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1 Introduction

TheParallell/O TestSuitecomprises setof testsof I/O performancef parallelfilesystemsand
is atimely tool to investigatenew developmentsn parallell/O. The testsarewritten usingthe
MPI-1/O routinesstandardiseth thel/O chapterof the MPI-2 specificatior{1] andis therefore
portableacrossall platformswhich supporta parallelfilesystemwith MPI-1/O interface. Full

discussiorof the goalsandmotivationsof the testsuitealongwith a descriptionof the overall

structures givenin themostrecentversionof the testsuitespecificatiordocumen{2]. Notable
featuresare:

¢ Thetestsaresimpleandthetimingshave clearsignificance.

Datagatherings separatedrom analysis.

No modelfor thebehaiour of thedatais assumed.

Curwvesof dataaregeneratedatherthansinglenumbers.

Toolsratherthanbenchmarksireemphasised.

Thetestsarewrittenin F90.

e Thetestsarenotintendedo compriseavalidationsuitefor MPI-1/0.

Therearemary well known testsof I/O performancdor serialmachinesfor example[3],
andwe have built on experiencdrom this area.For parallell/O we areonly awareof the BTIO
test[4], whichis afairly high level testfor the characteristid/O patternsof CFD applications.
In this suite,attentionhasbeenfocussedn teststhataddresgsundamentaissues.Thesearethe
low-level classof testsandthe matrix testsin thekernelclass.

This guidegivesa full descriptionof the final stateof the tests,andconcentratesn the way
thatthetestsareto be practicallyemployed.We startwith adviceon how to install andrun the
testsin section2. Thisis followedby a conciseoverview of the designchoicesunderlyingthe
suitewhichareexplainedatgreatetengthin [2]. To controlthetestst isimportantto understand
the systemof keywordsusedto passparameterso the testsandto reportmeasuremenesults.
This systemis explainedin section4. The heartof this User Guideis containedn sectionss
and6 which describesachtestin detailandgive precisedefinitionsof thetiming measurements.
Tools provided with the suitefor analysisare describedn section7. The appendicegontain
examplesof anNQS submissiorscript,atestinputfile andanoutputfile.



i ot est

bin src dat a tim ngs anal ysi s

share | ow evel ker nel

Figurel: Directory structure of the initial distribution.

2 Installing and Running the Test Suite

2.1 Distribution and Installation

The suiteis distributedasa compressedar file. Unpackthe archive into a directory of your
choice,i ot est by typing (onaUNIX machine),

unconpress iotest.tar.Z | tar -xf

Whenthedistributionis unpackedt generatethe directorytreeshavn in figure 1.

Instructionsfor installation are 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 are setby editing the
i ot est/ Makevar s file:

MPIR_HOME: pathto therootdirectoryof the MPI installation
MPILIB _DIRS: pathto the MPI library directory
MPIINCLUDE_DIRS: pathto the MPI includedirectory

FC: nameof the Fortran90compiler

The MPI library is the library for full MPI-2 as the suite uses some calls such as
MPI _al | t oal | wthat are not part of the I/O chapter The flags for compiler optimisations
arealsosetin thisfile, andwill requirelocal informationto complete.

In orderto speedup and simplify the running of the tests,it will be possibleto compile
separatehary of the classe®f testinsteadof having to compileeverything,sovariousMakefile
targetsarepossible:

al | : makeall the executablegestprogramgthisis the default)

i ot _al | : makeexecutablgestprogramnamed ot _al |

i ot _| ow evel : makeexecutablgestprogramnamed ot _| ow evel
i ot _ker nel : makeexecutablgestprogramnamed ot _ker nel

i nst al | : copyexecutablego bi n directory

cl ean: remove all objectfilesandotherintermediatdiles

ver ycl ean: performcleanandremore executablesrom sr c
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Working in the iotestdirectory compilethe testsrequired(eg nake i ot _al | ). Installa-
tion is completedwith the command:nmake i nst al | , which placesthe executablesn the
i ot est/ bi n directory

2.2 Running

The procedurdor runningthe testswill be machinedependenbut we give someguidesfor the
casewherejobsaresubmittedviaanNQSqueue.Usuallytheexecutablgestprogrami ot _al |
is run, andthe choiceof testsand parameterss madein a shortfile namedi ot par ans. i n.
Theformatfor thisinputfile is discusse@tlengthin thisguide.In thecourseof therunthetests
generatahel/O files containingrandomdataandthesefiles may beinspectedafter completion
of thetest. The outputof the tests,consistingof timing andotherdatais placedin anotheffile,
usuallyin thet i m ngs directory

On machinesvhich operatean NQSqueue thejob script,i ot est/ bi n/j ob, is provided
asatemplate. This shouldbe editedto specifythe locationof the executableprogramandthe
npi r un (ormpi exec) commandndif necessaryhecd commandshouldbealteredo change
to thedatadirectory Thetext of this exampleNQSjob scriptis givenin appendixB. To submit
anNQSjob, workin thei ot est / bi n directoryandtype:qsub -1 P nprocs | ob, where
npr ocs isthenumberof processorsequired.

The particulartestand parametersre chosenby editing the i ot par ans. i n file in the
i ot est/ dat a directory Thetext of thistemplatas givenin appendixC andtheformatusing
keywordsis discussedt lengthin section4. As explainedlater; it is possibleto run a whole
seriesof testswith differentparametewaluesin onego. To enablethis feature,a hierarchical
systenmof wrapperss usedto runthetests.In brief, theexecutable ot _al | callsdifferenttests
throughthe wrapperroutinei ot .wr ap <t est >. Thisroutineloopsthroughall the parameter
valuesrequiredfor the <t est > andcallsthe final routinei ot _r un_<t est > which actually
runsthe testusingthe parameteraluesthatit hasbeenpassedlin the eventthatnot all classes
have beencompiled for exampleif only| owl evel classtestareto berunusingtheexecutable
i ot | ow evel , thenthei ot par ans. i n file canonly containinformationaboutthis class
of tests.

Before runningthe tests,ary setuprequiredfor the parallel filesystemmustbe done. For
example,the Fujitsu SPFSsystemneedsa configurationfile to specifywhich 1/0O devicesareto
beused.Thefilenameof thel/O file is specifiedn thei ot par ans. i nfile.

The test outputis usually placedin a file in thei ot est/ti m ngs directory andthe
nameof this file is specifiedin the i ot par ans. i n file. Typical namesareal | . out or
| o evel . out dependingon which executables run. The outputfile is standardasciiand
containsall timing datageneratedy the test. The file may be inspectedusinga standardext
viewer. Thisfacility is usefulasa preliminarycheck,but for full analysisautomatidoolsasde-
scribedin section7 shouldbe employed.A smallamountof diagnostianformation,indicating
the progressf thetests,is outputto the stdoutsteamandtesterrorsgo to the sameplace.



3 General Issues

In this sectionwe discusssomeof the corventionsusedin thedesignof thesuite. A full discus-
sionis providedin the specificationf2], only a brief summaryrelatingdirectly to the concerns
of the useris provided here. We emphasisgracticalissuessuchasthe run rulesandthe file
formats.Someof thesecorventionsareexpandeduponin greaterdetailin the appendices.
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Conventions

Timing: For portability we usethe MPI W i me functionthatreturnsa (F90 doublepre-
cision)time in seconds.Theresolutionis determinedusingMPl ‘W i cks. Thisvalueis
reportedandtheusershouldcheckthatadequateesolutionis offered.

PreallocationSpacdor filesmaybepreallocatedisingMPl f il e_preal | ocate. The
time requiredto preallocates measure@ndreported.

Keywordsystem:A keywordsystemnis usedbothto supplyparameterandto outputtiming
measurementsom thetests.

Irregularity: Thetestsareto be run on a dedicatednachineand consistof only a single
application. The CPU useon speciall/O nodes,if they exist, shouldbe monitoredinde-
pendently

Language:The suiteis writtenin F90,andasa matterof styleit is restrictedto the F[7]
subsebf F90.

Errors: Thesuitehasawell organisedsetof descriptve errormessagethatin theeventof
afailure arepassedhroughthelayersof wrapperto theuser MPI provideserrorfacilities
for I/O andthetestsaredesignedo catchtheseerrorsandcontinueexecuting.

DataUnits: We write andreadbits in the form of doubleprecisionfloatingpointnumbers.
The MPI etypeis MPI _doubl e _pr eci si on whichin F90is usuallyan 8 byte number
The numbersarerandomlychosenfrom a distribution (uniform [0-1]), but subjectto the
needsf checking.

Filetype: The low-level classdoesnot testadvancedfeaturesof MPI, sothefi | et ype
will not containholesandwill alwaysbeacontiguoussetof MPI _doubl e_pr eci si on
dataunits. Similarly, offsetswill be evaluatedexplicitly andwe shallnotuseary MPI call
which updatests own file pointer In thekernelclassboththeserestrictionsarerelaxed.

Thewayin whichtheseestsarerun mustbethoughtthroughcarefullyto ensureefficiengy.
Thebestwayto dothisisto runsomeshortpreliminarytestso chooseanappropriateange
of fil esi zes andbl ocksi zes for moresubstantiatests.

Validation: All runsaretimestamped.Self checkingis accomplishedy usingthe MPI
readteststo checkearlierMPI writes. The checkingis generallystatisticalratherthanof
every numbernwritten.



3.2 MPI-1/O and Filesystems

A significantfeatureof MPI is thatit hidesphysicaldetailsof the machine suchaswhethera
processocontainghe hardwarenecessarfor performingdirectdisk 1/O. We exploit thisfeature
by writing thetestsusingonly standardviPI which thereforeallows a cleanseparatiorirom ary
machine-dependematuressuppliedby the user The prime exampleof a machinedependent
parameters the nameof thefilesystemwheretestfiles areto bewritten or read.

The low-level testsmay be run several timeswith 1/O to differentfilesystems. The user
specifieghefilesystemby thefilenameanddirectorypathwherethel/O datafile is to be placed.
Theremay be othermachinedependenparametershat have to be setfor a given filesystem.
Someof theseadditionparametersay be setusingMPI hintssuchasstripingfactors. Theuse
of thesehintsis allowedandencourageth thetestsuite. Theusersupplieshehintsthroughthe
keyword mechanisnof the input file andthe resered keywordsfor MPI file hintsaregivenin
AppendixA. Otherparametersequiredby a filesystemmay not be amenablédo controlin this
way, in which casethey shouldberecordedseparately

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

3.3 FileFormats

Thetestsarerun eitherby a singleexecutable ot _al | which coversall tests,or by oneof the
executables ot | ow evel , i ot kernel coveringaparticularclassof tests.Theinforma-
tion of which particularteststo run, alongwith their optionandparameteralues,arepassedo
theexecutablevia aninputfile calledi ot par ans. i n.

The informationis passedising a systemof keywordswhich allows the files to be easily
understoodandalsofacilitatessomeof the analysis. The outputfile is in a similar format. The
keyword systemis explainedin greaterdetailin thefollowing section.



Standard I nput keywords
ti mngsfil enane string,for timing outputfilename
cl ass string,(I oM evel orkernel)
t est nanme string,oneof thetestslistedbelov
filename string,for I/O datafilename
preal | ocate Logical(t / ), Optionaldefaultt
debug Logical(t / f ), Optionaldefaultf

4 Test Parametersand Output: the Keyword System

Test parametersare suppliedusing a systemof keywordsin thei ot par ans. i n file. The
timingsresultingfrom thetestareoutputin a similar manner All parameterandtiming values
areidentifiedwith keywordsusingthefollowing pattern:

keywor d val ue

Wherekeywor d is oneof the keywordsdefinedin this document.Theinput keywordsare
usedto supplyparameteranda differentsetof keywordsis requiredfor eachtest. Theval ue
mayfor examplebea string,floating point numberor setof integersdependingn the keyword.
The allowed valuesassociatedavith eachkeyword aredefinedbelon andin the full description
of eachtest. Oncethe parametersrereadinto the testprogram they arestoredin anMPI-Info
objectasdefinedin the MPI-2 standard.Outputkeywordsalsodependon the test,the precise
significanceof thetiming associateavith eachoutputkeywordis definedin thisdocument.

4.1 Input Parameter Keywords

Eachtestin the suite requiresits own specificset of keywords and associatedralueswhich
arereadfrom thei ot par ans. i n file locatedin thei ot est / dat a directory Someof the
keywordsare more generaland may appeain ary test. Thesearethe standardkeywordsand
MPI _Hi nt s which arealsosupportedaskeywords. We describehesegenerickeywordsbelov
beforegiving thefull definitionof theappropriatesetof keywordsandvaluesfor eachtestin the
laterpartof thisdocument.

Not all relevantparametersanbe specifiedusingkeywords,the mostnotableexampleis the
numberof processorshatthe testrunson. In generalthis mustbe specifiedwhenthe testis
submitted,andthe way the submissiorprocedureoperateswill be stronglysite dependent.iIn
factthis exampledoesnot causeary difficulty becauseheinformationof how mary processors
arerunningis availableto the testvia MPI routines.Of moreconcernareotherparametershat
arefixed at submissiortime, for examplethe amountof memorycanberequestedn the NQS
submissiommethod. This information may be important,but it is not availablein the timings
outputfile andshouldberecordedseparately

4.1.1 Standard Input Keywords

The list of standardnput keywordsis givenin the tableabove. Testparametershat are not
requiredaremarkedasoptionalanddefaultsarespecified.



Theti m ngsfi | enanme keyword is only specifiedoncein theinput file at the beginning
of a seriesof tests.This stringis Requied andsetsthe locationof the resultsfile, typically it is
placedin the/ t i m ngs directory

Two specialkkeywordsalwaysappeairrespectve of thetest,andthey mustappearin order)
at the beginning of a setof keyword-value pairs definingthe parameterdor a particulartest.
Thesearethe keywordscl ass andt est nanme which selectwhich testto run. They areboth
Requied Thevalueof thecl ass keyword canbeeither | ow evel orker nel anddefines
the classof thetest. Thet est nane keyword selectghetestandthe string valuemustbe one
of thefollowing name=f thetests:

| oM evel : single, multiple, singlel, multiplel, sinunix

kernel : matrix2D, matri x3D, gatherscat2D, transpose, nonseq,
sharedf p

Thef i | ename keyword is requiredin orderto specifythe locationof the I/O testfile. It
specifieghefile systemdirectoryandfilenamewherethe datais to be written andread. Some
discussiorof this keywordwasgivenin thelastsection.

Thetwo optionalkeywordspr eal | ocat e anddebug arebothlogical variablesntended
to switchon or off a certainfeature.Preallocatiorof filesusingthe VPl fil e preal | ocat e
call explainedin section3, is enabled/disabledith the pr eal | ocat e keyword. Thedebug
keyword is usedfor development. Thesetwo standardkeywordsare alwaysavailableandwill
notbelistedundereachtest.

4.1.2 Reserved Keywords, MPI Hints

Besideghekeywordsdefinedby thetest,therearea setof MPI hintsthatmay affectl/O. These
hintsare passedo the testsin exactly the sameway asthe testkeywords. A full list of the hint
keywordsis givenin appendixA, they areall of the Optionalclass.

Hints allow a userto provide information regardingfile accesspatternsand file system
specificsto direct optimization. Providing hints may enablean implementatiorto deliver in-
creased/O performancer minimizetheuseof systenresourcesHowever, hintsdo notchange
the semanticof ary of the interfaces.In otherwords,animplementations free to ignoreall
hints.

All the MPI hints may be suppliedto the tests,andall arepassedn to the MPI implemen-
tation. At the practicallevel, we do not anticipatethatall of thesekeywordswill have an effect
in thefirst generation®f MPI implementationsHowever the following two MPI hintsfunction
with the Pallasimplementation®n the Fujitsuplatform.

stri pi ng_factor (integer)Thishintspecifieshenumberof I/O devicesthatthefile should
bestripedacrossandis relevantonly whenthefile is created.

stripingunit (integer) This hint specifiesthe suggestedtriping unit to be usedfor this
file. Thestripingunit is the amountof consecutie datatakenfrom onel/O device before
progressingo the next device, whenstripingacrossa numberof devices;it is expressedn
bytes.This hintis relevantonly whenthefile is created.

OtherMPI hint keywordsthat control importantoptimisationsmay be implementedn the
future. In thetext we have indicatedwhich optimisationsshouldbe employedn a giventest.
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4.1.3 Input File Format

Theformatof aninputfile consistsf thefollowing pieces:

Standarckeywords Theti m ngsfil enane, t est nane andfi | enanme keywords,along
with ary optionalkeywords.

MPI Hint keywords Generafile hints consistingof the resered keywordsfrom the MPI stan-
dard.

Specifictestkeywords Specificoptionsor parametergor that test. The keywordsassociated
with eachtestarelistedin the sectiondescribinghattest.

Comments ary line startingwith ahashsymbol.

Onetestmay berun, or a seriesof testsmay be submittedtogetherby combiningthe key-
wordsin a seriesof blocksfor eachtest.In thelattercasethet i m ngsfi | ename specifying
wheretheresultsfile is to belocatedis givenonly once.

A shortexampleinputfile for onesimpletestis shavn belov andalongerexampleincluding
commentss givenin AppendixC.

[
t
d. 1997

tim ngsfil enane /home/ dj | /SUITE/ i otest/tim ngs/| ow evel . out
cl assnane | oW evel

t est name single

filenane /v0/ dat a/ | ow evel t est . dat

nunr uns 3

filesize 0.010.11

bl ocksi ze 0.01 0.02 0.04

#

4.2 Output keywords

Theoutputformatis a standardsciifile andthetimingsthatconstitutethe outputof thetestsare
identifiedusinga systemof keywordssimilar to thatusedon input.

The baginning of the outputfile is just a copy of the input keywordsand parametewalues
alongwith atimestamgo identify therun. Thenumberof nodeshatthetestrunsonis notgiven
in thei ot par ans. i n, but is deducedvhile runningandprintedin the outputfile againsthe
keywordnpr ocs. Thenamesf thenodesusedis alsorecorded.

This partof theoutputfile is followedby the keyword timing valuesthemseles. In the case
thatseveralnodesareemployedtherearenpr ocs columnsof timing valuesfor eachkeyword.
A final timestamproncludeghetest.
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Standard Output keywords
pretinme Setuptime
fopentinme File opentime
fviewtinme Time to setfileview
pal l oc_tine Preallocatatioime
sync_tinme Synchronisatiotime
post tinme Cleanuptime
fclosetine File closetime
total time Total time.
error Errorif thisappears.

Whenseveraltestsarerun togetheythe outputfile consistof a seriesof blocksof the form
justdescribedor asingletest. This formatenablesutputfiles to be split up or concatenatedt
will, which maybecornvenientattheanalysisstage.

Standardutputkeywordsthatdescribecommontiming measurementarelistedin thetable
above. Theserelateto operationghatoccurin mostof thetestsandthathave clearsignificance.
Although thereare somecommonl/O timing measurements the lowlevel tests,the precise
significancecanvary so we deferdiscussiorof thesekeywordsto the sectionsdevotedto each
test. A fuller descriptionof thekeywordsappearingn thetableis givenbelow.

pre_ti me Thetimetakenbetweerthestartof thetestroutineto the beginningof the essential
timing part. This includestime to to setup buffers,to openthe testdatafile, andto setup
filetypes.

f open_ti me Thetimetakento openthefile.

fviewtine The time takento set the fileview. That is the time takenin the routine
MPI _Fi | e_Set _Vi ew. Thiscommands includedevenwhenthefileview is the default
andit is notstrictly necessaryin thecaseof certainker nel classteststhis measurement
includesthetime neededo setup nontriial filetypes.

pal | oc_ti me Thetimetakento preallocatehetestdatafile with MPI fi | e_preal | ocat e
asdiscussedh section3 oncorventions.If pr eal | ocat e is setf , thenthisresultis not
reported.

sync_time The time takento completethe MPI instruction MPI f il e_synchroni se
which only returnswhenthe datais securelyon disk. This call is placedbetweenthe
writing andreadingphase®f thetest.

post ti me Thetimetakenbetweerthe endof the essentiatiming partof thetestandtheend
of the testroutine. This includestime to closethe file andto write measurement® the
statisticsstructure.

fcl ose_ti ne Thismeasurethetime takento closethefile.

t ot al t i me Thetotal timetakento completethei ot r un_t est subroutingartof thetest.
The total summedtime shouldrelateto the time takenfor the testto run, which will be
reportedseparatelyat somesites.
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error Thiskeyworddoesnot printavalue,but its appearanckeywordindicateghattherehas
beensomeerrorin thetest. In this casethe diagnosticoutputfrom thetest(whichis sent
to st dout ) shouldbeinspectedtarefully. This keyword doesnot print avalue.

4.2.1 Output File Format

The outputfile containsthe timing datameasuredy the testandall diagnostianformationfor
the test. Againit consistsof a sequencef informationblocks describingeachtestrun, each
block hasaheadercontainingthediagnostianformationandthenthe data.An importantdesign
considerationvasthattheinformationblocksin thesdfiles canbe concatenatedr split up atwill

to form new files.

The headercontainsa copy of the input file informationalongwith someruntimeinforma-
tion, suchastimestampandnumberof processesThe format of the datasectiondependsn
the test. In the casethat a testis to be run with a seriesof parametersthe outputfile may
containseveral subsectionsunningthroughthe parameteraluesgivenin theheaderEachsub-
sectiornwill have asub-headecontainingtheparametevaluefor thatsubsectionWhenmultiple
processorareused,separateolumnsof the outputfile areassignedo the datafrom eachpro-
cessarlf thereareavery large numberof processorghenthel OT_LI NE_LENGTH variablein
shar e/ i ot defs. f mayneedto beadjusted.An exampleoutputfile is shavn in Appendix
D.
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5 Low-Leve Class

Low-Level testsmeasurghe mostbasicl/O timing parametersvailablefrom an MPI test. The
testsreadandwrite a streamof bytesin bl ocksi ze quantities.

Thelow-level testsarebasicwrite/readtestsof bandwidth but in a multiprocessinggrviron-
ment, variousconfigurationsare possible. We will considertwo waysin which a file may be
read/written,andthesewill form the two basiclow-level tests. Thesetwo testsfollow directly
from thetwo simplewaysin which afile maybeopenedn MPI: eitherwith MPI_COMM_SELF
or with MPI_COMM_WORLD, thefile is openedndividually by eachprocessqror is opened
collectively by all the processorsln our testswe shall simplify this distinctioneven furtherand
in the first caseonly consideran MPI programrunningon a single processowhereaghe file
will be openedoy multiple processori the seconccase. Thetestswill becalledsi ngl e and
mul ti pl e respectrely. Anotherpairof low-leveltestscalledsi ngl el andnul ti pl el will
testasynchronougO.

The MPI standardorovidesvariousl/O routinesthat are corvenientlydescribedusingthree
orthogonalproperties:positioning,synchronismand coordination. The precisemethodof file
pointerpositioningshouldnot affect the performancesowe shallalways(thoughnot for kernel
tests)useexplicit file-pointers.The spacds thusreducedo synchronismandcoordination.We
have separateestsfor synchronousndasynchronousests,but the collective or non-collectve
choiceis implementedy a keyword suppliedto thenul ti pl e andnul ti pl el tests.

We anticipatethatthe maininterestwill concentrat@nthetransferof fairly large sizeblock-
sizessotheincorporatiorof atimercall for eachtransfemwill notcauseary appreciabl®everhead
andtherewill be no needto analysethe effect of thetimer call. Of coursethis assumptiorcan
beverifiedon every systemtested.

It is clearly vital to comparethe resultsof the low-level testswith 1/O teststhatdo not use
MPI. We supplyatest,si nuni x, thatperformsstandardrortranl/O from within anMPI wrap-
per Thisis portableand convenientin thatthe input and outputformatis the sameasfor the
si ngl e test,but becaus®f the MPI wrapperit is nota completelysatisfactoryeferencdest.

5.1 Low-Leve Tests, Keywords

Thesebasictestswrite asinglefile in bl ocksi ze quantities Becaus¢hesdestsarequitesimi-
lar to oneanotheyseveralof thekeywordsarecommon.For exampletheparameter§i | esi ze
andbl ocksi ze. To facilitate repeatedestsover a rangeof parametersye allow a seriesof
parameter$o be specified.

Input Keywords
Thestandardckeywordslistedearlier including,cl assnane, t est nane, andfi | enane
arerequiredparameterfor all thelow-level tests.The commonlow-level input keywordsare:

nunt uns (integer) This specifiesthe numberof filesizes/blocksizeairsto testfrom the fol-
lowing two lists. If only onepairis to beusedin thetest,this valuemustbesetto 1.

filesize (floatingpointvaluesseparatetby spaces)hefilesizevaluesaregivenin MB (we
usethe corventionthat1l Megabyteis onemillion bytesratherthan2?° bytes).

bl ocksi ze (floatingpointvaluesseparatedby spaces)heblocksizevaluesarealsogivenin
Megabytes.

13



There must be at least nunr uns pairs of values specifiedin the fil esi ze and
bl ocksi ze rows. If morearespecifiedthey areignored.

Output Keywords

Besidesthe commonoutputkeywordslisted in section4.2 that measurehe time for some
standardperationsthe main /O timing measurementsave keywordsspecifyingwhetherthey
time write or readoperations.Thesemeasurementarefairly similar for all the lowlevel tests,
for examplesi ngl e andnul t i pl e usetheshortkeywords:

w Thetimetakento write bl ocksi ze Megabytes.

r Thetimetakento readbl ocksi ze Megabytes.

However we postponehe discussiorof the precisesignificanceof eachmeasuremerto the
discussionn the appropriatesectionfor eachtest.
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5.2 SingleTest: si ngl e

Thesi ngl e cases a very limited test,it doesnot employthe parallelismof the machineand
simply measureshe bandwidthof a single processoto write andreada disk file. Thetestis
intendedasareferenceagainstwhichtheresultsof thefull multiple testshouldbe compared.

A preciseunderstandingf the timing measurementsomesfrom inspectingthe following
Fortrancodewhich formstheheartof thetest:

offset niter = 0
told = MPI Wi ne()
do =1, niter
offset = offset_niter
call MPI FileWiteat(fp, offset,
buf (1), bsize, MPI _doubl eprecision, status, ierror)
tnew = MPI Wi ne()
wtinme(y) = tnew - told
told = tnew
of fset niter = offset niter + bsize
enddo

In this example,the timing datais storedin the arraywt i me which is written to the output
file attheendof thetest.

The secondpart of the testreadsthe datajust written. An MPI _Fi | e_Sync instruction
separateghe two partsof the testto ensurethat the datais truly on disk. This operationdoes
not however, guarantedghat a copy of the datadoesnot still resideon the cache. In the read
partof the test,the datamustbetouchedn orderto checkthatit hasactuallybeenread. Some
self-checkingensuringconsisteng betweerthe written andreaddatais performedat this stage.
Theresultof this checkingis reportedunderthe keyword suntheck, which shouldbe zerofor
acorrectlyfunctioningtest.

In principle onewould like to makea measurementf the bandwidthfor the processoto
write to its “local” disk (onethatis closelyattachedo the processor)However, the existenceof
this kind of architecturecannotbe guaranteedndtheway the filesystemsaresetup is certainly
machinedependentin practicewe donotanticipateproblemsecauseéheappropriatdilesystem
anddiskto write towill oftenbeobvious,andshouldcoincidewith theoneusedfor themultiple
testin orderthatmeaningfulcomparisonganbe made.
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Keywords
This testonly requiresthe standardnput keywordsand the commonlow-level input key-
words. Thespecificinputkeywordsareshavn in thetable.

I nput keywords single
cl ass | ow evel
t est nanme single
filenanme string
nunr uns integer
filesize list of floatingpointvaluesin MB
bl ocksi ze list of floatingpointvaluesin MB

The valuesof the fil esi ze and bl ocksi ze keywords determinethe parameters
niter and bsi ze that appearin the code fragment shavn abose. The relations are
explicitly: bl ocksi ze = bsi zexsi zeof (MPl _.doubl e_preci sion), fil esize =
ni t er xbl ocksi ze. Note that the valuesare specifiedin MB, heredefinedas 10¢ bytes
ratherthan2?° bytes.The nunr uns valuespecifieshenumberof f i | esi ze, bl ocksi ze
pairsto test.

We anticipate for larger blocksizesa typical filesize of 1GB. But provided the bandwidth
hasreachedsomeasymptoticvaluethereis no pointin increasinghefilesizefurther. The tests
shouldnot be allowedto taketoo long without very goodreason.

The blocksizeis the size of the buffer written eachtime the loop is traversed. We suggest
sizes:4,16,64kB ... (upto maybe4MB). Thisrangeis very wide andthetestswill takeavery
long time, sowe stronglyrecommendhe userto restrictthis rangebasedon her knowledgeof
the system,and thento make somepreliminary exploratory teststhat usesmallerfilesizesin
orderto find theregion of interestfor hermachine.

We suggesaninitial exploratoryrunwith thefollowing parameters.

nunr uns 4
fil esize 104.857613.10721.63840.2048
bl ocksi ze 1.0485760.131072.0163840.002048

Notetheway thatpower of 2 blocksaredescribedxplicitly. Providing valueslike this makesit
morelikely thatthe blockswill fit preciselyinto systembuffers,therebyreducingthe measure-
mentnoise.ln eachcasewe have arrangedor theloopto betraversedl00times. Theinteresting
partsof this rangeshouldbeinvestigatednoreclosely

Weremindtheuserthatthestandarkeywordpr eal | ocat e definedn sectiord is optional
andmaybespecifiedn ary test.
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Output keywords single
suntheck 0.0for correctfunctioning
pretinme Setuptime
fopen_time File opentime
palloc_tinme Preallocatatiotime
fviewtine Time to setfileview
w Time to write oneblock
sync_tinme Synchronisatiotime
r Time to readoneblock
post tinme Cleanuptime
fclosetine File closetime
total time Thetotaltime
error Errorif thiskeyword appears

On output,all the standardow-level outputkeywordsareusedandthesewereexplainedin
detailin 4.2.

Thewandr timesarethetimesfor writing andreadingeachbl ocksi ze block of dataand
makethe measuremergreciselyasshowvn in the codefragment. They will eachappeami t er
times,oncefor eachloop.

suntheck appearswice for eachtest,constitutingtwo differentchecks.lts valuemustbe
zerofor acorrectlyfunctioningtest.
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5.3 MultipleTest: mul ti pl e

Themul ti pl e casebgginsto testparallell/O andit is straightforwardo opena disk file from
all processorsisingthe VPl _COVMWORLD communicatar Dependingon the filesystem,the
device wherethefile is written could be oneof the locally attachedlisksor, if the hardwareand
softwarerequirementgor aparallelfilesystemexist, it couldbedistributedover aseriesof disks.

BesideghebasictestthatusesheblockingMPl _Fi | e Wi t e call, thistestshouldbeused
to investigateoptimisationdasedntheMPl _Fi |l e Wit e al | collectve (in theMPI sense)
call. Thisoptionis implementedisinga keyword switch.

Theloop forming the heartof the codeis preciselythe sameasin the caseof thesi ngl e
test,andin factthemaindifferencebetweerthetestsis in theway thatthefile is openedIn the
mul ti pl e case timing datais gatheredndependentlyon eachprocessarit is automatically
gatheredogetherat theendof thetestandwrittenin separateolumnsof thetiming outputfile.

Thereadpartof thetestfollows the samepatternasfor thesi ngl e case.

Keywords

Theparametersor thistestcomprisethebl ocksi ze andf i | esi ze whicharesubjectto
the samecommentsasthesi ngl e test,anda new keyword which switchesbetweerthe non-
collective andthecollective formsof thel/O routines.MPI hint keywordssuchasstripingvalues
shouldbe variedandinvestigatedn this test.

Thenumberof processors aparametem thistest,butit is usuallysuppliedonthecommand
line ratherthanthroughtheinputfile viathekeywordsystem.t is howeverreportedn theoutput
usingthe keyword npr ocs. Note that MPI doesnot specifywhethera particularprocessois
ableto performl/O or not, but thatnumi o_nodes existsasanMPI hint.

I nput keywords mul tiple
cl ass | owl evel
t est nanme mul tiple
filenanme string
nunr uns integer
filesize list of floatingpointvaluesin MB
bl ocksi ze list of floatingpointvaluesin MB
col l ective logical (t/ f)

Thecol | ecti ve keyword maytakevalues:t orf toselecttheMPl _File Wite_all
or MPI _Fi | e Wit e call,andasimilar choicefor read. The meaningof the collective optimi-
sationis discussedh the MPI-2 standardbut may beimplementedn variousways.

We suggessimilar sizefilesizesandblocksizego theonesusedn thesi ngl e testfor initial
explorations.

On output,the keywordsare usedwith preciselythe samesignificanceasfor the si ngl e
test. All the timing valuesare measuredndependentlyon eachprocessoandarereportedin
separateolumnsof the outputfile. Eachcolumnreferringto a differentprocessorin the case
of largenumbersof processorsertaininternalparameterdefinedin theshar e/ i ot _def s. f
file mayrequireadjustment.

The presencef MPI barriersallows usto synchronisdhe timings on eachprocessorBar-
riers are placedat the startof both the write andthe readloop. The first barrierseparateshe
setupandfile opening(timedusingthepr e_t i me keyword) from the write loop. The second
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barrierappearsafterthe synchronisatiorcall that separateghewriting andreadingphasesThe
synchronisatiomf the startof eachl/O loop allows usto synchronisehe maintiming datawhich
is reportedwith thew andther keywords.

The executableprogramgwrappersylsocontainbarriersboth beforeandafter the submis-
sionof thei ot _run_t est subroutinewhich is the subroutinethat actually performsthe test.
Thetime spentin this subroutinds measuredisingthe keywordt ot al _t i me, andasaresult
of thebarrierswill takethe samevalueon all processors.

Output keywords mul tiple
npr ocs Numberof processors
suntheck 0.0for correctfunctioning
pretinme Setuptime
fopen_time File opentime
palloc_tinme Preallocatatiotime
fviewtine Time to setfileview
w Time to write oneblock
sync_tinme Synchronisatiotime
r Time to readoneblock
post tinme Cleanuptime
fclosetine File closetime
total time Thetotaltime
error Errorif thiskeyword appears
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5.4 Asynchronous Tests

Thelow-leveltestsdiscusse@bore arebasenaloop containinganl/O routinealone. They are
thereforenot suitablefor testingasynchronouB8O becauseéhewhole point of theasynchronous
approachs to performl/O while the CPUis occupiedwith someothercomputationThis intro-
ducesnew variablegnto the problem:theform anddurationof the “other computation”.

Theasynchronoutestsarebasednthesamestructureasthesi ngl e andmul ti pl e tests,
butinterleave anadditionalcomputationnto thecentralloop. Thenew testsarecalledsi ngl el
andmul ti pl el tofollow MPI namingcornventions.Theform of theinterleaving computation
hasbeenchosenas seriesof matrix-vectormultiplications. The parameterslefiningthe inner
andouterloopsaswell asthe repeatcountare parametershat canbe adjustedwith keywords.
Theessentiapartof thecodeis shavn below:

do k=1, repeat
do 5=1, outerloop
do : =1, innerloop
y(i) = y(:) + a(e j)*x(J)
enddo
enddo
enddo

The vectorsx, y andthe matrix a areinitialised with randomnumbersand all arraysare
Fortrandoubl e _pr eci si on.

Theissueghatareimportantin choosingthe form of interleaving computatiorarethe vec-
torisability of the codeandthe memoryusage.Matrix-vectormultiplicationis oftenusedasa
benchmarkestfor floatingpoint performanceThis is notanappropriatelaceto give afull re-
port, butwe maysummarise¢hatthevectorisabilityis determinedy theparameter nner | oop.
Provided this parameteis not too large, one canregardthe otherparameterout er | oop, as
beingaway of adjustingthe memoryrequired.

Themostimportantaspecof theinterleaving computations thelengthof timeit takesto run
onetime. Oncethe vectorisabilityandmemoryusageof the computatiorhave beenfixedusing
i nner | oop andout er | oop, thiscomputationatime is controlledby ther epeat keyword.
The precisetime durationis obtainedin the first cyclesof the testwhich omit the /O operation
andtime thecomputatiorseparatelyn a synchronougrnvironment.Oncethesereferencecycles
have beencompleted the maintiming loop consistsof the computationandthe non-blocking
I/O routine. The patternsof realapplicationsarebestfit by ensuringhatthe datawritten or read
dependsn someway on theresultsof the computatiorprecedinghel/O instructionin theloop.

Froma comparisorof the non-blockingtimings provided by this testwith blocking1/O tim-
ings from earlierlowlevel tests,the effectivenessof the asynchronicitymay be deduced.The
efficiengy will dependon the parametethat fixesthe durationof the computation.If this pa-
rameteris chosenso that the computationcompletesvery quickly, the testswill resemblethe
standardgynchronousi ngl e andnul ti pl e tests.
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54.1 singlel

The patternfor this testfollows the blocking versionsi ngl e exceptfor the commentsabove.
In particularthis testshouldbe regardedas a single processoreferenceor asynchronougO
againstwhich the multiple versioncanbe compared.

Themethodof timing is slightly differentfrom theblockingsi ngl e casebecauséhreerou-
tinesareinvolvedin theloop andwe requirethreetiming calls. A codefragmentthatillustrates
the precisedefinitionis shavn belon. The MPI Wi t call ensureghatthe asynchronousirite
hascompletechtthe endof eachloop.

offset niter = 0
told = MPI Wi ne()
do =1, niter
of fset = offset _niter
call MPI Filelwiteat(fp, offset,
buf (1), bsize, etype, request, ierr)
tpre = MPI Wine()
call conp_task(repeat,innerloop, outerl oop)
tcomp = MPI Wine() - tpre
wt asktime(y) = tconp
call MPI Wit (request, status, ierr)
tnew = MPI Wi nme()
witetinme(y) = tnew - told - tconp
told = tnew
offset niter = offset niter + bsize
enddo

The time takento performthe computationataskandthe time for the write are measured
separatelyandtemporarilystoredin thewt askt i me andwr i t et i me arraysfor lateroutput
with keywordswt andwt | respectrely.

Thisloopis prefacedoy ashortloop justtiming the computationataskwithoutary 1/0, and
usingthe keyword t . The lengthof this preliminaryloop is determinedby thet askl oops
parameterAs usualthe writing andreadingphasesreseparatedby a synchronisatiorcall and
self-checkingalsooccursasbefore.

Keywords

The only additionalparameterdeyondthoseneededn the blocking versionarethoseused
to describeheextracomputationThesearethei nner | oop andout er | oop parameterghat
characteris¢he form of the computationfor exampleits vectorisabilityand memoryusage.A
further parameterr epeat , fixesthe numberof iterationsof anotheroop thatrepeatghe the
multiplication asdescribedn the codeon the previous page. The durationof the interlearing
computationataskis determinedby this parameteiandit controlsthe time takenin a linear
manner In practiceit is corvenientto fix the form of computationusingi nner | oop and
out er| oop andthento performa seriesof testswith differentvaluesof ther epeat . In
preliminaryuser epeat shouldbe chosensmall (even0) in orderto checkresultsagainstthe
blockingversion.
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I nput keywords si ngl el
cl ass | ow evel
t est nanme si ngl el
filenanme string
nunr uns integer
filesize list of floatingpointvaluesin MB
bl ocksi ze list of floatingpointvaluesin MB
t askl oops integer
r epeat integer
i nnerl oop integer
out erl oop integer

On output,sereralnew keywordsareneededn orderto measurdhetimesin the blocking
cyclesaswell asin thenon-blockingcycles. In eachcaseboth /O routineandtaskdurationare
measured.

Output keywords si ngl el
suntheck 0.0for correctfunctioning
pretinme Setuptime
fopen_time File opentime
palloc_tinme Preallocatatiotime
fviewtine Time to setfileview
t Tasktimein isolation
w Time to write oneblock asynchronously
wt | Tasktime while writing asynchronously
sync_tinme Synchronisatiotime
ri Time to readoneblock asynchronously
rtl Tasktime while readingasynchronously
post tinme Cleanuptime
fclosetine File closetime
total _.tinme Thetotaltime.
error Errorif thiskeyword appears

The time takenfor the computationattask without ary 1/O is first measuredin a loop
of length t askl oops) and reportedwith the keyword t. The effect of the parameters
i nner | oop,out er| oop andr epeat onthismeasuremerghouldbecheckedNormallythe
time doesnot scalelinearly with thei nner | oops parametedueto vectorisationput provided
this parameteis sufficiently large, scalingis linear with respectto the othertwo parameters.
Then,referringto the codefragmentwt | andwi signify the timestakenfor the computation
andfor the asynchronousvrite respectrely. The matchingkeywordsfor the readphaseof the
testaredenotedr t | andr| .
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542 multiplel

Theasynchronousersionis basedon the blockingversionnul t i pl e. Theadditionalparam-
etersdescribinghe durationof the computationataskthatinterleavesthel/O routinestakesthe
sameform asin si ngl el above.

Theblockingmul ti pl e testis ableto testthecollectvefeatureof theMPIl implementation
andunderlyingparallelfile system.Theasynchronousersionknown assplit-collective canalso
be testedusingmul ti pl el , anda switchis provided for this purpose. Whenthe collective
optimisationis used,the methodof timing is similar to the ordinarycase but is clarifiedin the
following codefragment.

offset niter = 0
told = MPI Wi ne()
do 5=1, niter
offset = offset niter + offset_proc
call MPI filewite_at all begin(fp, offset,
buf (1), bsize, etype, ierr)
tpre = MPI Wine()
call conp_task(repeat,innerloop, outerl oop)
tcomp = MPI Wine() - tpre
wt asktime(y) = tconp
call MPI filewite_at all end(fp, offset,
buf (1), bsize, etype, ierr)
tnew = MPI Wi ne()
witetinme(y) = tnew - told - tconp
told = tnew
offset niter = offset_niter + nprocs*bsize
enddo

The relationshipbetweenstriping parametersind collective parameterss bestinvestigated
attheblockinglevel, sofor thistestthey shouldbe adjustedogether

Thelayoutof thenon-collectve versionof thecodeis identicalto thatshavnin thesi ngl el
test.Barriersareplacedin thelocationsdescribedn themul t i pl e test,allowing thetiming of
thel/O loopson differentprocessorso begin atthe sametime.

Keywords

The input keywordsarethe sameasthoserequiredfor si ngl el exceptfor the additional
keywordcol | ect i ve thatactsasa switchfor the collective optimisationin the sameway as
it did for thenul ti pl e test.
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I nput keywords mul ti pl el

cl ass | owl evel

t est nanme mul ti pl el

filenanme string

nunr uns integer

filesize list of floatingpointvaluesin MB
bl ocksi ze list of floatingpointvaluesin MB
col l ective logical (t/ f)

t askl oops integer

r epeat integer

i nner | oop integer

out erl oop integer

The outputkeywords are the sameas the onesdefinedabove for si ngl el . Eachtiming
measuremens madeindependentlyon eachprocessoandis reportedn a separateolumnof
theoutputfile.

Output keywords mul tipl el

nprocs Numberof processors
suntheck 0.0for correctfunctioning
pretinme Setuptime
fopen_time File opentime

palloc_tinme
fviewtinme
t

W

wt |
sync_tinme
ri

rtli

post tinme
fclose_tine
total _time
error

Preallocatatiotime

Time to setfileview

Tasktimein isolation

Time to write oneblock asynchronously
Tasktime asynchronously
Synchronisatiotime

Time to readoneblock asynchronously
Tasktime asynchronously
Cleanuptime

File closetime

Thetotaltime.

Errorif thiskeyword appears
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5.5 Fortran!|/O Test: si nuni x

In orderto comparewith 1/0 notusingMPI-2 routineswe provide atestthatusesstandardrortran
I/0O. For simplicity of useandportability this testworkswithin an MPI wrapperin exactly the
sameway as all the othertests. The testfollows exactly the patternof the si ngl e testFor
examplein the codefragmentshowvn for si ngl e, theonly differences to replacethe MPI-1/0
callswith theappropriatd=ortranl/O calls.

For variousreasonsthe MPI wrapperandthelimitations of Fortranl/O, this testis notcom-
pletely satisfactoryas a non-MPI referenceest. We are not ableto provide suchstand-alone
testssincethey will be differentdependingon the site. Nonethelessthe low-level testshave
beenwritten in a transparentashionin orderto exposethe essentiapart of the codeandwe
expectthatthey canbemodifiedin orderto write site specificcomparisortests.

Keywords
The keywordsarethe sameasfor the si ngl e test. Note thatthe way that flenamesare
specifiedfor MPI-1/0O maybe differentfrom theway thatshouldbeusedin this test.

I nput keywords Si nuni x
cl ass | ow evel
t est nane Si nuni x
filenanme string
nunr uns integer
filesize list of floatingpointvaluesin MB
bl ocksi ze list of floatingpointvaluesin MB

In this testthefile cannotbe preallocated.

Output keywords Si nuni x
suntheck 0.0for correctfunctioning
pretinme Setuptime
fopen_time File opentime
w Time to write oneblock
r Time to readoneblock
post tinme Cleanuptime
fclosetine File closetime
total _.tinme Thetotaltime.
error Errorif thiskeyword appears

Ratherthana synchronisatiortall, thefile is closedandopenedo ensurethatall datais on
disk.
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6 Kernel Class

Kerneltestsarelarger, morecomplex codesthanthe Low-Level ones. They representhe I/O-
intensve kernelscommonto a variety of differentapplications[8]. As such,thesetestsare
characteristiof typical I/O patternsandallow performancdor thesecharacteristigpatternso
be investigatedn detail. Becauseof their increaseccompleity, the kerneltestsalso exercise
moresophisticatedeaturesof MPI, andcancheckthe performancef the MPI implementation
attheseadwancedevels.

Thekerneltestsaremorevariedthanthe low-level testsandthereareno commonkeywords
for theclassotherthanthoseinheritedfrom all tests.

6.1 Characteristic /O Patterns

The characteristid/O patternsthat we have identifiedand which form the basisof the Kernel
testsarelisted belonv alongwith typical applicationghatusethat|/O pattern.Eachof thetests
will be discussedn detail in the following sections. We emphasisehat the kerneltestsare
synthetic:they areintendeduo testatypical I/O patternandarenot expectedo follow precisely
thealgorithmof ary particularapplication.

¢ 1/O of regular multidimensionakrrays. Simulationsof 2 or 3 dimensionalphysicalsys-
tems,for examplecomputationafluid dynamics,seismicdataprocessingandelectronic
structurecalculations.

¢ Non-sequential/O. Databasepplicationsmedicalimagemanagemenandrecovery of
partialmappingmages.

e Gather/Scattecombinedwith I/O. This seriesof stepsis often employedwhenrunning
applicationson parallelmachineswith limited I/O capability It is interestingto compare
multidimensionahrrayl/O ratesusingthis methodwith fully paralleloutput.

¢ 1/O usingasharedilepointer Thisis frequentlynecessarywhenwriting alog file or when
checkpointing.

e Transposeoperationsare frequently used when performing multidimensionalFourier
transformsFor very largearrays,it maybeappropriatd¢o do this out-of-core.

Thefirst pattern,I/O of multidimensionahrrays,s the mostimportantin practice.Whereas
the Low-Level testswrote a streamof byteswith trivial structure,thesetestsperform1/O of
arrayswith amultidimensionastructurethatoftencorrespondso somephysicalgeometry This
is a very commonl/O requirementand thereare mary sub-\arietiesdependingor example
on grid regularity, array dimensionandthe way the geometryis mappedonto the processors.
Collective I/O routinesare often designedwith this type of 1/0 patternin mind, so thesetests
will beparticularlyrelevantfor investigatingthis optimisation.In a major setof the kerneltests
we considen/O of differentdimensionarraysandeachtesthasa wide setof parameters.

The kerneltestsenablethe efficiengy of 1/0 with a characteristigatternto be determined
and comparedbetweendifferentsystemsandin somecasespetweendifferentpatterns. This
informationprovidesinsightinto thelikely behaiour of full applicationswith thatl/O pattern.
Thetype of analysisrequiredis thereforeratherdifferentfrom the caseof the low-level classof
testsandthisis reflectedn thetoolsavailable.
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We anticipatehatsomeexplorationof the parametespacewill alreadyhave beendoneusing
thelow-level classbeforeKerneltestsarerun. Theinterestingregionswill thereforebe known
andthekerneltestsneednotberunfor excessvely largerangeof parameters.

In thefollowing, shortcodefragmentsareusedasthebestwayto describehefunctionof the
testsandto bepreciseaboutthe significanceof the measurement3.hesecodefragmentggnore
someissuedhatarenotrelevantto understandinghesepointsandarethereforeslightly different
from the codeto befoundin theteststhemseles.

6.2 1/0 of regular multidimensional arrays

Applicationsthatsimulatephysicalsystemasisinga discretdattice basiscomein mary varieties
with their own particularfield structuresdependingor exampleon the choiceof grid andthe
way the completephysicalsystemis distributedon the parallelmachine.

We considen/O of regulararraysuniformly distributedon the machine.Two separatdests
that considerthe 2D and 3D casesare provided The arraysare of size xsi zexysi ze (or
XSi zexysi zexzsi ze in the 3D case). The processesreviewed asa regular logical grid
xproc X yproc (Or xproc X yproc X zproc), andthematrixor 3D arrayis distributeduniformly
acrossthis grid, eachprocessorcontaininga subarrayof sizexsize/xproc x ysize/yproc,
(xsize/xproc X ysize/yproc x zsize/zproc). More complicatedschemesresometimes
employed,for examplea cyclic distribution of smallerarrayscanimprove load balancingin
certainapplicationsput in theinterestf simplicity we remainwith this pattern.

In contrasto thelow-level testswherethemainusersuppliedparametersrerethenumberof
processeghefilesizeandtheblocksize herethe mainparameterarethe problemsizesssi ze
andysi ze (zsi ze) andxproc, yproc (zpr oc). Thesgparameteraresubjecto therestriction
that xproc x yproc(xzproc) is not greaterthanthe total numberof processes.The filesize
is givenby xsi zexysi ze(xzsi ze) timesthe sizeof the MPl _doubl e _pr eci si on data
structure andis reportedin the output. The arraysizesshouldbe divideableby the numberof
processors eachdimensiorsothateachprocessohasanidenticalload. In factthisrequirement
is imposedo avoid complicatingthe analysis andthe sizesof the subarraysretheintegerpart
of xsize/xproc etc.

Thetestprogrammeasurefiow long it takesto write andreadthe completearray Thefile
containingthe arrayis in the format that a single processomould write it, thatis, in column
order(for FORTRAN). Theinformationcanbereadusingadifferentnumberof processefrom
the numberthatit waswritten from. MPI providesvariouswaysof constructingfileviews that
allow the processeto write their subarraysn the correctpartsof thefile for overall consisteng
We employthesenon-trivial fileviews, sothe actualwrite instructionfor thefull arrayis asingle
line of codeandthisis whatis timed.

Becausef theimportanceof this I/O patterntherehasbeenconsiderableesearcton opti-
misingit. Themostimportantoptimisationis to makethel/O collective, thatis, coordinatecand
conformingto theunderlyingdatastoragepattern.Many smallnon-contiguougsiccessearere-
placedby afew large contiguousaccessesSometimesollective optimisationsaareimplemented
at a fairly high level (eg Panda[9]), which would be above the level visible to MPI. Thereis
however, no difficulty in implementingheseoptimisationsatthe MPI level andindeedthey are
expectedin the MPI standard.In the MPI standardhints canbe suppliedbothfor genericcol-
lective optimisationandalsofor specificoptimisationdor multidimensionahrrays.Thesdatter
hintscontainthewordchunked.

Oneof theimportantrolesof the multidimensionahrrayl/O kerneltestsis to investigatehe
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effectivenesof the collective optimisation. In doing this, thereis considerablelependencen
parametersBoth the explicit parametersf thetestandthe parametershataresuppliedto MPI
via the MPI-hints arecrucial to properuseof the tests. In particularthe keywords, relatingto
collectie bufferingsuchascol | ecti ve_buf f eri ng, andcb_bl ock _si ze aswell asthe
keywordscontainingchunked mustbe investigatedn thesetests. Thefull list andmeanings
of thesekeywordsaregivenin the AppendixA. Guidesasto appropriatevaluesto chosefor
theseparametersare given in the detaileddiscussionof eachtest. The hints associatedvith
differentstriping parametershouldalreadyhave beeninvestigatedisingthe low-level tests but
they shouldnaturallybe matchedo the otherparameterassociatedavith collective output.
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6.2.1 2D matrix 1/O: matri x2D

Thistestreadsandwritesacompletedistributedsquare2D matrix. Thematrixis distributedover
the processe# a uniform manner eachprocesscontaininga xsize/xproc x ysize/yproc,
subarray In the interestsof simpleanalysisthe matrix will be truncatedto divide exactly into
sub-matricesvith noremainingelements.

Applicationsthatwrite 2D matricesarenotrare,andthistestwill bedirectlyrelevantto them.
More generallythe mat r i x2D testis the simplestmultidimensionabrraytestto analyseand
if the parallelfile systemhasmary variableparameterst is recommendethatthis testshould
beusedbeforeproceedingo the3D version.

Thetestprogrammeasure$iow long it takesto write andreadthe completematrix. These
timing measurementare single measurements contrastto the low-level casewhere mary
timings were generated.They thusinclude the effect of ary initial buffer dominatedperiod,
but this effect shouldbe well understoodrom earlieruseof the low-level classtests. Besides
measuringhe total readandwrite timings on eachprocessqrmat r i x2D reproducesomeof
thelow-level timingssuchasthetime takento openandto closeatestdatafile.

As a generalguide,the problemsizgrelatedto thefilesize) shouldbe choserto investigate
the characteristid/O regionsidentifiedin the low-level tests. Thesewill usuallybethe plateau
rangesdominatedoy bufferedanddirectdisk I/O respectrely. It is moredifficult to give guides
asappropriataangesf the otherparameterselatingto the datadistribution andto the optimi-
sations.Certainlycurvesshouldbe generatedhut the dimensionof the parametespaces large
if the collectve andchunkedoptimisationsareinvoked. We expectthatfor goodperformance,
the valuesof all the parametersvill be closelyrelated. Regions of bad performanceare also
of interestandin particularbandwidthsshouldbe checkedwvhenthe chunkparametersre not
alignedwith thesubarraysizes.

Thechoiceof procesgyrid stronglyaffectsthe performancelt is betterto divide the matrix
in the z-directionratherthanthe y-directionin orderto allow longercolumnswith contiguous
memoryto bepassedo thedisc. However, in settingy pr oc = 1, thel/O patterncanbecomeso
simplethatit resembleshe streaml/O consideredy the low-level tests.

In designinghetesttherewasa questionof whetherto usethe Cartesiartopologygenerator
of MPI. If optimisationsexist, thenthe nodescanbereorderedsothatthe Cartesiargrid fits the
underlyinghardwaren suchawaythatallowsnearesheighboucommunicatiornio beoptimised.
At presenthis choicehasnotbeenmade.

Thel/O operation®of the sub-matrixon eachprocessareperformedwith a singleMPI com-
mand. This is possiblethroughthe useof advancedMPI filetype mechanismsilt is this single
operatiorthatis timed on eachprocessandformsthe outputof the test. The centralpartof the
codeis shovn below:

told = MPI Wi ne()

call MPI filewite(fp, buf, xsizel/xproc, coltype,
status, ierr)

tnew = MPI Wi ne()

witetime = tnew - told

Herebuf is the two dimensionalarray containingthe sub-matrixdata. The col t ype is
oneof the specialfiletypesconstructedn orderto dealefficiently with two dimensionahkrrays.
It containsholes. In this testwe usethe individual file pointerversionof the I/O routine. A
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collective versionalsoexistswith theMPl fi |l e.write_al | routine.In orderto gathermore
statisticsar epeat parametemaybe specifiedor the numberof timesto repeathe measure-
ment. MPI barriersareplacedboth beforethis sggmentof codeandbeforethe readingphaseo
ensurghatthe measurementsn differentprocessorstartsynchronously

Becauseéhereis only onel/O call in the heartof the test,andthereis no explicit loop, it is
not sousefulto consideranasynchronousersionof this test.Non-blockingl/O is besttestedat
low-level usingthesi ngl el andnul ti pl el tests.

Selfcheckingfor thesetestsis thoroughandall elementf the matrix thathave beenwritten
andreadarecheckedagainsthe original matrix. If thecheckfails thenthetestaborts.

Keywords

In submittingthis testa seriesof differentgrids canbe investigatedandthe total numberof
processoraeededor someof thegridsmaybesmallerthanthenumberof processorsriginally
requestedin this casethe unusedorocessorareidle.

I nput keywords mat ri x2D
cl ass ker nel
t est nanme mat ri x2D
filenanme string
r epeat integer
numnsi zes integer
Xsi ze integer
ysi ze integer
nunpr ocgri ds integer
Xproc integer
yproc integer
col l ective logical (t/ f)

nunsi zes (integer) The numberof differentproblemsizedo test. Thetestis run for eachof
thenunsi zes problemsizesspecifiedoy thexsi ze and ysi ze parameters.

xsi ze,ysi ze Thefull matrixis of sizexsi ze xysi ze, andusuallya squarematrixis cho-
sen.Eachelements anMPl _doubl e _pr eci si on datastructure.Thevaluesof xsi ze
and ysi ze shouldbeselectedo work in the characteristicegionsidentifiedin the low-
level tests.

nunpr ocgr i ds (integer) The numberof differentlogical procesgrid configurationdo test.
Thetestis run for eachof the nunpr ocgr i ds procesgyrid configurationspecifiedby
thexpr oc andypr oc parameters.

Xproc,yproc (integer) Two lines,eachwith alist of nunpr ocgri ds procesgyrid config-
urations. For eachtestrun a pair of numbersaretaken: onefrom xpr oc, andonefrom
ypr oc. This pair of numbersspecifieshe numberof processes arow, xproc (or col-
umn,yproc), of thelogical grid of processesTheusermustensurehatxproc * yproc is
lessthanor equalto thetotal numberof processorsequesteavhenthejob is submitted.

r epeat (integer) The numberof timesto repeatthe measuremenwith a particularsetof pa-
rameters.
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coll ective (logical t/f, default f) To select the MPI FileWiteaall or
MPI _Fi | e Wi t e call,andasimilar choicefor read.

TheMPI-hint parameterghatareespeciallyrelevantfor thistestaretheonesconcerning:ol-
lectivity: col | ecti ve buffering,cbbl ock size,cb buffer_sizeandcb_nodes
and also the onesconcerningmultidimensionalarray I/O: chunked, chunked_.i t emand
chunked_si ze. Full descriptionsareprovidedin AppendixA.

Someof the outputkeywordsneededo describethe timing measurementarethe sameas
appeain the low-level tests. The maintiming measurementsave differentkeywordsfrom the
low-level casebecausehereis no explicit loop andthey correspondo thetimesfor thecomplete
I/0. Thecodewhich defineghe /O timing measurememwasgivenabove.

For eachtestrun the following datais output:

Output keywords mat ri x2D
npr ocs Numberof processors
filesize Sizeof matrix (bytes)
pretinme Setuptime
fopentinme File opentime
pal l oc_tine Preallocatatioime
fviewtine Time to setfileview
pal | oc Preallocatatioime
wite Time to write completematrix
sync_tine Synchronisatiotime
read Time to readcompletematrix
post tinme Cleanuptime
fclosetine File closetime
total tinme Thetotaltime.
error Errorif thiskeyword appears

Thetotalsizeof thematrixin bytesisreportedasf i | esi ze, butnobl ocksi ze parameter
IS output.

In this casethef vi ew.t i me includesthe time neededo setup the datatypesequiredto
write andreadthe matrix.
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6.2.2 3D matrix 1/O: matri x3D

This testreadsand writes a complete,distributed 3D array The arrayis distributed over the
processesn a uniform manney eachprocesscontaininga xsize/xproc x ysize/yproc X
zsize/zproc subarray Thearrayis dividedexactly into sub-arraysvith noremainingelements.
Thecentralcodefragments exactly thesameasfor themat r i x2Dtest.

It is recommendedhat thesetestsbe employedafter the 2D matrix testresultshave been
understoodThe parameterarealmostidenticalto the 2D versionandthetiming measurements
arealsovery similar. Theanalysiss likely to be morecomplicatedhanfor the 2D casethough
if ypr oc =zproc =1,thel/O patternis simple.

Keywords
Thistestis very similarto the previousone,it only requirestwo furtherparameterszsi ze
andzpr oc, thatappeain the sameway asthe + andy parameters 2-dimensions.

I nput keywords mat ri x3D
cl ass ker nel
t est nanme mat ri x3D
filenanme string
r epeat integer
numnsi zes integer
Xsi ze integer
ysi ze integer
zsi ze integer
nunpr ocgri ds integer
Xproc integer
yproc integer
Zproc integer
col l ective logical (t/ f)

For eachtestrunthreenumbersaretaken:onefrom xpr oc, onefromypr oc, andonefrom
zpr oc. Thesenumbersspecifythe numberof processes eachof threeaxesof thelogical 3D
grid of processesTheusermustensurehatxproc * yproc * zproc is not greateithanthetotal
numberof processes.

TheMPI-hintparametersspeciallyrelevantfor this testarethesameastheonedistedunder
themat r i x2Dtest.

Theoutputparameterareexactly asfor themat r i x2Dtest.
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Output keywords mat ri x3D

npr ocs
filesize
pretinme
fopentinme
palloctime
fviewtine
pal | oc
wite
sync_tine
read

post time
fclosetine
total tinme
error

Numberof processors
Sizeof matrix (bytes)
Setuptime

File opentime
Preallocatatioime

Time to setfileview
Preallocatatioime

Time to write completematrix
Synchronisatioime

Time to readcompletematrix
Cleanuptime

File closetime

Thetotaltime.

Errorif thiskeyword appears
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6.3 Gather/Scatter and I/O: gat her scat 2D

For mary reasonssuchaspostprocessingequirement@andthe physicall/O capabilitiesof the
machine a non-parallelform of outputis often employedat present.This amountgo a gather
MPI call, followed by a write from that processor In the readcycle, datais first readonto a
singleprocessoandthendistributedaroundthe machineusingthe scatternstruction.

The kerneltestbasedon this form of I/0O will be usedto compareold-fashionedserialrates
with fully paralleloutputusingthemat r i x tests.Whethetthistestis usefulor notin facilitating
thiskind of comparisorwill dependontheparallelfilesystemin use.

This kernelalsoallows the messagéraffic to beinvestigatecandwill measureghe efficiengy
of thenetworkaswell asthel/O performancef thesinglenode.

A shortcodefragmentis shavn below:

told = MPI Wi ne()

call MPI alltoallw)
tnew = MPI Wi ne()
gathertinme = tnew - told
told = tnew

if (node == 0) then
call MPI filewite(fp, fulla,
Xsi ze*ysi ze, etype, status, ierr)
tnew = MPI Wi nme()
witetime = tnew - told
end if

The gatherand scattercalls are madeusingthe MPI _al | t oal | w routine (we have not
shawvn all the agumentsneeded). The readingphasefollows, but becausehe I/O only takes
placefrom onenode,noadditionalbarriersareinserted.In thistestthebarriersappeabeforethe
gatherandscatteiphasesvhich aretimed separatelyn eachprocessorSincethe full matrixis
written/readrom onenode thel/O timingswill notdependnthewaythatthematrixis divided
betweerprocessorsGatherandscattetimeswill howeverdependnthedistributionparameters
Xpr oc andypr oc.

The effect of the optimisationof collective buffering and multidimensionakrrayhandling
arenotlikely to beaspronouncedn thistestasfor thefull matrix tests.Neverthelessheir effect
shouldbeinvestigated.

Self checkingis thoughasin all matrix basedests. The testabortsif the gatheredywritten,
readandscatterednformationis differentfrom the original.

Keywords
Thetestparameterarethe sameasthoseusedin mat r i x2D, andhave the samemeanings.
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I nput keywords gat her scat 2D
cl ass ker nel
t est nanme gat her scat 2D
filenanme string
r epeat integer
numnsi zes integer
Xsi ze integer
ysi ze integer
nunpr ocgri ds integer
Xproc integer
yproc integer
col l ective logical (t / f)

I/0O is from one procesonly, soonly onecolumnof timing datais written usingthe same
keywordsasfor themat r i x2D test. Additional timing parametersare neededo specifythe
time takento gather/scattethe data.

Output keywords gat her scat 2D
nprocs Numberof processors
filesize Sizeof matrix (bytes)
pretinme Setuptime
fopentine File opentime
pal l oc_tine Preallocatatioime
fviewtine Time to setfileview
dtype_tine Time to setdatatypes
gat her Time to gathemrmatrix
wite Time to write completematrix
sync_tinme Synchronisatiotime
read Time to readcompletematrix
scatter Time to scattemmatrix
post tinme Cleanuptime
fclosetine File closetime
total tine Thetotaltime.
error Errorif thiskeyword appears

gat her,scatt er Thesekeywords measurehe time requiredto gatheror scatterthe data
to or from the root node. As shawn in the code fragment,this is performedusing an
MPI _al | t oal | wroutine,andbarriersare placedbeforeeachof thesecallsin orderto
synchronisg¢hetimingsonall processors.

dt ype_ti ne Thetimeto setup thedatatypesieededo performthegatherandscatter

fvi ewt i me Thefiletypeis alsonontrivial andthistimeincludesthetime requiredto setit up
andmaketheMPl fil e_set vi ewcall.
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6.4 Transposed 1/O: transpose

Thetestof a matrix transpos®perations motivatedby awell known algorithmfor performing
multidimensionalFourier transforms:in two dimensionsfor example,a Fourier transformof
anxsi ze xysi ze matrix maybeaccomplishedy first performingxsi ze one-dimensional
FFT’sdown the columnsof the matrix, andthendoingysi ze one-dimensiondFT’s alongthe
rows of the matrix. In the first phaseof the computationthe optimal layout of the datais to
distributethexsi ze columnsevenly amongsnpr ocs processorf sucha way thatelements
of the columnsappearin contiguousmemorylocations. This is automaticin a Fortranarray
In the secondphaseof the computation|t is advantageouso put the elementsof the rows in
contiguousmemorylocationson the sameprocessorThis necessitatea transpos@perationon
thetwo-dimensionaarray

Althoughthetransposés usuallyperformedoy communicatingsubarrayshroughtheinter-
connect,thereis someinterestin performingthe operationby writing andreadingfrom disk.
For example,in a seismicapplication this might be becausd-FT’s of a whole datasetmustbe
performedbeforeproceedindo the next stageof the computation.

Evenwithoutthe FFT motivation,the characteristitranspos@atternprovidesa moresevere
testof the I/O systemthanthe straightforwardmatrix pattern. It is interestingto measurehe
performanceindersuchaload.

Thekerneltestt r anspose first writesadistributed2D arrayto afile thenreaddt backasa
transposeThearraydistributionis thesameasthatusedin themat r i x2Dtest,thoughwith the
restrictionypr oc = 1. Thedatagenerateds the time for writing andtransposedeadingalong
thelinesof themeasurementskenin themat r i x2Dtest.

An interestingcomparisorcanbemadein thistest. Thetime requiredfor thetransposeising
themethoddescribedabore canbe comparedvith thetime takento performthe operatiorusing
messag@assing We thereforealsomeasurehis quantitywhich aidsself checking.The method
we chooseto performtheinternaltransposes to usethe MPI collectve communicatiorroutine
MPI _al | t oal | w. Althoughthisis simpleandprovidedthe implementations well optimised
for this patternit shouldbereasonablefficient,it is possiblethatfastermethodsasedn point
to pointcommunicatiorexist [10].

To avoid excessie complicationwe do not considerthe mostgeneralpatternin which the
matrix canbe split into sub-matricesInsteadof the patternsdescribedn the sectionreferring
tothemat r i x2Dtest,we only considerthesubclas®f patternan whichxproc = nprocs,
ypr oc = 1. This simplifiesthe algorithmsconsiderablyyet doesnot affect the essencef the
problem.

A shortcodefragmentis shavn below illustrating how simpleit is to performthe external
transposeAll thework goesinto settinguptheappropriatdiletypes,andis hidden.Notethatthe
fileview is changedetweerthewriting andreadingphasesThis call alsoresetghefilepointer
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told = MPI Wi ne()

call MPI filewite(fp, buf, xsize/nprocs, coltype,
status, ierr)

tnew = MPI Wi ne()

witetime = tnew - told

call MPI fileset viewm(fp, offset zero, etype,
subtransmattype, datarep, info, ierr)

told = MPI Wi ne()

call MPI fileread(fp, bufT, 1, strvectype,
status, ierr)

tnew = MPI Wi ne()

readtinme = tnew - told

Theinternaltransposeisingmessag@assings performedafterthe externaltransposeising
thefile system.Thisis doneusingasinglecall to MPI _al | t oal | w. As wasthe casefor the
externaltransposeall the non-trivial work is in settingup the datatypes.

The internalandexternaltransposesarefully checkedagainsteachotherandthe testfails
if the resultsare different. This provides quite a stringenttestthat the fileview and datatype
mechanismareworking correctly

Keywords

Most of the testkeywordsarethe sameasthoseusedin other2D matrix basedestssuchas
mat r i x2D, however theway thatthe matrixis dividedonly dependsn the numberof proces-
sors.Thexpr oc andypr oc keywordsaredispensedvith andthe matrix is alwaysdividedin
thez-directionwith, xpr oc = nprocs,yproc =1.

I nput keywords transpose

cl ass ker nel

t est nane t ranspose
filenanme string

r epeat integer
numnsi zes integer

Xsi ze integer

ysi ze integer

col l ective logical (t/ f)

A practicalpointin this testis to first runit with smallmatricesbecausehe efficiengy may
bevery low, andit cantakealong time to readtransposedhatricesevenof size1002.

Theoutputfrom this testusesexactly the samekeywordsasthe matrix tests.Someadditional
keywordsareusedto describethe time takento performthe transposeisingmessaggassing.
Barriersarelocatedat the startof the externalandtheinternaltranspos@nddo not occurwithin
eachsectionof code.
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Output keywords transpose

npr ocs Numberof processors
filesize Sizeof matrix (bytes)
pretinme Setuptime
fopentine File opentime

palloctime
fviewtine

Preallocatatiotime
Time to setfileview

wite Time to write completematrix
sync_tinme Synchronisatiotime

read Time to readtransposedhatrix
post _time Time betweerexternalandinternal
fclosetine File closetime

i nt _pre Preparanternaltranspose
dtype_tinme Time to setdatatypes

i nt er nal Timeto transposénternally

I nt _post After internaltranspose
total tine Thetotaltime.

error Errorif thiskeyword appears

The significanceof thewr i t e andr ead areclearfrom the codeshavn. For theinternal
transposehereareseseralnew keywords:

i nt _pr e Time takento preparingor theinternaltransposethis includessettingup datatypes.

i nt er nal This measuremen the actualtime for the MPI _al | t oal | w call that accom-
plishestheinternaltranspose.

i nt _post Thisisthetime aftertheinternaltransposeo theendof thetestroutine.
For thistestit is especiallyinterestingo monitorthetimesto setup nontrivial datastructures.

dt ype_ti me Thetime neededo setup appropriatedatatypedor theinternaltransposeMost
of i nt _pr e isfor this purpose.

fvi ewti nme In the externalpart of the test,this keyword appeargwice. Onceto reportthe
time to setup the filetypesandsetthe fileview for writing the matrix anda secondime
betweenwriting andreadingin orderto setnew filetypesfor thetransposandto resetthe
fileview.
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6.5 Non-Sequential 1/0: nonseq

The nonseq testis basedon the I/O patternsfound in databasesearchingapplications. The
essentiapointis thattheserequirenon-sequentigdccesdo thefile, needmary seekoperations
andthereforetestratherdifferentl/O aspectdrom the low-level classof testsand the matrix
tests.

Realdatabaseapplicationssometime®peratan apagemodeandsomeof the pagesnustbe
updatedIt is difficult to strikea balancebetweerarealapplicationwhichwill haveitsindividual
profile for the proportionof pagesupdatecanda generickerneltestthatshouldnot becomeoo
specialisedn attemptingo modela particularapplication.

We have optedfor an approachwhich is basedon a simplified and generalalgorithm, but
allows sufficient parameterso thatwith appropriatechoicesthe patternof behaiour of a real
applicationmaybeapproachedThekernelnonseq, locatesandreadsblocksizepiecesof data
from alargefile in pseudo-randorarder Thedatais modifiedandreplacedn somefixedfraction
of thecases.

The timing measurementill be of eachseekandblocksizereador written. The testwill
thereforegenerateconsiderablelata,asin the caseof the low-level tests. A brief pieceof de-
scriptive codeis shavn below:

updates = 0
told = MPI Wi ne()
do j=1,trials
of fset = fsize*iotrand(| OT _RSEED)
call MPI fileread.at(fp, offset,
rbuf (1), bsize, etype, status, ierr)
tnew = MPI Wi ne()
readtinme(y) = tnew - told
I Touchdata
told = tnew
rand = iotrand(| OT_RSEED)
if (rand < updatefrac) then
updates = updates + 1
call MPI filewiteat(fp, offset,
wbuf (1), bsize, etype, status, ierr)
tnew = MPI Wi ne()
updateti me(updates) = tnew - told
told = tnew
endi f
enddo

Thefile isfilled with randomdatabeforethe mainpartof thetest. Theoffsetatwhichto read
ablock of datais setto a randomvalue(alignedwith thebl ocksi ze). andthetime to reada
blockis measuredAs usual thedatais touchedn orderto ensurehatit hasreally beenread.In
updat e _f r ac of the casesthe sameblockis changedy beingrewritten. Thetime for thisis
alsomeasuredTherandomseedsaredifferenton eachprocessoso eachnodesearches,eads
andupdatesndependentlyFor this reasonthe quantityof datafrom eachprocessomay vary
slightly in which casesomecolumnsof dataarezerofilled.
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Keywords

I nput keywords nonseq
cl ass ker nel
t est nane nonseq
filenanme string
filesize floatingpointvaluein MB
nunbl ocksi ze integer
bl ocksi ze list of floatingpointvaluesin MB
nunmupdat e integer
updat e frac floatingpoint

Thefilesizeshouldbelarge,yetcompatiblewith the systemcapabilities- say1GB, but there
is no needto rerunthetestfor morethanonevalueof this parameter

Theblocksizevaluesaregivenin Megabytesln contrasto thelow-level classthisparameter
neednotbecomevery largeandagoodchoiceis to setit equalto the pagesize.

Thenunupdat e keywordspecifieshenumberof updatdractionsgivenin thelist following
theupdat e_f r ac keyword. This floating point fraction(valueO to 1) specifieghe fraction of
blocksthatafterreading,areto be modifiedandrewrittento thefile.

It is unlikely thatthis applicationwill benefitfrom the collective optimisationandwe have
notincludedthis option.

The outputkeywordsto describethe timing measurementwill includethe usualset. An
additionalkeyword is neededo distinguishthe timing of the readsandthe updatewrites since
theseoperationsvill beinterleared. The standardkeyword“r ” is usedfor readsandoutputsthe
r eadt i me arrayshawn in the codeseggment. The new keyword “u” indicatesan updateand
correspondso theupdat et i ne arrayshovn in thecode.

Output keywords nonseq
npr ocs Numberof processors
pretinme Setuptime
fopentinme File opentime
palloc_tine Preallocatatiotime
fviewtine Time to setfileview
wite Time to write thefile
r Timetoread
u Time to write theupdate
post tinme Cleanuptime
fclosetine File closetime
total _.tinme Thetotaltime.
error Errorif thiskeyword appears

Thetime takento write thefile beforethe mainpartof thetestis measurendreportedwith
thewr i t e keyword. Only thetotal time to write the completefile is measuredandthis time
shouldagreewith valuesdeducedrom thelowlevel tests.

Thefileview is trivial in this test, but the f vi ew.t i me is still measuredasit wasfor the
lowlevel class.Synchronisationime is notimportantandis not measuredh this test.hThereis
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no self checkingin this test.
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6.6 1/O with a Shared Filepointer: shar edf p

The sharedile pointerof MPI is usefulwhenall processorsieedto write randomqguantitiesof
datato a file in arbitraryorder This is typically the casewhenwriting a log file andis also
relevantwhencheckpointing.

The testis a modificationof the mul t i pl e testthat goesthrougha write loop on each
processThefilepointeris sharedandthe quantityof datawrittenin eachcall to thewrite routine
is independentlyandomlyselectedrom a uniform distribution lying betweerbl ockm n and
bl ockmax. The quantityof dataactuallywrittenwill therefordie betweertheseextremesand
have mean(blockmin + blockmax)/2 megabytes.Thetestwill only performwrite operations
sincethe way thatcheckpointinglatais readcanrequiresomespecialdatastructureanddepend
onthepreciseapplication.Theaccess_t ype hint canthereforebe used.

Themeasurementsill givethetime for thewrite instructionandtheamountof datawritten.
A specialanalysigool is necessaryo managehis information.

A shortcodefragmentis shavn below. Notethatindependentandomseedsreusedfor each
processsothesizeof the blocksof dataarenotthe sameacrossprocessesTheloop parameter
ni t er isdeterminedy theaverageblocksizeas,niter = 2x filesize/(blockmin+blockmaz).
This parametemustbe large for a usefultest,in which casethefinal file will besimilarin size
totherequested i | esi ze value.

bsum = 0
told MPI Wi nme()
do ;5 = 1, maxniter
bdsi ze = int(bmaxsi ze*iotrand(!1 OT_RSEED), I DBL) + 1
bsi ze(j7) = bdsize
bsum = bsum + bdsi ze
if (bsuntnprocs > filedsize) exit
call MPI filewiteshared(fp,
wbuf (1), bdsize, etype, status, ierr)
tnew = MPI Wi nme()
witetine(y) = tnew - told
told = tnew
enddo

Keywords

Someof theseparameteraresimilarto theonesusedin thenmul t i pl e test. Theblocksize
is nothowever constanbn eachwrite.

It is interestingo alsoconsiderthe collective versionof the sharedilepointerroutinecalled
MPI filewite_ordered. Assuggestethythenametheaccesseareorderedoy theranks
of the processesThe numberof calls to this routine are the sameon eachprocessaqrbut the
amountof datawritten Thekeywordcol | ect i ve (defaultf ) maybeusedto selecthis option.
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I nput keywords sharedfp
cl ass ker nel
t est nane sharedfp
filenanme string
filesize floatingpointvaluein MB
nunbl ocksi ze integer
bl ockm n list of floatingpointvaluesin MB
bl ockmax list of floatingpointvaluesin MB
col l ective logical (t/ f)

filesize: Thistestshouldberunwith onelargefilesize. Thetestwill completewhenthe
next write would (on average)exceedthisfilesize.

nunbl ocksi ze (integer) This specifiesthe numberof bl ockm n/bl ockmax pairsto test
from thefollowing lists.

bl ockmax, bl ockm n: The uniform distribution usedto selectthe blocksizedies between
bl ockm nandbl ockmax bytes.Theseparametershouldbevaried.Oftenbl ockmi n
will besetto zero.

Outputfrom this testincludesthe blocksizeactually written as storedin the bsi ze array
in the codeabove. The timing of the write call is alsomeasuredn the usualway asshowvn in
the code. The keywordsb andw referringto theserespectre measurementsorrespondo the
temporaryarraysbsi ze() andwri t eti me() shovnin thecode.

A barrieris placedbeforethe codeseggmentshavn allowing measurement® be synchro-
nised.

Output keywords sharedfp
npr ocs Numberof processors
pretinme Setuptime
fopentinme File opentime
pal l oc_tinme Preallocatatioime
fviewtine Time to setfileview
b Numberof byteswritten, integer
w Time to write thesebytes
post tinme Cleanuptime
fclosetine File closetime
total tinme Thetotaltime.
error Errorif thiskeyword appears

Thereis noselfcheckingbecauséhefile is notreread.Synchronisatiotime is notmeasured
in this test.
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7 Analysis

Thetestsgenerateaw timing datawith very clearandprecisemeaning.To interpretthis dataso
asto addresghe problemsof 1/0 performancea separatenalysisstageis needed.Therange
of analysistoolsavailableis designedo throughlytestthe systemandis thusmorecomplicated
thanwould be foundin a simplebenchmarlsuite. For this reasonsomeguidances usefulfor
organisingasuitableseriesof testsandfor usingtheanalysigools. In this sectionwe give abrief
descriptionof the analysistools availableandexamplesof thekind of outputthey generateFor
a morethoughdescriptionof the useof the suitein evaluatingthe performanceof a particular
platformsee[11].

At thepresenstagethetoolsarepresentedh theform of a seriesof awk scriptsthatprocess
the outputfiles to calculateaveragesandgenerategraphsusinggnupl ot . A unifiedgraphical
tool mightbemoreconvenient butthescriptapproaclofferssimplicity andflexibility in devising
newvw methodsof analysis All thesescripttoolsmaybefoundin theanal ysi s subdirectoryof
thedistribution.

Oneof thefirst stepsin analysisis to have at handsomeideaof the hardwaregperformance.
This is usually availablein manuals.A measuremendf the extentto which this performance
is achivablein non-MPI testsis vital to provide a referencecomparisorwith the resultsof
the low-level tests. As part of the suite, we have providedthe si nuni x testto performthis
measurementThis testis not optimisedfor ary site andit may be advisableto supplementt
with theusers own tests.

One simple utility tool, checkt est , is provided to ensurethat the checksunvaluesare
correctandthatno er r or flagshave beenset. This tool alsoreportson the contentsof the
outputfile. Thesyntaxof thistool is:

checktest file. out
wheref i | e. out istheoutputfile to bechecked.

7.1 Analysisof Low-Level Tests

As explainedin section5 thelowlevel testsgeneratenorethanthanjusta singlenumberpertest.
Herewe illustrate how the kind of datageneratedy a lowlevel testmay be processedy the
analysigoolsto measurenterestingunderlyingparameterghatcharacteriséhe machine.

7.1.1 Toolsfor raw data

The significanceof the timing measurementgroducedn the si ngl e testis apparenfrom the
codefragmentshavn in section5.2. Ther awdat a tool makesa plot of the successe times
versugheloop counterwhichmeasuretheextentof thefile asit grows. This providesadetailed
pictureof thel/O processaandanexampleis shavn in figure 2.

This picture appearsomplicatedbecauseof the strongfluctuationsin successe timings,
andalsobecauseherearetwo regimes,an initial fastphaseanda slower phasewhich canbe
sustained We emphasis¢hatfluctuationsin theratearenotrare,andthatif anything, figure 2
shavs a particularlycleanexample.

Thetwo regimes,initial andsustainedareclearly separatecéndcorrespondo a buffer (of
aboutl3MB) becomingfull. Whentakingaveragesit is importantto specifyover whatregime
they aretaken.Therelevanceof the averagedo ratesachievablein full applicationswill depend
ontheregime.
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Figure2: Raw I/O times using si ngl e 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.

Thefluctuationsdisplayanimpressve periodicity betweerthe successie longertime peaks
amountingto 1MB. The origin of this structurecould lie in buffering, schedulingthe replace-
mentorderof virtual pagesor someothereffect. Thepatternprovidesvaluableinformationabout
thedetailedworking of thel/O systemandalthoughthis maybeinterestingn optimisingperfor
manceit requiresa deepknowledgeof the implementatiorandplatformto makeuseof it. We
merelynotethatthetestsuiteis ableto detectthis structure pur mainpurposen shaving figure
2 wasto illustratethe difficulty of takingandinterpretingaveragesin the next sectionwe shall
proceedo considerratesthatare averagedover the courseof mary periods,but it is clearthat
theaveragewill certainlynotcorrespondo atypicalmeasurementt is evenharderto decideon
anappropriateneasuref theerror.

We emphasis¢hatunlessthis kind of obsenation of theraw datais made,andthe effect of
ary startupandscatterunderstoodthereis little sensen takingaveragesUnderstandingheraw
datamaybe moresignificantthanhaving accurateaverageddatawhenattemptingo predictl/O
timeswithin applications.

Theraw timing datais usefulin its original form, ratherthanin theform of ratesn MBytes/s,
whencomparingsmallbuffer sizes.It oftenhappenshatin thislimit thetime of eachwrite callis
almostindependentf the amountof datawritten andto investigatesuchissuesheunprocessed
timesaremostappropriate.

rawdat a

This tool selectsa particulartestin anoutputfile andgenerates postscripffile of the raw
datacorrespondingo a givenkeyword. It may be usedfor testsrun on multiple processorsin
which caseit generateseveral graphseachdisplayingthe timing of a separaterocess.The
syntaxis asfollows:

rawdata file.out testnane fil esize bl ocksize key

file.out: Thenameof thetimingsoutputfile obtainedrom runningoneor severaltestsfrom
thesuite. Thisis usuallyplacedin thet i m ngs directoryandis oftencalledal | . out .

t est nane: Theparticulartestto beanalysedThiswill usuallybeoneofthel ow evel class
testslistedearliet
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fil esize: Thefilesizeparametendentifying the particulartestrun to be analysed Givenin
megabytesexactly in the sameform asin thei ot par ans. i n inputfile.

bl ocksi ze: Theblocksizeparameteridentifyingthe particulartestrunto beanalysedGiven
in megabytesasin theinputfiles.

key: The keyword specifyingwhich measuremenis to be analysed. For the blocking tests
andfor si nuni x thiswill bewor r for writing or reading. For the asynchronougests,
otherpossibilitiesare available: t, wtl, rtl, wi, rl.In fact, ary of the output
keywordscorrespondingo aloopin thetestmaybeused.

Thepostscripfilesareplacedin thefile t est nane. ps wheret est nane is theparameter
suppliedto thetool. In the caseof testsrun on multiple processorthe postscripfile will contain
severalpagesAll pagesarelabeled.

An examplewhichwould beappropriatdor generatinghegraphshawn in thefigureis:

rawdata | ow evel . out single 26.2144 0.131072 w

al | rawdat a

Sometimeswhen a run contains several tests with different parameters,it is cornve-
nient to analyseall resultswith the samekey together This may be done with the tool
al | rawdat a. The syntaxis similar to that of r awdat a, but the identifying parameters
filesize andbl ocksi ze arenot necessary This tool is thereforeuseful even for ker-
neltestssuchasnonseq. al | r awdat a generatesemporaryfiles calledt est nane. t np1,
t est nanme. t np2 etcwhich canbe usedasthe basisof furtheranalysis. For example,these
temporaryfiles canbe usedwhenpartialaveragesareneeded.

7.1.2 Toolsfor data distributions

di stribution

A plot of thedistribution of thetimings canbe generatedisingthistool. Thismaybe corve-
nientwhentherawdataplot containsmorenoisethantheoneshavn in figure 2. An exampleis
shawvn in 3 for the samesetof data.\WWhenmorenoiseis presenthe peakswould be broadened,
but the overall picturewould remain.

Theplotsgeneratedby this tool mayexposesomestructurewhich couldprovide cluesabout
how thel/O is performed.If noiseis presenthey may alsobe usefulfor estimatingthe errors
presentn averages.

di stribution

Thefrequeng distribution of adatasetmaybeplottedusingthistool. Becauseve maywant
to look atthedistribution within somerestrictedrangeof theloop parameterasinputwe usethe
temporaryfiles generatedby al | r awdat a. Thistool is asimpleawk scriptandthe syntaxis:

distribution -v B=# file.tnp

Thesizeof thebinsis specifiedusingthe B= formatasshawn in theline abore. Thevalueis
givenin seconds.

Thetool maybe usedasa pipe while workingwithin gnupl ot . For examplethefollowing
commandvasusedto generatdigure 3.

gnuplot> plot "< distribution -v B=0.02 single.tnmp5 wth
boxes
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Figure4: Averaged write rates for the si ngl e test on a Fujitsu VX-4. See text for a
discussion of the significance of the error bars.

For dataconsistingof severalcolumnsreferringto measurementsn differentprocessorshe
tool requiresminor modificationor the. t np files shouldbeedited.

7.1.3 Toolsfor performance curves

Performanceurvesof thekind discussedby ChenandPattersor{3] shav how thel/O ratevaries
with filesizeandblocksize.Eachpointon the curve is anaverageof theraw measurementsnd
it is apparentrom figure 2 thatthis averagewill dependonhow it is taken.

Provided the datais reasonablycleanand doesnot drift over long periods,onemay legiti-
matelycalculateanaveragedsustaine@symptotiaateafterremoving ary initial periodthatcor-
respondso transientstartupeffects. This bandwidthshouldbe independenof furtherincreases
in thefile sizeandis thusa usefulreferencdigure. As emphasiseeéarlier, it doesnot necessar
ily correspondo ary typical measurementAny averagesover smallerfiles, andary averages
thatincludetheinitial periodshouldbe comparedvith thisreferencébandwidth.Thetraditional
averageobtainedby placingtiming calls outsidethe I/O loop canberecoreredby summingthe
individual block timesandcreatingan averageusingthetotal amountof datawritten or read.
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An exampleof performanceurvesof rateagainsblocksizeareshavn in figure4. Thecurve
shavs anaveragetakenonly in the sustainedegion. Becauseof the peakedistribution shavn
in figure 3, Gaussiarerror barsdo not capturethe possiblerangeof measurementThe errors
shawvn in figure 4 are basedon the differencebetweenthe averageandthe minimum timings.
Theinterpretations thatthe rateis frequentlyat the top of the error bar, but occasionallyit is
muchlower thanthe bottomerrorbar.

Curwvesof this type form the basisfor analysingfilesystemperformance.For example,the
dropin performancdor blocksizesbelow the kneeat 32kB in figure 4 shouldbe understood.
Thechangesn themultiple versionof the curvesasvariousfilesystenparametergsuchasthose
relatingto striping)arevariedwill helpto identify the bestway to usetheseoptimisations.

al | av

As first stepin constructingaverageswe provide the analysistool al | av. This calculates
a simpleaverageover the completedatarange,which may be convenienton first investigating
data.

allav file.out testnane key

The parameterdave the samemeaningas for the r awdat a tool. The averagesalong
with maxima, minima, standarddeviation and other measurementsre placedin the file
t est nane. avs.

As with ther awdat a tool, theal | av tool maybeusedfor ary lowlevel testandalsowith
kerneltests.Careshouldbeexercisedn whatquantitiesareaveraged.

The averagesare still only of the original timings andto evaluateratesfor a performance
curve, further calculationamustbe made. Theformatof the. avs filesis intendedto helpthis
laststage.

To take accountof the discussiorabore, more sophisticatedvork mustbe doneto select
the preciseregion in which averagesareto be taken,andto evaluateerrors. For example,av-
eragegmay be takenusingthe temporaryfiles generatedy al | r awdat a. Thesearenamed
t est nane. t npl,t est nane. t np2 etc They maybetruncatedappropriatelyandthe aver-
agesperformedusingsomeothertool.

7.2 Analysisof Kernel Tests

Thetoolsal | r awdat a andal | av thatwe have alreadydiscussedanaystill be usedfor some
of thekerneltests.However, someadditionalspecialisedoolsarerequiredin certaincases.

7.2.1 matrix tests

All thematrix basedestsmat r i x2D, mat ri x3D, gat her scat 2Dandt r anspose gener
atesimilar kinds of information. Insteadof the centralloopsof the lowlevel tests,single mea-
surementaretaken,but thereis a repeatparameterBecausenot asmuchdatais generateds
for the lowlevel tests,at theinitial stageof looking attheraw data,thereis lessneedfor atool.
The outputfile canbeinspectedlirectly or gr ep canbeused.At the level of takingaverages,
becausef thedifferentoutputpatternthekal | av tool replacesal | av.

As anexamplethemat r i x2Dtestproduces singletiming measuremerntn eachprocessor
for eachproblemsizeand matrix distribution. The low-level classof testsmay alreadyhave
isolatedstartupeffects which will be incorporatedn thesemeasurementsThe initial visual
checkcanbe usedto seehow well the measurementsn differentprocessorsgree. It is also
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Figure5: Distribution of read times (sec) for the nonseq test.

possibleto getaroughideaof how thedistribution patternaffectsperformancefFor moreprecise
information, we follow the approachrecommendeadh the lowlevel classandusekal | av to
generatea performancecurvesfor differentsize matrices. Thesecurves shouldbe compared
with the low-level performancecurvesto seehow well the filesystemcopeswith the matrix
I/O pattern. Thena seriesof suchcurvesshouldbe generatedor differentoptimisations.The
individual optimisationparametersvill have effectsthatarehighly correlated.For examplethe
valuesof collective buffer size,chunksizeandstripingsizeshouldberelated.

kal | av

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

kallav file.out testnane key

Theseparameterbiave the samesignificanceasfor earliertools. Thekey maybechoserto
be ary oneof the keywordsassociateavith the matrix tests. It is not restrictedto wr i t e, for
examplethe averagesynchronisatioime canbecalculatedusingsync _t i me askey.

The averagef the timings areplacedin thet est nane. avs file with similar formatto
thatgeneratedby theal | av tool.

7.2.2 nonseq test

The purposeof this testis to provide a someperformancedatafor non-sequentiallO. At the
mostbasiclevel a direct comparisorof averagedrateswith similar quantitiescalculatedfrom
sequentiatlata(from oneof the lowlevel tests)is sufficient. After first inspectingthe datawith
theal | r awdat a tool to ensurethat averageswill makesensethe computatiormay be done
usingtheal | av tool alreadydiscussed.Theseaveragesshouldof coursebe comparedat the
samebl ocksi ze. Typically non-sequentiakadsareconsiderablgloverthansequentiabnes.

At amoresophisticatedevel it is instructive to seehow thel/O timesaredistributed,andto
compardhedistributionwith the sequentialersion.For example thedistribution of readtimes
onthe FujitsuVVX-4 hasthe characteristishapeshovn in figure5.

No specialool is requiredto makefiguresof thiskind, thedi st ri but i on tool, actingon
thetemporaryfile producedy al | r awdat a is sufficient. Whenusingmultiple processorghe
temporaryfiles needslightly moremanipulatiorbeforeprocessingvith di st ri but i on.
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Figure6: Averaged rates for various blocksizes. shar edf p test.

7.2.3 shar edf p test

In this test, randomquantitiesof dataare written usingthe sharedfile pointer of MPI. None
of the tools we have discussedso far are usefulin this casebecauseahey canonly consider
measurementwith one keyword. Hereboth the amountof dataactuallywritten (keyword b)
andthetime takento actuallywrite it (keywordw) areneededor ary sensibleanalysis.

Two tools,awkal | sf p andawkdi st sf p areprovided. Thefirst tool producesatempo-
rary file containingthe b andw informationin a format corvenientfor subsequenprocessing
with awkdi st sf p. An exampleof aplot generatedh this wayis shavn in figure 6.

The figure 6 shavs the binnedaveragedrate for blocksizesup to 128kB. The information
is similar to that containedin the performancecurves, but over a smallerrangeof blocksizes
(betweenbl ockm n andbl ockmax). It refersto ratesobtainedwith the sharedfilepointer
routinesandshouldbe comparedwith performanceurvesbasedon the low-level tests. These
plots canexposeinterestingeffectssuchasthe dip at 64kB in thefigure. The effect of optimisa-
tionsmaybe deducerom acomparisorof curves.

awkal I sfp file

This tool merely selectsthe datawith the b and w keywords and reformatsit in files
shar edf p. t npl et c. Thereformattednformationis presentedvith two columnsper pro-
cessorgiving theblocksizeandwrite time respectrely.

awkal I sfp file.out
Not est nane orkey is neededn thiscase.
The. t np files mayneededitingbeforebeingpassedo the next stageof processing.
awkdi st sfp

Thetoolawkdi st sf p evaluatesndividualratesfor eachwrite operatiorfrom thereformat-
teddata.Thesearethenplacedin binsto createa distribution of rates.Notethatthisis different
from calculatingaverageratesfrom thetotal timesandvolumesin eachbin.

Theawkdi st sf p tool hasthesamesyntaxasthegeneraldi st ri but i on tool discussed
earlier

awkdi stsfp -v B=# file.tnp
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Thesizeof thebinsis specifiedasshowvn in theline above, andis givenin bytes.

To usethis tool asa filter while working within gnupl ot one may usethe command(for
example):

gnupl ot> plot ’< awkdi stsfp -v B=2024 sharedfp.tnpl’

Thesameoolscanbeusedfor multiple processordyutin thecaseof theawkdi st sf p tool,
thisfirst requiressomeminor modifications.
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A Reserved Keywords, MPI Hints

Hints allow a userto provide informationregardingdfile accesgatternsandfile systemspecifics
to directoptimization. Providing hints may enablean implementatiorto deliver increased/O
performancer minimizetheuseof systenresourcesHowever, hintsdo not changehe seman-
tics of ary of theinterfacesln otherwords,animplementations freeto ignoreall hints.

Somepotentiallyusefulhints (info key values)areoutlinedbelon. Thesearetakendirectly
from the l/O chapterof the MPI-2 standard.The following key valuesareresenedfor all info
arguments An implementations notrequiredo interpretthesekey valuesputif it doesinterpret
thekey value,it mustprovide thefunctionalitydescribed.

Thesehintsaremainly concerneavith layoutof dataon parallell/O devices,andwith access
patterns. For eachhint nameintroduced,we describethe purposeof the hint, and the type
of the hint value. Somehints musttake the samevalue on all participatingprocessesthis is
automaticallyhandledn the contesiof thetestsuite.

access styl e (list of commaseparatedtrings)This hint specifiethe mannerin which the
file will be accessedintil the file is closed. The hint valueis a commaseparatedist
of the following: r ead_ once, wite.once, readnostly, wite.nnostly,
sequential, reverse_sequenti al ,andrandom

col | ective_buffering (boolean)This hint specifiesvhetherthe applicationwill benefit
from collective buffering (an optimizationperformedon collective accessesvhich coa-
lescessmall requestdanto large disk accesses)Legal valuesfor this key aret r ue and
f al se. Collective bufferingparameterarefurtherdirectedvia additionalhints.

cb_bl ock_si ze (integer) This hint specifiesthe block sizeusedfor collectve buffering file
accessTamgetnodesaccesslatain chunksof thissize. Thechunksaredistributedto target
nodesn around-robin(CYCLIC) pattern.

cb_buf f er _si ze (integer) Thishint specifieghetotal buffer spaceusedfor collective buffer-
ing on eachtargetnode;usuallyamultiple of cb bl ock_si ze.

cb_nodes (integer)Thishint specifieshenumberof targetnodesusedfor collective buffering.

chunked (commaseparatedist of integers)This hint specifieghatthefile consistof a multi-
dimensionahrraythatis oftenaccessetly subarraysThe valuefor this hint is acomma
separatedist of array dimensions startingfrom the most significantone (for an array
storedin row-majororder asin C, the mostsignificantdimensionis the first one;for an
arraystoredin column-majoilorder, asin Fortran,themostsignificantdimensions thelast
one,andarraydimensionshouldbereversed).
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chunked_i t em (commaseparatedist of integers): This hint specifieghe sizeof eacharray
entry, in bytes.

chunked_si ze (commaseparatedist of integers): This hint specifieshe dimensionf the
subarrays. This is a commaseparatedist of array dimensions startingfrom the most
significantone.

fil ename (string) This hint specifiesthe file nameusedwhenthe file wasopened. If the
implementations capableof returningthe file nameof an openfile, it will be returned
usingthiskey by MPI fi | e_get _i nf 0. Thiskey isignoredwhenpassedo VPl open,
MPI fileset _viewandMPl fil e_set_info.

f il e_per m (string) This hint specifieghefile permissiongo usefor file creation.This hintis
only usefulwhenpassedo MPI _open whenamodeincludesMPl cr eat e. Thevalue
with thiskey is implementatiordependent.

i o_.node | i st (list of commaseparatedtrings)This hint specifieghelist of I/O devicesthat
shouldbe usedto storeafile.

nb_proc (integer) This hint specifiesthe numberof parallel processeshat will typically be
assignedo run programshataccesghis file. This hint is mostrelevantwhenthefile is
created.

numi o_nodes (integer) This hint specifieshe numberof 1/0O devicesin the system.Usedto
specifytheidealnumberof I/O devicesfor this application.

stri pi ng_factor (integer)Thishintspecifieshenumberof I/O devicesthatthefile should
bestripedacrossandis relevantonly whenthefile is created.

striping.unit (integer) This hint specifiesthe suggestedtriping unit to be usedfor this
file. Thestripingunit is the amountof consecutie datatakenfrom onel/O device before
progressingo the next device, whenstripingacrossa numberof devices;it is expressedn
bytes.This hintis relevantonly whenthefile is created.

At a practicallevel, we do not anticipatethat all of thesekeywordswill have an effect in
thefirst generation®f MPI implementationsOtherkeywordsthat controlimportantoptimisa-
tionsarelikely to beimplementedlin thetext we have indicatedwhich optimisationsshouldbe
employedn agiventest.

Thekeywordf i | ename mustappeain thei ot par ans. i n file andits valueis discussed
atlengthin theervironmentidiom.

B NQSScript Example

An exampleNQSjob scriptis shavn belaw. It containssomelinesthatare specificto the MPI-
I/O implementatioronthe VX-4. Theseshouldberegardedasillustratingtheformatandcanbe
alteredwherenecessary
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#1/usr/ bi n/ sh

## @-q normal # default queue

# @-9 bench # bench queue

## @-nb -ne # send nail at start and end
# @-1M150MB # nenory for NQS job

## @-P npiio # MPI-10O charging project

# @-1T 50 # maxi numtime per process

# @

VPP_MBX_SI ZE=8192000; export VPP_MBXSI ZE

cd $I OT_HOWE/ dat a

/ home/ ol i ver/pal | as. new/ | i b/ uxpv/ npl i b2/ npi exec -n 2 $I OT_HOVE/ bin/i ot _| ow evel i

C Input File Example

An exampleof aninput file which performstwo tests,oneafterthe other is givenbelown. This
templatealsoappearsn thei ot est/ t i m ngs directoryof thedistribution. All linesstarting
with a# arecomments.

DR T L L TS R R T e

# Tenplate for input file

# 10l MPI 10 Test Suite Release 1.0 (11/8/97)
# Copyright Fujitsu Ltd. 1997

HHER AR R R R R R R R

%

#

# Timngsfil enanme only appears once in an input file.

#

tim ngsfil enane /home/ dj |/ SUITE/ i otest/tim ngs/| ow evel . out
#

# O assnane and testnane must cone at the beginning of each test section.|l
#

cl assnane | ow evel

t est name single

fil ename | ow evel t est . dat

#

# Options valid for this test

#

# Nunber of filesize/blocksize pairs to read fromli st
nunT uns 2

# List of filesizes (in MB = 1000000 bytes)
filesize 0.01 0.1 1 10 100

# List of blocksizes (in MB = 1000000 bytes)
bl ocksi ze 0. 005 0. 05

#

HHHHHIH R HHH T R R R

# Cl assnane and testnane for the second set of tests
#

cl assnane | o evel
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t est name mul tiple

#

fil ename | ow evel t est . dat
preal | ocate t

#

# Options valid for this test

#

col l ective
striping_factor
striping_unit
nunT uns
filesize

bl ocksi ze

#

31072

cor kLN~
P oo

D Output File Example

An exampleof anoutputfile whichcorrespondso theresultsfrom thetestsspecifiedn theinput
file above. Thisis run ontwo processors.
Diagnosticdnformationis alsooutputfrom thetestin thest dout stream.

## Ti me stanp ###H#HHAHHAHHHHHHHHBHHHHHHBHH AR H AR H AR
ti mestanp 19980122 180638. 040 +0000

## Ceneral run informati on ###H###HHHHHIHAHHHBHHBHHHHHHBHHBHHHBHHBHHHTH

nodenane vx4_pe001.
npi _wtick 0. 16249833E- 05

## Test input argunents ##H##HHARHHBHHBHIBHHHBHHBHHBHHHBHHBHHHBHHBHHHTH

nprocs 1
cl assnane | ow evel

t est name single

filenane | ow evel test.t st
filesize 0.01 0.1 1 10 100

bl ocksi ze 0. 005 0.05

nunr uns 2

## Test output informati on ###HA#HH#HHHHBHHHBHHBHHHHHHBHHBHHHBHHBHHHEH

filesize 10000
bl ocksi ze 5000
niter 2
fopen_time 0. 11510979E+01
pall oc_tine 0. 22923125E- 02
fview tine 0. 56950003E- 03
pre_tine 0. 11555678E+01
sync_time 0. 13776750E- 01
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fclose tine 0. 30158437E- 01
suntheck 0. 00000000E+00
suntheck 0. 00000000E+00
w 0. 31544375E- 02
w 0. 29346875E- 02
r 0. 26913750E- 02
r 0. 27487500E- 02
post _tinme 0. 30201625E- 01
total tine 0.12133739E+01

## Test output informati on ###HA#HHHHHHHHBHHHBHHBHHHBHHBHHBHHHBHHBHHHEH

filesize 100000

bl ocksi ze 50000
niter 2
fopen_time 0. 53478662E+00

pall oc_tine 0. 22298750E- 02
fview tine 0. 31793752E- 03
pre_tine 0.93187075E+00
sync_tine 0.17416125E- 01
fclose tine 0. 29096875E- 01
suntheck 0. 00000000E+00
suntheck 0. 00000000E+00

w 0. 55810625E- 02

w 0. 65319375E- 02

r 0. 37397500E- 02

r 0. 40741250E- 02

post _tinme 0. 29158875E- 01
total tine 0. 10006086E+01

## Time st anp #HHHABHHHABHHHHHHHHHHHHH T HH T
tinestanp 19980122 180640. 290 +0000

## Ti me stanp ###H##HHAHHAHHHHHBHHBHHHHHHBHH AR H AR H AR
ti mestanp 19980122 180640. 370 +0000

## Ceneral run informati on ###H#A#HHHHHIHBHHHBHHBHHHBHHBHHBHHHBHHBHHHEH

nodenane vx4_pe001. vx4_pe003.
npi _wtick 0. 16249833E- 05

## Test input argunents ##H##HHARHHBHHBHIBHHHBHHBHHHBHHBHHBHHHBHH AR HTH

npr ocs 2
cl assnane | oW evel

t est name mul tiple

filename | ow evel test. tst
striping_factor 2

striping_unit 131072

collective t

filesize 0.5
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bl ocksi ze
preal | ocate
nunT uns

## Test out put

filesize

bl ocksi ze
niter
fopen_time
pall oc_tine
fviewtine
pre_tinme
sync_time
fclose tine
suntheck
suntheck

w

w

r

r

post _tinme
total tine

ti mestanp

ecNeoNeoNelNololololololololo)

500000
100000
2

. 14868291E+01
. 61417500E- 02
. 58437500E- 03
. 22692001E+01
. 35472000E- 01
. 44092937E- 01
. 00000000E+00
. 00000000E+00
. 12539438E- 01
. 23637250E- 01
. 10360562E- 01
. 89921250E- 02
.44171250E- 01
0.
## Ti me stanp ##H#HA#HHAHHAHHHHHHHHBHHHHHHBHH AR H AR H AR
19980122 180642. 810 +0000

24109413E+01
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ecNeoNeoNelololololololololo)

0

i Nnfor mat i on ###HAHHHBHHHAHHHBHHHHHHBHHBHHBHHHBHH AR H T

500000
100000
2

. 14868437E+01
. 61361875E- 02
. 55256253E- 03
. 22715652E+01
. 31329375E-01
. 38785250E- 01
. 00000000E+00
. 00000000E+00
. 25290688E- 01
. 15018500E- 01
.17218875E- 01
. 74486875E- 02
. 38860812E- 01

24130340E+01
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