oo
FUIITSU THE POSSIBILITIES ARE INFINITE

Parallelization of the Molecular

Orbital Program MOS-F

Akira Asato, Satoshi Onodera, Yos
Elena Akhmatskaya; Ross No

Azuma Matsuura, Atsuya Taka

November 2003

nie Inada,
Des,

hashi

Fujitsu Laboratories of Europe © 2003



Plan of talk

< Intreduction ter MOS-F
« Parallelizing MOS-E
« Choice, ol eIgensolver

¢ Performance evaluation on an IA32 cluster

# Conclusions



Introduction to MOS-F
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Main Features

Semiempiricall molecular orbitall methods INDOJS, ENDO/S, CNDO/S2, CNDO/S3 and CNDO/2
= Calculations of

= UV-visible spectrum
= Electron’ density and dipole; moment ini excited states

= Electron density: and dipele: moment difiference between the groundiand the excitedistate
= Freguency-dependent polarizability’ (a), first hyperpolarizability: ([3) and second
hyperpolarizability ()

s Coordinate input from Gaussian: Z-matrix or MOPAC internal coordinates
s WinMOPAC 10 interface



Introduction te MOS-E: Computational limitations

<> Large memory requirements: ~ 72
Required Memory Space (r2.is mumber: ofi basis; functions)

# (Calculations restricted to relatively: smalll molecules
(currently’ 7= 5,000)

space[MB]

/7 must be tens off thousands te) develop
new materials or' pharmaceutical products
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W0 major components off the computational

time, for typical MOS-F calculations: Computational profile of crambin, 7=1,622
= Determination of all’'eigenvalues and

EigenVECtors off al ieal symmetric matrix
£ Matrix multiplication

Matrix multiplication: 62.4% | Eigensolver: 37.1%.

Computationall profile of pely-azemethyne, m7—807

e} A OS=F ezl/et]jzlEjaf)s SFFeE i)/ Eigensolver: 85.8% -
OpPUITIIZEN EIGErISOIVE): Iia ITa X
muLplIcatierENeUHIIES are requiread.
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Required Memory (7215 number off basis functions)

# (Calculations restricted to relatively: smalll molecules
(currently’ 7= 5,000)
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Data distribution is needed

Number of basis functions

W0 major components off the computational
time! for typical MOS-F calculations: Computational profile ofi crambin, /7=1,622

< Determination of all eigenvalues and Matrix multiplication: 62.4% | Eigensolver: 37.1%.
EigenVecCtors off al ieal symmetric matrix

£ Matrix multiplication

Computationall profile of pely-azemethyne, m7—807
VIONPEITOITIINVIOSE=CAlCUIAUBIIS ClilcIeiiy: Eigensolver: 85.8% -
OplTIZEen elgersoIVer: aiio JialiX
1 HpPIlICANeI T OUHIES are reqguliéd.




Parallelization appreaches
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Iwo different approeaches to) parallelizing MOS-F:

rltraeltice gziczlflEiSer) iflraticifl 2l S8t af [aczl]jZEc]
cocle erjzlflgs, Wil Sezll APACK jgigrisalyers ziflc)
LLELEEES frltifcalieziciar) a2l Lisae) (LE=IUCS=E)

- simple implementation
- high! single-precessor: perfermance
- but, substantial memory: reguirements

COyarzllf clziizi c/isiciaiciof) slgdrazicr) (RE=1YCS=F)

& MEemery usade!is reduced significantly Required Memory for Crambin
& pothi computational Work andl memory. (n=1622) with DD-MOS-F
scale with number off processors
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Choice of eigensolver: LAPACK

Eigensolvers used in the testing procedure

INEIgE] Vlgrirle sigreieje

MOS-F eigensolver (| Packed

DSY(P)EV Full (Packed)

DSY(P)EVX Full (Packed)

DSY(P)EVD Full (Packed)
DSYEVR Full

Lsa gf gzlekec) starzlc/ah fa5il[E5 ) Jzlre)e
Iricrezige i) CRUE fiirle oy e Ll sitorzicie

e EARACK giciarisalyers A zlic) PE
SOV COIISISLCIIN Y ICIHEI PETTOIIIIEICE.
if)zlr) frle afjcliflll MOS=F cgjcle)

Algoriirian

Rational QL + invers

Implicitly shifted OR

Implicitly shifted QR
or bisection + invers

Divide and conquer

Relatively robust ref
(RRR)

Input matrix: 4225 x 4225

B MOS-F
B DSPEV
B DSPEVX
B DSPEVD

B DSYEV

B DSYEVX
B DSYEVD
B DSYEVR

Machine environment: 733 MiHz Pentium 111



Choice of eilgensolver: ScalLAPACK

Parallel eigensolvers used in the testing procedure

NEIHE: l Mzitrise storaa Algoritrirs

PDSYE\. Full Implicitly shifted C

PDSYE Full Bisection + invers
iteration

PDSYEVD | Full

Divide and conque
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There Is Iittle to choose between PDSYEVX
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Input Matrix: 4225 x 4225
Machine environment: A cluster of
four dual-processor 733 MHz Pentium
11T nodes connected via Myrinet



Choice of eilgensolver: ScalLAPACK

FOr I arse jtafelbjar] freiflaels, Sicl2riEllties hjzlt zlgel elase [f) zl[t[2 zlfe
“ClUsterea erto el samié. [PIOCESS0):

I QrifgeiarizllizEl o) OF eSSt gf dlcjdnEeiars carrasdaiclifle) o ifjgse i)zl [t
CAINICIINI NP EITOIITICE VIl IO COITITILIICAN G

5 II5 CAI EA0 tON GEENITIBEIAICE 10 IIEIICENIBOI P EANI I SCAIlIg,

Ferzlllz) gdeiorzifle e af PRSEVC 15 ifldrerare Sasiiiyve te ifje éfloice of
griflaclorizllizElior) falerElfle s gzlfzlfeiie s CHEAC

Fre eflaicer agf ONEAC fa rrifliize IS TEIflc) OLE ) E if)2 SZlffle L2 2 Ez1if]
AGLEPIACIECCUIECY IS IO UIVIE,

FOf )5 fezisar), clivicla Zigic) GaricitiSr (I iflac)s zlfe “5zifa

Effect of Reothogonalisation on Scaling of PDSYEVX

0.001 (Default)
0.00001
—Ideal

1 ) Processors 3 4



Choice of eigensolver: Memory requirements

B MOS-F
B DSPEV
B DSPEVX
B DSPEVD
DSYEV

DSYEVX
DSYEVD
DSYEVR
PDSYEV
PDSYEVX
PDSYEVD
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Iihe memory. reguired for the fast parallel eigensolvers is much greater than for'the current
MOS-F code

: Reguires a fixed /N2 array: onl each) processor torensure that orthogonalisation ofi
eigenvectors: is not limited by’ available workspace

: Memory requirement is high'but scales with increasing processor count due to
completely distributed data

O clivIce: UserlDSYEVR (elatyely onust represertanord) 01 d Siiglehoaeraid.
PSYAEEVIDN@IVIde ana cornguern)ihparallél



Parallelization appreaches: Key fieatures

- DD-MUSF
Requires separate
source code
Standard mathematica BLAS, ScaLAPACK
libraries

LP-MOS-F

No

BLAS, LAPACK,
ScaLAPACK

DSYEVR, PDSYEVD
DGEMM, PDGEMM

Linear algebra routines ~ PDSYEVD (block s
used

Data distribution Overall

Memory use compar
with original MOS

# A block size of 1 isiused ini DD-MOS-E. This' isicompatible with the data distribution
scheme used in'the code, but isinot optimall ini terms off computational performance

# The optimal block size can be used in LP-MOS-F at the expense of higher memory.
usage (due to local data redistribution)




Performance evaluation: Machine environment

Front-end Server
Dualf 2.4 GHz Pentium
Xeon, 1 GB memory,

120 GB disk
SCore parallel
environment:

Intel and Portland
Groupr compilersiand
DD parallel debugger

GIgabit Ethernet switch

Compute noedes
Dual 2.4 GHz Pentitm
Xeon withr 2 GB' memory,

Myrinet 2000 intercennect



Performance evaluation: Benchmarks
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Performance evaluation: Serial perfermance

CREVIOS-E euiiperiorms DRENMOS-E enrasinglenode due ior e Use o)
suarerratner thian packed matnx sierace: cembimed withiast FARPACK
and BIEAS ikraiies

O DD-MOS-F
B LP-MOS-F

g
é
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Compiler: pgfo0iusingl —/ast —tp. p/ —Mdaligrn optimization
LP-MOS-F uses LAPACK 3.0 and! Intel MKL 5.2 for BLAS



Performance evaluation: Parallel performance
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LAMI6.5.9
< MPICH 1.2.4

€ MPICH 1.2.4 implemented under SCore 5.4.0 using Gigabit Ethernet
network

£ MPICH 1.2.4 implemented under SCore 5.4.0 using Myrinet. 2000
network

> MPICH-GM 1.2.4..8a under GM 1.6

PGl compilers (pai77, paion) wWith ~/ast—tp. p7.—Mda/gr. eptimization Were
used in all cases



Performance evaluation using various MPI
Implementations

—e-SCore Myrinet
SCore Ethernet
—= | AM

- MPICH
GM Myrinet
— ldeal




Performance evaluation: Parallel scaling of
crambin benchmark

=——DD-MOS-F Myrinet
DD-MOS-F Ethernet

=== DD-MOS-F LAM
LP-MOS-F Myrinet

LP-MOS-F Ethernet
—o—| P-MOS-F LAM
— ldeal




Performance evaluation: Parallel
performance of crambin benchmark

B DD-MOS-F
OLP-MOS-F




Performance evaluation: Parallel scaling of
poly-azemethyne benchmark

——-DD-MOS-F Myrinet
DD-MOS-F Ethernet

——DD-MOS-F LAM
LP-MOS-F Myrinet

DLP-MOS-F Ethernet
—— LP-MOS-F LAM
~— ldeal




Performance evaluation: Parallel perfermance
of poely-azomethyne benchmark

B DD-MOS-F
OLP-MOS-F

i



Performance evaluation: Communication
costs

Profilg teo). Nampir 2.5,
the Pallasigraphical
performance; analysis teol for
VIPI applications

T\" 3 e '.'__F-_—
-,\:. f -.

C——MPT: 18%,

IA32 cluster, 8 nodes, SCore Myrinet
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Performance evaluation: Summary/.

Tihe distributed-data version DD-MOS-F scales, better than the: locally
parallelized LP-MOS-E code under all tested networks

Poor scaling off LP-MOS-E is mainly caused by: the need! to
redistributerdatal locally: and b?/ the limited scalability: of the divide-
and-conguer eigensolver employed

LP-MOS-E eutperforms DD-MOS-F code for all benchmark jobsion
any number’ of processors; from the, tested range

Using Myrinet and Gigabit Ethernet under the SCore parallel
environment: provides good parallel perfiormance

Inrcontrast, LAM-MPIrand MPICH are net utilizing the low: Iatency,
and high bandwidth' of the Gigabit Ethernet network very well
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Conclusions

Two approaches tor parallelizing the semiempirical code MOS-F were
proposed

Care must be taken in the choice ofi eigensoelver to be Used, as routines
based on inverse! iteration cani scale Very: poorly: under certain conditions

Thedistributed-data parallelfversion: off MOS-F has the advantage: that
MEmory Usage and computational time scalewith increasing number of
processors and this will make: calculations omn molecules with theusands, of
atoms, feasible

The locally parallelized version Is more efficient in computational time for
smalll processer counts, BUt: reguires; more; memory andiscales poorly. THhis
version wouldl ber usefiul for systems comprising off a moderate number: of
dtioms

Tihe choeice off MPI implementation isishown to have a dramatic effection
the parallel perfiermance; off MOS-E, with! the, “standard™ LAM/MPI and
MPICH! performing| peorly. In contrast, MPICH under the SCore parallel
environment andMPICH-GM ever Myrinet scale well



Further work

« Combine the' best fieatures, from LP=MOS-E
and DD-MOS=E

o Use off LAPACK and BLAS with fitll matrix
storage on al single pProcessor: I MEmMOoKY,
DERMILS

& [Use off ScallAPACK with' block size geverned
Py avallablermemery

¢ FFor smalll systems, useithe LP-MOS-F approeach
¢ For'large systems, use the DD-MOS-E approach
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