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Bditorial

Qur contributors this month are old friends who have writtren many
stimulating articles for past issues of the newsletter, Hopefully,

they have become 'household names' in laboratories throughout the

world for their efforts, as they thoroughly deserve.  Your humble . .. ..

editor offers them his sincere thanks on behalf of our readers. .- ... ..

Instant fame and gratitude is also available to any of our readers. . -

who may be moved to follow the example of our regular contributers . . .. ..

and express their ideas and comments through these pages.

Contributors:

b. Adams _ Department of Chemistry, The University of
: _. . SouthampLon, Southampton, 509 5NH. .
D. Fincham. B D.A.P. Support Unit, The Computer Centre,.
Queen Mary College, Mile End Read, London, Bl 4NS.
D.M. Heyes Department of Chemlstry, Royal Holloway College,
o _ tham, Surrey, TH20 OEX. o _ :. f' .
.N. Quirké____ _ Sohool of Chemlcal Englneerlng Cornell Unlver51ty,
o Ithaca, New York, U.S. Ao - o
W..Shith | T.C.S. Division, 5.E.R. C., Daresbury Laboratory, 
Warrington, WA4 4aD. .
M.L. Wolf =& Department of Chemistry, University of London,
C.R.A. Catlow 20 Gordon Street, London, WCLlH OAJ.



C.C.P.5 MEETING ON PHASE TRANSITIOHNS

19th - 20th December 1983
SOUTHAMPTON UMIVERSITY

Invited Lecturers

Professor G.R. Luckhurst:- - o Simutation. of:Phase Transitions

Southampton University. - - - .in Liquid Crystals..

Professor D. Landau -+ - -~ . Finite Size Effects In Monte Carlo
University of Georgia, U.S.A. .~ Simulations of Phase Transitions.
Dr M.L. Klein Phase Transitions using new methods

National Research Council in Molecular Dynamics.
of Canada, Ottawa, Canada '

Or G.S. Pawley "~ Molecular Dynamics of Piastic
Edinburgh University " Crystalline Phases in Sfg.

Contributed Papers of ten to twenty minutes duration are now invited.

Authors should send titles and abstracts te either Or. D. Adams or

Or D.J. Tildesley, Department of Chemistry, The University of
Southampton, Southampton S095NH, United Kingdom by 31st Qctober so that
a preliminary programme may be drawn up.

Accommodation and meals will cost £32 per pérson and cheques should be
made payable to
“C.C.P.5. Southampton Meeting"

and sent fto DOr D. Adams. A further circular will be sent when a
Draft Programme has been made,



General News

1.

The most iﬁportant.hews this ménth concéfns thé renewél.of éCPé for

a further three years commencing in OQctober 1983, This news is wvery
welcome indeed following a somewhat lengthy applicatien to the S.E:R.C.
There are, however, to pbe some changes in the structuie of the renewed
Project, which will have a significant impact and briefly, tﬁey.are

as follows.

Firstly, the scope of the Project is to be ‘enlarged from: its current

area of molecular dynamics and Monte Carlo simulations to include the
computer simulation of lattices by 'energy minimization' technigues.

It is understood that such simulation methods. have a strong following

in the U.XK., and a fairly comprehensive suite of related computer programs
exists, for this purpose, at Daresbury Laboratory. In future therefore,
the Project is expected to support this interest through the newsletter,
conferences etc. and with the usual rescurces. The Project henceforth

will be known by the title "The Computer Simulation of Condensed Phases".

Secondly, the Project will not support a postdoctoral research associate

as it has done in the past, (This post is currently held by Dr. D.M. Heyes}.
Instead the services of one additional member of the Daresbury T.C.S.
Division will be made available. It is understood that thié person will

be Dr. Maurice Leslie, who has appropriate expertise in the area of

lattice simulations.

Dr. Daviﬁ Heyes will.éease to.be CCP5 Secretary bn.lst Dcﬁober 1983, He
would like to thank the people, too numerous to mention, who ﬁave
contributed to the activities of CCPS5. It is through their efforts

that the newsletter, program library and conferences have been such a

S5ucCass.,

It is appropriate here for the editor of the CCP5 newsletter to thank
Dr. Heyes for his very worthy efforts in supporting CCP5 in all its
activities. The success of CCP5, in no small way, owes much to him.

It is a great pleasure to thank him f£or his participation.



Dr. Heves will continue in the field of computer simulation at
Royal Holloway College, where he will remain for a further five

years on a Royal Society Fellowship.

The following arnouncement comes from Dr. M. Leslie from Darésbury

Laboratory:—

A number of solid state simulation programs are available for use at
Dareshbury. These were written primarily to deal with ionic materials,
although some of the programs can deal with non-ionic substances.

Ionic materials may be treated either using the rigid ion model or

the shell model, Various options are available for the short range
rapulsive interaction between ions. Programs are available at Daresbury

for the following:-

(i) Calculation éf the prdpertiés.of pérfecf lattiées -
lattice energy, elastic and dielecﬁric constants. '_
{ii} Relaxation of perfect the lattices to an equilibrium _
strugliure.
{(iii} Calculation of phonon dispersion curves,

{iv) Calculation of defect energies.

Further details of these programs and of any restrictions on their use

may be obtained from Dr. M. Leslie, Daresbury Laboratory.

The next CCP5 meeting on the subject of 'Phase Transitions’ i& scheduled

to take place in Southampton on 12/20th December 1883, The invited

speakers include, G.R. Luckhurst (Southampton), D. Landau (Georgia, U.S.A.},

M.L. Klein {Ottawa, Canada), and G.S. Pawley (Edinburgh). The cost of
accommodation and meals will be £32 per person. Authors wishing to

contribute papers {of ten to twenty minutes duration) to the meeting

should send titles and abstracts to either Dr. D. Adams or Dr. D.J. Tildesley,

Department of Chemistry, the University of Southampton, Southampton, S09 5NH,

U.K. before 31st October 1983.

The University of Manchester Regionéi'Computér'Céntre (UMRCC) began its
acceptance trials of the CYBER 205 in June 1983. Unfortunately, while
the hardware performed well, a substantial number of deficiencies were

found in the FORTRAN 77 compiler (called FORTRAN 200). Since then this



problem has compounded and now the release of the compiler has been
delayed until the end of the ye=ar. This means that the acceptance
test for the CYBER 205 will be delayed until January 1984. Further
problems inclide the delay in the development of the SCOPE 2 Remote
Host Facility software, which links the Amdahl to the 7600's and the
ICL 1900's te the 205. This software will now be tested in November.
The Amdahl 470/V7A inhitial acceptance test is delayed until early
September. The MASSTOR mass storage system appears to be functioning.
Apparently its robot selector is a sight to kehold!

The general news from the Rutherford and Appleton Laboratory is that
the newly installed ICL Atlas 10 is performing well and on last report
was accgounting for 60% of batch CPU hours avallable to users. It has
also been reported that the handover of the Aklas was re-scheduled for

8th August, as opposed to lst September as mentioned previously.

The development of the University of London Computing Centre (ULCC)
Amdahl /Cray 1S configuration 1s progressing. The Amdahl 470 V/8 is
reguired to supperv 120 concurrent terminal sessions, batch processing,
service the automatic filestore and up to 100 remote job entry work-
stations as well as front-ending the Cray 1S8. The terminal access to

the Amdahl is intended primarily for editing and jok submission to the
batch system and substantial interactive use is not anticipated. The
terminal system is the IBM TSQ system, with a subset of the Cambridge
Pheenix system. TSO is as supplied, without enhancements by ULCC,

though users will be able to introduce enhancements of their own via

the TSO command package. Current terminal access is restricted to about
SO users of which 20 may be linked concurrently. The number of concurrent
users will rise gradually tc about 100 by the end of the year. BAll users

of the Amdahl are allocated 25 tracks (% M bytes) of disc space.
The CDC Cyber 72 computer was withdrawn from service on 15th August.

Two additional programs have been donated to the CCP5 Program Library.
The first of these is the program ADMIXT by W. Smith which simulates
Lennard-Jdones particle mixtures. The second is SURF by D.M. Heyes,

which simulates model alkalai kalide laminas.Documentation for each of



these is also. available. These programs and others in the CCP3 _
Program Library are avallable free of charge to academic establish-

ments. A list of the programs available is provided overleaf.

- Anyone wishing to donate teo or receive programs from the CCP5
Program Library, should centact the Librarian, Dr. W. Smith, SERC,

Daresbury Laboratory, Daresbury, Warrington, Wad 4AD, U.K._



List 5ff§tu§iéﬁs in the CﬁFs.Pngraﬁ Liﬁrafy. R
MDATOM by S. M. Thbﬁpéoh.'. |

M.D. gimulation of atomic f£luids. Uses 12/6 Lennard = Jones
potential function and f£ifth order Cear dintegration algoritlm.
Calculates system average configuration energy, kinetic energy,
virial, mean square force and the associated R.M.S. deviations and
also  system.  pressure, temperature,. constant volume specific heat,
mean'fsquare .displacement, .. quantum. corrections -~and : radial
distribution function. R L R P UTT PR TR T

EMDIAT by S. M. Thompson.

M.D. simulation of diatomic molecule fluids. Uses : [2/6. Lernazd -
Jones site = site potential functions and a fifth order Gear
algorithm for centre - of - mass motlon. . Angular. motion is
calculated by  fourth. . order Gear. algorithm with. quaternior
oriéntation parameters. Calculates - system. average configuration
energy, kinetic ~energy, virial,. mean  square force, mean square
totduéL'andh'the__éssociétad R.M.S.  deviations and. also.- system
préssure,  temperature, .constant volume specific heat, mean square
displacement and quantum corrections.. . - : S :

MDLIN by S. M. Thompson.

M.D. simulation of linear. molecule : fluids. Uses: 12/6 Lennard —
Jones gite — site potential . functicns and a fifth order - Gear
algorithm for centre = of = mass: motion. - Angular wmotion is
calculated by . fourth order Gear. -algorithm with ° quaternion
orientation parameters. List of calculared properties' is the same’
as HMDIAT. : c ' o

MDLING by S. M. Thompson. .

M.D. simulation of linear wmolecule fluids. Uses 12/6 Lennard -
Jones site - site potential functions plus a point electrostatic:

quadrupole. Uses a fifth order Gear algerithm for centre - of -
mass motlon. Angular motion is caleculated by fourth oarvder Gear:
algorithm with  quaternion orientatior  parameters. List of

calculated properties is the same as HMDIAT.
MDTETRA by S. M. Thompson.

M.D. simulation of tetrahedral molecule fluids. Uses 12/6 Lennatd =~
Jones site ~ site. potential - functions and a. fifth order Gear
algorithm for centre = of = mass wotion. Angular wmetion is
calculated by fourth order Gear algorithm with  gquaternion

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



MDPOLY by S. M. Thompson.

M.D., simulation of polyatomic molecule flulids., Uses 12/6 Lennard =
Jones site = site potential functions and a fifth order Gear
algorithm for centre =~ of = mass motiom. Angular motion 1s
calculated by fourth order Gear algorithm with quaterniom
orlentaticon pavameters. List of calculated properties is the same
as HMDIAT. . R

ADMIXT by W. Smith.

M.D, Simulation of monatomic moleculé mixtures. Uses 12/6 Lenrnard -
Jones atom .- atom potential functions and  a Verlet leapfrog
algorithm for centre — of - mass motlon. Calculatés system average
configuration energy, kinetic energy and virial and assoclated
R.M.8. deviations and also pressure, temperature, mean sduare
displacements and radial distribution functions.

MDMIXT. by W. Smith.

M. Do simulation of polyatomic molecule mixtures. Uses 12/6 ‘Lénnard
. Jones site - .site potential funetions dnd a Verlet leapfrog
algorithm.for centre. ~. of .~ mass motion. ‘Angular dmotion is
calculated. by -the  Fincham leapfrog algorithm using quaternion
orientation parameters. Calculates system -average  configuration
energy, kinetic energy and virial and associated R.M.S. deviations
and also pressure and temperature. e : :

M.D. simulation of polyatomic molecule mixtures. Uses 12/6 Tennard
= Jones site — site potential  functions and polot electrostatic
multipoles  (charge, dipole and . quadrupole). Lomg range
electrostatic effects are <calculated using the. Lwald summaticn
method. Uses a Verlet . leapfrog algorithm for centre - of — mass
motion. Angular motion i1s calculated by the Fincham leapfrog
algorithm using quaternion orientation parameters. Calculates
system average configuration energy, kinetic energy and virial and
assoclated R.M.S. deviations and also pressure and temperature,

MDMPOL by W. Smith & D. Fincham.

M.D. simulation of polyatomic melecule wixtures. Uses 12/6 Lennard
- Jones site - site potential functions and fractional charges to
repregsent electrostatic multipoles. Long range electrostatic
effects are calculated wusing the Ewald summation method. Uses a
Verlet leapfrog algorithm for centre - of ~ mass motlon. Angular
motion 1s calculated by the Fincham leapfrog algerithm using
quaternion orientation parameters. GCalculates system average
conflguration energy, kinetic energy and virlal and assoclated
R.M.8. deviations and also pressure and temperature. -



DENCOR by W. Smith.

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

CURDEN by W. Smith. =~

Calculation of current density correlation. functions. Processes
atomic M.D., data to produce the Fourier transform of the current
density, the current density correlation functions and their
temporal Fourier transforms.

HLJ1 by D. M. Heyes.

M.D. simulation of atomic fluids. Uses 12/6 Lemnard — Jomes site -
site potential:function,and a Verlet leapfrog algorithm. for centre
-'of - mass motion. Calculates system average coufiguration . energy
and kineti¢ erergy and. associlated R.M.S. deviations and: also
pressure, temperature, mean square displacements. and . radial
distribution function.

HLJ2Z by D. M. Heyes.

M.D: simulation of atomie Ffluids. U5é3”12/6_Lénhard fuJones_site5.—
site potential function and a Verlet leapfrog algorithm for. centre
- of - mass motion. Calc¢ulatas system average configuration:. energy
and kinetie energy and associated R.M.S. deviations . and also
pressiure, temperature, mean square displacements, -  radial
distribution function and velocity autocorrelation function,

HLJ3 by D. M, Heyes.

M.D, simulation of atomic fluids. Uses.l2/6 Lennard - Jones site  —
gite potential function and & Verlet leapfrog algorithm for centre
~.of = mass motion. The link =~ cell method is employed to emable
large simulations. Calculates system average configuration energy
and kinetic energy and associated R.M.S. deviations and - also
pressure,  temperature, mean square displacements and radial
distribution function. ' : : :

HLJ4 by D. M. Heves.

M.D. sgimulation of atomic fluids. Uses 12/6 Lennard — Jones site -
site potential funcdtion and a Verlet leapfrog algorithm for centye
— of - mass motion. The algorithm allows either the temperature or
the pressure to be constrained. Calculates system average
configuration energy and kinetic energy and associated R.M.S.
deviations and also pressure, temperature, mean square-



displacements and radial distribution function.

HLJS by D. M. Heyes.

M.D. simulation of atomic fluids. Uses 12/6 Lennard — Jones site —
site shifted potential function and a Verlet leapfrog algorithm for
centre - of -~ mass motion. This method removes the discontinuities
at the potential cutoff radius. Calculates  system = average
configuration energy and kinetic energy and associated R.M.S.
deviations and - also - presgure, ' temperature,  mean  Square
displacements and radial distribution funétion. B

BLJ6 by D. M. Heves,

M.D. simulation of atomic fluids. Uses 12/6 Lennard - Jones site =
site shifted potential function and the Toxvaerd algorithm for
centre — of - mass motion. This algorithm is more accurate than the
Verlet algorithm. Calculates ' system average configuration enérgy
and kinetic --energy and ‘‘associated ‘R.M:S. ‘deviations “and also
pressure, - temperature, ~mean ‘Square’ displacements and  radial
distribution function: - S e SRR R

MCREM by D. M. Heyes.

M.C, simulation of electrolytes. Monte Carlo program . using
restricted primitive model of 'an electrolyteé. The potential is
regarded - as infinite for r <d ~and Coulombic for 3 d. The
properties calculated are the average confliguration energy and dts
R.M.S. . deviation, - the pair radial distribution function and the
melting factor.. . - - S e o L '

SURF by D. M, Heyes.

M.D, simulaticn of model alkalai halide lamina. Molecular dynamics
simulation for ionmic - laminae - using ~the  Tosi-Fumi  /
Born-Mayer-Huggins. potential and " the Evjen method for evaluating
the lattice sums. The integratiom' algorithm used “is the Verlet
method. The program calculates  the system potential and kipetic
energies, the - pressure - and the  final averages ~ and ~ R.M.S.
fluctuations. The program also calculates density profiles such as
number density, temperature, energy and pressure. '

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

8.D. or M.D., simulation of molecules in vacuo or im a rectangular
cell with solvent or lattice atoms (1.e. Langevin or Brownian.
dynamics of large molecules). o ' ' '

MDATOM by D Fincham. =

1o



M.D. simulation of atomic £fluida. Uses 12/6 Lennard = Jones
potential functien and Verlet Ileapfrog Integration algorithm.
Calculates system average configuraticn energy, kinetic energy,
virial and the associated R.M.5. deviations and also systed
pressure, temperature, mean Ssquare displacement and radial
distribution function- T .

MDDIAT by D. Fincham: -

M.D. simulation of diatomic molecule fluids. Uses ' 12/6° Lendmard =~
Jones site = :site potential functions -and the Verlet leapfrog
algorithm for centre = of - mass motion. Angular metion ‘15  is
calculated using the constraint algorithm. Calculates system
average coanfiguration energy, kinetic energy, virial and the
associated R.M.S. deviations and also system pressure, temperatufe’
and mean square displacement.

MDDIATG by D. Fincham.

M.D. simulation of diatomic fluids. Uses 12/6 Leanard — Jones site.
- site potential functions and a point quadrupole electrostatic’
term. Ewmploys the Verlet leapfrog algorithm for centre - of - mass
motion. - Angular motion - is - calculated using the ‘constraint
algorithm. Calculates system average configuration energy, kinetic
energy, virlal and the associated R.M.5. deviations and also system
pressure, temperature and mean square displacement.

MDIONS by D.. Fincham & N. Anastasiou.

M.D. simulation of electrolytes., Uses exp/6/8 potential functien
and the Coulomb electrostatic potential. Long range interactions
are calculated using the Ewald summation method. Uses the Verlet
leapfrog algorithm for particle motion. Calculates system average
conflguration energy, kinetic energy, wvirial and the assoclated
R.M.8. deviations and alse system pressure, temperature, radial
distribution functions, static structure factors zand mean square
displacements.

MEMANY by D. Fiacham & W. Smith.

M.D. simulation of polyatomic molecules. Uses 12/6 Lennard - Jones
slte - site potential functions and fractional charges to represent
electrostatic multipoles. Long range electrostatic effects are
calculated using the Ewald summation method. Uses a Verlet leapfrog
algorithm for centre - of =~ mass meotion. Angular motion is
calculated by the Fincham Ileapfrog algorithm using quaternion
orientation parameters. Calculates system average configuration
energy, kinetic energy and virial and associated R.M.S. deviations
and alsc pressure and temperature. FORTRAN 77 standard program.

11



CARLOS by B. Joasson & S. Romano. .

M.C. simulation of a polyatomic sclute molecule. in: an" aqueous.
cluster. (i.e. a molecule surrounded by water molecules), The water
- water potential is calculated using an apalyticzl fit to an ab
initio potential energy surface due to Matsuoka et al. The"
solute—-solvent potential 1s optional. The pregram provides an
energy and coordinate 'history' of the M.C. simulation. An analysis:
program CARLAN for processing the data produced by CARLDS is also
available. e R

MCN by N. Corbime . ..

M.C. simulation of atomic fluids. Standérd:(ﬁéffdpbiiéj'ﬁbﬁté.Céflo
program for atomic fluids. .

SCN by N. Corbin., .

.G, simularion of atemic. £lulds. Standard (Rossky,Friedman and.
Doll) Monte Carlo program far atomic fluids.

SMF by N. Corbin.

simulation of atomic fluids. Standard (path integral method}

ite Carlo prograu for atomic f£iuids.

o

M.C

.
-
t
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PARALLEL PROGRAMMING FQOR LATTICE PROBLEMS ON THE .DAP

D. Pilncham & ¥. Quirke.

The 2im of this article is to give a simple but inforwative
example of the use of DAP Fortran when solving lattice problems.
We have chosen to discuss Ehe Monte Carlo simulation of the Solid
on Solid maodel (5.0.5). This medel has heen discussed in =

previous Newsletter ‘article (1)} whieh included a Fortran program.
We Find the comparison between the present DAP? version and the
earlier fFortran version nartloularlv 1I]H trative of thm bp gfits

aof DAP Fortran.

The $.0.5. model is a restricted Ising model of the
crystal-motherphase interface. Most of the present day
understanding of crystal ‘growth is based upon results obhtained
From studylng the 5.0.5. model in either its equilihrium or
kinetic forms (2}, The model exhihits s phases transition, ths
Roughening Transition, at a temperature 7., above which the free
erqy of surface features is zero. It has been cdemonstrated
theoretically (2) that the free energy of an infinitely long stap
in the surface of the 5.0.5. model Qhoqu go Yo zero wnen T+ﬂ_ as

8 exp ( ~a/[ T - TW% )

This has recently been Conflrﬂed'{
the step free energy in a Monte Ca
mode! .

3} hy a direct calculation aof
rlo sinulation of the 5.0.5.

The roughening temperature marks the transition between a sharp,
well defined surface with, in the kineltic model, 2 nucleatian
barrier to qrowth and a delocslized, rough surface with divergent
surface width. Since the roughening temperature is a property of
the surface alone it can be studied with the equilibrium form of
the model and it is this version we ltake as our example below. e
first give some datalls of the 5.0.5, model and then turn to the
DAP programming tfechnigues,

In the $.0.5, model space is completely Filled hy a latfrice solid
or fluid, The model is specified by the positions of the sites
and their state. Using a Cartesian frame, the X,Y directions are
equivalent but the 7 axis stretches from completely solid at - oD
to completely Fluid at +8 . The interface is comveninn*!y locatbed
initially at Z = 0. So far we have done nothing more than define

a three dimensional Tsing model with special bnunﬁary condlthns.
The new feature aof the S.0.5. model is the 5.0.5, restriction
preventing inclusions of fluid inside the solid. We insist that a
solid site can only have another qo}id site below 1b.  Now the
state of the system can be completely specified by oiving the X,¥
co-ordinates of a column of sites and the height {(h} of the
highest solid site in each column. The Hamiltonian can he

written

H z¢ 1 L h o - h ]P with & 20 and we take n=l
<ij 1 J

1

13



The sum is over 21l columns 1 and the four nearest nsighbour
columns 3 of 1. sing Monte Carlo simulation we shall calculate
the surface enargy and specifjc heat of this model as a function
of temperature on a 64 x 64 arrvay of columns. Within the limits
imposed by the finite size of the simulation, the vanishing of the
step free energy and its derivafives can be observed using the
methads outlined in reference (3). The DAP is particularly suited
to this sort of lattice problem, giving several times the speed of
computation of a COC 7500,

There are four basic features of the DAP pronra"which'afe
different From those of a conventional serial program. '

A) Useé of parallel updating with chessboard ardering.
In the conventicnal program an individual site is.
chosen at random and updsted. On the DAP the xy plane
is mapped onto the 62 x 64 plane of pracessing
elements which wark in parallel. Since the energy
of a site depsnds on the heights of its neartest
gighbaours 1t would nol be correct to update all the
sites simultaneously. Instead, we divide Yhe plane
into a chessboard pattern, and update first all the
"black" sites (which have "white” nearest neighbours),
and then all the "white" sites

B} Use of shert wordlength integer arithmetic. As the
DAP prcessing elements are single-bit processors, all
arithmetic 1s provided in software and short wordlenglh
fixed point arithmetic runs very much more quieckly than
Floating-point arithmetic. Since the column heights and
energies are integer quantities we can take advantage
of this if we are prepared to propose a maximum helght
fFor columns and guard against averflows.

C) Use of built-in shift functions. The heart of the
alculation is the conmparison of colump heinhts with
those of their nearest neighbours. 1In looking for
nelghbours we wish as usual in simulation to
incorporate cvelic boundary conditions. These tasks
are easily achieved in DAP Fortran wusing shift
functions which are part of the language.

D} Use of logical masks. [t is possible in DAP Fortran
to use loglical matrices 1 place of subscripts to
select posttions in the DAP plane where p;ocessing
is to be carvied out. This makes it easy to write
code involving conditional statementsg Several
examples will be found bhelow.

We now Qo on to consider the program in deteail. The reader may
find it haelpful to cefer to the listing and compars it wilth the
Fortran program in {13,

14



A DAP program hags two parts, a Host gsection written in Fortean
and a DAP sechbion written in DAP Fovtran. Control is btransfecred
from host to DAP by calling a spehiﬁi sutroutineg calied an antry
subroutine and values are passed through CONHON blmcks. In the
exanple, the host program reads in the number of iterationa per
column, NITS, and the caduced temperature TSTAR = k,T/g After
the DAP processing it prints the surface energy per sile SURFIN,
f

the specific heal SURFCY, and the fraction o
YeS. However, the host and thae DAP rmﬂogn.se
formats and so special conversion subroutines wz oo
to the DAP and immadiately bsfore return to the host

¢ iterabtions
T

@
difierent dats
tled on entry

The DAP subroutine declares a number of watrices, for exswmple the
mabtoix of column heights HEIGHTS {,}. Thisg renresents a 64 x 64
matrix, he maximum height of a celumn is restricted by the
declaration INTEGER *2 to be a 16 bit quanalty. The initial
section of Ethe program involves:
a) Initialisation of the random number gensrator.

This is one of the DAP subroutine library routines

and returns a 64 x 64 plane ol random nunbers. It

is ofF the exclusiveeor {(X0R) or snift-g register tvpe,

and velieved to be tnhe highest- '

L.
available on any computer (43}

b) sebtting up the lagical mask BLACK wnhich 1is . TRUE,
i all tho "black" positicns of the chessboard
natbtern This uses bullt-in funpctions and is hest
understood by refercence to the diagram bhelow, drawn

for a & x 4 DAP.

15
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So far Orocooulnc fas been carried oubt for every column but the
redults #ill be usad only in the cass of the columnsg ladelled
"olack" iHencse we anply the logical expression ACCDPT.AND. BLACK
as a mask to control the updating of the matrices HEIGHT. - The
logical mabtrcix ACCEPTED accunulates ACCEPT over bhe ”blacm samd
"whnite" parts of Uhe iterations. The next stage is to calculate
the epergies of the columns from the difference Babieer the -
heights of melghbouring columps. These ars obtained using bthe
built in cyclic shivt functions SHNC =tc.  Neighbours exist to the
sauth, north, west and east of any column. Porzexamplﬂ tQ ”_
calculate the bond energy between each column and its southe:
nelghbour the mabrix SOUTH is deFlned by shifting all: hel”ht 5- one
place to thes north. This brings the séuthern n°1UhDour of:each
site into coincidence with it, so that the south-= nortn;oond=g
energies, which are just the absolute values of the difference

in heights alaong these bonds, can be compubed By the statément
ABS (HETGHT-SOUTH). - This'is illusbrated. bclo“'_." Ll

- rr\r

HEIGHT SOQUTH ... ABS (HEI iT SDU*H)
3 40 -3 2 -1 2 4 -2 4 2 ?; #
-1 2 4 -2 -4 0 1 -2 > 7 F 0
-4 0 1 -2 21 1 =3 & 1 U )
2 1 1 =3 >0 -3 2 [

Note that since the shiflts are cyclic the periodic boundary:
conditions are automatically obeyed. In the Fortran prograin (1)
the handling of the periodic boundaries is much more complicated.
This whole procedure is now repeated for the other seb of calumns
using the statement BLACK = .NOT. BLACKX before the next iterstion
of the JB loop. ’ '

Mhlack" gnd "white columns

At the end of egach iteration, when the _
have been updsated, the matrices CNERGY and ACCEPTED are summed,

Finally, after initial equilibration averages over the camplets run
are taxen before transferring va riables to the host.program. The
program performs mote than 258 complete iterabions' per second,

even though bDacause of the black-white ordering only npalf the
procassors are active at one time. AL the cost of some
complication it is possible to perform the ginulation on a

64 x 128 grid so that all proeessors are used in wupdating, first
the "dDlack” columns and then the "white" columns.
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PRDGRQM ROUGH .

COMMON/PARAMS/ NITSyNEGUIL ; TSTAR
COMMON/RESULTS/ SURFEN13URFLU1YES
READ* yNITS NEQUIL, TITAR

caLt DAP

PRINT#*:SURFENYSURFCY s YES

STOP

END .

ENTRY SUBROUTINE DAP
COMMON/PARAMS / NITS1NEL I TSTAR L
COMMON/RESULTS/ SURFEN:SURFTV YES S
INTEGER®Z HEIGHTt:)1THEIGHTf1)sENERGst)sTENERGva)
INTEGER*Z DELENCyY _
INTEGER*2 SOUTHCY )+ NORTH(!)1NE5T(.1)1EQST(.3)_'_1
REAL*4d RANDCs2 .
LOGICAL BLACKC ) yUP (2 +ACCEPT (2 s ACCEPTED (1)
EXTERNAL REAL MATRIX FUNCTION G@3X0ORREAL4. -
EXTERNAL LOGICAL MATRIX FUNCTION G@SXORPLANE
convert input paramatsrs
CALL CONVFS4INITS:3)
BETA=1.0/TSTAR
initialis=2 random humber generator
CALL. GOSXORBEGIN
st up black mask
BLACK=ALTC(1Y ,LER.ALTREL)
za2rn accumulators
YES=@.3
SURFEN=Q.Q
SURFENZ=0.@ .
set initial heights and snergies
HELGH =
SOUTH=GHANC (HEIGHT
MORTH=SHSC (HEIGHT>
WEST =SHEC({HEIGHT)
EAST SHHCLHEIGHT)
ENERGY=0

loop owver iteratioghn
B3 109 JIT=1:NITS
RAND=GRTX0ORREALACA. D) Do
UP=GASXORPLANE (@) S
IFCANY (ABS THEIOHT) (6T . 32744)) ERROR 1
trial heights
THEIGHT (UP) =HEIGHT +1

THEIGHT{ .NMOT . UP)=HEIGHT-1
loop aver black and white columns
ACCEPTED=.FALSE.
DG 191 JB=1.,2
calculate trial energles of the sites
TEMERGY=ABS(THEIGHT~-S0UTH)
+ABS(THEIGHT~-NORTH)
+ABSCTHEIGHT~WEST 7
+ABSCTHEIGHT-EAST

(O

-
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applg M=tr090115 algorithm
ELENM=TENERGY~ZNERGY '
ACCEPT=EXP(~DELEN*HETA) .GE. RAND
ACCEPT=ACCEPT.AND.BLACK
HE IGHT CACCEPT) =THEIGHT
ACCEPTED=ACCEPTED.OR.ACCEPT
calculate ensrgies using new heights
SQUTH= SHNCiHEIGHT)
NORTH=SHSC (HEIGHT
GHT
CHT
I

I
WEST wbHECLm I
=)
£ GHT SQUTHD

EAST =SHWC ¢
ENERGY =ABS(H
+ABS(HEIGHT—-NORTH?
+ABS{HEIGHT-WEST 3
+ABS (HEIGHRT~EAST )
interchange black and white
BLACK=_NOT.BLACK
191 CONTIMNUE
form suns over columns for this itsration
IFCIJITLWLE.NERUILY GO TO 190
YES=YES+SUMIACCEPTEDR)
TERMSUM=2 ., 5*SUMENERGY)
SURFEN =SURFEN +TERMSLM
SURFENZ=SURFENZ+TERMSUM**2
122 CONTINUE
parform final averaging and conversions
NMECQUNT=NITS-NERUIL
SURFEN=SURFEN/NCOUNT
SURFENZ=SURFENZ/NCOUNT
SURFCY=(SURFENZ-SURFEN**2) #BETO**2
SURFEN=SURFEN/4Q74.0
SURFCV=SURFCY/40@0%4.0
YES=YES/NCOUNT /40254.
CAaLL CONVSF4 (SURFEN:3)
RETURN
END

(o
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D.M. Heyes

There is an ever—present interest in the hard-sphere system. It is perhaps
the most simple model of the liguid and solid states and therefore clearly
distinguishes between the effects on condensed phase properties due to the
natore of the pair potential and the many—body dynamics, The meny-body nature of
molecular dynamics can be solved exactly on a digital computer u51ng the method
of Molecular Dynamics, MD,

Many computer simulators will be familiar with the method of MD as applied
to molecules interacting via continuous potentlals si¢h as the Lennard-Jones
form. The system: travels through phase space in a series of time steps of
constant duration., In Hard-Sphere MD, which was devised by Alder and Wainwright
[1], the concept of the time step does not exist. Instead a2 sequence of
collisions is undergome in strict chronological order. The system. is aged by
going directly from one hard-sphere, HS, collision (i.e., the contact =and
rebounding of two spheres) to the mext. All other non-colliding HS are also
moved in accordance with their wvelocities. and .the  times . between the
aforementioned isolated collisions., The technigue follows & sequence of binary
elastic collisions, The particles move in straight limes with constant velocity
between collisions. As this is a procedure which has not been described in
- detail before, the FORTRAN code of the essential. parts of a hard-sphere program
are. given below. .

At the beginning of each HS SLmulatlon 1t 1s necassary to go through the
particle pairs  to. establish,  for a given set of starting. posxt1ons and
velocities, what are . the times to the first collision for each hard—sphere.
Let i and j be the 1ndzces of two partxcles which collide at some time t'=t from
the present configuration, i.e., at t'=0, The position and velocity of i is 1;
and ¥:, respectively. Also l2t us define the following relative positions and
velocitxes,

¥ij = %i -~ %5 (2

The MD cell has sides along the x,y, and z directions. Now considéf £ﬁe x,y and
z position and velocity components, :

rzij(t) = rg;;(0) + vx;;(0)¢, {3)
Tyij(t) = rgj3(0) + vey; (0N, {4)
Tz35{t) = r735(0) + vy5;(0)¢. {5)

If the dismeter of each HS is o then,

02 = (rggi(0) + v (008)2 + (ryy3(0) + vyyg(036)2 - (ry3500) +

v, 15 (0 )2, L (6)
In concise vector notation then,
(£35 + Eijt)2 = g2, 7
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Ye need to obtaiﬁ”f.nTﬁis'iﬁﬁdlﬁéé édiviﬁgufﬁé following guadratic equation
for t,

At? + 2Bt + C =0, (8)
where,
B= Eij-mij = TxijVaiy ¥ rm"yu + ’-'z1j"z:.j (10)
(€= 33y? et = gyt * fyi 12 * erJz_% 62 o (11)f:j:~ .

‘The solution is,
CtweBe- (ReAONA 2

: " Let there be N hard-spheres at positions RX(I), RY(I) and RZ(I), where I
is the generalised HS index. The velocity components are VI{(I), VY(I} and VZ(I).
Fach HS collides with its first HS, index NJ(I), in a time TC(I). The positiom
coordinates are in units of the MD cell sidelength. Also similarly SG2 = o2 is

in units of the box sidelength squared. Then a typical FORTRAN code for this is:

DU L =1L,NO
TC(I)=1.0E10
1 CONTINUE
N=N-1
bo 10 1=1,N1
I1=1+1
RXI=RX(I)
RYX=RY(I)
RZI=RZ{I)
Do 20 J=I1,N-
X=RXY~-RX(J}
Y=RYI~RY(T)}
Z=RZI-RZ(JI)
IF (X,6T.0,5) X=X-1.0
IF (Y.GT,0,5) ¥Y=Y-1.0
IF (Z.6GT.0.5) Z=Z-1.0
IF (X.LT.-0.5) X=X+1.0
IF (Y.LT.-0.5) Y=Y+1.0
IF (Z.LT.-0.5) Z=2+1.0
RR=X*¥ +Y*Y+Z*Z
U=VX(I}-VX(I)
V=VY(I}-VY(J)
¥=VZ(1)-VZ(T}
B=XRU+Y ¥+ ZW : ' '
C ELIMINATE THOSE HS PAIRS GOING AWAY FROM EACH OTHER
IF (B.GE.0.0) GOTO 30
A=TURT+VEV Y
C=RR-5G2
AC=AC
BB=B*B
C ELIMINATE THOSE HS PAIRS WHICH DO NOT COLLIDE
IF (AC,GE,BB} GOTO 40
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_;iLi@&mﬂmhM) R
.C" . TAKE THE LEAST POSTTIVE OF THE ROOTS -

- T=~ (B+Q)fA B
~ IF (T.GT. TC(I)) GOTO 50
C  THE FIRST COLLISION FOR I

TC{X)=T

NI (1)=T

50 CONTINUE
IF (T.GT.TC(J)) GOIO 60

C THE FIRST COLLISION FOR J
TC(T)=T

. NI(Iy=1

60 CONTINUE

40 CONTINUE

30 CONTINUE

20 CONTINUE

10 CONTINUE

This was called the 'long c¢ycle’ by Alder and Wainwright' ' [1].  Note that
initially all TC(I) are set to very large valuwes which should get redoced when
the above two-particle loop is execated. Even if they do not change, the
following collisions will almost certainly reduce them before they 'float to the
top of the stack’ of collision times.

Now isolate the first colliding pair out of the p0351b111tes 'I'C(I),

TNEXT=1 .0E8
0 100 I=1,N
IF (TC(I).LT.INEXT) K1=I
IF (TC(Y).LT.TNEXI) TNEXT=TC{(I}
100  CONTINUE
o FIND THE COLLIDING PARTNER INDEY
K2=NJ (K1)
NCOL=0

NCOL is the tota]l nomber of collisions accumulated. Having determined the
starting collision (between hard-spheres with indices I=K1 and K2) ‘we are able
to go throngh the gptirs simulation without recourse to another two—particle
double loop. The main program now starts, We now enter an open—ended number of
*short cycles'. s

5 CONTINUE
DO 200 I=1,N
TC{X)=TC(I)~INEXT
RX(I)=RX(I)+VX(I)*ENEXT
RY{I)=RY(I)+VY(I)$TNEXT
RZ(I)=RZ(I)+VZ(I)*INEXT =
IF (RX(I).GE.1.0) RX(I)=RX(I)-1.0
IF (RY(I).GE.1,0) RY(I)=RY(I)-1.0
IF (RZ(I).GE.1,0) RZ(I)=RZ(I)-1.0
IF (RX(X).LT.0.,0) RX(I)=RX(I)+1.0
IF (RY(I).LT.0.0) RY(I})=RY(I)+1.0
IF {RZ(I),LT,0.0) RZ(I)=RZ(I1)+1.0

200  CONTINUE
NCOL=NCOL+1

23



Above we have reduced each particle’s first collisiom time by the. time to the
first collision (between XK1 and X2), The HS positions have been evolved and
subjected to periodic boundary conditions. Noté that each sidslength of the MD
cell is the same, The program unit of distance is the MD cell’s’ sidelength.

The velocity changes after contact of the HS are. governed by conservation
of linear and angular momentum., The relative velocity change on contact is,

~%ij(0).zi5(t) /e

i.e., the projection of the relative velocity along the vector between the HS
centres. Perpendienlar velocity components do not change. The HS veloclty change
is simply the projection of this in the 'laboratory’ frame,

(Eij!d)("xij.gijfa).

We now perform the collision for the hard-sphers pair (K1,K2),

X=RX(K1)-RX(K2) . . ..
Y=RY (¥1)—-RY(X2)
Z=RZ(X1}~RZ(K2).. _
C FYND THE NEAREST IMAGE
IF (X.GT.0.5) X=X-1.0
IF (Y.GT.0,5) ¥=Y-1.0
IF (Z.6T.0.5) Z=2~1.0
IF (X.LT.-0.5) X=X+1.0
IF (Y.LT.~0,5) Y=Y+1.0
1¥ (Z,LT.-0.5) Z=Z+1.,0
D=V (K1) ~VY{¥2)
V=VY(E1)-VY(E2)
W=VZ(K1)~VZ(K2)
B={X*U+Y®V+Z*W) / SG2
I=X*p
Y=Y*B
Z=2*B o
VXKD =VE(X1)-X
VY(K1)=VY(R1)-Y o .
NI VZ(RD-Z T
VX(K2)=VI(R2)+X
VY(K2)=VY(K2)+Y
VZ(K2)=VZ(K2)+Z

The smallest nmew TC(I), which has already been obtainmed, should pive the mnext
¢ollision partners mpnless: (&) ome of the HS which was involved in the previous
collision (K1 and K2) is involved in the next collision or (b) K1 or K2 were the
first collisionm partners for other ES, It now remains to recalemlate the TC(I)

for K1, K2, NJ(K1) and NT(EK2),
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IF (NJ(I).EQ.K1) NI{I)=1

IF (NO(I).EQ.K2) NI{I)=1

IF (NI(I}.EQ.1) TC{I)=1.0E8
300 CONTINUE
C RECALCULATE COLLISION PARTNERS

DO 300 I=1,N
NI(I)=0

IF
IF

(I.EQ,K1) NI(I)=1
(I.EQ.K2) NI(I)=1

DO 310 I=1,N

IF

(NI{I).EQ.0) GOTO 320

RXT=RX(I)
RYI=RY(I)
RZI=RZ(I1}
DO 330 J=1,N

IF (I.BQ.J) GOTO 340
X=RXI-RX(TI}
Y=RYI-RY(JT)
Z=RZI-RZ(T}

IF (X,6T7.0.5) X=X-1.0

IF
IF
IF
IF
IF

(Y.GT.0,5) ¥=Y-1.0
(Z.GT.0.5) Z=Z-1.0
(X.LT.-0.5) X=X+1.0
(Y.LT.-0.5) Y=Y+1.0
(Z.LT.~0.5) Z=Z+1.0

RR=X *X+Y *Y+Z%7
G=VX(I)-VI(T)
V=VI(I)~-VY(I)
W=VZ(I)-VZ{I)
B=X*[+Y*Y+Z*W
I¥ {B.GE.0.0) GOTO 350
A=TU*T+ VYL Y
C=RR-862
AC=Ax(
BB=B*B
IF (AC,GE.BB) GOTO 360
G=SQRT (BB-AC)
T==(B+Q) /A
IF (T.GT.TC(X)) GOTO 370
TC(I)=T
NI({I)=J

370 CONTINUE
IF (T.GT.TC(JY)) GOTO 380
TC(J)=T
NI {(T)=I

380 CONTINUE

360 CONTINUE

350 CONTINUE

340 CONTINUE

330 CONTINUE

320 CONTINUE

310 CONTINUE
IF (NCOL.LT.NCOLT) GOTO 5

Here NI(I) is a ‘'flag’ array of dimension N, which is used to select the
required hard-sphere pairs. Above NCOLT is thke total number of collisions
allowed in the run. These short cycles are gome through until NCOL equals NCOLT.
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The author is indebted to Dr. L.V. Woodecock (University of Bradford) for
teaching him hard-sphere Molecular Dynamics, . -
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In the June 1983 issuwe of the CCP5 Newsletter the theory and units for
performing MD on Tosi~Fumi/Born—Mayer—-Huggins alkali halide films were outlined
[1,2]. In this note the FORTRAN code (optimised for the CRAY-18 compater) for
such a scheme is presented, e

Let there be N ions in the MD cell, Let the component positions along the
three mutually perpendicular MD cell sides be RX(X}, RY(I) and RZ{(I), where I is
a generalised ion index which can range from 1 to N, The first N/2:are for
cations and the second N/2 are for anions, FX(I), FY(X), and FZ(I) are the force
components. PI(I) contains the potential energy per iom., Q(I). contains the
charge: +1.0 for the first N/2 and -1.0 for the remeinder, 5 is the. sidelength
of the MD c¢ell in A, CORR is a constant for the long—range potent1a1 *dipolar’
term I1], e

FRR(KSP)= =Bijbexp(ojj/p)
PC(X8P)= C ij

PD(KSP)=D; j

REOI=1/p

where KSP=1, 2 and 3 for ++, +— and —, respectively [2], The éﬂefgy:ﬁnit is,
a2/4neg(a=1l) = 23,071417x10719 7,
¥here g is the electron charge and ag is the pexmlitivicy of free space.

N2 =N/2
PI=3,1415926536.. .
CORBR=PI*0, SI(SQRT(S OJ*S**S)
T81=2.,0/8
PO 1 I=1,N
FX(1)=0.0
FY(I)=0.0
FZ(1)=0.0
PT{(I)=0.0
1 CONTINUE
DO 10 KSP=1,3
IF (KESP.NE.1) goto 20
C DO CATION—-CATION INTERACTIONS
I1=1
I2=N2=-1
J3=0
J2=N2
20 CONTINUE
IF (KSP.NE.2)} GOTO 30
C DO CATION-ANION INTERACTIONS
11=1
2=N2
J2=N
30 CONTINUE L
IF (KSP,.NE.3} GOTO 40
C DO ANION~ANION INTERACTIONS
T1=N2-+1
I2=N~1
JS5=0
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J2=N

CONTINUE

ASSIGN POTENTIAL COEFFICIENTS

RP=PRR(KSP)

CP=PC(ESP)

DP=PD(XSP)

DO 50 I=I1,12 :
- IR (KSP.EQ. 2) JS~N2~I

QI=Q(I)

RXI=RX{I}

RYI=RY({I}

RZI=RZ(I)

=0, Y
- PERFORM VECTORISED INNER I LOOP
- Do 60 I=FS+I+1, Jz - S

e QLY= QI*Q(I)'

I=RXT-RX(T)
Y=RYI-RY(J)
Z=RZI~RZ(T)
X=X-INT(TSI*X}*s
Y=Y-INT(TSI*Y}*§
TX=X*X

YY=¥#Y

ZZ=1*7
RR=XX+YY+ZZ
R=SQRT(RR}
RI=1,0/R
RRI=RI*RI
R6I=RRI*RRI*RRI
R8I=R6I*RR1I
PEXPﬂRP*EXP( R*RHOI)

ThokeTy T
l- ‘aU""\/I TRV L

PD8=DP*R81

CALCULATE POTENTIAL FROM WITHIN THE MD CELL
P1=QIJ *RI+PEXP+PC64+PDS

CALCULATE THE COULOME LONG RANGE CORRECTION BY GOING
AROUND THE NEAREST 8 Y IMAGES
XM=X~-8§

M™M=Y-8

XP=X+$S

YP=Y+§

THS=XM4XM

TMS=TM*YM

IPS=XP*XP

YPS=YP*YP

FIRST THE POTENTIAL
P2=1,0/SQRT{ZZ+XM5+YT)
P3=1,0/SQRT(ZZ+XPS+¥PS)

P4=1 .0/ SQRT(ZZ+XX+YMS)

P5=1.0/ SQRT{ZZ+XMS+TMS)
P6=1.0/SQRT(ZZ+XPS+YY)
P7=1,0/SQRT(ZZAHXX+YPS)

P8=1 .0/ SQRT(ZZ+XMS+YPS)
P9=1,0/SQRT(ZZ+XPS+TMS)

P=P1+QIT *{ (P2 +P3+P4+P5+P6+PT7+P8+PG)
1+CORR* (IX+YY-Z7-2Z) )

SECONDLY THE FORCES
F1=QILT*RRI*RI+(R*RHOI*PEXP+6 ,0*PC6+8, D*PDB)*RRI
F2=P2/{ ZZ+XMS+YY)
F3=P3/{ZZ+XPS+YPS)

F4=P4/ { ZZ+XX+YMS)

F5=P5/ (ZZ+XMS+YMS)
F§=P6/ ( ZZ+XPS+YY)
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F7=P7/ (ZZ+XX+YPS)
F8=P8/ (ZZ+XMS+YPS)
¥9=p9/ (ZZ+IPS+YMS)
F396=F3+F9+F¢
F47=F44+F7 =~
F258=F2+F5+F8
IF=(X*F47+XP*F306+XM2F 258} *QIT+X*F1-CORR*Q LT #2 ,0*X
YF=(Y*(F2+F6) +YP*(F3+F7+F8) +YM*(F4+F5+F9) ) *QIT+Y*F 1
1-CORR*QIT*2,0%Y
ZF=Z%(F396+F47+F258) *QIT+Z*F1+CORR*4 ,0*Z*Q1T
FXI(M)=XF
FYI(M)=XF
FZI(M)=ZF
FX(T)=FX(J)-XF -
FY(J)=FY{(I)-YE -
FZ(X)=FZ{X}-ZF
PII(M)=P - =
PT(T)=PT(F)+P
60 CONTINUE
MAX=M .
FX(I)=FX{I}+SSOM{MAX,FXI,1)
FY(I)=FY(I)+SSUM(MAX,FYI,1) _
FZ(IY=FZ{I)+SSUM{MAX,FZI,1) "
PT{I}=PT(I)+SSUM(MAX, PTT,1)
50 CONTINUE
10 CONTINDE

The CRAY-FORTRAN subroutine SSUM(N;X,I) sums the first N. elements of arrsy X, I
is the spacing between the elements in the sum.

[1] D.M. Heyes, ’'A New Method for Performing MD and MC on Point Charge Systems
I: The Lamina', Daresbury Laboratory Information Quarterly £or MD/MC
Simulations, No, 9, 20-27, June 1983, - ' :

[2] D.M. Heyes,' Program Units for Molecular Dynamics II. Born—Mayer—Hugginms
Potential’, Daresbury Laboratory Information Quarterly for MD/MC Simulations,
No, %, 35-40, June 1983, :
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Alternatives to the Periodic Cubé in Computer Simuiéﬁidn_ _i:

David Adams

In two dimensions, i1f you want periodic boundary conditions, there is a choice

of a periodic cell with either four sides or six, the square of théfHexagon_

Any parallelogram is just a distorted sguare and fills space’ with the same

packing as sguares. Periodic cells have to fill space merely b?ftfaﬁélation,

so triangles are no use:

In three dimensions there are five shapes which: £ill space in theé raquired way,

the five parallelohedra of the crystallographer“E.S{ ?éd@tbv. _Théy'a£e:

1.

2.

The good old cube or parallelopiped which packs as simple"éﬁﬁié; 

The hexagonal prism. I have never heard of this being used in computer

simulation, but there is no' gréat reason why it should not be. However,
. s 1
as even hexagonal close packing can be accommodated in the periodic cube

there has never been any need for it.

The "elongated" dodecahedron with 28 edges, 18 vertices, and 12 faces,

eight of them with four and four with six édgés,_”x have never hedrd of

this being used in computer simulation and I can't think of-any sound,

 scientific reason why it should be used.

The rhombic dodecahedron, with 24 edges, l4 vertices and 12 faces, each

with four edges. It packs as face centred cubic. It can be produced by
taking a cube and cutting off the edges, while preserving the full symmetry

of the cube, until exactly one guarter of the cubes' wvolume is left. This
periodic cell has been usedz, though hardly extensively. It has the advantage
in that of all the five shapes it has the largest inscribed sphere, much
larger than that of the cube, which has a very unspherical shape. So if

you want the maximum possible range for a radial distribution function for

a given number of particles in the periodic cell, this is the periodic shape
to use. Of all possible shapes this will give ycu the maxium distance
between a particle and its own periodic images. Its disadvantage is obvicus,

it isn't too easy to program, and 1is likely to be sufficiently slow that its

30



advantages are outweighed: it is probably better to use a periodic cube
with a larger number of particles. However, I than some research into

this could be useful.

The l4~hedron or cubo—octahedron or orthic tetrakai decanedron ox truncated
octahedron, with 36 edges, 24 vertices “and 14 faces. It oacks as body
centred cubic. It can be produced by taking a cube and cuttlng off the
corners, while oreserVinq the full symmetry of the cube, until exactly

one half of the cubes' volume is ]eft This pericdic cell lS being used

and deserves SEIiOUSHCOHSlderathH.. Of the five shaoes lt has the smallest

circumsphere and so may fairly be described as the most nearly SDherLC&l

of the periodic cell~shapes available. It is compared with the cube and

the rhombic dodecahedionzin'tablenl. It has only a slightly smaller inscribed
sphere than the rhombic dodecahedron. Its advantage over the rhombic
dodecahedron is that truncated octahedral boundary conditions are relatively
simple to program. Figure ! is a drawing of a truncated octahedron inSide

a cube and figure 2 shows the FORTRAN code used in the inner, force calculating
loop of a molecular dynamics program. The code assumes that the truncated
octzhedron is cut from 2 cube of cnic length. The fiiat paﬁt ia idencical

to the ccde required for simple cubic periodic bonndary condiﬁionss. This
either brings the vector (DX, DY, DZ) into the nearest- neighbour truncated
octahedron or leaves it in one of eight surrounding truncated octahedra which
share one of its six sided faces. The equation of the plane containing this

shared surface in the positive octant is:
X +y+2z = 3/4

Given this, the code:to'find'ﬁheItrne'neafeet—neionbouf ﬁDk;.Df; bz} is

fairly chvicus. The code can be vectorized for the CRAY by replacing the

IF statement with the CVMGM function. Both Steve Thompson and myself have
experimented with various wvectorized versions and we found it to be always

much slower than when simple cubic periodic boundary conditions are used.
However, that was only £for the CRAY and the extra overhead of the truncated
octahedron should not be large on other machines, or when the force calculation
itself is substantial. So although these boundary conditions would be
unfavourable with a simpleILennard—Jones potential on the CRAY, thev might

be attractive with an Ewald potential. The k-space part of the Ewald



summation is'theﬁ'siigﬁtiy.different ae'theufeeiﬁtoeainlattiee ef'body
centred cubic is face centred cubic. The attraction of the truncated
octahedron with the Ewald summation is that the anieotropic parté of the
potential, and in particular the interactions between charqes cut into
the corners of the ceall, should be smaller and the extra tlme requlred

to find the nearest images ‘easily outwelghed by a reductlon in 1he number
of reciprocal lattice vectors requlred The truncated octahedron becomes
doubly attractlve if one is 51mu1at1ng a Slngle fon ln a dlpolar solvent,
for then the distance between perlodlc lmages of the lon is c0n51derably

" increased without 1ncrea51ng the quantlty of solvent._

Trﬁncated‘octahe&fai.éeriodic beuhdary'eohditions'may'be.ueed with a number
of crystal structures, the list of numbers avaiiable'with the most common

is shown in Table 2.

‘There is a way round having to use one of the'fiﬁe'shapee- use a non-Euchidean
space. At a liquid-state confersnce at the UanerSlty of Canterbury in 1973
Isenberg read a paper called "Optimum BOUndary Conditions in Molacular Dynamics

Calculations.”™ 7The final two paragraphs of the abstract of that paper say:

"The solution to the'aﬁisetroby.Proﬁlem.in 2-D is to caicuiate.the.hetions

of the particles on the surface of a sphefe, with patticles ihteraeting along
great circles only. In 3-D the volume is the surface of a 4-D, in which
interactions lie along the great c¢ircles of the 4-D sphere."This model gives
complete, statistical, isotropy of directional properties and isotropy of
'image' distances. However, the coordinate system is no longer cartesian but
will approach a cartesian system with short-range forces as the size of the

sphere is increased.

"This 'spherical' box has'the‘aéditionaiyadvantage that the total potential
energy between any two particles, summed over all images, can be calculated
analytically. Thus no 'out ¢ff' in the potential energy function has to be

introduced. "
This method has not receiﬁed'mueh'attention, though it does crop~up occasionally.
There are two minor variants. The interaction between two particles may be taken

along the shorter area of the great circle or both long and short routes may be

included. As far as I can determine the first publication in which spherical
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boundary conditions were used was for the 2D one component plasma by Hansen et al
Schreiner7 presented some results for the 3D Lennard~Jones fluid at the CCPS
Manchester meeting; they struck me as more number dependant than one would expect
with normal boundary conditions. However, Kratky8 has shown that a rigorous

correction for the number dependence might be possible.

An cbvicus disadvantage of the non-Euclidean space is that one doess not get ordinary
crystalline:solid packingg. Quite possibly the packing of a high density fluid
pitase will also be distorted. The-adbantagé of &pherical boundary condikions, as
seen by Isenbery, is that they-évoid the cOnsiderable”éhisotropy of periodic cube
boundary conditions. My own“feeling is that periodic truncated octahedron boundary
cenditions offer a better compromise. The anisotrdpy is much smaller than with a
cube and the distortions of a non-Euclidean geometry is avoided. However, there

is scope for more wofk_in this area, little is known about the effects of the shape

of the periodic cell on the results cobtained.
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Fig. 1 The Truncated Octahedron
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Table I

Comparison of cube, truncated octahedron (TO),-and fﬁdmbic dodecahedron {RD)

' Circumsphere radius Inscribed sphére volume  Clrcumsphere volume
Shape - -
Inscribed sphere radius volume - wvolume
Cube /3 = 1,73 7/6 = 0.52 /in/2 = 2.72
TO Y5/3 = 1.29 Yin/8 = 0.68 5vY5n/24 = 1.46
Table 2

Numbers of primitive cells that can be used with periecdic truncated-octahedral

boundary conditions.

Lattice type General Formula ist few terms

simple cubic %(2n)3 4, 32, 108, 256, 500, 864
body~centred cubic (2n)3 8, 64, 216, 512, 1000
face-centred cubic l/4(4n)3 le6, 128, 432, 1024
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DX = X{I} -~ X{J}

DX = DX ~ AINT (2 % DX)
DY = ¥Y(I) - ¥Y(J)
DY = DY - AINT (2 * DY)
DZ = Z(IL) - Z{J)
Dz = Dz ~ AINT (2 * D3) . . o
IF (ABS (DX) + ABS (DY) + ABS(DZ).LT. 0.75) G@Tp L. .~
DX = DX - SIGN (0.5, DX)
DY = DY - SIGN (0.5, DY)
DZ = DZ - SIGN (0.5, DZ)
1 CONTINUE

' Fig. 2 Calculation of the vector (DX, DY, DZ) bstween the nearest-neighbour
images of particles I & J as it might appear in the lnner loop of a

m.d, force calculation. The containing cuba of the truncated octahadron
is of unit length. '
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THE PERIODIC BOUNDARY CONDITION IN NON-CUBIC MD CELLS: WIGNER-SEITZ
CELLS WITH REFLECTION SYMMETRY.

We Smith -

David Adams pointed out.. iﬁ-his earlier:article (1) that the
great majority of computer simulations employ 4 periodic boundary
condition (PBC). based on the: simple cubic MD - cell- despite ' there
being wuseful . and.sometimes: preferable alternatives, My pufpoSe‘in
this note is-to indicate how alternmatives to the simple cubic ' PBC
may be constructed and to. provide coding examples for ‘a few cases.
The MD cells I-shall:describe form a- recognisable class;  which is
not general, but does include some potentially useful cells such as
the rhombic. dodecahedron and the: truncated octahedron described by
David.  Adams. The class of MD cells I shall discuss conform to thc
following criteria : : :

(1) The MD cells are space £illiug (!)}. The space filling is
accomplished .- through - the - tramnslation ~of ~the MD <cell
periodically chrough space, without rotation, in the manner
usually understood when constructing lattices.

(ii) The MD <cell is symmetric with respect to reflection in
various planes passing through the centre of the cell. These
planes are so constructed as to establish an equivalence
between faces, vertices or edges of the ceil and are generally
easy to identify. As a minimum however, every face of the cell
1s related. to.: ancther through:  reflection symmetry. - (This
symmetry naturally applies only. to the cells and not to the
patticles they contain}. . . - . TR e : :

The ' criterion’ (ii) above permits 2 simple deéscription of the
geometry of the cell; in terms of the set of vectors defining the
location of the centres of the lmmediate veighbouring cellis. Every
face of the MD cell can be defined by an equation of the form:

where:

r;is a vector defining a’ point in- the “plane ‘containing the
1 th' cell face. o '

u; 1s a unit vector. originating at ' the centré of the MD cell
and peinting towards the centre of the 'i th' neighbouring
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cell.

2d; is the distance between the cell centre and the centre of
the '1 th' neighbouring cell.

Such a description 1s possible because each vector u
associated with a cell face must, by definition, be perpendicular
to that face. (It should also be remarked. that while every- face of
the cell can be defined by a vector u; , it- does mnot necessarily
follow that every vector u; has.a face associated with it; since
cells may be neighbours in the sense that. they are are in- contact
with each other wvia an edge or a vertex rather than via a cell
face). The s1m11arity of - thp MD:: cellg. in. this class to - the
Wigner—Seitz cells favoured by solid state physicists is obvious.

o " The unit vectors u,._are particularly useful in performing the
particle relocatioms. that are associated with the periodic boundary
condition. Suppose that in the course of a MD simulation a particle
has moved out of the simulation cell and 1is now 3drn the 'i th’
neighbouring cell. We naturally wish te relocate the particle to
its periodic image within the original cell. This can be done by
applying the following vector operation (in which the vector ¢
locates the particle with respect to the geometric . centre. of the
cell): ' . . .

T; () = x = 2%g; *AINM(r.u; /43 ). . = . (2)

- The effect of this operatlon is that the particle is moved to
its appropriate periodic image position, provided that the particle
is in the 'i th’ neighbouring cell at the instant the operation is
carried out. If however, the particle is not in the '1 th’
neighbouring cell, one of three results may be obtained:

(1) The particle remains in the same position (as for
instance, when the particle is already in the original cell).

(ii) The pérticlg is mdvedito another . cell. neighbouring the
original cell, but at the appropriate image position.

(1i1) The particle is wmoved to the correct position in the
original cell even though the u; vector is not appreopriate to
that neighbouring cell.

Examples of these effects can be seen most clearly in the two
=~ dimensional case presented in Figure l, in which a square cell 1s
used. The results described are relevant only to the class of cells
having the reflection symmetry described earlier. It is worth
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noting that the operation described by equation (2) 1s defirned with
respect to ‘the vectors u; , which aré wore rnumerous than the cell
facea. This means that when applying the periddic  boundary
condition, we must consider edges and vertices as well as. cell
faces to be sure of a correct procedure.

ie]

Figure 1. Image particles A,B,C,D and O are affected
differently by the operation T; (r) associated with the
- vector u; . Both A and 0 are unaffected. B is moved to the
site of A; while both C and D are relccated "to 0; the’
correct Position.-. ' e -

In principle, a PBC algorithm may be constructed from the set
of T; (r) operations described in equation (2). What .is required is
a sequence of these aperations, which collectively will transform
any position vector to the correct periodic image. Such d “sSequence
is not, in general, easy to construct and some trial - and ~ error
is required before a workable scheme -eémerges. Theére "are however
gsome simplifying features, namely the symmetry of the cells and the
ability of each of the operations to affect the contents of more
than one neighbouring cell. These features combine to pérmit PBC
algorithms very much simpler than might be expected from the " large
number of T; (r) operations . (In practice only a small number of
T; () 0perations is required).

. These comments can best be 1llustrated by a specific é&xample.
Consider the twoe - dimensional hexagonal PBC displayed in Figure
{2). (The hexagon is a two - dimensional equivalent of the class of
cells described earlier). The effect of the operatlon T, (r) on a
particle in any of the cells neighbouring theé central MD ‘cell, 1is
to move the particle to the left of the line AB a distance of 2%d
tn the right. Similarly particles right of line CD are moved 2*d to
the left. Thus all particles are brought within the parallel lines
AB and CD. We may then apply yet another operation T; (r), to
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reduce this area yet again and thus by repeated application of
different operations finally ensure that all particles  are
correctly accounted for. However after the first operation a . more
elegant alternative arlses._ﬁ__”_z - : :

Figure {2), The 2-D Hexagonal PBC. (Width of cell = 2d).

Particles in the reglons. 'a' and. 'b' .. clearly - require
relocation to region 'c' as indicated. Similarly those from regions
'd' and 'e' are destined for region '£', There is, curprisiagly, a
simple procedure that will do this conveniently (due, I believe, to
David Adams). In FORTRAN it takes the form:

IF(ABS(X)+ J“O*ABS(Y) LT.2. o*n)co TO. 10
- X=%¥-SIGN(D,X) o

. Y=Y=-SIGN( m*ﬁ Y)

10 . CONTINUE .

Iﬁ"this"procédbré, the first statement checks if the particle is
outside the cell boundary. (effectively using .a .scalar  product
similar to that used in. equation (2)), while the twe following
scatements apply the required  tramsiation - operation. These
statements, together with - the. single operation T, (x) constitute
the PBC algorithm for. this case. S

I conelude this article hy listing some codes that may be used
for wvarious periodic  boundary  conditions. They have been
constructed using the (rather vague) procedure cutlined above. The
intrepld reader may wish to attempt to derive the algorithms for
himself, indeed he may be well advised to do so. ! (The exercise 1is
not unlike the manipulation of the infernal Rub ik cube!).

A. Rectangular Box

jt:

28
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Useful unit vectors: (1,0,0),(0,1,0),(0,0,1)
Algorithm:

X=4-2. 0*A*AINT (X/A)
Y=Y=-2.0*B*AINT(Y/B)
Z=2~2.0*C*AINT (Z2/C)

B. Hexagonal Frism

248

Useful unit vectors: (1,0,0),(0,0,l),(i/ﬁ;f?/Z,d)=-“

Z=aZ=2, 0*A*AINT (Z/A)
X=¥X-2, 0*B*AINT{X/B) R
IF(ABS(X)+ J3.0%ABS(Y).LT.2. O*B)GO 10 10
X=X-SIGN(B,%)
Y=Y=-SIGN( JETG*B,Y)
10 CONTINUE

C. Rhombic Dodecahedron
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Useful unit vectors: (1,0,0),(0,1,0),(0,0,1),(1,1,Y2)/2
Algorithm:

ZaZ= J8,0*A*AINT(Z/( JZ.0%A))
X=X~2.0*%A*AINT(X/A)
Y=Y=2, O*A*AINT(Y/A) o
IF(ABS(X)+ABS(Y)+ (2. 0%ABS(Z).LT.2.0%A)G0O T0 10
X=X-SIGN(A,X)
Y=Y-SIGN{A,Y)
Z=Z-8IGN( JZ2.0*4,Z)

10 CONTINUE

D. Truncated Octéhadron

4 N L

Useful unit vectors: (1,0,0),(0,1,0),(0,0,1)',(1.,'.l'.',.I)."/ﬁ'_.' _.
Algoritchm:

X=X—2. 0*A®AINT(X/A)

Y=Y-2,0%*A*AINT (Y/A)

Z=Z=2.0%AXAINT(Z/A)
IF(ABS(X)+ABS(Y)+ABS(Z).LT.1.5%4)G0O TO 10
X=X-SIGN(A,X)

¥=Y-SIGN(A,Y)

Z=Z~SIGN(A,Z)

L0 CONTINUE
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ROTATIONAL MOTION OF LINEAR MOLECULES

David Fincham
DAP Support Unit, Queen Mary College

In a previous article (CCP5 Newsletter Number 2, September 1981) I described
a simple algorithm for the rotational motion of rigid polyatomic molecules,

based on a quaternion represeuntation of the orientation.

The four quaternlon parameters are related by a sxngle constralnt equatlon .
and prov1de a sultable representatlon for the orlentatlon of non llnear' _
molecules which have three degrees of rotatlonal freedom ' They are 1ess' 
suitable for use with linear molecules which have only two degrees of
rotational freedom, as there would then be a second lmpllc1t constralnt
which numerlcal eTrors mlght V1olate For these molecules I pre[er an |
algorithm which represents the orlentatlon of the molecule by the carteSLan
components of a vector along its axls, w1th a constralnt on its 1ength

I learned this algorithm from Konrad Singer, and several other people

have used it, but I do not think the details have appeared in print.
Furthermore the fofmulation;'givén below makes clear two points that are
not always realised; the algorithms can give the correct dynamics for any
linear molecule, not just diatomics. and thelforcecentres need not
necessarily correspond with the mass centres. The discussion below concerns
only the rotational wmotion which of course can be handled completely

independently of the translational motiomn.

We specify the orientation of the molecule by g, a unit vector along its axis.
Let its moment of inertia about a perpendicular axis through the centre
of mass be I. If the force centres are at positions d_e relative to the

COM the torque on the molecule is:

We study the rotational motion by applying the method of congtraints to an
'equivalent diatomic pseudo-molecule'. Let the pseudo-molecule have unit
length with masses m at each end on which forces G and -G act. Its
rotational motion will be the same as that of the actual linear molecule
provided it has the same moment of inertia and the same torque acts

upon ik, These conditions ave satisfied if:
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and

The second term here subtracts out the component parallel to e, which is
irrelevant to the rotational motion. It is pot essential but donvenient
to do this since theﬁ”c_;z'e”gz ‘and we can obtain the wean &quaré torque
which is a useful number tbﬁget out of a simulation. -

If a and b are the two 'atoms' of thie pseude-molecule they move under the
influence of the forces G and of undetermined bond forces acting along
the axis of the molecule, mApblying'the leapFrog algorithm to this motion =~

gives:

S s T T ST T
rn+1 =" ﬂtgan ‘4 (ﬂt2/21) Gn + Xle

L |
b oArs BTE (AFZX?T}'Gn" ke

T = n
~b “b -b
or, since & * r . -r
- ~a *=b
n+l n n-% 2
e = e + At gn 2 +{(Ae7/T) Qn + kgn
=g + e

where € is the axis vector which would result from 'free-flight' alome. .
The multiplier X is determined by the condition that the length of the axis

must be preserved:

fe. 1= |§n+1 |2
= lel? v 22 gg™ +2 MM
¢iving, remembering that e[ % S L
Ve et [leeDT - 1l



N R
The algorithm is completed by calculating the new axis 'ﬁéﬁtbf'veic’)éit’y}

- gn)/&t
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Molecular Dynamics of Superionic Conducitors

M.L. Wolf and C.R.A. Catlow

Farlier M.D. work on superionics - that is solids with
exceptionally high ionic conductivities - demonstrated the value
of the technigque in elucidating details of structure and

(1)(2) Thaese

transrort in this important class of compound.
earlier studies were, however, confined to relatively simple
cublc materials e.g. AgIl and CaF,. Recently we have applied the
technique to the more complex, layer structured superionics,
B"Al, 04 and Li;N. Our work explolts the efficiency of the FUNGUS
programs developed by Walker for M.D. studies of ionic crystals;

the program is written specifically for use on the CRAY,

Our work on P"Al, O; demcnstrates an intriguing change with
temperature in the structural properties of the material. At
lower temperatures, a well defined lattice structure is found
for the conducting Na® ions which migrate by a hopping mechanism.
This gives way at nighesr temperatures to more liguid-like
structural and transport prorerties. Confidence in the reliability
of the calculations 1is encoureged by their success in reproducing

observed diffusion coefficients.

In the case of Li;N the work has revealed intriguing
migration mechanisms for the cations, The simulations show that
the Li' ions move within the layers by complex concerted
migraticn mechanisms involving several cations. It has often
been speculated that such mechanisms could be significant in
superionics. These simulaticon studies provide the first strong

evidence for thelr occurrence,

Our dynamical simulations on superionics ares now being
extended to inciude the highly defective high temperature

31, 0y phase for which neutron scattering work is in progress,

(1) Vashishta P. and Rahman A,, Phys, Rev. Lett. 40, 1337 (19278).
(2) Gillan M.J. and Dixon M., J, Phys. C. 13, 1901 (1980).
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