1,const,xnrm,c,sigma,malpha,oldcgs,
472 + rnrm,rnrm0,eta,xtnrm,bnrm,gamma,delta
473 integer nelt, tolcount
474 logical ilu,ilunc
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475
476 c DDL/MPI
477 integer infile, outfile
478 integer block, format
479 integer comm
480 integer m_ddl, l_ddl, u_ddl, dinv_ddl
481 integer pip_ddl, rcgs_ddl, r0_ddl
482 integer p_ddl, v_ddl, d_ddl, tmp_ddl, q_ddl, w_ddl, z_ddl
483 integer uv_ddl, rvec_ddl, ivec_ddl
484 integer type, fformat, sizes(3), len
485 integer numblks, blocksize, lnelt, memory_int, memory_real
486
487 c check preconditioning type
488 if (precon .eq. 0) then
489 ilu = .FALSE.
490 ilunc = .FALSE.
491 else if (precon .eq. 1) then
492 ilu = .TRUE.
493 ilunc = .FALSE.
494 else if (precon .eq. 2) then
495 ilu = .FALSE.
496 ilunc = .TRUE.
497 end if
498
499 c find problem size
500 call DDL_Gsize(a_ddl, sizes, ierr)
501 n = sizes(1)
502 nelt = sizes(3)
503 call DDL_Type(a_ddl, type, ierr)
504 call DDL_Format(a_ddl, format, ierr)
505 call DDL_Comm(a_ddl, comm, ierr)
506 call DDL_Block(a_ddl, block, ierr)
507
508 c check enough memory is allocated
509 if (ilunc) then
510 call DDL_Size(a_ddl, sizes, ierr)
511 blocksize = sizes(1)
512 call DDL_Used_sparse(a_ddl, lnelt)
513 numblks = blocksize/nc
514 memory_int = 10+nc+2*(numblks+blocksize)+ lnelt+blocksize+1
515 memory_real = 8*blocksize+nc*(blocksize+3*nc)+ lnelt
516 if (memory_int.gt.iwork_dim.or.memory_real.gt.rwork_dim) then
517 ierr=2
518 goto 1000
519 end if
520 end if
521
522 if (ilu) then
523 sizes(1) = n
524 sizes(2) = n
525 sizes(3) = nelt*2
526 l_ddl = DDL_NULL
527 call DDL_Create_sparse(sizes, type, format,
528 & block, comm, l_ddl, ierr)
529 u_ddl = DDL_NULL
530 call DDL_Create_sparse(sizes, type, format,
531 & block, comm, u_ddl, ierr)
532 end if
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533
534 if (ilu) then
535 dinv_ddl = DDL_NULL
536 call DDL_Create_vector(n, type, block, comm, dinv_ddl, ierr)
537 c factorize A to block preconditioner M
538 call DDL_Ilu_block(a_ddl, l_ddl, u_ddl, dinv_ddl,
539 & iwork, iwork_dim, rwork, rwork_dim, ierr)
540 end if
541
542 if (ilunc) then
543 c create integer vector for ilunc calls
544 ivec_ddl = DDL_NULL
545 call DDL_Create_vector(10*n, MPI_INTEGER, block,
546 & comm, ivec_ddl, ierr)
547 rvec_ddl = DDL_NULL
548 call DDL_Create_vector(10*n, MPI_DOUBLE_PRECISION, block,
549 & comm, rvec_ddl, ierr)
550 c factorize A to block preconditioner ILUnc
551 call DDL_Ilunc_block(a_ddl, rvec_ddl, ivec_ddl, nc, expinv,
552 & iwork, iwork_dim, rwork, rwork_dim, ierr)
553 end if
554
555 c create vector for residual
556 rcgs_ddl = DDL_NULL
557 call DDL_Create_vector(n, type, block,
558 & comm, rcgs_ddl, ierr)
559 c create vector for initial residual
560 r0_ddl = DDL_NULL
561 call DDL_Create_vector(n, type, block,
562 & comm, r0_ddl, ierr)
563 c create vectors for tfqmr soln method
564 uv_ddl = DDL_NULL
565 call DDL_Create_vector(n, type, block,
566 & comm, uv_ddl, ierr)
567 p_ddl = DDL_NULL
568 call DDL_Create_vector(n, type, block,
569 & comm, p_ddl, ierr)
570 v_ddl = DDL_NULL
571 call DDL_Create_vector(n, type, block,
572 & comm, v_ddl, ierr)
573 d_ddl = DDL_NULL
574 call DDL_Create_vector(n, type, block,
575 & comm, d_ddl, ierr)
576 tmp_ddl = DDL_NULL
577 call DDL_Create_vector(n, type, block,
578 & comm, tmp_ddl, ierr)
579 q_ddl = DDL_NULL
580 call DDL_Create_vector(n, type, block,
581 & comm, q_ddl, ierr)
582 w_ddl = DDL_NULL
583 call DDL_Create_vector(n, type, block,
584 & comm, w_ddl, ierr)
585 if(ilu .or. ilunc) then
586 z_ddl = DDL_NULL
587 call DDL_Create_vector(n, type, block,
588 & comm, z_ddl, ierr)
589 end if
590
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591 gamma = 1.0d0
592 delta = 0.0d0
593 c calculate mv communications
594 call DDL_Smv_comm(a_ddl, ierr)
595
596 call DDL_Nrm2(b_ddl, bnrm, ierr)
597
598 call DDL_Copy(b_ddl, r0_ddl, ierr)
599 call DDL_Smv(a_ddl, x_ddl, r0_ddl, -1.0d0, gamma, ierr)
600
601 call DDL_Nrm2(x_ddl, xnrm, ierr)
602
603 if (ilu) then
604 call DDL_Copy(r0_ddl, tmp_ddl, ierr)
605 call DDL_Ilu_solve(l_ddl, u_ddl, dinv_ddl, tmp_ddl,
606 & r0_ddl, ierr)
607 call DDL_Copy(b_ddl, tmp_ddl, ierr)
608 call DDL_Ilu_solve(l_ddl, u_ddl, dinv_ddl, tmp_ddl,
609 & b_ddl, ierr)
610 else if (ilunc) then
611 call DDL_Copy(r0_ddl, tmp_ddl, ierr)
612 call DDL_Ilunc_solve(a_ddl, rvec_ddl, ivec_ddl, tmp_ddl,
613 & r0_ddl, nc, expinv,
614 & iwork, iwork_dim, rwork, rwork_dim, ierr)
615 call DDL_Copy(b_ddl, tmp_ddl, ierr)
616 call DDL_Ilunc_solve(a_ddl, rvec_ddl, ivec_ddl, tmp_ddl,
617 & b_ddl, nc, expinv,
618 & iwork, iwork_dim, rwork, rwork_dim, ierr)
619 end if
620
621 call DDL_Copy(r0_ddl, p_ddl, ierr)
622 call DDL_Copy(r0_ddl, uv_ddl, ierr)
623 call DDL_Copy(r0_ddl, rcgs_ddl, ierr)
624 call DDL_Scal(0.0d0, d_ddl, ierr)
625
626 c initialise v to Ap
627 call DDL_Smv(a_ddl, p_ddl, v_ddl, gamma, delta, ierr)
628
629 call DDL_Nrm2(x_ddl, xnrm, ierr)
630 call DDL_Nrm2(rcgs_ddl, rnrm, ierr)
631 call DDL_Nrm2(b_ddl, bnrm, ierr)
632
633 rnrm0 = rnrm
634 omega = rnrm
635 tau = rnrm
636 theta = 0.0d0
637 eta = 0.0d0
638 iter = 0
639 tolcount = 1
640 error = rnrm/bnrm
641 rhonm1 = 1.0d0
642
643 call DDL_Dot(r0_ddl, rcgs_ddl, rhonm1, ierr)
644
645 C*****************************************************************
646 C*****************************************************************
647 C
648 C START ITERATIVE LOOP
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649 C
650 C*****************************************************************
651 C*****************************************************************
652
653
654 do while ((error.GE.(tol(tolno))).AND.(iter.LT.itmax))
655 iter = iter + 1
656
657
658 C*****************************************************************
659 C
660 C SECTION (c)
661 C
662 C*****************************************************************
663
664 call DDL_Dot(r0_ddl, rcgs_ddl, rhon, ierr)
665
666 betan = rhon/rhonm1
667
668 if (iter.eq.1) then
669 call DDL_Copy(rcgs_ddl, uv_ddl, ierr)
670 call DDL_Copy(rcgs_ddl, p_ddl, ierr)
671 else
672 call DDL_Copy(rcgs_ddl, uv_ddl, ierr)
673 call DDL_Axpy(betan, q_ddl, uv_ddl, ierr)
674 call DDL_Copy(q_ddl, tmp_ddl, ierr)
675 call DDL_Axpy(betan, p_ddl, tmp_ddl, ierr)
676 call DDL_Copy(uv_ddl, p_ddl, ierr)
677 call DDL_Axpy(betan, tmp_ddl, p_ddl, ierr)
678 end if
679
680 call DDL_Smv(a_ddl, p_ddl, v_ddl, gamma, delta, ierr)
681
682 if (ilu) then
683 call DDL_Copy(v_ddl, tmp_ddl, ierr)
684 call DDL_Ilu_solve(l_ddl, u_ddl, dinv_ddl, tmp_ddl,
685 & v_ddl, ierr)
686 else if (ilunc) then
687 call DDL_Copy(v_ddl, tmp_ddl, ierr)
688 call DDL_Ilunc_solve(a_ddl, rvec_ddl, ivec_ddl, tmp_ddl,
689 & v_ddl, nc, expinv,
690 & iwork, iwork_dim, rwork, rwork_dim, ierr)
691 end if
692
693 C*****************************************************************
694 C
695 C SECTION (a)
696 C
697 C*****************************************************************
698
699 call DDL_Dot(r0_ddl, v_ddl, sigma, ierr)
700 alpha = rhon/sigma
701 malpha = -alpha
702 oldcgs = rnrm
703 call DDL_Copy(uv_ddl, q_ddl, ierr)
704 call DDL_Axpy(malpha, v_ddl, q_ddl, ierr)
705 call DDL_Copy(uv_ddl, w_ddl, ierr)
706 call DDL_Axpy(1.0d0, q_ddl, w_ddl, ierr)
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707 if (ilu) then
708 call DDL_Smv(a_ddl, w_ddl, z_ddl, gamma, delta, ierr)
709 call DDL_Copy(z_ddl, tmp_ddl, ierr)
710 call DDL_Ilu_solve(l_ddl, u_ddl, dinv_ddl, tmp_ddl,
711 & z_ddl, ierr)
712 call DDL_Axpy(malpha, z_ddl, rcgs_ddl, ierr)
713 else if (ilunc) then
714 call DDL_Smv(a_ddl, w_ddl, z_ddl, gamma, delta, ierr)
715 call DDL_Copy(z_ddl, tmp_ddl, ierr)
716 call DDL_Ilunc_solve(a_ddl, rvec_ddl, ivec_ddl, tmp_ddl,
717 & z_ddl, nc, expinv,
718 & iwork, iwork_dim, rwork, rwork_dim, ierr)
719 call DDL_Axpy(malpha, z_ddl, rcgs_ddl, ierr)
720 else
721 call DDL_Smv(a_ddl, w_ddl, tmp_ddl, gamma, delta, ierr)
722 call DDL_Axpy(malpha, tmp_ddl, rcgs_ddl, ierr)
723 end if
724
725 C*****************************************************************
726 C
727 C SECTION (b)
728 C
729 C*****************************************************************
730
731 call DDL_Nrm2(rcgs_ddl, rnrm, ierr)
732 omega = dsqrt(oldcgs*rnrm)
733 m = 2*iter-1
734 const = theta*theta*eta/alpha
735 theta = omega/tau
736 c = 1.0d0/(dsqrt(1.0d0+theta*theta))
737 tau = tau*theta*c
738 eta = c*c*alpha
739 call DDL_Scal(const, d_ddl, ierr)
740 call DDL_Axpy(1.0d0, uv_ddl, d_ddl, ierr)
741 call DDL_Axpy(eta, d_ddl, x_ddl, ierr)
742 error = dsqrt(dble(m+1))*dabs(tau)/bnrm
743 omega = rnrm
744 m = 2*iter
745 const = theta*theta*eta/alpha
746 theta = omega/tau
747 c = 1.0d0/(dsqrt(1.0d0+theta*theta))
748 tau = tau*theta*c
749 eta = c*c*alpha
750 call DDL_Scal(const, d_ddl, ierr)
751 call DDL_Axpy(1.0d0, q_ddl, d_ddl, ierr)
752 call DDL_Axpy(eta, d_ddl, x_ddl, ierr)
753 error = dsqrt(dble(m+1))*dabs(tau)/bnrm
754 call DDL_Nrm2(x_ddl, xnrm, ierr)
755
756 if (error.LT.(tol(tolcount))) then
757 tolcount = tolcount + 1
758 end if
759
760 rhonm1 = rhon
761 end do
762
763 c remove distributed objects
764 if (ilu) then
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765 call DDL_Free(l_ddl, ierr)
766 call DDL_Free(u_ddl, ierr)
767 call DDL_Free(dinv_ddl, ierr)
768 call DDL_Free(z_ddl, ierr)
769 end if
770 if (ilunc) then
771 call DDL_Free(ivec_ddl, ierr)
772 call DDL_Free(rvec_ddl, ierr)
773 call DDL_Free(z_ddl, ierr)
774 end if
775 call DDL_Free(rcgs_ddl, ierr)
776 call DDL_Free(r0_ddl, ierr)
777 call DDL_Free(uv_ddl, ierr)
778 call DDL_Free(p_ddl, ierr)
779 call DDL_Free(v_ddl, ierr)
780 call DDL_Free(d_ddl, ierr)
781 call DDL_Free(tmp_ddl, ierr)
782 call DDL_Free(q_ddl, ierr)
783 call DDL_Free(w_ddl, ierr)
784 1000 end



Appendix B

Err or handling

B.1 The error mechanism
WhenaLibrary proceduredetectsanerrorseveralpiecesof informationareavailable:

error number (integer, global)
Eachdifferenttypeof errorthattheLibrary recognizesis givenauniquenumber. Thiserrornumberis returned
to theuserasthevalueierr. In FORTRAN programsierr is the lastparameterin theLibrary procedurecall.
In C programsierr is theresultof theLibrary functioncall. To aid theprogrammerin usingthisvalue,asetof
integerconstantsaredefined,onefor eachdifferenterrornumberfrom theerrormechanism.In C thevaluesare
constants,andin FORTRAN they areparameters.(SeeTableB.1 for a list of errorvalues.)

error severity (integer, global)
Eachtypeof erroris alsogivenaseverity to reflecthow serioustheerroris. Thisvalueis notcurrentlyused.

procedure (integer, global)
The Library procedurein which the error occurredis representedby an integer. To aid the programmerin
using this value, a set of integer constantsare definedby the Library. The value of eachinteger constant
is the value that the error mechanismgives to the correspondingprocedure. In C the valuesare constants
with namessuchasDDL CREATE SPARSE, and in FORTRAN they areparameterswith namessuchas
DDL PERR CREATE SPARSE.

By default,on encounteringan errora Library procedureexits immediatelyprinting anerrormessagegiving the
errornumberanddescriptionalongwith theprocedurein which theerroroccurred.However, if theuserdesires,he
canchangetheway in which theLibrary respondsto errorsby providing hisown errorhandlingprocedure.

The error handlingmechanismworks as follows. Whena Library proceduredetectsan error it calls the error
handlerpassingthreeparameters:the error number, the error severity, andthe procedurename. Theseparameters
areall integersandaredescribedabove. The error handlermustthendecidehow to processthe error information.
Typically, theerrorhandlermayprint anerrormessage.Onexit, theerrorhandlermustreturnanerrorconditionto the
calling procedurewhich is usedto controlsubsequentexecutionof thatprocedure.Thereturnederrorconditionsfall
into threecategories:

ierr �NW Thecalling Library procedureis to exit immediatelyreturningierr astheerrorvalue. Typically, the return
errorconditionwill bethesameastheerrornumberpassedto theerrorhandler(which is alwayspositive) and
thustheeffect is to exit theprocedurereturningtheoriginal errornumberto theuser. This is thebehaviour of
thedefaulterrorhandler.

ierr >W Thisreturnvalueis thesameasDDL SUCCESS. ThecallingLibrary procedureis to continueexecutionas
if no erroroccurred.This returnvaluemight beusefulif anerroronly representsa warningandwill not cause
problemslaterin theprocedure.

ierr � W ThecallingLibrary procedureis to takecorrectiveactionandthencontinueexecutionasif noerroroccurred.
Thecorrectiveactionis specifiedby thevalueof ierr andthepossibleactionsaregivenin theLibrary procedure
documentation.

Theerrorhandlermayresponddifferentlyto eacherrornumberin eachLibrary procedureif required.Thedefault
errorhandlerrespondstoall errorsbyreturningtheerrornumberpassedto it, i.e., ierr �XW , thuscausingtheLibrarypro-
cedureto exit. All theerrorscurrentlyencounteredby theLibrary requirethis response.ReturningDDL SUCCESS
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to ignorean error will probablycausea Library procedureto crashungracefullyat a later stage.Also, noneof the
existingproceduresprovidecorrectiveactionsfor any errors,soreturningierr � W will probablyresulteitherin acrash
or with theprocedureexiting with anunusualerrorconditionwhichmayconfusethecallingprogram.

Thus,currently, theonly reasonfor a userto provide hisown errorhandleris to changetheprintederrorinforma-
tion. However, astheLibrary is enhancedthesefeaturesof theerrormechanismmaybecomeuseful.

B.2 Usererror handlers
A user’s errorhandlermaybewritten in C or FORTRAN andmusthaveafixedcallingsequence.

For a C errorhandler:

#include "ddl.h"

int F77(ddl_error)(int *err_no, int *err_severity, int *ddl_routine)
{

int ierr;
/* optional: display error information */
ierr = F77(ddl_print_error)(err_no, err_severity, ddl_routine);

/* an error value must be returned */
/* for example: return error number to force termination */
ierr = *err_no;

return ierr;
}

For a FORTRAN errorhandler:

subroutine ddl_error(err_no, err_severity, ddl_routine)
integer err_no, err_severity, ddl_routine
integer ierr

include "mpif.h"
include "ddlf.h"

c optional: display error information
call DDL_Print_error(err_no, err_severity, ddl_routine)

c an error value must be returned
c for example: return error number to force termination

ierr = err_no

return ierr

end

In orderto link in theuser’s errorhandlerinsteadof thedefaulterrorhandlertwo methodsmaybeused:

1. for simpleuserprograms,includetheerrorhandlersourcecodein theuser’ssinglesourcefile, or,

2. placetheerrorhandlersourcecodein a separatefile andlink thecorrespondingobjectfile beforethestandard
DDL library files.
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DDL ERR SUCCESS No error
DDL ERR Unspecifiederror
DDL ERR UNALLOCATED Unallocatedobject
DDL ERR MEMORY Out of memory
DDL ERR SIZE Invalid SIZEparameter
DDL ERR TYPE Invalid TYPEparameter
DDL ERR FORMAT Invalid FORMAT parameter
DDL ERR BLOCK Invalid BLOCK parameter
DDL ERR COMMTOP Invalid communicatortopology
DDL ERR COMMDIM Invalid communicatordimension
DDL ERR USED Objectin use
DDL ERR FILE Invalid file handle
DDL ERR NOTIMPLEMENTED Operationnot implemented
DDL ERR TOOSMALL Objecttoo smallto holddata
DDL ERR FILEFORMAT Invalid file format
DDL ERR ISIZE Incompatibleobjectsize
DDL ERR ITYPE Incompatibleobjecttype
DDL ERR IFORMAT Incompatibleobjectformat
DDL ERR ICOMM Incompatibleobjectcommunicator
DDL ERR DDLTYPE Invalid objecttype
DDL ERR TOOBIG Dataspacetoosmallfor objectdata
DDL ERR IOBJ Incompatibleobjects
DDL ERR OVER Invalid overlap
DDL ERR DIST Not all processesusedby distribution
DDL ERR IPROPTAG Illegalpropertytag
DDL ERR NOTEXIST Not exist
DDL ERR NOCOMMTAG No COMM tag

TableB.1: Errorvalues
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