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IMPORTANT ANNOUNCMENT

.RE—REGISTRATION OF USERS

All users who have been reglstered to receive the neWSIetter since: 1990 or :,arher are asked to
re-register. A separate sheet is incliuded with the mailing of this newsletter. If your copy does
not include this form you need not do anything. You may re-register either .

by returning the form to the address shown in the form.

You may also reply by electronic mail confirming that you wish to continue receiving the
newsletter and noting any changes I:D the addre%s

4 i

Failure to re- reg,lbter will result in your name bmng deleted from the mdﬂmg llst

N General News

FUTURD MEETINGS

A sumrnary table is given be]ow further details may be found 1n51de (CCP515 ‘not involved in
the organization of the NATO ASI).

TOPIC T TDATES. [ LOCATION

| How to derwa the lIlt@l’&LOH’llC potentm}s 1 4b July 1994 S Oxford
:"needed for simulation studies . .. e e LT
| The 'modelling of condensed phasas usmg ] 18- 20 July 1994 N '\.fianchester SRR

“cellular automata ™ I O
'CCP5 ANNL'AL \ILETI\IG ORDLR w 5;7'Se'pt'ember'1g'94 _ She'fﬁeld_ IR
LIQUIDS | o | e
' Obsenatlon 'md Predlctlon ofPhase :_ 26 July - 5 Auguat Varenna, .

transitions in complex fluids (NATO ASI) 1991

CCP5 PROGRAM LIBRARY

There are two additions to the program library. MDMEGA, written by Dr. W. Smith at Daresbury,
is a paralle] domain decomposition molecular dynamics program. MOLDY, written by Dr. K.
Refson of Oxford University, is a general purpose program for molecular dynamics simulations of
condensed matter. It can handle rigid polyatomic molecules, atoms or ions or any mixture of these.
It can use either the NVE ensemble or the NoT ensemble using the constant stress algorithm of
Parrinello and Rahman. The program is written in “C”. New additions to the library from. our
readers are always welcome. : '

'CRAY NEWS. ...
CCP5 participants are reminded that CCP5 has an annual allocation of Cray time at Rutherford
Laboratory. This is available for the development of simulation programs which are of general use
to the CCP5 community. Readers who wish to use some of this allocation should write to the CCP5-



Secretary, Dr. M. Leslie, TCS D1V151on SERC Daresbury Laboratory, Daresbury, Warrington WA4
4AD.

The Science and Engmeermg Research Coum:ll has chosen a 256-node Cray T3D parallel super-
computer for use in “Grand Challenge” scientific applications. It will have a total of 256 processing
elements, each of which is a DEC Alpha RISC processor with 64 MB of memory and. 150 Mfiops
peak performance. Users will interact with the system through a single processor CrayY MP4LE
system with 212 GB of disk and runnmg ray s UNICOS operatmg system o

INTEL NEWS

CCP5 also has an annual allocation of time on’ the Intel TPSC/860 at Daresbiry. If any CCP5
member wishes to make use of some of thus time please contact M. Leslie at Daresbury.

CCP5 FUNDS FOR COLLABORATIONS |

CCPS can make available funds of up to £200 per annum for gréups of two or more UK researchers
wishing to undertake a collaborative project within the scientific area covered by CCP5. The funds
are intended to cover travel and subsistence costs. Researchers who wish to apply for funds are
requested to submit a briefl proposal (about 1/2 a page) describing the intended work to Dr. M.
Lestie, SERC Daresbury Laboratory, Daresbury, Warrington, Cheshire. - Alternatively reply by
Email to M LESLIEQUK.AC.DL . |

CCPs5 VISITORS PROGRAM

CCP35 organizes a' visitors program which funds the visit to the UK of overseas collaborators. We
would normally expect a visitor to visit three sites in the UK and give a lecture at each site. These
lectures would be open to all members of CCP5 as well as members of the host university. The
visit would normally last between one of two weeks.” CCP5 would pay for the cost of travel to
the UK and within the UK between universities. CCP5 would expect some contribution towards
accoramodatioti expenses at the host university to be met by the university. We will also consider
longer collaborations or visits just one place if this can be justified by the nature of the work to be
done. If you have an overseas collaborator who you would like to invite under this program, please

make a request to Dr. M, Leslie, SERC Daresbury Laboratory, Daresbury, Warrington, Clieshire.
UK Alternatively reply by Email to M.LESLIE@QUK.AC.DL

JANET: m.lesfie@d]
INTERNET: muleslie@dlacuk
EARN/BITN'ETT' m.leslie%dl.ac.uk@tlkztc:rl"_ B

'EMAIL MAILING LIST o

We are trylno' to update our Lmall dlstrxbutlon list:” Af present we lave Ernail addresses for only
50% of newsletter readers. I have sent Email concerning the electronic distribution of newsletters
(see below) recently to the Email distribution list; if you did not receive a copy of this please send
me Email so that I can add your Email address to the list. It is important to get this list up to
date as there is a proposal to limit paper distribution of newsletters (See Below) and if you are not
- on the Email list we will not be able to notify you about new newsletters.



PROPOSED ELECTRONIC DISTRIBUTION OF CCP5 NEWSLETTERS

CCP5 is proposing that in future newsletters should be made available to the majority of our
readers by electronic means, and that paper distribution by mail will be limited. This issue and
the following one will be sent in the usual way by post, the issue due to be published in August
1994 will not be distributed to all readers on the mailing list unless individuals have made a case for
us to do this. The reason for this is partly the cost of printing and malhng and partly because we
feel that it will provide a faster service for readers overseas. It is proposed, when a new newsletter
is available by anonymous ftp, that a short Email message should be broadcast from Daresbury to
let our readers know. We would welcome any comments from readers, in particular:

1. Whether this form of distribution will cause readers difficulties as a result of unreliable or
non-existent ftp services.

2. What form of distribution would be most convenient (would & postscript file be sufficient or
would there be any demand for the INTgXfiles). : : :

3. Finally, any general experience of similar systems for distributing information.. . - . ..

HOW TO GET THIS NEWSLETTER BY FTP

1. move to the desired dJrectory on

" YOUR machine T VN RUL S P R
2. type: . - rtp 14 7. 80 10

or: ftp gservl. dl ac, uk
3. enter userid: anouymous I _
4. enter passwd: enlei your name and sz!e'_: _:_
5. change to  ccpd.newsletters/40 cd ccph.newsletters/40.

directory: SR
6. change to postscript or latex cd ps

subdirectory I

or _ o ~edlatex
7. toget all the files in the difectory : L . mget X

In order to allow users to test the system, this newsletter is available by anonymous ftp or by
sending an Email message to the Daresbury info-server, as described in the table. Please note that
* this is a trial service and details may change at a future date. Thie newsletter has been placed (in
separate directories) both as a postscript file and as the source Jatex files. The latex directory has
two figures in postscript in it. (Technical note:- The latex and postscript both use artli style; the
printed copy of the newsletter uses a slightly different page size to fit onta A4 paper).

REQUEST FOR CONTRIBUTIONS



Contributors to the current issue = . -
Our thanks g’d 'to: _

D Frenkel - Institute for atomic and Molecular Phsics
Q. Mooij'_' ~ Amsterdam IR ST e
- "~ THe Netherlands SR

K. Refson * Departmeit of Barth Sciences -
- University of Oxford TR SR
UK

The deadline for contributions for thie next 2 newsletters will be 15 'A;:).r.il 1994 and 15 July
1994 Readers are reminded that contributions are always welcome, Contributions may be sent by
Email in INTEX; this makes the task of collating the newsletter simpler for the editor. -

MEETING AND WORKSHOP ANNOUNCEMENTS ~ =

The modellmg of condensed phases usmg ceIluIar automata

This meéting is being organized b‘r the Statistical mechanics gloup “of the Instltute of' thslcs For
further mformitmn ’Lbout thc mecting write to the address below, o

Dr. A. \Iasters L .
Department of Chemlstry
Lnners1ty of ’\Ianchester _
Oxford Road B
Manchester \113 QPL

UK

Email mbdtsam@cms.mec.ac.uk

CCPb5 will be sponsoring the visit of Dr. A. Ladd (Lawrence Livermore Laboratory) to this meeting.
He will also be visiting other universities in the UK as part of the CCP5 visitors program to give
seminars and collaborate with CCP5 members. {Provisionally Oxford, Bristol and Cambridge
duriug the week prior to the conforence further details will be in the next newsletter).

Observat:on and Predlctmn of Phase trans:tlons m complex ﬁulds (NATO ASI)

This mcetmg is part of the NATO-ASI series; CCP5 is not involved in its organization. Topics
inciude colloids, liquid crystals, polymer melts; membranes and bilayers. For further details contact

M. Baus

Faculté des sciences

C.p231

Université Libre de Bruxelles The closing date for applications is May Lst.
1050 BRUXELLES 1594.

Belgium

e-mail mbaus@ulb.ac be



HOW TO DERIVE THE INTERATOMIC POTENTIALS NEEDED FOR
SIMULATION S$TUDIES

A two day meeting to be held at Mansfeld College Oxford from 12:00 on 4th July to 5:00 on 5th
July 1994 Sponsored by CCP5

AIM: To encourage participants to air their results experience and prejudices concerning the prac-
tice as well as the theory of how to derive useful atomistic modelling potentials. Both empirical
fitting and ab initio techniques will be represented, as applied té bulk and surface studies of static
and dynamic phenomena Poster presentations are eagerly sought and short manuscr;pts accepted
for thc proceedmgs The l;sE’. of speakers mcludes N PR L E T T

- Da'vidf- ccoper; Univ. Li-ve'r'pocl“ RS A modern VB approachi for intérioni¢ potentials ™ -
o Julian Gale, Royal Institution' el Future directions in ernpirical potential derwatlon '
- Mike Gillai, Univ. Keelc i el The computer modelling of oxide sirfaces ™ -
1. Sally Price, LCL 3' sesnorh s Anisottopic atom-atom potentials for molecules
David Pettxfor, Oxford Umv - Bond order potentials for the atomxstlr snnulatlon of
o L “oneocovalent styterms Sl e R
: Jolm Murl ell Umv Sussex oot Towards a general stmtegy for global mteratmnuc po-
- - .+ tentials for elemental solids anid clusters -
Mike Payne,- Cambridge Univ;- St o+ Ab initio data bases for testing empirical pb't'ent'i'zii"c.
Paul Madden, Oxford Univ.-- - -0 0 ¢ Realistic description of many-body polar151t1011 effects-

in simulations of ioni¢ systems

; le cast for fall bmrd p'l.rtlclp’!.l‘lts is £62 (mcludmg dinner on the dth 'md 1uuch on both days)
For those not needing overnight accommodation the cost js £42.

Due to the financial support of BIOSYM and Unilever plc. we are able to offer a full board reduced
price of £30 for students. Those requiring further information please write to either: - .. . '

R. W. Grinmes L. H. Harker

The Royal Tnstitutiem Building 424.4‘_-_._
21 Albemarle St. Harwell Laboratory
London WiX 4BS Didcot, Oxon. 0Xii ORA



i CCP5 ANNUAL MEETING

 ORDERIN LIQUIDS

Sheflield Hallam U'Iu'versity -
5th to 7 September 1994

Prehmmary Notlce - Scope of Meetmg

- The Annual Meeting of CCPs tradltlouallv Srovides @ forurn for the the presentaf.lon and d.lSC ussion
of the results of molecular simulations across a’ wide spectum of scientific problenis. In addition .
to satisfying this more general aim, the special theme of this meeting will be Order in Liquids.
Molecular liquids and mesophases exhibit a wide variety of long range and short range order.- Many
molecular liquids exhibit self assembly and phiase transitions in the presence of appropriate ther-
modynamic fields.. The use of computer simulations 1s now an important tool in investigating these
materials: and a.lso the wa;, in’ which the intermolecular potentials )1eld the observed macroscoplc
beha\«lour R U - R TR

It is expected that the meetlng w111 be broadly based but will mclude d15<:11551on of molecular
liquids, polymers, lyotropic liquid crystals, thermotropic liquid crystals; self assembly, phase trans-

itions, choice of potential, methods of extracting data from a simulation, methods for making
comparison with experiment and methods for improving the efficiency of the simulation: -

The meeting and associated accommodation will be in a pleasant campus envirénment close to the
centre of Sheffield. Contributions from research students will be encouraged with a reduced fee.

Further details and a call for papers mll be c1rcu1ated shortly In order to be placed on the mailing
list please contact:- R

Prof CM Care- - o0 Dr D J Clea»er R

Materials Research Institute -~ . Department of Applied Phys:cs
Sheffield Hallam University Shefhield Hallam University
Pond Street _ Pond Street =

Sheffield Sheffield -

S11WEB SLIWB - -

Email: C.M.Care@shu.acuk -~ Email: D.J Cleaver@shu.ac.uk

Fax: {0742) 533501



The CCP5 Program Library-W. Smith.

- CCP5 Program Library Conditions of Distribution

The CCP5 Program Library provides programs and documentation free of charge to academic
centres upon application to Dr. W, Smith, TCS Division, S.E.R.C. Daresbury Laboratory, Dares-
bury, Warrington WA4 4AD, U K.. Please supply a magnetic tape to receive the copies. Industrial
" and commercial applicants should enclose a £100 handling charge No magnet1c tape need be sent
irr this case Listings of programs are available if requited. Please note that use of mapproprnte
packing for magnetic tapes (e.g. padded bags) may result in ther being returned without the
required software. Please ensure that these forms of packaging are not used A list of programs
available is presented in the following pages. SR

All applicants will be required to sign an agreement not to explmt the programs for
commercial purposes e.g. for resale or distribution as part or whole of a commercial
product.
_ Readers should also note that we are authorised to supply the example programs originally pub-
~lished in the book “Computer Slmulatmn of qumda ', by MLP: Allen and D.J. Tildesley {Clarendon
" Press, Oxford 1987). These are supplied in the same manner as the res;dent CCPo progmms We

are grateful to Mike Allen and Domuuc Tildesley for their permission, . BTN TR .

We should also hke to remmd our readers that we would welcome further CDI‘ltI‘lbUtanS to the |

"Program Ilbrary The lerary exmts to prowde support for the research efforts of everyone active

m computer s;muiat:on md to Lh15 end we are always, pleased to. extend. the: range of soltware

" “available! If any of our readers have any programs they would llke to make available pleasu would

hey contact Dr. Smitll o e T AT R

_ ‘Please Note: For copyrlght reasons we are not able to supply the programs CAS-
"CADE, SYMLAT, THBFIT,THBPHON and THBREL free of charge to Umvermt:es
cutside the United Kingdom. - :

Programs from the Book: “Computer Simulation of Liquids” by M.P. Allen and
D. Tildesley, Clarendon Press, Oxford 1987.
“These programs originally appeared on microfiche in the book “Computér Simulation of Liquids”
" by M. P. Allen and D). J. Tildesley, published by Oxford University Press, 1987. They are made
freely available to members of CCP3, in the h()pe that they will be useful. The intention is to
“clarify points made in tlie text, 1athcr than to provide a plece of code suitable for direct use in
a research application. We ahcrxbe no cornmercial value to the programs themselves. Although a
few complete programs are provided, cur aim has been to offer building blocks rather than black
boxes. As far as we are aware, the programs work correctly, but we can accept no responsibility for
the consequences of any errors, and would be grateful to hear from you if you find any. You should
always check out a routine for your particular application. The programs contain some explanatory
cornments, and are written, in the main, in FORTRAN-77, One or two routines are written in-
BASIC, for use on microcomputers. In the absence of any universally agreed standard for BASIC,
we have chosen a very rudimentary dialect. These programs have been run on an Acorn model B
computer. Hopefully the translation of these programs into more sophlsmated languages such as
PASCAL or C should not be difficult, : - : :

MPAHen _ L



CCP5 Program Library E-Mail and anonymous ftp Service

It is possible for CCP5 members to get coples of CCPS programs through E mzul or anonymous
ftp eutomatically.

Email
" To access the hbrary by E- maﬂ send an E- mall message to mfo server@uk ac. dl The contents

of the E-mail miessage should be as shown in the ta.ble (Note Lhe use of” upper and lower case is
I 51gmﬁcant - th15 is a'unix system') T

- request sources < -
topic index CCP/ccpd _
- topic CCP/cep5/program:mapie-~ ' F T

N Where program-name is the name of the desired source 'cod'e“ ‘A mail'server will automatically
- process this message and’ return a copy of the source code to your e n1a11 address Pleabe note the
" following however: - T e : S S

The program source w:ll be rcturned to Your in ue format wh:ch isa form of encodmg most

o siitable for mail messages, [t “can” easily be décoded oni’any unix system using the uudecode

< command: (Check your lacal unix: man file for’ det'uls) Also; tospeed the transfer, the source
-~ will Be'split into files of 1200 records each; so expect two or three such ﬁles for the avel age CCPa _
-program. Once again; vudecode will Help you to sort thirigs out. I :
' Readers who do not have unix faulltles should 1nclude the followmg hnes at the sta.rt of the

-"'a.bove message : . B e A 3 - .

. lme lumt nnrinh
coding: off

Where nnnnn is the number of records in the source (in most cases 6000 should be enough).
The program will be sent in plain FORTRAN as a sinigle file. It may take a while to arrive, but
- be patient! Also beware in case your syster mailer cannot handle messages of this size, )

The programs from “Computer Simulation of' quulds are also available. To access them use
' program name F.01, for exa.mpie ' '

anonymous ftp

_ fhe entire CCPS program 11brary is now ac.ccsmble by anonymous FTP The procedure is as shown
in the table. . : ;
. Readers must reall?e Lhat the terms’ of ise and dJstnbut:on of the CCP5 programs tha.t have
applied hitherto will be maintained. Users should not redistribute or sell the programs, nor is any
liability accepted for their use, either by SERC or the program authors. It is a requirement on
the user that the programs be fully tested for their intended purpose Any bugs found should be
reported to the librarian, for the benefit of other users. : : A
Lastly readers should realize that this means of transfer does not usually mclude any program
documentation. So if you are unable to make sense of the programs, write for the documentation!
We are grateful to Mr. P. Griffiths of Daresbury’s I'TS Dhvision for implementing this facility.



1. move to the desired directory on:
YOUR machine R L SR
2. type: fep 148.79.80.10

or: .. AT fip gservl.di.ac.uk
3. enter userid: - anonymous -
4. enter passwd: .. . .. enter your neme and s:te
5. change to cepd directory: -~ - .- “-ed ceph '
6. to list the directory contents T S
1. if desired change to lower d.lrectory ... ed TEQUILA.
eg.. . _ ) : :
8. toget a compressed file (7). .- Dbinary
. to get a single file type: get filename
10.  to get muitiple files type: . - - - . mget *.*

Avallablhty of the A]len/TxIdesley example programs at Cornell

Appendu. F of the Book “Computer Sxmuhtxon of qumds” by M B Allen and D. J Tlldesley
“ describes a method whereby the example programs may be obtained from the statistical mechanics
group FTP facility at Cornell. This facility is no longer operational as advertised, due to software
and hardware chariges. However, the programs are still available. To obtain them, please follow the
procedure outlined here. The description below is taken from the HELP file that is distributed by
the file server: toobtain the Allen/Tildesley example programs, simply use “ALLEN. TILDESLEY”
as the package nanie (without the qiotes, note underscore character . not hyphen 3o :
STATMECH is a file distribution service for the Statistical Mechanics. community that uses
electronic mail facilities to deliver filess To communicate with STATMECH, send an E’VIAIL :
message to:. statmech@cheme tn.cornell.edu Commands are sent in the body of hte message ‘you
send to STATMECH (not in the subject line). Several commands may be seft at one time; just put
one command per line. For each request you make, a transaction log is returned to you indicating

o - STATMECH commands: _
SENDME package Sends all parts of the specified package.
SENDME package.n Sends part n of the specified package.. -
LIST {pattern] Gives a brief description of all packages matching pattem

o If pattern is omitted, a description of all packages is sent.
HELP = Sends this help file.

the status of the request. The status report will indicate whether the request was successfully

completed, and when the file was or will be sent. Large files are sent only during off-peak hours.
Problems, questions and comments about STATMECH service on this system should be direc-

ted to “statmech-mgr@cheme.tn.cornell.edu”,

Steve Thompson, School of Chemical Engineering, Cornell University, Ithaca NY 14853 USA.

10



Program

ADMIXT
CARLOS
CARLAN
CASCADE
CURDEN
DENCOR
HLJ1
HLJ2

HILJ3
HLJ4
HLJ3
HLI6
HMDIAT

_HSTOCH.. -

- MCLSU -

‘\IC\IOLDY\I

e
MDATOM -

CAIDATOM.

MDCSPC2P

MDCSPC4B
MDDIAT
MDDIATQ
MDIONS

MDLIN
MDLINQ
MD3DLJ.C -

MDMANY -
MDMIXT
MDMPOL

MDNACL

THE CCP5 PROGRAM LIBRARY.

Type

MD
MC
DA -
LS
DA
DA
MD
MD

MD
MD
MD
MD

MD

MD

MD L
“MC

MD.
MD
PRMD

PRMD
MD
MD
MD-

MD

MD

AMD o

MD
MD

MD

T
| VSBA -
SI) v e T T R
s G
T‘H" R'D 'F'i. FEE

. A. Laaksonen e

CLISFC
? AQ=?-nf”f'Q5a.:=-;Ju
CRPE.

. BHAL LF :

LIL,

Model Algonthm Properties

LF TH MSD RDF

TH

LJA MIX
VSAQ:~

- CARLOS structure analysis

DIL - EM TH S'].R
Current Density Correlations T
Density Correlations RS
LJA LF
LJA - LF

TH MSD RDF
TH MSD RDF -
o VACF o
LIA S LFLC

LJA ~ LFCPCT
LJA SF LF
LJA. . TA
G5 Q4

TH MSD RDF
TH MSD RDF

'TH MSD QC

S GFrGs

TH RDI" _
| ~ THRDF MSD QC
CLJA . LF .
CBHM., .. LE - TH STF RDE -
' ' VACF MSD
. TH STF RDF
. LFCA -+ THMSD . -
CLFCA-. THMSD . = "
+ TH MSD RDF-
~§TF . Co
TH MSD QC
TH MSD QC
TH MSD RDF

BHM FC
LD -
LID PQ -

G5 G4

C') Q4
G5 Q4
LF LC

LJE PQ
LJA MIX -

TH MSD RDI

TH MSD RDE. T

TH MSD RDE - -

'Authors o

Ww. Smith_ R
B. Jonssori, S. Romano
B. Jonsson, 5. Romano

- M. Leslie, W. Smith
© W, Smith
W, Smith -

. M. Heyes
. M. Heyes

D

D

D. M. Heyes

D. M. Heyes

D. M. Heyes

D. M. Heyes. ... -

S. M'._ Thompson N

Y vart Gunsteren‘,
N. Corbin

C P Wlllnms

L DM Heyes -

S. M. Thompsomn -
D: Fincham. .
W.Smith:.o o

W. Smith

D: Fincham . .
D: Fincham c :
D. Fideham,
N. Anastasiou.
S. M. Thompson
S. M. Thompson
M. Bargiel,

"W, Dzwinel, |

© L Kitowski, "

TH
TH

LIS FC
LIS MIX
LIS FC
MIX
BHM LF

CLF QP
LF QF
LF QF

TH MSD RDF

11

© J. Moscinski .
" D. Fincham, W. Smith

W. Smith
W. Smith, D. Fincham

W. Smith



MDPOLY
MDMEGA

MDMULP: .

MDSGWP

MDTETRA *

MDZOID

MOLDY
NAMELIST
NEMD
NSCP3D

PIMCLJ
SCN

SMFK

SLS.PRO .

SOTON_PAR

SUGRF

SYMLAT
TEQUILA

THBFIT
THBPHON
THBREL
XEDS

MD
MC
PRMD
L3

5D

DA
UT
PIMC
GP

MD.

- MD-

MDY

MD

LIS
LIA. .
LJS PD
PQ MIX
LIA
SGWP -
.
GAU

as Q4
. LF QF
LF

G5 Q4
LF QF

TH MSD QC
DD -

TH VACF RDF "

QC

THMSDQC
TH MSD RDF -

VACF

S, M. Thompson

- W. Smith

W, Snuth

'W Srmth K. Singer

S M'._ _'l_‘hompson_

W Smith

BHM MIX BE CP
Namehst emulatwn

LIA " SLLOD
Hard sphere packing

MD
UT
oD
UT -
C PIMC
MG
':'_"wic

'LJA‘*_'_ CMC
C}'ii_ri drical Polyelec.

LF
LC
LE.

MD'_'
MD:
MD

| 'Praééiﬁé"'
LJA
BHM TF
2D

LS PIL

GP

PIL
PIL 3B -
PIL

LS
LS
LS
GP

EM -

Key

Progmm t} pe
Molecular dynamics
Monte Carlo A
Parrinello-Rahman MD
Lattice sirnulations
Stochastic dynamnics
Data analysis
Utility package
Path Integral Monte Carlo
Graphics program

EM SYM

EM

EM.

Macinto.s.'h |

TH

| Tn’f{ﬁ'}?

TH ..

TH RDI‘

. TH
~ MSD
RDF .
STF-

CVACF

o Qc
. STR

- 12

TH RDF QC .

TH STR-

Potential fitting
Phonon dispersion
TH STR - -

K. Refson
K. Refson
. D. J. Evans - -
. M. Bargiel, . -
. J. Modcinski -
. K. Singer. W. Smith
... N:Corbin. .. .
. A, P Lyubartsev :

\eI R. 5. Pinches
. D ‘\eI Heyes

e :__'Harweﬂ S :
_ A Wilton F. \/Iueller

©C Plathe
Harwell
Harwell =
H'arwell'"'_" _
D. Nikelow,
o F Kitowskd

W. Alda,

o 'bepertiés_
Thermodynamic properties.
Mean-square-displacement
Radial distribution function
Structure factor . . . L
Velocity autocorrelation functmn
Quantum corrections. :
Lattice stresses = . .



o System models . - . - Algorithim S
LJA Lennard-Jones atoms G5 Gear 5th order predictor-corrector

LJD Lennard-Jones diatomic molecules - Q4 Quaternion plus 4th. order Gear P-
IJL Lennard-Jones linear molecules C.
LJT Lennard-Jones tetrahedral . . LF Leapfrog {Verlet) o
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1 Introduction

Configurational-Bias Monte Carlo (CBMC) is'a dynamic. MC scheme that makes it possible to
achieve large conformational changes in a single trial move that affects a large number of monomeric
units of a chain molecule {1, 2, 3, 4]. The CBMC method is based on the Rosenbluth sampling
scheme [5, 1, 2} for lattice systems. In this scheme, the molecular conformation is built up step-
by-step, in such a way that, at every stage, the next monomeric unit is preferentially added in a
direction that has a large Boltzmann weight. This increases the probability of generating a trial
conformation that has no hard-core overlaps. As explained below, the probability of acceptance
of the trial conformation is given by the ratio of the ‘Rosenbluth weights’ of the new and the old
conformations. Whereas the original Rosenbluth scheme was devised for polymers on a lattice,
the CBMC scheme will also work for chain molecules in continuous space. Unlike the reptation
algorithm {6], CBMC can be used in the simulation of grafted chains and ring polymers. Recently,
the CBMC method has been integrated with the Gibbs-ensemble technique to simulate liquid-
vapour and fluid-fluid phase equilibria of chain molecules [7]. In Gibbs-ensemble simulations of
phase coexistence, simulations of the two coexisting phases (e.g. liguid and vapor) are carried
out in parallel. In addition to MC trial moves of the molecules within either system, we also
allow the two systems to exchange volume and mass. CBMC trial moves are used to swap chain
molecules between the two systems. Clearly this requires compiete regrowth of the entire chain.
For long chains this becomes expensive and, at present, Gibbs-ensemble simulations are limited to
chain molecules with less than 50 carbon atoms [8]. For simple CBMC sampling the situation is
less serious, because one can choose not to regrow the entire chain but only part thereof In the
limit that only one monomeric unit is regrown, CBMC reduces to the reptation algorithm, but
in general it will be advantageous to regrow a larger number of monomeric units. Of course, the
computational cost per trial move is higher for CBMC than [or reptation and hence it becomes
important to be able to construct the most efficient MC move for a given system.

The efficiency of the Rosenbluth sampling technique depends on the choice of a set of para-
meters, namely the number of trial insertions for a given segment ¢, k;,. As described in the next
section, k, can, in principle, be chosen freely. However, the choice of &; affects the efficiency of
the sampling scheme. The aim of the present contribution is to show that the choice of the para-
meters in a CBMC simulation is not a question of black magic. Rather, as we shall show, there
are systematic techniques to optimize the algorithm. In particular, we show how the efficiency of
a CBMC program can be optimized with respect to k,. Although we apply our analysis to the
CBMC scheme, it is in fact much more general, and can be used to optimize the efficiency of any
MC trial move that can be decomposed into a sequence of elementary steps. Before discussing the
optimization of CBMC sampling, we briefly review the basic idea behind the method.
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2 Configurational-Bias Monte Carlo .. .

" '2 1 Rosenbluth samplmg

The Configurational-Bias Monte C"I-!.'IO scheme for’ contmuously deformable chain molecules (3], is
based on Rosenbluth sampling {5, 1, 2] for lattice systems. Chain configurations are generated by
- successive insertion of the bonded segments of the chain. When: the positions of the segmients are
chosen at random, it is very likely, that one of the segments will overlap with another particle in the
fluid, which results in rejection of the trial move. The Rosenbluth sampling scheme increases the
insertion probability by looking one step ahead. On lattices; the availability {i.e. the Boltzmann
. factor) of all sites adjacent to the previous segment can be tested. In continicus space, there are in

... principle an infinite number of positions that should be tested (e:g: in the case of a chain molecule

with rigid bonds, all points on the surface of a spheré with a radius equal to the bond length}. Of
. course, it is not feasible to'scan an infinité number: of possibilities. Fortunately, however; it turns
out that it is possible to constiuct a correct Monte Carlo scheme for off-lattice models in which only
. a finite number of trial segments (k); is selected either at random or, more generally, drawn from
w. the distribution of bond-tengths and bond:angles of the ‘ideal’ chain molecule, ;Froni here on, the
- procedure is the same for lattices and continuous space systems: For each of the trial positions; we

o compute the Boltzmanii factor assoc1ated ‘with the non- bonded interaétions (more precmely, the:

_'.':--.'contrlbutmns of all those interactions that have not yet beet accounted for in the generation of the -
2 trial positions): One of these trial positions is: then selected with a probablhty proport;ona}. £6 its _

“. Boltzmarnn factor: [i this wiy, regions of lugh ‘potential eénergy, such as the hard coré of another

particle, are avoirded and configurations with a non-vanishing Boltzmann weight are generated. To
correct for the bias introduced by this very non-random sampling procedure, a weight has to be

- assigned to each conformation, T, called the Rosenbluth weight Wy [5]. The contribution of each

i th segraent to this Rosenbluth weight is equal to the average of the Boltzmann factors of the trial
positions for this segmcnt : : ' B

Wr‘: i ; fc.’-e- -ﬁU nbf“'l,{{ .- (1)

. ‘where’ 6 1/LBT' and U nbp,, l.S'.t'l.lé. ‘non-bondéd energy’ of the j th trial direction for the i
segment. The Rosenbluth’ We;ght of the total configuration T, is the product of the weights of the
__ mdmdual scgments mcludmg the Boltzmann factor oi the energy o[ the ﬁrst se.gment Ur,

sze -[3Ur H mp, R )
~where £ is the chain length. In the dr'iginal'Ro'sé'nbluth scheme, évér} chain conformation I' was
giveri'a statistical weight proportional to Wr. However, as explained in ref. {9), this approach
fails when the largest contribution to the equilibirium properties of a chain molecule come from
conformations that have a large Rosenbluth ‘weight W, but a very small probability P{(W¥) of
~ being generated in the Rosenbluth sampling scheime, The Configurational-Bias MC scheme that
we discuss below, 'w'as'de'signé'd to z’n'roid this problem.

"'2 2 CBMC ‘Dynamlc Rosenbluth samplmg

The Conﬁguratlonal Bias 1\‘Icmte Carlo ‘method is a sa.nr:plmf:r scheme ‘that- employs the Rosen-
bluth method (extended to continuously deformable molecules {3]) to-generate trial conformations.
However, it does not suffer from the sampling problem of the orlgmal Rosenbluth scheme, because
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all chain conformations are generated with the correéct statistical weight: herice; all averages ob-
tained with the CBMC method are unweighled averages over MC configurations, and the problems
that are associated with the re-weighting in the original Rosenbliith scheme, disappear.

The CBMC procedure for generating a new conformation of 2 chain is as follows. First, a

chain is chosen at random. Next, a trial conformation for this chain is generated by means of

~ the Rosenbluth sampling scheme and a Rosenbluth weight for this siew conformation is calculated.
~ Next, we should decide if we accept. the proposed ‘move’. To this end,. we must compare the
Rosenbluth WEIght Whew of the trial conformation with Wiig; the weight of the old conformation.
. In fact, the computation of the latter quantity is a bit subtle.. In case of a lattice system it is
. obvious what the trial directions for the old conformation- are;  and hence its Rosenbluth weight
" can be evaluated ﬁnambiduously In contrast, for contimiously deformable chains the trial directions

- are chosen at random for every new conformation, and it is not immediately obvious what choice
stiould be made for the calculation of the Rosenbluth weight. of the old conformation. As shown
Cin_ref. [3], it can be proven that the following simple procedure satisfies: detailed balance, and
thereby fulfills a sufficient condition to ensure. that all chain: conformations are: generated with
a probab:hty proport;onal to thelr Boltzman, wexcrht around. every segment ¢ of the old chain,
k- T trial directions are drawn. from. the samie probablllty djstribution as the one: from which

. - the: dlrectlons for the trlal couformatxon aré chosen’ The old. Rosenbluth. weight is: calculated, by -

':__"treatmg the ki -1 trml dlrectlons plus the direction, in ‘which the segment of the old chain is situated,

. as the set of ‘trial’ d:rectlons for the existing conformation. Finally; we- compute the ratio of the

" Rosenbluth’ wmghts of the new and the old conformatzons We use a Metropolis-like: criterion to.

decxde on. the 1cceptance of tlu. trml move je:. the trml move is '\ccepted W’i[‘.h a probablhty P( aCC

p,,‘cc = \,j[m( ; ) B I T 1]
The procedure sketched abo‘.e 15 nhd for a complete regrowth of the clnm buit 1t is' also posmbl :
to regrow only part of a chain, i.e. to cut a chain at a (randomly chosen) point and regrow the cut
part of the chain either at the same site or at the other end of the molecule. Clearly, if only one
segment is regrown and only one trial direction is used, CBMC reduces to the reptation algorithm
(at least, for linear homo-polymers). It should be stressed that there are many possible ways to
generate a trial conformation. For instance, ore can generalize the ¢ pivot’ algorithm [10}. In the
pivot algorithm'a new conformation is generated by rotating a molecule over a random angle around
a randomly selected ‘pivot’ segment. The pivot algorithm is very efficient for isolated chains, but

“becomes inefficient for molecules in dense media, However, with CBMC, one can introduce a
larger number of pivots in a chain molecule, in such a way that the acceptance of the trial moves
is enhanced {at the expense of additional computation). Of course, when CBMC is combined with
Grand Canonical and Gibbs-ensemble MC simulations, where entire molecules are exchanged it is
necessary to include moves that attempt to (ve)grow chains completely.

‘One choice remains to be made before applying the Rosénbluth samplmg scheme for contmu—
“ously deformable chain molecules to CBMC and chemical potential cal;ulatlons, namely the choice
for the number of trial directions k.. Too many trial directions increase the cost of a simulation
cycle, but too few tnal directions lower the acceptance rate, and increase the simulation length.
Clearly, we wish to have simple guidelines that allow us to select &, for every segment such that it
optimizes the efficiency of the simulation. In the following section we show how the optimal values
for the set {k.-}'_' and the maximum efficiency achievable can be estimated.. |
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3 Efficiency of Configurational-Bias Monte Carlo -

In order for the Rosenbluth sampling scheme to work; it'is essential to generate, on average,
at least one trial position that has a non-negligible Bolizmann weight for every segment. If all
trial positions have a small Boltzmann weight, the Rosenbluth weight of the new conformation
‘is virtually zero, while thie Rosenbluth WEIght of the emstmg conformatlon 18 necessanly finite,
““and the trial move will be rejected. The’ probab1hty of ﬁndmg at feast one brial position with a
non-negligible Boltzmann weight, depends on the choice for the value of k;, ie. the number of trial
directions that are scanned when locking for an accephble p051t10n of the next, ¢ th, segment. In

" discussing the efﬁmency of the CB’VIC scheme, it is convenient to consider monomeric units with a
“hard repulsive core because in that case the Boltzmann WElght associated w1th conformations that

have hard-core overlaps 15 stnctly zero ‘However, the genel al conc]uswns carry over to systems

- "thh continuous mtermolecular interaction potentxals

‘Two trends determine this choice for optimal k- values, L opt. On the one hzmd the probablhty
of a successful chain insertion grows with increasing k. There is an upper limit to that, because
. when the space to insert anotlier segment is simply not available, there is no point in generating
" more and more trial directions: Moreover, the computational cost also rises with increasing &;.

.. The optimal choice for. ki depends on densn:y, teniperature and: the nature of the mtermolet‘ular._ )
_"'mteractlons For instance; at high deiisities: & larger nianber of trial directions is needed to regrow-

_' a given number of'segments thai at low densities:: It can also be expected that k; ops varies along a -
s chain. A['l:er successful msertlon of part of the chain,a Iarger number of trial directions should be

;" chosen for the next segment, in order fo’ minimize the pmbabxhty thal, we w;xste the compuhtxonal'

-~ effort that has already been invested in this trial meve.

Below, we show how we car arrive at an estimate of the optzmal 1nlues J’c opt. 'lo do 30, we-
-should ﬁrst define what we mean by the ‘efficiéncy’ of & given CBMC trial move. Loosely speakmg,_
we expect the efficiency to be proportional to the probability that a given trial conformation is
- successfully generated aud mverse}y proportxonal to the computatmnaI cost of th'\.t trlal move For-

achmloffsegments S o - o

o g- B0 K
| T {Cost())T o
where {P(£)} is the probability to find for every segment at le"nst one trlal dlrectzon w1th a norm-
- “negligible Boltzmann weight, in’ which case the chain can be inserted successfully (Cost(£)) is the
average cost for trying to insert the cliain, measured in the number of times the energy of a trial
direction is calculated. The extra cost for trying to insert a chain which is one segment longer,

depends linearly on the number of trial directions and oun the probablhty to insert £ segments
: succes»fuily So the axerage cost for one trial msertlon of a chain of length ¢ + 1 is given by

(Cost(£+ 1)) = (Cost(O)) + 2b0e x (PO (3)

where we have introduced, as our unit of computational cost, the amount of computation needed
to compute the energy for one trial segment. In the computational cost of a trial move in the
CBAMIC scheme, we have included the cost of the energy calculations for the k,,, ‘trial’ directions
of the old conformation, needed to compute the ‘old’ Rosenbluth weight W4, The probability to
find at least one acceptable position [or the £+ 1 th segment, { Pada(ks4 )}, also increases with &,.;.
If we assume that subsequent insertions of segments are independent, {P(£ + 1)} is given by

(PUE+1)) = (P(€)) x {Poaa(kesr)} - (6)
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Equations 5 and 6 can be combined with eguation 4 to yield the following very sunple recursive
relation

Eff(ﬂ-’r-l) . udd(k!41) N - o (?)
- BAi(E) - 1+2&g+1xEﬁ’(£) e

o Tc-g;ether with the boundary condition Eff(t = 1 equat;on 7 allows us to compute ‘the efﬁcxency

" of a trial move for a given set ol ki-values. The’ values of the set {k} affect both the numerator

** and the denormnator of' equatxon T Our aim is to vary all k; values unt:l the 0pt1mum efﬁmency

is reached. L
The computatmnal cost of the insertion of the Risé 1 monother of the cham s zero 1f we s:mply

*“start regrowing part of an existing chain, However, if we mitst suCCessfuﬂy itisext one mogomer

" before we can continue growing the rest of the chain, then'the computational cost of the first inser-
" tion is non-negligible and this, in tirn, will afféct (mcrease) the optlmal valies for all subsequent
ki’s. In addition to Eff{1), we must know ' udd(ka for all L’ ( ndd(LgH)) an__be determined
o numencally by calculatmg : : o

_.'- In words the probahlhty to generate at least orie acceptable L'r;a[ segment is equai to oné minus the .
. probability that not a single-acceptable trial segient is generated in kyyy attempts. In’ equatlon 8,

T Paga(1) is the probablhty that the irisértion of a single trial segment will be successful: It should:

‘. be noted that this probability is a fluctuating quantity the angular brackets in eguation 8 denote_ o

- averaging over the equilibrinm conifigurations of the fliid; Of course; we cai make a'¢rude cst:mate '

of {Praalkeet)} by 1gnor1ng all fluctuations; in which case we gct the friean- fielcl estmnte

) Althouﬂh equ1t10n 9 is useful for order of magmtude estnmates we shall not use it in whw.t i‘ollows '
- Rathier, we shall compute ('Pudd(k;H)) by simulation. In stemd of computmg (Pigalk,s1)) for all
£, we measured it for £ < 2, and assume that for £ > 2, the values for £ = 2 can be used as an
estimate. We verified this assumption under various conditions by calculating (Paad(&s41)) for all
{ and we found no significant difference in the answers.

The procedure describéd above allows us to determine’ numer;cally the values for the set {k.}
‘“that maximize equation 7, and tliereby the efficiency to generate an acceptable trial conformatlon
- for a chain in a-CBMC move. Thus far wé Have ignored the fact that this trial ‘conformation,
~although acceptable in principle, may bé rejected in practice. As stated before (equation 3}, the

overall acceptance probability is determined by the ratioof the new and the old Ros'eliblllt_.h"w'eiglw.ts:
Wiew/Woig. Below we shall show' that this further attrition of trial conformation alsc affects the
efficiency of the CBMC scheme.

.-..'.....(.Padd(';”-! 1—1) = L = (1"”“ (Padd(l) ) L!H
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*Figitre 1: The efficiency; as defitied by E!.'(il:iat.i.bl.l..?., for inserting ‘a hard dimer (=) and a fully
flexible trimer of hard spheres (— — ~) into a fluid of hard spheres at several densities po 3, over
a range of k-values.

4

03 0.4 0.5
2 5 10 29
3 9 18 53
41 12 27 86
5| Ia 35 >»100
6; 18 43 > 100
7120 Bl > 100
B 22 59 > 100

9¢ 25 66 >100
16| 27 73 > 100
11} 29 80 > 100
[12] 30 87 > 100

Table 1: Optimal k;-values, for insertion of a chain by Rosenbluth sampling in the Configurational-
Bias Monte Carlo scheme.
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*Figure 1: The efficiericy; as defisied by equation 7, for il.léer.'ti"r{'g" a hard dimer (— - ) and a fully
flexible trimer of hard spheres (— —~ —) into a fluid of hard spheres at several densities po 3, over
a range of k-values.
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0.3 04 0.5
2 5 10 29
3 9 18 53
4 12 27 86
bt b 35 > 100
6| 18 43 > 100
71 20 51 > 100
81 22 59 >100
9| 25 66 >100
10 27 73 > 100
1Ly 28 80 > 100
12 30 87 > 100

Table 1: Optimal k,-values, for insertion of a chain by Rosenbluth sampling in the Configurational-
Bias Monte Carlo scheme.
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4 Results

As an examplée we studied a system with only hard core interactions, but it should be noted that
the efficiency analysis that we have presented above can be applied with minor modifications to
systems with soft potentials {11].

Let us consider the case where, in a fluid of hard spheres with diameter ¢ at number density
po 3, we insert a fully flexible chain of £ hard spheres with the same diameter, attached at a fixed
bond length . The iusertion probability of one segment (which for this particular system is given
by the Carnahan-Starling equation [12])} gives Eff{1) and by inserting a second segment {Paga(k;))
is calculated from equation & for a range of k,-values. The efficiency for successfully adding another -
segment, Eff(2)}, is calculated from equation 7, and the result is shown in Figure 1 for a fluid at
density pg 3 = 0.4. The maximum determines the value of & opt;. Eff{3) for a fluid at the same
density is plotted in the same Figure, which shows a shift of the maximum to a value for & opty
which is higher than k opt;. As already mentioned, k opt, is expected to increase with £, because
more and more effort is invested previously in the insertion of £ — 1 segments, which will be wasted
if all the trial directions result in a hard core overlap with spheres in the fluid.

In Table 1 the optimal k,-values are listed for insertion of chains up to 12 segments long into
a fluid at various densities. For adding a fifth segment or more in a fluid at the highest density,
po 3 = 0.5, the optimal &,-values fell out of the range of values that we considered. However, here
the efficiency is already close to its optimal value for the highest k;-values in our range. In Figure
2 we show the corresponding maximal values of Eff(¢), and in the same Figure we compare these
efficiencies with the efficiencies of a random insertion, i.e. the limit &, = 1 for all £. It shows a
considerable increase of efficiency using CBMC, and much longer chain lengths are feasible. In the
same figure, we also indicate the effect of the attrition of acceptable trial conformations due to the
acceptance criterion {equation 3). The decrease is estimated as (W, w/Woia), where Wew 1s now
only averaged over chains already inserted successfully (i.e. only the suitable trial conformations
are considered). It is possible to give a rough estimate of the maximum chain length that can
be reached: if we impose that in a typical MC run we wish to limit the number of evaluations
of the potential energy of a segment to a value of 10 8 (i.e. something that can be achieved in a
reasonable amount of time on most workstations). '
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Figure 2: The efliciency (equation 7) for inserting a fully flexible chain of { hard spheres into a fluid
of hard spheres at several censities po 3. Both the efficiency of a random insertion (- - — - — ), te.
ke = 1 for all £, and the maximal efficiency ( }, obtained by choosing the optimal k-values,
are shown. In the same Figure we show the efficiency for acceptance of a CBMC move {~ - —) by
the acceptance criterion 3. The dashed horizontal line shows the minimal efficiency needed for a
simulation of typical length.
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Moreaver, we assume that, in order to sample configuration space effectively, we need at least
10 3 successful chain insertions. This implies that the minimal efficiency needed is of the order of
10 -5. Figure 2 shows, that random insertion does not fullfil this requirement for chains longer
than three segments at po 3 = 0.5, five segments at po 3 = 0.4 or seven segments at pe J = 0.3.
The CBMC scheme can be used at least up to { = 12 for po 3=0.3 and 0.4, and at the higher
density po 3 = 0.5 it can be used up to { = 9, Note, however, that at still higher densities, where
trhe probability of successful insertion of a monomer becomes small, the optimal value of ¢ shifts
to lower values until, eventually, £=1. When this happens, CBMC reduces to reptat'i'ot"\'._
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A CENERAL-PURPOSEMD CODE oo

Ke1th Refson

: Moldy is a general purpose mo]ecular dyna.rmcs sxmu.[atlon program Wh_lch I wrote 11'L1tlaﬂjor for
' "rny own research. Tt is sufficiently flexible that it ought to be useful for a wide range of simulation
. calculations of atorruc jonic and molecular systems and 1 am therefore oﬂ'ermg it to the CCP5
community.. L L L L L
' The defslgn obJectwes were for a smgle program thch is able to smlulate a w:de range of systems
. without arbitrary restrictions on the number or form of constituents. The system is specified at run
o time with a description file so there is no need to recompile when changing systems. Another design
.. objective was that the program should handle much more of the bookkeeping than is traditionally
~ done, especially with regard to keeping track of consistency of parameters, restart files, output
~ trajectories and so forth. You don't have to worry about array sizes and limits because this is
. all handled automatically. It ought to be easier to concentrate on the science by making starting
- and keeping track of a new simulation a simpler process and helping to eliminate many of' the

: frustrating and tife- -wasting mistakes that every simulator is so familiar with.

... The program can handle any mixture of- atems or. polyatomic molecules (lmear or otherwwe)
. of ‘any size within the rigid-molecule 1ppr0x1mat10n There. are no limits on the number of atoms

i a molecule, the nitmber of molecular species or number of molecules: The system can be in the

B .].lqllld or solld state, with MD cells of arbitrary dimensions and angles and; the simulation may be
*“conducted at either constant volume or constant stress using' the Parrinelio-Rahmarn algorithm.
. Interactions are by pair-potentials (based at atomic sites in the case of molecules) with or without

_coulombic interactions. Most corhmion forms of potential functions are supported (Lennard-Jones,
Buckingham, Born-1 Meyer, MCY} and the program is designed to make it very 2asy to add others,
Short-ranged forces are handled using the link-cell method and the long-ranged coulombic forces
by the Ewald sumn. Therefore the program ought to be suitable for simulating very large systems.

There are several features which ace slightly ‘novel: First, Moldy does not' use the usual
“minimum-image” convention, but instead includes interactions between a molecule and ALL of
its periodic images that lie inside the cut-off radius: This is more strictly ¢orrect and just as easy
to implement as minimunm-image because of the link-cell algorithm. Second, Moldy incorporates
a method of generating initial configurations for liquid systems called a “skew start”. This can
‘reliably generate a configuration whichi is partially ordered but avoids molecular overlap. Finally,
there is a capability for defining a “framework” which is a rigid super-molecule permeating all of
space This may be used to model rigid surfaces or zeolite- hke cages, for example. .

~ One other aspect of moldy which might be unfamiliar is that is is written in C rather than
“FORTRAN: Fortran does riot have the ﬂexlbll;ty of dynamic memory ailocatjon to allow the auto-
‘matic sizing of the arrays which Moldy needs. This ought to present. no problems as C corpilers
are just as or more common than FORTRAN ones. The program is highly portable and has been
* optirnised for both vector supercomputers (cray and convex), but also runs fast on modern unix
- workstations and even PCs. There is a parallel version for shared-memory parallel-processors in-
cluding explicitly Cray and Convex machines. A port to distributed memory parallel architectures
ought to be straightforward, though the current parallelization strategy will not scale well to very
large numbers of processors.

The program incorporates radial distribution function calculations and running accurmulation
of many of the usual thermodynamic averages. Any more sophisticated analysis can be performed
by storing configurational data throughout the run for later analysis. There are flexible facilities
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for doing this. In addition to the main program there are utilities for manipulating dump datasets
and an interface to a molecular graphics module for AVS.

Given the above claims for generality and flexibility it is, only fair to mention the current
limitations of the program. Only pair potentials are supported at the moment. New forms of
potential function are easily added, but bond-bending or 3-body forces or shell models will take
- rather more wark:. The program treats molecules. as rigid bodies using the quaternion- algorithms,

.. and no flexibility or other: constraints are allowed. : There is-also' no support - at présent for a

- thermostat - temperature is controlled by velocity scaling techniques. Since the source code is
freely available I hope that others with a need for these f'ac111t1es will be able to add modules and
. extend the capabilities.. - '
Moldy differs in functjonahty and stntegy from the CCP5 progect DL POLY Whlle DL_POLY
.- is implemented: as a series of modules to be bolted together, Moldy is a single program which is
. configured. at run-time by specification files.. This does lead to less choice, for example in matters
. of boundary: conditions and. treatment of long-range forces, but makes starting a new simulation
. substantially easier and less prone to error. Moldy is aimed at systems of small molecules for which
. the rigid-molecule approximation is useful. It therefore:supports miassless sites and implements
.. interaction cutoffs using a molecular rather than a site criterion. The “feature-lists™ differ- Moldy
implements the constant-stress ensemble for the study of solid-state phase transitions, whereas
. DL.POLY offers thermostats - but we will no doubt see the holes filled  as both programis develop.
.. Moldy shares: with DL_POLY the: principle of giving the user control over the source code, and
- 1s designed in: a- modular, fashidn using the principles of st'rtlctured"pr’oghmﬁund'tb"'e'ncourage
. éxtensions to be added as needed I‘mal]y, mold} is a»alhble now to anyone m. CCP:: or 0therw1se
;_whomshestouselt C S . L T T
.. The source code may he obtamed from the CCPa program h‘m—ary in the ustial’ wqy, and’ '\lso
. d1rectly. by arionymous file transfer from Oxford. Corinect to “earth.ox.ac.uk™ using “ftp”, with an
-account name of “anonymous” and your email address as password. The relevant files are all in
the “/pub” directory and are:. - .. : - - : T R

‘o moldy'26.tars. . — The Unix distribution (also for 'MSDO'S)'.'_.__ o

' 5_'_ moldy-2.6.com -— '_"The VMS distribution ... : : :
e ;_ mo[dv manual ps Z m  The Manual in PostScrlpt form I Dte that the dlstrzbutlon =

ﬁles already contain the La.Te‘{ source.

. (The current’ release is 2.6; I mtend t6 keep to thls narmng scheme and Just keep the hlghESt release
‘on the ftp server.} - R _
- Please note that’ moldy is’ COpyrlghted and’ dlstnbuted ‘under the G‘\IU pubhc license wh;ch is
de51gned to encourage its distribution and modification. This is ta ensure that the source code of
- moldy and any improvements made to it remain freely available. [ would like to encourage anyone
who improves the program to return the changes to me so they can be made mcorporated into
future releases for the benefit of all. :
-} am also keeping a list of email dddresses of 'a'ﬁymie' who uses the p'r(')gi:'arﬁ'[‘or'ndt'iﬁ'c"atiori'of
: updates bugs and so forth. Please notify me if you would hke to be added to thls list, preferably
by email to Kelth Refson@earth oX.ac. uk -



