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Editorial.

. The: most: gratlfylng plece” of News we can report ir ‘this ‘fssie
“is that. CCP5 has successfully been rénewéd for a few more’ years' It
is . appropriate then ta-thank the. CCP5:Chairman- Julian Clarke and
the. authors. of the Remewal :Proposal; Richard - Catlow,  Dominic
Tildesley, -M. Leslie: and-. W, Smith for their -efforts. Thanks are
also due . to.several members of the CCP%  Steering -Committee, " who
provided. useful advice and information. : ’ o o

It has to be said however that not all the requests made ko
SERC in in the CCP5> Renewal Proposal have been granted and the
renewed . project will not- - have gquite - the diversity we had
anticipated. The reasons for this are probably more to” do with
administrative - necessity - than with any weaknegs in the 'scientific
case. An. example of Lhis is the radical change it the way in ‘which
all the CCPs are to be funded in-future, This has introduced a more
competitive aspect into the funding of the CCPs than  existed
previously. Nevertheless we can be glad that CCP3 has come through
with most of its requests having been met and we can look - forward
to a . programme: that is . still : exciting. Further details of the
renewal of CCP5 are given within. S . o

Qur thanks go Lo this month's cortribukors to our newsletter.
Contribukors:
D.. Adams : - - ... The Department of Chemilstry,
G. Dubey University. of. Southampton,-

Southampton 509 5SNIH.

D. Fincham . -.. . Department of Chemistry, The 1"
: . University of- York, Hesllnbton,'*“f'”
York: YOL SDD. : o

K. Singer ' Department of Chéﬁiétry; Royal
Holloway and Bedford New College.
Egham, Surrey TW20: OEX, .-

W. Smith Theory and Computationzl Gcience = "~
L. Wille - .-, Divisien, S$.E.R.C. Daresbury
Labovatory, Baresbury, Warrington
- Wad 4AD . :



General News.

a) The renewal of CCP53 was confirmed by SERC during the summer
months. The finally approved project however was reduced from that
contained . in... the  Renewal Propeosal. .The  Proposal: conktained
collaborative projecﬁs_ in four distinct areas: simulations -of
molecular . and macromoiecular_syStems;_simulations of polar seclids;
simulatibns: of fluid transport . properties and simulations. -of
quantum systems,_ The last of these projects. carried a requirement
for a postdoctoral research assistant. Each project .was . to be
gsupported by a programme of workshops and invitations ko overseas
scientists.

L In the approved Praject, funding - of the quantum - mechanical
simulations was not. recommended. In. addition the renewable life of
the Project was reduced from three bto two years. The support of the
scientists at Daresbury Labdratory (in the persoms. of M. Leslie and
W. Smith) was reduced by half (this is not likely to- take immediate
effect).

S These . reductions.. in _the. scopetf0f_-Ehe' Project,  while
disappointing, still leave . a  substantially "viable. Project. The
surviving projects will be able to proceed in much the same way as
was planned (albeit for two instead of three years) and we can be
confident thatr some very useful work will be done.

In order that the terms of the renewal can be discussed movre
fully by the particpants in CCP5, a CCP5 Steering Committee Meeting
is being arranged during the CCP3 meeting in Manchester in January
1987, the details of which are given below..

b} CCP5 is organising . a - meeting entitled "New Horizons. in the
Computer Simulation of Condensed Phases'". The meeting will take
place in Manchester &-9 January. The purpose of the meeting is to
discuss recent developments and Ffuture possibilities in the
following fields: : - :

Molecular and'macromoleculérESYstemsﬂ-5

Polar solids

Fluid Transport Properties : - :

Quantum Mechanical Simulations (not qpecxflcally funded)-

It is hoped to include substantial time:: in - the programme for
discussion. The invited speakers include Jorgensen (Purdue) and
Price (U.C.L.). A poster session will alse be organised. & CCP5
Steering Committee meeting will take place on the Thursday, before
dinner.

Those inktereskted in participating should contact Dr. J.H.R.
Clarke, Department of Chemistry, U.M.T.5.T., Sackville Street,
Manchester M60 10D. Those wishing to contribute a talk are
requested to send a short abstract for consideration.



c¢) CCP5 is also organising a workshop on sorption in porous solids
sometime in January 1987. The discussions will cover both molecular
dynamics and static simulations and will includé experimental
input. Readers inlLerested in altending this workshop should contact
Dr. M. Leslie, SERC Daresbury Laboratory, Daresbury, Warrington WA4
GAD . A . . o e . o

&) THe Ruthérford and Appleton CompuLer Centré 'fECéhE1y 'cfgani§éd
an Open Meeting Imperial College London to provide prospective
users” of the new Cray XMP/48& supercomputér with some details of the
service " RAL will offar. We are fortunate that D. Fincham attended
the meeting and has reported the meeting for CCP5 (see within). UK
readers will probably’ have seen press reports regarding the
negotiations with the Ahericaﬁ'authéfities over  the 'transfer of
techhiology' restrictiods operating for machines such as the Cray
computer. It is to be hoped that no serious delay in establishing
the service will result. With a little goodwill and patience all
should be well! o '

e) The University of London Computing Cent¥e has announced the new
Cray service for the end of October, when Lthe second Cray ls
computer with 2 Mwords of memory, becomes available to users. The
two Cray computers will opetrate ‘as if in sSeparate environments and
users will need Separate accounts if they are to use both machines.
Users should contact Allocation and Control for advice on this.

" With regard to the current Cray service, ULCC, - havé' ahnduﬁcéd
their  intention  to ‘enable COS Permanent Datset Privacy at the end
of 1986. The toocls provided bv thls will allow users to: protect
datasets from -~ unauthorised useé. This implementation will affect
everyone and- users are recommended to consulL the ULCC newsletter
for July 1986 for details. ' o '

Alse wia ULCC we learn that the long awaited Mini-DAP has
emerged and has been xnstalled at the DAP Suppork Un1t at Queen
Mary - College.. This: small ver51on of Lhe ‘now-Famous DAP has abouk
one third of the procq951ng power and is to ‘be combined thh an 1L
Perq to produce. a grdphlcs workqtatlon. "The potentlal ‘of this
combination for molecular graphics is COn51derab1e and 1t' will be
1ntereqL1ng Lo hear of future dcvelopments. ' '

£y The University '6f='Ménéhéstef"Régfdhai Computlng Centre has
annouriced ~ the imminent withdrawal of the CYBER 7600 service known
locally as MFZ. The improvements in the SCOPE 2 RHF s$oftware since
its initial implementation have meant that’' the presence of an
additional number-cruncher caanot be justified. The withdrawal of
MFZ means that UMRCC 15 left with cne CY¥BER 7600, a CYBER 176, a
CYBER 205 and the AMDAHL 470/V8 as the main facilities.

Maanwhile, Augusl saw upgrades to several software packages
incuding the FTN5 cowpilers and GHOST-80 on both the 176 and 7600
machines and also the 205. August/September was also scheduled as



the Eime of the introduction of Version R348 of ROSCOE on  the
AMDAML  470/va. YAMDAHL  NOTES' 59 and 60, published by IIMRCC give
details of the new facilities available.

'g) U.K. CCPS participants are reminded that at Daresbury Laboratory
the $.E.R.C. has available an FPS 164 aktached processor, currently
with 3 MAX (matrix accelerator) boards, which is available for
grant supported compuking within the Science Board Community. 1In
the first year of its opération [[.K. researzch groups are invited to
apply informally to the Director of Daresbury Laboratory (Professor
L.L. Green) for time on the FPS for benchmarking purposes. If the
FPS proves viable for a given project, a formal application (using
the familiar ~forms RG2 and AL54) may be made. Advice on uslng the
FPS at Daresbury may be obtained from the User Interface Group (in
the person of Dr. D. Tavlor) or “from the CCP5 representat;ve Dr.'w.
Smith. A document entitled 'Using the FPS Attached Processor at the
Daresbury = Laboratory' by Dr. M.F. Guest is available from the User
Interface Grolp. - ' ' ' '

Tt is pleasing to report that some members of the CCP5
community are already making use of this facility.

h) The CCP5 Editdr continues to hear reports that our readers are
citing the CCPS Newsletter in the established scientific journals.
Some concern has been expressed to'us that the function of the
newsletter is being exceeded by this practice, since the newsletter
is an informal jourval and is meant only to stimulate discussion
and prOvide information. IL does not. therefore carry the same
weight as a’ fully fledged Journal. If eur readers wish to. cite the
newsletter in the wider literakture we ask that they declare its
infbrmalitﬁ- Its avallablllty from Daresbury Laboratory should also
be mentxoned so  that interested parties can ohtain the relevant
information.

1) We hdve recelved from colleaguea 1n the NeLherlands 1nformat10n
oh Ethe’ 91mulat10n pdckage known as GROMOSB6. The packag has. been
developed by the ‘simulation group at Cronlngen and it appears to be
an extremely versatile and_powerful package ftor sxmulatlon work.
Many different kinds of molecules may be simulated, using different
kinds of inLeraction models and boundary conditions. (A  full
description of the package would require more space than can be
afforded here). Readers inkterested in the packapge should write to
Dr. W.F. Gunsteren or Prof. H.J.C. Berendsen at the Laboratory of
Physical Chemistry, The University of Groningen, Nijenborgh 16,
9747 AG Groningen, The Netherlands. The program package is
availablé via a small company set up by the Groningen group to
distribute the program. A handling fee only ($200) is charged to
academic centres, but commercial companies will be required to pay
substantially more.

i) Readers may be interested to know of an internabional conference



on 'The Impact of Supercomputers on Chemistry' is being organised
and will take place in Lhe University of London from 13 - 16 april

1987 The ceonference will cover all aspects of the use of
supercomputers; applications and methodology. Some of the areas to
be coveraed include: the simulation of cendensed matter, molecular
mechanics, . “simulation  of b1ologlca1 systems, '__proLexn

crystdllography and’ molecular COlllSlon processes._ A session on
hardware develupmenLq' and " a’ Computer Fxhlbltlon is also pldnned
Plenary lectures will be’ glvon by M.J. Gillan, H.J.C. Berendsen, D.
Ceperlay, E. Clemmenti ‘and T.L. "Blundell among, others. Further
information will hecomeé available in the late summer of 1986.

Enquiries regarding the conference should be addressed te Dr.
J. Altmann, ISQC 87 Secretariat, Room 209, University of Londen
Computer Centre, 20 Guildford Street, London WCIN 1DZ. (Telex
8953011).

k) - Anyone wishiﬁg“to'méke” use of the CCP5 Program Library is
iavited: to do so. ‘Documents and programs are anllable free of
charge to academic ¢entras Gpon applicatlon kb Dr. M. "Leslie (*) at
Daresbury ~ Laboratory. 'Listings of progrdms fare_ aﬁailabié"_if
required but it is recommended that magneLlc tapes (to be supplled
by the applicant) be used. It may also be possible to transfer a
small number of programs over the JANET' network to other 'computer
centres in the U.K.. Users wishing to send magnetic tapes are
instructed to wrikte Lo Dr. Leslie for information before sending
the tape. PLEASE DO NOT SEND TAPES WITHOUT CONTACTING DR. LESLIE
FIRST. Delays are caused by applicants sending new tapes which have
to be initialised at Daresbury (i.e. tape marks have to be written
ot them). Also’ tapes sent in padded bags have to be cleaned before
use. Please ‘do’ not use this form of pack1ng (A'lisE'of'programs
avallable follows in’ the next few pageq ) ' '

We should also lika to remind our readers Lthat we would
welcome contributions to the Program Library. The Library exists to
provide support for the reseavch efforts of everyone active in
computer simulaticn and Lo this end we are’ dlways pleased to extend
the range of software available. If any of our readers have any
programs - theéy: would 1lik& to wmake available, please would they
contact Dr. Leslie. S

® . (Full  addréss: "S.E. R. C. ”'Dafesbﬁff.b”LaﬁbfatéfYa.: Dafésbﬁfy,
Warrington WA4 4AD, U.K. ) O - _

[ %]



LIST OF PROGRAMS IN THE CCP5 PROGRAM LIBRARY.
MDATOM by 5. M. Thompson..

M.Di simulatién of atomic  fluids. Uses i?/GQ'Léhhard]_Q__qones
potential function and fifth order Gear integration algorithm.
Calculates system average confipuration ‘energy, kinetic  energy,
virial, mean square force and thé associated R.M.S5. deviations and
also system pressure, temherathe, constaht volume. specific heat,
mean square displacement, quantum corrections and. radial
distribution function. ' . '

HMDIAT by S. M. Thompson.

M.D. simulation of diatomic molecule fluids. Uses 12/6 Lennard -
Jones site - site potential functions and a fifth order Gearc
algorithm for centre -~ of - mass motion. Angular motion is
calenlated by fourth ordér Gear algorithm with  quaternion
orientation’ parameters. Calculates system average configuration
energy, kinetic energy, virial, tean ' square. forcé, mean square
torque and the associated R.M.S. deviations and. also. system
pressure, temperatura, constant volume specific heakt, mean square
displacement and qilantum corrections, ' '

MOLIN by $. M. Thompson.

M.D, simulation of linear molecule flﬂids.: Uses 12/6 TLennard -
Jones site ~ site potential functidhsL_énd_ a fifth order Gear
algorithm for  centre = of < mass mokbion. Angular motion is
calculated by  fourth 6rdér: Gear algorithm with quaternion
orientation parameters. List of calculated properties is the same
as HMDTAT.

MDLING By S. M. Thompson. =

M.D. similation of linear molecule fluids. Uuses 12/6 Lernard -
Jones  ‘site -~ site potential functions plus a point electrostatic

quadrupole. Uses a fifth order Gear algorithm for centre - of -
mass mekion. Angular motien is calculated by fourth order Gear
alporithm with guaternion  orientation parameters. ListL of

calculated properties is the same as HMDIAT.

MDTETRA by S. M. Thompson.

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

Jones site - site potential functions and a fifth order Gear
algorithm for centre - of - mass wotion. Angular meotion is
calculated by fourth order Gear algorithm wikth guaternion

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



MDPOLY by S. M. Thompson.

M.D. simulation of polyatomic melecule Fluids. lses 12/6 Lénnard -
Jones site - site potential functions and a fifth crder Gaar
algorithm for centre - of -~ mass -motion. angular motion 1is
calculated by fourth - order . Gear - algerithm with quaternion
orientation parameters. LislL of calculated properties is the game
as HMDIAT.

ADMIXT by W. Smith.

M.D. simulation of monatomic molecule mixtures. Uses 12/6 Lennard -
Jones atem ~ atom potential funclkions and a Verlet leapfrog

alpgorithm for centre - of - mass motion. Calculates sysktem average
configuration energy, kinetic energy and virial and associated
R.M.5. deviabtjons and also pressure, temperakbure, mean square

displacements and radial distribution functions.

MDMIXT by W. Smith.

#.0, simulation of polyatomic molecule mixtures. Uses 12/6 Lennard
~ Jones site - site potential functions and a Verlet leapfrog
algorithm for centre - of -~ mass motion. Angular mwotion is
calculated by the Fincham leapfrog algorithm using quaternion
orientation parameters. Calculates system. average configuration

enerpgy, kinetic energy and virial and associated R.M.5. deviations
and also pressure and temperature.

MDMULP by W. Smith.

M.D. sgimulation of polyatomic molecule mixtures. Uses 12/6 Lennard
- Jones site. - site potential functiens and- peoint -electrostatic
meltipoles - .. {charge,. . dipole. .. and - quadrupole}. . Long range

electrostatic effects are - calculated: :using.. the. Ewald summation
method.  Uses. .a. VYerlet:: leapfrog algorithm for centre ~ of - mass
motion. Angular motion is caleculated by the Fincham'-Ieapfrog
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.

MDMPOL by W. Smith & D. Fincham. -

M.D. simulation of polyatomic molecule mixtures. Uses 12/6  Lennard
- Jones site.~ site. potential functions and fractional charges to
represent electrostatic multipoles. Long, range elecltrostatic
effects are calculated wusing the Ewald summation method. Uses a
Verlet leapfrog algorithm for centre - of - mass motion. Angular
motion 1is <calculated by the Fincham leapfrog algovithm using
dquaternion orienkaktion parameters. Calculates system average
configuration energy, kinetic energy and virial and associated
R.M.5. deviations and alsc pressure and temperature.



MDZOID by W. Smith & K. Singer.

M.D. simulation of ellipsoidal gaussian molerules. Uses ellipsoidal
paussian probability distribution to represent molecules and a sum
of paussian functions to represent the potential, giving a wodel of
great flexibility. Uses rhe Verlet leapfrog algorithm for centre -
of - mass motion. Angulsdr. . motion . is calculated-. by the Fincham
leapfrog hlgorithm using quaternion orientation parameters.
Calculates system average configuration energy, kinetic energy,
virial and associated R.M.S. deviationsg and pressure and
temperature. Also calculates centre—centre RDF, orientational order
parameters and translaotional and rotational velocity
autocorrelation functions.

DENCOR by W. Smith..

Calculation of density correlation functions. Processes atomic’ M.D.
data to produce the Fourier transform of the particle density, the
intermediate scattering functions and the dynamic structure
factors. '

CURDEN by W. Smith. .

Calculakion of . current . density.  correlation functions. Processes
atemic M.D. data to produce the Fouriexr transform of the current
density, the current density correlation. funckions and their
temporal Fourier Lransforms.

ULIL by 0. M. Heyes.

M.D. simulation of atomic fluids. Uses: 12/6 Lennard: ~ Jones: site. -
site. potential function and a Verlet leapfrog algorithm. for centre
- . of - mass motion. Calculates system average configuration-energy
and kinetic. energy. - and . asscciated. R.M.$S.. deviaticong - and - also
pressure, . temperature,. . mean. squave. displacements: ‘and radial
distribution. function. - - SN

HLJ2 by D. M. Heyes.

M.D. simulation of atomig fluids. Uses 12/6 Lennard - Jones site -
site potential function and a Verlet leapfrog algorithm for centre

- of - mass motion. Calculates system average configuration energy
and kinetic energy and associated R.M.5. deviations aund also
pressure, . temperature, mean. . square .- displacements, . rvadial

distribution function and velocity autocorrelation function.

HLJ3 by D. M. Heyes.. .

M.D. simulation of atomic fluids. Uses 12/6 Lennard - .Joneg site -
site potential function and a Verlet leapfrog algorithm for centre
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~ of - mass motion. The link - cell method is amploved Lo enable
large simulations. Calculates system average configuration energy
and kinetic energy: and associated R.M.S. deviations and -alsoc
pressure, . temperabture, mean  square digplacements and ‘radial
distribution function.. S - o P )

HLJ4 by D. M. Heyes.

M.D. simulation of atomic fluids. Useés 12/6 Lennard ~ Jones site -
site polLential function and a Verlekb leapfrog algorithm for centre
- of - mass motion. The algorithm allows either the Lemperabure or
the pressure to be constrained. Calculates system average
configuration energy and kinetic energy and associated R.M.5.
deviations and also pressure, temperakture, ' mean = §Square
displacements and radial distribution function.

HLJS: by D. M: Heyes: '

MiD:. simulabtion of ‘alomic¢ fluids: Uses 12/6 Lénnard — Jones site =
site shifted potential functicn and a Verlet leapfrog algorithm for
centre - of -~ mass motion. This method removes the discontinuities
at the potential cutoff vradius. Calculates system average
configuration energy and kinetic energy and - associated R.M.S.
deviations and also pressure, temperature, mean square
displacements and radial distribution function. : -

HLJ6 by D. M. Heyes. - -

M.D. . simulation of atomic: fluids. Uses 12/6 Lennard ~ Jories site =
site shifted potential function and the Toxvaerd algorithm  for
centre — of - mass motion. This algorithm is more accurate than the
Verlet algorithm. Calculates system average configuration energy
and kinetic energy and associated R.M.S. -devidtions - ‘and also
pressure, temperature, mean square displacemenkts and radial
distribution function.: s R ' e Co e S

MCRPM by D. M. Heyes. -

M.C.: simuiétion--of-'electrolytes;”'Monte-'Carlof-'prhgram' using
restricted primitive model of -an electrolyte. The potential is
regarded as infinite for r<d and Coulombic for r>d. The properties
calculated are the average configuration energy and its R.M.S.

deviation, the pair radial distributicen function and the - melting
factor.

SURF by D. M. Heyes.
M.D. simulation of model alkalai halide lamina. Molecular ~dynamics

simulation for ionic laminae using the Tosi~Fumi /
Born-Mayer-lluggins potential and the Evijen method- for evaluating
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the lattice sums. The integration algowrithm used is the Verlet
method. The program calculates the system potential and kinetic
energies, the pregsure and the final  averages. and. R.M.5.
fluctuations. The program also calculakes density profiles such as
number density, bemperature, energy and pressure..

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

S.0. eor M.D. simulation of molecules in vacue eor in. a rectangular
cell with solvent or lattice atoms (i.e. Langevin or Brownian
dynamics of large molecules).

MDATOM by D. Fincham.

M.D. simulation of atomic fluids. Uses 12/6 TlLennard - Jones
potential funckion and Verlet leapfrog integration algorithm.
Calculates system average configuration energy, kinebtic energy,
virial and the associated R.M.5. deviations and alsc system
pressure, temperature, mean sguare displacement . and .. radial
distribution function. -

HﬁﬁIAT'by D. Finchah.ni '

M.D. simulation of diatomic molecule fluids. Uses 12/6 . Lennard. -
Jones site - sgite potential functions and the Verlet leapfrog
algoxithm for centre - of - mass motion. Angular motion is is
calculated using the constraint algorithm. Calculates system
average configuration energy, kinetic energy, virial and the
associated R.M.S. deviakbions and also system pressure, temperature
ancd mean square displacementq :

MﬁbfATQ:by ﬁ; ?inchﬁﬁ.

M.D. simulation of diatomic fluids. Uses 12/6 Lennard - Jones site
- sikte potential functions and a point quadrupole electrostatic
term. Employs the Verlet leapfrog algorithm for centre - of - mass
motion. Angular motion is calculated using . Lthe. gonstraint
algorithm. Calculates sysltem average configuration energy, kinetic
energy, virial and the associated R.M.5. deviatians and also system
pressure, temperature and mean square displacement..

MDTbNS bf D. Fiﬁcham:& N.. Aﬁaéfasibuy_

M.D. simulation of electrolylLes. Uses exp/6/8 potential function
and the Coulomb electrostatic potential. Long range interactions
are calculated using the Ewald summation method. Uses the Verlet
leapfrog algorithm for particle motion. Calculaktes system average
configuration energy, kinetic energy, virial and the associated
R.M.5. deviations and also system pressure, Cemperature, radial
distribution functions, static structure factors and mean square

1o
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displacements.

MDMANY by D. Fincham & W. Smith. ...

M.D. simulation of polyatomic melecules. Uses 12/6 Lénnard -~ Jones
sile - site potential functions and fractional charges to represent

electrostatic multipoles. Long range eleclrostatic effects are
calculated using the FEwald summation methoed. Uses a Verlet leapfrog
algorithm. for centre - of. - mass. motion. - Angular motion is

calculated by-. the. Fincham  leapfrog algorithm using  quaternion
orientation.  parameters.. Calculates - system average configuration
energy, kinetic energy and virial and asscociated R.M.5. deviations
and also pressure and temperature. FORTRAMN 77 standard program.

CARLOS by B. Jonsson & 5. Romano.-.

M.C. similation of a. polyatomic ' solute wmolecile —im’ an' dquecits
cluster. {i.e. a meclecule surrounded by water molecules). The water
- water potential is calculated using an analytical fit toe an ab
initio potential energy surface due to Matsuoka et al.' The
solute-solvent potential 1is optional. The program provides an
energy and coordinate. 'history' of the M.C.:simulation. An analysis
program CARLAN fot:prdcessing thﬂ data produced by CARLOS - is -also
3\kailab]_e__ o o e . P ST

MCN by N. Corbin.

M.C. simulation of atomic fluids. Standard (Metropolis) Monte Carlo
program for atomic [luids. :

SCN by N. Corbin.

M.C. simulation of atomic fluids: Standard (Rossky,Friedman ard
Doll) Monte Carle program for atomic fluids.

SMF by M. Ceorbin.

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

STATIC SIMULATION CODES
CASCADE by M. Leslie and W. Smith.
Calculates Lhe structure and energy of a defect in an jonic crystal

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

11
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as well by default. Use is made of symmetry only in the defect
calculation and only for two-body potentials. A second derivative
method using a2 Hessian update algorithwm is wused to minimise the
defect energy. The program runs on the Cray, AS57000° and FPS 1640 -°

THBREL

Peterminés the minimum energy configuration of ‘a- perfect lattice
for a given potential. Bolh two- and three-body polLentials may be
used. Relaxation to constant.. veolume or =zero- bulk sLtrain is
possible. No use is made of symmetry to-speed up the calculation.:
THBFIT

Empirically fits a potential to experimeritally observed propertiés
of a perfect lattice. (Structure, elastic constants, dielectric
constants.) Both twe- and Lhree-body potentials may be fitted, -
SYMLAT - .

Détermines;.then minimum “energy configuration of ‘& perfect lattice
for a given.potential. Only two-body potentials may be - used:. ~The
program makes full use of symmetry to reduce time and memory
requirements. The program runs on the Cray, AS7000 and FPS 164.

THBPHON

Calculates  phonon dispersion curves for  ifoniec ~ crystsals ’ with
three-body terms in the potential.

12



PRELIMINARY announcement of a new jeournal:

HOLECULAR SI1IHULATION
Editor-in~-chief Nieck Quirke,
: B.P. Research Centre,
Chertsey Road,
Sunbury-on-Themes S
Middlesex TW16 7LN, England

Regional editors:

J.M.: Haile S " Wilfred van Gunsteren, =
Pepartment of’ Chpmlcal Bng Laboratory of Physical Chemistry,
Clemson University, University of Groningen,

South Caroclina 29634 " Groningen, o

U.S.A. _ _::_____'tz The Netherlands . ..

Publisher: . .. . Gordon and Breach Science Publishera,.:

1 Bedford. Street, _
London WC2E 3PP .-

Aims EEE Scoper Molecular Simulation existe to- bring together
the most significant papers concerned with the applications of
simulation methods using statistical mechanics and the most ori-
ginal contributions to the development of simulation methodology.
The aim 1B to provide a forum 1n which cross fertilisation bet-
ween application areas and methodologies cam take place and new

developments can be encouraged.-'-'

The number of applications areas is continually incre951ng and
¥olecular Simulation will keep pace with events welcoming papers
on topics ranging from condensed matter physics "and cheumistry to
biomolecules and~rheblbgicalfstudiés;”'Similarly;'ﬁEthbdoldgital
papers’ are encouraged dealing with, for example, non~equilibrium
methode or quantum simulatinns and’ new deVelopments in languages
and machinesL o : - .

Molecular Simulation will be of ifiterest to all researchers using
or developing simulation methods based on statistical mechanics.
Thie would include ascademic¢ and industrial researchers concerned
with surfsces, liquids, phase transitions, rheology, materials
and macromolecules,_amongst otheérs. Such workers will be con-
cernéd with methodological developments in dynamical simulations,
Monte Carlo, tion- equilibrium methods, gquantum simulations as well
2 mew computers, architectures and languages.

For further information about submisesion of wmanuscripts please
contact any of the editors. For & free sample copy or subscrip-
tion detalls when avaeilable please contaect the publishers market-
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Report on the, CECAM Workshop on 'uavepacket Ovynamics', Qrsay

dﬁffﬁ July 1986

Most chemical physicists are famlllar Wlth the concept of a

wavepackeb. The utility oE_wavepackets_ln_demonstrating the
Heisenberg fncertainty Principle  is basic to moskt
introductory Etreatments of quantum mechanics. In Lthe past ..
however, wavepackets were confined to rather ésoteric
aspects of guantum mechanics and were not commonly
encountered in the subject at large. The steory is someﬁhab 
different = tddayx It i now bécoming apparen:__that

wavepackets offer a useful approach to the solution of the

Time Dependent Schroedinger Equation (TDSE) in a wide

variety of applications.’ The CECAM workshop on wavepacket

propagation is a sign of the grovwing importance of _
wavepacket methods in-chemical physics and followed from . "an-
introduckory conference on[*’D?namiés  af Wavepackets in
Molecular and Nuclear Physité' “[l1] ‘whieh Look place in
Belgium in 1985. Unlike that particular cenference however,

the workshop concentrated on the molecular aspects.

~ The workshop. was organised by . P.. van Leuven, L. " Lathouwers:
and., Jv.  .Broeckhove of the University:of Antwerpv - -Together

they guided the devalopments of the workshop and. -maintained .

. the. mowmentum... Theirs was. not -an. ‘easy - task :'given the -
diﬁersity_.qu:interesbs;_and, potential - applications .. of
wavepacket methods and. ~some . difficult decisions were
'undoubtediy called for to produce a successful blend of - the:
expertise available. They were successful to the extent that
most participants found useful work to keep them cccupied

for. the two. weeks of the workshop, . the fruits. of their. ..
endeavours however,fncannot vyet be. displdyed as'most_ofgthe;_
 work. initiated longer term prOJects.:_The results: 6ﬁﬁ_theéeu__
"WprOJects' wlll"no_ doubtn"emerg 31ﬁ due . fcourse.,_ In'thef__
'”:descrlptlon ‘of the ﬁorkshop ‘that' Eollows,nz:I__musr:.glve ,a;, 

somewhat  seledtive account of the proceedings: The full
account of the different areas covered musk awaikt a more
comprehensive {(and expert) description.

The ~ first  day of the workshop was taken up by an informal
session in which the participants gave descriptions of their |
interests in wavepacket dynamics. Mast of ‘these interests

-~ seemed to -fall into three”:distinct-:(but'ndﬁ'uﬁrEIatédj
categories. Firstly, the theoreticians were concerned with

the properties *of wavepackets as revealed by their algébra:'

or with the derivation of their equations of wmotior~ through
Lie algebras or variational principles and the propagalLion
of wavepackets in idealiged svstems. The group from Antwerp
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were very concerned with this area,’ that is; F. ~Avickx, J.
Broeckhove, H. Hensberg, L. Lathouwers and P. van Leuven and
also M., S Berman. {Jerusalem). Secondly, - the chemical
physicists_ used wavepacketbts as a Looel in studies of excited
states in specktroscaopy and photodissociation and alseo in
chemical reaction dynamics. and small -molecule scattering.
Those with the strongest interest: in this category ~were R.

Coalson. (Los-. Alamos), .- B. Jackson (Magssachusetts), (.
Leforestier (Pacvis}), GC. Messmann - (Penmsylvania} and: 0.
Ro jas. In the third group were the simulators, who were
primarily concerned with the use of wavepackets in solving
specific. problems in computer simulations. In this categaory
R. Kosleff (Jerusalem), K. Singer (London) and W. Smith
(Daresbury?) were mosk avident. As Y have indicated these
categories were by ne means unrelated and maay participants
had interests in all three. There were many fundamental

questions Lo be. asked which had bearing on all ‘three areas
and. . only threugh a combined effort could they be addressed.
In this context, . the . participation. of. R.: Kosloff  had
particular. significance since:the ssseéntially exact discrete
-metheds --he. emploved offered- a means:of tackling many of
these. questions... - ... Lo . y T

... The wavepackets employed in the ‘various methods dre of ‘Ewo

kinds; . analytical and discrete. - The ‘analytical forms were
.exclusively based: on ' the gaussian- representation  of a
‘wavepacket, . which in-one-dimension:takes the form (written
in atomie units with h/2n.= 1): :

o $(x, t.) - exp(lA(t Y (x=X)2+iP(t). (x'—'IX)-Pi'D'( £YD)

in which A is . a complex“parameter:defining'the'width'of the
.gaussian, X.is the position of. . the wavepacket centre, P is
the . momentum - of . the - . wavepacket " centre (its j-SGMCailed
classical - momentum) .. and.. D is a- complex ‘combinegd phase and
normalisébion factor. :The5gaussian-forw”appears it a number
of guises in wavepacket.technology; in the three dimensional

form {(either in a spherical or aspherical form), as Hartree
produckts . for = many-particle - 'systems - -and - as linear
combinations . - for .. . mare ' sophisticated - -~ wavepacket
representations. . The  form  ‘is favoured because - of its
convenient ‘analytical properties and because the parameters
used in. .. the . definition retain - useful physical

interpretations. The dynamics of the wavepackets are derived
Irom . approximate solutions to. the TDSE, usually following
from the methods of Heller (2] which are based on' the time
dependent variaticonal principle = known as the - Dirac~
Frenkel-McLachlan (DFM) principle [3]. OtHer routes to the
equations are possible such as the Minimum Frror Method
{which may be formally equivalent to the DFM method) [4]) and



Lie algebra combined with the maximum entropy method [5].  In
the dynamics of the wavepackets the A parameter mway be
either fixed (the 'frozen' gaussian method) or allowed’ vary
in a manner determined by the dynamical equations.

In the discrekbe. . methods the convenience of -an’ analytical
form is relinguished in favour of. a representation of Lhe

wauepécket_oh a one-,. . Lwo- or three~dimensiocnal grid. This
representation affords a very acourate degscripbtion af
quanktum behavicur and phenomena such as tunneling  are
observable without any special treatments. In the basic

method of Kesloff and Kosloff {&] the TDSE is propagated in
time by a simple finite differencing scheme:

V(Epyp) = ¥(bgaoy) =~ 25ALH¥(EL).

wheré"ﬂ._represents:.the, Hamiltonian operator written in a
discretized form. Crucial te Lhe method is - Lhe. . accurate
evaluation. of - the effect of Lhe-kinetic energy operator on
" the discrete wavefuncltion.. This requires the. evaulation  of
'the._secondn derivative.of . the wavefunction..: In.-the Kosloff
scheme this is done by Fourier transforming the wavefunction
to k-space, multiplying the result by k2 and inverse Fourier
transforming the product back to real space.  The use-of the
'Fast;_Fourie:: Transform jin this procedure gives-a guick  and
extremely accurate. method. . The choice of mesh is determined
via the 'uncertainty relatien', whereby the maximum momentum
anticipated in the physical system 15 translated into ULhe
required mesh spacing. A similar relationship exists between
the energy and the required-simulation timestep. A method
similar to this 1s described by Feit, Fleck and Steiger [7]
and a very accurate scheme for fixed . pebtential fields has
been given by Tal-Ezer and Kosleoff {B]. Some idea of the
usefulness of these methods. can be . seen in the. Lreatment of
hciiumn_desorptioﬁu_from, a tungsten surface by Kosloff and
Cerjan (9] andﬁ‘them-dynaMicsm“oﬁx“a quantal -electromn - in
classical liquid KC1 by Selloni et.al. [10]).: .- R

_ bn- thé_ second day;of:the workshop the participanté -split
inte groups to investigate some nominated problems. This was

to be the pattern for the remainder of : the meeting, - . with
morning sessions to report on progress .and discuss new
ideas., It was in one such group that Konrad Singer and I

dombined_ with TLuc TLathouwers Lo . derive the equations of
motion for a system consisting of two diatomic molecules
interacting ., via a Lennard-Jones. type of potential. The
reasons for considering this apparently. simple model . were

twofold; firstly we were very keen to get a deeper
understanding of the many-particle agpects of wavepackets
and secondly, we wanbed to investigate the effects of
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correlation and the proposed model offered the best chance
of beinpg tractable. In fact we considered Lhree variations
of the model. In the first of these the wavefunction of the
diatomic svstem was represented by -a single correlated
gaussian wavepacket ©of the form:

1

CW(E,E) = exp(if.A(E).s + LP(LY . 6+iD(t))

in which &£ (r~R(L)) and r, R" "are - 12 ‘compenent” spatial
vectors and A is a 12x12 matrix describing the shape and
size of the component gaussian wavepackets' and also the
correlation between the fcour centres. P is a 12 component
momentum vector and D a phase and normalisation paramekter.
In the second model the A matrix was simplified by insisking
that. the gaussian wavepacket on each centre be spherical,
this reduced A& fto a 4%x4 matrix. In the third model it was
assumed that intermclecular correlation was negligable, Lthis
allowed a reduction of A rto two 6x6& matrices, - which could,
if need be, be.reduced to two. *2x2 matrices -if spherical
gaussians. were. . once - again assumed. - In ‘all cases the
correlation was handled-.-by. a Jastrow type ‘of -wavefunction;
that is a term.h(t)[rl—rzlg.was~inc1uded-in the wavefunckion
exponent Lo reduce the .probability. of close encounters
. between particles. (This term . is embedded in the definition
of the matrix A.above.) After some lengthy algebra and using
the . DFM principle mentioned above, . the equations of motion
of these systems. were obtained. It is fFair te say that they
represent a large. increase in complexity over previous

applicatiens of gaussian wavepackets Lo many-particle
systems [11}. and this supggests that ¢drreldted wavepackets
may be too.expensive Lo use in large systems. (We estimated

the computational cost for the two simpler model above and
compared it with a 108 particle simulation using spherical
gaussian wavepackelbs. . The . estimates -showed that the two
diatomic -molecule case was already the more expensive. ). A
more .detailed analysis may yet show us that reductiows in
computation are. paossiblte, -~ but the results so far - obtained
are .not wholly . encouraging. - Nevertheless, We hope to
continue. this. irnvestigation in:the near future, C '

While we were . deriving rthe equations for - the --diatemic

molecule dimer system, "other groups were conducting
investigations of their own inte. other aspects of wavepacket
dvnamics, One group, consisting of F, Arickx, M. Berman, H.
Hensberg R, Kosloff, C. LeForestier and P. van Leuven

studied the properties of -a wavepacketbt - vrepresented by a
combination of two gaussians: . . ) i

{x, L) = N(t){Cl(x,t) + [a(bed+ig(e) G (x,)) .
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where G and Gy are the gaussians, N{(t) is the overall
normalisation and phase factor and «(t) and 8(r) .describe
the relative:phase and amplitude of the component gaussians.

The equalions of motion, were  derived using - the.  DFM
Principle. The application they considered was the collision
of the wavepacket with a gaussian potential . barrier,: witkth

the idea of investigating the splitting of the wavepacket
for a range of starting conditions and barriers. This study
was backed by an exact investigation of the phenomena using
Kosloff's discrete method. In a limiced. study, the Kosloff
method. showed that the gaussians could represent the
transmitted and reflected waves quite well, the difficulry
was then to define suitable . starting conditions for the
double gaussian model. The obvious choices for the  initial
state led to mathematical instabilities. They settled upon a
representaktion containing . an incoming. gaussian and - 1ikts
mirror image with respect.to. the potential. : S :
An. extension. of  this .study - to . incorporate -the Pauli
_excfusion .principle .. (i.e. include. . the - -effects-. . of
(anti)symmetrisation) was also undertaken. The case of" two
identical  particles .interacting via a quadratic potential
was considered. {In this systemgthé-centra—of—mass motion. is
sebarabie from the, relative.. mobtion.} Once - .again,: - :the
equations_onMOtion_were derived using the. DFM Principle. It
.was hoped . that . a comparative study of the non-symmeétvised
model and the (anti)symmetrised model would. pravide insight
into the  physical effects of (anti)symmetrisation: So far
they have found thab.exact solutions are paessible for the
{anti)symmetrised model (using the DFM procedure), just as
they are for the corresponding non-symmetrised model. The
study is continuing.

The . second . project Konrad Singer and [ were involved. with

was - an;uinvestigation;_biwa the . .collision - between. -. two
wavepackets . experiencing . a mutual (gaussian) repulsion. : Our
cqliaborétors in:. this: were . Ronnie - Kosloff . and .. Claude
LeForéstier. Several. ways of . modelling.this system were

available to us and we decided upon. a . -scheme . that .- would
explore the accuracy of the different models, with the
principal objective of discovering the regimes {(quantum /
semiclassical / c¢lassgical) under which the different models
became most appropriate. The models we considered were:
discrekbe wavepackets with exchange _ _ o
discrete wavepackets without exchange {(Hartree produckt)
correlated gaussian (Jastrow type wavefunction) _ .
discrete wavepacket and gaussian wavepacket - (Harktree
product )

two gaussian wavepackebts (Hartree product)

In the time available to s we could net take the project
bevond discussion, formulation and some inevitable algebra.
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However we were able La begin Lo use the pragrams provided
by Ronnie Kosloff for the models dnvolving the discrete
wavepackets. We are curvently working on this programme and
hope Lo provide some interesting results in the near future.

‘Anothér project that was Dbeing Studied_.in._tHE; workshop
involved R, Coalson, Bret Jackson and Lue¢ Lathouwers. Theirs
was a4 study of wavepacket propagalien in a two~state model.
In one model the dynamics of a wavepackebt in a double well

poktential was considered. The existence of any possible
state above this was ignored (the adiabatic model). in the
second model the double well consisted of overlapping
harmonic potentialsg wikh a coupling Lerm bebtween. In this
case the existence of an excited state was buillk inte Lhe
model (diabatic model). Using the Kosloff method the
propagation of wavepackets at different energies, in both
these models, could be determined. Tt was hoped that . the
study would reveal the nature of the breakdown of the

adiabatic approximatbion.

A small group consisting of Michael Baerman and Jan
Broeckhove studied the use of Lie algebra and group theory
in wavepauket problems. Their objective was to-determine the
covrrect algebra to describe the physics of wavepacket

problems and = gain insight into the nature of the
approximations inherent in the time dependent variational
(DFM) principle. (The method appears to bhe based on the

quantum analogue of the Poisson Bracket formulation of
classical mechanics [12}.)

This summary cannot provide full description of the
‘intellectusl content of a meeting such as this. A great deal
of activity occurred which has nolt been reported.  This 1is

due in part Lo the parallel sessions that occured in the
workshop, but alse to the breadth of the  applications
discussed, which includéd material beveond the ken of at
least one participant! However it is to be hoped.  Lhakb: the
flavour of ‘the workshop has been conveyed. . One of the
virtues of a workshop sttch  as this is that it brings
Logether scientists from othev disciplines and allows them

to learn from each other. It was parvticularly helpful Lo me
Lo Lalk and listen Lo Herman Hensherg, Luc lLaLkLhouwers, Pilet
van Leuven and Ronnie Kesleff and I am pleased to have this
opportunity Lo thank therm. It is also appropriate that T
thank C. Moser and the CECAM organisaltion for creating the

possibility of my participation in Lhis workshop and also my
Eirskt visit to the city of Paris!
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REPORT OF MEETING ON ADVANCED RESEARCH COMPUTING

HELD AT IMPERIAL COLLEGE ON 8 JULY 1986

D. Finchaw &

The Forty Report .

Professor-Fortyrdeeoribe&ffhe reoomﬁehdafioﬁe}of.fﬁefrf;:'
Forty report, and subsequent. developments. : There : ..
ought to be T R EARRIES

- . more: central super computers
- enhancement of JANET . S o S
- speolallsed facilities. dlstrlbuted at key 1ocat10ns.,

In the short term money has been found for

- improved front end at. London plus_a second. -
(second-hand) Cray 13 . T
- improved. front end at Manchester andp_a_;zqurp.
- compatibility with. London e
_..="i. enhancement of JANET: S
- a Cray XMP-48 at Atlas Centre, RAL

. A national Board for Advanced Research. Computing will be .
set. up, and will. consider. 1n1t1a11y the development of..
the: distributed. computlng initiative’ recommended by Forty,
.and-a‘next generation, super-computer: at. one of the. four
centres (London/Manchester/RAL/Daresbury) in 1990+

The report also proposed the establlshment of a Fellowshlp
Scheme, and emphasised that Advanced Reseéarch. Computing

is a good vehicle for collaboration between industry and
academia. o :

The Cray XMP-48

Dr. Robb (Cray Research) described the Cray ¥MP-48.: It has
4 processors and 8 Megawords of memory. There will also.
be a 32 Megaword sclid-state storage device (silicon dlsk)
with: a1 Gigabyte/s channel. : The four processors.plus . .
various- other improvements: w111 give, an average performance
of 6-10 times the Cray 18S. C e

It is possible to have separate processes running. in the .
4 processors, or one process distributed between them.
Communication between processors. is by. registers and:can
be accessed via library routines callable from Fortran.
~Alternatively,. in microtasking, successive iterations of a.
DO loop:are. distributed tothe processors.  This feature .
is controlled by compiler directives.. . .. . -
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The Atlas Centre

Brian Davies (Head of Computing, SERC) described the plans
for installation of the machine at the Atlias Centre. It
is thought that the pclitical problems will be overcome.
The machine will be used by all research councils,. but: -
run by SERC. There will be 14.4 Gigabytes of disc, and:
the operating system will be COS. The front end will

be the IBM 3081 K with VM/CMS. : Formal acceptance will be
during April 1987. JTMP will be available by-delivery
time. Thought will be given to VAX/VMS (enthusiastically
supported by the audlence) and Unlx front ends, and tco Cray
Unix, . : . o . .

Current ideas on data set marnagement are to provide each

user with 6.4 Megawords of permanent space - on Cray disc,

and 32 Megawords (= 1 silicon disc) of scratch space.:

Magnetic tapes and Masstore communication will be. via CMS
minidiscs. Current ideas on libraries 1nclude NAG (+ graphics)
and GKS, and possibly Gino ‘and Ghost. 3 .

Hardcopy local graphics are-available now on. the'IBM - Local
viewable graphics would be ‘possible with an ES300 on- the

IBM, -~ A VAX front end would provide further: possibilities,
and graphics workstations might be attached to.the existing
hyperchanneél. = Distributed viewable: graphiecs might be
possible between a VAX front end and remote VAX if Decnet
could be “janetised".:. Suggestions-would-bewwelcome.forf

3D graphlcs packages ' o 'f” T R R S
There seems to have been llttle thought glven yet to the-
scheduling of the Cray XMP48. The support staff of the

Atlas Centre will be increased by four to support the
Cray (two systems, two administration). L

JANET

Dr. Llnlngton descrlbed the JANET enhancements ﬂ £5 M
‘will be spent over 3 years; 70% on LAN S.and: 30%30n~the;-
wide area network, Objectives for the latter are - :

- “reduce transit delay :
- give predictable- response T
- allow bulk transfers at 50 kblts/s

Most “trunks” w111 be upgraded irom 48 kblts/s to 256 kblts/s,
and switches will be upgraded as traffic growth demands.

(Note: at 64 kbits/s one A4 page of characters takes

0.5 s; one frame of monochrome video takes 35 s.) Protocols
avallable will be ¥FTP, JTMP, Mzil, SSMP (screen system
protocol).

It is a goal to give common solutions at all National centres for
- the user interface

- the operating system
- graphics 59



Scientific Support

Professor Burke discussed the scientific support of advanced
research computing. There is no extra money for this.
Suppoeort for existing CCPs will continue to be based at
Daresbury. Support for new application areas will be
provided at the Atlas centre by means of secondments and
fellowshlps Possible new areas are

~  Plasma and laser phy81cs

~ - Nuclear and particle phy81cs

- Earth Sciences

- Engineering S -
- Molecular blology, other than crystallography

There will be attempts at promoting international collaboration.

The initiative on distributed computing is unfunded so far.
However there are committees looking at the technical options
(Spratt, Kent) and scientific possibilities {(Wallace,
Edinburgh).

" 'Peer’ Review = = -

Brian Davies described the procedires for peer review which
'will apply at 2ll the national supercomputer centres from
‘Sept. 86, - (The present method of charging for time at

ULCC wil® be dropped). The peer review will examine
applications for scientific merit and computatlonal soundness
There will be four types of application. :

1. = Two-three year programme subject to full Peer Review.
' Apply to Research Council in normal way BUT v1a the
selected computér centre. (In SERC case th»s means

fill in RG2 and AL54 forms)

2. Pump priming for potential appllcants ' Limlted to
. 0.1 % of resources per applicant over 3 months,
a Apply dlrect to Dlrector of selected computer centre

3. Beginners (UMRCC and ULCC only).,  Up to'0:1 % of
' resourceées per applicant over 12 months. Apply to
Director of selected centre via Director of 1ocal
computer centre,

4. Industrial users on fdll'repayment'basis.’ Apply to
Director.

"There is no fixed allocation to particular research councils
or subject areas. Each centre will have a Management
Committee (and there will be an ad hoc national allocations
committee) to resolve allocation problems and grievances,
Technical information on the Cray XMP/48 can be obtained
from P. Thomson, Atlas Centre.

. Fincham.
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The Mcolar Free Energy of Solids

K. Singer.

The most general and oldest method for the caleulation
of the molar free energy (= the chemical__potential) of
liquids and solids by computer - simulation is.- based on
thermodynamic integration which relates the free energy of
the target system to that of a reference, system of known
free energy 1
ALa = Apar = VIAY dA I (1)

0
where V is Lhe potential energy and .

VN = ob AVpg (e MdVpgpoo . u;ﬁf _fqu;fz)

In practice the integration is performed numerid ally by
calculacion of the mean potential energy at a sufficient
number of A-values between 0 and 1. If the reference and
target potentials are very similar the integration may be
replaced by first orderx thermodynamic_perturbatlon Lheory.

Ata'f'Arbf'?'<Vt!-* ref>ref ='<V(A=l) V(A 0)>k 0 <3

whevre it is only neceqsary to ovaluate the target: potentxal
energy at each step in.a 51mu1at10n of the_reference System.

Frenkel and Ladd have recently. proposed a useful method
for the computation of the chemlcdl potential of crysta111ne
solids ~in which. .the | reference system:_ls_ the classical
Einstein model, that is, a system of. 3N lndependent linear
harmonic oscillators wlth equal Erequencyl

Tﬂexaphrposeu.of thlS note ig to'suggest a ‘modification
Qﬁ_thiazmethddm whidh fla ;5u1table for-_contlnuous targek
potentials: the Elnstefﬁ madel” 'replaced by the potential
commonly used in lattice dynamical calculations, i.e. by the
Taylor expansion of the target potential up to second order

vieNy = v(e Ny + B N¥(ry < egq) .Y_Zi'v'(_i:“io“) R (4)
Y55y #E N{(r - roi) - (g - on)-l{jV§£¥=£oN)}

where the first term on 1r.h.s. is the lattice energy

(Flatt)v the second represents forces which vanish if t,

represenL5 particles situated at potential energy mivdima,
and the third determines the matrix of force-constants
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Ef Sz V/m. The advantage of this reference potential is
twofold: : _

1. It is much closer to Lthe targebt system Lhan a System of
uncoupled oscillateors; -~ it is in fact = an ~ excellent
approximation at low temperature.

2. The frequency spectrum obtained from the eigenvalues of
the force-constant matrix yvields the clagsical and quankum
mechanical free enerpgies and other thermodynamic properties
in the harmonic approximaﬁioh {ha) without computer
simulation. C : ; ’ ' h

The similarity of the reference to the target potential
makes the thermedynamic integration (1) 'shart' and for a
given computing effort much mere accurate. The frequency
spectrum obtained as square rookts of the eigenvalues of the
force-constant matrix detdrmines the classical and quantum
mechanical 'harmonic' free energies through the expressions

Acha = Elare ~ kT £, 3N 1__‘:’8(_"_'“-’3‘/“3?)( ) s

:: Ath'f'Eiafﬁz4:$j{kjtkwi + EﬁTﬂlogry:f éxbkﬁdjykafjj}:(ﬁ)

(Y strictly speaking 3 degress of | fresdom are
traiwslatiovial, i;e.'bj=0'C353)]ii o
The corresponding formulae for the Einstein solid are |

Ak = Blave - 3 N kT log(hog/kgT)  ~ (7D

Aqp = Erace + L.5Wiog + INKpT log(l = expCeg/ky™) ()
All  of this is ° well  known,  particiilarly to
'spectroscopists and 'pfactitidhers of lattice dynamics. It
"may nevertheleds surprise some readers that the_'calcufation
" of all eigenvalues of the 324x324 matrix which is required
Eof“lOBJ'particleS' by " 'brute  force', ~i.e. ‘wWithouk ~ any
" factorisdtion " on‘account of symmebry,  is performed in only
1.5 seconds on’ the ULCC Cray ! ¢omputeér (by  means' of = NaG
routine FO2aAF). Another poinkt in favour c¢f the reference
poetential {(4) is that- equation: (6)  in contrast to (8
becomes exact at sufficiently low temperature,

Table 1 illustrates the closeness of the LJ{(12-6)
system for solid (fcec) argon at 0.48 Ltimes the triple point
temperature and Lhe corresponding reference system (4). Here
one MD (or MC) simulation with the potential V(A=0.3) in (2)

was used to determine <V(A=1)> = <V 1> and V(A=0) = <V, f>.
The result from (3) was checked against a more accurate
numerical integrabion based on MD runs at A = 0, .23, 0.5,
0.73% and 1.0, In these runs the classical Einstein energy

was also calculated from
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_ ST 4y S
Vog = Erlare * 172 Sl - xgg] TNV R
Although Lthis yleldb cnly a rough estimate, it is clear that

<VLJ - Vag? 15 'by an order of magunitude ldrger than <Vp; -
Veha? -
o 'Tdhlé' 2.”ébﬁbaréé_'the -§ha  36& _ QHém  théfmodynémic
functions for dolid LJ-argon at three temperatures. It is

clear that even at 60 K the duantum _effects in the freea
energy, energy and pressure are not negligable.

The results presented suggest the  following
conclusions.

The harmonic approximation (4) to the target potential
is an obviously favourable <cholice as reference svsteém in

(1).

_ The exploration of  phase :equilibria by means of
classical MC and MD  methods is only realistic if ‘quantum
effects are small. Whether or not this is the case is easily
‘tested by caleulation of the cha- and qha- free energies and
pressures via the eigenvalues of the force-constant mwatrix.
If ‘quantum effects are significant then the addition of the
harmonic _quantum_:;orrectiod C i e;;f-Acta + Agha - Acha.. 19
likely to bé closer to the Ltrue value than the ClaSSlCdl
Aota- (A harmonic quantum correction has been applied with
success to the thermodynamic properties of even highly
anharmonic systems such as liquid water?.)

Improvements of the harmonic quantum correcktion through
calculation of anharmonic effects have been desc:ibed3. Ik
seems however preferable to go all'thé way' to the_quaﬁtum
mechanical system by means of path intégral_MC_ 0r quasi~MD
simulation. There is some hope that here too the similarity
:of reference and tdrgét potentlals will permlt Pconomles S in
“the computdtxon_of the ratlo of the - partltlon functlons

T o T O,
Q( el = )
1ta qha 7 : R .
- eff PN '\I P
where the sufficies i,j refer to quasi- ~molecules ahﬂ t,s to

'beads’ in the ring-polymers, and N and P afe_ the
corresponding maximum values.. .

These calculations are now in pProgress,
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Thermodynamic gquantities.. for the - calculatkion - of ~ the

classical free energy

Lennard-Jones (12-6) parvamebers for argon:.&/ka = 119.8 Kf
5 o= 3.403x10" 19

Ve = 23.0x107 %3, T = 40.0 ¥ Ejace = -8478 J/mole
Vig? <Veha? <avo Acha ALy Veg? AcE

-8008 -7980 -27 -81{77 ~8204 -8390 ~8590(J/mol)
V3> = <V (A=13> and Veha> = V(A=D) {and <V.g>) were
evaluated in a MD run with V{(A=0.5); ALy = Acha (eq. 5) +
CAV>;  <av> = <V(A=Ll) - V(A=0)>,.0.5; A.p F Agpg + (<V.g>

“Vena”?)r=0.5

Table 2

Harmonic approximation to classical and quantum mechanical

quantities

Lennard-Jones potential as in Table 1; V. = 23.0x10"6m3

i 2 3
T/K SeE )Acha )Aqha )Echa Eqha Pcha Pgha Scha ©qha

Mpa J/k

20.0 -B940 -7972 -7804 ~-7979 -7657 -68 -1 246.9 13.8
40.0 -8718 ~-8177 -7931 -7481 -7151 -~ 23 24,9 21.4
60.0 -B58BB ~8475 -8416 -6982 ~6707 59 g2 24.9 23.5
P = pressure obtained froem -64/4V, numerically; ¢ = molar
heat capacity.

12 eq. (7) with @E ® Wpax (clearly not an optimal choice)

2)

eq. (5)
3)

eq. (6)
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Simulated annealing of atomic clusters.

L. Wille. .

l. Introduction. . -

The structure and stability of small aggregates of. atoms is
a very active field of research, both theoretically and
experiméntaliy {i]. _These_ objects,. . intermediate between
atoms and solids, have very peculiar. properties, such as the
predohinahce_ of fivefold symmetry, - photoyield enhancement,

- Coulomb explosions, magic numbers, etc. apart from their
dintrinsic | interest, | cluster . studies are important in
__nudleationltheory,__ caktalysis, .  astrophysics, etc.. . The
existence_,df maglc numbers., .. corresponding to exktremely
stable sphere packings, was first established.. for. Xe
clusters [271. It was observed that clusters consisting of
N = 13, 19, 23, 2%, ... atoms showed . up..- much.. . more

prominently in the mass spectrum than neighbouring cluster
sizes.

] Cbﬁputef'modeiiingahés-uSudlly3353umednthatjthe.interaction
_between”rare—gas_atoms;coqld; be.. described . by. a2 two-body
 Lénhard—Joné5_.pbtential”,.Threé—body,interactionS.have been
. considered. for other systems {3], but acre generally believed
to be negligible for rare~gas clusters.  Before. observation
in a Lime-of-flight mass. .spectrometer the clusters are
ionised by a pulsed.electron. beam and. it could therefore. be
that:_the_ magic. numbers reflect. the. stability of pesiktively
charged clusters. rather than neutral ones. This possibility
has been investigated in several studies ([4] and references
therein).

~ Extensive ‘calculations. of - the morphology and-statistical
properties of rare-gas clusters have been. performed. by Hoare

and co-workers [5-9}. Originally,  this work focused on
. polvhedral growth sequences:. [3-7},. -and reference (5]
contains a list of minimum enefgy configurations within tha
different growth schemes, = which.  has  been the basis for
~ceomparison with latexr work. ~Later  an.. almost exhaustive
search of the potential ~energy surface was-wmade for the
smaller clusters (N. € 13) . [B-9]).  The possibility. of .a
polyicosahedral. growth scheme was  first.  investigated by
Farges et al [10-12].  This. K model of. . interpenetrating
icosahedra . led to the prediction. of - a new - structure

consisting of 23 . atoms. (I1] with an energy lower than the
configuration found by Hoare and Pal [3]. In the course of a
quanktum Monte Carlo calculation, Freeman and Doll [13],
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discovered a new (classical) 17 particle structure, lower in
energy than the one reported in reference {5]. The energy
difference is marginal and no particularly stable structure
results.

In summary, in Lhe size range considered in - this note
(4 ¢ N ¢ 252, the minimum energy configuratiocns, known so
far, are those obtained by Hoare and Pal [5]), except for the
cases N = 23 (Lll]-and N = 17 (1l3). It should also be pointed
out that the magic number N = 22, .  observed by Echt et al
(51, can not be explained in terms of the stability of a
neuvtral cluster. However, calculatiorns for charged clusters
predict that the formation of a molecular dimer ion produces
a very stable 25 atem structure {41}, In this note a new
minimum energy configuration for twenty-four atoms will ©be
discussed; ~a . fuller account - is being submitted  for
publication.: IR R e

2 Hethodﬁand*results;

Originally formulated for discrete optimisation problems,
the simulated annealing method (l4] is easily extended to
deal with continuous. ones. as well [15-~17],  and-it - is ~ this
.version that will be briefly described here (an overview of
the method.and its applications has beeéen given in- a’  "recent

issue of this :newsletter - [18]). Cohsider the potential
energy te be minimised as E(El,vu.:;;. ’En) - where " kthe L
i = L, ... , N) are  the positicons of the particles. The

simulated annealing method uses the Metropolis prescription
[19] to decide whether or not to accept a random step Ar;,
i =1, «.. , N. If the associated energy change :

8B = E(ry, .. ,rg*drg, .. ,xy) - E(ry, .oz, .. Hxg) 0 (D)

is negative cor zero, . the step is accepted, -otherwise it is
accepted: with a probability .. .. -~ e e

-.b =_exp(4iEfT);“=' - 5 =Vai.. '1'f=f':(2)

‘where T is the temperature: (in rediced units):  In this way
potential energy barriers can be surmounted (at sufficiently
~high temperatures), i.e. the algorithm is not confined to a
single catchment region. In the process of annealing, the
system is started. in a random  initial - configuration at a
sufficiently high temperature- Several serlies of steps are
attempted and then the temperature is reduced by -a certain
factor XT (typically 0.75-0.9). This process is repeated
until . ne further improvements have beeun made over a - number
of iterations.
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In the present work the initial temperature was taken from
a short preliminary simulation and the step length was
adjusted 30 that between 25 % and 50 % of the steps were
accepted., The best results were obtainad by taking  the
number of SEepq proportional_to,(L - ln. T),.  i.e. more sLeps
wére aLLempLed aL lower temperdtures. The Eactor  xq by which
the Lemperatur9 was re rduced was 0.9.  As soon as Lhe  energy
dropped helow a certain value (alqo taken from a preliminary

1muldt10n} Ta gradlcnt_ 0pt1mtaer was called.. Finally the
Lwhole process wag repeated. a number. of times for - each
"cluster size N, This precaution was taken because it was
found in previous work [l6] that in spite of slow cooling,
Ltrapping in low-1lyi ng local minima can still occur. In fact,
il ig 1mportant Lo nolke thal these calculations are not
simulations of the freezing of clusters. To this: end,. - the
cooling, characterised by xp and the number of attempred
skeps, would_havé te proceed. even more slowly. . The freezing
process could be monitored by 1ooking.atuthefspec1r1c-heaL

‘Il&;lﬁ];‘dnflned ds
STy = TT2 O KE2> L o<ES2) (3

'”whéré:thé'ﬁréékétézdéﬁoﬁé can . _averégé_ oyerg.allw”attémpted

~ Steps. A large value of C signals a change in the state of
“order of” the_system and can be used: as an indication. .that
“freezing has_’beﬁﬂn . _In__the ;auLhor s .experience,  .it is

fvomputaLlonally mor9'0f11c1enL (espealally for. the.. larger
"tlueLers) to use several. runs.wth a relatively fast cooling
as "deétribedz':above_ (in. conjunctien.. with a..gradient
optimiser) rather Ehan pcrfofh a true Monte Carlo simulation
of freezirg. An additionial advantage of using.a fairly fast
"cooling rate is that the algorlthm will find low~lying: local
minima as well. TIn many'phy ical problems one is not merely
‘dinterested. in the__gronnd _state-conflguLaplon but. also. in
'hédtby excited states. By'détormining a certain cooling rate
“dnd a threshold value, .below which. a local minimisation. is
”performed, one selects in Fact an onergy range in which:the
algorithm will search for wminima. A final feature of thé
present calculations is that for the smaller. cluster size

{ 4 <N £ 13 ) one of the atoms was kept in a fixed cenLral
p051t10n, te eliminate translational degrees-of.freedomv and
for the afgef'bnés'( 14 < N < 25 ) thirteen atoms were kept

1ﬁ a cenkbral | id dosahedral o envivonment. = The lattervr
alculatlons were cheoked agalnet_ simulatiocns where all
atoms (erepL the ontral one); were allowed to move and

“turned ouL_to be in full agreemeﬂt,

This algorithm has been used to search the potential energy
‘surfacés of atomic clusters held together by two-body forces
derived from a Leanard~Jones potential
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Vee) = w7 lEo2em® (W)

This - potential - has - a minimum energy of -1 at a distance
r = | which determines the energy and length units that will
be used subsequently, In the size range 4 < N'5”2S'oniy_0ne
new global minimum has béen found (N = 24) ‘and it turns out
that the corresponding structure fits in the polyicosahedral
growth scheme developed by Farges et al [11]. This global
minimum and a local - ene ‘very close in ‘energy will be
discussed in the remainder of this noLe. '

The twenty~three atom structure obtained by the simulated

annealing algorithm (Fig. 1) consists - of two
interpenetrating icosahedra and was fivst discussed by
Farges et . al [11]. Its binding energy is 92.844,
considerably higher than 90.647 for the dodecahedral ~model
considered. by Hoare. and Pal [5]. For twenty~four atoms two
minima close in energy were found ; the binding énergies are
97.349 and 97.313 respectively. Both improve on a

tetrahedral model with an energy of 96,514, obtained by
Hoare and Pal {5]. The corresponding structures are shown in
Fig. 2 and turn out to consist of the "previously discussed
twenty-three atom cluster with an additional “surface atom in
a fourfold site. The model in'Fig. l contains only two types
of non-equivalent fourfold hollow sites (indicated in heavy
outline). The highest binding energy cérresponds to an atom
in the site labelled A :- the local coordination of the two
sites (before relaxation) is the same, but an atom in the
A-site will Dbe closer to “the centtre of gravity of the
structure, -hence the small energy difference. Finally for
twenty~five atoms the algorithm found the stiucture shown in
Fig. 3. Tts -energy is 102.37, and it has previously been
obtained by Hoare and Pal [5) within the tetrahedral growLh
scheme.  As can be seen, - that model can be derived from the
twenty-four atom one by  adding ‘an atom in orie of  the
fourfold hollow A-sitesy o oo o ST '

3, Conclusions.-

The  simulated &annealing method has been used to determine
locw~lying minima on the potential energy surfaces of atomic
clusters. with up to Etwenty~five atoms. Two new minima have
been found for a twenty-four atom cluster; both structures
are an intermediate step between a previously obtained
twenty-three atom model  (in the polyicosahedral growth
scheme) and a twenty-five atom one (in the tebtrahedral

growth scheme). All other known 'global minima have been
reproduced as well as a number of local ones, some of which
appear to be new and will be discussed elsewhere. This

illustrates convincingly that simulated annealing is a
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powearful method for molecular geometry optimisation. It is
important to note thal Lhe method is not restricted te Ltwo-
bedy forces, but can be extended to deal with fully quantum
mechanical Hawiltonians, along the same lines as in Car and
Parrinello [20]. :
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Figure captions.

Fip. 1. Twenty-three atom cluster consisting - of. three

interpenetrating icosahedra. The structure <contains ftwo
tvpes of fourfold hollow silLes, two of which are shaded and

labelled & and B.

Fip. 2. Twenty-four atom clusters found in Ethe present work.
They consist of the N=23 model with an additional atom
(shaded) in one of the  fourfold  hollow . sites. . The two
pentagonal caps are also outlined.

(a) additional atem in A~site, binding. energy 97.349,.

(b) additional atom in B-site, binding energy 97.313.

Fig. ;: Twenty~five atom cluster obtained by adding a
further atom to an a-site. The basic structure is the same
as in Fig. 1, but it has been rotated slightly te bring the

two extra atoms (shaded) to the [oreground.
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EWALD SUM MADE EASY

David Adéms and'Girija Dubéy

Periodic boundary conditions. are a vital part of simulation technique:
they enable a very small volume of material to behave as though it was ..
inside and part of a very large volume. of the material.. The problem is .
to calculate the potential-of a system of charges in the periodic call:.
The best method of calculating the potential is due. to:Ewald, and so the.
electrostatic energy of a periodic system has become kunown as the Ewald.
potential. The expression derived by Ewald is rather forbidding, requiring
as it does two infinite summations, ome in real space and the other in
reciprocal lattice space. Nonetheless, this is the method now used
routinely in molecular dynamics and Monte Carlo preograms, as described by
many articles in this journal and elsewhere.. :

There are three alternatives to. a direct evaluation,. One is. to work out .
‘the Ewald potential in advance aund tabulate it [1,2]. This may. well improve
the efficiency of the Program,. but it is more rather than less. compllcated
to program. A second method 1s Hockney's P3M method, which is a very
substantial package indeed [3].. The third and simplest approach, long

known to those interested in the One Component Plasma [4-6], is to write

the Ewald sum in terms of an effective pair poténtial. There are four

. terms, though the last is an infinite sum, alas:

2

v = r + 8§ + Arx

+ T {non—siﬁguiaf'solutioﬁs'to Laplécé'é Eqn.§ (L

The potential is continucus and differentiable so that expressious for
forces, field gradients, etc., are easily obtained. WNote that it is eéssential
that the effective pair potential is summed over the nearest image of every
charge in the pericdic cell, ne truncation or cut~off allaowed., The total
electrostatic energy of a perlodlc cell containing N p01nt charges 1s

U= droaps e Do, 1 q. oo @
coiEn R =l R B T

'Whefe:gij;is_the:véétbfnbetween:qi:and]the'ﬁearéét:image:bf'qj.ﬂ, L

The first term in eqn. (1) is the direct Coulombic interaction between the
charges, 1/r, Thus the "Nearest Image' or "Minimum Image" summation is the
leading term in the full Ewald potential.

The second term in eqn. (1), S, is a constant, the '"self term'.. This term
also occurs as the interaction energy of a single’ charge with its own periodic
images, hence the name. If the system of charges in a cell is electrically
neutral, which Is usually the case, then the terms in S cancel when summed
over all interactions, eqn. (2). That is, for most purposes S can be omitted
from eqns. (1) and (2).
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The third term in eqn. (1), Azr is the only term which is not a solution
of Laplace's equation. In order to have an unconditionally convergent sum
each charge is considered to be accompanied by a neutralizing charge cloud
uniform over the cell containing the charge. The 2 term is the interaction
of one charge with the charge cloud of the other, it is a solution of
Poisson's equation,

The simplest acceptable approximation to the Ewald potential is to omit
the fourth term altogether. The exact value of A, iz 27/3V where V is'the
cell volume, but this-may be altered for.a berter fit. For: simple cubic
periodic boundary couditions the value A5 = 1,38306/V: gives a twofold-
reduction in the RMS error. With truncatéd-octahedral PBC the exact value
glves a fit close to- the optlmum The 51mple, 1sotrop1c aPPIOX]mathH

] 1y.2'-- =" 1/1‘ + S + 1. 38306 r /V T L e s ()
is 5u1table for: systems of low charge denSLty, for example a non-polar
molecule modelled with a distribution of point charges. Better isotropic
approximations, not of the form of equn. (1), can be devised which have a
much smaller RMS error than eqn. (3) and are suitable for the same sort:of
- application, that is, systems for which one would not consider using-a direct
evaluatlon of the Ewald summatlon.- For simple CublC PBC we recommend [ }
oy s l/r b5, 7502252 = 2.96414c% AT |
L eoasestor® W
where the coeff1c1ents are For V = 1. The truhecatad octahedral PEC version
of this is _
2 4
¥{(r) = L/r + § + 3,53873r" + 8, 33958r
| - 28.51289:° 0 o | (5)
these  value of coeéfficients apply for the truncated octahedtron Whlch
fits into a unit cube, and thus has v = %. . Ce :

For cdses whete an Ewald gum 1§ con51dered necessary, that is, where

eqns. {3~53) are not sufficiently accurate; then the expansion of the Ewald
potential in solutions of Laplace's equation can be used. The periodic

© boundary conditions have cubic symmetry, whether they are gimple cubic,
truncated octahedral [8] or rhombic:dodecahedral, and we must use polynomials
with the same symmetry. The first few of these polyHOmials are quite simple.
There is one. at each even power from four to-ten:. They are called Kubic~
Harmonics [9]: '

R B
REA =T - s
S 25 %
KHe = T6 - Tf-r T4 + 55T
- . _ 28 2 14 4 7.8
g = Ty ~157 Tgrr Ty-5mr o
Cemlo = w492 830 4. 210 6 252. 10
RHIO = Tyo - 157 Tg* 33 T Te 33 “ Ty ¥ 3553 ©
‘whete n n
Tn = % +y +z,
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We have set out a complete list up to power twenty elsewhére [7]. These
first few Kubic Harmonics are simple combinations of Legendre Polynomials,

= + +
=.KHn Pn(x) Pn(y) ”Pn(z),
but at power Lwelve there is a second solution to Laplace's equation which
contains the 'cross term” (xyz) However, for n < 10 we have
, 2
¥ = 1/r+ 8+ Ax + E A Kd(x) . . (&)
n_'=4$6'!":' S ' :

Equation (6} is the most economical formula, in terms of length of code
varsus accuracy, that we have been able to find to approximate the Ewald
potential, except that truncation at n=4 is not recommended as the isotropic
approximations, eqns. (4,3), are shorter and have comparable accuracy.

Equation (1) is exact and the Ewald potential can be given to any desired
accuracy simply by including a sufficient number of terms, In practice it

is better to optimise the values of the coefficients Aﬁ'EOr a given truncation
rather than use the correct values. Tables I and II give our optimized
coefficients, together with the RMS error resulting, for simple cubic and
truncated octahedral PBC respectively, For simple cubic PBC the improvement

on optimising the coefficients is considerable. However, optimised coafficients
with truncated octahedral PBC give the 1east errox for glven length of code

and should be used if possible,

OUr'impéEﬁs'Edr uéing'thié'apbfoéch'to:the'Ewald'éum"ié”the'eaSE of
implementing it on the DAP computer. Clearly, it is easily implemented

on vector processors such as the Cyber 205 or the Cray. A nice Feature

of the Cyber 205 is a fast hardware square root for obtaining the 1l/r term.
With this approach to the Ewald sum there are no fiddly parameters ot
number-of-vectors to be adjusted. The only decision is the level of
approximation to be used, and as the error decreases rapidly as higher

terms are added, it ocught to be a simple decision to make. For most purposes
Y10 should be accurate encugh, though one study of the OCP used terms up to

the twenty second power [6]!

¥ (r) is easily differentiated to obtain the necessary expression for the
force. A second differentiation gives an expression for the electric field

of a system of point dipoles. The terms in this are identical with those in
Ladd's summation {10], The coefficients he gives are the exact values, our
optimised coefficients should give more rapid convergence. Note that the

Azr2 term in (1) gives the term ~ 2A ERE in the effective palr potential
between two point dipoles. This term 1s important in its effect on dielectric
properties [7], it is missing in Ladd's summation.

To summarize: we have described a much simpler representation of the Ewald
summation for use in Monte Carle and molecular dynamics programs, Where an
Ewald summation is inappropriate but charges are present, such as a fractiomnal-
charge model of a quadrupolar or octopolar molecule, then even simpler isotropic
approximations may be used. These should give an improvement over a conventional
spherical trumcation at very moderate cost. The only importankt case where

these methods cannot be used is the molecular dynamics of charged systems

using variable cell shape, 4n Ewald sum using any method is expensive when

the system is very large, this is so in the present case because the effective
potential has to be summed over all pairs of particles in the periodic cell,
This problem may be amenable to further jnvestigation.
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TABLE T Optimised coefficients for eqn.(6) using simple cubic PBC.

Coefficient n=23a n =10

S _2.8373 ~2.8373
A 2.0944 2.0944
7.5113 ] 77045
Cwonme o osen
RS Brror o x0Tt sk o

CTABLE IT  Optimised coefficients for equ.(6) Using runcated octahedral PBC

s "Zl' o _";5‘639?._]_':  ~3.6392 :f_ 36392

. . | 4_1888 N - 4,1833 o 4.1888

L oaso. s e
LR . 194L32§_;_?i':;;   1§9‘285:ff .d '_2 2Qf;3§2
I el 'f;' 525iib58
A0 N o . -2680.16

3 3

RMS Error 4 x 1077 1.3 x 10 3.3 x 107
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CALCULATING ORIENTATIONAL ORDER IN MD SIMULATIONS
V. Smith

Introductian

One of the interesting prdpérties of molecular materials
which one may wish to investigate by MD is the orientational
ordeyx . Two examples which spring quickly to mind are the
strucktures of liquid c¢crystals  and the orientations of
molecular ions in ionic crystals. My intention here is to
descvribe a simple way of determining the order parametbters
that characterise the orientational order. I cannot say ~if
this is the best way of doing things but T hope that readers
moye familiar with the calculation of order parameters will
be encouraped to submit accounts of their own methods.

Theory

The first step in describing the corientational order is to
define a convenient set of vectors that characterise the
corientation of each molecule. The simplest set of vectLors
one can envisage are unit vectors aleong the principal. axes
of the molecule.  Another convenient set, especially for
simple molecules with a high degree of symmetry, are the
unit vectors aligned along the atom-atom bends. (Initially
however, I assume that the molecules possess No symmetry;
any symmetry present can be expoited later.) They'are,“ of
course, regarded as fixed in the frame of the molecule
associated with them. In the laboratory frame these vectors
rotate or oscillate with the motion of the melecule.

" Taking each vector in turn, it is possible to define a
probability density function P(#®,¢), which determines the
probability of ‘finding the vector in the angular direction
given by the angle pair (8,%).  The . orientational order
paraméters arise from an expansion of the orientational
probability densgity function in terms of standard spherical
harmonics: ' '

P(8,2) = I T, <Yp > ¥ (0, %) <1>

m
where the <Y;_ > functians represaﬁt the orientational order
parameters and YLm(Q.Q) the spherical harmonics. As is well
known from the properties of spherical harmonics the index L
ranges from 0 to infinity (or some arbitrary large value)
and the absolute value of m is always less than or equal to
index L [1l]. It is important to realise that Lthe expansion
is in the laboratory reference frame. Two poinks are worth
making aboub this expansion.
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Firstly, the expansion is. moest conveniently handled
mathematically using the COMPLEX representation of the
spherical harmonics, but. I suspeclk that most chemists prefer
te use a representalion in which-each spherical harmonic is
_cdmbinéd_with its complex conjugate - to . produrce - two - REAL
harmonics (e¢.f. the familiar s, .p; d,...etc. -type orbitals
arising in the Schroedinger. soclution for the hydrogen atom).
This REAL representaticon shows Lthe orientational properties
of the functions more clearly and for this reason I assume
_henceforth that the expausion refers to Lhe REAL form. -

Sécéhdly, this expansion, while being. generally applicable,

 may not always be. the most convenient. In cases where one 15
dealing with molecules of (say) cubic  symmetry and these  are

located in 'crystals. with - cuble -symmetry, then: -as . an
,alternative, spacial  combinations of spherical harmonics,
known as KUBIC harmonics {2)] are. more -appropriate, - The

“principles of calculating the order. parameters are Lthé same
as those given here, but the details of the analysis are
different. . SR

~ The calculation of -the .order parameters <th5”i§”sfmﬁle
enough in principle. At regular intervals in ‘the °'MD
simulation the value of each function YLm(B,@) is calculated
for each unit vector and added to an accumulator. At the end
of Lhe simulation the 'average over timeskteps (i.e,.
configurations) and cover all the molecules is calculated,
this gives the order parameter <Yy, > for each unit vector.
If the molecule possesses symmebry, then some of the unit
vectors may be equivalenk. In this case the order parameters
may be obtained by avevaging over these equivalent vectors
as well. '

The reascning behind this.methddﬁis““éaSy='to see ' if one
censiders a simple case. If we dimagine a unit vector
constrained always Lo point along the positive z-axis " (in
the laboratory reference frame) the spherical harmonics
which have nonzero  projections . along - the  z-axis - will
obviously. give rise to nonzero order parametéis. Spherical
harmonics which. have a zero projection along the z-axis must
necessarily have zero order parameters.. Thus if we looked at
the complete set. of oyder parametbters, we would find that Che

parameters <s>; <pp>,.. €d 2>, .- <f,3>...ete. would have
significant wvalues, - while the <p,>,. <p, >, -<d, >, <dy2_
2>...etc, parameters would have negligable values, - If on

the., other hand for half of the molecules the vector always
poeinted along the posilive z-axis and. half always pointed

aleng the negative z-axis, the <p,> and <f ;3> parameters
would now average outbt to zevro, since their proeojections along
the positive and negative z-axis have opposite signs. In
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this way , the order. parameters betray the preferved
orientations of the vector, In’ real systems, - ‘the
orientational ordering is mwore dynamic in nature and this
kind of analysis is much mére difficult, ~ but in these cases
a. two. dimensional plet, or contour map,:- o¢f the function
P(®,®) wusing the calculated order- parameters - and . " the
spherical harmenic expansion, can. be very vrevealing (3},

The main. difficulty with ‘calculating - the erientational
order parameters lies in the calculation® of " the spherical
harmonics. The explicit expressions for the spherical
harmonics are, to say the least, cumbersome and one would
not wish te use them for values. of L beyond 2 or 3. (In
practice values beyond 12 may be needed -to - get reasonable
representations. of  the . function P{®;2) [3].) The rest of
thris note describes a method of. calculating the spherical
harmonics efficiently with what is - hopefully reasonable
accuracy and minimum fuss. S : : Co Co

Calculafion of the Sphexical Harmonics

~ The spherical harmonics (in the CCMPLEX represéhtétionizmay
be written as; : . : . . e

The thfee terms appearing have the following forms:i

Ny

m = Q2L (M) 1/ (2(nan) 1) (172

Iy (cos®) = 1 .dUtM (cpos52p-))L
Lm L LM
2L {dcos®)

Km(9.¢) = (2ﬂ)(1/2) sinMBxexp(imQ)? T
where, M = ABS(md. . . |

The tarms. Nim represent. the normalisation constants of - the
spherical barmonics. They need only be calculate once in the

course of a given simulation. The - functions JLm(cos9)
resemble the associatbted Legendre polynomials, - excepk ~ that
the sinls parkt is split off. The functions Km(9,¢) carry the
¢ dependence of Lhe spherical harmonic. This is not the
Usual representation as it contains the sinMe parkt from the
associated Legendre polynomial. This. shift of the sine

function is needed to facilitate a convenient REAL
representation of the spherical harmonics. '

The J;,(cos®) Lerms may be efficiently evaluated using
recurrence relations. The first recurrence relalion applies
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when w=0. In this case the ~J;/q4- furictiéns are Legendre
polynomials, which have the well-known recurrence relation

[4]:

J<1+1)0<?) = ((2L+l).z.J[dtJ(&)—L.J(L_l)D(Z))/(LFL )

Jpplz) = ((2L—1).z.J(L,E)O(z)-(L—l);th_Z)O(é))/LH <RI

in which the substikution 2z = cos® has been used. A& second
recurrence relation may be obtained as follows. '

)]

Wfiting z coéé,.dL+M1dzL+M = oLt and M = ABS(w) then:

pl*¥(,2 1>L/<°LL*>

= pbFM-1 4 (zz 1)1/<2LL')~-

(zDL+M l(z )L“1+(L+M l)DL+M 2(2 —pyLely o

L !'(?.L_]‘(L—L)') . . _ R

(uslng Leibnitz®' theorem.) Hence Do R o
_JLm(z) = aJ(Lﬂl)\,{(Z)'F(L“I'M—}.)J(L_I)CM_1>(Z) <R2>

CJm(z)

it

Using <R1> with Jgg»t and- Jig=z" a1t the Jig -tefms"may‘”be
,generated " Using <R2> with-Jp;;=0 for the-fictitious cases
 M>L, all the remaining Jp, terms may be generated. It-'should
be noted that the parameter =z is identical to the =z
compenent of the unit vector in the laboratory frameé. '

_ The K (9 ¢) terms may . be calculated as follows. 'Fifstlf we
use DeMo1vre theorem to wrike: o :

Czﬁ)1/2.§1ﬁqé (cos mdfisin me) -
(2,,)'1/2 sing, (cos@+1(m/“)51n¢)b‘[-._
(211)1{'2 (x+1(m/M)y)M )

n o

Kﬁfé;¢i

i

where x = sin®.cos® and y = sin®.sind are Lthe kK. and. 'y
compenents of the unit vector.

Thus the higher orders of : Kjp(e,dy can be generated by

repeated multiplication of the COMPLEX eXxpression
(x+i{m/ M)y, In practice we need not be concerned about the
sign factor (m/M), since we have elected Lo usae REAL
spherical harmonics in the expansion <1>. The spherical
harmonics for this case require the definition of two new

funckions:

KT8, ) = (Key(B, )4k qu¢e e /2t/?
REAL{(x+1iy)* )/nl/z

]

and
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Tn(8,8) = i(Kyy(8,8)=K_y (8, @))/21/2
IMAG((x+iy)My/nl 2 L

il

These functions are used in place of the Kp(®,9) functions
in the spherical harmonic expression <2>. They alsc may be
calculated using repeated COMPLEX multiplication.

Example FORTRAMN Code

Armed with the above algebra, a simple FORTRAN code may be
written. In the Listing the essential ingredients of such a
code are presented. The workings of this code should be

reasonably comprehensible, but a few comments are in order.

In the code presented it is assumed that the system to be

simulated contains 108 identical molecules, each of which
has 3 unit vectors characterising Lhe orientations. The
order parameters are accumulated in the array YLM, which
must be initialised with . zeros at the - start of the
simulation. It is assumed that the spherical harmeonics are

required to the order L=12. The array YLM, in this example,
may be regarded as a selb.of three 13*%!3 matrices; . one for
each unit vector. Each matrix is designed so that the Ypg
parameters are stored along the diagonal, the Y . paraméters
derived from ¢the cos M® dependence are stored in-  the lower
triangle of the matrix and those derived -from the "sin M@
dependence'in the upper triangle. The normalsiation factors
are stored in the matrix YLMNRM. These values should only be

calculated once, either at the starct or the end of the
simulation. The rest of the code is called at regular
intervals throughout the simulation. -~ The final’ order

parametexrs are obtained by wmultiplying each YLM element by
the corresponding YLMNRM element - and dividing the product by
the number of molecules times the number of timesteps in
which the data were accumulated. - :

References
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Chemistry' Wiley {(1944), Chapter 4. :
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School on 'Molecular Dynamics Simulation of + Quantum
Mechanical Systems', Varenna, Italy 22 July - 2 August 1985,
(4] e.g. see vreference (1], equation 4.81, (setkbing m=0).
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LISTING

100

110
120

130

140

150
160

DIMENSION YLM(O:12,0:12,3),RL0O0{108,0: 125.RL1t108,0:12),
X CCN{I0D8),55N(L08),CCLl{108),s51{108), ZTM([OS),
X Y¥YLMNRM(D:12,0: 12)

LOOP OVER UNIT VECTORS
Bo 500 K=1,1

SET STARTING VALUES OF ARRAYS

DO 100 I=1,108

RLO(T,0)=1.0

RL1(I,0)=0.0 e
CCN(I)=X Component of unlL Vector K on molecule I
CCL(I)=CCN(I) o
SSN(I)=Y Component of unit vector K on;molecule I
SSL{T)=$SN{(I) o
ZTM{(I)=2 Component of unlt vector K on ‘molecule I
RLO(I,1)=ZTM(I)}

CONTINUE C L
CONSTRUCT Y(L,M) FOR L=3 TD 12 AND M=0"'

DO 120 L=2,1132

DO 110 I=]1,108 :
RLO(I,L)=(ZTM(I)*RLO(I,L~1)*{2%L-1)~ RLO(I - 2)*(L~1))/L
CONTINUE

CONTINUE

ACCUMULATE THE Y(L,0) TERMS

DO 140 L=0,12

PO 130 I=1,108
YLM(L,L,K)=YLM(L,L,K)+RLO(I,L)
CONTINUE

ACCUMULATE Y{L,M) FOR L=M TO 12 AND M>0

GO 400 M=1,12

ne 160 L=M,12

DO 150 I=1,108
RLICI,L)=ZTM(I)*RLI(I,L-1)+RLO(CI,L-1)*(L+M-1)
YLM(L,L-M,K)=YLM{L,L-M,K)+RL1{T,L)*CCN{T)
YUM(L-M,L,K)=YLM(L-M,L,KY+RLI{I,LY*SSN(CL)
CONTINUE

CONTINUE

UrPDATE THE WORKING ARRAYS
IF(M.LT.12)THEN
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170

180

190

400
500

190
200

DO 180 L=M,12
DO 170 I=1,108
RLOCT,L)Y=RLL(CL,L)
CONTINUE

Do 190 I=1,108
RLI(I,M)=0.0" S S
STORE =CCN(I)*CCL(I)-SSN(I)*SSI(I)
SSN(IXY=SSN(I)*CCLl(IJI+CCN{(II®S$SI(1)
CCN(I)=STORE

CONTINUE

ENDIF

CONTINUE

CONTINUE

NORMALISATION COMSTANTS
YLMNRM(O0,0)=1.0/5QRT(4.0%PI)
DO 200 L=1,12
FACTRL=(2¥L+1)/(2.0%21)"

YLMNRM(L,L):sQRT((2*L+1)/(4-0*PI))l;.ﬁ_n”

DO 190 M=1,1L:
FACTRL=FACTRL/ (LAL-M*M+L+M)
YLMNRM(L,L-M)=SQRT(FACTRL)
YLMNRM{L-M,L)=SQRT(FACTRL)
CONTINUE

CONTINUE
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TEANBPUTER

THE

David Fimcham

latber will Fave T ReTar

Marry r@adars OF this News
Feferances Lo Transputers,  and wondered what they ariz Gnd
whether they have any relesvance to nolecular sinulation..
This article, though weitten by a beginner,; abttempts bo
give hrief answers to bhess g tiors. - : I

The Tramsputer s a very powerful it microprocessor,
designed and produced by the British company TNMOS. It is
an tample of an increasingly popular category of
processor known as bthe reduced instruction set compuater-
(RIBEY . Cormventional microprocessors have a large
repertory of fundamental. instructions in their maching oF
& by Loy Tanguaiges.s However, analysie of ftyvpiloal o
applications shows that somz dngtructions are carely
used. The RIBC computer gairts desigrn-simplicity, and”
hence speed, by implementing only the most freguently ©
used instructions. The basic processing speed of the
Transputer is 10 Mins (million instructions per seoond)i

A single Tramepubar has bheen benchmarked at sid times @
Vs 131/780 (with floating point arithmetic in softwars in
gach case). For the technical ;- the device wases advanced
OMOE 1% micron technol og Theere isoans an-chip memory™ of
2 kbytes, amd an intearface to exteirmal memory chips
(static or dymnamlc). The speed of this interface ig .
Mhytes/s, With- 1ts links s below? bthae Trarmspuber 150 a4
complebe computer o e ohip. - : : o

The most distinmctive and iingortant Featuwrd of fThe
Tramsputer iz the set of links or compandication channel s
Fach Tramsputer has four links.o A link can communicate
with the outside world, by means of a link adaptor cohip
which converts it to a standard serial o parallel
interface. Alternatively, Transputers can be connected
togrther by means of ftheir links. The {fouwr links work
simultaneously, each at 10 Mhits/ s, By connecting
Tramsputers btogether it i possible to oreate multi-
processor computers of almost arbitrary speed, mamory and
peripheral bandwidbh at modest cost. Although such
parallel computers can be DUilt using conventionsl
microprocgssors {e.g the INTEL hypercube) problems arilsd
Because their communication is via a bus o hilighway which
g limited in the amount of traffic it can handle.

What abouwt prograsming: can we wse mul bi-Transputer

arravs effectively? The Transputer is desigrned to be
pic o ammed A ooa the garallel prove ' lLariguac
originating with s Moars s group in Oxfore
basi o conceppis dn the Language al Lhve procsss and
channel. A pragram siats of a hierarchy of orec
Froam the dndd v chueal ignment stabemants wp to the
vomplete progre ot each level processes
bW A N N W AR VR DY e ¢ iadly oo i praral lel.
Ocoam e & much more fleaible language tham,
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Featrarn, which only alliows parallelism ot the stabement
level . Frocesses communicatse by msans of charmnels, ans
mrocess sencding data over the ohannel ancd the obther

s pbr the data are only sent when bobth processas
aire ready, so that synohronisetion s awtomatico. In the
o ot prones 5 rwmmiog or gl fferent Tramspat (et

Al s are,  of  corse, imp'l ementad owver the link .
Mowevear , parallel processes and channels exeouts in-a
logically identical manmer on a single Transpuber,  anc
algorithms can thus be developed on a single Transpuber
betore baeing transterresd to an array.

At mresent, Transputers perform fived point arithmetic in
Frae chwar arrgd Floating point arithmetic in software. This
means that their floating point pertformance is not guite
ag sparbling as my second parageaph olght bave lead yous:
to oexpect. There are three solutions to this problem: &)
e fived point arithmetic for simulatior sgether with
erergy and force leook-up tables: this is the method. wsed.
in the Delft special puwpose moleonlae dymamic:;:mmputerﬁ
by attach exiternal additional floating-goint chips to the.
Transputery and o) walt for the promised floating-point .
Trarmsputer ., ' : ' .

]

T oam enthusiastic shout the potential. of Transputer.
arrays For molacular simoulation, To wse suwach an array _
effectively we nesd suitable parallsl algorithms, and of .
Cauese our DAF experience is a help here. My current.

e prehodos @ﬁamiming_m range of molecolar s mulatdon.
probliems, from the ITsing model to protein dynamics, to.
understand how they may bhest bhe implemsntecd. 1 ther plan.
Yo program a complete demonstrator syvestem for pol yoer
cdvramics. This application is chasen because ibs
heterogeneous interactions make 10 wnswiltable for.

maekid n Tike the DAFy it should effectively test the
ability of a Transputer array to do many different things
@t onoe. .
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The CCPB53 Program MDZOID.

W. Smith

The program MDZ0ID is a molecular dvnamics program for the
simulation of small-molecule systems. The melecules are represented
as ellipsoidal gaussian distributions interacting via a primitive
potential described by a series of gaussian terms (which may be
fitted to a wide range of common pair potentials), The shape of the
ellipsoidal gaussians is defined by the user at the start of rthe
simulation. Threugh this facility Lhe user may approximate many
small molecule shapes. The program should be of value in the study
of orientational order in, for example, liquid crystals and may
also be useful as a model for complex vigid molecules with an
overall ellipscidal shape.

The program uses a cubic simulation cell with a periodic
boundary to vemove surface effects. A spherical cut-off, set to
half the c¢ell width, is employed. The program calculates the
configuration energy, translational and rotational kinetic
energies, total energy, pressure, virial and temperature, together
with the BRMS fluctuvations. The sktructural function calculated are
the centre-centre radial distribution Ffunction and the bulk
orientational order parvameters devived from the spherical harmonic
expansion of Ethe orientational probability density funckion. The
time correlation functions calculated are the translational and
rotational velocity autocorrelation functions.

The program was devised by W. Smith and K. Singer [l] and is
now available Lhrough the CCP5 Program Library.

[1} W. Smith and K. Singer, CCP5 Info. Quart. vi7 p33 (1985).
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