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1 Introduction

TheParallelI/O TestSuitecomprisesasetof testsof I/O performanceof parallelfilesystemsand
is a timely tool to investigatenew developmentsin parallelI/O. The testsarewritten usingthe
MPI-I/O routinesstandardisedin theI/O chapterof theMPI-2 specification[1] andis therefore
portableacrossall platformswhich supporta parallelfilesystemwith MPI-I/O interface. Full
discussionof thegoalsandmotivationsof the testsuitealongwith a descriptionof the overall
structureis givenin themostrecentversionof thetestsuitespecificationdocument[2]. Notable
featuresare:

� Thetestsaresimpleandthetimingshave clearsignificance.

� Datagatheringis separatedfrom analysis.

� No modelfor thebehaviour of thedatais assumed.

� Curvesof dataaregeneratedratherthansinglenumbers.

� Toolsratherthanbenchmarksareemphasised.

� Thetestsarewritten in F90.

� Thetestsarenot intendedto compriseavalidationsuitefor MPI-I/O.

Therearemany well known testsof I/O performancefor serialmachines,for example[3],
andwe have built on experiencefrom this area.For parallelI/O we areonly awareof theBTIO
test[4], which is a fairly high level testfor thecharacteristicI/O patternsof CFD applications.
In this suite,attentionhasbeenfocussedon teststhataddressfundamentalissues.Thesearethe
low-level classof testsandthematrix testsin thekernelclass.

This guidegivesa full descriptionof thefinal stateof thetests,andconcentrateson theway
that thetestsareto bepracticallyemployed.We startwith adviceon how to install andrun the
testsin section2. This is followedby a conciseoverview of thedesignchoicesunderlyingthe
suitewhichareexplainedatgreaterlengthin [2]. To controlthetestsit is importantto understand
thesystemof keywordsusedto passparametersto the testsandto reportmeasurementresults.
This systemis explainedin section4. The heartof this UserGuideis containedin sections5
and6 whichdescribeeachtestin detailandgiveprecisedefinitionsof thetiming measurements.
Tools provided with the suitefor analysisaredescribedin section7. The appendicescontain
examplesof anNQSsubmissionscript,a testinputfile andanoutputfile.
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Figure1: Directory structure of the initial distribution.

2 Installing and Running the Test Suite

2.1 Distribution and Installation

The suite is distributedasa compressedtar file. Unpackthe archive into a directoryof your
choice,iotest by typing (onaUNIX machine),

uncompress iotest.tar.Z | tar -xf

Whenthedistribution is unpackedit generatesthedirectorytreeshown in figure1.
Instructionsfor installationare given in a README file to be found in the root direc-

tory of the tree. The locationsof the MPI-2 library and other utilities areset by editing the
iotest/Makevars file:

MPIR HOME: pathto therootdirectoryof theMPI installation

MPILIB DIRS:pathto theMPI library directory

MPIINCLUDE DIRS:pathto theMPI includedirectory

FC: nameof theFortran90compiler

The MPI library is the library for full MPI-2 as the suite uses some calls such as
MPI alltoallw that arenot part of the I/O chapter. The flags for compiler optimisations
arealsosetin thisfile, andwill requirelocal informationto complete.

In order to speedup and simplify the running of the tests,it will be possibleto compile
separatelyany of theclassesof testinsteadof having to compileeverything,sovariousMakefile
targetsarepossible:

all: makeall theexecutabletestprograms(this is thedefault)

iot all: makeexecutabletestprogramnamediot all

iot lowlevel: makeexecutabletestprogramnamediot lowlevel

iot kernel: makeexecutabletestprogramnamediot kernel

install: copyexecutablesto bin directory

clean: removeall objectfilesandotherintermediatefiles

veryclean: performcleanandremoveexecutablesfromsrc
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Working in the iotestdirectory, compilethe testsrequired(eg make iot all). Installa-
tion is completedwith the command:make install, which placesthe executablesin the
iotest/bin directory.

2.2 Running

Theprocedurefor runningthetestswill bemachinedependentbut we give someguidesfor the
casewherejobsaresubmittedvia anNQSqueue.Usuallytheexecutabletestprogramiot all
is run, andthe choiceof testsandparametersis madein a shortfile namediotparams.in.
Theformatfor this inputfile is discussedat lengthin thisguide.In thecourseof therunthetests
generatetheI/O files containingrandomdataandthesefiles maybeinspectedaftercompletion
of thetest. Theoutputof thetests,consistingof timing andotherdatais placedin anotherfile,
usuallyin thetimings directory.

On machineswhich operateanNQSqueue,thejob script,iotest/bin/job, is provided
asa template.This shouldbe editedto specifythe locationof theexecutableprogramandthe
mpirun (ormpiexec) commandandif necessary, thecd commandshouldbealteredtochange
to thedatadirectory. Thetext of this exampleNQSjob script is givenin appendixB. To submit
anNQSjob, work in theiotest/bin directoryandtype:qsub -lP nprocs job, where
nprocs is thenumberof processorsrequired.

The particulartest andparametersare chosenby editing the iotparams.in file in the
iotest/data directory. Thetext of this templateis givenin appendixC andtheformatusing
keywordsis discussedat length in section4. As explainedlater, it is possibleto run a whole
seriesof testswith differentparametervaluesin onego. To enablethis feature,a hierarchical
systemof wrappersis usedto runthetests.In brief, theexecutableiot all callsdifferenttests
throughthewrapperroutineiot wrap <test>. This routineloopsthroughall theparameter
valuesrequiredfor the<test> andcalls the final routineiot run <test> which actually
runsthetestusingtheparametervaluesthat it hasbeenpassed.In theevent thatnot all classes
havebeencompiled,for exampleif only lowlevel classtestareto berunusingtheexecutable
iot lowlevel, thentheiotparams.in file canonly containinformationaboutthis class
of tests.

Beforerunningthe tests,any setuprequiredfor the parallelfilesystemmustbe done. For
example,theFujitsuSPFSsystemneedsa configurationfile to specifywhich I/O devicesareto
beused.Thefilenameof theI/O file is specifiedin theiotparams.in file.

The test output is usually placedin a file in the iotest/timings directory, and the
nameof this file is specifiedin the iotparams.in file. Typical namesareall.out or
lowlevel.out dependingon which executableis run. Theoutputfile is standardascii and
containsall timing datageneratedby the test. Thefile may be inspectedusinga standardtext
viewer. This facility is usefulasa preliminarycheck,but for full analysisautomatictoolsasde-
scribedin section7 shouldbeemployed.A smallamountof diagnosticinformation,indicating
theprogressof thetests,is outputto thestdoutsteamandtesterrorsgo to thesameplace.

5



3 General Issues

In this sectionwe discusssomeof theconventionsusedin thedesignof thesuite.A full discus-
sion is providedin thespecification[2], only a brief summaryrelatingdirectly to theconcerns
of the useris provided here. We emphasisepracticalissuessuchas the run rulesandthe file
formats.Someof theseconventionsareexpandeduponin greaterdetailin theappendices.

3.1 Conventions
� Timing: For portability we usetheMPI Wtime function that returnsa (F90doublepre-

cision) time in seconds.Theresolutionis determinedusingMPI Wticks. This valueis
reportedandtheusershouldcheckthatadequateresolutionis offered.

� Preallocation:Spacefor filesmaybepreallocatedusingMPI file preallocate. The
timerequiredto preallocateis measuredandreported.

� Keywordsystem:A keywordsystemisusedbothtosupplyparametersandtooutputtiming
measurementsfrom thetests.

� Irregularity: The testsareto be run on a dedicatedmachineandconsistof only a single
application.TheCPUuseon specialI/O nodes,if they exist, shouldbe monitoredinde-
pendently.

� Language:Thesuiteis written in F90,andasa matterof style it is restrictedto theF[7]
subsetof F90.

� Errors:Thesuitehasawell organisedsetof descriptiveerrormessagesthatin theeventof
a failurearepassedthroughthelayersof wrapperto theuser. MPI provideserrorfacilities
for I/O andthetestsaredesignedto catchtheseerrorsandcontinueexecuting.

� DataUnits: Wewrite andreadbits in theform of doubleprecisionfloatingpointnumbers.
TheMPI etypeis MPI double precision which in F90is usuallyan8 bytenumber.
Thenumbersarerandomlychosenfrom a distribution (uniform [0-1]), but subjectto the
needsof checking.

� Filetype: The low-level classdoesnot testadvancedfeaturesof MPI, so thefiletype
will not containholesandwill alwaysbea contiguoussetof MPI double precision
dataunits.Similarly, offsetswill beevaluatedexplicitly andweshallnotuseany MPI call
whichupdatesits own file pointer. In thekernelclassboththeserestrictionsarerelaxed.

� Thewayin whichthesetestsarerunmustbethoughtthroughcarefullyto ensureefficiency.
Thebestwayto dothisis to runsomeshortpreliminaryteststochooseanappropriaterange
of filesizes andblocksizes for moresubstantialtests.

� Validation: All runsaretimestamped.Self checkingis accomplishedby usingthe MPI
readteststo checkearlierMPI writes. Thecheckingis generallystatisticalratherthanof
everynumberwritten.
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3.2
�

MPI-I/O and Filesystems

A significantfeatureof MPI is that it hidesphysicaldetailsof the machine,suchaswhethera
processorcontainsthehardwarenecessaryfor performingdirectdiskI/O. Weexploit this feature
by writing thetestsusingonly standardMPI which thereforeallowsacleanseparationfrom any
machine-dependentfeaturessuppliedby the user. Theprimeexampleof a machinedependent
parameteris thenameof thefilesystemwheretestfilesareto bewrittenor read.

The low-level testsmay be run several times with I/O to differentfilesystems. The user
specifiesthefilesystemby thefilenameanddirectorypathwheretheI/O datafile is to beplaced.
Theremay be othermachinedependentparametersthat have to be set for a given filesystem.
Someof theseadditionparametersmaybesetusingMPI hintssuchasstripingfactors.Theuse
of thesehintsis allowedandencouragedin thetestsuite.Theusersuppliesthehintsthroughthe
keyword mechanismof the input file andthereservedkeywordsfor MPI file hintsaregiven in
AppendixA. Otherparametersrequiredby a filesystemmaynot beamenableto control in this
way, in which casethey shouldberecordedseparately.

Although the testshave beendesignedwith harddisk storagedevicesprincipally in mind,
otherstoragedevices(provided they allow writing aswell asreading)canalsobe tested.For
example,testscouldbeusedfor solid-statestoragedevices.

3.3 File Formats

Thetestsarerun eitherby a singleexecutableiot all which coversall tests,or by oneof the
executablesiot lowlevel, iot kernel coveringa particularclassof tests.Theinforma-
tion of which particularteststo run,alongwith their optionandparametervalues,arepassedto
theexecutablevia aninputfile callediotparams.in.

The information is passedusinga systemof keywordswhich allows the files to be easily
understoodandalsofacilitatessomeof theanalysis.Theoutputfile is in a similar format. The
keywordsystemis explainedin greaterdetailin thefollowing section.

7



Standard Input keywords

timingsfilename string,for timing outputfilename
class string,(lowlevel or kernel)
testname string,oneof thetestslistedbelow
filename string,for I/O datafilename
preallocate Logical (t/f), Optionaldefaultt
debug Logical (t/f), Optionaldefaultf

4 Test Parameters and Output: the Keyword System

Test parametersare suppliedusing a systemof keywords in the iotparams.in file. The
timingsresultingfrom thetestareoutputin a similar manner. All parametersandtiming values
areidentifiedwith keywordsusingthefollowing pattern:

keyword value

Wherekeyword is oneof thekeywordsdefinedin this document.Theinput keywordsare
usedto supplyparametersanda differentsetof keywordsis requiredfor eachtest.Thevalue
mayfor examplebea string,floatingpointnumberor setof integersdependingon thekeyword.
Theallowedvaluesassociatedwith eachkeyword aredefinedbelow andin the full description
of eachtest.Oncetheparametersarereadinto thetestprogram,they arestoredin anMPI-Info
objectasdefinedin theMPI-2 standard.Outputkeywordsalsodependon the test,theprecise
significanceof thetiming associatedwith eachoutputkeyword is definedin thisdocument.

4.1 Input Parameter Keywords

Eachtest in the suite requiresits own specificset of keywordsand associatedvalueswhich
arereadfrom theiotparams.in file locatedin theiotest/data directory. Someof the
keywordsaremoregeneralandmay appearin any test. Thesearethe standardkeywordsand
MPI Hints which arealsosupportedaskeywords.We describethesegenerickeywordsbelow
beforegiving thefull definitionof theappropriatesetof keywordsandvaluesfor eachtestin the
laterpartof thisdocument.

Not all relevantparameterscanbespecifiedusingkeywords,themostnotableexampleis the
numberof processorsthat the test runson. In generalthis mustbe specifiedwhenthe test is
submitted,andthe way the submissionprocedureoperateswill be stronglysite dependent.In
fact this exampledoesnot causeany difficulty becausetheinformationof how many processors
arerunningis availableto thetestvia MPI routines.Of moreconcernareotherparametersthat
arefixedat submissiontime, for exampletheamountof memorycanberequestedin theNQS
submissionmethod. This informationmay be important,but it is not availablein the timings
outputfile andshouldberecordedseparately.

4.1.1 Standard Input Keywords

The list of standardinput keywords is given in the tableabove. Test parametersthat arenot
requiredaremarkedasoptionalanddefaultsarespecified.
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Thetimingsfilename keyword is only specifiedoncein theinput file at thebeginning
of a seriesof tests.This stringis Requiredandsetsthe locationof theresultsfile, typically it is
placedin the/timings directory.

Two specialkeywordsalwaysappearirrespectiveof thetest,andthey mustappear(in order)
at the beginning of a setof keyword-valuepairsdefiningthe parametersfor a particulartest.
Thesearethekeywordsclass andtestname which selectwhich testto run. They areboth
Required. Thevalueof theclass keyword canbeeither, lowlevel or kernel anddefines
theclassof the test. Thetestname keyword selectsthetestandthestringvaluemustbeone
of thefollowing namesof thetests:

lowlevel: single, multiple, singleI, multipleI, sinunix

kernel: matrix2D, matrix3D, gatherscat2D, transpose, nonseq,
sharedfp

Thefilename keyword is required in orderto specifythe locationof the I/O testfile. It
specifiesthefile system,directoryandfilenamewherethedatais to bewritten andread.Some
discussionof thiskeywordwasgivenin thelastsection.

Thetwo optionalkeywordspreallocate anddebug arebothlogical variablesintended
to switchonor off acertainfeature.Preallocationof filesusingtheMPI file preallocate
call explainedin section3, is enabled/disabledwith thepreallocate keyword. Thedebug
keyword is usedfor development.Thesetwo standardkeywordsarealwaysavailableandwill
notbelistedundereachtest.

4.1.2 Reserved Keywords, MPI Hints

Besidesthekeywordsdefinedby thetest,therearea setof MPI hintsthatmayaffect I/O. These
hintsarepassedto thetestsin exactly thesameway asthetestkeywords.A full list of thehint
keywordsis givenin appendixA, they areall of theOptionalclass.

Hints allow a user to provide information regardingfile accesspatternsand file system
specificsto direct optimization. Providing hints may enablean implementationto deliver in-
creasedI/O performanceor minimizetheuseof systemresources.However, hintsdonotchange
the semanticsof any of the interfaces.In otherwords,an implementationis free to ignoreall
hints.

All theMPI hintsmaybesuppliedto the tests,andall arepassedon to theMPI implemen-
tation. At thepracticallevel, we do not anticipatethatall of thesekeywordswill have aneffect
in thefirst generationsof MPI implementations.However thefollowing two MPI hintsfunction
with thePallasimplementationson theFujitsuplatform.

striping factor (integer)Thishint specifiesthenumberof I/O devicesthatthefile should
bestripedacross,andis relevantonly whenthefile is created.

striping unit (integer) This hint specifiesthe suggestedstriping unit to be usedfor this
file. Thestripingunit is theamountof consecutive datatakenfrom oneI/O device before
progressingto thenext device,whenstripingacrossanumberof devices;it is expressedin
bytes.Thishint is relevantonly whenthefile is created.

OtherMPI hint keywordsthat control importantoptimisationsmay be implementedin the
future. In thetext wehave indicatedwhichoptimisationsshouldbeemployedin a giventest.
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4.1.3
�

Input File Format

Theformatof aninputfile consistsof thefollowing pieces:

Standardkeywords: Thetimingsfilename, testname andfilename keywords,along
with any optionalkeywords.

MPI Hint keywords: Generalfile hintsconsistingof thereservedkeywordsfrom theMPI stan-
dard.

Specifictestkeywords: Specificoptionsor parametersfor that test. The keywordsassociated
with eachtestarelistedin thesectiondescribingthattest.

Comments: any line startingwith ahashsymbol.

Onetestmayberun, or a seriesof testsmaybe submittedtogetherby combiningthekey-
wordsin a seriesof blocksfor eachtest.In thelattercase,thetimingsfilename specifying
wheretheresultsfile is to belocatedis givenonly once.

A shortexampleinputfile for onesimpletestis shown below anda longerexampleincluding
commentsis givenin AppendixC.

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
# Template for input file
# IOT: MPI IO Test Suite Release 1.0 (11/8/97)
# Copyright Fujitsu Ltd. 1997
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%
#
timingsfilename /home/djl/SUITE/iotest/timings/lowlevel.out
classname lowlevel
testname single
filename /v0/data/lowleveltest.dat
numruns 3
filesize 0.01 0.1 1
blocksize 0.01 0.02 0.04
#

4.2 Output keywords

Theoutputformatis astandardasciifile andthetimingsthatconstitutetheoutputof thetestsare
identifiedusinga systemof keywordssimilar to thatusedon input.

Thebeginning of the outputfile is just a copy of the input keywordsandparametervalues
alongwith atimestampto identify therun. Thenumberof nodesthatthetestrunsonis notgiven
in theiotparams.in, but is deducedwhile runningandprintedin theoutputfile againstthe
keywordnprocs. Thenamesof thenodesusedis alsorecorded.

This partof theoutputfile is followedby thekeywordtiming valuesthemselves.In thecase
thatseveralnodesareemployed,therearenprocs columnsof timing valuesfor eachkeyword.
A final timestampconcludesthetest.

10



Standard Output keywords

pre time Setup time
fopen time File opentime
fview time Time to setfileview
palloc time Preallocatationtime
sync time Synchronisationtime
post time Cleanup time
fclose time File closetime
total time Total time.
error Error if thisappears.

Whenseveral testsarerun together, theoutputfile consistsof a seriesof blocksof theform
just describedfor a singletest.This formatenablesoutputfiles to besplit up or concatenatedat
will, which maybeconvenientat theanalysisstage.

Standardoutputkeywordsthatdescribecommontiming measurementsarelistedin thetable
above. Theserelateto operationsthatoccurin mostof thetestsandthathave clearsignificance.
Although therearesomecommonI/O timing measurementsin the lowlevel tests,the precise
significancecanvary so we deferdiscussionof thesekeywordsto thesectionsdevotedto each
test.A fuller descriptionof thekeywordsappearingin thetableis givenbelow.

pre time Thetime takenbetweenthestartof thetestroutineto thebeginningof theessential
timing part. This includestime to to setup buffers,to openthetestdatafile, andto setup
filetypes.

fopen time Thetime takento openthefile.

fview time The time taken to set the fileview. That is the time taken in the routine
MPI File Set View. This commandis includedevenwhenthefileview is thedefault
andit is notstrictly necessary. In thecaseof certainkernel classtests,thismeasurement
includesthetimeneededto setup nontrivial filetypes.

palloc time Thetimetakento preallocatethetestdatafile with MPI file preallocate
asdiscussedin section3 onconventions.If preallocate is setf, thenthis resultis not
reported.

sync time The time taken to completethe MPI instruction MPI file synchronise
which only returnswhen the datais securelyon disk. This call is placedbetweenthe
writing andreadingphasesof thetest.

post time Thetime takenbetweentheendof theessentialtiming partof thetestandtheend
of the testroutine. This includestime to closethefile andto write measurementsto the
statisticsstructure.

fclose time Thismeasuresthetime takento closethefile.

total time Thetotal time takento completetheiot run test subroutinepartof thetest.
The total summedtime shouldrelateto the time takenfor the test to run, which will be
reportedseparatelyatsomesites.
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error Thiskeyworddoesnotprint avalue,but its appearancekeywordindicatesthattherehas
beensomeerror in thetest. In this casethediagnosticoutputfrom thetest(which is sent
to stdout) shouldbeinspectedcarefully. Thiskeyworddoesnotprint a value.

4.2.1 Output File Format

Theoutputfile containsthetiming datameasuredby thetestandall diagnosticinformationfor
the test. Again it consistsof a sequenceof informationblocksdescribingeachtest run, each
blockhasaheadercontainingthediagnosticinformationandthenthedata.An importantdesign
considerationwasthattheinformationblocksin thesefilescanbeconcatenatedor split upatwill
to form new files.

Theheadercontainsa copyof the input file informationalongwith someruntimeinforma-
tion, suchastimestampandnumberof processes.The format of the datasectiondependson
the test. In the casethat a test is to be run with a seriesof parameters,the output file may
containseveralsubsectionsrunningthroughtheparametervaluesgivenin theheader. Eachsub-
sectionwill haveasub-headercontainingtheparametervaluefor thatsubsection.Whenmultiple
processorsareused,separatecolumnsof theoutputfile areassignedto thedatafrom eachpro-
cessor. If therearea very largenumberof processors,thentheIOT LINE LENGTH variablein
share/iot defs.f mayneedto beadjusted.An exampleoutputfile is shown in Appendix
D.
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5 Low-Level Class

Low-Level testsmeasurethemostbasicI/O timing parametersavailablefrom anMPI test.The
testsreadandwrite a streamof bytesin blocksize quantities.

Thelow-level testsarebasicwrite/readtestsof bandwidth,but in a multiprocessingenviron-
ment,variousconfigurationsarepossible. We will considertwo waysin which a file may be
read/written,andthesewill form the two basiclow-level tests.Thesetwo testsfollow directly
from thetwo simplewaysin whichafile maybeopenedin MPI: eitherwith MPI COMM SELF
or with MPI COMM WORLD, thefile is openedindividually by eachprocessor, or is opened
collectively by all theprocessors.In our testswe shallsimplify this distinctionevenfurtherand
in the first caseonly consideran MPI programrunningon a singleprocessorwhereasthe file
will beopenedby multiple processorsin thesecondcase.Thetestswill becalledsingle and
multiple respectively. Anotherpairof low-level testscalledsingleI andmultipleIwill
testasynchronousI/O.

TheMPI standardprovidesvariousI/O routinesthatareconvenientlydescribedusingthree
orthogonalproperties:positioning,synchronismandcoordination.The precisemethodof file
pointerpositioningshouldnot affect theperformancesowe shallalways(thoughnot for kernel
tests)useexplicit file-pointers.Thespaceis thusreducedto synchronismandcoordination.We
have separatetestsfor synchronousandasynchronoustests,but thecollective or non-collective
choiceis implementedby a keywordsuppliedto themultiple andmultipleI tests.

Weanticipatethatthemaininterestwill concentrateonthetransferof fairly largesizeblock-
sizes,sotheincorporationof atimercall for eachtransferwill notcauseany appreciableoverhead
andtherewill beno needto analysetheeffect of thetimer call. Of course,this assumptioncan
beverifiedon everysystemtested.

It is clearlyvital to comparethe resultsof the low-level testswith I/O teststhatdo not use
MPI. Wesupplya test,sinunix, thatperformsstandardFortranI/O from within anMPI wrap-
per. This is portableandconvenientin that the input andoutputformat is the sameasfor the
single test,but becauseof theMPI wrapper, it is nota completelysatisfactoryreferencetest.

5.1 Low-Level Tests, Keywords

Thesebasictestswriteasinglefile in blocksize quantities.Becausethesetestsarequitesimi-
lar to oneanother, severalof thekeywordsarecommon.For exampletheparametersfilesize
andblocksize. To facilitaterepeatedtestsover a rangeof parameters,we allow a seriesof
parametersto bespecified.

Input Keywords
Thestandardkeywordslistedearlier, including,classname, testname, andfilename

arerequiredparametersfor all thelow-level tests.Thecommonlow-level inputkeywordsare:

numruns (integer) This specifiesthe numberof filesizes/blocksizepairsto test from the fol-
lowing two lists. If only onepair is to beusedin thetest,this valuemustbesetto 1.

filesize (floatingpoint valuesseparatedby spaces)Thefilesizevaluesaregivenin MB (we
usetheconventionthat1 Megabyteis onemillion bytesratherthan ����� bytes).

blocksize (floatingpoint valuesseparatedby spaces)Theblocksizevaluesarealsogivenin
Megabytes.
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There must be at least numruns pairs of values specified in the filesize and
blocksize rows. If morearespecified,they areignored.

Output Keywords
Besidesthe commonoutputkeywordslisted in section4.2 that measurethe time for some

standardoperations,themainI/O timing measurementshave keywordsspecifyingwhetherthey
time write or readoperations.Thesemeasurementsarefairly similar for all the lowlevel tests,
for examplesingle andmultiple usetheshortkeywords:

w Thetime takento write blocksize Megabytes.

r Thetime takento readblocksize Megabytes.

However we postponethediscussionof theprecisesignificanceof eachmeasurementto the
discussionin theappropriatesectionfor eachtest.
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5.2
	

Single Test: single

Thesingle caseis a very limited test,it doesnot employtheparallelismof themachineand
simply measuresthe bandwidthof a singleprocessorto write andreada disk file. The testis
intendedasa referenceagainstwhich theresultsof thefull multiple testshouldbecompared.

A preciseunderstandingof the timing measurementscomesfrom inspectingthe following
Fortrancodewhich formstheheartof thetest:

offset niter = 0
told = MPI Wtime()
do 
��� , niter

offset = offset niter
call MPI File Write at(fp, offset,
buf(1), bsize, MPI double precision, status, ierror)

tnew = MPI Wtime()
wtime(
 ) = tnew - told
told = tnew
offset niter = offset niter + bsize

enddo

In this example,thetiming datais storedin thearraywtime which is written to theoutput
file at theendof thetest.

The secondpart of the test readsthe datajust written. An MPI File Sync instruction
separatesthe two partsof the testto ensurethat the datais truly on disk. This operationdoes
not however, guaranteethat a copy of the datadoesnot still resideon the cache. In the read
partof thetest,thedatamustbetouchedin orderto checkthat it hasactuallybeenread.Some
self-checkingensuringconsistency betweenthewrittenandreaddatais performedat this stage.
Theresultof this checkingis reportedunderthekeywordsumcheck, whichshouldbezerofor
a correctlyfunctioningtest.

In principle onewould like to makea measurementof the bandwidthfor the processorto
write to its “local” disk (onethatis closelyattachedto theprocessor).However, theexistenceof
this kind of architecturecannotbeguaranteedandthewaythefilesystemsaresetup is certainly
machinedependent.In practicewedonotanticipateproblemsbecausetheappropriatefilesystem
anddiskto write to will oftenbeobvious,andshouldcoincidewith theoneusedfor themultiple
testin orderthatmeaningfulcomparisonscanbemade.
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Keywords
This testonly requiresthe standardinput keywordsand the commonlow-level input key-

words.Thespecificinputkeywordsareshown in thetable.

Input keywords single

class lowlevel
testname single
filename string
numruns integer
filesize list of floatingpoint valuesin MB
blocksize list of floatingpoint valuesin MB

The values of the filesize and blocksize keywords determinethe parameters
niter and bsize that appear in the code fragment shown above. The relations are
explicitly: blocksize = bsize � sizeof(MPI double precision), filesize =
niter � blocksize. Note that the valuesare specifiedin MB, heredefinedas ���� bytes
ratherthan ����� bytes.Thenumruns valuespecifiesthenumberof filesize, blocksize
pairsto test.

We anticipate,for larger blocksizes,a typical filesizeof 1GB. But provided the bandwidth
hasreachedsomeasymptoticvaluethereis no point in increasingthefilesizefurther. Thetests
shouldnotbeallowedto taketoo longwithoutverygoodreason.

The blocksizeis the sizeof the buffer written eachtime the loop is traversed.We suggest
sizes: ���������������������� (up to maybe4MB). This rangeis very wide andthetestswill takea very
long time, sowe stronglyrecommendtheuserto restrictthis rangebasedon herknowledgeof
the system,and then to makesomepreliminaryexploratory teststhat usesmallerfilesizesin
orderto find theregionof interestfor hermachine.

We suggestaninitial exploratoryrunwith thefollowing parameters.

numruns 4
filesize 104.857613.10721.63840.2048
blocksize 1.0485760.1310720.0163840.002048

Notetheway thatpowerof 2 blocksaredescribedexplicitly. Providing valueslike this makesit
morelikely that theblockswill fit preciselyinto systembuffers,therebyreducingthemeasure-
mentnoise.In eachcasewehavearrangedfor theloopto betraversed100times.Theinteresting
partsof this rangeshouldbeinvestigatedmoreclosely.

Weremindtheuserthatthestandardkeywordpreallocate definedin section4 isoptional
andmaybespecifiedin any test.
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Output keywords single

sumcheck 0.0for correctfunctioning
pre time Setup time
fopen time File opentime
palloc time Preallocatationtime
fview time Time to setfileview
w Time to write oneblock
sync time Synchronisationtime
r Time to readoneblock
post time Cleanup time
fclose time File closetime
total time Thetotal time
error Error if this keywordappears

On output,all thestandardlow-level outputkeywordsareusedandthesewereexplainedin
detailin 4.2.

Thew andr timesarethetimesfor writing andreadingeachblocksize blockof dataand
makethemeasurementpreciselyasshown in thecodefragment.They will eachappearniter
times,oncefor eachloop.

sumcheck appearstwice for eachtest,constitutingtwo differentchecks.Its valuemustbe
zerofor acorrectlyfunctioningtest.
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5.3
	

Multiple Test: multiple

Themultiple casebeginsto testparallelI/O andit is straightforwardto opena disk file from
all processorsusingtheMPI COMM WORLD communicator. Dependingon the filesystem,the
devicewherethefile is writtencouldbeoneof thelocally attacheddisksor, if thehardwareand
softwarerequirementsfor aparallelfilesystemexist, it couldbedistributedoveraseriesof disks.

BesidesthebasictestthatusestheblockingMPI File Write call, this testshouldbeused
to investigateoptimisationsbasedon theMPI File Write all collective (in theMPI sense)
call. Thisoptionis implementedusinga keywordswitch.

The loop forming theheartof thecodeis preciselythesameasin thecaseof thesingle
test,andin fact themaindifferencebetweenthetestsis in thewaythatthefile is opened.In the
multiple case,timing datais gatheredindependentlyon eachprocessor, it is automatically
gatheredtogetherat theendof thetestandwritten in separatecolumnsof thetiming outputfile.

Thereadpartof thetestfollowsthesamepatternasfor thesingle case.

Keywords
Theparametersfor this testcomprisetheblocksize andfilesize whicharesubjectto

thesamecommentsasthesingle test,anda new keyword which switchesbetweenthenon-
collectiveandthecollectiveformsof theI/O routines.MPI hint keywordssuchasstripingvalues
shouldbevariedandinvestigatedin this test.

Thenumberof processorsisaparameterin thistest,but it isusuallysuppliedonthecommand
line ratherthanthroughtheinputfile via thekeywordsystem.It is howeverreportedin theoutput
usingthe keywordnprocs. Note thatMPI doesnot specifywhethera particularprocessoris
ableto performI/O or not,but thatnum io nodes existsasanMPI hint.

Input keywords multiple

class lowlevel
testname multiple
filename string
numruns integer
filesize list of floatingpoint valuesin MB
blocksize list of floatingpoint valuesin MB
collective logical (t/f)

Thecollective keywordmaytakevalues:t or f to selecttheMPI File Write all
or MPI File Write call, anda similarchoicefor read.Themeaningof thecollective optimi-
sationis discussedin theMPI-2 standard,but maybeimplementedin variousways.

Wesuggestsimilarsizefilesizesandblocksizesto theonesusedin thesingle testfor initial
explorations.

On output,the keywordsareusedwith preciselythe samesignificanceasfor thesingle
test. All the timing valuesaremeasuredindependentlyon eachprocessorandarereportedin
separatecolumnsof theoutputfile. Eachcolumnreferringto a differentprocessor. In thecase
of largenumbersof processorscertaininternalparametersdefinedin theshare/iot defs.f
file mayrequireadjustment.

Thepresenceof MPI barriersallows us to synchronisethe timingson eachprocessor. Bar-
riers areplacedat the startof both the write andthe readloop. The first barrierseparatesthe
setupandfile opening(timedusingthepre time keyword) from thewrite loop. Thesecond
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barrier
 

appearsafterthesynchronisationcall thatseparatesthewriting andreadingphases.The
synchronisationof thestartof eachI/O loopallowsusto synchronisethemaintiming datawhich
is reportedwith thew andther keywords.

Theexecutableprograms(wrappers)alsocontainbarriersbothbeforeandafter thesubmis-
sion of theiot run test subroutinewhich is the subroutinethat actuallyperformsthe test.
Thetime spentin this subroutineis measuredusingthekeywordtotal time, andasa result
of thebarriers,will takethesamevalueon all processors.

Output keywords multiple

nprocs Numberof processors
sumcheck 0.0for correctfunctioning
pre time Setup time
fopen time File opentime
palloc time Preallocatationtime
fview time Time to setfileview
w Time to write oneblock
sync time Synchronisationtime
r Time to readoneblock
post time Cleanup time
fclose time File closetime
total time Thetotal time
error Error if this keywordappears
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5.4
	

Asynchronous Tests

Thelow-level testsdiscussedabovearebasedonaloopcontaininganI/O routinealone.They are
thereforenot suitablefor testingasynchronousI/O becausethewholepointof theasynchronous
approachis to performI/O while theCPUis occupiedwith someothercomputation.This intro-
ducesnew variablesinto theproblem:theform anddurationof the“othercomputation”.

Theasynchronoustestsarebasedonthesamestructureasthesingle andmultiple tests,
but interleaveanadditionalcomputationinto thecentralloop. Thenew testsarecalledsingleI
andmultipleI to follow MPI namingconventions.Theform of theinterleaving computation
hasbeenchosenasseriesof matrix-vectormultiplications. The parametersdefiningthe inner
andouterloopsaswell asthe repeatcountareparametersthatcanbeadjustedwith keywords.
Theessentialpartof thecodeis shown below:

do !"�� , repeat
do 
#�� , outerloop

do $%�� , innerloop
y( $ ) = y( $ ) + a( $ ,
 )*x(
 )

enddo
enddo

enddo

The vectorsx,y and the matrix a are initialised with randomnumbersandall arraysare
Fortrandouble precision.

The issuesthatareimportantin choosingtheform of interleaving computationarethevec-
torisability of the codeandthe memoryusage.Matrix-vectormultiplication is oftenusedasa
benchmarktestfor floatingpointperformance.This is not anappropriateplaceto give a full re-
port,but wemaysummarisethatthevectorisabilityisdeterminedby theparameterinnerloop.
Provided this parameteris not too large, onecanregardthe otherparameter, outerloop, as
beinga wayof adjustingthememoryrequired.

Themostimportantaspectof theinterleaving computationis thelengthof timeit takesto run
onetime. Oncethevectorisabilityandmemoryusageof thecomputationhave beenfixedusing
innerloop andouterloop, this computationaltime is controlledby therepeat keyword.
Theprecisetime durationis obtainedin thefirst cyclesof thetestwhich omit theI/O operation
andtime thecomputationseparatelyin a synchronousenvironment.Oncethesereferencecycles
have beencompleted,the main timing loop consistsof the computationandthe non-blocking
I/O routine.Thepatternsof realapplicationsarebestfit by ensuringthatthedatawrittenor read
dependsin somewayon theresultsof thecomputationprecedingtheI/O instructionin theloop.

Froma comparisonof thenon-blockingtimingsprovidedby this testwith blockingI/O tim-
ings from earlier lowlevel tests,the effectivenessof the asynchronicitymay be deduced.The
efficiency will dependon the parameterthat fixesthe durationof the computation.If this pa-
rameteris chosenso that the computationcompletesvery quickly, the testswill resemblethe
standardsynchronoussingle andmultiple tests.
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5.4.1 singleI

Thepatternfor this testfollows theblockingversionsingle exceptfor thecommentsabove.
In particularthis testshouldbe regardedasa singleprocessorreferencefor asynchronousI/O
againstwhich themultipleversioncanbecompared.

Themethodof timing is slightly differentfrom theblockingsingle casebecausethreerou-
tinesareinvolvedin theloop andwe requirethreetiming calls. A codefragmentthatillustrates
theprecisedefinitionis shown below. TheMPI Wait call ensuresthat theasynchronouswrite
hascompletedat theendof eachloop.

offset niter = 0
told = MPI Wtime()
do 
��& , niter

offset = offset niter
call MPI File Iwrite at(fp, offset,
buf(1), bsize, etype, request, ierr)

tpre = MPI Wtime()
call comp task(repeat,innerloop,outerloop)
tcomp = MPI Wtime() - tpre
wtasktime(
 ) = tcomp
call MPI Wait(request, status, ierr)
tnew = MPI Wtime()
writetime(
 ) = tnew - told - tcomp
told = tnew
offset niter = offset niter + bsize

enddo

The time takento performthe computationaltaskandthe time for the write aremeasured
separatelyandtemporarilystoredin thewtasktime andwritetime arraysfor lateroutput
with keywordswt andwtI respectively.

This loop is prefacedby ashortloop just timing thecomputationaltaskwithoutany I/O, and
usingthe keyword t. The lengthof this preliminary loop is determinedby thetaskloops
parameter. As usualthewriting andreadingphasesareseparatedby a synchronisationcall and
self-checkingalsooccursasbefore.

Keywords
Theonly additionalparametersbeyondthoseneededin theblockingversionarethoseused

to describetheextracomputation.Thesearetheinnerloop andouterloop parametersthat
characterisethe form of thecomputation;for exampleits vectorisabilityandmemoryusage.A
further parameter, repeat, fixesthe numberof iterationsof anotherloop that repeatsthe the
multiplication asdescribedin the codeon the previous page. Thedurationof the interleaving
computationaltask is determinedby this parameterand it controlsthe time takenin a linear
manner. In practiceit is convenientto fix the form of computationusinginnerloop and
outerloop and then to performa seriesof testswith different valuesof the repeat. In
preliminaryuserepeat shouldbechosensmall (even0) in orderto checkresultsagainstthe
blockingversion.
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Input keywords singleI

class lowlevel
testname singleI
filename string
numruns integer
filesize list of floatingpoint valuesin MB
blocksize list of floatingpoint valuesin MB
taskloops integer
repeat integer
innerloop integer
outerloop integer

On output,severalnew keywordsareneededin orderto measurethe timesin theblocking
cyclesaswell asin thenon-blockingcycles.In eachcasebothI/O routineandtaskdurationare
measured.

Output keywords singleI

sumcheck 0.0for correctfunctioning
pre time Setup time
fopen time File opentime
palloc time Preallocatationtime
fview time Time to setfileview
t Tasktime in isolation
wI Time to write oneblockasynchronously
wtI Tasktimewhile writing asynchronously
sync time Synchronisationtime
rI Time to readoneblockasynchronously
rtI Tasktimewhile readingasynchronously
post time Cleanup time
fclose time File closetime
total time Thetotal time.
error Error if this keywordappears

The time taken for the computationaltask without any I/O is first measured(in a loop
of length taskloops) and reportedwith the keyword t. The effect of the parameters
innerloop,outerloop andrepeat onthismeasurementshouldbechecked.Normallythe
timedoesnotscalelinearlywith theinnerloops parameterdueto vectorisation,but provided
this parameteris sufficiently large, scalingis linear with respectto the other two parameters.
Then,referringto the codefragment,wtI andwI signify the timestakenfor thecomputation
andfor theasynchronouswrite respectively. Thematchingkeywordsfor the readphaseof the
testaredenoted,rtI andrI.
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5.4.2 multipleI

Theasynchronousversionis basedon theblockingversionmultiple. Theadditionalparam-
etersdescribingthedurationof thecomputationaltaskthatinterleavestheI/O routinestakesthe
sameform asin singleI above.

Theblockingmultiple testisableto testthecollectivefeaturesof theMPI implementation
andunderlyingparallelfile system.Theasynchronousversionknown assplit-collectivecanalso
be testedusingmultipleI, anda switch is provided for this purpose.When the collective
optimisationis used,themethodof timing is similar to theordinarycase,but is clarified in the
following codefragment.

offset niter = 0
told = MPI Wtime()
do 
'�( , niter

offset = offset niter + offset proc
call MPI file write at all begin(fp, offset,
buf(1), bsize, etype, ierr)

tpre = MPI Wtime()
call comp task(repeat,innerloop,outerloop)
tcomp = MPI Wtime() - tpre
wtasktime(
 ) = tcomp
call MPI file write at all end(fp, offset,
buf(1), bsize, etype, ierr)

tnew = MPI Wtime()
writetime(
 ) = tnew - told - tcomp
told = tnew
offset niter = offset niter + nprocs*bsize

enddo

The relationshipbetweenstripingparametersandcollective parametersis bestinvestigated
at theblockinglevel, sofor this testthey shouldbeadjustedtogether.

Thelayoutof thenon-collectiveversionof thecodeis identicalto thatshownin thesingleI
test.Barriersareplacedin thelocationsdescribedin themultiple test,allowing thetiming of
theI/O loopsondifferentprocessorsto begin at thesametime.

Keywords
The input keywordsarethesameasthoserequiredfor singleI exceptfor theadditional

keywordcollective thatactsasa switchfor thecollective optimisationin thesameway as
it did for themultiple test.
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Input keywords multipleI

class lowlevel
testname multipleI
filename string
numruns integer
filesize list of floatingpoint valuesin MB
blocksize list of floatingpoint valuesin MB
collective logical (t/f)
taskloops integer
repeat integer
innerloop integer
outerloop integer

The outputkeywordsare the sameas the onesdefinedabove for singleI. Eachtiming
measurementis madeindependentlyon eachprocessorandis reportedin a separatecolumnof
theoutputfile.

Output keywords multipleI

nprocs Numberof processors
sumcheck 0.0for correctfunctioning
pre time Setup time
fopen time File opentime
palloc time Preallocatationtime
fview time Time to setfileview
t Tasktime in isolation
wI Time to write oneblockasynchronously
wtI Tasktimeasynchronously
sync time Synchronisationtime
rI Time to readoneblock asynchronously
rtI Tasktimeasynchronously
post time Cleanup time
fclose time File closetime
total time Thetotal time.
error Error if this keywordappears
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5.5
	

Fortran I/O Test: sinunix

In ordertocomparewith I/O notusingMPI-2 routinesweprovideatestthatusesstandardFortran
I/O. For simplicity of useandportability this testworkswithin an MPI wrapperin exactly the
sameway as all the other tests. The test follows exactly the patternof the single testFor
examplein thecodefragmentshown for single, theonly differenceis to replacetheMPI-I/O
callswith theappropriateFortranI/O calls.

For variousreasons,theMPI wrapperandthelimitationsof FortranI/O, this testis notcom-
pletely satisfactoryasa non-MPI referencetest. We arenot ableto provide suchstand-alone
testssincethey will be differentdependingon the site. Nonetheless,the low-level testshave
beenwritten in a transparentfashionin orderto exposethe essentialpart of the codeandwe
expectthatthey canbemodifiedin orderto write sitespecificcomparisontests.

Keywords
The keywordsarethe sameasfor thesingle test. Note that the way that filenamesare

specifiedfor MPI-I/O maybedifferentfrom thewaythatshouldbeusedin this test.

Input keywords sinunix

class lowlevel
testname sinunix
filename string
numruns integer
filesize list of floatingpoint valuesin MB
blocksize list of floatingpoint valuesin MB

In this testthefile cannotbepreallocated.

Output keywords sinunix

sumcheck 0.0for correctfunctioning
pre time Setup time
fopen time File opentime
w Time to write oneblock
r Time to readoneblock
post time Cleanup time
fclose time File closetime
total time Thetotal time.
error Error if this keywordappears

Ratherthana synchronisationcall, thefile is closedandopenedto ensurethatall datais on
disk.
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6 Kernel Class

Kerneltestsarelarger, morecomplex codesthantheLow-Level ones.They representthe I/O-
intensive kernelscommonto a variety of differentapplications[8]. As such,thesetestsare
characteristicof typical I/O patterns,andallow performancefor thesecharacteristicpatternsto
be investigatedin detail. Becauseof their increasedcomplexity, the kerneltestsalsoexercise
moresophisticatedfeaturesof MPI, andcanchecktheperformanceof theMPI implementation
at theseadvancedlevels.

Thekerneltestsaremorevariedthanthelow-level testsandthereareno commonkeywords
for theclassotherthanthoseinheritedfrom all tests.

6.1 Characteristic I/O Patterns

The characteristicI/O patternsthat we have identifiedandwhich form the basisof the Kernel
testsarelistedbelow alongwith typical applicationsthatusethat I/O pattern.Eachof thetests
will be discussedin detail in the following sections. We emphasisethat the kernel testsare
synthetic:they areintendedto testa typical I/O patternandarenot expectedto follow precisely
thealgorithmof any particularapplication.

� I/O of regularmultidimensionalarrays. Simulationsof 2 or 3 dimensionalphysicalsys-
tems,for examplecomputationalfluid dynamics,seismicdataprocessingandelectronic
structurecalculations.

� Non-sequentialI/O. Databaseapplications,medicalimagemanagementandrecovery of
partialmappingimages.

� Gather/Scattercombinedwith I/O. This seriesof stepsis often employedwhenrunning
applicationson parallelmachineswith limited I/O capability. It is interestingto compare
multidimensionalarrayI/O ratesusingthismethodwith fully paralleloutput.

� I/O usingasharedfilepointer. This is frequentlynecessarywhenwriting alog file or when
checkpointing.

� Transposeoperationsare frequently used when performing multidimensionalFourier
transforms.For very largearrays,it maybeappropriateto do this out-of-core.

Thefirst pattern,I/O of multidimensionalarrays,is themostimportantin practice.Whereas
the Low-Level testswrote a streamof byteswith trivial structure,thesetestsperform I/O of
arrayswith amultidimensionalstructurethatoftencorrespondsto somephysicalgeometry. This
is a very commonI/O requirement,and thereare many sub-varietiesdependingfor example
on grid regularity, arraydimensionandthe way the geometryis mappedonto the processors.
Collective I/O routinesareoftendesignedwith this type of I/O patternin mind, so thesetests
will beparticularlyrelevantfor investigatingthis optimisation.In a majorsetof thekerneltests
we considerI/O of differentdimensionarraysandeachtesthasa widesetof parameters.

The kerneltestsenablethe efficiency of I/O with a characteristicpatternto be determined
andcomparedbetweendifferentsystemsand in somecases,betweendifferentpatterns.This
informationprovidesinsight into the likely behaviour of full applicationswith that I/O pattern.
Thetypeof analysisrequiredis thereforeratherdifferentfrom thecaseof thelow-level classof
testsandthis is reflectedin thetoolsavailable.
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Weanticipatethatsomeexplorationof theparameterspacewill alreadyhavebeendoneusing
thelow-level classbeforeKerneltestsarerun. Theinterestingregionswill thereforebeknown
andthekerneltestsneednotberun for excessively largerangeof parameters.

In thefollowing,shortcodefragmentsareusedasthebestwayto describethefunctionof the
testsandto bepreciseaboutthesignificanceof themeasurements.Thesecodefragmentsignore
someissuesthatarenotrelevantto understandingthesepointsandarethereforeslightly different
from thecodeto befoundin theteststhemselves.

6.2 I/O of regular multidimensional arrays

Applicationsthatsimulatephysicalsystemsusinga discretelatticebasiscomein many varieties
with their own particularfield structures,dependingfor exampleon thechoiceof grid andthe
waythecompletephysicalsystemis distributedon theparallelmachine.

We considerI/O of regulararraysuniformly distributedon themachine.Two separatetests
that considerthe 2D and 3D casesare provided The arraysare of size xsize � ysize (or
xsize � ysize � zsize in the 3D case).The processesareviewed asa regular logical grid)+*�,.-�/ �10 *+,2-+/ (or )+*�,.-+/ �10 *+,2-+/ �43 *�,.-�/ ), andthematrixor 3D arrayis distributeduniformly
acrossthis grid, eachprocessorcontaininga subarrayof size )65+7 3�8�9 )�*+,.-�/ �:0 5�7 3;8<9�0 *�,.-+/ ,
( )=5�7 3�8�9 )+*+,2-+/ �:0 5�7 3;8<9�0 *�,.-+/ �>3 5+7 3;8<9�3 *�,.-�/ ). More complicatedschemesaresometimes
employed,for examplea cyclic distribution of smallerarrayscan improve load balancingin
certainapplications,but in theinterestsof simplicity we remainwith thispattern.

In contrastto thelow-level testswherethemainuser-suppliedparameterswerethenumberof
processes,thefilesizeandtheblocksize,herethemainparametersaretheproblemsizes,xsize
andysize (zsize) and)+*�,.-�/ �?0 *+,2-+/ (zproc). Theseparametersaresubjectto therestriction
that )+*�,.-+/ �@0 *+,2-+/BA �C3 *�,.-�/<D is not greaterthanthe total numberof processes.The filesize
is givenby xsize � ysize( � zsize) timesthe sizeof theMPI double precision data
structure,andis reportedin theoutput. Thearraysizesshouldbedivideableby thenumberof
processorsin eachdimensionsothateachprocessorhasanidenticalload.In factthisrequirement
is imposedto avoid complicatingtheanalysis,andthesizesof thesubarraysaretheintegerpart
of )=5+7 3�8�9 )�*+,2-+/ etc.

Thetestprogrammeasureshow long it takesto write andreadthecompletearray. Thefile
containingthe array is in the format that a singleprocessorwould write it, that is, in column
order(for FORTRAN). Theinformationcanbereadusinga differentnumberof processesfrom
thenumberthat it waswritten from. MPI providesvariouswaysof constructingfileviews that
allow theprocessesto write their subarraysin thecorrectpartsof thefile for overallconsistency.
Weemploythesenon-trivial fileviews,sotheactualwrite instructionfor thefull arrayis asingle
line of codeandthis is whatis timed.

Becauseof theimportanceof this I/O pattern,therehasbeenconsiderableresearchon opti-
misingit. Themostimportantoptimisationis to maketheI/O collective,thatis, coordinatedand
conformingto theunderlyingdatastoragepattern.Many smallnon-contiguousaccessesarere-
placedby a few largecontiguousaccesses.Sometimescollectiveoptimisationsareimplemented
at a fairly high level (eg Panda[9]), which would be above the level visible to MPI. Thereis
however, no difficulty in implementingtheseoptimisationsat theMPI level andindeedthey are
expectedin theMPI standard.In theMPI standard,hintscanbesuppliedbothfor genericcol-
lectiveoptimisationandalsofor specificoptimisationsfor multidimensionalarrays.Theselatter
hintscontainthewordchunked.

Oneof theimportantrolesof themultidimensionalarrayI/O kerneltestsis to investigatethe
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effectivenessof thecollective optimisation.In doing this, thereis considerabledependenceon
parameters.Both theexplicit parametersof thetestandtheparametersthataresuppliedto MPI
via the MPI-hintsarecrucial to properuseof the tests. In particularthe keywords,relatingto
collective bufferingsuchascollective buffering, andcb block size aswell asthe
keywordscontainingchunked mustbe investigatedin thesetests.Thefull list andmeanings
of thesekeywordsaregiven in the AppendixA. Guidesasto appropriatevaluesto chosefor
theseparametersare given in the detaileddiscussionof eachtest. The hints associatedwith
differentstripingparametersshouldalreadyhavebeeninvestigatedusingthelow-level tests,but
they shouldnaturallybematchedto theotherparametersassociatedwith collectiveoutput.
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6.2.1 2D matrix I/O: matrix2D

Thistestreadsandwritesacomplete,distributedsquare2D matrix. Thematrixisdistributedover
the processesin a uniform manner, eachprocesscontaininga )65+7 3;8<9 )+*�,.-�/ �:0 5�7 3;8<9�0 *�,.-+/ ,
subarray. In the interestsof simpleanalysis,thematrix will be truncatedto divide exactly into
sub-matriceswith noremainingelements.

Applicationsthatwrite 2D matricesarenotrare,andthistestwill bedirectlyrelevantto them.
More generally, thematrix2D testis thesimplestmultidimensionalarraytestto analyse,and
if theparallelfile systemhasmany variableparameters,it is recommendedthat this testshould
beusedbeforeproceedingto the3D version.

The testprogrammeasureshow long it takesto write andreadthecompletematrix. These
timing measurementsare single measurementsin contrastto the low-level casewheremany
timings were generated.They thus include the effect of any initial buffer dominatedperiod,
but this effect shouldbe well understoodfrom earlieruseof the low-level classtests.Besides
measuringthe total readandwrite timingson eachprocessor, matrix2D reproducessomeof
thelow-level timingssuchasthetime takento openandto closea testdatafile.

As a generalguide,theproblemsize(relatedto thefilesize)shouldbechosento investigate
thecharacteristicI/O regionsidentifiedin the low-level tests.Thesewill usuallybetheplateau
rangesdominatedby bufferedanddirectdisk I/O respectively. It is moredifficult to giveguides
asappropriaterangesof theotherparametersrelatingto thedatadistribution andto theoptimi-
sations.Certainlycurvesshouldbegenerated,but thedimensionof theparameterspaceis large
if thecollective andchunkedoptimisationsareinvoked. We expectthat for goodperformance,
the valuesof all the parameterswill be closely related. Regionsof badperformancearealso
of interestandin particularbandwidthsshouldbe checkedwhenthechunkparametersarenot
alignedwith thesubarraysizes.

Thechoiceof processgrid stronglyaffectstheperformance.It is betterto divide thematrix
in the E -directionratherthanthe F -directionin orderto allow longercolumnswith contiguous
memoryto bepassedto thedisc.However, in settingyproc = 1, theI/O patterncanbecomeso
simplethatit resemblesthestreamI/O consideredby thelow-level tests.

In designingthetesttherewasa questionof whetherto usetheCartesiantopologygenerator
of MPI. If optimisationsexist, thenthenodescanbereorderedsothattheCartesiangrid fits the
underlyinghardwarein suchawaythatallowsnearestneighbourcommunicationto beoptimised.
At presentthischoicehasnotbeenmade.

TheI/O operationsof thesub-matrixon eachprocessareperformedwith a singleMPI com-
mand. This is possiblethroughtheuseof advancedMPI filetypemechanisms.It is this single
operationthat is timedon eachprocessandformstheoutputof thetest. Thecentralpartof the
codeis shown below:

told = MPI Wtime()
call MPI file write(fp, buf, xsize/xproc, coltype,
status, ierr)

tnew = MPI Wtime()
writetime = tnew - told

Herebuf is the two dimensionalarraycontainingthe sub-matrixdata. Thecoltype is
oneof thespecialfiletypesconstructedin orderto dealefficiently with two dimensionalarrays.
It containsholes. In this testwe usethe individual file pointerversionof the I/O routine. A
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collective versionalsoexistswith theMPI file write all routine. In orderto gathermore
statistics,arepeat parametermaybespecifiedfor thenumberof timesto repeatthemeasure-
ment.MPI barriersareplacedbothbeforethis segmentof codeandbeforethereadingphaseto
ensurethatthemeasurementson differentprocessorsstartsynchronously.

Becausethereis only oneI/O call in theheartof thetest,andthereis no explicit loop, it is
notsousefulto consideranasynchronousversionof this test.Non-blockingI/O is besttestedat
low-level usingthesingleI andmultipleI tests.

Selfcheckingfor thesetestsis thoroughandall elementsof thematrix thathavebeenwritten
andreadarecheckedagainsttheoriginalmatrix. If thecheckfails thenthetestaborts.

Keywords
In submittingthis testa seriesof differentgridscanbeinvestigatedandthe total numberof

processorsneededfor someof thegridsmaybesmallerthanthenumberof processorsoriginally
requested.In thiscasetheunusedprocessorsareidle.

Input keywords matrix2D

class kernel
testname matrix2D
filename string
repeat integer
numsizes integer
xsize integer
ysize integer
numprocgrids integer
xproc integer
yproc integer
collective logical (t/f)

numsizes (integer)Thenumberof differentproblemsizesto test. Thetestis run for eachof
thenumsizes problemsizesspecifiedby thexsize and ysize parameters.

xsize, ysize Thefull matrix is of sizexsize � ysize, andusuallya squarematrix is cho-
sen.Eachelementis anMPI double precision datastructure.Thevaluesof xsize
and ysize shouldbeselectedto work in thecharacteristicregionsidentifiedin thelow-
level tests.

numprocgrids (integer)Thenumberof differentlogical processgrid configurationsto test.
Thetestis run for eachof thenumprocgrids processgrid configurationsspecifiedby
thexproc andyproc parameters.

xproc, yproc (integer)Two lines,eachwith a list of numprocgrids processgrid config-
urations.For eachtestrun a pair of numbersaretaken:onefrom xproc, andonefrom
yproc. This pair of numbersspecifiesthenumberof processesin a row, )�*+,2-+/ (or col-
umn, 0 *�,.-�/ ), of thelogicalgrid of processes.Theusermustensurethat )+*�,.-+/HG 0 *�,.-�/ is
lessthanor equalto thetotalnumberof processorsrequestedwhenthejob is submitted.

repeat (integer)Thenumberof timesto repeatthemeasurementwith a particularsetof pa-
rameters.
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collective (logical t/f, default f) To select the MPI File Write all or
MPI File Write call, anda similarchoicefor read.

TheMPI-hint parametersthatareespeciallyrelevantfor thistestaretheonesconcerningcol-
lectivity: collective buffering, cb block size, cb buffer size andcb nodes
and also the onesconcerningmultidimensionalarray I/O: chunked, chunked item and
chunked size. Full descriptionsareprovidedin AppendixA.

Someof the outputkeywordsneededto describethe timing measurementsarethesameas
appearin the low-level tests.Themaintiming measurementshave differentkeywordsfrom the
low-level casebecausethereis noexplicit loopandthey correspondto thetimesfor thecomplete
I/O. ThecodewhichdefinestheI/O timing measurementwasgivenabove.

For eachtestrun thefollowing datais output:

Output keywords matrix2D

nprocs Numberof processors
filesize Sizeof matrix (bytes)
pre time Setup time
fopen time File opentime
palloc time Preallocatationtime
fview time Time to setfileview
palloc Preallocatationtime
write Time to write completematrix
sync time Synchronisationtime
read Time to readcompletematrix
post time Cleanup time
fclose time File closetime
total time Thetotal time.
error Error if thiskeywordappears

Thetotalsizeof thematrixin bytesis reportedasfilesize, but noblocksize parameter
is output.

In this casethefview time includesthe time neededto setup the datatypesrequiredto
write andreadthematrix.
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6.2.2 3D matrix I/O: matrix3D

This test readsandwrites a complete,distributed3D array. The array is distributedover the
processesin a uniform manner, eachprocesscontaininga )=5�7 3;8<9 )+*�,.-+/ �I0 5�7 3�8B9�0 *�,.-�/ �
3 5�7 3;8<9�3 *�,.-+/ subarray. Thearrayis dividedexactly into sub-arrayswith noremainingelements.
Thecentralcodefragmentis exactly thesameasfor thematrix2D test.

It is recommendedthat thesetestsbe employedafter the 2D matrix test resultshave been
understood.Theparametersarealmostidenticalto the2D versionandthetiming measurements
arealsovery similar. Theanalysisis likely to bemorecomplicatedthanfor the2D case,though
if yproc = zproc = 1, theI/O patternis simple.

Keywords
This testis very similar to thepreviousone,it only requirestwo furtherparameters,zsize

andzproc, thatappearin thesamewayasthe E and F parametersin 2-dimensions.

Input keywords matrix3D

class kernel
testname matrix3D
filename string
repeat integer
numsizes integer
xsize integer
ysize integer
zsize integer
numprocgrids integer
xproc integer
yproc integer
zproc integer
collective logical (t/f)

For eachtestrunthreenumbersaretaken:onefromxproc, onefromyproc, andonefrom
zproc. Thesenumbersspecifythenumberof processesin eachof threeaxesof thelogical 3D
grid of processes.Theusermustensurethat )+*�,.-�/JG 0 *�,.-�/JG 3 *�,.-�/ is not greaterthanthetotal
numberof processes.

TheMPI-hintparametersespeciallyrelevantfor this testarethesameastheoneslistedunder
thematrix2D test.

Theoutputparametersareexactly asfor thematrix2D test.
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Output keywords matrix3D

nprocs Numberof processors
filesize Sizeof matrix (bytes)
pre time Setup time
fopen time File opentime
palloc time Preallocatationtime
fview time Time to setfileview
palloc Preallocatationtime
write Time to write completematrix
sync time Synchronisationtime
read Time to readcompletematrix
post time Cleanup time
fclose time File closetime
total time Thetotal time.
error Error if thiskeywordappears
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6.3
K

Gather/Scatter and I/O: gatherscat2D

For many reasons,suchaspostprocessingrequirementsandthephysicalI/O capabilitiesof the
machine,a non-parallelform of outputis oftenemployedat present.This amountsto a gather
MPI call, followed by a write from that processor. In the readcycle, datais first readonto a
singleprocessorandthendistributedaroundthemachineusingthescatterinstruction.

Thekerneltestbasedon this form of I/O will beusedto compareold-fashionedserialrates
with fully paralleloutputusingthematrix tests.Whetherthistestis usefulor notin facilitating
thiskind of comparisonwill dependon theparallelfilesystemin use.

Thiskernelalsoallowsthemessagetraffic to beinvestigatedandwill measuretheefficiency
of thenetworkaswell astheI/O performanceof thesinglenode.

A shortcodefragmentis shown below:

told = MPI Wtime()
call MPI alltoallw()
tnew = MPI Wtime()
gathertime = tnew - told
told = tnew

if (node == 0) then
call MPI file write(fp, fulla,
xsize*ysize, etype, status, ierr)

tnew = MPI Wtime()
writetime = tnew - told

end if

The gatherand scattercalls are madeusing the MPI alltoallw routine (we have not
shown all the argumentsneeded).The readingphasefollows, but becausethe I/O only takes
placefrom onenode,noadditionalbarriersareinserted.In thistestthebarriersappearbeforethe
gatherandscatterphaseswhich aretimedseparatelyon eachprocessor. Sincethefull matrix is
written/readfrom onenode,theI/O timingswill notdependonthewaythatthematrix is divided
betweenprocessors.Gatherandscattertimeswill howeverdependonthedistributionparameters
xproc andyproc.

Theeffect of theoptimisationsof collective buffering andmultidimensionalarrayhandling
arenot likely to beaspronouncedin this testasfor thefull matrix tests.Neverthelesstheireffect
shouldbeinvestigated.

Self checkingis thoughasin all matrix basedtests.Thetestabortsif thegathered,written,
readandscatteredinformationis differentfrom theoriginal.

Keywords
Thetestparametersarethesameasthoseusedin matrix2D, andhave thesamemeanings.
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Input keywords gatherscat2D

class kernel
testname gatherscat2D
filename string
repeat integer
numsizes integer
xsize integer
ysize integer
numprocgrids integer
xproc integer
yproc integer
collective logical (t/f)

I/O is from oneprocessonly, so only onecolumnof timing datais written usingthe same
keywordsasfor thematrix2D test. Additional timing parametersareneededto specify the
time takento gather/scatterthedata.

Output keywords gatherscat2D

nprocs Numberof processors
filesize Sizeof matrix (bytes)
pre time Setup time
fopen time File opentime
palloc time Preallocatationtime
fview time Time to setfileview
dtype time Time to setdatatypes
gather Time to gathermatrix
write Time to write completematrix
sync time Synchronisationtime
read Time to readcompletematrix
scatter Time to scattermatrix
post time Cleanup time
fclose time File closetime
total time Thetotal time.
error Error if thiskeywordappears

gather, scatter Thesekeywordsmeasurethe time requiredto gatheror scatterthe data
to or from the root node. As shown in the codefragment,this is performedusing an
MPI alltoallw routine,andbarriersareplacedbeforeeachof thesecalls in orderto
synchronisethetimingsonall processors.

dtype time Thetime to setup thedatatypesneededto performthegatherandscatter.

fview time Thefiletypeis alsonontrivial andthis time includesthetimerequiredto setit up
andmaketheMPI file set view call.
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6.4
K

Transposed I/O: transpose

Thetestof a matrix transposeoperationis motivatedby a well known algorithmfor performing
multidimensionalFourier transforms:in two dimensionsfor example,a Fourier transformof
anxsize � ysize matrix maybeaccomplishedby first performingxsize one-dimensional
FFT’sdown thecolumnsof thematrix,andthendoingysize one-dimensionalFFT’salongthe
rows of the matrix. In the first phaseof the computation,the optimal layout of the datais to
distributethexsize columnsevenly amongstnprocs processorsin sucha waythatelements
of the columnsappearin contiguousmemorylocations. This is automaticin a Fortranarray.
In the secondphaseof the computation,it is advantageousto put the elementsof the rows in
contiguousmemorylocationson thesameprocessor. This necessitatesa transposeoperationon
thetwo-dimensionalarray.

Althoughthetransposeis usuallyperformedby communicatingsubarraysthroughtheinter-
connect,thereis someinterestin performingthe operationby writing andreadingfrom disk.
For example,in a seismicapplication,this might bebecauseFFT’s of a wholedatasetmustbe
performedbeforeproceedingto thenext stageof thecomputation.

Evenwithout theFFTmotivation,thecharacteristictransposepatternprovidesamoresevere
testof the I/O systemthanthe straightforwardmatrix pattern. It is interestingto measurethe
performanceundersucha load.

Thekerneltesttranspose first writesadistributed2D arrayto afile thenreadsit backasa
transpose.Thearraydistribution is thesameasthatusedin thematrix2D test,thoughwith the
restrictionyproc = 1. Thedatageneratedis thetime for writing andtransposedreadingalong
thelinesof themeasurementstakenin thematrix2D test.

An interestingcomparisoncanbemadein thistest.Thetimerequiredfor thetransposeusing
themethoddescribedabove canbecomparedwith thetime takento performtheoperationusing
messagepassing.Wethereforealsomeasurethisquantitywhichaidsself checking.Themethod
we chooseto performtheinternaltransposeis to usetheMPI collective communicationroutine
MPI alltoallw. Althoughthis is simpleandprovidedtheimplementationis well optimised
for this patternit shouldbereasonablyefficient, it is possiblethatfastermethodsbasedon point
to point communicationexist [10].

To avoid excessive complicationwe do not considerthe mostgeneralpatternin which the
matrix canbe split into sub-matrices.Insteadof thepatternsdescribedin thesectionreferring
to thematrix2D test,weonly considerthesubclassof patternsin whichxproc = nprocs,
yproc = 1. This simplifiesthealgorithmsconsiderably, yet doesnot affect theessenceof the
problem.

A shortcodefragmentis shown below illustratinghow simpleit is to performthe external
transpose.All thework goesinto settinguptheappropriatefiletypes,andis hidden.Notethatthe
fileview is changedbetweenthewriting andreadingphases.Thiscall alsoresetsthefilepointer.
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told = MPI Wtime()
call MPI file write(fp, buf, xsize/nprocs, coltype,
status, ierr)

tnew = MPI Wtime()
writetime = tnew - told

call MPI file set view(fp, offset zero, etype,
subtransmattype, datarep, info, ierr)

told = MPI Wtime()
call MPI file read(fp, bufT, 1, strvectype,
status, ierr)

tnew = MPI Wtime()
readtime = tnew - told

Theinternaltransposeusingmessagepassingis performedaftertheexternaltransposeusing
thefile system.This is doneusinga singlecall to MPI alltoallw. As wasthecasefor the
externaltranspose,all thenon-trivial work is in settingup thedatatypes.

The internalandexternal transposesarefully checkedagainsteachotherandthe test fails
if the resultsaredifferent. This providesquite a stringenttest that the fileview and datatype
mechanismsareworkingcorrectly.

Keywords
Most of thetestkeywordsarethesameasthoseusedin other2D matrix basedtestssuchas

matrix2D, however theway thatthematrix is dividedonly dependson thenumberof proces-
sors.Thexproc andyproc keywordsaredispensedwith andthematrix is alwaysdividedin
the E -directionwith, xproc = nprocs, yproc = 1.

Input keywords transpose

class kernel
testname transpose
filename string
repeat integer
numsizes integer
xsize integer
ysize integer
collective logical (t/f)

A practicalpoint in this testis to first run it with smallmatricesbecausetheefficiency may
bevery low, andit cantakea long time to readtransposedmatricesevenof size ������ .

Theoutputfrom thistestusesexactly thesamekeywordsasthematrixtests.Someadditional
keywordsareusedto describethe time takento performthe transposeusingmessagepassing.
Barriersarelocatedat thestartof theexternalandtheinternaltransposeanddonotoccurwithin
eachsectionof code.
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Output keywords transpose

nprocs Numberof processors
filesize Sizeof matrix (bytes)
pre time Setup time
fopen time File opentime
palloc time Preallocatationtime
fview time Timeto setfileview
write Timeto write completematrix
sync time Synchronisationtime
read Timeto readtransposedmatrix
post time Timebetweenexternalandinternal
fclose time File closetime
int pre Prepareinternaltranspose
dtype time Timeto setdatatypes
internal Timeto transposeinternally
int post After internaltranspose
total time Thetotal time.
error Error if thiskeywordappears

The significanceof thewrite andread areclearfrom the codeshown. For the internal
transposethereareseveralnew keywords:

int pre Time takento preparingfor theinternaltranspose,this includessettingupdatatypes.

internal This measurementis the actualtime for the MPI alltoallw call that accom-
plishestheinternaltranspose.

int post This is thetimeaftertheinternaltransposeto theendof thetestroutine.

For thistestit is especiallyinterestingto monitorthetimesto setupnontrivial datastructures.

dtype time Thetime neededto setup appropriatedatatypesfor theinternaltranspose.Most
of int pre is for thispurpose.

fview time In the externalpart of the test,this keyword appearstwice. Onceto report the
time to setup thefiletypesandsetthe fileview for writing the matrix anda secondtime
betweenwriting andreadingin orderto setnew filetypesfor thetransposeandto resetthe
fileview.
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6.5
K

Non-Sequential I/O: nonseq

Thenonseq test is basedon the I/O patternsfound in databasesearchingapplications.The
essentialpoint is that theserequirenon-sequentialaccessto thefile, needmany seekoperations
andthereforetest ratherdifferent I/O aspectsfrom the low-level classof testsand the matrix
tests.

Realdatabaseapplicationssometimesoperatein apagemodeandsomeof thepagesmustbe
updated.It is difficult to strikeabalancebetweenarealapplicationwhichwill haveits individual
profile for theproportionof pagesupdatedanda generickerneltestthatshouldnot becometoo
specialisedin attemptingto modela particularapplication.

We have optedfor an approachwhich is basedon a simplified andgeneralalgorithm,but
allows sufficient parametersso thatwith appropriatechoicesthepatternof behaviour of a real
applicationmaybeapproached.Thekernelnonseq, locatesandreadsblocksizepiecesof data
from alargefile in pseudo-randomorder. Thedataismodifiedandreplacedin somefixedfraction
of thecases.

The timing measurementwill be of eachseekandblocksizereador written. The testwill
thereforegenerateconsiderabledata,asin the caseof the low-level tests.A brief pieceof de-
scriptivecodeis shown below:

updates = 0
told = MPI Wtime()
do 
 =1,trials

offset = fsize*iotrand(IOT RSEED)
call MPI file read at(fp, offset,
rbuf(1), bsize, etype, status, ierr)

tnew = MPI Wtime()
readtime(
 ) = tnew - told

! Touchdata
told = tnew
rand = iotrand(IOT RSEED)
if (rand < update frac) then

updates = updates + 1
call MPI file write at(fp, offset,
wbuf(1), bsize, etype, status, ierr)

tnew = MPI Wtime()
updatetime(updates) = tnew - told
told = tnew

endif
enddo

Thefile is filled with randomdatabeforethemainpartof thetest.Theoffsetatwhichto read
a block of datais setto a randomvalue(alignedwith theblocksize). andthetime to reada
blockis measured.As usual,thedatais touchedin orderto ensurethatit hasreallybeenread.In
update frac of thecases,thesameblock is changedby beingrewritten. Thetime for this is
alsomeasured.Therandomseedsaredifferenton eachprocessorsoeachnodesearches,reads
andupdatesindependently. For this reason,thequantityof datafrom eachprocessormayvary
slightly in whichcasesomecolumnsof dataarezerofilled.
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Keywords

Input keywords nonseq

class kernel
testname nonseq
filename string
filesize floatingpoint valuein MB
numblocksize integer
blocksize list of floatingpoint valuesin MB
numupdate integer
update frac floatingpoint

Thefilesizeshouldbelarge,yetcompatiblewith thesystemcapabilities– say1GB,but there
is noneedto rerunthetestfor morethanonevalueof this parameter.

Theblocksizevaluesaregivenin Megabytes.In contrastto thelow-levelclass,thisparameter
neednotbecomevery largeandagoodchoiceis to setit equalto thepagesize.

Thenumupdate keywordspecifiesthenumberof updatefractionsgivenin thelist following
theupdate frac keyword. This floatingpoint fraction(value0 to 1) specifiesthefractionof
blocksthatafterreading,areto bemodifiedandrewrittento thefile.

It is unlikely that this applicationwill benefitfrom thecollective optimisationandwe have
not includedthis option.

The outputkeywordsto describethe timing measurementswill includethe usualset. An
additionalkeyword is neededto distinguishthe timing of the readsandtheupdatewritessince
theseoperationswill beinterleaved.Thestandardkeyword“r” is usedfor readsandoutputsthe
readtime arrayshown in the codesegment. The new keyword “u” indicatesan updateand
correspondsto theupdatetime arrayshown in thecode.

Output keywords nonseq

nprocs Numberof processors
pre time Setup time
fopen time File opentime
palloc time Preallocatationtime
fview time Time to setfileview
write Time to write thefile
r Time to read
u Time to write theupdate
post time Cleanup time
fclose time File closetime
total time Thetotal time.
error Error if this keywordappears

Thetime takento write thefile beforethemainpartof thetestis measureandreportedwith
thewrite keyword. Only the total time to write the completefile is measured,andthis time
shouldagreewith valuesdeducedfrom thelowlevel tests.

The fileview is trivial in this test,but thefview time is still measuredasit wasfor the
lowlevel class.Synchronisationtime is not importantandis not measuredin this test.hThereis
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noself checkingin this test.
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6.6
K

I/O with a Shared Filepointer: sharedfp

Thesharedfile pointerof MPI is usefulwhenall processorsneedto write randomquantitiesof
datato a file in arbitraryorder. This is typically the casewhenwriting a log file and is also
relevantwhencheckpointing.

The test is a modificationof the multiple test that goesthrougha write loop on each
process.Thefilepointeris sharedandthequantityof datawrittenin eachcall to thewrite routine
is independentlyrandomlyselectedfrom a uniform distribution lying betweenblockmin and
blockmax. Thequantityof dataactuallywrittenwill thereforelie betweentheseextremesand
have mean AML.N�-+/<OQPR7TS1UIL.N�-+/�OBP=V�)BD 9W� megabytes.Thetestwill only performwrite operations
sincethewaythatcheckpointingdatais readcanrequiresomespecialdatastructureanddepend
on thepreciseapplication.Theaccess type hint canthereforebeused.

Themeasurementswill givethetimefor thewrite instructionandtheamountof datawritten.
A specialanalysistool is necessaryto managethis information.

A shortcodefragmentis shown below. Notethatindependentrandomseedsareusedfor each
processso thesizeof theblocksof dataarenot thesameacrossprocesses.The loop parameter
niter is determinedby theaverageblocksizeas,X6$ZY\[�]^�_�`�ba6$�c�[�d�$�e�[�9 A�f cZgThi!�jk$�X U^f cZgThi!�jkl+E D .
This parametermustbelargefor a usefultest,in which casethefinal file will besimilar in size
to therequestedfilesize value.

bsum = 0
told = MPI Wtime()
do 
 = 1, maxniter

bdsize = int(bmaxsize*iotrand(IOT RSEED),IDBL) + 1
bsize(
 ) = bdsize
bsum = bsum + bdsize
if (bsum*nprocs > filedsize) exit
call MPI file write shared(fp,
wbuf(1), bdsize, etype, status, ierr)

tnew = MPI Wtime()
writetime(
 ) = tnew - told
told = tnew

enddo

Keywords
Someof theseparametersaresimilar to theonesusedin themultiple test.Theblocksize

is nothoweverconstantoneachwrite.
It is interestingto alsoconsiderthecollective versionof thesharedfilepointerroutinecalled

MPI file write ordered. As suggestedby thename,theaccessesareorderedby theranks
of the processes.The numberof calls to this routinearethe sameon eachprocessor, but the
amountof datawrittenThekeywordcollective (defaultf) maybeusedto selectthisoption.
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Input keywords sharedfp

class kernel
testname sharedfp
filename string
filesize floatingpoint valuein MB
numblocksize integer
blockmin list of floatingpointvaluesin MB
blockmax list of floatingpointvaluesin MB
collective logical (t/f)

filesize: This testshouldberun with onelargefilesize. The testwill completewhenthe
next write would (onaverage)exceedthisfilesize.

numblocksize (integer) This specifiesthe numberof blockmin/blockmax pairsto test
from thefollowing lists.

blockmax, blockmin: The uniform distribution usedto selectthe blocksizeslies between
blockmin andblockmax bytes.Theseparametersshouldbevaried.Oftenblockmin
will besetto zero.

Outputfrom this test includesthe blocksizeactuallywritten asstoredin thebsize array
in the codeabove. The timing of thewrite call is alsomeasuredin theusualway asshown in
thecode. Thekeywordsb andw referringto theserespective measurementscorrespondto the
temporaryarraysbsize() andwritetime() shown in thecode.

A barrieris placedbeforethe codesegmentshown allowing measurementsto be synchro-
nised.

Output keywords sharedfp

nprocs Numberof processors
pre time Setup time
fopen time File opentime
palloc time Preallocatationtime
fview time Time to setfileview
b Numberof byteswritten, integer
w Time to write thesebytes
post time Cleanup time
fclose time File closetime
total time Thetotal time.
error Error if thiskeywordappears

Thereis noselfcheckingbecausethefile is notreread.Synchronisationtimeis notmeasured
in this test.

43



7 Analysis

Thetestsgenerateraw timing datawith very clearandprecisemeaning.To interpretthis dataso
asto addressthe problemsof I/O performance,a separateanalysisstageis needed.The range
of analysistoolsavailableis designedto throughlytestthesystemandis thusmorecomplicated
thanwould befound in a simplebenchmarksuite. For this reason,someguidanceis usefulfor
organisingasuitableseriesof testsandfor usingtheanalysistools. In thissectionwegiveabrief
descriptionof theanalysistoolsavailableandexamplesof thekind of outputthey generate.For
a morethoughdescriptionof theuseof the suitein evaluatingthe performanceof a particular
platformsee[11].

At thepresentstagethetoolsarepresentedin theform of aseriesof awk scriptsthatprocess
theoutputfiles to calculateaveragesandgenerategraphsusinggnuplot. A unifiedgraphical
toolmightbemoreconvenient,but thescriptapproachofferssimplicityandflexibility in devising
new methodsof analysis.All thesescripttoolsmaybefoundin theanalysis subdirectoryof
thedistribution.

Oneof thefirst stepsin analysisis to have at handsomeideaof thehardwareperformance.
This is usuallyavailablein manuals.A measurementof the extent to which this performance
is achievable in non-MPI testsis vital to provide a referencecomparisonwith the resultsof
the low-level tests. As part of the suite,we have provided thesinunix test to performthis
measurement.This test is not optimisedfor any site andit may be advisableto supplementit
with theuser’s own tests.

Onesimpleutility tool, checktest, is provided to ensurethat the checksumvaluesare
correctand that no error flagshave beenset. This tool also reportson the contentsof the
outputfile. Thesyntaxof this tool is:

checktest file.out

wherefile.out is theoutputfile to bechecked.

7.1 Analysis of Low-Level Tests

As explainedin section5 thelowlevel testsgeneratemorethanthanjustasinglenumberpertest.
Herewe illustratehow the kind of datageneratedby a lowlevel testmay be processedby the
analysistoolsto measureinterestingunderlyingparametersthatcharacterisethemachine.

7.1.1 Tools for raw data

Thesignificanceof thetiming measurementsproducedin thesingle testis apparentfrom the
codefragmentshown in section5.2. Therawdata tool makesa plot of thesuccessive times
versustheloopcounter, whichmeasurestheextentof thefile asit grows. Thisprovidesadetailed
pictureof theI/O processandanexampleis shown in figure2.

This pictureappearscomplicatedbecauseof the strongfluctuationsin successive timings,
andalsobecausetherearetwo regimes,an initial fastphaseanda slower phasewhich canbe
sustained.We emphasisethatfluctuationsin theratearenot rare,andthat if anything, figure2
showsaparticularlycleanexample.

The two regimes,initial andsustained,areclearlyseparatedandcorrespondto a buffer (of
about13MB) becomingfull. Whentakingaverages,it is importantto specifyover whatregime
they aretaken.Therelevanceof theaveragesto ratesachievablein full applicationswill depend
on theregime.
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Figure2: Raw I/O times using single on a Fujitsu VX-4. File incremented in blocks of
size 0.131MB. The initial and sustained regions are clear as is the periodic structure.

Thefluctuationsdisplayanimpressive periodicitybetweenthesuccessive longertime peaks
amountingto 1MB. Theorigin of this structurecould lie in buffering, scheduling,the replace-
mentorderof virtual pagesor someothereffect.Thepatternprovidesvaluableinformationabout
thedetailedworkingof theI/O systemandalthoughthismaybeinterestingin optimisingperfor-
manceit requiresa deepknowledgeof the implementationandplatformto makeuseof it. We
merelynotethatthetestsuiteis ableto detectthis structure,ourmainpurposein showing figure
2 wasto illustratethedifficulty of takingandinterpretingaverages.In thenext sectionwe shall
proceedto considerratesthatareaveragedover thecourseof many periods,but it is clearthat
theaveragewill certainlynotcorrespondto atypicalmeasurement.It is evenharderto decideon
anappropriatemeasureof theerror.

We emphasisethatunlessthis kind of observationof theraw datais made,andtheeffect of
any startupandscatterunderstood,thereis little sensein takingaverages.Understandingtheraw
datamaybemoresignificantthanhaving accurateaverageddatawhenattemptingto predictI/O
timeswithin applications.

Theraw timing datais usefulin its original form, ratherthanin theform of ratesin MBytes/s,
whencomparingsmallbuffersizes.It oftenhappensthatin thislimit thetimeof eachwrite call is
almostindependentof theamountof datawrittenandto investigatesuchissuestheunprocessed
timesaremostappropriate.

rawdata
This tool selectsa particulartestin anoutputfile andgeneratesa postscriptfile of the raw

datacorrespondingto a givenkeyword. It maybeusedfor testsrun on multiple processors,in
which caseit generatesseveral graphseachdisplayingthe timing of a separateprocess.The
syntaxis asfollows:

rawdata file.out testname filesize blocksize key

file.out: Thenameof thetimingsoutputfile obtainedfrom runningoneorseveraltestsfrom
thesuite.This is usuallyplacedin thetimings directoryandis oftencalledall.out.

testname: Theparticulartestto beanalysed.Thiswill usuallybeoneof thelowlevel class
testslistedearlier.
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filesize: Thefilesizeparameter, identifying theparticulartestrun to beanalysed.Givenin
megabytesexactly in thesameform asin theiotparams.in inputfile.

blocksize: Theblocksizeparameter, identifyingtheparticulartestrunto beanalysed.Given
in megabytesasin theinputfiles.

key: The keyword specifyingwhich measurementis to be analysed. For the blocking tests
andfor sinunix this will bew or r for writing or reading.For theasynchronoustests,
otherpossibilitiesareavailable: t, wtI, rtI, wI, rI. In fact, any of the output
keywordscorrespondingto a loop in thetestmaybeused.

Thepostscriptfilesareplacedin thefile testname.pswheretestname is theparameter
suppliedto thetool. In thecaseof testsrunonmultipleprocessorsthepostscriptfile will contain
severalpages.All pagesarelabeled.

An examplewhichwouldbeappropriatefor generatingthegraphshown in thefigureis:
rawdata lowlevel.out single 26.2144 0.131072 w

allrawdata

Sometimeswhen a run contains several tests with different parameters,it is conve-
nient to analyseall resultswith the samekey together. This may be done with the tool
allrawdata. The syntax is similar to that of rawdata, but the identifying parameters
filesize andblocksize are not necessary. This tool is thereforeuseful even for ker-
nel testssuchasnonseq. allrawdata generatestemporaryfiles calledtestname.tmp1,
testname.tmp2 etc which canbe usedasthe basisof furtheranalysis.For example,these
temporaryfiles canbeusedwhenpartialaveragesareneeded.

7.1.2 Tools for data distributions

distribution
A plot of thedistributionof thetimingscanbegeneratedusingthis tool. Thismaybeconve-

nientwhentherawdataplot containsmorenoisethantheoneshown in figure2. An exampleis
shown in 3 for thesamesetof data.Whenmorenoiseis presentthepeakswouldbebroadened,
but theoverall picturewouldremain.

Theplotsgeneratedby this tool mayexposesomestructurewhichcouldprovidecluesabout
how the I/O is performed.If noiseis presentthey mayalsobeusefulfor estimatingtheerrors
presentin averages.

distribution

Thefrequency distributionof adatasetmaybeplottedusingthis tool. Becausewemaywant
to look at thedistributionwithin somerestrictedrangeof theloopparameter, asinputweusethe
temporaryfiles generatedby allrawdata. This tool is a simpleawk scriptandthesyntaxis:

distribution -v B=# file.tmp
Thesizeof thebinsis specifiedusingtheB= formatasshown in theline above. Thevalueis

givenin seconds.
Thetool maybeusedasa pipewhile workingwithin gnuplot. For examplethefollowing

commandwasusedto generatefigure3.
gnuplot> plot ’< distribution -v B=0.02 single.tmp5’ with

boxes
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Figure 3: Distribution of I/O times of the plot shown in figure 2. Obtained using the
distribution tool.
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Figure4: Averaged write rates for the single test on a Fujitsu VX-4. See text for a
discussion of the significance of the error bars.

For dataconsistingof severalcolumnsreferringto measurementsondifferentprocessors,the
tool requiresminormodificationor the.tmp filesshouldbeedited.

7.1.3 Tools for performance curves

Performancecurvesof thekind discussedby ChenandPatterson[3] show how theI/O ratevaries
with filesizeandblocksize.Eachpointon thecurve is anaverageof theraw measurements,and
it is apparentfrom figure2 thatthis averagewill dependonhow it is taken.

Provided the datais reasonablycleananddoesnot drift over long periods,onemay legiti-
matelycalculateanaveragedsustainedasymptoticrateafterremoving any initial periodthatcor-
respondsto transientstartupeffects.This bandwidthshouldbeindependentof furtherincreases
in thefile sizeandis thusa usefulreferencefigure. As emphasisedearlier, it doesnot necessar-
ily correspondto any typical measurement.Any averagesover smallerfiles, andany averages
thatincludetheinitial periodshouldbecomparedwith this referencebandwidth.Thetraditional
averageobtainedby placingtiming callsoutsidetheI/O loop canberecoveredby summingthe
individualblock timesandcreatinganaverageusingthetotalamountof datawrittenor read.
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An exampleof performancecurvesof rateagainstblocksizeareshown in figure4. Thecurve
shows anaveragetakenonly in thesustainedregion. Becauseof thepeakeddistribution shown
in figure3, Gaussianerror barsdo not capturethe possiblerangeof measurement.Theerrors
shown in figure 4 arebasedon the differencebetweenthe averageandthe minimum timings.
The interpretationis that the rateis frequentlyat the top of the errorbar, but occasionallyit is
muchlower thanthebottomerrorbar.

Curvesof this type form the basisfor analysingfilesystemperformance.For example,the
drop in performancefor blocksizesbelow the kneeat 32kB in figure 4 shouldbe understood.
Thechangesin themultipleversionof thecurvesasvariousfilesystemparameters(suchasthose
relatingto striping)arevariedwill helpto identify thebestway to usetheseoptimisations.

allav

As first stepin constructingaverageswe provide the analysistool allav. This calculates
a simpleaverageover thecompletedatarange,which maybe convenienton first investigating
data.

allav file.out testname key

The parametershave the samemeaningas for the rawdata tool. The averagesalong
with maxima, minima, standarddeviation and other measurementsare placed in the file
testname.avs.

As with therawdata tool, theallav tool maybeusedfor any lowlevel testandalsowith
kerneltests.Careshouldbeexercisedin whatquantitiesareaveraged.

The averagesarestill only of the original timings andto evaluateratesfor a performance
curve, furthercalculationsmustbemade.Theformatof the.avs files is intendedto helpthis
laststage.

To takeaccountof the discussionabove, moresophisticatedwork mustbe doneto select
the preciseregion in which averagesareto be taken,andto evaluateerrors. For example,av-
eragesmay be takenusingthe temporaryfiles generatedby allrawdata. Thesearenamed
testname.tmp1, testname.tmp2 etc. They maybetruncatedappropriatelyandtheaver-
agesperformedusingsomeothertool.

7.2 Analysis of Kernel Tests

Thetoolsallrawdata andallav thatwe have alreadydiscussedmaystill beusedfor some
of thekerneltests.However, someadditionalspecialisedtoolsarerequiredin certaincases.

7.2.1 matrix tests

All thematrixbasedtestsmatrix2D, matrix3D, gatherscat2D andtranspose gener-
atesimilar kindsof information. Insteadof thecentralloopsof the lowlevel tests,singlemea-
surementsaretaken,but thereis a repeatparameter. Becausenot asmuchdatais generatedas
for the lowlevel tests,at the initial stageof looking at theraw data,thereis lessneedfor a tool.
Theoutputfile canbeinspecteddirectly or grep canbeused.At the level of takingaverages,
becauseof thedifferentoutputpattern,thekallav tool replacesallav.

As anexample,thematrix2D testproducesasingletiming measurementoneachprocessor
for eachproblemsizeand matrix distribution. The low-level classof testsmay alreadyhave
isolatedstartupeffects which will be incorporatedin thesemeasurements.The initial visual
checkcanbe usedto seehow well the measurementson differentprocessorsagree. It is also
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Figure5: Distribution of read times (sec) for the nonseq test.

possibleto getaroughideaof how thedistributionpatternaffectsperformance.For moreprecise
information,we follow the approachrecommendedin the lowlevel classandusekallav to
generatea performancecurves for differentsize matrices. Thesecurvesshouldbe compared
with the low-level performancecurves to seehow well the filesystemcopeswith the matrix
I/O pattern.Thena seriesof suchcurvesshouldbe generatedfor differentoptimisations.The
individual optimisationparameterswill have effectsthatarehighly correlated.For examplethe
valuesof collective buffer size,chunksizeandstripingsizeshouldberelated.

kallav

This tool takessimple-mindedaveragesover the full dataset,in this context meaningover
all therepeatsof themeasurement.

kallav file.out testname key

Theseparametershave thesamesignificanceasfor earliertools.Thekey maybechosento
beany oneof the keywordsassociatedwith the matrix tests. It is not restrictedto write, for
exampletheaveragesynchronisationtimecanbecalculatedusingsync time askey.

The averagesof the timings areplacedin thetestname.avs file with similar format to
thatgeneratedby theallav tool.

7.2.2 nonseq test

The purposeof this test is to provide a someperformancedatafor non-sequentialI/O. At the
mostbasiclevel a direct comparisonof averagedrateswith similar quantitiescalculatedfrom
sequentialdata(from oneof the lowlevel tests)is sufficient. After first inspectingthedatawith
theallrawdata tool to ensurethataverageswill makesense,the computationmaybe done
usingtheallav tool alreadydiscussed.Theseaveragesshouldof coursebecomparedat the
sameblocksize. Typically non-sequentialreadsareconsiderablyslowerthansequentialones.

At a moresophisticatedlevel it is instructive to seehow theI/O timesaredistributed,andto
comparethedistributionwith thesequentialversion.For example,thedistributionof readtimes
on theFujitsuVX-4 hasthecharacteristicshapeshown in figure5.

No specialtool is requiredto makefiguresof thiskind, thedistribution tool, actingon
thetemporaryfile producedby allrawdata is sufficient. Whenusingmultipleprocessors,the
temporaryfiles needslightly moremanipulationbeforeprocessingwith distribution.
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Figure6: Averaged rates for various blocksizes. sharedfp test.

7.2.3 sharedfp test

In this test, randomquantitiesof dataarewritten using the sharedfile pointer of MPI. None
of the tools we have discussedso far are useful in this casebecausethey can only consider
measurementswith onekeyword. Hereboth the amountof dataactuallywritten (keyword b)
andthetime takento actuallywrite it (keywordw) areneededfor any sensibleanalysis.

Two tools,awkallsfp andawkdistsfp areprovided. Thefirst tool producesa tempo-
rary file containingtheb andw informationin a format convenientfor subsequentprocessing
with awkdistsfp. An exampleof aplot generatedin this way is shown in figure6.

The figure 6 shows the binnedaveragedrate for blocksizesup to 128kB.The information
is similar to that containedin the performancecurves,but over a smallerrangeof blocksizes
(betweenblockmin andblockmax). It refersto ratesobtainedwith the sharedfilepointer
routinesandshouldbecomparedwith performancecurvesbasedon the low-level tests.These
plotscanexposeinterestingeffectssuchasthedip at 64kBin thefigure.Theeffectof optimisa-
tionsmaybededucefrom acomparisonof curves.

awkallsfp file

This tool merely selectsthe data with the b and w keywords and reformatsit in files
sharedfp.tmp1 etc. The reformattedinformationis presentedwith two columnsperpro-
cessor, giving theblocksizeandwrite timerespectively.

awkallsfp file.out

No testname or key is neededin thiscase.
The.tmp files mayneededitingbeforebeingpassedto thenext stageof processing.

awkdistsfp

Thetoolawkdistsfp evaluatesindividualratesfor eachwrite operationfrom thereformat-
teddata.Thesearethenplacedin binsto createa distributionof rates.Notethatthis is different
from calculatingaverageratesfrom thetotal timesandvolumesin eachbin.

Theawkdistsfp tool hasthesamesyntaxasthegeneraldistribution tool discussed
earlier.

awkdistsfp -v B=# file.tmp
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Thesizeof thebinsis specifiedasshown in theline above,andis givenin bytes.
To usethis tool asa filter while working within gnuplot onemayusethecommand(for

example):
gnuplot> plot ’< awkdistsfp -v B=2024 sharedfp.tmp1’
Thesametoolscanbeusedfor multipleprocessors,but in thecaseof theawkdistsfp tool,

thisfirst requiressomeminormodifications.
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A Reserved Keywords, MPI Hints

Hints allow a userto provide informationregardingfile accesspatternsandfile systemspecifics
to directoptimization. Providing hints mayenablean implementationto deliver increasedI/O
performanceor minimizetheuseof systemresources.However, hintsdonot changetheseman-
tics of any of theinterfaces.In otherwords,animplementationis freeto ignoreall hints.

Somepotentiallyusefulhints(info key values)areoutlinedbelow. Thesearetakendirectly
from theI/O chapterof theMPI-2 standard.Thefollowing key valuesarereserved for all info
arguments.An implementationisnotrequiredto interpretthesekey values,but if it doesinterpret
thekey value,it mustprovidethefunctionalitydescribed.

Thesehintsaremainlyconcernedwith layoutof dataonparallelI/O devices,andwith access
patterns. For eachhint nameintroduced,we describethe purposeof the hint, and the type
of the hint value. Somehints must takethe samevalueon all participatingprocesses,this is
automaticallyhandledin thecontestof thetestsuite.

access style (list of commaseparatedstrings)This hint specifiesthemannerin which the
file will be accesseduntil the file is closed. The hint value is a commaseparatedlist
of the following: read once, write once, read mostly, write mostly,
sequential, reverse sequential, andrandom.

collective buffering (boolean)This hint specifieswhethertheapplicationwill benefit
from collective buffering (an optimizationperformedon collective accesseswhich coa-
lescessmall requestsinto large disk accesses).Legal valuesfor this key aretrue and
false. Collective bufferingparametersarefurtherdirectedvia additionalhints.

cb block size (integer) This hint specifiesthe block sizeusedfor collective buffering file
access.Targetnodesaccessdatain chunksof thissize.Thechunksaredistributedto target
nodesin around-robin(CYCLIC) pattern.

cb buffer size (integer)Thishint specifiesthetotalbuffer spaceusedfor collectivebuffer-
ing oneachtargetnode;usuallyamultipleof cb block size.

cb nodes (integer)Thishint specifiesthenumberof targetnodesusedfor collectivebuffering.

chunked (commaseparatedlist of integers)Thishint specifiesthatthefile consistsof a multi-
dimensionalarraythatis oftenaccessedby subarrays.Thevaluefor this hint is a comma
separatedlist of array dimensions,startingfrom the most significantone (for an array
storedin row-majororder, asin C, themostsignificantdimensionis thefirst one;for an
arraystoredin column-majororder, asin Fortran,themostsignificantdimensionis thelast
one,andarraydimensionsshouldbereversed).
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chunked item (commaseparatedlist of integers): This hint specifiesthesizeof eacharray
entry, in bytes.

chunked size (commaseparatedlist of integers): This hint specifiesthedimensionsof the
subarrays.This is a commaseparatedlist of array dimensions,startingfrom the most
significantone.

filename (string) This hint specifiesthe file nameusedwhen the file was opened. If the
implementationis capableof returningthe file nameof an openfile, it will be returned
usingthiskey by MPI file get info. Thiskey is ignoredwhenpassedto MPI open,
MPI file set view, andMPI file set info.

file perm (string)This hint specifiesthefile permissionsto usefor file creation.This hint is
only usefulwhenpassedto MPI open whenamodeincludesMPI create. The value
with thiskey is implementationdependent.

io node list (list of commaseparatedstrings)Thishint specifiesthelist of I/O devicesthat
shouldbeusedto storea file.

nb proc (integer) This hint specifiesthe numberof parallelprocessesthat will typically be
assignedto run programsthataccessthis file. This hint is mostrelevantwhenthefile is
created.

num io nodes (integer)This hint specifiesthenumberof I/O devicesin thesystem.Usedto
specifytheidealnumberof I/O devicesfor this application.

striping factor (integer)Thishint specifiesthenumberof I/O devicesthatthefile should
bestripedacross,andis relevantonly whenthefile is created.

striping unit (integer) This hint specifiesthe suggestedstriping unit to be usedfor this
file. Thestripingunit is theamountof consecutive datatakenfrom oneI/O device before
progressingto thenext device,whenstripingacrossanumberof devices;it is expressedin
bytes.Thishint is relevantonly whenthefile is created.

At a practicallevel, we do not anticipatethat all of thesekeywordswill have an effect in
thefirst generationsof MPI implementations.Otherkeywordsthatcontrol importantoptimisa-
tionsarelikely to beimplemented.In thetext we have indicatedwhich optimisationsshouldbe
employedin agiventest.

Thekeywordfilename mustappearin theiotparams.in file andits valueis discussed
at lengthin theenvironmentidiom.

B NQS Script Example

An exampleNQSjob script is shown below. It containssomelinesthatarespecificto theMPI-
I/O implementationon theVX-4. Theseshouldberegardedasillustratingtheformatandcanbe
alteredwherenecessary.
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#!/usr/bin/sh
## @$-q normal # default queue
# @$-q bench # bench queue
## @$-mb -me # send mail at start and end
# @$-lM 150MB # memory for NQS job
## @$-P mpiio # MPI-IO charging project
# @$-lT 50 # maximum time per process
# @$
VPP MBX SIZE=8192000; export VPP MBX SIZE
cd $IOT_HOME/data
/home/oliver/pallas.new/lib/uxpv/mplib2/mpiexec -n 2 $IOT_HOME/bin/iot lowlevel

C Input File Example

An exampleof an input file which performstwo tests,oneafter theother, is givenbelow. This
templatealsoappearsin theiotest/timings directoryof thedistribution. All linesstarting
with a # arecomments.

##################################
# Template for input file
# IOT: MPI IO Test Suite Release 1.0 (11/8/97)
# Copyright Fujitsu Ltd. 1997
##################################
%
#
# Timingsfilename only appears once in an input file.
#
timingsfilename /home/djl/SUITE/iotest/timings/lowlevel.out
#
# Classname and testname must come at the beginning of each test section.
#
classname lowlevel
testname single
filename lowleveltest.dat
#
# Options valid for this test
#
# Number of filesize/blocksize pairs to read from list
numruns 2
# List of filesizes (in MB = 1000000 bytes)
filesize 0.01 0.1 1 10 100
# List of blocksizes (in MB = 1000000 bytes)
blocksize 0.005 0.05
#
############################
# Classname and testname for the second set of tests
#
classname lowlevel
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testname multiple
#
filename lowleveltest.dat
preallocate t
#
# Options valid for this test
#
collective t
striping_factor 2
striping_unit 131072
numruns 1
filesize 0.5
blocksize 0.1
#

D Output File Example

An exampleof anoutputfile whichcorrespondsto theresultsfrom thetestsspecifiedin theinput
file above. This is runon two processors.

Diagnosticinformationis alsooutputfrom thetestin thestdout stream.

## Time stamp ##################################################
timestamp 19980122 180638.040 +0000

## General run information ###########################################

nodename vx4_pe001.
mpi_wtick 0.16249833E-05

## Test input arguments ##############################################

nprocs 1
classname lowlevel
testname single
filename lowleveltest.tst
filesize 0.01 0.1 1 10 100
blocksize 0.005 0.05
numruns 2

## Test output information ###########################################

filesize 10000
blocksize 5000
niter 2
fopen_time 0.11510979E+01
palloc_time 0.22923125E-02
fview_time 0.56950003E-03
pre_time 0.11555678E+01
sync_time 0.13776750E-01
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fclose_time 0.30158437E-01
sumcheck 0.00000000E+00
sumcheck 0.00000000E+00
w 0.31544375E-02
w 0.29346875E-02
r 0.26913750E-02
r 0.27487500E-02
post_time 0.30201625E-01
total_time 0.12133739E+01

## Test output information ###########################################

filesize 100000
blocksize 50000
niter 2
fopen_time 0.53478662E+00
palloc_time 0.22298750E-02
fview_time 0.31793752E-03
pre_time 0.93187075E+00
sync_time 0.17416125E-01
fclose_time 0.29096875E-01
sumcheck 0.00000000E+00
sumcheck 0.00000000E+00
w 0.55810625E-02
w 0.65319375E-02
r 0.37397500E-02
r 0.40741250E-02
post_time 0.29158875E-01
total_time 0.10006086E+01
## Time stamp ##################################################
timestamp 19980122 180640.290 +0000

## Time stamp ##################################################
timestamp 19980122 180640.370 +0000

## General run information ###########################################

nodename vx4_pe001. vx4_pe003.
mpi_wtick 0.16249833E-05

## Test input arguments ##############################################

nprocs 2
classname lowlevel
testname multiple
filename lowleveltest.tst
striping_factor 2
striping_unit 131072
collective t
filesize 0.5
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blocksize
n

0.1
preallocate t
numruns 1

## Test output information ###########################################

filesize 500000 500000
blocksize 100000 100000
niter 2 2
fopen_time 0.14868291E+01 0.14868437E+01
palloc_time 0.61417500E-02 0.61361875E-02
fview_time 0.58437500E-03 0.55256253E-03
pre_time 0.22692001E+01 0.22715652E+01
sync_time 0.35472000E-01 0.31329375E-01
fclose_time 0.44092937E-01 0.38785250E-01
sumcheck 0.00000000E+00 0.00000000E+00
sumcheck 0.00000000E+00 0.00000000E+00
w 0.12539438E-01 0.25290688E-01
w 0.23637250E-01 0.15018500E-01
r 0.10360562E-01 0.17218875E-01
r 0.89921250E-02 0.74486875E-02
post_time 0.44171250E-01 0.38860812E-01
total_time 0.24109413E+01 0.24130340E+01
## Time stamp ##################################################
timestamp 19980122 180642.810 +0000
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