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GYRO

•isanEuleriangyrokinetic-Maxwell(GKM)solverdevelopedbyJeff

CandyandRonWaltzatGeneralAtomics

•computestheturbulentradialtransportofparticlesandenergyin

tokamakplasmas

•usesa5-Dgridandadvancesthesystemintimeusingasecond-order,

implicit-explicitRunga-Kuttaintegrator

•istheonlyGKMcodeworldwidethathasbothglobaland

electromagneticoperationalcapabilities

•ispartiallyfundedbytheDOESciDACPlasmaMicroturbulenceProject

•hasbeenportedtoawidevarietyofmachinesincludingcommodity

clusters
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GYROontheX1-history

•Port(mid’03)requirednosource-codechanges

•FunctionaltestsdididentifyafewbugsinGYRO

•FirstsetofX1-relatedoptimizationsacceptedbackintoGYROreleasein

late’03

–14routinesmodified(<10%)

–Mostlydirectivesadded

–Pushed1loopdownintosubroutinecall

–Fewinstancesofrankpromotion/demotion

–Afewoptimizationsrejected
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Platforms

CrayX1atORNL

•256MultistreamingProces-

sors

•1024GBtotalmemoory

•3.2GF/speakperformance
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Otherplatforms

•AMDclusteratPPPL(Princeton):482-wayAthlonMP2000+

(1.667GHz)withgigEinterconnect

•IBMp690clusteratORNL:2732-wayp690SMPnodes(1.3GHz

Power4)andtheFederationSwitch
a

•IBMNighthawkIIclusteratNERSC:41616-waySMPnodes(375

MHzPower3)andSP2Switch

•SGIAltixatORNL:256-waysingle-systemimagewithaNUMAflex

fat-treeinterconnect

a
Stripingdoesnotworkproperlyforadapterswith2links.Sothecurrentsettingsare

touseonly1communicationpathsforthenetworkprotocol,i.e.nostriping.
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GYROperformance

Threerealproblems,problemsizefixedineachcase(strongscaling)

•GTC.n64.500a

–64-toroidal-modeadiabatic,64x400x8x8x20x1grid

–extremelyhighresolution

–electronphysicsignoredallowinglargetimestep

•WaltzStandardCaseBenchmark(WSCk)

–16-toroidal-modeelectrostatic,16x140x8x8x20x2grid

–domainisrelativelysmall

–electromagneticsoff,electroncollisionson

•ExploratoryPlasmaEdge

–prototypesimulation,newfortheparameterregimeitaddresses

–28modes
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Caveat

Notethatbecauseof

•Sporadicbenchmarkingonevolvingsystemsoftwareandhardware

configurations

•ContinuedevolutionofOSandcompilersandlibraries

•EvolutionofGYRO

performanceresultsaretransientandperformancecharacteristicsareslightly

changingovertime.
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GYROperformance-GTC.n64.500

Comparing

overallperformance

•X1isfaster

–about4×fasterthan

Altix

–about7×fasterthan

IBMPower4

0

5

10

15

20

25

30

35

6080100120140160180200

S
econds per tim

estep

Processors

GTC 64-mode benchmark

Power4
Altix

X1

10QTYUIOP



GYRO:AnalyzingnewphysicsinrecordtimeM.Fahey

GYROperformance-GTC.n64.500(cont.)

Comparing

communicationtime

•IBMandSGIperfor-

manceislimitedbycom-

municationoverhead

•X1communicationratio

isatleast5×better
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GYROperformance-Waltzstandardcase

•X1(only)2×asfast

•Why?
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GYROperformance-Waltzstandardcase(cont.)

•X1providesmuchmore

bandwidth

•Again,why?
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GYROperformance-Waltzstandardcase(cont.)

timingsforthecollisionstep

•X1isseveraltimesslower

thantheotherarchitec-

tures

•Q:whyistheX1slower?

A:thecollisionroutine

hasasignificantamount

ofscalaroperations

•Ifcollisionsignored,then

X1isatleast5×faster
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GYROperformance-ExploratoryPlasmaEdge
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GYROperformance-ExploratoryPlasmaEdge(cont.)

Machineprocessorstime(s)/stepMPI-time(s)/step

IBMPower38960.6024500.103694

cluster13440.5445810.081436

17920.4051870.067532

22400.4314810.073186

26880.4229130.066386

CrayX1504MSP0.0726150.005889

Usingtheinverseofcolumntwo:

•TheX1cando13.8stepspersecond(maybemorewithmoreMSPs)

•TheIBMPower3candoatbest2.5stepspersecond
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GYROaccomplishmentsontheX1

•ComparisonwithDIII-DL-modeρ∗experiments:

Anexhaustiveseriesofglobal,full-physicsGYROsimulationsofDIII-D

L-modeρ∗-similaritydischargeswasmade

–calculationsmatchedexperimentalresultsforelectronandionenergy

transport[1]withinexperimentalerrorbounds

–Bohm-scaleddiffusivityoftheexperimentswasalsoreproduced

–themostphysicallycomprehensivetokamakturbulencesimulationsever

undertaken

•Evaluationofminimum-qtheoryoftransportbarrier

formation:

–shownthataminimum-qsurface(wheres=0)inatokamakplasmadoes

notactasthecatalystforiontransportbarrierformation[3]

–itwasclearlyshownthattransportissmoothacrossans=0surfacedue

totheappearanceofgapmodes
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•ResolvingthelocallimitofglobalGKsimulations:

–anexistingtransportscalingstudy[5]overestimatedtheCyclonebasecase

[4]benchmarkvalue

–contradictsthelocalhypothesiswhichstatesthatglobalandflux-tube

simulationsshouldagreeatsufficientlysmallρ∗

–GYROfoundaniondiffusivityχithatcloselyagreeswiththeCyclone

valueatsmallρ∗[2]

–GYROfurthershowedfortheselarge-system-sizesimulations,thereisa

verylongtransientperiodforwhichχiexceedsthestatisticalaverage

•Particleandimpuritytransport:

–firstsystematicgyrokineticstudyofparticletransport,includingimpurity

transportandisotopeeffects

–foundthatinaburningD-Tplasma,thetritiumisbetterconfinedthan

deuterium,withtheimplicationthattheD-Tfuelwillseparateastritium

isretained

–foundtobeindependentoftemperaturegradientandelectroncollision

frequency
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GYROrecentissues

InDec’03,resultswerefoundtoagreetoonly9decimaldigitscomparedto

theIBMandAMDclusters

•justafterthesetupphase;whichmachinewas(more)right?

Primarycontributorwasfoundtobecatastrophiccancellationintworoutines

•f=
√

(1−x)wherex≈1

•implementedexceptionalcases;ifx≈1thenf=0

•improvedagreementbetweenallarchitectures

•accuracylosswasroughlyequivalenttoaddingastochasticsourceterm

withamplitude1e-9

•Canbeshowntomakelittledifferencein“time-averaged”turbulent

diffusivity

•thuspreviousresultswerevalid,andnowGYROmorerobust
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GYROrecentissues(cont.)

Optimizethecollisionstep

•inlinedLAPACKtridiagonalsolveandeliminatedpivoting

•vectorizedacrosstridiagonalsolves

–ignoringmatrixsetupandassumingeachsolveofthesameorder,

thena20xspeedupcouldbeattained

–BUTmatrixordernotuniformandmatrixsetupnotnegligible

–finalresult:40%speedup

•matrixsetupincollisionroutinenowthelargestcost

•havetorewriteroutinetovectorizebetter

–recentattemptslookpromising

–atest(lastweek)showed5xspeeduponX1andslightlyfasteron

Power3
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GYROfuturework

1.Continueoptimizationstocollisionstep

2.Fullyparallelizefieldsolves,ratherthanreplicatework

3.Improvethenonlinearstepbyevaluatingthetransformationofthe

toroidalangleinrealspace,willinvolveFFTs

4.Possiblyreplacesparsesolver
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Conclusions

•X1hasprovidedaplatformwherenewphysicsscenarioshavebeen

quicklydesignedandanalyzedjustinthelastyear

•theperformanceofGYROonnonvectormachinesisconstrainedby

communicationbandwidth,nottrueonX1

•Forcollisionlessscenarios,theX1providesperformancemanytimes

fasterthanothermodernmachines,upto20×ontheexploratoryedge

simulation

•CollisionsperformpoorlyontheX1,andarebeingevaluatedastohowit

canbeoptimizedfortheX1withoutnegativelyaffectingotherplatforms
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