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Editorial.

Exciting times are ahead for the U.X. simulation communitwy.
The much-heralded Cray XMP/48 supercomputer has at last been
delivered to our shores and 1is safely housed at the S.E.R.C.s
Rutherford and applekton Labdféfﬁf}} This community was particularly
active when the U.K. Look delivery of the first Cray ls (for
academic use) in 1980 and a good deal of new and important work was
done. It is sincerely hoped that the enthusiasm that was so evident
then will come:through-again despite. the. rather glodmyv outlook that
persists on U.K. science in peneral. It is exﬁectedgthab-CCPS will
be an important catalvst in the exploitation of this new and
powerful resource... ... ... o - s

Our thanks (and the uompllments ot Lhe season!) go to this
menth's contributors to our newsletter.

Contributors:
M.P. Allen H.H. Wills Physics Laboratory, .
Royal Fort; Tvndall qvenue‘_“ " f”'
- UBristol 888 1TS e R
D. Frenkel Fysisch Laboratorium, T
- Rijlksuniveriteit,. Prlncetonple1n 5
3584 CC Utrecht, The Neéetherlands.
Fukture correspondence -
FOM-Institute for atomic
& Molecular Physics, qu;slaan 407,
1098 SJ amsterdam, Thé Nethérlands.
M. Mezei Dppartment of Chemlstry, Hunter N
S L e T epa eE EheT Ciky University of
New York, New York, NY 10021, USA._ N
M. Leslie Theory and’ Computabional Soiedce s .
W. Smith Division, S.E.R.C. Dareshury
B zLaboratory, Daresbury. Warrlngton SR

Wad 4AD.:



in The Computer Simulation of Condensed Phasg_s

A CCPS Meeting at UMIST, Manchester 8-9 January 1987
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General News.

a) CCp3 is organlsing a meetihg; EﬁﬁifiéHf"NéQhH6fiz6ﬁé in the

Computer Simulation of Gondenséd Phages'. ~ The meeting 'will take
place in Manchester 8~9 January. The purpose of the meeting 1s to

discuss recent developments and future péssibilities in  the

Molecular and macromolecular systems
Polar solids

Fluid Transport Properties

Quantum Mechanical Simulations

A copy of the programme for the meeting appesrs in the preceeding
two pages. A CCP3 Steering Committee meeting w111 take place on the;
friday, after lunch, :

Those interested in participating should contact Dr. J.H.R.
Clarke, Department of Chemistry, U.M.I.S.T., "Sackville Street,’
Manchester M60 1QD. R T S PR RSN

b) The Rutherford and Appleton Computer Centre have just taken
delivery of the Cray XMP/48 supercomputer on 3. December. 1986. It is
hoped that the first user jobs will be run by the end of January
1987 and the formal acceptance will be completed by April. For the
uninitiated, the Cray XMP/4B is a 4 processor machine with a clock
cycle time of 8.5 ns and & Mwords of memory. It comes with a 32
Mwords solid atate device (which operates loglcally as a disc
storage device) that is connected to the main_ memory, . via faﬂ 1000
Mbyte/dec channel and 14.4 Gbytes ‘of  disc  storage. It has’ a
hardware scatter/gather facility to permit vecterisation of
indirect addressing within Do loops and a hardware performance
monitor, which can be used to assess performance of uUser codés. The
Cray XMP/48 will be connected to the IBM 3081, which will serve as
the front end and provide access to JANET users. Scientific ‘support
for this new-. machine. has not-yet. been-finalised,.but: it is:clear
that the GCPs will be very important in the prov1ng of the machlne.

The Atlas Computing Centre at. RAL _has released document
entitled "Advanced Resgearch Computing Newslettar" outlining the
state of play in this new development.

¢) The University of Manchester Regional Computing Centre has
announced that it is to replace the current ‘amdahl™ 470{V8 front “end
computer with an Amdahl 5890 processor: in March/April 1987. This is
part of a joint procurement with ULCC which is intended ko provide
a Common User Interface for National Centre users. The new Amdahl
will be three times more powerful than the:470/V8 with 64 Mbytes of
memory, 32 channels and 12 Gbytes disc storage. Further detaills ave
in the November issue of the UMRCC newsletbter. UMRCC alseo intend. to
phase out the CDC 7600's and the CYBER 176 (services MEY, MFZ and
MFX) in the course of 1987. The replacements for these have not yet



been decided iupon. (MFZ, it should. be noted.  has  been 'givan an
extended lease of life of several months.)

: A new Job Transfer and Manlpulatlon Protocol (JTMP} service  is
now operatlng from Manchester..:;_:a

d) The' Univer51ty f; London Computing.. Centre is.also.about:to
Upgrade ite front end compuLer to an.aAmdahl 5890..At. the time of
writing, the delivery date was get for late November and production
use is anticipated for December. Meanwhile, the.second Cray service
is now available as described in the November. issue of the ULCC
newletter. A new Cray compiler CFT 1.14 (bugfix 5} is available on
a trail basis.

e) U.K, CCPS participants are reminded that at Daresbiiry Laboratory
the S. F R.C.. has available an FPS 164 attached processor ;. currently
with 3 MAK (matrix accelerator) boards . which - isg. . available for
grant supported computlng within the Sc1ence Board Community. In
the firsk year of its operation U.K, research groups are invited to
apply informally to the Director of Daresbury Laboratory (Professor
L.L. Green) Tor. t1me on the. FP5 for _benchmarking purposes.: If. the
FPS proves “viable for & given project a formal application {using
the famillar forms RG2 and AL54) may be made. Advice on using the
FPS at Deresbury may be obtained from the User. Interface Group. (in
the person of Dx. D. Taylor) or. from the CCP5 répresentative Dr. W.
Smith. A document entitled Using the FPS Attached Proceggor at the
Daresbury Laboratory' by Dr. M- F. Guest is available from the. User
Interface Group. : . : o

f) In Lhe last issue ofﬁ this newsletter we . reported  that . the
simulatlon group .. at Groningen in the Netherlands are. setting up: a
dlstr1butidn service for. their . program_hpackage_ GROMDS86. . CCP3
participants with access to the Daresbury Laboratory computing
system may be interested to know that we are arranging to install a
version of this package on the Daresbury FPS 164, Users of the FPS
will then be able . to. assess the package__themaelves_ prior . ko
purchasing it from Groningen or employing the package in a .grant.
supported progect on the; Daresbury FPS. We should  be. -able to
provide more news__on_“this_“subject _in. the March issue of the
neéwsletter. '

' Readers interested in obtaining the . package. . directly . should
write to "BIOMOS", The Laboratory of Physical Chemistry, The
University of Groningen, Nijenborgh 16, 9747 AG Groningen, The
Netherlands.

g) We have rece1ved a report from our colleagues in Brlstol that an
erroxr is preseant in the CCP53 program MDMANY. It appears in the
subroutine FURIER, whicﬁ treats_the_rec1procal space part of the
Ewald sum, in the_parb'which defines the trigonometric terms. The
offending line is:



EM(K 1)=Cos{YCI+(0., 1. )*SIN(ZC)

in which the variable ZC should be replaced by YC. The impact of
this. error is unclear, it is presernt inm an important part of the
program but doeg not obviously manifest itgelf ™ in- the test  case
considered. This may well be due to the symmetry of the molecules
considered or reflect the fact that the terms contributing are
genexally. small. - We urge users:of this program to check their own
versions and extend our apologies for- any {nconvenience.'- o

We note that the ‘sister program MDMPOL dées NOT. contdin the
correspanding error.. - - Coo o N

h) Our sister project CCP4, which is concerned with Protein
Crystalleography, is organising a study weekend on "Protein Crystal
Data:Analysis" at Daresbury laboratory, 23-24° Janﬂary'”1987.‘ For
those . members - of - CCP5 who also hiéve an interest in thits area, we
include:an. information sheet at the end of this newsletter. '

1) Readers may bé interested to Know of "ar international conference
on 'The Impact of Supercomputers on Chemigbtry' is: being organised
and - will take place in the University of London from 13~ 16" Aprll
1987 The conference will cover all"~ agpects of- " ‘the uée of
gupercomputers; - applications and methodology. ‘Some of the areas to
be covered include: the gimulation of cordenszed matter, molécular
mechanicg,. - gimulation- - of biological"':systems;“ ‘proteéin
crystallography and molecular collision processes. A ‘session on
hardware developments and a Computer Exhibition is alse planned.
Plenary lectures will be given by M.J. Gillan, H.J.C. Berendsen, D.
Ceperley, E. Clemmenti and T.L. Blundell among others. Enquiries
regarding the conference should be addressed to - Dr. J. Altmann,
I1S0C 87 Secretariat, ' Room 209, University “of " London Computer
Centre, 20" Guildford Street, Londen WCIN 1DZ. (Telex 8953011},

i) It has o been - SUggééted S ¥o ' the CCP5 Editors that it would“be
useful for CCP5 participants to have a list of the EARN: and 'BITNET
addresseg - of - other * members ‘of thé project. For this purpose we
would be happy to receive from our readers their addresses, which
we.  shall . collect here  at Daresbury - for publicatica in  the
newsletter at a later date. So that we don't fall foul of the 'Data
Protection Act', it should be understood by all partic1pants that
the contributed addresges will be available to everyone.

k) Anyone wishing to make use of the CCP5 Program Library is
invited to do so. Documents and programs are available free of
charge to academic centres upon application teo Dr, M. Leslie (*) at
Daresbury Laboratory. Listings of programs ere avajlable = if
required but it 15 recommended that magnetic tapes (to be supplied
by the applicant) be used. It may also be possible to transfer a
small number of programs cver the JANET network to other computer
centres in the U.K.. Users wishing to send magnetic tapes " are
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instructed to write to Dr. Leslie for: information . before sending
the tape.  PLEASE DO NOT SEND TAPES WITHQUT CONTA.CTING DR. LESLIE
FIRST. Delays are caused by applicants sending new tapes which have
to be initialised at Dareshury (i.e. tape marks have to be written
on them). Also tapes sent in padded bags have tec be cleaned before
use. Please .do not use this form of. packing. (A list of programs
available follows in the next few pages.) : :

. We should. also like . to. . xemind 'our. readers. -that. we - would
welcome contributions to the Program Library. The Library exists to
provide suppert for the research efforts of = esveryone  active . in
computer simulation and to this end we are always pleased to extend
the range of software available. If any of our readers have any
programs they would 1like to make available, please would they
conktact Dr. Leslie.

f--(?uii_.éddress: S.E.R.C.. . . Daresbury Laboratoryg - Paresbury,
Warrington WA4 4AD, U.K,) R



6
LIST OF PROGRAMS IN THE CCPS PROGRAM LIBRARY.
MDATOM by So. M. Thompson. ..

M.D:-sinulation . of aktomic.: fluids. - Uses: 12/6-' Lennard = - Jonés
potential function and fifth  order: Cear integration: algorithm.
Calculates system average configuration enervgy, kinetic ‘energy,
virial, mean squavre force and the associated R.M.S5. deviations and
also system pressure, Lemperature, constant volume - specific” heat,
mean . square. displacement,. . quantum - gorrections and “radial
distribution function. S B

HMDIAT by 5.. M. Thompson.:

M.D. simulation of diatomic molecule fluids. Uses 12/6 Lennard -
Jones site - site. peotential . functions and a fifth  order ' Gear
algorithm for centre ~ of «~ mass motion. Angular motion is
calculated by fourth order Gear algorithm with quakternion
orientation parameters. Calculates system average configuration
energy, kinetic energy, virial, mean square force, mean sqguare
torque and the associated R.M.5. deviations and alsc system
pressure, temperature, constant volume specific heat, mean square
displacement and quantum corrections.

MDLIN by S. M. Thompson.

M.T'. simulation of linear melecule fluids. Uses 12/6 Lennard -~

Jones sgite - site petential functiens and a fifth order Gear
algorithm for centre - of - mass motion. Angular metion is
calculated by fourth order Gear algorithm with quaternion

orientation parameters. List of calculated properties is the same
as HMDIAT.

MDLINQ by 5. M. Thompson.

M.D. simulation of linear molecule fluids. 1Uses 12/6 Lennard -
Jones site - site potential functions plus a point electrostatic
quadrupole. Uses a fifth order Gear zalgorithm for centre ~ of -
mass wmotion. Angular motion is calculated by fourth order Gear
algorithm with quaternion orientation parameters. list of
calculated properties is the same as UMDIAT.

MDTETRA by $. M. Thompsan.

M.D. simulation of tetrahedral molecule fluids. Uses 12/6 Lennard -

Jones site - site potential functions and a fifth order Gear
algorithm for cenktre - of -~ wass motion. Angular motion 1is
calculated by fourth order Gear algorithm with quakernion

orientation parameters. List of calculated properties is the same
as HMDIAT.



MDPOLY by S. M., Thompson.

M.D. simulation of POlyatomiC,mOIeCUIE;fluids;_UsestZ/G.Lennarﬂ =

théS“ site_'f_ s{te_ potential - functions . and- a fifth ovder Gear
algorithm for centre ~ . of . - mass motion.. Angular motion is
calculated. by  fourth . order. Gear. algorithm with quaternion

origntation parémeters{ List of calculated properties is the same
Cas HMDIAT.

CADMIKT by W. Smith. ..

M.D. simulabtion of monatomic molecule mixtures. Uses. 12/6- Lennard. -
Jones atom - atom petential functiens and a Verlet leapfrog
algorithm for centre - of - mass motion. Calculates system average
configuration energy, kinebtic energy and virial.and associated
R.M.5. deviations and also pressure, Gtemperature, mean square
displacements and radial distribution functions. . ..

MDMIXT by W. Smith.

M.D. simulation of polyatomic molecule mixtures. Uses 12/6 Lennard
- Jones site - site peotential functions and a . Verlet.leapfrog
algorithm for centre - of -~ mass mokion. Angular mobtion is
calculated by the Fincham leapfrog algorithm using. quaternion
orientation paramebers. Calculates system . average . configuration
eneérgy, kinetic éﬁergy and_viria1 and associated R.M.S. deviations
and alseo pressure and temperature.

MDMULP by W. Smith.

M.D. simulation of polyatomic molecule mixtures. Uses 12/6 Lennard
- Jones site -.sité;potential funétions.:and_ point . eleckrostatic
multipoles ~ (charge, . dipole and . quadrupole)... Long range
éléétrdstaticfeffécts'éfe-.calculatedz:using_ the . Ewald summation
method. Uses a  Verlet . leapfrog algorithm. for. centre — of - mass
motion. Aﬁgulér' moticn 1is calculated by the. Fincham  leapfrog
algorithm using quaternion orientation parameters. Calculates
system average configuration energy, kinetic energy and virial and
associated R.M.5. deviations and also pressure and temperature.

MOMPOL by W. Smith & D. Fincham.

M.D. simulatidh.of”poiyatomic molecule mixtures. Uses 12/6. Lennard
- Jones site - site potential functions and fractional charges to
represent electrostatic multipeles. Long  range electrostatic
effects are calculated using the Ewald summation method. Uses a
Verlet leapfrog algorithm for centre - of - mass motion. Angular
motion is calculated by the Fincham leapfrog algorithm using
quaternioen oeorientatkion parameters. GCalculates syskem average
configuration energy, kinetic energy and vivial and associated
R.M.5. deviations and also pressure and Lemperature.



MDZOID by W. Smith & K. Singer.

M.D.. simulation of. ellipsoidal ‘gaussian molecules. Uses ellipsoidal
gaussian. probability distribution Lo represent molecules and a” sum
of gaussian functions to represent the potential, giving a model of
greal . flewibility. Uses the Verlet leéapfrog algorithm for déntre -
of. ~ mass motion. Angular motion is ‘calculated by Lhe "Fincham
leapfrog algorithm using quaternion orientation parameters.
Calculates system average configuration energy, kinetic energy,
virial and associrated R.M.5. deviations and pressure and
temperature. Also calculates centre-centre RDF, orievtational order
Farameters and translational and rotational velocity
autocorrelabion funclhions. ) ' AR ' e

DENCOR. by W. Smithi:» -
Caléulation of deneity correlation functions. Processés atomic M.D.
data to produce Lhe Fourier transform of the particle density, the

intermediate scattering functions and the dynamic structure
factors. Cooih e T

CURDEN by W.' Smith.

Calculation - of current 'dedsily = correlation functions. Processes
atomic M.D. data: to produce the Fourier transform of* £he  current
density,. the current ‘density correlation  functioné and - their
temporal Fouriey btransforms. CT T S

HLJ! by D. M. Heyes.

M.D.. - simulation of atomid¢’ £luids. Uses 1276 Lennard - Jones site -
site potential function and a Verlet leapfrog'algdrithm“for -céhtre
~- of - mass motion. Calculaktes syslem average configuration etiergy
and kinetic - energy. and - associated ' R.M.S. deviations and ~also
‘pressure, - temperdture; ' mean square - diéﬁlacémEHtsf”dnd ‘radial
distribution function. =~ - - e SR

HLJ2 by Du M. Heyes. =~ =

M.D. simulation of stomic fluids. Uses 12/6 Lennard -~ Jones site -
site potential function and a Verlet leapfreog algorithm for -ceéntvre
- of - mass motion. Calculates system average configuration energy
and kinetic energy and associated R.M.3, ' deviaticns ‘and also
pressure, - temperature, mean square ~ displacements, ~ radial
diskribution function and velocity autocorrelation funchion.

HILJ3 by D. M. Heyes.' -
M.D.: simulation of alomic Fluids. Uses 12/6 Lennard - Jones site -

site potential function and a Verlet leapfrog algorithm for centre

10
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- of -~ mass motion. The link = cell method is- ‘employed : to  enable
large simulations. Calculates system average configuration energy
and kinektic energy and associated  R.M.S5. . deviations and also
pressure, temperature,. . mean square displacements and  radial
distribution function. .. . . : : :

HLJ4 by D. M. Heyes.

M.D. s=imulation of atomic fluids. Uses 12/6. Lennard - Jones site -
siteé potential function and a Verlet leapfrég algorithm for . centre

- of - mass motion. The algorithm allows either the Lemperature. or
the pressure to be constrained. Calculates system avevage
configuration energy and kinetic energy and associated R.M.S.
deviations and also pressure, temperakture, mean - - square

displacements and radial distribution funclLion.

HLJS by D. M. Heyes.. .. -

M;D{ simulation of atomic fluids. Useg. 12/6 Lennard: =. .Jones site - -
site shifted potential function and a Verlet leapfrog algorithm  for
centre - of -~ mass motion. This method removes Lhe discontinuities
akt the potential cutoff radius. Calculates system average
configuration energy and kinetic energy and associated R.M.S.
deviations and also pressure, Lemperature, mean square
digplacements and radial distribution. function. :

HLI6 by D. M. Heyes. .

M.D. simulation of htOmiq fluids. Uses 12/6 Leénnard = Jones site. -
site shifted potential function and the.  Toxvaerd. algorithm for
centre — of - mass wotion. This algorithm is more accurate than the
Verlet algorithm. Calculates system average configuration energy
and kinetic energy and associated R.M.5. deviations and also
pressure, temperature, mean square displacements and radial
distribukion function. :

MCRPM by D. M. Heyes.

.M.C;_.simﬁiation_-of- électrolytes.; Monte . Carlo:. - program - using
restricted primitive model of an electrolyte. The potential is
regarded as infinite for r<d and Coulombic for r>cd. The properties
calculated are the average configuration energy and its R.M.S.

deviation, the pair radial distribution function and the melting
factor,

SURF by D. M. Heyes..

M.D. simulation of model alkalai halide lamina. Molecular dynamics
simulation  forv icnic laminae @ using . the Tosi-Fumi /
Born-Mayer-Huggins potential and the Evien method -  for ‘evaluaking

11
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the lattice sums. The integration ~algorithm'- used *is the Vérlet
method. The program. calculakes the. system potential and kinetic
. energlies, the pressure - and . the final © o averages and . R.M.S.
fluctuations. The program also calculates densily. prof1leq such'as
number density, temperature, energy and pressure. - N

HSTOCH by W. F. van Gunsteren & D. M. Heyes.

5.0. or M.D. simulation of molecules in vacuo By in- a rectangular
cell with solvent or latbice atoms - (i.e. Langevin  or Brownian
dynamics of large molecules). o R

MDATOM by D. Fincham: -

M.D. gimulation of atomic fluids., lses 12/6 Lennard - Jones
potential function and Verlet leapfrog integraktion algovithm.
Calculates system average configuration energy,  kinetic ‘energy,
virial and the asscciated R.M.S. deviations and also system
pressure, . temperature, - mean - square . displacement - and - radial
distribution function. :- : : L T

MDDIAT by D. Fincham.

M.D. simulation of diatomic molécule fluids. Uses ~'12/6  Lénndrd = -
Jones site ~ site potential functions and the Verlet leapfrog
alporithm for centre -~ of - mass motion. Angular motjon idis is
calculated using the constraint algorithm. Calculates : system
average configuration energy, kinetic energy, virial and the
associated R.M.S. deviations and also system pressure, temperature
and mean square displacement. C -

MDDIATQ by. D. Fincham.

M.D. simulation of diatomic fluids. Uses 12/6 Lennard = Jones site
~ gsite potential funclhicons and a point quadrupole electrostaktic
texrm. Employs the Verlet leapfrog algorithm for centre - of - mass
motion. Angular metion is calculated using . - the conskicaink
algorithm. Calculates system average configuration energy, kinetic

energy, virial and the associated R.M.5. deviations and alsc system
prassure, Lemperature and mean square dizplacement.

MDIONS by D. Fincham & N. Anastasiou.

M.D. simulation of electrolytes. Uses exp/6/8 potential Ffunction
and the Coulomb electrosktakic potential. Long range inkteractions
are calculated using the Ewald summation method. Uses  the Verlet
leapfrog algorithm for particle motion. Calculates system average
configuration energy, kinetic energy, virial -and the  associated

R.M.5. deviations and also . system pressure, tempevature, radial
distribution functions, stabtic structure factors and mean - square

12
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displacements.

MDMANY by D. Fincham & W. Smith.

M.D. simulation of polyatomic molecules. lUses 12/6 Lennard - Jones
site - site potential functions and fractional charges to represent
electrostatic mulbtipeles. Long vrange electrostatic effects are
calculated using the Ewald summabion method. Uses a Verlet leapfrog
algorithm for centre. - .of . - mass  motion.  Angular motion is
calculated by  theQ_Finéham.ileapfrogz-algorithm using: . quaternion
orientation_'parameters._ Calculates . system average configuration
energy, kinetic energy and virial and associated R.M.5. deviations
and alse pressure and temperature. FORTRAN 77 standard program.

CARLOS by B. Jonsson & S. Romano.

M.C. similation qf.a;.polyatomicm solute molecule ;in an . aqueous
cluster. (i.e. a molecule surrounded by water molecules). The water
~ water potential is calculated using an analytical fit to an ab
initio potential energy surface due to Matsuoka et al.  The
solute-solvent potential is oeptional. The program provides an
energy and coordinate 'history' of the M.C. simulation. An. analysis
program CARLAN fo:.processing the ddata produced by CARLOS. is also
avaijlable.

MCN by N. Cerbin.

M.C. simulation of atomiec fluids. Standard (Metropolis) Monte Carlo
pregram for atomic fluids.

$CN by M. Corbin.

M.C. simulation of atomic fluids. Standard (Rossky,Friedman and
Doll) Monte Carlo program for atomic fluids.

SMF by N. Corbin.

M.C, simulation of atowic fluids. Standard (path integral method)
Monte Carle program for atomic fluids.

STATIC BIMULATION CODES
CASCADE by M. Leslie and W. Smith.
Calculates the structure and energy of a defeck in an ionic crystal

for a given potential model. Both two- and three-body polentials
may be used. The properties of the perfect lattice are calculated

13
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as well by default. Use is made of symmetry only id ‘the defect
calculation and only for two-body potentials. A second derivative
method using a Hessian update algoritbm is wused to minimise the
defect energy. The program runs on the Cray, AS7000 and FPS 164

THBREL. - =

Determines the minimum energy configuration of & perfect ' lattice
for a given potential. Both two~ and three-body potentials may” be
used. "Relaxation to  constant - volume  or =zero bulk Strain is
possible. No use is made of symmetry to speeéd up the calculakion.
THBFIT

Empirically fits a potential to experimentally observed properties
of a perfect lattkice. (Structure, elastic constants, dielectric
constants.) Both two- and three-body ‘potentials may be fitted.
SYMLAT: -

Determines  the. minimum “enhergy configuration of g perfect lattite
for a given poktential. Only two-body potentials may be “dased. ' The
program makes full use of symmetry to reduce time and:memory
requirements. The program runs on the Cray, AS57000 and FPS 164.

THBPHON

Calculates  phonon dispersion curves for ' ionic crystals with
three-body terms in the potential.

14



" IMPLEMENTATION OF THE STATIC SIMULATION .. - .. .-
PROGRAMS ON THE FE5-164..

This féport'_is not- intended to be ‘a. complete. guide to the use  of Lhe
_FPs. It describes some of the work done on the static simulation programs
to implement them on the FPS.: Firstly, an introduction to.the. FPS hardware
and software 1is given for ‘those readers unfamiliasr with it. Next,
preliminary work on the CRAY FORTRAN is given. . This includes some examples
of the use . of MATHLIB . rodtines in. order. to speed up. the: execution of
. certain DO_lodps. Thefé:are then sections on matrix. inversion, calculation
... of  square. roots, . use . of multi-dimensional - - arrays.- and the .use of
gather/scatter téchniques. . :

INTRODUCTION TO THE FPS HARDWARE AND SOFTWARE

The FPS 164 is a parallel pip?llned computer. The parallel architecture

if:is used by the instruction word, which is 64 bits.long: (cf. .16 biks on the

CRAY). and is d1V1ded into 10 subsectlons ‘or parcels which can. in- principle

  _drive up to 10 independent function. units on each ingtruction... . The adder

_and multiplier;units are both hardware,pipelinesj; The adder is & two stage
pipeline, that is kwo numbers need to be pushed through the adder. for one
instruction and the result will be available the second instruction after
the add instruction. The multiplier unit is a three stage pipeline.
Fetches and writes. to wain memory also take three. clock cycles, although
the fetches and writes are pushed automatically by the CPU clock rather
than needing an instruction. to. do this. Like. the CRAY, the memory is
divided into banks with consecutive memory addresses in different memory
banka. Attempting to reference the same memory bank. on consecutive
instructions will cause all . operations. of the FPS to be. suspended for one
cycle until the first memory fetch is completed.. . The multi-operaktion
instrucktion word exploits local parallelism within- a. loop to ensure: that
geverasl processes are occuring simultaneously. In - addition, global
parallielism between computations on different data sets can be expleoited in
a software pipeline. In this the computakion. is divided into a number of
stages, say for example 2. The first stage will contain the first half of
the instructions - of the  loop and the. second stage the . second half.
Provided the-_opérations,_(parcels -in .- the:. instruction B word). . for an
instruction ‘of the first stage: of the. pipeline are different: frem the
corresponding instruckions. of thé_second:stage,_a_single instruction can be
written to carry out both parcels simultanecusly - (but on different data
gets) exploiting the parallel architecture of the. computer. Thus it may be
seen that a pipelinable loop will differ in a number of ways from a
vectorisable loop on the CRAY. Non-linear addressing may . be pipelined
without difficulty.  Alse recursion may be pipelined. provided the memory
reference which may be recursive is written to main memory and read from
main memory in the same stage of the pipeline.

~ In practice the FPS5 has a large 1ibrafy of subroutines which have been
pipelined. These include simple FORTRAN external functions such as SQRT,
SIN, COS, EXP. Consideration of the use of these is the easiest way to
speed up the execution of a program on the FPS.. The FORTRAN compiler will
also attempt to. pipeline leoops at the compiler optimisakbion level OPT{3).

15



General experience has been that a large " number. of 16ops which satisfy all
the criteria for being pipelinable in fact are not pipelined by Lhe FORTRAN
compiler. This does not mean that the leoop is failing to fully exploit the
the potential of the FPS. - Usually such lcoops have a large amount of local
parallelism which the compiler is exploiting to generate overlapped code at
OPT{2) so there is 11ttle or noe further geln it pipelining the loop.

A few further-commentetiare'ln ’order concernlng " FOATRAN pipelined DO
loops.. - The compiler will: generate startup stageés to progressively fill the

- initial pipeline stages before the - loop.,  However, rno compiler geneérated
shutdown stages are produced, - where just the final stages of the pipeline
are run, In the above example of a 2 stage pipeline, this means that the
firat stage is executed N+l times, where N is the Ilocop count. This may
result in floating point or other arithmetic exceptions. Hence the
arithmetic.  erxorx  detection: 'must  be. ~switched  6ff when the compiler
optimisation option OPT(3) is used. Also, all writes to main memory will

be placed by the compiler in-the final gtage of the Tpipeline ‘so that main
memory does not' becoime  corrupt by executing ‘the first stage an eXtra time.
. SomeLimes reconsideration of wheré' main memory’  writeés occur in a. " Do loop
©. can’ result in. improvement in pipelining. - (For exanple,: switch to ‘using
scalar temporariee instead of elements ~in COMMON blocks " for intermediate

. INITIAL STAGES o¥ PROGRAM DEVELOPMENT

- The following static simulation programe have so far been implemented on
- the FPS-~164. S . . : . o . )
CABCADE .Caléuletee*ionic=cryatal-defeet“ehErgiesa=

THBFIT - Preliminary - program for fitting empirrcal potentiala to known
... . erystal properties. - e
- THBREL . Program for- simulating perfect "lattices ihCIUding three—body
©. forces. : - o
- S¥YMLAT - - Another. perfect 1atticeV 31mulat10n program’ ‘with no 'thfee~body

forces but with full symmetry adaption. B

All--of - the CRAY versions™ were 1nitie11y FORTRANS4. - “Although not
egsentlal, it was felt desirable to updete the": programe to be fully FORTRAN
77. compatible. This involved the followilripg:

(i) - Variable names used to store Hollerith constants were defined to be

* . bype CHARACTER. - - o = - ' '

{ii) Hollerith constants were converted to CHARACTER constants.’

{iii) Common blocks containing mixed CHARACTER/REAL data were split intce
Ewo . o L. . co.

(iv) SAVE statements were introduced wherée appropriate. -

411l of the programs are compiled at OPT(3). - There is one subroutine in
SYMLAT which contains a DO loop for which the compiler generates incorrect

code at QOPT(3), this subroutine was compiled st OPT{2), It proved very
easy rto track down the subroutine causing the problem by comparing OPT(3)
with OPT(2) results. Progressively smaller sections of the program were

compiled at OQPT{2), linking in the rest of the OPT(3) subroutines using the
Iibrarian. For those who may be interested, Lthe DO LOOP causing the
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... problem was very short. and is given below...:

D0 86 JINEB=IINEB,INEB .
JSYMT=NSYHT(TINFB) . .
ISUM= ISUM+NNUMA(ISYMT JSYMT)*G
86 CONTINUE B T AR
The compiler was generating one pipeline push too many on the *6
ingtructien resulting in a zere result from this product.

All of the further optimisation work was done exclusively - on CASCADE,
since the other programs were essentially peripheral to it... The next step
was to .replace CRAY library calls with. FPS library calls. Then certain key
. DO loops were examined: and MATHLIB calls: used if appropriate.: Two examples
_zare given: below : e

Loop as run on the CRAY-1S

DO 82 I=l,ICC
RACL,1)aXC(T,1)-XC(I,4)
RACI,2)=XC(I,2)-XC(I,5)
RA(T,3)=XC(L,3)~XC(T,6)
RA(T,4)=XC(I,10}-XC(L,1)
RA(L,5)=XC{I,11)~-XC(T,2)
RACT,6)=XC(X,12)}-XC(I,3)
RA(I,7)aXC(I,7)-XC(X,4)
RA(Y,8)=XC(I,8)-XC(I,5)
RA(CI,9)=XC(I,9)-XC(I,6) I
RACT,11)=RACT,1)*RA(Y, 1)+RACY, 2)*RA(I 2)+RA(I 3)*RA(I 3)w,
RACI,13)=RACT, 4)*RACT, 4)4+RA(T,5)*RACT,5)+RACT,6)*RA(T,6) . .
RACI,12)=RA(I,7?)MRA(TL,7)+RA(L,B8)*RA(I, 8)+RA(I 9)*RA(I 9).
RACY,15)=5QRT(RA(E,11)) .
RACL,16)=SQRT(RA(TI,12)})
RACT, 17)=SQRT(RA(I 13))
82 CONTINUE .

Loop as rewrikten to uge MATHLIB-callsffor:the;FPS=:gu-gf u-.“”

DO 82 I=1,ECC

RA(T,1)=XC(I,1)-XC{I,4)

RA(TI,2)=XC{I,2)-XC(1,5)

RA(T,3)aXC(I,3)-XC(I,6)

RA(IL,4)=XG(TI,10)~XC(X,1)

RA(I,5)=aXC(I,11)-%C(1,2)

RACIL,6)=aXC(I,12)~%C(T,3).

RA(E,7)=XC{I,7)-XC(I,4)

RA(I,B8)eXC(I,8)-XC(L,5)

RA(I,9)=XG(E,9)~XC(E,6)

RACIL,L!)wRA(T, 1)*RACT, 1X+RACE, 2)*RA(T,2)+RACE,3)*RA(T,3)

RACT,13)=RA(I,4)}*RA(T, 4 +RACT,5)}*RA(L,5)+RA(I,6)FRA(T,6)

RA(I,12)=RA(Y,7I*RA(T,7)+RA(T ,8I*RA(T,B)+RA(YL,9)*RA{1,9)
82 CONTINUE

CALL VbQRT(RA(l 11), 1 RA(l 15),1,ICC)

CALL, VS5QRT(RACE,:2),L,RA(L,L6),1,LCC)

CALL VBQRT(RA(L,13),1,RA{1,17),1,ICC). .
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The rewritten loop was a factor of 2. faster than - the Idop containing SQRT
calls. The second example ises the MATHLIB calls: VPOLY and VEXP to
evaluate a vector of polynomials and exponentials vespéctively.

Loop ag run on the CRAY-1S.

378} 350 I=L;IERF;-1
SCT1=RA(I,5)*HFCTO
SCT2=8CT1*SCTL - "
5CT3= EXP( SCTZ) :
SCT4e ((((((((P(1)*SCT1+P(2))*SCT1+P(3))*SCT1+P(4))*sc
1T1+P(S))*SCT1+P(6))*5CTI+P(?))*SCT1+P(B))/((((((((Q(l)*SCT1+Q(2))*
25CT14+Q¢3) ) *5CT1+Q(4) IY*ECTI+Q(5) Y*SCT14+Q(6) )*SCTI+Q{(7 ) I¥SCT1-+Q(B}) *
3S5CTI+Q(9) Y *SCTI)*CHGPRD*RA(L, 1 )/SCT1
S5CT3=S5CT3*FACTOR*CHGPRD*RA(L, L)
SCT1={-S5CT4~-5CT3)*HFCT]/SCT2
RA(E,1)=5CT4*HFCTO
RA(I,2)=RA(I,2)*SCT!
RA(CI,3)=RA(I,3)*5CTL
RACTI,4)=RA(L,4)*SCT1

350 CONTINUE

Loop ag rewritten for the FPS

DO 351 I=1,IERF
YITMP(I, 1)=RA(I,5)Y*HFCTO
VTMP (I, 2)=-vmp(1 l)*VTMP(I 1)
351 CONTINUE:
CALL VEXP(VTMP(l 2) 1 VTHP(I 3) 1, IERF) :
CALL VPOLY(P,l,VTMP(1,1),Ll,VTMP(1l,4),1,IERF, 7)'“
CALL VPOLY(Q,l,VIMPC1,1),1,vT™MP(L, 5) I, IERF; a)
DO 350 I=l,IERF T
SCT4=(VTMP(I,4)/VIMP(I,5) Y*VTHP(T, 3)*CHGPRD*RA(I Ly oo
1 /vTHMP(I,1)
SCT3=VTMP (1,3 )*FAGTORMCHGPRB*RA(E, 1) -
SCTSm(SCTIH+SCTHY*HFCTL /VTMP( T, 2)
RA(I, 1)=SCT4*HFCTO
RA(T,2)=RA(I,2)*5CT5
RA(TI,3)=RA(TL,3)%5CTS
RACL,4)%RA(TI,4)Y*SCTS
350 CONTINUE

In this case the gain in speed was a factor of 2.2. These two examples
show how simple changes to DO loops can significantly enhance the execution
speed of the program,. : S :

' MATRIX INVERSION: " -
CASCADE uses a Hessian updating algorithm and therefore only needs to
invert a matrix once for each defect considered. - This means that the

matrix inversion step is never the step requiring the mosk cpu time,
degpite the fact that the matrix inversion time increases as N**%3 while the
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_ matrix setup’ time and gradient vector <calculation time ihcrease . as N¥*Z,
It is therefore more important for CASCADE to. ensure that the matrix setup

,.:is well optlmlsed than . to hdve a very fast mateix . inverter. ... However, a

. number ‘of different matrix. inverters: have been:used. and.. compared. with the
_ CRAY 1ibrary routine MINV.: The timings.given in the table below are for a

n ; 213 * 213 matrlx.:anc -

COMPUTER  INVERSION ROUTINE ... TIME § FPS/CRAY. RATIO -

CRAY MINV 0.3344
FFPS FORTRAN 18.86 56.4
MATINY 12.74 38.1

PFINV 4.864.... . . l4.5 -

MATINV and BFINV are both FPS MATHLIB routines.. They both require 2*N¥N
worda of memory, whereas MINV and the FORTRAN used. both: require. N¥(N+2)}. At
pregent the program selects eibher PFINV or the FORTRAN according to
whether there is sufficient main memory for PFINV. . A number of cases have
__beéh:énééuhtéred:fof very large matrices where. MINV on_ the CRAY falls with
a FLOATING POINT ERROR, but PFINV successfully inverts the matrix.. The FPS
‘also’ has a second l1brﬂry, FMSLIB, which is primarily 1ntended for use with

".Very large matrices. ag it stores the. matrlces on disc and.. handles.all of

- the disc I/0 thhout any intervention by the. user. The ._tlmings_glven in
_ the table below are for a 500*500 matrix. _This.shows.that for such small
:_matrlces it is not_worth 1mplement1ng_1ntq the program.

ROUTINE  ¢pU TIME  I/0 TIME

FMSLIB . 41.67 .. o 112.2L
PFINV : 62.17 0.0

'THE CALGULATION OF SQUARE ROOTS .. ...

. A square root ﬁay.bé_-éalcﬁiatéd_by  two.approaﬁhes,zusing.thé, Newton-

i'Réphson method.3__The_first.is te obtain an initial estimate y(l) = x¥**0.5

and_then to obtaln_sﬁécessively better approximations by means of .
y(i+l) = 0.5 * y(1i) + 0.5 * x / y(i)

This method was suggested by K. Singer (GCP5 Info. Quart.. March 1983 P 47)
and reviged by'J. Powles {(CCP5 Info. Quart. Jar 1984 P 39) using a third
order polynomial to egtimate x ** 0.5 in the range 0.l to 1.0 and two
itterations of the Newton—-Raphson method. The disadvantage of this method
iz that divide operations needed for the Newton-Raphson iteration will be
expensive. The alternative approach is to estimate z{l) = 1.0 / x"%0.5.
The MNewton-Raphson iterations then become :

z(i+1) = 0.5 * z{L) * (3.0 - z(i)**2 * x)
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“Finally y- = x**0.5 ig obtained by a multiplication ¥ = z * x'° This method
. does . not . need: any -divide operations to ‘carry out: the =~ Newton-Raphson
iteration. .: This method is used by - the FPS-164 with the initial estimates
stored in. read: only memoxy and three. iterations needed for full machine
precisioni: This requires 10 multiplication operatlons as the’ rate—limlting
regource, hence the MATHLIB library routine VSQRT will calculate the square
roct of a vector at a rate of 1 result per 10 clock cycles. (Clock cycle
time is 182 * 10 ** -9 g on FPS 164). The table below gives comparison
timings for the two methods on the FPS, Etimes are per result for a large
vector. (Times are in microseconds) : e e BRI

FORTRAN DO LOOP CALLING SQRT @ - SRS 7.30
FP5 MATHLIB CALL OF VSQRT _ 1.82
~ SINGER: METHOD CODED IN FORTRAN - 70 =70 -7 00 e 403

SINGER: METHOD consn USING HATHLIB CALLS e e -”1“--5.07_°’”'

For the statfic defect programsg““alSo*for”a:nhhbef'of-'Mn:prdéfamé; it
'-would-be more: useful to have- the reciprocal square root in any case: ~This
would avoid- taking a reciprocel: On thé FPS, the MATHLIB routine VRECIP,
which calculates the reciprocal: ‘of a' vector, “takes 6 c¢lock” "cycles per
result. - This gives a total of 16 per result for calculakting 1.0 / %x*%0.5.
Using FPS  agsembler it is  ‘poggible to use: the mormal "square root method
- without the . final multiplication - to work out’ the reciprocal ' aquare root
direcktly. The number of multiplications needed is s£ill the rake~limiting
resource, so the time will be 9 clock cycles per result. An assembler
routine to do this has been written and implemented intoe CASCADE.

USE OF MULTI-DIMENSIONAL ARRAYS

While in general the uge of multi-dimension arrays does not
gignificantly slow down the execution ¢f a program on the FPS5, in one case
it was found that  using girigle dimension  arrays is significantly faster
than muiti~dimension arrays. This occurs when elements are being summed to
different colomns of an array in the same DO loop, - and the firgt dimension
of the array is adjustable dimension. - The example below should make this
clearer. Loop 1 is pipelinable but is not pipelined by the ‘compiler at
optimisation level OPT(3). The loop 1s 59 1instructions long, but may
require slightly more than this to execute if there are any memory bank
conflicts. loep 2 is apparently very similar, but this loep is pipelined
by the compiler and generates a loop 24 1nstructions long, a gain in gpeed
of a factor of over 2 :

LOOP i -

SUBROUTINE DIS(GXK ux)

COMMON/CDIST/RA(512,17),INC(5L2, 2) wGT(512) CHGPRD, V0, ICC
DIMENSION GXX(NX,*)

DO 1243 I=1,ICC

SCT1=RA(X,15)
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.. VOTT=CHGPRD*WGT(I)*SCT1:
 §CT2=~VOTT*SCTI*SCTL
. VITTi= SCTz*RA(I L)
. VITT2=8GT2%RA(L,2)
Q_VLTTsuscwz*RA(I 3)
o VO=VOHVOTT - L : T S
. GXX(INC(E,1), 1) GXX(INC(I 1) 1)+V1TTL,,;.,,.._
.. GXK(ING(T,1),2)=GXX(INC(X,1),2)+VITTZ . .. ..
o cxx(INC(1;1),3)#GXX(INC(I,1),3)+virT3,__-,u
GXX{INC(I,2),1)=GXX(INC(I,2),1)-VITTL :. . ..
GXX(INC(I,2),2)=GXX(INC(I,2),2)-VITT2: .
... ... GXX({INC(I,2),3)=GXX(INC(I,2),3)-VITT3... ..
. 1243 CONTINUE. :
T .. RETUBN ..
. END_

.. LoOP 2" L

SUBROUTTNE stccxx GXY, GXZ) . S
 COMMON/CDIST/RA(512,17), INC(512 23, wcT(512) CHGPRD vo ce
.. DIMENSTION GXX{*),GKY(*),GXZ(*) . -

DO 1243 I=1,ICC .

SCT1=RA(I,15)

VOTT=CHGPRD*WGT (I ) *SCT1

SCT2=-YOTT*SCT1*SCT]

VITT1aSCT2*RA(TI,1)

VITT2=SCT2*RA(I,2)

VITTI=SCT2*RA(L, 3)

VO=VO+VOTT SR

GXX( INC(T, 1) )=GXX{INC(I, L))+V1TT1

GXY(INC(X,1))=GXY(INC(I,1))+V1TT2

GXZ(INC(T,1))aGXZ(INC(E,L))+VITT3 . .

GXX(INC(I,2))=GKX(INC(I,2))-VITTL - ..

GXY(INC(I,2))=GXY(INC(L,2))-VITT2 : . .-

GXZCINC(T,2))=GXZ(INC(E,2))-V1TT3 " .

1243 CONTINUE

RETURN

END

If instead the array GXX in example 1 1is dimensioned--the:other way
round, the loop 13 29 insktructlons long. On the CRAY, there is no
significant difference between the three loops.

USE OF GATHER/SCATTER LOOES . .

This 15 again best illustrated by an example. Loop A shows FORTRAN forvr
a sequential computer. This is representative of the sort of calculation
that CASCADE carries out, where a calculation . is only performed if a
symmetry Lest is TRUE. However, the actual calculation performed is far
mere complex than this simple example. = There are two approaches Lo
vectorise this. First, a vector merge may be used. . Loop B gives the CRAY
FORTRAN for the vector mergae. There is no equivalent to - this on the FPS
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but the vector merge may be simulated in FORTRAN. ' (Replaciig SAQRT and 1.0/

by MATHLIB vector equivalents VSQRT and VRECIPY. o "The table gives the
timings for execution for M=100 and for the IF condifion'TRua“ €or 337% of
the time. The vector merge is only marginally faster on the CRAY in this

case. As the loop structure becomes more complex, vector merge will become
less and less favourable. On the FPS the FORTRAN equivalent of vector
merge is slower than the sequential FORTRAN.aQ Loops . and D gLVe btwo ways
to carry out the pather/scatter. = Loop ¢ gathers 6 elements ‘on which the
calculation will be perforned awnd ' then hdg a DG loop with:: “06" non-1inear.
addressing in. Loop D stores twe indices and then has a DO 1oop with non—
linear addressing 1in, which is still - pipelinable’ on the FPS.: The CRAY
FORTRAN has again been given,'on the FPS the MATHLIB Calls UQQRT and VRECIP
were usgsed instead. As the table shows there is a considerable’ advankage to
gather the indices (Loop D) on the FPS. Sectjons of FORTRAN which just
carry out memory references, as a GATHER is doing, will not exploit the
full potentisl of the FPS parallel architecture. It is hetter 1f other
funckional units of the FPS can be active at the same time that the GATHER
is being performed. On the CRAY-15, both C and D are vectorisable locops
but as the timings show D is significantly slower in’ this case. Although
the gain-in timing -in this example is not significant further ‘gains would
be expected if the loop structure were more complex._ﬂ Ot the CRAY,

implemenktation of gather/scatter increased the speed of the matrix getup by
a factor of 5. L o

LOOP 4

DO 81 MAMC=l ,M-1
DO 80 MAMD=MAMC+] ,M
INDEX=IEQ(ICLS(MAMC), ICLS(MAMD))
N=NUM( INDEX) :
IF(N.GT.0)THEN
RACL)=XCRD( L, MAMC) -XCRD( 1, MAMD)
RA(2)=XCRD(2,MAMC)-XCRD( 2 ,MAMD)
RA(3)=XCRD{3,MAMC) ~XCRD(3,MAMD)Y ~ ~ ° SR -
RA(11)=RACL)*RA(IIH+RA(2)*RA(2)+RACII*RA(3) 1
RAC15)=SQRT(RA(L1))
E=E+1.0E+0/RA(15)
ENDLF

80 CONTINUE
- 81 CONTINUE.

LOOP B

DO 81 MAMC=1l M-1
DO B3 MAMD=MAMC+1,M S Co
INC(MAMD, 1) NUM(IEQ(ICLS(MAMC) ICLS(MAHD)))
83 CONTINUE
DG 80 MAMD=MAMC+1 .M
RA(MAMD, 1)=XCRD{ 1 ,MAMC)-XCRD{ 1, MAMD)
- RA(MAMD ,2)=XCRD(2,MAMC)~-XCRD({2 ,MAMD )"
RA(MAMD , 3)=XKCRD{ 3, MAMC }-XCRD(3 ,MaMD)
RA(MAMD, 11)=Ra{MAMD, 1 )*RA(MAMD, 1 )+RA(MAMD, 2)*RA(M%MD 2)+RA(MAMD 3)
1 *RA(MAMD,3)
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RA(MAMD, L5)=SQRT(RA(MAMD , 11)) . :
RA(MAMD ,17)=1.0E+0/RA(MAMD,15)
RA(MAMD, 1 7)=CVMGT(RA(MAMD, 17) ,0.0E+0D, INC(MAMD 1) GT 0)
E=E+RA(MAMD,17)
80 CONTINUE
81 CONTINUE

LOOP C

DO 81 MAMC=1,M-1
DO 80 MAMD=MAMC+! M C
INDEX=1EQ(TCLS{MAMC), ICLS(MAMD))
N=NUM({ INDEX)
IF(N.GT.0)THEN. .
ICC=ICC+]
XC(ICC,1)=XCRD{1 ,MAMC)
¥XC(ICC,2)=XCRD(2,MAMC)
XC(ICC,3)=XCRD(3,MAMC)
XC(ICC, 4)=XCRD( 1 ,MAMD)
XC(ICC,5)=XCRD(2,MAMD)
XC(ICC,6)aXCRB(3,MAMD)
IF({ICC.EQ.64)THEN
Do 82 I=1,ICC
RA(T, 1)=XC(X,1)=XC{I,4)
RA(I,2)=XC(T,2)-XC({L,5)
RA(I,3)=XC(T,3)-XC{I,6) T
RA(I,11)=RA(T, LY*RACT,1)+RA(T, 2)*RA(I 2¥+RaA(X, 3)*RA(1 3)>-
RACI,15)~SQRT(RA(I,11}) . '
RA(I,17)=1.08+0/Ra(I,L5)
E=E+RA(TI,17)

82 CONTINUE,
1CC=0
ENDIF
ENDIF

80 CONTINUE

81 CONTINUE
IF(ICC.NE.Q)YTHEN
DO 83 I=1,ICC
RA(L,1)=XC{E, 1)~XC(T,4)
RA(TI,2)=XC{I,2)~-XC(X,5) -
RA(T,3)=XC(I,3)-XC(L,6)
RACT,11)=RACT,1DMRACT, I)4+RACT, 2)%RA{L,2)+RA(T,3)*RA(T,3)
RA(T,}5)=SQRT(RA(I,L1))
RA(I,17)=1.0E+0/RA(L,15)
E=E+RA(I,17)

83 CONTINUE
1CC=0
ENDIF

LOOFP D

DO 8l MAMC=1 ,M-1
DO 80 MAMD=MAMC+] M
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INDEX=IEQ{ICLS(MAMCY, ICLS(MAMD)) EEET IR
N=NUM{INDEX) i
IF(N.GT.Q)THEN " -

ICC=ICC+H]

INC{ICC, 1 )y=MaMC

INC(ICC, 2 y=MaMD

IF{ICC.EQ.64YTHEN

DO 82 I=]),ICC

NAMCSINC(I,1)

NMAMB=INC(I,2)

RA(T, 1)=XCRD{1,NAMC)Y-XCRD (1 ,NAMD)
RA(I,2)=XCRD{2 ,NAMC)~XCRD(Z,NAMD) * -
RACE,3)=XCRD(3,NAMC)-XCRD(3,NaMD)
RACT,11)=RA(I,1)*RACT,1)+RA{T,2)*RA(E, 2)+RA(CT, 3)*RA(I 3)
RA(L,15)=SQRT{RACI,11))
RA(T,17}=1.0E+0/RA(I,15)
E=E+RA(I,17)

82 CONTINUE
ICC=0
ENDIF
ENDIF

80 CONTINUE

81 CONTINUE
IF(XCC.NE.QO)THEN
DO 83 I=l,ICC
NAMC=INC(I,1)
NAMD=INC(L,2)
RA(I,l)=XCRD(1,NAMC)- XCRD(I,NAMD)
RA(L,2)Y=XCRD(2,NAMC)-XCRD( 2, NAMD)
RA{I,3)=NCRD(3,NAMC)~XCRD(3,NAMD). RN
RA(CT,11)=RACI,1)*RA(T,1)+RA(TI,2)*RA(T,2)+RA(T, 3)*RA(I 3)
RA(IL, {5)u8QRT(RA(T,11))
RA(L,17)=m]l . 0E+0/RACL,15)
E=E+RA{I,17)

83 CONTINUE

ICC=0
ENDIF
TIMINGS IN SECONDS FOR THE EXAMPLES " - - -

FPS CRAY
LOOP A 0.0533 0.00927
LOooP B 0.0635 0.00607
LOOP C 0.0494 0.00735
LOOP D 0.0403 0.00957
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_ Most., of our. .rvduor will. be. atare of. Lhe existence of the
FPS 164 Attached Processor at.Daresbury_and_that fv is available to
the L.K. aeadomic

_._LowmunityL_ongfa tratl. bDasis, prior Lo . grant
applicat bh, for__theﬁ-pufpbsés;joﬁ- teésting . fis-  suitability. . for
compuLhtlohu Urdjécts._ For .this veason I  thought i fwouid.be
informative Lo recount'my own experiances  of usinpg it Lo pive
prospective users some idea of what is entailed. (I should perhaps
apologise to american readers if the content of this note . is 'old

“hat!, or worse, hoving, but the use of FPS computers in the LK. is
‘not at all as commoiplace as in the U.S.A.).

N . 1he progesaor hds é: fivst sighﬁ“séme:signl teant. atbractions
“for:a would- bo_'_'

simulakbor. Firstly!_it is & single~user. dedicated

 pfbééq§or with x memoery of .5 Mword. . When a  given program. is
execliting, all the user, aFCPG%lb;P momory is available ko it. This

‘meins that LhP usev may cont ompL1LP'.1mu1hL1n5 very. large systems,
of the order of ten tnousdnd_pmrtic¢es using a link cells program.
Such freedom is an nnlikely oceurrence on a  multi-usev  wmainframe.
Sécondly,n its cdbacity_ ke process  vector operations at optimal
efficiency (through the facility known as pipelining) suggests that
MD  asimnlalions  would be parbticularly suited. Thirdiv, rthe FPS 164
is provided with an extensive range of software (MATHLIB) which is
likely to he of greab azssistance,

.. Te evaluate ‘the FPS 164 for MD work T wrobe 2 simple. atomin
Lennard Jones MD propram MDTEST, using the simplest computational

strategy possible; that 1is, «a cubic. simoulation cell with the
makimum'pvtmis itble ﬂotun' tal LUL off; pair interactions, outside

this guL—oEf ware 51mply neglected and no list procedures were used
to rﬂwder the nperdtlon' more atfxcient. T chose this sktrategy
‘because my exprience. with - the Cray s led me to think that this
would b@ the easiesk to plpoano and pive the. . preatest efficiency
for least_ effort., My intention hce to. run the program on the
¥PS 164, the NAS AS7000 (at Dares oury) and Lhe Cray ls {at London)
to gelt some idea as bto the relative power of the FPS. The benchmark
simulation consisted of a 108 particle system rvun for 3000 time
steps. The first 1000 steps constitiited the equilibration period
(:luri:ig which no data were accumulated). The production  period
lasted for 4000 timesteps, during which an RDF vas accumulated ot
20 time step intevvals, '

. On the Cray ls the program MDTEST was Fully wvectorised, and
the test simulation took 45.78 seconds., On the NAS ASTO00 the same
tegt Look 487.18 seconds. On the FPS 165  an un—-pipelined MDTERT
the tforces DO

(i.2 one containing a branching IF statement

loop) book 423.7 seconds. Thus b appeared that in this  Yesl  Lhe
TS was %113qh iy move poweviul vthan the NAS (which, incidentally
has rouphly the power of an IBM 370). This however ras only  the

first step in producing an optimised code.
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I then attempted Lo pipeline the fovces DOIIOOp'usihg logical
shift fumebtion desipned to mimic the Cray vecltor merge routine
CUVMGR . The function of this roubtine is to set the interactions that
are  outside the ranpge of Lhe cut-off to zero without employing a
branching IF slbatement (wnich would disvupt the vectorisation). The
price paid  for this vectorisation is the additional work that is
paerformed in the DO loop, which in this application amourits ton:an

capproximate doubling of the computational effarkt. The corresponding
changes in the FPS vevrsion of MDTEST were  however to availy the
“test simulation ran in 2 btime of 488,92 seconds! o R

. Tha inference “drawn  from this resllt Ts  thar the FPS
‘pipelining. strategy does  not - carry the relative power ™ that
vactorisation doaes - on the Cray ls, and the additional compiutation
thabt results from its use in this case is: nof  offset by the
increased processing powar . But 15 there an  increase in
computational power resulting from the pipelining? I attempted Lo
check this in the following simple way. Taking the un-pipelinad
varsion of MDTEST 1 removed the cut-off from thé forces calculation
(t.e. removing Lthe Dbranching IF statement) and ran a simuslation
without the pipelining -option “in force. The simulation, which
(theoretically)  has about ' the " same  domputational lLabour as the
pipelinad case, took 695.5% seconds. £ concluded from ~this that
pipelining did provide “a significant improvement in the power of
the FPS..The problem then was te Find out how to exploit-ik. '

A number ©f different strategies camé to mind fairly quickly.
To Dbepgin with T thouph of using a modification of the link-cells
fl] or neighbour list [2] methods, which though unot immediately
thought of as "wvectorisable'" can be made so with some effort. These
are essenbtially FORTRAN solutions of the problem, = another option
{and one which I shrank away from!) was to delve into thé use of
FPS assembler coding (APALY. By talking with other FPS setrs Cand
reading - around T came to - suspect that a FORTRAN sclution Lo my
problem was not going to be easy. The link-¢ells and neighbgur-list
methoeds require the use of SCATTER and CATHER [3] facilities to
offer realitic possibilities. The FPS did not seem to of fer much in
this direckion and an APAL solution looked like being the bLést bet.
At this stage however fate took a hand. . '

Somé years ago I had made Ffriends with a quankum chemigt by
~the name of Aatto Laaksonen (currently at the Arrhenius Laboratory,
S5tockholm), who was a short-term visitor to Daresbury. While he was
here he told wme of his interest in molecular dynamics and was about
to join Professor Clemmenti's group in New York Lo  learn about
simulation methods. Being the custodian of the COPS Program Libravy
at the time I naturally let him depart with & copy of the COPS
Propram  Tibrary. Years later, vecalling the favour done Lo him by
COR3 he wrote Lo me offering to provide some MDD programs of  his
and  being familiar with the avchiteckure of the FP5 would be
rased Lo show me how Yo pel the hest out of it! As  a result  of

f days showod

he visited Davesbury in Qotoher and in a couple o
me how his programs worked.
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The essential f[eraturé of the method described to me by “Aattoe
is  that the forces are nobt caleulated, s they usually ave, In a
doublie Do loop over the particlies in the system. instead the method

ting siles in‘a =zinple Javge loop.

Loops over  Lhe paivs of interao

.

This, at least, is the principle, because a little thought rveveals
that L is

Tull (N*¥{N-1))/2 pairs ave Lo be considered. In practice one
attempbls to calculabte as many of the pairs as the memory available

negessary Lo store a very lavge number of terms if the

will allow, and repest the procedure until 21)l the paivs have bean
congidered. (One begins to see how the large memory feabure of the
FPS is being expoited to the full  heare). OFf couvse this method
requires  some careful book-keeping if the detailed interactions of
the whole system are bto be covrechly accounted for. This is not the
whole slory however, because having set up the problem in this way
one 5Lill needs to ensure that the new method will pipeline. lere
{as I suspeclted) il was necessary bo revert Lo APAL coding and
Aatto supplied a number of azuxiliavy APAL routines that perfovrm the
pipelining and book-keeping. The aunthor of these routines is Roland
Sonnenschein, formeriy of the Max Planck Institute, Mainz and  18M
Kingston, New York, and former colleague of aatto. (These APAL
routines, which are applicable to polyatomic molecules as well as
Lo the simple Lennard-Jones atoms used here, will shortly be
available as an #P5 utility package through the CCP3 Program
Libravy. The oprogrom MDTEST is also available, under the name of
HOATPS, in the COCP% Program Libravy).

To ktry out this method Aabkto and I made the necessary
modificarions bto MDTEST and performed the standavd btesk vun. The
o ke

job took 257.5 seconds. Clearly, the new approach was considerably
better than my own!

S0  what can  be learned from this Lkale? It would appear that
the way ahead in the use of the FPS5 164 is to be prepared to adopt
new strategies and if necessary to delve inte the use of APAL
coding. As yek, I see no simple route Lo the full processing power
of the FPS using FORTRAN alone (bul perhaps our American colleagues
have better ideas ?). Past experience using the Crav ls did nok
really offer any useful clues in Lthis regard and one is reminded of
the re-thinking that 1is necessary in using other atbached
processors  such as the TCL DAP, bhough in Lhakb case one expects bo
have to learn new melthods Dbecause of 1its unique architecture.
Finally, T am reminded once apain that a few moments in the company
of & wige wan is worth a lifetime of searching. Mow helpful it is
to  discuss matlbers with someone knowledgable! Is this not why CCPS

exists?
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MOLECULAR DYNAMICS SIMULATION OF HARD MOLECULES

M. P. Allen and D. Frenkel

_'In an earlier issue of this riewsletter, David Heyes . described
the,'basi¢_ techniques uséd in. computing the molecular dynamics of
hard spherés {lj._Ih this article, we shall set .out _the .program
structure and _giue_ technical details for the simulation of hard
non-spherical molecules. We have been.  using. . this. . approach
successfully now for more than a yeap  in  simulations of the
hard-ellipsaid and hard~spherocylinder systems, both of which we
regard as benchmarks for hard-core molecular liquids in general,
and which in addition form liquid crystalline phases.. . The _program
runs . éfficiently.__on ] a S vector-processing  supercompubter. with
:scattéf—gather qapébility , and there is every indication that more
~complex havd-particle systems ¢an be simulated in the same way.

_ The . uéual'.ptocedufe:-fcr hérd éphere_simulatiohs_is to solve
the collision aquations for each possible colliding paiv of atoms,
locating the earliest collision time, and then advancing:the_system
using Eree—fiighb Newtonian dynamics to the poink of collision. The
collision dynamics are then implemented for the colliding pair, and
a search started for the nexkt collision. The process 1% quite
afficient, since translational metion 15 rectilinear and the
collision equaktion is quadraktiec in the Gtime and hence easily
solved. List structures, similar Lo those used for ceontinuous
potentials, can be used Lo speed Lthe progvam up. Although
collision-by-collision dynamics dees nob look as though it would
vectorize easily, for large systems most of. the time is spent
searching pairs for solutions of the collision equation, and so il
is 8till worthwhile to use a supercomputer for rthis kype of work.

The situation for hard non-spherical particles, though, 1is
more forbidding. The collision equation becomes highly nonlinear in
the time, both because free-flipght dynamics now involves rotabtion
abeout, as well as translation of, the centré of mass, and because
the colliding particle surfaces are in general non-spherical. To
our knowledge, only one or two simulations involving dirvect
solution of the collision equations have been carried out.
Ballemans and coworkers {2} conducted some preliminary simulations
of hard dumb-bells in Lwo dimensions, while Frenkel and Maguire [3]
simulated the hard line segment model of vod-like molecules. Both
these pieces of work have been extended recently [4]. However, the
programming effort involved, and the expense of the simulalions,
are sipnificant deterrents. A simpler approach has been adopted by
Rapaport [5] and developed by Chapela and coworkers {6] (see also
[27). The molecules in this approach ave built ocut of hard-sphere
units, and are not vigid.

However, a fairly efficient alternative approach to rigid body
dynamics exists, and has been described by Rebevtus and  Sando  [7]
and by McNeill and Madden [8]. Here, the molecular contipuration is
advanced on a4  reguliac  step-by-step basis  just as  in sbandard
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molecular dynamics.'usihg'ffeééflight'withoutf‘cbliiéioh.”fHOWéver.
at  the end of each step, the configuration 1y examined for
overlapping paivs of molecules. For each overlapping pair, thae
collisien equakion is  solved retrospectively to find the Lime at
which collision should have occurred, The system is rewound ko the
peint  of collision, collision dynamics implemented, and the system
run forward agiin to the end of the step, The expensive part of
this, - the - search - for -~ overlaps, "is reéadily vectorized —or
parallelizéd. The c¢omplicated (although nob ' very time-consuming)
part consists of handling multiple overlaps and resolving: sequences
of (possibly) inter-dependent collisidns oécurring: withid a veéry
shorl Lime of sach other. : : T I

. The following -£low “didgéam dhows Lhe wiy in which our main
‘program handles this ~problem. THis section of “the' program is

enclosed - in T a loop - over timesteps,'“énd*'it “advances  the
configuration from time tl ‘to time tO0+dt incorporating - all

collisions . coérrectly. (dpart "~ from a very small number of grazing
cellisions which are not detacted). The advance voubtine attempts Lo
advance the "configuration from an initial time tl to-a final time
t2 incorpordting all collisions cotrrectly. IE this is accemplished
withoult difficulky, -iL -returns as. ~.TRUE., ~the logical-flag 0OK;
-otherwise OK i§ sel ~.FALSE. The main totline keeps track &6f oK and
the flag - LASTOK, which records whéether or not the last attemptb at
advance was successful. o ' ' ' o

£l = 0
L2 = w0 + du
= .TRLE.

LASTOK

"—')-advan'ce' Coel <> E20)y

Lest QK = P Lest LASTOK
true nrue
" false : ' false
t2 = (ul+r2)/2 - Bl = t2
LASTOK = .FALSE. £2 = &0 & b
"+ - LASTOK = .TRUE.
¥
e VFad
Y N
STEP ENDS €
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By coding the main program in this way, we cin “allow the advance
routine to be quite simple, catering for the overwhalming majority
of cases (fovr a suitably-chosen interval dt) in which a single
collision or- a0 =small number of non-interfering collisions occurs
duving. a Eime step. Whenever advance 1is  unable Lo ‘resolve  the
collisions unambiguously, it sets QK Lo bé .FALSE. and returns with
tha configuration unmoved - at time tli Following this, the program
simply " halves: the timestep, records the fact that ‘a failure
occurted, and tries’again. When an - ddvance 15 successful; - the
program - tries Lo cover:the remaindeér of the time step in a single
g0, and the process continues. A time step is completéd when Lwo
successive advances. preoduce an OK. result, or when the very first
advance covered the whole step in one. : R

- Within the advaunce routine the prodediurs is as * Follows. The
“initial - configuration at time tl is storad, and all molecules are
moved forward to the new time t2. A search for overldpping pairg is
-made, -and. a list of these constructed. If there are any overlaps,
the collision equation is solved for each such pair. Specifically,
we lIook for roots of an equation f{i,j;t)=0 where the overlap
function f is positive 3if i and j do not overlap and negative {if
they do. In the case of ellipsoids, suitable prescriptions have
been provided by Vieillard-Baron [9] and by  Perram and Werktheim
{10]. We do this by a standard Newton-Raphson procedure; which
requires the time derivative of f as well as Lhe function itself.
The pair collisions are sovted dinto chronological order. Any
secondary collisions (collisions involving atoms i and j, either of
which have Dbeen inveolved in a collision appearing earlier in the
lisk) are removed. The collisions are Lthen examined in order of
occurrence. For each collision, the colliding patr i and j are
moved back to the point of collision, allowed ko collide, and moved
forward again teo time £2, They are then examined to see if, after
this, they overlap with any other molecules. If such an overlap is
detected then the step is immediately " abandoned: the original
configuration (at time tl) is restored, the flag OK set to- FALSE.
and the routine relurns, The reason for this quick rejéction is
explained below. If no overlap is detrected, Lhé routine goes on "to
consider the next colliding pair, and so on through the whole list.
The collision list is typically quite short; almost always less
than ten collisions per step in our simulations, and often just two
or three. If all collisions on the list are tackled successfully,
the OK flag is set and the system moved to Lime t2. In Lthis way, we
may be confident in the results of the routine piven an QK return;
if there is any complexity at all in the sequence of cellisions
then OK is set to .FALSE. The reason for this is that such events
are infrequent. They could probably be reselved by deft
programming, but ibE is not worth the effort. They are handled
(following a failed rveturn) when the time step is veduced in the
tefimost branch of the flow diagram. Thus, we may Lake two or more
sub-steps, each involving a call to the advance voubtine, Lo cover a
gsingle time step dt. Ag measured by Lhe average length of sub-steps
covaerad successfully by Lhe advance roubtine, relative Lo the inpnut
timestep db, we run the program al an efficiency grester than 903,
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One or two additional bechnical points should be menbioned. In
'tha'saarch_fof_colliding patrs, we laok at minimum-imape neighbours
in the wsual pevicdic svstem. Tt is not absolutely cevtain that the
next  collision between i and j will be between molecules that are
minimum images ht'the:time'thé search 1s undertaken.  Consequently,
the Ffirst aétion. undertaken. by the advance routine is to examine
MOlecular ve1bcitié$_and_check'that-no_pair-could;mUVQ.relative . ka
ene another by half a box length minus, their own diameter, inany
codrdinntq “direction, _during_= Lhe inftewrval.. t2-kl. _{f;u_the
c:onfigurélti'on_ fails L‘na test, OK 'is. gsebk: .FALSE. and. the. routine
‘returns. Secondly, 1t is well-known that the Newton-Raphson: routine
occasionally'fails, by getring. into a. cvele brackebting the correct
soluktion. With runs extending over millions of collisions, this. is
bound to happen avery so often, and so the program includes an
iteration count and an "amergency" binavy seavch to. locate the rook
whenevérQ'too;.many Newton-Raphson | iterations. eccur. Finally, the
mosk éxpéhsivé parﬁ of: the ﬁrbgram fémainszthezcompiete search  for.
pair overlaps. This may be speeded up by the use of neighbour lists
in the usual way, and made Easter if this. vectorizes., . We. find . iL
most convenient Lo use a Verlet-type list. {[Il) rather than.a
'Cellwstructureh sinae the_ former may be made Lo refleckt the
moleculaf shhp@, ~which in  our case is quite anisometric. We are
already uéing a. function f. which signals the overlap of.. two
ellipsoids. By changing. a parameler in this function, we turn it
into a ﬁew'funétion_F, which indicates when two vather. larger
ellipsoids, containing the original  molecules,. overlap. We
construct our Verlet-type lists using F to decide. whether or not
two molecules are neighbours, rather than employing'the-usual
criterion of distance between Lhe centres. This approach works well
in the denge liguid state, when neither translation nor rotation
ogcur particularly quickly. The 1list 1is updated at  rvegulax
intervals, but the program includes a "safety skin depth” check,
based on yet a thivrd version. of the f function, to warn when
molecules not on  the neighbour list are penetrating too far into
the_neighbourhood region between updatesg, This aclks as a Lrigger
for autematic reduction of the update interval. Construction and
use of the 1list are vectorizable on  the CYRER-205, involving

"pather'" and "compress" operations.

. Fof_ a . éystem of 144 prolate ellipgo{ds; with axial vatios of
2-3, at qu&id densities around 0.7-0.8 of the close-packed solid
denﬁity, the preogram genevates around one million cellisions per
hour of CYRER cpu time. We have used Lhe program te investigate the
slowing-down of molecular rotation in the isotropic liquid on
approaching the nematic-isotropic transition, and the way in which
this 1is associated with the onselt of nematic long-range orvder.
These results will he reported elsewhere [12]. We also intend ko
investigate transport coefficients in the nematic liduid crvstal
itsell, where, of course, the =low dynamices of the system may
present a sipgnificant challange.

{1} D. M. Heyes, CCPS Newsletter, 10, 21 (1983).

[2) AL Bellemans, J. Orban, and 2. van Belle, Mol. Phys. 39 781
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A_COMMENT ON DEBLCCING MONTE CARLS DRGGAS

e

CMicMezed
The .  production of cdffect”wtompuhef'“bodé' ie d3'ﬁajor
difficulty in ani computational projiect. ' For'a long code,
extensivae testing iLs raquiread, special cases where the
resuit is known should be tried. "8 particular difficulty
arises in the debugging of a Monte Carlo program: since the
results - are legitimately "= ~"subject - to abtatistical

uncertainties, no precise match with existing results can be
expacled.

This neote will describe an approach te the debugging of

Monté  Carlo - programs ’ Yorv -‘simulating ~ an- “assembly’ of
particles. The key idea 15 the extensive use of consistency
checks as follows. " In most: problems, : -~there  are  several

exXxpressions or algorithms that compute a given quantity and
usually the one that is {(thought to be) optimal is chosen.
The other ones, however, can.'still be dsed for d-céﬁSistency
check. In the vest of this note the self bests emploved in a
Metvropoelis Monte Carle [l] program using pairwise additive
energy and single particle moves with force viased
displacaments [2] will be described (see also Ref. [3}).

The fundamental Lest is on the calculation and updating of
the total energy of a system of ¥ molecules, E;

N
E o= T ey (1)
1<j

where e, 4 is the pair interaction energy between moleculas 1|
and j. E is updated whenever a pariticle i i moved. For
this update only the terms inveolving the moved particle i
are to be considered since the rest vemain unchanged:

phew - pold _ Boldi! “ Bnewi' (2>
whera
N
S S
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.is the binding energy of molecule i and the superscripts. old

and new refey to the status before. and . after the move,
respaectiively. The . Bj values . are also carried and kept

updated whenever a . move s . acoceptbed {for all . molecules

4 1y

" gnew. o pold) old . . .new C

1~
Ry

This way (since the.eii values are not . stored); Fq. . {(2) can
be used withoubt vecomputing the SR values befovre the  move
and . the recomputation i{s only negded for nccepted moves {(to

update the Bys) (4], The eunergy E is related to the nis as
E = D 8;/2 . . )
i=1
Theréfnre, the first test compares the result of. . eq... (4)
with Lthe  energy carrvied, | The .second test looks at the

bindihg energy B;r carrvied by Lche . program and . compares it
with the wvalue  divectly computed from Eq. (3. The third

test recomputes & using Hq. (1) and compares it with the
energy cavrvied, NMotice that the first test requires no
energy caloulabion atb all, | the second requires the
computation of ~ N energies and the third requires the

computation of N2/2 energies. 411 of these tesks should

give equality up to the precision of the computer.

1 the  program calculates forces (torques) and bthe vigial
sum then analogous Lesba can be performed on them. . The
virial sum is updated in analogy ©f the toLal energy, . and
thus the third test is'applicable, The. . components ¢f . the
forces (torques) acting on  a  wmoleculea are obtained and
updated in analogy Lo the binding energy By and thus the
second test can be applied to them.

The tests described above «do not check the caleculation of
€y 3 and dts derivatives but rather the operabtions involved
in composing the various molecular and supermelecular sums.

For programs calculating forces, there is a possibility af
testing simultanecusly Lthe calculatien of €y and its

devivatives by performing a numerical differentiation and
comparing the derivatives computed. This test, however, 1is
not as strong 4 Lthe ones described above since in  genaral
whnen the diffevence quotient 1is a pood approximacion to the
devivative the increment is very small. But i Loo amall
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“incrvement will give an imprecise quotient duea td the limited

precigsion of Lhe machine. The test is more powerful when
performed on a system consgisting of 4 feaw molenules oniv.In
Dur - experience, on  a-32-bit word-lenpth machine only 2-3

digit agreement can be obltained.

Condensed phase simulations are usually performed under
periodic boundary conditions. While most applications choose

the rectangular unik cell (that is very simple Lo
implement), there are advantageos Lo uming other shapes:
truncated octahedron, hexapgonal prism or the Wigner-Seit=

cell of the {ace-centred cubic close packing. The efficient
implementation will use an algorithm for the determination
of the image cell a given point is in bthak is specifically
developed for the boundary coendition chosen. An inefficient,
but general algorithm would simply find the cell whose
centre is kthe nearest to the point considered. This general
algorithm, however, can be used to check any of the specific
ones.

Quite often, a Monte Carlo program maintains a list of
neipghbours (to reduce the energy calculation) or the number
of . neighbours {for calculation - of coordination numbers).
Again, bthese data are computed Ffrom scrateh at the beginning

only arnd are updated thereafter. In the self-testing mode,
however, they can be recomputed from scvatech and compared
with the lists carried. For the neighbour lists the symmetry
should alsc be checked: if i is a neighbeur of i, then 1

must be a neighbour of i and vice versa.

In the actual realisation a subvoutine is maintainéd in the

program for these tests. This subroutine is called only
optionally, primarily - during the testing period but
periodically thereafter as wall (since -some bugs may
manifest themselves oaly after longer rung or under - some

special inpulbt parameter combinabtions). Any btime the program
is modified, the self tests ave called. :

In concluding, I would like to apologise to the reader for
the obviousness of the material described. The reason for
the presentation 1§ nelt so much to point out the exlistence
af these identities ov alternative algorithms but rvather to
report that they proved te extremely useful in detecting and
locating bugs during the development of our Monte Carlo

pPrograms. In several instances, prior to performing the
consistency checks, the program apparvently "worked" and
there was no obvious indication of malfunctioning. When a
failure occured, the combination of failed tests usually

pave strong indicabion As to the leoecastion of the error in
the program and quibte often Lthe point of breakdown in the
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caloulation singled out special cirvrcumstances under which
the error ovcured, further narrowing the gearch. It isg
sugpested thevefore thal Ltihese Lests {and possibly any other
that is applicabdle Lo the problem at hand?) should be
roubinely incorperatad into Monte Carlo programs as a
debugping ata For the developer and as a confidence buildex
for the user. Aas a final warning, howaever, one should add
that all consistency checks serve only as necessary
conditions for the correctness of the program and othev

means of testing should be emploved as well.
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A Study Weekend jeintly organised by the Collaborative Computing Project
in Protein Crystallegraphy (CCP4) and Daresbury Laboratory

23-24 January, 1987

Lecture Theatre, Daresbury Laboratory
The collection and analysis of protein crystallegraphic data 1s the hasls from
which structural information on bioleogical systems, at the molecular level, is
derived. The Study Weekend will address particularly the computational aspects of
this topic. The processing of f£film data, measured via monochromatic oscillation
and white beam Laue methods, will be discussed. Special attention will be given to
the acquisition and proceasing of data collected on electronic area detectors using
conventional or synchrotron x~rays and neutron beams; progress on the EEC initi-
ative on this topic will be reported.

Speakers include:

G. Bricogne (LURE) A. Leslie {Imperial College, London)
D.W.J. Cruickshank (York/Daresbury) P.A. Machin {Dareshury)

P.R. Evana (MRC, Cambridge) M.Z. Papiz {Daresbury)

R, Fourme/R. Kahn (LURE} J« Pflugrath {Munich)

T.J. Greenhough (Keele/Daresbury) T. Richmond {MRC, Cambridge)

J. Hajdu (Oxford) R. Stansfield (Edinburgh)

M.M. Harding {Liverpool} 0. Stuwaxt =~ (Oxford}

J.R. Helliwell (York/Daresbury) 2.J. Thomas {MRC, Cambridge}

A.J. Howard {Genex Corporation} A.J. Wonacott (Imperial College, London)

There is a regigtration fee of £43.00 excluding accommodation. The fee will include
all meals during the meeting with the exception of lunch on Friday. Accommodation
has been arranged at a local hotel for the Friday night and the charges are £20.00
per night for a single room: £18.50 per night for a shared room (Bed & Breakfast).
Please note that the number of places at the meeting is limited sc early applica-
tion 1is advisable.

How to apply:

Enquiries about the programme should be made to Dr. J.R. Helliwell, Department of
Physics, University of York, Heslington, York YO1 SDD, Tel.: 02904-430000 (Ext.5507)
or to P. Machin, SERC Daresbury Laboratory, Tel.: 0325-603350. Additional infor=
mation and application forms are available from Mrs. S.A. Lowndes at Daresbury,
.Tel.: 0925-603305, who will be pleased to answer queries about the organisation of
the meeting.

SERC

DARESBURY LABORATORY
WARRINGTON WA4 4AD

Tel. 0925 603000 Tejex 629609
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