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General News

STEERING COMMITTEE MEETING OF CCP5s

A meeting of the steering committee of CCP5 will be held on 16th. September 1993 at
the University of Keele. This is timed to coincide vnth the CCP5 annual meeting. It
" will be riecéssary to eléct 3 new members to thé executive committee at this meeting. N,

‘Allart (Chemistry, Brlstol), M. Rodger (Chemistry, Reading } and S, Price (Chemistry,
~ University College London) will have completed three years, The other members of the
executive committee are Dr.” M. Allen (Dept. of Physics, Bristol), Dr. J. Goodfellow
(Dept. of Crystallography, Birkbeck College London) and Dr. W. Mackrodt (ICI). The
executive committee consists of the chairman, 6 other members and the two permanent
Daresbury staff. The members serve on the committee for three years. The committee
meets three times a year to deal with day-te-day business of CCP5. If you would like to
nominate someone for the executive committee please return the slip below.

My nominations for executive committee:
are

Signed

 FUTURE MEETINGS

‘A summary table is giver below further detalls may be found msuie CCP5 }ia.s.been
* asked to publisisé the molecular hqulds meetmg a,s it will be of interest to our readers but

s not mvolved wﬂ:h its orgamsatmn

LARGE SCALE MOLECULAR | SEPTEMBER | UNIVERSITY

SIMULATION 15-17 1993 OF KEELE

MOLECULAR LIQUIDS _ _LSEPTEMBER. ..| UNIVERSITY
24-99 1993 - | OF KENT

CCP5 PROGRAM LIBRARY

Details are contained in this issue of accessitig the CCP5 program library through E-mail
automatically. Also details of accessing the Allen/Tildesley example programs at Cornell,
" A new improved version of MDCSPC4 is available incorporating modifications suggested
by Dr, U. Essmann, City University of New York. An updated version of SFMK has been
supplied by the author A.P. Lyubartsev. New additions {o the library from our readers



are always welcome.

CRAY NEWS

CCP5 participants are reminded that CCP5 hias an annual allocation of Cray time at
Rutherford Laboratory:  This is” available for the 'devélépm'e'nt' ‘of simulation programs
which are of ‘general usé to the CCP5 comrmunity. Readers who wish to use some of

- this alloc¢ation should write to the CCP5 Secretary, Dr. M Teslie, TCS wasxon, SERC
Daresbury Laboratory, Daresbury;, Warrington WA4 4AD. o

- INTEL NEWS

~ CCP5 also has an annual allocatlon of t;me on the Intel IPSC/SGU ab Daresbury If
any CCP5 member wishes to make use of some of t}us time piease contact M. Leslie at
Daresbury. L o

CCP5 FUNDS FOR COLLABORATIONS

CCPB can make available funds of up to £300 per anmim for groups 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 brief proposal {about 1/2 a page}
describing the intended work to Dr. M. Leslie, SERC Daresbury Laboratory, Daresbury,
Warrington, Cheshire. Alternatively reply by Email to M.LESLIEQUK.AC.DARESBURY

CCP5 VISITORS PROGRAM

CCPb5 organises a visitors program which funds the visit to the UK of overseas collabor-
ators. 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 ail members of CCP5 as well as members
of the host university. The visit would normally last between one or two weeks.  CCP$§
would pay for the cost of travel to the UK and within the UK between universities. CCP5
- would expect séme contribution towards accommodation expenses at the host unwersmy

- to be met by the university. We will also consider Ionger 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 Da1esbury Laboratory, Daresbury, Warrington, Ches}ure UK Al-
ternatively reply by Emm] to M. LESLIE@UK AC.DARESBURY ' o

JANET: UM LESLIE@DARESBURY
INTERNET: _ M.LESLIE@daresbu:y.ac.uk
EARN/BITNET: M.LESLIE%daresbury.ac.uk@ukacel .

REQUEST FOR CONTRIBUTIONS .
The deadline for ‘contributions for the néxt 2 riewsletters will be 15 September1993
and 15 December 1993 Readers are reminded that ¢ontributions are always welcome.

Contributions may be sent by Email in IATpX; this makes the task of collating the news-
letter simpler for the editor.
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CCP5 ANNUAL MEETING

LARGE SCALE MOLECULAR
SIMULATION

Keele University
15th - 17th September, 1993

The aim of this meeting is to report and discuss the sirnulation of large complex systems
made possible by recent advances in high performance computing. The title is intentionally
broad. Examples of problems and systems within the scope of the meeting are: polymers
and biomolecules; structural organisation and self-assembly; micelles and su:factants sur-
face processes involved in STM; and many others. R

The invited speakers are:

D.L. Beveridge, Wesleyan University, Conﬁecticut_____ S

§. Homans, Dundee University

U. Landman, s Georgia Institue of Technology

B. Smit, . Shell Laboratories, Amsterdam . .
D.J. Tildesley, : Southampton University =~~~

Contributed papers are warmly welcomed, and there will be poster as well as cral sessions.

The conference will be held in the pleasant park-like surroundings of Keele Umiversity.
It will begin with lunch on Wednesday Septeraber 15th and end with lunch on Friday
September 17th. Accommodation will be available on campus. The cost of 40 pounds
for non-residents includes registration, lunches on Wednesday, Thursday and Friday, and
coffee and tea breaks. The fee of 120 pounds for residents includes in addition dinner,
bed and breakfast for the nights of 15th and 16th September. Students can come at
HALF PRICE. To book for the meeting please send the registration form below as soon
as possible.

Dr. David Fincham
Department of Physics

. Keele University .. - SR
Staffordshire, ST5 5BG U. K
Email: D. chham@KEELb.AC.UK
FAX: 444 - 782 - 711093 e



REGISTRATION FORM, “LARGE SCALE MOLECULAR
SIMULATION”

Name:

Address:

Email___

Please tick one:
Resident - £120 o

Student resident EGO k

. Non-resident . £40 o S o

:":. Student non-resident’ .. - B20- 0 s

S'_I:'ﬁ:den:t"éz'pléasé enclose a'su;)éj:vi.so.r’.s' etber. —oooce.ool o

Special dietary requirement:

UK participants should pay in advance: please enclose a cheque payable to *CCP5
Meeting”. N N

Contributed paper: please give title and enclose abstract, ~~

Title:




_ RESEARCH CONFERENCE ON- - = -

Computer Simulations and Experiniéﬁfs--

MOLECULAR LIQUIDS:

organized in assoctalion with the

.. ..'Eﬁ'rdpédn' Mb.fecﬁl;cz‘r.i}iquit.fs Group (EMLG) |

University of Kent of Canlerbury; Uniled Kingdom, 24-29 September 1998

h .C.}iairi).é.r's&n.-._' - A Gelger (Dortmu_nd)

Vice~Chairperson:- - R.M. Lynden-Bell (Cambrldge) -
Local Organisation: - J.C. Dore (Canterbury) E

'Scope of the Meeting

The interpretation of experimental data on molecular liquids very often
suffers from the necessity to use oversimplified analytic models, which
are not able to reprodiice the deétails of the structure and dynamic in
such systems. Recent developments in computational techniques and the
continuous improvement of interaction potentials now allow the realistic
simulation of melecular liquids.. This opens the possibility to use simula-
tions for the evaluation of experimental data.. This largely increases the
power of many experimental techniques.

The goals of the planned meeting are

to discuss the present state of simulation techniques and their power
to reproduce ‘real’ melecular liquids,

to discuss the possibilities to extract data from simulations, which
are directly comparable to various experimental results,

te plan experiments, which are suitable for combination with sim-
ulations,

to give recent examples of such efforts.



A list of scientists who have 50 f'ér'.'ac.c"eptéd't'o 'Sivé é'Presentation or to
act as session chairpersons is as follows:

S. Bratos
M. Ferrario

D. Frenkel -

E. Guardia
B. Guillot
W.G. Hoover
G. Kneller

P. Madden

A. Maliniak - -

G.W. Neilson
(3. Palinkas
J.A. Padrd

H. Posch - . -

J.G. Powles
J. Schnitker
W.A. Steele
A.J. Stone
S. Toxvaerd
R. Vallauri

P.~O. Westlind
M.D. Zeidler

©Université P. et M. Curie, Paris, France

Universitd di Messina, Italy :
FOM Institule for Atomic and Molecular Physics,
Amsterdam, The Netherlands

Universitat Polytecnica de Catalunya, Barcelona
Spain

Université P, et M. Curie, Paris, France
University of California at Davis/Livermoore, USA
Centre d’Eludes Nucléaires de Saclay,

-~ Gif-sur-Yuvette, France

Ozford University, U. K.

. Arrhenius Laboratory, Stockholn, Sweden

Universily of Bristol, U. K.
Hungarian Academy of Sciences, Budapesi, Hungary

- Unitversitat de Barcelona, Spam

Universitdt Wien, Austria

University of Kent at Canterbury, U. K.
University of Michigan, Ann Arbor, USA
Pennsylvania Stale Universily, USA
University of Cambridge, V. K.

' @rsled Institule Copenhagen, Denmark

Universitd degli Studi di Trenlo, Povo, Naly

- University of Umea =~
RWTH Aachen, Germany

A poster session w;ll a.lso be orgamzed A few contrxbuted papers can be
admitted for short oral presentatmn :



Computational Chemical Physics Specialist

The Parallel Applications Centre (PAC) of the University of Southampton applies
parallel high-performance computing (HPC) technology to problems in industry and com-
merce. With a staff of nearly 20 HPC applications specialists, state-of-the-art HPC systems
and a location on the University of Southampton’s science park at Chilworth, the PAC
provides a professional, high quality service to client organisations.

The PAC works closely with industrial and commercial HPC users and with leading
third-party software developers, acting as both a porting centre for existing software and
as an applications development house, producing new software to commercial standards.
PAC projects cover a wide range of HPC applications from engineering and scientific
supercomputing to high-performance databases and real-time embedded applications.

The PAC has an immediate requirement for a specialist in computational chemical
physics to work on major projects with clients in the UK and Europe.

The successful applicant will possess an advanced practical knowledge of at least one
area of computational chemical physics and a good awareness of several widely used com-
putational chemical physics techniques. Advanced Fortran and Unix skills are essential.
Experience in the use of parallel computing technology for computational chemical physics
is highly desirable. Experience of working in or with industry would also be an advantage.

Competitive salaries, in the range £15,000 to £25,000 depending on experience, are
offered.

Please send two copies of your CV fo:

Dr Colin Upstill Parallel Applications Centre 2 Venture Road Chilworth Research
Centre Southampton SO1 7TNP

Tel. 0703-760834






© The OOPS Program Library
W, Smith

CCP5 Program Library Condltlons of Dlstrlbutmn _

The CCP5 Program Library provides programs a.nd documentatlon free of charge to
academic centres upon application to Dr. W. Smith, TCS Division, S.E.R.C. Daresbury
Laboratory, Daresbury, Warrington WA4 4AD, UI.K'.. Please supply a magnetic tape to
receive the copies. Industrial and comimercial applicants should enclose a £100 handling
charge. No magrietic tape néed be sent in this case. Listings of programs dre available if
required. Please note that use of inappropriate packing for magnetic tapes (e.g. padded
bags) may result in them being returned without the required software. Please ensure
that these forms of packaging are not used. A list of programs avallable 15 presented in
the following pages.

All applicants will be required to sign an agreement not to exploit the
programs for commercial purposes e.g. for’ resale or dlstributmn as part or
whole of a commereial product. - ' ' :

Readers should also note that we are authorlsed to supply the example programs
originally published in'the book “Computer Simulation of Liquids”, by M.P. Allen and
D.J. Tildesley {Clarendon Press, Oxford 1987). These are supplied in the same manner
as the resident CCP5 programs We are gratefui to Mzke ‘Allén and Dominic Tildesley
for their permission:

We shotld also like to remind our readers that we would welcome further contnbu-
tions to the Program Library. The Library exists to provide support for the research
efforts of everyone active in computer simulation and to this end we are always pleased
to extend the range of software available. If any of our readers have any programs they
would like to make available, please would they contact Dr. Smith.

Please Note: For copyright reasons we are not able to supply the programs
CASCADE, SYMLAT, THBFIT,THBPHON and THBREL free of charge to
Universities outside the United Kingdom.

Programs from the Book: “Computer SimUIatibﬁ_df'LiQUids’.’ by M.P.
Allen and D. Tildesley, Clarendon Press, Oxford 1987. = . _

These programs originally appeared on microfiche in the book “Computer Simulation
of Liquids” by M. P. Allen and D. J. Tildesley, published by Qxford University Press,
1987. They are made freely available to members of CCP5, ini the hope that they will be
useful. The intention is te clarify points made in the text, rather than to provide a piece
of code suitable for direct use in a research application. We ascribe no commercial value
to the programs themselves. Although a few complete programs are provided, our 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
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out a routine for your particular application. The programs contain some explanatory
comments, 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 sophisticated languages such as PASCAL or C should not be difficult.

M.P Allen

CCP5 Program Library E-Mail Service

From January 1 1991 it will be possible for CCP5 members to get copies of CCP5 pro-
grams through E-mail dutomatically, To do so they should send an E-mail message
to info-server@uk.ac.daresbury. The contents of the e-mail message should be as
followa (Note: the usé of upper and lower case is significant - this is a unix system!):

request sources’
topic index CCP/ccpS o
topic CCP/ceps/program-name

Where program- name is the name of the desmed sour:.e code A mall server wﬂl auto
matically process this message and return a copy of the source code to your e-mail
address. Please note the following however: : :

The program source will be returried to you in uue format whlch is a form of
encoding most shitable for mail messages. It can easily be decoded on any unix system
using the uudecode command. {Check your local unix man file for details). Also, to
speed the transfer, the source will be split into files of 1200 records each, so expect two
or three such files for the average CCP5s program. Once again, undecode will help you
to sort things out. :

Readers who do not have unix fac111t1es should 1nclude the follow;ng lmes at the start
0{' the above message o

coding: off ~ 1 T e

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 single file, It may take a
while to arrive, but be patlent' A]so beware n case your system maller cannot hzmdle
messages of this size. ' o

The programs from “Computer Simulation of Liquids” are also available: To access
them use program-name F.01, for example.. : s : S

Readers must realise that the terms of use and dJstrubutmn of the CCPS programs

that 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 bencﬁt
of other users. : :

Lastly readers should reahse that this means of transfer does not mclude any program

11



documentation. So if you are unable to make sense of the prograrus, write for the

documentation! o L
We are grateful to Mr. P. Griffiths of Daresbury’s ITS Division for implementing

this facility. o o ' o .

Availability of the Allen/Tildesley example programs at Cornell . -

Appendix F of the Book “Computer Simulation of Liquids” by M. P."Allen and D. J.
Tildesley describes a method whereby the example programs may beé obtained from the
statistical mechanics group FTP facility at Cornell. This facility is no longer operatiorial
as advertised, due to software and hardware changes. Howevér, the programs are still
available. To obtain them, please follow the procedure outlinéd here. The description
below is taken from the HELP file that is distributed by the file server; to obtain the
Allen/Tildesley example programs, simply use “ALLEN_TILDESLEY” as the package
name (without the quotes, note underscore character . not hiyphen - ).’

STATMECH is a file distribution service for the Statistical Mechanics commum'ty
that uses electronic mail facilities to deliver files. To commuini¢ate with STATMECH,
send an EMAIL 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 sent at one time; Just put one command per llne SR

STATMECH co:mnands R
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 niatching ° pat{e'f'n' '

If pattern is omitted, a description of all packages 13 sent
HELP Sends this help file. .

For each request you make, a transaction log is returned to you indicating the status
of the request, The status report will indicate whether the request was suceessfully
completed, and when the file was or will be sent Large files are sent only dunng oﬁ'
peak hours. ' e SR

Problems questlons and comments about STATMECH service on tlus system should
be directed to “statmech-mgr@cheme.tn.cornell.edu™. - :
Steve Thompson, School of Chemical Eugmeermg, Cornell Umver51ty, Tthaca NY 14853
USA.

12



THE CCP5 PROGRAM LIBRARY.

ADMIXT [¥D,LIA/MIX,LF, TH+MSD+RDF] . W. Smith.
CARLOS ~ [MC,VS+Aquo,TH] B. “Jonsson & . Romano
CARLAN (DA,CARLAS structure analyeis] B. Jonsson

& S. Romano.
CASCADE * ° {LS,DIL,EM,TH+STR] ~ M. Leslie & W. Smith
CURDEN  [DA,Current Density Correlations] W. Smith .
DENCOR ~ [DA,Density Corxrelatioms] W. Smith

ELJL  {MD,LJA,LF,TH+MSD+RDF} . D.M. Heyes - -
BLI2 . [MD,LJA,LF,TH+MSD+RDF+VACF] . D.M. Heyes = -
HLJ3 .. [MD,LJA,LF/LC,TH+MSD+RDF]. . D.M. Heyes
HLJ4 . [MD,LJA,LF/CP+CT,TH+MSD+RDF] = . D.M: Heyes
HLJ5 = [MD,LJ8/SF,LF,TH+MSD+RDF] . D.M, Heyes. .
HLI6 [MD,LJA,TA, TH+MSD+RDF].. . D.M. Heyes

HMDIAT [MD,LJD,G5+Q4, TH+MSD+QC]  §.M. Thompsom - - -

BSTOCK - - [MD/SD,VS+BA,LF+CA,TE] ' W.F. van Gunsteren - . @ - = ==

e : - & D.M, Heyes
MCN. ©ue,Lis, THJ N Corbin. - . L
MCLSU [Mc,LJA,TH].  C.P. ‘Williams & S. Gupta S

MCMOLDYN  [MD/MC,LJS+FC+AQ,LF+GF/G5+QS, TH+RDF] A. Laaksonen

MCRPM [MC,RPE,TH+RDF] . D.M. Hayes . ;
MDATON [MD,LJ4,G5, TH+RDF+MSD+QC] - - 5. M. 1hompson
MDATOM [MD,LJA,LF,TH+MSD+RDF] . D. Fincham . .- .
MDCSPC2P  [PRMD,BEM,LF,TH+STF+RDF+VACF+MSD] W.Smith.
MDCSPC4B  (PRMD,BHM+FC,G5+G4, TH+STF+RDF] = ¥W. Smith-
MDDIAT [MD,LJD,LF+CA,TE+MSD] D. Fincham.
MDDIATQ  [MD,LJD+PG,LF+CA,TH+MSDP] D. Fincham
MDIONS . [MD,BHM,LF,TH+MSD+RDF+STF) D. Fincham -

L . & W.- Anastasiow - . 1

MDLIN . [Mn LIL Gs+q4 TH+MSD+QC] 8L Thompsomi: .- . i sl

MDLING [MD,LJL+PQ,G5+04, TH+MSD+QC]  S.M. Thompson .
MD3DLJ_.C. [MD,LJA/MIX,LF/LC,TH+MSD+RDF]. M. Bargiel, - ": -
B  W. Dzwinel, J. Kitowski and J. Moscimski- i i
MDMANY © . [MD,LJS+FC,LF+QF,TH] D. Fincham & W, Smith - -
MDMIXT  [MD,LJS/MIX,LF+QF,TH] W. Smith
MDHMPOL [MD,LIS+FC/MIX,LF+QF,TH] W, Smith & D. Fincham
MDNACL {MD,BHM,LF,TH+MSD+RDF] W. Smith
MDPOLY - [MD,LJS,G5+04,TH+MSD+QC]  S.M.-Thompson
MDMULP {MD,LJS+PDAPG/MIX,LF+QF,TH] W. Smith
MDSGHWP [MD,LJA/SGWP,LF, TH+VACF+RDF+(QC] W. Smith

& ¥. Singer
MDTETRA  [MD,LJT,G5+0Q4,TH+MSD+QC] S.M. Thompson
MDZOID [MD,GAU,LF+QF , TH+MSD+RDF+VACF] W. Smith
NAMELIST [UT, Namelist emulation] K. Refson
NEMD [MD,LJA,SLL0OD, Macintosh] D. J. Evans
NSCP3D [UT, Hard sphere packing] M. Bargiel & J. Moscinski
PIMCL. [PIMC,LJA MC, TH+RDF+0C] K. Singer & W. Smith
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SCN [MC,LJA,RFD,TH] . N. Corbin.
SHMFK [MC~SCF, Cyllndrlcal Polyelec ] AP Lyubartsav
SLS_PRO {MD,Proteins,LF,TH+RDF) A. Raine
SOTON_PAR [MD,LJA,LC,TH]. M.R.S. Pinches. :. .
SURF [MD,BBM/TF/2D,LF ,TH+RDF]: - D M.- Hoyes
SYMLAT [LS,PIL,EM+SYM,TH+STR]: - Harwell . .
TEQUILA  [GP] A. Wilton and F. Mueller-Plathe
THRFIT [(LS,PIL,EM,Potential fitting] . Harwell
THBPHON  [LS,PIL/3B,EM,Phonon disparsion] - Harwell
THBREL {1LS,PIL,EM,TH+STR] = Harwell .. - -
Kay:
Program types: . MD---. Molecular dynamics
MC Monte Carlo
PRMD Parrinello-~Rahman MD
LS. . Lattice simulations
SD . . Stochastic dynamics
DA.  Data analysis .. .. .~
uT Utility package - - .
PIMC. . Path Integral Mcnte Carlo
GP Graphics program . =
Systam models: 1.J4 Lennard-Jones atoms
LJD Lennard~Jones diatomic molecules
LIJL Lennard-Jones linear melecules
LIT Lennard-Jones tetrahedral molecules
LJS Lennard-Jones site melecules
RPE Restricted primitive elactrolyte
BHM Born-Huggins~Meyer icnics
SGWP Spherical gaussian wavepackets
TF Tosi~Fumi ieonics
VS Variable site-site model
BA Bond angle model
PD Point dipole model
PQ Point quadrupole modal
MIX Mixtures of molecules
GAU Gaussian molecule model
FC Fractioral charge medel
PIL Perfect ionic lattice model
DIL Defective ionic lattice model
3B 3-body force model
2D Two dimensional simulation
SF Shifted force potential
FC Fractional charge model
AQ Agqueous solutions

14



Algorithm: G5 Gear 5th-order predictor-corrector

Qa . Quaternion plus. 4th.. order Gear P~G.
LF Leaptrog (Verlet): & . R
GQF Fincham. Quaternion algorithm: '
s . Sonnenschein:Quaterniun'algdrithmfs
LC Lirk~cells MD algorithm - : ...
CP Constant pressure . . T

cT Constant;temperafurea;af S
TA... - Toxvaerd MD algorithm -~ . -

Ch Constraint algorithm -

EM Energy minimisation

SYM Symmetry adapted algerithm
RFD Rossky-Friedman-Doll algoxrithm
SLLOD Thermostatted SLLOD equations

Properties: TH Thermodynamic properties.

MSD Mean~square-displacement -

RDF Radial distribution function

STF Structure factor

VACF . Velocity autocorrelation function
Q¢ Quantum corracticns

STR Lattice stresses

15



Programs from the Book “Computer Simulation of Liquids™ .~ ..o

Periodic boundary conditions in various geometries .- -
5-value Gear predictor-~corrector algorithm

Low-storage MD programs using leapfrog Verlet algorithm
Velocity version of Varlet algorithm

Quaternion parametexr predicter-cerrsctor algorithm
Leapfrog aigorithms for rotatiornal motion - :
Constraint dynam1cs for a nonlinear triatomic molacule

R - N I SRR C R

[,
<

Hard sphere molecular dynamics program

Constant-NVT Monte Carle for Lennard-Jones atoms
Constant-NPT Monte Carlo algorlthm _ _ N,

‘The heart of a constant $\mu$VT Monte Carlo program ;
Algorithm to handle indices in constant $\mu$V¥T Monte Carlo
Routines to randomly rotate molecules

Hard dumb-bell Monte Carlec program

A simple Lennard-Jones force routine o

Algorithm for avoiding the square Foot operatlon

The Verlet neighbour list

Routines to construct and use cell linked-list method - -
Multiple timestep meolecular dynamics

Routines to parform the Ewald sum : o
Routine t¢ set up alpha fcc lattice of linear molecules o
Initial velocity distribution - C : o
Rontine to calculate translatlonal'Ordér”paraﬁeter“

Routines to fold/unfold trajectories in periodic boundaries -
_Program to. compute time correlation functions :
Constant-NVT molecular dynamics - extended system method
Constant-NVT molecular dynamice - constraint method _
Constant-NPH molecular dynamics - extended system method -
Constant-NPT molecular dynamics - comstraint methed

Cell linked-lists in sheared boundarias

Brownian dynamics for a Lennard-lJones fluid

An efficient clustering routine

The Voronoi construction in 2d and 34 . - .

Monte -Carlo simulation-of -hard-lines in 2d

Routines to calculate Fourier transforms -

| o S N WORP S
LB I = T 4 B & B

M T I M T T Y M M M s R s T o o o ] e o
W oW oW oWW WO AKNAMEDINDB IERIER MM - . - oD b
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OPTI_M'ISATIOIN OF THE EWALD SUM 7"
David Fincham, SERC Daresbury laboratory and Keele U'niversi'ty“-'-‘ T

Introduction e o

It is part of the folk law. of simulation that the execution time for the Ewald sum
scales with N, the number of ions, as N¥2, This result has appeared in print in various
forms, e.g [1]. However, in view of a fecent paper [2] which claims it i§ order N, I
thought it worthwhzlc to go over the argumcnt hcre and brmg out some points of prac—
tical importance. e S B

We will consider a cubic s1mu1at10n box of 51dc L- contammg N particles. As’ wc
move to larger systemq we ot course kecp the number den51ty n= N ;’L3 fixed, ';0 L
varies as N”3 BT :

Specification of parameters : _ :
The real space part of the systerm cnergy involves a sum over ion pairs of the

2. qiq;erfelar;Mry;

Iﬁj
which depends on the complementary error function erfc(cr) where o is the Ewald
separation parameter. To ensure convergence of the real space part of the sum we need.
to choose o so that the erfc function is small at the real-space cutoff, R. Suppose we.
specify "small” to be cxp(—p) Thus p is a parameter controlling the desired Ewaldf
sum accuracy. At large VclIUGS of the- argument the erfc funcuon behaves as
exp(-a’r?). Thus we requxre ' S S

Ocsz'fP-...;.._ e
The reciprocal space contribution to the energy lﬁvolves a sum- of thc form |

z k~2exp(—k Y402 qulexp(zk Bz

The rate of convergence of this sum is controlled by the factor exp(—sz-flaz). If we
require the terms to have the value exp(—p ) at the reciprocal space cutoff, K, then we
find

p = K242
or |

K =20p"% =2p/R (2)
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using (1}.

Thus these two equations specify the choice of separation’ parametér ¢ and
reciprocal space cutoff K once the accuracy parameter p and real spdce cutoff R have
been chosen. : :

Evaluatlon of executlon tlme

Now let us evaluate the execution time per time step of the real space sum. Thc"
number of ions within the cutoff sphere is : : B a
A '

where n 1s the number'dcﬁSi'ty"EaCH of 'thé" N ions interacts with the other ions in the
surrounding cutoff 'sphere but each palr mterdctton needs to be consldered only once. .

Thus the execution time is
T:"*"N—“R‘;I g
2R o @

where 75 i$ the execution time [0 evaluate one mteracnon

R3

We al%o need to work out the tume- to evaluate the rccxprocal space sum.  The
volume of reciprocal space within the cutoff K is '

dngs_ dnspd
S

using (2). The réciprocal space points are given by k = %(f i) where [mon are
integers, so the volume of reciprocal space per point is (2n/L)3. The number of points
in the cutoff sphere is thus - o o

4m 8p3 L“

Writing L* =N/n to bring out the N depcnd':iné'e for fixed number density, this
becomes

3
Anip| N

30n| pRr3.

Note that for fixed cutoffs the aumber of k-points increases as N, because the density.
of points in reciprocal space increases with system size. In counting the number of
points, an adduional factor of a half may be included, because of the inversion sym-
metry of reciprocal space. A sum over the N ions must be performed for each k-point,
so the execution time is

3
Ax|p| N

1
23 in| jrif
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S 3.

where tp is the execution time to evaluate one term in the sum.

The total execution time is then

7= l4T NnR3t, + | £ -—“irp L (S
2 3 | nR3

The above derivation is rough and ready, We have ‘considered ‘only the energy,
whereas in molecular dynamics one is more interested in the forces. We have not con-
sidered the overhead of locating the neighbours in the real space sum: this 1s discussed
further below. We have ignored the factor k™2 in the reciprocal space terms, which
increases the rate of convergence somewhat. A more thorough analysis can be found in
{3], which estimates errors in energy and forces by making reasonable assumptions.
about the charge distributions béyond the cutoffs. Neévertheless the above argument is.

adequate to determine the N dependence of the sum when optirnised. ..

Optimisation . o

Equation (5) shows thar, for fixed p and R, T varies as N, but Ty varies as Nz,_
because of the increasing density' of points in  reciprocal space. Conversely, if we
increase R as the system size increases in such a way that R/L is constant, Tp 'vl'aries_
as N2 but Tp varies as M. This suggests that by appropriaté choice of parameters we
may be able achieve better than N? behaviour in the total time.

For a given accuracy, the only free parameter is R, since this determines ¢ and
hence K by equations (1) and (2). So to find the value of K which minimises the total
execution time we set dT/dR = 0. This gives

172 16
Rop = | 2| LN C®
OPT T [R 1 143

Thus the optimal choice of R increases slowly (1/6th power) with N-. Subs'ti'mting in
Equation (5) we find for the optimal time

T()PT = 2TR = 2Tr = TN:BQ -!l ((‘R f;;)”z : (?)

T _

When the total time is optimised it is equally divided between feal'an'd'réciprocal
space parts of the calculation. Equation (7) shows the anticipated Nm behaviour. We -
also see that the time depends on the 3/2 power of the precision parameter p, and on

the geometric mean of tp and ¢r.

Discussion

To further the discussion, it is useful ta introduce the dimensionless parameters.

R =RIL (8a)
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Ihcn for precision paraﬁxeter P, We havc from (1) and (2) IR
GepV2R S B (9-3.)..:
R=plal)y=@Wma . @
_ p 1/2 . 1/6 oy S e L |
Ror=|B0 || v

The factor of 21 in the dcﬁnmon of K (80) is mciuded since K then Lorrespondfs to
the ' mteger cutoff” ie the maxxmum value of (f2+m‘+n 4

The prec1szon reqmred in_the E.walcl sum depends on thc purpose for which it is "
being used. A lattice encrgy minimisation program may require greater accuracy than a -
molecular’ dynamlce program. For the sake of argument let us follow [3} and assume =

the value p = 7:2 This gives an ‘accuracy. of exp[~p] = 5. 2x107%, which should be ade-

quate for most purposes. With this choice we have, from (9a) and (9b), @ = /R and

K =&

On the basis of operation counts alone we would expect r=2ip, though this is
obviously very hardware and software dependent. However, we also need to take into
account the efficiency with which we can locate neighbours in the real-space part of

the cai'c"ulation In the case of a solid system, and with the use of a neighbour list, this "~~~

cfﬁc:ency W111 be very high. For a liquid system we obviously need to use an-order N

newhbour-%earch algonthm such as the link-cell method, but this is stiil not particu- o
larly efficient in locating neighbours. unless it is also used in conjunction with a neigh=+

bour list. Again, in order to have a concrete example, let us assume ¢p = ip. Combin-
ing with the suggested value for P we then thC

Rppp =N g = K ~K“ZN”“ |

There_ is a problem in optimising with small-'systems.- In most molecular dymmxcs '
programs (but not lattice. energy. programs) .the maximwm. real-space- cutoff which can;
be used is half the box length. This is because the nearest-image convention is used in
iocating neighbours in nearby cells. The optimal vatue of R is greater than 0.5 for
small systems. With our example parameters it only becomes less than 0.5 when N
reaches about 2000. Simulations on smaller systems must therefore use the non-
optimal value of 0.5 for K. With the example parameters this corresponds to
& =K =2n = 6.28. These values are close to the values which have been adopted in
most simulations 1o date.
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There is another effect to be considered in the simulanon of small systems. Con-
ventional link-cell programs use cells whose side is equal to or greater than the cutoff.
They only become more efficient than a simple all-pairs neighbour search when there
are at least four link cells along each side of the computational box. This implies an &
of 1/4 or less. With our parameters this condition is reached only when N=127000!
The sitmation can be improved by using a variant of the linkcell method which uses
smaller ceils, as discussed below. However, the fact remains that with smaller systems
one may be forced to use a less efficient neighbour search method, or else a smaller
and hence non-optimal value of R. -

We may also need to consider memory requirements.. Most Ewald sum programs,
in their reciprocal space routine, precompute and store factors of the form
exp(i 2xlx; /L), which can involve substantial amounts of memory. The number of
these factors is proportional to MK, and hence varies as N7 Wwhen péi‘forma'nt:é is
optimised. A compact version of the Ewald sum which computes these factors as they
are needed can be several times slower. Furthermore, efficient neighbour location -
really needs a neighbour list, which again uses a large amount of memory. In this case =
the number of neighbours of each particle depends on R3; and the memory reqmre-
ment scales as N V2, : : R - |

Size of link cells

In the link-cell method the computanonal box is divided thto sub-éells, and the' '
search for neighbours of particles in a particular cell is limited to those nearby cells
whose closest distance of approach to the central cell is within the cutoff distance. In

the conventional version, which goes back twenty years to a paper by Hockney, Goe'l"_ o

and Eastwood {4), the cells have side equal 1o R, and the search is hm1ted o the cen-'
iral cell and the 26 touching cells. - : : Co P

This conventional version is not p'lrnc,uiarly efficient at ﬁndmo nenghbourq The_ '_

4 .
volume searched, 27R?> is 6.45 times the actual volume E—rcRg’ conmxmng newhbours

The efficiency can be improved by wking more, but smaller, cells so that the volume
of those included in the list of nearby cells can more nearly approximate to the cutoff

sphere. It is not widely known that this idea also goes back.to 1973. Quentrec and

Brot [5] had a method in which they took cells so small that they could only include
zero or one particles. However, the use of very small cells is not ideal because of the
overheads of dealing with very short loops, or empty cells. In experiments to minimise
the computer time by varying the link cell side 1 found that the best size of link cell to

use is one which contains about 4 particles. Only. after doing these tests did 1 find

another 1973 paper, this time by Schofield [6), which came to exactly the same con-
clusion. Truly a vintage year for neighbour searching! '
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Do we need the reciprocal space sum? . T RN _

- Equation (9)- shows' that, optimally, the "integer cut-off" in reciprocal space '
increases as N%, and the number of points within the cutoff therefore increases as -
NV2_ In practice, as we saw in the previous section, for all but the very largest of sys-
tems we may wish to reduce the real space cutoff below the optimal value to enable

the use of an efficient neighbour sedrch algorithm. This will réquire a compensating -
increase in o and hence even more terms in the reciprocal-space sum, The suggestion'
in [2] that we can omit the reciprocal-space sum in the simulation of large systems ™

thus seems unlikely. However, most simulators have noticed that the reciprocal-space

sum is usually small, particularly in the case of large systems, and there are reasons. . .

for thinking it may be less important than the above analysis suggests.

The arguments above have been based simply on the magnitudes of the individual
terms in the sums, and are therefore valid for arbitfary charge distributions. But the
distributions found in molecular simulations have very spécial characteristics: in pattic-
ular they observe approximate uniform density and local charge neutrality. It is
because of Cancclldtlons amlng from IOCdI (,hargc neutrality that the sum tends to be.
rather small In specml cases the sum may be very small mdeed ths is pdmcuhrly.._

noticeable with the ideal rocksalt %tructure, 1n Whth the reczprocal space energy is. .

cffecnvely ZEro for systems lar; gel thdn 1000 ions. In gcnera[ it mqy well be possible
to take fewer terms than the gcncml andlysxs would suggest. If reducing cutoffs to Gave.'_ N
computer time, the best technique is still to ‘confirm the accuracy of the Ewald sum by |
checking that energies are independent of o, When doing this, it is essential to use a
configuration that is typical ‘of the simulation to be peifmmed do ot rely on repro-' .
ducing the rocksalt Madelung constant! S

It is amusing to note that there is valid argument for dropping the real-space term

from the Ewald sum. By taking a large encugh value of o, and hence a very short. .
cutoff, it is possible to ensure that there are no nelghbours w;thm the c,utoff because

of the finite- size of the ions. This is of no practical use in molecular dyndmlcs
because we need a teal-space sum anyway for the ron-Coulombic m[eracuom '

Example timings

My program for these timing tests c:eate% 'z conﬁgumtlon by dlsmbutmg equal
numbers of positive and negative charges mndomly throughout the box. Though this
technique will observe dpproxumte local charge neutiahty, the density of course will
be far from uniform. This can therefore be regarded as a worse case” test. The pro-
gram calculates energies only, not forces. The real space sum uses a link cell method,
but based on link cells which have sides which can be chosen to be various submulti-
ples of the cutoff. I chose to test on a systemn of 4096 ions, Running on an HP 750
workstation I found the value of 7z to be 1.9us. For g, by optimising the link cell
side, I achieved a value of 5.2us. Taking the above values, and p=n?, we find
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R =0.377, and hence @ =K = 8.33. The execution time for the program was' then
19.6 s, made up of 9.9 s in the real space sum, and 9.7 s in the reciprocal space sum.
The link cell side was. just over 0.25R, giving an average. of 4.1 particles per cell. The. -
rectprocal space sum provided about 15% of the energy, and certainly cannot be -
neglected entirely, However, reducing K to 6 reduced the reciprocal space time to 3.8. -
s, and gave an error in the total energy of about 0.05%. This demonstrates that in real. .

problems it may be possible to make considerable savings in computer time, wuhOut .

significant loss in accuracy, by reducing the reciprocal space cut off. '

Achieving the real-space times above took some effort. The reason lies in the
treatment of the nearest-image transformation. My original code used the popular cod- o
ing trick : - '

'-rx"'=' rx - anint (rx)
etc., but thls gdve an exccutlon tlmc of 61 6 s, Changmg th:s to -
SlLorXe=orxXoo-o pint (xx)--._

and so allowing thée compiler tather than' the intrinsic function to convert from integer

to real; reduced the time to 33.7's, and almost the same time resulted if the ' 'nint trick”

was ‘abandoned and & double JF statement used instead. The much’ f'mer nme of 9. 9 s_'_._'
was ‘obtained by using the link cell information to determine when the nearest- 1mage_ -
transformation needs to be applied. The "nint trick"” works betiér on other computers _

By removing the nearest-image tr ansformation and sphcrlcal cutoff was able to._

determme that the actual evaluation time for a single real- space interaction is about. .

4.0us. This shows that the neighbour search and nearest- 1mdﬂe transformation still .
Impose a 30% overhead.
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ABSTRACT

Usefulness of the molecular dynamics method for reat werld and real time animation is discussed, As an
example, the falling sheet simulation is examined to show both the most demonstrative advantages of the
method proposed and problems encountered. Though the quality of the simulation resuits seems to be
sufficient, the real time animation involves additional effort.

1. INTRODUCTION

Molecular dynamtics (MD) technique is a widely used numerical tool for microscopic phe-
nomena simulations. Physical scale limitation is the effect of considering a single MD item as a
model of more or less elementary physical object (a particle, atom, melecule) with its principal
features determined by the time and space scale and the way of particles interactions. Such an ap-
proach leads to irresolvable problem of the real world approximation by ever and again increasing
N - number of simulated particles. For 3-D simulation, /-proportional increase of time and space
scale (for the simplest case when the short range interactions are considered only) involves 4 in-
crease of CPU time and /¥ desirable computer memory. However, the results concerning micro-hy-
drodynarmc flows simulations [1,2] and Rayleigh-Benard convection [3,4] show that for V of order
104 particles, the macro-scale effects can be observed in micro-world. Although strikingly realistic
qualitative patterns were obtained, the quantitative results often significantly differ from those ob-
tained in macro-scale. Nevertheless, we can hope that some of them can be improved considerably
for higher & but still tens of orders of magnitude less than the Boltzmann limit,

The facts mentioned above can bring to the conclusion that by simple rescaling of the
Newtonian equations of motion to the dimensionless units or to the macroscopic time and space
scale with simultaneous redefinition of the semi-particle and the semi-interaction potential, the MD
method could be used as the numerical tool for macro-world simulation. It is especially interesting
in the case of lack or incompleteness of other approaches. MD method could be competitive with
either the lattice gas simulation, giving additional possibilities lacking for this technique, or with the
classical models of continuous mechanics described by partial differential equations (PDE} ir-
resolvable for many-physicat problems. The-MD simmulation results for the penetration mechanism
presented in [3] can serve as an example that selected macroscopic problems exist which can be
solved using M-body medel governed by the Newton's laws of motion using relatively small com-
puter resources. However, for the real world animation in the real time, the computational time is
still to long.

In this paper we present the simulation results of the scenes of: the single sheet falling in
the gravitational field, picking up from the table and tearing up. The timings are presented and the
ways of speeding up the computations (both just applied and proposed) are reported. This not
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trivial example shows that MD method not only can be used as a numierical tool for the macro-
world phenomena simulation but it could be used in the nearest future to the real world phenomena
in the real fime animation. The underlying principles of such the way of animation, contrary to oth-
ers widely used computer animaticn; come directly from physics and are not limited by the re-
corded set of scenes and artificial rules. Thus such an approach better approximates the real world.

2. PROBLEM PRESENTATION

To simulate the single sheet behaviour let us assume that it can be modelled by the mesh of
N=NZ points with the masses m=M/N (where M is the mass of the sheet). Let us assume addi-
tionally that the single point interacts with its closest neighbours only, To ensure the proper mate-
rial stiffhess we choose the following™ 7,/ particle-particle potential (see [6])

Y o S|
y Y k(r a: )-’-____._ | (1

©where: oo T
k - stiffness f.'a;ct'or" '

%, - patticle-particle dlstance

i the characterlstlc mesh dlstance to the closest nelghbours at the begmmng of snmulatlon

‘Two sorts of meshes are con51dered (see Fig. 1.

. rcctangular eacts of points has four closest nexgthurs w1th a; '—I and four mth a; F«.E on
dlagonals, C C ' ' o '

°:'_ hexagonal - each of pomts has six equally spaced nelghbours w1th a; .~1

b}

F1g 1

The proposed potential ﬁts better for simulation pumoses than, for esample hannoruc one, It en-
sures Initial stability of the system (especially for the rectangular mesh) and is more efficient since
the square root has not to be-computed for the forces évaluation. To reduce the numerical oscilla~
tion, to use the greater timesteps and to render better the real physical conditions the friction force

E %-:?x‘v. N 2

is mtroduced Thc lcap frog scheme for the sheet in the grawtetlonal field (whlch can be turn on or
off optionally), namely
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where:
k
az*,..cp=i-ﬁ\r51-, e (5)

* " and K-the number of the closest neighbours, is applied. The timestep Af can be optimized using the
relations (3-5). ' - '

Assume that the size of the sheet LxL is constant. On one hand, I-times of N increase
(what is equivalent to decreasing of the nodes spacing Ax=L/N) can improve the granularity of the
system, On the other, both /¥ increase and A7 decrease (the timestep is proportional to the nodes
spacing divided by the maximal velocity in the system) causes the execution time increase as 3,
Too high granulation produces also the excessive folding of the sheet. The non-zero wrinkle
resistance could be simulated modifying the sort and the range of nodes interactions or assuming
more than one particles layer. All of these, however, lead to additional decrease of computational
efficiency, deteriorating animation effect. Tlie selection’ of appropriate number of nodeés giving not
too low Ax, seetns to be the best issue. _

In course of simulation the initially plain sheet shape changes considerably. Taking into
account only the fixed closest neighbours, the self-crossing effect is impossible to avoid. It can be
partially reduced by the proper (not to low) Ax selection, However, the procedure eliminating un-
physical self- crossing of the sheet must be used in the course of simulation, In Fig.2b the effect of
self-crossing is shown using as an example a ribbon falling in the gravitational field. Turming on the
"reflecting" procedure lets to avoid crossing (see Fig.2c) but it Jowers, of course, computational ef-
ficiency. Therefore; it must be thoroughly optimized like the procedure of the sheet dynamics
computations.

T o reflection @ -

“crossing

Fig.2. Falling ribbon in the absence (b) and presence (c) of the procedure eliminating sel'f-cros's'ih.g effect,
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The procedure for self-crossing effect elimination bases on the linked list conception [7].
The projection onto the plain, parallel to the sheet initial position, is'divided onto the square cells
(see Fig.3). The CellSize=Ax + g, 1.e., is assumed slightly greater than the basic mesh spacing Ax
(¢ can be greater for less rigid, elastic material).

Cul|Sizn

¥
CellSize

Fmax™ fmin

¥ig.3 Computational box and cells assumed for procedure of self-crossing elimination, An=n 12y Nmin,
where n&{x,y}, are evaluated every timestsp in accordance with actuat position of the sheet.

If in a neighbouring cell of ¢;, ie., in one of (ej],e;2,¢i3,¢i4), appears the "alien” node, ie., the
-node which does not belong to thé closest neighbours of the nodes being thé members of ¢;, it
deflects from the nearest node (the member of ¢;) in accordance with the rule presented in Fig.4,
provided that the "alien"-member nodes are closer than assumed distance Rper - 7

Fig.4 The reflection rule for two nodss pi and p2 with the respective initial momenta mt and m2, The
dashed lines represent the mamenta after deflection. -

To enable the wide range of realistic events simulation the more extretne disruption of the
sheet shape can be realised. If the distance between two of the neighbouring nodes is greater then
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broken connection . ..

' F.ig.:S Di'a'gram of tearing up the sheet .

reut (see Fig.3) the connection is broken and in course of simulation such nodes are treated as the
alien ongs; i.e., they can interact via the reflection rules only:
The results and problems with the computer rédlisation of the model presented are shown

and discussed below. .

3. RESULTS AND EXPERIMENTS

o Anlmatlon were carried out for mcshts w;th N 20 and 25 (1 e. 20><20 and ZJK?S nodes)
g The selected snapshots of a few animations are shown in Fi 1gs 6-8. It seems that they rcplescnt
adequately the re1l physical moticn. . : . S

—

Fig.6. One of the final phases of simulation of the squared (0.5x0.5 m) sheet picking up rapidly (v=5m/s,
the arrow shows the velocity direction) from the tabie in the presence of gravity. Leaky sheet falls down
while the torn piece of material is drawn in velocity vector direction.
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Fig.7: Faliig sheet animation snapshots.

For more realistic pictures a source of light and- shading are applied. For the model granulation
assumed, the fluent motion can be observed using SUN SPARCstation2 GX. However, taking into
account that the real time each of the physical experiment is about 2 seconds, the wall clock time is
still to high. Let us compare this figure with these comprised in the second column of the Table 1
presenting the timings of computer experiment for the sequential C code:

The timings. for computer animation of the exper:menr shown in Fig. 7, representing the real
fime behawom ofabour 2 seconds

Number of nodes | Wall clock timc for Wall clock fime for
. ] sequential code "two segments” dis- speedup
s} ... | . tributedcode .. | ... .o
Clox10 [ s o . 65 .- .- 123 .-
ASsx1s o b oo b b 8 3T o
20 x 20 15 b I e 36
25x25 22 14 1.57
30x 30 29 18 .. lsl
- 35x35¢ 39 23 _ 1.69
40 x 40 31 30 _ 1.7
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Fig. 8 The snapshots of teanng up the’ sheet (wnth grawtation tumed oft)

Fig9 shows the propomons of the c,omput'ltlonat time for each part of the program for the gr. anu-
lation distingnished in Table.l. It was assumed additionally that each picture is genetrated every L
* timesteps giving the imipression of fluent motion {L=20 for the distinguished case). To obtain the
desired speedup (about 8 times for assumed case) the wthors tried to use the dlstnbuted compufa-
. tions approach for thc problem undcr consxdcratlon '

' For thIS purpose two sorts of parallehsm were applied; ' -

+ algorithmic distribution - the processes of pictures generatlon and caiculatxons should be dlS-
joined and performed concurrently,

* peometrical parallelisation of MD algorithm.
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5% avoidance 8
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'Fig.9 The praportions of the computational timie for each part of the program, for the granulation distin-
guished in Table, 1,

Only the first sort of parallelism gave positive result. As shiown in Table. 1, using one workstation
* for plctures generation from the data transthitted by the another one where calculations were made,
gave maximum speed up. However, it was estimated and approved by computations [8] that for
geometrical partition of computational object like in [9] the speed up less than } can be expected
(for the Ethernet protocol). For this negative result the communication time is respénsible mamly
Information exchange is almost 100 times greater than those for the first case... ...

“Because thie system cosisists of a relatively small mimber of nodes (pamcles) the problem
parallelisation on the stage of single timestep is il conditioned and the load balancmg factor for

- distribiuted computing ¢an hot be considered. For the animation purposes the main result is the pic-

tires gerieration, On the other hand, however, to obtain a single picture, L timesteps have to be per-
formed. Therefore, for relatwely high L (>10) the geometrical parallelisation of cdmputational box
- représent the lowest level of parallehsm (ﬂne g:am) which is unsuitable for distributed computing

- approach. From distributed computing point of view, such a problem is rather sequentlal (in time)

what was approved by the results obtained. The problem could be resolved using another {tightly
© coupled) parallel architecture or vector processing, The relatively short timestep which have to be
used to ensure the simulation stability is the main drawback of MD application for animation. So
that, in our opinion, the crucial point is to resolve just this problem, iL.e., to find the efficient aigo-
rithm for nodes (particles) motion, or from the distributed computing point of view, substitution the
sequential in L timesteps algorithm of nodes motion for a parallel one.

4. SUMMARY
The main conclusions can be summarised as follows.

I. The MD paradigm can be used for some macroscopic phenomena simulation giving realistic
results. For many purposes it can replace the continuous PDE (partial differential equation)
phenomena description especially i such cases, in which deterministic solutions are highly
disturbed by chaotic motion [1-4), discontinuities appear [5], mathematical description does not
exist or the MD model is more flexible than the other one.

2. MD methed constitutes an' interesting alternative as atechnique for real time animations pur-
poses.

3. The relatively short timestep which has 1o be assumed to preserve simulation stability, interfere
with high computational efficiency, The necessity to perform L>10 timesteps to generate a
single animation snapshot makes, from distributed computing point of view, the algorithm se-
quential and difficuit to paralielise for the required computation to communication ratic level
(low for Ethernet protocol).
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The authors would be very grateful for any comments and suggestions conceming the topic

and welcome any proposition and examples of MD application as the numerical technique for
macroscopic world simulation.

o
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_ Using PICASSO for V1sual1sat10n
| of MD Results .

J D}ugopolskl , W Alda.l .} I\ltowsk11’2
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*Academic Computer Centre CYFRONET ul. Nawojki 11, 30-950 Cracow/Poland
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In this report we present the usage of PICASSO visualisation systém to molecular ‘dynamics fluid
flow simulations. Cenversion program from local MD file format to PICASSQ file format is briefly

described and sample images are presented.

1 Introduction . . .

The role of visualisation of results obtained in simulations increases all the time. Problem’
arises When the comiputer experimentator has to choose the visualisation tool. He may create
his own prograin, well suited to the problem, but it needs relatively a lot of work. Often

moré reasonable is to take existing tool and cut it to one’s needs. There is a number of
different visualisation tools available (e.g. [1], {2], [3]). In this paper we report our attempts
in using PICASSO [4], advanced vzquallqatlon program obtalned from the author, Dr. Marc

Westermann (ETH Zurich).

PICASSO (Painting Interactively Colored and Shaded Slmuiatlon ObJecfs) IE object ori-
ented interactive graphic program designed mainly for visualisation of results fromi simalation
of semiconductor materials. It allows visualisation of two and three dimensional scalir fields
using iso-lines, shaded iso-lines and colour palettes. Vector fields can be displayed with arrows
of different length and/or colour, Scalar and vector fields can be displayed simultaneously. It
is possible to zoom images, scale and rotate, change view point and direction of observation,
add description text, prepare hardcopy PostScript files, make animations {using additional
MOVIL progra,m) and many more.

" PICASSO works in UNIX X- Wmdows eavironment and uses its own Gmphic User Inter—:
face ~ DOGMA [5}. '

[nput files for PICASSO should be prepared in DATEX [6] format, in text fles. There
are two basic DATEX fles: first describing geometry of the simulated system {e.g. shape of
grid, number of nodes) and second containing the simulation data itself,

PICASSO expects to have its data on a grid and shows them as continuous values. In
molecular dynamics, as the number of particles rises, displaying individual particles becomes
impossible, and using such tools as PICASSO is very reasonable,
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2 Conversion of binary MD format to DATEX format. b2d
program

To enable using PICASSO with MD data, we have added a program for data interpretation
and conversion to DATEX format. b2d program has been designed for particular local format
of MD output file, used by our simulation programs. If is also possible to generate sequences
of images to enable animation by MOVIE program. Work to make b2d more general is in
Progress, ' ' '

There are three basic mtmpwtatlon methods (modes) available in b2d.

. The first (most 51mple) method is rcpresentmg every partlcie by distinct 1tem in I) ATEX
format and by distinct dot in the picture. Additionaly, arrows showing momenta or
forces may be displayed. No geometrical information is prepared in this mode, so a lot
of PICASSO capabilities is not available. An example representing particles momenta
in this mode of visualisation is shown in Fig. 1. The example concerns a test simulation
of two-kind Lennard-Jones particles system. Most of the particles are similar to Argon

. particles, while in the centre the particles with lower ¢ are introduced. Since the initial
distances between the particles are the same, this implies instability in the centre of
the system which develops in time roughly similar to the implosion effect.

2. The second method is based on building two dimensional réctaingular grid.’ ‘Every
node of the grid represents particles placed in the cell around it, keeping two values:
number of particles in the cell (number dénsity) and average momentum or force over
the cell. b2d allows the choice of arbitrary grid dimension and possibility of cOrivgftiug
a sequence of images at a time. An éxample is shown in Fig. 2. In this example we
present results of MD applications to qualitative studies of the penetration mechanism
(7], in which both - the hitting object and the wall are simiulated with the Lennard-
Jones particles. The figure presents just the transient of th-:‘ pmetntlon showmg the
momenta distribution in a,rbltmry units.

3 \e\{t mcthod is an enhancement of the previous one, I‘he ccll as descnbcd i pr('vmus
' item is treated as the basis of pyramid. Height of the pyramid is proportional to the
modulus of vector value (momentum or force) connected with the cell or to the numerical
density. Colour palette added may lmprove the image. In Fig. 3 this mode is applied
for preSentation of force distribution [rom the simwlation similar to one discussed in the
previous item. '

b2d program can be run in two modes: command line and as X-Window utility (’saini[ﬁie
window is shown in Fig.4). General form of command Hie calling sequence is as follows:
b2d [-h] [-v] [-kx] [-px1[,x2]] [-dx] [-ax] [-t] [-c] prefix
Options have the following mcamng

prefix This is the preﬁx of input file names, one f01 filea from ane L‘:periment May -
be treated as a name of experiment. '

-k Displays information about all options.

-v Displays information about input files Sample calling sequence: b2d -v pre-
fix
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-kx Chooses conversion mode.

-px1{,x2] Chooses leestep (01’ sequence of timesteps) for converelou E.g. -p3,12
' Iteans conversion of images from leeste,p Fup lo 12

-dx Chooses grid dimension. -d100 means 100x100 grid.
-ax Path to input files, e.g. -a/usr/home/ﬁles/ .
| -t Switches to comm’md line mode when used (X Wmdow mode otherwwe)

-c Compress output ﬁles (using standa,rd UNIX compress program)

Here is a completc example of calling sequénce:
b2d -t -k2 -d100 -p17 -a/symul/pliki TEST .

This will run b24d in command line mode, with input binary ﬂles TESTpos bin {coor-
dma,toe.) and TL’STmom bm (momenta) placed in /symul/phlu Da,ta,.__from__ scv_;:nl;eenth
timestep will be read. : A

3 Conclusion's

We h'we found PICASSO very powerful flexibie and easy. to use progr‘s.m With conversion
program it became » very useful tool for visualisation of two dimensional MD stmulations.
We fouiid it particulary convenient for exa,mmmg ‘density fluctuations and stress changes in
our ﬂmd flow simulations {7]. Af the moment b2d program is fitted for one mput format
only, so its usage is limited to rather narrow group of users. However changes adopting it to
other formats can be made fairly easy. We continue development of b2d by supplymg it with
interactivel Y, (leﬁncd user mput format
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Figiure 17 Example of visualisation using the first mode (with particles momenta). Shown
instability caused by attraction in the cenfre.
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IFigure 2: Example of visnalisation using the second mode. The object penetrates through
the wall. Momenta distribution in arbitrary units.
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Figure 3 Exa;mple_{of'visua’lis:aﬁti.bn using- the third mode Force distribution for the object
penetration through the wall. . ' '
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XEDS - X Windows Tools for input data edition and result
visualization: in molecular simulation

Darin Nikolow*, Witold Alda*, Jacek Kitowski*
* Institute of Computer Science, AGH, al Mickiewicza 30, 30-059 Cracow, Poland
! Academic Computer Centre CYFRONET, ul.Nawojki 11, 30-950 Cracow
e-mail: kito@uei.agh.edu.pl

- Progeam Summary

fhﬂ'e of Hw pmﬂ:mm'-.XEDS. AR AT
B C‘ompuiers_ Sun SPARC Station 2, IBM RS/GDOO 320'
CULTHD Apollo’ 9000/720;, Convex C3210::7 00 s
Insiaﬂataon TInstitute: of (‘omputer Science, Acmdcmy of \fhmng and
G s Metallurgy and: Academlc Computer Contcr CYFRONET
o '_ ‘Cracow; Poland, " -
" Opetating system: SUN 0% 41 AIX 3 1 HP UX 3 a -'convex os. 19. 0
. Programining languaqe used ons RER
. Numnber of lines in' programs. about 3400 O _
: :"Iier,ewords Vmud,h?a,l:mn, Xll molecular quulatxon

____"Naturc of thc probfc R
©o XEDS cousists: of two. Softward tools’ respertwely for gla,phlml preqontatton of. rcs;uiLs
from wolecuiar mmulatxon, xout; and gmph:ca.l input data ed;txon for' the slmula,tlon “klay.
The first tool, xout, can’ d;splay the’ posmons of. the partirles, Lhelr momenta or valorltzes
:"'::_:-'.:-'a,t Certain’ moments of the’ mmulanon Anlmatzon is. p0551bie as far as’ the. posﬂ;lons a,re
"_:.':"conwrned “with cllfferent length of trmces 80 Gne C'm better follow: the tIE],jCCtOI 3y us
."'__'tlw'ae( ond tool;. xlay, one can’ grlphmdllv edit” or create the__mput dat '
o hne dmwmg a.nd em,losed area—ﬁlhng are ¢d( ‘make: the

..'Method of soliition” - - - : :
The positions or momcntd of parttc[es are read from a file 'md then the current picture is
drawn. All optious are accessible through button-pressing or using other X Windows gadgets.
The graphic library used is the standard X11 library.” Any X Snapshot-like applications can
be used to create a hardcopy of the picture,

The program is written in the C language.

Restrictions of the complexity of the problem:

The program is apprepriate for 2-D molecular simulation and is suitahle for results presen-
tation of non-equilibrium simulation for relatively large number (up to 150000) of particles.
The tools can be started only on color screen X server.

YA workstalion supersel of {1]
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Typical ranning time: e T N : R

The program runs in tho 1nterdctwe mode and the time of presentatlon of partlcle p051t10us
depends on a number of particles and steps. On SPARC station2 GX, for 37121 particles
and 31 recorded steps obtained in 2-D molecular dynamics simulations the whole animation
takes about 25 s, in which 65% is taken for graphical displaying and image computing.

1 Introduction

Computer simulations as a rule produce an enormous amount of information, so methods
and utility programs are necessary in order to extract essential features of a process.

XEDS is a specialized computer graphics system for graphical presentation of results from
2-D molecular dynamics. It is similar to EDSIMP [2] for IBM PC, and to sEDS {3} for Suns
under SunView, but it runs in X window environment and is more developed than those.
XEDS is written in the C language and uses graphics functions from the X11 library [4] and
Athena Widget Set [5] for managing the gadgets (buttons, scrollbars etc.). .

The user of the system can easy create the desired layout of particles for the molecular
simulation (i.e. the Initial particle distribution). This function is particularly useful when
the computational box is to be inhomogeneously filled with the particles of different kinds.
There can be placed a single particle of a chiosen-before kind, drawn a line or rectangle of
particles or filled an enclosed emply area with particles. Finally the layout is saved.in a file
which is to be used by the simulation program. When the simulation is over the graphical
presentation of the results can be performed using this system. The data can be visualized
step by step or animated. Zooming is possible for observing an area closer. When animating
the trace length is to be chosen.

The data file format used by XEDS was pre-defined by the simulation program which
already existed. The input/output files contain binary data of different variables and arrays,
usually doubles, used by the programs. Berause the purpose of the visualization tools created
was to represent graphically the results from MD simulations program no precautions were
taken to stick to some standard format like NCSA HDY [8] for instance, owever, the
effort for using standard lormats for simulation programs and XEDS will be undertaken in
close future. The tools are extremely useful for primary selecting the results of the MD
simulation experiments and to choose the best results that are supposed to be proceeded by
more sophisticated programs hke PICASSO [ 7} adopted for MDD result visualization [8], which
uses the DAILX format... L : A

2 Descrlptmn of XEDS operatmns o
2. 1 Edit the input data usmg xla}r
'[hom are three atagee

o reading the input data

L) c(ln:mﬁr the lzwout using I;he mouse,

e writing data.

The second stage is a very simple layout editor, The user can place a single particle or
draw a line of particles, Particles are initially places on, what we call ’2-D foc mesh’. Node
sites of the mesh may be either occupied by a particle or empty. When there is an empty
area surrounded by particles it can be filled up using the fill function.

Two liles are used to keep the input data:
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1. text file containing parameters: ??77inp.txt (created by the user; usmg a text editor).
. An example of such file is shown in appendix A. - : :

o, Dbinary file’ rontaumng p051t10n5' ????lay bin (created and/m modlfled by xlay, to be
used by the simulation program}.

The file 77771ay.bin has the following structure:

s Layout[].X — array of Nparts 8- byl;e doubles koepmg the x-coordinates of Lho pd,rLl-
cles, -

o Laym;t.[] Y — array oprazts SI-Ibgt.e doubléé Réeping th.e ?-éﬁofdin&feéof tHé parti-
cles, _ _ : :
o Lé;;}oﬁf [] KmdSp e array of Nparts 4. byte 111Legtrs keepmg the kinds of Lhe pdrf,lcles
s Nex — 4-byte mtecrer I\eepmg the number of cells in x- dII'(]CtIOII, '  o o
° Ncy '-:~_~- 4 byte mteger keopmg the number of cells it ¥- dnectlon |
L s Nofeex — d- byte mtegel keepmg the number of fcc cell m X (ilreéhon o
B .;..Nofccy —= 4- byte integer keepmg the number of fée Leﬂs in y-ducrtlon, . B
- e vp[] — array of Nparts 4. bytc mtegem keepmg the mdcxes of the vertlces in f(,c Ir;l.tti(@
_ which are occupied by particles. . .. - :
2.2 . Graphical presentation of the results using xout =7
This pa.rt runs i’n 'the folld\kiing stages:_ h ' ' n
e wttmg .of the fmm of gra.phma,l pxnsautxtlou B

. dlsplaymg th@ desireci presvntat:on

_ In the ﬁrst ‘itdg(’ the user- choo&ef; a mode of tho gLa,phlmi prt,senta,tion [)O‘lelOH‘i, mo-
menta or velocities' can be displayed. . There is also scaling provided for better seeing if the
density is too high and the particles cannot be distinguished. Other mienu items are: a step
to go, trajectory length for the animation, density histograms on x or y axes, number of
intervals for these histograms {up to 300). S :

In the second stage the user observes the rosults step l)y stop or ammmtcd The modes
can be changed at any time. The program can run only on color screens.. S 3

The animation changes the pictures smoothly because of the double buﬂ"eung ue.ul [‘lle
graphical image is first drawn in the memory and then it is copied into the screen memory
with a fast raster-copy operation, This prevents unpleasant blinking of the pictures.

The user can choose kind of particles to be displayed with the toggle gadget called "Draw-
ing parts’. Any combination of maximum eight kinds is possible. »

There are two input files used:

1. binary file containing positions,

2. binary file containing momenta.
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'other files (e.g. “with raster images) are needed. T the deSCI'lthOIl below Nparts réfers to ) '_;'3:__
number of particles and Nspec to number of kmds of spec1es Both ﬁles Lontam the followmg -
information: : el n S

e header — ana,y of 800 bytes ior C.OIII’IITiéI.IItS S

e; 'Nparts — 4 byte mteger keepmg the numbcr ofp"u tlcles I:a,kmg part in the sunula,tmn . . .ﬁ:_'
¢ Nspec — 4- byte integer, which give us the number of klnds of particles, T
s Nparsp[] — array of Nspec x 4 bytes keeping the number of particles for ea.cl kmd
° Kmdsp[] — array of Nparts X 4 bytes keeping the kind for each particle-

o Nex — 4- byte mteger this is the number of {cc cells in x- dlrcctlon

e Ney = 4- byte integer; this is the number of fcc cells in y- dlrectlon,

o Dt — 8- byte double th;s is the simulation timestep,

(not used by xout),
¢ Ildbox — 8- byte double (not used by xout},

o Dummy — 8- byte double; (not used by xout),

¢ Ul — 8- byt&double this is the unit used for describing the position ol a particle or
the momentum "

The next Jtcms of the file are repeated as many times as the numhu of steps in the MDD
simulation e

¢ Nstep — 4byte integer keeping the current step of simula;t'i'én,

o X[] — array’ of \%palt% 8-byte doubles keeping the pa,rtlcle c001 dinates or momenta in
x-direction for a given tlmestep

e Y[]— a.rmy “of Nparts 8 byte double% keepmg the partlcle cooxdm&tes or momonta in
y-direction for a given timestep. .. . . ... i :

Two typical pictures of result presenfation and one for layout edition are given at the
end of this paper. In Fig.l an example of simulation of penetration mechanism using MD
approach is presented [9]. Both the moving object {(drawn in black) hitting the wall and
the wall itself (drawn in dark-gray) are simulated with Lennard-Jones particles. In Fig.2 the
same moment of penetration is presented using unit vectors indicating mornenta directions of
the particles of the moving object. I'ig.3 shows the zoomed initial particle distribution for the
penetration experiment. Fragments of the wall and the penetrating object are represented.
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A Twpput file of parameters
1.1 BASIC CONTROL DATA - S T
= 0 FOR NEW RUN, >=1 FUR EACH RESTART RUN (LNEWRN: @ ~ ) = 0
= 1 IF COORDINATE FILE IS DESIRED {LRESLX y= 1
= 1 IF MOMENTUM FILE IS DESIRED (LRESLV " ¥ = O
= 1 IF OUTPUT ON NPRINT = NSTDOU = 7. (LCON )= 0
= 1 IF RUN UNDER PASCAL B (LPAS ) = 1
NAME OF PROJECT " (PRNAME Yy = test
RUN LABEL .

RUN NUMBER T T DATE 14/feb/ 1991

PROJECT PROJ

SIMULATION OF ARGON

NUMBER OF MOLECULES ;3200

ACCELERATION FIELD STRENGTH : 1.0E14 [M/S]

EDITOR FOR SIMULATIONAL PROGRAMS EDS
2.1 PRINCIPAL PHYSICAL PARAMETERS

DESIRED TEMPERATURE OF THE SYSTEM, K (TEMPD- ) = 86.5E00 -
ACCELERATION FIELD STRENGTH, M/S (FIELD-. ) = 1.0E13 ..
PART OF BOX TO ACCELERATION, (FLDBOX } = 1.0E00
TOTAL NUMBER OF VERTICES S (NVERTS - ) = 2888
SURFACE DENSITY OF THE SYSTEM, PARF/M (RHOD = 7.17E18
TOTAL NUMBER OF PARTICLES, (NPARTS y = 286 .
NO.OF FCC CELLS IN X-DIRECTION, (NOFCCX ) = 38 .
NG.OF FCC CELLS IN Y-DIRECTION, (NOFCCY ) = 38
TIME STEP , SEC (DT ) = 1.0E-14
TOTAL NUMBER OF SPECIES, C(NSPEC -~ ) = 3

" 2.2 DATA FOR INDIVIDUAL SPECIES S T
MASS OF PARTICLE (1), (SMASSD(1) ) = 40.00E1t
MASS OF PARTICLE (2), (SMASSD(2) ) = 40.00EQD
MASS OF PARTICLE (3), (SMASSD(3) ) = 40.00E01
TOTAL NUMBER OF 1-ST SPECIE, (NPARSP(L) ) = 25
TOTAL NUMBER OF 2-ND SPECIE, (NPARSP(2) ) = 0O
TOTAL NUMBER OF 3-TH SPECIE, (NPARSP(3) ) = ©
PARAMETER EPSILON FOR L-J POTENTIAL, (EPSLD 1-1 ) = 119.8E0Q
PARAMETER EPSILON FOR L-J POTENTIAL, (EPSLD 1-2 ) = 119.8E00
PARAMETER EPSILON FOR L~J POTENTIAL, (EPSLD 1-3 ) = 119.8E00
PARAMETER EPSILON FOR L-J POTENTIAL, (EPSLD 2-2 ) = 119.8E00
PARAMETER EPSILON FOR L-J POTENTIAL, (EPSLD 2-3 ) = 119.8E00
PARAMETER EPSILON FOR L-J POTENTTAL, (EPSLD 3-3 } = 119.8E00
PARAMETER SIGMA  FOR L~J POTENTIAL, (SIGMAD1~1 } = ©.3405E-9
PARAMETER SIGMA  FOR L-J POTENTIAL, (SIGMAD1-2 ) = 0.3405E-9
PARAMETER SIGMA  FOR L-J POTENTIAL, (3IGMAD1-3 ) = 0.3633E-9
PARAMETER SIGMA  FOR L~J POTENTIAL, (SIGMAD2-2 )} = 0.3405E-9
PARAMETER SIGMA  FOR L-J POTENTIAL, (SIGMAD2-3 ) = 0,3405E-9
PARAMETER SIGMA  FOR L-J POTENTIAL, (SIGMAD3-3 ) = 0.3405E-9
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RANGE OF LJ POTENTIAL IN SIGMA UNITS,
RANGE OF LJ POTENTIAL IN SIGMA UNITS,
RANGE OF LJ POTENTIAL IN SIGMA UNITS,
RANGE OF LJ POTENTIAL IN SIGHMA UNITS,
RANGE OF LJ POTENTIAL IN SIGMA UNITS,
RANGE OF LJ POTENTIAL IN SIGMA UNITS,
3.1 NUMERICAL PARAMETERS
NO.QOF TIMESTEPS PLANNED FOR THIS RUN,
N0.0F TIMESTEPS IN ROLLING AVERAGES,
NO.CF GRID POINTS IN POTENTIAL TABLES,
HARD CORE OF L] POTENTIAL IN SIGMA UNITS,
PART BCX TO THERMALIZATION,
INDEX FOR TEMFPERATURE SCALING OPTION,
NO.OF TIMESTEPS BETWEEN EACH TEMP. SCAL.,
LAST TIMESTEP TEMPERTURE SCALING APPLIED,
4.1 OUTPUT PARAMETERS
LENGTH OF PRINTOUT PAGE,
INITIAL TIMESTEP COUNTER FOR DATA PRINT.,
N0.O0F TIMESTEPS BETWEEN DATA PRINTOUT,
INITIAL TIMESTEP CQUNTER FGOR DATA SAVING,
NO.QF TIMESTEPS BETWEEN DATA SAVING,
COUNTER INDEX FOR RESULTS STORING,
NC.CF TIMESTEPS BETWEEN RESULTS STORING,
INITIAL TIMESTEP FOR RESULTS STURING,
INITIAL TIMESTEP FOR AVG. AND RMS. CALC.,
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(SHORT 1-1
{SHORT i-2
(SHORT 1-3
(SHORT 2-2
(SHORT 2-3
(SHORT 3-3

(MSTEPS
(NROLAV
(NSTPDT
(HSPH
(THBOX
(LSCTEM
(NSTEMP
(NSCTMP

(NPGLEN
(NPCNT
(NPST
(NSCNT
(NSST
(NRSCNT
(NRSST
{NOROUT
{NSWHV

A e N T e

T e e Ml W et Nt oS

A T N R e

.5000E00
.5000E00
. 1224E00
.50G0OEQC
. 1224E00
.5000EQQ

B2 B = A RS

60000
10
10000
0.7EQO
1.0

1

10
1000
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100

1200

300

5001






