DARESBURY LABORATORY

INFORMATION QUARTERLY
| for
COMPUTER SIMULATION OF
CONDENSED PHASES

An informal Newsletter associated with Coliaborative Computational Project No. 5
on Molecular Dynamics, Monte Carlo and Lattice Simulations of Condensed Phases,

Number 32 February 1990

Contents

Page
Editorial 2
General Mews 4
Program Libraries 6
Conference noticeas 12
CCPS/ARCG Workshop on Parallel Algorithms in Molecular i8
Simulation. W. Smith
KOSMDS -~ An Aid to Scientific Visualisation. A McDonald 26
Report on the CCP5 Workshop on the Computer Simulation 30
¢f Polymers. W. Smith
A Single Polymer Chains on A lattice: Some Querias.- 35
4.1, Masters
Lattice Dynamics of Zirconia: Free Energy Calculations. &}
A.¥N. Cormack and S.C. Parker.
Molecular Dynamics Method: Publication and citation 51
patterns. H.-J. Czerwon and G. Peinel
Fortran Computing Speed of Sun 3 Systems with £63881 53
Floating Point Processocrs. B.C.H. Krutzen and J.E.
Inglesfield
Additional Supercomputing Related Papers. 3. Gupta 70
Situations Vacant 71

N
Editor: Dr. William Smith Seience & Engineering Research Council,
Deputy Editor: Dz. Maurice Leslie Daresbury Laboratery, larasbury,

Harrington WA4 4AD, hgland.






Editorial

At the time of writing, CCP5 is undergoing the all too frequent exercise of renewal.
Past experiences of this procedure have been somewhat dispiriting since the funding ar-
rangemments have been somewhat complicated; involving CCP5 bidding in hard currency
terms for the support of the staff at Daresbury. Against this hackground it has always
heen difficult to get funding for a postdoctoral research assistant (PDRA) to work in an
area designated by CCP5. However the current renewal proposal, which is being pre-
pared by the CCP5 Executive Comunttee, does not need to include the costing of the
Daresbury staff and should not therefore place such a burdan on the grant resources of
the {surprisingly many) SERC Conuuittees it is to be considered by, We therefore have
high {well, higher) hopes of funding a PDRA this time. For the record, our intention is
to put the PDRA to work in the area of macromolecular simulations, where hopefully
he or she can provide the CCP5 program library with some much needed programs in
this area, to counteract the diminishing availability of such programs on account ot their
adoption hy comumercial ventures. The CCPs, after all, were astablished to make good
scientific software readily available to all. Let us hope that our ambitions are realised
in this renewal round.
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General News.

1) At the last meeting of the CCP5 Steering Comunuttee at Cambridge in December
1989, Professor Richard Catlow stepped down as Chairman of CCP5 and was replaced
hy Protessor Domuinic Tildesley of Southamupton University, While welcoming Domninic
to the réle of chairman, it is dppropriate to recall the excellent work Richard Catlow
did as Chairman of CCPS; his enthusiasin for promoting the aims of COP5S resulted in a
very high degree of activity within the project, the pinnacle of which was probably the
NATO ASI at Bath in September 1938, which was imumensely successful, In addition the
project continued the sequence of workshops in specific areas, which have helped consid-
erably towards solving difficulties in the areas concerned. Richard was also enthusiastic
about sponsoring visitors from overseas to the U.K. and several eminent practitioners
of computer simulation have come to share their expertise with us. Lastly one should
perhaps recall Richard’s interest in the industcial applications of simulation, which has
resulted in some interesting conferences and collaborations within CCP5. Undoubtedly
Richard will continue his interests in CCP3 from the Royal [nsitution, but his réle as
Chairman deserves special mention and thanks, SR :

2} Also at the same Steering Conunittee meeting, new appointments to the Executive
Comunittee were marde. The current composition of the Comnmitte is now:

- e Prof, D. .Ti.ldésléy, Chairman (S'outhamp.ton) _
o Dr. ML Roger (Reading) = .
s Dr. B/ Colbourn (ICII) -

& Dr. N. Quirke (BP)_

o Dr. N. Allan (Bristol}

o ‘e Dr: D. Fiﬁc'haﬁt.(.Kee[e énd. Daresbury) :
o Dr. M. Leblle(Dareshur)’) o o

o Dr; W Smith (D.a;ré:sbur'y.};. | | .
..(.}.ur' thar.l.k.s go to the..'o.utgoihg II);E..Inb.E..l‘S:....DLL_.. RM LyndenBell and Dr SC P'ar'kesr
{Bath).

3) The organisation of the CCP5 Conference on “Architectures and Algorithms in Con-
densed Phase Simulation”, which is due to take place at St. Andrews from 2 to 5 July
1990, is now well advanced, An excellent line up of speakers has been arranged and the
whole meeting promises to be an excellent first venture by CCP5 into Scotland {may
it be the first of many!}. More details are provided in a circular included with this
newsletter, An early application to attend is reconunended.

4) During 1990 CCP5 will be inviting a number of overseas scientists to the U.K..
We have reasonably firm confirmations on the following:

o Dr. G, Malenkov { Moscow), to visit London, Oxford, Pareshury and St. Andrews
in May (date to he arranged}. '



o Dr. R Cohen {Naval Research Lab.}, to visit London March 3i-April 8.

5) A workshop on the subject “Simulation of Adsorbed Monolayers and Multilayers”
is heing organised by R.M. Lynden-Bell for CCP5. [t will take place at New Hall,
Cawmbridge on Friday July 13th. The principal speaker will he Professor W.A. Steele
(Pennsylvania). Accommodation will be available on Thursday night (and probably on
Friday night for those who need it). As well as a lecture by Professor Steele, it 15 planned
to have sessions on potentials, experimental problems, and results [tom simulations. All
participants are requested to contribute to the discussion and it is hoped that rost will
be prepared to talk for 5-10 minutes in a rather informal way.

An application form appears with this newsletter. '

) Our thanks are owed to Dr. M. Leslie and Dr. R.M. Lyaden-Bell, who organised the
CCP5 Annual Meeting in Cambridge entitled “Grand Challenges in Molecular Simula-
tion™, which took place from 17-19 December at Downing College. Also, somewhat late,
{for sehich we apologise) we wish to thank Dr. D.M. Heyes for organising the meeting
last July on “Novel Methods in Molecular Simulation” at Royal Holloway and Bedford
new College. ' -

7) The Theory and Computational Science Division (TCS) at Dareshury Laboratory
is to receive a 32 node INTEL iPSC/860 parallel computer. This represents a substan-
tial upgrade of curvent INTEL iPSC/2, in that it incorporates the legendary INTEL 1860
microprocessor, the “Cray on a chip”. The upgrade will strengthen the interests of the
division in applying parallel processing to scientific problenis. Curcently TCS employs
the iPSC/2 in molecular dynamics simulations of polymers, band structure calculations
and gquantum chemistey. It is believed that the original 64 node iPSC/2 will be retained
as a down-graded machine with 32 nodes and will function as a development machine.

8} The Second International Europhysics Conference on Computational Science takes
place at Ainsterdam on 10-13 September 1993. The scientific prograuune covers special
and general purpose hardware and software, and the connections between physical ap-
plications. Speakers from physics, chemnical physics and astrophysics are invited. Neural
networks, parallel computing and software design methods will be covered. Contri-
butions to the poster session are invited before Ist. July. For details write to Mw..
Rita van der Sluijs, Séctetariat CP90 Conference, NIKHEF-H, PO Box 41882, lOOQDB
Amsterdam, The Netherlands. (E-Mail: cp90@nikhel.nl}.



Program Libraries

The CCP5 Program Library. -

IMPORTANT ANNOUNCEMENT _ _ _

There is to be a change in the policy of distribution of the CCP5 Programi Library, Up to
now the programns have heen releassd only to academic institutions and on the condition
that the recipient does not re-clistribute the programs or attempt to exploit them for
conuniercial gain. The purpose of these restrictions was to protect the conunerical rights
of the program authors. These restrictions automatically excluded conunercial compa-
nies from receiving the CCPS programs. The CCPS Steering Conunittee is negotiating
with SERC so that the distribution of the programs to comunercial companies can take
place, though the following constraints will apply.

1. Academic institutions will still receive programs free of charge and with the
same restrictions on re-distribution and conunercial exploitation as helore.

2. Commercial companies will receive programs at the discretion of the CCP3
Program Library and on payment of a £100 handling fse. _
3, Clomumercial companies will not he permitted to re- (hstrlhute or market the
PrOLrains in any way. :
4. Neither SERC not the authors of the programs can be held accountable for
~any loss arising from the use of the programs, even if the loss oceurs through
progrmmmng ermr Or érronaous documentatton T o

o]

. Prognms will not be sent to commercial compmles over 'my kmd of' netwo:k
or telephone link. '

6. The programs owned by H'xrwel[ ancl the prognms CASCADE bYMLAl‘

- THBFIT, THBPHON and THBREL, will not he released to commercial com-

. pantes.” The named programs are available free of charge to UK academic
tnstitutions only.-

These constramts are prowsmnal oniy and wdl he subJect to review.

Programmers who have donated prograins to the CCP35 Programn lelary
who object to the programs being distributed in this way arve invited to with-
draw the programs, or to stipulate thetr wishes with regard to the release of
the programs to comuuercial companies, CCP35 will not act as agents for sale
of programs. Authors who wish to restrict programs to academic institutions
may request that this be done. However, CCP5 will not accept any liability
for programs erroneously released. Authers of programs are requested to
communicate their wishes to the program librarian before March 31st 1990,
after which time it will be assumed that the authors have no obhjection to
the new regime.

The CCP5 Program Library may be obtained uposa application to Dr. W. Smith,
TCS Division, 5.E.R.C. Dareshury Laboratory, Dareshury, Warrington WA4 4AD, UK.
Listings of programs are available if required but it is recommended that magnetic tapes
be used. [t may also be possible to transfer a small number of programs over the JANET
network to other acadenuc centres in the U.K.. A list of programs available is presented
in the following pages.



Readars should also note that we are authorcised to supply the ekxample programs
originally published in the book “Computer Sinwlation of Liquids”, by M.P. Allen and
D.J. Tildesley {Clarendon Press, Oxford 1987). These are supplied in the same manner
and under the same conditions as the resident CCP5 programs. We are grateful to Mike
Allen and Dominic Tildesley for their permission. _ _

We shonld also like to remind our readers that weé would welcome further contribu-
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 ol software available. I[ any of our readers have any progratus they
would like to make available, please would they contact De. Swmith.

W. Smith

Program from the Bodk:.__“Computer Simulation of Liquids” by M.P.
Allen and D. Tildesley, Clarendon Press, Oxford 1987.

These progranis originally appeared on microfiche in the book “Computer 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 CCP5, in the hope that they wili he
useful. The intention is to 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 comumercial 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 thé consequences of any
- errors, and would be grateful to héar from you if you find any. You should always check
out a routine tor your particular application. The programs contain some explanatory
conunents, and are written, in the main, in FORTRAN-77. One or two routines are
written in BASIC, for use on microcomputers. Ia the absence of any universally agreed
standard for BASIC, we have chosen a very rudimentary dialect. These programs have
heen 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.Alten - -

b §



THE CCPs PROGRAM LIBRARY.

ADMIXT
CARLOS

CARLAN

CASCADE

CURDEN
DENCOR
HLJ1
HLJ2
HLJ3
HLJ4
HLJ5
HLJI6
HMDIAT
HSTOCH

MCN
MCLSU

MCMOLDYN

MCRPA
MDATOM
MDATOM

MDCSPC4B

MDDIAT
MDDIATQ
MDIONS

MDLIN
MDLINQ
MDMANY

MDMIXT
MDMPQOL

MDNACL
MDPOLY
MDMULP
MDSGWP

MDTETRA
MDZOID

'MD.LIA/MIX,LF, TH+MSD + RDF
(MO, VS +Aquo, TH]

(DA, CARLOS structure analysis)
[LS,DIL,EM,TH+STR|

iDA,Current Density Correlations]

DA, Density Correlations]

{MD,LJALF, TH+MSD+RDF]
(MDLJALE, TH+MSD+RDEF+VACF]
{MD LIALF/LC. TH+MSD+RDF]
(MD.LIALF/CP+CT, TH+MSD+RDF]
f\,[D JLIA/SE,LF TH+MSD+RDF]
[MD,LJA‘TA,TH'FMSD{-RDF]
[MD,LJD,G5+Q4, TH+MSD+QC}
(MD/SD,VS+BA LF+CATH| .-

[MC.LJA,TH]
(MC,LJA,TH|

(MD/MC, LJM‘CJ-AQ
LF+QF/G5+QS, I‘H+RDF]
(MC.RPE,TH+RDF] -
IMD,LJA,CG5, TH-RDE+MSD +Qc1
(MD.LJALE.TH+MSD +RDF]

[PRMD BHM+FC, G5+ G4, TH+STF- PRDE’]

[MD,LID,LE+CA, TH+MSD).
[MD,LJD+PQ,LF +CA TH+MSD]
(MD,BHM,LF, TH+MSD +RDF +STF]

(MD,LIL, G5+ 04, TH+MSD+QC)]
(MD,LJL+PQ,G5+Q4, TH+MSD+QC]
(MD,LJS+FC,LF +QF TH]

MD,LIS/MIX,LF+QF,TH}
[ j
[MD,LJS+FC/MIX LF+QF,TH] -

(MD,BHM,LF TH+MSD+RDF} |
[MD,LIS,G5+Qd, TH+MSD+QC]
[MD,LIS+PD+PQ/MIX LF+QF,TH|

W, Smith

B. Jonsson

S. Romano

B. Jonsson

$. Romano

M, Leslie/
W. Swith
W, Smith

W. Smith

D.M. Heyes
D.M. Heyes
D.M. Heyes

D. M. Heyes
D.M. Heyes
D.M. Heyes
5.M. Thowmpson
W.F. van Gunsteren/
D.M. Heyes

N. Corbin

C.P. Williams/
S. Gupta . .

A. Laaksonen
DAL Heyes
3.M. Thompson
D. Fincham

W. Sinith

D. Fincham

D. Fincham

D. Fiacham/

M. Anastasiou
5.M. Thompson.
S.M. Thompson
D. Fincham/
W. Stuith

W. Simith

W. Smith/

D. Fincham

W. Siuth

5.M. Thempson
W. Smith

(MD,LJA/SGWP LF, TH+VACF+RDF+QC| W. Smith/

MD,LIT,G5+Q4, TH+MSD+QC]
B

K. Singer
S.M. Thompson

g
(MD,GAU,LF+QF, TH+MSD+RDF+VACF] W. Sinith



NAMELIST{UT, Namelist emulation}

PIMCLS  [PIMC,LJAMC, TH+RDF +QC)| <. Singer
W, Smith
SCN (MC,LJA,RFD,TH| N. Corbin
SURF (MD,BHM/TF/2D,LF TH+RDF; D.M. Heyes
SYMLAT [LS,PILEM+SYM, TH+STR} Harwell
THBEFIT [LS,PIL,EM,Potential fitting| Harwell
THBPHON{LS,PIL/3B,EM, Phonon dispersion] Harwell
THBREL [LS.PILEM,TH+STR]} Harwell
Key:
Program types: .~ MD Molecular dynamics-
S MC .- Monte Carlo o
PRUMD  Parrinelle-Rahman MD. .
LS Lattice simulations.
SD Stochastic dynamics -
DA Data analysis
UuT Utility package
PIMC Path Integral Monte Carlo .
Systemt models: - - LIA Lennard-Jones atoms
LJD Lennard-Jones diatonuc meolecules
LIL Lennard-Jones linear molecules - .
LIT Lennard-Jones tetrahedral molecules
LIS Lennard-Jones site molecules .
RPE Restricted primitive electrolyte
BHM Boen-Huggins- Meyer ionics -
SGWP  Spherical gaussian wavepackets- -
TF Tosi-Funu fonies -, . 1 0
Vs Variable site-site miodel - - -
BA Bond angle model
PD Point dipole model
PQ Point quadrupole model.
MIX Mixtures of molecules
GAU Gaussian molecule model
FC Fractional charge model -
PIL Perfect ionic lattice model
DIL Defective ionic Jattice model
3B 3-hody force model
2D Two dimensional simulation
SF Shifted force potential
FC Fractional charge model - . -
AQ Aqueous solutions
Algorithm: (455 Gear 5th order predictor-corrector
Q4 Quaternion plus 4th. order Gear P-C.

K. Refson



Properties:

LF
QF
QS
LC
Cp
CT
TA
CA
EM
SYM
RED

TH
MSD
RDF:
STF
VACF
QC
STR

Leapfrog (Verlet) _
Fincham Quaternion algorithm
Sonnenschein Quaternion algovitho
Link-cells MD algorithm
Constant pressure -
('onstant temperature’

Toxvaerd AD algerithm -
Censtraint algorithm '
Energy mininusation
Symmetry adapted algorithm
Rossky-Friedinan-Doll algorithny

Thermodynamic properties.
Mean-square-displacernent

Radial distribution functién = -
Structure factor - S

Velocity autocorrelation function ~°

QQuantum corrections = -
Lattice stresses o

10



Programs from the Book “Computer Simulation of Liguids”

Periodic boundary conditions in various geowmetries

5-value Gear predictor-corrector algorithm

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

Quaternion parameter predictor-corrector algorithm
Leapfrog algorithms for rotational wotion

Clonstraint dynamics tor a noalinear triatomic molecule
Shake algorithm for constraint dynamics of a chain molecule
Rattle algorithm for constraint dynamics of a chain molecule

A T

Emm e
=1 T n

o oot

.10 Hard sphere molecular dynamies program

F.ll Constant-NVT Monte Carlo for Lennard-Jones atoms
.12 Constant-NPT Monte Carlo algorithm

[ 13 The heart of a constant VT Monte Carlo program

.14 Algorithm to handle indices in constant uVT Monte Carlo
F1s Routines to randomly rotate molecules

F.16  Hard dumb-bell Moate Carlo program

F.IT A simple Lennard-Jones force routine. :

F.i8 Algorithm for avoiding the square root operation

.19  The Verlet neighbour list

F.20 Routines to construct and use cell linked-list method

F.21 Multiple titmestep molecular dynamnics

F.22 Routines to perform the Ewald sum

F.23 Routine to set up alpha fee lattice of linear molecules

F.24  Initial velocity distribution

F.25 Routine to calculate translational order parameter

F.26 Routines to fold/unfold trajectories in periodic boundaries
F.27 Program to compute time correlation lunctions

.28 Constant-NVT molecular dynamics - extended system method
F.29 Constant-NVT molecular dynamics - constraint method

F.30  Constant-NPH wmolecular dynamics - extended system method
[.31 Constant-NPT molecular dynamics - constraint method

F.32 Cell linked-lists in sheared houndaries

F.33 Brownian dynamics for a Lennard-Jones fluid
F.34 An efficient clustering routine

F.35 The Voronol construction in 2d and 3d

[.36 Monte Carlo simulation of hard lines in 2d
P37 Routines to calculate Fourier transforms

11



ARCHITECTURE AND ALGORITHMS IN
CONDENSED PHASE SIMULATION

2 July to 5 July

Plans for the meeting to be held at St. Andrews in Scotiand from the 2nd to 5th
July 1990 are now well advanced.

We begin after lunch on the Monday with a session covering simulation oa single-
instruction-nudtiple-data computers such as the DAP and the connection machine. On
Tuesday morning we will cover simulation on multiple-instruction- multiple-data ma-
chines such as the Metko computing surface, the Intel hypercube, and the Alliant, On
Tuesday afternoon we focus on purpose-built machine such as the Delft and Bell Lab.
MD machines. The second session on Tuesday afterncon will cover mainframe pipeline
processors such as the CRAY. the IBM VT, and the VP. [n each of these sessions we will
focus on the advantages and disadvantages of the architectures for condensed phase sim-
ulations, the algorithms for Monte Carlo, mwolecular mechanics, molecular and Brownian
dynamies and highlight some of the scientific advances achieved with these rnachines.
Wednesday morning is free and Wednesday afternoon has been set aside for demonstra-
tions of hardware and software by research groups and computer companies as well as
a large poster session. Thursday morning will consist of three Invited speakers presant-
ing a detailed account of recent research and looking to the future of condensed phase
simulation.

Speakers for the meeting include:

F.F. Abraham, (IBM San Josae) 4.F. Baaker, {(Delft )
H.J.C. Berendsen, (Groningan) B. Boghosian, (Thinking Machines)
E. Clementi, (IBM York Town} D.  Fincham, (Keele)
M.F. Guest, (Daresbury) A.R. Larrabee, (Boeing)
B.

o

.P. Landau, (Atlanta)
Wilson, (San Diego)

Pettitt, (Houston)

=3

St. Andrews itself is a beautiful seaside town, close to Edinburgh and easily reached
by road, rail and air. It 15 the home of Golf and the public can play on all the courses
including the Old Course. There are marvellous waltks along the shore and inland and
there is planty of bird and marine life for the nature lover. The city boasts a history which
is as rich as neighbouring Edinburgh. The hall of residence chosen for the conference is
50 yards from the Old Course and the sea front.

The time has now arrived to register for this meeting and to submit an abstract
for consideration as an oral or poster presentation. Please give this meeting your full
suppoct,






ARCHITECTURE AHD ALGORITHMS IN CONDENSED PHASE SIMULATION

MAME: e TITLE:

AD D RE S S e e

........................................ GEMDER: ........... ...
SPECTAL DIETARY REQUIREMENTS (e.g. Vegetarian) .........................
Please tick the appropriate boxes:-
Lunch, Menday 2nd July £ 4.10
Dinnar, Monday 2nd July £ 5.30
Bad and Breaxfast, 2nd/3rd July £15.50
Lunch, Tuesday 3rd July £4.10
Dinner, 3rd July £5.30
8ed and Breakfast, 3rd/4th July £15.50
Lunch, “ednesday 4th July £4.10
Confarsnce Dinner €14 ,50
Bed and Breakfast, Sth July £15.50
Conferenca Fas £25.00
TOTAL INCLUDING CONFERENCE DINNER £108.90
dptional, Lunch Thursday Sth July £4.10
Additional Bed and Breakfast
for Sunday lst July £15.50




Cheques should be made payable to:
CCPS: ST. AﬁbREHS HEETING

and raturned wicth this form rto:
Professor D. J. Tildesley
Department of Chemistry

The Univarsiyy
SQUTHANPTON S09 S5iiH.
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POSTERS AWD PAPERS

ARCHITECTURE AMD ALGORITHMS IN COMDENSED PHASE SIMULATION

The organising committee is planning a large poster session and there is space
in the programme for a number of contributed papers of twenty minutes length.
If you would like to present your work at this meeting please complete the
form and return it «ith an abstract of not more than 250 words to:

Professor D. J. Tildesley
Department of Chemistry
The University
SOUTHAMPTON 309 53H.

COMTRIBUTED PAPER

POSTER

15






CCP5 Workshop
“Simulation of Adsorbed Monolayers and
Multilayers”

Cambnige

L3 July 1990

A worksheop on this subject being organised by R.M. Lynden-Bell for CCP5. It will
take place at New Hall, Cambridge on Friday July 13th. The principal speaker will be
Professor W.A. Steele (Pennsylvania}. Accomumodation will be available on Thursday
night (and probably on Friday night for those who need it). As well as a lecture by
Professor Steele, it is planned to have sessions on potentials, experimental problems, and
results from simulations. All participants are requested to contribute to the discussion
and it is hoped that most will be prepared to talk for 5-10 minutes in a rather informal
way.

Please return the following application if you wish to attend

16






Simulation of Adsorbed Monolayers and Multilayers

I wish to attend the workshop on Simulation of Adsorbed Monclayers and
Multilayers and require accommodation for the nights of (delete as

appropriate):

Cost {Pounds)
Thursday 12 July ..... YES/ND 41.00 Dinner(12th)+B&B+Lunch(i3th)
Friday 13 July ..... YES/NO 17.50 B&B

Special dietary requiremsents:

I will give a seminar.................. YES/NO

The title of the seminar will be:

Please return this form plus chaque for accommodation (mada ocut to
CCP5 Surfaces Workshop) to:

Dr. R.M. Lynden-Bell

The Chemical Laberatery,

The University of Cambridgs,
Lensfield Road,

CAMBRIDGE CB2 1EW
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CCP5/ARCG Workshop on Parallel
Algorithms in Molecular Simulation.

W Smith |

.Daresbury. Ldb’oratory, 8 th. NO.‘.’GHIEGI”].QSIQ. o |

This workshop was jointly organised by CCP5 and the Daresbury Laboratory Ad-
vanced Research Computing Group (ARCG). The purpose of the meeting was to assess
the state of the activity in the U.K. with regard to the implementation of parallel algo-
rithms in molecular simulation; raise awareness of what is being done; broadcast news of
effective algorithms and strategies and initiate contacts between the groups with com-
- mon interests and methodologies: The meeting was well attended; with 30 participants
(including some industrial scientists) and 18 speakers,.

- The frst speaker of the meeting was Mr. M. Pinches (Southampton UmverSLty)
" who described a parallel implementation of the well-known link- cells MD algorithm.
Mr. Pinches has adapted this algorithm for the Cray XMP/48 and the Intel iPSC/2
(“hypercube”). The implementation:on the Cray XMP, he reported, is nob strictly

parallel since the user usually has limited control over the allocation of the processors to
agiven task. Thus while it is easy to couch the algorithm in terms of largely independent
processes it is not guaranteed that these will execute on independent processors. Thus
it is comunon for processes to *double up"” on the same processor. Much more control is
afforded to the user of the Intel hypercube ~where the allocation of processes to nodes
is straightforward.. L ~ s :
. The essence of Mr Pinches’ algorlthm is the geometrlc pa.rtmon of the MD cell into
'equal cubic regions {or slabs - the method works for many partitioning schemes), each
- of which is assigned to a processing node. The region assigned to each node is then
. further subdivided into cubic subcells, which match the linear size of the cutoff, as in
the standard link-cells scheme. To establish the physical contact between the regions
treated by each node, the subcells that lie on the edges of the regions are passed to
directly neighbouring nodes, where their coordinates are appended to the list of particle
coordinates for those regions. The forces are then calculated in the standard link-cell way
The integration of the equations of motion is followed by a reallocation of those particles
that have moved outf of the regions alloted to the processors, after which the MD cycle
continues. The algorithm has excellent scaling properties, since communication costs
are low. Simulations of the order of 1 million particles are now within practical reach
and the performance of the 64 node program is similar to a single processor Cray XMP.

S. Liem {UMIST) also described the implementation of the link-cells algorithm,
this time on a 16 node Meiko Transputer system and with the intention of performing
simulation studies of fluid How. Mr. Liem described the mapping of the 2-D link-cells
algorithm onto the “square mesh” network of Transputers in some detaii. The algorithm
inevitably had much in common with that of the previous speaker, but differed in the
detail regarding the maintenance of continuity of the sample across node boundaries.
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The Pinches implementation passed particle coordinates in both directions along links
between neighbouring nodes, while the Liem implementation passed the coordinates in
one direction only and later passed force accumulators in the reverse direction. Mr.
Lieru showed several graphs indicating the performance of the implementation. The
high efficiency and good scaling properties were apparent.

J. Perram {Odense) provided an overview of the parallel hardware and software cur-
rently being exploited and enhanced at Odense. The hardware currently consists of a
10 Transputer system with an Apollo DN 3500 workstation, two 64 Transputer Meiko
Computing Surfaces and a further requirement for a 162 Transputer Meiko. The insti-
tute has examined several strategies for parallel processing, such as “coarse graining”,
which leads to the idea of a “task farm”, where a control processor apportions work to
subordinate processors as the need arises. This strategy however is not especially suited
to MD work, More useful in simulation is the idea of “domain decomposition” in which
the data to be processed is shared amongst pracessors under a scheme which takes into
account the physical disposition of the data. Professor Perram illustrated this concept
with the example of a recently published algorithm in which a 3D system of molecules
is partitioned in the XY plane in a manner resembling the link-cells method, but in the
Z direction is partitioned intd sub-regions within the potential cut-off. The resulting
algorithm resembles in some respects, a systolic loop algorithm, but the number of data
passes is now a function of the number of sub-divisions of the cutoff. Thus overall the
algorithm avoids the need to consider all pairs of molecules in the system and can be
expected to be more efficient than systolic loops in simulations where the cut-off range
is substantially less than the size of the MD cell. :

A.D. Smith (Canterbury) described the Transputer system that is bemg usad by the
" Canterbury Physics department for liquid simulations. This is a Perihelion system run-
ning the Helios operating system. The hardware counsists of several Transputer. “quad”
© boards which are software reconfigurable and with 1 M byte of memory per Transputer.
© There is an additional “host” board with 4 M bytes of memory. The system is inter-
faced with several Atari microcomputers, which handle i/o and interface to the printers
and hard discs. Mr: Smith also described the software for reconfiguration and program
harnessing. The system is a multi-user system, though there is not much by way of soft-
ware protection and consequently requires experieticed multi-users for safe operation!
* The programuming languages available are Pascal, FORTRAN, C and Occam. Overall
the Canterbury group are well satisfied with their experience of the system..

The current MD algorithm the Canterbury group are using is a systolic loop algo-
‘rithm. The program is controlled by a master process; which runs on the host Transputer
and the systolic cycle runs on the network of Transputers. The algorithim passes coor-
dinate and force arrays around a ring of Transputers until all pair forces have been
calculated. A potentially expensive rewind of the data to the home Transputer (for
integration of the equations of motion) is avoided by passing data directly across the
ring of Transputers.

D.J.N. White (Umversmy of Giasgow) descnbed the COMMET system built by his
group at Glasgow. This system is a high performance graphics system consisting of
32 Transputers and is used for several aspects of molecular modelling. It is currently
used mostly for parameter optimisation, where the main part of the code executes on
the host Transputer and tasks are delegated to the network of tranputers. The system
is also capable of MD simulations and is currently being used to mode! the tertiary
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structure of proteins by the process of “mutation” from the known struture of a related
protein, Dr. White showed several slides which indicated the graphical capabilities of the
COMMET system, Various representations of protein structures, depicted as ribbons,
space-filling spheres, stick models and colummns; were shown. The overall performance
of the COMMET system was reported to be Cray-like.

D.M. Jones {Birkheck) described the work currently in'progress at Birkbeck to design
efficient Monte Carlo algorithms for Transputer arrays. A typical simulation undertaken
by the Birkbeck group is of a solute molecule suspended in a solvent (e.g. one ethanol
molecule surrounded by 216 water molecules). The object of interest is usually the
solute, but the bulk of the computational effort is expended on the solvent. Paral-
lelism was seen as a means to remove this bottleneck. The initial work was done on a
5-Transputer Meiko {one “quad” board and a “host”), programs were written in FOR-
TRAN and communications between Transputers were written in Qccam. Mr. Jones
described the methods undertaken to implement the basic Monte Carlo algorithm, be-
ginning with a “process farm” in which the solvent molecule moves were handled by
the “slave” processors, This arrangement was characterised by very high communica-
tions costs and further improvements were sought. Buffering the communications and
changing the configuration of the network to binary and tertiary trees did not result in
great improvements. A new strategy involved the construction of a distributed random
number generator so that several MC trajectories could be generated in parallel, with
ensemble properties cormmunicated to the host process. The algorithm was verified on
the Edinburgh Concurrent Supercomputer. Further improvements have heen obtained
by overlapping the random number generation and host-node communications.

D. Fincham (University of Keele and Daresbury) began his falk by overviewing
the work on parallel algorithms being undertaken at the University of [{eele KOSMOS
Project. This project covers a wide range of simulation projects in solid state, liquid
state and biclogical systems and requires the development of software for simulation
and graphics and incorporating parallel processing. Keele is a Unix site, with a Sequent
‘mainframe, Sun workstations and Meiko inSun hardware for parallel programming. The
latter employs Meiko cstools to prowde pamllehsm within the FORTRAN ianguage and
a multi-user environment. .

- Dr. Fincham went on to descnbe the systollc loop methods I:hat are ﬁndmg their
- ‘way Into the mainstream of parallel simulation work. The methods have their origins
in the “Tractor Tread” algorithm devised by the Waterloo group in 1982, and have
since been extended to include the SLS, SLD and SLB algerithms (with grouping and
- overlapping comununications modifications) by Dr. Fincham and his colleagues. Dr.
Fincham described the SLS-G algorithm (deemed to be the most efficient variant) in
some detail, including its load balancing and communication aspects, The extension of
the variant known as SLD to deal with three-body forces (narned SLT} was presented
and shown to be feasible for certain “magic numbers” of processors. An appeal for a
more general theorem dealing with this problem was made! The talk was concluded
with an observation regarding the MD algorithm of Perram et af, which he suggested
was also a systolic loop algorithm, but with spatial ordering to reduce the amount of
dala passing. :

S. Miller (University of Keele) described his work on the inclusion of long range forces
within the systolic loop framework. The ability of the systolic loop methods to model
many-particle systems was well known, however little work has been done to incorporate
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standard techniques for long-range {Counlombic) forces. Mr. Miller has looked at two
possible methods: the Ewald sum and the approximations introduced by Adams. Many
levels of approximation are available, the first three of which are spherically symmetric
and higher orders are anisotropic. The anisotropic forms are continuations of the same
algebraic series, which may be truncated at different stages according to the desired level
of accuracy. Tests of the relative accuracy of these approximations, measured against
the Ewald sum, for the CsC{ lattice showed that the spherical approximations were
quick, but not accurate. However some speed was still gained, and the desired accuracy
obtained, for a higher order of the anisotropic sum.

The parallelisation of the Ewald sumn was described. Ba.su:'LHy, the real space part is

dealt with by the conventional SLS-G algorithm. The reciprocal space part is partitioned
into sub-sums over the groups of ions present on each node, each of which calculates the
full range of k-vectors. The sub-sums are then passed to the “head” node of the SLS
chain for swmunation, and the result broadeast to the other nodes for completion of the
forces. S . Co L
A 'vIcDomld (Umversxty of Keel ) described a distributed visualisation system for
" simulations running on the Keele parallel computers, which runs on the Sun workstations
- at Keele and uses standard Unix pipelined channels to provide the interface between the
simulation programs and the graphics packages, The latter uses Sunview windows to
display the results, The system is interactive: while a simulation is running it is possible
for the user to intervene and change the conditions of the simulation e.g. temperature,
timestep etc. The graphical output provides running plots of the thermodynamic vari-
ables, RDF's etc; and a 2D plot of the particle positions The Keele group would welcome
. any suggestions for later inclusion in the package. . - :
-~ A. Raine (University of Cambridge) described hif: 1mp1ementatxon of the systohc loop
“algorithms for simulations of hiopolymers on Transputer systems. The central difficulty
he reported, was the adaptation of the SLS-G algorithm to incorporate the muiti-body
. forces present in the biopolymers. Such forces include the bond angle forces (3-body)
~and torsional forces (4-body). These contributions come within the capabilities of the
SLS-G algorithm because they are “bonded” terms that are defined by a “fixed” polymer
backbone. Simple rules may be employed to help with the partitioning of the atoms into
the groups required by the SLS-G algorithm. If these are obeyed (and in very many
cases they can be made so} the method becomes possible, The rules ensure that the
atoms involved in a particular 3-body or a 4- body interaction are not separated into
more than twe groups. S :

Dr. Raine also discussed the 1mplementat10n of the “SHAKE" algonthm for r1g1d
bonds, in a parallel environment. The main problem is the interdependence of the
bonds over the whole molecule, which is necessarily distributed over many processors. A
parallel itnplementation therefore implies a computationally expensive systolic approach.
Possible exceptions are the ' — H bonds, which are not highly interdependent and can
in principle be processed.in parallel. There appeared to be no universal principles to
assist in the general case and several strategies were suggested. An Occam biopolymer
program has been written by Dr, Raine to run on Transputer systems. Further news of
availability etc. will be made through CCP5. _

M.T. Dove (Cambridge} discussed the implementation of lattice simulations on the
DAP parallel processor, which he has exploited in studies of quartz, He began with a
hrief description of the DAP hardware, mentioning the 4096 processing elements and the

4
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availability of special shift functions to permit comununication between nearest neighbour
elements. He outlined the basis of the MD algorithm he uses for simulations of minerals,
which amploys a special mapping of the 3D system onto the 2D processing array of the
DAP. The implementation of a full Ewald sum has not yet been completed, but he was
considering using ouly the Bragg vectors in calculating the reciprocal space terms in
order to speed up the program.

A. Kara (Uuniversity of Liverpoot) described the planned development of a parallel
MD program for the simulation of gas-surface interactions on the Intel Hypercube. The
physical problem he described was the collision of a rare gas atom with the surface of
a metal. A number of phenomena can occur, including scattering and trapping of the
incoming atom. [n the first approximate model the treatment involved the construction
of concentric regions of the surface and underlying layers. The innermost regions were
dealt with most explicitly, while the outer regions give way to a rigid lattice model. The
parallel implementation involved a master-slave algorithm, with the master process run-
ning on the host computer and the slaves on the Intel nodes. Each slave was allocated a
specific “slab” of the concentric regions. The dynamics of the slabs wére caleulated by
the nodes, while the host calculated the dynamics of the incoming atom. The communi-

cation between the nodes was minimal in the first approximate model, where the lattice
forces were harmonic (Einstein solid). The bulk of the communication was between the
host and the nodes, which after the initialisation of the system consisted of the passing
of the incoming atom coordinates to the nodes and the returning of the forces acting on
the particle to the host, The program has been designed to adapt td node availability
in the multi-user environment of the Intel. .

C., Care (Sheffield Polytechnic) debcnbed the Lheory and lattlce ﬂmuht;on of am-
phiphilic systems . The objective of this work was to discover the simplest. model
manifesting miceilar behaviour and to study it in detail. The system exhibits a rich
phenomenology including: micelles, inverse micells, surfactant crystals, lamellar micelles
and various packings of these basic structures. The lattice model employed in the Monte
Carlo simulations was described. It consisted of & chains of fixed length, with a distinct
“head” unit distributed on a 3D (32 X 32 x 32 site) lattice, Interactions were confined
between nearest neighbours and included only head-solvent and tail-solvent parameters.
Moveés of the chains were by reptation Monte Carlo and a multlspm coding techmque
was employed for more efficient meriory usage. - . :

. The current hardware available for these slmulahons con51st oi' an IB‘\rI PC AT with
BOO4 and BO12 transputer boards. A 350 Transputer system is planned. In parallelising
the simulations, geometric parallelism was ruled out because of difficulties with bound-
aries when extended chains are usad and also because clustering prevents good load
balancing .The first strategy tried was that of a “processor farm” with a control proces-
sor and a special processor to manage the lattice. Unfortunately, the lattice manager
proved to be a bottleneck in the algorithm and seriously delayed the simulations. Con-
sequently Dr. Care opted for a “naive” parallelisation - running several independent
simulations simultaneously on each pair of Transputers. This was found to be very effi-
cient and cost effective. Each Transputer pair was capable of 100 1 s per MC move and
the whole network 700 1 s per MC move. Dr. Care concluded with a brief outline of
some of the scientific results, showing some of the structures obtained.

D. Nicolaides (Bristol) described a new approach to molecular dynamics simulations,
which he hoped would remove one of the limitations encountered in MD, namely the

on
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inability to simulate long lived phenomena, In a dynamical systems the method re-
quires the introcduction of a “mass matrix™; the elements of which are dependent on the
interaction terms (“susceptibility matrix”). Normally it is understood that when the
density of sigenvalues of the susceptibility matrix is nonzero at zero eigenvalue, long
lived phenomena are present. The purpose of coupling the susceptibility matrix to the
mass makrix, is to obtain equations of motion in which the modes avolve on a reasonable
timescale. Dr. Nicolaides is currently exploring the insight gained from this approach,
by atlempting other heuristic scalings of the mass matrix to achieve the same effect {e.g,
scaling as a function of the correlation length}. Dr. \Ilcolaxdes has plans to implenuent
this approach on the Bristol DAP array processor. -

J. Craven {Edinburgh) gave a short, unscheduled account of his implementation of
a parallel MD algorithm on the Edinburgh Concurrent Supercomputer. The algerithmn
he described is currently being used to siraulate systems of rigid molecules. Initially
the atoms are divided into even sized groups and each group allocated to a “home”
processor. While the forces within the Home group are avaliated, the groups are alse
concurréntly sent round the ring of processors, so that evéry riode can construct a replica
of the system. Then the forces calculations within the home groups are temporarily
suspended, while the interactions between groups are evaluated. These are resolved into
{incomplete) molecular forces and torques, which are circulated around thie ring, while
the home group forces calculation continues: The overlapping of forces calculations and
passing of the data is designed to reduce the major part of the communications costs.
When the complete forces have been cbtained on each node (i.e. for the home groups),
the molecular force and torques are obtained and the eguations of motion integrated.
The MD cycle then continues. The algoritlim is used in conjunction with a link-cells
strategy to reducé the number of interactions between groups and thus the number of
forces and torques to be transferred. R ST

" Dr Craven described the performance of the algonthm t'or increasing numbers of
processors (the algorithm deteriorated in performance as the process number increased,
but the deterioration was less in larger simulations). For a systern of 4224 12-site benzene
molecules, a comiputation rate approaching 80 Mfops was obtained on 132 Transputers.

- W Smith (Daresbury) gave a cautionary tale of an implementation of a parallel

MD' algorithm on the Daresbury Intel iPSC/2. Thie “Replicated Data™ (RD) algorithm
described retains copies of the coordinates and velocities of all the particles in the systern
on every node of the parallel computér and each node integrates the equations of motion
independently. The nodes however share the work of calculating the pair forces and a
global pass-and-sum algorithm is required to provide each node with a full description of
the forces between the particles. Dr. Smith described the workings of the pass-and-sum
algorithm and indicated how round-off errors, if unattended, can lead to divergence of the
trajectories on each node. A simple cure was prescribed. Dr. Smith alse gave empirical
formulae describing the efficiency the RD algorithm and showed the circumstances under
which the algorithm was most and least efficient. -
“ R.J. Allan (Daresbury) described the Occami harness FORTNET, which was devel-
oped at Daresbury. The harness is designed to support paralle]l FORTRAN programs on
Transputer networks. The user is freed from the need to write scientific code in Occam,
since the communication between Transputers is controlled by the Occam harness and
is invoked by calls to a library of communication routines, Dr. Allan described the
function of the routines available. The harness is currently in use at many academic
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sites and is continually being upgraded. For example the current version is capable of
supporting programs designed initially for the Intel hypercube. {Readers interested in
obtaining the harness should contact Dr. Allan at Daresbury.) :

M. Leslie (Daresbury) concluded the presentations with a description of distributed
malrix inversion on patallel computers. His current strategy involves the decomposition
of the matrix into lower (L} and upper (U) triangular matrices. He described the diffi-
culties of implementing this particular decomposition on the Daresbury Intet iPSC/2.

The final event of the day was a discussion of different approaches to parallel pro-
cessing. It was proposed that in molecular simulation (by either MD or Monte Carlo
methods) it is possible to use parallel processing simply to siraulate many different
systetns at the same titne, or possibly the same system at many different state points
simultaneously. There were a number of advantages to this approach. Ficstly, a full
study of a system could be speeded up by a factor equal to the number of processors.
Secondly, questions about load balancing, communication overheads and scaling of the
algorithm with the number of processors were redundant. Thirdly the design of the pro-
grams did not require a knowledge of parallsl processing as such, provrded & suitable
communication harness was available. : o

The arguments put forward in favour of developing truly para.llel progmma ‘were as
follows. Firstly, that parallel processing offered a way of making new scientific enguiries,
such as could only be achieved by enhanced computational power. The microscale
hydrodynamics study of Rapaport was put forward as an example. Secondly, there
were clearly oceasions when an investigation of many state points of a system were not
required and a single simulation of a large system (e.g., a protein) was needed. There
are also other branches of computational science where multiple calculations in parallel
are not the most suitable way of proceeding e.g. lattice simulations. Thirdly, questions
were raised about the control of many simultaneous simulations, where user intervention
was required. Finally, there were hardware considerations, such as the output of data
from many concurrent simulations requiring sophisticated processing in its own rlght
including expensive distributed disc systems.

What remained clear from the discussion was that the two opinions could exist side-
by-side. Parallel processors could satisfy both approaches, a point which underlines their
versatility.
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'Kosmos - An aid to Scientific Visualisation’.
A. McDonald .
- Univarsity of Keele

Abstract o . _ o
_ A method of Ilnkmg a standard molacular dynamrcs sim ulatron program toa remotely bcatad graphrcs
workstation {a Sun in this case) is cutlined. A brief description of the method using a simple Lennard-Jcnas

system as the host melecular dynamics program is presanted.

Introduction

With the currently increasing performance/price ratio of computer systems, workers now lind
themselves in the enviable pasition of having mare computer power available and at lower cost than ever before,
This leads to the question of how to use this (relatively cheap) computer power to enhance the productivity of
(relatively expensiva) research staff. The traditional way of using greater computer power is to soak it up in’
simulating latger and/or more comiplex systems and analyzing the (volumindus) data prodiced at a \ater time, i@ in
batch form. Many current users of research computer systems will be familiar with this method of working. There
is at loast one other way of working howaver, and this is to iise soma of the computer power to perform complex
data analysis in real time, ie as the simulation is progressing. Ideally the data should be presentad 1o the parsan
ruAning this simulation in visual form as the combination of the human eye and brain is capable of processing vast

amounts of data and drawing canclusions about the underlying patterns in the data much quicker than a computer.

Description of KOSMOS (the Inltlative)

" The KOSMOS projoét (Kesle Opan Softwara for MOlecular Simulation) is a projsct ta develop a new
generation of ‘sohware for molecular simulation. The softwara will be robast and well-documented, sinca a
primary aim is to brirg tha techniques into foutine Use by non-experts, particularly within industry (financial ~
suppart from ICI Chamicals and Polymers is gratefuliy acknowledged). k' will exploft the powar and cost
effactivenass of paraliel compiuting; 1t wil maka much greater use of graphrcs and interaction than is possibla-

using traditicnal’ supar—mmputer batch- processmg

Descrlpt]on of KOSMOS (tha program) | _

Under the auspices of the KOSMOS project here at Keale, a small demonstration system has bean
constructed, The KOSMOS program (namaed after the initiative) runs under the UNIX opaerating system. This is
necessary as the UNIX cencepts of pipes' and 'standard input and output' are crucial to the operation of the
pragram.Tha KOSMOS program runs on standard Sun hardware (Sun 3/60's) and is pregrammed in the G
languags, this baing preferential for systems/graphics typa programa.The host program can bé’ 'ﬁrdg'r'amméd in’
almost any camputer language, but as most research warkers are tamilidr with FORTRAN, the Host program used

a9 the test case was pragrammad in this language:
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A simple two-dimensional Lennard-Jones system has been programmed as the host program, this
prograrrr parforms all the usual static and dynamic numarical calculations such as the Radial Distribution Function
and the Velocity Auto-Corrslation Functions. Thermodynamic parameters are also calculated.

The KOSMOS program controis the hest Lennard-Joenes program using the standard input/output
concepts of UNIX and a simple 'control language' ta command the host program to perform functions such as
switching off voluminatts outputs of data, changing the pressure or temparatura of the systam or anything else
that the usar has programmed into the host program,

Using standard Input/output in this way means that the host program éan be testad on it's own, entirely
indapendent of the KOSMQS program, ie through an ordinary terminal and in some circumstances this can be
vary useful, 5

A two-way communication of dara occurs batwaen the KOSMOSIand hast program, KOSMOS sends
commands to the host program, which the host progra_m. acts upon and sands back data ir_r the fgrm of numbaers
(integers or floating point), and taxtual infcrmation (such as warninga abaut the Han"riito'niarr straying aarsida
dafmed ranges) Th|s mfcrmatron rs noz codad in bmary or any olhar form |e tha data |s human readabla _

o Tha advantage of usmg tha UNIX system and !he methcd ussd |n exacuhng the host program is 1hat
thaoratrcaliy any machma that can be remotely Ioggod into (la any rnachme tha1 respcnds to r!ogln ) can be used
as the hcst machine runnrng the smulatron Hera at Kaala wao run tha same s:mulatron program on a Saquent
mamframe and a Melko m ~Sun computrng surface us;ng Transputars (and grahfylngly tha latter srmulatron runs

soveral tlmes faster than tha Saquant whrch ia aIready racogmsad as a fas’( malnframe)

What KOSMOS can do...

N To maka tha contra! of the host program as slmpla as posslble several uaaful dawcaa are matalled mto.
the KOSMOS program as standard' thesa rncluda tha abrlrry to control the srmulanon uarng tha pomt and-cllck'_ _
user- lntorfaco known as Sunwaw. whrch allows the usor tc use a mouse to contrnl the entrra srmulatlon {ia it isn't ._
nacessary to use 1he kayboard at all) The data anaiysrs powars of 1ha KOSMOS prograr'n mclude tha ab|hty lo_.
dlsplay lhe data ina famrllar two-dlmenalonal graph and ‘read’ values otf lhe graph usmg tha mcusa or to have.
an alectronlc chart recordar' contmuously record the value of cenam paramators (m tha demonstratlon_
program, the temperature of the system, along with the klnetlc virial and total anergies of the system are
recorded). There also axists an "animation' dispfay that in tha demonstration versieni shows idealised images of -
the atoms 'bouncing around' In thair computational box,

There is currently no way of users installing thair own routines for handling the data from the host

pragram without coding in C and racompiling the program.

How KOSMOS does It...__ _ . o S .
Cantral to the idea aof how KOSMOS oparates is tha UNIX facrlmes of rsh' (remo:a shell) and 'pipes’. A

remots shell is a command interpreter for another UNIX machine that is rnvoked from a machlno that may be in the
same room as, or on the other side of 2 campus from tha host rnach:na. Plpas allow tha output of one program to
be used as the input to ancther program, for example the command who | we will count the number of users on the

machine {who i3 a3 command that details what all the users on a machine are daing - ane per line, whilst we ia a word
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and fine counting program). KOSMOS does rot use pipes in this way, rather using them as ‘cammunication
channals' betwean the host pragram and the KOSMOS controliing program. - . L

Tha KOSMOS program uses a configuration file that allows the user to change parameters that lh_q
KOSMOS program will use. When the KOSMOS program is invoked with this configufation fils, it uses the rsh
command ta start up the simulation program on the host machine, The configuration file contains the name of the
remate host pragram, which machine it resides on and how many ‘windows' the user wants (‘windows' used in this
contaxt includes the graphical davices that the user uses to display data an the screen as well as tha definitions
for the graphical controis that drive the host program - for example, the control that tells the host to change its
time step). o o . e
Once the host program has started up, KOSMOS waits for one of twe things to happen - the user
selacting a centrol on the graphics screen, or data to becoma available on the 'pipe’ from tha hest program. In the
first case, a control string is constructed consisting of the command to execute, and any arguments that may be
nacessary (eg the cemmand to change the time step is "dtea0.000001), This control string is then kept waiting until
the second action ocours - data appearing on the pipe. Whan this cccurs, thq_ KCSMOS program starts |
interpreting the data accarding to the configuration file' provided by the user. Typically this will consist of the
host pragram tslling KOSMOS how many. 'updates' are about ta occur, and the data assocfatad with t.hasa_
updates. Once all the data has been read in by KOSMOS (and various windows have been Update'd). tha
cammand string is sant to the host program telfing it what the users raquest is. Typically this will be the string
‘none’, implying that no action is necessary and that the host program can continue with its proce's'sm'g'. it an
action is required however, the host program will decode the command string, and call orie of several subroutines
to perform the action {change the tamparature, dengity, time stap etc.), )

" Thase actions are continually parformed by the twg programs, until the user tells the host prograrm to-

hait.

Thia methad of working means that thera can only be ona command sent t6 the host program par fime step
(time stap here means tha intarval between successive updates from the host program}, this can ba changed -
relatively easily however, o allow the user to sot several parameters at once anr.!_ have then_'t alt actaq upon by

tha host program (ie intarpreted).

Why this w-a-y?._ IERRTIRT
- There are a number of possible ways in which a simufation program can running on ane machine can
connect to a graphies program running on another, and we would tke eventually to consider all these posasibilities,
The X-windows approach is bacoming the standard msthod for daing this kind of thing. This is based on

the concapt of servera and clients. The user program acts as the client and contains the graphics calls: these
centrol tha servaer pragram running on the workstation, all communications batween tha two being handled by the
underlying protocols, transparently to the user. However cne ralies on tha server program provided by the -
workstation manufacturer ta utilise its graphics facilitlas efficiantly, and in tha currant state of development

there can be performance problems.
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' : There are low-level methods within Unix by which differant processes, passibly on different machines,
may communicate with each other. In Berkaley Unix they are catlad sackets ; in System V they are known as IPC
facilities. These methods dré rather complex for the averaga scientific user, though no doubt they ar very
powerful,

© " Anothar approach is possible Using the Meiko cstools software which provides the message-passing
between processors which we use in writing paralle) programa on our Transputar system. In thair latast version
of this scftware Meika have provided a facility 1o use the same message-passing routines between Suna on a.
netwark, and betwean Suns and Transputars. This is cbviously an attractive approach for us as it means there is
only gne set of software for us to learn. Howavar, there ara snags: Suns and Transputers have different
internal data ropresentations and messages sent between them must be converted into apprepriate form.
Furtharmore this is a propriatary rather than portabie approach:
At the mament the use of twa-way pipas seems the most suitable method for us. The simulation program
can be written irr Fortran; devaloped indepandantly of the graphical interface, and wili be completely portable. .
The ‘only limitation i$ that it should read instructicns and data from standard input, and produce results on.
standard output; The graphical interface can bé written in C, and ¢an make use of ali tha graphics facilities and.
softwars available on the workstation: The twa programs are coupied together be a facility which is vary sasy to -
usa and is completely standard in-all varsions of Unix .- -
Limitations .. .. .o
... The KOSMOS pragram as written at thé_ p;asant time is limited mainly by:' '_rtg.n"no_de of c_:ommunic.at.lon.. Two-
way pipes are a quick and sasy method of passing data around &twb’aﬁ_lh@hwo programs, but may _an ba th.e: _
mast efficient way. There exist other methods of d.'a_ta_ transfaf (spaéiﬁically Berkeley .s.t\}{a sockets, and sharsd
maemory), but thesa are ail more complex than the method chosen.
... .Because (reiatively) slow pipes are used 1o transfer the data, applicatione._ that output vast amounts of

data (imaging systems coming to mind initially) are riot suitable for the method of visualisation used in KOSMOS.

Future Directions/Requests for Input n |

The KOSMQS program is still very new and although more powerful systamsdo eiis.t.{f.o.r: scqantmc
visualisation, the ease with which a standard molecular dynamics program can ba converted to run undef the.
KOSMOS aystem and theteby enjoy the benefits of graphical interaction/real-time data analysis is definitely
useful - it is evan theoratically possible to take a current MD program and with the addition of the parsing routine
to decode commands from the Sun workstation, have it run under a graphical shell. . =

... Howaevaer, this writer is inaxpariancad in the molecular dynamics field and would very much appreciate

further guidelines/input on how to make the KGSMOS program more useful in ganeral and to the malecular |
dynamics community in particular. .. L _ . _ DT _

1 wish to extend my grateful thanks to Professor Mike Gillan and Dr. David Fincham for thair Envalﬂable

help in imptementing this systam,
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Report on the CC'P') WOII\shop on the Com Juter
Simulation of Polymers |

V. Szmth

Daresbuty Laboratory, 15 November L989

“* The inspiration for this workshop was the CCP5 sponsored visit to Daresbury Labo-
" ratory by Professor Kurt Binder of the University of Mainz and was one of the scheduled
events in Professor Binder's short lecture tour of the United Kingdom. Nearly 20 scien-
tists took part in the actual workshop and a much larger number attencled the lecture
given by Proféssor Binder, who hegan the ineeting. : :

Professor Bindet’s lecture was entitled “Monte Carlo bunulatmn in Poh er Physms

' 'and covered three areas of polymer simulation: polymer mixtures; mesophase formation
in block copolymers and adsorption of polymers at a wall, the first topic forming the
bulk of tha lecture. At the begining of his lecture Professor Binder emphasised the need
to simulate longer polymer chains and cited the cheap computational power afforded

by modern parallel processors. In Mainz they currently have an 80 Transputer Meiko

system, which with optimal progrmumnb achieves approximate Cray XAMP (E:lﬂo'le pro-

- cessor) performance. : . : '

" He began the description of the work of the \[amz broup on poiver mixtices bv de-

" scribing the phenomenon of phase separation of a binary mixture, The thermodynamics
of this process has been described for a long while in terms of the Flory-Huggins model
{1941) in which the enthalpy paramster x is of central importance in accounting for the
capacity of two polymers to mix. y can be drived: trom scattering experiments, from
which the dependence on the temperature anc the fractional composition of the mixture

‘is elear. The Flory-Huggins model is a lattice model in which the polymer chains [ A and
B) are regarded as self-avoiding random walks and the [Tee lattice sites are regarded ei-
ther as “free volume” or solvent molecules. The chains have lengths &4 and Vg and the
enthalpy parameter v is related to the molscular interactions {£4a, 5358, ¢48) through
the formulae: :

B €= €4g — (f4a +egn)/2

X o= ZE;'&BT

: wlth Z as'the coorclmatlon number Using this model the free enerdy of mi ‘cmb can be
calculated and it has been used to study the coexistence curves and critical mixing of
polymers..

Professor Binder stressed the 1pprox1mai.e nature of both entropy and enthalpy ex-

- pressions in this model, in particular the neglect of the correlation in site occupancy in

the enthalpy. [n several important respects the model fails: the critical temperature can
be incorrect by an order of magnitude; the model displays an incorrect dependence on
polymer concentrations; the functional dependence of x on the interaction paraineters
15 incorrect, and the predictions of the model appear to worsen as the polymer sizes ara

30



incraased, For these reasons Moonte Carlo simulations have been used to explore the
systam to highlight the reasons for the failure of the model.

The M simulations were also performed on a grid, though the system was simulated
at different chemical potentials {assuming a reservoir of polymer chains) rather than with
two kinds of chain. Chains were equilibrated using “kink jumps” and “end rotations”
gtc. In principle mixing can be sesn as the collapse of a suitable order parameter to zero
at the critical tetnperature, However, complete collapse is hindered by Anite size effects
and an extrapolation to gero in the order parameter. Finite size effects are also seen
in the collective structure factor at zero wave vector, where the developing peak at the
critical temperature is affected. Resorting to fnite size scaling theory, Professor Binder
explained importance of the ratio of the system linear dimension to the correlation length
and how this can be used to obtain the precise critical temperature.

Comparison of the coexistence curves produced by the dMonte Carlo stimulations with
those obtained from the Flory-Huggins model and the more sophisticated Cuggenheirn
model showad that while the MC curves possessed a “platean”, the FH curves were
patrabolic and the Guggenheim results were intermediate between the two, A possible
cause for this hehaviour was the collapse of the A and B chains at different rates near the
critical point in the FH model, but this was shown to incorrect by the MC simulations.
[t was shown that the principal cause was the failure of the FH model to account
adequately for the numbers of nearest neighbours. Tor example, for 32-head polymer
chains at the critical point the FH mocdel implied of the order of 77 nearest neighbours,
the Guggenheim model 34 and the 3C simulations 30. This weakness in the FH moclel
is the most hmportant source of ercor, :

Protessor Binder also discussed the calculatlon of the eqlntlon ot atate ‘which is
important hecause it allows the calculation of an effective ¥ which may then be com-
patred with experiment. He also touched on the phenomenon of spinodal decomposition
and Cahn's theory. The evidence obtained suggests that the polymer chains contract
somewhat in the early stages of spinodal decomposition. -

He concluded his lecture with a briet description of two curtent mvestigatlom The
first was the niesophase formation in hlock copolymers, in which specific isomorphic
blacks of the polymer chains torm ordered “lamella” structures while other blocks remain
amotplous. Liebler's theory for this phenomenon is currently being investigatud. The
second investigation was the adsorption of polymers on walls, where a detail investigation
of the fortmation of points of contact as a function of the interaction parameters was under
way. : _ S _ L _
The Rrst speaker in the following workshop was Dr. J.H.R. Clarke of U.M.LS.T
whose talk on the subject of “Polymer Simulations: Why Bother with Dynamics” pro-
vided an overview of the recent molecular dynamics simulation undertaken by his group
in the Department of Chemistry. Their studies of dense polymers, where slow motions
of polymer chains are not of interest, have shed light on the phenomenology of elastic
strain, yteld in plastic flow and the glass transition. The polymer model they have used is
a linear “united atom” chain, with published interatomic paramneters. They have devel-
oped their own method of creating in sifu a pseudo periedic amorphous polymer system,
by a growth process with Boltzmann weighting. A constant stress MD algorithun, based
on Berendsen’s approach, is used to relieve the stresses in the system.

Dr Clarke described some results obtained when the model polymer is subjected
to an uni-axial stress. [nitial work used step-wise increments in stress, but latterly a
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continuous stress model has been used. The gradual extension of the sample gives rise
eventually to plastic How at the yield point, which is only partially reversed when the
stress is removed. The removal of the stress prior to reaching the yield point results
in elastic recovery. There is a reduction in density up to the point where yield oceurs,
and an increase thereafter and the chains hecome more ordered when stretched. A
comparison of affine and non-affine displacements in the chains show that the non-afine
displacements are much the smaller during yielding. Comparison of atornic positions
petore and aflter yielding, using scaled coordinates, shows thatb yield results from large
movements of relatively small parts of the chains,

Dr. M. Bishop, also of I'M.LS.T., gave a talk entitled ~“Computer Simulalions
of Polymers at a Surface”. The modse] examined was a simple “bead” polymer with a
“head” bead anchored to the surface {by an “infinite” mnass). The inter-bead interactions
consisted of harmonic springs (*bonds™) and Lennard-Jones nonbonded forces, Bead
polymer models are favoured by Dr. Bishop, since they provide a simple model for
investigation, while at the same time possessing the requires scaling properties for the
macroscopic case. . The surface was modelled as a flat plane, with a 9-3 surface-beacd
potential, The density of the polymer molecules ab the surface was set very low (p ~
0.00001) to prevent chain interactions between periodic images. Brownian dynamics
were used to incorporate solvent effects.

The basic model chains have heen used in studies n[':,tructurﬂ properties of isalated
- polymers, where parameters of the polymer shape (such as RMS radius of gyration
< $* >} have been related to chain length in scaling laws of the form:

<5t s= AN - 1P
in Vvhlch P repxcaents 2 universal exponent. DLffﬂrent rebunes of behzwlolu hm been
observed, with different exponents, depending on the LJ potential parameters used and
the dimensionality of the system. Both “excluded volume” (EV) and "noun-exciuded
volume” (NEV) chains have been studied and compared with statistical mechanical pre-
dictions. Dr. Bishop also described the collapse transition where polymer chains hecoue
domuinated by intratuolecular forces and consequently shrink to a globnlar structure,

With regard to polyimers at a surface, tt was shown that increasing the surface-bead
attraction causes the chain to reside closer to the surface, up to the point where it lies
entirely on the surface and behaves statistically like a 2D system. Howaver, increasing
the intra-chain attraction causes the polymer to coalesce into a 3D globule with radial
distribution functions resembling the bulk crystalline material, Competition hetween
the surface and intramolecular forces is expected to show interesting phenomena, such
as tilting of the globule at the surface at a characteristic angle.

Dr. S.R. Euston of the Procter Department of Food Science, Leeds Univarsity de-
scribed his research into comnpetitive adsorption at a surface, in his talk “Sinndation
of Corapetitive Adsorption between Polymers and Small Displacer Molscules at a Sur-
face”. The subject is of interest to food scientists because ol the competitive adsorption
effects hetween protein stabilizers and low molecular weight emulsifiers in food colloids.
The model studied by Dr. Euston was a Monte C'arlo simulation of a 3D tetrahedral
lattice with both polymer and displacer molecules. The initial system consisted ot pure
polymer, which was allowed to equilibrate, with some segments lying in an interfacial
region. The displacer molecules were than added to this equilibrated system,

The polywmer surface interaction energy was fixed at a constant value and the effects
of changes in the displacer-surface and potymer-displacer interactions and displacer con-
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centration were investigated. The assessiment of the changes in the adsorption of the
polymer was obtained in terms of the fractions of “loops™, “tails” and “trains” in the
adsorbed polymer(Figure 1).

TN

tail \\ '

Figure 1. Loops, tails and trains

train

The resilts showed that the primary cause of polymer displacement was the surface con-
centration of the displacer molecules. Varying the displacer-surface attraction appeared
to he less impartant than the surface coverage. However, for low surface-displacer at-
traction, a highar concentration of displacer was required to achieve the same coverage.
This kigher concentration appeared to retard the displacement. Changing the displacer-
polymer interaction ab fixad concentration had little effect when it was repulsive, but
when attractive increased the polymer adsorption. Dr Euston conluded his talk with a
brief survey ol analytical theories of the effect of displacer molecules. .

Dr. M. Saqi of the Department of Cryscallography, Birkbeck College, gave a talk en-
titled “Monte Carlo Free Energy Simulation of Amino Acids”. Free energy caleulations
are relevant in many areas of biomolecular simulations, including drug design. The tech-
niques currently being used at Birkbeck are concerned with the effects of substituting an
amineo acid unit in a protein sequence with an alternative amino acid {i.e. a substitution
of the type A-B-C-D - » A-B-C-D): in aqueous solution:

The free energy method employed is based on thermodynamic prﬁrturbatlon theory,
in which the system hamiltonian contains a perturbing term; with a coupling parameter
(say A). Evaluation of the equilibrium energy of the system with differant values of the
- coupling pararueter enables the free energy difference between the original, unperturbed
system and the final, fully perturbed system, to be calculated by integration over the
coupling parameter. In applications to protein problems the perturbation takes the torm
of a substitution of one amino acid residue for another. Many queries are raised hy this
technique, such as: adequacy of sampling: choice of suitable values of A (i.e. “windows”):
ceproducibility of the results; effects of neighbouring residues ({local environment), and
how to deal with long range effects.

Dr. Saqi described the nature of these dltﬁcult1e~, with reterence to some example
perturbation caleulations: the substitution of —0OH for —C Hy in methanol; the sub-
stitution of threonine (THR) for valine (VAL) in a tripeptide, and THR for VAL in a
pentapeptide. The BOSS program of Jorgensen (Purdue) was used for this work and
the water model was TIP4P. Many important points were made by Dr. Saqi. arising
from these siimulations. The main lesson appeared to be the need for adequate error es-
timation. There is a tendency in modern work to judge the merit of the results obtained
on-a hasis of the ahsence of apparent hysteresis on reversing the substitution process

- to the starting point. However, examination of hysteresis over each individual window,

reveals that underestimates of the errors can arise from this. Dr. saqi recomrnended this
approach in the interests of better error estimation. Longer simulations, better sampling
algorithms and careful choice of windows may be required in future.
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The final talk of the workshop was given by [ Siepmann of Cambridge University
andd was sntitled *A New Method for the Caleulation of Chemical Potentials of Dense
Chain Systems”. He began by describing the “particle insertion” ruethod of Widom,
which requires the attempted insertion of “ghost™ particles at intervals into a simulated
systemn in ordee to obtain an estimate of the chemical potential. The method been
usedd successfully, but s tnpractical for dense systams and difficult to lmplement for
wwolecules. Mr. Siepmann has hnplemented a method for performing the insertion of
moderately long pelymer chains, which entails the initial insertion of a “head” particle,
followed by the insertion of the following chain by a Self Avoiding random ¥Walk {SAW}),

The method has been tested in simulations of polymer mmolecules adsorbed at a
sirface and comparsd with Widom's method and the “grid insertion” method. The
rasults clearly showed that, in this application, the 3AW method converged the wmost
rapidly and very long simulations {240 million MC moves ') were required to procuce
agreement between the methods. The Widom method appeared to be mwuch the worst
of the three methods.

The final event of the day was an informal talk by Dr. A. Masters of Manchester
University, who outlined sonie of the scaling problems encountered in lattice studies of
the system comprised of a polymer tn a solvent, A sumumary of this consribution has
heen kindly provided by Dr. Masters in the following article.
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A SINGLE POLYMER CHAIN ON A
LATTICE - SOME QUERIES

A.J. Masters

Department of Chenustry, University of Manchester, Manchester M1J 9PL, UK,

Towards the end of the CCP5 workshop of polymer simulation {15th November,
1989), there was granted an opportunity for the participants to raise queries and ques-
tions about polymers and [ duly displayed my ignorance about lattice chains. Many
colnments were inade by the audience, so now that I have been asked to réveal my con-
fusions to even more people, I hope I can incorporate sowe of the points made then. At
the outset, though, [ would like to make the disclaiiner that ['am fairly neiv to the poly-
mer field, so many of my problems and arguments will doubtless either be old chestnuts
or, as likely as not, just simply wrong! In any case, [ would like to learn more about the
subject, so any suggestions, references, etc., would be most welcowme,

[n this article I would like to consider single lattice chains in good solvent conditions.
I thus begin with a rapid outline of two-parameter theory, then give a briel account of
self-avoiding walks on a lattice (SAW's) and fnally consider SAW’s but with nearest
neighbour attractions. Finally I try to sumumarize what I do not understand.

‘1 Two-Parameter Theory

Tt i is commonly assumed (1] that'the behawour of sufﬁment]y Iong chamb m good sol» ents
is predlcted by a Haxmltomau H,; given by o :

212 an ‘2
Iy — -n-3| > a
where the chain is represented by a continuous curve of contour length N{ and r(n) is
a point a contour length n! along the chain. The excluded volume parameter is v, !

is the Kuhn persistence length and a is a cut-off to rule out segments interacting with
themselves. In the limit ¢ — 0 one ohtains the result

< R? >
SRR ME o = 2
. where < R? > is the mean squared end-to-end distance and
3Ny L
N e
T (P.r) Y @

Similarly, < §% > /N, where < 5? > is the mean squared radius of gyration, is also
simply a function of the single variable, .
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The most recent calculation [ know of F{z) is due to Muthukumur and Nickel {2],
and their results are fitted extremely well by

’ F( ) (1 -1— T.524z + 11. 0632)0'17?"3 {4)
Another recent formula due to Douglﬂ.s and Freed { 3] 13 )
Fz) = 173200772 (s > 0.75) .

and many other formulae have been proposed.

We can now ask whether lattice chains obey two parameter theory, and, if so, how
we get values for v, [, and ¥? Then one could attempt to verify the various approximate
formulae for F(z). We first consider the most studied lattice maocel of SAW’s without
atlractions.

2 Potted Hlstory of SAW’

'[‘or & wail\ of V steps each of Iength L Domb and Barrett [4] noted tha.t

p.rl‘_i‘.lo NiE T 1'64""%3-._f I

for many types of three dimensional lattices, whete o _

ipB = 3 (3;) T
Vepit being the uolume per httice pomt of the unit cell {fdr' a diamond lattice Veolt =
1.544%). The denowinator in eq. {6), ¥!?, is the mean square end to- end dlstance for a
random walk with iinmediate reversals allowed. " S S e

Some theoretical basis for this form for z came from studies of the Domb-Joyce

‘model [5], where intersections of the chain are permitted with a noti-zero probability,
a configuration being weighted by the factor I[; (1 — wé;,). w = 0 corresponds to a
ranclom walk without reversals and w = | corresponds to a SAW.

[t was found by carrying out an expansion in w that

< R >¢

_ N _ -

where A1 = (4/3)zpp(1 + O{N ~°%)}) and s0 on. Thus if, in each term, one kept only

the leading power of N, one regains the two-parameter theory with z = zpg, NV and !
being simply the number of steps and the step length respectively 1.e.

=1 4+ Adyw + A + .., (8)

< B>°

e = Flwzpg) . {9)

Yamakawa [b] compared this prediction against computer simulation, finding plots
of < R »% /NI% vs. zpp gave a smooth curve for results from many different lattices,
On the diamond lattice, with 42 < & < 240 Yuan [7] found < R »? /N1 fitted eq. (5)
very well with 3 = zpg but agreed very poorly with eq. (4}.

Not all lattices fitted this picture, though, but Tanaka {8] showed that if v was
treated as a parameter to be fixed empirically for each type of lattice, a smooth master

[3V]
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curve could be obtained for « B* >/ < RB* 5 where « R? =y is the value of < £° =
for a randony walk in which hounediate reversals were forbididen (e.g. lor large ¥ on
@ diamond lattice, < RB° »p= 257). Furthermore, having now determined z, Tanaka
showed aplot of = 87 =« 7 < 52 =5 vs. 2 {where again - §7 =y carresponds to a randomn
walk without inunediate reversals) gave a smwooth curve for all the lattices considered.
The questions now arise as o whether one can calenlats the value of v theoretically
anc as to why the Yatnakawa and Domb-Baveett focny of two-parameter theory, obtainad
from consideration of eq. (3}, sesms to fail. We now pursue these points a little turther

in the course of considering attractive potentials.

3 Attractive Potentials

A tipical simulation might taks the pair potential, v(r), between two segments to be

At e = 0 we régain the SAW, but there is a theta point, where ¢ = ¢; when -

ime < R 5= Coo NI o 0 (L)
W e B
Cilel the random walk without imonediate teversals result. - e RPN
Two-parameter theory would suggest an e-dependent volumie, v(¢), should exist,
‘where u(ep) = 0. Within the Domb-Barrett approach, one would presumably use eq.
(7) replacing v.o by vie) and having v{0) = vy This fails, though, at the theta-point,
for eq. (3) would then incorrectly predict < R*® »p= ¥{* instead of the result givea by
eq. (L1). Thus modifications miust be made to the Domb-Joyce model if it is to have
any hope of describing the variation of < R? > with ¢, S .
The obvious approach is suuply to forbid inunediate reversals in the or1g1nal model
i which case one finds- : o -
where By = | + O(N ') and B = (4/3)zp5(1 + O(¥ "1/1}), etc. with =5 containing
an excluded volume different from v..y. If on€ is permitted to keep only the leading
powers of ¥ in each terin (as before in the original model}, one obtains

CRR'J o “._"fd(w:bf’) U (13)

' Wlth the sainie tunctlon Fasin eqs. (2) and’ (9} _ '_ _ : .
As w — L, however, hoth models reduce to the same SAW and then eqs (9) and (13)
are clearly incompatible. Evidently the problems have arisen from dropping the lower
order powers of iV in the expansion coefficients - in a way that I do not see, the sum of
these neglacted terms must he of the same order of magnitude as the terms retained. In
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fact, looking at the problem this way, [ find it hard to see how, in the w = | lunit, the
series in eqs. {8) and (12) can agree and still obey two parameter theory!

On the more practical side, preliminary studies suggest that eq. (13) also fails. It
appears that a plot of < R% > / < R* »p vs. :hg gives anything but a smooth curve
for all the different lattices, and, for the diamond lattice, the results disagree strongly
both with eqs. (4) and (5).

[also attempted, for the diamond lattice, to determine directly v(¢)/v{0} by requiring
aplotof < B >/ < R* >y vs. (v(e)/e{0))N? to yield as smooth a curve as possible
(42 <« N < 220}. The results are shown in fig. (1). The full curve is the best fit to
the data from eq. (4}, using v(0) as the fitting parameter. Close inspection reveals
that points for a given ¢ cross the master curve, and clearly eq. (4} fits the data poorly.
Furthermore a plot of < §% > / < §% >p vs. {v{e)/v(0)) VY3, with v{¢)/v(0) determined
from the < R* > data, shows no smooth curve. Evidently, for this range of chain lengths
on a diamond lattice, two parameter theory is not working too well.

4 Final Comments

[deally one would like to use the computer simulation of lattice chains to test theories,
such as two parameter theory. The work of Tanaka suggests that if the excluded volume
parameter is fitted empirically, then < B? » / < RB? »p and < 5% > / < 5% >4 lor
SAW's for many different lattices fall onto a single master curve when plotted against z.
50 far our attempts to extend this analysis to include walks with attractive potentials
have failed - studies on chains much longer than & = 210 would probahly be needed.

The problem in testing theories such as the one given by eq. (4) lies in determining
v. The original and modifed Domb-Joyce models give different predictions for v, and
indeed, in the SAW limit and for large N, it is hard to see how the two expansions
contrive to-sum to the same result, which they evidently must do. :

These, then, are my difficulties. The theoretical ones being a failure to pmpprly
- understand the relationship between two parameter theory and the Domb-Joyce models
and the practical ones being an inahility to get two paramseter theory to agree well
with simulation results obtained for a chain with attractive potentials on a diamond
lattice. The latter problem might be helped by simulations of longer chains or else by
having some theoretical idea as to the form of corrections to two parameter theory, For
example studies based on the full Hamiltonian in eq. (1), retaining the cut-off @ might
prove enlightening. For a diamond lattice and without imimediate reversals, it takes six
steps or more for a chain to return to its starting point, and if ¢ ~ 6, then a chain might
have to be very long before neglecting ¢ becomes a good approximation. '
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Oy

Plot of < B® > / < RB® >y vs. z, the points from computer simulation of & chain on a
diamond lattice and the solid curve fromeq. (4). The key is: O, e = —04; ~, £ = -0.3;
+,6 = —0.2; V, e = —0.1; and A, ¢ = 0.0. N ranges between 42 and 210, and the
method for calculating = is outlined in the text.
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LATPICE DYNAMICS OF ZIRCONIA: FREE ENERGY CALCULATIONS
AN, Cormack and §.C. Parker’ : o

'NY state c‘ollege' of Ceramics, Alfred University, Alfred, NY 14802 USA™
2Department of Chemistry, University of Bath, Claverton Down, Bath BAs 7YN UK

Introdiuction

The central role that zircornia based ceramics occupies in the range of
non-metallic engineering materials is largely due to their remarkable property
of transformation toughening. In essence, crack propagation is arrested
through a phase transformation in which the symmetry of zirconia grains in the
matrix changes from tetragonal to moneclinic. In addition to these two
polymorphs there is a high températire cubic' form which has the fluorite’
structure. - when lower valent dopants such as Y or Ca ‘are added in sufficient
quantities the cubic form is an excellent fast ion conductor; as demoristrated
by Nernst almost 100 years ago.

In the pure 2r0, system, only the monoclinic form is stable at room
temperature, the two higher temperature forms being unquenchable. The
cubic - tetragonal transformation temperature is 2370°C whllst the
mechanically 1mportant tetragonal -+ monocllnlc tran51t10n oceurs at 1170°C
Both of thaese temperatures can be lowered by the addition of dopant ions such
as the rare earths and Mg or Ca. 1In this way, the cubic structure can be
found down to temperatures of around 1140°C, or even lower, singe the .eutectic
decomposition reaction is somewhat sluggish.

A number of potential models for zirconia have been developed and some
studies of the defect structure and phase relaticns have. been reported. The
recent development of a free energy minimisation code has prompted us to
investigate the structural phase transitions in zirconia, computationally.
This is of special interest for the cubic » tetragonal transition which is
hard to investigate experimentally because of the high temperatures involved.
In the doped systems, it is known that this transition is of a displacive,
non-martengitic type, whereas it has been established that the
tetragonal - monoclinic transformation is martensitic in nature.
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Theoretical Background

The PARAPOCS code eﬁuilibrates cr?stal.structures'to a given'tempefeture
{and pressure) by minimising the (Helmholtz) free ehergy. A rahge”of
thermodynamic properties such as entropy, specific heat and Gibbs energy are
also calculated. o o

The method used is based on lattlce dynamlcs and a ma]or llmltatzon
turns out to be the use of the quasi-harmonic approximation, which assumes
that the vibrational motions in the solid consists of independent quantised
harmonic oscillators whose frequencies may vary with cell volume, _

The prediction of crystal structures and other temperature dependent
cr?stal properties first recuires the calculat:on of internal stress caused

by the vibration of the constituent atoms. As stress is equal to the
| derivative of free-energy with respect to volume, and the free-energy at a
given volume can be evaluated dlrectly Erom the phonon frequenc:es, the
flrst step 15 to determlne the Erequenc1es _ Fo:_a shel; model.potentlal,_”
_the equations of motlon to be solved are:

a*u av

- e
dtz__ . du

in which u is the dlsplacement of the core and m 1ts correspondlng
mass. In the case of the massless shells we have the condztlon -  "'

av
-— =0 .

Py

where w is the shell displacement, corresponding to zero net forces on
the shells.: The potential energy is expanded to second order with respect
to ion displacements i.e. the harmonic approximation: ' s :

V'(f) - Vir) = I)Q{ELu-u-u + wuu-u-w.+ W, 'weu + W ewew)
assuming the unit cell is at equilibrium and W, represents the second
derivative matrix between cores, W, between core and shell and W , between

Flnally,'befefe selviﬁg.fef'EhezdefieetiﬁesIWith respeeﬁnto”ccre-ahd
shell displacements, the periodic nature of the solid must be
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considered, by 1nclud1ng the dependence of atomic displacements on the wave

vector gi. e.

‘uexp{i{g-r - wt).
and

. [g;..
]

W om g'éxp(i(g-g‘— wty
where r is the atom position and w the vibraticnal frequency. The :
second derivative, or force constant, matrix is similarly affected, for

example the force constant matrix for the interactions involving only .

shells is given by:

8= Wexpligr(r, - r,)
which ié'SUmméd'bQEf:éll’idns'r' - similar expressions are obtained: for -
the core-shell (T) "and the core~core (R) matrices. Hence we can riow solve .

the equatlons of motlon to get. -

o m y

lf:
3
it
-3
o
3
1€

and

o
|
I3
Ie
+
i
i

where m is the dlagonal matrlx ‘of core masses.  Removing the shell

dlsplacements W glves'

Finally, by defining the dynamical matrix D as:

D=u /PR - Tog )
and 12
u=n'ten
we get
o'n e Dn

which is now an eigen-vector problem and hence the freguencies can be
calculated by diagonalising the dynamical matrix. However, the phonon
frequencies are dependent on the wave vecter, so to determine the
phonon density of states, we need to calculate the frequencies over all

possible wave vectors.
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The need to calculate the frequencies for all wave vectors is overcome
in part by determining only those frequenc;es on a three-dimensional mesh
of points within the Brillouin zone, using an appropriate weighting factorl'
The weighting will depend on the number of times a point appears in the
Brillouin zone, thus the zone centre, q=(0,0,0), which appears only once,
will have a weighting factor of one, whilst qn(O-S,O?S}O-Si for an
orthorhombic crystal, will have a weighting factor of eight. Fortunately
the thermodynamic properties converge rapidly with the size of the mesh,
for temperatures above S50K. For the range of materials that have been
considered so far, there is little difference in the magnitude of the
thermodynamic properties for meshes containing more than eight distinct
points. The fallure at very low temperatures is because acoustic phonons
with wave vectors close to the zone centre are the only thermally exc1ted
modes, and thus a fine mesh is needed in this reglon to determ;ne o
correctly the phonon frequencies and so the thermodynamzc propertles _Tﬁis"
difficulty may be overcome by the use of so-called "uneven sampllng" -
techniques which give an appropriate weighting to wave vectors near the
zone centre. Once the phonon frequencies have been determined for points
within the irreducible Brillouin zone, we can calculate the thermodynamic
functions €, §, F and C_ i, e. _the v1brational energy, entropy, free energy
and heat capaC1ty, respectlvely, u51ng the approprlate WElghtlng ‘factors.
They are determined from the following expressions, for a set of harmonlc":
oscillateors:

E=kr} (%2 +xe -1
S =k ’}: (-1n{1-e %) + x/(e* -1))
 F = kT ?” (%2 +.ln(l—e'x)__

Cvt;:k:%ii.(3zéxj/(ek'li 
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where each is summed over the total number of phonon frequencies, M,

and where x=hw /kT. The zero point energy [hw /2 is also included -

in the vibrational energy and free-energy. In addition, the phonon density
of states can be calculated.

This then gives the thermodynamic functions for the strain free crystal
structure. Howevetr, we also need to include thermal expansion (which, of
course, is zero within the harmonic approximation) in order to determine
the crystal structure at a given temperature. The quasi-harmonic
appreximation is then used to calculate the volume dependence of the -
thermodynamic and structural properties. For example the kinetic pressure
is simply the derivative of vibrational free energy with respect to volume.
Thus for a cubic material:

- P, = dF/QV . -

”
and is detérminéd'by'calcuiﬁﬁiﬁg the fféeQenérqy éE &”ined QSIUﬁé'ahd
then recalculating F after making a small adjustment dV to the cell volume,
Once the kinetic pressure is evaluated, the constant pressure energy
minimisation technique can be employed for predicting the thermally
equilibrated structure, except that the total pressure is now defined as
the sum of the kinetic, mechanical and hydrostatic pressure, The problem -
becomes. slightly more complicated for nen-cubic materials as the volume .
will not expand isotropically. For these systems we have to consider six
different strain components. However, the same approach is utilised but =
with a small strain applied in each of the different directions and hence
the kinetic pressure becomes the difference in free-energy for each
component: |

1 dar

P - e -

*3 Vv de,
b

and from the kinetic pressure and the elastic constants we are in a
position to determine the resulting strain with which to perform a
constant pressure energy minimisation. ©During the minimisation, each atom
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position is adjusted so that it remains at a potential energy minimum, by
performing a constant volume energy minimisation, each time the cell volume
is modified. This is to reduce the possibility that an atom will be moved
to a position where the harmonic apprdximatibn will breakdown, such as at a
potential energy maximum, leading to imaginary frequencies. Thus by
minimising to constant pressure and including the vibrational compenent of
the free-energy, the érystal structure at a given temperature can be
predicted. o _ o _ .

We use a further approximation in the simulation, by assuming that the
vibrational comporient to the elastic constants is small and hence can be
neglected, Recent work by Harding has indeed shown this approximation to
be reasonable. The technique outlined above, which is the basis of the |
computer code PARAPOCS, is used to calculate the thermal expansion
coefficient; one approach is to evaluate the crystal structure at two
finite temperatures, and simply determine the change in volume, i.e.

B~ -
vdr
which is ahalogous to the experimental technique of dilatometry in which a.
small change in volume on heating is measured. = An alternative approach is.
to use standard thermedynamic functions requiring the thermal Gruneisen .. .
parameter, - y; the iscthermal compressibility, K, or the adiabatic
compressibility,'ﬁs; along with the heat capacities: - .

R,V KV

The thermal Gruneisen parameter can be determined from the change in
frequencies with volume directly, by first calculating the mode Gruneisen
parameters for each frequency:

~dlnw,.

v -

1

dlnv -

46



. The bulk, or thermal, Gruneisen parameter is evaluated by taking the
average of the heat capacity werghted mode Gruneisen parameters' '

Y= 5 G

v
where C is the heat capa01ty for mode i, slmzlar expressrons can be _
determined for non-cubic materials; Barron gives an excellent account for |
determlnxng the properties for non-cubic crystals' i.e. the |
expansicn coefficients in the jth direction are:

d{1n(1)]
o, W e————————
’ dr

and o .

G'-J o (Sjl .Y.__ s S"z .Y'-"I': 533 'Yj )._ C //V S

_where 1 1s the cell dlmen51on in the jth dlrectlon and s ) is tﬁe'eiastie:”
compllanee tensor (the inverse of the elastic constant) _ :_ f_ o
The blggest drawback as far as the present work isg concerned is the
neglect of anharmonzc terms, These are expected to be not 1n51gn1f1cant at
high temperatures, espec;ally at the Cublc + tetragonal tran51tlon (2370°C),
near the meltlng polnt of ZrO at 2600°C (approxlmately) ' '

Results

Our objectlve was to calculate the free energy of each polymorph as a
functzon of temperature and thus obtain the transformation temperatures. Our
fxrst setback was the observatlon that at low temperatures both the tetragonal
and cubic structures were found to have 1maglnary modes.  This proved to be
somewhat of a problem for equzllbratlon at hlgher temperatures, {for example,
within the known temperature range of their stability), because PARAPOCS
cannot routinely handle imaginary medes, since these can have no physical
contribution to the free energy. Thus egquilibration at temperatures ‘around
the two phase transitions proved not p0551ble and we had to con51der other
ways of 1nvest1gatxng these transztxons. o '
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Cur next step was to examine the dlSplacements indicated by the
eigenvectors of the 1mag1nary modes.L For the cubic flucrxte structure, ‘there
were three modes correspondlng to each of the cartesian axes. Flrst we'
displaced the oxygen ions along the directions of one set of eigenvectors (but
by a magnitude somewhat less than that of the eigenvectors) and then performed
a static lattice energy minimisation on this distorted structure. The final
relaxed structure turned out to be exactly that of the equilibrated tetragonal
symretry structure., Thus, we have determined the mechanism of transformation
from cubic to tetragonal symmetry. This occurs because of an instability in
the cubic fluorite structure asscciated with the mode calculated to have an
imaginary frequency.

Following on from this, we displaced the {oxygen) ions in the tetragonal
structure, in the directions implied by the eigenvectors of imaginary
eigen-frequencies and performed a similar static lattice relaxation to the one
just described, The final relaxed structure turned out to be exactly that
obtained by equilibrating the crystallographic monoclinic structure, Thus the
two transformations would appear to have similar orlglns. ey

This apparently ‘conflicts with the established wisdom, with regard to the
tetragonal > monocllnlc transformation. However, the tetragonhal ‘structire can
only be stabilised at temperatures below 1170°C through the irncorporation of
dopants, One might Speculate that this would alter the lattice dynamics of
the phase transition. We would argue that it is the lattice instability that
underlies the martensitic nature of the t + m transformation. The monoelinic
structure has a very low tolerance for dopant additions: its solid solution
comp051t10nal range 1s extremely narrow (around 1%). ‘The lattice 1nstab111ty
means the transrt;on W1ll occur very rapldly, this giving the dopants no time
to exsolve. We belleve, based on our current results, that the martensitic
nature is part governed by k1net1cs.' We would not expect the 100% pure Zro
materlal to shcw a marten51t1c t S om transformatlon.:'r

Effects of"'nbganﬁ'ﬁadiéi'onsf | "

ObﬁiouéiY}halway to investigate the role that foreign cations play in
stabilising the high temperature structures is to build a supercell and just
substitute some other cation, say calcium, for some of the zirconium ions,
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The supercell approach is necessary here because PARAPCCS is a perfect lattice
code. (Alternatively, codes that calculate local vibrational modes acound
defects might also be used). _ :

We initially set up a doubled cell and replaced one of the Zr by Ca (and
introduced an oxygen vacancy. for charge balance)}.. This had.the_lnterestlng
effect of removing the imaginary modes that were originally present, but,
because of the lowering of symmetry, other imaginary frequencies were
introduced. . A L L

Our next thought was to consider the effect on the normal moede frequencies
if one treated all the cations as an average of {2Zr + Ca), thus retaining the
cubic symmetry. Replacing 1 Zr in 8 by Ca reduces the charge on the cations
from a nominal 4+ to a nominal 3.75+. The charge on the oxygen ions were
similarly scaled, as were the masses of the ions.  With this concentratzon of
dopants, the structure was equilibrated at a temperature of 600K (more about
temperature later on). The imaginary. frequencxes that had been present
earlier now disappeared. - This strongly suggests that it is the effect;ve :
charge on the dopant that is responsible for stabilising the cubic phase, _
rather: than just the ion.size. Earlier, we had argued that, xn the case of
Ca, the size of the ien forces the oxygen lattice to be cubic in the v1c1n1ty
of the dopant, and that when sufficient dopants were added to ensure that the
local cubic symmetries associated with each dopant overlapped one would have
a stabilized cubic structure. This arqument was based on calculatlons of the
defect structure of Ca doped zirconia (Phil. Mag. in press), but does not
easily expla;n why Mg also. stabilises the cubic phase, because the ionic radii
of Mg’ *. and Zr - are: very similac.. . However, both Ca and Mg have the same .
effective charge and we would thus expect them to have a. 51m11ar effect 1n )
stabilising the cubic structure.. Work on this is in progress at Alfred.

Next, we reduced the amount of "dopant" to a nominal 6.25% by lncrea51ng
the ion charges (and the masses). At the same temperature, the 1mag1nary
frequencies were still present, indicating that this was not a sufficient
concentration to stabilise the cubic structure. However, this concentration
was enough to stabilise the tetragonal structure. These results are
consistent with the experimental phase diagram for temperatures around 1750°C,
approximately. (We did not have time to explore further these effects; this
would cbviously be a worthwhile exercise, though).
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Temperatures Effects -

The differences between the temperature used in these calculations, 600K,
and the approximate experimental equivalent, 2000K, needs further discussion.
The calculations did not converge at higher temperatures. We believe that
this is because the'elastic properties predicted from the potential model are
too stiff (C,, is too large}. Free energy calculations are a rather severe
test of interatomic potentials and the difference of 50% (61 GPa calculated v,
42 GPa measured) for C, means that the balance between static and kinetic
pressures will be attained at lower calculated temperatures than would be
measured. It might also be noted that an error of only 0.02eV translates into
a temperature difference of about 200K. Thus we should not expect too much in
this regard from our potential model. It would be an interesting exercise to
see how much improvements to the interatomic potential would be reflected in
the temperatures emerging from the ‘calculations.-

A final point concerns the actual limitation of the theory behlnd the
calculations. - The phonon modes were calculated in the quasi-harmenic .
approximation which is almost certainly not applicable at temperatures much
above the Debye temperature. . S _ .

‘Qur results; indeed; suggest that this will bBe a'limitation to successful
high temperature simulations, especially in the vicinity of the cubic -»
tetragonal phase transitior-at 2370°C L

Our résults here indicate that anharmonic effects lead to the stabllzty of
the cubi¢ phase in pure Zr0, which may exhibit a considerable degree of static
disorder around the oxygen sites in addition to the thermal motion to be
expected. Further work, both thecoretical and experimental (e.g. in-situ- ..
diffraction studies), are suggested for this problem. -
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Summary
Publication and citation. indicators are used to analyse quantita-
tively +the scientific communication in the research specialty
"Molecular dynamics (MD) method". The study is based on a biblio-
graphy of about 19099 papers published during the four-year period
1982-1985 and the citations of 1882-1987 to +these papers.' By
means of a coherent set of scientometric indicators we
characterize both the time series of such indicators (especially
the c¢itation inpact) and several biblionetric distributions
(authors’ performance, journal productivity). Horecover, we inter-
pret the influence of fundamental MD papers by megans of their

citation histories.

1. Iemtroduction: - -~ . : .

In this journal it i3 not necessary extenrsively to  explain
the . role of simulation methods in condensed matter studies. On
the sSuppasition that a time interval of =some piccseconds is
encough to learn the main structural and dynamical properties of
many particle systems, one models the trajectories of the consti-
tuents - atoms and atom groups of matter under consideration -~ on
the cowmputer. Beginning with +the source papers of Alder and
Wainwright £ 1 1, Rahwan { 2 ], Rahman and Stillinger £ 3 1] has
now the . molecular. dynamics method a well established positiocn
within physics, chemistry, and molecular biology.The jump from
theoretical research tc practical applications is now done ( 4 1,
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Only +the application of the MD method allows the study of speci-
fic aspects of atomic motions - in  structureless liquids and
conmplicated proteins. The development of the MD method is tightly
connected with the increasing potential of computing techuigues.
Two main tendencies can be observed:

(i} The high degree of parallelism in supercomputers needs the
development of a new type of software and

(ii) the available chips for low prices makes it possible +to
canstruct special purpose computers.

Up to now it i3 not clear what real value the special purpose
computers will have in the future on simulation methods.

During +the last 1 - 1S years gquantitative methods of
research evaluation have occupied an imnportant position in
research management and science policy. Among other approaches,
the quantitative and statistical analyses of scientific litera-
ture. play an. important rcle tc assess the output, - i. e. the
results of - basic research. In 1969 the  tern "scientaometrics”®
{navkonetrijal) was c¢reated including all kinds of gquantitative
analyses of +the zeneration, propagation, and uwtilization of
scientific information L S5 3,

dccording - to the original definition scientonetrics - refers
- ta . "thaose quantitative methods which are . dealing. with the
analysis of zcience viewed as an information process’. Rezstric-
ting to such fundamental formal units of scientific communication
as publications and citations of scientific papers, We Suppcose
explicitly that research results are primarily published in jour-
nals and that we can use the citation fregquencies of correspon-
ding vpapers -  as a measure for the attention paid by scientific
communities (or also as & measure of impact, . utility, importance
or quality). In  spite of different publication and citation
habits in different fields of science, we can start from the
assunptian that +the nmentioned =suppositians are generally
fulfilled in physics and other fields.

Extensive quantitative studies of the. structure and dynamics
of science require the possibility of online searches. in. data-
bases containing bibliographic information. on published scienti-
fic literature, . the availability of appropriate software for
statistical analyses and the application of a system of sciento-
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metric iadicators which allow a reflection of structural and
evalutionary aspects of science as well.

By counting the taotal of articles per year on a particular
subject and recognizing the changes in the following years, one
can already get a good impression of the varying interest within
the research comrmunity. By examining papers that become highly
cited shortly after publication, one can often realize the so-
called "hot sSpots" in science — areas of research that are
actually of special interest t0o scientists. These highly cited
rapers are sconer or later cores in research front specialties.
Particularly the technique of co-citation analysis has proven to
be a powerful 400l in studying the specialty structure of science
L 8,7 1.

It is a well-known fact that publication and citation pat-
terns tend to be quite different in the various fields of science
and wWithin one field they differ from one -research front to
ancther. Therefare, it seems to be & practicable way to eliminate
cross~field biases as far az possible to introduce relative
indicators of publication performance and citatioh impact In the
present study we analyse the evolut;on of the applxcatlon cf MD
simulations in science by means of a system af s:mple publicatian
and citation counts on the one hand and relative ipndicators on
the other hand. Such indicators were also used in other analyses
{ 8-10 1. in order to calculate sc1entometr1c 1ndlcators we
combined data from tuo b:b11ograph1c databases rINSPEC and
SCieﬁce'Cxtatxon Index) in this way exploltlng the advantages of
several types of scientifzc information.

2. Data zources T

It should be noted that oniy in TQEQ:thé ”tefﬁ II'Molecular
dynamiCS metho&f becane a preferred'term in the INSPEC'Thesaurus.
i. e., 25 years after Alder and Ha:nurxght s first HMD paper. The
annual number of papers 1ndexed by this term is represented in
Fig. 1. | o - |

Our scientdmetric stu&y {s based oh a comﬁreheheive biblio-
graphy of HD papers for the four— year per:od 1982- 1985 (publica~-
tion vyears!)! compiled by computer- ass:sted searches in INSPEC and
conplenented Thy data from Physics Abstracts and the printed
version of the Science Citation Index (3SCI) of the Institute for
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"Fiz. 1: Annual riumber of MD papers in INSPEC indexed by the term
“Molécular dynamics methaed" (The frequency of the vyear

1988 was extrapolated from the first six months.)

“Scientific Information (ISI, Philadeiphia, PA, USA). We emphasize

that the bibliography is not complete, because — as a random test

" showed - not every relevant paper was indexed in fact by the key

'word:'“Hdleculaf:dynamidsnﬁethdd”'br a related tern. Under these

circunstances, our sample size includes 1098 publications for the

aiven period. C . S _

The citation data have been collected by manual zearch from
the 1982-1987 Citation Index volumes of the SCI as well as the
1984~19868 SCI Journal Citation Reports (JCR). Thus, the following
data have been used as a source of scientometric indicators:

1. the biBLiographic data of 1982-198% publications,

2, the 1982-1987 citations (altogether nearly 4200 citation
frequencféé)izreceived by the subset of journal articles also
‘indexed in the SCI, and N - ' '

3. the journal impact factors according to the JCR.
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3. Eesults of the analyses
3.1. Publication activities -

Among the (@8 papers published within the periocd 1982-1985
there are 978 journal articles mainly as letters, nates, original
vapers, and review articles in SCI source journals (Tab. 1). Non-
journal items (contributions in manographs etc.) constitute only
a zmall fraction of publications.

The authors are affiliated with research institutions ino 27
countries (Tab. 2); on an average 2.3 authors coentributed to one

paper. If scientists from several countries published one paper,

Tab. l: Publication activities during the periocd 1882 - 198%

year ‘number of number of ... among themn
" publications ~journal articles. in 3C1 journals
1982 189 182 181
1883 2786 287 281
1284 253 238 235
1885 239 289 281
sum 1908 976 958

At At Aa K iy Arm et S ek A R Rt Rt e Lt v L i e e e e R i e M oy R e e e e . e o e o o o e o m f  F e W AR et R R e e e e
e g e et ettt e s e e e e st e o e e

this was assigned +to that gountry appearing in the carporate
address of the first author.

The publication performance reflects the supremacy:of some
few countries in-afplication of MD sinulations; alreadyt'scien—
tists from five countries published more than 79 per. ceat of
papers.

Many enpirical investigations have shown that theoretical as
well as methodological papers are often widely spread in classi-
fication schemes of bibliographic databases. This is also valid
for papers on MD on the account of their various applications. By
means of the classification of MD papers in INSPEC (especially in
Section A: Physics) one can get a state-ef-the—-art survey on WD
applications.- To conplete our:data, uwe classified alsoc papers
searched in the 3CT1 database according to the INSPEC classifica-

tion 2cheme; Tab. 3 lizts the summarized results.
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Although corresponding findings from the past are not

available, two conclusions can ke drawn: Firstly, the increasing

rank country numrber of proportion of the
publications world's total (%)

1 USa 382 35.91

2 United Kingdom 152 i4.88

3 F.R.Germnany 77 7.84

4 USSR _ - 73 7.24

5 Japan : 61 B.25

G- Canada . . a7 4.866

7 France: - . .. .. .. 47 4.68

8 Australia. S 37 _ 3.87

9 Netherlands L 33 3.27

19 [taly _ 30 Z.98

11 Spain 14 1.38

12 : Denmark . 11 1.29

13 israel 11 1.23

14 . India - g @.89

15 - . Sweden . . . . _ 7. @.89

=T Austria . . - 7 ?2.869

17-27  others 3t 3.08

importance. of. MD methods to simulate complex systems (e.g. in

biophysics) is obvious, . and secondly, HD computationzs donminate
further on in theoretical studies ¢of sStructure of condensed
matter.
3.2. Bibliometric distributions o

Various phenomena in scientific communication and library
science can be describsed by regularities that one can forunulate
mathematically.. Both deterministic and stochastic models are
appropriate toc reflect such phenoamena. _ _ _

Within the framework of stochastic nethods bibliometric
distributions hold an ocutstanding position. E.g, one can model

the distribution of stientific papers in periodicals, the distri-
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bution of individual =zcientific productivity {e.sg. the frequency

distributioen of authors with 1, 2, 3 ... papers in a given

subject field percentage of
publications(%)

condensed matter physics

structure of liquids and =solids 4.8
~ mechanical and acoustic properties 2.@
- lattice dynamics

~ equations of =tate, phase eguilibria,

and phase transitions 9.3
~ thermal properties 1.1
- transport properties (nonelectronic) 6.6
- surfaces and interfaces 5.9
—~ optical properties and spectroscopy 2.9
kinetic and transpart theory of fluids 2.7
rhysical chenistry 3.8
biophysics 7.9
computer algorithms 2.9
other applications 12.5

period) and the distribution of citation frequencies of publica-

tions.

Already sinple hyperbolic Zipf-type distributions

P(X=1) = const./,P =1, 2, 3,...
‘5« positive real
number
are suitable to describe peculiarities of different social phenc-—
nena as the scaling invariance in hierarchically ordered
structures (e.g. scientific compunities}) { 11,12 1. |
3.2.1. Lotka's distribution of scientific productivity
A. J. Lotka was ostensibly the first to attempt a wmeasure
for the inequality of scientists' productivity. In an article
published in 1826, he counted the number of articles by authors
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£131. In particular,hbhe ploctted the frequenc;es of persans= having
1, 2, 3, ... contributions, against these numbers 1, 2, 3, ... of
contributions, baoth on a logarithmic sbalei hé féﬁnd that the
points were closely scattered across an essentially straight line
havirng a slope value of apprbximately two. This procedure wue
will also apply. _ )

Since our bibliography coniéins many papers wWith nultiple
authorship <(altogether 78 per cent), +the authars’® publication
performance was evaluated by two measures: whereas the “"normal
count" procedure allocates full credit to all contributors of a
publication {(unweighted npumber aof articles), the "adjusted count"

% unweighfed
o weighted . . .
aufhorships

é'

number of authors

10 =
Fig. 2 Distr¥ibution of
1, — - individual performance
number of papers (Lotka's law)

procedure takes intoc account the partial contribution of =scien-
tists, 4i.e., for a paper uritten by n authors, each authar is
credited 1/n authorships [ 14 1. We did not exclude such points
from the observed data distribution representing both, nost pro-
lific authors and lou—productive'scientists {(for our example,
among 824 authors, 521 published only one paper). _

) Nevertheless, the frequen¢y  distbibutidns of authors’
performance fit Lotka’s model ﬁA - number of authors. P - number

of publications) for unueightéd as Well as for weighted author-
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shipz (Fig. 2}. In crder to calculatse the =lope pB of the regres-
sion line, we used the linear least-square method in this study.
3.2.2. Scattering of journal articles

If the sources in a hibliography are rahked in decreasing
order aof productivity, a semilogarithmic plat of the cumulative
total of papers vs. the journal rank (Bradford representation)
yields in many cases a characteristic stretched S—-shape curve
le.g. [ 153-17 1). .

Fig. 3 shows the Bradford’s plot of the data taken from Tab.
4, It containsg a samnple of 978 HD papers scattered anong 156
journals. The diagram represents a special class of Bradford-type
curves mentioned above, i.2., the resulting graph is concavely
increasing and at some point the curve turns to a straight line,
According to Bradford +this first segment of the curve - the
nucleus =zone - is corresponding ta the nost prdductive journals
of the chosen subject field., At some second point the curve drops

off, the so-called "Grogs droop” appears*tfla 1. In our exanmnple,

1000 -

5

cumulative number of papers
g
S

IR ..-l.:l.'l.l:l\ll : 1 ST TR N T N 3
9, 10 r 100
' “ronk of journal

Fig. 3: Distribution ¢f relevant papers on the given subject vs.
' the rank of “the journal in the order of decreasting
proeductivity (Bradford representation)
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the gnuclsu=z zone contains 9 journals publishing 45.3 ¥ of HMD
papers. Two thirds of journal articles were publishned in 24
rericdicals as particularly listed in Tab. 4. In conmparison with

that, in 89 journals only one or two papers were published

Tab. 4: Bradford distribution - share of major journals

rank jourmnal nunber of cumulative
papers nunber of
papers
1 J. Chem. Phys. 124 124
2 Mol. Phys. D 86 219
3 Chem. Phys. Lett. S 45, . . _ 295
4. Phys. Rev. B R £ AR 29¢
5 Phys. Rev. A .. o 37 .. . 338
a8 - Phys. Rev. Lett. - S 32 o 3638
7 Surface Seci. .- - : 28 - o 386
g J. Phys. C .. L 25 . 421
Abstr. Fapers ACS . - - . 22 : 443
12 J. Phys. Chemn. 21 4184
11 Phys., Lett. A . T 1 = TUE T 482
12. . Chem. Phys. .. L 17 o 433
13 J. Hol. Liquids - - ... .. 7o 516
i4- Physica & e vy : _ 533
i5 J. Non~Cry¥st, Sglids - . . . i - S 549
i6- J. Phys. Soc. Japan. .. R - O 584
17 Bigphys. J. S e 15 _ 573
18 J. Chen. Soc. Faraday Trans.Il 13 . _ 592
19 J. Physique 11 . 823
29 Z. Naturfarsch. A _ 11 . o 614
21 Physica B + C S 11 825
22 Comput. Phys. Comnun. 1a B35
23 Fiz. Tverd. Tela L ie . : - 845
24 .. . Scl. State Commun. - S e o 855
25-196 cthers L A 323 978 .
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3.3. Citation indicators

The use of citation analysis ag a research wmethodology in
the quantitative science of scienc¢e is based on the assunmption
that biblicgraphic citations give an acceptable picture of the
actual influence of publications on the advance of scientific
knowledge, but not necessarily for their "quality" or
"tmportance". In order to eliminate field differences concerning
citatien habits, We use a set of citation indicators which has
been introduced some years age for comparative evaluations of
gcientific activities of research units ( 8-1©¢ 1. To calculate
such indicatoers, the tuwo-year publication ocutputs (18821983,
1983-13884, 1884-1985) were analysed by counting the 1984, 18985,
and 1988 citations, vrespectively, to these publications. This
conforms to the procedure applied in the annual JCR in calcula-
ting the journal impact factors l!'. The journal impact factor is
this journal. For any set of publications in different journals,
the expected number of citations is consequently defined as the
weighted number of impact factors, where the numbker of publica-
tions in a specified journal is the weighting factaor.

FTor a two-year publication output, the observed number of
citations is the actually received total sum of citaticns in the
imnediately following vear.

The relative citation rate Cyo] i5 the ratio of the observed

t0 the expected number of citations. Values. > 1 (<1} indicate
that papers of a given set are mcore (less) frequently cited than
the average of the journals in which they were published. Parti~
cularly by neans of this indicator we can overconmne . difficulties
concerning field differences in citation habits. The values  for
Cprg] in Tab. © demonstrate that MD papers, generally spoken, are
integrated intc the "normal" communicaticon pattern of science
that «can be characterized by Cpg) 1. It could be shown that
Cyrel - i5 much more than 1 £ 19-21 ] for new research specialties
in physics which are of topical interest.
Vthe impact facter of a journal calgulated yearly by ISI is  a
measyre of the average number of citations in a certain year {(say
1885), to articles published in that journal in the past two
years (1984 and 1983).
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The definition of the journal impact factor by Garfield is
consistent, because on an average a scientific paper reaches {ts

maximun citation frequency 1-2 years after publication [ 22 3. On

el el o e e et e e e et e b e e ey e el et nelfeicielfi et

Tabk. ©: Citation indicators

e s A S S N A s ms m mem e e Y el ol e b e A R A e A AR A} B Ak o AR — A —— — ——— ] T o Cwn ol — — e AR i r —

year observed number expected number relative
number of citations of citationsX) citation rate

1984 19044 1921 1.02

1985 1421 1258 1. 13

1986 1154 1175 ¢.98

x)

e e e e i e e . o e m  m  m  m  r F rm T ot P e . o e o e o o o o ot Ak e R T A m e . o o o o o o
L L I L L o N A . I S N I I S S o o oo oo oo L . oMM e E Do mEmsm==

the other hand, the Ccitation histories of many pionesring scien-

tific publications contrast sharply with those of "an average
research paper.

U Fig. 4r Mean value of citations

per’ - paper itn the year of

publication and during the fol-

lowing years

 Fig. 5t Application of MD simu-

lations in biophysics: specific

aging of the literature
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Taking into account all the 958 MD papers published in 5CI
Tource journals and calcdlatihg the mean citation rate per publi-
cation cp in the year of publidation and the following fivenyears
(Fiz. 4), uwe obtain a time series of thé_égéing (or'obsoleSCénce)
of literature. One can notice that cp shows a rapid rise in the
first two vyears with a not distinct citation peak in the third
year after publication; in the fifth year a decrease of cp can be
ohserved. o _

This picture is more differentiatéd if we analyse the speci-
fic obsolescence of literature on special MD applications. Fig. ©
shows the annual citation freqencies of the subset of papers on
MD computations in biophysics. (The final value of cp is5 not
statistically significant.) The resulting curve illustrates both
the ‘Yabove-the~ average" citation of these articles and the
unusual ageing of literature, _ o ___ 
4. Historical notes and citation histories bf_fuﬁdéﬁéﬁtai HD

publications .

After +the first publicafion of Alder and'waihufight E. 1 3
similar works started also in other countries. Even at the'beginw
ning of the sixties there have been active groups working in the
field of simnulation methods in the Soviet Union, e.g, in
Leningrad, Moscow and Kiev. Different circumstances prevented the
acceptance af the uwork of these groups. Now, we aonly can see that
methodically inportant publications could not act to the neces-
~ sary extent, One example: Already in 1972 Balabayev, Grivzov and
Snol published a very effective algorithm for molecular dynamics
simulations for_sysfems With constraints [ 23 J,and in 1879 they
presentad results for the simulation of chain molecules 241 3.
Only some years later the papers of Ryckaert et al. © 25 1 and
van Gunsteren and Berendsen [ 26 1 were published as the methodi-
cal basis of the well-knoun SHAXKE~algorithm. The influence of the
latter publications on the acceptance of the HD method, especial-
ly in racromolecular science, can be seen in Figs. 8 &), f).

In his cumulative advantage concept FPrice suggested that "a
paper which has been cited many times is more likely ta be cited
again than_one_which has_béen little cited" L 27 1, i.e. +thaz
highly cited papers age more slowly with elapsed tinmne than less
cited papers. Espegially key publications have a nmuch longer

64



a)

b}

c)

a

IS
<
T

20

60 Z/ 80 year

e
]

o
%]
——r

N,
=

N
(=
1

L

] . N L L L L _ 5 - ]
0% 75 80 - 85 year

Citation histories of.some fundamental MD papers _
{a) Alder and Wainwright C[11, (b) Rahman (231, (¢) Verlet
£281, (d) Rahman and Stillinger (31, (e} van Gunsteren
and Berendsen [28], (f) Ryckaert et al, [25]
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citatian tife than normal scientifig papers, and zometimes they

are characterized by unusual longevity. This applies alsc to

some papers mentioned above; their citation histories are

illustrated in Fig. 6.

In all cases the continuous influence of these fundamental
contributions to MD simulations is remarkable. The most cited
papers are thoszse by A. Rahman { 2 1, cited 728 times, and by L.
Verlet [ 28 1 which achieved 698 citations.

5. Conclusions
The presented results of scientometrical observations in the

field of molecular dynamics method show the specifi¢ power of
statistical studies and the use of biblometric distributions tao
characterize fraont fields in science. In a sufficient manner
could be shown structural and dynamical aspects in the evolution
of the MD method, including some non-expected developnrents.
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Fortran Computmo 5pecd of. SU\I by%te‘m% w1tl f68881
floating point processors

B.C.H. Krutzen and J.E. Inglesfield

Institute for Theoretical Physics, University of Nijmegen
Toernooiveld !, 6525 ED Nijmegen, The Netherlands

Via use-net we received a useful message concerning a way to improve the speed of FOR-
TRAN code on SUN 3 systems with the Roating point processor (683881 which was written
by Wayne Little of the University of Missouri-Rolla. Since a lot of users seem to have
problems getting the manufacturer-specified speed out of their SUN 3 systems, we think
it is useful to forward this information to others, although the idea is not ours.

- At least some of the speed problems occur in large (scientific) FORTRAN codes
involving complex*16 arithmetics, Two small test codes showed that all of the speed
gain through the use of the [68881 processor in complex arithmetic vanishes if the cod,
uses explicit complex*16 declarations insteacd of double real*8 arrays. The problem was
tracked down to inefficiency of stack-data transmission and the proposed solution to this
problem is extremely simple and effective: : -

The data traffic can be reduced by the use of an (assembly level) in-line expansion
library. This library contains assembler routines that can be incorporated in the FOR-
TRAN code by in-line substitution. The feason for the large data traffic and the idea
to use in-line expansion in order to avoid it, can be found in the SUN Floating-Point -
Programmer’s Guide {volume 10, appendix G}.

The only necessary adaptation one has to make is in the compiler options {possibly
in the "make” file). The option of 77 to be added is the library 'libm.il’ which can be
found {for SunOs) under '/usz/lib/{68881/libm.il'.

The compiler can be invoked for example like:

{77 -¢ -u -O -0 name name.f /usr/lib/f68881/libm.il
Or the "make” file could look like this:

OBJECTS = name.o

FFLAGS = -c -u -0 /fusz/lib /{68881 /libm.il

name : ${OBJECTS)
- > {77 $(FFLAGS) ${(OBJECTS) -0 name

Tlhe results of this little change vary from speed gains of a factor 2 for code without
complex arithmetic (probably due to more efficient optimisation) up to gains of a factor
4.8 for codes with mainly complex®16 arithmetic. On average we found that our SUN
3/60 with [68881 is a factor 64 slower than the IBM 3090 of SARA in Amstercdam for
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code without complex*16. If we compare this with the list of times needed for a molecular
dynamics program published in volume 31 of this quarterly written by D. Brown et al.,
where the speed ratio between both systems is 1114, we are inclined to think that their
test has been performed without the use of the in-line expansion library. With the in-line
library we expect that the SUN 3/60 will take something like 1350 seconds and will be
considerahly faster {as expected) than the COMPAQ 386-20 rated with 1821 seconds.

We hope that other users may benefit from the suggestions of Wayne Little and
that readers will not have the impression that we are trying to get a bonus from SUN
MICROSYSTEMS INC.
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Additional Supercomputing Related Papers

. - Sumnesh Gupta
" Louisiana State University -
Department of Chemical Engineering
Baton Rouge, Louisiana 70803 USA -

In addition to the Fincham Bibliography (Info. Quart., No. 31,
Oct. 1989), some of these papers also contain original information
on vector and parallel processing issues involving molecular
dynamics simulation methodology.

1. 0. Teleman and B. Jonsson, Vectorizing a General Purpose
Molecular Dynamics Simulation Program, J. Comput. Chem., 7,

38-66 ({1986)., (This paper makes some interesting points about
vectorization of chain molecules simulation.)

2. A. Wallquist, B. J. Berne, and C. Pangali, Using Supercomputers -
Two Examples from Chemical Physics, Computer, May 1987, 9-20.
(This paper discusses problems involved in the vectorization of
fluids modeled using site-site potentials.)

3. H. L. Nguyen, H., Khanmohammadbaigi, and E. Clementi, A Parallel
Molecular Dynamics Strategy, J. Comput. Chem., &, 634-646 (1985).
{Amongst other things, this paper discusses parallel processing
when three-body potentials are involved.)

4, F. F. Abraham, Computaticnal Statistical Mechanics: Methodology.,.
applications, and supercomputing, Adv. Phys., 353, 1-123 (1986).
(This is & review paper and offers a slightly different perspective

of supercomputing than those discussed in the papers referred by
the above bibliography of Fincham. I have also expanded this
discussion in & paper published in the Proceeding of the 3rd
International Conference on Supercomputing, Boston, MA, May 15-20,
1938.) A related paper by Abrazham end coworkers is J. Phys.
Chem..., 91, 4881-48%90 (1987) dedicated to Anees Rahman.

Ordinarily, I would not try to add more entries to an annotated
bibliography. However, I do hope that an interested reader would find
these papers to be complementary to the papers in the bibliography of
Fincham,
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POST DOC POSITICNS AVAILABLE

INTERFACIAL MOLECULAR SCIENCE LAB
INSTITUTE OF ENGINEERED MATERIALS
RUTGERS UNIVERSITY

PO BOX 404

PISCATAWAY, N.J. 08855

POSITIONS AVAILABLE IN EXPERIMENTAL AND COMPUTATIONAL AREAS.
EXPERIMENTAL SURFACE SCIENCE: XPS,ISS,AES,SIMS, AND STM
STUDIES INVOLVE OXIDE SURFACES AND ADSORPTION ONTO THOSE
SUREFACES.
COMPUTATIONAL STUDIES: MOLECULAR DYNAMICS, EMBEDDED ATOM METHOD,
AND MOLECULAR ORBITAL APPROACHES
SIMULATIONS OF ADSORPTION ONTO OXIDE SURFACES ARE THE
MAIN AREAS OF INTEREST.

AVAILABLE EQUIPMENT:
KRATOS XSAM-800, WITH XP3,ISS,AES, SIMS
NANOSCOPE II STM
NEW AFM BEING BUILT

COMPUTERS :

ALLIANT FX-40

SILICON GRAPHICS 240GTX
SILICON GRAPHICS 4DBOGT
FPS - 164

SEND RESUME TO (OR CALL): PROF. STEPHEN H. GAROFALINI

(ARBOVE ADDRESS)
(201) 932-2216
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