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Chapter 1

Introduction






1.1 The DL_POLY Package

DL.POLY {Version I) is a package of subroutines, programs and data files, designed to
facilitate the molecular dynamics simulation of macromolecules, polyrets, ionic systems
and solutions on a distributed memory parallel computer. It was written in the eight-
een months preceeding September 1993 when the first release appeared. The principal
authors at that stage were Bill Smith and Tim Forester at Daresbury Laboratory. For
want of 2 more imaginative acronym the package was named DL_POLY. The entire
DL_POLY project was given a major boost by the provision of a grant in January 1993
from the SERC’s Computational Science Initiative. This should ensure that DL_POLY
will be developed into a significant package over the next two years.

There were many teasons for writing the package. The first reason being a real need
to exploit parallel computing for molecular stmulation in the UK. There were several
worthy packages available to the academic community intluding GROMOS, AMBER
and XPLOR, but none of these were designed (as far as we were able to tell} with parallel
computers in mind. Though it is undoubtedly possible to convert these programs into
parallel forms, we decided that the effort involved could be better spent devising a new
code which had parallelism built into it from the start. This we thought would allow us to
adapt the code to new architectures with greater ease. The second reason was logistical;
at this laboratory, and generally within the CCP5 community, there was a considerable
repository of expertise in parallel molecular dynamics stretching back several years. We
therefore sought to tap into this expertise to produce the new package. The third reason
was that we thought it would be valuable to produce a package that was entirely free
from commercial constraints, by which we mean the source code would be available
to academic institutions, for adaptation and extension. There would be no restriction
preventing users from examining (and verifying!) Lhe source code, so the dreaded “black
box" syndrome would be absent.

Of course, in the period of time available to us before the first release we have not
been able to do everything. It is true that the first release contains only a fraction of
the capabilities of the aforementioned packages, but we are hopeful that the package
will be favourably received. Since this is very rnuch a project endorsed by CCP5, which
serves the UK academic community, we are also hopeful that our users will be inclined
to give us any extensions of the package they devise and so accelerate its development.
As it stands, the package has some nice features we think, while it is designed for a
distributed memory parallel machine {particularly the Intel iPSC/860 at Daresbury) we
have taken care to ensure that it can, with minimum modification, be run on the ever
popular workstations that are now a feature of most simutation laboratories. This ought
to enconrage novices to take up parallel computing!

Users are reminded that we are interested in hearing what other features could be
usefully incorporated. We obviously have ideas of our own and CCP5 has a formed a
small group to oversee such developments, but other input would be welcome neverthe-
less. We also request that our users respect the integrity of DL_POLY source and not
pass it on to third parties. We desire that all users of the package register with us,
not least because we need to keep everyone abreast of new developments and discovered
bugs.

In the following section we outline the capability of DL_POLY as briefly as possible.
Some of the features listed are targets for later releases and are not available under
Release [. We have indicated these. This is followed by a deseription of the DL _POLY

directory structure and how to obtain the source cade from Daresbury Laboratory.

1.2 Functionality

The following is a list of the features DL POLY incorporates, or will incorporate in
the future. Those not yet available are indicated with a bullet symbo! (). It is worth
reminding users that DL_POLY represents a package rather than a single program, so
it is up to the users to piece together a program with the desired functionality. We will
however, supply some ready made examples in the distributed source.

1.2.1 Molecular Systems
DL.POLY will simulate the following molecular species:

. Simple atomic systems and mixtures e.g. Ne, Ar, Kr, etc.

. Simple unpolarisable point ions e.g. NaCl, KCl, MgO, etc.

. Simple rigid melecules e.g. CCly, SF;, Benzene, etc.

. Rigid molecular ions with point charges e.g. KNO,, (NH,)2504, H20 etc
. Polymers with rigid bonds e.g. C,Hany:

. Polymers with rigid bonds and point charges e.g. proteins

. Macromolecules and biclogical systems

. Molecules with flexible bonds

. Mixtures of all the above

W 00 =2 th o 3 N e

1.2.2 Force Field
The DL _POLY default force field is the GROMOS force field which includes:

. All common forms of non-bonded atom-atom potential.
. Atom-atom (site-site) Coulombic potential.
. Valence angle potentials

. Dihedral angle potentials

o1 o W N

. Improper dihedral angle potentials

Release I also includes the AMBER. forcefield. 1t is intended that DL.POLY will
eventually encompass all commonly available force fields.
1.2.3 Boundary Conditions
DL_POLY will permit the following boundary conditions;
1. None. e.g. isolated polymer in space.
2. Cubic periodic boundaries.

3. Orthorhombic periodic boundaries.
4. Parallelepiped periodic boundaries,
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5. Truncated octahedral periodic boundarjes.
6. Rhombic dodecahedral periodic boundaries.
7. Slab {x,y periodic, z nonperiodic).

1.2.4 Algorithms
1.2.4.1 Parallel Algorithms
The following parallel MD strategies are available:
1. Replicated data (O{N?}).
2. Systolic loop SLS-G (O{N?)) »
3. Link-cells {domain decomosition) (C{N)) »

Where (1) and (3) are also suitable for serial computers.

1.2.4.2 Molecular Dynamics Algorithma

The following MD algorithms are available:

. Verlet leapfrog (NVE).

. Gear predictor corrector (NVE).

. Andersen's NPT algorithm with Gear or Verlet »
. Nosé-Hoover (NVT) with Verlet.

Evans Gaussian Thermostat with Verlet.

. Berendsens’ thermostat with Verlet.

. Multiple timestep algorithm.

- oo o W N

1.3 Programming Style

The programming style of DL_POLY is intended to be as uniform as possible. The
following stylistic rules apply throughout. Potential contributors of code are requested
to note the stylistic convention.

1.3.1 Programming Language
The programming language for DL_POLY is FORTRAN 77. C routines are permissible
provided they are FORTRAN callable.

1.3.2 'TFarget Computer

DL_POLY is targeted towards the Intel iP5C /860 parallel computer. However, versions
of the program are to be available for other parallel and serial computers. For this reason
all machine specific calls are located in dedicated FORTRAN routines, to facilitate
substitution by appropriate alternatives.

11

1.3.3 Internal Data Transfer

There are to be NO COMMON blocks. All nonlocal and large local arrays to be passed
as subroutine argument lists. It follows that there should be no block data.

1.3.4 Internal Documentation

All subroutines to be supplied with a header block of FORTRAN comment records
giving:

1. The nare of the author

2. The version number (if appropriate)

3. A brief description of the function of the subroutine

1.3.5 Subroutine/Function Calling Sequences

The variables in the subroutine argument list should be specified in the order:

. logical

. character and character arrays
. integer

real

. logical arrays

. integer arrays

—-IO}U":FHMP—

. real arrays

1.3.6 FORTRAN Parameters

All parameters defined by the FORTRAN parameler statements should be specified
in the include file: dl params.inc. which is to be included at compilation time in all
subroutines requiring the parameters. All parameters specified in dl_params.inc must
be described by one or more comment cards.

1.3.7 Arithmetic Precision

All real variables and parameters must be specified in real*8. i.e. 64-bit preciston must
be used for all real computations.

1.3.8 Units
Internally all DL_POLY subroutines and functions assume the use of the following
defined molecular units:

1. The unit of time (£,) is 1 x 10~'? seconds.

2. The unit of length (£,) is 1 X 10~'" metres.

3. The unit of mass (m,) is 1.6605402 x 10-77 kilograms.
4. The unil of charge (g.) is 1.60217733 x 10~'? coulombs.
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5. The unit of energy (E, = m.{{,/t,)?) is 1.6605402 x 10-%,

In addition the following conversion factors are used:
The coulombic conversion factor (7,) is:

! [ % ] _ 138935.4835
E, 4xe, .| ’

such that:
Unis = EstoUraternal

Where U represents the configuration energy.

1.3.9 Error Messages

Al detected errors detected by DL_POLY during run time will initjate a call to a sub-
routine ERROR, which will print an error message in the standard output file and, if
necessary, terminate the program. All terminations of the program will be global (i.e.
every node in the paralle! computer will be informed of the termination condition and
stop executing,

1.4 The DL_POLY Directory Structure

The entire DL POLY package is stored in a Unix directory structure. The topmost
directory is named dl_poly. Beneath this directory are several sub-directories named:
source; utility; data; execute; and build. Briefly, the content of each sub-directory is as
follows:

sub-directory contents

source primary subroutines for the DL_POLY package

utility all utility subroutines, programs and example data
data example input and cutput files for DL_POLY

execute the DL_POLY run-time directory

build makefiles to assemble and compile DL.POLY programs

A more detailed description of each sub-directory follows.

1.4.1 The source Sub-directory

In this sub-directory all the essential source code for DL_POLY, excluding the utility pro-
grams and subroutines, are stored. In keeping with the ‘package’ concept of DL_POLY,
it does not contain any complete programs; these are assembled at compile time using
an appropriate makefile. The subroutines present in this sub-directory are documented
in Chapter 2 of this document.

13

1.4.2 The utility Sub-directory

This sub-directory stores all the utility subroutines, functions and programs in the
DL_POLY package, together with examples of data. The various routines in this sub-
directory are documented in Chapter 6 of this document. Users who devise their own
utilities are advised to store them in the utility sub-directory.

1.4.3 The dafa Sub-directory

This sub-directory contains examples of input and output files for testing the released
version of DL_POLY. The examples of input data are copied into the ‘execute’ sub-
directory when a program is being tested.

1.4.4 The ezecule Sub-directory

In the supplied version of DL_POLY, this sub-directory contains only a few macros for
copying and storing data from and to the data sub-directory and for submitting programs
for execution. However when a DL.POLY program is assembled from its makefile, it
will be placed in this sub-directory and will subsequently be executed [rom here. The
outpul from the job will also appear here, so users will find it convenient to use Lhis
sub-directory if they wish to use DL_POLY as intended. (The experienced user is not
absolutely required Lo use DL POLY this way however.)

1.4.5 The build Sub-directory

This sub-directory contains the standard makefiles for the creation {i.e. compilation and
linking) of the DL.POLY simulation programs. The makefiles supplied select the appro-
priate subroutines from the ‘source’ sub-directory and deposit the executable program
in the ‘execute’ directory. The user is advised to eopy the appropriate makefile into
the execute directory, in ¢ase any modifications are required. The copy in the ‘build’
sub-directory will then serve as a backup.

1.5 Obtaining the Source Code

The source code for DL_POLY is located in the CCP5 Program Library at Daresbury
Laboratory in the United Kingdom. It is the property of the SERC and all users of
DL_POLY must obtain their copy from this source. Copies obtained from elsewhere
will be deerned illegal and will not be supported by Daresbury. Potential users should
therefore register with the CCP5 Program Librarian {address: Theory and Compu-
tational Science Division, Daresbury Laboratory, Dacesbury, Wartington WA4 4AD,
United Kingdomn.)} The code is free to all academic institutions, so there is no need to
steal it.

DL_POLY may be accessed by electronic mail or by anonymous FTP. However the
documentation of the package is not available by these routes and can only be obtained
as hard copy [rom the Librarian. A magnetic tape service is also available, but users
must first send a magnetic tape to the Lbrarian,

The following sections summarise the methods for obtaining the code.

14






Scope of Chapter

This chapter describes all the subroutines of DL_POLY to be found in the ‘source’

subdirectory.
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2.1 Subroutine and Function Specifications
2.1.1 DL_POLY Parameters (Include) File

2.1.1.1 Header

<
(AL LIRS LI RIS TR REL e el it P R T el LRI T ettt lElll]

c

c dl_pely insext file spacifying array sizes for the

c entire package

c

c copyright - daresbury laboratory 1992

c author - %. smith march 1992,

e

[

c note the following intermal units apply everywhare

c

c unit of tima (to) = 1 x 10%+{-12) saconds
c unit of length {lo) = 1 x 10++(-10) metres

c unit of mass (me) = 1.6605402 x 10%*(-27) kilograms
c unit of charge {ge) = 1.60217733 x 10#+(-19) coulombs
c unit of energy (Eo) = 1.6605402 x 10»e(-23) joules

c

T T L T T TP P P P TS PE Y
<

2.1.1.2 Function

Tle include file dl_params.inc contains all the parameters defining the arrays dimen-
sions of DL_POLY plus the fundamental constants and conversion factors. It is included
within all relevant subroutines at compile time.

2.1.1.3 The Parameters and their Function

parameter value function

boltz 8.31451115d-1 beltzmann constant in internal units

kmax 8 max reciprocal space vector index

msatms 1000 max number of atoms in working arrays

msbad max({mxbond,mxangl, max size ol working arrays for bond, angle and
mxdihd) dihedral routines

mxangl 400 max number of bond angles on a node

mxatms 4000 max number of atoms

mxbond 500 max number of chemical bonds on a node

mxbuff max{6*mxatms, max dimension of atomic transfer buffer
8%(mxcons+1})

mxcons 2000 max number of constraint bonds on a node

mxdihd 500 max nurmber of torsion angles on a node

19



mxexcl
mxgrid
muxlist
mxlshp
mxmols
mxnstk
mxproc

mxrdf

mxshak
mxsite
mxstak
mxsvdw

mxtang
mxtbnd
mxteon
mxtdih
mxtmls
mxvdw

mxxdf
nconf
ndump
nfield
nhist
nread
nrest
nrite
nstats
pi
r4piel

sqQrpi

50

2000

800

2000

1500
25+{{mxsvdw-1)/5)*5
64

256

100
1000
100
14

1500

1500

4000

2000

3

{(mxsvdw+1)*
mxsvdw) /2
max{mxlist msatms)
B

500

7

21

5

22

6

20
3.141592653580793d0
138935.4835d0

1.7724538509055159d0

2.1.1.4 Comments

max number of excluded interactions per atom
max number of grid points in potential arrays
max number of atoms in verlet list

max dimension of shape routine transfer atray
max number of molecules

max number of stacked variables

max number of nodes (used in parallel
constraint algorithm)

number of tabulation points for radial distribution

functione

max number of iterations in shake algorithm
max number of molecular sites

dimension of stack arrays for rolling averages
max number of different types of sites for pair
potentials

max number of different bond angle potentials
max number of chernical bond potentials

max number of specified bondlength constraints
max number of different torsional potentials
max number of molecule types

max nurnber of different pair potentials

max number of atoms in xdf,ydf and zdf arrays
configuration file input channel

data dumping interval in event of system crash
force field input channel

trajectory history file channel

main input channel

output channel accurmulators restart dump file
main output channel

statistical data file output channel

x

electrostatic conversion [actor t.e.
(unit{charge)**2/{4 pi eps0 unit(length)}/
unit{energy}

square root of

Any changes made {o the parameters file requires the entire program to be recompiled.
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2.1.2 ANGFRC
2,1.2.1 Header records

subroutine angfrc

x (idnode,incon,mxnodae,ntangl ,engang,virang,keyang,listang,
x cell,fxx,1yy,fzz,proang,Xxx,yyy,zzz,xdab,ydab,zdab,xdbc,
x ydbe,zdbe)

<
(S EL LI I PIREITIIR LRSI A PR Ede LTI LALE TR d bl il itllEl Y]

c

c dl_poly subreutine for calculating bond angle energy and
c force terms in melecular dynamics.

€

[4 copyright - daresbury laboratoxy 1992

< auther - v. smith may 1992

c modified - t. forester fab 19953

c

(AT E LTS 2SS T I P YAt IR SR R LERS PRI SRR LR dEd]d

c

2.1.2.2 Function

Calculates valence angle interactions.

2.1.2.} Dependencies

s images

2.1.2.4 Arguments

integers:
idnode input identity of current processor.
imcon input key for periodic boundary conditions.
mxnode input total number of processors.
ntangl input total number of inleractions in the system.
reals:
engang oulput valence angle interaction energy.
virang output valence angle interaction virial.
integer arrays:
keyang input key for angle potential {(mxtang).
listang input index for potential variables and atomic coordinates

{mxangl,4).
real arrays:

cell input MD cell vectors (9).

fix output x component of force (mxatms).
fyy output y component of force {mxatms).
fzz output z component of {orce (mxatms).
prmang input potential variables (mxtang,2).
XXX input x cootdinate {mxatms).

21



¥yy input y coordinate {(mxatms).

474 input £ coordinate (mxatms).

xdab work x component of a-b inter atomic vector (msbad).
ydab work ¥ component of a-b inter atomic vector (msbad).
zdab work £ component of a-b inter atomic vector (msbad).
xdbe work x component of b-¢ inter atomic vector (msbad).
ydbe work y component of b-c inter atomic vector (msbad).
zdbe work z component of b-¢ inter atomic vector (msbad).

2.1.2.5 Comments

In DL POQLY Release I the array KEYANG is not used - all interactions are assumed to
be of the form

1 2
U= k8- 6). (2.1)

k, the force constant, is stored in PRMANG(i,1). 8,, the equilibrium angle, is stored in
PRMANG(i,2).

22

2.1.2 BNDFRC
2.1.3.1 Header records

subroutine bndfrc

x (idnode,imcon,mxnode,ntbndl,engbnd, virbnd ,keybnd,listbnd,
X cell,fxx,fyy,fzz,prmbnd, 1xx,yyY,22z,xdab, ydab ,zdab)

c

G e e o R R R R R Rk R R R

a6 00 n 6 06 00

G ko ol o Rk bk R sk okl sk kR kR Rk kR Rk

c

2.1.3.2 Function

dl_poly subroutine for calculating chemical bond energy and
force terms in molecular dynamics.

copyright - daresbuxry laboratory 1992
authox - ¥. smith july 1992

'lennard-jones’ bonds added for GROMOS 1-4 interactions
- t forester march 1993

Calculates chemical bond energy and foree terms.

2.1.3.3 Dependencies

* images

2.1.3.4 Arguments

integers:
idnode input
imeon input
mxnade input
ntbond input
reals:
engbnd output
virbnd output
integer arrays:
keybnd input
listbnd input

real arrays:

cell input
fxx oulput
fyy cutput
{zz ocutput
prmbnd input

identity of current processor.

key for periodic boundary conditions.
total number of processors.

total number of interactions in the system.

chemical bond interaction energy.
chemical bond interaction virial.

key for bond potential (mxtbnd).
index for potential variables and atomic coordinates
{mxbond,3).

MD cell vectors (9).

x component of force {mxatms).
¥ component of force {(mxatms).
z component of force {mxatms).
potential variables {mxibnd,3).

23



1xx input x coordinate {mxatms).

YyY input y coordinate (mxatms).
22z input z coordinate (mxatms).
xdab work x component of a-b inter atomic vector (msbad).
ydab work ¥ component of a-b inter atomic vector {msbad}.
zdab work z component of a-b inter atomic vector {msbad).

2.1.3.5 Comments

In Release I three type of bond potentials are available:

1. KEYBND(i) = 1 : Harmonic bonds
U= %k(r — 1) (2.2)

k, the force constant, js stored in PRMBND(i,1). »,, the equilibrium distance, is
stored in PRMBND(i,2).

2. KEYBND(i) = 2: Morse potential
U = AlL - exp(~C(r - o))" (23)
A is stored in PRMBND(i,1), rs in PRMBND(},2), and C in PRMBND(i,3).

3. KEYBND(i) = 3 : “Lennard-Jones” bonds. For example, these are used for the
GROMOS force field which has modified Lennard-Jones variables for 1-4 type
interactions. The appropriale variables are generated from the DL_POLY utility
groforce. In effect these terms take out any exira contribution to 1 - 4 interactions
that arise from using the normal Lennard -Jones variables in the calcuation of
non-bonded terms (in the subrontine srfrce).

24

2.3.4 COULo0
2.1.4.1 Hender records

subroutine could
x (iatm,ik,engcps,vircpe,rcut,epeq,
x ilist,chga,rsqdf ,xdf,ydf ,zd? ,fxx,fyy,f22)
c
(ST T YT EALER SRR ELRERERER RSN NI RS2 I I ETERLIETERER LT

dl_poly subrontine for calculating coulombic force.
1/r potential, no truncation or damping

parallel replicated data version

copyright - daresbury laboratory 1993
author - t. forester february 1993

a0 000 n0o0n

(LI AR L I Il Rl L I LRIl Ll il L)
[

2.1.4.2 Function

Calculates interaction energy and forces for the Coulombic potential.

2.1.4.3 Dependencies

* none

2.1.4.4 Arguments

integers:

iatm input index of the ceatral site.

ik input number of neighbours around the central site.
reals: ‘

engcpe oulput Coulombic energy.

vircpe output Coulombie virial.

reut input potential cut off radius.

epsq input refative dielectric constant.
integer arrays:

ilist input indices of neighbours of the central site (muxlist).
real arrays:

chge input electrostatic charge (mxatms).

rsqdf input square of intersite distance (mxrdf).

xdf input x component of intersite vector (mxxdf).

ydf input y component of intersite vector (mxxdf).

zdf input z component of intersite vector (mxxdf).

fxx oulput x component of force {mxatms).

fyy output y component of force (mxatms).

fzz outpul z component of force (mxatms).
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2.1.4.5 Comments

26

2.1.5 COUL2
2.1.5.1 Header records

gubroutine coul2
x (iatm,ik,engcpe,vircpe,rcut,epsq,ilist,chga,
x reqdf,xdf,ydf ,zdf ,fxx,iyy,fzz)
c
A R o o R R R

dl_pely subroutine for calenlating counlombic forces
assuming & distant dependent dielectric ‘constant’.

parallel replicated data version

copyright - daresbury laboratory 1993
authox - t. forester april 1993

a o n a0 hnnn

Crdsknphmkkd ek hd Rk ke kR ppdb kbbb N RNk
<

2.1.5.2 Function

Calculates interaction energy and forces for a Coulombic potential with a distant de-
pendent dielectric constant. The form of the potential is

I @
= Axee) r (24)
2.1.5.3 Dependencies
® none

2.1.5.4 Arguments
integers:

iatm input index of the central site.

ik input number of neighbours around the central site.
reals

engcpe oulput Coulombic energy.

vircpe output Coulombic virial.

rout input potential cut off radius.

epsq tnput relative dielectric constant at r = 1.
integer arrays:

ilist input indices of reighbours of the central site (mxlist).
real arrays:

chge input electrostatic charge (mxatms).

rsqdl input square of intersire vector (mxxdf).

xdf input x component of intersite vector (mxxdf).

ydf nput y component of intersite vector {mxxdf).
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zdl
fxx

fyy
fzz

input

output
output
cutput

2.1.5.5 Comments

z component of intersite vector (mxxdf).

1 component of force (mxatms).
¥ component of force (mxatms).
z component of force (mxatms).
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2.1.6 CYCLE
2.1.6.1

c

M OH H M M oMK oE MK MM N HRKMM

Header records

szbroutine cycle

{1fcap,lgotr,loptim,lpgr,ltraj,ltecal,lzeql ,atonam, cfgnama,
idnode,incon,inteta,istraj,keyens,keyfce, keyres, kaytrj,
kmaxl kmar2,kmax3d,multt,mxnode,natma,nécons ,nstack,nstap,
nstbgr,nstbpo,nstbts,nsteql,nstraj,nstrun,ntangl,ntbond,
ntcons,ntdihd,ntpvdv,numace , numrdf ,ntpatm,
alpha,chit,degfra,delr,dlrpot,elrc,engang,engbnd,engecpe,
aengdih,engsrp,engunit,epsq,plrc,pmass,press,quass,reut,
rprim,temp,timcls,timjob, tolnce,tstep,virang, virbnd, vircon,
vircpe,virdih,virsrp,volm,
ibuff,iliet,irdf,kayang,kaybnd,keydih,lashap,lentry,lexatm,
lishap,list,listang,listbnd,listcon,listdih,listme,listin,
listot,lstvdw,ltpvdv,ltype,nexatm,noxatm, numtyp,
buffer,cell,chge,cke,cks,clm,dens,dxt dxx,dyt,dyy.dzt ,dzz,
elc,els,emc,ens,anc,ens,erc,fer,f1x,fly,f1z,fpx,fpy,fpz,ixx,
tyy,fzz,ggg,prmang,prubed ,prmcon, prodib, prmvdu, ravval,slm,
ssqval,stkval,stpval,sumval ,txx,tyy,t22,uxx,uyy, uzz,vvv, vIx,
vyy.vzz,weight,xdab,xdbc,xded, xdf , xxt ,xxx,ydab, ydbc,yded,
ydf,yyt,yyy,zdab, zdbe,zded ,zdf , zumval ,zzt , 22z, 110, yy0,z20)

LA LA L L Tt T e L P S SN e TP S S L S L LI L L YTy L

0o n N an oo

dl_poly subroutine feor comtrolling the molecular dynamics

simulation cycle and generating the periodic outpui data

copyright daresbury laboratory 1992
author - w. smith july 1992

(L LRI AL L LAl LR TR LI L LIl il ittt il ]

<

2.1.6.2 Function

Controls the MD cycle of evaluating forces, integrating equations of motion and accu-
mulating statistics.

2.1,6.3 Dependencies

angfrc
bndfre
dihfrc

deell
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® error keyens input key for selecting ensemble.
keyfce input key for non-bonded force field.
s feap keyres input key for restart of MD run.
o forces keytrj input key for trajectory information.
kmax! input number of reciprocal space vectors in g direction.
e gdsum kmax?2 input number of reciprocal space vectors in b direction.
) kmax3 input number of reciprocal space vectors in ¢ direction.
o multiple multt input size of multiple time-step interval.
o nvt_el mxnode input total number of nodes.
natms input number of atoms in MD cell.
s nviel nsecons input number of constraints on current node.
nstack input size of stack for rolling averages.
¢ nvi.h0 nstep input running counter of completed MD cycles.
o nvt_hl nstbgr input interval for collecting rdf statistics,
nstbpo input interval for printing out statistical data.
e parlst nsthts input interval for temperature scaling in equilibralion mode.
. nsteql input number of time-steps in run for equilibation.
" revive nstraj input timestep at which dumping of trajectory information begins.
o rdshake nstrun input number of time-steps for MD run.
ntangl input total number of valence angles in system.
o statie ntbond input tolal number of bonds in system.
. nteons input tolal number of constraints in syslem.
s timchk ntdihd input total number of dihedral angles in the system.
e traject ntpvdw input number of types of non-bonded potentials.
numace infout running counter of the number of steps used for statistics,
s verlet numrdl infout number of steps used for rdf statistics.
ntpatm input number of unique atom types.
+ vertest
reals:
e vscale alpha input Ewald convergence variable.
chit infout Friction coeflicient for Hoover thermostat.
2.1.6.4 Arguments delr ?nput b?rder w::dth for Verlet lisl;_. o .
dirpot input distance increment for entries in potential interpolation tables.
logicals: elre infout long range correction to energy.
Ifcap input flag for force capping in equilibration mode. engang output valence angle energy.
lgolr input flag for calculation of r.d.£"s online. engbnd output bond energy.
loptim input flag for O K structure optimization. engcpe output electrostatic energy.
lpgr input flag to print radial distribution functions. engdih output dihedral energy.
ltraj input fAag for dumping trajectory data. engsrp output non-bonded potential energy.
ltscal input flag for temperature scaling. engunit input conversion factor for energy units.
Izeql input fAag for equilibration period. epsq input relative dielectric constant.
characlers: plrc infout long range correction to pressure,
atmnam input atomn labels [a8], (mxatms). pmass input piston mass for pressure control (not in use).
cfgname input configuration name [280]. press input simulation pressure (not in use).
integers: qrmass input Thermal inertia variable for Hoover thermostat.
idnode input identity of current node. reut input potential cut-off radius.
imcon input key for periodic boundary conditions. rprim input radius ol primary cut-off shell.
intsta input interval for accumulating statistics. temp input simulation temperature.
istraj input interval for duraping trajectories.
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timels input
tirnjob input
tolnce input
tstep input
virang output
virbnd output
vircon output
vircpe output
virdih output
virsrp output
integer arrays:
ibuff work
ilist work
irdf infout
keyang input
keybnd input
keydih input
lashap work
lentry output
lexatm input
lishap work
list output
listang input
listbnd tnput
listcon input
listdih input
listme input
listin input
listot input
Istvdw input
ltpvdw input
Itype input
nexatm input
nexatim work
numtyp input
real arrays:
buffer work
cell infout
chge input
cke work
cks work
¢lm work
dens input
dxt wark
dxx wark
dyt work

time, in seconds, allocated for closing the job.
total {ime in seconds allocated for the job.
tolerance for SHAKE algorithm.

simulation time-step, 8¢.

valence angle virial.

bond virial.

constraint virial.

electrostatic virial.

dihedral virial.

non-bonded potential virial.

communication routine buffer (mxrdf*mxvdw).
neighbourhood list for central site (muxlist).
histograms for rdfs (mxrdf,mxvdw).

valence angle potential key (mxtang).

chemical bond potential key {mxtbnd).

dihedral potential key (mxtdih).

see rdshake (mxproc).

number of entries in Verlet list {msatms).
excluded atoms list, see parlst (msatms,mxexcl).
see rdshake (mxlshp).

the Verlet list {msatms,mxlist).

key and indices for valence angle interactions (mxangl,4).

key and indices for chemical bond interactions {mxbond,3).

indices for constraint bonds {mxcons,3).

key and indices for dihedral interactions (mxdihd,5).
see rdshake (mxatms).

see rdshake (mxatms).

see rdshake (mxatms}.

index number of non-bonded potential (mxvdw).
key for non-bonded potentials (mxvdw).

list of atom types (mxatms}.

number of excluded atoms, see parlst (msatms).
see parlst (msatms).

number of atoms of a given type (mxsvdw).

see merge (mxbuff).

MD cell vectors (9).

partial charges, (mxatms).

see ewaldl {msatms).

see ewaldl (msatms).

see ewaldl (msatms).

number density of atom types (mxsvdw).
see rdshake (mxcons).

see rdshake (mxeons).

see rdshake (mxcens).
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dyy
dzt
dzz
elc

emc
ems
enc

ens

erc

fer

fix

fly

Az

fpx

fpy

fpz

Ixx

fyy

fzz

EES
prmang
prmbnd
prmcon
prmdih
prmvdw
ravval
slm
ssqval
stkval
stpval
sumval
txx

tyy

tzz

UXX
uyy
uzz

vy
vax
vyY
vz
weight
xdab
xdbc
xded
xdff

work
work
work
work
work
work
work
work
work
input
input
work
work
work
work
woark
work
output
outpul
cutpul
input
input
input
input
input
inpul
infout
work
infout
infoul
infout
infout
work
work
work
work
work
work
input
infout
infout
infout
input
work
work
work
work

see rdshake (mxcons).

see rdshake (mxcons).

see rdshake (mxcons).

see ewaldl (msatms,(:kmax).
see ewaldl {msatms,(:kmax).
see ewaldl (msatms,0:kmax).
see ewaldl {msatms,0:kmax).
see ewaldl {msatms,0:kmax).
see ewaldl {msatms,0:kmax).
interpolation table for Ewald sum rea! space energy {mxgrid).
interpolation table for Ewald sum real space force (mxgrid).
x companent of secondary force (mxatms).

y companent of secondary force (mxatms).

z component of secondary force (mxatms).

T component of secondary force (mxatms).

¥ component of secondary force (mxatms).

z companent of secondary force (mxatms).

x component of force {mxatms).

y component of force {mxatms).

z component of force {mxatms).

interpolation table for non-bonded force {mxgrid, mxvdw).
variables for valence angle potentials {mxtang,2).

variables for bond potentials {mxtbnd,3).

constraint distances (mxtcon}.

variables for diliedral potentials {mxtdih,3).

variables for non-bonded potentials (mxvdw,5).

statistics array, see static {mxnstk).

see ewald1 (msatms).

statistics array, see static (mxnstk).

statistics array, see static (mxstak,mxnstk).

statistics array, see static {mxnstk).

statistics array, see static {mxnstk).

{mxatms).

{mxatms).

{mxatms).

{mxatms).

{mxatms).

{mxatms).

interpolation table for non-bonded energy {mxgrid, mxvdw).
x component of velocity (mxatms).

¥ component of velocity {mxatms).

z component of velocity (mxatms).

mass (mxatms).

used in anglre,bndfre,dihfre (msbad).

used in angfre,dihfrc (msbad).

used in dihfrc (msbad).

x component of intersite vector (mxxdf).
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xxt
xxx
ydab
ydbe
yded
ydf
yyt
Yyy
zdab

zdbe
zded
zdl
zumval
zzt

z22

xx0
¥y0
zz0

work
infout
work
work
work
work
work
infout
work
work
work
work
infout
work
infout
infout
infout
infout

2.1.8.5 Comments

{mxatms).

x coordinates (mxatms).

used in angfre,bndfrc,dihfrc (msbad).
used in angfre,dihfre (msbad).

used in dihfrc {msbad).

¥ component of intersite vector (mxxdf).

{mxatms).
y coordinates (mxatms).

used in anglrc,bndfrc,dihfre (msbad).

used in anglre,dihfrc (msbad).
used in dihfre (msbad).

z component of intersite vector (mxxdf).

statistics array, see static (mxnstk).
(mxatms).

z coordinates (mxatms}.

increment in x coordinate (mxatms}.
increment in y coordinate (mxatms}).
increment in z coordinate (mxatms).
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2.1.7 DCELL
2.1.T.1 Header records

subroutine dcell(aaa,bbb)

[~
(IR PRSP YT PRSI LS LT ISR LI ES SRR L RISl et Il el i s Ly

dl_poly subroutine to calculate the dimensional properies of
a simulation cell specified by the input matrix aaa.
the results are returned in the array bbb, with :

bbb(1 to 3) - lengths of call vectors
bbb(4 to 6) - cosines of cell angles
bbb(7 to 9) - perpendicular cell widths
bbb(10) - cell volume

copyright daresbury laboratory 1992
author - w. smith july 15992

AN 0O 000NN nnnn

(LI L ERRLIEELLEL LI LSRR R Rl sl sl il il bl bt bttt Dty
c

2.1.7.2 Function

Calculates the dimensional properties of the MDD cell.

2.1.7.3 DBependencies

¢ none

2.1.7.4 Arguments

real arrays:
aaa input MD cell vectors (9).
bbb output cell dimensional properties as per header records {10).

2.1.7.5 Comments
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2.1.8 DIFFSNo 2.1.8,5 Comments

2.1.8.1 Header records This subroutine should he called every time step. Mean sguared displacements are

5 s calculated in diffsnl.
subroutine diffsn0

x (idnode,natms ,mxnode, tetep, vxx,vyy,vzz,xx0,yy0,z20)

(AL IAA LA A RS LI ELSINRLAT IER A LA S LI It Ed bl bl lhyt)

DL_POLY Toutine for calculating displacements of sites from
t=0 positions

-
<
<
c
c use diffsnl for mean squared displacements
c

[ parallel varsion - replicated data.

c

[ copyright daxesbury laboratory 1993

c

c author - t, forester juna 1993

AT RL IR EE LSS TSI RN RIER AT d I el il il Rl EE el Edl

2.1.8.2 Function

Calculates increment in atomic positions due to the current time-step.

2.1.8.3 Dependencies

e none

2.1.8.4 Arguments

integers:
idnode input identity of current processor.
natms input number of atoms in MD cell.
mxnode input total number of processors.
reals:
tstep input time step
real arrays:
vEX input x component of velocity (mxatms).
vyy input y component of velocity {mxatms).
vz input 2 component of velocity {mxatms).
xx0 infout running sum of x increments (mxatms).
yy0 infout running sum of y increments (mxatms).
zz0 infout running sum of 2 increments {mxatms).
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2.1.9 DIFFSN1
2.1.90.1 Header records

subroutine diffenl

x (idnode,natms ,ntpatm,mxnode,ltype ,nuntyp,amsd,

x xx0,yy0,2zz0 ,buffar)
o e o ol e e o ol o e e e e e e ot b e ok e ol e e ok ek
DL_POLY routine for calculating mean squared displacements
displacementa calculated in diffsnQ
parallel version - replicated data.

copyright daresbury laberatory 1993

author - t. forester jura 1993

[ I B T I T T T T e T e I 3

CHEER A o o ko o b g o R R Kk R

2.1.9.2 Function

Calculates mean squared displacements of atomic types.

2.1.9.3 Dependencies

« none

2.1.9.4 Arguments

integersa:
idnode input identity of current processor.
natms input number of atoms in MD cell.
ntpalm input nuraber of unique atomic types.
mxnode input total number of processors.
integer arrays:
ltype input atomic type index {mxatms).
numtyp input the number of atoms of each atomic type (mxsvdw)
real arrays:
amsd output mean squared displacements {mxsvdw).
xx0 input running sum of x increments {mxatms).
¥y0 input running sum of y increments {mxatms).
2z0 input running sur of z increments {rxatms).
buffer work work array for global sum {mxbuff}).

38

2.1.9.5 Comments

Use in conjunction with diffsn0
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2.1.10 DIHFRC

2.1.10.1 Header records

subroutine dihfre
(idnode,imcon,mxnode,ntdihd , keyfce,epsq, engcpe, engdih, reut,
vircpe,virdih,keydih,listdik,
buffer,cell,chge,fxx,fyy, fzz,prmdih, xxx,yyy,zzz,xdab, ydab,
zdab,xdbc, ydbc,zdbe, xdcd, yded, zdcd)

oM oMo

<

[A AR L LI LIS TSI TN T P YT e ey e ST T2 VI Ry T T T

version 2

[, o TN o TR o TR = N o T -« O v TN A = T Y T 2 N o T B 2 }

O o o s R R A Rk ek Ok Rk kR e Rk R

<

2.1.10.2 Function

author -~ W.

dl_poly subroutine for calculating dihedral energy and force
terms in molecular dynamics.
- raduced 1-4 electrostatics for AMBER force field

NOTE: assumes the normal electrostatics
have already been calculated elsewhera.

copyright - daresbury laboratory 1992
smith march 1992

version 2 junae 1993
author - t. forester.

Calculates dihedral angle interactions.

2.1.16.3 Dependencies

s images

2.1.10.4 Arguments

integers:
idnode input
imeon input
mxnode input
ntdihd input
keyfce input
reals:
epsq input
engcpe infout
engdih output

identity of current processor.
key for periodic boundary conditions.
total number of processors.

total number of interactions in the system.

key for non-bonded force feld.
relative dielectric constant.

electrostatic energy-
dihedral interaction energy.

40

rcut input cut-off radius.
vircpe infout electrostatic virial.
virdih output dihedral interaction virial.

integer arrays:
keydih input key for dikedral potential (mxtdih).
listdih input index for potential parameters and atomic coordinates

{mxdihd,5).

real arrays:
cell input MD cell vectors {9).
chge input partial charges (mxatms).
fxx output x component of force (mxatms}.
fyy output y component of force (mxatms).
fzz output z component of force (mxatms).
prmdih input potential parameters (mxtdih,3).
Ix input x coordinate (mxatms).
yyy input y coordinate (mxatms).
22z input z coordinate (mxatms).
xdab work x component of a-b inter atomic vector (msbad).
ydab work y component of a-b inter atomic vector {msbad).
zdab work z component of a-b inter atomic vector {msbad}.
xdbe work x component of b-c inter atomic vector (msbad).
ydbe work y component of b-¢ inter atomic vector {msbad).
zdbe work z camponent of b-c inter atomic vector (msbad).
xded work x component of c-d inter atomic vector (msbad).
yded work ¥ component of ¢-d inter atomic vector (msbad).
zded work z component of c-d inter atomic vector (msbhad}).

2.1.10.5 Comments

In DL_POLY version [ harmonic and cosine potential terms are available.

1. KEYDIH(i) = 1 : Cosine lerm
U= A[L + cos{ng — §)| (2.5)

A is stored in PRMDIH(i,1), § in PRMDIH(i,2) and n in PRMDIH(i,3).

2. KEYDIH(i) = 2 : Harmonic term (suitable for improper dihedral interactions

only)
1
U= 1o o) (26)
E, the force constant, is stored in PRMDIH(i,1). ¢y, the equilibrium angle,
is stored in PRMDIH(i,2).

3. KEYDIH(i} = 3 : Cosine term plus a reduced 1-4 electrostatic interaction.
The Cosine term is identical to the KEYDIH(i} = 1 term above. In addition
the 1-4 electroslalic interaction is reduced by 50%. This reduction is part of
the specification of the AMBER [orce field.
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2.1.11 DLPOLY » machine
2.1.11.1 Header records

e result
program dlpely o simdef

c
T T YT T T # sysdef
dl_poly is a serc/ccp5 program package for the dynamical * sysgen

simulation of molecular systems.

2.1.11.4 Arguments
dl_poly is the property of the serc daresbury laboratory,
daresbury, varrington wa4 4ad. no part of the package may
be redistributed to third parties without the consent of
daresbury laboratory.

none

2.1.11.5 Comments

dl_poly is available free of charge to academic institutions
engaged in non-commercial research only. potential users not
in this category must consult the ccp5 program librarian at
daresbury to negotiate terms of use.

neither the serc, darasbury laboratory, c¢cp5 nor the anthors
of this package claim that it is free from errors and do not
accept liability for any loss or damage that may arise from
its usa. it is the users responsibility to verify that the
package dl_poly is fit for the purpose the user intends for
it.

all errors found by the user should be passed on to the
ccp5 program librarian without delay, for the benefit of other
uEers.

users are invited to contribute software to the dl_poly project
on the understanding that such software bacomes the property of
serc and that its re-distribution will comply with the termms
outlined above.

onNn A o0a o0 oD o0 nNnn o0 ann o0 dn o n oD

SRR R R R R R R O R R R R R Rk R
<

2.1.11.2 Function

Overall control of the simulation.

2.1.11.3 Dependencies
* cycle

® gsync
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2.1.12 DUNI
2.1.12.1 Header records

function duni()
c
(A A LA L L L PRI TR PPl EY ST I TR Rt T ST A LTI PRI IS 2T 1]y

dl_poly random number ganeratoer based on the universal
random number generator of marsaglia, zaman and tsang
(stats and prob. lett. 8 (1990) 35-39.) it must be
called once to initialise parameters u,c,cd,cm

copyright darasbury laboratory 1992
aurhor - w.esmith july 1892

B AN 5006 6nN0n

G b o O o o R R R R kR
c

2.1.12.2 Function

Random number generator. A uniform distribution on the interval [0,1) is produced.

2.1.12.3 Dependencies

* none

2.1.12.4 Comments

DURNI must be called once to initialise inlernal parameters, thereafter, the function is
called once for each random nurnber required.
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2.1.13 ERROR
2.1.13.1 Header records

subrontina error(idnode,kode)
c
P e T T T L T T P e T T P T T T )

dl_poly subroutine for printing error messages and bringing
about a controlled termination of the program

copyright - daresbury laboratery 1992
author = w. smith march 1892,

warning - this routine terminates the job. user must ensure
that all nodes are informed of error condition before this
subroutine is called. s.g. using subroutine gatata().

o T T - T T T o T o B T N s B 5 §

I LD A 22 ARl DI I I P PR Sl S Ll Ll Iy IEr]
[

2.1.13.2 Function

Writes error messages and terminates execulion.

2.1.13.3 Dependencies

4 none

2.1.13.4 Arguments

integers:
idnode input identity of current node.
knode inpul key for error type.

2,1.13.5 Comments

This routine should be called by all nodes simultanecusly. Failure to do this will result
in the program ‘hanging’.
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2.1.14 EWALD1
2.1.14.1 Header records

c

A LR ER T IR I AT ER P R I Lt T LI ERE I Ll eI Iy ISl iyl

o 0N 000N o0 6000000000000 O000N0G0D0DN

(A LI IS L LIRSS Lo At LIS P eIl IRl e Lt tisdd iy yl)

c

subroutine evaldl
(idnode,mxnode , natms, imcon , kmax1 ,kmax?, kmax3,
engcpo,vircpe,alpha,volm,epsq,
coll,chge,xxx,yyy,zzz,Ixx,fyy,fzz,elc,emc ,enc,els ,eme,
ons,cke,cke,clm,alm}

MMM

dl_poly subroutine for calcnlating counlombic forces in a
periodic system using ewald's method

parallel raplicated data version (part 1)

copyright - daresbury laboratory 1992
author = ¥. smith march 1992.

varsion 2
author - t. forester april 1893

part 1 - reciprocal space terms (fourjer part)

note - in loop over all k vectors k=2pi(ll/cl,mm/cl,nr/cl)

the values of 11l,mm and nn are selected so that tha symmetry of
raciprocal lattice is taken into account i.e. the following
rules apply.

11 ranges over the valvaes 0 to kmaxl only.

mm rangas over 0 to lkmax2 when 11=0 and over
-kmax? to kmax2 otherwise.

nn ranges over 1 to kmax3 vhen 1ll=mu=0 and over

~kmax3 to kmax3 otherwise.

hence the result of the summation must be doublaed at the end.

2.1.14.2 Function

Calculation of reciprocal space contributions to the coulombic energy and forces for the

Ewald sum. Applicable to periodic systems only.
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2.1.14.3 Dependencies

» invert
e deell

¢ gdsum

2.1.14.4 Arguments

integers:
imeon
idnode
mxnode
natms
kmaxl
kmax2
kmax3

reals:
engcpe
vircpe
alpha
volm
epsq

real arrays:
cell
chge
XXX
yry
222
Pxx
fyy
fzz
elc
emc
enc
els
ems
ens
cke
cks
clm
slm

2.1.14.5 Comments

input
input
input
input
input
input
input

output
output
input
input
input

input
input
input
input
input
output
output
output
work
work
wark
work
work
work
work
work
work
work

periodic boundaries control key. See images.

identity of the node on the eube.

number of nodes on the cube.

number of atoms in the MD cell.

number of k-vectors in the a reciprocal space direction.
number of k-vectors in the & reciprocal space direction.
number of k-vectors in the ¢ reciprocal space direction.

Coulombic energy.

Coulombic virial.

Ewald sum convergence variable.
volume of the MD cell.

relative dielectric constant.

cell vectors {9). See images.

atomic electrostatic charge (mxatms}.

x coordinate array (mxatms).

y coordinate array (mxatms).

z coordinate array (mxatms).

x component of force (mxalms).

¥ component of force (mxatms).

2 component of force {mxatms).

x component of the real part of exp(i.k.r} (msatms 0:kmax).

y component of the real part of exp(i.k.r) (msatms,0:kmax).

z component of the real part of exp(i.k.r) (msatms,0:kmax).

x component of the imaginery part of exp(i.k.r) {msatms,0-kmax).
y component of the imaginery part of exp(i.k.r) (msatms,0:kmax).
z component of the imaginery part of exp(i.k.r) (msatms,0:kmax).
work array for reciprocal space sum (msatms).

work array for reciprocal space sum {msatms).

work array for reciprocal space sum {msatms).

work array for reciprocal space surn (msatms).

The amount of cpu time used in this routine is proportional to kmax®. The optimal
choice of the variable ALPHA is system dependent.
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2.1.15 EWALD2
2.1.15.1 Header records

gubroutine ewvald2
X (iatm,ik,engcpa,vircpe,rcut,alpha,apsq,

x ilist,chge,reqdt,xdf ,ydf,zdf ,fxx,fyy,fzz ,arc,fer)
<

(AL LTI LR LIS ELES PR RS RTINS RIS ESL LS ELLPTY RS el L)

dl_poly subroutine fer calculating coulembic forces in a
periodic system using ewald'’s method

parallel replicated data version (part 2)

copyright ~ daresbury laboratory 1932
author - u. smith march 1992.

part 2 - roal space terms.

Tabulated potential ir r space
3pt interpolation

t. forester March 1993

a0 60606008 606000000

I o o 0o oo o o o o O o o e o ok s R R
[

2.1.15.2 Function

Calculates the Ewald sum real-space contribution to energy, virial and ferces. For peri-
adic systems with Coulombic forces only.

2.1.15.3 Dependencies

# none

2,1.15.4 Arguments

integers:
jatm input index of central atom
ik input number of atoms in neighbour {ist array
reals:
engcpe output calculated contribution to electrostatic energy
vircpe output calculated contribution to electrostatic virial
rcut input cutoff for real space forces calculation
alpha input Ewald convergence variable
epsq input relative dielectric constant

integer arrays:
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ilist
real arrays:
chge
rsqdf
xdf

ydll
zdf
fxx
fyy
fzz

€rc

fer

2.1.15.5 Comments

input
input
input
input
input
input
ouiput
output
ouiput

input

input

list of secondary atom indices {mxlist)

ionic charges of atoms {mxatms)

square of interatomic distance (mxxdf})

x component of interatomic separation vector
{mxxdl)

y component of interatomic separation vector
(mxxdf)

z component of interatomic separation vector
(mxxd)

x component of atomic forces {mxatms)

¥y component of atomic forces (mxatms)

z component of atomic forces {(mxatms)
interpolation array of function erfc{alpha r)/r
{mxgrid)

first derivative of interpolation array erc
{mxgrid)
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2.1.16 EWALD2_RSQ
2.1.18.1 Header records

subroutine ewald2
x {iatm,ik,engcpe,vircpe,rcut,alpha,epsq.
x ilist,chge,reqdf ,1df,ydf zdf ,fxx,fyy,fzz,erc,fer)
c
N 0o ol ol ol e oo o ool oo oo oo e o o ol o o ol o o o oo ol o e R e

dl_poly subroutine for calculating conlombic forces in a
periodic system using evald's method

parallel replicated data veraion (part 2}

copyright - daresbury laboratory 1992
author - ®. smith march 1992,

part 2 - real space terms.

Tabulated potential ir r-squared space
3pt interpolation

t. foreater March 1993

6O 600N o000 anoantnaan

WG e ol ok o ol o oo e ol ol o o e e o o o o o o ol o oo ol e o oo e o e o e O
[+

2.1.16.2 Function

Calculates the Ewald sum real-space contribution to energy, virial and forces. For peri-

odic systems with Goulombic forces only. Tabulation takes place in r-squared space.

2.1.16.3 Dependencies

® none

2.1.16.4 Arguments

integers:
iatm input index of central atom
ik input number of atoms in neighbour list array
reals:
engepe output calculated contribution to electrostatic energy
vircpe outpul calculated contribution to electrostatic virial
tcut input cutoff for real space forces calculation
alpha input Ewald convergence variable
epsq input relative dielectric constant

integer arrays:
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ilist input list of secondary atem indices (mxlist)
real arrays:

chge input ionic charges of atoms (mxatms)

rsqdf input square of interatomic distance (moxxdf)

xdf input x component of interatomic separation vector
(maxdr)

ydf input y component ol interatomic separation vector
(mxxdf)

zdf input z component of interatomic separation vector
(mxxdf)

fxx output x component of atomic forces (mxatms)

fyy output y component of atomic forces (mxatms)

f2z output z component of atomic forces (mxatms)

erc input interpolation array of function erfc(alpha r}/r
{mxgrid)

fer input first derivative of interpolation array erc
(mxgrid)

2.1.16.5 Comments

This subroutine is designed to be used in conjunction with forgen_rsq. See forgen_rsq
for a discussion on the relalive merits of tabulation in r-squared space.
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2.1.17 EWALD3
2.1.17.1 Header records

subroutine ewald3l
x (iatm,ilset ,engcpa,vircpa,alpha ,apsq,rcut,nexatm,
x lexatm,chge,xdf,ydf ,zdf,fxx,fyy,fz2,erc,far)
c

G o S g A o R kb

dl_poly subroutine for calculating coulombic forces in a
periodic system using ewald's mathed

parallel replicated data version (part 3)

copyright - daraesbury laboratory 1992
author - W. emith dec 1952.

part 3 - intramolecular correction terms

4 AN N anannn

[ LRI A EN LIRSSl I RS PEL LTI I lel il il tisitiyll)
[

2.1.17.2 Function

Calculates the intramolecular corrections to the Ewald sum as defined by the excluded
atoms list. For periodic systems with Coulombic forces only.

2.1.17.3 Dependencies

s none

2.1.17.4 Arguments

inlegers:
iatm input index of primary atom
ilst input peinter for iatm in excluded atom arrays
reals:
engepe output calculated contribution to electrostalic energy
vircpe output caleuiated contribution to electrostatic virial
alpha input Ewald convergence parameler
epsg input relative dielectric constant
reut input cutoff for real space forces calculation
integer arrays:
nexatm input marks last entry in excluded atom list for atom iatm
lexatm input list of excluded atoms for atom iatm (msatms,mxexc!)
real arrays:
chge inpat ionic charges of atoms (mxatms)
xdf input x component of interatomic separation vector
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ydf
zdf
Iyy
fzz

€rc

fer

2.1.17.3 Comments

input
input
output
oulput
output

input

input

{mxxdf)

¥ component of interatomic separation vector
(mxxdf)

z component of interatomic separation, vector
{mxxdf)

x component of atomic forces (mxatms)

y component of atomic forces (mxatms)

z component of atomic forces (mxatms)
interpolation array of function erfe(alpha r)/r
{mxgrid)

first derivative of interpolation array erc
(mxgrid)
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2.1.18 EXCLUDE
2.1.18.1 Header records

subroutine exclude

X (idnode,mxnode,natme,ntpmle, keybnd,lexatm,lexsit,lstang,
x lgtbrd,letcon,nexatn,zexsit ,nrumang ,numbonds, numcon,nummole,
x pumsit)

c
o ool oo o 0 oo o ol o e o e o a0 o o o ol o o ek i o

dl_poly subrontine for comstructing the excluded pair
interaction list of the system to be simulated

copyright - dareebury laboratory 1992
author - w. smith june 1992

Bonds of type 3 (L) bonds) are mot in the exclusiom list
t forastar march 1993

[ T 2 T o T+ WY o o T T 4 B o T~ |

O i ol oo ol oo o s o o ol o b o e e oo o ool o oo e ol o o oo o o e o e ok
c

2.1.18.2 Function

Generates lists of excluded non-bonded interactions. Interactions pertaining Lo a chem-
ical bond or valence angle are excluded from the non-bonded interaction list.

2.1.18.3 Dependencies

* Rone

2.1.18.4 Arguments

integers:
idnode input identity of current processor.
mxnode input total number of processors.
natms input number of atoms in MD cell.
ntpmls input number of different types of molecule in the system.

integer arrays:
keybnd input key for chemical bond potentials (mxtbrd).
lexatm output the excluded interaction list (msatms,mxexcl).
lexsit work the excluded interaction list before minimisation (mxsite,mzexcl).
Istang input indices of sites in valence angles in the system (mxtang,3).
Istbnd input indices of sites in chemical bonds in the system {mxtbnd,2).
Istcon input indices of sites in constraint bonds in the system (mxtcon,2).
nexatm output number of entries in excluded nteraction list for the central atom

(msatms).

nexsit work number of excluded interactions before minimisation {mxsite).
numang input number of valence angles in a molecular type (matmis).
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numbonds  input

nWImncon input
nummols input
numsit input

2.1.18.5 Comments

number of chemical bondss in a molecular type (mxtmls).
number of constraint bonds in a molecular type (mxtmis).
number of molecules of each type [mxtmls).

number of sites in a molecular type (mxtmls).
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2.1.19 FCAP
2.1.19.1 Hesader records

subroutine fcap
x (idnode,mxnode,natns, temp, tstep,f1x,fyy,22)

[MaLEL I LI IS ELE LTSI IITI R IT I IR L I eI I A bl et il L l] L)

DLPOLY routinue for limiting the absclute magnitude of
forces. Used for equilibrating initial configurations

parallel vereion.
copyright daresbury laboratory 1993

author - t. forester march 1993

[ o T o O + T L O o T IO e B £ 3 |

00 o e oo e ol e e e R O R e ok s R ok R ok
[

2.1.19.2 Function

Limits the magaitude of the force on atomic sites.

2.1.19.3 Dependencies

& none

2.1.19.4 Arguments

logicals:
Ifcap input flag for force capping.
integers:
idnode input identity of current node.
mixnode input total number of nodes.
natms input number of sites in MD cell.
reals:
temp input simulation temperature.
tstep input simulation time step, §¢.
real arrays:
fxx infout x component of force (mxatms).
fyy infout ¥ component of force (mxatms).
fzz infout z component of force {(mxatms).

2.1.18.5 Comments

The maximum magnitude of the force permitted is 20kmin(T, 1000K) in DL_POLY
internal units. The forces are capped and then shifted so that momentum remains a
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conserved quanity of the simulation. However, energy is not conserved by force capping.
The principal use of fotce capping is to facilitate equilibration from “bad” configurations.
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2.1.20 FORCES ® ewald3

2.1.20.1 Header records e gdsum
subroutine forces ® images
I (idnode,imcon,keyfce,knaxl, kmar?, knax3,mxnode , natme,
x alpha,dlrpot,engcpe, engsrp,epaq,rcut,vircpe,virsrp, volm, ® srirce
3 ilist,lentry,lezatm,list,lstvdv,ltype,nexatn,
I cell, chge,ckc,cks,cln,elc,els,ame ,ens ,60c,ens,exrc, for,fzx, 2.1.20.4 Arguments
tyy.fzz.ggg,.61lm, ight,xdf ,xxx,ydf, . .
x yY.f22.ggg,.8lm,vvv,vaight , xdf ,xxx,ydf,yyy,zdf ,zz2) integers:
< idnode input identity of current node.
imcon input key for periodic boundary conditions.
€ oo oo s o e e e o 0o oo o e o e e o ol o o o o ol o e o ok ok R .
c keylce input key for non-bonded force field.
c d1_poly subroutine for calculating interatomic forces kmax] input number of reciprocal space vectors in a direction.
c us;n the verlet meighbour list kmax2 input number of reciprocal space vectors in b direction.
c & g kmax3 input number of reciprocal space vectors in ¢ direction.
s . mxnaode input total number of nodes.
1lel ted dat .
: parallel replicated date version natms input number of atoms in MD cell.
. reals:
t -
: :::.’ i:;gh _ jar::l;:;ym::::r:;;;y 1892 alpha input Ewald convergence parameter.
c . ’ dlrpot input distance increment for eniries in potential look-up tables.
c modified - t. forestar april 1993 engcpe output electrostatic energy.
c ey: ' engsrp output non-bonded potential energy.
c ¥ epsq input relative dielectric constant.
c kayfce = odd ---- short range potentials calculated: srfrce n?ut mput potential c'ut-c?ﬂ.' radius.
< = 0.1 ---- no electrostatics vircpe output electrostatic virial.
c : 2'3 —ee- Evald sum : ewaldl 2.3 virsrp output non-bonded potential virial.
c = 4,5 ---- Distant dependent dielaectric : coul2 . volm Input volume of MD cell.
c = 6,7 =---- coulombic : coulo integer arrays:
c - 8.9 —-—— truncated and shifted coulombi coult ilist work neighbourhood list for central site {mxlist).
. ' e lentry input number of entries in Verlet list {msatms).
CAR R R ol ot o R lf!xatm input excluded atoms list (msatmls,mxexcl).
c list input the Verlet list {msatms,mxlist).
lstvdw input index number of non-bonded potential (mxvdw).
. lype input list of atom types (mxatms).
2.1.20.2  Function nexatm input number of excluded atomns {msatms).
Controls calculation of non-bonded interactions for single time-step simulations. real arrays:
cell input MD cell vectors (9).
2.1.20.3 Dependencies chge input partial charges, (mxatms).
cke work see ewaldl (msatms).
* could cks work see ewaldl {msatms).
e coull clm work see ewaldl {maatms).
ele work see ewaldl (msatms,0:kmax).
e coul? els work see ewald1 (msatms,0kmax).
eme work see ewaldl (msatms,0ckmax}.
s ewaldl ems work see ewaldl (msatms,0:kmax).
o ewald? enc work see ewald1 {msatms,0:kmax).
ens work see ewaldl (msatms,0kmax).
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ere
fer
frx
fyy
fzz
£EE
slm
vvy
weight
xdf
XAX
ydf
yyy
zdl
27z

2.1.20.5 Commenlts

input
input
output
output
output
input
work
input
input
work
infout
work
infout
work
infout

interpolation table for Ewald sum real space energy.
interpolation table for Ewald sum real space force.

x component of force {mxatras).

¥ component of force {mxatms).

z component of force {mxatms).

interpolation table for non-bonded force {mzgrid mxvdw).
see ewaldl (msatms).

interpolation table for non-bonded energy (mxgrid,mxvdw).

mass {mxatms).

x cornponent of intersite vector (mxxdf).
x coordinates (mxatms).

y component of intersite vector {mrxxdf).
¥ coordinates (mxatms).

z component of intersite vector (mxxdf).
2 coordinates (mxatms).
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2.1.21 FORGEN
2.1.21.1 Header records

subroutine forgen
I (idnode,keyfca,ntpvdw,alpha,dlrpot,recut,
I ltpvdv,erc,fer,pravdw,vvv,geg)
c
(S L LIS LRI I ERLITELLL AL ESEZT L 2 et i il il alrdalilyl)

dl_poly gubroutine for gemerating potential energy and
force arrays fer van der waals forces only

copyright - daresbury laboratory 1992
author - W. snith may 19952,

a0 0 n o6 nn

(S PT IS LEL IS LIS LR ENESS LY ESA TSRS L IR R PR IS VR Pt by 2l sty Esl]
C

2.1.21.2 Function

Generates interpolation Lables for non-bonded potentials and for the real space term of
the Ewald sum.

2.1.21.3 Dependencies

e error

2.1.21.4 Arguments

integers:
idnode input identity of current processor.
keyice input key for non-honded force field.
ntpvdw input number of non-bonded potentials in system.
reals:
dirpot output distance increment for tabulation.
reut input non-bonded potential cut-off.
integer arrays:
ltpvdw input key for non-bonded potentials (mxvdw).
real arrays:
erc output interpolation table [or real space Ewald sum potential (mxgeid).
fer output interpolation table for real space Ewald sum force {mxgrid).
prmvdw input variables for non-bonded potentials (mxvdw,5).
vvy output interpolation table for non-bonded potentials (mxgrid,mxvdw}).
ggg output interpolation table for non-bonded foree {mxgrid,mxvdw).
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2.1.21.5 Comments

Tabulation takes place in r space. This routine is used in conjunction with srfrce and
ewald2 {or their variants). If tabulation in r? space is preferred use forgen_rsq instead
of forgen (but see the comments section for forgen_raq). A guide to the minimum
number of grid points {(MXGRID) required is

MXGRID > 100(RCUT frmin) (2.7)

where rmin is the smallest value of the position minima of the non-bonded potentials
in the system. MXGRID is a parameter defined in the dI_params.inc file.
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2.1.22 FORGEN_RSQ
2.1.22.1 Header records

subroutine forgen
x (idnode,keyfce,ntpvdy,alpha,dlrpot,rent,
x ltpvdu.arc.fer.prnwdu.wv.ggg)
c
oo o e nl oo o o ol ol ol ok ol e o e o g ool e e e oo e ol ool oo ol ol e o e ool s e o o b

dl_poly subroutine for generating potential energy and
forca arrays for van der waals foxces only

copyright - daresbury leaboratory 1992
author - w. smith may 1892,

modifaed to be tabulated in x2 space not r space
author - t. forester march 1993

G000 n o000 n0nan

(S L LI EL LEELILE L LRI A IR LI ERLIL LT I ELdElTT LYt )
c

2.1.22.2 Function

Generates look:-up tables for non-bonded potentials, tabulated in uniform intervals of

ri,

2.1.22.3 Dependencics

4 error

2.1.22.4 Acguments

integers:
idnode input identity of current processor.
keyfce input non-bonded force-field key.
ntpvdw input number of non-bonded potentials in system.
reals:
alpha input Ewald convergence variable.
dlrpot output distance increment for tabulation.
rcut input non-bonded potential cut-off.
integer arrays:
ltpvdw input key for non-bonded potentials (mxvdw). real arrays:
prmvdw input parameters for non-bonded potenlials {mxvdw,5).
vvv output interpolation table for non-bonded potentials {mxgrid,mxvdw]).
BEE output interpolation table for non-bonded force (mxgrid,mxvdw).
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2.1.22.5 Comments

This subroutine is used in conjunction with the subroutines srfvcersq and ewald2 rgq.
If tabulation in r space is preferred use forgen in place of forgen._rsq. Tabulation in r?
avoids the use of the square root function in srfrce_raq and ewald2 rsq thus enhancing
execution time. Note that tabulation in r? usually requires more grid points (and hence
more memory) than tabulation in r space. This is to ensure sufficient accurracy is
retained at small r. A guide to the minimum number of grid points required is

MXGRID > W00(RCUT frmin)? (2.8)

where rmin is the smallest value of the position minima of the non-bonded potentials
in the system. MXGRID is a parameter in the dl_params.ine file.

If you are in doubt as whether to use forgen or forgen_rsq we recommend forgen
(and hence srfrce and ewald2 or one of theit variants}. This is because tabulation in
r is less demanding on memory requirements and less prone to inaccuracy should too
small a value of MXGRID, or too large a value of RCUT, be used.
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2.1.23 GAUSS
2.1.23.1 Header records

sutbroutine gauss(natms,vix,vyy,vzz)
c
P L D e T L L L D L P P e L e T T

dl_poly subroutine for comstructing velocity arrays
uith a gaussian distributicon of unit variance.

bagad on the nethod described by Allen and Tildesley in
Computer Simulation of Liquids , Clarendon Press 1987 P347

note - this version uses a universal random number
generator, vhich generates pseudo-random numbers betwean
0 and 1. it is based on the algorithm of marsaglia, zaman
and tsang in: stats and prob. lett. 8 (1990) 35-39.

copyright daraesbury laboratory 1992
author - w. smith july 1992

L o O T o T« T O o TR & TR o O O T e Y o I 2 T +

(AL LI LI T I L PRl AT LT 2 SRR A e R YR P LI LRI P LIRSS LE LY EY ]
C

2.1.23.2 Function

Produces a Gaussian distribution of velocities.

2.1.23.3 Dependencies

« duni

2.1.23.4 Arguments

integers: )

natms input number of atoms in the MD cell.
real arraya:

vIx output x component of velocity.

vyy output y component of velocity.

viZ output z component of velocity.

2.1.23.5 Comments

A call to vscale is required to ensure that the systems momentum is zero and to scale
the kinetic temperature.
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2.1.24 GEARPC
2.1.24.1 Header records

subroutine gearpc

x (mode, idnods ,mrnede ,natms,imcon, tstep ,engke,ueight ,cell,
x IxX,y¥y,z2z,xxl,yyl,2z1,xx2,yy2,zz2,xx3,yy3,223 ,xx4,yy4,
x z24,xx5,yy5,225,xx,1fyy,fzz ,buffer)

c
G o o R e o kR R R

dl_pely subroutina for integrating newtonian equations of
metion in molecular dynamics - gear predictor corrector

parallel replicated data version

copyright - daresbury laboratory 1993
author - w. smith february 1993.

OA0Lo0on 0N oDn

CRM M kb kol s ok o kR o s Rk kb okl kB ke e ko
c

2.1.24.2 Function

The Gear 5°th order predictor correclor for second otder linear diflerential equations, to
integrate the Newtonian equations of motion.

2.1.24.3 Dependencies
e gdsum
* images

* merge

2.1.24.4 Arguments

integers:
mode input predictor /corrector selection
mode=1 for predictor step
mode=2 for corrector step
mxnode input total number of nodes on the cube.
natms input total number of sites in the simulated system.
imcon input periodic boundary condition key. See images
reals:
tstep input simulation time step, §t.
engke output kinetic energy.
real arrays:
weight input atomic mass array (mxatms).
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cell input cell vectors (9). See images.

XXX infout x coordinate array (mxatms).

yY¥y infout y coordinate array (mxatmas).

12z infout z coordinate array (mxatms).

xxl in/out 1st deriv term of xxx (mxatms).

yyt infout 1st deriv term of yyy (mxatms).

zzl infout 1st deriv term of zzz (mxatms).

xx2 infout 2nd deriv term of xxx (mxatms).

yy2 infout 2nd deriv term of yyy (mxatms).

zz2 infout 2nd deriv term of 22z (mxatms).

xx3 infout 3rd deriv term of xxx (mxatms).

¥y3 infout 3rd deriv term of yyy (mxatms).

zz3 infout 3rd deriv term of zzz (mxatms).

xx4 infout 4th deriv term of xxx (mxatms).

yy4 infout 4th deriv term of yyy (mxatms).

zzd infout 4th deriv term of zzz {mxatms).

xx5 infout 5th deriv term of xxx (mxatms).

yy5 infout Gth deriv term of yyy (mxatms).

225 infout 5th deriv term of zzz {mxatms).

Ixx input x component of force array (mxatms).
fyy input y component of lorce array (mxatms).
fzz inpuat z component of force array (mxatms).
buffer woark buffer array (mxbuff). See merge.

2.1.24.5 Comments

Calling this routine with mode=1 results on the predictor step being performed. Calling
with mode=2 causes the corrector step to be performed.
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2.1.25 GSTATE
2.1.25.1 Header records

subroutine getate(check)
c

SRR o A o N 00 o o oo ool oo o o s

dl_poly global status subroutine for intel hypercube

copyright - daresbury laboratory 1992
author - . smith march 1992

0D o060 o0an

CRM A e o o R R R A R ok Rk
c

2.1.25.2 Function

Logical AND of variable across all processors.

2.1.25.3 Dependencies

® Ccrecy

o csend

2.1.25.4 Arguments

logicals:
check infout flag for testing.

2.1.25.5 Comiments

If the variable CHECK is .FALSE. on any processor a value of .FALSE. will be obtained.

This version is INTEL specific.
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2.1.26 IMAGES
2.1.26.1 Header records

subroutine images
x (imecon,idnode,mxnode,ratms,call,xxx,yyy,zzz)

[+
ol R R R Rk R Rk OR REE RR RRRa

dl_poly subroutine for calculating the minimum image
of atom pairs within a specified MD cell

parallel replicated data version

copyright - daresbury laboratory 1992
author = w. smith march 1992.

for

imcon=0 no boundary conditions apply

jmcon=1 standard cubic boundaries apply

imcon=2 orthorhorbic boundaries apply

imcon=3 parallelepiped boundaries apply

imcon=4 truncated octahedron boundaries apply

imcon=5 rhombic dodecahedron boundaries apply

imcon=6 x-y ractangular boundary cenditions : mno periedicity in z

note: in all cases the centre of the cell is at (0,0,0)
varning - replicated data version: does not re-merge
ceordinate arrays

OO0 a0 060 n 0 nn 00 66 nnonnan

L L T e LT Tt e L T P L Y L
c

2.1.26.2 Function

Applies periodic boundary condilions as per Header records above.

2.1.26.3 Dependencies

4 norne

2.1.26.4 Arguments

integers:
imcon input key for periodi¢ boundary conditions.
idnode input identity of current processor.
mxnode input total number of processors.
natms input number of vectors.

real arrays:
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cell input

XXX infout
yyy infout
222 infout

2.1.28.5 Comments

MD cell vectora (9).

x coordinate {*).
y coordinate (*).
z coordinate (*).
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2.1.27 INTLIST
2.1.27.1 Header records

subroutire intlist
(idnode,mxnode,natms,ngcons ,,ntangl,ntbond,ntcons ,ntdihd,
ntpmis,lachap,lishap,listang,listbnd,listcon,listdih,
listin,listma,listot,letang,lstbnd,1stcon,letdih,
npumang ,nurmbonds, nuneon, humdih, nummols ,numsit)

MMM N

c
(3 2232 EL I LT ESS LT IR LR e LIl it e Il e Il rddslyl]

d1l_poly subroutine for conetructing the interaction lists
for the entire simulated system

copyright - daresbury laboratory 1992
author - @. smith july 1992

O N on 00

O e o e e el e oo e o oo o o o o o b oo e o e oo ok ok o R R sk R
[ =

2.1.27.2 Function

Constructs bonded interaction lists for the entire system.

2.1.27.3 Dependencies

* error
e gstate

* passcon

2.1.2T.4 Arguments

integers:
idnode input identity of the current processor.
mxnode input total number of processors.
natms input number of atoms in MD cell.
nscons output number of constraint bonds on the current processor.
ntangl output total number of valence angles in system.
ntbond output total number of chemical bonds in system.
ntcons output tolal number of constraint bonds in system.
ntdihd output total number of dihedral interactions in system.
ntpmls input number of different meolecular types,

integer arrays:
lashap cutput see passcon (mxproc).
lishap output see passcon {mxishp).
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listang
listbnd
listcon
listdih
listin
listme
listot
istang
Istbnd
Istcon
Istdih
numang,
numbonds
numecon
numndih
nummols
numsit

2.1.27.5 Comments

output
output
output
output
output
output
output
input
input
input
input
input
input
input
input
input
input

indices for valence angles on current processor (mrangl 4).
indices for chemical bonds on current processor {mxbond,3).
indices for constraint bonds on current processor {mxcons,3).

indices for dihedral interactions on current processor (mxdihd,5).

see pasecon (mxatms).

see passcon (mxatms).

see passcon (mxatms).

indices of sites in valence angles in the system (mxtang,3).
indices of sites in chemical bonds in the system {mxtbnd,2).
indices of sites in constraint bonds in the system (mxtcon,2).
indices of sites in dihedral interactions in the system (mxtdih,4).
number of valence angles in a molecular type (mxtmls).

number of chemical bondss in a molecular type (mxtmls).
number of constraint bonds in a molecular type {mxtmls).

number of dihedral interactions in each molecular type (mxtmils).

number of molecules of each type (mxtmls).
number of sites in each molecular type (mxtmls).

Need only be called once at the begiuning of a job. Each processor constructs it's own,
independent, interaction lists.
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2.1.28 INVERT
2.1.28.1 Header records

subroutine invert(a,b,d)

[

[AIIIETIILL L IR AL LIRSS IO RTITY TIAEELE LAl Ll Ll Eal iyl il
c

c dl_poly subroutine to imvert a 3 + 3 matrix using cofactors

c

c copyright - daresbury laboratory 1992

c auther - w, smith april 1992

c

ct'*llt‘.‘.ti!“*ill‘."‘!i‘l‘1t.tti*‘t"“.*.t‘lii*..‘.t'l-t#ﬁ.“‘.‘.it
<

2.1.28.2 Function

Inverts a 3 X 3 matrix.

2.1.28.3 Dependencies

& none

2.1.28.4 Argumenis

reals:

d oulput determinant of original matrix.
real arrays:

a input malrix (9).

b output inverled matrix (9).

2.1.28.5 Comments

If the matrix is singular, (ie. determinant = Q) the inverse matrix is returned with all
entries sel to zero.
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2.1.29 LOWCASE
2.1.29.1 Header records

subroutine lowcase{string,length)

(DL LA PRI YL AL I A I LR L IEs T i il Y vy Y]

DL_POLY rontine to lovercase a string of up to 255 characters.
Trangportable to non-ASCII machines

copyright daresbury laboratory 1993
author t. forester july 1993

an adnan

(AL AL IA AT LA L IR EL S DAL et i Y P IS E TR ERELSLTERYIL 3 2 P T ayyEipy)

2.1.29.2 Function

Converts a string to lowercase characters.

2.1.29.3 Dependencies

&« none

2.1.29.4 Arguments

character:

string infout alphanumeric string
integer:

length input siring length

2.1.29.5 Comments
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2.1.30 LRCORRECT
2.1.30.1 Header records

subroutine lrcorrect
x (idnode,imcon,keyfce,mxnode,natms ,ntpatm,ntpvdv,elrc,engunit,
x plrc,recut,volm,lstvde,1tpvdw,ltype,nuntyp, prxuvdv,dens)

(AL LI LRI EL LA LI A TSI LIRSttt il llytd]

dl_poly subroutine to evaluate long-ramge corrections to
pressurae and anergy in a periocdic system

copyright daresbury laboratery 1993

aunthor - t. forester may 1993

6N a0 nn 0N

LI LEE TS SRR SR LR S LRl e R bR DT NS Pl P LI ELE s Ry LTy

2.1.30.2 Function

Calculates long range correclions to the energy and pressure in a periodic system.

2.1.30.3 Dependencies

4 none

2.1.30.4 Arguments

integers:
idnode input identity of current processor.
imcon input periodic boundary key.
keylce input force level key.
mxnode tnput total number of processor.
natms input number of atoms in MD cefl.
ntpatm ocutput number of unique atom types.
ntpvdw input number of types of non-bonded potentials.
reals:
elre output long range correction to energy.
engunit input energy unit for input/output.
plrc oulput long range cortection to pressure.
reut input potential cut-off radius.
volm input volume of the MD cell.
integer arrays:
Istvdw input peinter [rom potential index to parameter table {mxvdw).
ltpvdw input key for non-bonded potentials {mxvdw).
Itype input list of atom types (mxatms).
numtyp output number of atoms of given type in simulation (mxsvdw).
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real arrays: 2.1.31 MACHINE

promvdw input variables for non-bonded potentials {(mxvdw,5).
dens output nutnber density of atom types (mxsvdw). 2.1.31.1 Header records
subroutine machire(idnede,mmoda)
c
2.1.30.5 Comments Y RIS PR I L e L TP P T PP T P P P P L PR ER Y RO b L T2 LI ST T ]

c
c dl_pely subroutine for obtaining charcteristics of
[ the compnter on vhich the program is being run
c
c this version is for the intel hypercube
<
[ autkor - w.smith july 1992
c

(AL LIS IR ELE TSI LT ST ER RIS LIS LI YLl Ed bt bl Ll Ll L)L LY]
[

2.1.31.2 Function

Returns the processor identity and the number of processors in use.

2.1.31.3 Dependencies
» myncde

» numnodes

2.1.31.4 Arguments

integers:
idnode output identity of current processor.
mxnode output total number of processors in unse.

2.1.31.5 Comments

The subroutine makes use of the INTEL functions mynode() and numnodes{). Thus
DL_POLY assumes idnode takes a value between ¢ and mxnode-1.

For running DL_POLY on single processor non-INTEL machines simply adjust this
routine Lo read as :

subroutine machine{idnode,mxnode)
idnode = O

mxnode = 1

retym

end
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2.1.32 MERGE
2.1.32.1 Header records

subroutine merge(idnode,mxmoda,natme,nbutf,xxx,yyy.zz2z,buffer)
c
[ LI AT ETEF TR LTl LTI R S VI T S SR L s i i3t il EL}

dl_poly subrcutine for merging coordinate arrays across
a number of processors

parallel replicated data version

copyright - daresbury laboratory 1992
author - v. gmith november 1992,

[ o T~ O o T« TN Y o B T e B 3 }

(LS IR EE 2 LRI LA AT IR S LRI tal i it it iit it iidrtys]
[

2.1.32.2 Function

Merges arrays across a number of processors. Used, for example, in the Replicated Data
integration of Lthe equations of motion where site i is handled on the processor will
idnode = (i-1) Modulo mxnode.

2.1.32.3 Dependencies

* csend
e error
* gsyne
a irecv

« msgwait

2.1.32.4 Arguments

integers:
idnode input identity of the current processor.
mxnode input total number of processors.
natms input number of elements in arrays to be merged.
nbuff input size of buffer array.
real arrays:
x infout first array to be merged.
y infout second array to be merged.
z infout third array to be merged.
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2.1.32.5 Comments

79



2.1.33 MULTIPLE
2.1.33.1 Header records

subroutine multiple
(1gofr,lzeql ,nawjob,newlst,
idnode,imconr,keyfce,kmarl,kmax2,knax3,multt,mxnoda,
natms,nstep,nstbgr,neteql, nunrdf,
alpha,dlrpot,engcpe,engsrp,epaq,rcut,rprim,vircpa,virsrp,
volm,
ilist,irdf,lentry,lexatm,list ,lstvdw,1type,nexatm,
call,chgae,cke,cks,clm,alc,els ,anc,emg ,onc,ene ,erc,fer,f1x,
fly.flz,fpx,fpy,tpz.fxx, fyy,fzz,ggg.61m, vvv,veight ,xdf, xxx,
ydf,yyy,zdf ,zzz)

H M HHHHAHHHN

S o o o o o o o o o R R e kb Rk R

c

c DL_POLY subroutine for mmltiple time step algorithm

c reciprocal spacea as part of "secondary forces”

c

c

c copyright dareabury laberatory

c

c author t. forester, may 1993

[S

c keyfca = odd ------ short range potentials calculated: srfrce
c =0,1 ---—- no electrostatics

c =23 -—-—— Ewald sum : ewaldi,2,3
c =4,5 ------ Distant dependent dielectric : coul2
[ =6,T —---=== coulombic : could
c = 8,9 —--—- truncated and shifted coulombic : coull
c

A O 0 o O o o 0 o oo o O R o o R R
c

2.1.33.2 Function

Controls calculation of non-bonded interactions for rnultiple Lime-step simulations.

2.1.33.3 Dependencies
¢ could
s coul)
* coul2
» ewaldl

+ ewald2
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ewald3

ewald4

» gdsum

s images

primlst

e stirce

2.1.33.4 Arguments

logicals:
newjob input
newlst input
integers:
idnode input
imcon input
keyfce inpnt
kmaxl tnput
kmax2 input
kmax3 input
multt input
mxnode input
natms input
nstep input
reals:
alpha input
dirpot input
engepe output
engsrp output
epsq input
rcut input
rprim input
vircpe output
virsrp output
volm input
integer arrays:
ilist work
lentry input
lexatm input
list input
lstvdw input
Itype input
nexatm input
real arrays:
cell input
chge input

flag for beginning of a job.
flag for updated verlet list.

identity of current node.

key for periodic boundary conditions.

key for non-bonded force field.

number ol reciprocal space vectors in a direclion.
number ol reciprocal space vectors in b direction.
number of reciprocal space vectors in ¢ direction.
size of multiple time-step interval.

total number of nodes.

number of atoms in MD cell.

step counter.

Ewald convergence parameter.

distance increment for entries in potential interpolation tables.
electrostatic energy.

non-bonded potential energy.

relative dielectric constant.

potential cut-off radius.

radius of primary cut-off shell.

electrostatic virial.

non-bonded potential virial.

volume of MD cell.

neighbourhood list for central site (mxlist).
number of entries in Verlet list (msatms).
excluded atoms list (msatms,mxexcl}.

the Verlet list {msatmsmxlist).

index number of non-bonded potential (mxvdw).
list of atom types (mxatms).

number of excluded atorns (msatms).

MD cell vectors (9).
partial charges, {mxatms).
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cke work see ewaldl (msatms).

ks work see ewald] (msatms).

clm work see ewaldl (msatms).

ele work see ewaldl (msatms,0:kmax).

els work tee ewaldl (msatms,0:kmax).

emc work see ewaldl (msatms,0:kmax).

ems work see ewald] {msatms,0:kmax).

enc work see ewald] (msatms,0:kmax).

ens work sce ewaldl (msatms,0:kmax).

erc input interpolation table for Ewald sum real space energy.
fer input interpolation table for Ewald sum real space force.
fix work x component of secondary force (mxatms).

fly work ¥ component of secondary force (mxatms).

fiz work z component of secondary force (mxatms).

fpx work x component of secondary force (mxatms).

fpy work ¥ component of secondary force (mxatms).

fpz work 2 component of secondary force (mxatms).

fxx output x component of force (mxatms).

Iyy output y component of force (mxatms).

2z output z component of force (mxatms).

EEE input interpolation table for non-bonded force {mxgrid,mxvdw).
slm work see ewaldl (msatms).

vvv input interpolation table for non-bonded energy (mxgrid,mxvdw).
weight input mass (mxatms).

xdf work x component of intersite vector (mxxdf).

XXX input x coordinates {mxatms).

ydf work ¥ component of intersite vector {mxxdl).

¥y input ¥ coordinates (mxatms).

zdf work z component of intersite vector (mxxdf).

222 input 2 coordinates (mxatms).

2.1.33.5 Comments

Secondary forcesand enrgies are evaluated on the first and second steps of the multiple
timestep cycle. The time derivative of the secondary contributions are then evaluated
and used to estimate the value of the secondary contributions on subsequent timesteps.
Thus the value of MULTT in the CONTROL file must be at least 3 otherwise a single
time step algorithm is reproduced.
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2.1.34 NVT_BO
2.1.34.1 Header records

subroutine nvt_bo
x (idnode,imcon ,natms,mrnode ,angke ,qmess,sigma,tstep,
x buffer,call,fxx,fyy,tzz,vxx,vyy,vzz,weight , xxx,yyy,zzz)

[
(LA LR LT EL IR L e L RSN DI AL E LIRS Lyt LT sl b LY Lt s L]

dl_poly subroutine for integrating newtonian equations of
motion in molecular dynamice - verlet leapfrog with Berendszan
thermostat.

parallel replicated data version

copyright - daresbury laboratory 1993
author - t. forester july 1993

o000 n0o0nan

AL T L Ty T T P P L L A e R T P e L )
[+

2.1.34.2 Function

Integrates equations of mation subject to the Berendsen thermostat. Assumes no bond
constraints are specified for the system.

2.1.34.3 Dependencies
v gdsum
* images

* merge

2.1.34.4 Arguments

integers:
idnode input identity of node on the cube.
imcon input periodic boundary condition key. See images
muxnode input total number of nodes on the cube.
natms input total number of atoms in MD cell.
reals:
engke output kinetic energy.
qmass input Berendsen temperature decay variable.
sigma input system kinetic energy for specified temperature.
istep input simulation time step, §¢.
real arrays:
buffer work buffer array (mxbuff). See merge.
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cell input cell vectors (9). See images,

fxx input x component of force array (mxatms).
fyy input ¥ component of force array (mxatms).
fzz input z component of force array (mxatms).
vIX infout x velocity array (mxatms).

vyy infout ¥ velocity array {mxatms).

vza infout z velocity array (mxatms}).

weight input atornic mass array {mratms).

IIX infout x coordinate array {mxatms).

yYy infout ¥ coordinate array {mxatms).

23z infout z coordinate array (mxatms).

2.1.34.5 Comments

Temperature is controlled by the Berendesen thermostat. The velocities are acaled by
x where this is found from:

&t T ah
=11 —_—— — .
x=(1+ garazs(z - V) (29)
where QM ASS is the decay variable, 7 the instantaneous temperature and T the spe-

cified system temperature. Usually a value for QM ASS of a few picoseconds works
well.
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2.1.35 NVT.B1
2.1.35.1 Header records

subroutine nvt_bil
(safa,idnode,imcon,mxnode,natme,necons,engke ,quass,
sigma,tolnce,tstep,vircon,
lashap,lishap,listcon,listme,listin,listot,
buffer,cell,dxt,dxx,dyt,dyy,dzt,dzz,fxx,fyy,1zz ,prmcon,
tIX,tyy,tzz,0xx,uyy,uzz, vIx, vyy,v2z, ,uoight ,xdf, xxt , xxx,
ydf ,yyt,yyy,zdf ,zzt ,zzz)

oM MM K

c
(AT ESLIERLITI IR LIRSt EA T T L I T IR ol Ll IRl Y eIl EYY)

dl_poly subroutine for integrating newtonian equations of
motion in molecular dynamics - verlet leapfrog with Berendsen
thermostat.

parallel replicated data version

for systems using bond CONSTRAINTS

copyright - daresbury laboratory 1993
author - t. forester july 1993

oo N onann o 6N n

T L L Y L e T e e TR T TP L e e L ET e Ty
c

2.1.35.2 Function

[ntegrales equations of motion subject to the Berendsen thermostat. Assumes no bond
constraints are specified for the system.

2.1.35.3 Dcpendencies
s pdsum
s images

* merge

2.1.35.4 Arguments

integers:
idnode input identity of current processor.
imcon input periodic boundary condition key. See irnages
mxnode input total number of processors.
natms input total number of atoms in MD cell.
nscons input number of constraints on current processor.
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reals:

engke output kinetic energy.
qmass input Berendsen temperature decay variable.
sigma input system kinetic energy for specified temperature.
tolnce input tolerance for SHAKE algorithm.
tstep input simulation time step, &t.
vircon ontput constraint virial.
integer arrays:
lashap work see rdshake (mxproc).
lishap work see rdshake (mxIshp).
listcon input indices for constraint bonds (mxcons,3).
listme input see rdshake (mxatms).
listin input see rdshake (mxatms).
listot input see rdshake (mxatms).
real arrays:
buffer work buffer array (mxbuff). See merge.
cell input cell vectors (9). See images.
fxx input x component of force array (mxatms).
fyy input y component of force array (mxatms).
fzz input z component of force array (mxatms).
VXX infout x velocity array {mxatms).
vyy infout y velocity array {mxatms).
vz infout z velocily array (mxatms).
weight input alomic mass array {mxatms).
xxx infout x coordinate array (mxatms).
yyy infout y coordinate array {mxatms).
zz2 infout z coordinate array {mxatms).

2.1.35.5 Comments

Temperature is controlled by the Berendesen thermostat. The velocities are scaled by
x where this is found from:

6 T b
x= (1 + QaAss\T - 1)) @10

where QM ASS is the decay variable, T the instantaneous temperature and T' the spe-
cified system temperature.
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2.1.36 NVT_EO0
2.1.36.1 Header records

subrontine nvt_ed
x (id.node,imcon,natms.moda.engke,sigmn,tstep.
X buffer,cell ,fxx,fyy,fzz,vIx,vyy,vZZ,veight , 1xX,Y¥Y,222)

c
CREREIREA RN n R R kbbb kR ek Rk R R Rk

dl_poly subroutine for integrating newtonian equations of
metion in molecular dynamice - verlet leapfrog with Evans
thermostat.

Comp. Phys. reports 1, 259, (1984}

parallel replicated data version

copyright - daresbury laboratory 1993
author - t. forester feb 1993

a0 nNn o anaonnnn

(RIS EIS LRI ELEL LY AL LI ELL Ll IRl syl dlyll]sy
c

2.1.36.2 Function

The verlet algorithm for integrating Newton's equations of motion subject to Gaussian
constraints on the temperature. The thermostal is due to Evans. This routine is called
only when no bond constraints are specified in the system.

2.1.36.3 Dependencies:
« images
» merge

* gdsum

2.1.36.4 Arguments:

integers:
idnode input identity of node on the cube.
imeon input periodic boundary condition key. See images
mxnode input total number of nodes on the cube.
natms input total nuwmber of atoms in MD cell.
reals:
engke output kinetic energy.
sigma input system kinetic energy for specified temperature.
tstep input simulation time step, 6¢.

real arrays:
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buffer work buffer array (mxbuff). See merge.

cell input cell vectors (9). See images.

fxx input x component of force array (mxatms).
fyy input ¥ component of force array (mxatms).
fzz input z component of force array (mxatms).
vIX infout x velocity array (mxatms).

vyy in/out y velocity array (mxatms).

vzz infout 2 velocity array (mxatms).

weight input atomic mass array (mxatms).

xx infout x coordinate array (mxatms).

Yyy infout ¥ coordinate array {mxatms).

2zz infout z coordinate array (mxatms).

2.1.36.5 Comments

Simulates a canonical ensemble.
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2.1.37 NVT_E1
2.1.37.1 Header records

pubroutine nvt_el
(safe,idnode, imcon ,mxnoda,natms,nscons ,engke,
sigma,tolnce,tstep,vircon,
laghap,lishap,listcon,listme,listin,listot,
buffer,cell,dxt,dxx dyt ,dyy,dzt,dzz,fxx,fyy, fzz, ,prmcon,
txx,tyy,tzz,uxx,uyy,uzz,vix,vyy,vzz,weight , xdf , xxt,xxx,
ydf ,yyt,yyy,zdf ,zzt,zzz)

H KM M HH

(AL AL ES LI LEL R SIS IR I LTI L LRSI Ll Ll lEl byl ]l

di_poly subroutine for integrating newtonian equations of
motion in molecular dynamics - verlet leapfrog with Evans
thermostat.

Comp. Phys. reports 1, 299, (1984)

parallel replicated data version

for systems using bond CONSTBAINTS
The constraint virial iz calculated.

copyright - daresbury laboratory 1993
auther - t. forester july 1993

O nnaAanNn oD 0 ando6nnon

(SR Il LIRS ELE LSSt LR LRt PR Rast it lls )
c

2.1.37.2 Function

Integrates equations of motion using both bond constraints and Gaussian temperature
constraints.

2.1.37.3 Dependencies

& gdsum

gstate
e images
* merge

» shmove

2.1.37.4 Arguments

logicals:
safe output flag for convergence of SHAKE.
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integera:

idnode input
imcon input
mxnode input
natms input
nscons input
reals:
engke output
sigma input
tolnce input
tstep input
vircon output
integer arrays:
lashap work
lishap work
listcon input
listme input
listin input
listot input
real arrays:
buffer work
cell infoul
chge input
dxt work
dxx work
dyt work
dyy work
dzt work
dzz work
fxx infout
fyy infout
fzz infout
prmcon input
txx work
tyy work
tzz work
uxx work
uyy work
uzz work
VKX in/out
vyy infouat
vzz infout
weight input
xdf work
xxt work
XXX infout
ydf work

identity of current node.

key for periodi¢c boundary conditions.
total number of nodes.

number of atoms in MD cell.

number of constraints on current node.

kinetic energy.

systern kinetic energy.

tolerance for SHAKE algorithm.
simulation time-step, 4¢.
constraint virial.

see rdsheke (mxproc).

see rdshake (muxishp).

indices for constraint bonds (mxcons,3).
see rdshake (mxatms).

see rdshake {mxatms).

see rdshake (mxatimns}.

see merge (mxbufl).

MD cell vectors (9).

partial charges, {mxatms).

see rdshake (mxcons).

see rdshake (mxcons).

see rdshake (mxcons).

see rdshake (mxcons).

see rdshake {mxcons).

see rdshake (mzxcons).

x component of force (mxatms).

¥ component of force (mxatms).

2 component of force {mxatms).
constraint distances (mxtcon}.
(mxatms).

{mxatms).

{mxatms).

{ruxatms).

{mxatms).

(mxatms).

% component of velocity (mxatms).
¥ component of velocity (mxatms).
z component of velocity (mxatms).
rass (mxatms).

x component of intersite vector (mxxdf).
(mxatms).

x coordinates (mxatms).

¥ component of intersite vector (mxxdf).
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yyt

yyy
zdf

zzt
22z

work
infout
work
work
infout

2.1.37.5 Comments

{mxatms).

¥ coordinates (mxatms).

£ component of intersite vector {mxxdf).
(mxatms).

1 coordinates {mxatms).

Bond constraints and temperature constraints are solved iteratively.
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2.1,.38 NVT_HO
2.1.38.1 Header records

subroutine nvt_ho
x {idnode,imcon,natms ,mxnode ,chit,engke ,qmass,sigma,tstep,
x butfer,cell,fxx,fyy,fzz,vex,vyy,vzz,veight ,xxx,yyy,2z2)

C
(AL LI AL EL I ELES LA IS TP E LTS TN PI T IEE II eI I LTl

dl_poly subroutine for integrating newtcnian equations of
motion in molecular dymamics - verlet leapfrog with Hoover
thermostat.

Phys. Rev 4 31, 1695 {1985)

parallel raplicated data version

copyright - daresbury laboratory 1993
author - t. farester fab 1993

[ T T o T 4 O o T v B N T 2 T ¢ TN |

CR R o ol R b e ok o R R ke s ok s Rk R e Rk
<

2.1.38.2 Function

Integrates equations of metion subject to the Hoover thermostat. Assumes no bond
constraints are specified for the system.

2.1.38.3 Dependencies
¢ gdsum
= images

s merge

2.1.38.4 Arguments

integers:
tdnode input identity of node on the cube.
imcon input periodic boundary condition key. See images
mxnode input total number of nodes on the cube.
natms input total nurnber of atoms in MD cell.
reals:
chit infout friction coefficient {or thermostat.
engke output kinetic energy.
qmass input thermal inertia variable.
sigma input system kinetic energy for specified temperature.
tstep input simulation time step, §t.
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real arrays:
buffer work buffer array (mxbuff). See merge.
cell input cell vectors (9). See images.
fxx input x component of force array (mxatms).
fyy input y component of force array (mxatms).
faz input z component of [orce array (mxatms).
vIx infout x velocity array (mxatms).
vyy in/out y velocity array (mxatms).
vz infout 2z velocity array (mratms).
weight input atomic mass array (mxatms).
xxx infout x coordinate array (mxatms).
YYY in/fout y coordinate array (mxatms).
b 17 in/out z coordinate array (mxatms).

2.1.38.5 Comments

Temperature is controlled by the Hoover thermostat. The value of the friction coefficient,
x is found from the first-order differential equation in time:

x=2r 1) 2.11)

where kg is Boltzmann’s constant, f the number of degrees of freedom, @ the thermal
inertia variable, 7 the instantaneous temperature and T the specified system temper-
ature. Usually a value of @ equal to the mass of the most abundant molecule in the
system works well.
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2.1.39 NVT_HI1 mxnode input total number of nodes.

2.1.39.1 Header records natms input number of atoms i.n MD eell.
NSCONnS input number of constraints on current node.
subroutine nvt_hi reals:
x (safq,idnoda,imcon,mynode,natms ,nscons,chit ,engka, qmass, chit infout friction coefficient for heat bath,
x sigma,tolncae,tstep,vircen, engke output kinetic energy.
X lashap,lishap,listcon,listme,listin,listot, qmass input thermal inertia variable.
x buffer,cell ,dxt,dxx,dyt,dyy,.dzt.dzz,fxx,fyy, 12z, pracon, sigma input system kinetic energy.
x txx,tyy,t2z,uxx,uyy,uzz,vIx,vyy,vzz,veight ,xdf,xxt,xxx, tolnce input tolerance for SHAKE a]goi-ith.m.
x ydf,yyt,yyy,zdf ,zzt ,zzz) tstep input simulation time-step, L.
vircon output constraint virial.
MR oo o o o ok o ko R integer arrays:
c lashap work see rdshake (mxproc).
c dl_poly subreutine for integrating mewtonian equations of lishap work see rdshake (mxlshp).
¢ motion in molecular dynamics - verlat leapfrog with Hoover listeon input indices for constraint bonds (mxcons,3).
c thermostat. listme input see rdshake (mxatms).
c listin input see rdshake (mxatms).
c parallel replicated data version listot input see rdshake (mxatms).
[ real arrays:
c for systems using bond CONSTRAINTS buffer work see merge {mxbuff).
c cell infout MD cell vectors (9).
c copyright - daresbury laboratory 1993 chge input partial charges, {mxatms).
c anthor - t. forester may 1993 dxt work see rdshake {mxcons).
c dxx work see rdshake (mxcons).
B T P T P P T Py L P dyt work see rdshake (mxcons).
c dyy work see rdshake (mxcons).
dzt work see rdshake {mxcons).
2.1.38.2 Function dzz work see rdshake (mxcons).
. . . . fox in/out x component of force (mxatms).
Integrates equations of motion using both bond constraints and the Hoover ithermostat. fyy in/out ¥ component of force (mxatms).
fzz infout z component of force (mxatms}.
2.1.39.3 Dependencies prmcon input constraint distances (mxtcon).
« gdsum txx work (mxatms).
tyy work (mxatms).
* gstate tzz work (mxatms).
i uxx work (mxatms).
¢ Images uyy wark (mxatms).
« merge uzz work (mxatms).
vIX infout x component of velocity (mxatms).
* shmove vyy infout y component of velocity (mxatms).
viz infont z component of velocity (mxatms).
2.1.39.4 Arguments weight input mass (mxatms).
logicals: xdf work x component of intersite vector (muxxdf).
. safe output flag for convergence of SHAKE. 2:[ ;::’l:(ut ‘(::::::i;)a'tes (mxatms).
m'tegers: A . . ydf work y component of intersite vector (mxxdf}.
idnode input identity of current node. vyt wark (mxatms).
imcon input key for periodic boundary conditions.
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¥¥Y infout y coordinates (mxatms).

zdfl work z component of intersite vector (mxxdf).
2zt work (mxatms).
222 infout z coordinates (mxatms).

2.1.39.5 Commenis

See NVT_HO for comments on the theromstat and choice of QMASS. In this routine
bond constraints and thermostat adjustments are solved iteratively.
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2.1.40 PARLST
2.1.49.1 Header records

subroutine parlst
x (nevlst ,natms,idncde ,mrnode,imcon,rcut ,delr,lexatm, naxatm,
x noxatm,lentry,list,cell ,xxx,yyy,zzz,xdf,ydf Lzdf)

[+
(AR LRI AL LIl TSI EIN R Il SRR T AN RELLESL L lER LI all ]t

dl_poly subroutine for comstructing the verlet neighbour
list based on the brode-ahlrichs decomposition

parallal replicated data version
modified for test of nexatm .ne. noxatm at end of loop

copyright - daresbury laboratory 1992
author ~ w. smith march 1992.

Lo T T o T - Y o N o Y + TR o IO o T BN 4 Y o |
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[+

2.1.40.2 Function

Constructs the verlet neighbourlood list based on the Brode-Ahlrichs decomposition.

2.1.40.3 Dependencies

s images

2.1.40.4 Arguments

logicals:

newlst input flag for construclion of a new verlet list.
integers:

natms input number of atoms in the MD cell.

idnode input identity of the node on the cube.

mxnode input total number of nodes on the enbe.

imcon input control variable for periodic boundary conditions.
reals:

reut input potential cut off radius.

delr input width of the outer shell of the verlet list.
integer arrays:

lexatm input list of interactions to be excluded from the verlet list

(msatms,mxexcl).
nexatm input number of excluded atoms for each site {msatms).
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noxatm work running counter for number of excluded atoms found during
the construction of the verlet list {msatmas).
lentry output number of neighbours in Verlet neighbourhood list (msatms).
list output the Verlet neighbourhood list (msatms,mxlist).
real arrays:
cell input MD cell vectors (9).
xxx input x coordinate {mzxatms).
YYY input y coordinate {mxatms).
ZZ input z coordinate (mxatms).
xdf work x component of intersite vector (muxxdf).
ydf work ¥ component of intersite vector (mxxdf).
zdfl work z component of intersite vector {mxxdf).

2.1.40.5 Comments

The sites in the cell are distributed evenly across all nodes. Thus the Verlet list on any
particular node will contain pairs of indices unique to the node. The Brode-Ahlrichs
decomposition arranges the pairs of interactions so that the number of neighbours for
each central site is reasonably uniform.

MSATMS must be larger than NATMS/MXNQDE. MSATMS is defined in the file
dl_params.inc.

The number of neighbours for any particular site increases as (RCUT + DELR).
The number of neighbours must be less than or equal to MXLIST. MXLIST is defined
in the dl_params.inc file.

98

2.1.41 PASSCON
2.1.41.1 Header records

snbrontine passcon
x (idnode,mxnode,natms,nscons,lashap,lishap,listoe,
x 1listin,lietot,lietcon)

c
CHRRE RN R b b b ok ol g ok R o kR ke Ak R

dl_pely sobroutine for passing information about bond
constraints betwean nodes

parallel replicated data version assuming direct node-node
connection (i.e. this version may be intel specific)

copyright - daresbury laboratory 1992
author - w. smith augnst 1992.

o o0onH AN onaoan

(AL II LTI YL EFT SR IS TI RS TSR e L il it I YT ELER bRty dry])
[

2.1.41.2 Function

Passes information about bond constraints between nodes. This routine is only called
during the initalisation of the system for the MD simulation and only when constraint
dynamics are required.

2.1.41.3 Dependencies

o csend
e error

s gisum
e gstate
« gsync

s irecy

msgwait

2.1.41.4 Arguments

integersa:
tdnode input identity of current processor.
mxnode input total number of processors.
natms input number of atoms in MD cell.
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nscons input
integer arrays:
lashap output
lishap output
listme output
listin output
listot output
listcon input
2.1.41.5 Comments

number of constraints handled on current processor.

“last atom” marker {mxproc).

“shared atoms" list (mxlshp).

number of constraints jnvolving alom that are processed on this node {m
number of constraints involving atorn that are processed by communicati
number of nodes processing constraints involving atom (mxatms).

bond constraint bookkeeping list {mxcons,3).

You mess with this routine at your own peril.
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2.1.42 PRIMLST
2.1.42.1 Header records

subroutine primlst .
x (idnode,mrnode ,natms, imcon,rprim,lentry,list,
x cell,xxx,yyy.zzz,xdf,ydf ,zdt)

<
(A LTI T L2 I RS ITERTITTI IR I ER PV ST ER LSl i i Tl e

dlpoly routine to split interactiom list into primary and
sacondary meighbours for use with multiple timestep method

copyright daresbury laborartory 1933
anthor - t. forester february 1993

Lo T o T = T o Y T I 2 )
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2.1.42.2 Function

Classifies sites in the verlet list as either ‘primary’ or ‘secondary’ neighbours of the
central site for use with multiple time-step methods. Primary neighbours are flagged by
a negative entry in the verlet list.

2.1.42,.3 Dependencies

s images

2.1.42.4 Arguments

integers:

idnode input identity of current processor.

mxnode input total number of processors.

natms input number of atoms in the MD cell.

imcon input key for periodic boundary conditions.
reals:

£prim input radius of the primary neighbourhood shell.
integer arrays:

lentry input number of neighbours in the Verlet list {(msatms).

list infout the Verlet neighbourhood list {msatms,muxlist).
real arrays:

cell input MD cell vectors (9).

xxx input x toordinate array (mxatms).

yyy input y coordinate array {mxatms).

222 input z coordinate array (mxatmns).

xdfl input x component of intersite vector (mxxdf).

ydl inpul y component of intersite vector (mxxdf).

zdl input z component of intersile vector {mxxdf).
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2.1.42.5 Comments

2.1.43 QUENCH
2.1.43.1 Header records

subroutine quench
I (imcon, idnode ,mxnode,natms,nscons,tolnce,
x lashap,lishap,listcon,listin,lietme,listot,
x buffer,cell,dxt,dyt,dzt ,uxx,uyy,uzz, v, vyy,vzz,
b 4 weight,xxt,xxx,yyt,yyy,2zt,zzz)
[
(A Ad L LA L I LELL LIS RI LTI LA iRl iRl ERddd LLELL LR LELLE LS

dl_poly subroutine for quenching the bond energies in the
initial structure of a melecule defined by constraints

copyright - daresbury laboratory 1992
author w.smith november 1992

n oo noaon
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c

2.1.43.2 Function

Removes velocity component along direction of constraint bonds.

2.1.43.3 Dependencies

& error

e pslate

s images
e shmove

o splice

2.1.43.4 Arguments

integers:

idnode input identity of current node.

imcon input key for periodic boundary conditions.

mxnode inpul total number of nodes.

natms input number of atoms in MD cell.

NSCONS input number of constraints on current node.
reals:

tolnce input tolerance for SHAKE algorithm.
integer arrays:

lashap work see rdshake (mxproc).

lishap work see rdshake (mxlshp).

listcon inpul indices for constraint bonds (mxcons,3).
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listin input

listme input
listot input
real arrays:
buffer work
cell infout
dxt work
dyt work
dzt work
uxx work
uyy work
uzz work
vEx infout
vyy infout
vz injout
weight input
xxt work
XXX input
¥yt work
yyy input
zzt work
222 input

2.1.43.5 Comnents

see rdshake (mxatms).
see rdshake (mxatms).
see rdshake (mxatms).

see merge (mxbuff).
MD cell vectors (9).
see rdshake (mxcons).
see rdshake (mxcons).
see rdshake (mxcons).
(mxatms).

(mxatms).

(mxatms).

x component of velocity (mxatms).
y component of velocity (mxatms).
z component of velocity (mxatms).

mass {mxatms).
(mxatms).

x coordinates {mxatms).
(rmixatms).

y coordinates (mxatms).
(mxatms).

z coordinates {mxatms).
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2.1.44 RDF0
2.1.44,1 Header records

subroutine rdfQ
x (iatm,ik,rcut,ilist,ltype,lstvdu,ixdf,raqdf)
c
(AT ERTE TR IIL DL AR SR YL TSI LRSI TSI S RIS ER RS LAY R 22 L2 T L Y L)

dl_poly subroutine for accumolating statistic for radial
distribution functiomns.

parallel replicated data vexsion

copyright - daresbury laboratory 1983
auther - t. forester june 1983

[ T T e T o T+ T+ B T 4 O ¢
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c

2.1.44.2 Functions

Accumulates histograms for radial distribution [unctions.

2.1.44.3 Dependencies

* none

2.1.44.4 Arpguments

integers:
iatm input index of central site.
ik input number of neighbours.
reals:
reut input non-bonded potential cutoff.
integer arrays:
ilist input index of neighbours around central sile {mxlist}.
itype input index of atomice types (mxatms).
lstvdw input key for type of non-bonded potential {mxvdw).
irdf infout histograms for rdfs {mxrdf,mxvdw).
real arrays:
rsqdfl input square of interatomic distances (mxxdf).

2.1.44.5 Comments

The actual rdfs are calculated in rdfl {rom data collected in this routine.
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2.1.45 RDF1
2.1.45.1 Header records

guobroutine rdfi
x (1lpgr.ungatm,idnode,ntpvdw,numrdf ,reut,volm,ibuff,ltype,
x 1lstvdw,irdf ,dens)
e
G o R R R R R Rk R AR Rk R

dl_poly sobroutine for calculating radial distribution functions
from accumulated data.

parallel replicated data version

copyright - daresbury laboratery 1993
authox - t. forester june 1993

a0 o0 an o060 na

ot b e i koo ok b o kb kR Rk ke ke kR ks R e ko kR kR
<

2.1.45.2 Functions

Calculates and prints radial distribution functions and the number of neighbours.

2.1.45.3 Dependencies

& none

2.1.45.4 Arguments

logicals:
lpgr input flag for printing radial distribution functions.
characters:
unqatm input atomic type names [aB] (mxsite).
inlegers:
idnode input identity of current processor.
ntpvdw input number of non-bonded potentials.
numrd! input number of timesteps used for g(r} statistics.
reals:
reut input non-bonded potential cutoff.
volm input volume of MD cell.
integer arrays:
ibuff work buffer array for global summations (merdf™mxvdw).
irdf input histograms for g(r) (mxrdf,mxvdw).
real arrays:
dens input number density of atomic sites (mxsvdw}.

106

2.1.45.5 Comments

For non periodic systems only the number of neighbours (n(r)) has meaning since an
arbitary value needs to be assigned to the volume in order to compute the radial distri-
bution functions. The average number of ators of type B within a radius r of atoms of
type A is given by

n{r) = 4= _/D' g(rpgridr (2.12)
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2.1.468 RDSHAKE
2.1.46.1 Header records

subroutine rdehake
(uata.idnode.imcon.mxnoda,natms,nscona.engke.tolnce.tstep.
vircon,lashap,lishap,listcon,listme,listin,listot,
buffer,cell,dxt,dxx,dyt,dyy,dzt,dzz,2xx,fyy, 2z, prmcon,
txx,tyy,tzz,uxx,qyy,uzz,vIx,vyy,vzz, vaight , xdf,xxt , xxx,
ydf ,yyt,yyy,zdf ,zzt,zzz)

K M HHMH

c
(LRI LELELLLLLE LTI LTI L ST ER eIl L g el ]l l]le ]

dl_poly subroutine for integrating newtonian equations of
motion in molacular dynamice - shake/verlet leapfrog.

parallel replicated data algorithm
version 2 : include constraint contribution to the virial

copyright - daresbury laboratory 1992
author - w. smith august 1992.

a6 o0nNn6annnon
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2.1.46.2 Function

Controls the MD cycle of evaluating forces, integrating equations of motion and accu-

mulating statisties.

2.1.46.3 Dependencies
e gdsum
v gstate
s images
¢ merge

shmove

s splice

2.1.46.4 Arguments

logicals:
sale output Aag for convergence of SHAKE.
integers:
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idnode input
imeon input
mxnode input
natms input
nseons input
reals:
engke output
tolnce input
tstep input
vircon output
integer arrays:
lashap work
lishap work
listcon input
listme input
listin input
listot input
real arrays:
buffer work
cell infout
chge input
dxt work
dxx work
dyt work
dyy work
dzt work
dzz work
fxx output
fyy output
fzz output
prmcon input
txx work
tyy work
tzz work
uxx work
uyy work
uzz work
VIX infout
vyy infout
vzz infout
weight input
xdf work
xxt work
Ix infout
ydf work
yyl work
yyy infout

tdentity of current nede.

key for periodic boundary conditions.
total number of nodes.

number of atoms in MD cell.

aumber of constraints on current node.

kinetic energy.

tolerance for SHAKE algorithm.
simulation time-step, 8.
constraint virial.

see rdshake (mxproc).
see rdshake (mxlshp}.
indices for constraint bonds {mxcons,3).
see rdshake (mxatms).
see rdshake (mxatms).
see rdshake (mxatms).

see merge (mxbuff).

MD cell vectors (9).

partial charges, (mxatms).

see rdshake (mxcons).

see rdshake {mxcons).

see rdshake (mxcons).

see rdshake (mxcons).

see rdshake {mxcons).

see rdshake {mxcons).

x component of force (mxatms).

y component of force (mxatms).

z component of force (mxatms).
constraint distances (mxteon).
(mxatms).

(mxatms).

(mxatms).

(mxatms).

(mxatms).

(mxatms).

x component of velocity (mxatms).
y component of velocity (mxatms).
z component of velocity (mxatms).
mass {mxatms).

x component of intersite vector (mxxdf).
(mxatms).

x coordinates {mxatms).

¥ component of intersite vector (mxxdf).
{mxatrms).

y coordinates (mxatms).
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zdf work
2zt work
471 infout

2.1.46.5 Comments

z component of intersite vector {nuxxdf).
(mxatms).
z coordinates {mxatms).
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2.1.47 RESULT

2.1.47.1 Header records

subroutine result
natms,nstep,ntpatm,numace ,nunrdf ,chit,rcut,volm,
irdf,ibuff, lstvdu,buffer,

call,dens,fxx,fyy,f2zz,ravval ,ssqval,stkval ,atpval,
sumval,vXx,vyy.vZZ,XxX,¥y¥,zumval,zzz,xx0,yy0,zz0)

MM MM

c

(AL LRI EL LIS LEES AP P TSR P et Ll T dd Ittt Ll lelyd]

dl_poly subyoutine for writing simnlatjion summary and
saving the restart data

copyright - daresbury laboratory 1992
author - w. smith dac 1992.
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(AL LA LRI L EL LT LIS LLEILEL LIRS LY E LI LE LS A R Pl ledd il s lly

c

2.1.47.2 Function

Writes out result file and calls for storing of firal configuration.

2.1.47.3 Dependencies

® revive

+ timchk

2.1.47.4 Arguments

characters:
cfgname input configuration name [a80].
atmnam input site labels [a8] {mxatms).
unqatm ; inpainique atom labels {mxsite).
logicals:
lgofr input flag for construction of rdf histograms.
Ipgr input flag to print rdfs.
integers:
idnode input identity of current processor.
imecon input key [or periodic boundary conditions.
mxnade input total number of processors.
natms input number of atoms in MD cell.
nstep input number of completed MD steps.
ntpatm input number of unigue atom types.
numacc input number of steps used to accurnulate statistics.
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(cfgname,atmnam,unqgatm,lgofr,lpgr,idnode,imcon,mxnoda,



numrdf
reala:

chit

rcut

volm

real arrays:

buffer
cell
dens
fxx
fyy
fzz
ravval
ssqval
stkval
stpval
sumval
VXX
vyy
v2z
XXX
yyy
zumval
222
xx0
yy0
zz0

2.1.47.5 Comments

input

input
input
input

work
input
input
input
input
input
input
infout
input
input
input
input
input
input
input
input
input
input
input
input
input

number of configurations used for rdf histograms.

friction coefficient for Hoover thermostat.
radial cut off.
volume of cell.

work array (mxbuff).

MD cell vectors (9).

number density of unique atom types (mxsvdw).
x component of force (mxatms).

¥ component of force {mxatms).

z component of force (mxatms).

rolling averages (mxnstk).

rms Auctuations {mnstk).

statistics file for rolling averages {mxstak mamnstk).
statistics file (mxnstk).

statistics file {mxnstk).

x component of velocity {mxatms).

¥ component of velocity (mxatms).

z component of velocity (mxatms).

x coordinate {mxatms).

y coordinate (mxatms).

statistics file {mxnstk}.

z coordinate {mxatms).

x component of atomic displacement (mxal.ms).
y component of atomic displacement (mxatms).
z compouent of atomic displacement {mixatms}.
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2.1.48 REVIVE
2.1.48.1 Header records

subroutine revive
(1gofr,cfgname,atmnan, idnoda,incon ,mxnode ,natms, netep,
numacc,numrdf ,chit , irdf,ibuff,
buffer,cell,fxx,fyy,fzz,ravval ,6s8qval,stkval ,etpval,
sumval,vxx,vyy,vzz,XxX,Yyy,zumval,zzz,xx0,yy0,220)

M oM MR

c
[ LI LA LI I L R L EL SR eIV RS IR I PN T I PP ISP EALE LSS T v Ir)

dl_poly subroutine for writing restart files at job termination
or at selected intervals in simulation

copyright - daresbury laboratory 1992
anthor - w. smith dec 1992.

Do o 0o n
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c

2.1.48.2 Function

Dumps restart data to disk.

2.1.48.3 Decpendencies

® merge

2.1.48.4 Arguments

logicals:

{gofr input flag for radial distribulion functions.
characters:

cfgname input configuration name [aB0].

atmnam input atomic labels [a8] {mxatms)
integers:

idnode input identity of current processor.

imcon input periodic boundary key.

mxnode input total number of processors.

natms input number of atoms in MD cell.

nstep input time-step counter.

numace input number of steps used for statistics,

numrdf input number of steps used for rdfs.
reals:

chit input friction coefficient for Hoover thermostat,

integer arrays:

113



irdf input radial distribution function histograms (mxsdf mxvdw). 2.1.49 SHMOVE

ibuff work integer buffer array (mxrdf*mxvdw).
real arrays: 2.1.49.1 Header records
buffer work work arrat for merge (mxbuff). subrontine shmove
cell input cell vectors (9). X (idnode,mxnode ,natms,lashap,lishap,xst,yyt,zzt,
fxx input 1 component of force (mxatms). x txx,tyy,tzz,buffer)
fyy input y componert of force (mxatms).
fzz input z component of force (mxatms). c
ravval input statistics array (munstk). B P T T P P T P P e T
ssqval input statistics array (mxnstk). c
stkval input stat!st?cs array (m.xstak,uumstk). < dl_poly subroutine for passing coordinate updates betwesn
stpval input statisties array (mxnstk). c nodes during the shake iteration cycle
sumval input statistics array {mxnstk). c
vrx input x component of velucEty (mxatms). € parallel replicated data algorithm intel specific version
vyy input y component of velocity (mxatms). <
vzz input z component of velocity (mxatms). c copyright - daresbury laboratory 1992
XX input x coordinate (mxatms). N author - w. smith august 1992.
Y¥¥ input ¥ coordinate {(mxatms). c
zumval input statistics array (mxnstk). L T e Py T
272 inpul z coordinate (mxatms). c
xx0 input increment in x coordinate (mxatms).
yy0 input increment in y coordinate (mxatms). 2.1.49.2 Function
z20 input increment in z coordinate (mxatms).
Passes coordinate updates between nodes during the shake iteration cycle.
2.1.48.5 Comments 2.1.49.3 Dependencies
« ¢send
® gsync
* msgwail
2.1.49.4 Arguments
integera:
idnode input identity of current processor.
mxnode input total number of processors.
natms input number of atoms in MD cell.
integer arrays:
lashap input Qutgoing transfer buffer {mxproe).
lishap input Incoming transfer buffer (mxlshp).
real arrays:
xxt infout increment to x coordinate (mxatms).
¥yt infout increment to y coordinate {mxatms).
22t infout increment to z coordinate (mxatms).
txx work (mxatms).
tyy work {mxatms).
tzz work {mxatms).
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buffer work cemmunications buffer (mxbuff). 2.1.50 SIMDEF

2.1.50.1 Header records

2.1.49.5 Comments subroutine simdet
(1fcap,lgofr,loptim,lpgr,ltraj,ltecal,lzeql,eysname,
idnode,intsta,istraj,keyens, keyfce, keyres, keytrj, kmaxl,
kmax2,kmax3,multt,nstack,nstbgr,nstbpo,nstbts,nsteql ,nstraj,
nstrun,alpha,delr,epsq,pmnass,press,qmass,reut ,rprim,temp,
timcls,timjob,tolnce, tstap)

Messing with this routine may seriously damage the health of DL_POLY.

noH K MM

c
€ e e O N o o oo o ok b e i b ek e g

c

[ d1_poly subroutine for reading in the simulation control
[ parameters

c

c copyright - daresbury laboratory 1992

c author - w. smith july 1992.

c

c medified

< apthor =~ t. forestaer may 1993

<

(2 LTI e XL AL RS LIRSS PSR AL LRI ER LI LTI IELEEL Y]]
<

2.1.50.2 Function
Reads in control variables {or the job from the CONTROL fle.

2.1.50.3 Dependencies

* none

2.1.50.4 Arguments

logicals:
Ifcap output flag for capping forces during equilibration.
igofr output Aag for caleulating radial distribution functions.
loptim output flag for O K structuce optimization.
tpgr output fag for printing radial distribution functions.
ltraj output flag for dumping trajectory data.
ltscal output flag for temperature scaling.
lzeq} output flag for accurnulating statitics duting equilibration.
characters:
sysname oulpul system name (aBO).
integers:
idnode input identily of current node.
intsta output interval for accumulating statistics.
istraj output interval for dumping trajectories.
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keyens
keyfce
keyres
keytrj
kmaxl
kmax?2
kmax3
multt
nstack
nstbgr
nsthpo
nstbts
nsteql
nstraj
nstrun
reals:
alpha
delr
epsq
pmass
press
qmass
rcut
rprim
temp
timels
timjob
tolnece
tstep

2.1.50.5 Comments

output
cutput
cutput
output
ouiput
output
output
output
output
ocutput
output
output
output
output
output

output
output
output
cutput
output
oculput
output
oulput
output
ontput
output
output
output

key for selecting ensemble.

key for non-bonded force field.

key for restart of MD run.

key for trajectory information.

number of reciprocal space vectors in e direction.
number of reciprocal space vectors in b direction.
number of reciprocal space vectors in ¢ direction.
size of multiple time-step interval.

size of stack for rolling averages.

interval for collecting rdf data.

interval for printing out statistical data.

interval for temperature scaling in equiliration mode.
number of time-steps in run for equilibation.

timestep at which dumping of trajectory information begins.

number of time-steps for MD run.

Ewald convergence variable.

border width for Verlet list.

relative dielectric constant.

piston mass for pressure control.
simulation pressure.

coupling parameter for heat bath,
potential cut-off radius.

radius of primary cut-off shell.

simulation temperature.

time, in seconds, allocated for closing the job.,
total time in seconds allocatled for the job.
tolerance for SHAKE algorithm.
simulation time-step, L.

See the section on the description of the input file CONTROL.
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2.1.51 SPLICE
2.1.51.1 Header records

subroutine splice
x (idnode,mxnode,natms,listme,listot, xxx,yyy,zzz butfer)
c
T T L e T L TP LT P T

dl_poly subroutina for splicing together coordinate arrays
across a number of processors duripng shake algorithm

parallel replicated data version

copyright - daresbury laberatory 1993
author - w. smith march 1993

second version of splice

naonNnaoonnodnnn

[l LIl s LR LA RELELLIE LIS IRl s )]
<

2.1.51.2 Function

Updates coordinates on all nodes of those siles involved in constraint bonds once the
SHAKE cycle has been completed.

2.1.51.3 Dependencies

e gdsum

2.1.531.4 Arguments

integers:
idnode input identity of current processor.
mxnode input total number of processors.
natms input number of sites involved in constraints.
integer arrays:
listme input number of constraints a site is involved in on the current
processor {mxatms).
listot input number of processors handling constraints involving a

particular site (mxatms)
real arrays:

XXX infout x coordinate array (natms).

yyy infout y coordinate array {natms).

zzT infout z eoordinate array (natms).

buffer work wark array for global sum {mxbuff).
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2.1.51.5 Comments

The arrays ‘listme' and ‘listot’ are created in passcon. Oualy sites involved in bond

constraints are updated.
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2.1.52 SRFRCE
2.1.52.1 Header records

eubroutine srfrce
I (iatm,ik,engsrp,virerp,reut,dlrpot,ilist,ltypae,
} 4 letvdw,xsqdf , xdf, ydf ,zdf , fxx,fyy, L2z, vvv JEEE)
c
(LIS LI LR PR LIRS T I L IR TSN T YR RIS A S L i LIl d Pty Yy 2]

dl_poly subroutine for calculating short range force and
potential energy terms using verlet meighbour list

parallel replicated data version

copyright - daresbury laboratory 1992
author - W. smith march 1992

version 3
author ~ t. forester june 1993

O N0 onNn N0 o0 a0 N an

A LI ELEL LY LSRRI s Sl T Il El PR R IR Ll e il dl i B el s ily]
c

2.1.52.2 Function

Calculates non-bonded forces and potential energies using the Verlel neigbour list. Two
variants are available: srfrcedpt and srfreedpt which use 3 and 4 point interpolation
schemes respeciively.

2.1.52.3 Dependencies

« naie

2.1.52.4 Arguments

integers:

iatm input index of the central site.

ik input nutber of entries in the verlet list.
reals:

engsrp ocutput the non-bonded potential energy.

virsrp output the non-bonded virial.

rcut input the non-bonded potential cutoff.

dirpot inpul tabulation interval for interpolation tables.
integer arrays:

ilist input the Verlet neighbour list {mxlist).

Itype inpul atom Lype (mxatms).

Istvdw inpul index number of non-bonded potential {mxvdw}.
real arrays:

rsqdf inpul square of inter site vector length {mxxdf).
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xdf input x coordinate for inter site vector (mxxdf).

ydf input ¥ coordinate for inter site vector (mxxdf).

zdf input 2 coordinate for inter site vector (maxdf).

fxx output x component of force (mxatms).

fyy output y component of force (mxatms}).

fzz output z component of force (mxatms).

vvy input interpolation table for potential energy (mxgrid,mxvdw).
EEE input interpolation table for force {mxgrid,mxvdw).

2.1.52.5 Comments

The relative merits of 3 and 4 point interpolation are as follows: 4 point interpolation
may permit a smaller number of grid points to be used in the interpolation tables thus
saving on memory requirements. 3 point interpolation is considerable quicker than 4
point interpolation and in some cases may be more accurate than 4 point interpolation
for a sufficently small grid spacing (ie. for a sufficiently large number of grid points).
If in doubt we recommend use of the subroutine srfrcedpt .
Alternatively, interpolation may be carried out in r-squared space - see srfrce.rsq.
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2.1.53 SRFRCE_RSQ
2.1.53.1 Header records

subroutine sxfrce
X (iatm,ik,engsrp,vizrsrp,reut,dlrpot,ilist,ltyps,
x lstvdw,rsqdf,xdf ,ydf ,zdf , fxx,Iyy . L22,vvv,geg)
c
(LI FL LR YR LI IR P RISV ATV IE PR ELELE IS £ bR R 22 bRl el Ly L)

dl_poly subroutine for calcunlating short range force and
potential energy terms using verlet neighbour list

parallel replicated data versiocn

copyright - daresbury laboratory 1992
author = %. smith maxrch 1992

modifed for tabulatienm in I2 space not r space
authox ~ t. forester maxrch 1993

n o6 o0 anana0o0nnna

Comkheawhkkkxap kbbb rErEh ek kR Rk kR ke kR kb bk kkkE
c

2.1.53.2 Function

Calculates non-bonded forces and potential energies using the Verlet neigbour list. Two
variants are available: srfree3pt _rsq and srlrce4pt_rsq which use 3 and 4 point inter-
polation schemes in r-squared space respectively.

2.1.53.3 Dependencies

4 none

2.1.53.4 Arguments

integers:

talm input index of the central site.

ik input number of entries in the verlet list.
reals:

engsrp output the non-bonded potential energy.

virsrp cutput the non-bonded virial.

rcut input the non-bonded potential cutoff.

dlrpot input tabulation interval for interpolation tables.
integer arrays:

ilist input the Verlet neighbour list (mxlist}).

Itype input atom type {mxatms).

Istvdw input index number of non-bonded potential (mxvdw).
real arrays:

rsqdl input square of inter site vector length (mxxdr).
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xdf
ydf
zdf
Fxx

fyy
fzz

yvy

BES

2.1.53.5 Commmnents

input
input
input
outpui
output

output

input
input

x coordinate for inter site vector {mxxdf).

¥ coordinate for inter site vector {mxxdf}.

z coordinate for inter site vector {mxxdf).

x compenent of force {mxatms).

¥ component of force {mxatms).

% component of force {mxatms}).

interpolation table for potential energy (raxgrid,mxvdw).
interpolation table for force (mxgrid,mxvdw).

Iuterpolation in r-squared space has the advantage that it avoids the use of the square
root function. See the entries for forgen and forgen_rsq for further discussion.
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2.1.54 STATIC
2.1.54.1 Header records

subroutine static

H ®M M MM MM

<

(lzeql,cfgname,idrode,intsta,incon ,natms,netack,nstep,nstaql,
ntcons,ntpatm,numacc,mxnode,degfre,engang,engbnd, engepa,
engdih, engke,engsrp,engunit, stpcfg,sipeng,stpeth,stpprs,
stptmp,stpvir,stpvol,tstep,virbnd,vircon,vircpa,virszp,
width,ltype,numtyp,butfer,cell,chga,fxx,fyy,fzz,ravval,
&sqval,stkval ,stpval,sunval,vxX,vyy,vZ2,XIX,¥y¥,22ZZ,Zunval,
xx0,yy0,zz0)

(S LIELEEILELLIE LIS ER SRR IR EE N ELR I EL A TR el ittt el l]l)

o o0 n oo Hh o0 nn

dl_poly subroutine for accumuylating pericdic data during the
molecular dynamics simulation and computing the rolling averages

copyright daresbury laboratory 1992
author - w. smith angust 1992

LT LI L L L T P L R A s L L I e L Y]

2.1.54.2 Function

Accumulates periedic data during the simulations and computes rolling averages.

2.1.54.3 Dependencies

» dcell
o diffsn0

¢ diffsnl

2.1.54.4 Arguments

logicals:
Izeq!

characters:
cfgname

integers:
idnode
inlsta
imeon
natms
nstack

input flag for accumulating statistics during equilibration.
input configuration name

input identity of current processor.

input interval for collection of statistics.

input key for periodic boundary conditions.

input number of sites in the MD cell.

inpul number of stacked variables.
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nstep input
nsteql input
fitcons input
numacc infout
mxnode input
reals:
degfre input
engang input
engbnd input
engepe input
eugdih input
engke input
engsrp input
engunit input
stpefg output
stpeng output
stpeth output
stpprs output
stptmp output
stpvir output
stpvol output
tstep input
virbnd input
virepe input
virscp input
width input
integer arrays:
Itype input
numtyp input
real arrays:
buffer work
cell input
chge input
fax input
fyy input
fzz input
ravval infout
ssqval in/out
sthval infout
stpval output
sumval in/out
vXx input
vyy input
vzz input
zumval infout
xx0 in/oul
yy0 infout

nutnber of MD time steps completed.
number od equilibration steps required.
total number of constraints.

number of time steps used for statistics.

total number of processors in use.

thermodynamic degrees of freedom.
current valence angle enrergy.
current chemical bond energy.
current coulombic energy.

current dihedral interaction energy.
current kinetic energy.

current short-range potential energy.
energy unit.

current total configurational energy.
current total energy.

current enthalpy.

currenf, pressure.

current temperature.

current virial.

current cell volume.

MD timestep.

current chemical bond virial.
current ¢coulombic virial.

current short-range potential virial.
shortest distance across the MD cell.

atomic type (mxatms)
number atoms of given type (mxsvdw)

(mxbuff).

MD cell vectors (9).

parlial charges.

x component of force (mxatms).
y component of force (mxatms).
z component of force (mxatms).
rolling averages (mxnstk).

sum of squares of statistcal data (mxnstk).

statistical data (mxstak,mxnstk).

current values of statistical data (mxnstk).

sum of statistical data (mxnstk).

x compenent of velocity (mxatms).
¥ component of velocity {mxatms).
z component of velocity (mxzatms).

sum of rolling average statistical data (mxnstk}.
x displacement from start of simulation (mxatms)
y displacement from start of simulation (mxatms)
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zz0 infout z displacement from start of simulation {mxatms)

2.1.54.5 Comments

Atomic coordinates, velacities, forces and charges are passed into this subroutine for
users who may wish to use such information for the evaluation of additional properties
in the statistics files.
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2.1.55 STRIP
2.1.55.1 Header records

subroutine strip(string,length)
AR LA TR LI L el T S P IETE TR I P L I P T T T e

DL_POLY routine te strip blanmke from start of a string
maximom length is 265 charactera

copyright daresbury laboratory 1993
author t.forester july 1993

a0 n oo o0

A o o o b oo o o o o o o O O

2.1.55.2 Function

Strips blanks from the start of an alphanumeric string.

2.1.55.3 Dependencies

¢ hone

2.1.55.4 Arguments

character:
string infout alphanumeric string
integers:
length input length of string (max value = 255)

2.1.55.5 Comments
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2.1.56 SYSDEF
2.1.56.1 Header records

subroutine sysdef
{molnam,sitnam,unqatm,idnode,keyfce,nangle,natnos,
nbonds ,nconst,ndihed,neite,ntpatm,ntpmls,atpvdy,
alpha,dlrpot,engunit,rcut,keyang keybnd keydih,lstang,
1lstbnd,lstcen,lstdih,lstvde,ltpsit,1tpvdw, nunang,
numbonds, numcon ,nundih,nummols ,numsit ,chgsit,erc,fer,
ggg.proang, prabnd , prmcon , prodih, provdu, vvv,ugtsit)

W OH M M MM

<
L LA LA LIS LA L EL I Y LIS I L LI S LER el et il odll ittt l]]

dl_poly subroutine for reading in the molecular epecifications
of the system to be simulated

copyright - daresbury labsratory 1932
author - W. smith may 1992.

an A& 6 nn

(I LI LRSS Ll L ELE L NN TE PSSl T LR Ll i et i ditEldlyt L]
(=4

2.1.56.2 Function

Reads in molecular specifications of the system [rom the FIELD file.

2.1.56.3 Dependencies
s error
e lowease

s slrip

2.1.56.4 Argumenis

characters:
molnam output molecule names [ad0] (mxtmls).
sitnam output site names [a40] {mxsite).
unqalm output unique atom type names (mxsite).
integers:
idnode input identity of current processor.
keyfce input key for non-bonded potential.
nangle output total number of valence angle interactions.
natms output total numnber of atoms in the MD cell.
nbonds cutput Lotal number of chemical bonds.
nconst output total number of bond eonstraints.
ndihed output total number of dihedral interactions.
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nsite output
ntpatm output
atpmls output
ntpvdw cutput
reals:
alpha input
dirpot output
engunit output
rcat input
integer arrays:
ltpvdw input
real arrays:
prmvdw input
vvv output
gEg output

2.1.56.5 Comments

number of defined sites.

number of unique types of atoms.
number of unique types of molecule.
number of non-bonded potentials.

Ewald sum convergence variable.
distance increment for tabulation.

unit of energy relative to internal units,
non-bonded potential cut-off.

key for non-bonded potentials {mxvdw).

variables for non-bonded potentials (mxvdw,5).

interpolation table for non-bonded potentials {mxgrid,mxvdw).

interpolation table for non-bonded force {mxgrid,mxvdw).
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2.1.57 TIMCHK
2.1.57.1 Header records

gubroutine timchk(ktim,time)
c
B T e A T T T T T e T

dl_poly timing routine giving time elapsed in eeconds

nota: this routine uses the intel specific MCLOCK, GSYNC
and MYNODE routines

note: TIMCHK must be called concurrently from zll nodes
otherwise the parallel program will deadlock

copyright daresbury laboratory 1992,
auther - w. smith july 1992

oo o000 aansnan

(AL LI ELESI AL LSRR LI I L Pl Rl L ERd I Pttt l e il il lyl)
<

2.1.57.2 Function

Gives the elapsed cpu time in seconds.
2.1.57.3 Dependencies

* gsync

s mclock

« mynode

2.1.57.4 Arguments

integers:

ktim input printing key
reals:

time sutput elapsed cpu time

2.1.57.5 Comments

“ktim” > 0 will resull in a line being printed in the OUTPUT file stating the elapsed
cpu time.

This version is INTEL specific. The subtoutine cxa.timchk can be used in place of
this routine on CONVEX machines.
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2,1.58 TRAJECT
2.1.58.1 Header records

subroutine traject
x {1traj sclgname ,atmpam,idnode,imcon,istraj,lavtrj,natms,
x nstraj,nstep,cell,xxx,yyy,2zz,vIx,vyy,vzz,fxx,fyy,12z)

<

=LA IR LRSI S LRI L SR TSI L E ARSI T AL bR el lyyly

dl_poly subroutine for writing history file at selected
intervals in simulation

copyright - daresbury laboratory 1992
author - w. smith dec 1992,

nohan o an

(AL IA L AL ATl PR LAt Rl t A LA L bl Rl il 2l lilrylsd
c

2.1.58.2 PFunction
Wriles out the HISTORY file.

2.1.58.3 Dependencies

e none

2.1.58.24 Arguments

logicals:
ltraj input fag for writing of HISTORY file.
characters:
cfgname input configuration name [aB0}.
almnam input atom names [a8], (mxatrms).
integers:
idnode input identity of current processor.
imeon input periadic boundary key.
istraj input intervat for writing file.
levtrj input Lrajectory file information key.
natms input number of atoms in MD cell.
nstraj input time-step at which writing of Rle commences.
nstep input current time-step.
real arrays:
cell input cell dimensions (9).
XXX input x coordinates (mxatms).
yyy input ¥ coordinates {mxatms).
211 input z coordinates {mxatms}.
VXX input x component of velocity {mxatms).
vyy input y component of velocity (mxatms).
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vii
fxx

fyy
fzz

2.1.58.5 Comments

input
input
input
input

z component of velocity {mxatms).
x component of force (mxatms).
¥ component of force (mxatms).
z component of force {mxatms).
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2.1.59 VERLET
2.1.58.1 Header records

subroutine verlet
X {idnode ,mxnoda,natms,imcon,tstep engke,veight ,cell,
x XIX,Y¥Y,Z2Z,vxx,vyy,vzz,fxx,fyy,fzz ,buffer)

[
(L e L P T L L L P Y T L L e L It e P AT 2 T e LI P L L

dl_poly subroutine for integrating newtonian equations of
motion in molecular dynamics - verlet leapfrog.

parallel replicated data version

copyright - daresbury laboratoery 1992
author - w. smith march 1992.

N N oo afn o0

o o ke b e o e o o s o o ol o o e ok O o o e e o ke e
[

2,1.59.2 Function

The verlet algorithm for integraling Newton's equations of motton wien there are no
boud constraints specified in the system.

2.1.59.3 Dependencies:
+ images
* merge

e gdsum

2.1.59.4 Arguments:

integers:
idnode input identily of node on the cube.
mxnode mput total number of nodes on the cube.
natms input total number of sites in the simulated system.
imcon input periodic boundary condition key. See images
reals:
tstep input simulation time step, 6¢.
engke output kinetic energy.
real arrays:
weight input atomic mass array (mxatms).
cell input cell vectors (9). See images.
xxx infout x coordinate array (mxatms).
¥YY infout y coordinate array {mxatms).
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223z infout z coordinate array (mxatms).

vxx infout x velocity array (mxatms).

vyy infout y velocity array (mxatms).

vzZ infout z velocity array (mxatins).

fxx input x component of force array (mxatms).
fyy input y component of force array (mxatms}.
fzz input z component of force array (mxatms).
bulffer work buffer array (mxbuff). See merge.

2.1.59.5 Comments

On calling this subroutine xxx, yyy, zzz hold values corresponding to ¢ — §¢; vxx, vyy,
vzz hold value corresponding to ¢ — %ﬁt; fxx, fyy and fzz hold values corresponding to
-6t

On leaving the routine xxx, yyy, zzz hold values corresponding to ¢, and vxx,vyy
and vzz hold values corresponding to ¢ + 38t
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2.1.60 VERTEST

2.1.60.1 Header records

2.1.60.5
subroutine vertest

X (newlst,idnode,mxnode,imcon,natna,delr, coll,xxx,yyy,zzz,
x xdf ,yd?,zdf)

[ I L LI P I L P e TSI I LI ET R e T L bl Il sl )]

DL_POLY subroutime to test for updating of Verlet list
Teplicated data version

copyright deresbury laboxatory 1993
author - t. forester may 1993

n o 00N nn

A o o oo o o oo o O e o o o 0 o e o e ok o o ol o R ok
C

2.1.60.2 Funetion

Tests if the Verlet list needs to be (re)constructed. The list is constructed at the be-
gmning of a job and reconstructed whenever any two particles have moved a distance
greater than (DELR/2) since the most recent construction of the list.

2.1.60.3 Dependencies
* images

» gstate

2.1.60.4 Arguements

logicals:
newlst output flag for construclion of new Verlet list.
integers:
idnode input identity of current processor.
mxnode input total number of processors in use.
imcon input key for periodic boundary conditions.
natms input number of atoms in the MD cell.
reals:
delr input border width for verlet neighbourhood.
real arrays:
cell input components of MD cell vectors (9).
xxx input x coordinate array {mxatms).
yyy input ¥ coordinate array {mxatms).
17 input z coordinate array (mxatms}.
xdff work x component of displacement vector {mxxdf).
ydf work y component of displacement vector {mxxdf).
zdf work z component of displacement vector (mxxdf).
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Comments

137



2.1.61 VSCALE
2.1.61.1 Header records

subroutine vacale(idoode,imcon,natme,signa,veight,vix,vyy,vzz
x VXXX, ¥YY,222)
¢
P T P T T T TP PR

dl_poly subroutine for scaling the velocity arrays to the
desired temperature

varsion 2
zerces angular momentum in non-periodic system.

copyright daresbury laboxatery 1992.
auther - w.smith july 1992

vaersion 2 - t. forester july 1993.

N oA 0NN on o an

A oo A o e o o ook bR o o o e
c

2.1.61.2 Function

Scales velocities to give desired temperature. Also zeroes angular momentum in non-
perindic systems.

2.1.61.3 Dependencies

e invert

2.1.61.4 Arguments

integers:
idnode input idenlity of current processor.
imcon input periodic boundary key.
natms input number of atoms in MD cell.
reals:
sigma input required kinetic energy.
real arrays:
weight input mass (mxatms)-
vIX infout x component of velocily {mxatms).
vyy infout ¥ component of velocity (mxatms).
vZz infout z component of velocity {mxatms).
XXX input x coordinate (mxatms).
(324 input ¥ coordinate (mxatms).
122 input z coordinate (mxatms).
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2.1.61.5 Comments

139



Chapter 3

DL_POLY Data Files

3.1 Description of the INPUT files

DL.POLY requires four input files named “CONTROL”, “CONFIG", “FIELD” and
“REVOLD™. The first three files are mandatory, while REVOLD is required only if the
job represents a restart of a previous job. In the following sections we describe the form
and content of these files.

3.1.1 CONTROL ~

The CONTROL file contains control variables for running a job. It is read in the
subroutine simndef. The CONTROL file for DL_POLY test case | is shown below:

DL_POLY PROGRAM TEST CASE 1

10000 2000 ] NSTRUN ,NSTEQL ,KEYRES
0 .TRUE. 10 KEYENS,LTSCAL ,NSTBTS
.FALSE. .FALSE. 0 LGOFR,LPGR ,NSTBGR
.TRUE. .FALSE. 100 LZEQL.LOPTIM, NSTBPO
160 10 NSTACK,INTSTA
.FALSE. 1000 10 0 LTRAJ ,NSTRAJ,ISTRAJ ,KEYTRJ
1 .FALSE. " KEYFCE,LFCAP
1 1.000E-3 283.0 0.0 MULTT,TSTEP, TEMP,PRESS
0.0 8.0 0.5 RPRIM,RCUT,DELR
0.0 0 1] 0 ALPHA ,KHAX1 ,KMAX2 KMAX3
Q.0 0.0 1.0 QMASS,PMASS ,EPSQ
0.0001 TOLNCE
3.600E03 1.000E02 TIMJOB,TCLOSE

3.1.1.1 Format

The file is formatted, and all variables require 10 characters. Thus integers are formatted
as “110, logicals as “110", and reals as “10.0". The only exception is the header record
which is formatted as 80 alphanumeric characters.

3.1.1.2 Deflnitions of variables

record 1

L40

header
record 2
nstrun
nsteql
keyres
record 3
keyens
Itscal
nstbts
record 4
lgofr
Ipgr
nstbhgr
record 5
lzeql
loptim
nstbpo
record 6
nstack
intsta
record 7
Itraj
nstraj
istraj
keytrj
record 8
keyfce
cap
record 9
multt
tstep
temp
press

record 10
rprim
rcut
delr

record 11
alpha
kmaxl
kmax?2
kmax3

record 12
qmass
pmass
epsq

agD

integer
integer
integer

integer
logical
integer

logical
logical
integer

logical
logical
integer

integer
integer

logical
integer
integer
integer

integer
logical

integer
real
real
real

real
real
real

real

integer
integer
integer

real
real
real

alphanumeric string describing the system.

total number of time-steps for MD run.
aumber of time-steps for equilibration.
key for restart of MD run.

key for selecting ensemble.
flag for temperature scaling during equilibration steps.
interval for temperature scaling in equilibration mode.

flag for constructing histograms for radial distribution functions.
flag for printing radial distribution functions.
interval for collection of radial distribution function statistics.

fag for conducting an equilibration period.
flag for O K structure optimization.
interval for printing out statistical data.

size of stack for rolling averages.
interval for accumulating statislics.

flag for dumping trajectory data.

time-step at which dumping of trajectory information begins.
interval at which trajectory informaltion is written.

key for trajectory information.

key for non-bonded force field.
flag to cap forces during equilibration.

multiple time-step interval. Use 1 for a single time-step.
simulation time-step, 8¢, in units of picoseconds.
simulation temperature (in units of Kelvin).

simulation pressure in units of 163.9 atm.

{Not currently in use.}

radius of primary cut-off shell.
potential cut-off radius.
border width for Verlet list.

Ewald sum convergence variable.

number of reciprocal space vectors in a direction.
number of reciprocal space vectors in b direction.
number of reciprocal space vectors in ¢ direction.

coupling variable for heat bath (Hoover thermostat).

pistan mass for pressure control (not currently used).
relative dielectric constant.
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record 13
tolnce

record 14
timjob
timels

real

real
real

tolerance for SHAKE algorithm.

total time in seconds allocated for the job.
time in seconds allocated for closing the job.
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3.1.1.3 Guide to integer keys

Table 3.1: Restart key (record 2)

KEYRES

meaning

[

start new simulation from CONFIG file,

and assign velocities from Gaussian distribution.
continue current simulation.

start new simuiation from CONFIG file,

and rescale velocities to desired temperature.

Table 3.2: Ensemble key (record 3)

KEYENS

meaning

0
1
2

Microcanonical ensemble (NVE)
Gaussian temperature constraints

Canonical ensemble using Hoover Thermostat {NVT)

Table 3.3: Trajectory file key (record 7)

KEYTRJ meaning

0 | write coordinates
1 | write coordinates and velocities
2 | write coordinates, velocities and forces

Table 3.4: Non-bonded force key (record 8)

KEYFCE

meaning
odd | evaluate short-range potentials and electrostatics
even | evaluate Electrostatic potential only
Electrostatics are evaluated as follows:
0t, 11 | Ignore Electrostatic interaclions
2, 3 | Ewald summation
4,5 | distant dependent dielectric constant.
6, 7 | standard truncated Coulombic potential.
8,9 | truncated and shifted Coulombic potential.
} KEYFCE = 0 means no non-bonded terms are evaluated.
{ KEYFCE = 1 means only short-range potentials are evaluated.

3.1.14 Comments
NSTBGR. (record 4):

hood list. In effect this

on other variables

If a multiple time-step is used, then statistics for radial distribu-
tion funclions are collected only every NSTBGR. updates of the secondary neighbour-
means that statistics are collected at least once every NSTBGR
X MULTT time-steps since the secondary neighbourhoed list is updated every MULTT

steps from the last update of the Verlet list,

LZEQL {record 5): LZEQL set to .TRUE. will cause temperature scaling to be used for
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NSTEQL (record 2) time-steps. After which all statistics arrays are reset and 3.1.2 CONFIG

ure scaling is switched off. If you wish to collect statistics and use temperature
multaneously then set LZEQL to .FALSE.. In this case make sure NSTEQL is
or larger than NSTRUN (both on record 2).

A (record 5): If LOPTIM = .TRUE. then at each time-step all velocities are

o before the equations of motion are integrated. The result is a crude structure Icel structure 6x6x6 unit cells with proton disorder
il 2 3

sion.

. . L . 26.986000000000000  0.00000C00G000000  0.000000000000000
(record 9): If MULTT=L a single time-step algorithm is used. Otherwise -13.494000000000000 23.372293600000000  0.00G000000000000
¢ forces are evaluated once every MULTT steps or whenever the verlet list is

0.00000000Q000000  0.000000000000000 44.028000000000000

The CONFIG file contains the dimensions of the unit cell, the key for periodic boundary
conditions and the atomic labels, coordinates, velocities and forces. This file is read in
the subroutine sysgen. The first few records of a typical CONFIG file are shown below:

o 1
tecord 10): DELR is the width of the Verlet border. The Verlet list is updated -2.505228382 | -1.484234330 ~7.274585343
two or more atoms have moved a distance of more then DELR/2 from their 0.5446573999 -1.872177437 -0.7702718106
at the last update of the Verlet list. 3515.939287 13070.74357 4432.0305687
BW 2
-1.622622646 -1.972916834 -7.340573742
1.507099154 -1.577400769 4,3287806484
7455.527553 -4806. 880540 =~1255.814536
HW 3
-3.258494716 -2.125627191 -7.491549620
2.413871957 -4.336956694 2.851142896
-7896_ 278327 ~-8318.045939 -2379.766752
o 4
0.9720599243E-01 =2.503798635 -3.732081894
1.787340483 -1.021777575 0.5473436377
9226.455153 9445.662860 5365.202509
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etc.

3.1.2.1 Format

The file is formatted: integers as “il0", reals as “f20.0”. The header record is formatted

as 80 alphanumeric characters.

3.1.2.2 Defnitions of variables

record 1
header a0l title line

record 2
levelg integer CONFIG file key. See table 3.5 for permitlted values.
imcon integer Periodic boundary key. See table 3.6 for permitted values

record 3 omitted il IMCON = 0

cell{1) real x component ol a cell vector.

cell(2) real y component of a cell vector.

cell(3) real z componenl of g cell vector.
record 4 omitted if IMCON = 0

cell(4) real
cell{5) real

x component of & cell vector.
y compaonent of b cell vector.
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cell(6)
record 5
cell{7)
cell(8)
cell{9)

real z component of b cell vector.
omitted if IMCON =0

real X component of ¢ cell vector.
real y component of ¢ cell vector.
real z component of ¢ cell vector.

Subsequent records consists of blocks of between 2 and 4 records dependent upon the
value of LEVCFG. Each block refers to one atom. The atoms must be listed sequentially
in order of increasing index. Within each block the data are as follows:

record i
almnam

record it
xxx
Yyy
22z

record iii
vxx
vyy
viz

record iv
Ixx
lyy
T2z

ag Atom name. Note that the above example includes the site
index in the record. The site index is not read by DL_POLY.
It is included only to aid browsing and editing the file.

real x coordinate

real y coordinate

real z coordinate

included only if LEVCFG = L or 2
real x component of velocity
real y component ol velocity
real x component of velocity
included only if LEVCFG = 2
real x component of force
real ¥ component of force
real z component of force
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3.1.2.3 Guide to integer keys

Table 3.5: CONFIG Hle key (record 2)

LEVCFG meaning
0 | Coordinates included in file.
1l | Coordinates and velocities included in file.
2 | Coordinates, velocities and forces included in file.

Table 3.6: Periodic boundary key (record 2)

IMCON meaning

0 | no periodic boundaries.
cubic boundary condilions.
erthorhombic boundary conditions.
parallelepiped boundary conditions.
truncated octahedral boundary conditions.
rhombie dodecahedral boundary conditions.
x-y parallelogram boundary conditions with
no periodicity in the z direction.

G N N

3.1.2.4 Further Comments

the CONFIG file has the same format as the output file REVCON. When restarting a
previous run of DL_POLY (j.e. KEYRES=1), or starting a new simulation [rom the final
configuration of a previous run (i.e. KEYRES=2), the CONFIG file must be replaced
by the REVCON file, which is then renamed as the CONFIG file. The “copy” macro
in the “execute” directory of DL.POLY does this for you.
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3.1.3 FIELD

The FIELD file contains the force field information. It is read in the subroutine sysdef.
Excerpts from a force field file are shown below:

Valinomycin complex with K+
units intermnal

2

Valinomycin
1 168 6 162 312 376
N 14.0100 -0.4630 1 1 N 1
H 1.0080 0.2520 1 2 H B
cT 12.0100 0.0350 1 3 CT CcT
HC 1.0080 0.0380 1 168 HC HC
1 16 17 1.56345e+05 1.335 1
1 160 161 1,5345e+05 1.335 6
2 1 0.99996813 1

3 1 1.53217867

168 165 1.00002235 161

161 163 1.58685275 162
1 2 1 3 31798. 118.40 1
1 2 1 183 29288. 119.80 2
1 166 165 168 29238. 109.50 a1y
1 167 165 168 29288. 109.50 312
1 1 3 5 6 28.033 180.00 3 1
1 4 3 5 6 28.033 180.00 3 2
1 146 160 148 149 0.18381E+07 180.00 2.0000 375
1 1 161 163 164 0.18381E+07 180.00 2.0000 376
Potassium
i 1 o o0 a9 ¢
K 410000 1.000
36
C C 2 50.208 3.2963 1
c cT 2 35.502 3.2518 2
0 0s 2 72.269 9.8954 s
s 85 2 62.760 2.9400 36

3.1.3.1 Format

The file is formatted. Integers are formatted as “i5", reals as “f12.0" and characters as
llaall, (|a40|, or uasnll-
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3.1.3.2 Definitions of variables

The file divides into three sections: general, molecular details, and non-bonded interac-
tions. These sections follow on from each other in the file.

3.1.3.2.1 General

record 1
header a80 field file header.
record 2 optionalf
engunit a40 Unit of energy used for input and output.
record 3
NTPMLS integer the number of different molecular types in the system.

fNote: This line takes the form
UNITS units

where units is one of “eV", “keal”, "kJ" or “INTERNAL", corresponding to energy
units of electron-Volts, keal mel~!, kJ mol~! or DL_POLY internal energy units (10 J
mol~!) respectively. units is not case sensilive and may appear anywhere alter the
keyword UNITS provided it does nor exceed column 40. If this line is omitted DL.POLY
internal energy unils are used for all input and output. Regardless of the value of units
all internal caleulations are econducted using DL_POLY internal units - the UNITS option
only aflects the input and eutpul interfaces.

3.1.3.2.2 Molecular details

For each malecular Lype a block of data containing site, chemical bond, constraint
bond, valence angle and diliedral angle information is required:

next record

molnam a80 molecule name

next record
nummols integer the number of molecules of this type in the M.D. cell
numsit integer the number of atomic sites on the molecule.
numbonds integer the number of chemical (ie. extensible) bonds in the molecule.
numecon integer the number of constraint (ie. rigid) bonds in the molecule,
numang integer the number of valence angle interactions for the molecule.
numdih integer the number of dihedral interactions in the molecule.

Site details

NUMSIT records giving site nanies, masses and charges. Each record contains:

next record
sitnam a8 site name
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weight real site mass

. Table 3.7: Chemical bond potentials
chge real site charge
nrept integer tepeat counter key | potential type | Variables (1-3) functional form
1 | Harmonic k | U=kf2(r - ro)
2 U =Do((l —exp(—alr - )" - 1
The next NREPT - 1 entries in the CONFIG file are ascribed the atomnic charac- 3 Morse Dy 1;: a o ([U _exp (u"(;/ 6"!))] )
teristics given in the current record. If NREPT is omitted it is assumed to be 1. The 12-6 2 = afr'? - b/r

example given above includes additional information on the end of each record to zid in
browsing the file.

. - . Table 3.8: Valence Angle potentials
Note: DL_POLY (Release I} is an atomistic code. Each site requires a non-zero mass

assigned to it to enable the integration of the equations of motion to be performed. key potentiall type | Variables (1-2) | functional formfz
Atomic indices used for chemical bond, constraint, angle and dihedral potentials l_ Harmonie k| bu U =kf28 - 6.)
refer Lo site indices for the molecule. Permitted values thus range from 1 to NUMSIT. [8 is the a-b-c angle.

Chemical bond potentials Table 3.9: Dihedral Angle potentials

NUMBONDS records of chemical bend data. Each record contains: key ]JDli?lllla‘ type Variables {1-3) functional formf
1 | Cosine A S n U = A(l + cos(nd - §))

next record 2 | Harmonic k| én U=kfi2(e - ¢a)?

bond key integer sce table 3.7 1 | Medified Cosineq | A | § n U = A(l + cos(n¢ - §))

index 1 integer first atomic site in bond. t¢ is the a-b-c-d dihedral angle.

index 2 integer second alomic site in bond. §This potential also reduces the 1-4 electrostatic interaction by 50 %.

variable | real see table 3.7

variable 2 real see table 3.7

variable 3 real see table 3.7

Dihedral potentials

Constraint bonds NUMDIH records pertaining to dihedral interactions. Each record contains:

next record

NURMCON records pertaining to constraint bonds. Each record contains: dihedral key integer potential key. See table 3.9

next record

index 1 integer first atomic index.
index 1 integer first atomic index. index 2 integer second atomic index.
index 2 integer second atomic index. index 3 integer third atomic index.
budlng real constraint bond length index 4 integer [ousth atomic index.
variable 1 real see table 3.9
variable 2 real sce table 3.9
Valence Angle poientials vartable 3 real see lable 3.9

IAN ining t i ions. d i . . . . .
NUMANG records pertaining to valence angle interactions. Each record contains Note that dihedral key = 3 implies a cosine potential with the 1-4 electrostatic

next record interaction reduced by 50% of its standard value. This has not been explicitly stated in

key angle integer potential key. See table 1.8 the potential functional form but is properly accounted [or in the code. ‘This option is
index 1 integer first atomic index. a feature inherent in the AMBER, force field.

index 2 integer second atomic index (central site).

index 3 integer third atomic index.

variable | real see table 3.8

variable 2 real see table 3.8
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3.1.3.2.3 Non-bonded interactions

Non-bonded interactions are based on groups of atom types as opposed to specific
atomic indices. All non-bonded potentials are assumed to be pair-wise additive.

next record
NTPVDW integer number of short-ranged potentials

Each of the next NTPVDW records contain:

next record

atmnam 1 a8 first atom type

atmnam 2 a8 second atom type

key integer potential key. See table 3.10.
variable 1 real see table 3.10.

variable 2 real see table 3.10.

variable 3 real see table 3.10.

vagiable 4 real see table 3.10.

variable 5 real see table 3.10.

Table 3.10: Definition of patentia) functions and variables

key | potential 1ype Variables {1-5) [unctional form
1126 alhb U=gfr'?-bjr°
2 | Leanard-Jones ele U =def(ofr}r'? - (a/r)rf]
3| mn elm|n|r, U=c¢f/(m-n)n(r,/e)" — m(r./r)"]
4 | Buckingham exp 6 alp|hb U = aexp(—r/p) - b/
5 | Born Huggins Meyer |a | a | ry | b | ¢ | ¥ = aexp(—alr — rn)) = b/r% - ¢/r®
61 12-10 al|lb U=afrz -4/

3.1.4 REVOLD

This file contains statistics arrays [rom a previous job. It is not required if the current
job is not a continuation of a previous run (ie. if KEYRES in the CONTROL file is
0). The file is unformatted. DL_POLY produces the file REVIVE at the end of a job
which contains the statistics files. REVIVE should be copied to REVOLD before a
continuation run commences. This may be done by the copy command supplied in the
“execute” directory of DL_POLY.
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3.2 OUTPUT files

DL_POLY produces five output files: HISTORY, QUTPUT, REVCON, REVIVE, and
STATIS. These respectively contain; a dump file of atomic coordinates, velocities and
forces; a surnmary of the simulation; a restart configuration; statistics arrays; and a
history of statistical output.

3.2.1 HISTORY

The HISTORY file is the dump file of atomic coordinates, velocities and forces. It's
principal use is as input for off-line analysis. The file is written from the subroutine
traject. The control variables for this file are ETRAJ, NSTRAJ, ISTRAJ and LEVTRI]
alt of which are read from the CONTROL file. The HISTORY file will be created only
if LTRAJ is set to .TRUE. in the CONTROL fle.

The HISTORY file is of the following form

record 1 (a80)

header a80 configuration name
record 2 (2il0)

LEVTRI integer trajectory key.

IMCON integer periodi¢ boundary key.

For time-steps greater than NSTRAJ, the HISTORY FRle is appended once every
ISTRAJ time-steps with the following information:

record i (a8,il0)

timestap nsiep integer the current time-step
record ii {3g12.4) for IMCON > 0

CELL(1) real x component of a cell vector.

CELL(2) real ¥ component of a cell vector.

CELL(3} real z component of a cell vector.
record iii {3g12.4) for IMCON > 0

CELL(4) real x component of b cell vector.

CELL{5) real y component of & cell vector.

CELL(5) real z component of b cell vector.
record iv (3g12.4) for IMCON > 0

CELL(7) real x component of ¢ cell vector.

CELL(8) real y componesnt of ¢ cell vector.

CELL(9) real z component of ¢ cell vector.

For each atom in the system the following is then included:

record a (a8)

almnam ag atomic label
record b (Jel2.4)

XXX real x coordinale.

yyy real y coordinate.

zzZ real z coordinate.
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record ¢ (3e12.4) ondy for LEVTR) = 1 or 2

vxx real x component of velocity.

vyy real ¥ component of velocity.

vzz real z component of velocity.
record d (3¢12.4) only for LEVTRJ = 2

fxx real x component of force.

fyy real y component of force.

fzz real z component of force.

Note that the HISTORY file can become VERY large. For serious simulation work
it is recommended that the file be written to a scratch disk capable of accommodating
a large data file, Alternatively the file may be written unformatted and using REAL*4
(ie. 32 bit) precision. However, writing an unformatted file has the disadvantage that
the file may not be readily readable except by the machine by which it was created.
This is particularly important if graphical processing of the data is required.

3.2.2 OUTPUT

The job output consists of 7 sections: Header; Simulation control specifications; Force
field specification; Summary of the initial configuration; Simulation progress; Summary
of statistical data; Sample of the final configuration; and Radial distribution functions.
These sections are written by different subroutines at various stages of a job. Creation
of the OUTPUT Fle always results from running DL_POLY. [t is meant to be a human
readable file, destined far hardcopy output.

3.2.2.1 Header

Gives the version of DL_POLY being used, the number of processors used and a title lor
the job as given in the header line of the input file CONTROL. This part of the file is
written from the subroutine simdef

3.2.2.2 Simulation control specifications

Echoes back the input from the CONTROL file. Some variables may be reset if illegit-
imate values were specified in the CONTROL file. This part of the file is written from
the subroutine simdef.

3.2.2.3 Force Field Specification

Echoes the FIELD file. A warning line will be printed if the system is not electric-
ally neutral. This warning will appear immediately before the non-bonded short-range
potential specifications. This part of the file is written from the subroutine sysdef.

3.2.2.4 Summery of the initial configuration

This part of the file is written from the subroutine sysgen. It states the periodic
boundary key, the cell vectors and volume (if appropriate) and the initial configuration
of (a maximum of) 20 atoms in the system. The configuration information given is
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based or the value of LEVCFQG in the CONFIG file. If LEVCFG is 0 or 1 positions and
velacities of the 20 atoms are listed. If LEVCFG is 2 forces are also written out.

For periodic systems this is followed by the long range corrections to the energy and
pressure.

3.2.2.5 Simulation progress

‘This part of the file is written from the subroutine cycle. The header line is printed at
the top of each page as:

atep ang_tot eog.kin eng_cfg eng_vdy eng.con eng hnd  eng ang spg dit  volome
tina{s) sng_p¥ temp wir_c¢fg  vir_vde vir_een vir_bud wir_con vir_dih  press

The labels refer to ;

line 1
step MDD step number.
eng._tot total internal energy of the system.
eng.kin kinetic energy of the system.
eng.clg configurational energy of the system.
eng_vdw configurational energy due to short-range (van der Waals type) potentials.
eng.-cou configurational energy due to electrostatic potential.
eng.bnd configurational energy due to chemical bond potentials.
eng.ang configurational energy due to valence angle potentials,
eng.dih configurational energy due to dihedral potentials.
volume system volume.

line 2
time elapsed cpu time since the beginning of the job.
eng.pv enthalpy of system.
temp temperature
vir_cfg total configurational contribution to the virial,
vir vdw short range potential contribution to the virial.
vir_cou electrostatic potential contribution to the virial.
vir_bnd chemical bond contribution to the virial.
vir.con constraint bord conlribution to the virial.
vir dih dihiedral potential contribution to the virial (zero).
press pressure.

The interval for printing out this data is determined by the variable NSTBPO in the
CONTROL file. At each time-step that printout is requested the instantanecus values
of the above statistical variables are given in the appropriate columns. Immediately
below these two lines of output the rolling averages of the same variables are also given.
The maximum number of time-steps used to calculate the rolling averages is determined
by the parameter MXSTAK in the dl_params.inc file. The working number of time-
steps for rolling averages is controlled by the input variable NSTACK in file CONTROL
(Ngte: NSTACK < MXSTAK)

155



3.2.2.6 Summary of statistical dats

This portion of the QUTPUT file is written from the subroutine result. The number
of time-steps used in the collection of statistics is given. Then the averages over the
production portion of the run are given for the variables described in the previous
section. The root mean square variation in these variables follow on the next two lines.

3.2.2.7 Sample of final configuration

The positions, velocities and forces of the 20 atoms used for the sample of the initial
configuration {section 3.2.2.4) are given. This is written from the subroutine result.

3.2.2.8 Radial distribution functions

If both calculation and printing of radial distribution functions have been requested (by
selecting LGOFR. and LPGR to be .TRUE. in the CONTROL file) radial distribution
functions are printed out as the last part of the output. This is wriitten from the
subroutine rdfl. First the number of time-steps used for the collection of the histograms
is stated. Then each function is given in turn. For each function a header line states
the atom types (‘a’ and ‘b’) used for the function. Then r, g(r) and n(r) are given in
tabular form. QOutput is given [rom 2 entries before the first non-zero entry in the g(r)
histogram. “n{r)" is the average number of atoms of type ‘b’ within a sphere of radius
r around an atom of type ‘a’.

3.2.3 REVCON

This file is formalted and writien by the subroutine revive. REVCON is the restart
configuration file. The file is written every NDUMP time steps in case of a system crash
during execntion and at the termination of the job. A successful run of DL_POLY will
always produce a REVCON file, but a failed job may not produce the file il insufficient
time steps have been computed. NDUMP is a parameter defined in the “dl_params.inc”
file found in the “source” directory of DL_POLY. Changing NDUMP necessitates recom-
piling DL_ POLY. REVCON is identical in format to the input file CONFIG. REVCON
should be copied to CONFIG to continue a simulation from one job to the next. This is
done for you by the copy command supplied in the “execute” directory of DL_POLY.

3.2.4 REVIVE

This file is unformatted and written by the subroutine revive. It contains statistics
arrays. It is updated whenever the file REVCON is updated (see previous section).
REVIVE should be copied to a file named REVOLD to continue a simulation from one
job to the next. This is done for you by the copy command supplied in the “execute”
directory of DL_POLY.

3.2.5 STATIS

The file is formatted, with integers as “i8” and reals as “el4.6". It is written from
the subroutine static. It consists of a header record followed by many data records of
statistical data.
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record 1

cfgname character configuration name
record 2

string character Energy units.

Data records
Subsequeat lines contain the instantaneous values of statistical variables damped from
the array STPVAL. Al entries of STPVAL are written in the format “(1p,5e14.6)". The
length of this array is determined by the parameter MXNSTK in the dl_params.inc file
{in the following we assume MXNSTK is 25 and that there are a maximum of 6 different
atomic types in the system). The $TATIS file is appended every INTSTA (defined in

the CONTROL file) time-steps with this information. The contents of this appended
information is:

record i
nstep integer current MD time-step.
record ii STPVAL(i) - STPVAL(5}
eng real total system energy.
engke real kinetic energy.
engcfg real configurational energy.
ENgSTp real . short range potential energy.
engcpe real electrostalic energy.
record iii STPVAL(6) - STPVAL(10)
engbnd real chemical bond energy.
engang real valence angle energy.
engdih real dikedral interaction energy.
volume real volume.
blank real unassigned.
record iv STPVAL(L1) - STPVAL(15)
eth real enthalpy.
temp real temperature.
vir real total virial.
virsrp real short-range virial,
vircpe real electrostatic virial.
record v STPVAL(16) -STPVAL(20)
virbnd real bond virial.
vircon real constraint virial.
blank real unassigned.
press real pressure.
amsd(1) real mean squared displacement of first atom types.
record vi STPVAL(21) -STPVAL{25)
amsd(2} real mean squared displacement of second atom Lypes.
amsd(3) real mean squared displacement of third atom Lypes.
amsd(4) real mean squared displacement of fourth atom types.
amsd(5) real mean squared displacement of fifth atom types.
amsd(6} real mean squared displacement of sixth atom types.
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Chapter 4

Running DL_POLY

4.1 Guide to preparing input files

The CONFIG file and the FIELD file can be quite large and unwieldly particularly if a
polymer or biological molecule is involved in the simulation. This section outlines the
paths to follow when trying to construct files for such systems. But first we describe the
generalised force Reld used by DI.POLY.

4.1.} Description of the force field

The total potential energy of the system is of the form:

Nrows Nonate

V(!n Fayes IIN) = Z Ub:md(iﬁcmdaﬂql E&J + E Uﬂnglr(innglerquzﬁsfr)
Thnaa=1 Tamgre =1

Naaey
+ Z Usnea(Etined: Taa T T,0 B )

Taaed=1
N-1

N
+ 33 Vnmalis Gl = 1,1) (4.1)
1

=1

where Uypng, Unngtey Uainea and Unopmas represent empirical interaction functions for
chemical bonds, valence angles, dihedral angles and non-bonded {Van der Waals and
Coulombic) forces respectively. The numbers Nymd, Nangre and Nyin.q refer to the total
numbers of these respective interactions present in the simulated system. The presence
of the indices iyng, fangte a0d ign.s within the defined functions indicates that each
individual function may have its own parameters and functional form. The position
vectors 1,,r,, 7. and r, refer to the positions of those atoms specifically involved in
a given interaction term. Sirnilarly, the indices { and j appeating in the nonbonded
terms indicates that these may also have a functional form dependent on the types of
interacting atoms.

4.1.2 “Simple” systems

The utility genlat can be used to construct the CONFIG file for relatively simple latlice
structures. Input is interactive. The FIELD fle for such systems are normally small
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and can be constructed by hand. The utility genlat.to constructs the CONFIG file for
truncated-octahedral boundary conditions.

4.1.3 GROMOS

If you wish to take a profein structure from a SEQNET file {eg. from the Brookhaven
database) and use this in DL POLY with the GROMOS force field the following route
is suggested:

Use the utility proseq?2 to generate the file PRODATA. This will then function as
input for the utility groforce which will generate the FIELD and CONFIG files ready
for DL POLY.

414 AMBER

If you have the “edit.out” file produced by AMBER for your molecule use this as the
CONNECT . DAT input file for the utility ambforce. Ambforce will produce the
DL_POLY FIELD and CONFIG files [or your molecule.

Il you do not have the “edit.cut” file things are a little mote tricky, particularly in
coming up with appropriate partial charges for atomic sites. However there are a series
of utilities that will at least produce the CONNECT _DAT fite for use with ambforce.
We now outline these utilities and the order in which they should be used.

If you have a struclure from the Cambridge Structural database (CSDB) then use the
utility fraccon to take fractional coordinate data and produce a CONNECT.DAT and
“amblorce.dat” file for use with ainbforce. Note that you will need to modify fraccon
to get the AMBER names correct for sites in your molecule. The version of fraccon
supplied with DL_POLY version I is specific to the valinomycin molecule. Estimates of
partial charges can be obtained by using the chgefnd utility prior to using ambforce.
You will need to modify chgefnd to suit your needs(!).

If you require an all atom force field and the database file does not contain hydrogen
positions then use the utility fracfill in place of fraccon. Fraccon praduces an output
file HFILL which should then be used as input for the utility hfill. The hflll utility
fills out the structure with the missing hydrogens. The output file (CONNECT _.DAT)
should then used as input for the utility chgefnd. The utility chgefnd seeks to assign
AMBER partial charges for alomic sites in the CONNECT_DAT file, but note, again,
the version of chgfnd supplicd with DL_POLY version [ is not a general routine - it will
need to be modified to suit your requirements. The resultant file, CONNECT _DAT q
should be moved to CONNECT_DAT prior Lo the ambforce utility being run.

Note: with minor modifications the utilities fracRll and fraccon can be used on
structures from databases other than the Cambridge structural database.

4.1.5 Adding solvent to a structure

The utility wateradd adds water from an equilibrated configuration of 256 SPC water
molecules at 300 K to fill out the MD cell. The utility solvadd fills out the MD box
with single-site solvent molecules [rom a [.c.c lattice. The FIELD files will then need to
be edited to account for the solvent molecules added to the file.

Hint: to save yourself some work in entering the non-bonded interactions variables
invelving solvent sites to the FIELD file put two bogus atoms of each solvent type at
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the end of the CONNECT DAT file {for AMBER force-fields) or the PRODATA file
(for GROMOS force-fields) the utilities ambforce and groforce will then evaluated all
the non-bonded variables required by DL POLY. Remember to delete the bogus entrics
from the CONFIG file before running DL_PQLY.
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4.2 DL _POLY Error Messages

4.2.1 The DL_POLY Internal Error Facility

DL_POLY contains a number of in-built error checks designed to prevent abuse of the
code. These error checks are scattered throughout the package, but in all cases, when
an error is detected the subroutine error is called, resulting in an appropriate message
and termination of the program execution.

Users intending to insert new error checks should ensure that all error checks are
performed concurrently on all nodes, and that in circumstances where a different result
may obtain on different nodes, a call to the global status routine gstate is made to set
the appropriate global error flag on all rodes. Only alter this is done, a call to subroutine
error may be made. An example of such a procedure might be:

logical safe

safe={{esi_condition)

call gstate(safe)

if{.not.safe) call error{node.id,message number)

In this example it is assumed that the logical operation lest_condition will result in
the answer .true. if it is safe for the program to proceed, and .false. otherwise. The
call to error requires the user Lo stale the identity of the calling node (node.id), so
that only the nominated node in error {i.e. node 0) will print the error message. The
variable message nuinber is an integer used to tdentify the appropriate message to be
printed. By convention this number is identical to the FORTRAN format number.

In all cases, if ercor is called, the program execulion terminates. A possible modi-
fication users may consider is to dump additional data before the call to error is made.

Readers shiould see the description of Lhe error subroutine for further details.

4.2.2 Error Messages and User Action

In this section we documnent the current error messages encoded in DL.POLY (Release [}
and the recommended user action. Maost of these errors refer to array bound checks and
Lhe user is advised to consider what other arrays may need to be altered when making
the appropriate change. (If you are not familiar with DL_POLY, the error messages
will advise you as each array bound is violated, but this will not happen in one pass.)
Readers are warned that reckless increases in the array dimensions are likely to result in
the code being too large for any given memory. It should also be remembered that any
change in a parameter specified in the include file dl_params.inc requires the whole
program to be recormpiled.

4.2.2.1 Message 5: error - unknown energy unit requested

The DL POLY FIELD file permits a choice of units for input of energy paramet-
ers. These may be: electron volts (EV); kilacalories (KCALY); kilojoules (KJ); or the
DL_POLY internal units {INTERNAL), with the default being internal units. Failure
to specify any of these correctly, or reference to other energy units, will result in this
error message. See documentation of the FIELD file.
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Action:
Correct energy keyword in FIELD file and resubmit.

4.2.2.2 Message 10: error - Loo many molecule types specified

DL._POLY has a set limit on the number of kinds of molecules it will handle in any sim-
ulation (this is not the same as the number of molecules). If this permitted maximum
is exceeded, the program terminates.

Action:

Locate the parameter tnxtmls in the DL POLY dl_params.ine file and increase the
default number. Then recompile the entire program.

4.2.2.3 DMeasage 15: error - duplicate pair potential specified

In processing the FIELD file, DL_POLY keeps a record of the specified short range pair
potentials as they are read in. If it detects that a given pair potential has been specified
befure, no attempt at a resolution of the ambiguity is made and this error message res-
ults. See specification of FIELD file.

Action:
Locate the duplication in the FIELD file and rectify.

4.2.2.4 Message 20: error - too many molecule sites specified

DL_POLY has a fixed limit on the number of unique molecular sites in any given simu-
lation. [f this limit is exceeded, the program lerminates.

Action:

Locate the parameter mxsite in the DL_POLY parameter file dl_params.inc and in-
crease. Recompile Lhe entire program.

4.2.2.5 Message 25: error - wrong atom type found in CONFIG file

On reading the input file CONFIG, DL_POLY performs a check to ensure that the atoms
specified in the configuration provided are compatible with the corresponding FIELD
file. This message resulis if they are not.

Action:

The possibility exists that one or both of the CONFIG or FIELD files has incorrectly
specified the atoms in the system. The user must loacte the ambiguity, using the data
printed in the QUTPUT file as a guide, and make the appropriate alteration.

4.2.2.6 Message 30: error - too many chemical bonds specified

DL.POLY sets a limit on the number of chemical bond potentials that can be specified
in the FIELD file. Termination results if this number is exceeded. See FIELD file doc-
umentation. Do not confuse this error with that described by message.id 31 (below).
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Action:
Locate the parameter mxtbnd in the dl_params.inc file and increase accordingly.
Recompile the entire program.

4.2.2.7 Message 31: error - too many chemical bonds in system

DL.POLY sets a limit on the number of chemical bond potentials in the simulated sys-
tem as a whole. (This number is a combination of the number of molecules and the
number of bonds per molecule, divided by the number of processing nodes.) Termina-
tion results if this number is exceeded. Do not confuse this ercor with that deseribed by
message_id 30 (above).

Action:
Locate the parameter mxbond in the dl_params.inc file and increase accordingly.
Recompile the eutire program.

4.2.2.8 Message 40: error - too mnany bond constraints specified

DL_POLY sets a limit on the number ol bond constraints that can be specified in the
FIELD file. Terminatinn results if Lhis number is exceeded. See FIELD fle documenta-
tion. Do not confuse this error with that deseribed by message_id 41 (below).

Action:
Locate the parameter inxteon in the dl.params.inc file and increase accordingly. Re-
compile the entire program.

4.2.2.9 Message 41: error - too many bond constraints in system

DL_POLY sets a limit on the number of boud constraints in the simulated system as
a whole. (This number is a combination of the number of molecules and the number
of constraints per motecule, divided by the number of processing nodes.) Termination
results if this number is exceeded. Do not confuse this error with that described by
message_id 40 (above).

Action:
Locate the parameter inxcons in the dl_params.inc file and increase accordingly. Re-
comptle the entire program,

4.2.2.10 Message 45: error - too many atoms in CONFIG file

DL_POLY limits the number of atoms in the system to be simulated and checks for the
violation of this condition when it reads the CONFIG file. Fermination will result if the
condition is violated.

Action:

Locate the parameter mxatms in the dl_params.inc file and increase accordingly.
Recompile the entire program. Consider the possibility that the wrong CONFIG file is
being used (e.g similar system, but larger size.)

163



4.2.2.11 Message 50: errot - too many bond angles specified

DL_POLY limits the number of valence angle potentials that can be specified in the

FIELD file and checks for the violation of this. Termination will result if the condition
is violated.

Action:

Locate the parameter mxtang in the dl_params.ine file and increase accordingly. Re-
compile the entire program.

4.2.2.12 Message 51: error - t0o many bond angles in system

DL.POLY limits the number of valence angle potentials in the system to be simulated
(actually, the number to be processed by each node) and checks for the violation of this.
Termination will result if the condition is violated.

Action:
Lacate the parameter mxangl in the dl_params.ine file and increase accordingly. Re-

compile the entire program. Consider the possibility that the wrong CONFIG file is
being used (¢.g similar system, but larger size.)

4.2.2.13 Message 55: error - end of CONFIG file encountered

This ecror arises when DL_POLY attempts to read more data [rom the CONFIG file
than is actually present. The probable cause is an incorrect or absent CONFIG file, but
it may be due to the FIELD file being incompatible in some way with the CONFIG file.

Action:

Clieck contents of CONFIG file. [f you are convinced it is correct, check the FIELD file
for inconsistencies.

4.2.2.314 Message 60: error - too many dihedral angles specified
DL_POLY will accept only a limited number of dihedral angles in the FIELD file and

will terminate if too many are present.

Action:
Locate the parameter mxtdihin the dl_params.inc and increase accordingly. Recom-

pile the entire program.
4.2.2.15 Message 81: error - too many dihedral angles in system
The number of dihedral angles in the whole simulated system is limited by DL_POLY.

Termination results if too many are encountered.

Action:
Locate the parameter mxdihd in the file dl_params.in¢ and increase accordingly.
Recompile the entire program.
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4.2.2.16 Message 65: error - too many excluded pairs specified

This error can arise when DL_POLY is identifying the atom pairs that cannot have a
pair potential between them, by virtue of being chemically borded for example {see sub-
routine exclude). Some of the working arrays used in this operation may be exceeded,
resulting in termination of the program

Action:

Locate the parameter mxexcl in the file dl_params.inc and increase accordingly. Re-
compile the entire program.

4.2.2.17 Message 70: error - constraint bond quench failure

When a simulation with bond constraints is started, DL_POLY attempts to extract the
kinetic energy of the consirained atom-atorn bonds arising [rom the assigaunent of initial
random velocities, If this procedure fails, the program will terminate. The likely cause
is a badly generated initial configuration.

Action:

Some help may be gained from increasing the cycle limit, by increasing the parameter
mxshak in the dl_params.inc file and recompiling the entire code. You may also
consider reducing the tolerance of the SHAKE iteration, the vairaible tolnce in the
CONTROL fle. However it is probably better to take a good lock at the starting
conditions!

4.2.2.18 Message 75: error - too many atoms in specified system
DL_POLY places a limit on the nuimnber of atoms that can be simulated. Termination

results if too many are specified.

Action:
Locate the parameter mxatms in the file dl.params.inc and increase accordingly.
Recompile the entire program.

4.2.2.19 Message B0: error - too many pair potentials specified
DL_POLY places a limil on the number of pair potentials that ¢an be specified in the

FIELD file. Exceeding this number results in termination of the program execution.

Action:
Locate the parameters mxsvdw and mxvdw in the dl_params.inc file and increase
accordingly. Recompile the entire program.

4.2.2.20 Message 81: error - unidentified atom in pair potential list

DL_POLY checks all the pair potentials specified in the FIELD file and terminates the
program if it can't identify any one of them from the atem types specified.

Action:
Correct the erroneous entry in the FIELD file and resubmit.
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4.2.2.2) Message B2: error - calenlated pair potential index too large

In checking the pair potentials specified in the FIELD file DL POLY calculates a unique
integer index that henceforth identifies the potential within the program. If this index
becornes too large, termination of the program results.

Action:
Locate the parameters mxsvdw and mxvdw in the file dl_params.inc and increase
accordingly. Recompile the entire program.

4.2.2,22 Message 85: error - required velocities not in CONFIG file

If the user atternpts to start up a DL_POLY simulation with the option parameter
KEYRES greater than zero (see description of CONTROL file,) the program will expect
the CONFIG file to contain atomic velocities as well as positions. Termination results
if these are not present.

Action:

Either replace the CONFIG file with one containiug the velocities, or if not available,
change the KEYRES option to zero in the CONTROL file. Do not attempt to fool
DL_POLY by altering the variable LEVCFG in the CONFIG file.

4.2.2,23 Message 80: error - system total electric charge nonzero

In DL_POLY a check on the lolal system charge will result in an error if the net charge
of the system is nonzero. (Note: In DL_POLY version I this message has been disabled,
The program merely prints a warning stating that the system is not electrically neutral
but it does not terminate the program - watch out for this.)

Action:

Check the specified atomic charges and their populations. Make sure they add up to
zero. If the system is required to have a net zero charge, you can enable the call to this
error message in subroutine sysdef.

4.2.2.24 Message 95: error - potential cutoff exceeds cell width

In order for the minimum image convention to work correctly within DL POLY, it is
necessary to ensure that the cutoff applied to the pair potentials does not exceed the
perpendicular width of the simulation cell. (The perpendicular width is the shortest
distance between opposing cell faces.) Termination results if this is detected.

Action:
Either shorten the cutoff radius, or if this is undesirable, use a larger simulation cell.
There are no other cures.

4.2.2.25 Moessage 100: error - forces working arrays too small

There are a number of arrays in DL_POLY that function as workspace for the forces
calculations. Their dimension is equal to the number of atoms in the simulation cell
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divided by the number of nodes. If these arrays are likely to be exceeded, DL_POLY
will terminate execution.

Action:
Locate the parameter msatms in the file dl_params.inc and increase accordingly.
Recompile the entire program.

4.2.2.26 Message 102: error - parameter mxproc exceeded in shake arrays

The RD-SHAKE algorithm distributes data over all nodes of a parallel computer. Cer-
tain arrays in RD-SHAKE have a minimum dimension equal to the maximum nuumber
of nodes DL_POLY is Likely to encounter. If the actual number of nodes exceeds this,
the program terminates.

Action:
Locate the parameter mxproc in the file dl_params.inc and increase accordingly.
Recompile the entire program.

4.2.2.27 Mecssage 103: error - parameter mxlshp exceeded in shake arrays

The RD-SHAKE algorithm requires that information about ‘shared’ atoms be passed
between nodes. If there are too many atoms, the arrays holding the information will be
exceeded and DL_PQLY will terminate execution.

Action:

Locate the parameter mxlshp in the file dl_params.inc and increase accordingly. Re-
compile the entire program.

4.2.2.28 Message 105: error - shake algorithm failed to converge

The RD-SHAKE algorithm for bond constraints is iterative. If the maximum number
of permitted iterations is exceeded, the program terminates. Possible causes include: a
bad starting configuration; too large a time step used; incorrect [orce field specification;
too high a temperature; inconsistent constraints involving shared atoms etc,

Action:

This is a difficult one. Corrective action depends on the cause. It is unlikely that simply
increasing the iteration number will cure the problem, but you can try: increase the
parameter mxshak in file d)_params.in¢ and recompile. But in truth, the trouble
is much more likely to be cured by careful consideration of the physical system being
simulated. You are on your own!

4.2.2.29 Message 110: error - neighbour Jist array too small

DL_POLY constructs a Verlet neighbour list in calculating the nonbonded (pair) force.
The size of this array is limited. Any attempt to exceed the array, results in this error
and program termination.
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Action:

Locate the parameter mxlist in the file dl_params.inc and increase accordingly. Re-
compile the entire program.

4.2.2.30 Message 120: error - invalid determinant in matrix inversion

DL_POLY occasionally needs to calculate matrix inverses (usually the inverse of the
madtrix of cell vectors, which is of size 3 x 3). For safety's sake a check on the determ-
inant is made, to prevent inadvertent use of a singular matrix.

Action:
Locate the incorrect matrix and fix it.

4.2.2.31 Message 130: error - incorrect octahedral boundary condition

When calculating minimum images DL_POLY checks that the periodic boundary of the
simulation cell is compatible with the specifed minimum image algorithm. Program
termination results il an inconsistency is found. In this case the error refers Lo the trun-
caled octahedral minimum image, which is iuconsistent with the simulation cell. The
mast probable cause is the incorrect definition of the simulation cell vectors present in
the input file CONFIG, these must equal Lhe vectors of the enscribing cubic cell.

Action:
Check the specified simulation cell vectors and correct accordingly.

4.2.2.32 Message 140: error - incorrect dodecahedral boundary condition

When calculating minimum images DL_POLY checks that the periodic boundary of the
simulation cell is compatible with the specifed minimum image algorithm, Program ter-
mination results if an inconsistency is found. In this case the error refers to the thombie
dodecahedral minimum image, which is inconsistent with the simulation cell. The most
probable cause is the incorrect definition of the simulation cell vectors present in the

input file CONFIG, these must equal the vectors of the enscribing tetragonal simulation
cell.

Action:
Clieck the specified stmulation cell vectors and correct accordingly.

4.2.2.33 Message 150: error - unknown van der waals potential selected

When constructing the interpolation tables for the short ranged potentials DL_POLY
checks that the potential function requested is one which is of a form known to the pro-
gram. [l the requested potential form is unkrown, termination of the program results.

The most probable cause of this is the incorrect choice of index number (the potential
key) in the FIELD fle.

Action:

Read the DL_POLY documentation and find the correct index for Lhe potential desired.
Insert the correct index in the FIELD file definition. If the correct form is not available,
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look at the subroutine forgen.f (or its variant} and define the potential for yourself. It
is casily done.

4.2.2.34 Message 160: error - unaccounted for atoms in exclude list

This error message means that DL_POLY has been unable to find all the atoms described
in the exclusion list within the simulation cell, This should never occur, if it does it
means a serious bookkeeping error has occured. The probable cause is corruption of the
code somehow.

Action:
If you feel you ¢an tackle it - good luck! Otherwise we recommend you get in touch with
the program authors. Keep all relevant data files to help them find the problem.

4.2,2.35 Message 170: error - loo many variables for statistic array

This error means the statisties arrays appearing in subroutine static are too small. This
can happen if the number of unique atom Lypes is too large.

Action:
Locate the parameter mxnstk in the file dl_params.inc and increase accordingly.
mxnstk should be at least (19+number of unique atom lypes). Recompile the entire
program.

4.2.2.36 Message 180: error - Ewald sum requested in non-periodic system
change KEYFCE and/or IMCON

DL_POLY can use either the Ewald method or direct summation to calculate the electro-
static potentials and forces in periodic (or pseudo-periodic) systems. For non-periodic
systems only direct summation is possible. If the Ewald summation is requested (KEY-
FCE=2 or 3} without periodic boundary conditions (IMCON=0), termination of the
program results.

Action:
Select periodic boundaries (IMCON>0) or direct Coulombic sumimation {KEYFCE #
2 or 3) in the input file CONTROL and re-run.

4.2.2.37 Message 190: error - buffer array too small in SPLICE

DL_POLY uses a workspace array named BUFFER in several routines. Its declared size
is something of a compromise and may sometimes be too small (though in the supplied
program, this should happen only very rarely). The only point of failure is in the splice
routine, which is part of the RD-SHAKE algorithm.

Action:

Locate the parameter mxbuff in the file dl_params.inc and increase accordingly.
Warning - do not set the parameter mxbuff to a value less than 6xmxatms or
8x(mxcons+1). Recompile the entire program.
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Chapter 5

DL_POLY Examples
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5.1 DL _POLY Examples

The following example data sets {both input and output) are stored in the subdirectory
data, These are proved so that you may check that your version of DL_POLY is working
correctly. ‘The output files are stored in compressed format. The test cases can be run
by typing

delect n

from the ezecute directory, where n is the nurnber of the test case. The selact com-
mand will copy the appropriate CONTROL, CONFIG, and FIELD files to the exzecule
directory ready for execution. The output files obtained may be compared to the files
supplied in the data directory.

In the folowing descriptions job execution times are given as a guide to how many
resources the test cases will consume. The times refer to the total execution time for an
B processor job on the INTEL iPSC/860 at Daresbury.

5.1.1 Test case 1

4-acetoamido-3-(1-acetyl-2-(2,6-dichlorobenzylidene))hydrazine- 1,2, 4-triazole. This mo-
lecule is the first entry in the Cambridge structural database. This test case uses the
NVE ensemble. There are no electrostatic interactions. Harmonic bond potentials are
used. Simmulation time: 10000 timesteps = 2 ps. Execution time: 227 seconds.

5.1.2 Test case 2

As for test case | except that bond constraints are used in place of harmonic bond
potentials and a single timestep algorithm is used with a larger timestep. Simulation
time: 10000 timesteps = 5 ps. Execution time: 383 seconds.

5.1.3 Test case 3

NaCl (216 ions). This test case uses the NVE ensemble, a single timestep algorithm,
the Ewald sum, and cubic periodic boundary conditions. Radial distribution functions
are calculated and printed at the end of the job. Simulation time: 5000 timesteps = 5
ps. Execution time: 2578 seconds.

5.1.4 Test case 4

NaCl {256 ions). This test case uses the NVE ensemble, a single timestep algorithm, the
Ewald sum, and truncated octahedral periodic boundary conditions. Radial distribution
functions are calculated and printed at the end of the job. Simulation time: 5000
timesteps = 5 ps. Execution time: 1773 seconds.

5.1.5 Test case 5

As for test case 3 but now in the NVT ensemble. Temperature is controlled by the
Hoover thermosiat. Simulatjon time: 5000 Uimesteps = 5 ps. Execution time 2578
seconds.
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5.1.6 Test case 6

As for test case 3 but now in the NVT ensemble. Temperature is controlled by Gaussian
constraints. Simulation time: 5000 timesteps = § ps. Execution time 2554 seconds.

5.1.7 Test case 7

Yalinomycin in 146 SPC waters. All chemical bonds involving hydrogen atoms are sub-
Jject 1o bond constraints. The remaining bonds on the valinoryein molecule are treated
with harmonic potentials. Electrostatic interactions are ignored. The microcanonical
ensemble (NVE) is used with a multiple time step algorithm. Cubic periodic boundary
conditions are in use. Simulation time: 3000 timesteps = 0.6 ps. Execution time: 955
seconds.

5.1.8 Test case 8

As for test case T with electrostatic interactions turned on and a larger primary cut off
in use. The electrostatics are handled by a truncated and shifted Coulombic potential.
Note, in comparison to test case 7, how large the r.m.s. fluctuation in the total energy has
become. This is a consequence of the electrostatic interactions. In particular, it reflects
the jump in the force when a neigbour moves across the cutoff boundary, Simulation
time: 3000 timesteps = 0.6 ps. Execution time: 1750 seconds.

5.1.9 Test case 9

As for test case 8 but with a single time step algorithm and bond constraints applied to
all bonds in the system. Simulation time: 300 timesteps = 0.6 ps. Execution time: 282
seconds.
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Scope of Chapter 6.1 Initialisation Utilities

This chapter describes the utility programs and subroutines in DL_POLY, under the 6.1.1 AMBFORCE
sub-directory ‘utility’.
Three kinds of utility are distinguished: Initialisation, Analysis and Miscellanecus. €.1.1.1 Header records

program ambforce

o0 o oo oo oo o o oo o e e el o o e b ol e e e ek

program to extract AMBER force field for a macromolacule
and interiace it to DL_POLY.
input file: CONNECT_DAT "(AMBER 3.0 edit.cut style)
: ambforce.dat
output : CONFIG (coordinates etc)
: FIELD.AMBER (force-field)

copyright - daresbury laboratory 1993

auther - t forester April 1993

O N an o naan nnn

(LAl PRI ELILLELLT IR TSI EL P LI e bl b 2l il iyl s

6.1.1.2 Function

Constructs the DL POLY CONFIG file and FIELD file using the AMBER force field.
The actual files created are “CONFIG" and “FIELD.AMBER”. The program requires
input files CONNECT.DAT and “ambforce.dat”.

8.1.1.3 Dependencies

* none

6.1.1.4 Parameters

inlegers:
ntyp 30 number of AMBER atom types
mga 464 number of AMBER angle potentials
mgh 239 number of AMBER bond potentials
mgd 285 number of AMBER torsion potentials
mgi 128 number of AMBER improper torsion potentials
mhb 60 number of AMBER hydrogen bond potentials
mlj 80 number of AMBER Lennard-Jones types
mxang 16000 maximun number of valence angles in system
mxatm 10000 number of atoms in FIELD specifications
mxbnd 10000 maximum number of bonds in system
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6.1.1.5 Input
Data Filea:

filename: CONNECT.DAT

This file should be in the same format as the “edit.out” file produced by AMBER
ver 3.0. Excerpts from the example file “CONNECT.DAT example” supplied in the
“utility” directory are given below:

Valinomycin from n-octane - ref = 22135

BOND ARRAY
1 -99 o0 1) 4.0674 2.2246 8.7934 -0.400
-99 0S 05 5.0541 4.1595 9.2145 -0.200
3 -99 0 ] 7.6564 5.1321 7.0402 -0.504
22 21 H H 4.8173 6.0979 7.9033 0.252
23 -99 N N 9.0250 5.7322 4.4547 -0.463
24 23 H H 8.6759 5.7745 5.3908 0.252
26 -39 N H 8.2584 5.4632 0.2435 -0.463
3 a3 cCT CT 1.2013 3.2283 12.0105 -0.091
40 3% EH HC 0.5830 3.8465 11.5253 0.031
41 39 B BC 1.7359 3.7477 12,6772 0.031
42 39 ©H gc 0.6674 2.5282 12.4848 0.031
168 18 ¢ c 2.4980 6.0633 10.1126 0.616
168 13 ¢ C 2.4980 6.0633 10.1126 0.616
168 162 ¢ C 2.4980 6.0633 10.1126 0.616

the file consists of blocks of the following form:

header lines
BOND ARRAY
blank line

bonding data - one atom per line

The “ BOND ARRAY” line signals that bonding data follows, The word BOND
must be in uppercase and begin at column 6 in the file.

next record:

ia i5 atomic index

ib ib neighbour index

dummy 3x

at ab atom name

an ab AMBER. name for atom
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dummy 4x

X f10.4 1 coordinate
y f10.4 ¥ coordinate
z f10.4 2 coordinate
qq 8.4 partial charge

6.1.1.8 Comments

The neighbour index need only be given if it is less than the atomic index. If there are
no such neighbours then eater “-99" for the neighbour index. If the atom is bonded to
more than one neighbour with indices less than the atomic index then all these should
be given, {one per line). For example atom 168 is bonded to atoms 18, 19 and 162, this
is entered as:

168 18 ¢ C 2.4380 6.0633 10.1126 0.616
168 13 ¢ C 2.49%80 6.0633 10.1126 0.616
168 162 C c 2.4980 6.0633 10.1126 0,616

The program checks that the number of bonds to each atom is consistent with the
type of atom indicated. [f more bonds than expected are found an error message is
wrilten to the screen. I[ less bonds than expected are found the program enforces a
bond between the atom and it's nearest nou-bonded neighbour. This means that it is
nat strictly necessary Lo indicate all (or indeed any) of the bonded neighbours for a site.
However, the locator algorithm is simplistic and the more information you include the
better. It should also be said that AMBER ouly includes one neighbour bond for each
site in the “edit.out” file. Ambforce was successful in lucating all 'missing’ interactions
in these files for all trial cases including DNA fragments.

Ambforce generates the list of angle and dihedral interactions from the completed
bonding data.

6.1.1.7 ambforce.dat

ambforce.dat is a formatted file: integers and reals are in free format. Co-crdinates and
partial charges given in the ambforce.dat file are used preferentially over those supplied
in the CONNECT _DAT file. Il coordinates are not supplied in the ambforce.dat file
then data is taken f[rom CONNECT._DAT. In addition the amblorce.dat file contains
instructions on whether or not to use constraint bonds, chemical bonds or a combina-
tion of bath in the force field, and on Lhe energy units to be used. The example file
“ambforce. dat.example” supplied in the “utility” directory of DL_POLY is shown below:

Yalinomycin from m-octane - raf 22135
CONSTRAIN hydrogen

UNITS kJ

IP 169

0.00 0.00 0.060 1.00

The amblorce.dat file is of the form:
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record 1

header a80 title line
record 2 optional

constraint a80 constraint information
record 3 optional

tnits a8 units of energy

record 2 is of the form
CONSTRAIN string

where string is one of “all”, “hydrogen” or “none”. This will result in : constraints
apply to all bonds ; constraints apply only to bonds involving hydrogen atoms, other
bonds are extensible; all bonds are extensible. string is not case sensitive and may
appear anywhere after the keyword CONSTRAIN provided it does not exceed column
80. The default value of string is “rone” and this will be used if record 2 is omitted
or if the record is incorrectly entered.

Record 3 is also optional. It determines the units of energy used to generate the
force-field: It takes the form:

UHITS units

where units is one of “eV" “kcal®, “kI”, or "INTERNAL" referring, respectively to
units of: elecxtron volts, keal mol~!, kJ mol~! and the DL.POLY internal energy units
(10 J mol -1}, If this line is omitted the default value will that for the AMBER force
field wiz keal mol~'.

The remainder of the file consists blocks of 2 lines each that indicate atomic coordin-
ates and partial charges that are either additional to, or a modification of, those found
in the CONNECT DAT file.

record i
atmnam aB atom name
index i10 index

record il
x real x coordinate
y real x coordinate
z real 2 coordinate
gq real partial charge

6.1.1.8 Comments
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6.1.2 CHGEFND
6.1.2.1 Header records

program chgefnd

CHe Rk kR Rk ke kRS R sk ok kR ke R R R e ke bk

DL_POLY routine to assign charges on Valinomycin. Data from
CONNECT_DAT file and print out in same format as CONNECT_DAT.q

copyright darsebury laboratory 1993
suthor - t. forester june 1993

N oo on0onn

(W PR LI ELER LI SRR RISl TSNS ELTER LRl L eI il L LL el L}

6.1.2.2 Function
Takes the CONNECT_DAT fle (e.g. as created by the fracfill utility) and assigns

partial charges to each atom. The input file is read from the standard input device. The
output is placed in the file “CONNECT_DAT .q".
6.1.2.3 Dependencies

s none

6.1.2.4 Paramelers

integers:
MXN 16000 maximum number of atoms in system.

6.1.2.5 Ipput

Interactive:
This fle should be in the form of the CONNECT _DAT file required by ambforce.
See the description of Lhe utility ambforce for details on this file.

6.1.2.6 Comments

This routine is just a fairly simple assignment of charges and requires that cne knows
what the AMBER charges should be. It contains no real “seience” but rather a series
of questions that elucidates the environment of each atom in the molecule.
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6.1.3 FRACCON
6.1.3.1 Header records

program fraccon

CHARRER Rk RN R RO R R A kR bk kNS p o Rk ko

DL_POLY utility to convert fractional ccordinates into real space
coordinates in form suitable for CONNECT_DAT (see ambforce.f). The
ambforce.dat file is also created.

input a,b,c (cell lengths)
input alp,bet,gam (cell angles)
input xi,yi,zi - fractional coordinates

copyright darsebury laboratoxy 1993
author - t. forestex june 1993

[ T e T T+ T« T o T o TN o T T - O e B 1 |

[t AL R LA LI LI LAl LI et I LI R LRl bRl it L)yl )

6.1.3.2 Function

The program converts fractional coordinates to real space coordinates. The input data
is assumed to be compatible with files [rorn the Cambridge structural database. The
output file, “CONNECT_DAT", is designed as input for the utility ambforce.

6.1.3.3 Dependencies

& none

6.1.3.4 Parameters

integers:
MXN 10000 maximum number of atoms in the struclure.

6.1.3.5 Input

Interactive:
record 1:
TITLE a40 title line
AD real a cell vector length ({8.0)
BO real & cell vector length (f8.0)
co real c cell vectlor length (8.0)
record 2:
dummy 22x dummy
ALP real crystal angle a.
BET real crystal angle 3.

180

GAM real crystal angle -7.
record 3:
NATMS integer number of atoms in unit cell.

The next NATMS records are of the form

next record:

dummy 5x

NAME ad atom name

XB real x fractional coordinate (f10.5).

YB real y fractional coordinate (f10.5).

ZB real z fractional coordinate (f10.5).

dummy 1x

ICN(1) integer index of first atom bonded to this site {i4).
ICN(2) integer index of second atom bonded to this site (i4.)
ICN(3) integer index of third atom bonded to this site {i4).
ICN{4) integer index of fourth atom bonded to this site (i4).

6.1.3.6 Comments

The assignment of atom types that occurs in the code (lines 123 - 164) is unique for
the AMBER force-field applied Lo the Valinomycin molecule. You will need to edit this
portion to suit your own needs.
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6.1.4 FRACFILL
6.1.4.1 Header records

program fracfill
[ALIIE LR LL SR I LTI R TTR2ad TAL P T T TI a  L R b L BRI T iRl sl il illlr2)

DL_POLY routine to convert fractional coordinates into real space
cooxdinates in form suitable for the hfill.f utility

input is assumed compatible with Cambridge Structural Database.
input a,b,c (cell lengths)

input alp,bet,gam (cell angles)

input xi,yi,zi - fractional cooxdinates

copyright darsebury laboratory 1993
auther - t. foraester june 1993

annon a6 annonan

G A o o Ao o R R R

6.}1.4.2 Function

The program first converts fractional coordinates to real space coordinates. [t then
assigns the number of neighbouring hydrogens missing from each atom in the crystal
structure. The input file {read in by the standard device) is assumed to be in a form
compatible with files from the Cambride Structural database. The output file, “HF{LL”,
is designed as input for the utility hftll.

6.1.4.3 Dependencies

¢ none

8.1.4.4 Paramelers

integers:
MXN 10000 maximum number of atoms in the structure.

8.1.4.5 Input

Interactive:
record 1:
TITLE adl title line
AD real a cell vector length (f8.0)
B0 real b cell vector length (f8.0)
Co real ¢ cell vector length (I8.0)
record 2:
dummy 22x dummy
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ALP real crystal angle a.
BET real crystal angle 3.
GAM real crystal angle 7.
record 3:
NATMS integer number of atoms in unit cell.

The next NATMS records are of the form

next record:

dummy 5x

NAME ab atom name

XB real x fractional coordinate ({10.5).

YB real y fractional coordinate (f10.5).

ZB real 2 fractional coordinate (f10.5).

dummy 1x

ICN(1) integer index of first atom bonded to this site (i4).
[CN(2) integer index of second atom beonded to this site {i4.)
ICN(3) integer index of third atom bonded to this site (id).
ICN(4) inleger index of fourth alom bonded to this site {id).

6.1.4.6 Comments

The assignment ol atom types that occurs in the code (lines 118 - 164) is unique Lo
the AMBER force-field applied to the Valinomycin molecule. You will need to edit this
portion to suit your own needs.
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6.1.5 GENLAT record 1:

title a0 title for output file

8.1.5.1 Header records record 2:

program genlat natms integer nurnber of basis atoms (max 1000)
= record 3:
CRFEB AR NSRS RSB E SRR AR SR N A R TR AR KR MR A ER RPN RN kKRN R a 3xreal unit cell vector a
€ record 4:
c Program to gemeTrate a perfect lattice with general unit cell b 3xreal unit cell vector §
[ author - w.smith oct. 1992 record 5:
¢ ¢ 3xreal unit cell vector ¢
LI R TR SRR LIt S LI T Sl LI Tl LY LI I e P bR Ll E Al sy )] record 6:
c nx,ny,nz 3Ixinteger  multipliers of a,b, ¢

records 7 to natms+6:

8.1.5.2 Function name,x,y,z a8,3xreal  names, and coords of basis atoms

genlat is used to generate the position coordinates of a simulation cell by replication of
a unit cell. j.e. it generates a crystal lattice within the simulation cell. It is not confined

. . . L. \ . 6.1.5.86 Comments
to simple cubie lattices. The execution is interactive; the user must supply in turn:

If a large number of atonis are present in the basis, it is recommended that the input

L. 3 suitable texi header; data be wrilten into an input file and this fed to the program via standard input.

2. the number of basis atoms;

3. the three components of the unijt cell a vector;

4. the three components of the unil cell b vector;

5. the three components of the unit cell ¢ vector;

6. the integer multiples of the g, b, ¢, in the simulation cell; and
7. the name and fractional coordinales of the basis atoms.

The generated atomic lattice is output in a file called LATTICE, which is directly
readable by DL_POLY. {See description of CONFIG file.)

6.1.5.3 Dependencies
o deell

6.1.5.4 Parameters

integers:
mxatom 1000 maximum number of basis atoms

6.1.5.5 Input

Interactive:
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6.1.6 GENLAT.TO
6.1.8.1 Header records

program genlat2
c
L L T A L L R L LT L e T L L e D L L DL LR S L s

o on

program to generate a truncated octahedral cell from a perfect
[ lattica
author - w.smith oct. 1992

a o

(S I P LTS AL S T LI LAl L s LIl iE bl atitllyyt]
c

6.1.6.2 Function

gentat is used to generate the position coordinates of a truncated octahedral simu-
lation cell by replication of a unit cell. i.e. it generates a crystal lattice within the TQ
simulation cell. A cubic lattice is assumed. The execution is interactive; the user must
supply in turn:

1. a suitable text header;

2. the number of basis atoms;

3. the cubic unit cell width;

4. the required spherical cutofl; and

5. the name and fractional coordinates of the basis atoms.

The generated TO simulation cell is output in a file called LATTICE, which is
directly readable by DL_POLY. (See description of CONFIG file.) The ceil produced
will be the smallest TO compatible with the spherical cutofl provided.

6.1.6.3 Dependencies

& none

8.1.8.4 Paramelers

integers:
mxatom 10 maximum number of basis atoms

8.1.6.5 Input

Interactive:
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record 1:
title aBo title for output file
record 2:
natms integer number of basis atoms (max 10}
record 3:
wdth real unit cell width
record 4:
radius real spherical cutoff

records 5 to natms+4:
name,x,y,z a8,3xreal names, and coords of basis atoms

6.1.6.6 Commenls

If a large number of atoms are present in the basis, it is recommended that the input
data be written into an tnput file and this fed to the program via standard input.
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6.1.7 GROFORCE 6.1.7.5 Input

6.1.7.1 Header records Data Files:
program groforca PRODATA
(AL AL AT IR LRIl LRI eI Y LEZARTTLIAL LRI EL I E Tl lrcsg)l)
€ . AMINODAT:
c program to extract GRONOS force field for a protein
< saquence a.nd_:.nt?rfa.ca ‘“_: to DL_POLY. The data Eam-aratad This file is the data bank of Amino acid residues that groforce knows about.
[ in this routine is read in "aysdef" as the force field
[ file "FIELD". record 1:
c variable type description ete
[ copyright -~ daresbury laboratory 1993 record 2:
c authexr - 1t forester feb 1992 variable Lype description etc
c

record 3: etc
o T Lt T L Ll LR L L LT P TP P PR

6.1.7.2 Function 8.1.7.6 Comments

Creates the CONFIG and FIELD fle (using GROMOS force field) for a protein. Input
data from the file “PRODATA” is assumed to be compatible with the output from the
utility proseq2. groforce assumes that no hydrogen atoms are present in the input
file and that all non-hydrogen atoms are present. The program inserts all non-carbon
ydrogens into the structure and makes the protein a Zwitterion. Note that GROMOS is
a united atom force field. In addition to input on the standard device the program also
requires the files “AMINODAT” and “GROMOS". AMINQDAT contains amino acid
partial charges, atom types and connectivity information. “GROMOS _param” contains
the remaining information on the GROMOS force field.

6.1.7.3 Dependencies

& none

6.1.7.4 Paramelers

integers:
nres 1000 maximum number of residues in the structure.
ngro 3r number of different GROMOS atom types.
naa 23 number of different GROMOS atom types.
mlen 25 maximum number of siles in one amino acid
mbnd 30 maximurn number of bonds in one amineo acid
mgh 83 number of GROMOS bound types
mga 231 number of GROMOS valence angletypes
mgi 85 number of GROMOS improper dihedrals
mgd 51 number of GROMOS dihedrals
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6.1.8 H2NADD
8.1.8,1 Header records

subroutine h2nadd(cx,cy,cz,nx,ny,nz, hix, hly, hiz, h2x
$ ,h2y ,h2z,bl, angd)

[ LLL IR EL LR TR RS L R TR S LT IR Al Yl S LR YL JEdR VeI LTI Y]
subroutine te add 2 hydrogens to a primary amine site

copyright darasbury laboratery 1993
author - t forestar 1ab 1993

LI 2 B - I o B I 1 |

(A AT LR LY LR YRR R AR LR AT LI T Y Y LY PSS P e I Y yyy

6.1.8.2 Function

Adds two hydrogens to a primary “amine™ with a specified bond length and “C-N-H"
bond angle.

6.1.8.3 Dependencies

* houe

6.1.8.4 Arguments

reals:
[ input x caordinate of first “carbon”
cy input ¥ coordinate of first “carbon”
<z input z coordimate of first “carbon”
nx input x coordinate of “nitrogen”
ny input y coordinate of “nitrogen”
ny input z coordinate of “nitrogen”
hlx output x coordinate of first “hydrogen”
hly output y coordinate of first “hydrogen”
hlz oulput 2z coordinate of first “hydrogen”
h2x output x coordinate of second “hydrogen”
h2y output y coordinate of second “hydrogen”
h2z output 2 coordinate of second "hydrogen™
bl input bond length
angd input bond angle (in degrees)

6.1.8.5 Comnents

Both "C-N-1I" bond angles are assigned the same value.

190

6.1.9 HADD
8,1.8,} Header records

subroutine hadd(cx,cy,cz,0x,0y,0z,hx,ky,hz,bl,angd)
P T T T LIttt P T P T T PP e S P L R L LS LT L LT L]
subroutine to add 1 terminal hydrogen

copyright daresbury laboratery 1993
author - t forester feb 1993

C*tit.*i*tt.tl.*.tt‘*‘.t““’t"t‘t.".t“C*tt".t*.t*i‘.*lt*‘tt.*‘tt.‘.

6.1.9.2 Function

Adds one hydrogen to an “oxygen” with a specified bond length and “C-O-H" bond
angle.

8.1.9.3 Dependencies

e none

6.1.9.4 Arguments

reals:
cx input x coordinate of “carbon”
cy input ¥ coordinate of “carbon”
€z input z ¢oordinale of “carbor”
ox input x coordinale of “oxygen"
oy input y coordinate of “oxygen"
oz input z coordinate of “oxygen”
hx output x coordinate of “hydrogen”
hy output y coordinate of “hydrogen”
hz output z coordipate of “hydrogen”
bl input bond length
angd input bond angle (in degrees)

6.1.0.5 Commenis
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6.1.10 HFILL dummy integer duramy variable

nh integer number of hydrogens to add to this atom.
6.1.16.1 Header records ibnd(1) ime:er index of ﬁmy non-H atom bonded to this atom
program hfill ibnd(2) integer index of second non-H atom bonded to this atom
ibnd(3) integer index of third non-H atom bonded to this atem
[ALIIITEL LT RIS PL LTI P IR ISR IR ITIPE YR PRIV LIS STE SIS IL LY Y] record 2
¢ x real x coordinate of central site
c DL_POLY ntility to add missing hydrogens to a structure. Yy real y coordinate of central site
€ 2z real z coordinate of central site
c required data is
c atom name, #of H's to add, index of atoms bonding to named atonm
< 6.1.10.6 Comments
2 CopyTight daresbury laberatory 1383 The input file can be generated by the utility fracflll. An example ol"'inpul can be found
c author t. forester may 1993 in the file “HFILL.example” in the “utility” directory of DL_POLY".
c

A LA LA LA IR I LA TR I IR S SR S R LT LI AT L Ll R 2t lhltEE

6.1.10.2 Function

Adds all missing hydrogens to a structure. Input is from the file “HFILL". Qutput is
senl to the fle “CONNECT.DAT” and is compatible with the CONNECT DAT file
required by the ammbforee utility. All partial charges are set to zero.

6.1.10.3 Dependencies
s hnadd

+ hgadd
* h2nadd
® hinadd

6.1.10.4 Parameters

integers:

mxatm 10000 maximum number of atoms in final structure
6.1.10.5 [Enput .
Dala Files:

Jlename: HFILL

The file consists of blocks of 2 lines of data in the form

record 1
atmnam a8 atom name
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6.1.11 HNADD 6.1.12 PROSEQ

6.1.11.1 Header records 6.1.12.1 Heeader records
subroutine hnadd(cx,cy,cz,dx,dy,dz,0x,0y,0Z, progran proseq
x hx,hy,hz,bl,angd} €

Pttt e e e P T L R L L L L DL et Pl L L Ll
AL L T LT P L L L P P e P R L I P LT
dl_poly utility program for reading SEQNET data files and
axtracting the protein structure in a format compatible
With the d1_poly CONFIG file

subroutine to add 1 hydrogen onto B secondary amine group

copyright daresbury laboratery 1953
author - t forester fab 1933 copyright - daresbury laboratory 13993

author - w. smith jan 1993

o 0600 a0
"o NN o LHnn

(LI TP LLE L AL IR L DAL DL (LDl IRt iRl it bt ] VeSS ELT]

o oo o o Ak o oo ok o R R
6.1.11.2 Function c

o H n H - (] n
Adds one hydrogen to a secondary “amine™ with a specified bond length and “C-N-H 6.1.i2.2 Function

bond angle.
Extracts a protein structure from a SEQNET file and formats in a way compatible with
6.1.11.3 Dependencies the CONFIG file require by DL.POLY.
® none 6.1.12.3 Dependencies
6.1.11.4 Argumenis * none
reals:
cx input x coordinate of first “carbon” 6.1.12.4 Parameters
ey input y coordinate of first “carbon” integers:
cz input z coordinate of first “carban” MXATM 100000 maximum number of atoms in database file
dx input x coordinate of second “carbon” MXSEQ 5000 maximum rumber of amino acids in sequence
dy input y coordinate of second “carbon”
dz input z coordinate of second “carbon”
ox input x coordinate of “nitrogen” 6.1.12.5 Input
oy input y coordinate of “nitrogen” . .
oz input z ecordinate of “nitrogen” The input file must be in SEQNET form.
hx output x coordinate of "hydrogen”
hy output y coordinate of “hydrogen” 6.1.12.6 Comments
hz oulput z coordinate of “hydrogen”
bl input bond length
angd input bond angle (in degrees)

6.1.11.5 Comments

Both “C-N-H” bond angles are assigned the same value.
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6.1.13 PROSEQ2
6.1.13.1 Header records

program proseq?
c
e e e P LD L TR TT S LA LIRS LI LTS T AL L g S PR EY T

dl_poly utility program for reading SEQNET data files and
axtracting the protein structure in a format compatible
with the groforce PRGDATA fila

copyright - daresbury laboratory 1993
anthoer = ¥v. emith jan 1993
version 2 - t forester march 1993

[ 2 T o T o T o T+ T o N o B e T + |

CUNRRp R m B rd d oh Eakhdr i b iR O R o R R R ke kR N R
[+

6.1.13.2 Function

Extracts a prolein struclure [rom a SEQNET file and formats in a way compatible with
the input for GROFORCE - the utility for generating the GROMOS force field for a
protein. Input is from the standard device.

6.1.13.3 Dependencies

* none

6.1.1).4 Parameters

integers:
MXATM 100000 maximum number of atoms in database file
MXSEQ 5000 maximum numbert of amino acids in sequence

6.1.13.5 Input
The input file must be in SEQNET form.

6.1.13.6 Comments

The output file is also suitable as a DL_POLY CONFIG file except that some extra lines
are included near the top of the file which give the amino acid sequence of the protein.
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6.1.14 WATERADD
8.1.14.1 Header records

program wateradd

(4 LIR 111 .‘t.t.i‘.*.!i.‘tﬁﬂ‘*t.t.*-"t"t“'_‘*t".i‘.*‘i‘.“"tli*t‘t“‘.‘
DL_POLY utility

Program to add SPC water molecules to a structure to fill
out the HD cell.

Assumes atomic postioms are in a torm compatible

with the CONFIG file used in DL_POLY with periodic boundary
conditions.

Water is added from the ’water.300K’ file

input file = CONFIG
output file = CONFIG.plusB20

copyright Daresbury laboratory 1993
author - t. forester feb 1993

[ T T o TR+ Y Y - O T o O r = Y o T 2 TN T B ¢

A LI L PP T S P L P P R R T R S AL PSR SN DL AL NI L 2 B2 ) 2]

6.1.14.2 Function

Fills out an MD cell with SPC water molecules. The waters are added from a config-
uration of SPC waters at 300 K. Input is read from the file “CONFIG" in the “utility”
directory. Qutput is placed in the file “CONFIG.plusl{20” in the “utility™ directory.

6.1.14.3 Dependencies
¢ images - from DL POLY /source

¢ rotate

6.1.14.4 Parameters

inlegers:
mxatm 10000 maximum number of atoms in MD cell.

6.1.14.5 Input
Dala Files:

filename: CONFIG

See the file CONFIG in the input section for a description of this file.
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6.1.14.8 Comments 6.2  Analysis Utilities

Cell size, periodic boundary conditions, etc, are set in the CONFIG file. 6.2.1 ACFaD

6.2.1.1 Header records

progran acfad

(A TS LEL ISR T LRSS LRI RS ST AT Il L Ed TSIt Rt el 2y )

DLPOLY routine for aute correlation function of three
dimensional vector -eg. velocities, forces.

Data is assumed te be formatted and compatible vith thae
HISTORY file written by DL_POLY subroutine traject.f

parallel version.
This program contains dummy routines for machine,gisum,and gdsum
to allow running on a single processor.

copyright daresbury laboratory 1993.

author t. forester April 1993.

na s an a6 oo n oo nfnonn

G g ok R e o sl okl e e o oo e e b ek e i oo o

6.2.1.2 Function

Calculates the auto-correlation function and its integral for either velocities or forees for
one selected atom type. Users will be prompted for:

L. the name fo the Lrajectory file.

2. the number of atoms in the MD cell.

w

. the atom label of interest.
. the time interval (in ps) at which configurations were written.

. length of the correlalion [unction

[ O

. oulput file name

7. vector key (1 for velocities, 2 for forces)

6.2.1.3 Dependencies
e machine - see DL_POLY/source
o gdsum - see DL_POLY /source

s gisum - see DL_POLY /source
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6.2.1.4 Parameters

integers:
mxeor
mxatms
msatms

300
1000
500

6.2.1.5 Input

Interactive:

record 1:
dumpfile
record 2:
natms
record 3:
aclme
record 4:
tstep
record 5:
ncor
record 6:
outfile
record 7:
Ivf

data files:

a80
integer
a8

real
integer
EL)

integer

maximum lenglh of correlation function.
number of atoms in the MD cell.
maximum number of atoms of interest for current processor.

name of trajectory file

number of atoms in MD cell

atom label of interest

time interval (ps) between configurations.
number of time-steps to correlate over.
output file name

function key (1 = velocities, 2 = forces)

filename: dumpfile (see above)

This file is assummed to be in the formatted form of the DL.POLY output file “HIS-

TORY".

6.2.1.6 Comments

All calculations are done in double precision. This may be changed to single precision
if 1nemory requirements pose a problem.
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6.2.2 BESTFIT
6.2.2.1 Header records

program bestfit
(LRI AL L L e e L T I T TP L e LA TR e PR LA LE LD LS I D h)

Least squares fitting of arbitary functions to data
uses Gram-Schmidt Orthoegopalisation procedura.

copyright daresbury laboratery 1993
auther t. foraster may 1993.

nn on oo

(LI LLEL LRSI LYL LA TR A I PN P LEL Il E Rl P IRl ll L ol Lty )

6.2.2.2 Function

The program best-fils a linear combination of M functions to N dala points. The pro-
gram will prompt for the following information from the standard input device:

& number of functions to use
e R data points as : x y

The program will generate a list of the best coelficients for the functions specified
and a comparsion for each data point of Lhe input data and the best-fit value.

6.2.2.3 Dependencies

+ noune

6.2.2.4 DParamecters

integers:
M1 20 maximum number of functions
N1 1000 maximum number of data points

6.2.2.5 Input

Interactive:
record 1:
m integer number of [unctions to use {max value is M1)
record 2:
x(1) real first x data point
¥(1) real first y data point
record k+41:
x(k) real kth x dala point
y(k) real kth y dala point
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last record:
-999 real end of data list.
-9599 real end of data list.

6.2.2,8 Comments

The lunctions used are defined starting at line 53 of the source code. Change the
definitions to suit and recompile before running.
The number of data points given must equal or exceed the number of functions used.
The program makes use of a version of the matrix inversion utility syminv.
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6.2.3 CORREL1
6.2.3.1 Header records

program correll
c
o e o o e o o ool o ool oo o o o e R o e o ok el el ol o o R R e R

dl_poly utility program for calculating correlation functions

c
[
c
c copyright - daresbury laboratery 1992

[ author - w. Bmith may 1992.

c

o0 oo o o ol 2 e o a0 e ol o o o o o e e o o oo o oo o o ol o o o e o o o o ok
c

6.2.3.2 Function

correll calculates normalised carrelation functions by the standard pedestrian method.
The data are supplied as columns of numbers in the input file ‘input.data’, the first
column being the time array. Execulion is interactive, the user is first required to enter
the number of correlation functions desired (max 10) and the number of data columns
in the input file (max 15). Next the user must enter the pairs of numbers identifying
the columns to be correlated. A column pair being (say) 4 6, meaning the 4'th and 6'th
columns are Lo be correlated (the index does not count the time column). The columns
may be up to 500 entries in length.

Each correlation function is culput in its own distinct file, with an appropriate name
{e.g. x(406 for Lhe above example). Both cross- and aulo-correlation functions may be
calculated.

6.2.3.3 Dependencies

e None

6.2.3.4 Paramecters

integers:

ndiv 500 maximur length of data arrays

mxcols 15 maximum number of data columns in input file

{not including time column)

mxcorr 10 maximum nurnber of correlation [unctions permitted
6.2.3.5 Input
Interactive:
record 1:

npairs integer number of correlation functions (max 10}
record 2:
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neols integer number of data columns in input file (max 15)
records 3 to npairs + 2:

ncl nc? integers id numbers of columns to be correlated

Data Files:

input.data:

File comprised of N records {N<500)} with contents:

time, coly, coly, ... ,col,cu,

where col; is an entry for the i'th data column. {The data are in free format.}

6.2.3.6 Comments

This method is not recommended for large arrays or large numbers of correlation func-

tions. The related program correl2 should be used for such cases.
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6.2.4 CORRELZ -
8.2.4.1 Header records

program corral2
c
LT TN L L T e e T e P T T P e PR L LR P LA AL LA T L LTS

d]l_poly untility program for calculating correlation functions
using the fast fourier transform strategy

copyright - daresbury laboratory 1992
author - @. smith may 1992,

note - this program includes a naff fft routine purely for
portability and verification reasons. users are strongly
recomzended to substitute a machine specific fft, which
should vastly improve performance.

note - you will probably need to change some of the array
dimensions using the following parameters.

note - ndiv must be a powar of 2. ndiv3 will change according to
the fft routine you use. leave ndiv? as it is.

AN a0 6000000000000 N0

AL R R T T T T e R R e LI L ey
[+

6.2.4.2 Function

correl2 calculates normalised correlation funclions by the Fast Fourier Transform method.
The data are supplied as columns of numbers in the input file ‘input.data’, the first
colunin being the time array. Execulion is interactive, the user is first required to enler
the number of correlation functions desired {max 10) and the number of data columns
in the inpul file {max 15). Next the user must enler the pairs of numbers identilying
the columns to be correlated. A column pair being (say) 4 6, meaning the 4’th and 6'th
columns are 1o be cortelnled (the index dues not count the time column). The columns
may be up to 8192 entries in length.

Each correlation function is cutput in ils own distinct file, with an appropriate name
(e.g- x0406 for the akove example). Both cross- and auto-correlation functions may be
calculated.

6.2.4.3 Dependencies

» FFT routine {use machine specific version where available)

6.2.4.4 Parameters

integers:
ndiv 8192 rnaximum length of data arrays
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ndiv2 16384 maximum length of FFT arrays

ndiv3 16834 maximum length of FFT workspace arrays
mxcols 15 meximum number of data columns in input file
(not including time colurmn)
mIcorr 10 maximum number of correlation functions permitted

8.2.4.5 Inpul

Interactive:
record 1:

npaits integer number of correlation functions (max 10)
record 2:

ncols integer number of data columns ir input file {max 15)
records 3 to npairs + 2:

ncl nc2 integers id numbers of columns to be correlated

Data Files:

input.data:

File cornprised of N records {N<8192} with contents:

time, coly, col;, ... ol .

where col, is an entry for the i'th data column. (The data are in free format.}

6.2.4.8 Comuneants

This method is recommended [or large arrays or large numbers ol correlation [unclions.
The related program correll is more suitable for smaller cases.
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6.2.5 SPECTRUM
6.2.5.1 Header records

program spectrum
c
P T e T T P T T e T

dl_poly utility program for spectral analysis using the fast
fourier tramnsform

copyright - daresbury laboratery 1992
author - ¥. smith june 1992.

note - this program includes a naff Ift routine purely for
portability and verification reascns. users are strongly
recommendad to substitute a machine specific fft, which
should vastly improve performance.

nota - you will probably need to changa some of the array
dimensiens using the following parameters.

note - ndiv must be a powar of 2. ndiv2 will change according to
the fft routine you use.

anaananonaona0nanaann

(AP L L AL LA LRSS I T AT ER T EAT RS Z A il T IRl ian i isy ]
C

6.2.5.2 Function

gpectrum calculates the discrete Fourier transform of a number of data columns. The
data are supplied as columns of numbers in the input Rle ‘input.data’. Execution is
interactive, the user is first required to enter the number of transforms desired {max
10), the number of data columns in the input file (max 15) and the stride index (i.e. the
number of records belween each dala point - not all points in the input need be used).
Next the user must enter Lhe numbers identifying the columns to be transformed. The
columns may be up to 8192 entries in length.

Each Fourier transform is output in its own distinct file, with an appropriate name
(e.g. Mt06 for the transform of Lhe 6'th column).

6.2.5.3 Dependencies

o FFT routine {use machine specific version if available}

6.2.5.4 Paramelers

integers:
ndiv 8192 maximum length of data arrays
ndiv2 16384 maximum length of FFT arrays
mxcols 15 maximum number of data columns in input file
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mxcorr 10

6.2.5.5 Input

Interactive:

record 1:

nspecs integer
record 2:

ncols integer
record 3:

nstride integer

records 4 to nspecs-3:

ncl ne2 integers

Data Files:

input.data:

maximum number of transforms perenitted

number of Fourier transforms {max 10}
number of data columns ja input file (max 15)
integer stride through data columns

id numbers of columns to be transformed

File comprised of N records {N<8192) with contents:

coly, coly, ... ol

where col, is an entry for the i'th data column. (Tle data are in [ree format.)

6.2.5.6 Comments

This program uses a Blackman-Harris 4 term window function. If you don't like it, use

your own!
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6.2.6 STATBLOCK
6.2.8.1 Header records
program statblock
c
(AL LAl LE RIS IS LI IR TR R e VLIl LAl il lddd)
blocking method for estimating standard error of mean

(reference - Flyvbjerg and Petersen JCP 91 (1989) 461)

anthor - w. smith nov 1992

2 I o T o T - T o T + B+ }

[P LI IS I LI NPT YY T YRR TLESI NP ER PN IS TE LI LD EL LR SY LY
[

6.2.6.2 Function

atatbloek calculates the mean values of a set of dala columns and performs a blocking
analysis to determine the correct standard ercor. The method is that ol Flyvbjerg and
Pelersen. Up to 20 columns of data can be processed at once. The data are supplied as
columns of numbers in an mput file. Execution is interactive, the user must first supply
the name of the input fle holding the data. Next the number of data columns in the
input file (max 20} and the number of columns to be processed (max 20) are entered.
Finally the user must enter the numbers identifying the columns selected for processing.
The columns may be up to 10000 entries in length. Results are sireamed to standard
output.

6.2.6.3 Dependencies

s None

6.2.6.4 Parameters

integers:
adeg 13 raax degree of blocking to be performed
mxcols 20 maximum number of data columss in input fle
mxrows 10000 maximum number of entries per data column

6.2.6.5 Input

Interactive:

record 1:

statfile a40 name of data file to be processed
record 2:

rncols integer number of data columns in data file
record 3:
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neols integer number of columns to be processed
record 4:
idy ...idyeot, integers id numbers of columns to be processed

Data Files:

statfile:

File comprised of N records (N<10000) with cortents:

coly, coly, ... col o

wlere col, is an entry for the ©’th data column. (The data are in free format.)

6.2.6.6 Comments

[t is advisable to plot the calculated standard errors as a function of degree of blocking,
to determine the opiimal value.
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8.3 Miscellaneous Utilities

6.3.1 CXA.TIMCHK
8.3.1.1 Header records

subroutine timchk{ktim,time)

c

L L D T L L L L et e e e p e P L L L e P L)
c

c CONVEX specific timing routine (time elapsed in seconds)

c

cll"*.*‘*tt"t*it't.t"“..it*ittl*iiti.i*it.*l'*."*“i*. ke Rk
c

6.3.1.2 Function
CONVEX specific timing routing for use with DL_POLY.

6.3.1.3 Dependencies

e none

6.3.1.4 Arguments

integers:
ktim input printing key
reals:
time oulput elapsed time in seconds

8.3.1.5 Comments

Use this routine in place of the DL_POLY /source routine “timchk.[" to compile DL_POLY
for use on a CONVEX.
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6.3.2 ROTATE
6.3.2.1 Header records
subrontine rotate(xe,ys,zo,x1,y1,z1,x2,y2,z2,2lp
x .bet ,gam)

O oo o o oo o oo o oo ool R kR

DL_POLY utility to rotate water molecule through the
Euler angles (alp,bet,gam) in lab fixed axes system.
The Tirst data point is taken as the origin for the rotation

copyright daresbury laboratory 1993
author - t. forester july 1993

o T - T 2 T e T~ T £ O £ N ]

(LSS IIR YT LRLI P I L LER I Al i ettt l Al R ittty lEdyl]

6.3.2.2 Function

Creates a water molecule with the dipole direction along the x axis then rotates it
through the Euler angles (a, 3,7} in the laboratory fixed frame.

6.3.2.3 Dependencies

* nane

6.3.2.4 Arguments

reals:
X0 input x coordinate of oxygen.
yo input y coordinale of oxygen.
zo - input z coordinate of oxygen.
xl output x coordinate of first hydrogen.
yl outpul y coordinate of first hydrogen.
zl outpul z coordinate of first hydrogen.
x2 outpul x coordinate of second hydrogen.
y? output y coordinate of second hydrogen.
22 output z coordinate of second hydrogen.
alp input a (in deprees).
bet input B (in degrees).
gam input ¥ (in degrees).

6.3.2.5 Comuments
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6.3.3 SORT
6.3.3.1 Header records

subroutine soxt{n,index,x)
c
CHEREP R RN d R R N R R NN AR kA Rk R N

DL_POLY utility
shell sort of index array

copyright daresbury laboratory 1993
author - t.forester may 1993

[T 2 T T T - O 2 B o |

(AL LIS I L E T R L R R Rt e LI RS I T I LR R I E I Ll T el ]
<

6.3.3.2 Function

Sorts n real indexed numbers in to ascending order.

6.3.3.3 Dependencies

* none

6.3.3.4 Arguments

integers:

n input number of items to be sorled.
integer arrays:

index outpul index of sorted list,
real arrays:

X input numbers to be sorted,

6.3.3.5 Comments

The sort is based on the indez not the array itself. The array X is unchanged on
exit [rom this routine. Thus X{INDEX(1)) is the smallest number in the array and
X({INDEX(N)) the largest.
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6.3.4 SYMINV
6.3.4.1 Header records

subroutine syminv{nnn,aaa,bbb)
c
(AL T TR LIS IR YN TR LIRS Rl L Pl IS TR iRl il E] )

routine to invert a real symmetric matrix (referenca:
computing methods v.ii, i.s. berezin and n.p.zhidkov,
pergamon press 1965). note that the matrices are
packed in the minimum storage moda, (i.e. a{k)=a(i.j),
vhere i>j and k=(i=(i-1})/2+j }.

the matrices aaa and bbb may be equivalenced though
this will destroy the contents of the original

array.

general version for all real symmetric matrices

author w.snith (added to dl_poly july 1993)

ann o a0 a0 naononn

(LRI AT IR I LR PN TR I Y TR LR LRI Sl Il e TRl
<

6.3.4.2 Function

Finds the inverse of a real symmetric matrix.

6.3.4.3 Dependencies

& nohe

6.3.4.4 Arguments

integers:
nnn input  dimension of matrix
real arrays:
aaa input  matrix in triangular form (*)
bbb oulput inverse matrix in triangular form (*)

6.3.4.5 Comments

The program makes use of minimum storage requirements for the matrices. The array
AAA has NNN(NNN+1)/2 entries defining the lower triangle of the real symmetric
matrix. The inverse matrix (BBEB) is given in the sarme form.
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Chapter 7

Appendices
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Appendix 1. DL_POLY Arrays

af9)

aaa(9)

aaa(nnn)
amsd{mxsvdw)

b(9)

bbb(10)

bbb(nnn)

buffer(10)

buffer(4)

buffer(8)
buffer(mxbuff)
cell(3)

celprp(10)
chge{msatms)
chgsit{mxsite)
cke(msatms)
cks{nsatms)
clin{msatms}
dens(mxsvdw)
dx0{mxcons)
dxt(mxcons)
dxx{mxcons)
dy0(mxcons)
dyt{mxcons)
dyy{mxcons)
dz0{mxcons)
dzt(mxcons)
dzz(mxcons})
elc(msatms,l:kmax)
els{msatms,0:kmax})
emc(msatms,0:kmax)
ems(msatms,0:kmax)
enc(msatms,0:kmax)
ens{msatms,0:kmax)
erc{mxgrid)
fer(mxgrid)
flx{mxatms)
Ry(mxatms)
flz{mxatms)
fxx{mxatms)
fyy(mxatms)
fzz(mxatms)
gee{mxgrid, mxvdw)
ibuff(*)

ilist(*)
irdf{mxrdf,mxvdw)

work array

work array

work array

mean squared displacernent array

work array

work array

work array

work array

work array

work array

main coordinate transfer buffer

simulation cell vectors (1-3}=A vector,

cell property array

atomic charge array

atomic site charge array

cosine of Fourier transform of atomic charge density
sine of Fourier Lranform of atomic charge density
partial FT {cosine) of atomic charge density

number density of unique atom types

x compenent of bond veclors after unconstrained step
x component of boend veclor during SHAKE iteration
x component of bond vectors {at start of SHAKE)

¥ component of bond vectors after unconstrained step
y component of bond vector during SHAKE iteration
y component of hond vectors {at starl of SHAKE)

z component of bond vectors after unconstrained step
2z component of bond vector during SHAKE iteration
z component of bond vectors {at start of SHAKE)
cosine of exp(ik.r(x)) terms for Ewald sum

sine of exp(ik.r(x)} terms for Ewald sum

cosine of exp(ik.r(y)) terms for Ewald sum

sine of exp(ik.r(y}) terms for Ewald sum

cosine of exp(ik.r(z)) terms for Ewald sum

sine of exp(ik.r(z)) terms for Ewald sum
complementary error function (potential) array
complementary error function (forces) array

x component of secondary forces (mult. timestep)

¥ component of secondary forces {mult. timestep)

z component of secondary forces {mult. timestep)

x component of atomic forces array

y component of atomic forces array

z component of atomic forces array

short-range potential (forces) interpolation table
integer buffer for global integer summations
abbreviated verlet neighbour list for specific atom
rdl histogram array (rdfl accumulator)
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keyang(mxtang)
keybnd(mxtbnd)

keydih(mzxtdih})

lashap(mxproc)
lentry({msatms)

lexatm(msatms,mxexcl)

lexsit{mxsite,mxexcl)
lishap(mxlshp})
list{msarms,mxlist)
listang(mxangl 4}
listbnd(mxbond,3)
listcon(mxcons,})
listdih(mxdihd,5)
listin(mxatms)
listme(rmxatms)
listot (mxatms)
Istang{mxtang,3)
lstbad({mxtbnd,2)
Istcon{mxtcon,2)
Istdih{mxtdih,4)
Istvdw{mxvdw)
ltpsit{mxsite)
Itpvdw{mxvdw})
Itype(mxatms)
nexatm(msatms)
noxatm{msatms)
numang(mxtmls)
numbonds{mxtmls)
numcon{mximls}
numdih{mxtmls)
nummols{mxtimls)
numsit{mxtmls}
numtyp{mxsvdw)
parvdw(5)
prmang(mxtang,2)
prmbnd(mxtbad,3)
prmeon(mxtcon)
prmdih{mxtdih,3)
prmvdw{mxvdw,5)
ravval(mxnstk)
reeli(9)

roti(9)

rotinv(9)
rsqdf{mxxdrl)
slm{rosatms)
ssqval{mxnstk})

stkval{mxstak,mxnsth)

type key for all valence angle potentials

type key for all bond potentials

type key for all dihedral angle potentjals

‘last atom' marker for RD-SHAKE inter-node comma.
‘last atom’ marker for Verlet neighbour List
‘excluded atom’ list for pair force terms
‘excluded site’ List for pair force terms

‘shared atoms’ list for RD-SHAKE comms.
Verlet neighbour list

Valence angle potential bookkeeping list

Bond potential bookkeeping list

Bond constraint bookkeeping list

Dihedral angle potential bookkeeping list
Incoming ‘shared atoms' transfer buffer
Qutgoing ‘shared aloms’ transfer buffer
Global ‘shared atoms’ register

Valence angle potential site list

Bond potential site list

Bond constraint site List

Dihedral angle potential site list

pointer from potential index to parameter table
atomie type index for molecular sites

potential energy type index

atomic type index for all atoms in simulalion
‘last entries’ for excluded atom list

‘last atom' counter for excluded atoin list in use
number of valence angles in each molecule
number of chemical bonds in each molecule
number of bond constraints in each molecule
nurber of dihedral potentials in given molecule
population of each molecule type in simulation
number of distinel sites in each molecule
number of atoms of given type in simulation
short range putential paramelers input array
valence angle potential parameters array
chemical bond polential parameters array
bond constraint paramelers (bondlengths)
dihedral angle potential parameters array
shorl range potential parameters array

rolling averages array

reciprocal of simulation cell matrix

moment of inertia tensor

inverse of moment of inertia tensor

square of interatomi¢ distance

partial FT (sine) of atomic charge density
accumulalors of squared system variables
history stack of system variables
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stpval(mxmstk)
sumval(mxnstk})
txx(mxatms)
tyy(mxatms)
tzz(mxatms)
uxx(mxatms)
uyy(mxatms)
uzz{mxatms)
vvv({mzgrid mxvdw}
vx1{msatms)
vxx(mxatms)
vyl{msatms)
vyy(mxatms)
vzi{msatms)
vzz{mxaims)
weight(natms)
xdab(*)
xdbc(*}
xded(*)
xdi(”)
xx0{mxatms)
xold{msatms)
xx1{mxatms)
xx2{mxatms)
xx3(mxatms)
xx4(mxatms)
xx5(mxatrns)
xxt{mxatms)
xxx{mxatms)
ydab(*}
ydbe(*)
ydeb(*)
ydff*)
yyO(mxatms)
yold{msatms})
yyl(mxatms)
yy2(mxatms)
yy3(mxatms)
yy4(mxatms)
yy5(mxatms)
yyt{mxatms)
yyy{nxtms}
zdab(*)
zdab(*)
zdbe(*)
zdcb(*)
")

array of current system variables

accumulators for system variables

x component of coordinate transfer buffer

y component of coordinate transfer buffer

z component of coordinate transler buffer

x component of velocity work array

y component of velocity work array

z component of velocity work array

short-range potential {energy) interpolation table
x component of velocity before integration

x componert of atomic velocities

y component of velocity before integration

y component of atomic velocities

z component of velocity before integration

z component of atomic velocities

atomic mass array

x component of atomic separation [work array)
x cumponent of atomi¢ separation (work array)

x component of atomic separation {work array)

x component of interatomic distance vector

x component of atomic displacement (for M5D)
x component of old atomie position (in vertest.l)
x component of 1st derivative for Gear algorithm
x component of 2nd derivative for Gear algorithm
x component of 3d derivative for Gear algorithm
x component of 4th derivative for Gear algorithm
x component of 5th derivative for Gear algorithm
x component of SHAKE increment vector

x component of atomic posilion vectors

y component of atomic separation {work array)
y component of atomic separation (wotk array)
y component of atomic separation {work array)
y component of interatomic distance vector

¥ component of atomic displacement (for MSD)

y component of old atomic position {in vertest.f) .

y component of st derivative for Gear algorithm
y component of 2nd derivative for Gear algorithm
y component of 3d derivative for Gear algorithm
y component of 4th derivative for Gear algorithm
¥ component of Sth derivative for Gear algorithm
¥ component of SHAKE incrernent vector

y component of atomic position vectors

z component of atomic separation {work array)

z component of atomic separation {work array)

z component of atomic separation {work array)

z component of interatomic distance vector

z component of interatomic distance vector
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zumval{mxnstk)
220(mxatms)
zold({msatms)
zzl(mxatms)
zz2{mxatms)
2z3{mxatms)
zz4(mxatms)
zz8(mxatms)
zzi{mxatms}
zzz{mxatms)

rolling average accumulators of system variables

z component of atomic displacement (for MSD)

2 component of old atomic position (in vertest.l)

z component of Lat derivative for Gear algorithm
z component of 2nd derivative for Gear algorithm
t component of 3d derivative for Gear algorithm

z component of 4th derivative for Gear algorithm
£ component of Sth derivative for Gear algorithm
z component of SHAKE increment vector

z component of atomic position vectors

219






