Handout - 2nd International HPF+ Workshop, HPCN Conference, Amsterdam, April 23 rd , 1998

An evaluation of HPF+ with cras h simulation ker nels:

Intermediate Res ults

G. Lonsdale § , F. Zimmer ma nn § , J. Clinckema illie # , S. Meliciani #

§ C & C Research Laboratories

NEC EuropeLt d.

Rathausallee10, D-53757 St. Augustin

Ger ma ny

{lonsdale, falk, pet it e t}

@ccrl-nece.t echnopark.gmd.de

# Engineer ing Syst ems Int ernational SA

20, rueSaarinen, Silic 270

Rungis Cedex

France

{jc, sm} @ esi.fr

1 Over view

This paper reports on theuseof HPF language ext ensions for theirregular computational and communications requirements arising in thealgorithms found in crashworthiness simulation codes.

TheHPF language ext ensions, for ming theHPF+ languagedefinit ion, havebeen designed to deal wit h therequirements of complex, scientific applications which involveirregular constructs (frommeshes to data structures and access patterns). TheHPF+ languagedevelopment is thecentral result of the

HPF+ project (funded by theEuropean Commission’s ESPRIT Programmein thearea of Long Ter m

Research); for further infor mation see[1].

A discussion of la ngua gerequirements and implementation aspects of theHPF+ PAM-CRASH kernels will beproceeded by a brief introduction to thealgorit hms used within PAM-CRASH. The results includecomparisons of ker nel perfor mances achieved wit h HPF / HPF+ compilers, thelatter with t heVienna Fortran Compiler (VFC), toget her wit h hand-coded MPI implementations. Theresults present ed her ecorrespond to thepenultimat eset of kernel codes and corresponding perfor ma nce evaluation. Thewor kshop presentation will providean updateto ther eport including an over view of thefinal crash kernels and theperforma nceobtained wit h thefinal HPF+ ext ensions.

2 PAM-CRASH Algorithms

A lea ding caseof simulation as an industrial design tool, and theint er-dependenceon lea ding-edge computing platfor ms, can beseen in theautomot iveindustry wit h crashworthiness and occupant safet y simulation - illustrated in this paper by thecommer cial soft warepackagePAM-CRASH � from

Engineer ing Syst ems Int ernational. PAM-CRASH is used for thenumer ica l simulation of thehighly non-linear, dyna mic phenomena arising in short-duration contact-impact problems. Thenon-linear explicit finit eelement met hod employed uses a Lagrangian for mulation of theequations of mot ion of thenodes of theunstructured mesh constructed by thereplacement of thephysical model by an int erconnect ed set of mecha nical elements. Modelling of themat erials involved in thephysical model

- sheet metals, metals, plastics, carbon-fibrecomposit es etc. - is doneon an element level. This locality of discr etisation enables all stress-strain calculations to beperfor med element -wise(giving a high degr eeof localit y in parallel implementations !) and facilitates theuseof a simplecentral differ encet ime-marching schemefor the, thus diagonalised, equations of motion. For most industrial models, themajorit y of elements employed in themeshed object are4 nodet hin shell (reduced int egration) elements wit h elastic or elasto-plastic mat erial properties. However, theseare supplement ed by a wholerangeof, in part highly specialised, mecha nical elements: solids, bea ms, bars, spotwelds, springs, joints et c.

Handout - 2nd International HPF+ Workshop, HPCN Conference, Amsterdam, April 23 rd , 1998

Thet wo basic computational components are: thetime-int egration at nodal points, ^forcecalculations~ on theelements defined by thosenodal points. Thetime-int egration calculat es theaccelerations, velocities and finally new co-ordinates of themesh based on t he exist ing forces at thenodal points, created/ generated by themovement of thepoints at theprevious time-st ep. Themajor computational costs of thealgorit hmoccur in thecalculation of theforces at thenodal points. Theseforce calculations can bebroken down into (essent ially) stress-strain calculations and contact-impact calculations - thetwo having very differ ent levels of data localit y, when consider ing parallel implementations. (A simplification is taken her e, though t hebulk of thecomputation is cover ed. The reader is referred to theabove-ment ioned refer ences for a descript ion of special features, such as the handling of nodal constraint sets, rigid-body int eractions or airbag calculations.)

Thestress-strain calculations areperfor med over the elements. Thecalculation on each element requir es as input thelatest co -or dinates and velocit ies fromonly thosenodal points defining t he element. Onceca lculat ed, theforceon theelement is distributed as individual forces at thenoda l points. Thesecalculations producet helargest contribution to theoverall computational cost (bet ween

60% and 80%, depending on theparticular model).

In contrast to thestress-strain calculations, thecontact-impact algorit hms used within thecodehave, in ter ms of data access, a pseudo-global nature. Thesecontact algorit hms servet o det ect and correct penetration of structural components. This is achieved by first performing a proximit y and penetration search, followed by a penetration correct ion procedure. Wit hin thePAM-CRASH code, thelatter is currently a penalt y met hod, wher eby contact forces areintroduced at theimpacting nodeand at the nodal points of theimpact ed segment. An implementation (or practical usage) issuewhich affects parallelisation is that thecontact calculations areperformed only wit hin user-defined (and not necessarily disjunct) areas.

Therea der is referred to [1] & [2], and therefer ences ther ein, for further infor mation about theP AM-

CRASH codeand its parallelisation.

3 The HP F+ Crash Kernels & Results

Wit hin theHPF+ project, two levels of PAM-CR ASH-related benchmarks ha vebeen developed t o assist with both thedefinition of languager equir ements and theevaluation of t helanguagevia its implementation in theVFC compiler fromt heUniversit y of Vienna. Thegener ic crash kernels are designed so that they represent specific, important features within theP AM-CRASH codefromESI but in a much-simplified for m. Thecomputational sect ions of thesekernels areint ended to reflect the typeof computations being perfor med - through thesimplifications included, theca lculations are neit her optimised for perfor ma ncenor producephysically r ealistic results. Theaimin producing the generic ker nels was to assist thelanguageand compiler developers to a mor erapid understanding of thekey issues in thePAM-CRASH code, befor edea ling wit h thefull benchmark ker nels fromESI.

In thefollowing, wewill givean introduction to theHPF+ parallelisation by showing exa mples of parallel codefragments fromt hegeneric ker nels and perfor manceresults from both generic and full benchmar k kernels. Theresults illustratethecomparativeperfor manceof HPF+ and

HPF-1 parallel ker nels (mea ning kernels exploit ing t hefeatures of thet wo languagedefinitions) with respect to hand-coded message-passing (MPI) versions. Att ention will berestrict ed to thesimplest kernels, which exclude contact-impact algorithms.

Thedominant computational sect ion of theP AM-CRASH calculations, as discussed in Section 2, handles thestress-strain calculations in theelements. Wit hin thegener ic ker nels, this is emulated via calculation over 4-nodeelements as illustrated in t heHPF+ codefragment in Figure1.

Handout - 2nd International HPF+ Workshop, HPCN Conference, Amsterdam, April 23 rd , 1998

Page 3

!HPF+ INDEPENDENT, NEW(xn,force), ON HOME (ix(1,iel)), REUSE do iel = 1, numel2 xn(1:3,1:4) = x(1:3,ix(1:4, iel)) call

MFORCE (force,xn) aforce(:, :,iel) = force end do

!HPF+ INDEPENDENT, ON HOME (ix(1,iel)), REDUCTION(f), REUSE do iel = 1, numel2 f(:,ix(:, iel)) = f(:,ix(:,iel)) + aforce(:,:, iel) end do

Figur e1: Generic crash kernel codefragment for HPF+ handling of elemental forcecalculations.

This HPF+ parallelisation uses standard BLOCK distributions of thearrays used in thecomputation and focuses on theuseof the

INDEPENDENT directive, supplement ed by constructs to:

� specify thedistribution of thecomputation over theprocessors, ONHOME

; such that element -wise

forcecalculations areperfor med;

� indicatethat a reduct ion operation takes place, REDUCTION ;

� specify that thesubroutine execut ion neit her influences ot her do loop it erations nor introduces

communication (via a PUREST dir ectivewit hin theroutineMFORCE);

� indicateto thecompiler, that thecommunication pattern which it may generat eis invariant (i.e. it

will not changefor all executions of theparticular loop), REUSE .

For theinspector-executor compilation strategy employed in theVFC compiler, theresult of the

REUSE dir ect iveis that the(computationally expensive) inspect or-phaseneed only be execut ed once.

Wher eas thefor mer opt ions ma y befound (perhaps in a modified for m) in theHPF-2 developments,

thelatter belongs to the work-in-progress category.

Thecombination of indir ect addr essing and thereduction operation poses problems for the

commercial HPF compilers tested. However, an alternativeto thesecond loop in t heabovecode

fragment is present ed by useof theHPF library function SUM _ SCATTER

, giving t hereplacement code

shown in Figur e2. Theimplementation of thefull PAM-CRASH benchmar k kernel for thePortland

Group compiler also used such a replacement.

do ic = 1, 6

f = SUM_SCATTER(af orce(ic,:,:), f, ic, ix)

end do

Figur e2: Generic crash kernel codefragment employing t heHPF Library function, SUM_SCATTER.

Thebasic shell-element forcecalculation shown aboveis embedded wit hin a time-stepping loop

- which provides themecha nismby w hich REUSE can provideperfor mancegains - and is followed by

thenode-based acceleration-velocit y-displacement update. Thelatter should not contribut eto

communication over head (given that thesequant ities areall distribut ed in thesamewa y). The

modelling of t heseoperations in generic ker nel is illustrated in Figur e3.

Thecodesect ion in Figur e3 provides an exa mpleof possible drawbacks in moving fromF77 to F90:

whilecodeclarity is indeed gr eatly impr oved, certain F90 compilers areunableto generatecodewhich

is as efficient as theoriginal F77 version (as used, incidentally, in theMPI kernel). Oner eason for this

is that theF77 version implements theassignments to thesix components of thearray f in a single DO

loop which enables improved cache-usesinceit avoids singleloops with stride-6 access (which could

begenerated by an F90 compiler wit h thecodeas in Figur e3).

Handout - 2nd International HPF+ Workshop, HPCN Conference, Amsterdam, April 23 rd , 1998

f(1:3,:) = f(1:3,:) *mass(1)

f(4,:) = (f(4,:) + (mass(3)-mass(4))*v(5, :)*v(6,:))*mass(2)

f(5,:) = (f(5,:) + (mass(4)-mass(2))*v(4, :)*v(6,:))*mass(3)

f(6,:) = (f(6,:) + (mass(2)-mass(3))*v(4, :)*v(5,:))*mass(4)

v = v + dt1 *f

x = x + dt2 *v(1:3,:)

Figur e3: Generic crash kernel codefragment for thenoda l calculations.

Oneadditional sourceof significant overhea d seen wit h F90 compilers is thecopy-in / copy-out

problemat subroutineboundaries. SomeF90 compilers do not check for cont iguous memor y la yout of

actual arguments, copying inst ea d thosestructures to temporary contiguous memor y locations even

though this may beunnecessary. Thus, programs wit h ma ny subroutinecalls will show significa nt

perfor mancedegr edation.

Thescalabilit y of theHPF+ version of t hegener ic kernel, as realised by t heVFC compiler (release

0.92), in comparison with thehand-coded MPI codeis illustrated in Figur e4. Theplatformused was a

128 processor NEC Cenju-3, a distributed-memor y machineemploying VR 4400 (75 MHz) processors

and a multi-stageint erconnect net work. Themodel problem was a simplebox wit h mesh of size4 ´ 40

´ 160, wit h 1000 (time-st ep) it erations being perfor med. The REUSE featureis critical in allowing the

perfor mancet o approach that of theMPI code- wit hout this, thesimulation times arean order of

ma gnitudehigher. Nevertheless, theachievement of scaling similar to that exhibit ed by theMPI code

is at a cost of a largeoverhea d for thecaseof a singleprocessor - only part of which can beattributed

to a performa nceloss when moving fromF ortran 77 to Fortran 90.

1

10

100

1000

10000

1 10 100

No. Processors

Elapsed Time (secs)

HPF+

M PI

Figur e4: Generic crash kernel - HPF+ & MPI comparison on theNEC Cenju-3.

Theproblems faced by commercial compilers when dealing wit h such irregular codes are exemplified

by theperfor ma nceresults achieved wit h thefull PAM-CRASH benchmark codeon a Cray T3E (DEC

300 MHz processors) using theP ortland Group compiler (r eleaseR2.3). ^Inter nal speed-ups~ achieved

with both HPF and MPI kernels for a box-bea mmodel (wit h approximately 35000 elements) showed

Handout - 2nd International HPF+ Workshop, HPCN Conference, Amsterdam, April 23 rd , 1998

very similar scaling behaviour up to 64 processors (speed-ups around 40 in bot h cases). Wit h 128

processors, thegain wit h theHPF codewas either much reduced or negligible(depending on compiler

flags) wher eas theMPI kernel still exhibit ed a speed-up of over 80. However, theter m^int ernal

speed-up~ has been used her eto indicat eparallel speed-ups calculated with respect to thesingle

processor version of each individual code. This allows thescaling wit h processor number to bemost

clearly demonstrated. In fact, an investigation of elapsed times again r evea ls an enor mous overhea d

being generated for theHPF code: on oneprocessor theHPF codewas approximat ely 7 times slower

than thenativeF90 compiler (and thus also theMPI code).

4 Concluding Rem arks

Theadvances madewith theHPF+ langua ge ext ensions and t heir implementation in theVFC compiler

within theHPF+ project showed that a largepot ent ial for opt imization is still availablewit hin the

HPF-language. Theint eraction of bot h new languageconcepts and their efficient r ealisation wit hin

compiler and/ or run timesyst emcould lea d to compet itivealt ernatives in thefutur e.

Theresults present ed for crash kernels wit h contact-impact routines excluded already highlight

theover heads introduced by HPF compilation when executing on a singleprocessor. Only a fraction

of this over head can beapportioned to t heuseof Fortran 90 constructs and compilers. When including

thecontact-impact routines, with increased indir ect ion and thenecessit y for condit ional statements, the

singleprocessor overhea ds aregreatly incr eased. Nevertheless, even though thecurrent over head in

ter ms of elapsed times would not justify theuseof HPF in perfor mancecritica l applications toda y, the

achieved perfor mancewit h certain languageconstructs arevery promising. In particular, there-useof

communication schedules for INDEPENDENT loops showed extremely good speed-ups. Furthermor e,

results included in theworkshop presentation show that further gains, beyond thosepresent ed above,

can beachieved by enabling theuser to specify and control theupdating of run-time defined HALO

regions. On theother ha nd, theHALO concept assumes a detailed knowledgeof theunder lying data-

distribution policy of thecompiler in order to calculateall non-local data elements of each processor

by theprogrammer. Thus, a langua gefeatureliket his is only suit ed for advanced programmers.

Acknowledgements

This work has been partly supported by t heEuropean Commission via theESPRIT Programme within

theLong Ter mResearch Project HPF+. It is our pleasureto acknowledget hesupport and assistance

fromour research partners in theproject.

Refer ences

[1] HPF+ ESPRIT LTR Project No. 21033. Optimizing HPF for Advanced Applications. World-Wide

Web document: http:// www.par.univie.ac.at/hpf+

[2] J Clinckema illie, B Elsner, G Lonsdale, S Meliciani, S Vlachoutsis, F deBruyneand M Holzner,

Perfor manceissues of theparallel PAM-CRASH code, Int. J. Supercomputer Applications and

High Performance Computing , 11 ( 1), 3-11,1997

[3] ESI Group, Proceedings of thePAM ’97 Confer ence, Oct 16-17, Prague, available as CD-ROM

from ESI , 1997